N

HAL

open science

ESR: Energy aware and Stable Routing protocol for WBAN
networks

Omar Smail, Adda Kerrar, Youssef Zetili, Bernard Cousin

» To cite this version:

Omar Smail, Adda Kerrar, Youssef Zetili, Bernard Cousin. ESR: Energy aware and Stable Routing protocol for
WBAN networks. 12th International Wireless Communications & Mobile Computing Conference IWCMC

2016), Sep 2016, Paphos, Cyprus. {10.1109/IWCMC.2016.7577100p. <hal-01321647)

HAL Id: hal-01321647
https://hal.science/hal-01321647v1

Submitted on 26 May 2016

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documents may come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaire HAL, est des-
tinée au dépot et a la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
francais ou étrangers, des laboratoires publics ou
privés.

Au‘to':'lizition
HAL Authorization


https://hal.science/hal-01321647v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

ESR: Energy aware and Stable Routing protocol for
WBAN networks

Omar Small, Adda Kerraf, Youssef Zetifi, Bernard Cousin

'Faculty of exact sciences. Computer Science Dejgauttm
University Mustapha Stambouli, Mascara, Algeria.
?|RISA/University of Rennes 1, France.
smailomar@ieee.org, {a.kerrar, y.zetili}@univ-mascdz, bcousin@irisa.fr

Abstract—Wireless body area network (WBAN) calls for a
next generation in wireless networks. This new generation is
designed to oper ate autonomously, to connect various medical
sensors and appliances located on or inside a human body.
Mobile WBANs have been designed, offering numerous
practical and innovative services so that health care and
quality of life can be improved. Thus, the equipment used in
WBAN is usually mobile and autonomous which imposes high
constraint on energy. That is, the energy efficiency must be
taken into account as one of the objectives of the routing
protocol designed for this type of network. Although mobile
nodes may cause link breaks, most of studies ignore the link
stability. In this paper, we propose a stable, reliable, energy
efficient routing protocol for mobile Wireless Body Area
Networks. It preserves the residual energy of nodes with an
increase network lifetime. To achieve this goal, we use an
objective model to select energy-efficient paths with stable
links. Simulation results demonstrate that our protocol
improves the state of the art in terms of energy consumption
and routing over head.

Keywords—Mobile WBAN network; Body area network;

Link stability; Energy efficiency

I.  INTRODUCTION

A wireless Body Area Network (WBAN) is a radio
frequency based wireless networking technology tha

interconnects nodes with sensor or actuator capesdiin,

on, or around a human body. These nodes are bodprse
the human body functions and

that can monitor
characteristics of its surrounding environment. Thain
applications of WBANS are in the areas of healitst faid,
military, entertainment, sports, ambient intelligenand
human-to-machine interactions. The introductioWAN
into medical monitoring and other health applicasioffer
flexibilities and cost saving options to both hbattare
professionals and patients. A WBAN system can dffier

The body sensor readings of the human body’s sitais
such as temperature, blood pressure and ECG
(electrocardiogram) are sent to the hub devices Thib
device may in turn communicate to others via anothe
longer-range network. In BAN, the body sensors gahe
send their data to a body coordinator. The bodydinator
behaves as a router in BAN networks and commurdcate
with other devices. These devices are mobiles amdbe
used to transmit information to (resp. from) themiam
body to (resp. from) the external world (physician,
emergency). In order to establish communicationwvbeeh
two of these devices, routing techniques from Véssl
Sensor Networks and ad hoc networks could be udesl.
communication architecture for these devices can be
centralized or distributed. However, because ofirghe
typical properties, current routing protocols desig) for
these networks are not always well suited to suppor
WBAN. Designing such protocols implies challenges
including the combination of path-reliability, shaoange
transmission, low data rate, low energy consumptiaay
mobility, and transmission security [1-5]. In paudiiar,
energy efficiency constitutes a significant factor long-
term deployment of WBANS, addressed by many woks |
10]. The class of wireless body network sets aolokii
issues: the stability of the links. The residuagrgy of the
hodes, their mobility and the link overload are thain
issues that impact the stability of the links.

In this paper, we propose a novel routing protdool
WBAN, called ESR (Energy aware and Stable Routing
protocol). ESR protocol is designed for mobile roaéth
power limited, where link failures may occur freqtleg.
For this purpose, we suggest a novel formulatiorthef
WBAN energy efficient communication problem, while
taking accurate account of link stability issuebeTmain
performance of this protocol is to select the lirtksit

significant advantages compared to current eleiiron ensures the lowest energy consumption with stahbles.|

patient monitoring systems. The first advantagéhat it
permits the mobility of patients with the use ofrtable

devices. The second advantage is the location erdmt

monitoring facility, that is, being an autonomowsvide; a

We combine energy efficiency and stability of linkgo an
objective function. Our goal is to improve the WBAN
network performance by reducing the energy consiampt
and maximize network lifetime. Additionally, thegposed

mobile WBAN node can search and find a suitablesolution should not generate too much control ngessa
communication network to transmit data to a remotéecause we are in a type of low-throughput network.

database server for storage. It can also conrsadf tb the

internet for the transmission of data. The bodyseenare

installed on or inside the human body to commumeiegth
a hub device, which is located on or near the iddal.

The paper is organized as follows: Section 2 prewid
review of related works for energy aware routingtpcol
in wireless body area networks. Section 3 describes
different WBAN communication architectures. Sectién



gives the design details of our ESR protocol. $ecth
provides simulation results of its performance eatbn.
Section 6 concludes this work.

Il. RELATED WORK

consumption, maximal energy consumption per nodd, a
network lifetime.

In [14], a Minimum Energy Packet Forwarding Protioco
(MEPF) is designed. Firstly, it considers minimunmeryy
packet forwarding as a whole, by identifying thade-off

In WBAN domain, a large numbers of routing scheme®f the transmission power control saving and the

have been proposed. They consider various objective

this section, we present the main energy awareingut

protocols. Traditionally, there are two routing egaches.
One approach is to integrate the routing functiaith the
MAC layer using a fundamental cross-layer approdtiis
approach allows the use of link quality paramebarswith
an increase of the complexity. The second appriach
design a routing layer on top of the MAC layer, vehénk

qualities are measured based on few selected pteame

managed at the routing layer. With thus second G,
the two layers are separate, thus the complexiigvis The
SIMPLE protocol for WBAN is introduced in [11]. lthis
protocol, a cost function is used to select theptanode, or
forwarder, with high residual energy and minimurstalice
to the sink. Nodes with less value of cost functeme
elected as parent node. Residual energy paramedtardes
energy consumption among the sensor nodes whiiendis
parameter ensures successful packet delivery to $iwo
nodes for ECG and Glucose level are placed neasitike
Both sensors generate critical data for the pateamd
require minimum attenuation, high reliability arahgy life.
Therefore, these sensors always transmit their diegatly
to the sink. Other sensors follow their parent naahel
transmit their data to the sink through forwarded& The

simulation results show that proposed routing sasem

enhance the network stability time and packet éedig to
the sink.

In [12], a protocol, named Co-CEStat for Wirelessli
Area Networks, is proposed. The protocol utilizé® t
merits of both direct and cooperative transmissitms
achieve higher stability period and end-to-end ulgtgput
with greater network lifetime. Co-CEStat uses atiigdr
architecture in which nodes are affixed to the boéiyhe
patient and the sink is placed at the center obtidy. The
proposed protocol is an energy efficient routingtpcol,
which utilizes dynamic routing with cooperation Wweén
nodes for data forwarding. It exploits cooperatioating in

heterogeneous network to enhance WBAN performanc

By avoiding redundant data transmission, Co-CE®at

efficient in terms of energy conservation and ollera

network throughput compared to other protocols.

A cooperative routing protocol which considers gyer

retransmission energy consumption. Secondly, ip@ses
lightweight solutions for transmission power cohtemd
ACK power control as smart ARQ (Automatic Repeat
request). MEPF transmits a packet using the minimum
transmission power that can guarantee a high packet
reception rate. At the same time, retransmissiors a
postponed until the link is good enough. The gyatitthe

link is dynamically judged by a machine learning
algorithm, designed for the limited capabilities tgpical
Body Area Sensor Networks devices. Through MEPE, th
energy consumption to forward a packet is minimized
without sacrificing the packet reception ratio.

Maskooki et al. [15] observe that the body movement
could degrade the network performance in WBANS. ésod
mobility could pose a problem especially in energy
efficiency. Therefore, an opportunistic routingpioposed
to overcome this body movement problem. Actualhg t
idea of this protocol is simple; it is how to tramsdata in
LOS (Line of Sight) condition as long as possifilee idea
could be realized by using a relay node locatea atght
place. In this proposal, it is assumed that th& siode is
located on wrist and a sensor node is placed ost.céhile
the person is walking, his hand will go back andhao
sometimes the sensor node will transmit a LOS s$igna
(when the wrist is in front of the body), while ather
times; the signal is a NLOS (when the wrist is behihe
body). When the hand node is in LOS position, teser
node will transmit the data directly to sink nodehile
when the hand node is in NLOS position, the sensaie
will make use of relay node - which is in LOS pimsitto
both sink and sensor node - to send data to therside.
The sensor node will opportunistically use theyelade to
be able to transmit data in LOS condition as losg a
possible.

A protocol, named Distance Aware Relaying Energy
Efficient (DARE) to monitor patients in multi-hopody
Area Sensor Networks (BASNS), is provided in [16h

%ecrease the energy consumption, the sensors ci@edtek

with the sink by means of an on-body relay, attdahe the
chest of each patient. The attached body relayinseta
greater energy resources as compared to the bodprse
since they perform gathering and relaying of datahe

consumption and QoS as performance parameters $nk node. Hence, for heterogeneous networks iif&tance
proposed in [13]. QoS is measured by the absoageived for monitoring patients), a relaying energy-effitie
signal strength indicator (RSSI). To integrate congtion ~ protocol is suggested. In the given scenarios, $ensors
and QoS parameters in the routing protocol, &1odes constantly monitor patient's data whereasesotmer
competitive/opponent mechanism is implemented ahea nodes monitor data only when they notice a definite
node by utilizing multi-agent reinforcement-leamin threshold stage. The protocol defines minimum energ
algorithm. The proposed algorithm (RSSl/energy-@3n  parameters for the sensors to avoid heat damagketo
energy and QoS aware routing protocol since it r¥ssu sensitive human body tissues. Results of the relsehpict

good performance in terms of end-to-end delay aauket
loss rate, taking into account the consumed enemgugh
the network. Cooperative communication allows stgaof

resources, thereby, enhancing the network perfocean

The protocol simulations show that the protocadfitcient
in terms of percentage of lost packets, networkrgyne

greater packet delivery ratio, longer network lifme and
better stability period. However, it has high proagon
delay.

In [17] an improved version of Power-Efficient
Gathering in Sensor Information Systems (PEGASES) i
presented. This paper introduces mobility of thek sand
extends the network lifetime of Wireless Sensorwdeks



(WSNSs). The concept of multi-head chain, multi-chand
the sink mobility greatly increase the network tiifee of
wireless sensor nodes. The recommended concept

communications works into the BAN of a person amaisr
between a body sensor of this person and its body
obordinator. Inter BAN communications run betweare o

mobile sink improved energy-efficient PEGASIS-basedor several body coordinators and a static coordimdthe

routing protocol (MIEEPB)}MIEEPB is a multi-chain
model, which provides mobility of sink, to attaiffextive
energy usage of wireless sensors. There is a pesnttose
its movement within boundaries and the route of iteob
sink should be static as the automated shiftingnobile

sink is steeredby petrol or current. The outcomes of this

research indicate that the proposed scheme idesffiin
terms of network lifetime and stability period.dbntrols
the average energy consumption of nodes, and shtirk
delay in data delivery by means of smaller chains.

The work in [18] proposes a novel BAN architectfoe
indoor hospital scenario, and a new Energy awasgige
Routing protocol (EPR), which includes a new med$ran
of peer discovery with routing table constructibatthelps
to reduce network traffic load, energy consumptiand

static coordinator runs as an Internet gatewayisiadble to
command a set of body coordinators in order to robnt
their personal-BAN. An inter BAN communication mbg
a centralized BAN communication and a distributetiNB
communication, see Figure 1.

Static

Coordinator Static

Coordinator

Centralized BAN
communication

Ditributed BAN
communication

improves BAN reliability. The proposed BAN peering Figurel: Centralized and distributed BAN communications

framework and routing protocol are designed to ldisfn
real-time BAN data, avoid a fully centralized systeand
discover the dedicated BAN data display unit dyrcathy.
Both centralized and distributed approaches ard usthe

proposed scheme. Only the central computer holés thcoordinator

information of BANs and display units, which helps
improve privacy and better control BAN communicatio

In a centralized BAN communication, the static
coordinator is directly connected with each body
coordinator. In a distributed BAN communication,tada
transmission between a body coordinator and thec sta
may run through intermediate body
coordinators. Centralized communications are eafer
manage and produce low transmission delay. However

The BAN data is displayed on the display unit in awhen the body coordinator is out of reach of thatist

distributed manner, which reduces traffic load aetps to
improve patient mobility. All of the above studigeslve the
problem of energy consummation by adjusting thevéod
transmission and also the ACKs, but the majoritp@iver-
saving mechanisms are based only on the remairingip
cannot be used to establish the best route betaeerme
and destination nodes. On one hand, the majorignefgy
efficient protocols for mobile WBANS, select thexhéop
following energy consideration of the node, bu ifiode is
willing to accept all route requests only becatsmiirently
has enough residual battery capacity, too mucliidrifad
may be routed through that node. In addition enésgyot
the only factor since the nodes can be mobile whalse
their disconnection even if they have enough enesgyhe
study of their stability is essential. On the othand, these
protocols are based on the selection of one hapatch the
destination, while several nodes (multi-hop) magp=rate
to reach the destination. Finally, the majority thiese
protocols have been compared only with their ogbin
protocols, or protocols which do not explicitly iher
energy consumption, and thus
evaluations are not fair.

I1l. BAN COMMUNICATION ARCHITECTURE

these performance

cannot be
introduce

coordinator, centralized communications
established.  Distributed communications
flexibility and increase communication reach.

V. ENERGY AWARE AND STABLE ROUTING PROTOCOL

The main objective of this paper is to develop an
improved routing protocol, named Energy aware atad|8
Routing protocol (ESR), for WBAN networks. The ESR
protocol is intended to be employed in hospital
environment for body networks mainly in a distridit
communication. We use an objective model to select
energy-efficient paths with stable links, in orderreach
the static coordinator. In this section, we prouide details
of the discovery and selection of the best path.

A. Path discovery process

Based on the on-demand routing scheme, the source
BAN coordinator starts the path discovery processr¢ate
a set of paths able to forward data towards thérdg®n
static coordinator from the source BAN coordinator.

When a source BAN coordinator requires a path tdwar
a destination static coordinator, the source BAN
coordinator checks its routing table for any avd#apath
toward this destination static coordinator. If ahp& not

In a BAN, the body implants and wearable sensand se present or is invalid, the source BAN coordinaterfprms
their data to a central device known as the bodyoute discovery: it broadcasts an RREQ (Route Rethjue

coordinator. Then, through a WLAN connection, thdata
are streamed remotely to a medical doctor’s siteréal
time diagnosis, to a medical database for recoegike, or
to the corresponding equipment that issues an @mneyg
alert. Thus, we define a BAN architecture with ee¢ghTier
design: Tier-1 communications (i.e., intra-BAN
communications), Tier-2 Communications (i.e., ifB&N

message to all of its neighbors. When an intermed#N
coordinator node receives an RREQ, it ensures tthat
received RREQ is not a duplicate RREQ by compaitieg
RREQs’ identifiers, in order to prevent looping hmat
Otherwise, the RREQ-receiving nodes verify whetiery
have any valid path toward the destination static
coordinator in their routing tables. If they hauhey

communications,), and Tier-3 communications n (i.e.forward the RREQ to those valid path neighborsthis

beyond-BAN communications) [19]. The intra BAN



case, for our protocol, returning back a RREP (B&®eply 2) Link stability aware function

message) to the source BAN coordinator is not delsr To calculate the link stability in mobile WBAN
because we would like to collect fresh energy imfation.  networks, we consider the mobility of nodes as itain
Otherwise, the receiving BAN coordinator node megraits  metric. The protocols based on the parameters désio
the RREQ message to all of its neighboring nodeintb  mobility use some criteria inherent of the nodesbitity,

the paths toward the destination static coordinatdnen  such as their coordinates, their directions of maet or
the destination static coordinator receives thet RREQ, it  their speeds, into the calculation of the stabilibetric
waits for a certain timeRREQ_Wait_Time) and collects all  values. We use the node coordinates for our prbtote
other RREQs arriving during this time interval. hi exploit discoveries messages and hello messages for
waiting period is necessary to receive the RRECk@a¢  collecting coordinate information of neighbors nedéo
and before it expires, the destination static cimatdr must  avoid the overcost of new send specific messageslkect
have answered by sending an RREP message towanis eghese nodes information’s coordinates. Figure 2vshihe
node from which it received an RREQ message. When &tructure of an entry of the routing table of a eadFor
BAN coordinator node receives its first RREP meesdly each destination static coordinator known by thelenio
creates a path entry towards the node from which ithere is an entryRoute list contains all known neighboring
received the RREP message and updates its roudinlg.t nodes of a nodé which leads to that destination static
When the source BAN coordinator receives the RBEP  coordinator. Each neighbor for that destinationtista
message, it waits for a certain amount of timecoordinator is identified itsnexthop address, and the
(RREP_Wait_Time) to receive more RREPs before hopcount field is the number of hops required to reach that

selecting the best path. destination static coordinator using this neighiWie add
two new fields compared the basic routing talide and
B. Path routing selection distances _list. The fieldE; denotes the residual energy of a

This section describes path selection routing. Th&ede i and the fielddistances list indicates registered
choice of the best path between a source BAN coatoi  distances between the nodeand its neighbors over
nodes and destination static coordinator nodleis done ~ different time.

according to energy consumption and path stabitiigre, Destination

two functions are defined: the cost functifap;(t), which Sequence_number
characterizes a pajhat timet from an energetic point of Advertised hopcount
view and the cost coefficierigg(t), which represents the Route list

stability of pathj at timet. {(nexthop1, hopcountl, £

. distances_list {(d,t1),(dy,t2),--.}),
1) Energy awarefunCt.'qn . (nexthop2, hopcount2 ,E
Let fep(t) be the minimum residual energy of nodes distance list {(@.t,),(0ato),...})s...}

constituting the pathfor a source BAN coordinator node
to destination static coordinator nodlat timet:

Expiration timeout

Figure 2: Structure of arouting tableentry for ESR.

n-1
fep; (t) = min(fen, ; (1)) (1) Assuming a link between two nodésand k, we
. calculate the stability of this link. The nodeeriodically
Where fen;(t) represents the energy cost function ofgengs message to the nddevhen the nodé receives the

nodei belonging to the path message, detects its coordinates then sendshetoade.
Elev (t) ) Based on this information, the nodealculates the distance
fen,, (t)= D J(t)- ¥ that separates the nodtenoted byd . The stability cost
R. function of the linki,k at timet, is denoted byfd; «(t), given
Elev;(t) denotes the energy level of nodeelonging to ~ by:
the pathj at time t during a discovery process between a !, (1) 4
source BAN coordinator nods and a destination static fo, ;(t) =~ (4)
coordinator nodd, given by: MI; ()
E () ®) Where Ml; (t) represents the mean of thedistances
Elev,;(t) =—— recorded between the nodand node, defined as follows:
average
Where Ej(t) represents the node residual energy 2. (t) 5
belonging to the pathat timet and Eaerage iS the average Ml (t) = 22— (5)

residual energy of nodes that participated in ttahp n

discovery process between one source BAN coordinato SDI;(t) denoted the standard deviation of the distances
nodes and one destination static coordinator nadev;. recorded between the nodand nodek, SDI; (t) is given
weight factor of node i belonging to the pgthwhich  by:

depends on various factors, like battery's qualityitery’s .

capacity, life time, and battery’s back upR;(t) is the _ A _ 6
drain rate of the node belonging to the pathjat timet, S'Dl"k(t)_\/n;(d"k(t) i, (1) ©
which is defined as the rate at which energy issaamed at

a given node, usually when a node is used by piaths The function fdi\(t) represents the coefficient of
others of our source BAN coordinatsrand destination Vvariation, also known as relative standard dewvmtlois a
static coordinatod. standardized measure of dispersion of a probability

distribution or frequency distribution. The coeffiot of



variation formulated byfsl;\(t) is used to quantify the
measurement accuracy. In our case, it is the mewamsunt
of distances between two neighboring nodes. Iffshe(t)
tend to O, then we have a good distribution ofagtises,
which means that the link is stable. If it tendslt@r to
infinity, this corresponds to a poor distributiomhich
means that the link is instable.

Finally, we definefsp;(t) the path cost function stability,
given by:

fep, (t) = max(1s, , (1) (7)

With n defined as the nodes number of the pathdk
as the neighbor node of the ndddhe path cost function
stability is based on the cost function stabilifytlwe links
constituting this pathfsp;(t) is defined as the maximum
stability cost of links constituting the pgth

3) Objective problem formulation

We design our path selection principle on the ongder
of paths according to the energy consumption aof theth
nodes and the link stability of their path linkso $atisfy
this, we use a model using arbitrary importanceghisi for
each criterion ¢ and ). The corresponding objective
functionfp(t) is defined by combining the formulas (1) and

fp; (t) = afep; (1) + B/ Tsp; (1) (8)

Our idea is based on sorting all paths betweeruecso
BAN coordinator nodes and destination static coordinator
noded by the descending value fg(t). The path with the

B. Performance evaluation

We carried out simulations to determine
effectiveness of our protocol. The principal goéltlrese
simulations is to analyze our protocol by compaiingith
other protocols, mainly EPR [18].

the

To evaluate ESR, we use the network simulator ns-2
[20]. Each simulation run has a duration of 4000s€is.
During each simulation, constant bit rate (CBR)
connections are generated; the node source prodoces
packets per second with a packet size of 32 hyfkés.
values ofRREQ_ Wait_Time andRREP_Wait_Time are set
to 0.7 seconds. We vary the number of network BAN
coordinators nodes from 8 to 16 to obtain different
scenarios in an 100 m x 100 m environment. The Band
Waypoint model is used to simulate BAN coordinator
movement; each BAN coordinator node moves with a
speed randomly chosen from 0 to 3 m/s. The radideiis
a shared-media radio with a nominal bit-rate of Xfps
and a nominal radio range of 10 m, which is confybati
with the IEEE 802.15.4 standard. We assume thatde n
consumes 7 dbm while receiving and 15 dbm while
transmitting. It was shown in [21] that no real aashergy
optimization can be achieved in the presence off@ating
or in idle state. For this reason, the energy conpdion
during idle or overheating time is not consideredthis
model. Each simulation is carried out under a diffé
number of network nodes and the performance medries
obtained by averaging over 20 simulation runs frone
source BAN coordinator to the static coordinatar.olur
simulations, we initialized the energies of the emd
randomly between 10 and 50 Joules (uniform distigim),

maximumfp;(t) is chosen to forward the data packets. Wewhich corresponds to the average capacity of a BAN
note that our model can be used to address margbordinator battery. We choose$ in order not to favour

applications, with different constraints when weoase
appropriate values for the parameterandp. For instance,
with applications that require energy saving,
importance is given to the coefficieat(a>>p), since it is
the weight associated to the path energy in theemod
Finally, we note that the weights and are chosen such
that the conditiorr + p=1 is satisfied.

V. PERFORMANCEEVALUATION OF ESR

In this section, we present simulation
demonstrate the efficiency of our proposed protoEabkt
we present the metrics used for performance evatuand
then we evaluate our protocol by comparing it witie
protocol EPR [18]. We will use EPR as a refererareolur
performance evaluation because it aims to redued@&N
energy consumption and minimize the number of packe

more

results to

any criteria.

(&) Mumber of network nodes: 08 nodes

BESR
BEFR

Eneryy consumed

15
MNode speed (m/s)

(b) Mumber of network nodes: 16 nodes

OESR
BEPR

Eneryy consu

0Aa 15

Mode speed (m/fs)

forwarded by intermediate nodes and has the same

characteristic as our protocol, namely it's an gpeaware
routing protocol for hospital body area network
communication. The evaluation is accompanied with a
analysis and discussion of results.

A. Performance parameters

Figure 3: Energy consumed ver sus node speed.

Our simulations are performed in different speeds
moves of nodes for different nodes number by thR B&d
EPR protocols. From Figure 3 (a) we can observettia
energy consumed by our protocol ESR is less tharE®PR
protocol; this decrease is significant in the cakewn in

We evaluate two key performance metrics. EnergyFigure 3 (b), the reasons is that when the maxirspeed
consumption is the average of the energy consumed tof nodes increases this favours the links instgbitind

nodes participating in packets transfer from thers® node
to the destination node during the whole simulatidhe

increases the nodes disconnections. Our protobesthis
inefficiency by selecting the more stable links fackets

routing overhead is measured as the number of @ontrtransmitting. ESR focuses not only on the energacky

messages transmitted at each node during the diomla
Each message hop is counted as one separate tsasmi

of a node, which can also get depleted if thera isigh



level of traffic passing through it, but also oretpath
stability.

(&) Mumber of network nodes: 08 nodes

BESR
BEFR

o
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15
MNode speed (m/s)

(b) Mumber of network nodes: 16 nodes

BESR
BEFPR

0 T T
05

15
MNode speed (m/s)
Figure 4: Routing over head ver sus node speed

From Figure 4 we note that the routing controlficaf
more important in the EPR. For instance, 3199 nguti
messages (in the case of the 8 nodes network &nch/s.
for speed node) have been forwarded in the netduoring
a 400 s time simulation versus 2780 for the ESRog.
The ESR protocol generates less control traffim thze
EPR protocol. The increase in our protocol perfaroeais
provided by the use of stable path which has liegsfails,
these fails requires the relaunch of the path degowhich
increases the number of control packets. As caseba, in
all cases, ESR has a smaller number of control ggack
compared with EPR, which explains that the protdesR
can assure that stable paths with higher energy a
identified and selected for transmission. The E$&qzol
improves the number of control packets compared wit
EPR.

VI. CONCLUSION

In this paper we have proposed a new energy awate a
stable routing protocol (ESR) for mobile WBAN netks.
This protocol is designed for a hospital environtmen
Mobile WBAN networks are characterized by their
dynamicity, mainly in point-to-point BAN communidan;
link failures and path breaks occur frequently. btorer,
the frequent changes of topology exhaust the ladtaf
the nodes, which decrease the network performahice.

(3]

(4]

(5]

(6]

(7]

8l

(9]

[10]

[11]

1&]

[13]

[14]

[15]

[16]

new protocol ESR uses an energy aware and stable

mechanism, which exploits the residual energy aaloilgty

of nodes to select the best path for transmittirsgad
packets. This concept improves the network perfocea
when compared to the state of the art. Simulatesults
have shown that our protocol consumes less enengy a
minimizes the routing overhead traffic. We conclutiat
our protocol ESR improves the mobile WBAN network

[17]

(18]

performance. This work shows some interesting

possibilities where our ESR solution can be extdntte
include criteria for security and energy managenaeming
the path discovery process.
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