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Abstract—Body Sensor Networks have gained a lot of research
interest lately for the variety of applications they can serve.
In such networks where nodes might hold critical information
about people’s lives, designing efficient routing schemes is very
important to guarantee data delivery with the lowest delay and
energy consumption. Even though some cluster-based routing
schemes were proposed in the literature, none of them offer
a complete solution that guarantees energy and delay efficient
routing in BSN. In this paper, we propose a robust cluster-
based algorithm that increases the routing efficiency through
every step of the routing process: cluster formation, cluster head
election, and routing operation of data to the sink. The proposed
algorithm is compared to existing cluster-based schemes, and
MATLAB simulations are performed to assess the performance
of the proposed algorithm with respect to delay and energy
consumption.

Keywords—Body Sensor Networks (BSNs); Cluster-based Rout-
ing; Delay; Energy Consumption.

I. INTRODUCTION

Body Sensor Networks (BSNs) consist of smart wearable
and implanted medical sensors able to collect physiological
data from the human body and send them wirelessly through
a sink node to health care providers for analysis and decision
making [5]. Research interest in BSN field has remarkably
increased during the past few years for its ability to enhance
people’s lives, and the variety of medical and non-medical
applications it can serve such as anomaly identification, emo-
tion detection, security authentication, entertainment, sports,
etc. [6], [4].

In BSNs, nodes have very limited power, and their bat-
teries cannot be changed frequently, specially when they are
implanted inside the human body. Also, the sensed data can
be very critical and requires fast actions to be taken to save
the person’s life. Therefore, there is a need to develop efficient
and reliable routing schemes that guarantee data delivery with
the lowest delay and energy consumption.
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Cluster-based routing is proven to be very efficient in
prolonging BSN lifetime through spreading the energy con-
sumption equally among body nodes [17], [2]. In cluster-
based routing, nodes are grouped into different clusters and
one Cluster Head (CH) is elected per cluster. Nodes inside the
cluster send their data to the CH, and only the CH can transmit
the data to the sink. This will decrease the number of active
nodes in the network leading to lower energy consumption and
delay.

The remainder of the paper is organized as follows. Related
work is presented in Section II. A new efficient cluster-based
routing algorithm is proposed in Section III. Simulation and
comparison of the proposed scheme to existing routing algo-
rithms, as well as discussion of the corresponding delay and
energy consumption performance, are presented in Section IV.
This research work ends by a conclusion section, in which the
proposal is summarized and future work is outlined.

II. RELATED WORK

Few cluster-based routing schemes for BSNs are discussed
in the literature, each differs from the other by the way clusters
are formed, the criteria used to elect the CH of each cluster,
and the routing process for data to reach the sink.

One of the simplest cluster-based routing is Low-Energy
Adaptive Clustering Hierarchy (LEACH) protocol proposed in
[8]. In LEACH, nodes are selected as CHs by random rotation
based on a certain probability computation, and the other nodes
join the nearest CH to form a cluster. LEACH allows every
node to become a CH in a round which distributes the energy
consumption among all nodes of the network. However, since
CHs are randomly elected, the other non-CH nodes might
be located out of the communication range of the elected
CHs, and cannot therefore join a cluster; also, the number
of nodes joining a cluster can be large, which would quickly
exhaust the energy of the corresponding CH. In addition, direct
transmission of data from nodes to the CH and from the CH
to the sink is used, which might not be efficient if the distance



between the nodes and the CH or between the CH and the
sink is large.

Another cluster-based scheme is the Improved LEACH
protocol for WBAN presented in [20]. Improved LEACH is
an enhancement over the LEACH protocol since CHs are not
only elected based on a certain probability, but also based on
the residual energy of the nodes and the nodes type; i.e., less
important nodes with the highest residual energy are chosen to
be the CHs in a round. The problem with Improved LEACH is
that even though it elects CHs based on significant parameters,
it ignores other important criteria such as the nodes’ distance
to the sink, their mobility, and their communication range.
Also, like in LEACH, the number of cluster members might
be high in Improved LEACH, and direct transmission of data
is adopted which decreases the routing efficiency.

Authors in [7] proposed the Hybrid Indirect Transmission
(HIT) protocol. In HIT, CHs are elected by random rotation
in a similar way as LEACH. However, unlike LEACH where
cluster members send their data via direct transmission to the
elected CH, data is sent indirectly via multi-hop route from
the nodes to the CH in order to further minimize the energy
consumption of nodes. As LEACH, the problem with HIT
arises from the random way the CHs are elected, ignoring
many parameters important to be considered in BSNs.

In [18], authors suggest a cluster-based routing algorithm
in which nodes are elected as CHs if both the ratio of their
current energy to the average energy of the network and their
selection probability computed based on Integer of Linear
Programming (IPL) are high. All non-CH nodes located in
the region between the elected CH and the sink will become
cluster members. This algorithm also ignores many important
parameters in the election of CHs, and can also drain the
energy of the CH quickly if the number of cluster members is
high.

Authors in [19] propose the Anybody protocol, in which
nodes with the highest density are elected as CHs, where the
density is computed as the ratio of the number of links to
the number of nodes within two-hop neighborhood. The data
is then sent from the cluster members to the elected CH via
a multi-hop intra-cluster path, and from the CH to the sink
through a multi-hop inter-cluster route. Since the CH election
is based on highest density, this algorithm may not be efficient
when the number of cluster members is high, specially that
other important criteria such as energy of nodes, distance to
the sink, etc. are not considered in the CH election process.

None of the previous research works discussed above
offer a complete solution that guarantees energy and delay
efficient routing in BSN. They either fail to consider important
criteria to elect the best CHs that would lead to better routing
efficiency, or they ignore the importance of limiting the number
of nodes in a cluster to prevent fast drainage of CH energy,
or they adopt inefficient routing operation of data like direct
transmission.

We therefore propose a robust and efficient routing algo-
rithm that decreases the energy consumption and delay through
every step of the routing process: the clusters formation, the
CHs election, and the routing operation of data to the sink.
The proposed algorithm presents a complete solution that
guarantees efficient routing of data which is critical in BSNs.

III. PROPOSED ROUTING ALGORITHM

As stated earlier, the proposed algorithm considers increas-
ing the routing efficiency through each of the following steps
of the routing process:

1) Clusters formation
2) CH election
3) Routing operation: Intra and Inter cluster routing.

A. Energy Model

The first order energy model widely adopted in BSN
studies [16], [18], [13], [9] is used in the proposed scheme. The
corresponding transmitter and receiver energy are as follows:

ETX(L, d) = ET:cfelec - L+ €amp * L-d" (l)

ERX (L) = ERac—elec - L (2)

Ery_ciec and Fgry_cec represent the energy consumed
by the electronic circuits of the transmitter and the receiver,
and €, represents the energy consumed by the transmit
amplifier [15]. These values depend on the type of the
transceiver used. We consider using Nordic nRF24L01 2.4
GHz transceivers that are frequently used in BSNs [13], [16],
[10]. L represents the packet size, and n indicates the average
Path Loss (PL) exponent of the whole body, which is equal to
3.38 [14].

B. Clusters Formation

To guarantee efficient routing, the proposed algorithm
calculates the optimal number of clusters using Equation (3).
This formula computed in [3], [11] is chosen since it evaluates
the best number of clusters that minimizes the total energy
consumption in the network which is our main concern.
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where:

koptimal : Optimal number of cluster.

N, : Number of nodes distributed on and in the body.

€ts : Energy of amplifier in free space obtained by com-
puting €gy,yp in equation (1) for n=2.

A : MxM sensing area.

€qamyp : Energy of amplifier in multi-path fading.

diosink : Average distance from transmitting nodes to the sink.

n : Average PL exponent of the whole body.

koptimal clusters will then be formed, each of which
encloses N, nodes, where:
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The above formula guarantees that nodes are fairly dis-
tributed between clusters, which reduces the energy consump-
tion in the network since the presence of large number of nodes
in a cluster will quickly drain the energy of the elected CH.

Also, in order to reduce the computation overhead, re-
cluster formation only occurs when nodes move outside
their assigned cluster. Re-clustering computation is therefore
avoided as long as the nodes remain in their assigned clusters
even when their location changes due to motion.

C. CH Election

Electing the appropriate CH of every cluster is important
to guarantee efficient routing. For instance, choosing improper
CH can increase the delay and energy consumption of the
network due to transmission of data over longer distances, and
re-transmission of failed packets to the sink. For this reason,
the proposed algorithm considers the following parameters to
elect the best CHs that would lead to better routing efficiency:

e Distance between the nodes and the sink;
e Residual energy of nodes;

e  Transmission Scope (TS);

e  Mobility of nodes;

e Node index.

For every node, the probability to become a CH is com-
puted based on the following formula:
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where:

P, : Probability for node x to become a CH.

E, : Residual energy of node x.

TS, : Transmission Scope of node x.

I : Node Index.

diosink : Distance from the transmitting node to the sink.
M, : Mobility factor of node x.

Equation (5) suggests that in every cluster, the node with
the highest energy, TS, and index value, along with the lowest
mobility and the shortest distance to the sink, will have the
highest probability to be elected as CH.

1) Transmission Scope Computation: The Transmission
Scope (TS) of every node is defined as:

1

TS, =
PL exponent of node x

(6)

TABLE I: PL EXPONENT FOR DIFFERENT BODY PARTS

H Body Part PL Exponent (n) H
Arm 3.35
Leg 3.45
Torso 3.23
Back 2.18
Implented and Non-LOS Nodes 59

TS reveals the connectivity and coverage strength of a
node. It is computed as the inverse of the PL exponent of
every node since the PL parameter depends on the environment
type and the medium of propagation, and includes all types of
losses in the network: reflection, refraction, absorption, and
diffraction [1]. Equation (6) implies that the lower is the PL
exponent of a node, the higher is its TS value.

Since nodes are placed on different parts of the body, their
PL exponent value is not similar. It ranges between 2.18 and
5.9 depending on the node’s location as represented in Table
I [14].

2) Mobility Factor Computation: Not all BSN nodes are
stationary. For instance, nodes located on/in the arms and legs
are mobile, and therefore, it’s important to consider nodes’
mobility in the election of the CH.

The mobility factor of every node is computed as follows
[12]:

Mi(t) = 57— > i) )

Jj=0

where d;; is the distance between the node i to other node j
in the same cluster, and N, represents the number of nodes in
a cluster.

The mobility factor in (7) calculates the sum of distances
from every node in a cluster to the rest of the nodes in this
cluster. If the node moves away from the others, the sum of
distances will increase leading to a higher mobility factor.

3) Node Index: The proposed algorithm distinguishes be-
tween two types of nodes:

e  Holders of important data: nodes capturing vital data
like ECG, EEG and EMG, and nodes capturing critical
data depending on the patient status. For instance, if
the patient has a history with increased blood pressure,
the blood pressure sensor is classified as a holder
of important data. For this type of nodes, additional
measures should be taken to preserve their energy;
they are therefore assigned a low index value to
decrease their probability to become CHs.

e Holders of less important data: this type of nodes
includes all the other sensors. They are assigned a
higher index value to increase their probability to
become CHs.

By taking into consideration the three parameters discussed
above along with the residual energy of nodes and their



distance to the sink, the most appropriate node in every
cluster will be elected as CH, increasing therefore the routing
efficiency.

D. Routing Operation

The routing operation covers both intra- and inter-cluster
routing. Intra-cluster routing is the process of delivering data
from the cluster members to the corresponding CH, i.e. the
process of data transmission inside every cluster. And inter-
cluster routing refers to the process of transmitting data from
the different CHs in the network to the final destination (the
sink).

In the proposed algorithm, multi-hop route is used for
both intra- and inter-cluster routing since it reduces the energy
consumption of nodes compared to direct routing schemes [7].
For intra-cluster routing, a Forwarding Cost (FC) is computed
for every node inside a cluster to select the best forwarder
using the following formula:

dtoCH

FCo =5 7g. ®)

where:

dioc g : Distance between node x belonging to a cluster and
the elected CH of that cluster.
E, : Residual energy of node x.

TS, : Transmission Scope of node x depending on its
location.

The node with the lowest FC (i.e., with the shortest distance
to the cluster elected CH, and with the highest residual energy
and TY) is selected as a forwarder, and neighboring nodes send
their data to this elected node.

Similarly, in inter-cluster routing, the FC of every CH is
computed, and the CH with the lowest FC is selected as the
forwarder of data to the sink:

dtoSink
FC = 9
CH = B TSen )]

The flow chart of the proposed algorithm is presented in
Fig. 1. It illustrates the three steps of the suggested scheme:
cluster formation, CH election, and routing process (intra- and
inter-cluster routing). The flow chart shows that the proposed
algorithm presents a complete solution that guarantees efficient
routing through dividing the BSN into optimal number of clus-
ters, considering all the important parameters in the election of
CHs, and adopting a multi-path route of data to the destination.

IV. SIMULATION OF THE PROPOSED SCHEME

In this section, the proposed algorithm is compared to
existing cluster-based routing schemes. Delay and energy con-
sumption simulations are performed and the obtained results
are discussed to assess the performance of the proposed
scheme with respect to the others.

Dividing BSN
into clusters using optimal
number of clusters

Electa CH for every cluster
based ondistance tosink,
energy, mobility, node index

yes and TS

v

Perform intra-cluster routing
between nodes ofacluster
and the elected CH using

multi-hop route No

Perform inter-cluster routing
between CHs of clustersand
sink using multi-hop route

Did nodes move
outside their
assigned cluster

Fig. 1: Proposed Algorithm Flow Chart

A. Simulation Parameters

In order to assess the performance of the proposed algo-
rithm, we consider a BSN formed of 25 sensors distributed all
around the human body as per Fig. 2. 20 sensors are placed on
the body (wearable sensors) and 5 sensors are either implanted
or placed on the back (Non-LOS nodes). To study the effect
of mobility, we consider that the arms can move from left to
right and vice versa; and therefore the 6 nodes placed on/in
the arms are considered to be mobile. We also consider that
around 25% of the nodes (6 out of 25) are holders of important
data and are therefore assigned low index value.

The simulation parameters are summarized in Table II.

The proposed algorithm is compared to LEACH and Im-
proved LEACH cluster-based routing schemes with respect to
delay and energy consumption. Simulations were performed
using MATLAB R2014b.

B. Results and Discussion

The cumulative delay induced by the proposed algorithm,
LEACH, and Improved LEACH is presented in Fig. 3. Re-
sults show that the proposed algorithm outperforms the other
schemes, since it takes into account the mobility, the node
index, and the transmission scope of the nodes, in addition
to the nodes’ energy and distance to the sink to elect the
CHs. The other algorithms either elect the CHs randomly
by rotation (LEACH), or only consider the residual energy
of nodes and their level of importance (Improved LEACH)
without accounting for the medium condition surrounding the
nodes, nor their distance to the sink, nor their mobility. The
election of unsuitable CHs leads to higher delays induced
by transmission of data over longer distances or through too
many obstacles, or by re-transmission of the failed packets to
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the sink. Also, optimal number of clusters is formed in the
proposed scheme, which further decreases the total delay in
the network.

Fig. 4 illustrates the energy consumed by the nodes in dif-
ferent rounds for the three compared schemes. It shows that the
proposed scheme performs better than the other algorithms. For
instance, the LEACH protocol consumes the highest energy
since CHs are elected randomly, thus much more energy is
needed to transmit data to the sink when the distance between
CHs and sink is large, or when the transmission scope of the
CH is low, or when CHs move away from the cluster nodes.

TABLE II: SIMULATION PARAMETERS

Simulation Parameters

Value ‘ ‘

2m x 2m
Center of Body

Distribution Area

Sink Location

Number of Nodes (/Vy) 25
Number of wearable Nodes 20
Number of Implanted or Non-LOS Nodes 5
Number of moving Nodes 6
Number of Holders of Important Data 6
FEre_clee 16.7 nJ/bit
ERrz—ciec 36.1 nl/bit
€amp 1.97 nl/bit
€fs 10.9 nl/bit
PL Exponent of Nodes 2.18-59
PL exponent of Whole Body (n) 3.38
Packet Size (L) 4000 bits
Clusters Density N, N | Kopt
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Fig. 3: Delay Performance of Different Routing Schemes

The energy consumption of the Improved LEACH is high
since it does not take the distance to the sink, the mobility,
and the transmission scope of the nodes into consideration.
However, it performs better than LEACH protocol, since it
accounts for the energy of nodes and their level of importance
in the CH election, which would better distribute the energy
consumption between nodes. Also, both LEACH and Improved
LEACH used direct transmission of data from cluster members
to CHs, and from CHs to the sink, whereas the proposed
algorithm follows a multi-hop intra- and inter-cluster routing
which further decreases the nodes’ energy consumption. This
is in addition to the fact that the proposed algorithm divides
the BSN into optimal number of clusters to provides minimum
energy consumption, whereas the other two schemes elect the
CHs first, and clusters will then be formed by allowing non-
CH members to join the closest CH, without accounting for
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Fig. 4: Energy Performance of Different Routing Schemes



the cluster size nor the number of formed clusters.

The results prove that the proposed algorithm succeeds
in providing a reliable and efficient routing in BSN through
decreasing the delay and energy consumption of every step of
the routing process.

V. CONCLUSION AND FUTURE WORK

This paper proposed a robust and efficient cluster-based
routing algorithm that works on decreasing the delay and
energy consumption through the three steps of the routing
process: cluster formation, CH election, and routing operation
of data to the sink. The proposed scheme was compared to
other existing cluster-based algorithms with respect to delay
and energy consumption. Results showed that it outperforms
the others since it provides a solution that guarantees ef-
ficient data delivery. The proposed algorithm is therefore
highly suitable for BSN applications. Future work includes
investigating Medium Access Control (MAC) protocols that
guarantee energy efficiency in BSNs as well as exploring
security mechanisms for this type of networks.
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