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ABSTRACT: In this work, a reliable, power efficient and high throughput routing protocol for Wireless Body Area
Networks (WBANS) is proposed. We use multi-hop topology to achieve minimum energy consumption and longer
network lifetime. A cost function to select parent node or forwarder is introduced. Proposed cost function selects a
parent node which has high residual energy and minimum distance to sink. Residual energy parameter balances the
energy consumption among the sensor nodes while distance parameter ensures successful packet delivery to sink.
Simulation results show that proposed protocol maximizes the network stability period and nodes stay alive for longer
period. Longer stability period contributes high packet delivery to sink which is major interest for continuous patient
monitoring.
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I. INTRODUCTION

Wireless Sensor Networks (WSNSs) are used to monitor certain parameters in many applications like environment
monitoring, habitant monitoring, [1] battle field, agriculture field monitoring and smart homes. These wireless sensors
are dispersed in sensing area to monitor field. WBAN is new emerging sub-field of WSN. A key application of WBAN
is health monitoring. Wireless sensors are placed on the human body or implanted in the body to monitor vital signs
like blood pressure, body temperature, heart rate, glucose level etc. Use of WBAN technology to monitor health
parameters significantly reduces the expenditures of patient in hospital. With the help of WBAN technology, patients
are monitored at home for longer period. Sensors continuously sense data and forward to medical server.

Inroads into coordinated, intelligent computing are enabling sensor networks that monitor environments, systems,
and complex interactions in a range of applications. Body area sensor networks (BASNs), for example, promise novel
uses in healthcare, fitness, and entertainment. Each BASN consists of multiple interconnected nodes on, near, or within
a human body, which together provide sensing, processing, and communication capabilities. BASNs have tremendous
potential to transform how people interact with and benefit from information technology, but their practical adoption
must overcome formidable technical and social challenges, as the “Requirements for Widespread Adoption” sidebar
describes.

These challenges have far-reaching implications but offer many immediate opportunities for system design and
implementation. Although BASNs share many of these challenges and opportunities with general wireless sensor
networks (WSNs)—and can therefore build off the body of knowledge associated with them—many BASN-specific
research and design questions have emerged that require new lines of inquiry. For example, to achieve social
acceptance, BASN nodes must be extremely non invasive, and a BASN must have fewer and smaller nodes relative to a
conventional WSN. Smaller nodes imply smaller batteries, creating strict tradeoffs between the energy consumed by
processing, storage, and communication resources and the fidelity, throughput, and latency required by applications.
Packaging and placement are also essential design considerations, since BASN nodes can be neither prominent nor
uncomfortable.

Il. MOTIVATION

Wireless Body Area Sensors are used to monitor human health with limited energy resources. Different energy
efficient routing schemes are used to forward data from body sensors to medical server. It is important that sensed data
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of patient reliably received to medical specialist for further analysis. In [17] author presented a opportunistic protocol.
Proposed scheme facilitate mobility at cost of low throughput and additional hardware cost of relay node. They deploy
sink at wrist. Whenever sink node goes away from transmission range of nodes, it uses a relay node which collect data
from sensor nodes. In opportunistic protocol, whenever patient moves his hands, the wireless link of sink with sensor
nodes disconnects. Link failure consumes more power of sensor nodes and relay node also more packets will drop,
which causes important and critical data to loss.
To minimize energy consumption and to increase the throughput, we propose a new scheme. Our contribution includes:
» Our proposed scheme achieves a longer stability period. Nodes stay alive for longer period and consume minimum
energy.
« Large stability period and minimum energy consumption of nodes, contribute to high throughput.

I11. THE RADIO MODEL

Many radio models are proposed in literature. We use first order radio model proposed in [18]. This radio model
considered, the separation between transmitter and receiver and d?, the loss of energy due to transmission channel. First
order radio model equations are given as.

Ery(k,d) = Ers_clec(k) + BT _amp(k, d)
ETI{kd:I =ET1—EEE-: Xk—l—Eumekng (1)

E.F?_':{k} = Eﬂr—elec{k}Eﬂrtk} s ER_':—EEE-: x k
ER:'“E:' = ERr_clec X k (2)

where Er, is the energy consumed in transmission, Egy is the energy consumed by receiver, Et xciec and Egyciec are
the energies required to run the electronic circuit of transmitter and receiver, respectively. E,n, is the energy required
for amplifier circuit, while Kk is the packet size.
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Figure 1. The radio Model

In WBAN, the communication medium is human body which contributes attenuation to radio signal. Therefore, we add
path loss coefficient parameter n in radio model. Equation 2 of transmitter can be rewritten as.

Era(k,d) = Byee x k+ Egp x n x kxd®  (3)

The energy parameters given in equation 3 depend on the hardware. We consider two transceivers used frequently in
WBAN technology. The Nordic nRF 2401A is a single chip, low power transceiver and other transceiver is Chipcon
CC2420. The bandwidth of both transceivers is 2.4GHz. We use the energy parameter of The Nordic nRF 2401A
transceiver because it consumes less power than Chipcon CC2420. The energy parameters for this transceiver are given
in Table 1.
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IV. LEM: PROTOCOL DETAIL

In this section, we present a novel routing protocol for WBANSs. The limited numbers of nodes in WBANSs give
opportunity to relax constraints in routing protocols. Keeping routing constrains in mind, we improve the network
stability period and throughput of the network. Next subsections give detail of the system model and detail of LEM
protocol.

A. SYSTEM MODEL

In this scheme, we deploy eight sensor nodes on human body. All sensor nodes have equal power and computation
capabilities. Sink node is placed at waist. Node 1 is ECG sensor and node 2 is Glucose sensor node. These two nodes
transmit data direct to sink. Fig 1 shows the placement of nodes and sink on the human body.

Parameters nRF 2401A CC2420 Units
DC Current(Tx) 10.5 17.4 mA
DC Current(Rx) 18 19.7 mA
Supply Voltage(min) 1.9 2.1 \Y/
Ftx—elec 16.7 96.9 nJ/bit
Frx—elec 36.1 172.8 nJ/bit
Eamp 1.97e-9 2.71e-7 j/b

TABLE I: Radio Parameters

B. INITIAL PHASE

In this phase, sink broadcast a short information packet which contains the location of the sink on the body. After
receiving this control packet, each sensor node stores the location of sink. Each sensor node broadcasts an information
packet which contains node 1D, location of node on body and its energy status. In this way, all sensor nodes are updated
with the location of neighbours and sink.

C. SELECTION OF NEXT HOP

In order to save energy and to enhance network throughput, we proposed a multi hop scheme for WBAN. In this
section, we present selection criteria for a node to become parent node or forwarder. To balance energy consumption
among sensor nodes and to trim down energy consumption of network, LEM protocol elects new forwarder in each
round. Sink node knows the ID, distance and residual energy status of the nodes. Sink computes the cost function of all
nodes and transmit this cost function to all nodes.

On the basis of this cost function, each node decides whether to become forwarder node or not. If i is number of nodes
than cost function of i nodes is computed as follows:

C.F(i) = ;Eé'ﬂ (4)

Where d; is the distance between the node i and sink, R.E; is the residual energy of node i and is calculated by
subtracting the current energy of node from initial total energy. A node with minimum cost function is preferred as a
forwarder. All the neighbor nodes stick together with forwarder node and transmit their data to forwarder. Forwarder
node aggregates data and forward to sink. Forwarder node has maximum residual energy and minimum distance to
sink; therefore, it consumes minimum energy to forward data to sink. Nodes for ECG and Glucose monitoring
communicate direct to sink and do not participate in forwarding data.
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D. SCHEDULING

In this phase, forwarder node assigns a Time Division Multiple Access (TDMA) based time slots to its children
nodes. All the children nodes transmit their sensed data to forwarder node in its own scheduled time slot. When a node
has no data to send, it switches to idle mode. Nodes wake up only at its transmission time. Scheduling of sensor nodes
minimize the energy dissipation of individual sensor node.

V. PERFORMANCE METRICS

We evaluated key performance metrics for proposed proto-col. Definition of performance metrics is given in
following subsections.

1) Network lifetime: It represents the total network operation time till the last node die.

2) Stability period: Stability period is the time span of network operation till the first node die. The time period after
the death of first node is termed as unstable period.

3) Throughput: Throughput is the total number of packets successfully received at sink.

4) Residual Energy: In order to investigate the energy consumption of nodes per round, we consider residual energy
parameter to analyze energy consumption of network.

5) Path Loss: Path loss is the difference between the transmitted power of transmitting node and received power at
receiving node. It is measured in decibels(dB).

VI. SIMULATION RESULTS AND ANALYSIS

To evaluate proposed protocol, we have conducted an extensive set of experiments using MATLAB R2009a. We
studied the performance of the proposed protocol by comparisons with the existing protocol M-ATTEMPT.

A. NETWORK LIFE TIME

Fig 2 shows the average network lifetime of proposed scheme. The proposed new cost function to elect forwarder
node play an important role to balance the energy consumption among the sensor nodes. New forwarder in each round
is selected based on computed cost function. Fig 2 clearly depicts that the proposed protocol has longer stability period.
This is expected, due to the appropriate selection of new forwarder in each round. Hence, each node consumes almost
equal energy in each round and all the nodes die almost at the same time. In M-ATTEMPT, as temperature of
forwarder nodes increases, nodes select alternate longer path which consumes more energy. Hence, these nodes die
early. Our proposed protocol achieves 31% more stability period and 0.4% longer network lifetime.

No. of dead nodes
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Rounds (r)

Fig. 2: Analysis of network lifetime
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B. THROUGHPUT

Throughput is the successful packet received at the sink. As WBAN has critical and important data of patient, so it
requires a protocol which has minimum packet drop and maximum successful data received at sink. LEM protocol
achieves high throughput than M-ATTEMPT, as shown in fig 3. Number of packets send to sink depends on the
number of alive nodes. More alive nodes send more packets to sink which increases the throughput of network. The
stability period of M-ATTEMPT is shorter than LEM protocol which means number of packets sent to sink decreased.
Hence, throughput of M-ATTEMPT decreased. On the hand, LEM protocol achieves high throughput due to longer
stability period.

C. RESIDUAL ENERGY

The average energy of network consumed in each round is presented in fig 4. The proposed model use multi hop
topology, in which each farthest node transmits its data to sink through a forwarder node. Forwarder node is elected
using aforementioned cost function. Selection of appropriate forwarder in each round contributes to save energy. To
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Fig. 3: Analysis of Throughput

transfer packets to sink, our multi hop topology use different forwarder node in each round, this restricts over loading
of particular node. Simulation results show that LEM protocol consumes minimum energy till 70% of simulation time.
It means, in stability period, more nodes have enough energy and they transmit more data packet to sink. It also
improves the throughput of the network. On the other hand, in M-ATTEMPT, some nodes exhaust early due to heavy

traffic load.
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Fig. 4. Analysis of remaining energy
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D. PATH LOSS

Fig 5 presents the path loss of different sensors. Path loss is a function of frequency and distance. Path loss shown in
figure 5 is function of distance. It is calculated from its distance to sink with constant frequency 2.4GHz. We use path
loss coefficient 3.38 and 4.1 for standard deviation o. Proposed multi hop topology reduces the path loss as shown in
figure 5. It is due to the fact that multi hop transmission reduces the distance, which leads to minimum path loss. Fig 5
represents the results of both topologies. Initially LEM protocol performs well. However, after 2000 rounds, path loss
of M-ATTEMPT dramatically decreased because some nodes of M-ATTEMPT topology die. Minimum number of
alive nodes has minimum cumulative path loss. As our proposed protocol has longer stability period and more alive
nodes has more cumulative path loss.
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Fig. 5: network path loss

E. PATH LOSS MODEL

Path loss represents the signal attenuation and is measured in decibels (dB). Signal power is also degraded by
Additive White Gaussian Noise (AWGN) [19]. Path loss is the difference between the transmitted power and received
power whereas antenna gain may or may not be considered. Path loss occurs due to the increasing surface area of
propagating wave front. Transmitting antenna radiates power outward and any object between transmitter and receiver
causes destruction of radiated signal. In WBAN, different human postures, movement of body, hands and cloths,
affects the transmitted signal. Path loss is related to the distance and frequency and expressed as .

PL(f,d) = PL(f) x PL(d) (%)

The relation of frequency with path loss is expressed as

V' PL(f) < f* (6)

Where k is frequency dependent factor and it is related to the geometry of the body. The relation of distance with
path loss is given as

d
PL(f,d) = PL,+ lﬂnfﬂgmﬁ + Xo (7)

Where P L is received power, d is the distance between transmitter and receiver, d, is the reference distance, n is the
path loss coefficient and its value depends on the propagation environment. In free space its value is 2, for WBAN, n
varies from 3-4 for line of sight (LOS) communication and 5-7.4 for line of sight (NLOS) communication. X is
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gaussian random variable and o is standard deviation [21]. PL, is received power at reference distance do and it is
expressed as:

PLQ = lﬂ'iﬂgm

2
(dm xjxf} ®)

Where f is frequency, ¢ speed of light and d is distance between transmitter and receiver. The value of reference
distance do is 10cm. In reality it is difficult to predict strength of signal between transmitter and receiver boundary. To
solve this issue, we use a deviation variable Xo.

VII. CONCLUSION

In this paper, we propose a mechanism to route data in WBANSs. The proposed scheme use a cost function to select
appropriate route to sink. Cost function is calculated based on the residual energy of nodes and their distance from sink.

Nodes with less value of cost function are elected as parent node. Other nodes become the children of that parent
node and forward their data to parent node. Two nodes for ECG and Glucose monitoring forward their data direct to
sink as they are placed near sink, also these two nodes can not be elected as parent node because both sensor node has
critical and important medical data. It is not required that these two node deplete their energy in forwarding data of
other nodes.

Our simulation results shows that proposed routing scheme enhance the network stability time and packet delivered
sink. Path loss is also investigated in this protocol and in future work, we will implement Expected Transmission Count
(ETX) link metrics.
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