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Abstract: A well-performing medical wireless network can greatly improve the efficiency of medical units and 
save manpower and resources. And the performance of a wireless network depends on routing algorithm. An 
optimal routing algorithm means less transmission delay, high packet arrival rate and proper network congestion 
control. As the soul in Ad hoc network, it can greatly restrict network size and node data transmission. This 
study focused on research of several typical routing algorithms in wireless ad hoc networks. Then it proposed an 
ad hoc-based routing algorithm for wireless body sensor networks according to the characteristics of medical 
networks - HAODV (Hospital Ad-hoc on-demand Distance Vector) on its basis. Furthermore, NS2 was used for 
simulation, and simulation data of different network scenes was analyzed for the comparison of two routing 
algorithms. Based on the simulation results, the feasibility of the algorithm was verified to guide the 
construction of medical Ad hoc networks. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 

 
Construction of wireless local area networks 

(WLAN) are mostly based on wired ones. This can 
be costly and difficult. Building a medical LAN can 
affect the normal medical work in some places like 
hospital. However, the construction of medical 
network is necessary. Some intelligent medical 
devices need data process and data support from data 
center. Thus a WLAN is indispensable [1]. The 
network should be temporary, fast as well multi-hop. 
Nodes can take the neighboring nodes as a proxy to 
relay a message to destination nodes beyond 
communication range [2]. 

MANET, a typical Ad hoc wireless multi-hop 
network, consists of several mobile nodes. Each node 
functions as a router within certain area and helps 

other nodes form communication links by store-and-
forward technology [3]. 
 
 
2. Establishment of Routing Algorithm 
 

According to different ways of route setup, 
routing protocols in wireless Ad hoc networks can be 
grouped into three categories — proactive routing 
protocol, reactive routing protocol and hybrid routing 
protocol. There are various routing algorithms to 
implement those protocols. OLSR and AODV, 
discussed and compared in the work, represent 
proactive and reactive routing protocol, respectively. 
Then a network protocol suitable for medical LAN 
was proposed based on the characteristics of medical 
networks. Furthermore, this study focused on the 
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design of routing policies in routing layers and 
analyzed statistical characteristics of different routing 
protocols by the simulation of wireless Ad hoc 
network environment with NS2. 

AODV (Ad-hoc On-demand Distance Vector) is 
a reactive and on-demand routing algorithm. It, as an 
on-demand routing protocol, detects detect routes for 
transmission only if a code needs to deliver packages 
to target nodes, thus reducing excessive consumption 
of network bandwidth and energy. When a route is 
needed by a source node for reaching a target one, 
AODV launches a route discovery process in the 
network; after the establishment of the route, a route 
maintenance program will perform maintenance. 
This will continue until each routing path is broken, 
or no route is needed any longer [4]. 

OLSR (Optimized Link State Routing) is a table-
driven, proactive routing protocol. In the table-driven 
routing algorithm, each node will mutually send and 
receive control information periodically when the 
network nodes start up. Then the nodes will build 
routing information table to arrive other nodes in 
networks. After sending a data transmission request, 
the node can find the right path as long as searching 
its own routing table [5].  

OLSR, as a proactive protocol, needs to send 
plenty of control information to the whole network 
for maintaining a real-time information table. All 
node needs to send control information to each other 
periodically and continuously. The transmission 
mode can be optimized by some means such as MPR, 
but the optimization doesn’t play a significant role in 
small local area networks. It is a disadvantage that 
cannot be easily changed for proactive protocol. 
However, reactive AODV can avoid these 
disadvantages and greatly save the bandwidth 
because control command of reactive protocol will 
temporarily select an optimal path for data 
transmission in the whole network only when source 
nodes need information. But the link selection is 
organized after the real transmission behavior, so 
AODV is worse than OLSR in terms of instantaneity 
and not suitable for real-time network [6-9].  

Wireless body sensor networks that support 
intelligent medical device have a big difference with 
common Ad hoc network. Common Ad hoc network 
should consider communication between any node, 
while wireless body sensor networks only need to 
consider communication between any node and the 
data center [12, 13]. Any point-to-point 
communication is between nodes and the data center 
which is determined. So the wireless network 
algorithm can be greatly simplified. AODV herein is 
based on this idea. It provides routing algorithm for 
some highly-intelligentized wireless body networks 
that need the data processing and support from data 
center. And it is referred as HAODV (Hospital Ad-
hoc On-demand Distance Vector), different from 
common AODV routing protocol [10, 11].  

Network topology of HAODV is shown  
in Fig. 1: circle represents a node, and the numbers 
around nodes represent the distance from nodes to 

the data center. If the sequence number of the node 
that send network access application to data center  
is 1, then the sequence number of the node that send 
application to node 1 is 2. All the sequence numbers 
are determined by the program instead of by people.  

 
 

 
 

Fig. 1. Network topology of HAODV. 
 
 

The route discovery process of HAODV has two 
steps - the establishment of the reverse route and 
forward route. Specific discovery process is shown in 
Fig. 2: the source node broadcasts a route request 
packet. If the request packet arrives directly to the 
data center, the data center will return a response 
signal back to the source node, and the path is 
directly established; if the source node broadcasts a 
route request packet cannot directly reach the data 
center, a relay node is needed as a route [10].  

 
 

 
 

Fig. 2. HAODV on-demand routing process. 
 
 
Only the smallest one of all the nodes that 

received the request packet will transmit the request 
packet out after the source node broadcasts a route 
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request packet. Meanwhile, the node is marked as 
flag bit “1”, and it is selected as a relay node. It will 
transmit the request packet to data center. Thus a data 
link is selected from the source node to data center. 
Then the data center will send data packet command 
or other commands to the source node through this 
link. Meanwhile, the source node can send detected 
data to the data center and reset the flag bit [11-12]. 
 
 
3. Introduction of Parameters in 

Simulation Results Analysis 
 

This work focuses on the simulation analysis for 
the following performance indicators of routing 
algorithm. These indicators will directly determine 
the performance of routing algorithm. 

Packet receive ratio refers to the ratio between the 
packets received by destination node and packets 
sent out by source node. It can examine the 
effectiveness of packet transmission in the entire 
wireless network. Protocol consumption refers to the 
total number of routing control packets. It can 
examine the amount of control data generated by 
routing algorithm. 

Average end to end delay refers to the average 
time that data packets in application layer reach the 
destination node from the data center. It shows the 
instantaneity of routing algorithm. 

In this study, three simulation scenes were 
created on three dependent variables, i.e. node 
number, node mobility rate and network connection 
number, by insulation using NS2 (an insulation 
application); according to corresponding insulation 
results, a clear comparison was made between 
HAODV and OLSR routing protocols in 
performance characteristics [13].  

Scene 1: In a topology area of 1000 m×800 m, 
the maximum node mobility rate is 1m/s; there are  
10 data connections; the number of nodes distributed 
in the area changes from 15, 30 to 50. Fig. 3 shows 
how performance parameters of the two routing 
protocols change with the node number in the area. 
 
 

 
 

Fig. 3 (a). Node Number-Arrival Rate  
of Data Packets. 

 
 

Fig. 3 (b). Node Number-Routing Overhead. 
 
 

 
 

Fig. 3 (c). Node Number-Changes of Data Packets’ 
Average Delay. 

 
 

Scene 2: In a topology area of 1000 m×800 m, 
there are 10 data connections; the number of nodes 
distributed in the area is 50; the maximum node 
mobility rate which plays the role of dependent 
variable changes from 0 m/s, 1 m/s to 10 m/s. Fig. 4 
shows how performance parameters of the two 
routing protocols change with the node mobility rate 
in the area. 

 
 

 
 

Fig. 4 (a). Node Mobility Rate-Arrival Rate  
of Data Packets. 
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Fig. 4 (b). Node Mobility Rate-Routing Overhead. 
 
 

 
 

Fig. 4 (c).Connection-Change  
of Data Packets’ Average Delay. 

 
 

Scene 3: In a topology area of 1500 m×1000 m, 
the maximum node mobility rate is 1 m/s; the 
number of nodes distributed in the area is 30; the 
number of data connections changing from 5, 10 to 
15 plays the role of dependent variable. Fig. 5 shows 
how performance parameters of the two routing 
protocols change with the number of data 
connections in the area.  

It is obvious that performances of two protocols 
change in a same trend, basing on comparisons on 
insulation results across different scenes:  

1) Fig. 3 shows relevant parameters change when 
the node number of simulation topology changes, 
i.e., the possibility of transmission routs, the arrival 
rate of data packets, the packet delay and the routing 
overhead simultaneously increase with increasing 
number.  

2) Fig. 4 shows relevant parameters change when 
the node mobility rate of simulation topology 
changes. The possibility of disconnected routing link 
increases with the increase of the rate. Therefore, the 
arrival rate of data packets decreases. The packet 
delay increases, and the routing overhead increases 
due to extra time needed for reconnection.  

3) Fig. 5 shows relevant parameters change when 
the number of data connections of simulation 

topology changes. While the number increases, the 
network becomes busier, and the possibility of data 
packet dropouts increases. Therefore, the packet 
delay and the routing overhead both increase. Thus 
more control information needs to be transmitted.  

 
 

 
 

Fig. 5 (a). Connections - Arrival Rate  
of Data Packets. 

 
 

 
 

Fig. 5 (b). Connections - Routing Overhead. 
 
 

 
 

Fig. 5 (c). Connections - Changes in Average Delay  
of Data Packets. 

 
 

According to a comparison on insulation results 
across different parameters, it can also be concluded: 
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As shown in Fig. 3(a) and Fig. 5(a), the arrival rate of 
packets change similarly in a same trend for both 
HAODV and protocol OLSR. However, as shown in 
Fig. 4(a), the packet reception rate of protocol OLSR 
decrease with increase of the node mobility rate; 
therefore, AODV is more suitable for networks with 
a faster change of node positions. 

 
 

4. Conclusions 
 

According to characteristics of a certain WBSN 
(wireless body sensor network), a special network 
protocol (HAODV) basing on AODV was 
introduced. And the influences of network 
conditions, node characteristics and other factors on 
route protocols in a wireless network were discussed. 
The work also emulated different scenes in practice, 
comparing the advantages and disadvantages of 
different rout protocols via simulation in NS2. 
Finally, the characteristics of network topology 
suitable to the two protocols were classified, and the 
feasibility of HAODV in a certain wireless network 
was discussed. 
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