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Abstract: In order to improve the performance and prolong the lifetime of the networks, this paper presents
an improved algorithm called Energy-balance AODVjr Routing Algorithm (EARA) which can balance the
network energy consumption by improving the routes of data transmission. During the stage of constructing the
network, a table called neighbor table is built for every node to store the information of its neighbor nodes.
Then, considered the residual energy of the nodes along the route as well as the rules in AODVir, a route
between the source and the destination nodes is established in order to balance the energy consumption and
make the hops as few as possible. Both simulation and prototype tests results show that EARA can extend the

lifetime of the network more effectively than AODVjr. Copyright © 2014 IFSA Publishing, S L.
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1. Introduction

ZigBee has been the mainstream in warless sensor
networks because of its characteristics such as low
power, low cost, short delay, high capacity, high
security and free of license. With the development
of ZigBee technology, it will be widely used in the
fields such as smart house, industry, medical
equipment and oil exploiting [1].

The most widely adopted routing algorithms
in ZigBee networks are Cluster-Tree agorithm [2]
and AODVj (AODV Junior) algorithm [3], in which
the former is a network protocol that is suitable
for static or less dynamic condition and the latter uses
an improved Ad hoc On-demand Distance Vector
that selects the route containing the fewest jumps
from resource to destination through comparing one
route with the others [4]. However using these
algorithms, the lifetime of the network is short
because the algorithms ignore the energy
consumption of the node when selecting the route
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to send the data. Most improved algorithms just focus
on the network protocol of transmission of data[5] or
the structure of network topology [6-8]. Even though
there are some a gorithms such as ZBR and F-ZBR [9]
that consider energy of the network, they still lack
full consideration of the management
of energy of a single node and energy balance of the
whole network.

In order to prolong the lifetime of ZigBee
networks, this paper proposes an improved energy-
balance AODV|r routing algorithm (EARA) based
on improved ZigBee agorithm and AODVjr so as
to improve the management of the single node and
selecting route to send data.

2. Related Works

The improved algorithm proposed in this paper is
based on the well-known AODVjr agorithm, and
it related to Cluster-Tree algorithm in which address
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assignment mechanism of ZigBee network is
adopted. Then, analysis of AODV|r and Cluster-tree
algorithm is given as follow.

2.1. Address Assignment Mechanism
of ZigBee

Every node in the ZigBee network has a short
address of 16 bits, which is used to identify the node
when ZigBee network transfers signal or packet [10].
In this mechanism, the address of the coordinator is 0
and its depth is also 0. If the address of one father is
P, and the address of its k" child P is described as
formula (1), where Rnax is defined as the most
routing nodes one child node has and S«(|) is the

address offset between the father node with depth |
and its child node.

R =P +S()x(k-1)+1

1<k<R,_, @)
S«(1) can be obtained from the formula (2):
1+C o (D =1 1), R =1
SW=11+C - R;":_Rni""*Rm%_l_l,Rm 4 @

In formula (2), Cmax denotes the child nodes one
father node can connect to and Dmax iS the maximum
depth of the network that the formula to get the
address of end device node is different from that
of the route node, the address of the eth end node
of the father node P, is described as follow:

P =P+S(I)x(k-1)+n

3
1<k<C,, —R,. 3

2.2. Cluster-tree Routing Algorithm

Each node has only one father node, but for one
node it can have severa child nodes. By using this
mechanism we can get a Cluster-Tree network. There
is no process for searching a route since the address
of the whole network is distributed in order, that is,
there are principles in address distribution. If we
know the address of one node, we can calculate the
address of its father node and all addresses of its
upper nodes. Cluster-Tree routing algorithm makes
use of this mechanism to caculate the address
of upper node of the destination node [2].

2.3. AODVjr Algorithm

The AODVjr is an improved AODV algorithm.
It is not allowed to generate a Route Reply (RREP)
among all intermediate nodes whether they
have a current route to the destination or not, and
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only the destination gives back a RREP signal
to set a backward route which can reduce the
energy consumption.

Fig. 1 is the comparison of AODVjr agorithm
and AODV dgorithms. The packet will be sent
from node 1 to node 5, and we image that node 3 has
a current route to node 5. In the AODV agorithm,
both node 2 and node 3 will generate a RREP to node
1. However, only node 5 will generate RREP
in AODVjr algorithm. From the above description,
we can know that the source in the AODVjr
algorithm deals with fewer RREPs than that
of AODV, so the AODVjr agorithm simplifies the
process of routing discovery and reduces the
consumption to some degree.

Destination node

Source node

AODV

— RREQ s RREP

Fig. 1. Comparison of route discovery between AODVjr
and AODV.

Because the AODVjr algorithm uses the route
that contains the fewest jJumps from the source to the
destination, so there are routes more frequently used
than the others, which leads to the result that the
energy consumption of some nodes in those
frequently used route is too high. High energy
consumption will accelerate the death of the node and
make some routes be failure, as well as reduce the
lifetime of the network in the end.

Therefore, this paper presents an improved
algorithm to solve the problem described above that
the consumption of the single node is too high and
the lifetime of the network is short, its main objective
isto prolong the lifetime of the network by managing
the energy of every node and the whole energy
of the network.

3. Design of EARA

EARA can improve the method to find route
sending packets. Neighbor table is built in the
beginning to evaluate the initial energy of the node
and the warning energy threshold which will be
changing with the average energy of the network.
One route (from A to B) is restored for the nth time,
and the route is not refreshed during nth - (n + k)"
time, where k is an integrity and k>O0.
If for the (n + k +1)1" time the source is A and the
destination is B, the stored route will be used.
Moreover, the network will check the energy before
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the source sends its packet. And if there is a low
energy node, it will drop this existed route and
discover a new route. Through this way the network
can balance its energy and prolong its lifetime.

The network built by EARA is till a cluster-tree
network, but the EARA network will discover the
neighbor nodes after the network has informed.
It defines all the nodes in one jump except its father
node as its neighbor node and the removing the father
node will save the storage space for the node. In
Fig. 2, the node f has neighbor nodes: node ¢, node 2,
node | and node e, in which node ¢, node | and node e
are FFDs (Full function device) and node 2 is RFD
(Refined  function device). Node b is not
a neighbor node of node f since the former is the
father node of the latter. On the condition that the
storage of RFD is limited, it will not build a neighbor
table and itsrole in EARA agorithmisto receive and
send packet.

Fig. 2. The topology of the network.

The goal of neighbor node discovery is to get all
neighbor nodes, their information and to store them.
In this algorithm the information stored in the
neighbor table in Fig. 3 consists of two parts. one is
the address of the neighbor node (Address), the other
is the energy of the remainder energy of the neighbor
node. We must know that the address is managed by
the coordinator. The remainder energy is got by AD
(Analog convert to Digital) in the physical platform
experiment while is got by evaluating the times one

node transmits packet. The initial energy is Co ideally.

Naddress Cenergy

Fig. 3. Information of a neighbor table.

The network gets the value of the warning energy
threshold Cyarning @ S00N as the neighbor tableis built.
The value of the warning energy is a relate value
from the formula (4), which is defined as follows: the
value of warning energy is haf the average energy
(Cae) and the first vaue comes out before the
building of neighbor table--that is, there is no packet
transmission before the first vale of Cyaming COMeS out.

C

'warning = Cave / 2 (4)

In formula (4), Cwaming iS NOt a static value, it is
the value of the nth energy warning. Therefore, the
first value of Cwaring= (1/2) Co.

After finishing the transmission, Node whose
energy is lower than Cuaning iS defined as
a temporarily dead node. The number of dead nodes
is defined as A1, the whole number of nodes Ao and
the rate of temporarily dead nodes P, thereis:

P =(A,/A,)*100% (5)

If there is a new temporarily dead node,
P: will be updated by formula (5). If P, > 20 %, both
the Cave and the Cyaming Will be updated. In fact, Cae
is not the real average energy of the network, it is the
value that all the energy of nodes whose remainder
energy is less than Cuaning pluses the vaue
of Cuwaring* (Ao-Ay), then divided by Ao:

c - ;Cenergy(i)+cwarning'(AO _Al) (6)

ave
AO

Thus the value of Cuaning Can be updated
constantly with the continuous calculation
of the network.

Actually, Cwaming is continuously decreasing. The
temporary node whose energy is bigger than Cyarning
can be restored to normal node which is utilized
to transmit data. Generally, almost al of the nodes
can become normal nodes by Caye updating.

When Cyaring iS updated to an order of magnitude,
the nodes will be defined as dead nodes which meet
Cenergy < Cuwaming- Ndie denotes the number of dead
nodes. The life of the network is determined by the
number of dead nodes and corresponding time.
Compared with other networks, a network has a long
life if its dead node appears late and after that it has
less dead nodes at a certain point.

The flow chart of EARA dgorithm is shown
in Fig. 4. The source node R produces a signal and it
is transmitted to the destination node D. At the
beginning of the algorithm, it is processed as
an ordinary node. The node has the a&bility
to determine whether it isa FFD or RFD. If RFD, the
node will detect the energy of its father node and
transmit the detection signal to it, if the energy of its
father node is greater than Cuaning. Thus, the father

103



Sensors & Transducers, Vol. 170, Issue 5, May 2014, pp. 101-106

node will become a new node which can receive
detection signal. And if the energy of this father node
is less than Cuamings it will be processed
in subsequently.

Then, the agorithm judges whether the node has
last stored path to the destination node, and sends
a detection signal to detect whether the path is still
available. Thisincludes two aspects: whether the path
still remains unimpeded and the energy of each node
meetS Cenergy > Cwaming. |f the pth |S a\/allable, bUI|d
path and transmit data, and process it as a node

o

The node gets

hether Itself is

without the path to the destination node. If there
doesn't have the path to destination node, the node
will judge whether the destination node is its
neighbor node, and if it is, the node will judge itself
whether it is the source node, and send data
to destination node directly. If not, it sends a TTEP
group to the source node build path and transmit data.
If the destination node is not the neighbor node, the
node will query its neighbor table as well as the
destination node.

FFD?

the test signal

|

Whether there is a
current route to the
destination node?

Whether the route

Confirm can still be used?

| E—

X
/ \
/ \

/ \
——  Whether the Destination

node is its neighbour node

The node searches its
neighbour table

!

Destination node
searches its neighbbur
table

Whethe they have
ommon neighbour node:

Get the neighbour
nodes’ energy

Whether all their energy
are lower than the
warming energy

Send the test
signal to the
neighbour node

—_y

»
reply a RREP
Build the
v route
Get the energy of the
common neighbour nodes l
Send the
packet
Whether all their energ

Whether
itself is the source
node

The desdination

are lower than the
warming energy

Select the node who
has the highest energy

|

L2

Get the energy of
father node

Whether its energy
is lower than
the warming energ

End this direction
of discovery

Send the test signal to the
father node

Fig. 4. Flow chart of EARA algorithm.
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Next, the agorithm judges the node
and the destination node whether they have the
common neighbor node or not, and the node will
detect the energy of al the common neighbor nodes
and judge whether they are al greater than the
warning value Cuaning, if they have, select one
common neighbor node which has the highest energy
among which meet Ceegy > Cwaming 8 One
node of this path. Otherwise, if the energy of all the
common neighbor nodes is lower than Cuaning, the
algorithm processes this situation in accordance
with no common node between this node and
destination node.

If the node has no common nodes with the
destination node, it will detect the energy of al the
neighbor nodes and send the detection signal to those
whose energy is greater than Cuyaning. Thus the
algorithm is recycled to the starting condition that all
the neighbor nodes whose energy is greater than
Cwaning have received the detection signal. After
of that, each of them will conduct next detection until
it can establish a path leading to the destination node.
If the energy of the neighbor nodes is all lower than
Cuwaning, this node will detect the energy of its father
node because its father node does not belong
to neighbor node according to the provision. If the
energy of its father node is greater than Cuyarning, this
node will send detection signal to its father node
which will be recycled to be a new node that can
receive detection signal, otherwise it will end the
detection in this direction.

In the above procedure, if the node
which produces data packet is RFD and the energy
of its father node is lower than Cyaning, the data will
be sent to its father node directly, then to its father's
father, until to the father node which is FFD and
whose energy is greater than Cuaming. Then the
algorithm conducts the detection as the way
of ordinary node in above.

4. Experiment Tests

In this section, experiments are carried out to test
the performance of EARA comparison with AODVijr.

The experimenta platform including 15 ZigBee
nodes is used to test the performance of EARA, the
length of data packet of every signal is increased
to 100 bytes. In order to test the performance of the
network quickly, the data packet transmission time is
increased. Considering the relatively small scale
of the network and the advent of RFD, which will
reduce the possible propagation path so as to lead
to the emergency of single path, all the nodes utilized
in this time are FFDs. The network parameters are

acquired by controlling severa indicators.
The comparison curves of network lifetime are
shown in Fig. 5.

In the physical test period, the first dead node
utilizing EARA to transmit data appears later than
AODVjr. So EARA deays the emergency

of the first dead node, which coincides with the
simulation results.

—6— EARA
gl| —+— AoDVjr / |

dead nodes

10 15 20 25 30 35 40 45
time/min

Fig. 5. Comparison of the number of dead nodes.

After the advent of the second dead node, the
dead node appearance speed of AODVjr becomes
faster, while the speed of EARA is dightly flat.
So EARA has the ability to balance the energy
of network and extend the network lifetime.

Next, Fig. 6 shows the comparison curves of the
success rate of packet transmission, which are ailmost
the same in early period. However, with the increase
of the time, the rate of AODVjr declines sharply
while the rate of EARA declines slowly. The reason
is that EARA is aimed at balancing the energy
of network. If energy of some nodes decline too
quickly, their frequency of forwarding data will be
reduced to slow down the rapid decline of the energy.
So, the entire network will be running smoothly
even if the advent of accidenta death of some
individual nodes.
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Fig. 6. Comparison of packet transmission
success rate.
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At last, the end-to-end delays of the two
algorithms are performed, and the result is shown
in Fig. 7. With the large quantity of data transmission
and artificialy increasing energy consumption,
number of dead nodes increases. At the late period
of network, EARA exemplifies its superiority in end-

to-end delay, which is less than the delay of AODVir.

It can be seen from Fig. 7 that the end delay grows
obviously because of the increasing number of dead
nodes and the path changes. However, the end delay
of EARA grows slowly. EARA reduces the end
delay and improves the rapidity of ZigBee signal
transmission on the basis of AODVir.
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Fig. 7. Comparison of end to end delay.

5. Conclusions

EARA utilizes the method of using path
dynamically to solve the energy balancing problem.
When a path has nodes with too low energy,
the algorithm will detect a new path to transmit data
and the hops of the two paths have little difference.
Furthermore, if the paths have too much difference,
the Cluster-Tree algorithm will be utilized
and the data will be transmitted by tree network
directly to achieve the goal of balancing
network energy.

Taking into account of the cost of the building
large scale network, simulation and experiment are
utilized to analyze the performance of AODV|r and
EARA, the results show that compared with AODVir,
EARA can delay the emergency of the first dead
node, slow down the speed of node death to extend
the lifetime of the ZigBee wireless network, maintain
the end-to-end delay, as well as improve the data

transmission successful rate greatly, so as to balance
the network energy and increase the stability
of the network.
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