
Abstract
Wireless body area sensor networks give us health care 
services by continuous, remote and non-invasive monitoring. 
This network system should monitor various Physiological 
parameters of a person for a long period of time. Wireless body 
area sensor network requires energy efficient communication 
protocols to minimize the energy consumption and hence for 
increasing the life time of whole system. This paper explain 
the effects of adding a relay network in conjunction with the 
sensor network for reducing power consumption of sensor 
nodes when transmitting data to the base station. For placing 
the relay nodes in sensor network we use the Relay and Routing 
Co-scheduling Algorithm (R2CA).
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I. Introduction
A Wireless Body Area Network consists of small, intelligent 
devices attached on or implanted in the body which are capable 
of establishing a wireless communication link. These devices 
provide continuous health monitoring and real-time feedback 
to the user or medical personnel. Two types of devices can be 
distinguished: sensors and actuators. The sensors are used to 
measure certain parameters of the human body, either externally 
or internally. Examples include measuring the heartbeat, body 
temperature or recording a prolonged electrocardiogram (ECG). 
The actuators (or actors) on the other hand take some specific 
actions according to the data they receive from the sensors or 
through interaction with the user, e.g., an actuator equipped 
with a built-in reservoir and pump administers the correct 
dose of insulin to give to diabetics based on the glucose level 
measurements [1]. Energy consumption can be divided into 
three domains: sensing, (wireless) communication and data 
processing .The wireless communication is likely to be the most 
power consuming. The power available in the nodes is often 
restricted because the energy source of the sensor nodes is 
the battery. The size of the battery used to store the needed 
energy is the largest contributor to the sensor device in terms 
of both dimensions and weight. 

Due to limited energy and the difficulty in recharging a large 
number of sensor nodes energy efficiency and maximizing the 
network lifetime are the most important design goals of a sensor 
network. [2] In BASN, the number of sensor nodes and the scale 
of the network are smaller and the communication range is shorter 
than other applications of sensor networks, such as environment 
monitoring. Each or every small group of sensors collects a different 
parameter(s) with different bit rates in different alternations. in a 
BASN communication takes place near the human body which is 
a very lossy medium. Consequently, the electromagnetic waves 
are attenuated considerably, or stated otherwise, the radio signals 
experience a high path loss. This means that transmitting over an 
arbitrary distance near the human body is not always possible. 
Another problem may be possible tissue heating. This effect can 
arise when too much power is transmitted near the human body 
[3]

In this paper, we propose a relay network to be used in 
companion with the sensor nodes in BASNs to provide multi 
hop communications. We show that communication energy 
usage of the sensor nodes decreases dramatically and the 
sensors’ life time increases compared to single hop and simple 
multi hop transmissions. A relay network, moreover, makes it 
possible to use WSNs’ protocols in BSNs.

Rest of the paper is organized as follows. Section 2 has an 
overview on the previous research works on BSN communications 
.In section 3 problem definition is defined.  In section 4 a 
new method of networking in BSNs is proposed. Radio and 
propagation models as well as a algorithm is explained.

II. Related works.
There are various protocols which are used for reducing 
power consumption like LEACH protocol (low energy adaptive 
clustering hierarchy) [10], HEED protocol (Hybrid energy 
efficient distributed clustering) [10], multi hop protocol, and 
single hop protocols. Multi hop protocols can be categorized 
into three groups: tree-based [6], chain-based [7] and cluster 
based [8]. In the first two groups, each node sends its data to 
its parent node and in this way data is transferred hop by hop 
to the sink. Therefore, as much as the nodes are closer to the 
sink the more energy they would have consumed due to the 
relaying of other nodes’ traffic. In cluster-based protocols [9], 
nodes are grouped in a number of clusters. Each cluster has 
a cluster head, every cluster member after sensing send this 
information to the cluster head and cluster head send this 
information to the sink, hence energy usage by head node is 
much more than the other nodes. cluster based gives better 
results than tree and chain.

Braem et al. in [3] compare the energy usage of multihop 
and single-hop transmissions in small-scale sensor networks 
experiencing high path loss and show that in single-hop 
transmission, nodes far away from the sink perform much worse 
compared to the multihop case. However, the closest nodes 
to the sink become hotspots when multihop transmission is 
used, because of relaying all other nodes' traffic. Therefore 
they propose to use some nodes for just relaying the other 
nodes’ traffic without any sensing and the other technique is 
cooperation.

The major drawback in multihop protocol is handling data of 
other nodes by the nodes which are closer to the sink. To meet 
the special requirements of BSNs, we should use multihop 
transmission but eliminate the relaying load from the nodes 
close to the sink.

Aida Ehyaie in [4] gives a method in which he used relay network 
and he defined it as a network of relay nodes distributed 
along the body in conjunction with sensor nodes to serve as 
a transport network for the BSN sensor nodes. He used the 
models and assumption which are given in [3], but he was 
continuously adding relay nodes to the network until all the 
sensor nodes have at least one relay node in line of site. But it is 
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not economically efficient method. As the number of relay nodes 
increased, the system becomes costly and uncomfortable for 
the person or user.

So placing the relay nodes in the BSN and a relevant dynamic 
protocol for relay network is still under research.

III. Problem Definition.
By using the relay network, we can increase the lifetime of 
wireless body area sensor network and can reduce the power 
consumption of the sensor nodes but placing the relay nodes 
on the body is still a problem, if we place the relay nodes 
in line of site to every sensor node then the whole system 
becomes too bulky as well as costly. So placement of the relay 
nodes on the optimal position on the body is the problem, for 
solving this problem we use the relay and routing co scheduling 
algorithm.

IV. Proposed Method.
We use the propagation and radio models which have been 
used in [3,4] Therefore, path loss coefficient, n, is considered 
as 3.38 along human body for line-of sight (LOS) propagation 
and as 5.9 for non-line-of sight (NLOS) propagation.

We just consider communication energy consumption in our 
calculations because it is dominant energy consumption in 
wireless sensor nodes in comparison with sensing, processing 
and other energy usages [7]. According to the basic radio model 
developed in [8] for body area situations we have:

Etx(k,d)=Etxelec.k+Eamp(n).k.dn      (1)
Erx(k) =  Erxelec.k   (2)

Wherein Etx  represents the transmission energy, Erx represents 
the receiver energy, Etxelec and Erxelec represent the energy 
the radio dissipates to run the circuitry for the transmitter 
and receiver respectively, Eamp represents the energy for the 
transmit amplifier and finally k is the number of transmitted bits. 
It is assumed that the radios have power control and consume 
the minimal energy needed to reach the receiver.
There are various algorithms present in WSN for placing relay 
nodes in conjunction with  sensor nodes but use of these in 
BSN is a challenge. These algorithms are given in [6,7,8] for 
1-tier and 2-tier system.

All the relays are static and they are always turned on after 
being installed. Because we focus on the constrained relay 
management problems, relays can only be placed at a subset 
of candidate locations. We define the set of candidate locations 
as a relay placement scheme, denoted by L. The final set of 
places where relays are installed is called a relay placement 
solution, denoted by R = {r1; _ _ _ ; r}. There are several factors 
affecting a node's energy consumption: routing scheme, power 
control and data rate control. Relay placement must be jointly 
scheduled with these three factors in order to minimize the 
total number of relays, while meeting the expected network 
lifetime requirement.[5]

We study relay node placement in two kinds of WSNs. In the first, 
named single-tiered WSN, both sensor nodes and relay nodes 
can receive packets from a neighbor node and forward packets 
to a neighbor node. In the second, named two-tiered WSN, relay 
nodes can receive and forward packets, while sensor nodes 
do not forward packets they receive (they only transmit sensed 

information to the relay nodes). Correspondingly, we study two 
kinds of relay node placement problems.[4]

This is the first paper in which we propose the use of the 
Relay and Routing Co-scheduling Algorithm (R2CA) which is 
explained in [5] for  placing the relay nodes in BSN by keeping 
range of relay nodes slightly more than sensor nodes. The 
2-tier mechanism is used in it for fault tolerance .By applying 
this algorithm and this propagation model we can use the 
minimum number of relay nodes for handling traffic and keep 
our system’s cost lowered.

This algorithm follows 2 steps :

1. In the first step, it places the relay nodes by following 
iterative round procedure. By using this procedure it 
resolves the optimization problem.

2. In the second step, it removes the redundant relays and 
fine the optimal flow routing, these 2 procedures are 
combined to reduce the energy consumption in placing 
relays.

This algorithm is based on Linear relaxation with iterative 
rounding. The basic idea of linear relaxation with iterative 
rounding is to solve the optimization problem by relaxing the 
integral requirement, to round up the relaxed binary variable 
whose value is closest to 1 to 1, and then to resolve the 
optimization problem by fixing all the rounded variables, until 
all the relaxed but unfixed binary variables have integer values 
or all the relaxed binary variables are fixed at 1.

The second part is to prune redundant relays and to determine 
the optimal flow routing. R2CA may place redundant relays. 
Pruning process is applied immediately after the optimization 
step, which tries to remove placed relays one by one without 
violating either connectivity or energy constraints for every 
terminal topology. We combine this pruning procedure with 
the optimal flow routing procedure by proposing the following 
optimization formulation which minimizes the total energy 
consumption with relays placed at various locations included 
in R. [5]

V. Conclusion.
In this paper we propose use of relay network in conjunction with 
sensor network, and propose an algorithm for placement and 
routing of relay nodes that is Relay and Routing Co-scheduling 
Algorithm (R2CA) which gives us an efficient network system 
with respect to both that is cost and lifetime. This procedure 
combines the placing and scheduling algorithm into one 
algorithm for reducing power consumption.
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