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Abstract: Healthcare vehicles such as ambulances are the key drivers for digital and pervasive remote
care for elderly patients. Thus, Healthcare Vehicular Ad Hoc Network (H-VANET) plays a vital role
to empower the digital and Intelligent Transportation System (ITS) for the smart medical world.
Quality of Service (QoS) performance of vehicular communication can be improved through the
development of a robust routing protocol having enhanced reliability and scalability. One of the most
important issues in vehicular technology is allowing drivers to make trustworthy decisions, therefore
building an efficient routing protocol that maintains an appropriate level of Quality of Service is a
difficult task. Restricted mobility, high vehicle speeds, and continually changing topologies
characterize the vehicular network environment. This paper contributes in four ways. First, it
introduces adaptive, mobility-aware, and reliable routing protocols. The optimization of two routing
protocols which are based on changing nature topologies of the network used for vehicular networks
has been performed, amongst them, Optimized Link State Routing (Proactive) and Ad-hoc on Demand
Distance Vector (Reactive) are considered for Packet Delivery Ratio (PDR) and throughput.
Furthermore, Packet Loss Ratio (PLR), and end-to-end (E2E) delay parameters have also been
calculated. Second, a healthcare vehicle system architecture for elderly patients is proposed. Third, a
Platoon-based System model for routing protocols in VANET is proposed. Fourth, a dynamic channel
model has been proposed for the vehicle to vehicle communication using IEEE8011.p. To optimize
the QoS, the experimental setup is conducted in a discrete Network Simulator (NS-3) environment.
The results reveal that the AODV routing protocol gives better performance for PDR as well as for
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PLR and the communication link established is also reliable for throughput. Where OLSR produces a
large average delay. The adoptive mobility-aware routing protocols are potential candidates for
providing Intelligent Transportation Systems with acceptable mobility, high reliability, high PDR, low
PLR, and low E2E delay.

Keywords: healthcare vehicles; ambulance; mobility-aware; reliable; routing protocol

1. Introduction

Due to the high speed of 60-120 Km/h in healthcare vehicles such as ambulances the key issues
to be monitored efficiently and optimally are mobility and reliability while exchanging the routing data
among ambulances and from ambulances to hospitals. In the later past, government specialists and
other security authorities counting distinctive car organizations have appeared sharp intrigued
concerning the advancement within the security application for shrewd transportation frameworks [1,2].
They pointed to lessening the effect of roadside mishaps and defining approaches to diminish the
injuries and fatalities made by the mischances. Road accidents are thought to be one of the most serious
possible hazards to public safety around the globe; as a result, the safety of people has been a primary
consideration for transportation shareholders [3]. Governments, regulators, and other security officials,
notable representatives from various automobile businesses, have shown a significant role in
developing the safety application for intelligent transportation systems in recent [4]. They attempted
to lessen the impact of roadside accidents by developing policies to reduce the number of fatalities and
injuries caused by them. Drivers' lack of experience, as well as their lack of awareness of reaction time
to road hazards, are two major roadside safety challenges.

As discussed in [5] in the year 2014, there were around 25,700 deaths in the EU, corresponding
to 51 million people. Both time and resources are wasted due to road congestion. It is reported in [6]
that if vehicles on roads are connected in such a way they maintain a certain fixed intervehicle distance
also called platoon pattern of connected vehicles, could bring a reduction in road traffic accidents to a
great extent. The intelligent transportation system's adoption of a platoon-based structure, rather than
driving the automobiles in individual patterns, solve road capacity problem, and fuel efficiency
can be optimized. It can also achieve maximum road traffic safety for Vehicular Ad-hoc networks
(VANET) [7,8]. Because of the rapid movement of vehicles, the topology changes in proportion to
their speed; as a result, reliable and efficient routing protocols are necessary to ensure the correct
transmission and reception of messages. The problem observed due to the frequently changing
topology and increased speed level of vehicles can be solved by optimizing the performance of routing
protocols for vehicular networks [9]. Dedicated Short Range (DSRC) is the potential technical
advancement for vehicle to vehicle communication, is an emerging concept based on IEEE 802.11p
protocol, which has recently received a great deal of attention [10]. Inter-car safety communication
solutions typically impose strict real-time broadcasting requirements to ensure that in a catastrophe,
automated vehicles have adequate time to take action [11,12]. To deal with the fast mobility of vehicles
number of routing protocols have been discussed, amongst such protocols are the AODV and OLSR
discussed and their performance has been optimized.

In this paper, the contribution has been brought in four distinct ways.

First, QoS optimization is proposed using adaptive mobility-aware and reliable routing protocols
in healthcare vehicles.
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1. Second, a reliable architecture of healthcare vehicles is proposed using an Ambulance-based
Remote Primary Care System for the Elderly and Toddlers

2. Third, Modelling of Platooning System is proposed to implement a reliable Ambulance-based
Remote Primary Care System for the Elderly and Toddlers.

3. Fourth, a dynamic channel model for healthcare vehicles is proposed considering the
increased mobility of fleet of healthcare vehicles.

The following is how the remainder of the article is organized as follows. A detailed literature is
presented in Section 2, architecture for healthcare vehicular systems for aged people as well as for
infants has been proposed in Section 3. Mobility-aware routing protocols are presented in Section 4.
Experimental results and discussion are revealed in Section 5. Lastly, conclusion is presented in Section 6.

2. Related works

In this section, the relevant past work has been discussed for various issues incurred in the routing
protocols utilized in V2V Communication. The topology-based mobility-aware OLSR and AODV
network routing algorithms are discussed in this paper. In [13] Performance of three routing protocols
has been examined, results explain that for different network sizes and varied speeds (pause time) DSR
routing protocol provides enhanced performance for packet delivery ratio. When compared with other
routing protocols which include AODV, DSDV, and OLSR, which makes DSR protocol better option
to be used in high mobility conditions of highly mobile random networks. The authors also agreed that
for a large size of network OLSR protocol provides better results for PDR and throughput. The
simulations were performed in NS2 simulator. In [14] authors have examined the impact of routing
protocols for different propagation models for MANET, which shows no significant effect of radio
propagation in MANET. Two different routing protocols are compared, AODV and DSDV. Packet
delivery ratio, throughput, and end-to-end delay are computed based on different propagation models.
It is concluded that the AODV routing protocol provides improved throughput for all propagation
models, whereas Friis and two ray ground models help to increase PDR level and delay is decreased
and throughput drops when the Nakagami model is utilized. The authors have noticed the substantial
impact because of variation in the propagation model which is usually excluded by other authors. The
results show DSDV gives better performance in terms of PDR under the Nakagami model. AODV
delivers the best throughput and PDR regardless of the propagation model employed, and gives a
considerably greater PDR level if Friis and Two Ray Ground models are employed, but causes more
delay than its counterpart DSDV, and delays are enhanced when using the Nakagami model. The
authors argue that when compared to the Two-ray propagation loss model, AODV is a more practical
routing protocol that can also aid to reduce end-to-end delay. When paired with the Nakagami
propagation model, which has a higher PDR and lower delay, the DSDV routing protocol works best.
In [15] OLSR and AODV have been the focus of the article. For the low density of vehicles, AODV
provides better performance whereas for the high-density traffic scenario OLSR works well. The
system uses 10 Basic safety messages to transmit information from one vehicle to another. AODV
protocol provides better performance in terms of goodput for the vehicle speeds 10K/m and 20K/m
but when the speed of vehicles is increased to 30K/m OLSR gives better performance for goodput than
AODV. Whereas the AODV protocol provides better performance for packet delivery ratio for BSM
when compared with DSDV and OLSR but when the density of vehicles is increased to 205 OLSR
outperforms all other protocols. In [16] routing protocols are studied and their performance for
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different network sizes and network loads have been compared for the parameters including PDR
average end delay and throughput. Keeping in view, the network load parameter, the DSR routing
protocol provides better performance, its PDR and PLR along with throughput show consistency in
performance, whereas the DSDV protocol has better results for the same parameters for various sizes
of the network. In [17] several routing protocols for mobile ad-hoc networks were evaluated and
compared. Parameters used for comparison include PDR, delay for packet transmission, PLR and
throughput. The findings show that the OLSR routing protocol performs better for the increased
number of nodes, which is reduced for AODV and OLSR for the increased density of vehicular nodes.
In [18] Quality of Service (QoS) performance of different routing protocols which include AODV,
DSR and DSDV have been evaluated for the MANET environment using different parameters such as
nodes size, data rates, and the velocity of nodes. The results obtained explain that the AODV protocol
outperforms in a mobile ad hoc networking scenario. In [19] for a VANET environment, routing
protocols based on network topologies which include AODV, DSR, and DSDV routing protocols are
discussed and their performance is measured using various indicators such as delivery ratio, PDR.
Throughput and Loss Ratio. The key observation of the paper is the implementation of realistic
vehicular traffic. When used in large-scale ad-hoc networks, the AODV protocol responds
substantially faster and performs much better in the event of a connection loss. In [20] a comparison
of VANET based routing protocols include AODV, DSDV, and DSR is being carried out. Simulations
are performed for calculating different parameters such as throughput, PDR, and end-to-end delay.
These findings revealed that the DSR routing protocol provides substantial throughput, on the other
hand, the DSDV protocol shows improved performance for the average end delay, while AODV
provides the highest throughput amongst all protocols. In [21] a survey has been conducted for
analyzing different classes of routing protocols including AODV, DSDV & OLSR in vehicle-to-
vehicle communication scenarios. The quality of service has been evaluated based on PLR, packet
overhead, and throughput, and it has been determined that AODV performs in more ways than all other
protocols. In [22] with 50 nodes moving at random order in a mobile ad-hoc network scenario, the
performance has been evaluated for AODV and OLSR routing protocols for multiple parameters such
as throughput, packet delivery ratio, energy expenditure, and latency. It is established that, regardless
of the speed, OLSR performs better in all aspects. In [23] a safety application scenario is considered,
and the findings show that, even with the least maximum delay, OLSR does not distribute packets to
its neighboring nodes promptly, whereas AODV performs better for a limited number of vehicles. The
DSDV routing protocol, which was used in the MANETS scenario, was discovered to be better suited
to safety applications. In [24-26]work is based on a discrete queuing model given as M/G/1, it is
considered for safety messages, the broadcast mechanism is based on IEEE 802.11, which ignores the
saturation criterion, which does not apply to other applications of a similar nature in vehicular
communication. A recursive algorithm and a probability-generating function are used to arrive at a
solution. PDR, throughput, and packet delay are just a few of the performance indicators they have
considered for said broadcast service. The proposed analytical model achieves DSRC latency
requirements for a typical environment utilizing a broadcast network directly. Due to message
collisions, this method does not guarantee the reliability, but the results are close to simulations.
Enhanced packet arrival rates improve throughput, but at the expense of PDR and loss ratio. It has also
been observed that a larger bakeoff window and smaller message sizes improve the reliability of
broadcast messages Table 1 discussed the features of the existing works and our contributions is
compared too.
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Table 1. Comparison of existing related work.

Reference Model

Key Metrics

Main contributions

[2]
[6]
[7]

[8]

[11]

[13]

[14]

[15]

[21]

Our Work

Vehicle to RSU

Vehicle to
Vehicle
Vehicle to
Vehicle

Vehicle to
Vehicle

Vehicle to
Vehicle

Vehicle to
Vehicle

Vehicle to
Vehicle

Vehicle to
Vehicle

Vehicle to
Vehicle

Vehicle to
Vehicle

mobility, reliability, and packet
loss ratio
parameterized trajectories

optimal speed control to
Connected vehicles

Performance of a platoon in terms
of road capacity, safety, energy
efficiency

VANET safety applications and
by VANET user applications
simultaneously.

Quality of service (QoS)

Quality of service (QoS), delay,
throughput, control overhead and
packet delivery ratio

Typical performance metrics are
used, which are packet delivery
ratio, end-to-end delay and
throughput using NS-3 simulator.
Throughput, packet delivery ratio,
and end- to- end delay

Packet Loss Ratio (PLR),
Throughput and end-to-end (E2E)
delay parameters

A novel reliable and efficient multi-layer
fog driven inter-vehicular framework.
string-stable vehicle-following at very
short inter-vehicle distances

A hypothesis was then made that there
shall exist a critical CV penetration rate
that can significantly show the benefit of
CV to the overall traffic. To prove this
concept, this study simulated the mixed
traffic pattern under various conditions.
Analysis of a platoon-based vehicular
cyber-physical system (VCPS)

The solution to all of these issues probably
requires integrating smart mechanisms
into more than one layer. This
presentation followed the open system
interconnection (OSI) reference model.
Manhattan Grid mobility model have been
successfully created using Bonnmotion
using NS-2 software but with the help of
several lines of code were imported to the
NS-3 soft.

Performance analysis is carried out on
Adhoc On-demand Distance Vector
(AODV), Dynamic Source Routing
(DSR), Optimized Link State Routing
(OLSR) and Destination Sequenced
Distance Vector (DSDV) protocols using
NS2 simulator

Investigate the impact of simulating
MANET routing protocols with using
various propagation model.

Performance analysis of AODV protocol,
DSDV protocol, and DSR protocol The
results showed the DSR is much higher
than AODV and DSDV, In terms of
throughput.

Novel Platoon-based System model for
mobility-aware routing protocols for
Healthcare

In this work, a fleet of vehicles are organized in platoons, and the performance evaluation is based
on different parameters of quality of services such as Packet Delivery Ratio (PDR), Packet Loss Ratio
(PLR), and throughput. The latency of the vehicular health system is obtained through average end-to-
end delay. The proposed work is focused on vehicle density with the environment in an urban,
suburban, and rural setting. The message packet size is 256 bytes, with an 8kbps data rate. The vehicle
speed is maintained at 20 m/sec, and the distance between vehicles is believed to be constant
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throughout the voyage. Each vehicle in the fleet sends out non-safety messages regularly with a set
frequency and payload size. The proposed research also contains simulations that evaluate proactive
and reactive routing algorithms for non-safety applications, covering AODV and OLSR protocols. In
the next section, the methodology of the proposed system is carried out. In the first, the system model
with mathematical design is discussed after those protocols used in developing the system model is
discussed in addition, channel characteristics and performance analysis attributes are discussed in detail.

3. System architecture of healthcare vehicles for elderly and infants

We propose the Remote Medical Education System (RMES) is a framework that allows the elderly
and newborns to have easy and quick access to medical care at any time. Our proposed framework
consists of healthcare ambulances attached with a video camera to capture the images of patients who
are in a gravely ill condition, the captured images are immediately forwarded to a highly professional
physician for detailed diagnosis. A physician can determine the serious and concerning state of
newborns and diabetes patients based on their injuries when he or she has a video or image, especially
on the palms of their hands and the soles of their feet (particularly aged people with diabetics), and
face color of newborn toddlers and reactions of both aged patients and newborn babies and doctor
prepares quick and effective treatment for patients as soon as they reach to the hospital.
Simultaneously, the medical practitioner dispatches the medical report to nursing staff available at the
patient's home at a remote location with help of recorded images and provides proper consultation for
prescribed treatment dose, food to paramedical staff. Figure 1 describes the scenario for emergency
medical care using video images of aged people and toddles in far-flung areas where specialize medical
facilities are not available.

Specialist Physicians
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Figure 1. Proposed Ambulance-based Remote Primary Care System for the Elderly and
Toddlers. The battery life of such mobile devices is crucial for the rapid and continuous
transmission of video images of patients' critical states from specialists to patients on
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handheld devices, and vice versa. The shorter battery life of the mobile devices presents a
critical problem; therefore, we propose mobility-aware and reliable algorithms to make
these mobile gadgets last longer for video transmission in ambulances.

4. Proposed adaptive mobility-aware and reliable routing protocols

This section proposes two different adaptive mobility-aware and reliable routing protocols for
VANETS. In addition, systems model, platoon-based scenarios, and dynamic channel models are
proposed for QoS optimization in VANETS.

4.1.  System model

In this work, a platoon-based scenario has been considered to test the performance of transmission
messages for V2V communication. The vehicles are arranged in the pattern as shown in Figure 2.

Platoon Drive Individual Drive Platoon Drive

g P

Individual Drive Direction ———»

Figure 2. Platoon pattern of vehicles.

In the platoon-based scenario, the vehicles exchange messages are arranged in such a way that one
vehicle is acting as the leader vehicle in the platoon, and the rest of the vehicles are following the
leading vehicular behavior that inter distance of all the vehicles arranged in the platoon manner has
been kept same as of the leading vehicle, the speed of all vehicles is also constant. The reason to select
the above platoon scenario it will enhance the traffic flow throughput and will save the fuel
consumption of vehicles. The above platoon-based scenario is mathematically modeled as depicted in
Figure 3.

Vi Vist

¢ = s X
Vehicle n Xie1 — Xi -L Vehicle n+1

-+ > N

|

Xi

Figure 3. Mathematical model of vehicular behavior in platoon scenario.

The platoon vehicular behavior is defined in such a way that driver is assumed to following his
leading vehicle by maintaining the relative speed and space ahead. The relative speed and space
ahead are calculated as shown in eq.1 [27].
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dx;
d—t=vi 1)

Where x; the initial position of the vehicle is platoon and v; is the velocity of initial speed as
illustrated in eq. 2 [27].

dVi _

% = an = f(vi, i, Avy) )

Where Spaceahead , S; has been attained using Eq. 3 and relative speed Av; is illustrated using
eq.4 [25].

Sp=Vip1—x;—L 3)
Avi = vi—,Viq (4)

It is assumed that there are N cars on the route, and M < N platoons, with each platoon consisting
of K, O =1, 2 etc. where K, represent the fleet of vehicles connected in a platoon manner. Here, it’s
vital to note, a vehicular system based on platoons is complicated and nonlinear by nature, due to a
variety of factors like engine, rolling, and brake variations. To have better modeling of the entire V2V
platoon vehicular system, there are some assumptions that are considered in developing the model.
These are defined as platoon vehicle formation is performed by the vehicles exhibiting the same
dynamics, all fleet of vehicles are moving in a single straight line without taking any lane shifting
maneuvering in the urban highway scenario lastly speed of all vehicles has been kept constant. These
assumptions are used in developing the nonlinear platoon vehicular system of second-order as shown
ineq. (5) [27].

ybck O(t) - Zbck(t)

5
ybck o(t) = Wbck(t) + xbc_k(t)(ybc,kKo (t).ZII,(g,k(t), t) ( )

Where, vy, %o (¢), Zbc 2. (t) defines the position and velocity of the platoon vehicular system and

xbc 0 O Wpe (D), Zbc 2. (), t) is the nonlinear aspect of models vehicle characteristics. Vehicle

systems based on platoons are depicted in Figure 4.

(<->‘) (1) (<-)) ((-)

((#))Monitor — Vehicle to Vehicle Communication

Figure 4. The system design based on Platoon pattern of connected vehicles [27].
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Platoon-based vehicular systems are represented in a real-time two-way highway scenario, which
necessitates the development of routing protocols and networking interfacing protocols. The above-
mentioned aspect of platoon-based vehicle systems will be examined next.

4.2.  Platoon-based vehicular system for routing protocols

Single lane highway scenario using IEEE 802.11p based on MAC layer protocols is proposed
which consists of evenly distributed ambulances. We have considered two different layer routing
protocols which include AODV and OLSR. The network's channel characteristics cause data packet
losses in the channel, as a result, we took into account both path loss combined with fading and
shadowing models, nodes are highly mobile, and routing remains always issue in this scenario. In the
past many routing protocols were discussed in various scenarios, the main issue with these routing
protocols are QoS, traffic load in-network, and mobility. For this work, the AOVD and OSLR
protocols are adopted and performance is improved.

4.3. Channel characteristics

To design healthcare vehicles i.e., ambulances for vehicle-to-vehicle communication the channel
plays a vital role. Multiple propagation factors such as path loss, shadowing, and fading are to be
considered. The signal strength of the transmitted signal propagated across the wireless channel is
affected by these parameters. The channel model used in our work is briefly described in this section
of the paper which is Frii's free space propagation [27]. Frii's Free Space propagation loss model was
used in our simulation. The received power and path loss are calculated using Friis' model by the eq.

(6) [27].

_ GGy A?

b= Pr (4m)2DML (6)
Whereas B. is received power and Py is transmitting power, the gain of the transmitter antenna is
denoted by G, receiver antenna gain is represented by G, and L is called loss not related to
propagation, n is the value of path lose exponent for the range in the environment, and A is band
frequency. The eq. (6) can be represented in terms of propagation path loss that is illustrated using eq.
(7) [28].

PL = 20 loglo? (7)

The received power is illustrated in a range of environments that is defined using eq. (8) [29].
P.(dbm) = P,(dbm) + G,(dbi) + G,(dbi) — 20 logy, ? —10 logyo L (8)

After attaining the propagation model, the next step is to characterize the model with fading effect.
We employ the Nakagami fading model in this research since the relevant instantaneous power follows
a gamma distribution. Nakagami fading model is applied with a 1 m-shape factor parameter, which
follows gamma probability and w-value of 2 is used, its function is given in eq. (9) [28]

mmem—l

mxz
PDF =2 e T],x >0 9)

wMmr(m)
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Whereby, the term “r”” represents received signal amplitude where the shape parameter is represented
by “m” and “w” is considered as scale parameter. The proposed model discussed above is analyzed
using performance attributes, i.e., PDR, PLR, throughput, as well as average delay.

4.4.  Optimized Link State Routing (OLSR) protocol

The working principle of OLSR routing protocol has been demonstrated in Figure 5. The algorithm
from the routing table checks the route from source to destination as a first step. If information about
a route cannot be obtained, the source node sends a broadcast message to all available routes [29,30].
It's a proactive routing protocol that uses pre-existing pathways. Hop by hop, the packet is transmitted.
Multi-Point Relay (MRP) is used to transfer network topology information to its neighboring nodes on
a regular interval. One of the important functions of MRP, is mobility management of vehicles used in
the fleet by determining the shortest paths among the nodes. MPR selection procedure is performed by
each node in its one hop neighborhood [31]. Because each node has two-hop neighbor node, it must
select a small number of nodes in its immediate vicinity., each MPR transmits to each two-hop
neighbor node, thus, reducing control overhead as well as decreasing control signals [32]. Each node
transmits a message called HELLO message to the nodes in its immediate vicinity, updating link status
periodically. This message has three node lists: the first list contains the addresses of nodes that have
issued HELLO packets, the second list contains the addresses of neighbor nodes, and the third list
contains the addresses of multipoint relay nodes. The connection between source and destination is
established by sending the HELLO message, which indicates that the source is ready to send
packets [33,34]. When a node gets a route reply message it starts sending data packets to the reciever
end. If the connection is failed at any node, the alternate paths are updated through TC control signals
for updating the entire network.

Figure 5. Multipoint Relay used in OLSR routing protocol.

Mathematical Biosciences and Engineering Volume 19, Issue 7, 7156—7177.
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The functionality of Multipoint Relay is shown in Figure 6, where HELLO message is broadcasted
by each node to sense the link. The HELLO message contains the address of the node itself and the
neighboring node. Each node present in the network gets information from its two neighboring nodes.

( START )=

-

) 4

YES Route NO
available?
Update routing table P Broadcast to find other
(node synchronization) ki nodes in range

(

V

l Transfer message to destination ]

node

l

Is node ready?

A

Receiver node returns ready
signal(route reply message)

Nodes send Hello message
(MPR nodes updated)

l A

s this
destination
node

Start transmission ]

l

ransmission NO

successful?

End

Figure 6. Message formation and Processing using OLSR Protocol.

4.5.  Ad-hoc On-demand Distance Vector (AODV)

AODV routing protocol is also classified as a reactive routing protocol that established the path
among the vehicle node only if desired. Routes for sending data packets are created only when the
request is received, rather than being determined in advance. It can be applied in either unicast or
multicast types of traffic. For route finding, control messages are employed. When a node needs to
transfer data, an RREQ request from the source vehicle node is sent to the destination of the vehicle
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node. The RREQ message signal is the combination of both source and destination IP and it is tsent in
form of a control message signal. A nearby node responds with a unicast message when it gets an
RREQ message that includes hop count, source and destination sequence numbers, and IP address.
When a link fails, a RERR signal is generated, which includes information about the inaccessible
destination sequence number.

( START ) —=

YES Route NO
£— available?

2 Broadcast to find other
B A E— 2
Update routing table ] nodes in range ]
Transfer message to destination Activate global router repair
i A
YES NO

Is node ready?

a

Receiver node returns ready

signal(route reply message) Route maintenance

!

Activate local router
repair

YES l

Is an alternate

route available in S—

neighbouring
node?

NO

s this
destination
node

[ Start transmission ]

ransmission
successful?

Figure 7. Message formation and Processing using AOVD Protocol.

AODV routing protocol falls in the category of reactive protocol working in a distributed manner
as shown in Figure 7. It does not store information about nodes in its routing table in advance like its
counterpart protocol [28]. It only stores information on one or two routes recently used. Nearby nodes
are detected by periodically transmitting beacon signals, and loops are avoided via hop-by-hop routing.
A route discovery technique is begun by a node using a route request message whenever it needs to
distribute packets in a network. When there is no activity for a particular amount of time, AODV
utilizes the HELLO message to remove the route from the routing database, which is signaled by a
time-out message. A route error signal RERR is issued for error packet broadcasting in the event of a
link failure. A distributed environment is demonstrated in Figure 7, for working on the AODV routing
protocol. It does not, like its counterpart protocol, retain information about nodes in advance in its
routing table [28]. It merely keeps track of one or two recent routes. To avoid loop-free routing, the
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protocol uses periodic beacon signals to determine the identity of neighbor nodes, and the route is
calculated hop-by-hop using sequence numbers. Whenever a node requires a new data packet to be
sent in-network, it is sent through the route discovery technique by sending a route request which
consists of source and destination node addresses, the node discovery request also includes a
destination sequence number, hop count, and broadcast ID, are part RREQ message. In a route
discovery process, two connection points are established at the intermediate node across transmission
and receiving nodes. Reactive type protocol takes time to find new routes in case of link failure. The
process adopted for transmitting packets is shown in the flow chart, in case of a link missing the
message is generated for the global route repairing process from the source node.

In the next, the designed system is evaluated based on performance attributes such as PDR, PLR,
throhghput, and end-to-end delay.

5. Experimental results and discussion

This work is conducted through simulations performed in a discrete network simulator platform
NS-3 which is installed on Linux operating system. From the conFigureuration point, selection of the
type of routing protocol, number of packets, node density, and some other parameters including speed
of ambulance node is being controlled by the routing helper, it also controls inter-vehicular distance
and type of mobility model used for this system. Vanetclass was used to govern the overall program
structure. Three distinct network sizes were explored in the simulation, with vehicle numbers ranging
from 15,30, and 45. All the fleet of vehicles moves in a platoon manner which is shown in NS-3
diagram in Figure 8.
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Figure 8. Vehicles are joined in a platoon pattern in NS-3.

To generate routing traffic, the two routing protocols employed in this research are used; each unit
of nodes inside the fleet generates one to two messages per second. The data rate for message
transmission is kept at 8 kbps whereas packet size is fixed at 256 bytes. To examine the behavior of
routing protocols, the Friis propagation loss model is combined with Nakagami fading and a random
waypoint mobility model [36].

The state-of-the-art technique in designing the vehicle platoon for healthcare vehicles is that two
protocols are deployed in order to maintain the adaptive mobility in comparison to existing work [37—39].
In [37], the computation resources of individual vehicles are demonstrated for video scenario. The
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problem is solved using the task offloading scheme by exploiting multi-hop vehicle computation
resources, in addition the optimization is performed to minimize the weighted sum of execution time
and computation cost of all tasks. The results demonstrate the offloading scheme to bring improvement
in response delay. In [38], the work related to the mobility knowledge of predicting the user location
and delivery of processed is carried out using spatio-temporal trajectory data. The results attained the
reduction in delay in information and power consumption of the mobile device compared to the
existing mobility-aware task delegation approach. In [39], the proposed system is based on the solution
of V2V communication for local traffic. The main focus of system was on contention factor. This
factor classifies the overall congestion level. The solution is considered for the comparison of
DIVERT, PANDORA and s-NRR. The results show the network and traffic congestion metrics as
performance analysis.

In comparison to that our work that has been discussed in [37-39], the problem nature and its
solution is considered to be different. Our work is more challenging in the manner as, first the
mathematical model of the vehicle platoon for healthcare vehicles generates the transmission instantly
with the mobility-aware routing protocol to address the emergency communication for Primary Care
System for the Elderly and Toddlers, and second, the performance analysis of the deployed system is
also necessary. The first one solved by two protocols deployed in order to maintain the adaptive
mobility and second problem is solved using combined the Friis propagation loss with Nakagami
fading and a random waypoint mobility model that will maintain the complete performance analysis
of designed novel mathematical model of the vehicle platoon for healthcare using mobility-aware
routing protocol for handling the Primary Care System for the Elderly and Toddlers.

It is important to note that in the past, the single type routing protocols were used in the
autonomous vehicles, and for the few cases of ambulances. In comparison to that our work proposed
the mobility-aware routing protocol approach for Primary Care System for the Elderly and Toddlers
for the first time by deployment of two routing protocols at each unit of nodes. This arrangement seems
unique as inside to that architecture the designed novel mathematical model of the vehicle platoon for
healthcare vehicles generates the transmission instantly due to the mobility-aware routing protocol the
data rate seems high with large packet size. In addition, to above novel design, it is also important to
analyze the behavior of routing protocols. In the past, this analysis is carried out using either Friis
propagation loss model or other models. In comparison to our approach is also novel as we have
combined the Friis propagation loss with Nakagami fading and a random waypoint mobility model
with maintaining the complete performance analysis of designed novel mathematical model of the
vehicle platoon for healthcare using mobility-aware routing protocol for handling the Primary Care
System for the Elderly and Toddlers.

In designing the state-of-the-art technique, the parameters selection criteria of the designed system
are also challenging. In order to resolve the issues various studies have been referred and after the
detailed analysis the baseline methods and parameters of the existing work. The protocols, rate of
transmission, packet size, Ambulances density in platoon system, the type of scenario in which
ambulances are travelling, Speed at which ambulances are travelling and most important operating
system is chosen as the system designed. It is worth to note that the selection of baseline parameters is
crucial and in the past it was only considered for general medical conditions but here in our case it is
different and situation is more critical in comparison to existing work. In order to showcase some of
the main parameters that were used in developing the proposed simulation design for novel
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mathematical model of the vehicle platoon for healthcare vehicles the Table 2 summarizes the various
features, as shown below.

The parameters for the proposed system listed in Table 2 are processed form the massage
formation structure and processing using selected routing protocols i.e. OLSR and AOVD. In the next
massage formation and processing of discussed algorithm are discussed in detail. To perform vehicle
to vehicle communication the protocol used must be reliable to ensure all transmitted messages are
correctly delivered at receiving vehicle node. The performance of message transmission and reception
is evaluated through different measuring parameters in this work which include PDR and PLR,
whereas Throughput and average end delay is also measured. The PDR is set as PDR > 100% for
avoiding the overflow of packets as the vehicle should receive packets that are within its range. The
PDR is calculated using eq. (10) [29].

received packtes (in range)

PDR = (10)

transmitted packets (in range)

Furthermore, the Packet loss ratio and loss packet is calculated using eq. (11) and (12) respectively [29].

LossPackets = TxPackets — RxPackets (11)
LossRatio = LessPackets (12)
TxPackets

Throughput for the scenarios as are calculated as following as in eq. (13) [30].

totalBytesRecieved+*8

Throughput = 1000 (13)

totalSimTime

Average delay is calculated as in eq. (14) [31].

Time a data packets takes to reach at destined node (14)

Average delay =

number of packets transmitted

The next section discusses the generation of messages from source to destination for both routing
protocols, to complete mathematical modeling for V2V communication performance analysis.

Table 2. Simulation details.

Features Description

Category of protocols topology-based routing
Protocol used AODV/OLSR
Transmission rate 8 Kbits/sec

Data packet size 256 bytes

Ambulances density 15to0 45

Environment type Rural, Suburban, Urban
ambulance Speed 20 m/s

Simulation Time (Run Time) 20 sec

Traffic pattern Constant Bit Rate (CBR)
Simulation tool Network Simulator ns-3

Operating system for simulator  Linux
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5.1.System performance analysis

Simulations yielded results for two different routing protocols for non-safety traffic generated by
the fleet of vehicles: OLSR and AODV. Metrics like PDR, Throughput, PLR, and delay are computed
for comparing the performance of both protocols.

5.1.1. Routing message traffic generation

The On/Off Helper library in NS-3 is used to generate routing messages. The duration of a state
is determined by random variables called onTime and offTime. There is no traffic generated in off-
state mode, however, CBR traffic is generated in onTime mode. A data rate of 8 kbps is employed in
the simulation, with a packet size of 256 bytes. The platoon scenario of vehicles is formed using a for
loop, in which the first node receives packets from the second node and the second node receives
packets from the next available node. To obtain reception of an on-off application generated packet,
an on/off trace is used ON/OFF trace has been used for obtaining received packcts which are generated
through ON-OFF application of the simulator. IP address “10.0.1.0” is used with port number 80. Flow
monitor library is used for calculating metrics used in simulations. After simulation, plots are generated
using the completed process output method.

5.1.2. PDR for multiple inter-vehicle distance

Figure 9 indicates the PDR comparison of both OLSR and AOVD routing protocols in V2V
scenario. Figure 9(a) represents the PDR for the OLSR protocol and Figure 9(b) depicts PDR for
AOVD protocol. PDR is calculated against different distance ranges of vehicles 15, 30, and 45. The
graphs show that AODV performance remains consistent until a distance of 500 meters is achieved,
whereas OLSR performance rapidly degrades after 350 meters. AODV gives the highest PDR for the
shortest distance, which is higher than its counterpart.

OLSR Distance vs PDR AQDV Distance vs PDR

15 Nodes ——
30 Nodes —+— |
45 Nodes

15 Nodes ——

30 Modes —<— | A
45 Modes 0.99
1 098
] *

087 -

095 F
09 -
085
08

096 -
075

PDR
PDR

085
07

094 -
065

06 | 093 |

055 | 092 |

05 091
V] 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200

Distance (m) Distance (m)

Figure 9. PDR for various nodes (a) (OLSR), (b) AODV.
5.2.  Throughput for multiple inter vehicle distance

Throughput performance of both routing protocols is calculated for different healthcare vehicular
environment, the number of vehicles considered in the simulation are 15, 30, and 45 for different
intervehicle distances using the Nakagami channel distribution and Friis propagation model. The
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AODV routing protocol achieves nearly constant throughput for all vehicular environments until
intervehicle distances of 800 m are reached, but the OLSR performance drops once distances of 200
m are reached. Figure.10 illustrates the throughput based on different nodes. Figure 10(a) defines the
performance for OLSR and Figure 10(b) for AODV.

OLSRDistance vs Throughput
70 AODVOistance vs Throughput
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Distance (m) Distance (m)
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Figure 10. Throughput for various nodes a. (OLSR) and b. (AODV).
5.2.1. PLR for multiple intervehicle distances

PLR is calculated for different intervehicle distances of different network sizes (15, 30, and 45)
and is defined as the ratio of transmitted packets to received packets. Figure 11(a) shows the
performance for OLSR, and Figure 11(b) shows the response for AODV protocol. Because CSMA/CA
is inherently supported limited number of channels that are assigned for transmission, therefore, traffic
congestion increases, and the loss ratio of AODV for denser network sizes of 45 starts to decrease
rapidly beyond 800 m. However, because OLSR is a more unstable routing protocol, its loss ratio
increases significantly as the intervehicle distances increases for all network sizes. The constant
degradation performance of the OLSR routing protocol is due to routing loop problems that are
observed due to changes in interface state therefore routing table is adjusted manually hence increasing
the delay to find alternate routes for transmission.

5.2.2. Average end-to-end delay

It is the total time duration a data packet takes from its source to reach its destination node. It is
depicted in Figure 12 for different nodes, where Figure 12(a) shows the performance for OLSR, and
Figure 12(b) shows the response for AODV protocol. Due to its proactive nature, OLSR outperforms
its counterpart routing protocol AODV in terms of delay. It takes less time for OLSR to find the route
of transmitting packets because it has already maintained its routing table where paths for packet
transmission are already known, whereas AODV has no path defined and finds it when requested, as
shown in the graphs. The graph shows that when the OLSR routing protocol receives a request, it
takes less time to establish a connection with vehicle nodes. In the event of a densely populated
vehicle environment.
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Figure 11. PLR for different nodes a. (OLSR) and b. (AODV).
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Figure 12. Average E2E Delay a. (OLSR) and b. (AODV).
6. Conclusion and future work

Because of the fast speed, (60-120 km/h), mobility and reliability in healthcare vehicles such as
ambulances are crucial entities to be monitored. Furthermore, adaptive and intelligent routing
protocols must be created for effective and proper communication and content distribution among
vehicles and from vehicle to hospital. Thus, VANET routing protocols used for vehicle to vehilce
communication are studied in detail in this paper. For a fleet of vehicles operating in a platoon pattern,
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the behavior of routing protocols is monitored. Random waypoint mobility models are used in
conjunction with the Nakagami fading model and the Friis propagation loss model. The research
concentrates on non-safety applications in a vehicular setting. For two protocols, proactive OLSR and
reactive AODV, NS-3 is used to run all the simulations. PDR, Throughput, and PLR are the key
parameters that have been set to analyze the behavior and performance of routing protocols with
various network sizes, whereas to check the latency of the system for a total distance of 1200 m,
average end to end delay is calculated. As per simulation results, it is evident that AODV routing
protocol provides improved performance and its delivery of packets is better than its counterpart, more
data packets are delivered at the destination and improved perfroamce in terms of PLR. If compared
in terms of throughput parameter AODV has improved performance but in the case of average end-to-
end delay OLSR emerges as the better option.

In the near future, an efficient and adaptive channel modeling for reliable multimedia transmission
in 5G healthcare networks will be suggested, and for safety application in vehicular healthcare more
improved power control algorithm will be introduced with enhanced energy efficiency.

Conflict of interest

The authors declare there is no conflicts of interest.

References

1. A. H. Sodhro, M. S. Obaidat, Q. H. Abbasi, P. Pace, S. Pirbhulal, A. Yasar, et al., Quality of
service optimization in an loT-driven intelligent transportation system, IEEE Wireless Commun.,
26 (2019), 10-17. https://doi.org/10.1109/mwc.001.1900085

2. A.H. Sodhro, G. H. Sodhro, M. Guizani, S. Pirbhulal, A. Boukerche, Al-enabled reliable channel
modeling architecture for fog computing vehicular networks, IEEE Wireless Commun., 27 (2020),
14-21. https://doi.org/10.1109/mwc.001.1900311

3. A. R. Kaci, Named data networking architecture for internet of vehicles in the era of 5G, Ann.
Telecommun., 76 (2021), 717-729. https://doi.org/10.1007/s12243-021-00866-8

4. P. Fabian, A. Rachedi, C. Guéguen, Selection of relays based on the classification of mobility-
type and localized network metrics in the Internet of Vehicles, Transact. Emerg. Telecommun.
Technol., 32 (2021). https://doi.org/10.1002/ett.4246

5. T. Abar, A. Rachedi, A. Letaifa, P. Fabian, S. Asmi, FellowMe cache: Fog Computing approach
to enhance (QOE) in internet of vehicles, Future Gener. Computer Syst., 113 (2020), 170-182.
https://doi.org/10.1016/j.future.2020.06.026

6. R.V.Hoek, J. Ploeg, H. Nijmeijer, Cooperative driving of automated vehicles using B-splines for
trajectory planning, IEEE Transact. Intelligent Vehicles, 6 (2021), 594-604.
https://doi.org/10.1109/tiv.2021.3072679

7. Z. Zhang, X. T. Yang, Analysis of highway performance under mixed connected and regular
vehicle environment, J. Intell. Connected Vehicles, (2021). https://doi.org/10.1108/jicv-10-2020-
0011

8. D.lJia, K. Lu, J. Wang, X. Zhang, X. S. Hen, A survey on platoon-based vehicular cyber-physical
systems, IEEE Commun. Surveys Tutor., 18 (2015), 263-284.
https://doi.org/10.1109/comst.2015.2410831

Mathematical Biosciences and Engineering Volume 19, Issue 7, 7156-7177.


https://doi.org/10.1109/comst.2015.2410831

7175

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

A. Lakhan, M. A. Dootio, T. M. Groenli, A. H. Sodhro, M. S. Khokhar, Multi-layer latency aware
workload assignment of E-transport 10T applications in mobile sensors cloudlet cloud networks,
Electronics, 10 (2021), 1719. https://doi.org/10.3390/clectronics10141719

A. H Sodhro, Y. Li, M. A Shah, Energy-efficient adaptive transmission power control for wireless
body area networks, IET Commun., 10 (2016), 81-90. https://doi.org/10.1049/iet-com.2015.0368
N. Haddadou, A. Rachedi, Y. G. Doudane, A job market signaling scheme for incentive and trust
management in vehicular Ad Hoc networks, IEEE Transact. Vehicular Technol., 64 (2014), 3657—
3674. https://doi.org/10.1109/tvt.2014.2360883

C.P.S. Carar, J. J. T. Y&ez, H. M. R. L&ez, Performance of reactive routing protocols DSR
and AODV in vehicular Ad-Hoc networks based on Quality of Service (QoS) metrics, Int. J. Eng.
Adv. Technol., 9 (2020), 2033-2039. https://doi.org/10.35940/ijeat.c6608.049420

Y. Lin, X. Jin, J. Chen, A. H. Sodhro, Z. Pan, An analytic computation-driven algorithm for
Decentralized Multicore Systems, Future Gener. Computer Syst.,, 96 (2019), 101-110.
https://doi.org/10.1016/].future.2019.01.031

S. Mohapatra, P. Kanungo, Performance analysis of AODV, DSR, OLSR and DSDV routing
protocols using NS2 simulator, Proced. Eng., 30 (2012), 69-76.
https://doi.org/10.1016/j.proeng.2012.01.835

S. A. Saleh, M. F. Zuhairi, H. Dao, A comparative performance analysis of MANET routing
protocols in various propagation loss models using NS3 simulator, J. Commun., 15 (2020), 537.
https://d0i.10.12720/jcm

T. Mekki, I. Jabri, A. Rachedi, M. B. Jemaa, Proactive and hybrid wireless network access strategy
for vehicle cloud networks, an evolutionary game approach, 13th International Wireless
Communications and Mobile Computing Conference (IWCMCQ), (2017).
https://doi.org/10.1109/iwcmc.2017.7986440

K. L. Arega, G. Raga, R. Bareto, Survey on performance analysis of AODV, DSR and DSDV in
MANET, Computer Eng. Intell. Syst.,11 (2020), 23-32. https://doi.org/10.7176/ceis/11-3-03

A. Kurniawan, P. Kristalina, M. Z. S.Hadi, Performance analysis of routing protocols AODV,
OLSR and DSDV on MANET using NS3, International Electronics Symposium (IES), (2020),
199-206. https://doi: 10.1109/TES50839.2020.9231690

M. I. Talukdar, M. S. Hossen, Reactive and proactive routing strategies in mobile Ad Hoc network,
In Opportunistic Networks, CRC Press, 2021,37-54. https://doi.org/10.1201/9781003132585-3
T. Kaur, A. K. Verma, Simulation and analysis of AODV routing protocol in VANETS, Int. J. Soft
Comput. Eng., 2 (2012), 2231-2307. https://doi.org/10.1.1.206.5788

H. F. Mahdi, M. S. Abood, M. M. Hamdi, Performance evaluation for vehicular ad-hoc networks
based routing protocols, Bull. Electr. Eng. Inform., 10 (2021), 1080-1091.
https://doi.org/10.11591/eei.v10i2.2943

P. K. Shrivastava, L. K. Vishwamitra, Comparative analysis of proactive and reactive routing
protocols in VANET environment, Measurement Sensors, 16 (2021).
https://doi.org/10.1016/j.measen.2021.100051

P. T. K. Bai, M. Sundararajan, Performance efficiency of OLSR and AODV protocols in
MANETSs, Indian J Sci. Technol., 8 (2015). https://doi.org/10.17485/ijst/2015/v8i14/73048

G. Z. Santoso, M. Kang, Performance analysis of AODV, DSDV and OLSR in a VANETS safety
application scenario, 2012 14th International Conference on Advanced Communication
Technology (ICACT), (2012).

Mathematical Biosciences and Engineering Volume 19, Issue 7, 7156-7177.


https://ieeexplore.ieee.org/abstract/document/6174609?casa_token=X55sUMMVE34AAAAA:yP7Jxhzk585VBhOOQ_pRt_vbOZau3zebu3Md5MBUdsgKyHhUWeGvoX3X8bvSYy7YS4futEEB
https://ieeexplore.ieee.org/abstract/document/6174609?casa_token=X55sUMMVE34AAAAA:yP7Jxhzk585VBhOOQ_pRt_vbOZau3zebu3Md5MBUdsgKyHhUWeGvoX3X8bvSYy7YS4futEEB
https://ieeexplore.ieee.org/abstract/document/6174609?casa_token=X55sUMMVE34AAAAA:yP7Jxhzk585VBhOOQ_pRt_vbOZau3zebu3Md5MBUdsgKyHhUWeGvoX3X8bvSYy7YS4futEEB

7176

25

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

. N. Zahid, A. H. Sodhro, U. R. Kamboh, A. Alkhayyat, L. Wang, Al-driven adaptive reliable and
sustainable approach for internet of things enabled healthcare system, Math. Biosci. Eng., 19
(2022), 3953-3971. https://doi.org/10.3934/mbe.2022182

A. H. Sodhro, S. Pirbhulal, Z. Luo, K. Muhammad, Towards 6G architecture for energy efficient
communication in loT-enabled smart automation systems, IEEE Int. Things J., 8 (2021), 5141
5146. https://doi.org/10.1109/1i0t.2020.3024715

Z. Zhang, K. Xu, C. Gan, The vehicle-to-vehicle link duration scheme using platoon-optimized
clustering algorithm, IEEE Access, 7 (2019), 78584-78596.
https://doi.org/10.1109/access.2019.2922981

S. Malik, P. K. Sahu, A comparative study on routing protocols for VANETS, Heliyon, 5 (2019),
e02340. https://doi.org/10.1016/j.heliyon.2019.¢02340

H. Nurwarsito, A. R. Aziz, Implementation of the Friis free space propagation model in the
Dynamic Source Routing (DSR) routing protocol in the Vehicular Ad-hoc Network (VANET)
with  variations of road models, J. Phys. Conference Series, 1962 (2021).
https://doi.org/10.1088/1742-6596/1962/1/012063

L. Cheng, B. E. Henty, D. D. Stancil, F. Bai, P. Mudalige, Mobile vehicle-to-vehicle narrow-band
channel measurement and characterization of the 5.9 GHz Dedicated Short Range Communication
(DSRC) frequency band, IEEE J. Selected Areas Commun., 25 (2007), 1501-1516.
https://doi.org/10.1109/jsac.2007.071002

A. Ueda, T. Fujii, Packet delivery ratio prediction for V2V based on radio environment map
considering hidden terminal problem, Int. J. Intell. Transport. Syst. Res., 19 (2021), 254-263.
https://doi.org/10.1007/s13177-020-00239-w

A. H. Sodhro, N. Zahid, Al-enabled framework for Fog computing driven E-healthcare
applications, Sensors, 21 (2021), 8039. https://doi.org/10.3390/s21238039

S. Ullah, G. Abbas, Z. H. Abbas, M. Wagas, M. Ahmed, RBO-EM: Reduced broadcast overhead
scheme for emergency message dissemination in VANETSs, IEEE Access, 8 (2020), 175205—
175219. https://doi.org/10.1109/access.2020.3025212

R. Mehra, R. S. Bali, P. Kaur, Efficient clustering based OLSR routing protocol for VANET, In
symposium on colossal data analysis and networking (CDAN), IEEE, 2016.
https://doi.org/10.1109/CDAN.2016.7570915

A. Lakhan, M. A. Dootio, A. H. Sodhro, S. Pirbhulal, T. M. Groenli, M. S. Khokhar, et al., Cost-
efficient service selection and execution and blockchain-enabled serverless network for internet
of medical things, Math. Biosci. Eng., 18 (2021), 7344-7362.
https://doi.org/10.3934/mbe.2021363

A. H. Sodhro, Z. Luo, G. H. Sodhro, M. Muzamal, J. J. P. C. Rodrigues, V. C. Albuquerqgue,
Avrtificial Intelligence based QoS optimization for multimedia communication in oV systems,
Future Gener. Computer Syst., 95 (2019), 667—680. https://doi.org/10.1016/j.future.2018.12.008
L. Liu, M. Zhao, M. Yu, M. A. Jan, D. Lan, A. Taherkordi, Mobility-aware multi-hop task
offloading for autonomous driving in vehicular edge computing and networks, IEEE Transact.
Intell. Transport. Syst., (2022), 1-14. https://doi.org/10.1109/tits.2022.3142566

S. Ghosh, A. Mukherjee, S. K. Ghosh, R. Buyya, Mobi-l1oST: Mobility-aware Cloud-Fog-Edge-
loT collaborative framework for time-critical applications, IEEE Transact. Network Sci. Eng., 7
(2019), 2271-2285. https://doi.org/10.1109/tnse.2019.2941754

Mathematical Biosciences and Engineering Volume 19, Issue 7, 7156-7177.



7177

39. T.S. Gomides, R. E. De Grande, A. M. de Souza, F. S. H. Souza, L. A. Villas, D. L. Guidonia,
An adaptive and distributed traffic management system using vehicular Ad-hoc networks,
Computer Commun., 159 (2020), 317-330.
https://doi.org/10.1016/j.comcom.2020.05.027

=TS

) ©2022 the Author(s), licensee AIMS Press. This is an open access
Q&Eﬁ AIMS Press article distributed under the terms of the Creative Commons
o Attribution License (http://creativecommons.org/licenses/by/4.0)

>

Mathematical Biosciences and Engineering Volume 19, Issue 7, 7156—7177.


https://doi.org/10.1016/j.comcom.2020.05.027
http://creativecommons.org/licenses/by/4.0

