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Abstract Survival of a patient depends on effective data
communication in healthcare system. In this paper, an
emergency routing protocol for Vehicular Ad hoc Network
(VANET) is proposed to quickly forward the current patient
status information from the ambulance to the hospital to
provide pre-medical treatment. As the ambulance takes time
to reach the hospital, ambulance doctor can provide sudden
treatment to the patient in emergency by sending patient sta-
tus information to the hospital through the vehicles using
vehicular communication. Secondly, the experienced doc-
tors respond to the information by quickly sending a treat-
ment information to the ambulance. In this protocol, data is
forwarded through that path which has less link breakage
problem between the vehicles. This is done by calculating
an intersection value I, for the neighboring intersections
by using the current traffic information. Then the data is for-
warded through that intersection which has minimum 7,4
Simulation results show VehiHealth performs better than P-
GEDIR, GyTAR, A-STAR and GSR routing protocols in
terms of average end-to-end delay, number of link breakage,
path length, and average response time.
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Introduction

VANET is an advanced wireless communication technology
in which vehicles communicate to transfer important info-
mation [1-4]. This is mainly used to reduce the accidents on
the roads by sending emergency messages to the vehicles. In
VANET system, each vehicle can send, receive, store, and
compute the information. VANET provide many types of
applications like internet access, media downloading, safety
systems, etc. Many car producing companies like BMW,
Daimler, Ford, etc. uses the VANET technology to provide
Intelligent Transportation Systems (ITS) applications to the
users [5-9]. It is mainly implemented in Europe, USA and
Japan by using standards like DSRC with 75 MHz spectrum
and 5.9 GHz of radio frequency [10, 11]. Figure 1 shows the
architecture of VANET in which the vehicles use vehicle to
vehicle (V2V), vehicle to Road Side Unit (RSU) and RSU
to vehicle communication. RSU is a static unit which acts
as a router to connect the vehicles with the server.

VANET provides ITS services to support the healthcare
system, where the ambulance acts as a communication node
and can send and receive information [3]. In recent years,
wireless communication is a need for the medical systems
to provide better and faster services to the patients [12-29].
In medical systems, ambulance plays an essential role in
saving a life [30-33]. But sometimes, an ambulance may
face problems while taking a patient to the hospital like
traffic congestion and long distance. In this situation, if a
patient suddenly goes through serious health problems like
breathing, pain, heart attack, etc. then a sudden treatment is
required which is impossible. At this emergency time, the
ambulance doctor should provide life saving treatments by
consulting the experienced doctors [12—15]. The ambulance
doctor sends the patient current status information (images,
reports, etc.) to the nearby hospital to get a sudden response.
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Fig. 1 Data forwarding from I;
to I

For this method, the data should be quickly forwarded to get
a sudden treatment response.

The main problem with VANET is that the vehicles move
with random speeds [9]. This creates link breakage prob-
lem in VANET, where a vehicle becomes out of range of
another vehicle. This creates a problem in forwarding the
data to the next vehicle. This increases the delay to forward
the data to the hospital. So, VehiHealth is proposed to for-
ward the data quickly to the hospital as soon as possible.
This method is a cost free application where the vehicles
send the data to the destination without using the web. Vehi-
Health forward the data through the most connected and
stable path, where the vehicles are highly connected to each
other and take minimum delay to transfer the data to the
destination. The main contribution in this paper is shown as
follows:

1. An emergency routing protocol is proposed to send the
patient current status information to the nearby hospital
as soon as possible to get a sudden treatment response.
The data is forwarded through that neighboring inter-
section, which has minimum /y47ye. Ipaiue 1S calculated
by considering the shortest path to the hospital, delay to
forward the data from one intersection to another, vehi-
cles stability between the intersections, and number of
link breakage. The data is forwarded in a connected path
which takes minimum delay.

2. The treatment response information is forwarded from
the hospital to the moving ambulance.
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3. Alink breakage recovery method is proposed to connect
the vehicles which suffers from network gap problem.

The paper is organized as follows: “Related works”
describes about the standard routing protocols used for
vehicular communication. “Proposed routing protocol”
describes about the proposed VehiHealth routing protocol
and its functionality. “Simulation and results” presents the
simulation results of the protocols. “Conclusion” presents
the conclusion of the VehiHealth routing protocol.

Related works

To provide faster data transmission, many vehicular rout-
ing protocols are proposed [1-3, 34, 35]. These protocols
provide ITS services to the passengers and drivers. In this
paper, we use the standard routing protocols like P-GEDIR,
GyTAR, A-STAR, and GSR routing protocols to forward
the data quickly from the ambulance to the hospital and
compare their performance with VehiHealth.

Greedy Traffic-Aware Routing (GyTAR) [36] protocol
is proposed to forward the data quickly to the destination
by selecting the efficient junction among the neighboring
junctions. Junction is selected by finding a score for the
neighboring junctions and the junction with maximum score
is selected as the next junction. It uses a Cell Data Packet
(CDP) information to aware other vehicles about the current
traffic information. But this increases the congestion in the
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network and if link breaks then the traffic information is not
updated and false score calculation occurs. This increases
the delay in the network.

Anchor-based street and traffic aware routing (A-STAR)
[37] uses a predefined path which in which the vehicles are
mostly connected. This consists of buses and vehicles with
a high transmission range. But if it needs to send the data
in other paths it may increase the delay due to less density
of vehicles. This lacks information about the link breakage
ahead.

Geographic source routing (GSR) [38] protocol is pro-
posed to send the data in a shortest path to the destination
by sending the data to the vehicles which are nearest to the
destination. It increases the delay due to lack of information
about the traffic ahead.

Greedy Perimeter Stateless Routing (GPSR) [39] is pro-
posed to send the data through the vehicle which is nearer
to the destination, but if a local optimum problem occurs, it
goes to perimeter mode. In this mode, it uses planar graphs
to recover from this problem. If network gap occurs regu-
larly, then this protocol always stays in perimeter mode and
this reduces its performance. This lacks knowledge about
the traffic condition and link breakage ahead.

Chen et al. [40] proposed diagonal-intersection-based
routing (DIR) protocol to forward the data quickly by choos-
ing the best diagonal intersections. The path is selected by
finding a delay and the path with minimum delay to trasfer
the data to the diagonal intersection is selected as the next
intersection. Auto-adjustability of the system increases the
performance of the network.

Chou et al. [41] proposed an Intersection based routing
scheme to forward the data through the optimal intersec-
tions. To select the optimal intersections, forwarding delay
and carrying delay are calculated. The neighboring inter-
sections with minimum forwarding and carrying delay is
selected as the next intersection.

Raw et al. [42] proposed a Peripheral node-based GEo-
graphic DIstance Routing (P-GEDIR) protocol to send the
data quickly to the destination by using the peripheral nodes.
The nodes nearer to the boundary takes minimum delay to
forward the data to the destination. This lacks knowledge
about the traffic conditions and link breakage ahead.

Liu et al. [43] proposed a Stable Direction-Based Routing
(SDR) protocol to send the data to the destination through
a stable path. A Link expiry time is calculated to execute
the communication process between the vehicles. The vehi-
cles in the same direction use RREQ broadcasting scheme
to discover the route. This creates a congestion in the
network.

El-Masri et al. [44] proposed an emergency system to
facilitate healthcare facilities to the patient by searching
the nearest ambulance to the patients location. This system
also finds the nearest hospital to the patients location and

forward the patients health information to the healthcare
department to provide pre-medical treatment.

Pavlopoulos et al. [45] developed a device to provide
pre-hospital treatment to the patients. This provides tele-
diagnosis and teleconsultations. This connects the patient
with the expert doctor to provide quick consultancy and
suggestions to save a patients life in an emergency.

In summary, these standard routing protocols are used for
vehicular communication to transfer the data quickly from
the source to the destination. VehiHealth emergency routing
protocol is proposed to transfer the ambulance information
quickly to the hospital and vice-versa. This data transfer
should be quick to save a patients life. VehiHealth takes
minimum delay to forward the data by estimating the traffic
condition and link breakage ahead. VehiHealth is compared
with other standard routing protocol to identify the perfor-
mance. It provides a better support to the healthcare system
by saving patients life. The notations used in the paper are
shown in Table 1.

Proposed routing protocol
System model

In this protocol, the city is considered as a graph G where
the roads connecting the intersections are considered as
edges and the intersections as vertices. Vehicle uses GPS
service to know their own location. Vehicle and RSU bea-
cons at a particular interval of time to aware other vehicles
about their position, speed, identity, and direction. A vehi-
cle forwards the data to that vehicle which moves in the
same direction. We assume that the ambulance knows the

Table 1 Notation Table

Descriptions Notations
Ambulance A
Hospital H
Vehicle 14
Intersection 1
Source S
Destination D
Shortest Path Pshortest
Static Vehicle Vitatic
Range R

Time t
Intersection value Loalue
Distance d

Speed v
Message length 1

Channel rate

~
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locations of the hospitals (H, H», H3, ..... , Hyp) in the city
areas, where & is the number of hospitals in the city. Hos-
pital uses radio communication to support effective data
communication. Ambulance consists of emergency medical
instruments like first aid, breathing machine, electrocardio-
gram machine, multifunctional monitor, etc. RSU is fixed at
the intersection to control the data communication by stor-
ing the current traffic information received from the vehicles
using the beaconing service. RSU and vehicle have enough
storage to keep the data.

Functionality of VehiHealth

In emergency medical situation, the ambulance quickly
sends the current patient status information to the hospital
to get a quick treatment response. The data is forwarded
by selecting the best intersections by calculating 7,4, for
the intersections. The main objective of VehiHealth routing
protocol is to forward the data through that route which is
highly connected (vehicle are connected to each other) with
less link breakage problems. This reduces the delay to trans-
fer the data to the hospital and receive a response as soon as
possible.

Functionality of the protocol starts with initializing the
data forwarding from the ambulance A to the nearest hospi-
tal. According to Fig. 1, A first finds the nearest hospitals
(Hy, H>, H3) in the city by using the Dijkstra algorithm
according to its position. Ambulance A finds H as the
nearest hospital and the shortest path to the hospital H; is
represented as Psporrest = A — 11 — I[h — Hj. After
getting the Pgjorrest, A forward the data to the single near-
est intersection /1. A forward the data to /; using multihop
communication where a vehicle forward the data to the vehi-
cle Viipses: in the range which is closest to the destination
(I1). The distance is calculated using Euclidean distance
AV Vagosesr = V(X1 = x2)2 + (y1 — y2)? where (x1, y1) and
(x2, y2) are the locations of vehicles Vi and Vi jysesr. In
Fig. 1, the data is forwarded using the multihop communica-
tion in the path A — V| — V, — [I;. We assume that when
a vehicle with the data come nearer to the intersection it han-
dovers the data to the RSU. Vehicle V, when reaches nearer

to I handovers the data to the RSU which is the decision
maker. RSU further decides where to forward the data using
the intersection values of all the neighboring intersections
(I3, I3, 14). The algorithm for data transmission is shown in
Algorithm 1.

Algorithm 1 Forwarding data from ambulance A to
RSU at 1

1: A calculates the Py to the nearest hospitals
(H, H,, H3) v Dijkstra algorithm

2: A selects the hospital H which has minimum
Pshortest

3: for A to RSU do

4: if RSU is in the range R then
5: | Handover data to the RSU
6: else

7: Find Veosest

8: Send data to Vi ysest

9: end if

10: end for

After receiving the data from V,, RSU needs to calcu-
late the intersection values of the neighboring intersections
(12, I3, 14). To calculate the 1,47y, RSU uses the computa-
tion module to compute the values and forward the values
to the decision module. The decision module decides by
selecting the intersection which has minimum /. and the
data is transferred in that direction. The computation mod-
ule needs many elements to calculate the 1,47, like position
coordinates of the vehicles between the intersections, delay
to forward the data from one intersection to another, short-
est path to the hospital H, average speed of the vehicles
between the intersections and number of link breakages.
RSU computation and decision module is shown in Fig. 2.

RSU predicts the position coordinate of a vehicle by find-
ing the distance d; 4yeizeq by a vehicle after the last beacon.
RSU stores the information of a vehicle when it passes
the intersection by using the beaconing service. If at time
tposition, the position of a vehicle is estimated to be:

Fig. 2 Computation module
and decision module for RSU

diravelled = Vbeacon (tposition — tpeacon) (1)
RSU
delay(l1,12)
Link Breakage
Waie Decision Module
Speed Computaion g Interesction =) Intersection Selected
Module -
Shortest Path Selection
Location
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where Vpeqcon 18 the speed of the vehicle in the last beacon
message and fpeqcon 1S the last time at which RSU receives
the beacon message. After getting d; qyeijed, coordinate of
a vehicle is estimated and position of the vehicle is known
to the RSU. RSU finds the locations of all the vehicles
between the current intersection and neighboring intersec-
tion. But for how many number of vehicles RSU predicts
the locations. This is done by calculating a time #.4¢;, Which
signifies the maximum time a vehicle takes to reach an inter-
section from other intersection. Then #,.,.p 1S calculated as
follows:

droad
treach = La (2)

Uminimum

where d, .44 is the distance between the current intersection
and the neighbor intersection and vyinimum 1S the average
minimum speed a vehicle moves between the intersec-
tions. RSU only predicts the positions for those vehicles
which crosses the intersection between (?posirion — treach)
and ?posirion- Then the coordinates which lies between the
intersections are considered as the valid vehicles. Vehicle
position estimation process is shown in Algorithm 2.

Algorithm 2 Estimating vehicle position between the
intersections

1: RSU receives the data at intersection [/
2: RSU finds the position coordinate by dayeiied =

Vbeacon (tposition — Tbeacon )
3: RSU finds teqcn bY: treach = %
if vehicle moves between (7 osision = treach ) and
tposition then
: | position of the vehicle is considered
. else

5
6
7: |  position is not considered
8
9

»

. end if
. if droad > diraveiiea then
10: |  Position is valid
11: else
12: | invalid
13: end if
14: Valid positions are used to find logical path of
transmission P;,usmission

After RSU estimates the valid positions of the vehicles,
it finds a logical data transmission path P;qnsmission- This
logical path is used to calculate the I,4;,.. The path signi-
fies the connectivity of the vehicles from one intersection to
another. According to the positions estimated, Ptransmission
is generated by the range of the vehicles. Vehicle selects
Veiosest to forward the data. So, according to Fig. 1, RSU
logically finds V3 in its range R as Vi jysess to the intersec-
tion I5. Then it finds V4 as Vijysesr for vehicle V3. RSU
continues the process until another intersection is reached.

So, according to Fig. 1, the logical path of transmission
Pirasmission=RSU — V3 — V4 — V5 — Vg — RSU.

After getting the logical Pirgnsmission, RSU expects the
data transmission time f,4nsmission 10 the path. If a message
of length [ bits is send from a vehicle V; to V; then expected
delay t;rqnsmission 18 calculated as:

l n dw,,v)

+ trest, (3)
ratecy,,v,) Propspeea

ttransmission(Vl Vo) =

where rate(y, v,) denotes the channel rate, d(y,,v,) shows
the distance between the vehicles and Propspecq denotes

the propagation speed. % signifies the transmission
ate(vl V)

d . . .
delay, 512 - signifies the propagation delay and 7, sig-

Pro, d
nifies the glsllgleling delay and processing delay. In VehiHealth
protocol, only transmission delay and propagation delay are
considered to calculate t;4nsmission- If data is forwarded in
the logical path of data transmission Py,qpnsmission, then the
expected ransmission t0 forward the data from intersection

I to I, is shown as follows:

ttransmission(ll ) = ttransmission(RSU, V3)
+ttransmission(V3, V4)
+ttransmissi0n(V4, Vs)
+ttransmission(V5, Vo)
+ttransmission(V6,RSU) (4)

RSU stores the expected t;ransmission(I;, 1) and calculates
the number of link breakage in the Py ansmission- AS vehi-
cles are connected, there is no link breakage in Py qnsmission-
Then RSU finds the shortest paths from the current intersec-
tion /; to the hospital H, and from the neighbor intersection
I, to the hospital H>. RSU then calculate the average
speed of the vehicles between the intersections (/1 17). RSU
uses these elements to calculate the I, for the neighbor
intersection (/) and it is calculated as follows:

lyaiue = Number of link breakage + tiransmission(I,. 1)

2. Un ©)

Number of vehicles

Pshortestngighhor

thortest(.ur,gm

Number of link breakage in the Prransmission Should
be minimum, so that the vehicles are highly connected.
Expected data transmission delay ;ransmission(ly,1,) Should
be minimum to forward the data to the neighbor intersec-
tion. W;”l)ehm signifies the average speed of the
vehicles between the intersections. It shows the stability

. . . Z Upn
of vehicles between the intersections. If Number of vehicles
P.vhartestnei
: : ghbor
is less, then the vehicles are more stable. Prhoriestomyer

denotes the closeness of the neighboring intersection (/>) to
the hospital (H) and the value should be minimum. These
four parameters should be minimum.

Tyaiue is calculated for all the neighboring intersec-
tions (12, I3, 14). Then the computation module forward the
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Lyaiye of all the neighboring intersections to the decision
module. Then the decision module decides and selects the
next intersection by selecting the intersection which has
minimum /y,7,.. Then the data is forwarded in that direc-
tion which has minimum /,,;,.. The data is forwarded
with the position and speed information of all the vehi-
cles between the intersections. This process continues until
the data reaches the last intersection /;,5;. Then the data is
forwarded to the hospital H> by using the multihop commu-
nication by selecting the V5.5 vehicles. Intersection value
calculation is shown in Algorithm 3.

Algorithm 3

1: RSU estimates the positions of the vehicles
between the intersections

2: for Iy to Ijgy do > gy is the first
intersection to receive data from A

Intersection value Calculation

3: if / is not equal to /;,;, then

4: RSU finds Pjransmission Y the range of the
vehicles

5 if vehicle is out of range then

6: |  link breakage

7: else

8 | no link breakage

9: end if

10: RSU finds the number of link breakage in
P, transmission

11: RSU calculates the average speed of the
vehicles between the inter-sections

12: RSU calculates the shortest paths
Pslmrrest,,(.w/,,,,,, and Pshortesru,,.,.u,,,

13: RSU calculates 7,4, = Number of
link breakage + trrzmsmi.&sirm(l.,13) +

Number of vehicles .

RSU calculates 1,4, for all the neighboring intersections

14: Forward data in the direction of min (I,4.)

15: else

16: Forward the data by multi hop
communication by selecting Vi, vehicles

17: end if

18: end for

After the patient data reaches the destination (H>), the
experienced doctors from the hospital analyzes the report
and quickly sends a treatment message to the moving ambu-
lance A. We assume that, the ambulance uses the same path
which it always uses to carry the patients. Then hospital
H, predicts the current position of the moving ambulance
to find the target Z(x4, y4) coordinate. Let the total delay
(A, H) to forward and analyze the data from the ambulance
to the hospital is calculated as follows:

z‘(A,H) = tgeneralel(A) + ttrunsmission(A,H) + tanalyze(H)
+tgenerat62(H) (6)

where tgenarare1 (4) 1S the time to generate the patient current
data, transmission(A, H) 1S the time to transmit the data from
the ambulance A to the hospital H, t4n41yz¢(m) 1S the time to
analyze the data by the experienced doctors and fgenerare2(H)
is the time to generate the treatment response message. Let

@ Springer

the time when t,4nsmission Starts is represented as fsz4,+ and
the time when fgenerare2(H) €nds is represented as fepq. We
assume that ambulance A sends its speed Vgmpuiance and its
location to the hospital H. Then the distance moved d,pyeq
by the ambulance A is calculated as follows:

dmoved = (tend - tstart)vambulance (7)

From Eq. (7), the Z(x4, ya) coordinate is estimated and
the data is forwarded in the direction of Z. The message
contains ambulance identity, coordinate of Z and treatment
data. After getting the treatment information, the ambulance
doctor saves the life of the patient in an emergency situation.
Fig. 3 shows the data forwarding from the hospital to the
moving ambulance. Data forwarding process from hospital
to ambulance is shown in Algorithm 4.

Algorithm 4 Forwarding data from Hospital to
Ambulance

1: Hospital finds the target Z (x4, ya)

2: Hospital H initializes the data forwarding in the
direction of Z(x4,v4)

3: Hospital forward the data to the first intersection

Ifirst by USing vclo.vest vehicles

for Ifirst to L5 do

if / is not equal to /;,; then

RSU receives the data

RSU updates position Z by: dyoveq(a) =

leirst is I
> I[m, is 11

A A

T ransmission (H, Ifirst) XVambulance

D yransmission (HI ) =tiMe tO transmit
data from H to nearest

first intersection

8: RSU forward the data to the intersection
with min (Ivalue)

9: else

10: Forward the data using V.. vehicles
11: end if

12: end for

Link breakage recovery

Link breakage recovery method is proposed to connect the
vehicles which suffers from network gap problem, where
a vehicle is out of range of another vehicle and the link
between the vehicles break. The victim vehicle Vy;ctim,
which carries the data, when encounters a gap between itself
and the forward vehicles, it adjusts its speed according to
the data forwarded by the RSU. As assumed, RSU for-
wards the data with the locations and speeds of the vehicles
in the Prransmission- Vvietim adjusts its speed according to
the speeds and locations of the vehicles. In this model, we
assume that a vehicle moves in a constant speed Vgyerage-
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Fig. 3 Data forwarding from H

Hyto A 1 !:
................... =

Every vehicle has its own maximum and minimum speeds
(Umax and Vpin). So the Vgyerage 1 represented as vpqy >
Vgverage = Umin. S0 vehicle can increase its speed to
Vincrease O decrease to Vjecrease (in the range of v, to
Umax)- According to Fig. 4, Vpackwara 1S the vehicle which
has a higher speed among the vehicles in the backward posi-
tions of Vyicrim. Vorwara is the vehicle which is out of
range, but nearer among the vehicles in the forward posi-
tions. Algorithm 5 shows the recovery method from the link
breakage problem.

Algorithm 5 Link Breakage Recovery Method

1 0 Voieiim >V forwara then > Speed of
victim vehicle is greater than forward vehicle

2: if Viicim > Voackwara then > Speed of
victim vehicle is greater than
backward vehicle

3: | Vyierin  €nhances its speed to Vincrease

4: else if gap is present then

5: Vyierim  decreases its speed to Veerease

6: Send data to  Vipuewara after it overtakes

Vviczim

7: else

8 Vyierim - carries the data by enhancing

its speed

9: end if

10: else
11: | Continue step-2 to step-9
12: end if

The time f.,yer to cover the communication gap distance

. . dga
dgap at an instant s calculated as p—r- fv; —
ing the speed of Vyjcrim, time fyper can be reduced. This
reduces the delay to forward the data from the source (A/H)

to the destination (H/A).

. By adjust-

Simulation and results

VehiHealth is evaluated by comparing with P-GEDIR,
GyTAR, A-STAR and GSR routing protocols. Performance
evaluation is done by considering four parameters discussed
as follows:

1. Average End-to-End Delay: This is the average delay to
send a data packet from the ambulance to hospital.

2. Number of Link Breakage: This represents the total
number of link breakage in the path, when data is
forwarded from the ambulance to the hospital.

3. Path Length: This represents the total number of vehi-
cles used in the path to forward the data from the
ambulance to the hospital.

4. Average Response Time: This represents the average
time to send a response packet from the hospital to the
moving ambulance.

In this simulation, the simulation area is considered as a

square grid, where 36 intersections are considered and the
distance between the intersections is set to 3000 m. The

@ Springer
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Fig. 4 Recovery from link d
breakage problem (( )) R gap (( ))
9 ,
- ﬁ @I‘ 1Vf0rward o
RSU 2 Vil R e ¥
1 ey backiad | o RSU,
(= | =

numbers of vehicles between the intersections are varied
from 20 to 100 to identify the performance of the protocol.
The speed of the vehicles is assumed to be constant between
the intersections. The speed limit of the vehicles is varied
between 50 to 90 Km/H. Vehicle range is set to 250 m and
RSU range is set to 500 m. The packet size is set to 512
bytes and channel rate is set to 2 Mbps. The simulations are
performed in MATLAB version R2013a (8.1.0.604). The
experiments are carried in two scenarios, where in the first
scenario, the speed of the vehicles is varied from 50-70
Km/H and in the second scenario, the vehicles speed limit
is varied from 50-90 Km/H. Simulation environment is set
according to Table 2 and shown as follows:

According to Figs. 5 and 6, VehiHealth performs bet-
ter than GyTAR, A-STAR, P-GEDIR and GSR routing
protocols. VehiHealth takes minimum delay to forward the
data to the hospital. In Fig. 5, when the number of vehicles
between the intersections increases, delay reduces due to
high chance of connectivity between the vehicles. Accord-
ing to Fig. 5, VehiHealth takes an average of 3.74 s, where
GyTAR, A-STAR, P-GEDIR and GSR takes an average
of 4.74, 9.16, 12.18 and 13.42 s respectively. In Fig. 6,
when speed increases, there is a high chance of link break-
age which leads to carry and forward mechanisms. This
increases the delay to forward the data to the hospital, where
Fig. 5 takes minimum delay. According to Fig. 6, Vehi-
Health takes an average of 5.32 s, where GyTAR, A-STAR,

Table 2 Simulation setup

Parameter Parameter value
Number of intersections 36

Distance between the intersections 3000 m
Number of vehicles between the intersections 20-100

Vehicle speed 50-90 Km/H
Vehicle range 250 m

RSU Range 500 m

Packet size 512 bytes

Rate 2 Mbps

@ Springer

P-GEDIR and GSR takes an average of 5.92, 11.84, 14.86
and 16.5 s respectively.

According to Figs. 7 and 8, VehiHealth performs better
than GyTAR, A-STAR, P-GEDIR and GSR routing pro-
tocols. VehiHealth encounters minimum number of link
breakage problem. In Fig. 7, when the number of vehicles
between the intersections increases, number of link break-
age reduces due to high chance of getting a vehicle in the
range. According to Fig. 7, VehiHealth takes an average
of 0.6 number of link breakage, where GyTAR, A-STAR,
P-GEDIR and GSR takes an average of 1, 2, 2.8 and 3.2
numbers of link breakage respectively. In Fig. 8, when speed
of the vehicles increases, there is a high chance of link
breakage problem. This increases the number of link break-
age, where Fig. 7 takes less breakage. According to Fig. 8,
VehiHealth takes an average of 1.2 numbers of link break-
age, where GyTAR, A-STAR, P-GEDIR and GSR takes an
average of 2.2, 4.4, 5 and 5.6 numbers of link breakage
respectively.

According to Figs. 9 and 10, VehiHealth performs better
than GyTAR, A-STAR, P-GEDIR and GSR routing proto-
cols. VehiHealth uses less number of vehicles to forward
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Fig. 5 Average end-to-end delay with speed 50-70 Km/H
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Fig. 6 Average end-to-end delay with speed 50-90 Km/H

the data in the path. In Fig. 9, when the number of vehicles
between the intersections increases, link breakage reduces
and chance of getting a vehicle in the range increases to
select Vijpses- Carry and forward mechanisms uses many
vehicles between the intersections which increases the path
length. According to Fig. 10, VehiHealth takes an average
path length of 62.2, where GyTAR, A-STAR, P-GEDIR and
GSR takes an average of 64.4, 67, 69.4 and 71.2 respec-
tively. In Fig. 10, when speed of the vehicles increases, there
is a high chance of link breakage problem. This increases
the path length, where Fig. 9 takes short path. Accord-
ing to Fig. 10, VehiHealth takes an average path length of

12
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Fig. 7 Number of link breakage with speed 50-70 Km/H
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Fig. 8 Number of link breakage with speed 50-90 Km/H

64.2, where GyTAR, A-STAR, P-GEDIR and GSR takes an
average of 65.8, 69, 70.8 and 73 respectively.

According to Figs. 11 and 12, VehiHealth performs better
than GyTAR, A-STAR, P-GEDIR and GSR routing proto-
cols. VehiHealth takes minimum average response time to
forward the data to the ambulance. According to Fig. 11,
VehiHealth takes an average of 2.14 s, where GyTAR, A-
STAR, P-GEDIR and GSR takes an average of 2.42, 7.56,
10.58 and 11.42 s respectively. In Fig. 12, when speed
increases, there is a high chance of link breakage prob-
lem. This increases the delay to forward the data to the
ambulance, where Fig. 11 takes minimum delay. According
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Fig. 9 Path length with speed 50-70 Km/H
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to Fig. 12, VehiHealth takes an average of 3.42 s, where
GyTAR, A-STAR, P-GEDIR and GSR takes an average of
3.84,9.24, 12.38 and 13.7 s respectively.

Table 3 shows the traffic information of a city, which
presents the average density of the vehicles moving in the
same direction between the junctions at different timings
(day and night). This information is used to compute the
end-to-end delay at the given timings.

From Table 3, it is observed that at the morning time
6:00 AM to 8:00 AM and at the night time (10:00 PM
onwards) the density is low. When there is less density
(10, 20, and 40), vehicles encounter communication gaps
and this increases the end-to-end delay because of carry
and forward mechanism. From Fig. 13, it is observed that
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Fig. 11 Average response time with speed 50-70 Km/H

@ Springer

45 T T T T T T T
—A— VehiHealth
4 —&— GyTAR |
—o— A-STAR
—O— P-GEDIR
¢ —A&—GSR ||

n N @
=] o S

—_
(5]

Average response time(seconds)

0 i 5
20 30 40 50 60 70 80 90 100
Number of vehicles

Fig. 12 Average response time with speed 50-90 Km/H

communication is possible between 6:00 AM to 8:00 AM
and when the density is 20 at 7:00 AM, the average delay
is less than 10 s. When the density is moderate and high
after 9:00 AM, the average delay between 9:00 AM to 20:00
PM is less than 20 ms. At night time after 22:00 PM to
00:00 AM, the communication is possible and the aver-
age delay is less than 20 s. The average end-to-end delay
after 00:00 AM is too high and it is difficult for the rout-
ing protocol to forward the data to the destination due to
less density of vehicles. Therefore, according to the traffic
information shown in Table 2, the routing protocol performs
well in this scenario from 6:00 AM (morning) to 00:00 AM
(midnight).

Table 3 Density of vehicles at different timings

Time Density Density characteristics
6:00 AM 10 Low

7:00 AM 20 Low

8:00 AM 40 Low

9:00 AM 50 Moderate
10:00 AM 70 High
11:00 AM 80 High
12:00 PM 60 Moderate
14:00 PM 50 Moderate
16:00 PM 60 Moderate
18:00 PM 70 High
20:00 PM 60 Moderate
22:00 PM 40 Low
23:00 PM 20 Low
00:00 AM 10 Low
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when the speed vehicles are set between 50-90 Km/H

Conclusion

VehiHealth promises a better routing protocol to support
healthcare system by providing pre-medical treatment to
the patients in emergency situation. It is a cost effective
routing solution where the data is send to the destination
free of cost by using ad hoc communication. To forward
the data, intersections are selected by finding [, of the
neighboring intersections. The minimum 7,4, intersection
is selected as the next intersection through which the data
is forwarded. This method reduces the end-to-end delay
by predicting the connectivity of the road. So, the path
which is highly connected and takes minimum delay is
selected as the next path. This method supports the medi-
cal system by attaining faster data exchanges between the
ambulance and hospital. From the simulation results, it
is observed that VehiHealth performs well from morning
hour 6:00 AM (morning) to 00:00 AM (midnight). How-
ever, after midnight to 6:00 AM its performance reduces
and the end-to-end delay is high due to few or no vehicles
between the junctions. In future, we will focus on the data
communication between the ambulance and hospital at mid-
night and early morning time using wireless communication
technology.
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