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Abstract—Vehicular Ad hoc Networks (VANETs) provide an
extensive number of services through a collection of applications
for intelligent transportation. It mainly reduces the difficulties
for the drivers of vehicles by generating alerts for any unforseen
road accidents, warnings and road congestions in real time.
Wireless Body Area Network (WBAN) facilitates remote health
monitoring for patients and elderly people in healthcare sector.
This paper proposes an architecture which combines WBAN and
VANET — WBAN is used for patient monitoring while travelling
and VANET takes the charge of delivering the alert message
generated from abnormal physiological data of the patient to its
destination. A Road Side Unit (RSU) allocates distinct channels
to the On Board Units (OBU) of vehicles that ask for it.
However, allocation scheme taking the priority of the OBUs into
account allocates the channels. An OBU will send the emergency
messages using the assigned channel. In this work, we develop a
novel technique to compute the priority of vehicles using three
important criteria such as severity of the message, vehicle speed,
and channel occupancy time. The technique utilized two multi-
criteria based decision making schemes — Analytic Hierarchy
Process (AHP) for finding a weight for individual criterion, and
Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS) for computing normalized priority values of vehicles.
The main aim of this work is to minimize the End-to-End delay
of alert messages. Our simulation study shows that our proposed
scheme provides better results as compared to standard scheme.

Index Terms—WBAN, VANET, channel assignment, TOPSIS,
prioritization, RSU, multi-criteria

I. INTRODUCTION

Over the last decades, there has been a significant rise
in the number of applications of wireless technology in In-
telligent Transportation [1]. The wireless technology, named
as VANET, which is an innovative concept facilitated public
safety enormously through a number of road safety appli-
cations. In VANET, each vehicle attempts to disseminate
safety and non-safety messages to other vehicles and public
facilities. For dissemination of these messages, two major
types of vehicular communications in VANETs are used
— Vehicle-to-Vehicle (V2V) communications and Vehicle-to-
Infrastructure (V2I) communications [2], [3]. VANETs provide
nominal delay in sending emergency messages in V2I and
V2V communications [1], [4], [5]. In V2I communication, the
vehicles are able to receive or send data using downlink or
uplink from or to the RSUs with minimal delay. RSU may

take the responsibility of allocating channels to vehicles in
V2I communication, and vehicles broadcast messages to their
neighbours using the allocated channel through V2V commu-
nications. Presently, the standard for VANETs is prescribed
by IEEE 802.11p, popularly known as Wireless Access in
Vehicular Environment (WAVE) as well as Dedicated Short
Range Communication (DSRC).

On the other hand, demerits of traditional healthcare ser-
vices can be subdued with the help of remote and pervasive
healthcare [6], and healthcare data analytics [7]. The imminent
health issues draw the attention of researchers and scientists
to look for “eHealth” in which healthcare was provided
using electronic means, and presently healthcare services are
provided by means of mobile technology termed as mHealth.
Eventually, in healthcare sector, a new kind of network has
emerged termed as Wireless Body Area Network (WBAN) [8]
in order to fully exploit the benefits of wireless technologies. It
aims to improve the health care services with minimal cost but
with fast and accurate response. Traditional medical systems in
hospitals are benefited through these technologies. Moreover,
the mobility of patient and remote health monitoring are also
supported by them. In this context, the authors in Ref. [9]
have discussed that WBAN can be used to diagnose complex
diseases easily by means of uniterupted supervision of patient
using physiological sensors. The network protocols for WBAN
are prescribed by IEEE 802.15.6.

In this paper, considering a situation where a person trav-
elling in a vehicle needs to send an alert message to near by
hospitals or some medical practitioners to get immidiate medi-
cal emergency services, we propose a network architecture for
health monitoring of a person on board. For this purpose, our
proposed architecture will be of great help if it includes the
benefits of the VANET and WBAN together. Though authors
in Ref. [10] coined this idea specifically for elderly people
living in Europe by proposing an emergency alert system,
we propose to extend the work which can be a generalized
solution for any person who needs to send an alert message
while travelling in a vehicle.

The following are the significant contributions of the paper.
• We develop an integrated architecture of WBAN and

VANET considering vehicles with OBU equipped with
two interfaces that can serve for both.



Fig. 1: Overall framework of our proposed scheme

• We implement a multi-criteria based decision making
scheme for computing priority values of the vehicles and
rank them for channel allocation.

• We analyze the outcome of our proposed scheme in terms
of End-to-End Delay, Channel Access Delay, PDR,
and Throughput. We also compare it with the standard
scheme. It has been observed that the our proposed algo-
rithm defeats the standard scheme regarding End-to-End
Delay, Channel Access Delay, PDR, and Throughput.

The rest of this paper is presented as follows. We discuss
some related works in VANET and WBAN in Section II. In
Section III, we have described our proposed mechanism in
detail. Section IV presents the simulation settings, simulation
metrics and result anlysis. Finally, Section V concludes the
paper.

II. LITERATURE REVIEW

Though VANET is scalable, its performance degrades
rapidly with the increase in load and traffic density. Authors in
Ref. [11] proposed a Decentralized Location Based Channel
Access Protocol (DLCAP) which discusses the issue of chan-
nel reuse for V2V communication in VANETs. This protocol
aims at a channel allocation to the vehicles without taking any
help from the RSU. Channel allocation is done based on a
vehicle’s geographic location. However, the protocol’s perfor-
mance is poor in terms of throughput as compared to existing
ones. In Ref. [12], a protocol named as “Cluster Based MAC
(CMAC)” [12] was proposed for reliable delivery of messages
in which the RSU has a responsibility to allocate channels
to the vehicles. The throughput of the CMAC protocol is
little higher than the other protocols even in densed networks.
Their studies using a simulated VANET environment shows
that this protocol outperforms the existing ones in terms of
PDR and delay. Authors in Ref. [13], [14] proposed an “RSU
centric channel allocation protocol” [13] for VANETs. It is a
centralized single criterion based channel allocation strategy.
However, it also makes an effort to minimize the end-to-
end delay to deliver safety messages and to maximize the
throughput. An RSU-based efficient channel access scheme
is proposed in Ref. [15] for VANETs under highly densed
network and mobility. It is a centralized cum distributed
scheme. In which, contention window is varied dynamically
according to the dwelling time of the vehicle in the RSU’s

region. The vehicles with less dwelling time are catered
first and vice versa. However, in this scheme, no channel is
allocated deterministically to any vehicle by the RSU. With
the modified contention window size each vehicle contends for
the channel which makes the scheme distributed as well. In
healthcare sector, there exists two very important technologies
which include Wireless Sensor Network (WSN) and Wireless
Body Sensor Network (WBSN). These technologies provide
us a huge variety of applications in healthcare and also ease
the deployment with mobility. Some applications of WBAN
can be found in Ref [16]–[18]. The authors in [19] coinded
the idea of using wireless devices instead of wired devices to
monitor health. These devices are easier to carry by every one
all the time. These devices are capable to transmit real-time
physiological data to a central hub so that the doctors can
access the data for further diagnosis. The e-health monitoring
system has evolved eventually [20] with its prompt services.
In recent times, this monitoring system is proposed for a
vehicular environment for security. Seeded cloud [21] and V-
Cloud [22] are the examples of these kind of systems. The
proposed schemes concentrate only on monitoring the health
of vehicular users [23] which offers extra benefits to drivers
and therapeutic experts. Benefits of these wearable devices are
utilized in the field of Internet of Things as well, as discussed
in Ref. [24].

III. PROPOSED SCHEME

We make one realistic assumption that every vehicle carries
physiological sensors like pulse, blood-pressure and temper-
ature sensors. Whoever travel in such vehicle, specifically
elderly people, should wear those sensors. Local Processing
Unit (LPU) receives the data from WBAN sensors to analyze
them for generating alarm message for medical practitioners,
if needed. Unlike WBAN sensors, LPUs are equipped with
better computation capability and with better power backup.
The responsibility of the LPU is to analyze the sensed data
to identify whether an alert message should be generated
or not. If an alert message is generated, it is disseminated
using VANET to caregivers or hospitals for medical help.
The whole framework can be understood from Fig. 1. Our
proposed mechanism has four phases and they are as follows:
Data collection from sensors, Data analysis and generation of
alert message, Channel allocation and message dissemination.



A. Data collection from sensors

Usually an architecture of an OBU includes Human-
Machine Interface Module, Global Positioning System (GPS)
module, Wireless Communication Module, and Central Con-
trol Module as described in Ref. [25]. Khaliq et al. in Ref.
[10] have proposed an extended design of an OBU where
WBAN is incorporated. With some meaningful addition to
that architecture, we have assumed that in each vehicle OBU
is equipped with two interfaces — One is IEEE 802.15.6
interface which is used for data collection from the sensors
and the other one is IEEE 802.11p interface which is used for
alert message dissemination through VANET as shown in Fig.
2.

Fig. 2: In-vehicle OBU design

With the help of sensor modules, physiological data are
collected by the OBU.

B. Data analysis and generation of alert message

In WBAN, sensors that are deployed on human body are
autonomous. They transmit sensed physiological data to the
LPU for further processing. We have assumed that OBU
contains LPU as well for data processing as shown in Fig. 2.
Since in our proposed scheme three types of sensors are used,
there are three different data analysis algorithms are required
for alert message generation. Fig. 3a, 3b and 3c show the work
flow of three sensor modules in LPU, respectively.

C. Channel allocation by the RSU

We consider a VANET consisting of vehicles and an RSU.
The RSU being the hub allocates channels to vehicles that ask
for it. Each vehicle is equipped with only one transceiver. A
periodic beacon message is broadcasted by the RSU which
contains its identity and its location. After entering into the
region of an RSU a vehicle receives its beacon message. Then
it sends an association request message to get registered with
the RSU. A number of vehicles among all the present vehicles
in VANET want to access channel to send some safety/non-
safety messages. When an enrolled vehicle of the RSU needs
to transmit any message, it initially sends a Channel Allocation
Request Message over the control channel [26] to the RSU
mentioning for a channel.

After getting the alert message, OBU tries to send this
message to its destination. To accomplish this, it first send a
Channel Allocation Request Message to the RSU. After receiv-
ing such requests from different vehicles RSU ranks them in

order to serve the most deserving vehicle as early as possible.
We have used a multi-criteria decision making mechanism
named as TOPSIS [27] for prioritizing the vehicles.

1) Criteria for prioritization: We have considered three
criteria for prioritization — Message Type (MT), Vehicle
Speed Status (VSS) and Channel Occupancy Level (COL),
and there are a number of alternatives in terms of vehicles, as
illustrated in Figure. 1. The MT is defined as Definition 1.

Definition 1 - The Message Type (MT) corresponding to a
safety or non-safety message generated by a vehicle is the
measure of extremity of that message, which it intends to
transmit at a certain instant of time.
In case of DSRC, there exists only two message types — safety
and non-safety. In our model, depending on the criticality of
the application, the safety messages are further divided into
three categories, and the categories along with their binary
representations are — Extremely critical (11), very critical
(10) and critical (01). Another category is considered for non-
safety application which is, not critical(00). Alert messages
generated from abnormal physiological data fall under the
category “Extremely critical”. However, a vehicle’s speed is
also an important criteria. Let us explain why it is so important
by considering a situation as follows. If two vehicles want to
send messages of same criticality and one of them does not
get the opportunity to send the message during its dwelling
time in that RSU coverage area due to its high speed, then it
will lead to lethal results. Thus, understanding the potency of
vehicle speed, the next criteria vehicle speed status (VSS) is
described below.

Definition 2 - The Status of Speed of a Vehicle (VSS)
corresponding to each vehicle is a two bit value that portrays
the four-levelled speed status. The levels along with their
binary implications are as follows — very slow (00), slow
(01), fast(10), and very fast (11).

From the received channel allocation request, RSU extracts
the speed value and finds out which level the vehicle’s speed
falls in. RSU first determines the dwelling time of that vehicle
in its coverage area and also inspects the value of channel
occupancy time (which is described below) for broadcasting
the message. The deviation from the pre-decided threshold of
the difference between channel occupancy time and dwelling
time helps the RSU to determine the level. This threshold is
determined based on the topological data at some point of time
by the RSU. The last important criteria is channel occupancy
level which is elaborated below.

Definition 3 - The Channel Occupancy Level (COL) corre-
sponding to each safety or non-safety message generated by
a vehicle is again a binary value of two bit that portrays the
4-levelled channel occupancy time. The levels along with their
binary implications are as follows — high (00), average (01),
low (10), and very low (11).

The channel occupancy time is the total time during which
the control channel will be occupied by that particular vehicle
which includes transmission delay as well as propagation
delay. The Federal Communication Commission recommends
that the transmission time of a safety message over control



(a) Pulse Sensor Module (b) Temperature Sensor Module (c) Blood Pressure Sensor Module

Fig. 3: Work Flow of Three Sensor Modules [10]

channel should be less than 200 µs. If the message takes more
than 200 µs to be transmitted then another channel must be
used [28]. Depending on this value the RSU determines the
level.

2) Criteria Weights: TOPSIS requires wight for each cri-
terion for calculating priority values for each vehicle. Since
priority values will be calculated dynamically in each turn by
the RSU, RSU must have criteria weights beforhand. During
the procedure of priority calculation, if criteria weights are
also calculated dynamically, it will take a significant amount of
time which may deteriorate the efficiency of our scheme. That
is why, weight of each criteria is calculated beforehand using
another algorithm named as AHP [29] and remain same for
each turn of priority calculation. From the working principle
of AHP, it can be noted that AHP needs a criteria preference
matrix (CPM) which contains mutual preference values among
criteria. The CPM should be validated by calculating consis-
tency ratio as described in the working principle of AHP. After
getting a valid CPM, weight for each criteria is calculated.
These weights are fed to TOPSIS as inputs. After computing
the normalized priority values of vehicles, RSU allocates a
channel to the vehicle with highest priority by broadcasting
a clear message along with the Vehicle Id, Channel Number
and Duration of the channel occupancy. In this way, RSU goes
on allocating channels till the last vehicle in the list. After
receiving the clear message from the RSU, the vehicle whose
identity was mentioned in the message, starts disseminating
its safety/non-safety message and other vehicles that have
safety/non-safety messages to send wait till their turn come.

D. Message dissemination

After getting the channel assigned, a vehicle may dissemi-
nate its message in three ways — either it may broadcast or
multicast or unicast depending on the targeted recipients of
the message that it wants to send.

IV. PERFORMANCE EVALUATION

A. Simulation Settings

We have assumed that all the vehicles can carry maximum
of 5 passengers including driver. We consider a star-based
WBAN with a single LPU that is placed in the OBU for

our simulation. We have considered alert message is generated
only for one person at a time in a particular vehicle. We have
simulated in MATLAB using the following simulation setting
as described in Table I.

TABLE I: Simulation Settings

Number of Vehicles 5 — 40
Number of Lanes 2
Data Rate 1Mbps
Packets Type UDP
Traffic Type Constant Bit Rate (CBR)
Packet Size 512Byte
Traffic Load 1 packet/ms
RSU Transmission Range 1000m
Vehicle Transmission Range 250m
Vehicle Speed Range 36 km/h — 144 km/h
Propagation Model Nakagami-3 [30]
Simulation Time 500s

We consider that communications between sensors and
LPU occur using MAC protocol prescribed by IEEE 802.15.6
standard. The vehicles contend for the channel using MAC
protocol as specified by IEEE 802.11p standard while com-
municating with the RSU (i.e., V2I communication), but for
V2V communication each vehicle gets deterministic channel
access by the RSU for data dissemination.

B. Simulation Metrics

The outcome of the proposed mechanism is analyzed in
terms of priority, End-to-End Delay and Channel Access Delay
specifically for those vehicles who have alert message to
send. Also, we have evaluated PDR and Throughput for
the network as well. We compare the values of these metrics
calculated by the proposed scheme with the standard scheme
that is, the communications between sensors and LPU use
MAC protocol prescribed by IEEE 802.15.6 standard and
communications among vehicles use MAC protocol specified
by IEEE 802.11p standard without any RSU.
End-to-End Delay: It is measured as the time duration between
the time when abnormal physiological data collected from the



sensor and the time when the alert message gets transmitted.
Channel Access Delay: It is measured as the time duration
between the time when the vehicle which has alert message
to send tries to contend the channel for transmission and the
time when it finally gets it.
PDR: It is calculated as the percentage of the fraction between
the number of messages/packets actually deliverd and the num-
ber of messages/packets which are intended to be delivered.
Throughput: It is calculated as the number of bits transmitted
per unit time from source to destination.

C. Result Analysis

Different criteria levels of 5 vehicles are considered corre-
sponding to the criteria as — V(1): [1 0 3], V(2): [1 0 3],
V(3): [0 3 3], V(4): [3 1 3] and V(5): [2 1 0], where the first,
second and third column represents the levels of MT, VSS,
and COL, respectively, for a particular allocation turn. The
CPM considered in our simulation is as follows:

CPM =

MT V SS COL( )MT 1 3 7
V SS 1

3 1 5
COL 1

7
1
5 1

(1)

Fig. 4: Priority values for 5 vehicles

With this CPM the three criteria MT, VSS and COL get
individual weight as 65%, 28% and 7% of total wights,
respectively with the help of AHP. Fig. 4 shows that the
priority values of 5 vehicles as computed by our proposed
algorithm for this allocation turn. The vehicle V(4) secures
the highest priority value among all the 5 vehicles and the
priority order starting from highest to lowest priority for all
the vehicles is as follows: V(4), V(3), V(5), V(1) and V(2).
The most important one of all the features of the proposed
algorithm is that it considers the mutual preferences among
multiple criteria. As mentioned earlier, we compare our result
with the standard scheme which considers single criterion
(message type) for prioritization. From the values of three
criteria, it can be observed that V(4) is a fast vehicle as well
as it has an extremely critical message (i.e., alert message)
to disseminate, and it requires moderate channel occupancy
time for this allocation turn. Our algorithm assigns V(4)
the highest priority for channel allocation whereas standard
scheme assign the third-highest priority, that seems the priority

assignment is not fair, as compared to our mechanism. We
also run the simulations to study the priority order for 10,
15 and 20 vehicles with different allocation turns. Each time
our proposed mechanism gives highest priority to the most
deserving vehicle.

We are mainly concerned about the earliest dissemination of
the alert message generated from the abnormal physiological
data of a patient in a vehicle. Fig. 5 shows the Channel Access
Delay of the vehicle V that has an alert message i.e. extremely
critical message to send with respect to number of vehicles that
want to access the channels for transmission. It is evidently
seen that with the increase in number of vehicles, Channel
Access Delay of V increases. Still our scheme shows less delay
as compared to the standard scheme. Fig. 6 shows the End-to-
End Delay of V with respect to number of vehicles that want
to access the channels for transmission. For obvious reasons,
increasing number of vehicles wanting to access the channel
causes the delay a little more for V . Our scheme shows better
result than the standard scheme.

Fig. 7 and 8 show the effect of PDR and Throughput,
respectively. It can be distinctly observed that our proposed
mechanism shows better network performance in terms of
PDR and Throughput than that of the standard scheme due
to the fact of reduced message retransmission, collision and
to some extent confirmed message delivery.

Fig. 8: Number of vehicles vs. Throughput

V. CONCLUSION

Being a promising technology VANET facilitates the emer-
gency services like accident warnings, traffic information
dissemination, and road condition awareness. The new era of
eHealth and mHealth compels WBAN to development appli-
cations which support mobility for better medical assistance.
As a solution, we have designed an architecture by integrating
these two technologies, VANET and WBAN, in a vehicular
environment to disseminate alert messsage for those people
who need immediate medical help. We also try to solve
the channel allocation problem in IEEE 802.11p MAC by
proposing a mechanism, in the environment of VANETs under
saturated data traffic condition. Unlike the existing works, we
try to take the advantage of a multi-criteria based decision
making strategy like TOPSIS and AHP in order to rank the
vehicles by computing priority values. We have also elaborated



Fig. 5: Channel Access Delay for the
vehicle that have an alert message to
send

Fig. 6: End-to-End Delay for the vehi-
cle that have an alert message to send

Fig. 7: Number of vehicles vs. Packet
Delivery Ratio (PDR)

how the various important parameters considered as criteria
influence the prioritization process. As the purpose of result
analysis, we compare the output of our scheme with the
standard scheme. We also show that our proposed scheme
is capable of reducing substantially the delay of deserving
vehicles. And it also became successful in maximizing the
PDR and Throughput distinctly.
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