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Abstract: Oxygen top-blow converter is the main equipment in steelmaking. Because the support system of 
converter bears total weight of the converter and its accessories, and meanwhile transfers tilting torque from 
tilting mechanism to converter, it is the most important part of converter machinery. The joint equipment which 
links the converter with the support ring is the key part in the support system, and its work reliability decides the 
security and economy of steel production. The joint equipment of self-adjust bolt has the advantages of heavy-
load bear capacity and simple structure, so it’s the most important part of converter machinery. From the field 
testing, a large shock takes when the converter starting or breaking. Once the converter is broken at 63°,  
the self-adjusting bolts are under a large load and dynamic impact. So it will cause great instantaneous stress and 
a serious shortage of stress intensity reserves, the crack sources easily come up in the region of stress 
concentration and dangerous section. Analysis of steel-making process on all typical operating conditions, such 
as temperature detecting, sampling and slag tapping, the stress at 75° is close to the theoretical maximum stress 
caused at 63°, so the converter angle should be strictly controlled to avoid converter’s braking at 63° and limit 
the residence time. At the same time the auxiliary converter connection (such as clamping, etc.) should be 
strengthened to ensure the safety factor. Finally some optimization measures should be made to increase  
the reserve strength and fully meet the production requirements. Copyright © 2013 IFSA 
 
Keywords: Converter, Self-adjusting Bolt, Stress Testing, Stress Analysis. 
 
 
 
1. Introduction 

 

Oxygen top-blow converter is the main equipment 
in steelmaking. Because the support system  
of converter bears total weight of the converter and 
its accessories, and meanwhile transfers tilting torque 
from tilting mechanism to converter, it is the most 
important part of converter machinery [1, 2]. The 
joint equipment which links the converter with the 
support ring is the key part in the support system. The 
spherical hinge support joint equipment is used in 
No. 3 Steelmaking Plant of Shaoguan Iron & Steel 
Co. Ltd's support system of converter. The spherical 

hinge support connects the converter and the support 
ring. This is the main bearing member of converter. 
And its work reliability decides the security and 
economy of steel production. 

This paper study the self-adjusting bolt and test 
the field stress-strain in the typical operating 
conditions  to fully and accurately grasp under load 
conditions and operating status of the self-adjusting 
bolts. Meanwhile, the actual measured data can be 
compared with the theoretical calculating results.  
It makes great sense to analysis the subsequent 
failure and optimally design. 

 

Article number P_SI_393 

http://www.sensorsportal.com


Sensors & Transducers, Vol. 23, Special Issue, July 2013, pp. 1-9 

 2 

2. A Brief Analysis of Strain 
Measurement Method 
 

Resistance strain measuring method is the method 
that the strain is converted into an electrical signal for 
measuring [3]. It is called electrical measuring 
method for short. The basic principle is that the 
resistance strain gauge used as sensing element is 
firmly affixed to the surface measuring point of 
tested component. When the component deformed, 
strain gauge will deform together with the component. 
The resistance of the strain gauge will change 
accordingly. Changes in the resistance of strain 
gauges can be measured by resistance strain 
measuring instruments and then converted into 
quantity of chain or output analog signal (Voltage or 
Current) which is proportional to the strain and 
record with the recorder. The course of their work is 
shown in Fig. 1.  

 
 

 
Fig. 1. Diagram of working process. 

 
 

The relations between strain and resistance 
change of resistance strain gauge is that 

 

K
R

R


 , (1) 

 
where R is the resistance value of the strain gauge,  
K is the strain gauge sensitivity coefficient and  
  is the strain. 

In the plane stress test, the measuring method will 
be taken according to the different arrangements of 
strain gauges and electric bridge combination type 

1) Principal stress direction remains known. For 
uniaxial stress state, pasting a resistance strain  
gauge at the measuring point along the principal 
stress direction, measuring strain   with resistance 
strain gauges. The principle stress of the measuring 
point can be obtained according to the one-way 
Hooke's law: 

 

 E , (2) 
 

where E is the elastic modulus of measured material. 
In the state of tension stress, strain gauges are 

usually pasted at the measuring point along two 
mutually perpendicular principal stress directions. 
Two principal stresses are calculated as follows after 

measuring the principal strain 1  and 2 : 
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where E is the elastic modulus of measured material, 
  is the Poisson ratio of measured material. 

When the electric bridge combination type is  
half-bridge, the electrical bridge method shown in 

Fig. 2. In the state of uniaxial stress, 1R  is the work 

piece, 2R  for compensation sheet. In the state biaxial 

stress, 1R  and 2R  are the work piece, temperature 

compensation sheet should be set additionally.  
 
 

 
 

Fig. 2.  Schematic diagram of half-bridge  
electrical bridge connecting method. 

 
 

2) Principal stress direction remains unknown. In 
general, the measuring method is pasting strain 
rosette. We could calculate the magnitude and 
direction of the principal stress after measuring strain 
in three directions. The strain rosette is composed of 
three or more strain gauges arranged at an angle. We 
can use it to measure the strain in three directions and 
then calculate the magnitude and direction  
of the principal stress. There are rectangular-shaped 
strain rosette, equilateral triangle strain rosette, 

T  strain rosette and double rectangular strain 
rosette in common. There are a variety of complex 
pattern strain rosettes supplied by the current market. 
We can select according to various working 
conditions and testing requirements. 

Take the 45° strain rosette for example, we can 
calculate principal stress magnitude and direction  
of the component measuring points according to 
Equation 4. 
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, (4) 

 

where   is the Poisson ratio, E is the elastic 

modulus, 0  is the angle between 1  and the 0° 

axis. 
The combination of electrical bridge type is half-

bridge or full-bridge. The methods of connection of 
electrical bridge are shown in Fig. 3. 

In the Field testing, all kinds of errors should be 
eliminated as much as possible to improve the 
accuracy of the test [4]. The test mainly uses the 
following measures. 
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Fig. 3. Schematic diagram of biaxial stress electric 
bridge connecting method. 

 
 

Select the appropriate instrument and calibrate 
accurately. We could improve the measurement 
accuracy by means of calibrating for the entire test 
system, measuring sensitivity and calibrating curve 
before the measurement, determining the relationship 
between the electrical output of the test system and 
the mechanical input with the standard quantity, 
calibrating the entire test system in the field testing. 

Temperature compensation. During the testing 
period, the changes testing environmental 
temperature will cause that the member and the strain 
gages produce deformation temperature. The 
temperature change of strain gauge is not necessarily 
the same. The measured strain value will contains the 
influence of temperature variation, which will lead to 
measuring error. In order to eliminate measuring 
errors caused by temperature changes, the 
measurements use an electrical bridge compensation 
method to eliminate measurement errors due to 
temperature changes. It use the feature that adjacent 
electrical bridge arms generate the same size, the 
same sign as the resistance increment does not 
destroy the bridge balance to achieve the purpose  
of compensation. 

Eliminating impact caused by wire resistance. 
Sensitivity could be amended. 

Reduce erratic data. The specific method is 
making the electrical capacitance as symmetrical as 
possible, using shielded wire and grounding, in order 
to avoid the change of the distributed capacitance 
caused by the wires jittering. We should guarantee 
that resistance of the piece of work and compensation 
sheet are equal as far as possible.  

Reduce patch error. When measuring one-way 
contingency, the deviation that the axis direction of 
the strain gages and the direction of principle strain 
will produce measuring errors.  So full attention 
should be given when pasting the strain gauge. 

The consistency of actual working conditions and 
rated conditions of the strain gauge should be 
guaranteed as far as possible. The difference of 
specimen material and the material being tested, 
meanwhile, the difference between nominal 
resistance value of Strain gauge and the bridge arm 
resistance of strain gauge will both cause errors. 

Exclude electromagnetic interference of 
measuring field. The jittering of display value of 
measurement instrument mostly caused by 

electromagnetic interference, such as poor grounding, 
the mutual inductance between conductors, leakage, 
electrostatic induction. We Should take appropriate 
measures to eliminate interference. 

 
 

3. The Structure of Joint Equipment  
of Self-adjusting Bolt 

 
Converter is supported on the support ring by the 

joint equipment. Converter tilt with support ring 
180 o by joint equipment And the furnace shell and 
support ring will deform in the role of mechanical 
and thermal load. Therefore, the following factors 
must be taken into account in the design of support 
ring joint equipment. On one hand, the converter can 
be securely fixed on the support ring; on the other 
hand, it can adapt to the radial and axial relative 
displacement caused by the thermal expansion of the 
furnace shell and support ring in order to avoid the 
severe deformation and failure of furnace shell or 
support ring. 

Additionally, accompanied by the deformation of 
the furnace shell and the supporting ring will caused 
the re-distribution of transferring load in the joint 
equipment, often resulting in partial overload, and 
thereby cause severe deformation and destruction. 
Therefore, the designed joint equipment generally 
has the following properties. 

We ensure that the converter can delivery the 
furnace load to the support ring when it is in the 
upright and tilting position. The text should be typed 
double-spaced and justified and maintain the correct 
position of the converter in the support ring. 

We ensure that it is able to adapt to the expansion 
and contraction of converter in the axial and radial 
directions without motion. 

The converter load is evenly distributed in the 
support ring. The influence on the strength and 
deformation of the furnace shell is reduced to a 
minimum Use. 

Taking the deformation into account, load can be 
transferred in a pre-determined manner. And we 
should avoid that the support system bear the 
additional load due to the existence of statically 
indeterminate problems. 

The structure is simple and reliable. And it can 
slow down the dynamic load and impact. Joint 
equipment should be installed and adjusted easily, 
meanwhile, it should be easily maintained. 

It is usually difficult to take all the above points 
into account. Generally, we should preferentially 
consider the previous requirements in accordance 
with the order. 

As shown in Fig. 4, configuration of three sets of 
spherical hinge support is 120º. The lower is 
connected by pin and bearing seat on the support ring. 
It can arbitrarily swing on the pin. The upper is 
connected by snap ring through the two spherical 
washer and the annular spring washer nut locked by 
nut. It can swing within a narrow range along the 
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radial direction of the converter relying on spherical 
hinge support. Three groups of spherical hinge 
support joint equipment bear the weight  
of the converter. 

“Three-point support” structure of self-adjusting 
bolts joint equipment on the support ring is used. One 
point is in the opposite side of taphole. The other two 
points located on both sides of the taphole. Three 
points spaced from each other by 120°. It is Shown in 
Fig. 5. The components of apparatus are shown in 
Fig. 6. It Mainly include the stop plate, dust cover, 

spherical nut, ring springs, upper spherical mat group, 
lower spherical pad group, self-adjusting bolt body, 
horizontal pin and other parts. The upper and lower 
spherical pad group respectively mounted on the top 
and bottom of the converter flange. It should be 
lubricated once with molybdenum grease on the 
spherical surface where it generates a relative 
movement in the installation. The two bracket 
supported the horizontal pin are welded to the 
support ring. 

 
 

 
 

Fig. 4. The joint equipment of spherical hinge supporting. 
 
 

 
 

Fig. 5. Entity model diagram of the joint equipment  
of Self-adjusting Bolt. 

 
 

 
 

Fig. 6. Structure and composition of Self-adjusting Bolt. 
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The lower part of the device is connected to the 
bearing of the support ring through the pin. It can 
arbitrarily swing on the pin. The upper part of the 
device is connected to the snap ring. It is locked with 
nut by the two spherical gaskets and annular spring 
washer, swinging along the radial direction of the 
converter relying on spherical self-adjusting bolt. 

The number of three-point supporting is smaller. 
300 ton capacity of the converter is only three. The 
structure is very simple, as well as the manufacturing 
and installation. They have higher requirements on 
the material because of its load of three-point support, 
of which self-adjusting bolt body (loose bolt), 
horizontal pin, nut and spherical washers need to use 
high-quality materials. 

The converter with clamp structure to withstand 
the load of plane direction which parallel  to support 
ring  and limit the  furnace body to 
rotate in supporting ring. It is shown in Fig. 7. Long 
trunnion upper gripper and short trunnion upper 
gripper is fitted with above the converter. Two 
trunnion lower gripper and four auxiliary gripper 
symmetrically distributed with the trunnion 35º is 
equipped with the below of the support ring. The 
bracket of converter clasp is embedded within the 
groove of the support ring and contact only on the 
side with the gripper groove to restrict lateral 
displacement of the converter and bear load in a 
direction parallel to the plane support ring. 

 
 

 
 

Fig. 7. Structure diagram of the upper  
and lower gripper. 

 
 
4. Field Test Methods and Programs  

of Self-adjusting Bolt 
 
4.1. Scheme of Strain Gauge Arrangement 

and Measuring Points 
 
It shows that the taphole contralateral self-

adjusting bolt only bear the axial tension and 
compression stress along the body of the bolt when 
the converter tilting from front self-adjusting bolt 
load analysis. That is in the uniaxial stress state. 
Therefore, in this test, the strain gauge arrangement 
method is shown in Fig. 8. The electrical bridge 
method is shown in Fig. 2, where 

1R  is the work 

piece, 2R for compensation sheet. According to the 
theoretical analysis, simulation results, objective 

factors such as the live production environment, 
strain the piece measuring point is in the middle of 
bolt body of self-adjusting bolt. It is about 360 mm 
from measuring point to the top of the bolt body. 

 
 

1R

F

2R

F

 
 

Fig. 8. Schematic diagram of patch. 
 
 

Define abbreviations and acronyms the first time 
they are used in the text, even after they have been 
defined in the abstract. Abbreviations such as IEEE, 
IFSA, ac, dc, ms, etc. do not have to be defined. Do 
not use abbreviations in the title or heads unless they 
are unavoidable. 

 
 

4.2. The Composition of the Test System 
 
The field test system is shown in Fig. 9. Point 

measuring signal is collected by the data acquisition 
module by the strain conditioner and transferred to 
the laptop through the 1394 card, real-time data 
processed and analyses by using signal processing 
software; meanwhile, measuring and recording real-
time signal of converter tilting so that it can better 
reflect the relationship of the converter position and 
the stress change of self-adjusting bolt. 

 
 

 

Fig. 9. Block diagram of the test system. 
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4.3. The Test of Working Condition 
 
With the cycling of empty converter→adding 

scrap metal→adding molten iron→steelmaking→ 
deslag→tapping, the load Self-adjusting bolt cycle 
with the course of steelmaking time history. So this 
test is to be measured and recorded for a whole 
working conditions of steelmaking. Each of the major 
conditions and the corresponding angle are shown  
in Table 1. 

Seen from the working condition testing table, the 
main angle position of converter in a whole 
steelmaking working conditions corner are about 45° 
of empty converter, upright of full converter, about 
70°of full converter, from 90° to 120° of full 
converter. With the number of difference of types of 
steel and times of the actual temperature sampling, 
the converter is in the position of about 63°about 4 to 
6 times, and it always in the full converter state, self-
adjusting bolt will bear greater cyclic loading. So this 
position should be paid more attention in testing. 

 
 

Table 1. Working condition description of a whole 
working conditions and converter angle 

 
Corresponding 

working 
conditions 

Description 
of converter 

angle 
Duration Remark 

Adding scrap 
metal, and hot 
metal charging 

Rotated from 
the upright 
position to the 
45° position 

3 
minutes 

Empty 
converter, 
impact 

Blowing 
Upright 
position 

15 
minutes 

Full 
converter 

Temperature 
measurement, 
sampling 

Rotation to 
75°, come 
back to the 
upright 
position 

3 
minutes 

Full 
converter 

Reblowing 
Upright 
position 

3 
minutes 

Full 
converter 

Deslag 
Rotation to 
75° 

3 
minutes 

Full 
converter 

Steel tapping 

Back to the 
upright 
position, 
continue to 
rotate down to 
-120° 

5.5 
minutes 

Full 
converter 
gradually 
change to 
the empty 
one 

Pouring slag, 
slag splashing 

Upright 
position 
rotated up to 
180° 

 
Empty 
converter 

 
 

5. Results and Analysis Self-adjusting 
Bolt Stress Test 
 
In the actual test, in an upright position when the 

converter is in the air furnace state, we do the work, 
such as strain gauge placement, wiring and system 

installation and commission when the converter is the 
upright position of empty converter state. This 
situation is regarded as the zero test and calibrates the 
system. The test recorded a total of seven 
steelmaking processes. Each full working condition 
recording time is 2000 seconds, By de-noising and 
filtering processing of the strain signal, actual stress 
curve of measuring point in the each angular position 
of converter can be obtained according to the stress-
strain conversion formula. 

Converter inclination curve of one whole working 
condition is shown in Fig. 10, from which we can see 
that from the beginning converter rotated to about -
75° to pour molten iron and add scrap then go back to 
an upright position to blow. This process is probably 
16 minutes in 120 seconds to 1200 seconds. 

Subsequently converter rotated to - 75° to sample. 
After Sampling is completed then go to the upright 
position to reblow. Then rotate to about - 75° to slag; 
finally rolled back to an upright position. And finally 
go back to the upright position. After 30 seconds, we 
continue the steel tapping until it is poured out. This 
process is within 1450 seconds to 1900 seconds for 
about 7 minutes. At last the converter has the rotation, 
such as empty converter pouring converter, slag 
splashing and other conditions. 

The curve of stress variation of the measuring 
point in the vertical direction is shown in Fig. 11, the 
stress rangeability is in -13.05 MPa to 180.70 MPa, 
which respectively correspond to the converter 
upright position and 45° positions. When the 
converter is 63°, the variation stress is 123.5 MPa. 

The stress distributions in the vertical direction of 
element 2 when the converter is 63° are shown in 
Fig. 12 and Fig. 13. This moment the support ring 
component force in horizontal direction led to drastic 
increase in the bolt body stress. The maximum stress 
reaches to 967.68 MPa which located in the middle 
of the bolt body. In the actual production, if the 
holder gap is too large, it will cause the converter 
does not work instantaneously. It means that three 
groups of self-adjusting bolt bear all the weight. The 
results of the contact analysis show that strength 
reserve is insufficient at this time. It is easy to cause 
internal cracks leading to fracture. Fracture location 
of the factory’s two converter self-adjusting bolt is 
consistent with the theoretical analysis results. 

Select a stress analysis of the three nodes of the 
measuring point and take the average value of the 
corresponding node stress statistical results and then 
compared with the field test results. The results are 
shown in Table 2. 

According to comparative analysis of the test 
results and the finite element results. The trend of 
stress change in the measuring point is the same. The 
error is also in a narrow range, the results are in line 
with the actual situation. It also verifies the 
correctness of finite element model and the 
simulation method. 
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Fig. 10.  Converter inclination curve of field testing of a whole working condition. 
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Fig. 11. Stress variation of the he measuring point in vertical direction (1450~1600 s). 
 
 

 
 

Fig. 12. Stress in vertical direction of element 2 when converter at 63°. 
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Fig. 13. Vertical Stress of element 2 measuring point when converter at 63°. 
 
 

Table 2. Comparative statistics of field test and finite 
element computation results. 

 
Working condition 

 
 
 
Variation of stress 

The 
converter 
position 

rotated from 
0 ° to 63 ° 

(MPa) 
Field test result 136.55 
Finite element computation result 134.862 
Error 1.688 

 
 

6. Self-adjusting Bolt Optimized 
Measures 
 
Seen from field test, there is a big impact when 

the converter starts and barkes. Self-adjusting bolt is 
larger load and then superimposed on the dynamic 
impact. It is easy to produce instantaneous 
stressresultig in a serious shortage of strength reserve 
and is likely to generate cracks produced in the areas 
of stress concentration and the dangerous section. 
Therefore, in the production process the converter 
angle should be strictly controlled and the role of 
joint equipment should be strengthened, such as 
gripper, to guarantee the safety factor. 

The contact stress of screw pair is larger in the 
actual situation and the ends of screw tend to produce 
stress concentration. For example, from the quality of 
the processing, the position of variable cross-section 
rounded at the transition of the knife marks will 
generate fatigue cracks due to the severe stress 
concentration. Therefore, we should ensure the fitting 
accuracy of the self-adjusting bolt components and 
the appropriate clearance to reduce the impact of 
external shocks. 

According to the testing condition, we could 
optimize the size of the larger stress position for the 

self-adjusting bolt to reduce stress concentration. The 
measures such as increasing diameter of the bolt, 
getting greater fillet and taper are included. 

Reasonable heat treatment process are used to 
improve the mechanical properties of self-adjusting 
bolt, such as carburizing, nitriding, shot peening, 
surface hardening treatment and other measures. 
They can improve the fatigue life. 

 
 

7. Conclusions 
 
Aiming at actual production, we test on-site 

stress-strain of the converter in the typical operating 
conditions and analyze the loading conditions and 
operating status of self-adjusting bolt. The analyzing 
results of measuring data are basically the same with 
finite element computating results. It verifies the 
correctness of the calculation model. Seen from field 
test, there is a big impact when the converter starts 
and barkes. Once the converter is about 63° braked 
Self-adjusting bolt are larger load and then 
superimposed on the dynamic impact. It is easy to 
produce instantaneous stress resulting in a serious 
shortage of strength reserve and is likely to generate 
cracks produced in the areas of stress concentration 
and the dangerous section. By analyzing typical 
operating conditions of the steelmaking process, 
converter is usually about 75° which is closer to the 
theoretically maximum stress of the 63° position 
when measuring temperature, sampling, slag. So in 
the production process, we should strictly control 
converter angle and try to avoid braking in the 63° 
position and control the residence time. The role of 
joint equipment also should be strengthened, such as 
gripper, to guarantee the safety factor. After 
preliminary analysis and discussion, structure 
optimization measures are proposed to improve the 
security reserves to fully meet the production 
requirements. 
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Abstract: For the quick development of wireless sensor network and more attention for marine cause from 
every country, study of the application of network technology in subaqueous sensor system has been the hot 
topic. The subaqueous sensors network is mainly made up of a great number of sensor nodes and few 
workstations. These nodes can obtain important information such as the salinity, water temperature and flow 
rate. In order to meet the requirements of marine exploration and detection, the equipment system has become 
more and more huge, leading the reliability reduced in some way. And this problem can be solved with the help 
of the new network technology like optical devices, communications protocol. In this paper, we take the 
significance, characteristics and problems of subaqueous sensor networks as the outset, then discuss how to 
ensure the reliability and usability and the application of optical devices in optical network. Copyright © 2013 
IFSA 
 
Keywords: Network technology, Sensor, Reliability, Communication. 
 
 
 
1. Introduction 

 

Marine is very important for the national 
economy and defense construction. However to 
explore and exploit the ocean, the related equipments 
are quite necessary. Especially when the national 
safety, resources, food, sciences and disaster warning 
have been rising nowadays, the marine equipments 
have more complicated subaqueous sensor networks. 
At the same time, the bad environment in ocean, 
there usually are accidents just like supply 
interruption, cable breakage, corrosion, channel fault, 
noise jamming, anchor damage and so on. In order to 
meet users’ requirements, the sensor system became 
more and more complicated, the parts also increased, 
leading the failure rate gone up and the using time 

less. Therefore, how to keep the reliability and 
usability of the complicated huge network is now the 
problem in demand.  

 
 

2. Development of Subaqueous Sensor 
Network 

 
2.1. Significance of Subaqueous Sensor 

Network 
 

As a country with a large number of oceans, 
increasing of marine economy of China has become 
more important with the development of the 
economic construction. Now the research and 
improvement of the subaqueous sensor networks are 

Article number P_SI_394 
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obtained lots of attention and investment from the 
related institutes and academic world. 

Subaqueous sensor networks with low energy 
consumption, the characteristics of the short distance 
communication, and through the establishment of 
network node. By means of underwater sensor 
networks node can real-time data acquisition, 
monitoring, and then after processing, such as data 
fusion will monitor information transmitted to the 
surface by underwater transmission network nodes 
base station. The above information for Marine 
engineering, Marine, offshore production, resource 
conservation and environmental management provide 
the basis data such as disaster monitoring. At the 
same time, the development of underwater sensor 
network technology will also involve changes in the 
military field.  
 
 
2.2. Applications of Subaqueous Sensor 

Network 
 
In recent years, the subaqueous sensor networks 

have been applied widely, the applications are mainly 
in the following field: 

- Seafloor resource exploration, mainly used for 
the determination of submarine cable route, ocean oil 
field exploration, auxiliary mining, etc.;  

- Data acquisition and obtain information such as 
chemical, physical, meteorological, acoustics;  

- Environmental monitoring, implementation 
monitoring for water pollutants such as pesticides, 
analyzed the influence of human factors for the 
ecological environment, for fish and other creatures 
of tracking, etc.;  

- Please alert again, by measuring the distance of 
seismic activity, can provide a tsunami warning. 
Strategy can be used in target detection, monitoring 
system, surveillance system, etc.  

 
 

2.3. Characteristics of Subaqueous Sensor 
Networks 

 
2.3.1. Scale of the Network is Large 

 
Large amount including convenience of meaning 

first refers to the very large sea area, secondly to 
decorate a large number of sensor nodes in the test 
area. Because underwater sensor network information 
obtained under the different space perspective has a 
great deal of signal-to-noise ratio, but because of the 
existence of a large number of redundant nodes and 
to enhance the fault-tolerant ability, at the same time 
with the aid of information distributed processing 
method can effectively improve the monitoring 
accuracy. By setting a large number of sensor nodes 
in monitoring area can reduce the blind area of lake 
comprehensive hollow chances there.  

 

2.3.2. Reliability 
 

Because underwater sensors are easy to be 
polluted or corrosive environment, combined with the 
node huge number, so can't for each node to 
effectively maintain, therefore full of in the  
design to ensure the robustness and reliability of the 
sensor nodes.  

 
 

2.3.3. Self-organization 
 
As there is no infrastructure underwater sensor 

nodes are usually located in the position, each node 
cannot predict their own position, and at the same 
time is difficult to determine the location of the 
relationship between different nodes, and therefore 
require sensor nodes with a strong self-organization 
ability, thus through automatic management, 
configuration, monitoring data to be sent. If you use 
one of the nodes due to environmental factors or 
battery failure, then there will be another node is 
automatically added to the network.  

 
 

2.3.4. Dynamics 
 
As discussed above, the Marine environment 

changes lead to aquatic communication link is not 
stable, combined with environmental factors, and its 
battery is low and so on will all cause node failure, 
because the sensor, the observer and the object of 
perception have mobility, this requires a system of 
underwater sensor networks can move refactoring to 
adapt to the change situation.  

 
 

3. Improving Strategy of Reliability  
and Usability of Subaqueous Sensors 
 
Data transmission requirements of users for 

underwater sensor system can be outlined as follows: 
continuous, accurate clock, and high rate data stream. 
By using advanced network communication protocol 
and good fault tolerance core architecture and WDM 
technology and precise clock can achieve  
the above purpose.  

 
 

3.1. Data Transmission 
 

For continuous data stream we can take the 
following measures: the advanced net communication 
protocol and the double redundancy design.  
 
 
3.1.1. Advanced Net Communication 

Principle 
 

RS - 232 in underwater sensor system, the Internet 
and the Ethernet protocol interface and protocol is 
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widely used, with the aid of the Internet engineering 
task force file RFC - 3550. The RTP, defined by the 
real-time transport protocol (RTP) collected data can 
be transmitted to the Ethernet. This protocol in the 
Internet is widely used in audio and video data 
transmission, especially for continuous transmission 
of data. This protocol engineer called 
RTP/UTP/IP/Ethernet, including UDP since the 
address for the user packet protocol, RTP/UTP data 
at the beginning of 20 bytes more than IP packets and 
ensures the RTP, good compatibility with the 
network and computer.  

 
 

3.1.2. Double Redundancy Design 
 
Between Ethernet and sensors by using the high 

quality of Ethernet switch can effectively improve the 
reliability and fault tolerance performance. At the 
same time to strengthen data transmission reliability, 
also double redundancy design is adopted in the 
system, such as for important Ethernet, power supply, 
cooling fans, switches, temperature sensors, are 
equipped with backup, an underwater sensor network 
as shown in the Fig. 1, some important parts are the 
dual redundancy design.  

Debugging good sensor network can theoretically 
in the biggest potter than 90 % of the cases for data 
transmission, but in the actual operation to be on the 
safe side the baud rate are controlled at maximum 
baud rate below 60 %. Evaluation index of the total 
processing power of a computer for a specific period 
of time to complete the total workload, the index and 
the computer's operating system, network interface, 
system software and network switches are closely 
related. Underwater sensor system adopted by the 
transport protocol and packet size mainly depends on 
the computer processing power. But in sensor 
network design should strive to avoid packet is too 
large or too small, such as larger than 1500 bytes or 
less than 100 bytes, to prevent big packet lead to 
compatibility problems or buffer overload and small 
packets resulting system dealing with interrupt rate is 
too high. Practice shows that to control the packet 
size of 500-1500 - byte can effectively guarantee the 
data transmission and compatibility, give full play to 
the computer processing power.  

Underwater sensor system, moreover, must carry 
on the strict before put into normal use, repeated 
testing, to prevent data loss and other problems. 

 
 

 
 

Fig. 1. Structure of the sensor system underwater. 
 
 

3.2. Clock 
 

The clock is the key elements in underwater 
sensor system. Scientific observation, for example to 
the sampling data and sampling time strictly 
corresponding, navy requirements by precise clock 
for target location and tracking, seismic to image 
with the aid of precise synchronization beam shape of 
the seabed, etc.  

Now we can provide synchronization method has 

two kinds: the first is by means of directional 
regularly send clock Ethernet packets to each node, 
receives the packet phase-locked loop integrated 
sensor node has data packets at moment  
is different, and got a stable clock frequency, average 
this one for synchronous clock method has been 
widely applied in small local area network (LAN) or 
audio network; the second is will SuoSuo deposit 
online a node's clock as Ethernet, but this method 
does not apply to multiple nodes connection, just 
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easy to realize the clock synchronization in the point-
to-point connections.  

That is commonly used in current Internet time 
protocol (NTP) synchronization between different 
sensor nodes can be accuracy control in 1-10 ms, but 
the accuracy is still cannot meet the needs of 
underwater sensors. And GPS clock wavelength 
division multiplexing (WDM) technology can 
provide a more precise clock synchronization and 
information, but this technology require specialized 
hardware, and applies only to optical fiber network. 
Besides the IEEE - 1588 precision time protocol 
(PTP) over the new standard for moderate, with the 
aid of a main inhibits PTP clock server equipped with 
a GPS receiver, can be realized to thousands of 
remote sensor node synchronization at the same time, 
its accuracy is as high as 30 ns. Inhibits PTP servers 
through exchange information on the delay time can 
be with each node on the network latency. But the 
technology is still in the R&D stage, believe that this 
technology into use can greatly improve and enhance 
the accuracy and reliability of the underwater sensor.  

 
 

3.3. Application of Advanced Telecom 
Computing Architecture (ATCA) 

 
After ensure the synchronous underwater sensor 

networks need to consider the reliability of hoisting 
system. Murphy's law shows that the various parts of a 
system failure may be produced, in order to guarantee 
the reliability of the system need to be the key for this 
double backup redundancy design subsystem, such as 
clock, backbone, and power supply system, etc.  

Advanced communications, computer 
architecture, which is the core of the network 

components with high reliability, strong 
interoperability, reliability and manageability of 
strong advantages, therefore very suitable for 
complicated underwater systems. This component 
can be inside the chassis power supply, circuit board, 
fan and temperature sensor for intelligent 
management and adjustment, at the same time 
management subsystem with double bus, so you can 
guarantee in a bus failure under the condition of 
stable running. Dual redundant Ethernet step 
structure for each of the ATCA chassis 14 CARDS 
are supported, including multiple ATCA chassis can 
be connected into a reliable network, thus excellent 
noise shielding, thermal management and  
monitoring features.  

 
 

4. Applications of Novel Optical Devices 
in Optical Networks 
 
Wavelength division multiplexing (WDM) 

technology is mainly to improve optical fiber 
utilization ratio and, through multiple wavelength 
multiplexing transmission in a single fiber. As WDM 
technology in recent years has increased, the 
reliability of the technology, cost and related 
parameters have greatly ascend, implements dozens 
of sensor is the purpose of sharing a single fiber. This 
new type of optical device is mainly composed of 
good fault tolerance and high reliability of optical 
device of multiple sensors in series in underwater 
sensor system, and the distribution for each sensor is 
only a wavelength to achieve communication with 
the device, the connection schematic diagram is 
shown as in Fig. 2. 

 
 

 
 

Fig. 2. Connection of sensors underwater. 
 
 
The present popular standards for the use of this 

new type of optical device provides the technical 
support, such as applicable to different protocols and 
the rate of small hotplug transceiver, through the SFP 
connection with WDM and the other end connected 
to the Ethernet switches can separate the radio, film 
and television, which is convenient for fiber optic 
equipment configuration in the field of baud rate and 
wavelength. In addition, through technical research 
and development, manufacturers of SFP has carried 
on the further expansion of related function, such as 
increasing the number of the multiplexer and two-

way connectors, further simplified the connection of 
devices and network structure.  

And optical amplifier and the forward error 
correction (FEC) are to promote the application of 
WDM network. For instance has an important role in 
the water industry of erbium-doped fiber amplifier 
with low coupling loss, high gain, low noise, wide 
frequency band and polarization insensitive, 15-25 db 
optical magnification can be effectively increased, 
extend the communication distance of sensor 
networks co., LTD.  
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5. Development in Future 
 
The development of the subaqueous sensor 

network technology can be summarized into the 
following points through analysis of underwater 
optical fiber communication technology in recent 
years. 

 
5.1. Light, Cheap and Low-energy 

 
Because of the large optical communication on 

the platform of the main is a large submarines, 
aircraft, satellites, and therefore determines its high 
energy consumption, large power, high prices, and 
the characteristics of the large size. The underwater 
sensor has the advantage of small underwater 
platform, therefore both frogloks, AUV sensor 
requirements of wireless optical communication 
equipment, low energy consumption, light weight, 
low price, which is convenient for underwater sensor 
in widespread use in the sea, exert its advantages.  

 
 

5.2. Faster Transmission 
 
Compared with underwater acoustic 

communications, underwater wireless 
communication has the advantages of high 
transmission rate. And the communication rate is by 
the initial thousands of potter gradually increase to 
1 GBPS per second, and from the initial development 
to the present data transmission of audio transmission 
and real-time video transmission, etc., believe that 
with the continuous development of communication 
technology, the technology transfer rate will be 
higher.  

 
 

5.3. Diversified Ways of Communication 
Underwater 

 
Underwater optical communication technology is 

started at the beginning of the use of direct line-of-
sight communications, and this technology has been 
unable to fully meet the needs of complex 
environment, for the transmission of underwater 
wireless communication link gradually abundant. 
Underwater echo communication technology due to 
the communication port don't need light source, 
therefore greatly reduce the communication side of 
the weight, volume and power consumption, which 

reduces the communication node in the 
manufacturing costs, to popularize and apply this 
technology has played a good role in promoting.  

 
5.4. Point to Point Link Communications 

Develops to Networks 
 
More than the development of technology further 

prompt communication network applications, have 
greatly enriched the node scope of work space, 
prolong the working time. Current research network 
technology application in underwater sensor as 
hotspots are rapid development, especially as new 
optical devices in optical networks, the application of 
the development of underwater sensor networks 
shows the great application prospect.  

 
 

6. Conclusion 
 
With the help of advanced devices, technology 

and standards, the establishment of marine 
equipments system can be promoted, and for 
requirements of national safety, resources, foods, 
environment detection, science exploration and the 
disaster defense are increased, the marine equipments 
combining with the network technology in future will 
need efforts in higher rate and reliability. 
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Abstract: As a new technology for information gathering and processing, the role that wireless sensor network 
played in the field of current computer cannot be replaced. It integrates the advantages of sensor technology, 
communication technology and computer technology into an organic whole and it has great potential and 
development space. Accordingly, its security problem also becomes the primary consideration objects. It is the 
key to solve the problem of wireless sensor network in the power system security that if people can design the 
security protocols suitable for power system. In this paper, we designed the system consistent with the security 
agreement according to related standard of security requirements, meanwhile we also made a detailed analysis in 
multiple aspects. Copyright © 2013 IFSA 
 
Keywords: Power system, Wireless sensor networks, Security protocol. 
 
 
 
1. Introduction  
 

Wireless sensor networks as a new network 
technology, with its low cost, low power 
consumption and flexible networking and easy to 
deploy advantages are widely used in military, 
medical, industrial, agriculture and other fields. It is 
the basic composition unit of a node in the power 
system applications in the field, according to 
different ability of nodes, wireless sensor network 
can be divided into active and passive network two 
kinds of networks. The former is mainly used in 
smart home, smart metering and other important 
electrical equipment condition monitoring and other 
fields, the latter is mainly used for fault location grid 
and electrical equipment monitoring and disaster 
monitoring, etc [1]. Compared with the active 

network, passive network has the following 
characteristics: resource-constrained nodes, 
deployment environment without regulation, limited 
battery power, the smaller the amount  
of data transmission, equipment maintenance 
difficulties, low frequency acquisition. These 
characteristics are also disadvantages, resulting in 
passive wireless sensors can easily be malicious 
control, channel interference, physical capture 
attacks, in order to prevent these attacks, if the safety 
protection of operation table is complex, there may 
be two problems: 

- First, electricity and resources are a large 
consumption of nodes and network life is reduced;  

- Second, network deployment costs and 
complexity increase, and even some application 
scenarios can not be used for security deployment.  
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So, the design of an effective, feasible and 
scientifically sound passive wireless sensor network 
security protocol quite challenging. 
 
 
2. Passive Wireless Sensor Network 

Security Needs 
 

Taking into account the limited capacity of the 
wireless sensor network communications, computing 
capacity is limited, finite supply of energy, 
perception data volume, etc, it should have the 
following security requirements [2]. 

 
 

2.1. Data Confidentiality 
 

Sensor networks can not perceive information 
leakage to neighboring network, especially highly 
confidential data, in order to protect the 
confidentiality of data, the standard method is 
generally used to encrypt the data using the key, and 
the recipient can decrypt the data, in order to achieve 
confidentiality sex - the need to establish a secure 
channel between each nodes. 

 
 

2.2. Data Authentication 
 

Message Authentication multi-sensor networks 
have become crucial for most applications in the 
process of building a network, authentication is an 
essential management tasks. Whereas some 
insecurity easily insert information, the receiver 
needs to ensure the accuracy of the data sources, data 
authentication allows the receivers to send data  
for validation. 

If two entities communicate, can achieve data 
using symmetric mechanisms for authentication 
purposes: communication data message 
authentication code, the sender and receiver share a 
secret key is evaluated. When the data with the 
correct authentication code is sent, the recipient can 
quickly and easily reception. 

 
 

2.3. Data Integrity 
 

Data integrity can protect data during 
transmission will not be changed, data authentication 
can be achieved using the data integrity. 

 
 

2.4. Data in Real Time 
 

Sensor network measured data are closely related 
to time, confidentiality and authentication may be 
difficult to guarantee, but time must be determined in 
real time. There are two types of real-time: the strong 
real-time and the weak real-time, the former provide 
for the complete order, you can delay prediction, 

commonly used in network time synchronization; the 
latter provides only partial information order, but 
does not carry any delay information, used for 
sensing measurements. 

 
 

2.5. Key Management 
 

To meet above requirements, the encryption key 
should be managed. As the wireless sensor network 
energy and computing power has limits, need to 
maintain the relationship between the security level 
and limits. 
 
 

3. Security Protocol Design 
 
3.1. Security Services 
 
3.1.1. Key Management 
 

The current key management mechanisms are 
four types, the first is key pre-distribution, the second 
is key management which is based on trusted key 
distribution center, the third is dynamic key 
management mechanism, the forth is key 
management which is based on public key physical. 
Among them, the key pre-distribution mechanism is 
not only an ideal choice, more suitable for 
application in the passive wireless sensor network. 
Present key pre distribution mechanism mainly 
include sharing key distribution, key distribution 
based on location information, polynomial key 
distribution, key distribution and so on, Table 2 
refers to the storage, computing, security, scalability 
and communication overhead and other performance 
indicators for more than a few key distribution 
protocol were compared. Table 1 is a description of 
the relevant symbol. 

From the table that, in the power system of 
passive wireless sensor networks, the shared key 
distribution is the best choice for the following 
reasons: the Shared secret key distribution of low 
power consumption, long life can be maintained 
network; shared key distribution with good 
connectivity and scalability to meet the network 
topology and stability characteristics, to meet the 
needs of its information collection; shared key 
assignment in program maintenance and replacement 
of nodes is relatively simplified; shared key 
distribution to facilitate saving equipment 
manufacturers large-scale production. 

Shared key distribution protocol Notwithstanding 
the above advantages, but it is less secure, if the 
initial shared key is stolen by an attacker, the others 
can be achieved by any means of attack, its 
consequences and losses are not envisaged. On this 
basis, this paper designed a highly secure key 
management mechanism, set up a new management 
mechanism are three types of 128 bit key lengths, 
respectively is: the initial key, global key and  
session key. 
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Table 1. Symbol description. 
 

Key Value 
K Global key 
Ki Initial key 
Kn Session key  
S Sponsor identification 
R Responsor identification 
E Encryption Algorithm 
Token Token 
MAC Message Authentication Code 
MIC Message Integrity Code 
Random Random  

 
 

Table 2. Comparison of key pre-distribution scheme. 
 

 
Conne-
ctivity 

Mem-
ory  

Cost 

Proces-
sing  
Cost 

Commu-
nication 

Cost 

Secu-
rity  

Key 
sharing 

     

Poly-
nomial  

 
- - 

  

Key pool     - 

Polynom-
ial pool 

    
- 

Location-
based 
info 

- 
  

- 
 

 
 

One. Initial key Ki: all played key nodes for 
network connectivity as well as the early deployment 
of new network node device authentication; when the 
end of the initial deployment, it will save only the 
initial key Gathering node, the backbone node or 
sensor node the key will be deleted. 

Two. Global key K: this is a whole network 
shared key generated by the Gathering node, mainly 
used to identify the network periodically entity in the 
process of running. At the beginning of network 
deployment, the global key and initial  
key agreement. 

Three. Session key Kn: This equipment is mainly 
used for network communications security and 
protection of the equipment at the end of the entity 
arising after identification [3]. 

 
 

3.1.2. Entity Authentication and Session  
Key Generation 

 
To ensure safe and correct manner node can 

access the network, reducing the number of the 
sender and the receiver information interaction, in 
this paper, the entity is in a double identification 
mechanism (Fig. 1) on the basis of, the specific steps 
are as follows: 

Step 1. R sending a Random number of Random. 
Step 2. S generates a random number of 

Randoms, then generates Token SR, and sent to R. 

Step 3. R to receive the information, decrypts the 
Token SR, and identifies the correctness of the 
response side, inspection Random g and the 
decrypted random number are the same, at the same 
time get a random number Random. 

Step 4. R generates and sends to S. 
Step 5. S receives the information transmitted 

sent by R, decrypting inspection steps are as Step 3. 
 
 

 
 

Fig. 1. Diagram of two-way differential mechanism. 
 
 

Identification of the physical end of the process, 
the initiator and the responder will combine global 
key and processes the random number, and 64-bit 
long address, the session key generated by key 
generation algorithm, the process shown in Fig. 2. 
 
 

 
 

Fig. 2. Generating processing of session key. 
 
 

3.1.3. Access Control 
 

Because the ability of sensor nodes and limited 
battery life, network security services should be 
archived by strong ability Gathering nodes and 
backbone nodes, access control services, too, should 
be set up by the gathering node and backbone nodes 
and detect maintain dynamic access control list, 
access control to accomplish the communication 
between the nodes, the steps are as follows: 

The first step: The node do a good job with the 
adjacent node network access authentication and 
network certification cycle entity identification; 

The second step: The node save the address of the 
secure connection, and on this basis to create  
access control lists; 

The third step: In the list of update cycle, the 
node records the number of times which have been 
successfully received for same message sent by a 
secure connection; 

If more than 3 times, and the node is removed 
from the list, return to the second step; If not more 
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than or just 3 times, will continue to maintain the 
original list. 

 
 

3.1.4. Message Authentication and Integrity 
Protection 

 
Existing protocol, message authentication and 

integrity protection often through the message 
integrity code or a hash function calculates message 
authentication code two modes, to identify sources of 
information and protect information is not destroyed 
by malicious tampering or deletion. To reduce the 
storage space, WIA - PA, 6 6LowPAN and ZigBee 
using AES encryption algorithm in CBC mode for 
calculation for the MIC so as to better protect and 
promote the integrity of the message authentication. 
In addition, in order to resist replay attacks, 
6LowPAN and ZigBee using the counter value added 
calculation method to achieve MIC, and WIA-PA is 
accomplished through the application layer time 
stamp MIC calculations. 

This protocol also uses counter value to Calculate 
MIC, to achieve message authentication, integrity, 
and anti-replay protection [4]. 

 
 

3.1.5. Confidentiality Protection 
 

Confidentiality protection is the most basic 
security protocol security mechanisms. In general, it 
can be encryption algorithm to encrypt data directly, 
in order to prevent an attacker after listening to the 
same message repeatedly can guess its contents, 
wireless sensor networks have semantic security 
needs, to meet this demand, this agreement with 

SPINS protocol mechanism, i.e. in the process of 
data encryption combined with calculator values 
encrypted file. 

 
 

3.2. Security Processes 
 
3.2.1. Network Certification 
 

Network access authentication is to implement 
security access networks between nodes of a security 
process, Fig. 3 is the basic flow, start the process has 
the following three types. 

The first type: the initial network deployment, 
Gathering nodes and backbone nodes, sensor nodes and 
adjacent backbone nodes, the backbone nodes and 
backbone nodes execute point-to-point communications 
between access authentication process, to create the 
establishment of a secure network connection. 

The second type: a new node joins the network in 
the network operation phase. 

Since only gathering node contains the initial key, 
if the new node is the sensing node, then carries on 
the convergence between the node and sensor node 
authentication, backbone nodes in this process 
mainly responsible for the forwarding of 
authentication information. 

If the new node is the backbone nodes, perform 
backbone nodes and the adjacent backbone nodes or 
point to point communication between the sink node 
authentication, and then carry out the adjacent sensor 
nodes and backbone nodes in the network  
access authentication. 

If the new node is a gathering node, then  
re-run the network's initial deployment network 
certification process. 

 
 

 
 

Fig. 3. Processing diagram of Restarting the authentication. 
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The last type: Backbone nodes in the network 
operation phase failure. 

Establish communication with failure of the 
backbone nodes there are two possible, one sensor 
node, the second is the backbone nodes, when either 
send access request to gather around one of the 
adjacent node or backbone nodes, you need to restart 
the network authentication process. 
 
 
3.2.2. The Key to Update 
 

Key update process is mainly responsible for the 
session key and global key update cancellation 
protection, session key can use entity identification 
or session key generated complete update services 
directly, but a global key link must be on the high 
security of key distribution process can be achieved 
in the update, the steps are as follows: 

Step 1: Gathering node synchronization time 
information through the system, or by virtue of the 
locally generated random number to generate a new 
global key; 

Step 2: The distribution of the process, the nodes 
on the basis of the original session key update data in 
the process of implementation of message 
authentication and integrity protection to ensure the 
three cases (the sink node and the backbone, the 
backbone nodes and sensor node, the backbone 
nodes) the safety of point-to-point communication 
link, and session key between nodes on the basis of 
existing good key update process confidential data 
frame static load protection, to prevent leakage 
global key information. 

Step 3: Sensor nodes or backbone node to receive 
the updated data frames, and verify that the MAC 
value of the data frame. If validation passes, the new 
global key will be saved, and continue to follow the 
second step backbone nodes to the adjacent sensor 
nodes or backbone nodes forward global key 
information. If the validation synchronization is not 
pass. Directly discards the data frame. 

Step 4: Success for a new global key nodes, 
restart authentication process (as shown in Fig. 3), so 
as to realize the update of the session key between 
nodes [5]. 

 
 

3.2.3. Unicast Safe Handling 
 

Unicast security processing is based on the node 
type and topology characteristics, select data 
encryption, message authentication and integrity 
protection process of security services such as 
security. 

In view of the topology of the wireless sensor, 
this paper divided unicast communication into uplink 
and downlink communication two kinds [6]. The 
former mainly refers to the sensor nodes send 
backbone nodes to gather information and backbone 
node sends information, responsible for collecting 
information. In contrast with the former, the latter is 

responsible for network control signaling. Control 
information and device configuration. 

The importance according to the status 
information acquisition, the sensor can be divided 
into two categories: one is ordinary nodes, is mainly 
responsible for the low sensitivity of the information, 
low change frequency information collection work, 
making no significant impact on the main battle. The 
second is an important node in the special features, 
mainly be responsible for the information as well as 
changes in the sensitivity and accuracy of the higher 
frequency of information collection work. 

 
 

3.2.4. Broadcast Authentication 
 

Broadcast authentication process is to ensure that 
a node to another node initiates the authentication 
process when the broadcast communication. 
Currently, most wireless sensor network broadcast 
authentication protocol design is based on μTESLA 
protocol [7]. μTESLA requires t the hash function, 
relaxation time synchronization and single-phase key 
chain combination, to ensure efficient broadcast 
authentication, and therefore requires a lot of power 
and storage space for single-phase key chain store or 
hash function calculation operation. For passive 
wireless sensor, μTESLA has a great affect on those 
nodes that resources and energy are limited, and even 
reduce network lifetime. 

Given that only backbone nodes and aggregation 
nodes can send broadcast messages, wireless sensor 
network can be divided into passive two points: First, 
the backbone nodes to the gathering node broadcasts, 
the second is the backbone of sensor nodes to the 
cluster nodes  broadcasts. 

 
 

4. Conclusion 
 

Wireless sensor networks are more and more 
widely used, but due to its inherent characteristics, 
security is also more and more important [8]. In this 
paper we designed four processes (network access 
authentication, key management, secure data 
processing, broadcast authentication), five security 
services (key principle, entity identification and 
session key generated, access control, message 
authentication and integrity protection, 
confidentiality protection), through the analysis, this 
article protocol conforms to the standard, to achieve 
confidentiality, integrity, availability, non-
repudiation, and at the same time also can reduce 
cost, reduce the network deployment, it could be lay 
the foundation for further research in the future. 
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Abstract: With the detection of the complex and changeable environment, wireless multimedia sensor network 
is therefore arise, as a new information processing and access to technology, wireless multimedia sensor 
networks compared to traditional sensor network its more attention with video, images, and other large amount 
of information and high density of data collection and processing, also therefore in the commercial, civil nuclear 
military field has broad prospects. We pass on the measurement of network traffic in recent years, found that the 
communication model to subvert the traditional Poisson theory. The self-similarity phenomenon of data traffic 
in modern networks has been fairly well studied in the literature. However, the statistical characteristics of the 
wireless multimedia sensor network traffic we have a lot of phenomenon worthy of study. In order to help these 
technical staff related with some useful references, we have mainly analyzed the traffic characteristics in the 
multimedia wireless sensor networks in this paper. Copyright © 2013 IFSA 
 
Keywords: Wireless multimedia, Sensor, Network communication, Statistical characteristics. 
 
 
 
1. Introduction 
 

Multimedia sensor network is generally consists 
of a set of storage, computation and communication 
capabilities of multimedia sensor node. Has the 
perceptual characteristic of distributed network 
which is mainly through multimedia sensor node to 
peripheral environment of various multimedia 
information, such as image, video, audio and other 
digital information etc. Multimedia sensor network 
on the data transmission is through multiple hops 
relaying mode sends the data to the information 
center. And the data center to carry on the analysis 
and some other processing of these data, so as to 
achieve the purpose of environmental monitoring. So 
a full understanding of the media sensor network for 

us to design more efficient communication protocols 
and the network system structure and performance 
prediction of network will be a very important 
theoretical and practical significance. We combine 
Fig. 1 to focuses on the analysis of wireless 
multimedia flow characteristics. 
 
 

2. Architecture of Multimedia Sensor 
Network [1] 

 
A typical multimedia sensor network is usually 

consists of the sink node, multimedia sensor node, 
control center and other parts. Sensor nodes in 
multimedia sensor networks are required to distribute 
in the designated area. The main purpose of doing so 
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is to let the data acquired along other multimedia 
sensor nodes hop-by-hop transmission, through the 
"multi-hop" routing mode, finally the data are 
generally through the communication satellite or 
Internet network to the control center. Then the user 
through the control center to sensor network 
configuration and management. Publication  
of the monitoring requirements to monitor  
environmental data [2]. 

Control center: the duty is responsible for 
monitoring data query and collection of multimedia 
sensor network, also can release information 
monitoring multimedia sensor network, and provides 
the appropriate interface for users of monitoring 
information analysis, mining and decision-making. 

Multimedia sensor node: integrated with data 
processing, sensor unit and communication module 
embedded micro-nodes and through the built-in style 
sensor to the real-time monitoring of the surrounding 
environment where the sonar image, heat, infrared, 
audio, video and other events of interested in. But it 

is not omnipotent, its data processing ability, 
communication ability and storage ability is 
relatively weak, and only through the limited energy 
battery - powered. Multimedia sensor node main 
function is to emphasize the acquisition of video, 
audio, images and other environmental information, 
and some simple processing, but also on the other 
nodes to forward over the data fusion and forwarding 
operation again. 

The sink node [3]: either a strong function of the 
multimedia sensor nodes, there is enough energy to 
supply more memory and computing resources, it can 
be no monitoring ability, only special gateway 
devices with communication ability. The sink node 
processing power, storage capacity and 
communication ability are relatively strong, 
responsible for connecting to external network such 
as multimedia sensor network and the internet, 
publishing monitoring task of the management node, 
and forwards the data to an external network.  

 
 

 
 

Fig. 1. Wireless multimedia sensor network structure. 
 
 

3. Traffic Self-Similarity of Wireless 
Multimedia Sensor Network  
 
Attention to self similarity (self-similar 

processes) is from the middle of the last century, and 
this study was applied to many fields. When carries 
on the analysis to the present network data, we 
usually like this to self-similarity: 

The mathematical formula is in a wide-sense 
stationary random process, we want to meet the {Xn} 
n=1, 2, 3, 4, 5...., set Xnj has a constant mean, which 
is able to satisfy the following equation u=E (Xn) and 
finite variance formula 2=E[(Xn-2)], and the self 
correlation coefficient of which is R (=E[(k) (Xn+k-) 
(Xn+k) / (k=0,1,2,3,4 •,....), and its value is only 
related to K, here we can reach the number Xn can be 
understood as the number of the business entity 
network as the unit of time in n [4]. At the same time, 
we assumed that the autocorrelation coefficient Xn 
satisfying a range: R (k) --k- θ Ll (k), which we 

assume that Ll (k) is a slowly varying function, when 
the autocorrelation coefficient can meet on the type, 
we refer to this process as self-similar processes; 

The Self-Similar Parameter H is also known as 
the academic community was known as the Hurst 
parameter, and this parameter is the only parameter 
to describe the self-similarity. We assume that a 
random sequence of self-similar, then its H range 
should be in (0.5, 1). And if the H value is greater, 
reflecting the random sequence similarity degree is 
also bigger [5]. 

 
 

4. The Key Technologies of Wireless 
Multimedia Sensor Networks 
 

4.1. The Routing Protocol 
 

Routing protocol is one of the focuses of research 
on wireless multimedia sensor networks, its main 
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purpose is to any need of communication between 
two nodes in the network to establish and maintain 
the data transmission path [6]. But the wireless 
network node resources are severely limited in speed 
does can not keep up, present situation and the 
network topology often changes, and network 
communication means more data-centric, so many 
domestic and foreign researchers have designed a lot 
of routing protocol, which is more common, there are 
LEACH, PEGASIS, TEEN, SPIN, DD, CADR, 
SMECN, GEAR etc. 

 
 

4.2. The Multimedia Information Processing 
 
A multimedia information processing is an 

important aspect of the study of wireless multimedia 
sensor networks, which is the key point to solve the 
bottleneck of how the single node processing power, 
storage and severely limited energy situation still can 
able to efficiently realize the compression coding and 
transmission of image, video and other multimedia 
information, the more feasible solution mainly is so 
two categories: more nodes "distributed" image 
compression method and distributed source  
coding method [7]. 

 
 

4.3. The MAC Protocol 
 
The media access protocol (MAC protocol), the 

main work of the second layer of the Internet and its 
main function is highly competitive with each other 
between the sensor nodes, scientific and rational 
allocation of limited resources of the radio channel, 
in order to ensure the normal data communication, its 
design is reasonable or not will directly determine the 
use of wireless channel utilization and network 
performance, is the user feel network performance is 
an important indicator of good or bad. 

 
 

4.4. Cross-layer Design 
 
A traditional wireless sensor network protocol 

stack, and each layer of multimedia streaming 
strategies often have a common problem, are 
confined to separate a layer and ignore the interaction 
relationship between layers. But in fact the physical 
layer, MAC layer and network layer of the three is 
mutual restriction for the actual allocation of network 
resources; for example, the physical layer can be 
affected by interference on the receiving end of 
multi-channel wireless access, while the MAC layer 
can be based on the allocation of bandwidth to the 
forwarding nodes to influence the monitoring node of 
useful signal; of course, the network layer can also 
let the transmission scheduling leads to low 
bandwidth and delay to force the routing changes the 
diameter, and the routing will change a series of link 
scheduling. But how to say, is not to say that the 

application layer can be isolated, it is not completely 
cut off from the bottom, when we applied filtering, 
compression, encoding mechanism can enhance the 
performance of network transmission. Therefore, 
needs to cross layer cooperation to improve overall 
system performance in wireless multimedia sensor 
networks, such as energy consumption, QoS, channel 
utilization etc. 

 
 

4.5. Node System 
 
First we have to clear a concept is the sensor 

nodes constitute the basis of wireless multimedia 
sensor networks, wireless multimedia sensor network 
node in the world have design or production can be 
divided into two categories: one is the use of ASIC, 
FPGA and other special device design platform, such 
as we know that the Mult-Radio, Pico Radio, WSN 
platform etc. 

The other is the most of the current node using 
general purpose microprocessor as the core 
components, the similar to the embedded system 
design of the node in this way, such as the more 
common of Mica, Gainz etc. 

 
 

5. Analysis on Self-Similar Characteristic 
of Wireless Multimedia Sensor 
Network Communication 
 
 

5.1. Simulation Experiments by NS2 
 
Here we will through NS2 simulation methods to 

produce wireless multimedia sensor network traffic 
data sequence and analysis the bursty nature of the 
network. Here I assume that the number of nodes is 
500 (see the Table 1 below). In the experiment,  
a randomly selected multimedia sensor nodes to 
Multimedia node x, assuming that we detected in 
sonar, image, audio, video and other thermal 
infrared, many other data of interest. And we  
assume that the data source for the United States of 
America a large a fragment. The GOP structure of 
the MPEG encoding of the video is 
IBBPBBPBBPBB (N= 12, M= 3). 

Video transmission (play) frame rate of 25 frames 
per second. Then, all the data are sent to the sink 
node. So basically single-hope radio frequency 
coverage of each node can be guaranteed within 
150 m, channel bandwidth is basically determined in 
the 1 Mbps. We analyze the characteristics of 
multimedia sensor networks, assuming that the state 
of the node is stationary. Then we take the 
communication between two nodes as the object of 
study, in each experiment, we record the Δt  
(Δt:t statistical time interval is 0.9 s), multimedia 
sensor nodes and aggregation nodes communication 
between the throughput. 
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Table 1. Parameters setup. 
 

Parameters Value 
Simulation time 3600 seconds 
Number of sensors  500 
Topology size 800  800 
Communication source MPEG-4 video 
Data packet 512 bytes 
MAC protocol IEEE 802.11 
 
 

5.2. Brief Analysis Traffic Self-similarity 
 
Here we assume that number of sensor nodes is 

still 500, the statistical interval is still 0.9 s,  
NS2 simulation experiment statistical analysis of the 
situation. The following figure we can end-to-end 
throughput of wireless multimedia sensor networks 
in different time scales for comparison. 

Obviously we can see that, on different time 
scales, wireless multimedia sensor network flow 
burst has obvious characteristics of the 
autocorrelation. From the comparison in Fig. 2 has 
been very clear, wireless multimedia sensor network 
traffic on different time scales, the data with  
a strong burst. 

 
 

 
 

Fig. 2. Different time scales end-to-end throughput. 
 
 

6. Main Application Areas of Wireless 
Multimedia Sensor Networks 
 
The multimedia sensor network has a very broad 

application prospects in the military, civil, 
commercial. In order to distinguish with traditional 
sensor network applications, we mainly research on 
the current active audio and video sensor network 
applications to summarize. The following specific 
areas have paid lots of attentions.  

 
 

6.1. Real-time Monitoring in Battlefield 
 
Application prospects in this field, do not tell us 

that we also understand. 
 
 

6.2. Traffic Monitoring on Roads  
Real-time Monitoring 

 
This is a very promising application areas such as 

the ring road, traffic hub and highway layout, we can 

do for the implementation of traffic monitoring, 
statistics as well as by the number of cars, the illegal 
target docked, whether there is a fault vehicle, etc., 
by human is more difficult to do it, also can provide 
information about the road give your driver update 
congestion, but also can recommend the best route 
for drivers and remind the driver to avoid  
traffic accidents. 

 
 

6.3. Real-time Monitoring to Security 
Sensitive Regions 

 
The most common place is the effective real-time 

monitoring of power plants, mines, coal mines and 
other security-sensitive work environment. 

 
 

6.4. Applications in Intelligent Household 
 
This is a countries have attached great importance 

to the field, through the construction of wireless 
multimedia sensor networks can do kindergarten 
intelligent, timely monitoring of the children's 
environment to be educated, tracking the trajectory of 
a children’s activities, so that the parents at ease and 
the teachers do not worry. 

 
 

6.5. To Ensure Public Safety 
 
Multimedia sensor networks can be widely 

applied to the customs, stadiums, airports, train 
stations, parking and other personnel mobility, 
crowded public places to do these areas of security 
and timely monitoring and emergency situations 
(such as fire, earthquake), occurs when the data 
statistics. 

 
 

7. Energy-Saving Strategies for Wireless 
Multimedia Sensor Network 
Communication Module 
 

7.1. Reduce the Communication Flows 
 
Communication with the flow rate and the 

transmission distance is directly proportional to the 
energy consumption of the communication of 
multimedia nodes. And reduce the communication 
traffic will directly reduce the sending and receiving 
data bits, thereby directly reducing communication 
energy overhead. At present more popular methods 
mainly are: 

1) Increase the error detection and correction 
mechanisms. 

Increasing the error detection mechanisms can be 
found as early as possible due to invalid transmission 
errors, reduce the waste of energy consumption 
caused by the ineffective communication (such as 
packet loss and retransmission); while the correction 
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mechanism can be corrected to small number of bit 
errors packets, so that measures can be avoided 
retransmitting data amount of bandwidth occupancy, 
for the non - key frame transmission continuous 
multimedia error frame is very important, but the 
important key frames in the event of error does not 
apply to this method. 

2) Reduce the probability of conflict. 
The direct consequences of the conflict are 

caused jam retransmission and data packets. For 
multimedia information continuous flow, packet 
retransmission means huge overhead, thus wasting a 
lot of energy. Therefore, we urgently need to 
establish an effective, reasonable, suitable for 
wireless multimedia sensor networks conflict 
avoidance mechanism, of course this is also an 
important means to reduce the communication 
energy consumption and strategies. 

 
 

7.2. Taking More Pieces of Short-range 
Wireless Communication for Data 

 
In wireless sensor networks, the relationship 

formula between the communication energy 
consumption and the amount of distance as shown  
in equation (1). 

 
ndkE  , (1) 

 
where the values of n is greater than two and  
smaller than 4. 

By the formula we can know, along with the 
increase of communication distance, the needed 
energy consumption in communication will be 
followed by a rapid increase, therefore, a feasible 
way to shorten the communication distance is to 
reduce energy consumption, this are the main types 
of specific ways: one is to reduce the transport 
distance of each hop. Two is to reduce the total 
transmission distance. 

 
 

7.3. Choosing a Good Modulation 
Mechanism 

 
In general, we select the 16 hexadecimal QAM 

(Quadrature Amplitude Modulation). The selection 
of this modulation been able to achieve the 
modulation mode of transport energy consumption is 
minimized. However, the selection of this high-level 
modulation will greatly increase the manufacturing 
cost of the nodes of wireless transceiver. Therefore, 
alternative means basically is to choose the 
4 hexadecimal QAM modulation mode. When the 
transmission data volume reduction, we can properly 
reduce the modulation level, in order to achieve a 
balance between the communication and 
computation overhead. 

 
8. The Advantages and Disadvantages  

of the Communication Structure  
in Wireless Multimedia Sensor 
Network  
 

It is mainstream that the communication structure 
in wireless multimedia sensor network analyzed in 
this paper. 

The main advantages: gathered nodes are the 
realization of the function of multimedia sensor node 
control center, more integrated modular 
specialization is more accurate and fast processing, 
the network communication higher stability and 
safety in operation and daily maintenance to 
effectively reduce the cost. 

The main disadvantage: high content of science 
and technology, in the daily maintenance cost 
reduction, but also lead to trace defects existing in 
the system is difficult to eliminate in a timely manner 
in the daily system maintenance; Exception module 
running in network communication structure, 
because of its integrated with more functions, for 
network communication is a broad and deep 
impression, often to replace when replacement of 
maintenance module in the network structure is given 
priority to, not only have a single maintenance costs 
rise, but also improve the degree of dependence on 
related maintenance company. 

On the whole, the advantages are much more than 
the disadvantages, this communication structure is 
worth using widely when people design the wireless 
multimedia sensor networks. 

 
 

9. Conclusions 
 

Multimedia sensor network is a new kind of 
information acquisition and processing technology. 
There is not a very long time, and compared with the 
traditional sensor network technology, it is more 
attention as the video, images, audio etc., these large 
amounts of data, large amount of information media 
collection, transmission and processing. So the 
multimedia sensor network has great application 
prospect in civil, commercial and military. In this 
paper, we introduce the concept and characteristics of 
multimedia sensor networks, multimedia 
applications, components and key technologies, and 
summarized the focus in the field of energy saving 
and communication in recent years, and look forward 
to further research directions, through the brief 
introduction of this paper is to promote  attention and 
research on this emerging technology. 
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Abstract: There are some different opinions about realizing network measurement by PPT (Precise pressure 
transmitter) sensors through the computer serial ports. In this paper, the writer has introduced how to make use 
of the PPT sensors and the type of RS485, RS232 serial ports of computers. At the same time, the methods of 
network measurement of PPT sensors have also been analyzed so that the writer hoped can provide some 
references to the practitioners. In this paper, the specific concept and its applications of PPT sensors, the address 
setup and the corresponding order have been introduced. Especially, we analyzed the order, as well as the 
protocols among the serial ports. Copyright © 2013 IFSA 
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1. Introduction 
 

The PPT (precise pressure transmitter) sensor was 
developed by the famous company Honeywell. Its 
center component is the silicon piezoresistive sensor, 
which includes the temperature and pressure 
sensitive elements, and it must have stability and 
high accuracy. For Pressure Compensation, it can 
provide a whole temperature range from minus 40 
Celsius degree to 85 Celsius degree and it has two 
kinds of output ways: Digital and analog to realize 
the accuracy of 0.05 % of the full scale. 
 
 

2. Specific Applications of PPT Sensor 
 

2.1. Concept and Application of the PPT 
Sensor 

 

In PPT sensor, through some specific 
instructions, the user can through the PPT to read 

configuration information, or to the PPT [1], any 
configuration parameters of a PPT can be done 
through the corresponding instructions to the 
corresponding modification, such as for sensor ID 
change, threshold, sampling window, output rate and 
so on [2]. In digital output mode, the PPT via a serial 
port to connect to the computer works very 
straightforward, as shown in Fig. 1. 

 
 

2.2. Address Setup of PPT 
 
It is a perfect digital sensor with addresses, and 

can be conducted on RS485 and RS232 bus multiple 
sensor network measurement, this is the PPT of real 
utility. By RS485 and RS232 serial port on the host 
computer, and thus for the corresponding data signal 
communication, in the same on a bus and can at the 
same time will be a maximum of 89 a PPT attached 
to it [3]. 
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Fig. 1. Diagram of connection between PPT sensor  
and computer serial ports. 

 
 

Here, the PPT have 3 address in order to provide: 
ID number or personal address, is the lowest, the 
lowest stage from 01-89, for each unit of instruction 
in the corresponding response; From 90-98 is the 
second set of addresses, can be grouped to cope with 
different PPT, and according to the group address for 
the corresponding instruction response; Broadcast 
address number is 99, this is the highest address, 
whole address of instructions for all the PPT has the 
highest effect, all the PPT should be according to the 
instruction in the corresponding response [4-6]. In 
the process of using a set of commands, unit will 
respond in the same group; While the different 
groups of unit will not send will only listen to, such 
flexible control provides a greatly convenient for the 
users.  
 
 
2.3. Introduction and Analysis of PPT 

Instruction 
 
At the time of testing, through the serial port of 

the computer, will give PPT first commonly a 
corresponding instruction command, and then 
through the PPT after reading and processing of the 
reaction, then a corresponding response back to the 
computer, is this the computer again according to the 
relevant information and return back to ID number, 
of any PPT accordingly to distinguish [7].  

For the PPT, it has the typical format. 
Specifically, *DDCC <cr> is the typical command 
format, in the midst of this, starting operator 
command is "*", decimal ID address is "dd", the 
command is "CC", and a carriage return is "<cr>". To 
say ID, for example, 01 to pressure for continuous 
measurement of sensor, you can through  
the public expressed as: *01 p2 <cr>. Actually,  
DDNN=# NNN <cr> is the typical representation, 
PPT response format and in this among them, from 
the representation of a specified address response is 
"#", read the data with "NNN" said [8]. Want to ID, 
for example, 01 sensor, for temperature 
compensation of the pressure value to return, and it is 
14.450 lb/ft square pressure value, you can use  
"# 01 cp = 14.450 <cr>" for specific said. 

3. Analysis of Basic Principle  
of Communications Between  
Serial Ports 

 
CPU code conversion between serial devices is 

the basic function of the serial port. In the process of 
code transformation, if it is receiving data, serial bits 
will be converted into a byte of data; If is the data 
from the CPU through the serial port to send out, 
then bytes of data will be converted to a serial. In 
order to realize serial communication, the PC is 
generally equipped with corresponding universal 
asynchronous receiver transmitter (commonly 
referred to as "UART) [9]. In this universal 
asynchronous receiver transmitter, there is a series of 
internal register, in order to achieve communication 
function, it must be conducted for these internal 
register corresponding to implement and complete 
the operation. 

In asynchronous UART serial communication 
chip, for programmable parts must be according to 
the requirements of agreement, the initialization of 
the first to them accordingly. When to send a data 
character, be sure to check the UART send keep 
registers for null, if it is, may need to be done by 
CPU command output, and the data output to the 
corresponding UART send keep register; At the same 
time, according to the corresponding standards of 
initialization Settings, the UART parity bit, start bit 
and stop bit is added to the above 8 bits of data from 
the CPU, and the binary string through the 
corresponding baud rate Settings, sent to the 
corresponding serial communication line. So down, 
UART serial data communication line from receiving 
can automatically, and for effective data bits can be 
taken out, and then will convert successful data 
character, deposit to the appropriate receiving  
data register. 

In this universal asynchronous receiver 
transmitter, there is a series of internal register, in 
order to achieve communication function, it must be 
conducted for these internal register corresponding to 
implement and complete the operation. In 
asynchronous UART serial communication chip, for 
programmable parts must be according to the 
requirements of agreement, the initialization of the 
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first to them accordingly. When to send a data 
character, be sure to check the UART send keep 
registers for null, if it is, may need to be done by 
CPU command output, and the data output to the 
corresponding UART send keep register; At the same 
time, according to the corresponding standards of 
initialization Settings, the UART parity bit, start bit 
and stop bit is added to the above 8 bits of data from 
the CPU, and the binary string through the 
corresponding baud rate Settings, sent to the 
corresponding serial communication line. So down, 
UART serial data communication line from receiving 
can automatically, and for effective data bits can be 
taken out, and then will convert successful data 
character, deposit to the appropriate receiving data 
register, only will be implemented, all of this is the 
basic principle of the communication between the 
serial ports. 
 
 
4. Network Measurement for RS485 

 
RS485 interface technology is developed on 

RS232 technical standards. RS485 interface 
technology, through to the differential signal 
transmission, and there are A, B two signal lines 
(also useful RS485 and RS485 said two reduction 
approach to representation). Want to because of the 
mismatch resistance causes the phenomenon of 
reflection transmission signal to moderately reduce, 
will have to be the initial end of a transmission line 
and the end of RS485 network, their butt matching a 
120 Ohm resistance, to as a host computer at the 
same time, each hung on the RS485 bus PPT as its 
extension or from the machine. In general, the data 
will be based on the RS485 mouth of host, hang on 
the RS485 bus each PPT, also through the induction 
and produce the corresponding response of the data, 
and will these PPT response information, then send 
to RS485 bus. 

In general, the network in a single PPT named 
measurement methods, for its ID number whether 
continuous did not make very strict requirements 
[10]. However, if you want to adapt to the group 
address and broadcast address instruction, the PPT of 
the network, usually it's ID number starting from 01 
for continuous. And RS232 ring network is different 
also, RS485 network of branches in the PPT can 
generally don't have to in the order ID, at the time of 
response for the broadcast address instruction, mostly 
according to the ID number, since the childhood to 
respond in the order; At the same time, under the 
group address will also have a address, such as an ID 
for 02 in the sensor, the group address is 91 words, 
then 01 is the address. At the time of response for the 
group address instruction, this process also is to have 
the order, the arrangement is generally carried out in 
accordance with the deputy address since the 
childhood and response, and should begin from 01, 
deputy address also requires continuous.  

Signal transmission can be achieved as far as 
2 kilometers, the distance is relatively far, and have 

stronger anti-interference ability, these are the 
advantages of RS485 network model. Also, for any 
one PPT for disconnected operation, will not impact 
to other PPT testing. However, half duplex mode 
works, need for control of data flow direction and 
general host RS485 interface, need to use RS232 to 
RS485 converting circuit, to the corresponding 
transformation, these are the RS485 existing 
deficiencies. People should pay high attention to this 
in the operating processing. 

 
 
5. Analysis of Network Measurement  

for RS232 
 

Through RS485 and RS232 interface forms, 
respectively for the PPT of the digital quantity of 
output. In among them, the most commonly used 
serial communication interface RS232. If not in the 
need of signal connection, usually only need to use 
3 threads, namely receive wire RXD, TXD signal 
ground GND and send line, for the full-duplex 
asynchronous serial communication by can fully 
implemented. For PPT of RS232 ring network 
measurement, this paper can be through the 
following specific graphic image, the host of the 
RS232 serial port is the starting point of data, and 
come out from TD, and after the PPT accordingly, 
after a complete loop, and then back to the host a 
serial port RD, as shown in Fig. 2: 

 
 

 
 

Fig. 2. Diagram of loop network measurements  
for PPT with RS232. 

 
 

Using an interactive platform for the C language 
development is the Lab Windows/CVI, host test 
software development and can be written. Among 
this, C language development platform comes with 
RS232 function library, and mainly consists of a 
serial port, serial port control function, a serial port 
input/output function on/off function, serial ports, the 
event handler that four categories. In the process of 
initialization for a serial port function, for a serial 
port in addition to its starting position, baud rate, stop 
bits, data bits, and parity, should also pay attention to 
the loading of the serial port for receiving callback 
function. If there is a corresponding event, such as 
serial port might receive a specified number of 
character or a particular character, to receive the 
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callback function should be invoked, then through 
the host processing, on the soft panel display. 

Specific operation process can be said that 
through the following steps to believe would be  
more intuitive: 

Start→initialized for the RS232 port, and then 
loading and receives a callback function to send 
instructions, receiving callback function, process the 
data after sending the soft panel displays→ end→if 
"no", then return to send the instruction steps;  
If "yes", then to initialized for the RS232 port, and 
load receives a callback function to end  

Hosts are equipped with RS232 serial port, and 
can be directly connected to the Internet, this is the 
biggest advantage place of the RS232 connected 
mode. However, it also exists obvious shortcomings 
and weaknesses, such as only 15 meters of the signal 
transmission distance, the transmission distance is 
shorter, and easy for the interface signal to produce a 
certain degree of crosstalk, and if any one PPT sensor 
is accidentally disconnected, can cause the 
consequences of failure of communication.  
 
 
6. Analysis of Virtual Device Software 

Development Based on Lab 
Windows/CVI 

 
With the rapid development of computer 

technology, computer also began to traditional 
instrument field and computerized direction and 
trend of development. Modern computing technology 
and the product of perfect combination of instrument 
technology, virtual instrument is. Through all kinds 
of computer as the core of hardware platform, are 
defined by the user and design, and for the virtual 
panel and test function one by one, again through the 
corresponding testing software finally reached and 
the implementation of computer instrument system, 
is the concrete application of virtual instrument.  
In general, the virtual instrument hardware platform 
mainly covers various kinds of interfaces such as 
parallel ports, serial ports, and network interface, and 
including PCI, VXI and PXI bus, etc., of various 
types, such as software platform in the United States 
national instruments Lab View and Lab 
Windows/CVI. In the world of computer aided 
testing (CAT), a prominent and important technology 
in virtual instrument, it not only represents the main 
trend of development of instrument in the future, but 
also a new concept and new structure of a new 
generation of instrument. 

The NI company in the United States through for 
the use of virtual instrument technology, developed a 
computer measurement and control software 
development platform of virtual instrument oriented 
that is virtual instrument programming language Lab 
Windows/CVI. This programming language 
platform, in most operating systems such as 
Windows/NT, Unix and Mac OS, can be a very 
smooth running. For its development, the first is as a 

instrument oriented, interactive development 
platform of the C language function, and the user 
interface editor, project file editor, function panel 
editor and the source code editor of four parts, as 
well as each kind of instrument driver libraries and 
library provides powerful function. It is at the heart 
of the ANSI C, the biggest advantage is to use the 
data expression, data collection and analysis of 
measurement and control professional tools and 
flexible to use and has a powerful platform for the 
C language, very organic unifies in together, and set 
the interactive programming methods, development 
platform, rich function library and function panel at 
an organic whole, thus greatly strengthened for 
C language function, and for developers who are 
very familiar with C programming language, through 
the establishment of a set of very complete detection 
system, data acquisition system, automatic test 
systems, and process monitoring system, and gives 
them a very ideal software development and  
design environment. 

General need to general computer as well as the 
necessary hardware support, the core of the virtual 
instrument design lies in: through the design of the 
software, can be very good for all instrument 
functions. Popular speaking, software is the 
instrument that is for on of the most essential 
characteristics of the virtual instrument, and for the 
design of virtual instrument software in which play 
the important role of, also very focus on emphasis. 

Lab Windows/CVI is an integrated platform for 
the development environment, it is flexible and 
convenient and has strong function, with the 
development of virtual instrument system, the system 
development time is greatly shortened, thus greatly 
improving the efficiency of production. Instrument 
industry development important direction and vane, 
is the design and implementation of virtual 
instrument system. In this respect, standardization 
and high cost performance and network development 
direction of virtual instrument technology, the future 
development of more, is for the test automation and 
electronic measurement instrument technology 
development direction of penetration, believe the 
future potential is also very broad.  

 
 

7. Conclusions about Network 
Measurement 
 

According to the analysis of PPT, the working 
principle, this paper found that for the host a serial 
port, to receive general requirements it will also be 
able to send. Such as with RS485 bus to construct 
half duplex communication system as an example, in 
which the whole network, at any time only one node, 
can always in the sending state, and towards the bus 
send out data, and all the other nodes at the same 
time, must be and can only be in a state of 
acceptance. Measured, also found that if there are 
two or more than two nodes, at the same time send 
data to the bus at the same time, this will cause all 
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data can't send, send failure, the result shows the 
importance of the direction of data flow must  
be controlled. 

Control the direction of the data receiving and 
sending, generally use the RTS (English full called 
Request to Send) approach: for host UART internal 
registers, setting the RTS generally allow sending 
data, and reset of the RTS is allowed to receive data. 
The host a serial port, ready to receive normally, if 
the need for instructions to send, you need to first 
setting for RTS, after sending the data again after 
reset for RTS, it back into the receiving state. If it is 
in the RS485 half-duplex serial working mode, after 
the write data to the serial port, can't immediately for 
RS485 data flow direction change, but need to wait 
for, wait until all the data from the transmit shift 
register sent to the data line, can be reset for the RTS 
UART, if not operation, the blocks of instructions 
information cannot be properly sent. So that the 
appropriate software delay not only really need, but 
also very necessary.  

Current common RS232 and RS485 serial port of 
the converter, the interface of conversion can be 
achieved completely, and hardware circuit in the 
converter also can undertake automatically for the 
direction of data flow and very correct judgment, 
without delay and control software, it has very good 
practicability and value.  
 
 
8. Conclusions 
 

For its good stability and high accuracy, the 
network measurement by PPT sensors is very 
convenient for users to control, and the applications 
in pressure and temperature measurement are very 
wide. In a detective device of a certain type of plane, 
the network measurement practice has fully proved 
that: network measurement of PPT sensor through 

computer serial ports is very stable and also has a 
very good quality of signal transmission to meet the 
requirements from the users. 
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Abstract: Deployment of sensors is the primary task in sensor networks, in large part, it is in relation to the 
network running status and life, and it also has a great impact on feasibility of optimization calculation. And 
coverage controlling is the first consideration that people should consider when deploy wireless sensor network 
nodes for it affects the performance of wireless sensor network (WSN) in a certain extent. Deployment way 
should be connected with practical application, so as to realize node deployment optimization based on coverage. 
In this paper, the triangle subdivision method we proposed belongs to this type of deployment. The optimization 
of sensor nodes is helpful to network space resource rational distribution as well as the environmental awareness, 
accessing to information has a positive effect to the promotion and network survivability.  
Copyright © 2013 IFSA 
 
Keywords: Coverage rate, Sensor, Optimization, Deployment, Algorithms. 
 
 
 
1. Introduction 

 

Sensor network has been developing fast, in the 
current information research field closely watched 
around the world, has become a hot research topic. 
Because it involves many other disciplines and 
technologies, but also exists some problems need to 
solve. The connectivity and coverage is the key to 
network can be normal operation, the network life 
span, energy consumption and the influence of 
service quality is crucial. Sensor network operation 
costs and monitoring ability can be reflected through 
the sensor deployment, and its job is to sensor nodes 
deployment, including connectivity, coverage, and 

power consumption), therefore, the study of sensor 
nodes deployment optimization based on coverage 
has important significance and positive value. 

To optimize the sensor arrangement, must first 
determine the optimization objective function.  
In sensor optimization, the purpose is different, the 
corresponding standards is different also, constructs 
the function also is varied, by optimizing the function 
to obtain the final deployment optimization results; 
Second, choose the optimal method is reasonable and 
effective. As a combinatorial optimization problem, 
directly affects the sensor placement optimization 
calculation of the efficiency and feasibility. Node 
deployment algorithm, this paper described the 
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probability of node perception model, on the basis of 
the monitoring area taking into account the different 
requirement of realizing the efficient in the area of 
the plane triangle dissection, so as to realize node 
deployment optimization based on coverage.  
 
 
2. Normal Models of Coverage 

Optimization for Wireless Sensor 
Networks 

 
According to the requirements of the coverage 

area and application of wireless sensor network can 
be divided into regional coverage, coverage and 
cover three kinds of fence. In wireless sensor 
networks, regional coverage is the most common, is 
also one of the most studied, it is primarily 
responsible for maintaining the reliability of the 
communication between network nodes, nodes, to 
minimize the need to reduce the network cost. To 
achieve the maximization of the target area covered, 
area covered each point should be at least one node. 
Especially in some areas with higher detection 
quality requirements, this method should be applied 
to every point carefully detection, such as military 
combat [1].  

Fig. 1 is the regional coverage in black nodes 
represent sensor nodes, 6 black spots can be done 
completely covered area.  

 
 

 
 

Fig. 1. Region coverage diagram. 
 

 
The point coverage covers area of a set of discrete 

points as main research object, it only need to detect 
a limited number of discrete points, and to determine 
the discrete point at least need to knot points and the 
position of each node and don't need to make testing 
throughout the region. Point coverage optimization, 
mainly in order to guarantee the sensor nodes to 
monitor each of the target points, as shown in Fig. 2. 
Square represents the target figure, black spots, the 
circle represents the node, and only three goals, work 
on the target coverage can be completed. In general, 
the regional coverage can also use this method. So, 
regional coverage and point coverage have 
similarities in research methods, the difference is: 
covering algorithm for detecting target, and network 

topology organization division of information and the 
regional coverage in addition to these, also need to 
understand the information such as the geometrical 
characteristics of the monitoring area.  

 
 

 
 

Fig. 2. Point coverage diagram. 
 
 
Barrier coverage uses more widely in the mobile 

target monitoring, the main question is: when the 
target from the deployment area of nodes, network 
node can explore them, and related issues of 
probability calculation [2]. Fig. 3 represents the fence 
overlays, in circular on behalf of sensor nodes, curve 
represents the target's movement track. Study barrier 
coverage, underpinning the best solution for network 
deployment, increase the probability of the target can 
be detected, and the guarantee from the enemy 
surveillance area, detected the probability of a 
minimum. 

 
 

 
 

Fig. 3. Barrier-coverage diagram. 
 
 

2.1. Complete Coverage and Incomplete 
Coverage Algorithms 

 
According to the working state of the can node of 

monitoring area completely covered, nodes short hair 
can be divided into completely covering algorithm 
and the complete coverage algorithm. The former is 
much used in the field of high security, such as 
military combat, emergency rescue, which is suitable 
for the low safety degree of area, such as forest fire 
warning, environmental monitoring, etc. On the 
former, in accordance with the deployment area 
target different coverage degree, can be divided into 
1 - and K -, K coverage refers to all the target area by 
using a sensor node K to cover at the same time. 
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2.2. Centralized Coverage and Distributed 
Coverage Algorithms 

 
Based on the algorithm of the implementation of 

the strategy, node algorithm can be divided into 
Centralized covering algorithm and distributed 
coverage algorithm. Centralized global coverage 
algorithm is the first step of network information are 
collected, and will collect good data transmitted to a 
central processing node, central processing order 
node coverage algorithm work finished, then will 
override control information distributed on each node. 
Analysis of two kinds of algorithm implementation 
process, covered in centralized network scalability of 
the algorithm has certain limitations, so practical in 
small sensor network; Distributed coverage 
algorithm, the sensor nodes with the aid of local 
information network, active contact with adjacent 
nodes work together to complete the task, can be 
used in large scale sensor networks. 
 
 

3. Triangulation Generation Algorithm 
 
3.1. Idea of the Algorithm 
 

For planar point set, can be based on Delaunay 
principle theory Bowyer - Watson algorithm to 
complete the task. Process is roughly: first is 
conducted, including all stay subdivision regions, the 
establishment of the initial grid work, then with the 
help of a Bowyer - Watson algorithm, in turn, insert 
the given point, and the grid subdivision, modified 
until all points have been inserted. 

 
 

3.2. Algorithm Description 
 

Input content for the coordinates of n points on 
the plane (Xpi, Ypi), which I value as a natural 
number between 1 to "n", which set down for P, the 
content of the output for the linked list contains n 
points in the triangle subdivision, such as  
equation (1): 

 
),,(...),,(),,( 12123012 nnn PPPPPPPPPT  , (1) 

 
Establish a rectangle inclusive box as the initial 

mesh to cover the whole calculating area. First of all, 
we need a bounding rectangle W named inclusive 
box or auxiliary window which has enough room and 
contains the given point set in equation (2), where the 
value of i is as in equation (3). And than determine 
the point W, expressed in equation (4) and the value 
of i is 1, 2, 3 or 4. 

 

 ,iPV 
 (2) 

 
ni ...3,2,1 , (3) 

 
where n is the number of nodes. 

 iwW  , (4) 
 

where wi represents the four vertexes of the rectangle, 
(Xwi , Ywi) is the coordinate of wi.  

So there are the following equation (5), (6),  
(7) and (8): 

 
 niXX pi ,...,2,1;min1  , (5) 

  
 niYY pi ,...,2,1;min1  , (6) 

  
 niXX pi ,...,2,1;min3  , (7) 

  
 niYY pi ,...,2,1;min3  , (8) 

 

where (Xpi, Ypi) is the coordinates of Pi. 
 

Subdivision, the auxiliary window W will get two 
large as the initial mesh triangles, and the 
information recorded work. 

Through the Bowyer - Watson algorithm, 
combine boundary point in inserted into the original 
grid. Boundary point by artificial given in advance, 
assumes that the boundary points in a state of 
reasonable distribution. 

Calculation area of the triangle will not delete, 
and ensure the correctness of the boundary surface 
triangle subdivision. 

By Bowyer - Watson algorithm, in turn, create 
insert new inside the computer, until all interior point 
insertion is complete, has reached the standard of 
subdivision or grid, needing attention, create the new 
insert for the given point set, only need to insert in 
the relevant order, if the point is automatically 
generated, you will need to generate interior point 
according to certain strategy.  

Grid generation, after carries on the grid to 
patronize and topological consistency check, etc.  

 
 

3.3. Strategy for Generating Interior Point 
Automatically 

 

By Bowyer - Watson algorithm, can do planar 
point set of triangular subdivision work, also can on a 
particular area of the triangle subdivision, in a 
particular area, can through the points on the 
boundary discrete method, and regional internal point 
is need to using technology to obtain corresponding 
putting. Node deployment algorithm of this article 
described the practice basis of the circumcenter 
points strategy, that is to say the circumcenter 
inserted into the creation of a new triangle, then with 
the help of a Bowyer - Watson algorithm to 
regenerate cells. Select the triangle standard has 
many, such as the largest area, the shape of the worst, 
the radius of the circle is bigger than fixed value. Use 
the radius of the circle as the standard, can ensure the 
uniformity of the grid size. Circumcenter is realized 
by using incremental insertion, local triangular 
subdivision of the network to complete the 
construction work. 
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4. Design of Deployment Optimization 
Algorithms of Nodes Based  
on Coverage Rate 

 
Mainly through deployment algorithm design, 

make the area may have obstacles, optimize the 
sensor nodes deployment, to achieve maximum 
node's perception of the detection range. 

In the initialization stage, initial data from the 
monitoring area can provide configuration document 
[3], as shown below:  

 
Configuration file: 
//size of sensing area 
4 0 0 100 0 100 100 0 100 
3//number of obstacles 
5 23 21 35 21 41 34 30 43 19 34  
… 
3//number of pre-deployed sensors 
50 180 
… 

 
Within this document, including monitoring area, 

the position information of obstacles, probabilistic 
sensor model parameters, etc. Sensor network 
detection area is defined as the internal area, there 
may be any shape obstacles.  

Main part of the algorithm has the following two 
phases:  

Stage 1: the initial area of contour line or 
obstructions weeks online node deployment, to be 
able to eliminate all possible coverage holes, it 
guarantees the connectivity between the nodes.  

Where rs is the covering radius and rc is the 
communicating radius of the nodes [4]. The specific 
steps are as the following: 

 

),,min( cs rrr 
 

(9) 

 
Step 1: When the angle degree θ satisfy the 

equation (10) or (11), Along the y direction to do the 
edge of the parallel lines, node deployment, along the 
spacing for the r, as shown in part (a) of Fig. 4. 

 
 

 
(a) (b) 

 
Fig. 4. Line for deploying nodes. 

 
 

,45  (10) 
  

,180135    (11) 

where θ is the  inclined angle between the side of the 
barrier and horizontal. 

Step 2: When the angle degree θ satisfy the 
equation (12), Along the x direction to do the edge of 
the parallel lines, node deployment, along the 
spacing for the r, as shown in part b of Fig. 4. 

 
 n21 ,...,, PPPyos   (12) 

 
Stage 2: optimize the sensor node deployment, 

the focus is on sensor nodes generate alternative 
location, steps as follows:  

Step 1: For phase 1 deployment node number n0 
node coverage Cov0 calculation;  

Step 2: Deployment in a phase of yos nodes with 
equation (12), with the help of a triangular 
subdivision algorithm constructing triangle mesh 
subdivision, and calculate the whole triangle 
circumscribed circle radius and center coordinates; 

Step 3: All triangle circumscribed circle radius is 
obtained, and through the sensor node probability 
model for the comparison, find the radius of the 
largest inscribed circle, and calculate its center, as the 
next node deployment of alternative locations; 

Step 4: Test alternative location if there are any 
obstacles, if yes, select radius circle radius smaller 
than three steps, for the center, back to the fourth step; 

If no, to that point to increase the coverage 
ΔCovi。 

Step 5: Judge equation (13) is set up or not, if 
found, the node number of the statistics, and 
calculate the coverage; 

 

Re_0
1

CovCovCov
n

i

i 
  

(13) 

 
If not, find the radius of the largest inscribed 

circle, and calculate its center, as the next node 
deployment of optional location, return to the second 
step, to do a good job of rebuilding the triangle 
subdivision network, calculate the new produce of 
the radius of the circle and the coordinate of the 
triangle algorithm to continue.  
 
 

5. Experiment and Results 
 

There are two kinds of simulation environment: 
case 1 and case 2 [5]: 

Case l: Monitoring area size: 100 x 100 two-
dimensional plane area, through monitoring, in the 
area without any obstacle, but early arrangement of 
the three nodes; Node perception model parameters: 
the value of rs is 10, re is 1, and value of α is 0.2, 0.5 
for β. 

Case 2: Monitoring area size: 200x200 two-
dimensional plane area, through monitoring, the area 
is one obstacle area; Node perception model 
parameters:  
The value of rs is 10, re is 2.5, and value of α is 1.22, 
0.5 for β. 
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Part effect of algorithm simulation of case 1, case 2 
is showing in Fig. 5:  

 
 

 
 

Fig. 5. Simulated effect parts in case 1 and case 2. 
 
 

In order to compare to the MAX_MIN_COV 
algorithm, assuming the grid point for 5, 10 units, the 
test results as shown in Fig. 6 and Fig. 7.  

 
 

 
 

Fig. 6. Testing results of case 1. 
 

 

 
 

Fig. 7. Testing results of case 2. 

From the above figure, we can know that the 
higher requirement for coverage, deployment node 
covering the better the results of this algorithm, and 
can realize seamless coverage, to avoid the problems 
of boundary effect when the sensor node 
coverage [7]. However, in the initial stage, the 
algorithm of node deployment amount is higher than 
other algorithms, mainly lies in the fact that "the 
initial region contours and node deployment" 
obstacles around online a link you need to use the 
node coverage boundary area is more, due to the 
effect of the initial node to the monitoring area than 
other algorithms, especially when larger grid units, 
the differences are more obvious.  

Of course, the sensor network deployment and 
application usually closely linked together. Sensor 
networks deployed in different application 
environment also is not the same way, it's easy to 
cause research results appear in the sensor nodes 
radius of perception and communication range under 
certain constraints, the problem such as poor 
monitoring area set [6]. This study node deployment 
algorithm with the aid of the probability of sensor 
nodes perception model, aiming at monitoring area 
have different coverage requirements, implement 
efficient triangle subdivision in the area of the plane, 
so as to realize node deployment optimization based 
on coverage, aimed at the given monitoring area that 
may contain obstacle nodes using the algorithm to 
maximize coverage efficiency [8].  

 
 

6. Conclusions 
 

Now the computer technology has been 
developing very fast, modern information analysis 
technology has also constantly progressed. The 
research of structural health inspection no matter in 
the breadth and depth has the corresponding 
ascension and expansion. Meanwhile optimal 
placement of the sensors is also paid more and more 
attention. If the sensor placement is not appropriate, 
it will affect the accuracy of the identification of 
parameters. In addition, the sensor itself needs 
certain cost, and price of the related technology and 
equipment for it complete set is high, too. 
Considering the economy, people should pay as little 
as possible and get information as much as possible. 
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Abstract: The smart grid has been the hot topic all round the world, which involves many advanced 
technologies. It is very important for improving the managing efficiency, energy-saving, safe performances and 
so on. However, for it comes down to many subjects, its development has also been limited, applications of it in 
the grid has still existed some shortcomings. As a part of the new kind of communication techniques, it is good 
for solving these technical problems to improve and develop the wireless sensor network. In this paper, we 
firstly analyzed the characteristics and structures of the smart grid and wireless sensor network, then brought out 
the applications of wireless sensor network in the smart grid, by which we provides some reasonable 
suggestions to the related workers when they establish the grid. Copyright © 2013 IFSA 
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1. Overview of Wireless Sensors  
and Smart Grid 

 

Current society, the development of the power 
industry is very sluggish, a lot of problems, including 
low investment efficiency, weak flexibility and 
adaptability, low reliability, environmental damage, 
etc., are urgently needed to solve these problems. In 
Europe and some developed countries after 
discussion, agreed that the best way is the new 
technology and new framework on the basis of a 
"smart grid". After this concept was proposed, it has 
been widely accepted around the world, and in its 
vigorous development, form the mainstream of the 
next generation power grid development [1]. 

Conventional sensors used to obtain information 
technology with a relative unitary model. And smart 
grid applications are made and changed the pattern 
toward miniaturization, networking, integrated and 
intelligent new direction, the IT field in recent years 
is the main object of study. Wireless sensor network 

gathers sensor technology, communications 
technology, distributed information processing 
technology and embedded computing technology and 
other technology, and be able to accurately monitor 
object perception and a variety of information 
collected and sent observers. 

Relying on the unique technical features, wireless 
sensor networks in military defense, urban 
management, environmental monitoring and health 
care, and many other fields widely used. Some 
people even use it for power automation remote 
meter reading, distribution network protection, 
substation automation, load forecasting, etc., so that 
the power system operation efficiency is  
greatly improved. 

Currently, there are few reports mention the 
specific implementation of smart grid technology, 
but also involves a lot of literature concepts, 
development or architecture and so on. Only in 
efficient and reliable communication networks, smart 
grid to achieve interactive, open and rely on unique 
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technical characteristics, wireless sensor networks in 
military defense, urban management, environmental 
monitoring and health care, and many other fields 
widely used. Some people even use it for power 
automation remote meter reading, distribution 
network protection, substation automation, load 
forecasting, etc., so that the power system operation 
efficiency is greatly improved target [2, 3]. As an 
emerging field of communication technology, 
wireless sensor networks have many advantages, 
such as large coverage area, high fault tolerance, high 
precision, remote telemetry remote control, etc., in 
the development of smart grid plays an  
important role. 

 
 

2. Research on Dynamics and Features of 
Wireless Sensor Network  

 
2.1. Dynamics of Wireless Sensor Network  
 

Wireless sensor network research began in the 
early 1970s, initially mainly used for military 
projects. Over the past decade, wireless sensor 
network is widespread concern in the world's major 
research institutions to ensure that the basic theory 
and its supporting technologies for rapid 
development. And the moment, he is gradually 
coming out from the experimental prototype, close to 
practical application, while the connotation and 
denotation has also been enriched and expanded. 

Note, to ensure its basic theory and support the 
rapid development of technology. And the moment, 
he is gradually coming out from the experimental 
prototype, close to practical application, while the 
connotation and denotation has also been enriched 
and expanded. 

In theory research, considering its size, self-
organization, no partition, small volume, low cost, 
communications limited conditions, the researchers 
with a low power consumption as the core, in the 
network routing, topology control, network security, 
and continuously explore aspects such as data fusion, 
in order to prolong network life. 

In practice, people are no longer adhere to the 
traditional old model, but application-centric, to take 
simple, feasible and proven technology, relying on 
wireless communication technology to achieve 
network monitoring systems is classified as wireless 
sensor network research category. 
 
 
2.2. Main Features 
 
2.2.1. Applying Relevance 
 

Applications from different backgrounds, 
wireless sensor networks architecture, software 
systems and hardware systems are not the same, in 
practice, should be combined with each specific 
application requirements of its research, which is 

significantly different from the traditional wireless 
sensor network characteristics of the network world. 
 
 
2.2.2. Data-Centric 

 
The basic idea is to put the sensor as aware of 

data flow or data source, the wireless sensor network 
(WSN) as the corresponding sensor data or database 
space, apply for data management and processing as 
its target. Sensory data management and processing 
technology is to implement a data-centric core 
technology of sensor networks. 
 
 
2.2.3. Self-Organizing, Self-Adaptive 

 
Wireless sensor network node with self-

organizing, adaptive characteristics that can be 
automated configuration management, the use of 
network protocols and topologies space can 
coordinate their behavior, automatically form an 
independent network, so it does not require any pre-
network facilities do rely on, you can type in the 
detection area randomly deployed or artificial 
deployment. 
 
 
2.2.4. Topology of Dynamic Changes 
 

Wireless sensor network node with self-
organizing, adaptive characteristics that can be 
automated configuration management, the use of 
network protocols and topologies space can 
coordinate their behavior, automatically form an 
independent network, so it does not require any pre-
network facilities do rely on, you can type in the 
detection area randomly deployed or artificial 
deployment. 
 
2.2.5. Multiple Hops Network Routing 

 
Due to limited by node transmission power 

wireless sensor network (WSN), as the nodes and 
coverage for communication, need to use 
intermediate nodes to forward, this requires the 
network to have multiple hops routing. In addition, 
multi-hop wireless sensor network routing routing 
does not require specialized equipment, but by 
ordinary nodes done in collaboration [4]. 
 
 
3. Applications of Wireless Sensor 

Network (WSN) in the Device Status 
Repairing 

 
Cause level of the power industry management 

level and asset operation maintenance there are many 
reasons, lag of equipment maintenance mode is one 
of the main reasons. Past, even in the present, device 
inspected, the most widely used method is to regular 
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maintenance, and many years of practical experience 
has proved that this method exists overhaul excess or 
inadequate maintenance, and many other defects. So, 
equipment maintenance should be a positive 
transition to the state overhaul, enhance the level of 
assets management and operation maintenance. Part 
of IBM Global Business Consulting business unit has 
specifically developed a set of standardized analysis 
summary for the smart grid, called the White Paper, 
which mentions, in order to make the power sector 
management and asset maintenance and operation 
level improved, the key is whether there a remote 
asset monitoring and control systems. Remote asset 
monitoring and control system using the sensing 
device to test the state of power equipment and data, 
on the basis of test results, the equipment condition 
assessment and judgment fault that may occur, for 
example, through the oil and transformer oil 
chromatographic detection, to determine whether 
there has been insulated cracking, and there may be a 
risk factor for the reminder to service personnel, 
according to the device to help optimize equipment 
maintenance personnel. 

Must with the aid of sensors, the device status 
send to remote asset monitoring and control system, 
using communication network of equipment 
condition assessment, to determine whether or not 
need for repair or update equipment. 

Most state sensor devices are installed inside the 
equipment, the environment is more complex, and 
the traditional communications carrier operation is 
not flexible enough, the installation is not very 
convenient. There fore, we can introduce the device 
state maintenance WSN technology, namely wireless 
sensor network technology, making it flexible, 
without wiring advantages into full play. As shown 
in Fig. 1, in order to monitor the temperature of the 
circuit breaker as an example, illustrates the 
application of WSN in equipment state overhaul.  

 
 

 
 
Fig. 1. Application of WSN in monitoring the temperature 

of circuit breaker. 
 
 
Temperature sensor node sensing head is the 

main part of thermistor Pt100, through A/D chip 
TLC7135 of thermistor voltage for testing, then use 

C8051F020 MCU chip temperature is calculated. 
Will detection in WSN control method with the result 
of the communication chip CC1000 sent to gathering 
node, a collection of nodes and then to package the 
data received, the use of gateway protocol 
conversion, using Ethernet to all the data sent to the 
remote asset monitoring system from remote 
monitoring system for the analysis of the data 
received and to assess the operational status of the 
device, if the device fails, you need to repair or 
replace, put the details of the equipment needs to be 
repaired with the GPRS network platform to send 
information to a mobile field staff who work 
management equipment, so that field staff respond 
quickly to enhance repair education, reducing 
operating costs. 
 
 
4. Application of the Wireless Sensor 

Networks in Smart Metering and 
Smart Home  

 
In traditional electric energy metering, main 

purpose is to complete for the calculation of 
electricity, unsophisticated enough on customer 
measurement data, the data is not fully utilized Instead, 
smart metering management system personally for 
residential customers in the industrial or commercial 
users to install smart table, a more comprehensive and 
detailed measurement information collected, actively 
cooperate with the TOU measures, peak load to be 
suppressed in order to ease the sharp peak load growth 
situation; and real-time control of the load situation 
can guide grid construction, saving construction costs, 
reduced power grids; smart metering management is 
also beneficial to the effective positioning grid 
enterprises [5]. In addition, the introduction of smart 
metering technology, was also helpful to strengthen 
the demand side management, through the video, let 
the customer see the actual cost of energy 
consumption, and make corresponding adjustments, 
such as shut down some equipment, transfer from high 
energy consumption time to low prices. This approach 
can effectively reduce the cost of consumers. 

Smart home systems and smart metering has a 
quantity, short communication distance, WSN is 
completely can be applied in it. In one area, the use 
of wireless sensor networks collect metering 
situation, and then through the power communication 
network will be collected from the case is sent to the 
measured energy metering management system and 
returns the real price. Embedding sensor nodes in the 
intelligent home appliances at the same time, with 
the help of WSN receive price information 
transmitted via by smart meters, between various 
intelligent home appliances through the WSN in 
consultation, decided to appliance of opening and 
closing [6]. In addition, wireless sensor networks, the 
Internet and other wireless networks are connected 
together to form smart home remote monitoring 
system, shown in Fig. 2. 
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Fig. 2. Smart home remote monitoring system formed by 
WSN, internet and other wireless network. 

 
 
5. Applications of Wireless Sensor 

Networks in Collapse Prevention  
in Grid  

 
5.1. Application Background 
 

Smart grid to grid security, increased reliability as 
a primary objective, causing power blackouts of 
many factors, natural disasters destroy them is an 
important factor. In 2008, for example, the snow 
disaster in southern China in most areas severely 
damaged the electrical infrastructure, causing 
widespread power outages. From overall analysis 
shows that damage to power facilities and caused 
power outage, or because of changes in the 
emergence of irregular grid malfunction protection, 
could lead to blackouts. Electric power 
communication network is destroyed large scope 
blackout of 2008, another main reason, on the one 

hand, electric power facilities monitoring and early 
warning system failure, can't take timely measures to 
disaster prevention and mitigation, on the other hand 
longitudinal channel is damaged to the normal 
operation of the main protection not, make the 
serious loss protection performance. But most of the 
existing electric power communication network is 
wired communication mode, easy to failure under the 
violation of the natural disasters, a wireless 
communication network is mainly rely on base 
stations to achieve the forwarding of information, 
meet with natural disasters, often appear the 
phenomenon such as base station or losing electricity 
pour tower, the wireless network will also fail [7]. 
Therefore, the use of WSN with the self-organizing, 
adaptive, multi-hop and other advantages to build 
new power communication network, is to deal with 
the grid catastrophe effective means. 
 
 
5.2. Applications of WSN in Icing-Disaster 

Monitoring and Forecasting System 
 

With ice disaster monitoring content and 
objectives of the monitoring system for reference, 
choose appropriate sensor node, combined with the 
specific geographical environment characteristics and 
tower type, in the case of does not exceed the system 
coverage, based on the principles of optimal cost, do 
science reasonable arrangement of sensor nodes. 
Sensor networks with multiple routing this 
characteristic, the tower on the monitoring data 
according to the characteristics of the monitoring 
results to the monitoring center. Fig. 3 is a set of 
WSN was used to construct the ice disaster 
monitoring and early warning system.  

 
 

 
 

Fig. 3. Icing-disaster monitoring and forecasting systems. 
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If the metaphor of a transmission corridor 
"narrow ribbon", combined with the sensor node 
layout scheme to be considered, Layer 2 topology is 
more appropriate monitoring and early warning 
systems in sensor networks, in this architecture, the 
sensor nodes are divided into a number of clusters, 
each cluster with at least one cluster head, the cluster 
is the first layer, the second layer is between the 
clusters. Clearly, in the monitoring and early warning 
systems in sensor networks, with a tower on the 
sensor nodes can be grouped into a cluster, called 
local communication cluster, a cluster inevitable 
local communication with a cluster head, which is 
mainly responsible for the cluster integrate the data 
of each node and forwards [8]. Each tower cluster 
head node formed between the two layers, called the 
Tower between layers, this layer is mainly 
responsible for a cluster head node data processing 
and transmission, routing tables between their 
respective maintenance, and is responsible for 
forwarding paper, the use of "relay" method to send 
data to the transformer substation. Fig. 4 is a sensor 
network monitoring and early warning system, a two-
layer architecture diagram (sensor not fully given). 

 
 

 
 

Fig. 4. 2 Layers architecture diagram of monitoring  
and forecasting system WSN. 

 
 
5.3. Set up Cable Wide-area Intelligent 

Protection for Cataclysm 
 

Line pilot protection channel easily damaged by 
natural disasters, resulting in the communication 
channel is disconnected, resulting in protection of 
exit. Since longitudinal protection in a short time to 
restore the communication channel is unlikely, due to 
the main line in order to avoid withdrawal protected 
outage affected locations in wireless sensor networks 
using automatic network set up a temporary 
information can be collected channel, although the 
time of performance, WSN collected information is 
not necessarily meet the requirements of pilot 
protection, but can use it for a limited build wide area 
intelligent protection among the disaster as a 
temporary primary protection grid to run in order to 
ensure grid security and stability [9]. 

6. Applications of WSN in Distributed 
Busbar Protection 

 

As an important component of the power system, 
one the bus can work the normal operation of the 
power system has a direct impact. Busbar protection 
is mainly used to protect the safe operation of the 
bus, generally only important in large power plants 
or substations for specialized installations, and the 
high cost of traditional bus; easily be distributed 
capacitance control signal affected; current 
transformer secondary relatively large load circuit; 
busbar protection device malfunction, will link all 
branches are disconnected, causing widespread 
power outages; addition, there is not enough 
flexibility in the secondary wiring complexity and 
other defects. Because the cost is higher, when the 
bus fails, generally do not have a dedicated bus 
protection, but by the corresponding generators 
protective isolation, power distribution network is to 
ensure the quality of the key people on the bus 
protection installation is increasing high. Distributed 
bus protection without setting specific protection 
devices, mainly through a communication network to 
complete each line protection action information 
exchange, both to solve the inherent flaws, but also 
saves costs for distribution network. 

Communication network is a distributed bus 
protection can be achieved prerequisite. Most 
communication networks are used in a cable carrier, 
require cabling, networking is not flexible enough. 
The use of wireless sensor networks to build 
distributed bus protection, and more outgoing 
busbars, connection and inter-changeable 
characteristics consistent distance is too short. WSN 
is a multi-hop routing, bus outlet more frequently, the 
information transfer time is too long, it may not 
satisfy the protection requirements of speed and 
mobility, therefore, appropriate to adopt the two-
layer communication architecture, using it can 
improve communication efficiency. 
 
7. Conclusions 
 

Building a flexible, economical and safe new 
generation of smart grid has been widely recognized 
around the world, along with the development of 
smart grid construction progress of the application of 
wireless sensor network arena will be broader. 
According to the actual situation and take effective 
measures to secure wireless sensor networks, 
topology control and routing algorithms, energy 
management and other issues, will also step with the 
construction of smart grid deep gradually  
be resolved. 
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Abstract: Defects coming from processing and assembly inevitably bring geometric and concentricity error to 
the fitting gap between valve core and frame. To overcome this problem, grooving was proven to be the most 
simple and effective method to reduce the hydraulic clamping force, and widely used on cylinder valve cores. 
Theoretically unbalanced forces kept going smaller with the increase of pressure equalizing grooves. When 
groove width increased, linearly the gap leakage extended. When the width was relatively small leakage was 
gradually reduced when depth increased. When the width was 1 mm, 1.5 mm or 2 mm, and the depth to width 
ratio was less than 1, leakage got worse with the increment of depth. Copyright © 2013 IFSA 
 
Keywords: Directional valves, Leakage grooves, Dynamic stability. 
 
 
 
1. Introduction 
 

Gap seal is the kind of seal implemented when 
there is tiny radial gap with sufficient axial length 
between components. The sealing performance 
varied significantly with different types of gap. As 
given years of experiments, convergence gap sealing 
was proven to have the minimum leakage, followed 
by flat type. Expansion ones may be the worst among 
the three in leakage prevention, but better in dynamic 
stability [1-4]. Considering the gap between the 
frame and valve core of a directional valve was a 
regular cylinder, flat-seal was adopted here. 

Massive research on gap seal had been done in 
last hundred years. However, a more comprehensive 
proportional valve model is necessary to design and 
analyze the similarity system. A variety of 

proportional valve mathematic model, as in [5-7] 
have described the complexity transformation 
relationship of the proportional valve electric, 
proportional valve machine and proportional valve 
liquid, but did not describe the nonlinear flow 
characteristics induced by the geometrical feature of 
valve in the variety flow zone. 

Gap size, pressure difference, sealing length and 
surface quality are major determinants of sealing 
effects. Thus high geometric accuracy and surface 
processing demands are posed on the component if 
chosen for gap sealing. However, defects coming 
from processing and assembly inevitably bring 
geometric and concentricity error to the fitting gap 
between valve core and frame. Several typical 
gapping structures with tapered angle and 
eccentricity were listed in Table 1. 
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Table 1. Various of valve geometry model. 
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In which was the eccentricity between inner and 

outer ring, was the gap at on arbitrary angle. Due to 
the eccentric phenomenon, was not constant, the 
specific expression was given in Table 1. In 
reference [8], Jia studies the radial pressure 
unbalancing brought by geometry error and coaxial 
error in a slide valve pair through CFD method. As 
given in Table 1 (d), clamping was more likely to 
occur in the case when not only eccentric 
phenomenon existed between the centerline of the 
core and the frame, but also the core was an inverted 
cone. In the following chapters, case (d) in Table 1 
was taken as an important scenario for studying the 
gap flow in the radical gap of a slide valve pair. 

 

2. Compensation Research on Hydraulic 
Clamping Force and Pressure 
Equalizing Groove in a Slide Valve  

 
As shown in Fig. 1 that is caused in Table1 (d), in 

the gap between a valve chamber and a core with 
length L, the gap length at arbitrary circumferential 
angle was given as follows. 

The expression for pressure at arbitrary h is 
 

    phhhhpp  )1//(1/ 2
1

2
11 ）（ , 

(1) 

 

where  
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121 rrh 
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Fig. 1. Gap between a valve chamber and a core  

with length L. 
 
 
The force applied on unit width of the 

circumferential is  
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To obtain the force on the core, infinitesimal 

lengths were taken on circumferential direction, 
  d2/d , as shown in Fig. 1. Then the infinitesimal 

lateral pressure to the eccentric side is given as 
2/cosd' dF  . 

Note the expression, 
 

,cos
101 ehh   cos

202 ehh  , 
 
where 

10h ,
02h  is the gap clearance of inlet and out 

when valve chamber and a valve core were at 
concentricity, e is the eccentricity clearance, α is the 
angle measured from where gap clearance was  
the largest. 

Then, the total compression towards the eccentric 
side on the valve core is expressed in equation, 
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From Eq. (1), it can be seen that the lateral force, 

known as the hydraulic clamping force, was related 
to the clearance height ratio between inlet and outlet, 
when gap fitting length, eccentricity clearance, and 
pressure difference were given and fixed. 

As shown in the directional valve’s profile on 

Fig. 3, pressure difference existed between the high-
pressure oil chamber on the right and the low-
pressure oil to the left. 

When the valve core is grooved, the lateral radial 
force decreased when number of pressure grooves 
increased, as shown in Fig. 2. Since the depths of 
pressure equalizing grooves were larger than the gap 
clearance, they gave interconnections to regions with 
different pressures on the cylinder, and evenly 
distributed the pressure. Those grooves, on the other 
hand, divided the cylinder outer rim into sections, 
flattened unbalanced radial forces, and made the 
pressure distribution tends to be uniform along the 
gap axes. Grooving was proven to be the most simple 
and effective method to reduce the hydraulic 
clamping force, and widely used on cylinder  
valve cores.  
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Fig. 2. Result of radial pressure with grooves. 
 
 

What was important is that the sidewalls of 
grooves must be done vertically to the outer surface 
of the core, to avoid oil dirt wedging. The width of 
grooves must also been maintained constant around 
the entire circumference, to prevent additional 
unbalanced forces generated from fluid pressures. On 
the other hand, theoretically unbalanced forces kept 
going smaller with the increase of pressure 
equalizing grooves, the actual problem is that, they 
brought higher possibility of leakage. 

 
 

3. Study on the Influence to Gap Sealing, 
Brought by Pressure Equalizing 
Grooves 
 
Fig. 3 shows the directional valve’s profile. 

Pressure difference existed between the high-pressure 
oil chamber on the right and the low-pressure oil to 
the left. Inter communication was achieved with the 
directional valve. The valve core was put there to cut 
off the gap within the walls and oils. Grooves on the 
core were cut to reduce the hydraulic clamping force, 
but at the same time increased the risk of leakage. 
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The following section was presented to address the 
gapping problem and the optimized design of gap 
sealing to reduce leakage. Fig. 4 shows a test model 
of directional valve. 

 
 

 
 

Fig. 3. Directional valve’s profile. 
 
 

 
 

Fig. 4. Test model of directional valve. 
 
 
Previous studies, as in [9] indicated a linear 

relationship between the flow rate and pressure 
difference at the inlet. The relationship was in 
consistency with the Bernoulli equation. Thus only 
one set of initial pressure boundary condition was 
needed for the research of gap leakage. All following 
researches were conducted under such a boundary 
condition, inlet boundary pressure: 4 MPa, outlet 
boundary pressure: 0.4 MPa. 
 
 
3.1. Effect of Groove Width on Leakage 

 
With other initial conditions fixed, studies on the 

effect of groove width were conducted with several 
depths of 0.2 mm, 0.5 mm, 1 mm, 1.5 mm and 2 mm. 
Seen from the Fig. 5, when groove width increased, 
linearly the gap leakage extended. 
 
 
3.2. Effect of Groove Depth on Leakage 
 

With the number of grooves fixed, studies on the 
effect of groove depth were conducted with several 
widths of 0.2 mm, 0.5 mm, 1 mm, 1.5 mm and 2 mm. 
The results were given in Fig. 6. 

When the width was relatively small, namely 

0.2 mm and 0.5 mm, leakage dropped gradually with 
increment in depth. It was preferred for a gap seal. 
When the width was 1mm, leakage got worse as the 
depth went from 0.5 mm to 1.5 mm, but reversibly 
started to drop again as the depth went beyond 
1.5 mm towards 2 mm. With 1.5 mm groove width, 
leakage continued to increase along with the depth 
extending from 0.2 mm to 1.5 mm, then turned to 
alleviation. The overall trend was similar when the 
width was 2 mm and depth ranging from 0.2 mm to 
2 mm. 
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Fig. 5 a. Effect of groove width on leakage. 
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Fig. 5 b. Effect of groove width on leakage. 
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Fig. 6. Effect of groove depth on leakage. 
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When the width was relatively small, such as 
0.2 mm, 0.5 mm, leakage was gradually reduced 
when depth increased. It was preferred for gap seal. 
When the width was 1 mm, 1.5 mm or 2 mm, and the 
depth to width ratio was less than 1mm, leakage got 
worse with the increment of depth; but it tended to 
alleviation when that ratio was larger than 1 mm. 

 
 

4. Conclusions 
 

Defects coming from processing and assembly 
inevitably bring geometric and concentricity error to 
the fitting gap between valve core and frame. 
Clamping was more likely to occur in the case when 
not only eccentric phenomenon existed between the 
centerline of the core and the frame, but also when 
the core is an inverted cone. 

When the valve core is grooved, the lateral radial 
force decreased when number of pressure grooves 
increased. But grooving also increased the possibility 
of leakage. That was why the optimization design of 
groove size was demanded. 

When the grooving width was relatively small, 
gap leakage dropped as the depth increased, and was 
preferred for sealing. When the width was larger, and 
was approximately equal to the depth, the leakage 
expended, grew and turned to alleviation after 
reaching the maximum. 
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Abstract: Spread spectrum communication technology, compared with the conventional communication 
technology, has many characteristics, such as a low interception rate, strong anti-noise performance, noise 
immunity, information hiding and multiple access communication. Widely used in military communication and 
civil communication at present, it is the core technology in the third generation mobile communication standards 
and has become one of the three high-tech communication transmission modes to enter the information age. The 
communication system of direct sequence spread spectrum (DSSS) is most common in the spread spectrum 
communication technology, and this type of system was studied in this research. FPGA is one of hot research 
topics on hardware design. It has been widely used in the algorithm implementation and product prototype 
verification due to its rich logical unit, high integration, flexible configuration and many other advantages. 
Design and implementation on digital communication system with a more complex function have become 
reality on the hardware platform of FPGA with the considerable development of modern microelectronics 
especially in recent years. The research studied the various parts of key technologies, introduced the various 
algorithms of the most critical synchronization technologies (including pseudo-code acquisition, pseudo-code 
tracking, and carrier synchronization) in system in detail and gave their simulation results by establishing a 
complete simulation system for Direct Sequence Spread Spectrum. Copyright © 2013 IFSA. 
 
Keywords: Spread spectrum, PN code, FPGA. 
 
 
 
1. Introduction 

 
The spread spectrum communication is an 

important development direction of modern 
communication technology. Spread spectrum 
communication uses the pseudo-random code as the 
basic signal of spread spectrum modulation and thus 
has many unique advantages, such as strong noise 
immunity, low interception rate, code division 
multiple access (CDMA,) hidden signal, security and 
networking ease. Spread spectrum communication is 
mainly used in military communication, electronic 
countermeasure, navigation and measurement in the 

past. It begins to be more and more widely used in 
the field of civil communication now, for example, 
CDMA, microwave communications, telemetry and 
telecontrol and so on are all based on the spread-
spectrum communication technology [1]. 

The spread spectrum communication technology 
is of broad application prospects currently in the 
fields of both military and civil due to its own many 
advantages in view of the current analysis. Spread 
spectrum technology has been advanced for a long 
time, but there is still a great research value in some 
key technologies (such as synchronization 
technology), which is also the research purpose. 
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2. Spread-spectrum Modulation Module 
 

Spread spectrum communication needs spreading 
code modulation, compared with the conventional 
communication. Therefore, it is essential to first 
design a generator of pseudo-random code to 
produce the required spreading code in the design of 
transmitter and then conduct spread spectrum 
modulation to baseband signal [2]. It is because of 
the pseudo-random code modulation that 
communications have good features, such as good 
noise immunity, strong concealment, small 
interference and easy to implement the multiple 
access of code division. 
 
 

2.1. Design on Pseudo-random Code 
 

The random code, with white noise characteristic, 
is best spreading code in spread spectrum 
communications. This code has extremely good 
characteristics of autocorrelation and cross-
correlation as well as a uniform spectral density of 
power, but it is difficult to design and achieve in a 
project. Therefore, spread spectrum modulation is 
achieved by using a white noise-like pseudo-random 
code in the application of actual project. The better 
the properties of autocorrelation and cross-
correlation selected by pseudo-random sequence are, 
the better the noise immunity and security of spread 
spectrum communications are achieved. 

M-sequence is a kind of systematic balance-code 
sequence with very strong regularity. Only the same 
m-sequence can be used to despread the original 
information for the signal after the spread spectrum 
of m-sequence because m-sequence has good 

autocorrelation properties. Correlation peak appears 
only when the same m sequence is used to despread 
for the self-correlation of m sequence. M sequence 
has the characteristics of easy production and 
replication, so it is ideal for design and 
implementation on FPGA. The m-sequence is the 
sequence generated by the n-level shift register with 
the longest cycle. Easy to be designed and achieved, 
it is widely used in general spread spectrum 
communication [3]. 

The 63-bit m sequence needing to use a 6-level 
shift register was used as the spreading code in the 
system (as shown in Fig. 1).  

 
 

 
Fig. 1. M sequence structure diagram. 

 
 

The characteristic polynomial of m sequence used 
in this study is: 

 
4 5 6( ) 1f x x x x    , (1) 

 
It is only necessary to instantiate spreading code 

elements in the design of code when spread spectrum 
is used to produce module in the design of system 
with module produced by spreading code being 
encapsulated into an element [4]. The waveforms on 
63-bit m-sequence generator after Modelsim 
simulation are as shown in Fig. 2. 

 
 

 
 

Fig. 2. Waveform chart of 63-bit pseudo-random sequence. 
 
 

2.2. Design on Spread Spectrum Modulation 
 

Fig. 3 shows a block diagram of system 
modulation principles of direct-sequence spread-
spectrum communication by taking the modulation 
system of single-channel PSK as an example. 

The priori probabilities of the two symbols 
contained in the binary digital signals generated by a 
source are both 1/2. The two symbols are 
independent to each other, and their waveforms are 
as shown in Fig. 4. The pseudo-code generator 
generates the high-speed binary pseudo-random 
codes, and their waveforms are shown in Fig. 4. The 
pseudo-random code as a spreading code of the 
system multiplied by it equals the composite signals 

as shown in Fig. 4, which extends the bandwidth of 
the transmission signal. 

The composite signal after spectrum spread 
makes a BPSK modulation on carrier, and then is fed 
into the channel for transmission by the transmitter 
and antenna [5]. The bandwidth of the RF signal 
equals to 2 times of the rate of pseudo-random code 
in the case of BPSK modulation, but has nothing to 
do with the code rate of the digital signal.  

The implementation of the Verilog code 
modulated by direct sequence spread spectrum is 
relatively simple and can be completed usually using 
exclusive or logic. Waveform chart is as shown in 
Fig. 5 after Modelsim software simulation. 
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Fig. 3. Modulation schematic of spread-spectrum 

communication system. 

 
Fig. 4. Spread-spectrum modulation signal. 

 
 
 

 
 

Fig. 5. The waveform chart of spread spectrum simulation. 
 
 

3. Despread of Module 
 

The despread of spreading code is multiplying the 
received signal and the signal of synchronous 
spreading code and then making the demodulation of 
the IF filtering and a local carrier through a filter in 
the DSSS system, shown in Fig. 6 [6-7]. 

However, the frequency and phase of spreading 
code of local reference is changed compared with 
those of the spreading code before emission due to 
channel interference and the delay of front level 
circuit, therefore, the premise of despread is finding 
the synchronous spreading code. The synchronization 
of spreading code is divided into two parts: 
acquisition and tracking. 
 
 

 
Fig. 6. Block diagram of despreading principles. 

 
 
3.1. The Acquisition of Spreading Code 
 

The acquisition of the spreading code means that 
receiver selects and adjusts the phase of the local 
reference spreading code when beginning to receive 
spread spectrum signal (delay) and makes its 

difference with the phase of receiving spreading code 
smaller than the width of one code element (time 
delay) [8-9].The pseudo-random sequence of spread 
spectrum system has good autocorrelation properties, 
i.e., the correlation function value is maximum when 
the code sequence is synchronous, otherwise, the 
correlation function value is very small or close to 
zero, which provides a basis for the synchronization 
acquisition of spreading code. 

The capturing method of moving correlation was 
used in the design. Its advantages are that its 
structure is very simple, and it may be implemented 
using less hardware [10]. Since the spreading code 
has good autocorrelation properties, output 
correlation value is largest when the phases of the 
two code sequences slide into the substantially same 
position, i.e., when there is no the relative 
displacement between two codes, indicating that the 
synchronization acquisition of system has been 
reached. The search and acquisition are stopped and 
then transferred to the tracking state if 
synchronization acquisition has been completed. 
Fig. 7 shows the flow chart of capturing method of 
moving correlation. 

 
 

 
Fig. 7. Block diagram of capturing method  

of moving correlation. 
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The received signal is fed to the integrator after 
the correlation processing. The integrator integrates 
within 0-T and outputs the integral value at time T, 
assuming that T is the rate of data. A signal is 
outputted to the pseudo-code clock generator to 
control the work state of clock circuit and change the 
phase state of the local code if this integral value is 
below the set threshold compared with the threshold 
of threshold comparator. The acquisition of the 
sequence phase of the received spreading code is 
completed when the spreading code sequence of 
local reference after the phase state is changed, 
repeating the above processing again and again until 
the output of integrator is bigger than the set 
threshold.  
 
 
3.2. Tracking on Spreading Code 

 
There is a certain difference between the clock 

frequency of the spreading code and its clock 
frequency before modulation, so the local reference 
signal should accurately track the received signal as 
soon as the spread spectrum receiver captures the 
received spread-spectrum signal, otherwise, 
synchronization will be lost [11-12]. The 
synchronous tracking of spreading code sequence 
usually uses the delay phase-locked loop. It is very 
difficult to complete the carrier demodulation, while 
it is not required to generate correlation carrier in the 
tracking process if this loop is used because spread-
spectrum system working is usually in very low 
signal-to-noise environment.  

Advance correlator and lagging correlator are the 
key parts of phase locked tracking of spreading code 
delay. The peak related to the difference between 
advance correlator and lagging correlator appears 
only in the situation of synchronous tracking. The 
spreading code input of advance and lagging 
correlators is controlled through the correlation peak 
in order to achieve synchronous tracking. Common 
delay phase-locked loop consists of advance and 
lagging correlators, code phase detector, code loop 
filter, code numerical controlled oscillator (NCO) 
and other components [13]. The block diagram of 
delay phase-locked loop is as shown in Fig. 8. 

 

3.3. Signal Demodulation 
 

The BPSK signal is demodulated by coherent 
demodulation method in this study, and the BPSK 
demodulation principle is shown in Fig. 9. It is 
required to use and receive the coherent carrier of 
BPSK signal with the same frequency and phase in 
the process of coherent demodulation, which is the 
simultaneous extraction of carrier.  

 

 
Fig. 8. The block diagram of phase-locked tracking loop of 

spreading code delay. 
 
 

 
Fig. 9. The block diagram of BPSK 

demodulation principles. 
 
 
Synchronization is the key to BPSK 

demodulation. The sinusoidal signal with the same 
frequency and phase of modulated signal is produced 
after the synchronization processing of carrier, then 
multiplied by the modulated signal and finally 
processed using a low pass filter. Therefore, the data 
whose phase shift is 0 ° multiplied by local sine 
equals positive value, but the data with the phase 
shift of 180 ° multiplied by it equals negative value. 
The data passes through the decision device to obtain 
the original data. 

Fig. 10 shows demodulation simulation diagram. 

 
 

 
 

Fig. 10. Waveform chart of signal demodulation simulation. 
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The system can demodulate the signal reliably. 
The delays of circuit line and signal transmission are 
caused between demodulated signal and original 
signal, which can meet the system requirements well. 
 
 
4. Conclusions 
 

The basic principles, features and the block 
diagram of system constitution of direct-sequence 
spread-spectrum technology were introduced based 
on the history, research status and development 
prospects of the spread spectrum technology. The 
whole FPGA design and implementation of 
communication system of direct sequence spread 
spectrum were constructed according to the system 
requirements on the basis of the implementation and 
analysis of moving correlation algorithm.  

This study focuses on the FPGA logic processing. 
Spread spectrum system is realized by FPGA, which 
is a complete hardware framework. The circuits in it 
are all implemented by the NAND gate, and its 
processing speed is faster than that of traditional DSP 
implementation mode by 1.5 to 2 times.  

This study only analyzed and verified the system 
of 63-bit spreading code taking into account the 
complexity of the system and the easiness of its 
verification, description and debugging. The 
spreading code can be increased and redesigned in 
the subsequent design, for example, the spreading 
code is increased to 63 bit, 127 bit. 
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Abstract: This paper has focused on the optimization of topology control for heterogeneous energy-saving 
sensor networks. In the heterogeneous sensor networks, there is initial heterogeneous energy in each sensor node 
which produces isomerism such as heterogeneous link in the process of wireless communication. Compared 
with the traditional energy conservation optimum algorithm which doesn’t take fully consideration of the 
communication distance and the allocation of re-clustering after node failure, this paper proposes an network 
topology control algorithm with adaptive optimizing isomerism for wireless-sensors. In order to expand the life 
expectancy of network, this algorithm, firstly bases on hop-count of transmission data and the communication 
distance of adjacent sensors, and then does adaptive optimal control on clustering sensor nodes in specific 
environment, according to geometric principle of similar triangles. Simulation experiments have shown the 
improved algorithm can control network topology of all nodes in given data acquisition and monitoring area 
with high efficiency. Meanwhile, the life cycle of heterogeneous sensor network can be greatly expanded. 
Copyright © 2013 IFSA. 
 
Keywords: Heterogeneous sensor networks, Network node, Topology control, Adaptive, Clustering algorithm. 
 
 
 
1. Introduction 

 
Nowadays, with the development of wireless-

sensor network technique, heterogeneous sensor 
networks [1] are widely used. The research on its 
topology control corresponding to its results has 
aroused wide concern at home and abroad [2], such 
as the selection criteria of optimal topology in 
different conditions [3], the clustering scheme with 
dispersed energy efficiency applied in heterogeneous 
wireless-sensor network [4] and the distributed 
clustering algorithm of relative factorial estimates of 
current energy based on nodes’ local information 
assessment etc [5]. In above results, the main 
techniques are power control and sleep scheduling to 

expand the lifetime of network to high limit [6]. The 
purpose of power control is to reduce the nodes’ 
transmitting power of sensors and to save energy in 
data transmission. According to the collected data, 
sleep scheduling can adjust itself between working or 
sleeping condition so as to save energy. 

However, all those techniques have not taken 
issues such as the communication distance and the 
allocation of re-clustering after node failure into fully 
consideration [7], therefore, this paper aimed to 
develop an adaptive topology control technique 
which is applicable to various situations, and finally 
provide effective communication properties for 
heterogeneous sensor networks, optimize topology 
structure and expend its life cycle. 
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2. Principle of Network Topology 
Control 

 
2.1. Network Topology Control 
 

A heterogeneous network consists of computers, 
network devices and systems with different 
producers [8]. In most cases, it can be operated in 
different treaties to support different functions and 
applications. 

Network topology utilizes transmission medium 
to interconnect various kinds of physical layout 
devices, especially the layout of computers and 
wiring pattern [9]. Proper topology type should be 
selected in actual situation while designing network. 
Topology is a kind of touching in aggregation which 
remains unchangeable even if the transformation of 
geometry. So the topology control is necessary. This 
chapter firstly describes the flow of DRNGC 
clustering algorithm, followed by the analysis of its 
limitations, and then did optimal control on 
clustering operation. 

 
 

2.2. DRNGC Clustering Algorithm 
 

Clustering algorithm of DRNGC (directed 
relative neighborhood graph based on cluster), 
initially does clustering operation on wireless 
network and optimizes the whole network and 
clustering. The flows of DRNGC clustering are as 
follows: 

1) Do clustering on the whole self-organization 
wireless network and the number of sub-clustering 
areas is n;  

2) Do clustering on each network node due to the 
collected geographic position information and 
calculate the optimal number of cluster-heads 
(

optCluster ) subsequently. From the center of a circle 

of data collection and monitoring area, do random 
selections to cluster the initial radius of 
communication; 

3) Adjust energy transferring of each node to 
form network topology. Do isometric blocks on 
different data collecting and monitoring section on 
the basis of optCluster3/2 ; 

4) In selecting cluster-head node in sub-clustering 
section, do operation in line with point energy 
consumption and transmission distance. After first 

selection, there are optCluster  spare cluster-head 

nodes; 
5) In new cluster area, the new cluster-head node 

sends the flooding message to other sensors’ nodes in 
monitoring section; 

6) When all the nodes have received the flooding 
message, in the light of their positions these nodes 
judge the communication distance and then joint the 
corresponding sub-clustering area. 

DRNGC algorithm topology control is usually 
used in solving connectivity problems caused by 

heterogeneous sensor networks. Owing to blending 
of network transmission data after clustering in the 
cluster-head, the rate of valid data and energy 
efficiency are improved. Meanwhile, network 
lifetime is expended. Suppose the information of 
each node such as geographic location etc is attained, 
this thesis stresses on how to optimize the clustering 
of sensors’ nodes so as to expand the network 
lifetime and improve data communication 
performance. 

By dividing the target monitoring section into 
several clustering areas, further refining clustering is 
done with reference to node energy consumption data 
transmission distance. To sum up, this kind of 
clustering algorithm would select the node as the 
cluster-head which has more dump energy and close 
communication distance to base station.  

 
 

2.3. DRNGC Optimizing Clustering 
Algorithm 

 
As shown above, in the control process of 

DRNGC clustering algorithm, the influence of 
communication distance on clustering is neglected. 
Besides, the proportional relationship between 
former and spare cluster-head nodes is not taken into 
consideration; stage treatment is not carried in the 
energy consumption of clustering and sensor point. 
Based on this, this section, optimizing topology 
control algorithm is introduced here. Specific 
descriptions are as follows:  

1) Information collection. 
If sensors with enough power exist within 

network, which is greater than threshold value of the 
sum of energy consumption of data collection and 
data switching, the flooding signal is released. If not, 
the structural topology table is set up in line with the 
collected location information of all sensors’ nodes. 
This table records the current network topology 
including the position of adjacent nodes, current 
cluster and the number of clustering, distance 
between node and head node etc. The value of 
weighting between current and spare clustering 
information is especially presented. 

2) The current cluster-head node sends flooding 
message to other nodes to broadcast probe request 
frame and the latest topology structural table. The 
flooding message is saved in topology structural 
table by other nodes to provide new-round selection 
of cluster-head. 

3) Having received probe request frame and the 
latest topology structural table, each node compares 
the former with the latest topology structural table, 
and then calculates proportion weights to update the 
corresponding data in topology structural table. Then 
each node sends acknowledgment frame to the 
present head node with the purpose of updating 
communication distance, energy consumption and 
contrast weights of present information of the 
cluster-head.  
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4) Having received the present clustering 
acknowledgment frame, each node reads updated 
value and compares with its self topology structural 
table. If there is any change, the new cluster-head is 
ready to do. 

5) The new cluster-head competition cycling and 
clustering. 

Cluster head nodes are selected among spare 
cluster-head nodes. As the energy consumption of the 
former head node is lower than the average dump 
energy in all sensor nodes, this head node activates a 
new round selection. When the sensor node receive 
flooding message, step (3) and (4) are circularly 
executed until t new cluster-head nodes are formed 
and new clustering structures are constructed. 
Meanwhile, network topology is updated. 

 
 

3. Adaptive Topology Control Algorithm 
for Heterogeneous Sensor Networks 
 
On the basis of the optimal DRNGC clustering 

algorithm, combined the actual time pick-up 
information of all sensor nodes with timely updated 
network dynamic topology information, this paper 
finally builds an adaptive topology control algorithm, 
written as A-DRNGC. The arithmetic statement is 
following: 

1) In each sub-cluster area, threshold value 

(written as )(iTCluster ) belonging to its cluster and 

the weighting ratio parameter (written as k) between 
the former and new cluster-head node are calculated 
on communication distance and surplus energy. 
Those two values vary with the alteration of the 
lifetime of internal node of clusters and give 
automatically feedbacks to the information of bare 
life and dynamic network topology. 

2) The communication distance bivariate table is 
built between cluster-head node and other nodes of 
sensors. In the light of the first communication 
distance, the best emission path and power is 
selected. Simultaneously, the topology structural 
table is under continuous updating. After comparison 
between the present cluster-head node and 
topological structure, the value of k is greater than 
some threshold value, namely, the present cluster-
head could not provide reliable data transmission and 
there is a better choice of new cluster-head (the 
detailed process is shown in step (3)). The route 
optimization selection is on his way. 

3) In new-round cluster-node selection, if a 
sensor node in present cluster does not receive any 
flooding information from the new cluster-head, it 
will send this flooding information to other sensor 
nodes in the cluster and then compete cluster-head 
node. If this is successful, then turn to step (2). 
Otherwise, it will send request information to cluster-
head nodes in other clusters and decide to join in this 
cluster or not according to the feedbacks of other 
clusters click to communication distance bivariate 
table. 

4) In different scenes, the communication 

distance of sensor nodes ( disSNode ), transmitting 

power ( tPNode ), the communication distance of 

receiving data ( diseClusterNod ) and receiving 

power ( rdePClusterNo ) of cluster-head are 

significantly different, therefore, the communication 
distance, data emitting, the value of receiving power 
and the contrast weight with former cluster-head 
should take into consideration while selecting 
cluster-head and sensor-node. 

In heterogeneous sensor network, sensor-node by 
first step routing the data information to the cluster-
head node in its sub-cluster, and the energy 
consumption is shown in equation (1). 
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where dis  represents the communication distance 
between sensor-node and cluster-head node. In this 
paper it is supposed that each cluster area in 
heterogeneous sensor network monitoring section is 

MR /2 , since the monitoring section is a round 
with communication semidiameter R . So the data 
transmission semidiameter in each cluster is 

MRr / . Then the energy consumption of 
sensor node is calculated via equation (2). 
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The aim of the clustering-head node in each 

cluster is mainly to search and collect data from 
sensor nodes, then send them to base or control 
center, so the energy consumption of cluster-head in 
each cluster is expressed as equation (3). 
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where )( pESNode  is the cluster-head in cluster 

receiving energy consumption from sensor node; 

)(_ pE gatherSNode  represents energy consumption 

when cluster-head receiving collecting data from 

sensor-node; )(&_ pE SNodeNodeCluster  stands for 

energy consumption while sending&receiving data 
and accepting control messages from the cluster-head 
and base station. ),,( keClusterNodSNodedis  is the 
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previous communication distance of cluster-node on 
the basis of comparing with former cluster-head. 

According to equation (1), (2) and (3) the energy 
consumption of cluster-node and sensor-node are 
obtained and based on A-DRNGC algorithm, the 
whole energy consumption of heterogeneous sensor 
network is obtained, which is shown in equation (4). 

 
))(/()( _ pPPpEkE successAPNECCHSN   (4) 

 

where )(_ pP SUCCESSAP  represents the probability 

which node accurately received the data from the 
heterogeneous sensor network. 

 
 

4. Simulation Experiments and Results 
Analysis 
 
This paper tested the performance of adaptive 

heterogeneous sensor network topology control by 
NS-2 simulating experiment and MATLAB 
mathematical analysis [10]. The monitoring area 
range of data collection is set as 180m100m, and 
the sensor nodes with different power are selected 
randomly. In simulation experiments, the same semi-
diameter of launching power and data transmission 
of the nodes are set both in sensor and cluster. The 
relevant parameters of simulation experiments and 
mathematical analysis are shown in Table 1. 

 
 

Table 1. Setting up of testing parameters. 
 

Name Value 

Power loss of reference 
point 

65 dB 

Transmitting power 1 dBm 

Noise power -100 dBm 

Communication distance 
of sensors’ node 

30 m 

Simulation time 500 seconds 

Treaty in MAC IEEE 802.15.4 

Routing protocol AODV 

 
 
Based on the above experimental platform, this 

paper will do analysis on the energy consumption 
and the number of death nodes of the proposed 
technology in this paper. 

From Fig. 2, the number of death node in 
DRNGC clustering algorithm is correspondence with 
those of A-DRNGC technology before 100 seconds. 
After the competition of clustering and clustering 
head, the number of death nodes in DRNGC 
clustering is markedly increased, much more than 
those in A-DRNGC technology. Started from 
100 seconds, the difference in the number of death 
nodes increased linearly. For DRNGC clustering 
algorithm, 50 % of the nodes (11 nodes) will become 

invalid in 400 seconds, which will have great effect 
on the communication on the whole heterogeneous 
network. In this moment, the number of death nodes 
is 8 in A-DRNGC technology. According to the 
adaptive and competition mechanism in A-DRNGC 
technology, the rest nodes will re-cluster and 
compete to be the node-head. At the same time the 
communication in networks is continuing. Fig. 2 
indicates that A-DRNGC topology control can 
choose the new node-head which has more dump 
energy and superior performance than former node-
head. When there is an uneven distribution after the 
random arranging of nodes in heterogeneous sensor, 
by this way, a reasonable clustering area will be 
established. 

 
 

 
 

Fig. 2. Comparison of the number of death nodes. 
 
 
Fig. 3 has shown that the energy consumption of 

data transmission in DRNGC clustering algorithm is 
more than A-DRNGC technology all along. Besides, 
from 100 seconds, some parts of cluster-head in 
heterogeneous network have lost its efficacy, and the 
re-clustering and competition within cluster-head are 
necessary. Owing to this reason, the energy 
consumption, which is obviously increased  
in A-DRNGC topology, is still smaller than DRNGC 
clustering algorithm. After then, this algorithm 
continuously consumes the energy in node; however, 
due to the high proportion of the invalid node, the 
most nodes cannot transmit data normally leading to 
the vanishing of nodes. After 400 seconds, the energy 
consumption is decreasing distinctly, since the new 
cluster-head can provide superior communication 
performance. 

To sum up, in heterogeneous network, when 
some cluster-nodes are invalid, the competition 
between re-clustering and cluster-head are necessary, 
in order to set up new topology. Otherwise, this will 
lead to the interrupting of some parts of sensor’ 
nodes and even to the paralysis of the whole network. 
Fig. 2 and Fig. 3 indicate that A-DRNGC topology 
can solve this problem by providing superior 
communication performance and expanding the 
lifetime of heterogeneous networks. 
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Fig. 3. Comparative analysis of dissipation energy  
for transmitting one bit. 

 
 
5. Conclusions 
 

Dealing with the high energy consumption in 
clustering, this paper puts forward an adaptive 
heterogeneous network for optimizing topology 
control to solve the problem that network topology 
control for heterogeneous sensors are difficult to 
meet the demands in practical uses. This technology 
is based on the dump energy, communication 
distances, and geometric principle of triangles to 
build an adaptive clustering and cluster-head 
competition mechanism. The advantage of this 
method lies in that the energy of rest nodes in 
network will be fully and reasonably used. Besides, 
the collecting and managing ability of the cluster-
head will be expressed to improve the reliability of 
dada collection and transmission. NS-2 simulation 
experiments and MATLAB mathematical analysis 
have proved this technology can greatly improve the 
use ratio of heterogeneous network and extend the 
lifetime of the network. 
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Abstract: The effect of snow removal on airport runaway is relied on the human naked eyes. A new method that 
is based on image recognition and transmission technology to evaluate the effect of snow removal was presented 
and the architecture of snow sweeper’s monitoring system was established in this paper. JPEG compaction 
algorithm was used for compression and transmission of image data in based on Digital Signal Processor 
platform, then the wireless data transmission and image acquisition method was used in the monitoring system. 
Meanwhile, this paper proposes digital analysis for real-time image acquired by image recognition technology 
and explores the image processing algorithms for accumulated snow on runaway to realize automatic monitoring 
of snow removal operation on runaway. The experiments results reveal this method is feasible. Hopefully, it 
could be a technical platform to optimize the scheduling and control system for airport deicing special vehicles. 
Copyright © 2013 IFSA. 
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1. Introduction 

 
With the development of the Civil Aviation, there 

is an increasing workload and work strength for snow 
removal vehicles serving for flights at the airport. 
Using traditional wireless intercom technology to 
monitor so many snow removal vehicles is difficult 
to meet the practical needs in both efficiency and 
security. In addition, the standard to evaluation the 
runway snow removal effect is relied on the human 
naked eyes. In this way, it brings low efficiency to 
remove the snow on the runway and is easy to bring 
some uncertain judgements, which could bring some 
latent danger for the aircraft flying. 

The airport's snow removal operation is an 
extremely busy and complex work in the winter of 
the north. With the rapid development of the civil 
aviation, density of the flights taking off and landing 
at the airport is increasing day by day, which puts 
forward higher requirements for operating efficiency 
and safety performance of snow removal vehicles. So 
it is necessary to study the automatic monitoring 
technology for automated command and control 
system and effect of snow removal vehicles 
operation. This paper aims at the command and 
control system of airport snow removal vehicles. The 
data transmission method, real-time monitoring of 
acquiring the images and the automatic identification 
technology of image has been studied.  
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2. Design of Airport Snow Removal 
Vehicles Monitoring System 

 
2.1. Overview of Airport Snow Removal 

Vehicles Monitoring System 
 
Airport snow removal vehicles monitoring system 

is composed of the mobile terminal and the 
monitoring center. Mobile terminal is responsible for 
real-time acquisition of information, including the 
real-time image information, the vehicle GPS 
location and status information at this moment, such 
as temperature information, pressure information, 
traffic information, speed information, etc. [1]. The 
mobile terminal also shoulders early-warning task, in 
response to the warning signal from the monitoring 
center, such as the anti-collision warning. System 
schematic diagram is as shown in Fig. 1. 

 
 

Fig. 1. Vehicle Command and Dispatching  
System Schematic. 

 
 
2.2. Requirements of Data Transmission  

for Snow Removal Vehicles Monitoring 
System 

 
Requirements of data transmission for snow 

removal vehicles monitoring system are mainly 
divided into the following sections. The first part is 
the transmission of the GPS location information. 
The second part is the status information, including 
the amount of the deicing fluid, flow, temperature, 
and vehicle running speed, etc. The third part is the 
mutual information of the mobile terminal and 
monitoring center, which is mainly the release and 
response of early-warning information. The fourth 
part is the image data. According to the current 
conditions of the wireless data transmission, it is 
necessary to compress the image data so as to 
achieve the wireless transmission of images. 

 
2.3. Design of Data Transmission Method 

 

GPRS service can, in theory, reach the rate of 
171.2 kbps, which features highly efficient and low-
cost thanks to its transmitting and receiving data in 
the packet switching mode. In the communication 
platform of this system, the wireless communication 
module based on GPRS--CM3160P GPRS DTU 
(Data Terminate Unit) is used to establish a mobile 
terminal as a wireless transmission channel. The 3 G 
network or the wired broadband network is used in 
the monitoring center. The schematic diagram of the 
communication platform system is shown in Fig. 2. 

 
 

Monitor 
Center

Moving 
Terminate 1

Internet

GPRS DTU 1

3G Device

Moving 
Terminate N

GPRS DTU N

...

 
Fig. 2. Schematic diagram of Communications platform. 

 
 

3. Design of Image Acquisition Unit 
 

3.1. Design of Image Acquisition  
and Compression Method 

 

The signal flow of the image acquisition unit is 
substantially as follows. After image acquisition 
instruction is detected by DSP, CPLD control logic 
starts the camera into the image acquisition program. 
The acquired original image data is stored into 
SDRAM under the control of DSP [2, 3]. When a 
frame acquisition is completed, the DSP initiates 
image compression program and stores the 
compressed data into SDRAM. After compression is 
completed, DSP sends the compression completion 
signal and initiates image transmission program. The 
overall structure and signal flow of image acquisition 
unit is shown in Fig. 3. 

The JPEG lossy compression technology is used 
in this paper. The system software flow of image 
acquisition unit based on the JPEG compression 
algorithm is shown in Fig. 4. 

The JPEG image compression algorithm used in 
the system for compressing still images has the 
following features: the relative easiness to achieve 
algorithm, having a standard function library, less 
visual distortion, more compression, etc. [4]. The 
algorithm flow is shown in Fig. 5. 

The JPEG algorithm process includes four main 
steps: partitioning for the image data, the DCT 
transformation for the partitioned data, followed by 
quantization and Huffman coding [5, 6]. Original 
image must go through pretreatments such as color 
mode conversion, partitioning and interpolation 
firstly.  
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Fig. 3. Image Unit Hardware Diagram. 
 
 

 
 

Fig. 4. The Software Flowchart of Image Acquisition Unit. 
 
 

 
 

Fig. 5. The Software Flowchart of Image Acquisition Unit. 
 
 

88 pixel block is calculated by DCT, and 
64 DCT coefficients are scalar quantized. After 
quantizing DCT coefficients, the coefficients in the 

block are re-sorted according to the "Z" shaped 
scanning mode. Thus the obtained bit stream is an 
intermediate symbol sequence generated by line 
sequential coding. If these symbols are encoded by 
entropy encoder, the final JEPG encoding is 
completed [7, 8]. 

 
 

3.2. Design of Image Transmission  
and Monitoring Center 

 
If the resolution of images collected by the 

acquisition unit is 320240, the images will be  
10 kB ~ 30 kB in size after JPEG compression, and 
the time to transmit a frame image will theoretically 
be 1 s~3 s. In the process of transmission, the 
operation of adding the head of the JPEG file will be 
carried out on the host computer. Thus, the 
transmission format of the data will only be the 
theme data portion of compressed images. The 
specifically used image data format is shown  
in Fig. 6. 

 
 

 
Fig. 6. The Format of Compressed Image Data. 

 
 
With the format of data transmission, larger 

image data can be transferred by sub-block, and the 
image data will be integrated by monitoring center. 
The workflow of image transmission test is as 
follows. Firstly a communication link is to be 
established. The lower machine should make a series 
of parameter configuration for the GPRS DTU, 
including the serial port baud rate, the domain name 
of network service, etc. After rewriting the compiled 
lower computer program into the core control 
devices of image unit within the mobile terminal, the 
monitoring software of host computer is to be 
opened. When the network linking is established 
successfully, the image acquisition command can be 
sent to the lower computer to start a real-time image 
acquisition. The image acquisition unit is shown in 
Fig. 7. The left side is image acquisition unit, and the 
right side is communication module. 

 
 

 
 

Fig. 7. The Picture of Image Acquisition Unit and Lower 
Machine Communication Module. 
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The powerful visualized software development 
tool, Microsoft Visual C + + 6.0, is used in the image 
monitoring center of the system. The workflow of the 
image monitoring center is shown in Fig. 8. 

 
 

 
 

Fig. 8. The Monitoring Process  
of Image Monitoring center. 

 
 

4. Design of Automatic Detection 
Methods for Airport Snow Removal 
Vehicles Operating Effect  

 
4.1. Research of Pattern Recognition 

Technology  
 
From the point of view of visual recognition, 

pattern recognition can be called image recognition. 
Image recognition is to identify the image 
information obtained by computer by using computer 
and optical system. While there is an extremely wide 
range for the amount of information contained in 
images, which, specifically, can be a variety of 
intuitive image pictures, patterns, text, drawings and 
non-intuitive image only with data or signal 
waveform, such as voice, electrocardiogram and 
seismic waves. Image recognition aims to take 
advantage of computers automatically to complete 
the image classification and identification 
automatically instead of people. Strictly speaking, the 
image recognition and the pattern recognition are the 
same in principle and only different in the 
recognition process. The image recognition process 
can be included in the pattern recognition. The image 

recognition process mainly includes image 
preprocessing, image segmentation, image feature 
extraction and image classification, etc.  
as shown in Fig. 9. 

 
 

Image 
Preprocessing

Image Input

Image Feature 
Extraction

Classification 
decision

Solution Output
 

 
Fig. 9. The Basic Process of Image Recognition. 

 
 

As for the image processing of effect of snow 
removal vehicles operating in this paper, the 
processing methods mainly include image graying, 
region segmentation and extraction of threshold, 
image smoothing and enhancement, Color 
transformation and segmentation, etc. 

 
 

4.2. Research of Automatic Evaluation 
Methods of Operating Effect  

 
Firstly, we should preprocess the acquired real-

time image of snow removal job effects, and mainly 
process the image smoothing. The processing method 
selected in this paper is mean filter (also called 
moving average method). RGB value of a pixel in the 

color image is expressed as ( , , )ij ij ijf r g b , whose 

neighborhood are shown differentially according to 
the subscript i  and j , and the value range of each 

component R, G, and B is [0,255]. The mean-filtered 

pixel value is expressed as ( , , )ij ij ijg r g b which is 

decided by Formula (1). 
 

1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1
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g r g b f r g b f r g b

f r g b f r g b f r g b

f r g b f r g b

f r g b f r

        

        

        

  

 

  

 

  1 1 1 1 1 1, , )] / 9j i j i jg b     

 

(1) 
 
33 matrix is selected as denoising template of 

mean filter, and the 8 neighborhood average method 
is used, whose configuration is shown in Fig. 10. 
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ijf  is equivalent to the above-mentioned 

( , , )ij ij ijf r g b  and ijg  is equivalent to 

( , , )ij ij ijg r g b  in this place [9]. 

 
 

 
 

Fig. 10. 3×3 Point Denoising Processing Schematic 
Drawing Template. 

 
 

Mean filter function Average Filter () is compiled 
according to the 8 neighborhood average method. 
And this function is added to VC++ for noise 
filtering processing of images. The effect is shown in 
Fig. 11. 

 
 

  
 

Fig. 11. The Comparison Chart of Snow Removal Vehicles 
Operating Effect Diagram by Mean Filter. 

 
 

The image threshold segmentation of operation 
effect is followed. Image threshold segmentation is 
an image processing technology based on the region, 
which apart the image regions with specific 
characteristics from other different regions by setting 
threshold value with different characteristics. The 
commonly used characteristics are image grayscale 
and RGB. Based on careful analysis of effect image 
of snow removal vehicles operating, it can be known 
that feature extraction is to extract the white snow’s 
feature. The characteristic parameters acquisition is 
to acquire the amount of color information of each 
pixel of white snow. After testing, the grayscale 
threshold value of snow is set to (160 ～ 240) and the 
characteristic area threshold value is set  
to (670 ～ 680). 

 
 

5. Experiment and Result Analysis 
 

5.1. The Experiment Idea 
 

The most simple and direct way to acquire the 
field road residual snow characteristics is to mark 
uniform region. The most obvious feature of snow is 

highlighted, whose pixel in distribution area are 
totally distinct from the nature color of the field road, 
while the marked uniform region is similar to the 
image binary region mark. The main difference 
between them is that the former does not require 
pretreatment before region marking, and areas within 
a certain threshold value range can be marked 
directly. Then we can obtain area characteristics S by 
making a statistic of the number of pixels in the 
marked uniform region. 

For traditional pattern recognition, the acquired 
characteristics need to be compared with the existing 
sample library for training the sample library, and 
then we can make a corresponding identification. 
While in automatic monitoring system of snow 
removal vehicles operating effect, the size of the 
obtained region should be paid attention to instead of 
the shape. Therefore, we can assess the effect of 
snow removal, as long as the ratio of the 
characteristic and the total region, that is the ratio of 
the residual snow region and the detected surface, is 
acquired in the system [10]. 

 
 

5.2. The Result and Analysis 
 

In order to get the effective region of snow 
removal vehicles, the edge of the field road must be 
found in the analysis of the residual snow region. The 
search for effective area of snow removal and the 
calculation of percentage of residual snow area can 
be processed by analyzing the data of the binary 
images in the system. The image binary effect of 
snow removal vehicles operating effect diagram is 
shown in Fig. 12. The CANNY Operator is used for 
image edge detection in this paper, and the edge 
detection effect of runway in snow removal effect 
pictures is shown in Fig. 13. 

 
 

 
 

Fig. 12. The Image Binary of Removal Vehicles Operating 
Effect Diagram. 

 
 

 
 

Fig. 13. The Runway Area after Edge Detection. 
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The percentage of the snow remaining area can 
be drawn by analyzing Fig. 13. The effective snow 
removal area is 46 % through the calculation of 
PC software. After getting the residual snow’s 
relative proportion, the basis of deicing quality 
evaluation and scheduling system is established. 

 
 

6. Conclusions 
 

1) The way of wireless data transfer and image 
acquisition for the airport deicing vehicles was 
founded, as well as the image compress and transfer 
using JPEG algorithms based on DSP. The 
experiment results revealed that the response of the 
moving terminal was less than 100 ms. The 
monitoring center can decompress image data  
of JPG format, display the data, and automatically 
evaluate the snow removal effect by analyzing the 
images. The time from sending commands to 
completing the assessment is less than 5 s, which 
basically meets the requirements. The main reason 
for the long time spent on acquiring images is the 
bandwidth limit of GPRS network. 

2) The airport runway snow removal result based 
on image recognition was researched, and the 
experiment verified that the way can get the area 
proportion between the residual snow and the runway 
by analyzing the runway snow removal image, which 
could help to evaluation the runway snow removal 
and the further schedule and optimization. 
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Abstract: The positioning technologies play a crucial role in the application of wireless sensor networks. In this 
paper, based on research TI CC2530 chip and ZigBee protocol stack, using Received Signal Strength Indication 
and the trilateration positioning technology, the wireless sensor network indoor positioning system was 
achieved. Take CC2530 chip as the control core, the system hardware was realized and ZigBee 2007 / PRO 
protocol stack was amended. RSSI technology was used for distance measurement, and finally the blind node 
positioning was implemented by trilateration method. Has been tested, the system is able to achieve indoor node 
localization features, and has a certain practical significance. Copyright © 2013 IFSA. 
 
Keywords: Wireless sensor networks, Indoor positioning system, ZigBee 2007 / PRO protocol stack, 
Trilateration, Positioning algorithm. 
 

 
 
1. Introduction 

 
Wireless sensor network is formed by a large 

number of randomly distributed sensor nodes, a self-
organizing network of collecting, processing, and 
forwarding information in the coverage area [1]. 

ZigBee technology, as a new low-cost, low-
power, low-rate short-range wireless sensor network 
technology in recent years has been widely used in 
environmental monitoring, smart home, automotive 
electronics and industrial control the amount of data 
transfer rate less demanding situations [2-3]. The 
positioning technologies play a crucial role in the 
application of wireless sensor network, indoor 
positioning technology is relative to the outdoors or 
in the field in terms of positioning technology, 
generally applied to the inside of the building, such 
as: libraries, warehouses, and other. Some literatures 
theoretically study the localization algorithm and do 
the simulations, not for actual design [4-6]. This 
paper describes the indoor positioning system 

hardware using TI CC2530 chip as the control center, 
and software based on ZigBee 2007 / PRO protocol 
stack design. 

Firstly, ZigBee 2007 / PRO was tested and 
improved for the design flaw. Then, calculate the 
distance between blind node and reference nodes by 
measuring the receiving signal strength, and 
determine blind node coordinate using the 
trilateration measurement or maximum likelihood 
estimation algorithm. 

 
 

2. System Structure and Hardware 
Design 

 
The system consists of three types of nodes: the 

coordinator node, reference nodes and blind nodes, 
which are using the TI new generation chip CC2530 
as the master chip. The system structure diagram is 
shown as Fig. 1 [7]. 
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Fig. 1. The system structure diagram. 

 
 
CC2530 is an IEEE 802.15.4 compliant real 

system-on-chip, to support proprietary IEEE 
802.15.4 and ZigBee and ZigBee PRO and ZigBee 
RF4CE standard. It integrates a 2.4 GHz RF 
transceiver, enhanced industry standard 8051 MCU, 
up to 256 kB programmable FLASH, 8 kB of RAM 
and provides a set of extensive peripheral set 
(including two USART, 12-bit ADC and 21 universal 
GPIO). At the same time, CC2530 can be equipped 
with TI standard compatibility or proprietary network 
protocol stack (RemoTI, Z-Stack or SimpliciTI) to 
simplify the development, its RF transmitter output 
power is 4.5 dBm and receiver sensitivity of -97 dBm 
[8]. The hardware block diagram is shown as Fig. 2. 
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Fig. 2. The system hardware block diagram. 
 
 
The node hardware consists of the CC2530, 

antenna, power supply, sensors and RS232 
communication module. The function of coordinator 
is to establish, maintain and manage the network, and 
communicate with the host computer PC. Therefore, 
the hardware of the coordinator includes CC2530, 

antenna, power supply and RS232 communication 
module. CC2530 chip is used as the control core of 
the hardware and the RS232 module is used to 
communicate with the host PC. The reference node 
has to maintain the network, routing, and also has the 
function of detecting the ambient temperature, 
humidity, smoke alarm. Its hardware includes 
CC2530, antenna, power supply and sensors module. 
The sensors module is composed mainly by the 
temperature and humidity sensors and the  
analog-to-digital conversion circuit. Due to output 
signal from the sensors is inconsistent with the input 
signal to MCU, the sensors output signal should be 
carried out analog-to-digital conversion after signal 
conditioning, and is sent to the MCU for processing 
through photoelectric isolation, in order to improve 
the anti-interference performance of the system. The 
blind node includes CC2530, antenna, and power 
supply module. It receives the location information 
from the reference node, completes the location 
algorithm, and sends out its own location information 
at the predetermined time interval. 

 
 

3. ZigBee 2007 / PRO Protocol Stack 
 

Based on the ZigBee 2007 protocol stack 
specification, the ZigBee 2007 / PRO protocol stack 
is developed for the new generation chip CC2530. 
The agreement IEEE 802.15.4 standard as the basis 
for communication, the protocol uses the OSI seven-
layer structure model. It defines the physical layer 
(PHY) and media access control layer (MAC) 
standards; ZigBee Alliance defines network layer 
(NWK), the application layer (APL) and the security 
service specification of ZigBee protocol. 

In the protocol stack, there is a bug of the 
associated list management that each node can only 
have 32 sub-nodes. It is found that the reference node 
does not automatically update the associated list 
when the number of child nodes is changed. For 
example, a reference node having 25 child nodes 
(blind nodes or other reference nodes) should update 
its association list after 10 sub-nodes leave. But the 
protocol stack does not provide this functionality and 
remain the original network associated list. If there 
are other 10 sub-nodes need to be joined this 
reference node, the number of the child nodes will be 
35 and over 32. The other child node can not join the 
network according to the definition.  

At this point, there is only one solution to re-
program the code. It is explained as follows on TI 
website. The maximum number of devices that can 
be supported by one router or coordinator (i.e. 
associated devices) is 32. This is because we use a 
32-bit bit-mask to keep track of assigned addresses. 
Therefore, the NWK_MAX_DEVICE_LIST should 
be set to 32 maximum [9]. 

The coordinator and the reference node associated 
lists are corrected to solve this shortcoming of the original 
protocol stack in this paper. After the correction, the 
system defines the total number of associated list is 32, 
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the number of the reference node 25, the blind node 
number is defined as 7. The pseudocode of the 
association list management process is shown in Fig. 3. 

 
 

/*Association list management process*/ 
If networking success 
If the number of the coordinator associate list has 

reached the upper limit 
Delete the coordinator Associate list 

End if 
If the number of the reference node associate list has 

reached the upper limit 
Delete the reference node associate list 

End if 
If the number of the blind node associate list has 

reached the upper limit 
Delete the blind node associate list 

End if 
Delay 

End 
 

Fig. 3. The association list management process. 
 
 

4. Application Software Design 
 
4.1. Coordinator Workflow 

 
Based on the TI ZigBee 2007 / PRO protocol stack, 

application software was designed. Firstly, the 
coordinator creates a network, whose PAN ID is less than 
0x3fff, according to the specified channel. Reference 
nodes and blind nodes join the network and get 16-bits 
networks address assigned by the coordinator. 

Coordinator creates, maintains and manages WSN, 
and communicates with host PC through the RS232 
serial interface, with the reference nodes and blind 
nodes through the WSN at the same time. It receives the 
command from the host PC and sends PC the blind 
node location message string BN_POSI_ANS and the 
reference node configuration message string 
RN_CONFIG, which includes its network address, 
coordinates and collecting data from sensors module. 
There are three commands from PC: the coordinator 
restart command string CO_RESET, getting all the 
reference nodes configuration information command 
string PC_RN_CONFIG, and gaining the specified 
reference node configuration information command 
string PC_A_RN_CONFIG. When coordinator receives 
CO_RESET command, then restart the network 
immediately. When the coordinator receives 
PC_RN_CONFIG command, broadcast this command 
to the whole network; when receives 
PC_A_RN_CONFIG command, send this command to 
the specified reference node. The same time, the 
coordinator receives the data in the network, and adds 
them to the pre-defined data stream. When length of the 
data stream reaches the specified length of the data 
stream, the coordinator uploads them to PC for 
analyzing and processing. The pseudocode of the 
coordinator data transmission process is shown in Fig. 4. 

 

/*The coordinator data transmission process*/ 
Create network 
L1: IF receive the command from PC 
IF the command is CO_RESET 

Reset the coordinator 
End if  
IF the command is PC_RN_CONFIG 

Broadcast PC_RN_CONFIG to the whole network 
End if  
IF the command is PC_A_RN_CONFIG 

Send PC_A_RN_CONFIG to the specified reference node 
End if 
End if 
IF receive the data from the network 

Add the data to the pre-defined data string 
IF length of the data string reaches the pre-defined length 

Upload the data string to PC 
End if 
End if 

Goto L1 
End  

 
Fig. 4. The pseudocode of the coordinator data 

transmission process. 

 
 

4.2. Reference Node Workflow 
 
Reference nodes join the network, and broadcast 

its own configuration information RN_CONFIG 
actively. Then the reference node waits for receiving 
network information, which includes two commands 
PC_RN_CONFIG, PC_A_RN_CONFIG from the 
coordinator and positioning request message string 
BN_ASK_ANS from the blind nodes. When it 
receives PC_RN_CONFIG and PC_A_RN_CONFIG 
commands, send itself configuration message string 
RN_CONFIG to the coordinator. When it receives 
BN_ASK_ANS command, send RN_FIND_ANS 
message string to the blind node, which sends the 
positioning request. RN_FIND_ANS from the 
reference nodes includes its own coordinate 
information and RSSI values of the received signal. 
The pseudocode of the reference node data 
transmission process is shown in Fig. 5. 

 
 

/*The reference node data transmission process*/ 
Join the network successfully 
Broad RN_CONFIG 
L1: IF receive the data from the network 

IF it is BN_ASK_ANS  
Send RN_FIND_ANS 

End if 
IF it is PC_RN_CONFIG or PC_A_RN_CONFIG  

Send RN_OWN_CONFIG 
End if 
End if 

Goto L1 
End 
 

Fig. 5. The pseudocode of the reference node data 
transmission process. 
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4.3. Blind Node Workflow 
 
Blind nodes join the network, and broadcast its 

positioning request message string BN_ASK_ANS. 
Reference nodes within the communication range 
receive location request message from the blind 
nodes, reply the RN_FIND_ANS message string 
including RSSI value of the received signal. Blind 
nodes receive the response message, start positioning 
operation to obtain their own coordinates and send 
BN_POSI_ANS message string to the coordinator. 
Coordinator receives the blind node positioning 
result information uploads it to the host computer  
to process [9].  

 
 

5. Positioning Algorithm Design 
 
Positioning algorithm is implemented in the blind 

node, and only the calculated position information is 
transmitted, rather than all used data. This 
localization algorithm is based on the RSSI 
technology. It is tested that RSSI measurement value 
is nearly linear relationship with signal input power 
through measurement study by TI laboratory. The 
received signal strength is a function of the 
transmission power and the transmission distance 
which is between the receiver and sender. It will 
decrease with the increase of the distance, the 
formula (1) is as follows: 
 

)log10( 10 AdnRSSI   (1) 
 

In the formula (1), the parameter n is the signal 
propagation constant, also called the propagation 
coefficients. The parameter d represents the distance 
between the sender and the receiver. Parameter A 
represents the signal strength when the distance 
between the receiver and the sender is 1 meter. 

It is very simple when the ideal formula is used to 
calculate the signal strength, but some uncertain 
factors need to be considered in the real environment. 
Most of the uncertainty is caused by the hardware, 
but they are often corrected through software 
processing method in order to increase the accuracy. 

We usually use simple RSSI filtering method, 
including the feedback filter and average filter 
method. The former filter only uses a portion of the 
most recently received RSSI value for calculating, 
less data is required, but increase the new positioning 
calculation time delay [3]. The latter is the most basic 
filtering methods, but it needs to send a lot of packets 
and increase the burden of network traffic. Average 
filtering basic formula is as follows. 
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The improved average filtering algorithm is used 
in this paper. The blind nodes poll each reference 
node three times, and receive the RSSI value five 

times from each reference node each poll. Polling 
results over three times, in accordance with the 
principle of majority last RSSI values are obtained. 

After the distance value from three or more 
reference nodes is obtained by calculating formula 
(1), the blind node can use the trilateration method or 
maximum likelihood estimation method to calculate 
its coordinate. Assume that the coordinate of the 
blind node is x and y, and the coordinates of three 
reference nodes are (x1, y1), (x2, y2), (x3, y3), the 
calculated distance value to the reference nodes are 
respectively d1, d2, d3. The trilateral measurement 
formula is as follows. 
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By the formula (3), the blind node coordinate can 

be obtained by the formula (4).  
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The pseudocode of the positioning algorithm 

process is shown in Fig. 6. 
 
 

/*The positioning algorithm process in the blind nodes*/ 
Join the network successfully  

L1: Transmit BN_ASK_REQ 
Receive RN_FIND_ANS  
Store RSSI value VRSSI from the reference node 

If transmission count is less than 5 
Goto L1 

Else  
Average the RSSI for this polling 
Sleep 300ms 

If polling count is less than 3 
Goto L1 

Else  
Get RSSI value in accordance with the principle of 

majority  
Calculate the distance with formula (1) 
Calculate the coordinates with formula (4) 

Send BN_POSI_ANS 
End if 
End if 

End 
 

Fig. 6. The pseudocode of the positioning  
algorithm process. 

 
 

6. System Testing and Conclusion  
 

Host computer (PC) software is implemented 
with the vs2008 tools, which is visual interface based 
C++ MFC application framework. The testing 
environment is at a floor of a building. The diagram 
of testing nodes distribution is shown in Fig. 7.  
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Fig. 7. Diagram of testing nodes distribution. 
 
 
The test nodes are placed according to Fig. 4, 

100 times testing have done and 100 testing results 
are averaged, the last positioning results are shown in 
Table 1. The average absolute positioning error  
is 0.49. Test results prove that the system can 
complete indoor positioning coordinates of the blind 
node, have practical application of significance.  
It was also found deficiency in the system. 
 
 

Table 1. Indoor positioning test results. 
 

No. Real 
Coordinates 

Positioning 
Coordinates 

The 
absolute 

positioning 
error 

b1 (4,5) (3.75, 4.80) 0.32 

b2 (14,5) (14.31, 4.65) 0.47 

b3 (4,15) (3.85, 14.95) 0.16 

b4 (14,15) (13.55, 15.16) 0.47 

b5 (9,12) (8.97, 11.90) 1.03 

 
 

First of all, in a laboratory environment, the 
effective transmission distance of the node is less 
than 30 m, and we must increase the number of the 
reference nodes to extend the communication range. 
Secondly, the positioning accuracy of the blind node 
depends on the reference node distribution density, 
the greater the density the higher the accuracy, which 
is not conducive to reducing the cost of the practical 

application of the positioning system. Third, there 
will be a lost package and blind node can't join the 
network within a period of time because the test 
environment is more complex and the wireless 
network is not very stable, the experiment proves that 
we get much better communication quality when the 
nodes were placed in a certain height position. 
Therefore, to improve the quality of wireless 
communication and the node positioning accuracy 
will be future research directions. 
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Abstract: In the next generation wireless sensor networks system, various wireless technologies and wired 
networks in together, in order to meet the various needs of users. Our focus in this paper is to introduce a few 
design goals, different wireless/wired networks complement each other, thus help users to access the best 
network in accordance with the current business. Each network is different with each other in the network 
structure, application protocol and user demand, therefore need a unified public architecture to connect multiple 
access network. This paper surveys the novel approach of using IP technology recognized as the next generation 
of integration means of wireless sensor networks. This paper also presents using all-IP network architecture to 
support the heterogeneous access of the next generation wireless sensor networks, to support the integration and 
interoperability between heterogeneous wireless sensor networks, and to complete wireless mobile terminal 
roaming in a heterogeneous environment. Copyright © 2013 IFSA. 
 
Keywords: Wireless sensor networks, Network-based mobility management, Mobile IP, MN, FA, HA, Tunnel. 
 
 
 
1. Introduction 

 
Wireless sensor network (WSN) is referred to as 

"ubiquitous network", widely used in environmental 
monitoring, national defense military, industrial 
control, intelligent household, health care and other 
fields. However, they cannot be thought of as a total 
replacement for more traditional wired networks in 
such environments, at least in the short/mid term. In 
these applications, wireless sensor network (WSN) is 
not existed in isolation, but in some way connected to 
the existing network, to facilitate users to remote 
access, control and use wireless sensor network 
resources. This means that for the time being it is 
worth focusing on their integration with the existing 
heterogeneous wired/wireless solutions, in order to 
achieve enhanced flexibility, efficiency, and 
performance for the overall networked system [1]. 

Integration in the heterogeneous wireless sensor 
network is the inevitable trend of the development of 
mobile communication network, will be faced with 
many technical challenges. Seamless mobility 
problem between multiple access networks is one of 
the keys to realize network integration. Mobile IP 
which is acknowledged as the solution of 
heterogeneous wireless sensor networks are the most 
competitive mobility management scheme, mainly 
used in switching and roaming between different 
access networks [2]. 

Along with the increasing convergence of 
wireless communication and Internet, the main 
business of the industry has realized wireless data 
provided by wireless sensor networks. 

It is necessary for mobility management in next 
generation wireless communication system, based on 
the network layer mobility management, 
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performance optimization of mobile IP and mobile IP 
in wireless communication system deployment and 
other issues for further discussion. By improving and 
enhancing the performance of mobile IP, finally 
make it become a kind of suitable for future wireless 
sensor network in the macro and micro mobility 
management scheme. 

 
 

2. The Next Generation of Mobility 
Management in Wireless Sensor 
Networks 
 
Mobility management is refers to the problems 

which relate the mobile nodes involved in wireless 
network. Because of node mobility, it request 
network support this feature and management. 
Wireless node mobility usually involves in the 
different network, roaming between different 
domains. In the wireless network, mobility refers to 
the change of the user and the position of terminal- 
the ability to continue to access services, continue to 
communication. At present, the mobile wireless 
network management mechanism depends on the 
specific technology used in the protocol, there is not 
a common network infrastructure or protocol support 
roaming between different types of access networks. 

One of the characteristics of the next generation 
of wireless communication network is a variety of 
heterogeneous wired/wireless access technology, 
able to transmit real-time business, applications 
Smooth and adaptively; terminal and the business 
can keep entire network roaming [3]. Heterogeneous 
network exist coexist and fusion, the scenario has 
brought new challenges for mobility management 
scheme design. 

The future wireless network mobility 
management must address the following questions: 
a) To provide a flexible, theoretical model which is 

layered, meet safety requirements and mapping 
mechanism between the layers is established. 

b) Whether domain mobility or inter-domain 
mobility, must reduce the mobility management 
signaling load, as far as possible to reduce the 
interaction between the entities, to minimize 
position update signaling cost, reduce the session 
time delay. 

c) Switch between heterogeneous network 
management must satisfy the QoS requirements, 
routing optimization problem and reduce the 
session delivery time delay. 
Has the scalability, in order to new wireless 

access network can be simple and quickly integration 
into the mobility management framework. 

The heterogeneity of network and the diversity of 
business put forward higher request of the mobility. 
In the traditional sense of the mobility management 
model and architecture need to reconsider. In the 
heterogeneous network environment, the mobility of 
user experience can be divided into the following 
categories achieve the form: terminal mobility, 

personal mobility, session mobility and business 
mobility. Because the user in the overlapping 
coverage of different types of access networks, the 
researchers suggested a variety of different technical 
solutions and ideas, using different methods to 
realize the integration of heterogeneous network and 
communication. In wireless sensor networks, 
mobility management purpose is to provide mobility 
to terminal and business, mainly includes the location 
management and change management. 

Location management make system with the 
capacity of locating and tracking possible roam or the 
location of the mobile host/terminal, then will 
accurately submit call or grouping to mobile 
host/terminal. As shown in Fig. 1, location 
management concept involves the two sub-processes, 
location update and call to submit. Network must to 
track and record the location of mobile station, can 
send the switching speed of the call to the correct 
user according to the requirements. 
 
 

 
Fig. 1. Location Management. 

 
 

Switch management is one of the most important 
and challenging problems in the wireless sensor 
networks mobile management. Allows the terminal 
still stay ongoing connections when changing the 
network access. Mainly includes three steps: 
Initialization of the switch, the establishment of the 
new link and data flow control. As shown in Table 1, 
switch management research mainly contains switch 
architecture and design of the algorithm. Key 
problem is the switch decision strategy and 
performance evaluation. 

 
 

3. Network Layer-based Mobility 
Management 
 
The future of mobility management in 

heterogeneous network environment needs a general 
agreement to block out the differences of different 
types of wireless/wired networks. While IP 
technology can blocking the second access 
technology, providing a unified interface for the 
upper levels. The mobility management protocol 
based on the IP network layer provides a unified 
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solution for terminal node roaming in heterogeneous 
network environment. The traditional wireless 
communication network transmit signal through 
specialized SS7 signalling network [4]. Signal 
transmission with the business is independent of each 
other. In the whole IP network, Core network and the 
air interface are all IP-based. All the business is 
directly beared by the IP. That is control and business 
all at the IP level load. Due to the performance of IP 
network itself and traditional differences in no. 7 
signaling network, it need to consider the transfer 
performance requirements of transmission in IP in 
the plane at the same time. 

The network layer mobility management not only 
can provide mobile function between different access 
networks, also can pass on any specific access link 
protocol stack by adopting general agreement to 
simplify the design of wireless mobile terminals. At 
present, common network layer mobility 
management protocol are mobile IP and various 
improvement schemes. Mobile IP designed enables 
the wireless mobile terminal to move freely in the 
Internet. And doesn't change the IP address in the 
process of moving between different subnets [5]. 

From the current technological development 
situation analysis, using the network layer mobility 
management scheme based on mobile IP for wireless 
sensor terminal roaming in heterogeneous network 
environment, can better shielding the lower various 
wireless/wired communication technologies, to 
realize the unity of the users seamless roaming and 
the mobility management, so as to achieve the 
ultimate goal of wireless personal network 
communication. 

 
 

4. Integration in the Heterogeneous 
Wireless Sensor Network  
Based on Mobile IP 

 
The working mechanisms of mobile IP. 
Mobile IP is a new routing mechanism allows a 

wireless mobile node to use a permanent IP address 
connected to any link. The purpose is to provide the 
Internet with mobile computing capabilities. It has 
many characteristics, such as scalability, reliability, 
and security [6]. The main design goal of mobile IP 
is that when change the network access point, does 

not need to change the node's IP address, able to keep 
the continuity of communications in the process of 
moving, allows the user to be able to free Internet 
access in the process of roaming.  

The following introduce the relevant technology 
of the mobile IP and working mechanism. 

 
 

4.1. The Working Mechanisms  
of Mobile IPv4 

 
In the mobile IPv4 work mechanism, when the 

mobile host (MN) detected you have roaming to 
foreign network, it will obtain a temporary address 
by nonlocal transfer agent FA. There are two types of 
transfer address: FA care-of-address and Co-located 
Care-of Address. MN put the address through the 
Internet to inform its local agent HA. Since then, the 
IP datagram of other subnet sent to the MN will be 
sent to the home network. In the home network, via 
proxy ARP, HA intercepts the message sending to 
MN, reassemble the IP datagram sending to MN, 
changes the destination IP address of the IP datagram 
domain to the care-of-address of MN when Assemble 
(tunneling technique), and then sends out. If the 
transfer address is FA care-of-address, the receiving 
end of the tunnel is FA. The FA reassembles the IP 
datagram back to the original format to MN. If the 
transfer address is Co-located Care-of Address, the 
receiving end of the tunnel is the MN, work is 
completed by its own unpacking. When the MN 
outer net send IP packets, using the usual IP protocol 
to send, No access of HA and FA. 

As shown in Fig. 2, when the wireless mobile 
node moves to nonlocal network, through the agency 
to determine their position and care-of address, then 
make agent can complete forwarding function 
through registration, finally through the tunnel 
technology to complete packet forwarding.  

a) Agent Discovery 
Wireless Mobile node complete the following 

functions using agents search process: 
- Decide it is on the home link or foreign link in 

the current;  
- To test whether it switch the link;  
- When on the foreign link, get a temporary care-

of address [7].  

 
 

Table 1. Switch management content. 
 

Switch management 
Switching architecture Switching algorithm 

Switch 
categories 

Switch control 
Switching 

implementation 
Switching criterion Ruling strategy 

Switching 
performance 

Hard switch 
Soft switch 
seamlessly 
switch 

Network control 
wireless station 
control 
wireless station 
help 

attach 
repeat attach 
detach 
Registration of 
communication 

RSS 
Priority 
BER, BLER 
SIR 
Path loss 
Power budget 

traditional method 
neural network 
Pattern recognition 
fuzzy logic 
Take after test 

Switch time delay 
Switching rate 
handover blocking 
rate 
Drop-Call rate 
call blocking rate 
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Fig. 2. The working mechanisms of wireless mobile IPv4. 

 
 

Agent Discovery made up of two simple message: 
- A message is the Agent Advertisements, agent 

use the news to announce their function to the 
wireless mobile node; 

- The other news is the Agent Solicitation.  
When the wireless mobile node didn't receive the 

Agent Advertisements message, can send the Agent 
Solicitation message that let all agents on the link 
immediately sent an Agent Advertisements message. 
Wireless mobile node can use the survival time 
domain or network prefix of the Agent 
Advertisements message’s ICMP router part as 
mobile testing standards, so as to determine whether 
the mobile node to switch from a link on another link. 

b) Register 
Registration is the method that a wireless mobile 

node to request routing and unpack/pack service of 
from Foreign Agent, and to tell home agent the 
current care-of address. When wireless mobile node 
found itself on the switch from a link on another link, 
then start the registration process. When some special 
condition, also need to register. For instance, when 
wireless mobile nodes found that the foreign agents it 
connected conducted a reboot, it would have to 
register again; Current registration if expired, also 
wants to register again. Mobile IP registration 
includes the interaction of the two kinds of messages: 
Registration Request and Registration Reply. 

c) Packet Delivery 
Packet Delivery means Packet routing, including 

two cases: wireless mobile node on the home link 
and wireless mobile node on the foreign link. When 
the mobile node on the home link, the packets which 
destination address is the wireless mobile node’s 
home address are sent to the home link of wireless 
mobile node, common network prefix routing 
analysis technology can be used. When the wireless 
mobile node on the foreign link, the packets which 
destination address is the wireless mobile node’s 
home address are sent to the home link of wireless 
mobile node, it is actually sent to the wireless mobile 
node's home agent. After the home agent intercepts 
these packets, it sends a packet backup to care-of 
address through the tunnel. Raw packets were then 

removed from the tunnel, unpacked later and sent to 
the wireless mobile node. 

d) Tunneling technology 
The transfer path of the packet which is 

encapsulated in another packet payload is called a 
tunnel. There is no doubt, tunnel is the indispensable 
key technology of wireless mobile IP. It mainly 
contains the IP fragmentation and encapsulation [8]. 
There are 3 kinds of tunnel technology used in the 
wireless mobile IP technology as following: 
 IP in IP Encapsulation;  
 Minimal Encapsulation; 
 Generic Routing Encapsulation, GRE. 
 
 
4.2. The Working Mechanisms  

of Mobile Ipv6 
 
Along with the rapid development of network 

technology and scale, in order to meet growing 
demand, the Internet TCP/IP protocol is evoluting 
from v4 version to the next generation Internet 
protocol IPv6 versions step by step mobile IP as a 
network layer protocol for the network will provides 
a perfect mobility support to the network node in the 
v6 version. At present, IETF mobile working group 
take formulate and revise mobile IPv6 standards as 
the main research topic of mobile IP working group 
agenda. And some progress has been made [9]. 

Mobile IPv6 is the basis on inheritance of many 
advantages in mobile IPv4, and is designed using 
many new features adding in IPv6. It has become an 
integral part of the IPv6 protocol, providing a more 
perfect mobility support for wireless sensor networks. 
Compared with the mobile IPv4, mobile IPv6 made 
many improvements, the most important are 
eliminating "Triangle Routing" problem, integrated 
with routing optimization mechanism, allow any 
direct route packets between communication nodes 
and mobile nodes. In addition, originally the mobile 
node's home address is replaced by global routing 
and link local address; foreign agents were instead of 
a pure IPv6 routers on the foreign link, and care-of 
address all configured in automatic or manual way; 
Home agent certified registered were instead of 
Home agent and other communication partners’ 
notice with certification; Data transfer mode is also 
based on the original mode of tunnel and increases 
the source routing. All these improvements 
mechanism improves the performance and efficiency 
of mobile IPv6. A reference for design of mobile 
IPv6 is mobile IPv4 development experience, but 
there is much difference with mobile IPv4. Both 
comparisons are shown in Table 2. 
 
 
4.3. The Working Mechanisms  

of Hierarchical Mobile IPv6 
 
Hierarchical mobile IPv6 (HMIPv6) is a kind of 

micro mobility management model. By means of 
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hierarchical routing architecture, Localize 
registration signaling process, Reduce the signaling 
interaction of communication between the wireless 
mobile node and home agent, Correspondent Node. 
To reduce the communication interruption caused by 
switching time. HMIPv6 is on the basis of the MIPv6, 
introduced a new entity, referred to as mobile anchor 
point (MAP). Through the MAP to manage local 
switch, the global mobility is still managed by the 
MIPv6 protocol. HMIPv6 protocol made smaller 
expansion operation for mobile nodes and HA [10]. 
The main reason is that mobile noderegister MAP’s 
CoA in HA. As a result, when the wireless mobile 
node in mobile local, only need to register it’s new 
location on the current MAP, without need of 
operation with HA or any CN out of access network. 
By using this method, signaling occurs only in a 
smaller area, will not spread to the core network, the 
time of complete position update is shorter. MN has 
3 different addresses: MN Home Address, Regional 
Care-of Address (RCoA), Local Care-of 
Address (LCoA). When MN is connected to the new 
network, request registration from the MAP which 
services the network. The MAP intercepts all the 
packet of its servicing MN, then forward the packet 
to the MN’s LCoA by the way of the tunnel. 
 
 

Table 2. Compare mobile IPv4 and IPv6. 
 

The concept of mobile 
IPv4 

The concept of mobile 
Ipv6 

Mobile node, home 
agent, home link, 
foreign link 

Mobile node, home agent, 
home link, foreign link 

Mobile node's home 
agent 

Global routing home 
address and Link - local 
address 

Foreign agent / foreign 
agent care-of address 

A pure IPv6 routers on the 
foreign link, No longer 
have foreign agent, all the 
care-of addresses are Co-
located Care-of Addresses 

Co-located Care-of 
Address, through Agent 
Discovery, DHCP or 
Manual for Care-of 
Address 

By proactively address 
automatic configuration, 
DHCP or Manual for 
Care-of Address 

Agent Discovery Router Discovery 

Home agent certified 
registered 

Home agent and other 
communication partners 
with certification 
notification 

The data transmission to 
the mobile node adopts 
the tunnel 

The data transmission to 
the mobile node adopts the 
tunnel and source routing 

Routing optimization is 
performed by other 
protocols 

Integrated with routing 
optimization 

 
 

5. Conclusions 
 

Mobile IP technology is the network layer fusion 
technology to realize the wireless mobile node access 
to heterogeneous networks. Mobile IP based on the 
premise of network prefix routing in the current 
Internet, the mobile node (MN) still keep 
communication between different networks. It is a 
kind of very good solution to provide mobile support 
based on the network layer. 
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Abstract: Location awareness is an attractive research issue in the wireless sensor networks (WSN) because 
sensor nodes are randomly scattered over a region and can get connected into a network on their own. However, 
precise location information may be unavailable due to the constraint in energy, computation, or terrain. In this 
paper, an improved DV-HOP location algorithm based on trusty degree average hop distance for wireless sensor 
networks was proposed. Using the trusty degree to select the average hop distance for each anchor node and 
calculate the average hop distance of the whole network, then use dynamic correction error scheme to correct 
the error. Simulation experiments are conducted to compare the traditional DV-HOP algorithm, improved  
DV-HOP algorithm and our scheme, the simulation results show that the proposed methods has better 
performance on average location error based on the different communication radius for irregular network.  
Copyright © 2013 IFSA. 
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1. Introduction 

 
Recent, wireless sensor networks (WSN) have 

been used in many applications with advances of the 
micro-electro-mechanical system (MEMS) 
technology. Interesting applications of WSN include 
target tracking, disaster management, environmental 
monitoring, smart home applications, intelligent 
transportation and reconnaissance, etc. [1]. In all of 
these WSN applications, a wireless sensor network is 
composed of a large number of sensor nodes that are 
densely deployed in a field, the sensor nodes should 
have the ability to sense, process and communicate. 
There are several issues in wireless sensor networks. 
Location is one of the most important subjects, this is 
because that sensed data are meaningful to most 
applications only when they are labeled with 
geographical position information; position 
information is essential to many location-aware 

sensor network communication protocols, such as 
packet routing and sensing coverage. It has been a 
challenging task to design a practical algorithm for 
node localization given the constraints that are 
imposed on sensors, including limited power and low 
cost [2]. The simplest possible localization solution 
would be to attach a global positioning system (GPS) 
to all the sensor nodes. However, in many 
applications, hundreds or thousands of sensor nodes 
might be involved and it is not practical to use a GPS 
for all the sensor nodes because of cost concerns and 
some technical problems related to line-of-sight [3]. 

 
 

2. Related Work 
 
Many localization algorithms for wireless sensor 

networks have been proposed. These localization 
protocols are classified into range-based and range-

Article number P_SI_406 

http://www.sensorsportal.com


Sensors & Transducers, Vol. 23, Special Issue, July 2013, pp. 75-80 

 76 

free algorithms. The range-based algorithm uses 
absolute point-to-point distance or angle estimates 
for calculating the location, which are relatively 
precise but require additional hardware and their cost 
is relatively high, On the contrary, the range-free 
algorithms do not need the distance or angle 
information to the sensor nodes from the anchor 
nodes for their localization, they provide more 
economic and simpler estimates than the range-based 
ones, but their results are not as precise as those of 
the range-based [4]. 

In range-based schemes, nodes determine their 
locations based on distance or angle estimations to 
some reference points with known coordinates. GPS 
(Global Positioning System), a representative 
positioning device, is widely used in localization due 
to its simplicity. Based on radio waves and time 
spacing, GPS can exactly locate the nodes with the 
limited error. Two time-based methods, time of 
arrival (ToA) and time difference of arrival (TDoA) 
are used in [5], ToA is based on the range 
estimations by the signal arrival time, while TDoA 
relies on the difference in time between two arrived 
signals. Angle of arrival (AoA) to estimate node 
position is proposed in [10], the principle of AoA is 
to detect the originators of signals according to the 
angle of arrival, and then to calculate the positions of 
nodes by means of triangulation. Maximum 
likelihood estimation (MLE) is an alternative used in 
AHLoS system (Ad-Hoc Localization System) [6], 
whose aim is to minimize the differences between the 
measured distances and estimated distances to 
determine the position of nodes. However, equipping 
all sensor nodes with a GPS receiver is not a realistic 
solution because it increases the cost, size and energy 
consumption of the sensor nodes [7]. 

The range-free scheme enables sensors to learn 
their location information without the aid of range 
estimates, it is suitable for sensor positioning due to 
its cost-effectiveness. An amorphous positioning 
algorithm, DV-HOP, addressed in [8], employs 
offline hop-distance estimations to improve location 
estimates via neighboring information exchanges.  
In [9], DV-HOP localization algorithm based on 
improved average hop distance and estimate of 
distance considered the feature of coincidence or part 
of the overlap which existed in the path from 
unknown nodes to beacon nodes and the path 
between the anchor nodes, it improved average hop 
distance and used the error to correct. In [10], an 
improved localization algorithm for DV-HOP based 
on trusty degree used estimating the value of trusty 
degree to filter appropriate average distance per hop. 
In [11], an improved DV-HOP localization algorithm 
for wireless sensor networks used the angle to 
compute the distance of unknown nodes and anchor 
nodes, the angle ∠ABC formed by three neighbor 
nodes A, B and C in the path of unknown nodes and 
beacon nodes, and given distance data among the 
nodes. This angle ∠ABC was estimated with an 
overlapping degree of B’s neighbor node sets 
collecting with A and C, respectively. In [12], an 

improved DV-HOP positioning algorithm based on 
angle threshold was proposed, which can set the 
angle threshold to filter out the anchor nodes and 
improve DV-HOP’s positioning capability. New 
node localization scheme virtual beacons-energy 
ratios localization (VB-ERL) and its refinements for 
the WSN are presented in [13]. In the scheme, the 
mobile node moves in the surveillance field based on 
the Gauss-Markov mobility model and periodically 
broadcasts the information packets. Each static 
unknown node receives the virtual beacons and 
energy in its sensing grange, and estimates its 
location by finding the intersection of a set of hyper-
spheres. A two-objective evolutionary approach 
based on topological constraints for node localization 
in wireless sensor networks was proposed in [14], it 
takes concurrently into account during the 
evolutionary process both the localization accuracy 
and certain topological constraints induced by 
connectivity considerations. A direction-based 
localization scheme (DLS) was proposed in [15], 
whose main goal is for each sensor to determine its 
direction rather than its absolute position, DLS 
considers multiple messages received for a sensor to 
determine its direction and anchor deployment 
strategy to improve the estimated correctness in 
direction of the sensor within the communication 
range of the sink. 
 
 
3. System Model 
 

Localization in WSN can be regarded as the 
location discovery problem. Unlike much research, 
whose main objective is precise coordinate 
estimation, the localization problem we are 
concerned with is that given some anchors and each 
sensor is able to determine the hop distance. 

There are a set of anchor nodes and a set of 
sensor nodes in a WSN.A fixed number of anchor 
nodes are placed with the regions of coverage 
overlapped and serve as reference points, 
broadcasting periodic beacon signals. The sensor 
nodes are distributed randomly in the sensing field 
and receive messages from anchor nodes. The main 
responsibility of the anchor nodes is to send out 
beacon signals to help the sensor nodes to locate 
themselves. Each sensor node listens for a fixed time 
period and collects the RSS information of all beacon 
signals from adjacent anchor nodes. In this 
environment, it is assumed that [4].  

1) The anchor nodes know their positions through 
GPS or by other means such as pre-configuration. 

2) The radio propagation is perfectly spherical 
and the transmission ranges for all radios are 
identical. 

Let us consider a sensor network  
SN= { n1, n2, … nM+N }, among these nodes, nodes 
from 1 to M, with M<N, are anchor nodes whose 
coordinates are known, while from M+1 to N, are 
general nodes whose coordinates are unknown.  
All unknown sensors are uniformly scattered in the 
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network. The communication range of a sensor, 
denoted as r, is a circle centered at the sensor. Each 
sensor has the communication capability, so as to 
exchange messages. Currently, we consider an 
obstacle-free environment, in which each sensor is 
able to communicate with all of its neighbors. We 
also consider a connected network, within which 
each sensor has at least one neighbor [19].  

Here, it is assumed that the anchor nodes are 
always aware of its physical position and helps in 
locating other nodes. Its position is obtained by 
manual placement or by external means such as a 
GPS receiver. This node forms the basis for most 
positioning systems in WSN, we denote the position 
of each anchor node as: 

 

( , ) 1,..., .T
i i ip x y i M 

 
(1)

 

The positions of the other N sensor nodes  
{nM+1, nM+2 ,...,n M+N } are initially unknown nodes, 
but managed to estimate its position by using a 
positioning system, we denote the position of each 
unknown node as: 

 

' ( ' , ' ) 1,..., .T
i i ip x y i M M N   

 
(2)

 

In this localization, the only available  
measurement is the proximity information denoting 
the number of hops between all the nodes. Let us 
define the real geographic distance between two 
nodes ni and nj as 

 

2 2( , ) ( , ) ( ) ( ) , [1, ]real real i j i jd i j d j i x x y y i j M        (3)

 

We adopt a simple disk model for network 
connectivity: nodes i and j can communicate with 
each other if and only if dij<r, where r is the 
connectivity range. 

 
 

4. Improved Location Algorithm for  
DV-HOP Based on Trusty Degree 
 

Wireless sensor nodes were randomly distributed 
in the perception region, one unknown node utilized 
the average distance per hop of anchor nodes or the 
entire network to estimate the average hop distance is 
easily causes a large error, and ignored the nodes 
distribution in the network. In this paper, we 
proposed an improved location algorithm for  
DV-HOP based on trusty degree average hop 
distance (TDAHD), which have three improvements 
for unknown nodes location based on the analysis of 
the existing algorithms, first, we add a broadcast data 
packet for entire network and another broadcast data 
packet within a radius of anchor node in the process 
of location. Second, we use trusty degree to select the 
minimum error anchor nodes as the reference nodes. 
Third, we utilized a dynamic error correction scheme 
to revise the estimated location for unknown nodes. 

There are four stages to achieve trusty degree 
average hop distance improvement: 

Step 1: each anchor node broadcasts a data packet 
includes idi, (xi,yi) and hij, (i,j=1,2..M) which idi is 
the unique identifier of the anchor node i, (xi,yi) is 
the coordination of anchor node i, and hij is the hops 
between anchor node i and j and hij =hji. For anchor 
node i, the initialization of hij is 0, each neighbor 
node j (it is perhaps an anchor node or an unknown 
node) achieves the anchor node i, then hij = hij+1, and 
stores this data in its hop-table and forwards to the 
new neighbors. When a node received a data packet 
which has the same idj, it will compared the hij with 
the same idj, if the new hij is less than the old, the 
new hij will replace the old hij and transmits the new 
hij to its neighbor nodes, otherwise, it discards the 
packet and does not forward transmit. 

So all the anchor nodes in entire network will get 
the shortest hops and coordinates from all other 
anchor nodes and all unknown nodes also get the 
shortest hops and coordinates from each anchor node. 
Then each anchor node i computes the average 
distance from other anchor nodes through formula (4): 

 

( , ) / , [1, ]ij real ij

i j i j

Avg d i j h i j M
 

    ,
 

(4) 

 

where j is the anchor node which stored in the table 
of anchor node i, hij is the hops between the anchor 
node i and anchor node j. 

Step 2: filter stage, filter the average hop distance 
through trusty degree. An example of anchor node 1, 
there are M-1 Avgj1（j=2, 3, …M）between anchor 
node i and other M-1 anchor nodes, we take one of 
the values as the reference object, such as Avg21 
between anchor node 2 and anchor node 1, we 
compute the error between Avg21 and other 
Avgj1 (j=3,…M) and represented by Wj1: 

 

2
1 1 21

3

( )
M

j i

j

W Avg Avg


 
 

(5) 

 

Each error corresponding trusty degree TDj1 by 
formula (6): 

 

1
1 2

1 21

3

1 1

( )
j M

j
i

j

TD
W Avg Avg



 


 

(6) 

 

Obviously, if is TDj1 smaller, then its trusty 
degree is higher, so we select the Avgj1 as the 
average hop distance C1 which has the maximum 
TDj1 as the finial average hop distance between 
anchor node 1 and unknown nodes.  

Repeating the above method, we can select Ci as 
the other M-1 average hop distance between anchor 
node i and unknown nodes (i = 2,…M). 

Step 3: each anchor node i broadcasts a data 
packet which includes idi and Ci to entire network, 
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each anchor node will store this data in its average-
distance table and forward to all neighbor nodes. 

So all anchor nodes in entire network will get the 
Ci and computes the average distance of the entire 
network through the formula (7): 

 

1

/
M

i

i

cc C M


  ,
 

(7) 

 

where Ci is the average distance of the anchor node I 
which has maximum trusty degree, M is the total 
number of anchor nodes in entire network. 

So the estimate distance between anchor node i 
and anchor node j is  

 

( , ) , , [1.. ],estimate ijd i j cc h i j M i j     (8) 
 

At the same time, those unknown nodes in the r 
range only stores the data packet in the neighbor-
anchor table and do not transmit to other nodes. so 
the unknown node p will know its neighbor anchor 
nodes information in the r range and the Np is the 
number of anchor nodes for unknown node  
p (p∈[M+1,M+N]) in the r range. 

For unknown node p, if Np is greater than or 
equal 3, then unknown node p will computes the new 
Cp3 to replace the cc through formula (9): 

 

3 ( ( , ) / ) /p real rq p

r q

C d r q h N 



  ,
 

(9) 

 

where r, q are the id of neighbor anchor node in the 
neighbor-anchor table for unknown node p. 

If Np is equal to 2, the unknown node p will 
compute the new Cp2 to replace the cc through 
formula (10): 

 

2 (( ( , ) / ) ) / 2p real rqC d r q h cc     (10) 
 

If Np is equal to 1, the unknown node p will 
compute the new Cp1 to replace the cc through 
formula (11): 

 

1 ( ) / 2p iC C cc    ,
 (11) 

 

where i is the only anchor node of unknown node p.  
Else if Np is equal to 0, the Cp of the unknown 

node p is equal cc, namely, Cp=cc. 
 

 

5. Simulation Results 
 

In order to compare the performance of the 
TDAHD algorithm to the traditional DV-HOP 
algorithm and the improved DV-HOP algorithm [13], 
we assumed that the network is a square area with the 
size of 100m100m. All sensors are randomly 
scattered with a uniform distribution with in the 
square area. User input the number of anchor nodes 
N and unknown nodes M, the program randomly 
generates N+M nodes within the region according to 
the user input. Assume that all nodes in the same 

network environment, the final result is the average 
of experiment results. The location error is the main 
performance. 

Fig. 1-2 are the localization error comparing 
results of TDAHD algorithm, DV-HOP algorithm 
and improved algorithm on the different ratio. We 
can see from pictures, the localization error of 
TDAHD algorithm and improved DV-HOP 
algorithm are lower than DV-HOP algorithm when 
all anchor nodes have the same communication 
radius. When the proportion of anchor nodes in 
10 %, the average localization errors of the TDAHD 
algorithm and improved DV-HOP algorithm are 
reduced 10 % - 15 %. When the proportion of anchor 
nodes is more than 10 %, the average localization 
error of improving algorithms are reduced by about 
18 % to 25 %. With the increase of the anchor nodes 
proportion, the localization errors are gradually 
reduced, when the proportion of anchor nodes are 
reach 50 %, the localization errors are small changes 
and gradually stabilized. The positioning accuracy of 
TDAHD algorithm is slightly higher than the 
improved algorithm and has a minimal position error. 
When the proportion of the anchor nodes is small, the 
localization error of two improved algorithm have a 
little difference, about in the range of 2 % to 4 %; 
when the proportion of the anchor nodes from 20 % 
to 40 %, the localization error of TDAHD algorithm 
reduced from 4 % to 6 % than the improved 
algorithm. The overall average positioning error of 
TDAHD algorithm is reduced by about 5 %. 
Furthermore, we can also see from the figures, there 
are higher localization errors for DV-HOP algorithm 
or improved algorithms when they have larger 
communication radius (30 m,), with the reducing of 
communication radius, the localization error is 
reduced. This is because the communication radius 
increases will cause the average hop distance 
estimation error becomes large, and DV-HOP 
algorithm and the improved algorithm through the 
average hop distance to calculate unknown node 
position, resulting in increasing of the node 
localization errors. 

 

 
 
Fig. 1. Localization error curve with the anchor nodes 

(R=30 m). 
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However, in the same communication radius, 
TDAHD algorithm's average positioning error is less 
than the DV-HOP algorithm and improved 
algorithm. The variable parameter k value in the 
improved algorithm is a priority, it directly impact on 
the positioning accuracy of the unknown nodes; at 
the same time, the improved algorithm adds an 
anchor nodes broadcast data packet stage and 
increases the node traffic. In contrast, the amount of 
traffic of TDAHD algorithm is less than the 
improved algorithm and has same computational 
complexity, but the positioning accuracy is better 
than the improved algorithm. 

 
 

 
 

Fig. 2. Localization error curve with the anchor nodes 
(R=20 m). 

 
 

6. Conclusions 
 

In this paper, in order to against the localization 
accuracy is not high, and does not apply to irregular 
network of DV-HOP algorithm, we proposed an 
improved location algorithm for DV-HOP based on 
the trusty degree average hop distance. The algorithm 
does not change the basic orientation of the DV-HOP 
algorithm process, and does not require additional 
hardware support. From the results of the simulation, 
we can see that the localization accuracy of the 
proposed algorithm in irregular network is better than 
the DV-HOP algorithm and the improved algorithm. 
But also there are some inadequacies, such as the 
amount of traffic and calculation and the energy 
consumption of the proposed algorithm in node are 
greater than the DV-HOP algorithm, which are far 
problems for improved DV-HOP algorithm. 
Therefore, the focus of future research work is 
possibly reduces the computational complexity and 
energy consumption. 
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Abstract: It is very important to detect a collapse hole for coal mine workers. The possibility of detecting the 
collapse hole using WSN is presented, because the tunnel in coal mine is narrow and the poor working 
condition. Comparing three types of the hole detection methods, it is seen that the connectivity based methods 
are used to detect coal mine collapse better than other methods. By establishing a 2-D model of the collapse hole 
in coal mine, a class of algorithms for detecting the collapse hole in coal mine is described. Based on log-normal 
shadowing channel model, the accuracy of detecting the collapse hole in coal mine using Fisher Information is 
analyzed. Numerical calculation shows that connectivity based localization schemes are used to detect collapse 
hole of coal mine better. Copyright © 2013 IFSA. 
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1. Introduction 

 

Coal mine collapse is one of the main reasons 
result in coal mine fatalities in the past 10 years in 
the world [1]. Hence, it is very important to detect a 
collapse hole and accurately provide location 
references for coal mine workers. Since the coal 
mine collapse may destroy some coal safety 
monitoring devices, detecting the collapse hole in 
coal mine becomes a great challenge. The utilization 
of wire sensors to monitor coal mine is the primary 
methods at present. However, the wired method 
makes the monitoring systems less scalable and 
vulnerable because of the poor working conditions in 
a tunnel of coal mine. Once coal mine collapse 
occurs, all wired sensors may be destroyed, and it is 
impossible to detect the collapse hole.  

Wireless sensor network (WSN) is an event based 
self-organized wireless network that relies on 

deploying spatially dense sensor nodes observing a 
physical phenomenon [2-5]. Compared with 
traditional wire sensing, WSN can achieve larger 
coverage area, greater accuracy, and more flexible 
deployment. The utilization of a WSN to monitor 
coal mine is benefit. Once coal mine collapse occurs, 
not all sensor nodes of a WSN are destroyed. So, it is 
possible to detect the collapse hole in coal mine 
collapse hole. For example, Li and Liu present a 
method based on a regular beacon strategy to detect 
the collapse hole in coal mine by regulating a mesh 
sensor network deployment [1].  

When a collapse occurs, the group of destroyed 
sensor nodes in the coal mine wireless sensor 
network creates a hole [6]. The collapse hole 
boundary separates all the faulty sensor nodes from 
the working nodes. Generally, there can be three 
types of the hole detection methods. The approaches 
based on geometric location methods [7, 8] rely on 
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the nodes having geographical locations, and can find 
more accurate boundary nodes than other two 
methods, but each node has to equip extra device 
such as GPS to obtain the geographical locations. 
Unlike the methods, the statistical methods [9, 10] 
without having location information usually assume 
the sensor nodes are uniformly distributed on the 
sensing field. The major weakness of the statistical 
methods is that the criteria for detecting hole acquires 
from the statistical characteristics cannot guarantee to 
find hole precisely. The connectivity based methods 
[6, 11, 12] use the information of neighboring sensor 
nodes connectivity to detect the hole. Normally, the 
method has higher packet control overheard than 
previous two methods due to having to collect 
information from neighboring sensor nodes; 
however, it does not need location information and 
has better accuracy of finding boundary nodes than 
statistical method. The sensor nodes neither can be 
equipped any additional devices such as GPS, nor are 
uniformly distributed because of the narrow tunnel 
and the poor working conditions in the tunnel in coal 
mine. So, the connectivity based methods are used to 
detect coal mine collapse better.  

Connectivity is just a binary variable determined 
by whether or not a sensor node can demodulate and 
decode a packet transmitted by another sensor node. 
Connectivity measurements can be obtained by 
comparing the Received Signal Strength (RSS) value 
between the two nodes against a power threshold. 
The RSS can be used to implement range-based 
localization [13]. The localization methods are 
popular because no additional hardware is required 
on the sensor nodes. However, the range estimates 
using RSS are inaccurate and can lead to large 
localization error, because the RSS value is affected 
by unpredictable shadowing and fading in the tunnel 
in coal mine. Yet connectivity is the binary variable 
carrying information regarding sensor nodes location, 
and is often discussed without considering that it is 
affected by shadowing and fading channel. So, the 
connectivity based methods for localization have 
been actively researched in hole detection and ad hoc 
routing in WSN [14-16].  

Connectivity measurements are actually just a 
binary quantization of the RSS measurements against 
a power threshold. Because RSS measurements are 
affected by unpredictable shadowing and fading in 
the tunnel in coal mine, it is very important to 
analyze accuracy of detecting the coal mine collapse 
hole using the connectivity based methods. The rest 
of this paper is organized as follows. Section 2 
discusses the system models including 2-D model of 
the coal mine collapse hole and a class of algorithms 
for detecting the coal mine collapse hole using the 
connectivity based methods. Section 3 analyzes the 
accuracy of detecting collapse hole using Fisher 
Information. Section 4 describes numerical 
calculation and discussion. Section 5 concludes this 
paper. 

 
 

2. System Model 
 
2.1. 2-D Model of Coal Mine Collapse Hole 
 

Generally, the tunnel of coal mine can be 
classified as arch-shaped, rectangle, trapezium, and 
semicircle tunnel. For convenience, we consider 
rectangle tunnel in this paper. A cluster of sensor 
nodes are deployed on the walls and roofs of the 
tunnel, as shown in Fig. 1 (a). To facilitate collapse 
hole detection, Fig. 1 (a) can be unfolded a 2-D 
representation as depicted in Fig. 1 (b). 

 
 

roof

wall wall

A B C

 
 (a)  (b) 

 
Fig. 1. A cluster of sensor nodes deployment. 

 
 

In Fig. 1, the relationships between the 
neighboring sensor nodes in Fig. 1 (b) are the same 
as in Fig. 1 (a). However, the distance between any 
two nodes in Fig. 1 (b) is greater than or equal to the 
distance between the pair in Fig. 1 (a). Thus, the real 
connectivity of the WSN is no less than shown in the 
2-D representation in Fig. 1 (b), and the accuracy of 
the collapse holes detection in Fig. 1 (b) is preserved 
in Fig. 1 (a). 

So, a cluster of sensor nodes are modeled as  
a 2-D graph, G = (V, E), where each vertex 
represents a sensor node, V is the set of a cluster 
sensor nodes, and two vertices are connected by an 
edge in E  if and only if their distance is at most the 
guaranteed communication radius. Once a mine 
collapse occurs, some sensor nodes 1n , 2n , …, 

kn V  are destroyed. The extent of these damaged 

nodes creates a collapse hole with convex hulls, 
which is surrounded by alive sensor nodes that 
contain all the damaged sensor nodes in Fig. 2.  

 
 

 
 

Fig. 2. A collapse hole created by damaged sensor nodes. 
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2.2. Algorithm for Detecting Collapse Hole 
Using Connectivity 

 
Connectivity simple report whether or not a 

sensor node can demodulate and decode a packet 
transmitted by another sensor node. Connectivity 
measurements can be obtained by comparing the 
Received Signal Strength (RSS) value between the 
two nodes against a power threshold. Because the 
RSS measurements are affected by unpredictable 
shadowing and fading in the tunnel in coal mine, the 
connectivity can be described by a random binary 
variable ijQ : 

 

,

1,

0,

ij th

i
ij th

P P
Q

P P

  
 (1) 

 
where ijP is the RSS measurement received at sensor 

node i transmitted by sensor node j, thP is the power 

threshold of sensor node. Eq. (1) shows that sensor 
node i can demodulate and decode a packet 
transmitted by sensor node j if ij thP P , and 1ijQ  ; 

sensor node i can not demodulate and decode a 
packet transmitted by sensor node j  if ij thP P , and 

0ijQ  . 

The connectivity based methods will use the 
assumption that two sensor nodes are “connected” if 

1ijQ  , and “disconnected” if 0ijQ  . The advantage 

of these methods is that location can be discussed 
without knowing the propagation model’s 
parameters. So, a class of algorithms for detecting the 
collapse hole in coal mine can be described as 
follows [1, 17]: 

Step 1 (initialization): Each sensor node 
broadcasts a ping requesting information to 
neighboring sensor nodes. If ij thP P , sensor nodes 

rely with their ID, and the pinging node can create a 
list of its neighboring sensor nodes.  

Step 2 (integrity checking): If a coal mine 
collapse occurs, each sensor node pings its 
neighboring sensor nodes, keeps track of the 
responses and compares the list of neighboring 
sensor nodes. If ij thP P , sensor node receives the ID 

(Identification Number) of sensor node j , and marks 

sensor node j  as alive. If ij thP P , sensor node i  can 

not receive ID of sensor node j, and marks the sensor 
node as missed. If the node’s number of missed 
neighboring nodes exceeds a threshold, sensor node i 
marks itself as belonging to the collapse perimeter. 

Step 3 (collapse hole scanning): According to the 
list of sensor nodes marked as “on the collapse 
perimeter”, the classical Graham algorithm [18] is 
used to detect the collapse hole with convex hulls.  

 
 
 

3. Accuracy of Detecting Collapse Hole 
 

As shown in Section 2, analyzing the accuracy of 
detecting collapse hole using connectivity is to 
analyze the accuracy of estimating distance d 
between neighboring sensor nodes equivalently 
using ijQ . So, we consider the topic of estimate 

distance d between neighboring sensor nodes from 
connectivity measurements using Fisher Information. 

 
 

3.1. Channel Model 
 

Because the tunnel is narrow and poor 
environment in coal mine, the RSS is attenuated by 
path losses, fading and shadowing losses [19]. Path 
loss is the deterministic reduction function of 
distance d between neighboring sensor nodes. Fading 
is the effect of multipath propagation. Because many 
wireless sensor nodes use spread-spectrum 
techniques, the fading can be reduced mostly and its 
impact on the attenuated RSS is not significant. 
Shadowing is the loss incurred as a signal passes 
through permanent obstructions (e.g. walls, 
buildings). For mostly sensor nodes in the tunnel, 
shadowing losses can not be countered. When a 
collapse occurs, shadowing losses are greater. So, the 
RSS values follow the log-normal shadowing model, 
a channel model widely used in WSN [20], [21]. 

Let (0)rP is the received signal power at sensor 

node with the reference distance 0d  

(Typically 0 1d  ), and   is the path loss exponent, 

a parameter that depends on the environment where 
communication occurs (typical values are 2 and 4 
[22]). Under log-normal shadowing model, the 
received power when the two sensor nodes are at a 
distance d can be written as: 

 
ln ( ) ln (0) lnr rP d P d w   , (2) 

 
where w  is the zero-mean random variable with 

normal distribution  20,N  . 
 
 

3.2. Fisher Information 
 

In this paper, we focus on estimating distance d 
between neighboring sensor nodes from connectivity 
measurements, which carry information regarding 
sensor nodes location. As is well known, the Fisher 
Information measures the amount of information that 
a random variable carries about an unknown 
parameter. And the inverse of the Fisher Information, 
known as the Cramer-Rao Bound, is the minimum 
variance for any unbiased estimator. Here, the random 
variable ijQ  defined by Eq. (1) is used to estimate d.  

So, ˆ{ }Var d , the variance of estimating d is: 
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ˆ{ } 1 ( )Var d I d , (3) 
 

where ( )I d  is the Fisher Information of estimating 

distance d using the random variable ijQ . 
 
 

3.2.1. Fisher Information of RSS 
Measurements  

 

For notational convenience, we define 2  , 

 (0) ( )r rz P P d
 . Then Eq. (2) can be written as: 

 
2 wz d e   (4) 

 

So, the underlying estimation problem is to 
estimate d from the RSS measurements z satisfying 
Eq. (5), given the knowledge of  and 2 . 

Taking the logarithm of Eq. (5), we obtain 
 

ln 2 lnz d w   (5) 
 

Let lnl z , l  is a random variable with normal 

distribution  2 22 ln ,N d   . The log-likelihood 

functions given by 
 

   22 2 2 2ln , ln 2 2ln 2p l y l d              (6) 
 

Hence, the Fisher Information of RSS 
measurements is given by 

 

  2 2 2( ) ln , =RSSI d E p l y d k d       
, (7) 

 

where k   . 
 
 

3.2.2. Fisher Information of Connectivity 
Measurements 

 

As shown in Section 3, the underlying estimation 
problem is to estimate d from the connectivity 
measurements. Then the Fisher Information of 
connectivity measurements depend not only the d 
between neighboring sensor nodes, but also the value 
of the power threshold thP  in Eq. (1). For 

convenience, thP  need to be converted into the 

distance threshold thd . From Eq. (4), it can be 

observed that l  has a non-affine dependence on d 
and an affine dependence on w. Hence, no efficient 
estimator exists for this problem [23]. This leads us 
to choice the Maximum Likelihood Estimator (MLE) 
ˆ

thd of the distance threshold thd . The ˆ
thd  is given by 

 

   
( )

1ˆ arg max ln ( , ) (0)
r thP d P

th r th
d

d p l y P P




   (8) 

 

From [24], consider the case of 2-level quantized 
RSS. The Fisher Information of connectivity 
measurements is given by 

 
2 2( . ) ( , )CON th r thI d d k h d d d , (9) 

 
where the term ( , )r thh d d  depends on the ration 

between d and thd : 

 
2 2

2

exp ln( / )2
( , )

1 ln( / ) 2]

th

r th

th

k d d
h d d

erf k d d

  
   

, (10) 

 
where ( )erf   is the error function. 
 
 
4. Numerical Calculation and Discussion 

 
4.1. Numerical Calculation 

 
In this subsection, we investigate the Fisher 

Information ( )RSSI d and ( , )CON thI d d  using 

numerical calculation. 
 
 

4.1.1. The Path Loss Exponent’s Effects  
on ( )RSSI d  

 
Fig. 3 shows that the ( )RSSI d  as a function of d 

for different   values (  =4, 3, 2.5) and fixed 

 value ( 2  ). Fig. 3 describes that amount of 
the ( )RSSI d  available to estimate d decreases for 

increasing values of the distance d, and increase for 
increasing values of the   values. This shows that 

the estimates become more accurate because the 
attenuation caused by the path loss clears the RSS 
measurement. 
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Fig. 3. Fisher Information for RSS measurements at =2 . 
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4.1.2. The Values’ Effects on ( )RSSI d  
 
Fig. 4 shows that the ( )RSSI d  as a function of d 

for different   values ( =2, 3, 4) and fixed  value 

( 3  ).Fig.4 describes that amount of ( )RSSI d  

available to estimate d decreases for increasing 
values of the distance d and increasing values of the 
  values. This shows that the estimates become less 
accurate because the variability caused by the RF 
shadowing blurs the RSS measurement. 
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Fig. 4. Fisher Information for RSS measurements at =3 . 

 
 

4.1.3. The k Values’ Effects on the Fisher 
Information ( , )CON thI d d  

 
Fig. 5 shows that the ( , )CON thI d d  as a function of 

thd  when d=5m for different k values  

(k=3/4, 3/3, 2/3), and Fig. 6 shows that 
the ( , )CON thI d d  as a function of thd when k=4/2 for 

different d values (d=2, 3, 4). 
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Fig. 5. Fisher Information for connectivity 
measurements at different k values. 

 

 
Fig. 5 and Fig. 6 describe that the ( , )CON thI d d  

always peaks when thd d . In other words, 

connectivity measurements reach the maximum 
information if the distance threshold equals to the 
true distance between neighboring  
sensor nodes. From Eq. (10), the maximum Fisher 
Information of connectivity measurements 

( , ) 0.63 ( )CON th RSSI d d I d  if thd d . So, ( , )CON thI d d  

is always lower than ( )RSSI d . 
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Fig. 6. Fisher Information for connectivity measurements 

at different d values. 
 
 
4.2. Discussion about Accuracy of Detecting 

Collapse Hole 
 
As shown in Section 4.1, RSS measurements 

carry greater Fisher Information than connectivity 
ones. However, this is only true as long as the 
neighboring sensor nodes are within the radio 
coverage of each other. When sensor nodes are 
within each other’s radio coverage, they are able to 
communication and successfully exchange radio 
message.  

Depending on the choice of thP , two neighboring 

sensor nodes that are within each other’s radio range 
can be considered connected or disconnected. When 
the neighboring sensor nodes are far from radio 
coverage, they will not be able to communication. 
So, no RSS information can be collected, 
and ( ) 0RSSI d  . Instead, the sensor nodes far from 

radio coverage can be associated to the value ijQ , 

and ( , ) 0CON thI d d  . 

As shown above, RSS range-based localization 
schemes are more accurate when the neighboring 
sensor nodes are in the radio coverage of each other, 
but connectivity based localization schemes are is 
naturally suited to localize nodes that are far from 
radio coverage. Hence, connectivity based 
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localization schemes are used to detect collapse hole 
of coal mine better.  
 
 
5. Conclusions 
 

It is very important to detect a collapse hole for 
coal mine workers. This paper presents the 
possibility of detecting the collapse hole using WSN, 
because the tunnel in coal mine is narrow and the 
poor working condition. Comparing three types of 
the hole detection methods, we think that the 
connectivity based methods are used to detect coal 
mine collapse better. By establishing a 2-D model of 
the collapse hole in coal mine, we describe a class of 
algorithms for detecting the collapse hole in coal 
mine. Based on log-normal shadowing channel 
model, we analyzes the accuracy of detecting the 
collapse hole in coal mine using Fisher Information, 
and make numerical calculation. Finally, we make 
the conclusion as follows: 
 The larger the path loss exponent, the greater 

Fisher Information. 
 The larger the variability caused by the RF 

shadowing, the less Fisher Information. 
 When sensor nodes are within each other’s radio 

coverage, the accuracy of detecting the collapse 
hole using RSS measurements is higher than 
connectivity ones; When the neighboring sensor 
nodes are far from radio coverage, no  
RSS information can be collected, and 

( ) 0RSSI d  . Instead, the sensor nodes far from 

radio coverage can be associated to the value ijQ , 

and ( , ) 0CON thI d d  . Hence, connectivity based 

localization schemes are used to detect collapse 
hole of coal mine better. 
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Abstract: For finding the optimal distribution distance of traffic detectors, a linear traffic flow model and an 
incident wave propagation model are generated first by analyzing the influencing factors of traffic accident on 
rapid urban expressway. Then the impact of travel time on the accuracy of traffic incident detection algorithm is 
estimated by error based on an improved travel time prediction model. An optimal detector distribution distance 
can be determined when allowable time estimation accuracy is achieved. TransModeler software is then adopted 
for traffic incident simulation. Experimental results show the presented detector distribution method can detect 
traffic accidents on the section quickly and effectively. Copyright © 2013 IFSA. 
 
Keywords: Urban expressway, Travel time, Linear traffic flow model, TransModeler simulation, Optimal 
detector distribution method. 
 
 
 
1. Introduction 

 

Urban highway is a high-speed road with one-
way multi-lane ensuring large and continuous traffic 
capacity located in central city. Once a traffic 
incident happens and if not promptly treated, there 
will be congestion in the urban highway.  

For quick and accurate detection of traffic 
incident, automatic traffic incident detection method 
is implemented based on the real-time traffic 
information collected by vehicle detectors. Through 
the analysis on the upstream and downstream traffic 
condition of accident position, the purpose of event 
detection can be achieved.  

Indirect incident detection method can be divided 
into two parts: optimal traffic detector distribution 
method and automatic incident detection algorithm. 
The optimization of traffic detector distribution 

method is focused in this paper. 
The detector distribution distance has direct 

impact on the quality of traffic information and the 
reliability of incident detection. Large detector 
spacing can reduce the false alarm rate and increases 
delay of traffic incident detection but without time 
assurance. Small detector spacing can reduce 
abnormal incident detection time but the increase 
false positive rate with an increased system cost.  

In existing applications and research, there are no a 
unified basis standard for reasonable traffic detector 
distribution spacing yet. The real spacing is set usually 
such as the use of the 125 m, 200 m, 250 m, 300 m, 
500 m 800 m, 1000 m and different values by experience. 

Current study on traffic detector distribution 
mainly include the following methods: detector 
distribution principles based on the travel time 
prediction, detector distribution methods based on 
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traffic status information. The relationship of 
detector distribution density and travel time 
estimation error function are calculated [1] to 
determine the appropriate distance between the fast 
road detectors by Vissim simulation software. But 
the interval evaluation speed of the middle road has 
effect on the accuracy estimation. Function between 
different detector distribution distances and travel 
time estimation error has been found [2] by using 
macro traffic flow model. This method is applicable 
to road traffic change condition, but its availability to 
free flow or congested condition remains to be 
investigated. The impact of event detection algorithm 
and detector distribution distance is focused and 
come out to a conclusion that the greater the traffic 
flow before the incident [3], the more serious the 
incident, the greater the road traffic capacity 
declines, the smaller the detector distribution should 
be. But when the traffic flow is small, specialized 
traffic incident detection based detector distribution 
principles needs to be developed. 

While in actual application the distribution 
distance is always different according to different 
situations. Overall there is an urgent need of more 
systematic demonstration on the traffic detector 
distribution. 

In this paper, a traffic incident expansion model is 
first introduced based on roads running conditions 
and linear traffic flow model. An optimal traffic 
detector distribution method is proposed here for the 
purpose of traffic incident detection. The improved 
detector distribution based on the traffic wave 
theory-based is proposed to determine the maximum 
detector distance. The error between predictive travel 
time based on our incident expansion wave model 
and the real-time statistical travel time is measured. 
Transmodeller software is applied for simulation  

Experimental results show that the proposed 
method is feasible and reliable in actual application, 
which can meet the accuracy demand and has the 
largest distribution distance. 

 
 

2. Traffic Detector Distributions  
 
Traffic incident detection method aims at event 

detection by analyzing changes of traffic flow up and 
down the incident location. Real-time traffic 
information is collected by vehicle detectors. An 
improved traffic wave model is introduced here. 
Then effects of travel time on algorithm accuracy 
based on this model are analyzed to determine the 
optimal detector distribution distance. 
 
 
2.1. Linear Incident Wave Expansion Model 
 

When a traffic incident happens at some position 
of road, the traffic status is shown in Fig. 1, 1P  is the 

traffic incident shock wave moving upstream, and 2P  
is the expansion wave passed downstream. When the 

road is completely congested, 1Q , 1V  is 0, 1K  is 

congestion density jK , 2Q , 2K  is 0, 2V  is free 

travel speed fV . 
 

 

, ,Q K V

1 1 1, ,Q K V

, ,Q K V2 2 2, ,Q K V1P

2P

 
Fig. 1. Traffic wave model under incident condition. 

 
 

The speed of the incident shock wave and 
expansion wave is given in equation (1) and  
equation (2). Then the speed of expansion wave is 
the speed of normal traffic flow: 

 

1p
j

Q
W

K K





 (1) 

 

2p

Q
W V

K
   (2) 

 
Therefore, velocity of traffic incident shock wave 

can be expressed as: 
 

1 ( )p f f
j

K
W V V V

K
      (3) 

 
From the equations above, shock wave velocity 

under congestion is the difference between the free 
flow speed and the shock wave velocity  
before congestion. 
 
 
2.2. Double- Section Space Model  
 

Consider the road detector distribution condition 
and algorithm speed, the two-section method is used 
in this paper for traffic incident detection. The dual-
section incident detection algorithm requires that the 
two waves (shock wave and expansion wave) should 
respectively arrive on the upstream and downstream 
detector location in the desired time dT . 

Critical situation is traffic accident point is 
located near the detection point (X tends to 0 or total 
road distance L), which requires the slower wave 
must finish the whole road length of L  
in limited dT time and the value of L should satisfy: 

 

max

1 1
min[ ) ) ]

2 2f d f dL V V T V V T
  

  （ ） , （ ） (4)

 
When there is traffic congestion, L should satisfy: 
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max min[ ) ]d f dL VT V V T , （  (5) 
 

 
2.3. Detector Distribution Model and 

Optimization Solution 
 

The performance of AID algorithm is affected by 
many factors. Non-algorithmic factors have impact 
on signal propagation time and the signal strength 
arrived. Relationship between the incident signal 
strength and detector distance is difficult for 
calibration, while signal propagation time and 
incident detection time can realize the quantitative 
calculation.  

Detector distance is also artificial factor in all the 
influencing factors of incident detection algorithms. 
Therefore, a reasonable detector distribution model is 
essential for actual application. 

When a traffic incident occurs, there will a 
blocking or congestion on the road with a road 
declining flow capacity according to the linear traffic 
flow model. The capacity reduction factor  and the 
congestion degree  are defined as follows: 

 
( )LC C

C   (6) 

 

j

K
K   (7) 

 
where C is the road capacity, CL indicates the 
remaining capacity of accident point.  indicates the 
congestion degree or severity of incident.  is the 
traffic flow status, which can be calculated by the 
ratio of traffic flow density before incident and 
jamming density. 

Substituting (6) and (7) into the traffic flow 
velocity model of equation (1) and (2), it can be get: 

 
2

1

1
( )

4
1

1
2

 

f

p

V
W

  

 


 


（ ）-

 (8) 

 
2

2

(1 )
( )

4
1

1
2

     

f j
f

j
p

j

V KKV K K
W

K K






 


 （ ）

 (9) 

 
 
Then the detector distribution comprehensive 

model can be introduced as follows: 
 

1 1
min[ ) ) ]

2 2f d f dL V V T V V T
  

  （ ） , （ ）  (10) 

 
When there is traffic congestion, L will be: 

min[ ) ]d f dL VT V V T , （  (11) 
 
Relationship between the incident detector 

distance L, the severity of incident, the traffic state V 
before incident and the expected time propagation of 
incident wave dT  is expressed in (11).  

 
 

3. Experimental Results 
 
The South Second Ring Road K50 ~ K51 +900 in 

Xi'an city Shaanxi Province is taken for experiment. 
The South Second Ring Road is a two-way four-lane 
urban expressway with length of 34.04 km. The 
designed free flow speed is 60-80 km/h.  

 
 

3.1. Traffic Parameters Settings 
 
Actual traffic survey is implemented to get the 

real-time traffic parameters. The actual road traffic 
parameter settings are given as follows.  

 
 

Table 1. Traffic composition of South Second Ring Road. 
 

Vehicle type Bus Passenger car Mini truck 

Proportion (%) 8.60 % 74.29 % 17.11 % 

 
 

Table 2. Traffic parameters of South Second Ring Road. 
 

Traffic parameter 
Free  
flow 

Heavy 
traffic 

Congestion 

Travel velocity 
(km/h) 60.5 44.0 30.20 

 
 

Table 3. Traveling time of Xi'an Second Ring Road. 
 

Vehicle type Passenger car Mini truck Bus 

Travel time (s) 17.96 20.36 25.63 

 
 
3.2. Simulation Settings 

 
The proposed method is run on the Transmodeler 

software platform for traffic flow simulation. Road 
condition is set as uniform vehicle distribution model 
in each direction of road. Simulation time continues 
for 3600 s at interval of 60 s. Free flow speed is 
65 km/h. The incident position is set between the 
120 # and 121 # detector. 
 
 
3.3. Simulation Results 

 
Four types of distribution distance schemes are 

adopted as 50 m, 100 m, 150 m and 200 m in 
experiment for simulation. Traffic data of 2 minute 
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way of accident location from by interval of l minute 
is used in TransModeler platform. Travel time is 
estimated by the proposed method. Different 
distribution distance schemes are simulated. When 
one detector distribution scheme meets the 
requirements of accuracy larger than 95 % and a 
maximum distance, it turns out to be  
the optimal solution. 

From upstream direction of accident location, 
125 # and 126 # sensor in right side of the first lane 
are selected with a nearest distance of 33 m from the 
incident location. The 119 # and 120 # sensor with a 
distance of 66 m from incident location are also 
selected. The average velocity and occupancy per 
minute are shown. It can be seen that from 8:21 
average velocity and occupancy both have dramatic 
changes, which continues until 8:30. It means an 
obvious influence on traffic flow. 

According to Fig. 2 to Fig. 9, average velocity 
and occupancy collected by the sensor 36 m 
downstream from the accident location has obvious 
changes. While average velocity and occupancy 
collected by the sensor 66m downstream from the 
accident location has changes little. After the traffic 
accident, traffic parameters collected by the detectors 
in the 60 s in the downstream direction. 

 
 

 
 

Fig. 2. Average velocity of 126 # and 120 # detector. 
 
 

 
 

Fig. 3. Average occupancy of 126 # and 120 # detector. 

 
 

Fig. 4. Average velocity of 119 # and 125 # detector. 

 
 

 
 

Fig. 5. Average occupancy of 119 # and 125 # detector. 

 
 

 
 

Fig. 6. Average velocity of 129 # and 135 # detector. 

 
 

From downstream direction of accident location, 
127 # and 129 # sensor are selected with a nearest 
distance of 33 m. The 133 # and 135 # sensor with a 
distance of 66m are also selected. The average 
velocity and occupancy per minute are shown. 

Travel time estimation error for the four distance 
schemes are shown in Table 4. 
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Fig. 7. Average occupancy of 129 # and 135 # detector. 
 

 
 

Fig. 8. Average velocity of 127 # and 133 # detector. 
 
 

 
 

Fig. 9. Average occupancy of 127 # and 133 # detector. 
 
 

Table 4. Travel time estimation error. 
 

Distance 
(m) 50 m 100 m 

Simulation 1st 2nd 3rd 1st 2nd 3rd 

Error (%) 1.09 0.83 0.96 1.27 0.87 0.99 

Distance 
(m) 150 m 200 m 

Simulation 1st 2nd 3rd 1st 2nd 3rd 

Error (%) 5.09 4.83 4.96 5.59 6.22 5.81 

From Table 4, the first two distance scheme can 
meet the accuracy requirements of 5 %. Time 
accuracy of the third and the forth distribution 
scheme has larger error. In the third detector spacing 
scheme, the estimation error is below 5 %. Therefore 
the optimal detector distance Xi'an Second Ring 
urban expressway can be determined as 100 m. 

This detector distribution distance can ensure 
abnormality detection from an arbitrary accident 
position between detectors in 60 s. 
 
 

4. Conclusions 
 
An optimal traffic detector distribution method 

based on travel time estimation is presented in this 
paper. Traffic parameters such as average velocity 
and occupancy collected by detectors are analyzed to 
evaluate the impact of traffic accident on detectors 
both upstream and downstream from the incident 
location. Travel time between different detector 
distribution distances is predicted. The error between 
the predictive traffic value and actual traffic value is 
analyzed to determine a distribution distance that can 
both satisfy the accuracy and travel time requirement.  

Experimental results show that the optimal 
detector distribution method proposed in this paper 
can realize rapid and fast incident detection.  
 
 
Acknowledgements 
 

This paper is supported by the following projects: 
Special Fund for Basic Scientific Research of Central 
Colleges (CHD2010JC117, CHD2010JC040), Major 
Science and Technology Project of National 
Economic and Social Development 
(2011318812260). 
 
 
References 
 
[1]. C. Yuren, Z. Shiwen, et al., Study on deployment of 

traffic incident detectors for regional expressway 
network, Journal of Highway and Transportation 
Research and Development, Vol. 27, No. 11, 2010, 
pp. 143-149. 

[2]. Bertini R. L., Toward optimal sensor density for 
improved freeway travel time estimation and traveler 
information, in Proceedings of the IEEE Intelligent 
Transportation Systems Conference, Seattle, USA, 
30 September - 3 October 2007, pp. 41-46. 

[3]. Piyali C. Peter T. Martin, The effect of detector 
spacing on travel time prediction on freeways, 
International Journal of Engineering and Apllied 
Science, Vol. 7, No. 1, 2011, pp. 1-10. 

[4]. Wei Liying, Xia Ming, Tian Chunlin, Afast traffic 
incident automatic detection algorithm for urban 
highway, Journal of Jilin University, Vol. 40, No. 2, 
2010, pp. 412-416. 

[5]. Zheng Z., Ahna S., Mosere C., Impact of traffic 
oscillations on freeway crash occurrences, Accident. 
Analysisi and Prevention, Vol. 42, No. 2, 2010, 
pp. 626-636. 



Sensors & Transducers, Vol. 23, Special Issue, July 2013, pp. 88-93 

 93

[6]. Li Chuanzhi, Ye Hongwu, Freeway traffic incident 
detection based on multi-mode radio positioning 
technology. in Proceedings of the IEEE 2nd 

International Conference on Intelligent Computation 
Technology and Automation, Zhangjiajie, China,  
10-11 October 2009, pp. 606-610. 

[7]. Wang Z., Liu C., An empirical evaluation of the loop 
detector method for travel time delay estimation, 
Journal of Intelligent Transportation Systems, Vol. 9, 
No. 4, 2005, pp. 161-174. 

[8]. Fujito R., Margiolta, W. Huanh and W. A. Perez, 
Effect of detector spacing on performance measure 

calculations, Transportation Research Board of the 
National Acadeies, No. 1945, 2006, pp. 1-11. 

[9]. Jalil Kianfar, Praveen Edara, Optimizing freeway 
traffic sensor location by clustering global 
positioning system derived speed patterns, IEEE 
Transaction on Intelligent Transportation Systems, 
Vol. 11, No. 3, 2010, pp. 738-747. 

[10]. Adam Danczyk, Henry Liu, A mixed-integer linear 
program for optimizing sensor locations along 
freeway corridors, Transportation Research, Part B, 
45, 2010, pp. 208-217. 

 

___________________ 
 

2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

http://www.sensorsportal.com/HTML/E-SHOP/PRODUCTS_4/USTI.htm


Sensors & Transducers, Vol. 23, Special Issue, July 2013, pp. 94-98 

 94 

   
SSSeeennnsssooorrrsss   &&&   TTTrrraaannnsssddduuuccceeerrrsss  

© 2013 by IFSA
http://www.sensorsportal.com   

 
 
 
 
 

WSN Node Localization Regularization Algorithm  
Based on Quasi Optimal Criterion Parameter Selection 

 
Wang Lei, Cai Chen 

School of Control Science and Engineering, Shandong University, Jinan, Shandong, 250061, China 
E-mail: sduleiwang@163.com 

 
 

Received: 15 April 2013   /Accepted: 20 July 2013   /Published: 30 July 2013 
 
 
Abstract: Node localization technology is one of the basic research fields in Wireless Sensor Networks (WSN) 
applications. The coordinates of the unknown nodes can be determined by the Least Square Estimate (LSE), 
which is commonly employed in the WSN node localization. Due to the influence of multi-path fading, the 
distance can be obtained from the Received Signal Strength Indicator (RSSI). But in the experiments and 
applications, it is found that different spatial positions of the anchor nodes and the errors of the distance 
measurement sometimes lead to large location errors, which is called ill-posed problem. To solve this problem, 
condition numbers are selected to diagnose the ill-posed degree. When the ill-posed degree is weak, the LSE 
method can be utilized to localize. When the ill-posed degree is serious, the ridge estimate method is proposed 
to weaken the ill-posed problem, and quasi optimal criterion is proposed to choose the regularization parameter. 
Test results indicate that the ridge estimate method dilutes the influence of ill-posed problem obviously, and the 
location errors can be reduced to around 4 meters. Copyright © 2013 IFSA. 
 
Keywords: Wireless sensor networks, Ridge estimate, Quasi optimal criterion, Regularization parameter,  
Ill-posed problem. 
 
 
 

1. Introduction 
 

Wireless Sensor Networks (WSN) have broad 
application prospects in the industrial, military, 
environmental and other fields [1-3]. As an important 
supporting technology, WSN node localization 
becomes one of the research focuses [4-6].  

The Range-based localization methods are one 
promising localization way which has the benefit of 
good location accuracy. There are several methods to 
measure the distances between two nodes: Received 
Signal Strength Indicator (RSSI), Time of Arrival 
(TOA), and Time of Difference of Arrival (TDOA). 
The RSSI method is widely used, in which 
knowledge of the power of the transmitted signal, the 
path loss model and the power of the received signal 
are used to determine the distance between the 
receiver node and the transmitter node [7-11]. 

In the process of localization using RSSI, it is 
found that the conventional Least Square Estimate 
(LSE) localization algorithm may produce large 
location errors. The spatial location and the error of 
the measured distance cause the ill-posed problem 
where the LSE method isn’t available. This 
phenomenon is especially apparent in the three-
dimensional localization. The ill-posed problem is 
corresponding to the well-posed problem. The well-
posed problem means:  

1) The existence of the solution;  
2) The uniqueness of the solution;  
3) The solution depends continuously on the data. 

The problem which does not fulfill all the requests 
above is defined as an ill-posed problem [12-13]. 

The ill-posed problem is studied in the WSN 
node localization and the ridge estimate method is 
proposed to weaken the ill-posed problem. Then 
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quasi optimal criterion is proposed to choose the 
regularization parameter. Test results indicate that 
the ridge estimate method based on quasi optimal 
criterion dilutes the influence of ill-posed problem 
obviously and improves the location accuracy of the 
ill-posed problems. 

 
 

2. Node Localization Model 
 
WSN node localization is based on the spatial 

geometric relationship between unknown nodes and 
anchor nodes, and the coordinate of the unknown 
nodes can be obtained through the spatial locating 
algorithm. In the ideal case, the anchor node is set as 
the center of a ball and the radius is the distance 
between anchor node and unknown node. Then these 
balls can intersect to one point, which is the location 
of the unknown node. However, the distance errors 
between anchor nodes and unknown node make the 
intersection become a region or even no intersection. 
Then, the node localization becomes multi-solution 
or even no solution. 

Suppose the coordinates of the anchor nodes and 
the unknown nodes are 

     nnn zyxzyxzyx ,,,,,,,, 222111   and  zyx ,, , 

respectively. The distance from the anchor nodes to 

the unknown node are .,, 321 ndddd   The 

localization model is described by 
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By subtracting one equation from the rest, we get 
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The distances from the anchor nodes to the 

unknown node can be determined by the RSSI in the 
localization process. Wireless channel generally uses 
a logarithmic distance path-loss model [14]: 
 

     0 10
0

10 log , 1,2i
i i dBm

d
P d P d n X i n

d

 
    

 
  (3)

The distance from anchor nodes to the unknown 

node can be measured by Eq. 3, where id denotes the 

distance from anchor nodes to the unknown node,  

0d  denotes the reference distance, n is the path-loss 

exponent,  dPi  denotes the received power at 

distance of 0d  [6]. dBmX denotes the error because 

of the multi-path fading, which cause B  in Eq. 2 
differs from the real value. So the right side  
of the Eq. 2 is defined as .B  With the 
definition   BB , Eq. 2 can be described as 
 

AX B  (1) 
 
Then the LSE of X can be denoted as  
 

  1
,T T T

LSEX N W A A A B


   (5) 

 

where BAWAAN TT  , . 

We can obtain: 
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where Q denotes the orthogonal matrix, 

0minmax     denote the eigenvalues of the 

matrix N . 
LSE is the best linear unbiased estimation when 

the measured value obeys normal distribution. But 
the LSE result is no longer a best linear unbiased 
estimation when there is any eigenvalues of matrix 
N  near to zero where the ill-posed problem exists. 
Then the condition number is proposed to diagnose 
the ill-posed degree in the node localization. 

The condition number of matrix 
N is   |||||||| 1 NNNcond . If the matrix N  is 

positive-definite matrix, it's easy to 
obtain   minmax /Ncond . The condition number 

measures the distribution extent of the eigenvalue of 
matrix N , which can be employed to diagnose the 
ill-posed degree. Statistical application experience 
shows: if   1000  Ncond , the ill-posed problem 

is weak; if   1000100  Ncond , the ill-posed 

problem is in moderate or strong degree; if 
  1000Ncond , the ill-posed problem is in serious 

degree [12]. To solve this problem, the ridge estimate 
method is proposed to modify the deviation caused 
by the eigenvalue. 
 
 

3. Localization Algorithm Based  
on the Quasi Optimal Criterion 

 

There are several ways to solve the ill-posed 
problems, such as Regularization method, Iterative 
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Regularization method, Truncated Conjugated 
Gradient method, Lanczos method, Pre-conditioned 
Iterative method etc. [15-16]. Because of simple and 
low calculation cost, the regularization method is 
more suitable for WSN positioning than the others. 
The ridge estimate regularization method is adopted 
to overcome the ill-posed problem in the WSN  
node localization. 

According to the regularization theory: 
 

2 2
min{ - }F AX B X     (7) 

 
Then the ridge estimate is: 
 

1ˆ ( ) ,T TX A A I A B     (8) 

 

where 


x  is the estimation of X,  is the 

regularization parameter. Compared with the LSE 

method, the ridge estimate turns AAT  

into IAAT  . When the minimum eigenvalue is 
near to zero, the degree of the minimum eigenvalue 

of IAAT   will be improved. When there are ill-
posed problem in the system, the ridge estimation 
can overcome the instability of the LSE.  

Different  causes different estimation result. The 
smaller  is, the smaller anthropic factor is 
introduced, and vice versa. So the key point of ridge 
estimate is the selection of . There are two types of 
strategies, prior and posteriori. As to the prior 
strategy, it's difficult to verify the qualification for it 
depends in practice. In the process to determine the 
regularization parameter, the method of posteriori 
policy is more practical. It is based on certain 
principles and the error level of original data. By 
appending qualitative or quantitative information to 
the solution, the error level of the regularization 
parameter matches the original data. 

However, the error level is often unable to be 
obtained in practice. So some approaches to select 
regularization parameter cannot be used, such as 
Morozov Deviations, Generalized variation principle 
etc. Then the Quasi Optimal Criterion is proposed to 
choose the regularization parameter  as followed  
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where is the regularization parameter that makes 

y  minimum.  
 
 

4. Experimental Results 
 
Some WSN nodes in good quality are chosen for 

the localization experiments. The radio frequency 
chip is cc2520. An open space is selected as 
experimental site, and the anchor nodes are located in 
a 3-dimensional space. 10 typical anchor nodes are 
chosen and marked which are shown in Table 1. The 
coordinate of unknown node is  01.1,14,12n . 

 
 

Table 1. Coordinates of anchor nodes. 
 

Unit: meter 
No. x y z No. x y z 
1 0 0 0.54 6 4 7 0.54 
2 8 4.6 12 7 11 15 0.54 
3 22 15 22 8 23 24 0.54 
4 11 23 0.54 9 23 7 1.01 
5 15 0 0.54 10 16 20 1.01 
 
 
In order to eliminate the impact of radio wave 

transmission noise, a large number of experimental 
data are employed to revise the wireless channel 
model. The revised channel model is  

 

     63.79 20log , 1, 2iP d d i n      (13) 

 
In the test, we randomly choose four or five 

anchor nodes as a group to localize node with ridge 
estimate method. To evaluate the location result, the 
localization error is introduced to compare the 
experimental result with the WSN node real position. 
The error e is defined by the real position  
(x, y, z) and the localized position (x, y, z)  
as follows 

 

     2 2 2
' ' 'e x x y y z z       (14) 

 
12 groups of typical experimental results are 

shown in Table 2. 
The results show that the ill-posed serious degree 

increase as the condition number increasing. The 
largest location error is 908.83 meters in No. 7 group 



Sensors & Transducers, Vol. 23, Special Issue, July 2013, pp. 94-98 

 97

localization which has no sense. The condition 
number of group 1 and 2 are both less than 100, the 
LSE can be selected directly to localize. Using the 
same number of anchor nodes to localize with LSE, 
positioning results varies differently. This is the 
feature of ill-posed problem in WSN node 
localization.  

 
 
Table 2. Localization result comparison between LSE 

and ridge estimate. 
Unit: meter 

Ridge estimate based on 
Quasi Optimal Criterion

No. 
Anchor node 

group 

Cond-
ition 

number 

LSE 
error 52  

error   error 

1 [1,3,5,7,8] 21 2.515 --- --- --- 
2 [3,5,8,10] 13 1.416 --- --- --- 
3 [1,5,7,9] 7143 160.0 2.547 75 2.269
4 [1,5,7,10] 8975 35.87 2.910 42 2.836
5 [1,7,8,10] 3475 18.0 2.231 91 2.194
6 [1,7,8,9] 126610 95.21 3.646 33 3.545
7 [1,6,8,9] 274560 908.8 4.856 44 4.842
8 [1,5,7,8,10] 2538 7.53 2.547 44 2.525
9 [5,6,8,9] 2816 63.71 5.508 46 4.254
10 [5,6,8,10] 2139 45.54 1.670 64 1.471
11 [5,7,9,10] 41048 187.4 1.673 56 1.581
12 [7,8,9,10] 516 9.57 3.555 23 3.116

 
 
The selection method of ridge estimate parameter 

 based on quasi optimal criterion is shown in Fig. 1. 
 is selected when  is minimum in different groups. 
In order to verify the validity of the quasi optimal 
criterion,  varies from 0 to 300. The WSN 
localization error variations are shown in Fig. 2. The 
WSN node localization error reaches minimum when 
 is around the ridge parameter. This shows that 
appropriate ridge estimate can be obtained through 
the quasi optimal criterion.  

As is shown in Fig. 2, the error goes down and 
then goes up to a certain value when  varies from 0 
to 300. And almost each error reaches minimum 
when  is around 50. In order to reduce the 
computational cost in WSN localization applications, 
 is set to a certain value. Then the computational 
cost of the proposed location method is equal to that 
of LSE method. According to the test data, the 

average value of regularization parameter   is 52. It 
can be found in Table 2 that when  is 52, the 
location accuracy is improved and the computational 
cost is the same as LSE.  

Results show that selecting the appropriate 
regularization parameters effectively overcome the 
ill-posed problem. The most obvious case is the third 
group, the location error drop significantly from 
159.9844 meters to 2.2689 meters. 

It is found that improper spatial distribution of 
anchor nodes cause the ill-posed problem in the 
localization process. If the ill-posed degree is weak, 
the LSE can be employed to localize. If the ill-posed 
degree is serious, the ridge estimate is utilized. If the 

positioning accuracy requirement is high, the 
regularization parameter can be selected by quasi 
optimal criterion. If the positioning accuracy 
requirement is low, the regularization can be set to 
52, so that the computational cost is same as  
LSE method.  
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Fig. 1. The selection of ridge parameter .. 
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Fig. 2. Error varying with the  changing. 
 
 

Due to the ill-posed problem found in the WSN node 
localization, the location process is proposed as Fig. 3. 

 
 

5. Conclusions 
 

It is found that there are ill-posed problem in 
WSN node localization. The traditional LSE 
localization result is not always a best linear unbiased 
estimation when the ill-posed problem exists.  

To solve the ill-posed problem in WSN node 
localization, the condition number is proposed to 
diagnose the ill-posed degree. If the ill-posed degree 
is weak, the LSE can be employed to localize; if the 
ill-posed degree is serious, the ridge estimate method 
is proposed to reduce the positioning error based on 
quasi optimal criterion. 
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Fig. 3. Flow chart. 
 
 
A location process is proposed to reduce the 

computational cost. The regularization parameter  
can be selected to a constant value of 52, so that the 
computational cost is as much as the LSE method; if 
the positioning accuracy requirement is high, the 
regularization parameter can be selected by quasi 
optimal criterion to obtain a better . 

Test result shows that when the regularization 
parameter is 52, the location error of ill-posed 
problem can be reduced to around 4 meters,  
which meet part of the WSN node  
localization requirements.  
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Abstract: With the development of intelligent environments, people have increasing demands for comfortable 
living environments. The three major factors affecting users’ comfort are thermal comfort, visual comfort and 
air quality. This paper presents a monitoring platform of comfort degree for intelligent environments based on 
ZigBee wireless sensor network that measures living environment’s parameters and actively controls 
corresponding equipments according to the information collected and users’ preferences. Wireless sensor 
network system is divided into three layers, the main node layer, function nodes layer and leaf nodes layer, 
respectively. The approach to routing is through a tree topology method. A Mini2440 development board is 
selected as the host computer, which communicates with the main node via serial interface. The monitoring 
platform presented in this paper is flexible, powerful, and scalable, which can be applied to the other monitoring 
fields with minor modifications. Copyright © 2013 IFSA. 
 
Keywords: Wireless sensor network, Monitoring platform, Intelligent environments, Comfort degree, Mini2440. 
 
 
 
1. Introduction 

 

People have increasing demands for comfortable 
living environments with the development of 
intelligent environments. ASHRAE indicated that the 
comfort degree is determined by three basic factors: 
thermal comfort (TC), visual Comfort (VC), and 
indoor air quality (IAQ) [1]. The TC is specified by 
PMV (Predictive Mean Vote) [2] index that mainly 
associates with temperature, humidity and air 
velocity, etc. The VC is specified by the level of 
indoor illumination. The IAQ is mainly affected by 
CO2 concentration in the building [3]. Therefore it 
has important significance to build a monitoring 
platform of comfort degree for providing comfortable 
and healthy living environments according to users’ 
preferences. The wireless sensor network synthesizes 

the technologies of micro-electronics, wireless 
communication, sensor and embedded information 
management that monitors the information of 
environments and devices by self-organization 
network and multi-jump modes. ZigBee [4] is a 
standard wireless network protocol for low rate 
control network possessing the advantages of low 
complex, low cost, low consumption and high safety. 
At present, The ZigBee wireless sensor networks 
have been widely applied in the fields of industrial 
control, automotive, consumer electronics and smart 
home, etc. The wireless sensor networks are so 
flexible that the household devices can be moved 
conveniently and can eliminate the trouble of 
arrangement line. In this paper, a monitoring 
platform of comfort degree for intelligent 
environments is developed based on ZigBee wireless 
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sensor networks that measures the environment’s 
parameters (temperature, humidity, wind speed, 
illumination and air quality, etc), and actively 
controls the corresponding equipments according to 
the information collected and users’ preferences. 

 
 

2. Hardware Design of Comfort Degree 
Monitoring Platform 
 

2.1. Architecture of Monitoring Platform 
 

ZigBee is a standard wireless sensor network 
protocol that defines three devices namely 
Coordinator, Router and End-device. Every wireless 
sensor network must have one Coordinator, which is 
responsible for assigning parameters and initializing 
the network that includes selecting a radio frequency 
channel, a unique network ID and the other operation 
parameters. The routers of ZigBee act as the repeater 
of remote devices to extend the network. The End-
devices of ZigBee connected with sensors and 
effectors deal with data acquisition and control. 
Fig. 1 is the architecture of monitoring platform for 
intelligent environments. The wireless sensors 
network acting as the lower computer consists of 
three layers namely host node layer, sub-host node 
layer and leaf node layer with tree route. The 
Coordinator, Router and End device are host node, 
sub-host node and leaf node of the wireless sensors 
network, respectively. The sub-host nodes (also 
known as function nodes) include thermal comfort 
Agent, visual comfort Agent and air quality Agent 
that deal with collecting the information of field 
sensors and controlling the corresponding 
equipments, while they send the information 
collected to the host node and receive the commands 
from the host node. The leaf nodes include sensor 
Agents and device Agents. The ARM9 [5] embedded 
computer acts as the host computer that is the center 
of the whole system, and it is called management 
Agent [6]. 
 
 

 
 

Fig. 1. Architecture of monitoring platform. 

2.2. Design of Wireless Sensor Network 
Nodes 

 
All the nodes in wireless sensor network adopt 

modular design. One wireless sensor network node 
can be divided into two parts of base module and 
expansion module. The base module consists of a 
microprocessor module, a wireless RF (Radio 
Frequency) module and a power module, and its type 
and quantity of composition are fixed. The expansion 
module includes a sensor module, an actuator module 
and a gateway module that can be configured 
arbitrary according to the needs of network nodes. 
The nodes structure of wireless sensor network is 
shown in Fig. 2. 
 
 

 
 

Fig. 2. Nodes structure of wireless sensor network. 
 
 
2.2.1. Base Module 
 

The MCU ATMEGA1281 of ATMEL AVR 
Series is chosen as the microprocessor module that is 
a core part of the wireless sensor node, which has the 
characteristics of advanced RISC architecture, rich 
chip resources, rich peripherals and rich serial 
interfaces (SPI, I2C, UART, etc). It has low-power 
design of sleeping and deep sleeping with μA level, 
so that it can save the power consumption of the 
sensor nodes significantly and decrease the collision 
probability of information reported. After finishing 
data acquisition or control task, the nodes send the 
relevant data to the host node. The AT86RF230 RF 
chip is chosen as the wireless RF module that is 
designed for the low cost ZigBee/IEEE802.15.4 
application. All the critical RF components are 
integrated on the chip except for antenna, crystal and 
decoupling capacitors. 

 
 

2.2.2. Sensor Module 
 

Sensor modules include temperature-humidity 
module, wind speed module, illumination module, 
CO2 module and air quality module according to the 
needs of the field leaf nodes. A SHT15 digital 
temperature-humidity sensor, which can quickly and 
accurately measure the temperature and relative 
humidity of the environment, is selected as the 
temperature-humidity module that connects with the 
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microprocessor via a two-wire serial interface. The 
HD103T.0 air velocity sensor of Delta OHM is 
selected as the wind speed module that is a universal 
hot-wire anemometer with 4~20 mA (or 0~20 mA 
and 0~10 Vdc) output signal. The CdSe photoresistor 
is selected as the illumination module. Its sensitivity 
is the highest in the visible band, and its typical dark 
resistance and typical bright resistance are 520 kOhm 
and 2 kOhm respectively. It connects with the 
microprocessor via A/D channels. The QPA2002 [7] 
air quality sensor of SIEMENS is selected as the air 
quality module for measuring the indoor CO2 
concentration and VOC (Volatile Organic 
Compounds) with 0~10 Vdc output signal. 

 
 

2.2.3. Actuator Module 
 

The actuator modules are used to control the air 
conditioners, humidifiers, fans, lamps, blinds, new 
air handling units and other equipments that include 
relays, digital potentiometers and RS485 serial 
communication chips. The control of lamps includes 
"weak", "medium" and "strong" three illumination 
levels and "on-off" switch. The control of new air 
handling units includes "weak" and "strong" two 
levels. The control of blinds includes "on", "off" and 
"blade angle" three steps. The fans take stepless 
control for adjusting the wind speed and the 
humidifiers take "On-Off"control. Among them, the 
PS7112L-1A NEC's solid state relays are selected 
that are MOS FET Relays with the characteristics of 
low operating current and small size. The X913 
digital potentiometers are used to steplessly adjust 
the speed of fans. The adjusting principle is that, the 
work voltage is regulated by changing the resistance 
of the digital potentiometer that controls the charging 
time of capacitor, and thereby controls the thyristor 
conduction angle. A RF75WDT air conditioning is 
chosen with a RS485 communication interface, as 
shown in Fig. 3. The sensor node communicates with 
the RF75WDT air conditioning via a RS485 
converting circuit to achieve the network control. 
The converting circuit is shown in Fig. 4. 
 
 

 
 

Fig. 3. RS485 interface of air conditioning. 
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Fig. 4. Converting circuit of RS485. 
 

 
2.2.4. Gateway Module 

 
The MIB520 USB interface board is chosen as 

the gateway module that communicates with the host 
computer by USB interface. The USB interface can 
be seen as a virtual COM interface by the FT2232 
chip of FTDI. The two virtual serial numbers: COM 
<n> and COM <n+1> are displayed when the host 
computer connects with the MIB520. The COM <n> 
deals with node programming and the COM <n+1> 
deals with COM communication. 
 
 
2.3. Host Computer 
 

The Mini2440 [8] development board of Friendly 
ARM is chosen as the hardware platform of host 
computer. The Mini2440 adopts S3C2440 ARM9 
microprocessor of Samsung with the specification of 
primary frequency 400 MHz, the maximum 
frequency 533 MHz, 64 M SDRAM memory, RJ-45, 
USB, RS-232 and other interfaces, 3.5" LCD with 
touch screen, etc. The Mini2440 host computer 
supports Linux 2.6.32.2 + Qtopia-2.2.0 + QtE-4.6.1, 
which communicates with the gateway module in 
master node by USB interface in this paper. 
 
 
3. Design of Software 

 
3.1. Design of Software for Wireless Sensor 

Nodes  
 

The software programming of wireless sensor 
network node adopts TinyOS [9] operating system 
that is an open source embedded operating system for 
wireless sensor networks developed by the 
University of California, Berkeley. It can quickly 
compile the application-specific software by linking 
the different components together. The component 
design method makes the core of the operating 
system small enough to effectively reduce the codes 
length, thereby to break through the restrictions of 
few hardware storage resources. The TinyOS 
operating system and its applications are basically 
programmed by nesC language. One complete 
application is programmed by many independent and 
interrelated components and interfaces. The user 
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application components call the lower components 
through interfaces, to achieve all kinds of application 
functionality, such as data acquisition, data 
processing, wireless communication, host computer 
communication, etc. The programming of the sensor 
nodes proposed in this paper can be divided into 
three categories according to the node function and 
hardware configuration: 

1) Using digital sensor module in nodes, such as 
temperature-humidity sensors, these nodes send or 
read data of sensors through the digital signal lines 
connected with microprocessor. 

2) Using analog sensor module in nodes, such as 
air velocity sensor, illumination sensor, air quality 
sensor, etc, the programming of such nodes needs to 
add an A/D converter component. 

3) Using serial communication module in nodes, 
such as RS485 serial communication module for the 
control of the air conditioning, the programming of 
such nodes needs to add a serial communication 
driver component. 

In addition, the relays, potentiometers and other 
devices are primarily driven by the circuit designed 
of I/O pins, without adding extra components. 

The following example is the software 
programming of temperature-humidity sensor nodes. 
The program components  includes a system 
component "Main", an application component 
"SensorM", an Ad hoc router protocol component 
"MultiHopRouter", a general communication 
component "GenericCommPromiscuous", a data 
sample Component "SamplerC", a clock component 
"TimerC" and a LED component "LEDC". The 
programming chart of components is shown in Fig. 5. 

In Fig. 5, the "SensorM" component connects 

with the "SamplerC" component via a Sample 
interface that configures the sample channels by 
calling the command "getSample" and starts 
sampling by calling the command "sampleNow". At 
last the sample data are sent to the "SensorM" 
component by the event data Ready. The main codes 
are as follows: 

 
// Configure the sample parameters 

record[14]=call 
Sample.getSample(0,TEMPERATURE,MISC_SAMPLIN
G_TIME,SAMPLER_DEFAULT); 

record[15]=call 
Sample.getSample(0,HUMIDITY,MISC_SAMPLING_TI
ME,SAMPLER_DEFAULT); 
…… 
call Sample.sampleNow(); 

…… 
event result_t Sample.dataReady(uint8_t channel, uint8_t 
channelType,uint16_t data) 
{ 

switch (channelType) { 
 …… 
     case HUMIDITY:  
       atomic { tmppack=(DataMsg *)packet.data; 
  tmppack->Data.datap6.humid =data ; 
        msg_status|=0x80;} 
   break; 
     case TEMPERATURE:  
       atomic {tmppack=(DataMsg *)packet.data; 
      tmppack->Data.datap6.humtemp =data; 
      msg_status|=0x100;} 
    break; 

…… 
            default: 
    break;} 
     } 

 
 

 
 

Fig. 5. Components connecting of temperature-humidity sensor nodes. 
 
 

3.3. Software Design of Host Computer 
 

The software design of host computer mainly 
includes those functions, such as serial 
communication, database migration, user interface 
design and control algorithm, etc. The Version of 
database is SQLite [10] 3.5.6, and the version of 
development environment is fedora 9.0 in the host 

computer. The arm-linux-gcc-4.4.3 cross compiler is 
used to migrate the SQLite database.  

The Qtopia Designer is developed for application 
environment based on Qt/Embedded, therefore, the 
Qtopia is used for designing the user interface of the 
host computer. The two Qtopia development 
environments are used for programming, which are 
X86 x86-qtopia based on PC and Arm-qtopia based 
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on ARM platform. The former qtopia is used to 
simulate the program compilation on PC, the latter 
qtopia provides the compiler to run the program on 
ARM platform.  

The signals/slots are the core of Qt and replace 
the traditional callback function. It is extensively 
used for communication of objects in the Qt 
programming. When the signals of the object are 
changed, the signals will be emit. The slots as an 
ordinary object member function perform the 
corresponding application programming after 
receiving the signals. The connect( ) function of 
QObject is provided to connect the signals and slots, 
the codes format is denoted as: 

 

connect(“sender”, SIGNAL(“signal”), “receiver”, 
SLOT(“slot”)), 

 

where the "sender" is the sender of signal, the 
"signal" is the signal content, the "receiver" is the 
receiver of signal and the "slot" is slot function. 

The simulation execution files under X86 are 
generated via "make" command. The project file 
folder is moved to Qtopia application environment 
based on ARM platforms after debugging success. 
Regenerating the "pro" file and "Makefile" files and 
running the "make" command by linux-arm-g + 
+Run compiler tools, the executable program is 
acquired after a successful compilation on  
the ARM platform. 

The monitoring interfaces of the system mainly 
include mode selection interface (MODE), operation 
status monitoring interface (MONITOR), data query 
interface (QUERY), device control interface (CTRL) 
and chart Interface (CHART), which can be switched 
through the menu. 

The MODE interface is selected as an example, 
shown in Fig. 6, which is used to choose the season 
and the running mode for thermal comfort system.  

 
 

 
 

Fig. 6. Mode selection interface. 

The seasons are divided into "SUMMER" and 
"WINTER" two types. The running modes include 
"Comfortable > Energy-saving", "Comfortable = 
Energy-saving" and "Comfortable < Energy-saving" 
[11]. The user can choose any of the three modes 
according to their thermal sensory preferences. After 
choosing the appropriate mode, then pressing the 
"Confirm" button, the system starts running. It runs 
alternately between the comfort mode and energy-
saving mode to simulate the natural environment, 
thereby to realize the dynamic comfort control. The 
settings of temperature, wind speed and time duration 
as well as the PMV values measured from the 
thermal environment are displayed on the "MODE" 
interface. In accordance with the settings of the 
above parameters, the energy consumption of the 
system is the minimum under the same comfort. 

 
 

4. Conclusion 
 

ZigBee is a standard wireless network protocol 
for low rate control network possessing the 
advantages of low complex, low cost, low 
consumption and high safety. It will be the direction 
of the intelligent environments with the development 
of the wireless network technology. The paper 
presents a comfort degree monitoring platform for 
intelligent environments based on ZigBee wireless 
sensor networks that samples the environment’s 
parameters and actively controls the corresponding 
equipments according to the data sampled and users’ 
preference. The wireless sensors networks acts as the 
lower computer that consists of three layers namely 
host node layer, sub-host node layer and leaf node 
layer with tree route. The software programming of 
wireless sensor network node adopts TinyOS 
operating system. It can quickly compile the 
application-specific software that, the different 
components are linked together by interfaces. The 
Mini2440 development board of Friendly ARM is 
chosen as the hardware platform of host computer 
that communicates with the gateway module in 
master node by USB. The software design of host 
computer adopts SQLite database and Qtopia for user 
interfaces. The monitoring platform presented in this 
paper is flexible, powerful, and scalable, which can 
be applied to the other monitoring fields with minor 
modifications. 
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Abstract: This paper proposes a Mobile IP Handoff optimization scheme for heterogeneous wireless sensor 
networks. In the scheme, a complete solution is provided; and handoff can be effectively controlled, the network 
business environment can be real-time detected; the target network, the handoff type and time can be accurately 
judged. In addition, the handoff performance of mobile IP will be largely improved. From the theoretical and 
simulative perspectives, the paper analyzes the performance parameters, including the mobility handoff cost, the 
mobility handoff delay time and packet loss rate, and the analytical results show that the performance of the 
scheme is better than other schemes. Copyright © 2013 IFSA. 
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1. Introduction 

 
From the current technological development 

situation analysis, using the network layer mobility 
management scheme based on mobile IP for wireless 
sensor terminal roaming in heterogeneous network 
environment, can better shielding the lower various 
wireless/wired communication technologies, to 
realize the unity of the users seamless roaming and 
the mobility management, so as to achieve the 
ultimate goal of wireless personal network 
communication. 

In MIPv6 basic model’s handoff mechanism. The 
performance is not good. There are problems such as 
packet loss rate and delay is larger, etc. It can't meet 
the needs of the delay sensitive real-time business. 
To this end, gradually put forward the hierarchical 
MIPv6 and Fast-Handoff Model for MIPv6 [1]. 

This paper proposes a Mobile IP Handoff 
optimization scheme for heterogeneous wireless 
sensor networks. 

2. Mobile IP Handoff Technology 
 
The main design goals of Mobile IP mobile is 

when the nodes change the network access point, 
don't need to change the node's IP address, to 
maintain the continuity of communications in the 
moving process and enable users to achieve multiple 
access freely in the process of roaming. In the 
working mechanism of mobile IP, when mobile 
sensor node moves to foreign network, through 
Agent Discovery to determine their position and 
care-of address. And then through the registration 
agent can complete forwarding function. Finally 
through the tunnel technology to complete packet 
forwarding [2]. 

In mobile IP, when MN Position moved, Moving 
from one subnet to another subnet, Creates a network 
handoff. Mobile IP handoff process is shown in 
Fig. 1. The entire mobile IP handoff process not only 
the link layer switch, and also need to complete the 
network layer switch. 
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Fig. 1. Mobile IP handoff process. 

 
 

Fig. 2 shows the mobile IP handoff signaling 
procedure. Before handoff process, Mobile sensor 
node through the old AR to send and receive data. At 
time t0, MN to enter a New AR’s signal range. MN 
in the overlapping area of the old and the new AR 
(from t0 to t2 time). MN determine whether to need 
the link layer switch according to the link 
characteristics (RSSI receiving signal strength 
indication). The link layer switch using hard handoff 
technology [3]. Time t1 and t3 moment respectively, 
is the start time and completion time of the link layer 
switch. When the link layer switch is completed, MN 
can receiver new AP periodic broadcast 
announcement message. When MN receive the new 
BS broadcast’s first announcement of a message (t3 
moment), to begin care-of address configuration, and 
complete at time t4. Then MN sent route update 
message, and registered to the home agent. After the 
path update is completed (t5 moment), MN can 
receive and send messages through the new AP. 

 
 

3. Hierarchical Mobile IPv6 
 
HMIPv6's basic idea is to divide network into 

different administrative domains [4]. The behavior of 
the mobile sensor node MN can be divided into 
macro mobile (mobile between domain), and micro 
mobile (move within domain), support Respectively 
by the traditional mobile IP and micro mobility 
management protocol. As shown in Fig. 3, in the 
hierarchical mobile IPv6 handoff process. If MN 
mobile sensor node switched between different 
access routers (AR) in the same administrative 
domain, LCoA changed, Need to bound MN’s new 
LCoA to MAP. If MN moves to another MAP 
domain, need to get a new regional address RCoA 
and LcoA. After the address, MN send routine 
MIPv6 binding updates BU) to the MAP. The MAP 
bound MN's RCoA and LcoA. As a response, the 
MAP return a binding acknowledge (BA) message to 
MN and MN must specify the Home Address binding 
with the new RcoA through send another BU to HA. 

In the end, Send BU to CN communicating with it. 
MN handoff registration process of hierarchical 
mobile IP as shown in Fig. 4. 
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Fig. 2. Mobile IP handoff signaling procedure. 

 
 

 
Fig. 3. Working mechanisms of hierarchical  

mobile IPv6. 
 
 

In the process of mobile IP handoff. In order to 
ensure the quality of existing connection 
communication services, make the mobile sensor 
node communication connection interruption time 
minimum in the process of switching. Next, this 
paper presents a low-latency switching technology 
and the rapid switching technology [5]. 

MN move into MAP2 domain: 

The MAP found LCoA and RCoA. 
MN registered to the MAP. 
MN registered to HA. 
MN notified CN New RcoA. 

MN switch from the AR3 to the AR4 in the MAP2 
domain: 

The MAP found LCoA and RCoA. 
MN registered to the MAP. 
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Fig. 4. Handoff process of hierarchical mobile IP. 
 
 

4. Mobile IPv4 Low-Latency Handoff 
 
In order to reduce the mobile IP handoff delay, 

three kinds of switch method is proposed: 
Registration advance of handoff method, Registration 
after the handoff method, Integrated handoff  
method [6]. 

 
 

4.1. Registration Advance of Handoff 
Method 

 
Allows mobile sensor nodes take part in 

impending layer 3 handoff. With the support of the 
network layer, when the mobile sensor node did not 
complete handoff in the layer 2, to start part 
operation of the layer 3 handoff. The third layer 
switch can be initiated by the mobile sensor terminal, 
also can be launched by the network. In addition to 
the mobile sensor terminal cases, it need to expand 
agent request information, no new message type is 
put forward. 

 
 

4.2. Registration After the Handoff Method 
 
Use double tunnel to achieve low latency handoff. 

After successfully completed the registration of 
mobile IP between moving sensor node and the old 
foreign agents, Old foreign agent becomes the mobile 
sensor node’s "Anchor Point". The mobile sensor 
node moves to a new foreign network, can delay the 
third layer handoff and continue to use the original 
foreign agents. If the mobile sensor node is not yet 
complete the register to new foreign agents and then 
move to the third foreign agents’s network, the third 
field agents can be signaling interaction with 
"Anchor Point", and move the bidirectional tunnel to 

the third foreign agency. When after the completing 
registration of mobile sensor node in foreign network, 
the bidirectional tunnel will be removed [7]. 

 
 

4.3. Integrated Handoff Method 
 
Perform the registration advance of handoff 

method and the registration after the handoff method 
at the same time. If registration advance of handoff 
method can be done before completing the handoff in 
the layer 2 switch, integrated handoff method is 
transformed into registration advance of handoff 
method. If the advanced handoff is not complete. The 
old foreign agents started like after registration 
method, the data packet sent to the mobile sensor 
node will be sent forwarded to new foreign agents. In 
front of the layer 2 handoff to complete, advance 
registration does not guarantee can be  
certainly completed. This method provides an  
alternate mechanism. 
 
 
5. The Mobile IPv6’s Quickly Handoff 

 
Quickly Handoff of mobile IPv6 can be divided 

into two kinds of mechanism: advance switch and the 
switch based on the tunnel. The definition of advance 
switch is basically the same with the advance switch 
mechanism in mobile IPv4. And the rapid switching 
based on tunnel is that, when the second layer 
connection has been established between mobile 
sensor node and the new access router, did not 
immediately start switch of the network layer to get 
the new care-of address, but the tunnel will be 
established between two network access routers. 
Mobile sensor node can receive data from the 
previous network through the tunnel. 
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Mobile IPv6 without detailed description for 
handoff mechanism. Through the analysis can be 
seen, handoff initiation and the establishment of a 
new connection is mainly done by MN. MN is still to 
establish the new data channel through sending new 
BU to HA. For the current active communications, 
No special treatment is given in mobile Ipv6. Only 
after a new connection is established, the data packet 
can be sent to the new CoA. So, in the process of 
switching, there must be packet loss [8].  

 
 

6. Mobile IP Handoff Performance 
Optimization 
 

6.1. 2.5 Layer Triggering Mechanism  
of Mobile IP 

 
In the process of mobile IP handoff, the 

advantage of 2.5 layer trigger mechanism can be 
used to optimize switch performance. 2.5 layer 
functions, protocol architecture and some specific 
network entities must be redefined. The purpose is to 
adapt to the new network environment, effective use 
of available network resources. 2.5 layer may be 
defined as a logical function component between 
layer 2 and layer 3. Any event or static and dynamic 
information from 1 layer and 2 layers, can be 
provided to the upper layers, achieved by unity 
between  
2.5 and 3 layer service access point (SAP). 

Fig. 5 includes the architecture and functional 
components of 2.5 layer, also includes cross-layer 
information; and provides a complete solution; and 

can effectively control switch, Real-time detection of 
network business environment; accurate judgment of 
the target network, switch type and time. 

Key function of 2.5 layer 
Information gathering. 
2.5 layer can collect information dynamically 

from all the local interface and particular protocol 
layer on the far side. This information can be found 
in local and remote from non binding triggers or by 
timing from all interfaces. Dynamic information can 
be stored in the information entities, through cross-
layer approach to assist handoff decision, to produce 
a multidimensional trigger [9]. 

Unified interface to trigger.  
2.5 layer provides the upper layers a uniform 

interface: From layer 1, layer 2 and layer 2.5 can 
produce multidimensional trigger. Triggers can be 
divided into the following two categories: 
i. One-dimensional trigger: The trigger should only 

indicate one thing related to a parameter. For 
example, when the signal length exceeds a 
predefined threshold, a d trigger will produce. 

ii. Multidimensional trigger (abstract trigger): The 
trigger reflect an abstract events, is associated 
with multiple parameters. For example, "link will 
disconnect", indicating an abstract concept: A 
link will be disconnected. According to the 
specific algorithm, more exact link disconnection 
instructions should be integrated judgment under 
multiple input parameters, such as the signal 
intensity and FER. Algorithm should be carefully 
designed to produce a more accurate indicator. 
Functional components of 2.5 layer architecture. 

 
 

 
 

Fig. 5. Layer 2.5 functional architecture. 
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Interface Monitor: Responsible for the collection 
of the static and dynamic information from all 
physical interface, and all information will be stored 
in the information base station.  

The trigger of 2 layers: Through the unified 
service access point (SAP), responsible for sending 
all registered L1 and L2 trigger to the upper layers. 

L 2.5 Trigger: According to the specific 
algorithm and a variety of input parameters, 
Responsible for generating the abstract trigger 
(multidimensional trigger). 

Interface Controller: Is responsible for providing 
limited control function to top layers at the bottom. 

2.5 layer provided the upper layers limited control 
function. 3 layer should not interfere with the function 
process and working status, except the power 
management considerations. According to the cross-
layer design method, 3 layer should choose the 
appropriate interface to use. But can't decide when to 
initiate a process attached new access points. Layer 
2.5 can affect the activity of the layers 3. By 
triggering or gather input parameters to support layer 
3’s handoff decision. 

Based on a 2.5 layer triggering mechanism, 
triggered by one or more parameters of the bottom, to 
provide an effective way to the top, to discover the 
changes in the underlying layers. The purpose is to 
improve the handoff performance of mobile IP. 
 
 
6.2. Adaptive Semless Handoff Mobile IPv6 

Optimizations 
 

In MIPv6 basic model’s handoff mechanism, the 
Performance is not good. There are problems such as 
packet loss rate and delay is larger, etc. It can't meet 
the needs of the delay sensitive real-time business. 
To this end, gradually put forward the hierarchical 
MIPv6 and Fast-Handoff Model for MIPv6. As 
shown in Fig. 6. 

The purpose of fast mobile IPv6 is reducing the 
delay of mobile testing and the phase of care-of 
address configuration. And hierarchical mobile IPv6 
processing is the time delay related to binding update 
(BU) operation. Time optimization was carried out 
by EMIPv6 and HMIPv6 in different parts of the 
process of MN handoff. But neither from the whole 
process of the handoff, mean from the perspective of 
the entire network, to improve the handoff’s time 
delay problem. If consider the combination of 
FMIPv6 and HMIPv6, and adaptive (MN mobile 
features), to put forward an adaptive fast hierarchical 
mobile IPv6 handoff timing optimization method, 
will largely improve the handoff performance of 
mobile IP. That is the compared results with a subnet 
residence time of MN and the average residence time 
of the subnet (set threshold). Selectively routing 
optimization. If the former than the latter, MN 
register LCoA the on-link care-of address in the 
subnet. So between MN and CN can communicate 

directly and not through the MAP. If the former is 
smaller than the latter, The MN’s regional care-of 
address RCoA is registered to CN. At this point, the 
packet group between MN and CN need to be 
forwarded by the MAP. This adaptive packet burst 
transmission according to the moving characteristic 
of MN, not only reduces the load of the MAP, and 
reduces the packet routing between MN and CN. As 
a result, adaptive fast hierarchical mobile IPv6 
handoff strategy reduced the handoff delay of MN 
from overall, and improved the performance of the 
entire network. Specific handoff flow as shown in 
Fig. 7. 

 
 

 
Fig. 6. Adaptive quick hierarchical mobile IPv6 handoff 

network topology. 
 
 

7. Conclusions 
 

This paper proposes a Mobile IP Handoff 
optimization scheme for heterogeneous wireless 
sensor networks. In the scheme, a complete solution 
is provided; and handoff can be effectively 
controlled, the network business environment can be 
real-time detected; the target network, the handoff 
type and time can be accurately judged. In addition, 
the handoff performance of mobile IP will be largely 
improved. From the theoretical and simulative 
perspectives, the paper analyzes the performance 
parameters, including the mobility handoff cost, the 
mobility handoff delay time and packet loss rate, and 
the analytical results show that the performance of 
the scheme is better than other schemes. 
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Fig. 7. Adaptive fast hierarchical mobile IPv6 fast handoff algorithm signaling flow chart. 
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Abstract: Active measurement on peer-to-peer system is the best way to provide the real data for the system 
simulation and optimization. Based on coupon collector’s problem, an optimized tracing model was proposed to 
guide the active measurement on BitTorrent swarm. With the optimization of lowering expectations and 
requesting concurrently, the information repetition rate was 67.12 % off, while still covering the 95 % peers in a 
swarm. Moreover, the measurement time were further shortened by interacting with peers through the 
Distributed Hash Table and Peer Exchange. Based on the theoretical model, a lightweight measurement platform 
was set up to trace the 49,854 Torrentz swarms and 98 HDChina swarms over 9 months. Most of them hosted no 
more than 10,000 peers, and the average snapshot time on them was less than 21.4 minutes. Furthermore, the 
geographical characteristics, user preference and transmit performance of peers were also analyzed. Because 
HDChina provided Private Tracker download, so the swarm size is smaller, and peers’ distribution is more 
centralized, but the peer’s download speed is faster than Torrentz. Copyright © 2013 IFSA. 
 
Keywords: P2P Swarm, Active measurement, Coupon collector's problem, Private tracker measurement. 
 
 
 
1. Introduction 

 

P2P applications provided efficient way to share 
information. But they also caused many problems in 
network management, which encouraged researchers 
to conduct measurements for optimization. For 
example, peers choose their neighbors without 
considering the underlying topology, therefore 
generated massive of cross AS traffic. So topology-
aware or locality-aware technologies was proposed to 
optimize the neighbor selection algorithm [1-6]. 
However, the assumptions of peer distribution were 
too ideal, e.g. Blond et al. assumed that peers in  
the BT (BitTorrent) obey uniform distribution [5]. 
However, the actual peer distribution was extremely 
skewed [7]. So it is necessary to measure the P2P 
system in Internet to acquire real information. There 
were two measurement methods, active and  

passive [8]. Passive measurement was often used to 
analyze characteristics like traffic speed, transport 
bandwidth, and connection time [9]. It’s unable to 
measure the behaviors of whole system. Active 
measurement can join in the system to get real 
information of peers and network behaviors. So it has 
been widely used.  

Recently, BT applications contributed nearly 
35 % of the Internet traffic. So, it has being the main 
target of active measurement. In 2004, Izal et al. built 
Tracker snapshots with a particular torrent file and 
analyzed download time of peers [10]. Pouwelse et 
al. built snapshots of multiple trackers, and analyzed 
the popularity, reliability, and life cycles of  
swarms [11]. These were just off-line analysis on 
Tracker snapshots. Later then, researchers started to 
use public experiment platform or built their own 
environment to conduct large-scale measurement on 
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BT in Internet. Wang et al deployed 200 nodes in the 
PlanetLab [12] and Hobfeld et al deployed 219 and 
153 nodes in PlanetLab and G-Lab respectively [13]. 
Otto et al used many volunteers in Ono and NEWS 
project [14], and Zhang et al used 51 computers [15]. 
They used massive of torrents to continuously 
request Trackers to get IP and port of other peers. 
Results showed that the distribution of peers in ASes 
is extremely skewed, which is not benefiting for 
applying locality-aware neighbor selection algorithm.  

These results provided reliable data for system 
modeling and optimization. However, there still exist 
some problems. First, these methods got peers 
information by continuously requesting Trackers 
only. Limited by the protocol, it can’t be requested 
frequently. Therefore lots of computers have to be 
used. Second, they only got peer information from 
Trackers, and not from DHT (Distributed Hash 
Tables) or PEX (PeerEXchange). Finally, all those 
conclusions were based on the measurement on 
Public Trackers not from PT (Private Tracker).  

Therefore, our contributions including: 
1) Optimized tracing model was proposed for BT 

swarms measurement.  
2) Expanded the source of data using DHT and 

PEX, and which can get more information like user 
preferences and transport performance. 

3) Measured HDChina PT swarms for the first 
time, and compared with globally distributed ones. 

 
 

2. Active Measurement Model 
 

2.1. Coupon Collectors’ Problem 
 

It is possible to get peers of BT Swarms from 
Tracker, DHT, and PEX. Limited by the protocol, it 
can only get all of peers information per request. 
Therefore, this is a classical Coupon Collectors’ 
Problem (CCP) [6]: there’re n different types of 
coupons, each one has an equal probability of 
selection, and the amount of coupons of each type is 
unlimited. The question is if it takes out k coupons 
every time, how many times should be repeated to 
get all n coupons. 

Assume it already get i types of coupons, let pi be 
the probability of getting the next new type of 
coupon, xi be the times that we have to repeat to get a 
new one. So     1

1
z

i i iP x z p p
   . Thus xi obeys 

geometric distribution, with the mathematical 
expectation   1i iE x p . Let k

nX  be the times of 
repetitions until we get all n coupons if we take k 
coupons every time. Thus, k

n iX x  and, 
 

   
1 1

0 0

1
n n

k
n i i

i i

E X E x p
 

 

    (1) 

 
If k = 1,  ip n i n  , therefore: 

 

 
1

1
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1n n
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n i i



 

   
  , (2) 

where Hn is the harmonic number of n. When n→∞, 
 ln 1nH n O n   .   is the Euler-Mascheroni 

constant. Therefore: 
 

   1 ln 1nE X n n n O    (3) 

 
If k>1, 1 k k

i i np C C   (i<k, 0k
iC  ). According 

to (1) and CCP [7], when n→∞, 
 

   1k
n nE X E X k  (4) 

 
 
2.2. Optimized Measurement Model 

 
According to (3), for a fully covered snapshot to a 

swarm of size n, it is supposed to get lnn n n  
peers, which contains massive duplicates, and the 
duplication rate r is: 
 

   1 ln 1nr E X n n O n     (5) 

 
The duplication rate r is proportional to lnn. It is 

extremely not good for the measurement of large 
swarm. Actually, due to the low duplication rate at 
the beginning, it can get different peers per request. 
With the raising duplication rate, the cost of 
acquiring new peers is become higher. As such, CCP 
model need to be optimized in two methods. 

First, it should reduce the expected value without 
ever losing timeliness. The reason why CCP has a 
really high duplication rate is that it tries to acquire 
all n types of coupons. If the question is “acquire u of 
the total n types of coupons, where u/n→1”, it can 
greatly reduce the times of duplicated experiments. 

Let random variable ,
k
n uX  be the average times of 

experiments, if it can get k peers per request, from a 
swarm of size n, until u of n peers are acquired. 
According to (2), the average number of peers 
collected when k=1 is 
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If n and u are sufficiently large, the last two terms 

can be omitted. Therefore: 
 

 1
, lnn u

n
E X n

n u



 (7) 

 
If it is able to get k (k>1) peers per request, 

according to (4), the average times should be: 
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The second method is to use multiple hosts to 
request in parallel. If the minimum interval between 
two consecutive requests is Δt, and the entire 
snapshot process takes a time of t, then the number of 
hosts should be: 
 

   ,
k
n uy E X t t   (9) 

 
This is only theoretical value for ideal cases. 

Considering network conditions and system load, it’s 
not impossible that each request is replied with 
proper messages. Therefore, the number of hosts is 
supposed to be Y, where Y>y. Suppose each request 
per host is an independent random experiment, and 
the probability of a successfully conducted 
experiment is q ( 0 1q  ). If Y hosts are requesting 
in parallel, and y of them are successful, then 
   1

Y zz z
YP y z C q q

    ( 0 z Y  ). In this case, 
y obeys binomial distribution, and its mathematical 
expectation is  E y Y q  . Thus, Y should at least 
satisfy Y q y  , i.e. the number of hosts is: 

 

 ,
lnk

n u

n
n tE X ty n uY

q q t k q t

     
  

 (10) 

 
 

4. Experiments and Analysis 
 
4.1. Active Measurement Platform 
 

According to analysis, a lightweight active 
measurement platform for BT swarm was designed 
and implemented. The platform consisted of 
45 computers, and had 4 different types of nodes, 
including 2 spiders, 2 database nodes, 40 measuring 
nodes, and 1 coordination nodes. Spider was 
responsible for resolving HTML code and 
acquiring .torrent files from torrentz.eu automatically. 
And some .torrent files from HDChina were selected 
manually, which is a famous PT (Private Tracker) in 
China. Measurement nodes were running a 
customized open-source BT client, which was 
modified from Vuze 4.2.0.2. Database nodes were 
responsible for storing peers' information from the 
spider and measuring nodes. Coordination node was 
responsible for task scheduling and data analysis. 
According to the system load, it assigned torrents to 
each measuring node, and analyzed the data in real 
time. In addition, the coordination node would 
analyze the swarm size every 24 hours, and expires 
those swarms whose number of peers is less 
than 50 for one consecutive week, which won’t be 
measured in the future. 

Measurement experiment was conducted from 
March 15, 2012 to December 20, 2012, traced 49,854 
Torrentz swarms, as well as 98 HDChina  
PT swarms, and collected 14,178,812 and 13,310  
peers respectively. 

 

4.2. Swarm Scale 
 

Firstly, the distribution of the scale of BT swarms 
was measured. Fig. 1 shows the cumulative 
distribution of the scale and peers number of those 
49,854 swarms from Torrentz. One obvious 
characteristic is that most majorities of swarms have 
a small scale, and the average size of most swarms 
(96.2 %) is less than 103 peers. The scale of swarm 
roughly obeys the Pareto Law, i.e. up to 81.5 % 
swarms contribute only 34.83 % peers. Everyone of 
them has no more than 300 peers, and the average 
size is 284. Especially those swarms among 103~104 

peers, which only have a percentage of 3.68 %, but 
contribute nearly 31.36 % peers. 

 
 

 

 
Fig. 1. Cumulative distribution of the scale and peers  

of Torrentz swarms. 
 
 
Fig. 2 shows the cumulative distribution of the 

scale and peers count of those 98 PT swarms from 
HDChina. Similar to Torrentz swarms, the scale of 
most of which are relatively small. Nearly 92.22 % 
of swarms have no more than 300 peers, and the 
average size is 135. Since HDChina is a regional  
PT system, therefore, the scale is relatively small. 

 
 

 
 

Fig. 2. Cumulative distribution of the scale and peers  
of HDChina swarms. 
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4.3. Snapshot Time 
 

Fig. 3 shows a contrast of actual snapshot time 
with the theoretical one. The theoretical time is 
calculated from (10), where k＝ 300, u＝ 0.95 n,  
Δt＝300 s, Y＝40, q＝0.8. As shown, it takes a long 
time to finish measurements on swarms whose 
average size is greater than 104. For swarms that have 
less than 104 peers that snapshot time is close to the 
theoretical value. The average snapshot time for 
swarms greater than 104 is 21.4 minutes. Although 
the swarms are dynamically changing, however, such 
difference is extremely small within 20 minutes. 

 
 

 
 

Fig. 3. Average snapshot time. 
 

 
4.4. Geographical Distribution 

 
GeoIP database [15] was used to analyze the 

geographical distribution of peers as shown in Fig. 4. 
We sort the countries and regions with respect to 
peers count, and draw this diagram of geographical 
distribution of peers.  

 
 

 
 

Fig. 4. Geographical distribution of peers. 
 
 

Fig. 4 exhibits exponential distribution, which 
implies BT peers are widely distributed all around 

the world. Those 14,178,812 peers from Torrentz 
belong to 222 countries or regions, and 62.40 % of 
which belong to top 10 countries. Peers of the other 
206 countries or regions less than 1 %. Peers from 
HDChina exhibits much more obvious geographical 
preference, where the 13,310 peers belong to 
30 countries and regions. 

 
 

4.5. Communication Port 
 

Fig. 5 shows the distribution of ports that peers 
from Torrentz and HDChina used, with an interval of 
1024. Only a small fraction of Torrentz users prefer 
small ports, while others are uniformly distributed. In 
contrast, the ports distribution of HDChina users are 
extremely skewed, that most of its users prefer small 
ports, especially those less than 1024.  
 
 

 
 

Fig. 5. Distribution of communication port. 
 

 
4.6. Download Speed 
 

The distribution of download speed of Torrentz and 
HDChina peers were also analyzed, as shown in Fig. 6. 

 
 

 
 

Fig. 6. Distribution of download speed. 
 
 

The download speed of HDChina peers is 
obviously faster than Torrentz peers. The download 
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speed of Torrentz peers majorly falls in a range of 
102~103 Kbps, and the average speed is 1434.3 Kbps, 
while the range for HDChina peers is 103~104 Kbps 
with an average of 5076.6 Kbps. Because HDChina 
is a typical PT website which provides resource 
sharing among limited users, and use incentive 
strategy to encourage users to upload as well as 
limiting users’ download traffic. 

 
 

5. Conclusions 
 

Measurements on P2P systems are fundamental 
for system modeling and optimization. However, 
current measurement models have some shortages. 
An optimized tracing model based on Coupon 
Collectors’ Problem was proposed, and a lightweight 
active measurement platform was implemented to 
conduct long-term measurement on Torrentz and 
HDChina swarms. As a result, more than 99 % 
swarms was less than 104 peers that contributed more 
than 92.49 % peers in total. The average time to 
finish snapshot was in 22 minutes. For peers in the 
extracted swarms, geographical distribution, 
communication port, and download speed were 
further analyzed. Besides, results showed that 
HDChina, as a regional PT system, had limited user 
group, which results in the small scale of swarms and 
the concentration of the geographical distribution of 
peers, but a faster average download speed. However, 
there still some problems in our measurements result, 
e.g. overlong snapshot time for large swarms. These 
are topics that to be addressed further in future. 
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Abstract: Objective: To research on the application of high dimensional space theory to the biomimetic pattern 
recognition. Procedures: The sample was constructed into a k-dimensional simplex in a high dimensional space 
and 0.85 times of the average distance between the vertices was chosen as the threshold value thus a convex cell 
body covering the k-dimensional simplex was constructed. By determining whether the sample point could be 
covered by the convex cell body derived from a certain sample group, the sample was recognized and classified. 
Methods: The orthogonal complementary space of the subspace was constructed and the Euclidean distance 
between the point and the subspace was calculated and the distance from the point to the k-dimensional simplex 
was further calculated. Results: The study solved the problem of whether the sample point is covered by a 
certain convex cell body and its correctness was testified via human-face recognition. Copyright © 2013 IFSA. 
 
Keywords: High dimension space, Face recognition, Biomimetic pattern recognition, k-dimensional simplex, 
Convex cell body cover. 
 
 
 
1. Introduction 

 

A gray image is mapped a point in m nR  - Space. 
The traditional pattern recognition is to find an 

optimal partition in m nR  - Space. Now commonly 
method used by Support Vector Machine (SVM) is 

through kernel function mapped m nR   to kR , and to 

find the best division in the mapping kR - Space [1]. 
These methods were identified from non the same 
type things object "difference", the realization of 
algorithms, are focused on different things, 
"different", that is, distinguish a class samples from 
limited known samples of class. This form of human 
cognition of things is very different: people know 
things are a class of a class of understanding and 

attach importance to the links between similar things, 
or, one sample of unknown samples with the 
unlimited class distinction. Of "difference" as the 
starting point of traditional pattern recognition, 
inevitably result in the following two limitations: 
first, encountered new things for the first time that 
have not learned, easily mistaken for a certain type 
have been learned old things; Second, to learn a new 
things, they tend to upset the old knowledge, that 
undermine the already studied the identification of 
old things. This is the traditional pattern recognition 
theory in practice is difficult to make real the reason 
for desired effect. 

Academician Wang Shoujue from the perspective 
of human cognition, re-examine the neural network 
pattern recognition, innovation proposed new pattern 
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recognition – Biomimetic Pattern Recognition 
(BPR) [2], based on the multi-dimensional manifold 
topology theory. Emphasize "Cognition", use of 
"High dimensional space non hypersphere complex 
geometry coverage" for pattern recognition, shown in 
Fig. 1. High dimensional geometry space is a vehicle 
to achieve Biomimetic Pattern Recognition [3]. High 
dimensional geometry space theory and calculation 
process is from the concept of high-dimensional 
space geometry, using the set of points in the space 
to describe the subspace, Combination of simple 
operation by means of geometry, high dimensional 
space complex calculations [4]. 

 
 

 
 

Fig. 1. BPR. 
 
 

But research on the covering of the biomimetic 
pattern recognition of the high dimensional 
information geometry is still poor [5-8], In this paper 
through high-dimensional information geometry 
biomimetic pattern recognition, proposed using high-
dimensional information geometry to construct a 
convex cell covering of biomimetic pattern 
recognition, judging if some high-dimensional space 
samples be covered by a convex cell body, the 
average distance of the k-dimensional simplex 
vertices, as the convex cell body threshold reference 
value, in order to build a more satisfactory coverage 
of the body, Finally, face recognition test the 
feasibility of the method. 
 
 

2. High-dimensional Geometry Theory 
 

Each element in nR  ( 2n   ) is called a point, 
and the establishment of the following concepts [6]: 

Definition 1 If k  vectors 1 0a a , 2 0a a , 

 , 0k a a  in the vector space nR are linearly 

independent, then the point set { 0a , 1a , , ka }  is 

called affine independent. 

Definition 2 If k vectors 1 0a a , 2 0a a , 

 , 0k a a  in the vector space nR  are linearly 

independent, that 
 

1

| ( ),
k

i i i
i

S R 


     
 

 0x x a a  

Is linear subspace in nR , the base for the subspace is 

{ 1 0a a , 2 0a a ,  , 0k a a } dimk S , 

abbreviated 
 

1 0 0, , kS   a a a a
 

 

Definition 3 Let   0 1, , , k a a aB is affine 

independent, record set 
 

0 1
0 0

| 0,0 , 1
k k

k i i i i
i i

a i k  
 

 
      

 
 a a a  (1) 

 
to k-dimensional simplex, abbreviated as k- simplex. 

Point to line segment distance: at the two cases, 
First: the pedal of point to the line segment 
AB in AB , then the distance shall be from point to 

pedal. Second: the pedal of point to the line segment 
AB out AB , the distance shall be from point to the 

endpoint that near the pedal [3] (Fig. 2).  
 
 

．O 

A B

ｄ  

．O 

A BC

ｄ  

C 

．O 

A BC 

ｄ  

 
 

Fig. 2. Points to the distance line segment. 
 
 

Point to the limited plane distance: the distance is 
similar from point to line segment, the pedal of point 
to the plane if in the limited plane; its distance is the 
distance from point to pedal; if outside of a limited 
plane, then the distance of point to plane distance of 
the minimum value of all points. If the limited plane 
is convex, then this distance must be a point to end 
point or a plane the distance between the boundary 
points [9]. 

The actual pattern recognition in order to 
determine whether a particular sample points are to 
be identified A class,  A as a set, then the sample 

points in set A ( dA R ). The distribution of the 
concrete application of pattern recognition based 
object can be different dimensions of "manifolds"; it 
is necessary building a collection Multidimensional 
geometric shapes to cover A in feature space Rd. 

Definition 4 Suppose V is a k-simplex in the 
feature space Rd, the shortest distance from point x to 
V be met: 

 

    , min , , ,d x V d x y y V  
 

 
if U  met: 
 

  VRxVxdxxU d ,,|   
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constant 0  , claimed U  a k-simplex coverage 

is actually a cover of convex cell body. 
BPR algorithm that: the sample points x to be 

recognized to a k- simplex is less than the distance 
threshold  , that x belonging to one k-simplex 
coverage, then x belong to the k-simplex with  
the class. 

A gray image, mapped a point of Rn Space, 
through feature extraction, will points in Rn Space 
projected into the feature Rd Space ( )d n , then 

1k   images 0 1, , , ka a a , projected on to Rd 

Space, as 1k   points, if it is still recorded as 0 ,a  

1a  ,  ka , then the vector 1 0a a , 2 0a a , 

 , 0k a a are linearly independent, generate  

k-dimensional linear subspace, denoted S ,on the 
other hand, the set 

 

1 0
1 1

{ ( ) | 0, 1}
k k

i i i i
i i

  
 

   A a - a  (2) 

 
constitute k-simplex, apparently SA . 

There were m  classes, each class to take  1k   

training samples, then 1k   images in the feature Rd 
space composition the k-simplex in its generated k-
dimensional linear subspace, there were m  linear 
subspaces and k-simplexes. Now, if there were  
l  same type images to be recognized, these images 
in the feature Rd space generated l-1 -dimensional 
linear subspace of the l-1 -simplex. Identification 
problem is to judge the distance that l-1 -simplex 
which in l-1 -dimensional linear subspace and 
m patterns  k-simplexes which in k-dimensional 
subspace, if the distance with a k-simplexs less than 
a given threshold   , then the sample would fall into 
the class [10]. 

 
 

3. Distance Between Point and  
k-simplex 
 

3.1. Distance Between Point and Line 
Segment (Fig. 2) 

 

a)  if  , , 0AO AB BO BA 
   

, then 

2

,
1

AO AB
d AO

AB

 
  
 
 

 


                     (3) 

b) if , 0AO AB 
 

, then  

d AO


, or d BO


 

Here the operator  a,b  was the inner product 

of the vectors. 

3.2. Distance Between the Point 0x   

and k- simplex 0 1 ka a a  
 

Firstly here should discuss the distance between 

the point 0x  and the k-dimension plane. The 

literature [6] had proposed the basic results of this 
topic; here the Theorem 1 and Theorem 2 had  
perfected it. 

The k-dimension plane  
 

0 1 0 0: , ,k
kS   a a a a a  

 

and the vector noted  
 

0 ,1i i i k   v a a , let  1 2, , , kv v v  

 

were linearly independent and  1 2, , , kv v v  

were the basis of the k-dimension sub-

space 1, , kV  v v , so that  

0 ,dimkS V V k  a , where 1 1k n    

Supposing  1, ,k nv v  was the basis ofV  , 

then kS  could be expressed by , j jbx v , where 

0 ,j jb  a v  for 1k j n   , and point 

0 \n kR Sx , the k-dimension plane 0
kS V a , 

the distance between 0x  and kS  was  
 

0 0 0 0

0 0

( , ) min min ( )

                ( , )

k

k

VS
d x S

d V


    

 
vx

x x x a v

x a
 

 

Geometrically, finding the distance between 0x  

and kS  was same as to find projection of the 

orthocomplement of the vector 0 0x a  toV , which 

denoted byV  . 

Theorem 1. Let 1 2, , , kv v v  were n-

dimension vectors, k n  and linearly independent, 

let  1, ,
T

k k n
A


 v v , then ( ) ( )Tr AA r A k  , 

and 1( )T TQ A AA   was the generalized right 

inverse matrix of matrix A 

Proof: Let ( )Tx Ker AA , then 0T TAA x   

0T TxAA x  , ( )( ) 0TxA Ax  , 0xA  , 

i.e. 0xA  , ( )x Ker A , so 

( ) ( )TKer AA Ker A , while  

( ) dim( ( ))r A n Ker A   

dim( ( )) ( )T Tn Ker AA r AA k    , 

this indicated that the matrix TAA  was reversible. 
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Moreover, 1( )T T
k kAQ AA AA I
  .  

Theorem 2. Let 1( )T TP A AA A , 

then the vector-group P I  were orthogonal to the 
vector-group A . 

Proof: for  
1[ ( ) ]T TAP A A AA A A   , 

( ) 0A P I  , 

Let  , ,
T

P I  1 nu u , for ( )TP I P I    

So  1 1( ) , ,
T T T

k n n n
A P I


     v v u u O  , 

so the vector-group P I  were orthogonal to the 
vector-group A , and ( ) ( )P I Ker A  . In other 

words, that when 1 2, , , kv v v  was the basis  

of 1, , kV  v v . 

The sub-space spanked by the vector-group 
P I  was the orthocomplement of V  noted 

byV  , and one group basis of them was the basis of 

orthocomplement V


. 

If  1 2, , , kv v v was the orthogonal basis  

of V , than  
 

1 1

1 1

, ,

T
TT
k k

k k

P
   

     
   

v vv v

v v v v
  , 

 
else Orthogonal normalized vector 

group[ , , ]1 nu u . Let vector 

 

0 0 0 0 2 0 0

2

, , ,
( , , , ),

n

n

  


T T T
1

T T T
1

x a u x a u x a u
β

u u u


 
 

where 
0 0 ,

, 0
j

j

j

if then


 
T

T

T

x a u
u 0

u
. 

β is projection of the vector 0 0x a  to the 

orthogonal complement space V  , β is distance 

between 0x  and kS . 

According to the theorems above, if  

a)  1 2, , , kv v v  were the basis ofV , than  

 

0 0 0 0

0

, ,
( , ) ( , , )

nk

n

d x S
 


T T
1

T T
1

x a u x a u

u u
  (4) 

 

b)  1, ,k nv v were the basis ofV  , then  

 

0 0 0( , ) ( )kd x S Q x a , (5) 

where 1( )T TQ B BB B , and  

 

1

1

, ,

T

k n

k n

B 



 
  
 

v v

v v
 . 

 

If  1, ,k nv v  were the orthogonal basis 

ofV  , then  
 

 

1
2

1
2

2

0 0
0

1

22

0

2
1

,
( , )

,
                

n
ik

i k i

n
i i

i k i

d x S

b

 

 

       
   

          





x a v

v

x v

v

 , 
(6) 

 

where 0 ,i ib  a v , and 1k i n   . 

The distance between the point 0x and the  

k-dimension simplex 0 1 ka a a  was the special 

case of the distance 0x  to the k-dimension plane, but 

there are two different: 

a) To determine a pedal 0x  on the 0 1 ka a a , 

for vectors P I  and I P are opposite direction, 
so β by (1) as determined and β , one of them 

point to 0 1 ka a a , and the other away. 

b) If the pedal is not in simplex, then its distance 
is point to the vertices of a simplex or one edge. 

 
 

4. Realization of Biomimetic Pattern 
Recognition Based on High-
dimensional Space and Face 
Recognition Test 

 
There were m  classes, each class to take 1k   

training samples, then 1k   images in the feature Rd 
space composition the k-simplex in its generated  
k -dimensional linear subspace, there were m  linear 
subspaces and k-simplexs. Now, if there were l  
same type images to be recognized, these images in 
the feature Rd space generated l-1-dimensional linear 
subspace of the l-1-simplex. Identification problem is 
to judge the distance that l-1-simplex which in   
l-1-dimensional linear subspace and m  patterns   
k-simplexs which in k-dimensional subspace, if the 
distance with a k-simplexs less than a given 
threshold  , then the sample would fall into the 
class [6]. 

Using the ORL [11] and YALE A [12] face 
database for the experimental subjects (Fig. 3). 
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(a) Part images of the ORL face database. 
 

 
 

(b) Part images of the YALE a face database and the 
interception of a standardized image. 

 
Fig. 3. Part images of the ORL and YALE a face database. 

 
 

In the structure of k-simplex cover body – convex 
cell body, how choose the threshold   is critical, too 
large may lead to increased error rate, is too small 
may result in rejection rate increased. As the choice 
of training samples with random, so to the average 
distance between the training sample and the training 
sample approximate the distance between to be 
recognized sample with the k-simplex. So you can 
take   to the average distance  times between the 
training samples,   take 1 near the value. 

In the ORL face database, select 30 persons in 
each of five of 150 face images as training samples, 
each of five face images to form a 4-simplex, the 
other a total of 150 images per 5 constitute the test 
sample A, the remaining 10 persons per 10, sum 
100 images constitute the test samples B. PCA as 
feature extraction tool, PCA as feature extraction 
tool, principal component contribution ratio is 0.85, 
the dimension of feature space dimension is 47. 

Experiment, takes 
 

1 4

1
0.85 ( , )

6 i j
j i

d a a
  

    (7) 

 
that 0.85 times of the average distance between  
4 samples . 

We use above BPR were compared to the general 
pattern recognition method (SVM kernel nearest 
neighbor method) results in the following table:  

 
 

Table 1. Experimental results. 
 

Test sample A Test sample B  

Correct 
rate 

Error 
rate 

False 
rate 

Corre
ct rate 

Error 
rate 

BPR 84.6 % 2.6 % 12.6 % 89.0 % 11.0 % 

SVM 85.7 % 14.2 % 0 0 100 % 

 
 

The YALE A face database we are also has been 
tested, first, face image using artificial interception of 
the face, then a unified size, and image histogram for 
the amendment, shown in Fig. 3 (B), taking each 
person four images as training samples, the 
contribution rate of principal component extraction is 
0.85, the dimension of feature space is 
20 dimensional, error recognition 13, rejection 1, 
correct recognition rate was 86.7 %. 

 
 

5. Conclusions 
 

Based on high-dimensional geometry, by the 
homology of the similar sample points, solve the 
threshold issue for k-simplex structure covered body, 
provides a way to structure the best coverage body, 
expand the Biomimetic Pattern Recognition method, 
and in face recognition experiments is valid. 
 
 
Acknowledgements 
 

Author gratefully acknowledges the Projects 
Supported by Qu Zhou City science and technology 
(20101059) for supporting this research. 
 
 
References 
 
[1]. Vapnik V., Statistical learning theory, John Wiley 

&Sons, Inc., New York, 1998. 
[2]. Wang Shoujue, Bionic (topologica1) pattern 

recognition - a new model of pattern recognition 
theory and its applications, Aeta Electronica Sinica, 
Vol. 30, Issue 10, 2002, pp. 1417 - 1420.  

[3]. Wang Shoujue, Wang Bainan, Analysis and Theory 
of High-Dimension Space Geometry for Artificial 
Neural Networks, Aeta Electronica Sinica, Vol. 30, 
Issue 1, 2002, pp. 1-4. 

[4]. Wang Shoujue, Lai Jiangliang, First step to Multi-
dimensional space biomimetic informatics, National 
Defese Industry Press, Beijing, 2008, 1. 

[5]. Wenming Cao, Clifford Manifold, Learning for 
Nonlinear Dimensionality Reduction, Chinese of 
Journal Electronics, Vol. 18, Issue 4, 2009,  
pp. 650-654. 

[6]. Wenming Cao, Nengheng Zheng, Feng Hao, Hhigh-
dimensional information geometry and speech 
analysis, Science Press, Beijing, 3, 2011. 

[7]. Xiao Xiao, Xianbao Wang, Sunyuan Shen, Shoujue 
Wang, A Cognitive Model in Biomimetic Pattern 
Recognition and its Applications, Cybernetics and 
Applications Lecture Notes in Electrical Engineering, 
Vol. 107, Issue 1, 2012, pp. 953-960. 

[8]. Youzheng Zhang, Wenhai Cheng, An optimized 
application based on double-weight neural network 
and genetic algorithm, Communication in Computer 
and information Scienc, Vol. 268, Issue 2, 2012, 
pp. 99-105. 

[9]. Lai Jiangliang, Research on geometry analysis ofdots 
in high-dimensional space for pattern recognition, 
Institute of Semiconductors Chinese Academy of 
Sciences, Beijing, 2005.  



Sensors & Transducers, Vol. 23, Special Issue, July 2013, pp. 116-121 

 121

[10]. Yang Guo-Wei, Wang Shoujue, Liu Yang-yang, 
Research on Two Key Technical Problems in 
Biomimetics Pattern Recognition, Aeta Electronica 
Sinica, Vol. 36, Issue 12, 2008, pp. 2490 - 2492. 

[11]. http://www.cl.cam.ac.uk/research/dtg/attarchive/ 
/facedatabase.html 

[12]. http://cvc.yale.edu/projects/yalefaces/yalefaces.htm 

 

___________________ 
 

2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 
 
 
 
 
 
 
 
 

 
 
 

 

http://www.sensorsportal.com/HTML/MEMS_for_Cell_Phones_and_Tablets.htm
http://www.sensorsportal.com/HTML/BOOKSTORE/NDIR_Gas_Measurement.htm


Sensors & Transducers, Vol. 23, Special Issue, July 2013, pp. 122-126 

 122 

   
SSSeeennnsssooorrrsss   &&&   TTTrrraaannnsssddduuuccceeerrrsss  

© 2013 by IFSA
http://www.sensorsportal.com   

 
 
 
 
 

Dynamic Monitoring and Evaluation on Urban Heat 
Island Effects Using Remote Sensing Technology 

 
1, 2 Wen-Xia QIU, 1, 2 Hui-Xi XU, 1 Zheng-Wei HE 

1 Key Laboratory of Geo-special Information Technology, Ministry of Land and Resources, Chengdu 
University of Technology, Chengdu 610059, China 

2 Institute of Engineering Surveying, Sichuan College of Architectural Technology,  
Deyang 618000, China 

1 E-mail: wenxiaqiumail@163.com 
 
 

Received: 15 April 2013   /Accepted: 20 July 2013   /Published: 30 July 2013 
 
 
Abstract: Land surface temperature (LST) of the Nanchong City in China was retrieved using Landsat 
TM/ETM+ images, which obtained on September 15, 1988, July 22, 2000, and September 20, 2007 
respectively, and then be classified by Mean-standard Deviation method. The spatio-temporal evolution of UHI 
was analyzed including UHI distribution variation and transformation. Research result are the following: (1) The 
UHI area in the Nanchong city was continually increasing from 1988 to 2007, and the rate in the later period 
(from 2000 to 2007) was 1.8 times that in the previous period (from 1988 to 2000). The UHI expansion was 
synchronous with built-up area, and the expansion form was extending along and outwards the Jialing River.  
(2) The UHI-in area was far greater than the UHI-out area from 1988 to 2007. In the previous period, the UHI-
into rate was 4.0 times that of UHI-out, and in the later period, the UHI-into rate was 2.2 times the UHI-out rate. 
Comparison of the previous and later period, the UHI-into rate or UHI-out rate was increasing, but the increased 
scope of UHI-into rate was more 22.42 hm2/a than UHI-out rate. In short, the UHI in the Nanchong City was 
continuously strengthening from 1988 to 2007, and the rate in the latter period was higher than that in the 
previous period. Copyright © 2013 IFSA. 
 
Keywords: Urban Heat Island Effects, Land Surface Temperature (LST), Dynamic Monitoring and Evaluation. 
 
 
 
1. Introduction 

 

Since the concept of Urban Heat Island (UHI) 
was proposed by Lake Howard in 1833, this problem 
has attracted wide attention of many scholars. 
Especially in recent years, with the development of 
urbanization, Urban Heat Island Effects has already 
become the typical characteristic of urban climate.  
It is seriously affecting urban people's quality of life. 

At present, there are many methods of UHI 
research. Remote Sensing technology as the efficient 
surface observation mean has been applied widely to 
UHI research in several large cities. For instance, XU 

Han-Qiu et al. quantitatively evaluated the UHI of 
the Xiamen City in China using UHI Ratio Index 
(URI) [1]. Chen Yun-Hao et al. analyzed the spatial-
temporal characteristics of urban thermal 
environment in the Shanghai City, China [2]. Jiang 
Zhang-Yan et al. studied the UHI of the Beijing City 
and discussed its relationship with land cover and 
vegetation index [3]. Wang Tian-Xing et al. analyzed 
the spatio-temporal evolution of UHI in the Fuzhou 
City from 1989 to 2004 in various aspects [4]. 

This article analyzed the spatio-temporal 
evolution of UHI in the Nanchong City of Sichuan 
Province in China using Landsat multi-temporal 

Article number P_SI_414 

http://www.sensorsportal.com


Sensors & Transducers, Vol. 23, Special Issue, July 2013, pp. 122-126 

 123

TM/ETM+ data, in order to provide the basis for the 
local environment evaluation and city planning. 

 
 

2. Research Region and Data Source 
 

The Nanchong City lies in the northeast of 
Sichuan Basin, and locates in the middle reaches of 
the Jialing River (see Fig. 1). The topography is 
mainly hilly, and the altitude is from 26 to 
480 meters. The research region is the urban area of 
the Nanchong city, which locates in the west of the 
Jialing River and the east of the Xi River, including 
the Shunqing District, the Jialing District and the 
Gaoping District. The Shunqing District and the 
Jialing District lies in the west of the Jialing River, 
and the Gaoping District lies in the east of the Jialing 
River. The Jialing River flows through the east side 
of the urban from north to south. The urban area is 
surrounded by the highway. The highway from 
Chengdu to Nanchong runs across the south  
of urban area. 

 
 

 
 

Fig. 1. General situation of research region. 

 
 
This research used Landsat-5 TM data, which 

obtained on September 15, 1988 and September 20, 
2007, and Landsat-7 ETM+ data obtained on July 22, 
2000. The satellite channel number is 128/039. The 
projection of the images is UTM 48N, the ellipsoid 
and reduced plane of which is WGS84, the spatial 

resolution of image is 30 meters. The quality of 
images is good. 

 
 

3. Retrieving Land Surface Temperature 
(LST) 
 

3.1. Radiation Calibration 
 
Radiation calibration is a process of converting 

the digital value (DN) of remote sensing data into 
spectral radiance value of sensor. For Landsat-5 TM 
data, the calculation model is formula (1), and for 
Landsat-7 ETM+ data, the model is formula (2) [5]. 
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where Lλ is the spectral radiance by the sensor  
(W·m-2·sr-1·μm-1), Qλ is the digital number of 
analyzed pixel, Qmax is the maximum digital  
number (255), Qmin is the minimum digital number, 

maxL  and 
minL  are the maximum and minimum 

spectral radiance. 
 
 
3.2. Retrieving Brightness Temperature 

 
Based on spectral radiation value of pixels on 

sensor, brightness temperature can be directly 
calculated by Planck's radiation function or an 
approximation formula (3) [6, 7]. 
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where Trad is the brightness temperature of pixels and 
its unit is K, K1 and K2 are the pre-launch calibration 
constants, as for ETM+ band 6, K1 is  
666.093 W. m-2. ster-1. μm-1, and K2 is 1282.708 K, 
as for TM band 6, K1 is 60.766 mW. cm-2. ster-1. μm-1, 
and K2 is 1260.56 K [8]. 
 
 
3.3. Retrieving Land Surface Temperature 

(LST) 
 
Retrieving land surface temperature (LST) is the 

key of Urban Heat Island Effect research. At present, 
there are four methods for retrieving land surface 
temperature using Landsat thermal infrared band, 
which are Radioactive Transfer Equation (RTE), 
Image-Based Method (IB), Mono-Window 
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Algorithm (MW) and Single Channel Method (SC) 
respectively. Comprehensively considering the 
advantages and disadvantages of above four 
methods, this research selected the algorithm of 
Image-Based Method to retrieve land surface 
temperature through brightness temperature. 

LST can be calculated according to formula (4) 
[9]: 

 

 ln)/(1 rad

rad
s T

T
T


 , (4) 

 
where Ts is the LST and its unit is K, λ is the center 
wavelength (11.4 μm),  /ch  , where h is the 

Planck constant ( sJ  3410626.6 ), c is the velocity of 
light ( sm /10998.2 8 ), is the Boltzmann constant 
( KJ /1038.1 23 ), ε is the surface emission 
coefficients, when NDVI<0.05, ε=0.973, when 
NDVI>0.7, ε=0.99, when 0.05≤NDVI≤0.7, 
=0.004P+0.986, where P is the vegetation proportion 
in pixel, )/()( svsv NDVINDVINDVINDVIP  , 

)/()( 3434  NDVI , 3 and 4 are the 

surface reflectance acquired in the red and near-
infrared band of Landsat TM/ETM+ respectively [10, 
11]. NDVIv (0.7) and NDVIs (0.05) stand for the 
NDVI value of vegetation and bare land. 
 
 
4. Analysis of Spatial-temporal Evolution 

of UHI 
 
Mean-standard deviation method was used to 

divide land surface temperatures of the research 
region into five grades, which are high temperature 
area, secondary high temperature area, medium 
temperature area, secondary low temperature area 
and low temperature area [12]. The results in 
research region are displayed in Fig. 2, Fig. 3 and 
Fig. 4. High temperature area and secondary high 
temperature area is defined as the heat island area, 
others are called non-heat island area. 
 
 
4.1. Analysis of UHI Distribution Variation 
 
Fig. 2 showed that, in 1988, the UHI area in the 
Shunqing District showed strip distribution and 
mainly distributed in the Five-star Garden, the 
Wufengshan, the West Street, the Southeast Street 
and the Zhoujiaba, and the UHI patches were 
smaller, which in the Gaoping District was lest and 
distributed in the White Pagoda Park and the 
Gaoping Town.  

 
 

Fig. 2. Land surface temperature grades  
on September 15, 1988. 

 
 

 
 

Fig. 3. Land surface temperature grades  
on July 22, 2000. 

 
 

 
 

Fig. 4. Land surface temperature grades  
on September 20, 2007. 
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Fig. 3 showed that, in 2000, the UHI area in the 
Shunqing District was expanded except that in Five-
star Garden was disappeared, that in the Renjiaqiao 
of the Jialing District appeared, and that in the White 
Pagoda Park and the Gaoping Town of Gaoping 
District was expanded. Fig. 4 showed that, in 2007, 
the UHI area in the City Hall and the Hua Feng 
Town was increased in the Shunqing District, the 
UHI area of the Zhou Jia Ba expanded, and the UHI 
area in the Wufengshan, the West and Southeast 
Street decreased. The UHI area in the Southern 
Industrial Area and the Plane Dam was increased in 
the Jialing District, and that in the Maocaoping was 
increased in the Gaoping District. From 1988 to 
2007, the UHI expansion was synchronous with 
built-up area, and the expansion tendency form was 
extending along and outwards the Jialing River. 

According to the statistics from three LST images 
(Fig. 2-4), the UHI area in 1988 was 291.06 hm2, that 
in 2000 was 621.81 hm2, and that in 2007 was 960.48 
hm2, accounting for 7.31 %, 15.61 % and 24.11 % of 
research region respectively. From 1988 to 2000, the 
UHI area increased by 330.75 hm2, the increasing 
rate was 27.56 hm2/a, and from 2000 to 2007, the 
UHI area increased by 338.67 hm2, the rate was 
48.38 hm2/a. In short, from 1988 to 2007, UHI area 
was continually increasing, and the rate in later 
period (from 2000 to 2007) is 1.8 times that in 
previous period (from 1988 to 2000). 

 
 

4.2. Analysis of UHI Area Transformation 
 

Using GIS software of ArcGIS, temperature 
grades transformation image from 1988 to 2000, and 
from 2000 to 2007, were derived from temperature 
grades images in two phases respectively (Fig. 5 and 
Fig. 6). In the pictures, different color zones 
represent the transformation types of the different 
temperature grades. 
 
 

 
 

Fig. 5. Land surface temperature grade transformation  
from 1988 to 2000. 

 
 

Fig. 6. Land surface temperature grade transformation  
from 2000 to 2007. 

 
 

The statistics from Fig. 5 showed that, from 1988 
to 2000, the UHI area without transformation was 
206.19 hm2.The area from non-UHI to UHI was 
415.62 hm2, and its rate was 34.64 hm2/a.The area 
from UHI to non-UHI was 104.04 hm2, and its rate 
was 8.67 hm2/a.  

The statistics from Fig. 6 showed that, from 2000 
to 2007, the UHI area without transformation was 
329.67 hm2,the area from non-UHI to UHI was 
630.81 hm2, and its rate was 90.12 hm2/a.The area 
from UHI to non-UHI was 292.14 hm2, and its rate 
was 41.73 hm2/a. Comparison of the previous period 
(from 1988 to 2000) and the later period (from 2000 
to 2007), the UHI-into rate or UHI-out rate was 
increasing, but the increased scope of UHI-into rate 
was more 22.42 hm2/a than UHI-out rate. 

 
 

5. Conclusions 
 

The UHI in the Nanchong City was dynamically 
monitored using multi-temporal remote sensing 
images. The main conclusions are the following:  

(1) The UHI area in Nanchong city was 
continually increasing from 1988 to 2007, and the 
rate in later period (from 2000 to 2007) is 1.8 times 
that in previous period (from 1988 to 2000). The UHI 
expansion was synchronous with built-up area, and 
the expansion form was extending along and 
outwards the Jialing River. 

(2) The UHI-in area was far greater than the  
UHI-out area from 1988 to 2007. In the previous 
period (from 1988 to 2000), the UHI-into rate was 
4.0 times that of UHI-out. In the later period (from 
2000 to 2007), the UHI-into rate was 2.2 times that 
of UHI-out. Comparison of the previous and the later 
period, the UHI-into rate or UHI-out rate was 
increasing, but the increased scope of UHI-into rate 
was more 22.42 hm2/a than UHI-out rate. 
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In short, the UHI in Nanchong city was 
continuously strengthening from 1988 to 2007, and 
the later rate strengthened (from 2000 to 2007) was 
higher than the previous rate (from 1988 to 2000). 
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Abstract: Flue gas generated by the wastewater incineration entrains a large number of ash particles which are 
composed of alkali substances into the heat recovery steam generator (HRSG). The deposition of particles rich 
in alkali on the tube surface of heat transfer can reduce the heat transfer efficiency; even cause severe capacity-
limiting plugging and unscheduled shutdown. In the present work, a full-scale CFD model based on the 
Eulerian-Lagrangian scheme is implemented to simulation flue gas turbulent flow and heat transfer as well as 
the particle transport in the heat recovery boiler. Several User-Defined Functions (UDFs) are developed to 
predict the particle deposition or rebounding in the thermal boundary layer and detachment of deposited 
particles from the surface. On a basis of experiments, a new correlation of Young’s modulus is proposed to 
represent particle sticking behavior. The results of numerical simulation which includes deposition rates and 
deposition distributions with different sizes of particles in the heat recovery boiler show an acceptable 
agreement with the field measurements. Copyright © 2013 IFSA. 
 
Keywords: Ash particle deposition, Full-scale simulation, Sticking probability, Particle detachment, CFD 
simulation. 
 
 
 
1. Introduction 

 

In the production process of chemical industries, 
pharmaceutical industries, metallurgical industries, 
and pulp and paper industries, a great deal of waste 
water containing various chemical substances, such 
as liquid hydrocyanic acid, ammonium sulfate, 
lignin, aliphatic carboxylic acids and other organic 
and inorganic chemicals [1, 2] are generated as 
byproduct. Incineration method is a potential and 
effective treatment method for such high 
concentration and poor biodegradability organic 
wastewater [3]. Furthermore, in order to recover the 
waste heat after incineration, a heat recovery stream 
generator (HRSG) is installed at the tail of the waste 
water incinerator, and used to heat boiler feed water 
and produce steam. However, ash particles rich in 

alkali (mainly Na) and with highly variable content 
and chemicals are also introduced and entrained into 
the heat transfer passage by the bulk gas transport. 

Fly ash particles deposit and accumulate on the 
surface of tube banks, then lead to erosion and 
corrosion [4]. If soot blowers can’t remove the 
deposits designedly according to the actual HRSG 
operating conditions, in serious cases, these alkali 
vapors and sticky particles lead to ash bridges of slag 
flags at the narrow position of flue gas channel, even 
result in severe capacity-limiting plugging and 
unscheduled shutdown. So it is necessary to predict 
deposition trends quantitatively in order to assess 
required maintenance intervals. 

The purpose of this work is to establish a CFD-
based turbulent model combined with the several 
User Defined Functions (UDFs) for full-scale 
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simulation of particle transport in high temperature 
flue gas and particle deposition/rebounding in the 
thermal boundary layer of tube banks. The input 
parameters such as size distribution, chemical 
composition are based on the field measurement and 
laboratory analysis. 

 
 

2. Experimental Data 
 
The input parameters are derived from actual 

operation conditions of the incineration furnace and 
heat recovery boiler in Acrylonitrile Plant at Sinopec 
Qilu Company Ltd. 

A corner tube boiler is used for heat recovery and 
the tube banks are in a staggered arrangement with 
flue gas traversing across them. In high temperature 
gas flow passage the arrangements of tube bundles 
are in two ways based on the different transverse 
pitches. In the first half section of passage, the 
transverse pitch is 170 mm and the longitudinal pitch 
is 125 mm. Every four rows of tube bundles is one 
group and there are three groups altogether with a 
551 mm distance between neighboring two groups. 
This space is applied as a working passage during 
overhaul or shutdown while in the second half part, 
the transverse pitch is 125 mm, and the longitudinal 
pitch is still 125 mm. This closer arrangement could 
increase heat transfer area in order to offset the 
insufficient heat transfer in the first half section due 
to large transverse pitches and working passages 
used. The specification of heat transfer tube is 
diameter 51 mm and wall thickness 3 mm. 
 
 

125mm

51
mm

Flue gas 
direction

 
 

Fig. 1. The two ways of arrangement of tube banks. 
 
 

Usually chemical composition of ash deposit in 
the area of high temperature and low temperature has 
an acceptable approximation [5], while at the 
location where the flue gas temperature is lower than 
the dew point of alkali vapors, the ash samples could 
not be used owing to enrichment in these vapors. 
Deposit samples on the surface of heat transfer are 
collected through dust removal windows located on 
the furnace wall of the HRSG. And detailed 
information about major spices and chemical 
composition of ash deposits could be obtained by 
D/MAX-1200 X-ray diffractometer and RLX 3000 
fluorescence spectrometer. Ash samples are collected 
at high temperature area (i.e. near the entrance to 

heat recovery boiler, Tinflow=1123 K) and at low 
temperature area (i.e. neat the exit to heat recovery 
boiler, Toutflow≈600 K) respectively, see Table 1  
and Table 2. 
 
 

Table 1. XRD analysis of major species of ash deposits. 
 

Sample Location Components 
Deposit near the 
entrance of HRSG 

Fe2O3, α-Al2O3, Na7Al5Si5O24S3, 
Na2SO4, CaAl2O4, NaAlO2, 

Deposit near the 
exit of HRSG 

Fe2O3, FeO, α-Al2O3, NaAlO2, 
Na2SO4, FeSO4, CaAl2O4, NaAlO2, 

 
 

Table 2. Chemical composition of ash deposits (wt %). 
 

Sample 
Location 

Deposit near the 
entrance of HRSG 

Deposit near the 
exit of HRSG 

CaO 2.11 1.24 
MgO 0.14 0.84 
Na2O 38.02 39.56 
K2O 0 0.04 

Al2O3 46.32 33.45 
SiO2 8.57 8.47 
TiO2 0.11 1.54 
Fe2O3 4.73 14.86 
Total 100 100 

 
 

When fly ash particles with relative high 
temperature collide with the surface of heat transfer 
tubes, they could appear “abruptly cooling” 
phenomenon, and the temperature of ash particles 
reduces quickly and even below their melting 
temperature. Because of high viscosity, ash particles 
stick to tube surfaces, and deposits are formed. 
 
 
3. Model Description 
 

In the present work, an Eulerian-Lagrangian 
approach is implemented to afford the solution of 
particle-laden flue gas flow problems. The Eulerian 
model describes continuous phase behavior while the 
particle trajectory tracking is estimated by the 
Lagrangian model. Popular two equation turbulence 
model (realizable k-ε turbulent model) provides 
excellent representation of continuous phase 
turbulence in this simulation. For the wall-bounded 
internal flow simulated with the realizable  
k-ε turbulent model, the standard wall functions are 
used to link bulk flow conditions to the near-wall 
behavior in the wall adjacent cells in the 
computational domain. That is because in the full-
scale industrial flow simulations, for the overall 
representation of turbulent flow and near-wall 
fluctuation, standard wall functions are economical 
and reasonably accurate to model the influence  
of the wall. 

Since it’s intended to investigate the particle 
dispersion and deposition within a quite wide particle 
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size range, it is necessary to take into consideration 
not only the drag force, but also the Brownian force, 
Saffman’s lift force and Thermophoretic force.  

Under these assumptions, the governing equation 
of particle motion is given as: 

 

 Re1

24
p D p TH

f p B L

du C F
u u F F

dt m
      (1) 

 
The left side of the Eq. (1) represents the inertial 

force per unit mass, m/s2, and in Eq. (1), uf and up is 
the continuous phase and particle velocity 
respectively, m/s, CD is the particle drag coefficient 
and expressed by Schiller & Nauman’s correlation, m 
is the mass of a particle, kg, Rep is the particle 
Reynolds number, FB and FL is the Brownian force 
and Saffman’s lift force [6, 7]. A modified equation 
of thermophoresis force as a function of Knudsen 
number which is developed by He and Ahmadi [7] 
by adjusting the amplitude and some parameters is 
applied to perform the thermophoresis in the heat 
recovery steam generator. 

Since research into the deposition of ash particles 
arisen from the incineration of waste water rich in 
alkali is limited, a famous evaluation criterion of 
sticking probability which is proposed by Walsh  
et al. [8] is proper for the study of deposition 
mechanisms of waste water-incinerated ash particles. 
The viscosity of ash particles is calculated based on 
the viscosity-based empirical model developed by 
Browning et al. [9]. In this paper, a reference 
viscosity of 103 Pa s is applied due to a high fraction 
of alkali metal in ash particles. In the full-scale 
simulation of particle sticking the viscosity-based 
model is simple, but has a reasonable agreement with 
experimental data. Furthermore, the critical moment 
theory [10] is applied to predict the detachment of 
the deposited particles from the deposition surface. 
The critical wall shear velocity (m/s) is defined as: 
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where Cc is the Cunningham correction factor, 
WA=0.039, ρ is the particle density, kg/m3, E is 
composite Young’s modulus, and defined as: 
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where υs and υp is the Poisson’s ratio of the surface 
and particle respectively, Es and Ep is the Young’s 
modulus of surface and particle, Pa. Once the wall 
friction velocity of the turbulent flow exceeds the 
critical wall shear velocity, the particles will be 
removed from deposition surface. In order to predict 
the sticking feature accurately, a reasonable Young’s 
modulus which mainly depends on the physical 
properties of particles and deposition surface is 

needed. However it is difficult to determine the 
Young’s modulus of the ash particles with complex 
chemical components. Thus an empirical correlation 
based on Ai and Fletcher [11] is developed in this 
paper, in which Tavg is the average temperature of 
particle and tube surface, K: 

 

 183 10 exp 0.03165p avgE T     (4) 

 
 

4. Simulation Conditions and Results 
 
A two-dimensional simplified calculation domain 

is built up based on the actual size of waste heat 
steam generator; for the whole of domain the total 
volume is 1.5433×101 m3 with total cell numbers 
227805 on a basis of grid independence test, as 
shown in Fig. 2. 

 
 

 

 
 

Fig. 2. Computational grid generation. 
 
 

Some UDFs are established to simulate the 
particle deposition and detachment in the thermal 
boundary layer as well as the physical properties of 
flue gas. The turbulent dispersion of particles tracked 
by Lagrangian method in the continuous phase is 
modeled by Discrete Random Walk (DRW) model 
associated with Random Eddy Lifetime. Three 
typical particle sizes 20 μm, 8 μm and 0.2 μm are 
used to perform the size distribution of ash particles 
with flow rates of 0.002 kg/s, 0.00005 kg/s and 
0.0009 kg/s and the density of particle is 2600 kg/m3. 

The temperature contour is shown in Fig. 3, and 
the outlet temperature is 686.2 K when a fixed wall 
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temperature 490 K is specified. The overall heat 
transfer rate is 2461.61 kW, in which the radiation 
heat transfer rate is 1371.63 kW. Along with the heat 
transfer process and the reduction of temperature 
difference between the flue gas temperature and 
surface temperature, the heat transfer rate as well as 
radiation heat transfer in the every row of tube banks 
reduces gradually. 

 
 

 
 

Fig. 3. Flue gas temperature contour at the inlet 
temperature of 1123 K. 

 
 

 
 

Fig. 4. Deposition rate of 20 μm particles on the tube banks 
along with the flow direction. 

 
 

 
 

Fig. 5. Deposition rate of 8 μm particles on the tube banks 
along with the flow direction. 

 
 

Fig. 6. Deposition rate of 0.2 μm particles on the tube 
banks along with the flow direction. 

 
 

When the calculation of flow field is converged, 
the particles are injected in the computation domain 
as a post-processing step to predict the particle fates. 
Once the particles reach the surface of tube banks, 
the UDFs of boundary layer start to execute to 
estimate whether particle deposition, rebounding or 
detachment. While the forces acting on the particles 
in different sizes have different influences on the 
particle motion. For dp=20 μm, due to large inertia, 
large particles become insensitive to Brownian force 
and Saffman’s lift force. These particles tend to flow 
their ballistic trajectories with shorter residence time 
in the heat recovery steam generator. Thus the 
particles of 20 μm can escape from the main flow 
field, penetrate the streamline with a large enough 
momentum normal to the surface of the tube and 
deposit on the surface initially. The results shows 
that most of large particles yielding to the inertial 
impaction deposit on the upwind side of heat transfer 
tubes in the first half part of heat recovery steam 
generator to cause an elliptical- or mountain-like-
shaped deposits (see Fig. 4), while no particles 
deposit on the leeward side of tubes. The particles in 
the size of 8 μm and 0.2 μm are influenced by 
Brownian force and Saffman’s lift force significantly. 
Based on the numerical simulation, the intermediate-
sized particles and submicron particles follow the 
main flow easily and have the longer residence time 
in the heat recovery boiler (see Fig. 5 and Fig. 6). 
The deposition locations of these particles are 
distributed more uniformly which is because some 
particles may deposit on the downstream side of 
tubes due to turbulent backflow phenomenon. 

The temperature of particles that still transport in 
the heat transfer passage declines due to the 
convective and radiative heat transfer, then the 
texture of fly ash particles is harder than that in the 
high temperature area. Therefore, the adhesion 
probability reduces below 1, and some particles can 
rebound off from the surface after impaction or 
multi-impaction. On the other hand, the apparent 
structure of deposits on the front half part of tube 
banks are approximate melt conditions, while an off-
white porous thin layer is formed in the tube banks 
near the exit to the heat recovery steam generator. 
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4. Conclusions 
 
In this paper a developed particle deposition and 

detachment model is proposed for the full-scale 
simulation of particle transport and deposition in a 
heat recovery steam generator. And in order to 
perform the accurate sticking behavior of particles 
when they reach the surface of tube banks, an 
empirical correlation of Young’s modulus is 
proposed accounting for the influence of particle and 
surface temperature. The results of numerical 
simulation are in an acceptable agreement with  
field measurements. 
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Abstract: The kernel bandwidth of the classical Mean-Shift tracking algorithm is fixed, and it usually results in 
tracking failure when the target’s size changes. A kernel bandwidth adaptive Mean-Shift tracking algorithm is 
presented with frame difference method to solve the question in this paper. According to the targets’ size 
obtained from the inter-frame difference method, the bandwidth matrix of kernel function can be updated. 
Because the improved Mean-Shift algorithm is difficult to position target while it moves fast, so a Kalman filter 
is put forward as auxiliary tracker further in the paper. The results of experiment show that the target’s tracking 
accuracy of the non-rigid motion based this algorithm is improved by 3.28 % and the fast motion can be adapted 
to the target via the introduction of the prediction mechanism. This algorithm improved the defects on the target 
tracking which uses single color feature or motion information, so it is a practical tracking algorithm. Copyright 
© 2013 IFSA. 
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1. Introduction 
 

Target tracking is widely used in areas such as 
video surveillance, cruise missile terminal  
guidance [1]. The Mean-Shift algorithm is firstly 
proposed by Fukunaga K. etc. [2], which is  
a unsupervised clustering method based on 
nonparametric probability density estimation of 
kernel function. The Mean-Shift algorithm is used in 
the field of target tracking [3-12].  

Because of the better real-time performance and 
effectiveness, it is obtained to get widespread 
attention. However, the kernel function bandwidth of 
classical Mean-Shift tracking algorithm is fixed, 
when the target's size were increasing gradually even 
beyond the kernel bandwidth range, then the fixed 
the bounding box often lead to the loss of the 
tracking. Reference [4] uses plus or minus 10 % 
increments to correct the kernel bandwidth. When the 

target is narrowing, the method can obtain better 
tracking results. But when the target is increasing, the 
bounding box will usually get smaller and smaller on 
the contrary. A method is presented which uses SIFT 
algorithm to extract the target's parameters such as 
feature scale and the main direction of feature points 
in [5], then the Mean-Shift is used to position the 
targets, but this method has the weaknesses such as 
the large computation amount, poor real-time 
performance. It combines Gaussian scale 
stratification theory and Mean-Shift algorithm in [6], 
and its nature is the same as [5]. Reference [7] 
presented a backward tracking, centroid registration 
kernel bandwidth updating algorithm, but this 
algorithm is only suitable for affine motion model, 
unable to track non-rigid motion. 

Therefore, for the shortcoming of [4-7], this paper 
which is based on the Mean-Shift algorithm, promote 
the concept of kernel bandwidth to bandwidth matrix. 
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It introduces the bandwidth matrix updating 
mechanism, and fuses the inter-frame difference 
motion detection algorithm, gets the geometric 
dimensions of the target in the current frame from the 
binary image of the moving target, in order  
to update kernel bandwidth matrix of the  
Mean-Shift algorithm. 
 
 
2. Adaptive Kernel Bandwidth Mean-

Shift Algorithm 
 
2.1. Expression of Target’s Size 
 

Inter-frame difference method is used to detect 
the change of the moving targets size in this paper 
firstly. It is because that the inter-frame difference 
method is simple, and suit to all kinds of dynamic 
environment, can adapt to meet the real-time 
requirement. Three frames difference method is used 
in this paper, and the Mathematical definition of 
three frames difference method is represented  
as follows: 

If nf , 1nf  , 1nf   represents the gray value of 

three arbitrary continuous images, then the pixel by 
pixel difference images nD  and 1nD   can be defined 

as formula (1): 
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Then, the difference images nD  and 1nD   is 

binary, such as the formula (2): 
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where T  is the threshold value, because of taking 
into account the changes of the environmental noise, 
it need to dynamically select the threshold value, so 
Ostu threshold value method is used in this paper to 
determine the threshold value of the nD . Finally two 

binary images nF  and 1nF   are carried out and 

operation, to get the moving foreground region nM , 

such as formula (3): 
 

1( , ) ( , ) ( , )n n nM i j F i j F i j   (3) 

 
Then the binary image nM is operated 

morphological filtering, to generate new target binary 
image Tn. Then threshold processing will be executed 
according to the area of connection object, to 
eliminate some small, isolated noise point. The 
processing results are shown as Fig. 1 (a), Fig. 1 (b). 

 
 

Fig. 1 (a). The original image. 
 
 

 
 

Fig. 1 (b). The binary image Tn. 
 
 

2.2. Kernel Bandwidth h is Extended  
to the Matrix H 

 
In order to make the Mean Shift tracking 

algorithm suitable for the affine motion or non-rigid 
motion, this paper draws on the idea of reference  
[1, 4], the single kernel radius h is extended to the 
bandwidth matrix H , H  is shown as (4): 
 

0
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h
H
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, (4) 

 
where h  and w  are the length of the major axis and 
minor axis of the window region respectively. The 
improved Mean-Shift algorithm uses the formula  
(5-7) respectively to represent the color of the target 
template, the target’s candidate region distribution, 
and the iterative formula of the target’s centroid 
location as follows: 
 

 


1
0 0

1

( ) ( ) ( )

( ( ) )

n
T T

u i i
i

i

q C k x x H H x x

b x u





   



  (5) 

 

 


1

1

p ( ) ( ) ( )

( ( ) )

n
T T

u u i c i c
i

i

C k x x H H x x

b x u





   



  (6) 



Sensors & Transducers, Vol. 23, Special Issue, July 2013, pp. 132-136 

 134 

 

 

1

1

1

1

( ) ( ) ( )

( ) ( ) ( )

n
T T

i i b i b i
i

c n
T T

i b i b i
i

x g x x H H x x
x

g x x H H x x













 


 




 (7) 

 
 
2.3. The Updating of Bandwidth Matrix H  
 

The updating process of kernel bandwidth matrix 
H in this algorithm is shown as Fig. 2: 

 
 

 
Fig. 2. The updating of bandwidth matrix H . 

 
 
3. The Supplementary Improvement  

by Kalman Filter 
 

Mean Shift algorithm requires that there are 
overlap regions between two successive frames for 
targets. Therefore, the Kalman filter is used as an 
auxiliary tracker. The Kalman filter could track the 
target by predicting, its principle is mainly composed 
through the following five equations, such as (8-12). 
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where iX  is the state vector, iZ  is the observation 

vector, H  is the measurement matrix, iW  is the 

state noise, iV  is the measurement noise ix  is the 

position vector of the moving target, and iv  is the 

velocity vector.  
The supplementary improved algorithm is shown 

as Fig. 3. 
 
 

 
Fig. 3. The supplementary improved algorithm. 

 
 

Where 1up  and 2up respectively is the color 
histogram distribution of the target’s candidate 
location in current and previous frame. In Fig. 3, the 
value of T  influences the experimental operation 
speed directly. It is assigned 0.3 by experimental 
method, and it is used as threshold value to determine 
whether the target move too fast to result in no 
overlap between the previous frame and the  
current frame. 
 
 
4. Experimental Results and Analysis 

The development platform is Matlab 7.0. In 
Experiment 1, A nonrigid object is tracked by the 
classical Mean Shift algorithm and the improved 
algorithm. The processed video SampleVideo.avi is a 
test video sequence for target tracking. The number 
of frame is 80, the manual initialize size of bounding 
box is 137×36, Comparison of experimental results is 
shown as Fig. 4 (a), Fig. 4 (b): 

In this video, with the dimensions of the target 
gradually increases. The bounding box of classic 
algorithm can not adaptively change its size, leading 
the goal with severe tracking offset; on contrast, the 
proposed algorithm has a good robustness for the 
target tracking of non-rigid motion. In 30 times 
comparative experiments for this video, the average 
processing time of classical Mean Shift algorithm is 
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5.26 s, and the improved algorithm is 11.62 s.  
The x-coordinate/y-coordinate comparison charts of 
the target’s center obtained by these two algorithms 
are given in Fig. 5. It can be seen from Fig. 5, the 
tracking error of the improved algorithm is smaller 
than the classical Mean-Shift algorithm. The mean of 
error and the mean of relative error to  
x-coordinate/y-coordinate of target’s center for these 
two algorithms are given in Table 1, in order to 
measure the tracking accuracy.  

 
 

 
 
Fig. 4 (a). Tracking results of Classical Mean Shift 

Algorithm (Frame 20, 50, 79). 
 

 
 

Fig. 4 (b). Tracking results of improved Algorithm in this 
paper (Frame 20, 50, 79). 

 
 

Table 1. A comparison of tracking accuracy  
of the two algorithms. 

 
Mean of error 

(Mean of relative error) 

Algorithm x-coordinate 
of the target’s 

center 

y-coordinate 
of the target’s 

center 

This algorithm 
11.62 

(6.76 %) 
3.50 

(2.56 %) 

Classical Mean-
Shift algorithm 

14.05 
(8.36 %) 

8.01 
(5.84 %) 

 
 

 
 

Fig. 5 (a). The comparison chart of x-coordinate.  

 
 

Fig. 5 (b). The comparison chart of y-coordinate. 
 
 

Experiment 2 is the simulation for supplementary 
improved algorithm, which has been mentioned in 
this paper. The Video sequence processed is a 
sequence of image which is captured from 
PetsD2TeC2.avi that is provided from IBM human 
vision researching Center, and the time step is set 14 
to simulate the rapid movement of the target. A pair 
of comparison charts that before and after the 
Kalman filter used as supplementary improvement to 
track the target are given by Fig. 6 (a), Fig. 6 (b). 
 
 

 
 

Fig. 6 (a). The tracking results before supplementary 
improvement. 

 
 

 
 

Fig. 6 (b). The tracking results after using Kalman filter as 
supplementary improvement. 
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It can be seen in Fig. 6 (a), when the target car is 
moving too fast, the Mean shift algorithm will fail 
since the algorithm is lack of predictive ability. It 
will result in bounding box retention, so it need to 
introduce Kalman prediction mechanism and match 
with the target’s position detected by inter-frame 
difference, and meanwhile update the central location 
and dimensions of the target in real time. As shown 
in Fig. 6 (b), it can achieve accurate tracking. 
 
 
5. Conclusions 
 

As the experiment results show, the algorithm in 
this paper achieved two improvements as follows: 
First, the tracking accuracy of nonrigid motion is 
improved 3.28 %. Second, this algorithm has a 
strong adaptability for the fast motion of the target. 
However, this article doesn't consider the occlusion 
of the targets yet. The match between the targets 
will make mistake easily if there exists the 
occlusion between the targets, and these problems 
will be studied as a key issue in the next step of the 
work. 
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Abstract: State of charge (SOC) is an essential parameter for battery management system (BMS). Accurate 
estimation of SOC ensures battery work within a reasonable range, which can prevent over-charge or over-
discharge damage to extend battery life. The third-order RC equivalent circuit model is established to describe 
the characteristics of battery, in which the parameters can be identified by the discharge experiment. For the 
multiple state variables, strong coupling, stochastic noise, and wild values in the battery system, the principle of 
superposition is used to decompose the measurement equation so that the separately estimating for state 
variables to eliminate the coupling relationship between them. A novel SOC estimation method based on 
Extended Kalman Filtering (EKF) is proposed in this paper. The simulation and experimental results show the 
validity of the established third-order RC equivalent circuit model, SOC estimation has a high accuracy. 
Copyright © 2013 IFSA. 
 
Keywords: Lithium-ion battery, SOC estimation, Third-order RC equivalent circuit, Superimposition, EKF. 
 
 
 
1. Introduction 

 
Power battery is a key to the development of new 

energy vehicles. The nickel-metal battery and lead-
acid battery are used as the main power in the field of 
electric vehicles. However, lithium-ion battery, 
compared with conventional nickel-cadmium and 
nickel-metal battery, has the merits of high  
energy [1], long cycle life, no memory effect, safe 
and pollution-free, fast charge and discharge, wide 
operating temperature range, etc., which will be 
predominant in this field gradually. Thus, the 
development of using lithium-ion battery as the new 
energy vehicle power battery has a high practicality. 

State of charge (SOC) is necessary parameter for 
battery management system (BMS) [2] to ensure the 
battery safety and life. Since the actual SOC is 

influenced by many factors, such as temperature, 
cycle of discharge, self-discharge, aging, and others, 
the complicated nonlinear behaviors result in 
difficultly estimating for SOC with accurate. 

 
 

2. SOC Estimation Method 
 
At present, SOC estimation methods mainly 

include coulomb counting, the open circuit voltage 
method [3, 4], the impedance method, Kalman 
filtering, neural network method etc. 

Classical Kalman filtering algorithm is only 
applicable to the linear systems, which cannot be 
directly used to estimate SOC because of the 
complex nonlinear nature of the internal chemical 
characteristics in the battery. Extended Kalman 
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filtering (EKF) is employed to the non-linear  
system [5], which has a strong correction function for 
the initial error of SOC. However, the noise statistic 
characteristics vary with dramatic changes in actual 
working conditions, which will cause the inaccurate 
estimation and even the filtering divergence. In this 
paper, according to the principle of superposition, the 
decomposition of measurement equation is used to 
separately estimate the state variables to eliminate 
the coupling relationship between them. The 
proposed estimation method based on EKF can 
accurately estimate SOC. 
 
 
3. A Novel SOC Estimation Algorithm 

Based On EKF 
 
3.1. Battery Model 
 

Currently, the main battery models are as follows: 
electrochemical model [6], neural network model, 
AC impedance model, equivalent circuit model [7] 
etc., each model has own advantages [8]. However, 
the RC network equivalent circuit model with the 
simple structure and high precision is being widely 
used in the BMS to describe the operating 
characteristics of the battery. In this paper, the 
established third-order RC model is shown in Fig. 1. 
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Fig. 1. Third-order RC equivalent circuit model of battery. 
 
 
Model parameters can refer to [9, 10]. According 

to Kirchhoff's voltage, Kirchhoff's current theorems 
and SOC calculation formula, the mathematical 
model can be presented as follows: 
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, (1) 

where   is the coulomb efficiency; InitialSOC  is the 
initial value of SOC; U1, U2 and U3 denote the 

terminal voltage of capacitor C1, C2 and C3, 
respectively; YL is the battery terminal voltage; Cn is 
the battery rated capacity. 
 
 
3.2. Kalman Filtering Principle 
 

Kalman filtering has the advantages of a small 
amount of calculation, a low storage capacity, and 
high real-time, and the algorithm block diagram is 
shown in Fig. 2. 
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Fig. 2. Kalman algorithm block diagram. 

 
 

3.3. Novel SOC Estimation Method 
 

EKF is the optimum state estimator, which is 
widely used for the nonlinear systems. According to 
the established third-order RC equivalent circuit 
model, the state variables are selected as follows: 

 
1 2 3

k k k k k

T
X SOC U U U      , (2) 

 
where kSOC is the value of SOC at time index k; 1

kU , 
2
kU  and 3

kU  devote the terminal voltage for three RC 

networks at time index k, respectively.  
 
Combined with equation (1), the state equation 

and output equation [11] of the above model in 
discrete space could be described as follows: 
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1 2 3

0( )k k k k k k kY OCV SOC i R U U U v      , (4) 
 
where kY is the battery terminal voltage at time index 

k; t is the sampling period; ki  is the circuit current 

at time index k, which is the system control input; 

1 1 1R C  , 2 2 2R C  , 3 3 3R C  ; kw and kv are 

independent, zero-mean, Gaussian noise processes of 
covariance matrices kQ and kR , respectively; 0R is 
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the ohmic internal resistance; polarization 
capacitance 1C , 2C , 3C  and polarization resistance 

1R , 2R , 3R  can be identified by the intermittent 

discharge experiment; ( )kOCV SOC  is the nonlinear 

relationship between open circuit voltage (OCV ) and 
SOC as follows: 
 

8 7 6 5
1 2 3 4

4 3 2
5 6 7 8 9

( )k k k k k

k k k k

OCV SOC k SOC k SOC k SOC k SOC
k SOC k SOC k SOC k SOC k

    
    

 

(5) 
 

At different SOC, the battery pack is fully rested, 
and the terminal voltage can be viewed as open 
circuit voltage. Based on the obtained OCV and 
SOC, the undetermined coefficients 1 9~k k  can be 

calculated by using the least squares method. 
In the established third-order RC model, the 

system has multiple state variables. In practical 
applications, it is necessary to estimate multiple state 
variables. However, there are certain mutual coupling 
and influenced relationships each other in this 
process so that it is difficult to accurately estimate 
each state variable. Particularly, when random 
system noise is strong, EKF is directly used for the 
SOC estimation to result in inaccurate estimation, 
even is divergent. The proposed novel SOC 
estimation strategy based on EKF is as follows: 

In the measurement equation (4), the terminal 
voltage of the battery is the linear combination of 

( )kOCV SOC , 1
kU , 2

kU , 3
kU  and 0ki R , and kY is 

treated as the linear superposition of them. By the 
superposition principle, the equation (4) can be 
divided into five independent measurement equation 
sub-systems, in which each sub-system separately 
observes corresponding state variables to estimate 
independently themselves, which eliminating 
artificially mutual coupling relationship between 
them and improving estimation accuracy. The 
method is as follows: 

The measurement equation (4) is decomposed  
as follows: 
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 (6) 

 
With equation (3), (6), EKF algorithm is used to 

estimate SOC, and the recursive procedure is as 
follows: 

1)  state prediction 
 

| 1, 1 | 1 1| 1, 1 1 1
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k k x k k k k x k kX X i         , (7) 

 
where the state transition matrix: 
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System control input matrix: 
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2) Prediction error variance matrix: 

 

| 1| 1, 1 | 1 1| 1, 1 1k k

T
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       (10) 

 
3) Filtering gain matrix: 

 
1

, 1 | 1, 1 |, 1 , 1 | 1, 1 , 1( )T T
k x k k x k x k x k k x k x kK P H H P H R 

    (11) 

 

, 1

, 1
ˆ1

, 1 1

( )

[ ( ) 0 0 0]

k x

k x
x X X

k x x

Y
H k

X
H H k



 
 

 
    

, (12) 

 

where , 1k xH  is the observation matrix; , 1
ˆ

k xX  is the 

data of the prediction matrix | 1, 1
ˆ

k k xX  in the row 1, 

column k, which is the prediction value for SOC at 
time index k. 

4) State estimation: 
 

| , 1 | 1, 1 , 1 |
ˆ ˆ ˆ( )k k x k k x k x m k kX X K Y Y   , (13) 

 
where |m kY  is the observed value for the terminal 

voltage of the battery at time index k, disturbed by 
the measurement noise kv  and measured directly by 

the experimental equipment; k̂Y is the corresponding 

estimation value which can be calculated by the 
following equation: 
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5) Estimation error covariance matrix: 

 

| , 1 , 1 , 1 | 1, 1( )k k x k x k x k k xP I K H P    (15) 
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Steps 1) to 5) are the estimating process for the 
state variable SOC. Given the initial values of the 

state estimation matrix | , 1
ˆ

k k xX and estimation error 

matrix | , 1k k xP , the optimal estimation values of SOC 

are obtained by repeated recursive. 
The estimation process for state variables 

2 4~X X  is similar to SOC. 

By comparing recursive process between classical 
EKF and EKF decomposed measurement equation, 
the difference is the decomposition of measurement 
equation, which leads to the change of observation 
matrix. The theoretical calculations and experimental 
results show that the correction function of the 
filtering gain matrix for the EKF decomposed 
measurement equation, compared with classical 
EKF, is stronger and more stable. 

 
 

4. Model Parameters Identification 
 

4.1. Battery Test System 
 

In order to identify [12] parameters in the model, 
the 60 Ah/72 V power lithium-ion battery pack made 
by a certain manufacturer is selected in this paper. 
The intermittent discharge experiments are 
conducted at room temperature, and the test 
equipment is Electric Vehicle Test System (EVTS) 
made by American ARBIN Instruments. The 
platform is shown in Fig. 3. 
 
 

4.2. Model Parameters Identification 
 

According to the established third-order RC 
equivalent circuit model, it is essential to identify the 
following parameters: ohmic internal resistance 0R ; 

polarization capacitance 1C , 2C and 3C ; polarization 

resistance 1R , 2R and 3R . In this paper, the multiple 

linear regression method is used to identify them. 

The intermittent discharge experiments are 
conducted for the selected battery pack, and the 
voltage response curves mainly include three stages: 
firstly, the battery terminal voltage decreases slowly 
during the constant current discharge; secondly, at 
the moment of current removal, the voltage has a 
mutation mainly caused by the ohmic internal 
resistance [13], and the mutation voltage drop 
divided by the circuit current is the ohmic internal 
resistance; thirdly, after the load current is removed, 
the voltage rises slowly. 

According to the experiment voltage data for the 
falling and rising stages, polarization capacitance 1C , 

2C and 3C , polarization resistance 1R , 2R and 3R  can 

be obtained by employing the least squares method. 
The experimental and the fitted results are shown in 
Fig. 4, where the blue solid line represents the 
experimental values, and the red dashed line 
represents the fitted values. In Fig. 4, the maximum 
voltage error is about 0.06 V. 

 
 

 
 

Fig. 3. Battery test platform. 
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Fig. 4. Experimental voltage and fitted voltage. 



Sensors & Transducers, Vol. 23, Special Issue, July 2013, pp. 137-143 

 141

5. Simulation and Experiment 
 
5.1. Battery Simulation Model 

 
According to the state and measurement 

equations of the system, the simulation model built is 
shown in Fig. 5 in Simulink environment. 

 
 

 
 

Fig. 5. Battery simulation model. 
 
 

5.2. Experimental Test Condition 
 

The target of study is to estimate SOC for the 
60 Ah/72 V power lithium-ion battery pack made by 
a certain manufacturer, and the range of working 
voltage is from 60 V to 86.4 V. The battery pack is 
discharged with the constant current of 20 A, which 
is fully charged before starting the experiment. 

 
 

5.3. Model Validation 
 

Model simulation voltage and the measured 
voltage results are shown in Fig. 6, where the blue 
dashed line represents the simulation values, and the 
red solid line represents the experimental values. 
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Fig. 6. Simulation and measured voltage. 
 

 
As show in Fig. 6, the voltage error between the 

measured and simulation voltage in the whole 

process, excluding certain point, is about 1.1 V, the 
others are less than 0.6 V, and the model has  
a high precision. 
 
 
5.4. Simulation and Experiment Results 
 

When the current operating conditions change 
rapidly, and the coupling relationship among 
multiple state variables is strong, the classical EKF 
algorithm has been unable to accurately estimate 
SOC or other state variables. However, the proposed 
method can be used to accurately estimate each state 
variable. The SOC estimation results for three 
methods are shown in Fig. 7 and Fig. 8, Fig. 9,  
Fig. 10, where the blue dotted line represents the 
estimated values of the classic EKF, the black dashed 
line represents the estimated values of the proposed 
method, and the red solid line represents the 
experimental values. 
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Fig. 7. SOC tracking curve for three methods. 
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Fig. 8. Larger View of Fig. 7. 
 

 
The SOC estimation result for classic EKF is 

shown in Fig. 9, the SOC estimation maximum error 
is about 3.96 %.  

The SOC estimation result for the proposed 
method is shown in Fig. 10, in the discharge process 
from 0 to 9680 seconds, the SOC estimation error is 
less than 1 %, and the maximum error is  
about 2.05 %.  
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For the multiple state variables and strong 
coupling system, the experimental results show that 
classical EKF algorithm has been unable to 
accurately estimate SOC and other parameters, even 
is divergent. However, the proposed method achieves 
high estimation accuracy for each parameter  
of battery. 
 

0 2000 4000 6000 8000 10000 12000
-4

-3

-2

-1

0

1

2

3

sample time [sec]

S
O

C
 E

rr
o

r 
[%

]

SOC Error

 
 

Fig. 9. SOC error for the classical EKF. 
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Fig. 10. SOC error for the proposed method. 
 
 
6. Conclusions 
 

In this paper, the third-order RC equivalent 
circuit model is established, in which the parameters 
are obtained through the intermittent discharge 
experiments. By comparison the simulation and 
experimental results, the correctness of the model is 
verified. The simulation and experimental results 
show that the proposed novel SOC estimation 
method, for the multiple state variables, the strong 
coupling and stochastic noise, the wild values in 
battery system, has a high estimation precision, and 
is particularly suitable for the SOC estimation under 
the condition of the current rapidly changing. 

However, EKF algorithm relies on the accuracy 
of the built model. The battery parameters during use 
will vary with some factors, such as life [14], 
temperature, self-discharge etc., so the parameters 
online identification is necessary, which is need to 
further research. 
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Abstract: An approach to analyze the effects of different factors on gear dynamic behavior is presented by 
means of vibration influence chart. Considering the high contact ratio and heavy load characteristics of 
herringbone planetary gear train, a translational-rotational coupled dynamic model for an encased differential 
herringbone planetary gear train is developed using lumped mass method. The principles and methods to draw 
the influence chart are given and the specific steps for HPGT are discussed in detail. The optimal matches 
between the mean value and fluctuation of mesh stiffness, rotating speed are obtained using the vibration 
influence charts. The good design regions for vibration are evidently presented in figures, which is significant to 
parameters design of herringbone planetary gear systems. Copyright © 2013 IFSA. 
 
Keywords: Vibration, Influence chart, Herringbone Planetary Gear Train, Mesh stiffness, Dynamics. 
 
 
 
1. Introduction 

 

Planetary gear trains with herringbone gears are 
more advanced than common planetary gear trains 
(PGT) because of its higher torque to weight ratio 
and lower vibration. Herringbone Planetary Gear 
Train (HPGT) has extensive application prospect in 
heavy automobile, aero engine, marine gearing, and a 
variety of other transmissions with great power. In 
academic area, vibration and noise of gear train has 
always been the critical issue. Lin and Parker [1, 2] 
analyzed inherent characteristics and dynamic 
response of planetary gear systems. Song Yimin and 
Wang Shiyu [3, 4] established a modified torsional 
model of 2K-H planetary gear train and acquired its 

natural characteristics. Ambarisha [5] and Parker 
established a non-linear dynamics model of planetary 
gear system by coupling lumped mass method and 
FEM-Contact model which considered backlash in 
circular tooth. However, for the complex PGT, 
especially the HPGT, less work has been performed 
about influence of design factors on system response. 
Lehao Chang and Geng Liu [6] analyzed influence of 
important parameters on vibration of planetary gear 
system, and these parameters included mesh stiffness, 
structure stiffness, gear mass and moment of inertia. 

In the present study, a transverse-torsional 
coupling dynamic model for a HPGT is proposed. 
The free vibration characteristics of the system are 
investigated in the following analysis. According to 
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the basic method proposed by UMEZAWA [7-9], the 
principles and methods to draw influence chart are 
determined and the realization way in HPGT is 
discussed in detail. The matches between the mean 
value and fluctuation of mesh stiffness, rotating 
speed are obtained using the vibration  
influence charts. 

 
 

2. Dynamic Modeling 
 

The system to be investigated is a herringbone 
planetary gear train used in marine transmission. The 
schematic diagram of a HPGT is shown in Fig. 1. 
The input gear is sun which transfers the input torque 
to the five planet gears. Then the torque is exported 
by carrier. Table 1 is the system parameters  
of the HPGT. 

 
 

 
 

Fig. 1. Schematic diagram of the HPGT. 
 
 

The lumped mass model of the system is shown 
in Fig. 2. Main components are considered to be rigid 
and the gear tooth flexibilities are modeled as linear 
springs on the meshing action plane. In this figure, 
oxy is the moving coordinate system of the center 
gear, and its origin locates in the theoretical center of 
the wheel. x direction points to the static equilibrium 
position of the first planet. oixiyi (i=1, 2,…, N, N is the 
number of the planets) is local moving coordinate of 
planet, and its origin oi coincide with the center of 
planet i, and xi, yi are the radial and tangential 
deflections respectively. yi also can be obtained 
through rotating xi counterclockwise by 90°. 
xj, yj (j=s, i, r1, r2, c) represent transitional 
displacement of each parts and j  is the rotational 
displacement which occurred because of vibration of 
system. For convenience, the rotations of θi can be 
replaced by their corresponding translational gear 
mesh displacements as uj=rjθj, j = s, r, c,  
p1, …, pi, …, pN, where rj is the base circle radius 
for each gear or the assembly radius of the planets for 
the carrier. zr1 and zr2 are the axial vibration of two  
ring gears. 

Subscript s represents the sun wheel, c means 
carrier, r1 and r2 denote ring gear 1 and ring gear 2, 
respectively. The mesh stiffness between the sun and 
the planet is described by spring element ksp, and the 

mesh stiffness between the ring gear and the planet is 
denoted by krp. Lateral brace stiffness kj is the 
connection between shaft and other structures, and kju 

is the torsional stiffness. As all the bearings are 
sliding bearings, the details of bending stiffness are 
not given in Fig. 2, which is only denoted by kp. 
According to the dynamic characteristics of oil film 
in sliding bearings, every kp includes four items, 
which are kpxx, kpxy, kpyx, kpyy respectively. 
 
 

Table 1. Parameters of the HGPT. 
 

Module 
Face 
width 

Pressure 
Angle 

Helix 
Angle 

mn / mm B / mm °  / ° 
Basic 

parameters 
9 250 20 25 

Parts Carrier 
Sun 

Gear 
Planet 
Gear 

Ring 
Gear 

Number of 
Teeth z 

— 71 49 169 

Addendum 
Coefficient han

* 
— 1.15 1.15 1.15 

Coefficient of 
Tip Clearance 
cn

* 
— 0.5 0.5 0.25 

Radius rj /mm 595.82 327.13 225.77 778.67 
Mass mj / kg 3297 768 343 760 
Moment of 
Inertia  
Ij / kg×m2 

1330 75 19 583 

Supporting 
Stiffness kj / 
(kN/m) 

3.51 1.94 — 8.54 

Torsional 
Stiffness  
kju/(GN×m/rad) 

0.123 0.076 — 0.77 

External 
Engagement ksp / 

(kN/m) 

Internal 
Engagement krp / 

(kN/m) 
Mesh stiffness 

11.50 5.81 
kpxx kpxy kpyx kpyy Stiffnesses of 

Journal Bearing
kpij /(kN/m) 

6.10 1.09 0.78 3.69 

 
 

 
 

Fig. 2.The dynamic model of the system. 
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When neglecting the friction on tooth surfaces, 
the relative gear mesh displacement of a sun/planet 
pair with both herringbone gears is denoted as 
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bssississpi

uyx

uyx





cos)cossin(       

cos)cossin(



  
(1) 

 

The relative gear mesh displacement of a 
ring/planet pair with helical ring gear and 
herringbone planet gear is given as 
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where, t is the transverse pressure angle and b is the 
base helical angle. si=i-t, ri=t+i, i is the 

assembly position angle, i=2(i-1)/N for equal 
spaced HGPT, where i=1, 2 … N.  

Applying Newton’s second law, the undamped 
differential equations of motion for the input gear can 
be derived as: 
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(3) 

 
The formulations of carrier (Eq. 4), ring (Eq. 5), 

and planets (Eq. 6) are given as following:
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(6) 

 
The equations of motion for the other ring gear can 

be obtained similarly. Assembling the equations in 
matrix form as: 

 

0
'' ))()()(())(( Ptexktktexcmx bm    (7) 

 
where, m, c, km(t) and kb are mass matrix, damping 
matrix, time-varying stiffness matrix and supporting 

stiffness matrix, respectively; x is displacement 
vector, P0 represents external load and e(t) is column 
vector of meshing error. 

xjgF __
denote the component 

of gravity for different wheel in x direction and 

yjgF __
is the component of gravity in y axial, 

cr2,r1,s,j .
xigF __  

and
 yigF __  

are
 
the

 
components

 
of

 
gravity

 
in

 
x or y axial for each planet gear i,  
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i=1, 2,…, N. xiF __  and 
yiF __  are the components 

of centrifugal force in x and y direction. 
 
 
3. The Influence Chart for HPGT 
 
3.1. Evaluating Indicators of the Influence 

Chart of HPGT 
 

The commonly used metrics in gear dynamics 
include dynamic factors, natural frequency, dynamic 
load sharing coefficient and the vibration acceleration. 
The results derived from above dynamic model include 
the response on all structural parts, gears, and bearings. 
For the load fluctuations on structural parts are rather 
small compared with those on gears and bearings, take 
the dynamic factors of gears and bearings as the 
indicators to assess the system vibration. The dynamic 
factors are defined in Eq. (8). 
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(8) 

 

0spF , 01prF  and 02prF  are normal load, which are 

transferred by the planet wheels, the sun wheel and 

the ring gears, respectively. And max)( spiF , max1 )( pirF  

and max2 )( pirF  represent the maximum meshing 
force between the planet, the sun and ring gears in a 
mesh cycle. 

At the same time, as the acceleration response is 
time-varying, use the Root-Mean-Square(RMS) ae of 
acceleration ai of each parts instead, of which the 
units is m/s2 for bearings and g (9.8 m/s2) for gears. 
Table 2 is the evaluating indicators for dynamic 
response in vibration influence charts. In follow 
section, the influence of different parameters 
matched on there indicators will be discussed. 
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3.2. Parameters of Investigation for HPGT 
 

Because the mesh stiffness is time-varying, 
according to Fourier Transform 

 
 )sin()(   tKKtKm , (10) 

 

where K is the mean value of mesh stiffness, and 
ΔK is the fluctuation of mesh stiffness. Their units is 

N/m. K and ΔK are varied in the given ranges 
respectively, then superpose them with Eq. (10) to 
get the new mesh stiffness as new dynamic excitation 
in Eq. (7). According to influence of mesh stiffness 
on dynamic characteristics of HPGT, three different 
parameters matching can be acquired: the mean value 
and the fluctuation of mesh stiffness, the mean value 
of mesh stiffness and input speed, the fluctuation of 
mesh stiffness and input speed. 

 
 

Table 2. Evaluating indicators for dynamic response in 
vibration influence chart. 

 

Symbol Meanings Units 

sp1Kd  
Dynamic factor of dynamic meshing 
force between the sun wheel and the 
first planet gear  

� 

r1p1Kd  
Dynamic factor of dynamic meshing 
force between the ring 1 and the first 
planet gear  

� 

e_sa  RMS of torsional vibration 
acceleration for the sun gear  

g 

e_ra  RMS of torsional vibration 
acceleration for the ring gear 1 

g 

e_pa  RMS of torsional vibration 
acceleration for the fist planet gear 

g 

 
 

3.3. The Vibration Influence Chart  
for HPGT 

 
Fig. 3 is a series of vibration influence chart. In 

this figure, horizontal abscissa and vertical 
coordinate demonstrate two matching parameters. 
And the value of evaluation indicators is described 
by contour line; different color region means 
corresponding index value. In this section, all local 
amplified figures are elicited by a straight line in the 
influence chart. 

Fig. 3 demonstrates the influence of the mean 
value and the fluctuation of mesh stiffness on 
dynamic response when the input speed equals to 
3150 r/min for external gearing. From this diagram, 
when the mean mesh stiffness is more than 
1×1010 N/m, the influence of the fluctuation on 
response is not distinct. The dynamic factor, 
acceleration of the sun and the ring are almost not 
changed. At the same time, the dynamic factor of the 
ring gear and the acceleration of the planet gear are 
increased with the mesh stiffness. When the mean 
mesh stiffness is less than 5.0×109 N/m, the dynamic 
response is increased evidently by the fluctuation. 
The optimal matching scheme of the mean and the 
fluctuation of mesh stiffness is confirmed when the 
five responses occur in the white region for external 
gearing. That means the optimal range of the mesh 
stiffness value should be changed from 1.0×1010 N/m 
to 1.5×1010 N/m and the fluctuation should less than 
1.0×109 when the input speed is 3150 r/min. 
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(a) Dynamic factor for external engagement. 
 

 
(b) Dynamic factor for internal engagement. 

 

  
 

(c) RMS of acceleration for sun. 
 

 
(d) RMS of acceleration for planet. 

 

 
 

(e) RMS of acceleration for ring. 
 

Fig. 3. Vibration influence chart of the mean and the fluctuation of mesh stiffness for external engagement. 
 
 

The vibration influence of the mean mesh 
stiffness and input speed on dynamic response is 
shown in Fig. 4. The maximum of dynamic response 
occurs when the input speed is less than 1200 r/min. 
The dynamic factors will less than 2.0 when the 
speed over 2000 r/min no matter what the value of 
the mean stiffness changes. The vibration of the sun 
and the ring are very slight while the mesh stiffness 

exceed 5×109 N/m. Especially, the vibration of the 
planet gear is the minimum when the input speed is 
taken 1000 r/min to 4000 r/min and the mesh 
stiffness is changed from 5.0×109 N/m to 
1.5×1010 N/m. Therefore, the optimal range of the 
mean stiffness value should be changed from 
5×109N/m to 1.5×1010 N/m and the input speed 
should be located in 1500 r/min to 4000 r/min. 
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(a) Dynamic factor for external engagement. 
 

 
(b) Dynamic factor for internal engagement. 

 

  
 

(c) RMS of acceleration for sun. 
 

 
(d) RMS of acceleration for planet. 

 

 
 

(e) RMS of acceleration for ring. 
 

Fig. 4. Vibration influence chart of the mean mesh stiffness and input speed for external engagement. 
 
 

Fig. 5 shows that the max region of dynamic 
factor can be acquired when the input speed is 
located in 750 r/min to1000 r/min. And the dynamic 
load is gentle and the coefficient is less than 1.5 if the 
speed over 2000 r/min. The vibration acceleration of 
sun, planet and rings is increased evidently with the 
fluctuation of stiffness when input speed equals to 
2000 r/min. And the vibration reaches the max region 
after the fluctuation exceeding 3.5×109 N/m. When 
input speed exceeds 3000 r/min and the mesh 

stiffness is not more than 5.0×108 N/m, the response 
indicators are located in the white region. It means 
that the dynamic factors and vibration acceleration 
reach to the design requirements. 

According to Fig. 3 to Fig. 5, the optimal 
matching range of parameters can be concluded in 
Table 3. Because of the lack of space, the matching 
range of internal engagement is also shown directly 
in Table 3. 
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(a) Dynamic factor for external gearing. 
 

 
(b) Dynamic factor for internal gearing. 

  
 

(c) RMS of acceleration for sun. 
 

 
(d) RMS of acceleration for planet. 

 

 
 

(e) RMS of acceleration for ring gear. 
 

Fig. 5. Vibration influence chart of the fluctuation of mesh stiffness and input speed for external gearing. 
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Table 3. The optimal matching range of mesh stiffness  
and input speed. 

 

Type K  (N/m) ΔK (N/m) 
Input 

Speed (r/min) 
External 
Engagement 

1.0×1010 
~1.5×1010 

≤5.0×108 3000~4000 

Internal 
Engagement 

2.5×1010 
~7.5×1010 

≤3.0×108 3000~5000 

 
 

4. Conclusions 
 
Based on the analysis about dynamics of a 

herringbone planetary gear train, the influence charts 
of several main parameters are acquired, which 
includes mesh stiffness, fluctuation of mesh stiffness 
and input speed. 

In order to control the dynamic response of 
HPGT conveniently, the input speed, the mean value 
and the fluctuation of mesh stiffness should be 
matched. And the optimal range of parameters is 
acquired in this study. The influence charts 
intuitionally provide the intensive and weak regions 
for vibration; it means that the appropriate design 
parameters can be chosen easily for improvement of 
dynamic performance for HPGT. Then the 
interaction of other parameters is to be investigated 
for more accurate research in future work. 
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Abstract: Wireless Sensor Networks WSN (Wireless Sensor Network) as a new access to information 
technology and network technology, it has a wide range of applications in many important areas for the 
performances with low-energy, little-cost, distribution and self-organization, such as military, environmental 
science, health care, etc., is currently study abroad hot spot. In this paper, along with the extensive application of 
wireless sensor networks, ZigBee wireless sensor network as a typical protocol, widely used in the actual system 
design. The importance and current situation of the development of security routing technology were especially 
introduced in this paper. And we have given the design scheme for the wireless router system based on ZigBee 
protocol and verified the feasibility of the system in order to provide some useful information for the related 
techniques. Copyright © 2013 IFSA. 
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1. Introduction 

 

Wireless sensor network WSN (Wireless Sensor 
Network) as a new access to information technology 
and network technology, in many important areas 
have a wide range of applications, such as military, 
environmental science, health care, etc., is the 
research focus at home and abroad. Wireless sensor 
network systems typically include sensor nodes, sink 
node and the management node. A large number of 
sensor nodes are randomly deployed within or near 
the detection area can be constituted by self-
organized networks. Sensor nodes monitoring data 
hop along to other sensor nodes for transmission of 
data during transmission may be more than one node, 
after a multi-hop route to the sink node, and finally 
managed to reach via the Internet or satellite nodes. 
User through the management node of the sensor 

network configuration and management, release 
detection task and to collect test data. 

At present, both at home and abroad, there are a 
lot of research on WSN routing protocol, mainly by 
Wu Di proposed a similar AODV protocol of BRIT 
(BounceRouting Tunnels) in the new road by the 
algorithm [3]; Li Hao put forward based on cluster 
unit topology of wireless routing protocol RGAF 
(Reliable Geographical Adaptive Fidelity) [4]; The 
Hong Kong university of science and technology Li 
Mao put forward the structure of the perception of 
the adaptive routing algorithm [5]; Tong Min Ming  
et al. proposed a gradient based on location 
information and network of greedy routing  
algorithm [6]; Chen Zujue put forward based on the 
distance of the effectiveness of the hierarchical 
routing protocol [7]; Zhou Ning of opportunistic 
routing algorithm based on RSSI and so on [8]. 

Article number P_SI_419 
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2. Definition and Characteristics  
of Wireless Sensor Networks 

 
2.1. Nodes and Network Structure  

of Wireless Sensor Network 
 

The basic unit of the wireless sensor network 
sensor nodes. Wireless sensor network node 
component units are shown in Fig. 1. 

 
 

 
 

Fig. 1. Structure of nodes in WSN. 
 
 

The sensor node is composed of a power supply, 
sensor, processor CPU, memory, communication 
components and software that several components. 
Power for the sensor to provide the energy necessary 
for the correct functioning. Sensors for sensing, to 
obtain information on the outside, and through the 
AD converter converts it to a digital signal. Processor 
is responsible for coordinating the work of the 
various parts of the node. If the sensing member to 
obtain the necessary information processing, storage, 
control and power supply of the sensor components 
working mode. Communication with other sensors or 
components responsible for the communication 
observer. The communication component is 
responsible for communication with other sensor or 
the observer. The software is to provide the 
necessary software support sensors, such as 
embedded operating system, network protocol stack 
because sensor networks require sensor nodes is 
small in volume and low cost, so the sensor node has 
many resource constraints, the most serious one is 
energy limited. 

Wireless sensor network is composed of a large 
number of these tiny sensor nodes. They are scattered in 
the monitoring region, the regional events through the 
sensor's piece. Each sensor node can share data through 
wireless communication means, to obtain more accurate 
monitoring accuracy. The network structure is usually a 
sensor network as shown in Fig. 2. 

The small points in the figure indicate sensor 
nodes, black square dot indicates the sink. Sensor 
nodes through wireless networking self-organized 
manner, node data collected along the way through a 
multi-hop network path to the sink node. Sensor 
network aggregation node is a node resource 
limitations smaller, ordinary nodes to collect the data 
sent to it, which is responsible for the data sent over 

the Internet or directly to the user, the node can also 
send commands to the entire network. 

 
 

 
 

Fig. 2. Structure of wireless sensor network.  
 
 

2.2. Characteristics of Wireless Sensor 
Networks 

 
The characteristics of wireless sensor network in 

general, the following aspects: 
 
 

2.2.1. Limited Energy 
 

Small size sensor nodes are generally battery 
powered, energy is limited. And because the wireless 
sensor network is relatively poor working conditions, 
the number of nodes, generally impossible 
supplemental power. The wireless signal attenuation 
generally transmitted power is proportional to the 
distance d (d is generally greater than 2), so the 
wireless sensor networks generally use multi-hop 
transmission of data in order to save energy. But the 
use of multi-hop intermediate node will be 
introduced with the transmitter receiver overhead. 
Further, in general, the wireless communication 
module on the node will be able to sleep, so when 
there is no data to be transmitted, should be allowed 
to sleep in order to save energy. 

 
 

2.2.2. Huge Network 
 

In order to obtain accurate information in the 
monitoring area is usually deployed a large number 
of wireless sensor nodes. This has two meanings: 
First, a large range of the node, the second node 
density is high. Large-scale deployment nodes can 
observe the same event from a different space, and 
thus get more resolution. And a large number of 
redundant nodes exist, making the network has a 
higher fault tolerance. 

 
 

2.2.3. Self-Organizing Network 
 

In wireless sensor networks, usually no 
infrastructure. The location of the sensor nodes is not 
pre-determined. Require wireless sensor network 
node has the ability to self-organization, to conduct 
its own configuration and management, through 
topology control mechanisms and network control 
protocol monitoring data automatically form a multi-
hop wireless network system. 
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2.2.4. Dynamic Network 
 

In wireless sensor networks, node failure due to 
environmental factors or run out of energy, wireless 
link bandwidth change, a new node joining, etc., will 
cause the entire network is a dynamic network.  
 
 

2.2.5. Related to the Application  
 

Wireless sensor network is an application-related 
network. Different applications in sensor network 
hardware and software may be completely different. 

 
 

2.2.6. Data-centric 
 

Different from traditional networks, wireless 
sensor network is a data-centric network, users do 
not care who to send data, but only care about what 
specific data. 

 
 

3. Routing Protocol for Wireless  
Sensor Networks 

 
Since there are a lot of standard classification of 

WSN routing protocol, so the classification method 
of routing protocol is variety. According to the 
working principle of different routing protocols of 
the routing protocol is divided into two types, and 
analysis of typical routing protocols of each type. 

 
 

3.1. Plane Route 
 

Flat routing believes that all the sensor nodes in 
the network have the same function and equal roles, 
nodes or their event detection results to report to the 
other node, or any other node sends a query message 
to the node detection events, data forwarding through 
multi-hop routing cooperative multi node. 
Information Negotiation sensor SPIN (Sensor 
Protocols for Information via Negotiation) is the first 
plane routing data-centric algorithms, a consultative 
mechanism through node asked to reduce data 
redundancy and energy loss. SPIN is a kind of based 
on negotiation mechanism of data-centric routing 
algorithm, the first SPIN on the characteristics of 
node data received by the high level of abstraction, 
metadata description node receives data 
characteristics (meta - data). Before forwarding the 
data received, node A first use metadata to negotiate 
with neighboring Node B, Node B sends ADV signal 
to determine whether the data, as shown in the ‘a’ 
part of Fig. 3. If the data node B to metadata 
represents a demand, sends out the feedback signal to 
REO, as shown in ‘b’ part of Fig. 3. Otherwise it is 
discarded the ADV signal, and then the node A will 
be forwarded to the node B DATA data, as shown in 
‘c’ part of Fig. 3. Node B received from node A to 
transmit data, adopt the same approach with the  
node A. First with metadata negotiate all nodes 
connected to it do not need the data, send ADV 

signal, as shown in ‘d’ part of Fig. 3. If there is a 
demand node reverted REQ signal, no demand is 
directly ADV signal discard, as shown in ‘e’ part of 
Fig. 3, then the node B will reply REQ signal all 
nodes transmit data DATA, as shown in ‘f’ part  
of Fig. 3. 

 
 

 
 
Fig. 3. SPIN algorithm implementation process. 

 
 

SPIN algorithm does not clearly define metadata 
format. The specific format and application-related, 
such as ADV and REQ formats depending on the 
application requirements in detail. In addition, when 
the topology changes, each node only needs to 
maintain its neighboring nodes in the local scope, 
without the whole network broadcast, both to save 
energy and reduce the node processing capacity 
requirements, this kind of SPIN is called SPIN-1. But 
SPIN-1 does not guarantee the correct delivery of 
remote data, such as remote node need data and 
proximal adjacent nodes and the source node is not 
required, the forwarding to represent metadata for the 
data is discarded, don't do REQ reply, resulting in 
data delivery failure. In order to solve this problem, 
the SPIN-2 joined the energy threshold mechanism 
based on SPIN-1. Testing the adjacent node energy 
before the delivery of data, if the energy value is 
below a certain threshold, it is considered that the 
remote node does not have sufficient capacity to 
complete the delivery mission, the data is forwarded 
to other neighboring nodes with sufficient energy. In 
addition, for different applications, SPIN the other 
extended protocol, such as SPIN-BC and SPIN-RL 
for sensor networks that multicast network, SPIN-PP 
and SPIN-EC for the traditional ad hoc network have 
made special optimized. 

 
 

3.2. Hierarchical Routing 
 

Hierarchical routing (known as the cluster based 
routing) is first produced and applied to wire 
networks, efficient communication to meet the large-
scale network. Therefore, the concept of hierarchical 
routing is introduced into the WSN, sensor nodes to 
meet low power consumption and efficient 
communication. In hierarchical routing, the high-
energy nodes can be used for data forwarding, data 
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query, data fusion, remote communications, and 
global routing maintenance of high energy-
consuming applications; low energy nodes for event 
detection, targeting and local routing maintenance 
low energy applications [9]. Thus, the different 
applications in accordance with the reasonable 
distribution of nodes of different capabilities, so that 
nodes can give full play to their respective 
advantages, to cope with large-scale network 
conditions, and effectively improve overall network 
lifetime. Hierarchical routing consists of two levels 
of routing: one used to select the cluster head node, 
the second is used for routing. LEACH (low-energy 
adaptive clustering hierarchy) is a proposed earlier 
cluster-based hierarchical routing algorithm for WSN 
thinking. With the traditional fixed network gateway 
node compared with ample energy, WSN nodes 
energy is limited, it can not use the same set of 
cluster head node as gateway. LEACH randomly 
selected from a small number of WSN nodes as 
cluster head, taking into account the energy 
consumption of each node in the network balance, so 
that other nodes in the cluster head has not done as 
cluster head rotation so that the network will not run 
out of energy caused by the first few nodes network 
paralysis. 

LEACH algorithm clustering head up and steady-
state two stages, the former is the key to LEACH 
algorithm, the latter is the guarantee of data 
transmission. T(n) is as in 
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where the establishment phase cluster head node 
randomly selects a number r (O<r<1), if the random 
number r is less than the threshold T(n), then the 
node becomes a cluster head in this one. G represents 
the last 1/p rounds have not been selected as cluster 
head node set, p represents the concentration of 
cluster head node (e.g. 5 %), 

The structure of LEACH is as shown in Fig. 4. 
 
 

 
 

Fig. 4. LEACH network structure. 
 
 
LEACH clustering mechanism can reduce the 

overall network energy consumption and prolong the 
network lifetime; between the nodes in the cluster 
using TDMA coding, cluster head and base station 

uses CDMA coding to ensure effective information 
transfer; data collection and cluster head nodes are 
periodic, continuous monitoring of the network 
change event is suitable. 
 
 
4. Wireless Sensor Network Attacks 
 

Wireless sensor networks from the military field, 
and its used in commercial and military security 
issues in the field is particularly prominent. From the 
network itself, as a result of an open, cooperative and 
highly arbitrary environment, with fragile links 
between nodes, dynamic topology, authentication 
lacking, there is no centralized monitoring or 
management point and other characteristics, the 
network itself, there are many security vulnerabilities 
all these will be exploited by an attacker; applied 
from commercial, military environment, in an 
environment of hostility, aggressive behavior more 
rampant and complex and diverse, attackers do their 
best to use all means to attack the network from all 
avenues. Active attack makes the sensor networks 
faced with data and routing information has been 
tampered with, the node identity forgery, network 
energy is depleted, and many other threats. The 
passive attack to steal information through the 
network analysis, resulting in leakage of sensitive 
information network, the key nodes identity, location 
exposed targets highlights, allowing an attacker to 
further active attacks launched in one fell  
swoop [10]. The existence of many attacks decided 
the WSN is huge, be disastrous consequences which 
caused by the attack even will cause severe paralysis 
of the entire sensor network. Therefore, for 
commercial and military sensor networks,  
security is a very serious problem, security  
problem is the precondition of its put into  
application implementation. 

 
 

4.1. Common Attacks of Routing Protocol  
of Wireless Sensor Network 

 
1) Spoofing, change or reproducing route Attack: 

Attack locking routing information exchanged 
between nodes, by tampering, forgery or replay 
attack routing information. 

2) Selective forwarding attacks: a malicious node 
receives a packet, some forward or not forward 
received packets, resulting in data packets can not 
reach their destinations smoothly. 

3) Witch Attack: Witch Attack (Sybil) way is 
malicious node pretending to multiple nodes, it can 
claim to have multiple identities, and even can freely 
produce multiple false identities, to take advantage of 
these identities to illegally obtain information and 
carry out an attack. 

4) Sinkhole attack: the sinkhole attack (Sinkhole), 
the attacker's goal is through has been controlled by 
the attacker captured nodes, or to attract a particular 
area of almost all of the data flow through has been 
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invaded by the node, generating a Sinkhole to the 
node as the center. 

5) Wormhole Attack: wormhole attack 
(Wormhole) usually takes two malicious nodes 
collusion, conspiracy to attack. A malicious node is 
located near the base station, while another malicious 
nodes far from the base station. Distant malicious 
nodes near the base station radio nodes themselves 
and can create high-bandwidth, low-latency links, 
and thus attract the surrounding nodes send data 
packets, thus cutting off the route to the base station. 

6) HELLO flood attack: malicious nodes via 
high-power broadcast routing or other information, 
so that the other nodes in the network for their own 
malicious neighbor nodes, which sends the 
information to a malicious node. 
 
 

4.2. Analysis of LEACH Protocol 
 

Since LEACH protocol uses a single-hop path 
selection method, that all sensor nodes and 
aggregation nodes are likely to have direct 
communication, so the Sinkhole attack, Wormhole 
attacks, Sybil attacks and fake routing information 
attacks are defensive capabilities. But in the process 
of cluster formation, members of the cluster head 
node based on the signal strength to select the cluster 
you want to join, so a malicious node can be used 
HELLO Flood Attack with a large transmission 
power broadcast messages to the entire network, in 
order to attract a large number of member nodes to 
join the cluster, and then the malicious node can 
choose, change the data forwarding bag, to achieve 
the goal of attacking. After the above analysis shows 
that, LEACH protocol is the most vulnerable to 
attack HELLO Flood attack. 

The attack on the HELLO Flood mode, the 
LEACH-H protocol has been presented, and adopted 
the following security solutions: authentication relies 
on a node can be trusted by link bidirectional 
authentication and node for each cluster head 
candidate node to a neighbor base station and its 
jump node confirmed its neighbors, thus successfully 
against HELLO Flood attack. 

Specific operating mechanism: In the broadcast 
phase, the candidate cluster head node to the base 
station and hop neighbor nodes transmit their own 
data, this data includes the candidate cluster head 
node and the base station shared key, the base station 
according to the decryption key to confirm the 
candidate cluster head node is normal, if not normal 
is to drop packets; clustering stage, node send the 
information he will join in which cluster to the base 
station, the base station generates a key from the 
sensor nodes and cluster head node to node and 
candidate, and decrypt decrypted successfully 

matching, accept this candidate cluster head node, 
otherwise automatic packet loss. Several candidates 
receiving node from the cluster head node, select the 
strongest signal candidate cluster head node  
to its cluster. 

 
 

5. Conclusions 
 
With the wide application of wireless sensor 

networks, ZigBee wireless sensor network as a 
typical protocol, more widely used in the actual 
system design. This article describes the importance 
of secure routing technology development status and 
given based on ZigBee protocol for wireless routing 
system design studies to verify the feasibility  
of the system. 
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Abstract: Since intensive wireless sensor networks have a lot of redundant information deficiencies, this paper 
applies clustering wireless sensor networks, distributed source coding algorithm discussed analysis. This 
algorithm initial reference source as side information source through a correlation between all sources to 
determine the coding sequence for the reference signal source, and, after the source through the respective 
reference signal for its corresponding source code, based on the reference signal source and the associated 
coding sequence of the receiving end decoded. Meanwhile, according to the encoding method modulus value, 
come up with a less complex decoding algorithm. Simulation and theoretical analysis results confirmed that the 
algorithm for clustering routing protocol applications, can greatly reduce the number of bits sent by the nodes, 
so as to realize the reduction of energy consumption, and extend the network lifetime. Copyright © 2013 IFSA. 
 
Keywords: Clustering wireless sensor networks, Distributed, Source coding, Algorithm. 
 
 
 
1. Introduction 

 

Wireless sensor network (WSN) refers to the 
large number of low-cost micro sensor nodes are 
engineering a self-organizing jump more wireless 
network, the technology in intelligent 
instrumentation, environmental monitoring, 
agriculture and health and other fields are widely 
used in [1]. Normally, the battery is the main source 
of power of sensor node, and the change cannot be 
implemented after the deployment completes, 
therefore, how to ensure that a limited number of 
micro sensor nodes of wireless sensor network for 

effective use over a long period of time, and 
gradually developed into a large scale wireless sensor 
network, gradually become the focus of the 
researchers in related field. Through spatial 
correlation of different data reduces the amount of 
data sent to help network operation efficiency. In 
order to improve the accuracy of a single node of the 
robustness and the demand of perception, the 
operation of the WSN usually has more precise 
deployment, so as to ensure the spatial correlation of 
data between the more abundant [2]. 

Combined with hierarchical routing and 
distributed source coding, the acquired data can 
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implement more efficient compression. The 
researchers believe that, source code can be used in 
distributed in chain-like clusters in the scheme, the 
implementation of source code related to the 
transmission path through signal. And the researchers 
think, can be applied in multi-hop clusters distributed 
source coding scheme, and puts forward method of 
backward and forward along the signal path fusion 
two data fusion [3]. However, these two methods are 
only between two adjacent nodes of the use of the 
information, but not to maximize compression 
efficiency. Although it is proposed on this basis to 
achieve the theoretical maximum Slpeian-Wolf 
coding algorithm, each node and its neighboring 
nodes based on the information between the 
encoding. This theory has neither been put into 
practice nor explains how to use the information 
between adjacent nodes [4]. For the above theoretical 
deficiencies manifested, this paper proposed 
clustering wireless sensor network design a new 
coding method, its main features include: First, the 
targeted application of the modulus value coding 
method presents a relatively simple decoding 
algorithm, enabling the decoding of the gradual 
simplification; Second, to design a new multi-source 
coding algorithm (MSCC); Third, in the wireless 
sensor network clustering algorithm using MSCC, 
thus greatly extending the network use of time [5]. 

Combining hierarchical routing and distributed 
source coding, the data obtained can be more 
effectively compressed. There is a kind of solution 
mentioned in the eighth reference that applying 
distributed source coding into the chain cluster which 
codes along the signal path. In the ninth reference, 
the writer has put forward a kind of distributed 
source coding is applied to the multiple hops cluster 
solution, and gave two data fusion methods namely 
along the signal path forward integration and 
backward integration. But these two solutions can 
only use the two adjacent nodes asked relevant 
information, compression efficiency maximization. 
In the tenth reference, the author put forward a kind 
of can achieve Slepian Wolf theory limit coding 
algorithm, each node according to oneself and all 
relevant information between neighbor nodes to 
encode, stays at a theoretical level, but how to use the 
related information between the neighbor node has 
not been mentioned. 
 
 

2. The Theoretical Basis 
 
2.1. Slepian-Wolf Coding Theory  

 
According to Slepian-Wolf coding theory, for the 

two ‘X’ and ‘Y’ interrelated implementation code, if 
guide information associated with each other 
between ‘X’ and ‘Y’, take the ‘p(x, y)’ joint 
probability distribution as an example, the ‘X’ can 
not understand the basis of ‘Y’ basic situation, and 
understand the code the efficiency of ‘Y’ basic same, 
different coding scheme is expressed in Fig. 1 to get 

the same results [6]. However, independent coding 
scheme without mutual communication between the 
realization with ‘Y’, so as to minimize the 
communication cost, improve its flexibility, this 
feature for the limited energy of wireless sensor 
networks more attractive and high [7]. 

According to Slepian-Wolf coding theory, edge 
information is ‘Y’. We code ‘X’ and ‘Y’ 
independently, at the same time, it must be in 
accordance with Fig. 1 and relationships as in 
formula (1), (2), (3) the said relationship to 
implement the joint decoding with very little 
distortion: 
 
 

 
 

Fig. 1. The two kinds of coding schemes. 
 
 

 YXHRx  , (1) 
 

 XYHRy  , (2) 
 

 YXHRR yx , , (3) 
 
where ‘Ry’ for ‘Y’ coding rate, ‘Rx’ for ‘X’ coding 
rate, and ‘H (X|Y)’ and ‘H (Y|X)’ respectively the 
corresponding conditional entropy, ‘H (X, Y)’ 
represents conditional entropy between ‘X’ and ‘Y’. 
Slepian-Wolf for two related source coding theory, 
multiple source associated expanded gradually to 
after [8].  

So far, researchers have put forward many 
practical DSC method, including: the Turbo code 
method, the modulus value method, method of LDPC 
codes, and along with the type of distributed source 
coding method and so on. For application scenarios, 
including temperature control, chiefly because of its 
relevance in, in a specific range is continuous and 
can be used to detect the difference, therefore by 
means of modulus value can show greater value [9].  
 
 
2.2. Modulus Value Encoding 

 
In view of the scene temperature control 

measures, the scope of data set to [mins, maxs], the 
data bits is set to ‘n’, set the monitoring accuracy as 
‘△’, but the specific values visible on the actual 
situation, its potential monitoring sample collection 
is as in formula (4) [10]. If source difference between 
‘X’ and ‘Y’ edge information is less than ‘M’, whose 
value is as in formula (5), ‘X’ can through Kbit 
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coding for data compression, modulus value 
encoding of practical application are as in  
formula (6): 

 

})12,...1,0(ns{Si/Si  niimi , (4) 
 

)0(2 1 nkM k   , (5) 
 

kXindexXf 2mod)()(  , (6) 
 

where, index(X) for ‘Ω’ sequence in ‘X’, ‘f (X)’ for 
encoding after ‘X’ bits of information, its 
computation is as in formula: 

 
 /)min()( sXXindex  (7) 

 
Divide ‘X’ jointly encoded with the same data set 

to the same, it is called the coset, and ‘f (X)’ is an 
index to the coset of ‘X’, each with concentration has 
2n-k  elements, coset quantity is 2k [11].  

According to the received by ‘f(X)’ and the edge 
information of ‘Y’, known for decoding the ‘X’ 
accurately recover the actual signal and the choice of 
decoding as in formula (8): 
 

riYminX̂
Sri

—


 , (8) 

 
where ‘ri’ is the elements in the concentration, ‘S’ is 
the coset all given by ‘f(X)’, for the results obtained 
by decoding.  
 
 

3. Design of Algorithms 
 
3.1. Second Source Code 
 

By modulus value coding method to encode 
processing, formula (9). However, for the specific 
coding process, it should be executed according to 
formula (10), (11) and (12):  

 

 YX̂  (9) 
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 , (10) 

 
kXindexX 2mod)(' , (11) 

 
kYindexY 2mod)(' , (12) 

 
where ‘sign’ is the symbol function. 
 
 
3.2. Multiple Source Coding 
 

In order to further explore describe accounting 
method (MSCC) the basic connotation, this paper 
gives the definition of the following: 

Reference source: if the source is ‘Xj’ source ‘Xi’ 
when coding the edge information, the information 
source ‘Xj’ ,‘Xi’ is a source of reference source [12].  

Correlation matrix: ‘C’ matrix is constructed by 
relevance for the elements, among them, the ‘Xj’, 
‘Cij’ refers to the source and source ‘Xi’ degree of 
association between [13].  

Relevance: the source is a correlation between the 
response indicators. The larger the index value, the 
greater the correlation, the number of bits required 
for encoding is less [14]. 

If ‘(X1, X2, ... Xn, Y)’ are related to a plurality of 
sources, wherein, ‘(X1, X2, ... Xn)’ is the encoding 
process of the source need to be, and ‘Y’ is the side 
information. In order to unify the formula, the need 
to ensure formula (13) is tenable. Known the 

correlation matrix ‘C’, ‘ S ’ is the already-encoded 
source set, ‘S’ is the source to be encoded set [15]. 

 
YXn 1  (13) 

 
‘E’ is the encoding result obtained, ‘R’ is the set 

of the reference signal source, the specific encoding 
process, as shown in Table 1. 

 
 
Table 1. MSCC algorithm coding procedure. 

 

Program 1 Initialize the function  YS , 

} n,...X2X,1X {S , E , R  

Program 2 

Choose ‘Xj’ from ‘ S ’ and ‘Xi’ from ‘S’, 
ensure ‘Xj’ and ‘Xi’ satisfy the relationship 
in the function: 

SS
Cargmax 

ji X，X

ij


 

Program 3 

Delete ‘Xi’ from S function then add into 

function of ‘ S ’, add ‘Xj’ into function 
of ‘R’ 

Program 4 
Implement related information source 
encoding process on ‘Xi’ to ‘Xj’ and add 
decoding result of ‘f(Xi)’ in ‘E’ function 

Program 5 
Repeat program 2 and 4 again till empty 
the function‘S’ 

Program 6 Delete ‘Y’ from‘ S ’completely 

 
 
Finally, ‘R’ is the corresponding reference signal 

source, ‘E’ is the final result of all signal source 

obtained according to the ‘ S ’ order, ‘ S ’ for all 
source coding sequence, the following figure shows a 
more detailed image of a coding process, between the 
source the main measure of correlation as the 
distance between them, arrow refers reference 
relationships, that is, the arrow side of the arrow tip 
source is encoded source reference implementation 
of the relevant sources, circled numbers refer to the 
coding sequence, black circle refers to a side 
information ‘Y’, shown in Fig. 2. 
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Fig. 2. MSCC algorithm coding procedure.  
 
 

‘D’ indicates a decoding result, if the encoding 

process information formed ‘(E, R, S )’ can be 

obtained, then the decoding process to be successful, 
the decoding process shown in Table 2. 
 
 

Table 2. MSCC algorithm decoding program. 
 
Program 1 Initialize   DY   

Program 2 

‘r’ is the first element of ‘R’, ‘e’ is the 
first element of ‘E’, implement related 
information source encoding process on 
‘e’ appointed by ‘r’ to ‘D’. Add the 
decoding results to ‘D’ in order, delete ‘r’ 
and ‘e’ at the same time 

Program 3 
Carry out the second step again till empty 
‘R’ and ‘E’ 

Program 4 

Delete ‘Y’ in ‘D’, then D become the 

decoding result according to S , the 
specific codes order. Sort ‘D’ in natural 
order to get the final results for decoding 

 
 
4. Algorithm Application 
 

In wireless sensor networks, distributed data 
compression has obvious advantages, and clustered 
topologies helps DSC algorithm implementation, 
therefore, this clustering routing protocol in the 
application of the MSCC algorithm, enabling 
network performance improvement. Given this stage 
most of the sub-cluster routing protocol are based on 
LEACH protocol, which was the foundation of the 
implementation of improvement has obvious 
advantages. This paper briefly describes the basic 
connotation of LEACH and LEACH protocol 
proposed by MSCC algorithm based on the practical 
application. 
 
4.1. LEACH Protocol 
 

LEACH protocol for wireless sensor networks is 
an early kind of routing protocols, this protocol can 
transfer the data into multiple rounds program, and in 

their specific application process is repeated 
restructuring program clusters, each re-institutions 
include stable operation phases and cluster building 
phase, in which dispatch radio, members join the 
cluster head broadcast and competitive advantage of 
cluster building stage cluster heads of the  
four components. 
 
 
4.2. Practical Application 
 

In cluster sensor networks, since nodes in the 
cluster in the geographic location is closer, so their 
choice is also a strong correlation between the data, 
this correlation is a measure based on the knowledge 
and expertise mutual distance there between, you can 
also follow a specific period of statistical results. 
Known in the relevant characteristics, based on a 
small number of LEACH protocol to implement 
improvements MSCC algorithm and practical 
application, the specific procedures are as follows: 

First, at the beginning of each round of the data 
transfer process before beginning each cluster head 
node competition. LEACH protocol with the same 
competitive basis, that is, the individual nodes are 
randomly formed one at 0-1 between the data and 
comparative analysis with the threshold. If the 
threshold is greater than the random number, it is 
treated as a new round of cluster heads, and shall 
inform the other neighbors, on the contrary it 
indicates that the cluster has been elected as the first 
or competition is unsuccessful, but only as a member 
node to which, T (n) can be values as in formula (14):  

 





 


others

Gn
prp

p
nT

,0

,
)]/1mod([1)( , (14) 

 
where ‘G’ represents ‘1/p’ elected cluster head round 
all the nodes, ‘r’ refers to the number of cycles is, ‘p’ 
represents the percentage of the cluster head. 

Second, the success of competitive cluster head 
itself can be regarded as cluster heads broadcast 
messages. 

Third, the failed node competition, cluster 
members by selecting with oneself the closest cluster 
head, and apply for its members.  

Fourth, the cluster head with MSCC algorithm, 
according to the communication between cluster 

members on ‘R’ and ‘ S ’ calculated respectively, the 
order of time slot allocation is the order of each 

source in ‘ S ’, the source of the reference source for 
related elements of ‘R’, and regard it as scheduling 
information, and broadcasting within clusters.  

Fifth, relative to a reference source nodes 
respectively coding and encoding, the data to the 
cluster head sends in the allocation of time slots, and 
the cluster head to implement decoding. 

Sixth, after the completion of data transmission, 
the first to the fifth step again. 
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Improvements idea generally comprises three 
points: First, the member node in MSCC slot 
allocation based on slot allocation algorithm. Second, 
the cluster head node should be members of the 
corresponding reference information broadcasting 
source. Third, the various sources without complete 
information to pass, usually pass encoding  
the information obtained, the need to decode the 
associated cluster heads to recover all  
the information. 
 
 
5. Conclusions 
 

In order to effectively get rid of the energy 
problem in wireless sensor network, and avoid the 
information redundancy, we have discussed a kind of 
distributed source coding algorithm suitable for 
clustering wireless sensor network and we also have 
done further verification by use of LEACH protocol 
to this kind of algorithm. And then we improved the 
LEACH protocol in some details which can be taken 
for am example for other clustering routing protocols 
in MSCC algorithms. Simulation results confirmed 
that this algorithm can greatly reduce the number of 
bits sent to save energy and prolong the service life 
of the network. But the information between 
members of the algorithm needs to be known as the 
basic premise. So how to obtain accurate information 
is the key of the algorithm can be successfully 
applied, which need us to do further research in the 
future. In addition, MSCC algorithm only from 
physical layer to send bits, how it might apply to 
other layers, such as MAC layer, network layer for 
joint optimization is also worth to continue to explore 
and research. 
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Abstract: Nowadays, the sports have brought in information technology. The center of sports information is to 
establish a network which can detect the real-time data. So, first we should use the most advanced information 
collection methods with the lowest cost to obtain the motion data, and then choose the useful information from 
huge amounts of data and to provide data for athletes science management system, so as to make reasonable 
scientific management decision-making to sports training, finally using a variety of intelligent devices and play 
a role, in order to enhance the tactical level of athletes. This paper mainly studies the movement under the 
background of wireless sensor network system design and implementation. Copyright © 2013 IFSA. 
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1. Wireless Sensor Network 
 
1.1. Introduction 
 

Wireless sensor network (WSN) is a kind of self-
organizing network, mainly by the monitoring area a 
set of micro sensor nodes deployment, its function is 
varied, such as gathering information, processing 
data and sending and receiving wireless, etc. It put 
the sensor nodes in the monitoring scope for manual 
deployment or immediately spread, to perceive 
objects in this way for real-time monitoring and data 
collection, and then with the help of a node 
embedded system integration of the information 
processing. Cluster-heads node sends the collected 
data to the cluster head node to converge, the data in 
the cluster heads after fusion with multiple hops 
communication way is routed to the base station, 
base station and then take various ways to put the 

data to the user terminal, user monitor remote target 
task. General schematic diagram as shown in Fig. 1.  

Wireless sensor network (WSN) involves many 
technology such as computer, network 
communications, semiconductor manufacturing, in 
today's society, not only can obtain a variety of 
media information and analysis processing, can also 
use local network routers and gateways to the 
Internet connection, make its scale constantly 
expanding, has become the focus of research around 
the world [1].  

In the late 90s, the wireless sensor network in the 
United States formally, arose, and is mainly used in 
military. Through constant development, has been 
applied in more fields, so as to cause the attention of 
countries all over the world. Intel, Microsoft and 
other IT industry giants start the related research 
work. Japan, Germany, Britain, Italy and other 
developed countries also stepped up investment, 
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expand long-term in-depth research work on the 
issue. In this area is still in its infancy in our country, 
at present, some colleges and universities and 
research institutions have been actively carry out the 
related research work of wireless sensor network, 
such as Qinghua University and Harbin Industrial 
University and Renmin University of China, etc. 
Research focus at home and abroad, mainly 
concentrated in wearable computing, context-aware 
environment, smart classrooms, etc., in support of 
pervasive computing operating system or software 
architecture of the system research is still rare [2, 4]. 

 
 

 
 

Fig. 1. Structure of sensor network. 
 
 
1.2. Characteristics of Wireless Sensor 

Network 
 
1.2.1. The Network is Self-Organizing 
 

Randomness of sensor nodes deployment time 
going on, and there is usually no infrastructure 
monitoring area, such as desert, forest, the position of 
the node information is unable to determine ahead of 
time. So, node must be able to manage itself, through 
good design network protocol, to form a self-
organization network, can collect information and 
forwarding data, but also has many jumps linear.  

 
 

1.2.2. A Great Number of Nodes  
which Distributed Widely 

 
In order to ensure the comprehensiveness of 

information, often a large number of tiny sensor 
nodes, the dense deployment in addition to being 
able to guarantee the accuracy of the information 
obtained, also can reduce the network rely on a single 
node, even if the individual node fails, the network 
can work normally. But at the same time, there are 
still some shortcomings, such as information 
redundancy, a signal conflict easily.  

 
 

1.2.3. Take the Data as the Center of the Network 
 

In sensor networks, people care about the often is 
not all the nodes monitor the data, but a certain target 
information, therefore, nodes of the physical address 

of the network transmission of data does not have 
much impact. Unlike traditional network, sensor 
network for data center can quickly send formed by 
the fusion of information to users.  

 
 

1.2.4. Network Topology is Dynamical 
 

As a dynamic network, the node due to various 
factors change can cause the change of sensor 
network topology. Network to maintain normal work, 
must allow node failure, with the adjustment and 
reconstruction.  

 
 

1.2.5. Energy is Limited 
 

Sensor nodes of low cost, wide distribution, small 
volume, and work environment is relatively bad, the 
battery energy is limited, and not easy to change after 
deployment. Network lifespan depends on the battery 
directly, to prolong its life cycle, must try to reduce 
the energy consumption of the battery.  

 
 

1.2.6. Low Safety 
 

Wireless sensor network (WSN) is a distributed 
structure, vulnerable to invasion, or even tampered 
with data delete, in addition, in the open layout of 
sensor nodes, it is easy to be intercepted by the 
enemy, the data safety is guaranteed.  

 
 

2. Realization and Design of Sports 
System under the Background  
of Wireless Sensor Network 

 
In the development of modern competitive 

sports, often with the aid of information technology 
services for athletes, helping them scientifically 
training. Before the training method of vulnerable to 
outside interference, error is big, and strong 
subjectivity, the experience and information 
technology integration, set up a perfect network 
monitoring system, can quickly and accurately obtain 
related data, filtering, choose the management of the 
athletes helpful information, based on scientific 
management decisions, so as to improve athlete's 
skill level.  

The study well integrated into modern high-
tech, can urge the athletes' potential into full play, is 
a great reform in sports field, at present many 
countries all have different degree of research. This 
paper designed the movement system and closely 
related to wireless sensors, and from three aspects as 
nodes, base station and the database is discussed.  

 
 

2.1. The General Frame of the Sports System 
 

As shown in Fig. 2 represents the motor system's 
overall structure, motion system with the help of 
wireless communication, athlete's physical 
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parameters (such as blood pressure, speed, ecg, etc.) 
monitoring. In sports fields or athletes of different 
types of installation node, after collecting the related 
parameters, using radio frequency module sends the 
data to the base station, again by the base station of 
the internal management software to analyze its 
processing, and finally displayed on the LCD screen. 
Base station can be collected data information stored 
for a long time, save to the database system, to 
facilitate later for analysis.  

 
 

 
 

Fig. 2. Structure diagram of the system. 
 
 

Fig. 2 represents the motor system's overall 
structure, motion system with the help of wireless 
communication, athlete's physical parameters (such 
as blood pressure, speed, ecg, etc.) monitoring. In 
sports fields or athletes of different types of 
installation node, after collecting the related 
parameters, using radio frequency module sends the 
data to the base station, again by the base station of 
the internal management software to analyze its 
processing, and finally displayed on the LCD screen. 
Base station can be collected data information stored 
for a long time, save to the database system, to 
facilitate later for analysis.  

Motor system mainly has three nodes, base 
stations and the data management center.  

Nodes, is mainly responsible for data collection 
and transmission. In motor system, the node is 
responsible for collecting the athletes' physiological 
parameters and motion parameters, when the base 
station sends the query command, the node 
information to data obtained from the base station. In 
practice, according to the instructions of base station 
and node automatically open the buzzer, in collecting 
data at the same time, also for athletes played a 
supplementary role [3].  

Base station, the main is to accept data and send 
corresponding instructions and requirements. 
Processing data there are two main methods: one is 
to use a serial port communication module to send 
the data of base station keep to data management 
center, the staff can browse and management; 2 it is 
directly displayed on the LCD screen. At the scene, 
coaches in order to work more convenient, and often 

with base station, can touch the LCD screen to 
control the working state, and browse the information 
of athletes.  

Data management center, in terms of motor 
system, the data management center can be deployed 
in any position, the premise is must be connected 
network. Coaches can use related software to grasp 
athlete's motion parameters, and real-time monitor 
the running status of sensor networks. Motor system 
introduction of wireless sensor network, various 
aspects have greatly improved, the factors needed to 
consider when designing have real-time operating 
ability; Safety, reliability and stability; Friendly  
user interface.  

 
 

2.2. Realization and Design of Nodes 
 
2.2.1. Hardware Design of Nodes 
 

Node design including the design of software and 
hardware design, including hardware design has four 
parts, one is the sensor module. Second, processor 
module, the third one is Rf module, the last one is 
power supply module. Fig. 3 is the design of nodes in 
motor system [5]. 

 
 

 
 

Fig. 3. Nodes structure diagram. 
 
 

Sensor module, mainly be responsible for the 
measurement of various physical quantities, system 
requirements determine the sensor type. Because the 
measurement of physical quantities is more, all the 
node circuit integration, which requires, in the design 
of sensor node module only integrated acceleration 
sensor MMA7260, extension and obligate sensor 
interface, can be based on specific situation to 
expand the corresponding types. MMA7260 is one of 
the three axis capacitive acceleration sensor, low 
power consumption, its circuit connection as shown 
in Fig. 4:  

Processor module, right in the heart of node 
position, responsible for coordination of various 
modules work, therefore, when designing node must 
choose appropriate processor chip, the requirements 
are as follows.  
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Fig. 4. Circuit connection diagram of MMA7260. 
 
 

Working mode to low power consumption, and to 
support sleep mode; Communication interface or 
external I/O ports should be enough; Have higher 
peripheral integration and faster running speed, 
processing after the event, in the shortest time to 
sleep, the peripheral circuit often should keep clean 
and tidy; Low cost, small size, a large number of 
nodes deployed, must reduce the cost, and the size of 
the node determines the size of the processor.  

RF module, node and nodes and between nodes 
and base station of wireless communication is 
accomplished by radio frequency module, RF 
module is capable of detecting channel conflict, and 
modulation link data for sending and receiving. This 
system chooses the CC2420 RF device.  

Power supply module, mainly to provide energy 
to the whole node, is the first premise of nodes in the 
work. The voltage required for the purpose of this 
system, 2.6 - 3.6 V DC, the power supply is two AA 
batteries, the power supply circuit diagram as shown 
in Fig.5.  
 
 
2.2.2. Realization of Nodes Function  
 

Collect data in this system, and wireless 
communications is a node of the two big functions, 
should be designed according to the programming, in 
order to realize the node. Fig. 6 is its functional 
module chart.  

Using the sensor module, for athlete's 
physiological parameters and motion parameters for 
real-time collection, after get stored in the storage 
unit. Running programs, read the stored data 
regularly, and decode, calibration, analysis, coding, 
and then save the send buffer, waiting for sending 
station instruction again. In Fig. 7 and Fig. 8 for the 
node working flowchart of program and data 
collection to send.  

Node after electrify, start the initialization process, 
within the scope of communication to send 
registration information to the base station, and 
waiting for reply base station. When the base stations, 
after reply to node start networking process, as 
shown in Fig. 9. If the request was rejected, because 
of interference or other reasons should once again 
send the request information.  

 
 

 
 

Fig. 5. The node power supply circuit. 
 
 

 
 

Fig. 6. Function Block of nodes. 
 
 

 

 
 

Fig. 7. Flow chart of nodes. 
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Fig. 8. Collecting and sending flow chart of nodes.  
 

 

 
 

Fig. 9. Networking process of nodes. 
 
 

2.3. Realization and Design of Base Station 
 
2.3.1. Hardware Design of Base Station 
 

Base station is the control center of the whole 
system and processing core, the main function, 
network maintenance, operation management and 
data processing, etc. Fig. 10 is a block diagram of the 
base station hardware, divided into the keyboard, the 
processor module, RF module, data communication 
module, storage module, LED display module and so 
on. In this system, base station at the heart of the 
processor selects the S3C2410, and with 
256MBNAND FLASH and 64 MB SDRAMM 
storage space. Base station of small volume, strong 
processing ability, and easy to extend.  

 
 

Fig. 10. Block diagram of base station. 
 
 

Processing module, the system can run normally 
and easily expand to movement base station, the 
kernel processor S3C2410, its main ingredients are: 
independent 16 KB instruction Cache and 16 KB of 
data Cache; NAND flash memory controller; Virtual 
MMU memory management unit; 3 UART interface 
and four road DMA channels and four road with 
PWM timer; In support of TFT LCD controller;  
2 SPL and 8 road 10 bit ADC channel; Real time 
clock RTC unit; SD and MMC host interface; Two 
USB host interface, a USB interface.  

S3C2410 on-chip resource is very rich, is more 
suitable for occasions that are sensitive to power 
consumption.  

RF module CC2420 RF chip transmission 
agreement consistent with the node, in order to 
improve the safety and reliability of the transmission.  

Storage module, choose the NAND FLASH 
K9F1208U0A act as base stations, with the aid of 
S3C2410 K9F1208U0A internal NAND FLASH 
memory controller, speaking, reading and writing. 
Base stations of the data storage to two pieces of 
SDRAM chip series, to meet the requirements of the 
operating system and the complex data processing 
algorithms.  

S3C2410 USB interface, there were two socket, a 
USB host interface, a USB master-slave reuse, using 
jump hat to choose. The machine stand, design two 
USB interface for the host interface, as a connection 
interface of base station and data management center, 
another is used to connect the storage device, USB 
interface circuit as shown in Fig. 11.  

 
 

2.3.2. Realization of Base Station Functions 
 

Base station to deal with the work mainly has five 
parts: data acquisition, all nodes from the sensor data 
information gathering;  

Data processing mainly includes the calculation 
and analysis of node data and control commands to 
set the sensor nodes. 

LCD display module mainly has two parts, one is 
the real-time display system data, the second is 
system parameters setting;  
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Keyboard control, the man-machine interaction is 
to use the keyboard to complete work; 

Data transmission, data communications between 
means and data management center.  

The keyboard driver flow chart shown in Fig. 12.  
LCD display driver process is as shown in Fig. 13. 
The serial ports communication program design 

process is as shown in Fig. 14. 
 
 

 
 

Fig. 11. USB interface circuit. 
 
 

 
 

Fig. 12. Keyboard flow chart. 
 

 
 

Fig. 13. Flow chart of LCD display module. 
 
 

 
 

Fig. 14. Communications flow chart between serial ports. 
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2.4. Data Management Center 
 

Its function modules as shown in Fig.15, there are 
four main functions: the system configuration, status 
detection, data acquisition, data display.  

 
 

 
 
Fig. 15. Management module of sports database. 
 
 

2.4.1. System Configuration Module 
 

And can be divided into three categories, one is 
the user parameter Settings, and second, the system 
parameter configuration, three is the database 
connection parameters configuration. Such as on the 
number of nodes, number set parameters, such as 
athletes, in order to meet the different requirements 
of different types.  

 
 

2.4.2. Data Acquisition Module 
 

This module is the core of the whole software, 
data management center using the USB connection 
station, after the base station agreed to request, 
receive data, in the custom package deal, under the 
action of complete data parsing, and stored in the 
database of the corresponding field [6]. 

2.4.3. Network Monitoring Module 
 

This module mainly reflects the monitoring 
function of the sensor network database management 
center, including the node status of overrun detection 
and network detection, data collection to take  
off at work. 

 
 

2.4.4. Data Display Module 
 

Including athletes current data display, historical 
data query and statistical reports print, etc.  

 
 

3. Conclusions 
 

Wireless sensor network applications, the 
potential is tremendous, associated with the sport, 
this article has carried on the motor system under the 
background of wireless sensor network research 
design, the main tasks include introduction to 
wireless sensor network (WSN), as well as some 
discussions in the sport, and puts forward motion 
system design scheme, roughly the nuclear core 
processor, radio frequency chips to do the right 
choice. From the current situation, the node can also 
be expanded to other parameters, the wireless sensor 
network will become the mainstream of the future 
trend, in many fields including sports can also puts 
glorious greatly in the system. 
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Abstract: On the basic of the demands of communication requirements, this study has presented realization 
ways of cooperative communication in body area network group and energy consumption control issues. Based 
on the dynamic routing protocol DSR, energy saving self-adaption route DSR-C of cooperative communication 
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conducted in this study. The results show that adopting DSR-C will reduce the energy consumption of 
communication effectively as well as improve the lifecycle and effective working time of network group. 
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1. Introduction 

 
Body area network (BAN) is a kind of wireless 

network set on human body, applied in the remote 
real-time monitoring about the condition of human 
body or small mobile object and their surrounding 
environment. BAN has been set with extensive 
application prospects in the fields of health care, 
firefighting rescue, military, and aerospace. 

The direct communication mode is mostly taken 
in the practical application of BAN. Each node will 
convey the collected data to the center node, in which 
collected data brought together and being processed 
to be uploaded to data center by external network. 
Apart from direct communication mode, the situation 
about cooperative communication of BANs in 
network group should be recognized as body area 
network group includes several body area networks. 
Due to the mobility of BAN, distance variation and 
signal attenuation will increase the energy 
consumption of communication in some BANs of 
network groups. Even the direct communication with 
external network will be cut off. At this moment, the 

data transmission can be conducted by the 
cooperative communication of contiguous BANs in 
network group. On the basic of the demands of 
communication requirements, this study has 
presented realization ways of cooperative 
communication in body area network group. 
Furthermore, the routing policy, suitable for 
cooperative communication in body area network 
group, has been designed in this study as well as 
simulation analysis.   
 
 
2. Analysis of Energy Consumption  
 

Being set on human body, the miniaturization of 
components in BAN limits the power capacity. 
Therefore, the requirements for the control of energy 
consumption in BAN communication are relatively 
higher. When the energy consumption of direct 
communication in BAN is massive, and the route 
should have been created by each BAN in network 
group to transmit data through their cooperative 
communication, to guarantee the requirements of 
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effective communication and energy conversation in 
body area network group.  

Cooperative communication in body area network 
group makes use of information forwarding function 
of center node in BAN to transfer information from 
one center node to another one.  

As is shown in Fig. 1, when cooperative 
communication is conducted in body area network 
group, there are “m” information channels between 
sending end and destination, if BAN M has been 
selected as the cooperation point by BAN A to send 
data to target point B. 

 
 

 
Fig. 1. Schematic Diagram of Cooperative Communication 

in Body Area Network Group. 
 
 

According to the relationship of link and load, the 
energy needed in sending per bit data from BAN A to 
target point B is as follows [1]:  
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In this formula, Gt and Gr stand for the antenna 

gain in sending end and destination respectively;  
Λ stands for the wavelength of carrier wave; 
a stands for path loss exponent, whose usual 

value ranging from 2 to 4; 

bE  stands for the lowest energy needed in 
receiving per bit date in the condition of a given 
bit error rate;  

dm stands for the communication distance 
between cooperation point M and target point B.  

The receiver is assumed to adopt the detection 
technology of maximum likelihood to calibrate data. 
According to the boundary theorem, the bit error rate 
of receiver is [2]:  
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In this formula, eN  stands for the number of 
adjacent BAN in network group;  

δ stands for SNR of the receiver;  
hi stands for function of channel transmission; 
N0 stands for unilateral power spectral density of 

white Gaussian noise;  
dmin stands for the shortest distance between two 

adjacent BANs.  
Work out the mathematical expectation of the 

formula (2) and get bE  as the maximum. The mean 
emitted energy needed in sending per bit data from 
transmitting terminal can be calculated as [3]: 
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Energy consumption of circuits in transmit-

receive ends is assumed as Ect and Ecr respectively; 
the total energy consumed in the circuit transmitting 
per bit data is Ec, which is approximately represented 
as Ec(m)=mEct+Ecr. Therefore, the total energy 
needed in transmitting per bit data when conducting 
cooperative communication is: 
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Comparing the energy consumption of direct 

communication with that of formula (4), sensitive 
distance of energy assumption in cooperative 
communication of BAN can be concluded as follows: 
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When the communication distance between each 

BAN in network group meets the demands of 
formula (5), energy consumption of cooperative 
communication is lower than that of direct 
communication. Therefore, when communication 
distance among BAN is shorter than sensitive 
distance dAB, direct communication will be taken into 
consideration preferentially; when communication 
distance among BAN is longer than sensitive 
distance dAB, cooperative communication in body 
area network group will be much more proper.  
 
 
3. Routing Design  

 
Based on above analysis of energy consumption 

in BAN communication, we have designed self-
adaption route DSR-C adapting to the cooperative 
communication in body area network group on the 

Internet

Data Center 
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foundation of the dynamic routing protocol DSR 
(Dynamic Source Routing Protocol) [4]. This design 
has been conducted in order to meet the demands of 
effective communication and energy-saving in body 
area network group.  

1) Route Discovery.  
The routing table in the center node of BAN 

included the completed routing information to the 
target point. When communication was needed by a 
BAN with the target point, route cache should be 
examined firstly. If there was an effective route, the 
data could be transmitted by this route directly; 
otherwise another routing request procedure should 
be initiated. 

During the procedure of initiating request, center 
node of BAN broadcasts the routing requests. After 
receiving the requests, the relevant center node in 
network group estimated the requests of target 
address to judge whether the information had arrived 
at the target point, or whether route cache had 
included the routing information to target address. If 
the result was positive, a relative routing response to 
the original center node will be made; if the result 
was negative, the address would be added into the 
sequences of requests and the requests would be 
broadcasted continually. All the routing information 
from the original center node to target point was 
concluded on the routing responses. Any one center 
node, transmitting or receiving requests, would 
update the routing table according to the routing 
information in requests. 

2) Routing. 
When the cooperative communication in body 

area network group was necessary, center node of 
BAN examines its own routing table firstly to find 
out whether a route existing on the way to the target 
point. If there was a route, this route should be 
recorded into the head of datagram and the data 
could be transmitted to the target point directly; if 
there was not, the routing requests should be 
triggered to broadcast the routing requests to relevant 
center node in network group. If transmitting 
requests of BAN was time-out and receives no 
responses, the routing requests would be resent 
continually until the existence of routing responses. 
Or, if after several retransmissions there was still not 
any routing request, the cooperative communication 
would be triggered to enlarge the communication 
range reopening transmission about routing requests, 
so as to obtain the responses of target point.  

The flow chart on acquiring routing of 
cooperative communication in body area network 
group was shown in Fig. 2. 

3) Route Maintenance. 
When center node in body area network 

transmitted data, the maintenance of the built route 
was needed. If mistakes happened in data 
transmission of BAN, the center node would 
feedback wrong routing information to original 
center node. This wrong information included two 
addresses of endpoint ends with unsuccessful links. 
The center node, receiving the wrong routing 

information, would delete the route with the link 
from route cache so as to reduce the routing influence 
of unsuccessful link to the minimum degree. When 
the original center node received the wrong 
information, the route discovery would be  
initiated again. 

 
 

 
 

Fig. 2. The Route Acquisition Procedure of 
Cooperative Communication in Network Group. 

 
 

Energy was limited in nodes of BAN; therefore, 
maintenance strategies could only be taken on 
occasion in case of the energy consumption in 
continuously transmitting information of 
disconnected links. That’s, when a link is broken, 
maintenance is taken only if the center node makes 
use of this node. Besides, other center nodes 
including the disconnected link in network group 
would receive the information. If the disconnected 
link is disused, no route maintenance would be taken 
so as to reduce the maintenance consumption.  

 
 

4. Simulated Analysis  
 

In order to verify the conclusion of above 
analysis, simulation tool of OPNET has been applied 
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in this study to make simulated analysis about the 
given cooperative communication in body area 
network group and designed routing policy  
DSR-C [5].  

1) Network Model  
Network model was created by OPNET Model, 

and the simulated area was assumed as the outdoor 
environment of 1000 m  1000 m. 40 nodes was 
spread over 8 BANs, distributed in the simulated area 
randomly. The distance between each branch node 
and their center node in BANs was fixed, and the 
center node could move randomly in simulated area. 
CBR was taken as network data flow with the data 
traffic of 4packet/s and data package of 256 bit. 

The structure chart of network model was  
shown in Fig. 3. 

2) Energy Consumption of Cooperative 
Communication in Network Group 

As previously mentioned, the total energy 
consumption of cooperative communication in 
network group is related to the adopted routing 
policy. As shown in Fig. 4, compared with the 
situation of adopting dynamic route DSR, adopting 
self-adaption route DSR-C of energy conversation 
could enable each BAN to send data along the 
optimal energy saving touting to the target point (or 
base station), with saving about 30 % energy 
consumption in communication. When blind areas of 
communication coverage appeared, cooperative 
communication could be taken to expand the 
coverage area as well as to reduce the rate of routing 
interruption and energy consumption needed in route 
maintenance. 

3) Lifetime of Network  
As shown in Fig. 5, after 6 hours of simulation, 

some BANs in network group failed due to energy 
exhaustion of center nodes. Compared with the 
situation of adopting DSR, the appearance of valid 
BAN was delayed when adopting DSR-C and the 
growth rate of valid BAN was relatively lower; 

besides, the number of valid BANs in network group 
was less too. After 15 hours of simulation, almost 
every BAN in network group adopting DSR failed; 
while 4 BANs in the network adopting DSR-C were 
still working. Therefore, from the perspectives of 
working time of BANs and the number of remaining 
BANs in network, DSR-C is superior to DSR. 

 
 

5. Conclusions  
 
Due to the mobility of BAN, distance variation 

and signal attenuation will lead to the increase of 
communication energy consumption of BAN in 
network group. Even the direct communication with 
external network will be cut off. At this moment, the 
data transmission can be conducted by the 
cooperative communication of contiguous BANs in 
network group. Cooperative communication in body 
area network group makes use of information 
forwarding function of center node in BAN to 
transfer information from one center node to  
another one.  

 
Based on the dynamic routing protocol DSR, self-

adaption route DSR-C with energy conservation of 
cooperative communication in body area network 
group has been designed. The results shown that 
adopting DSR-C could reduce the energy 
consumption of communication effectively as well as 
guarantee the effective communication.  

The simulation results shown that based on the 
effective communication and energy conversation, 
designed self- adaption route DSR-C has assisted 
body area network group to select direct 
communication or cooperative communication to 
transmit the data. In this way, network energy has 
been made full use of to improve the lifecycle and 
effective working time of network group. 

 
 

 
 

Fig. 3. Simulated Model of Cooperative Communication in Network Group. 
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Fig. 4. Energy Consumption Comparison of Cooperative 
Communication in Network Group. 

 
Fig. 5. Number Comparison of Unsuccessful BANs  

in Network Group. 
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Abstract: Wireless multimedia sensor networks, as a new type of processing and information retrieval 
technology. It is based on the existing wireless sensor network to construct and develop. This technology has the 
multimedia information awareness. In the commercial, civil and military and other fields it has been widely 
applied. Wireless multimedia sensor networks can be combined with multimedia technology, it has not only the 
character of unattended, self-organization that the traditional wireless sensor network (WSN) has, but also has 
rich media awareness, multitasking ability, network capacity and faster transmission speed. In this paper, we 
took the basic characteristics of the wireless multimedia sensor networks as a starting point to discuss the design 
and implementation methods of video collection and transmission system. Copyright © 2013 IFSA. 
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1. Introduction 

 

In 2003, the international famous journals in 
IEEE, by Holman et al. First of all, on the coast by 
using video sensor network environment monitoring 
in detail in this paper, the problems. After that, the 
international academic circles have published a 
related video sensor network research. In IEEE 
conference series of ACM series appear a series of 
key research. EURASIP applied signal processing 
(EURASIP) magazine in 2006, successively carried 
out video sensor network research project. Since 
2003, ACM also organizes international symposium 
(ACM) video monitoring and sensor network 
communication related research results. After 2003, 
the Iowa state university, university of 

Massachusetts, Carnegie Mellon University, the 
University of Virginia, Oregon Health & Science 
University and other famous universities also started 
the video sensor network research work, and set up a 
video sensor networks group and start the relevant 
research plan. Institute of computing technology, 
Chinese Academy of Sciences and National 
University of Defense Technology University also 
look at the video sensor network technology has 
carried on the corresponding research. In the node 
hardware structure, the WMSN is quite different 
from that of traditional WSN mainly embodied in 
WMSN is adopted which has the function of image 
and video acquisition sensor and processor has 
stronger processing function. Most interface design 
USES extensions of connected sensor nodes, to 
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increase the versatility of platform. By the processor, 
the nodes can be domestically also attaches great 
importance to the research of video sensor network 
technology, institute of computing technology, 
Chinese academy of sciences and the national 
defense university of science and technology and 
other units also began in the field of study. WMSN 
and traditional WSN in the node hardware structure 
of different lies in WMSN adopted with images. 
Video capture function such as sensor and processor 
has stronger processing function. Most interface 
design USES extensions of connected sensor nodes, 
to increase the versatility of platform.  

 
 

2. Wireless Multimedia Sensor Networks 
 

2.1. The Network Structure 
 
First, center control network. Center set 

controlled only by a central control node in the 
network of other ordinary nodes for management and 
coordination, the control points should be connected 
with ordinary node, through the central control node 
flow control, routing and data forwarding and access, 
ordinary nodes cannot be directly connected to each 
other. This kind of network structure with center 
control node processing power is stronger, but the 
equipment setup is more complicated, and ordinary 
node equipment is relatively simple, and the entire 
network control method is simple and clear structure 
and other significant advantages. As shown in Fig. 1.  

 
 

 
 
Fig. 1. Diagram of the center controlling network. 

 
 
Second, a distributed network. All nodes are 

distributed in the network can play out the same 
function in the entire network, each node has the 
function of network routing and communication 
terminal at the same time, with equal flow 
management, routing and network control function, 
which is usually referred to as the structure equation 
[1]. The normally no bottlenecks exist, the structure 
and network structure is more perfect. Destination 
node usually has multiple paths between source node 
selection, help to select optimal routing and load 

balancing implementation. If distributed network 
mobility strong, however, and the number of nodes is 
bigger, often cannot to effective control and 
management of networks, each node in a distributed 
network routing should understand all of the other 
nodes, and to be able to effectively control the 
dynamic changes of the information [2]. As shown  
in Fig. 2.  

 
 

 
 

Fig. 2. Diagram of the distributed network. 
 
 
Third, hierarchical network. Hierarchical network 

is usually divided into one or more clusters, each 
cluster consists of a cluster member to a cluster head. 
In more advanced network, all the cluster head to and 
then clustering, together constitute the more 
advanced network. Cluster nodes in the hierarchical 
structure, the main role is to forward data between 
clusters, either from the nodes, through the clustering 
algorithm to form, can also be specified in advance. 
In order to have effective communication between 
cluster heads and should provide support for each 
gateway node. Gateway nodes and cluster heads 
together form a higher level of network, and thus also 
known as a virtual backbone network. As shown  
in Fig. 3.  

 
 

 
 

Fig. 3. Diagram of hierarchical network. 
 
 

2.2. Nodes Structure of Wireless Multimedia 
Sensor Network 

 
Software platform and hardware platform is a 

wireless multimedia sensor node architecture of two 
major components, among them, the operating 
system layer consists of power management, 
embedded file system, embedded network system 
and the embedded kernel and so on several parts;  
as attached directly to the hardware driver layer of a 
layer, able to provide power needed for the 
application and operating system support. 
Application is a software platform, operating system 
and driver layer of three main components.  
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2.3. Hardware Platform of Nodes in Wireless 
Multimedia Sensor Network 

 
Peripheral devices with the core platform is the 

hardware platform of two major components, among 
them, the key link in the process of the core platform 
for the node system, mainly include all kinds of 
connecting device interface, FLASH, embedded 
CPU, RAM and combine to make the better 
performance of embedded CPU, as well as the high 
speed large capacity RAM and FLASH, so more in 
line with the large capacity of storage and video 
processing need [3]. All external interface to connect 
with other nodes, and the wireless network CARDS, 
camera top equipment under effective control. As 
shown in Fig. 4.  

 
 

 
 

Fig. 4. Structure of hardware platform. 
 
 

2.4. Software System of Nodes in Wireless 
Multimedia Sensor Network 

 
2.4.1. Nodes Driver in Wireless Multimedia 

Sensor Network 
 
For associated directly with the hardware device 

driver layer, the initialization of the wireless network 
interface card and video acquisition card after 
equipment, test and adjustment on the basis of the 
hardware of image processing, transformation, 
equipment of closed and open as well as the 
operation of the equipment and other related 
hardware capabilities. The equipment details some of 
functions with strong concealment quality, provides 
the same interface for the use of different equipment, 
on a special device file mapping equipment [4]. The 
same as the other documents, the upper file 
applications to control operation of the device. 
Associated with application software and related to 
system software, and board level initialization 
program is the layer of the three main types.  

 
 

2.4.2. Nodes Operating System of Wireless 
Multimedia Sensor Network 

 
Operating system to provide support for the video 

collection transmission software, embedded system 
should have the relevant key features include: First, 
to be able to control and drive video should 

scheduling in the process of collection and 
transmission equipment, to provide users with the 
interface and image; Second, better real-time 
performance of task scheduling and task of support is 
high, has better performance such as reliability, 
throughput, response time; Third, embedded systems 
often lack a clear difference between application 
software and system software, should not be in the 
realization of the function of the complex and design, 
so as to guarantee the security of system, reduce 
system operating costs [5]; Fourth, because of the 
embedded system is mainly used in wireless 
multimedia sensor node, the system resources are 
limited, therefore, compared with the original 
operating system, has good operational  
system kernel [6].  

 
 

2.4.3. Nodes Application Module of Wireless 
Multimedia Sensor Network 

 
To different types of sensing tasks, different 

applications can simultaneously applied to the 
application layer, mainly related to corresponding 
task monitoring based applications, necessary in the 
process of the running software and application 
software support. With other software, the software 
is not only needs to accord with stability, security 
and accuracy of the actual application needs, but 
should also maximize the system optimization at the 
same time, to reduce hardware costs, reduce system 
resource consumption [7]. VTSN video collection 
and transmission system is refers to the transmission, 
processing and collecting video image as the main 
target, based on the Gstreamer framework to develop 
multimedia, which is based on operating system and 
hardware platform, operating in the application layer 
of one with video long-distance display, 
transmission, acquisition and processing software 
system, thus further extend and enhance the function 
of wireless sensor network (WSN) [8]. 

 
 

2.5. Main Technology of Video Collection 
and Transmission System 

 
2.5.1. Requirements and Characteristics  

of Video Transmission 
 
Video technology belongs to a kind of very 

important multimedia video technology, video 
information is redundant, strong real-time 
performance, more basic characteristics such as large 
amount of data. Because video information compared 
with the normal data has high specificity, video 
collection transmission system in the network 
system, should meet the need of the following 
several aspects: First, the smaller packet loss rate. 
The occurrence of packet loss can lead to video 
playback quality degradation occurred due to lack of 
data. Second, the stability is good. Is the video 
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doesn't happen too often in the process of 
transmission jitter, and thus able to maintain stability 
for a long time. The main reason is that the number 
of video data generated to follow a particular code 
rate, in order to ensure the quality of the video 
playback. Third, the time delay is small. Video 
transmission need to keep certain timeliness, so it 
needs at a particular time, avoid video information. 
Fourth, the minimum transmission rate. In order to 
further improve the quality of video playback, should 
gradually reduce the transmission of video 
transmission rate, thus ensuring the specific amount 
of video data transmission in unit time complete [9].  

 
 

2.5.2. Video Coding and Compression 
 
H.261 video coding standard. H.261 belongs to 

the integrated services digital network (ISDN) in 
ITU-T two-way audio-visual business, its rate is 
64 KB/s integer times. Can only handle QCIF h. 261 
and CIF two image mode, and each frame needs to 
be macro block (MB) layer, macro block group 
(GOB) layer, image processing. Originally H.261 is 
applied to image compression in the process of 
moving, and formulate the detailed video coding, 
each part is mainly related to the office of motion 
compensation coding, quantitative, DCT transform, 
interframe prediction, and channel rate control with 
fixed rate [10].  

H.263 video coding standard. Initial H.263 used 
in low bit rate video coding standard of ITU-T, 
belongs to a kind of less than 64 KB/s narrowband 
communication channel set of ITU-T video coding 
standard. Its development in H.261, on the basis of 
CIF, 4CIF, CIF or QCIF or 16S-QCIF 4:2:0 color 
and sample images for the main standard input image 
formats. Compared with h. 261, H.263 half pixel of 
motion compensation, at the same time has 4 more 
optimized compression coding patterns.  

H.263 video compression standard version 
2.H.263 standard version 2 of the ITU-T in H.263 
after revision, not formally named H.263+ standard. 
Its not only keep the H.263 standard original core 
semantics and syntax, and on this basis, adding more 
options, which broke through the traditional H.263 
standard limits in terms of image input format, the 
compression efficiency, is no longer just limited to 
five kind of source video format. H.263+ standard 
has a greater range of image input format, as well as 
the image of a custom size, greatly expanded the 
standard scope, make its can be based on the 
Windows wide-screen image, high frame frequency 
and computer image processing image sequence.  

H.263 video compression standards. Starting 
from H263+ base, H263++ added three new options, 
the basic goal is to enhance coding efficiency, bad 
code to improve the performance of flow resistance 
error on the channel, the three options include: W: 
options based on H263+ code flow, increase the 
supplementary information, so as to guarantee for the 
enhanced backward compatibility. Option V: data 

can also be referred to as shading, have stronger 
ability to resist error, by putting the DCT coefficients 
and motion vectors in video stream data first 
separated, with reversible coding method to protect 
the motion vector. Options: U can also be referred to 
as the enhanced reference frame and its regeneration 
ability strong channel errors and higher coding 
efficiency, and must have more buffers for reference 
frame image storage.  

H.264 video coding standard. H.264 video 
compression standard belongs to a new generation of 
application in the low bit rate transmission of video 
compression standard, compared with the traditional 
coding method, at the decoder side H.264 did not see 
significant changes, the basic difference is that the 
details of the different function blocks, and image 
content forecast, obviously improve the encoding 
efficiency is achieved. Compared with the original 
video compression standard, H.264 has much more 
advanced technology, mainly for the size of the block 
of the interframe prediction technology, multiple 
reference frames, 1/4 pixel accuracy motion 
estimation, airspace frame prediction and 44 integer 
transform, etc.  

 
 

3. Design of Video Collecting System 
VTSN 
 
VTSN for wireless multimedia sensor network 

video transmission system mainly includes two parts 
of receiving end and sending end, among them, the 
receiver the main role is to implement the 
corresponding reverse operation, including read the 
RTP packet header information, UDP receives, 
decompression and display the received data in 
different places. Send the original video of the 
hardware of the basic function is to read data frame, 
after corresponding processing and adjust the 
compression coding, again through the wireless 
network video transmission effect is good in the RTP 
protocol, and encapsulate the data to the wireless 
network transmission through UDP function of 
system. Video acquisition system VTSN process as 
shown in Fig. 5.  

Because the transmission is based on the 
connectionless UDP protocol, according to the needs 
of the client requests data, system used at the 
receiving end program should start prior to  
sending as in: 
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In order to realize the above functions, we need 

establish Gstreamer to be the basic pipe, as shown  
in Fig. 6.  

Gstreamer pipeline module selection and 
construction is the foundation of all system functions 
mentioned above, and send the basic design is the 
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same at the video acquisition, Gstreamer plug-in 
module library provided in receiving server-side 
implementation according to the main basis, to 
provide gasket type compatible plug-ins, and meet 
the relevant requirements. This part of the 
components of receiving and selection process, the 
system can provide more information, so need to add 
some callback control mechanism based on the 
system, to feedback for video data width, transfer 
time and related information.  

 
 

 
 

Fig. 5. Design decision of video collection system VTSN. 
 
 

 
 

Fig. 6. Structure of Gstreamer system. 
 
 

4. Conclusions 
 
The research of wireless multimedia sensor 

networks is now a very hot topic in related fields. 
People have become more and more familiar with the 
sensor networks. However, we need solute a great 
number of problems to carry out this technology, at 
meanwhile, with the enlargement of the scale of the 
deployment of sensor networks and the types of 
diversification, web application development design 
should also take into account balance and scalability. 
For wireless multimedia sensor network design are 
discussed in this paper analysis, realized a highly 
efficient and practical video collection and 
transmission system, namely VTSN, solved a series 
of problems in practical application. VTSN use 

modern development framework and development 
mode, in fully meet the balance of the application 
development and scalability requirements, on the 
basis of meet efficiently complete wireless video 
acquisition in a network. On this basis, according to 
the characteristics of the wireless multimedia sensor 
network, from two aspects of system parameter 
adjustment and system framework to optimize 
VTSN, embodies the design based on buffer system 
and the thinking characteristics of compulsory 
multithreading. In both the rationality of the design 
and the realizability of at the same time, we need 
further improve the smoothness of video 
transmission. The improved VTSN in video 
transmission has further improved the stationarity.  
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Abstract: This paper improves Gradient Adjusted Predictor (GAP) and Gradient Edge Detection (GED) 
predictor in lossless image encoding, brings forward a new image edge detection algorithm with dynamic 
threshold control based on Multidirectional Gradient Edge Detection Predictor (MGEDP) template. The image 
is divided into four equal parts from the center, and these parts could be executed simultaneously by MGEDP 
template in different direction of four opposite ways to calculate the error values by the parallel technology. 
From these feedback values, the algorithm creates forecast error image, calculates the threshold values by Otsu 
algorithm, classifies the edges of error image, refines the edges, and composes the last edge image. The 
experimental results show that the algorithm using parallel technology not only decreases the time complexity, 
but also gets the clearer edges with more details, and better visual image. Copyright © 2013 IFSA. 
 
Keywords: Gradient adjusted predictor (GAP), Gradient edge detection (GED), Multidirectional gradient edge 
detection predictor (MGEDP), Parallel technology. 
 
 
 
1. Introduction 

 
Edge detection is the main feature extraction 

method of image analysis and pattern recognition. 
How to make the detective edges clear and complete 
has always been a research hot point. Existing edge 
detection algorithms have the main traditional edge 
detection operator methods [1], such as Roberts 
operator, Sobel operator, Prewitt operator, Canny 
operator, etc. The continuity and integrity extracted 
by Canny operator is superior to other operators, but 
the calculation load of Canny edge detection 
algorithm is relatively large, the edge detail also can't 
display completely. In recent years there appears 
many new edge detection algorithms, such as based 
on the wavelet transform [2], multi-scale [3], curved 
surface fitting [4], morphological method [2, 5]. 
These algorithms in edge detection effect are really 
better than traditional operator methods, but the 
mathematical model is complex, the algorithm time 

complexity and space complexity are large, there still 
exists certain shortcomings.  

Yu et al. [6] brings forward a kind of new 
adaptive predictor (Gradient Adjusted Predictor, 
GAP) based on gradient. It uses GAP templates to 
get the forecast error image, and then classify the 
error image via fixed threshold to obtain edge image. 
Algorithm introduces the compression coding 
technology into edge detection, and initially obtains 
the good effect in the experiment, but to different 
images using a single fixed direction (top or left) and 
a fixed threshold, some image edge detection effects 
are not ideal. 

In this paper, the gradient edge detection 
(Gradient Edge Detection, GED) predictor template 
proposed by Avramovic et al. [8] is introduced in the 
edge detection; experiments are designed and a good 
edge effect is obtained. Considering the shortcoming 
of applying GAP in literature [6], when the template 
is insufficient, a multidirectional template is bring 
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forward, that is MGEDP template, which adopts the 
parallel technology with multidirectional forecast of 
pixel values at the same time; while classifying the 
error image edge, the method of maximum between-
cluster variance (Otsu) of dynamic threshold is used 
to deal with the edge pixels. Experiments show 
comparing with the literature [6] algorithm, in this 
paper, the algorithm of image edge is clear and 
complete, and the running time is greatly reduced. 

 
 

2. The Traditional GAP Template 
 
GAP template is embedded in lossless coding 

CALIC [7] algorithm. (I, J) is set as the original pixel 
gray value, the seven reference pixels in adjacent 
areas are respectively WW, W,…, NNE (in Fig. 1 
grey area), its layout and the coordinate’s position 
are located as shown in Fig. 1. 

 
 

 
 

Fig. 1. GAP forecast template. 
 
 
Vertical gradient and horizontal gradient are 

defined in expression (1). 
 

| | | | | |

| | | | | |

dh W WW N NW N NE

dv W NW N NN NE NNE

     
      

 (1) 

 
In the expression, dh and d do the deviation to 

judge the amplitude size and direction of image 

edges; If ( , )I i j represents the original image grey 
value, according to some experience threshold value 
to judge the appearance of the horizontal or vertical 
edges, finally according to the change degree of 
horizontal or vertical edges to appropriately select 
the weights of adjacent pixels to calculate the 
predicted value, and the final forecast error image  
is ( , ) | ' |E i j I I  .  
 
 
3. MGEDP Template 
 
3.1. GED Template 

 
GED is proposed by Avramovic et al. [8] which 

combines the advantages both simplicity of Median 
Edge Detector (MED) and the effectiveness of GAP, 
as shown in Fig. 2, GED template uses five 
parameters in the adjacent area of pixels to determine 

local gradient direction and predict the current pixel 

values. The five reference pixels in ( , )I i j  pixel 
adjacent area are: horizontal direction A and D; 
vertical direction B and E; diagonal direction C. 

 
 

 
 

Fig. 2. GED forecast template. 
 
 

3.2. Novel MGEDP Templates 
 
In traditional predictor template, while computing 

forecast pixel values, the left column and the above 
row of current pixels are mainly taken into account, 
but in the image each region characteristics is 
changeable, forecast only in a single fixed direction 
is obviously impossible to obtain accurate predicting 
pixel values. Thus this paper improves GAP and 
GED templates and proposes a MGEDP template. 

In generally, the image center position can reflect 
all kinds of information of the object prospect, 
therefore MGEDP template starts from the image 
center, divides the image into four equal areas, when 
calculating the predicted pixel, the following two 
conditions should be considered:  

1) In the central area (in Fig. 3 grid part) while 
the pixels estimating forecast value, what the main 
considered are center pixels and 5 parameters in 
adjacent other three regions;  

2) While the pixels in four divisory areas 
estimating forecast values, five parameters pixels in 
each area are mainly considered. 

How to choose their own reference pixels along 
forecast direction, the major principles are:  

1) the center public area is preferred than other 
parts of areas;  

2) in the respective area estimating forecast 
values, its own regional characteristics and gradient 
direction are mainly considered.  

Five reference pixels layouts in the MGEDP 
template with four directions are shown in Fig. 3. In 
Fig. 4 (a) B-R (Below-Right) represents the 
distribution of five parameters (A, B, C, D, E) 
selected below and above the pixels, when 
calculating the forecast values of pixels,  
Fig. 4 (b)-(d) respectively shows the five forecast 
parameters and their distribution selected in the 
"Below-Left", "Top-Right", and "Top-Left " pixels. 

In the four directions, according the MGEDP 
template, vertical gradient and horizontal gradient 
computational expressions are as following: 

 

| | | |

| | | |

dh D A C B

dv C A E B

   
      

(2) 
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Fig. 3. MGEDP template. 
 
 

Calculating '( , )I i j predication pixels can be 
obtained from the following algorithm: 

 
( 80) 'IF dv dh I A    

( 80) '  ELSE IF dv dh I B     
' [3( )/2] ( )/12  ELSE I A B C D E      

(3) 

 
At this moment, the forecast error value is 

( , ) | ' |E i j I I  . 
 
 

4. The Image Edges which are Classified 
Based on Maximum Variance 
Threshold 

 
4.1. The Selection of Automatic Threshold 

Based on the Maximum Between-cluster 
Variance Method  

 
The between-cluster variance method is also 

called Otsu algorithm, which is put forward by 
Japanese Otsu based on the multiplication principle 

in 1979. Its algorithm idea is: ( , )E i j  is taken as the 
grey value of image, the grayscale is L, the value of 

E(I, J) is  0, 1 L  ; the grey value r is the separated 

threshold value between foreground and background, 
that is, the target 1 { ( , ) }G E i j T   and background 

2 { ( , ) }G E i j T  , ( ) ( / )r q qP r n n  is the rate of 

pixels number of grayscale rq and image pixels 

( 0,1,..., 1)q L  , 0  is the proportion of target 

pixels, 0 is the grayscale mean value of target pixel, 
2
0  is the inter-class variance of target, 1  is the 

rate of background pixels, 1  is the grayscale mean 

of background pixels, 
2

1 is the inter-class variance 

of background,   is the grayscale mean of entire 

image, 
2
2  is the between-cluster variance. All 

values are defined as follows: 
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(11) 
 

When T makes 2 value maximum, T is the best 
segmentation threshold, then the error images 

( , )E i j  are classified. If value ( , )E i j  is greater 

than r , then that point is the edge point, “0” is used 
to do marking; otherwise this point is not the edge 
point, using “1” to do marking. 

To illustrate the procedure of forecast and 
threshold processing, Fig. 4 shows the predictive 
entire process of grey value changing in the sample 
to cut out an image with 4x4 neighborhood field. 

Fig. 4 (a) is the original gray image pixels; 
Fig. 4 (b) is the forecast image pixels value  
through (2)-(5) through application of MGEDP 
template; Fig. 4 (c) is the error image obtained by the 
original and the forecast images; Fig. 4 (d) is the 
image edge through the classification of the best 
threshold in expressions (4)-(11), the best threshold 
value is set T= 12. 

 
 

4.2. Refine Edges 
 

The image edge from Section 3.1 is still the wide 
edge of multi-pixels, but the image edge should be 
the fine and smooth edge consisting of single pixels, 
thus the wide edges must be refined, and processing 
can use the following refinement methods: horizontal 
scan, vertical scan, “logic and operator” to combine 
the image.  
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Fig. 4. The examples of forecast process. 
 
 

Fig. 6 is an example with a specific thining edge. 
At first, in Fig. 5 (a) the original multi-pixels wide 
edge image is horizontally scanned: the direction is 
from left to right and from top to bottom, if there is 
discontinuous pixel values in the scanning process, 
that is, which appears the changes from 0 to 1, or 
from 1 to 0, at this time value 0 is tagged to black  
by 0; otherwise do not do any tag, the default  
value is 1. In vertical direction similar method is 
used. Fig. 5 (b)-(c) are respective the results of 
horizontally and vertically scanning after refining. 
Finally the corresponding position adopts simple 
synthetic with logic "and" operator to get the refined 
edge image, which is shown in Fig. 5 (d). 

 
 

 
 

Fig. 5. Thining process samples. 
 
 

5. The Parallel Technology 
Implementation of Algorithm  
in Four Directions 

 
This algorithm has a more concerned aspect that 

is the multi-thread parallel technology [11-12]. Due 
to the large multi-thread concurrent characteristics, a 

branch predictor based on values can combine with 
the instructor strategy based on thread-boost speed, 
in four directions MGEDP template adopts parallel 
technology to realize the forecast error, and dynamic 
threshold classifies the image edges and thins the 
edges, at last combining to form a complete edge 
image. Adopting parallel technology effectively 
reduce the complexity of the algorithm, the speed is 
about 4 times of the traditional GAP algorithm. 

 
 

6. The Experimental Results and Analysis 
 

In order to verify the effectiveness of the 
algorithm, the experiment uses traditional operator 
method [1] (Roberts operator, Sobel operator, Prewitt 
operator and Canny operator), [6] algorithm and the 
algorithm in this paper conducts the comparison test 
to various types of images with different sizes. In 
order to presents the pages more conveniently, in the 
test library, 128128 gray images of House and Lena 
are selected. The experimental results are shown in 
Fig. 6-7. 

 
 

 
 

Fig. 6. All kinds of test algorithm results in House images. 
 
 

In Fig. 6, the loss of edge is severe which is 
extracted by Roberts operator in traditional operator 
method, the edge location is not accurate; Sobel 
operator and Prewitt operator is more accurate, but 
many details of image are not shown; the integrity 
and continuity of image edge extracted by Canny 
operator method is good, the effect is better than 
above other operators, but Canny operator method 
can show the overall shape of the object, that target 
detail is not so good, such as in Fig. 7, the feathers on 
Lena hat are almost not detected. 
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Fig. 7. Various algorithm detection effect in Lena diagram. 
 
 

Comparing with the edge detection effect of [6] 
in Fig. 6 and Fig. 7, the details are richer, but also 
produce a lot of pseudo edges; the whole image noise 
is larger. Look closely at Fig. 6 (c), the pillars 
detection in the background also appears intermittent. 
There are two possible reasons to cause this kind of 
phenomenon:  

1) While detecting the whole image, only a single 
direction GAP template is used from top to bottom 
and from left to right, while estimating the broadcast 
value, the whole image is reproduced by mistaken; 

2) Using fixed threshold when the threshold value 
is selected, it doesn’t automatically change the 
threshold according to the image.  

This algorithm overcomes the above 
shortcomings, Fig. 6 (g) and Fig. 7 (d) show the 
pseudo edges around the image edge are less, 
positioning is precise, noise is less, and the image 
edges obtained are ideal. 

 
 
7. Conclusions 

 
This algorithm improves the traditional GAP and 

GED template, from the image center to spread 
around, in the opposite direction, which is 
respectively divided into four parallel technology 
application MGEDP templates. The main features of 
MGEDP forecast template are multidirectional with 
adaptive context, because the associated pixels in the 
image are not in just a single fixed direction, when 
the gradient forecast parameters are considered, 

selecting center rather than the corner pixels can 
avoid incorrect reproduction by forecast along the 
fixed direction; the application of parallel technology 
reduces the time complexity of algorithm, greatly 
improves the speed of algorithm. Through the 
comparative experiments, the detected image edge 
via this algorithm in this paper is clear with rich 
details to achieve the desired effect. 
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