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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 
in body area network group has been designed. Besides, the simulation analysis of DSR-C also has been 
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. 
Copyright © 2013 IFSA. 
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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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(1) 

 
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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(2)

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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(3) 

 
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: 

 
0

1( ) ( ) ( ) ( )a
t c AB c

m
e

mN
E m E m E m d E m

p

   

 
(4)

 
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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