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Abstract

In Vehicular Ad Hoc Network (VANET), vehicles on the road provide mainly two types of services to drivers or passengers
inside vehicles, namely, safety and comfort services. Safety messages are time-critical, therefore in this paper we have
proposed a novel Fuzzy Logic based Greedy Routing (FLGR) protocol which assists in delivering safety messages to the
destination vehicle with minimum delay. The proposed FLGR is a multi-hop routing protocol that uses multiple metrics of
neighbor vehicles to decide which neighboring vehicle will be the approximate best next-hop node for further forwarding
the packets. We have used the concept of fuzzy logic that helps in decision making in VANETSs. Fuzzy logic deals with
reasoning that is approximate rather than fixed and exact. Fuzzy logic variables may have truth values that range in degrees
between 0 and 1. The fuzzy logic inference system became important and useful when the values of the decision criteria
are not only vague but uncertain in nature. FLGR is used within the communication range of the current forwarding node
that employs fuzzy logic for selecting the best next-hop node in multi hop VANETSs. We have used the fuzzy logic tool box
of MATLAB to evaluate our protocol. Metrics such as distance, speed, direction, and position of next-hop forwarding node
are put into fuzzy logic system. Thus, our protocol helps in finding the approximate best next-hop node for routing the
safety messages by employing fuzzy logic. It selects the next-hop node having maximum distance, speed, and progress and
minimum angular deviation of nodes towards destination from current forwarding node. Further, FLGR is more suitable
for safety applications in vehicular networks.

Keywords: Fuzzification, Fuzzy Logic, Greedy Routing, Membership Functions, Routing Protocol, Vehicular Ad hoc
Networks

this network is mobile in nature and is free to move ran-

1. Introduction

Wireless network is a kind of infrastructure-less network
where communication between the nodes/devices takes
place with the aid of radio waves. There are many types
of wireless networks, such as wireless mesh networks,
Wireless Personal Area Networks (WPANs), Wireless
Local Area Networks (WLANS), cellular networks, wire-
less Mobile Ad hoc Networks (MANETS) etc. Out of these
wireless networks MANETSs are decentralized kind of
wireless networks. It is named so because each node in
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domly and independently anywhere, in any direction. The
network is ad hoc in nature because it does not rely on a
pre-existing infrastructure. Each node in the network acts
itself as a router to route data packets from one node to
the other.

Vehicular Ad hoc Networks (VANETS), is a special
class of MANET in which vehicles are the highly mobile
nodes. Due to the high speed of vehicles on roads, net-
work topology may change very frequently. However,
compare to MANETS, the movement of nodes in VANETS
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are restricted to the streets/lanes only where in MANETs
nodes can travel anywhere. Vehicular communications
in VANET! has been broadly classified into two types,
namely, Vehicle-to-Vehicle (V2V) and Vehicle-to-Infra-
structure (V2I) communications as shown in Figure 1.
In VANETS each vehicle is termed as a smart vehicle as
they are equipped with multi interface cards as well as
sensors, both on board and externally. Thus in next few
years almost majority of vehicles will be equipped with
on-board wireless device, namely On Board Unit (OBU)
and Tamper Proof Device (TPD) which has the vehicles
secret information. A typical smart vehicle has the follow-
ing components and technologies, namely, 1. Global Posi-
tioning System (GPS) receiver, which enables positioning
and navigation services, 2. A wireless transceiver, which
helps in V2V and V2I communications, 3. A Central
Processing Unit (CPU), which facilitate the implementa-
tion of application and communication protocols, and 4.
Various sensors deployed inside and outside of a vehicle
which helps in sensing various factors like (speed, accel-
eration, etc.).

VIV Communication

Figure 1. Vanet communications.

Several technologies are explicitly involved in VANETs
like GSM, UMTS, and Wi-Max limited Wi-Fi. Wireless
Access in Vehicular Environments (WAVE) is the mode
of vehicular operations in VANET. It is also known as
IEEE 802.11p wireless standard which is specially meant
for VANET. It is a member of IEEE 802.11 family. The
recent advancements in the field of ITS has led to the
development of Dedicated Short Range Communica-
tion (DSRC) protocol, which is designed to endorse high
speed, low latency V2V and V2I communications using
the WAVE standards®>~4. Now days VANETSs are known
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for providing three main applications, namely, road-
safety applications, traffic monitoring and management
applications, and infotainment services. For the success
of any type of above mentioned applications, there is a
need of an efficient routing protocol. Routing is the pro-
cess of finding optimal path and then sending data packet
from one node to another until the message eventually
reaches the destination node. In VANETS, vehicles may
be densely populated on roads in cities or on highways. It
may be possible that the source and destination vehicles
are at great distance from each other. Therefore, there is a
need of intermediate nodes for forwarding messages from
source node in the network which are destined for some
destination node. The process of routing using interme-
diate nodes between source and destination is known as
multi-hop routing.

There are many types of routing protocols for VANETS
like topology based, cluster based, broadcasting based,
position based etc. These routing protocols take several
aspects into account during route establishment which
decide and influence the routing decision. But still there
is a need to develop an eflicient routing protocol that
can deal with highly dynamic nature of the network and
imprecise information. Since each vehicle in VANET: is
GPS enabled it helps keeping track of its neighbor nodes,
therefore position-based routing is the most suitable rout-
ing protocol for highly dynamic type of networks such as
VANET. As source and destination nodes may be at great
distance from each other, therefore selection of next for-
warding node by packet carrier node is an essential activ-
ity in multi-hop routing.

Since wireless communications are unreliable and
vehicles can move at a high speed. Therefore, develop-
ing reliable and efficient routing protocol in VANETS: is
very challenging. Also minimizing end-to-end delay in
sending information from source to destination vehicle/s
is another major key challenge in VANETs. Therefore,
researchers are putting lots of efforts in developing ways
which can fulfill these requirements. Academicians have
investigated intensely position based greedy routing pro-
tocols for VANETs. Research in the area of fuzzy logic
decision making system is in boom and many research-
ers are applying this method in various applications.
Also, fuzzy techniques and methods are being employed
in the development of intelligent system for decision
making, optimization etc. by considering several crite-
rions as an input to fuzzy systems. Wang Xiao-bo et al.>
considered two characteristics of VANETSs like route life
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time and moving direction of vehicles and employs fuzzy
logic to make optimize routing decisions. They also then
proposed a novel routing protocol FCAR (Fuzzy Con-
trol based AODV Routing) based on traditional AODV.
Authors in ¢ have proposed a new protocol that mini-
mizes message overheads by using the concept of fuzzy
logic. They have considered three metrics namely, inter-
vehicle distance, node mobility, and signal strength of
Current Forwarding Node (CFN) which serves as an
input to fuzzy systems. Thus, fuzzy decision making sys-
tem aids in the selection of next relay node by calculat-
ing the fitness value for each neighbor node of CFN and
then selects the one which has maximum fitness value.
Ghafoor et al.” proposed a new SRR (Stability and Reli-
ability aware Routing) protocol. This protocol exploits
fuzzy logic with position based routing to select the best
preferable neighbor node around a CFN using distance
and direction of neighbor nodes as two input metrics to
fuzzy decision making system. Further, the authors have
also provided a way that helps the nodes in the network
to tackle the network disconnectivity problem. SRR uses
a mechanism to cache data packets once the network
is disconnected and then switch back to SRR in a con-
nected network scenario.

In this paper, we have explained greedy routing
approach which uses a fuzzy logic system to enhance
multi-hop routing in VANETs. Fuzzy logic concept
helps in achieving dependable solution to route finding.
It also helps in selecting the next-hop forwarding node
for further transmission in multi-hop VANETs. There
are many network simulators like NCTUns®, NS-2,
NS-3 etc. for evaluating the performance of routing
protocols in vehicular networks. In our work, we have
used a Fuzzy Logic Toolbox of MATLAB? for evaluating
our protocol. The remainder of this paper is organized
as follows. Section 2, briefly introduces the basic con-
cepts of fuzzy logic used in this work. Section 3 gives
a detail description of the proposed work and section
4 presents the results of simulations done using fuzzy
tool box of MATLAB. Finally we present our conclu-
sions in section 5.

2. Fuzzy Logic Systems

Fuzzy logic is a mathematical logic that deals with rea-
soning that is approximate rather than fixed and exact.
Fuzzy logic systems are capable of solving imprecise prob-
lems efficiently. It includes fuzzy rules which describe the
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nodes mobility in an adaptable way with the traffic envi-
ronment. In fuzzy logic system, we assign multiple values
to a wide spectrum of vague data as an input in order to
attain the most accurate conclusion possible!®. There are
basically three steps involved as shown in Figure 2 in
order to implement fuzzy logic technique to a real life
application. These are 1. Fuzzification 2. Fuzzy Inference
System (FIS) and 3. Defuzzification.

Fuzzification is the process of converting the classi-
cal data also known as crisp data into a linguistic vari-
able using the Membership Functions (MFs) stored in the
fuzzy knowledge base. A numerical variable takes some
numerical values e.g. speed is 50 km/hr, whereas a lin-
guistic variable takes linguistic values e.g. speed is very
high. These linguistic values constitute a fuzzy set. Thus,
linguistic variables are those variables that can take words
as its values in natural languages, where these words are
characterized by fuzzy sets defined in the Universe of Dis-
closure in which variable is defined!!.

Fuzzy Inference System maps inputs by combining
a set of membership functions with the control rules to
fuzzy outputs. It provides natural thinking mechanism
based on human knowledge that include imprecision and
ambiguity as shown in Figure 2. The two common types of
FIS are Mamdani and Sugeno. In this work, we are using
Mamdani fuzzy model. Defuzzification is the process of
converting the fuzzy output of the FIS to crisp value using
MFs. Different methods like Centroid of Area (COA) or
Mean Of Maximum (MOM), Fuzzy Mean (FM) etc. can
be used to get a quantifiable result. Our work is focusing
on COA method for Defuzzification.

Fuzzy Knowledge
Base

Figure 2. Selection of Node A as next-hop node in FLGR

The major motivation of the fuzzy logic system is to
accomplish considerable improvement in the perfor-
mance of the original greedy routing protocol through
the improvement in the procedure of selecting the next-
hop forwarding node for further transmission.
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3. Proposed Work

There are many types of routing protocols in VANET: as
stated above in this paper. But the most suitable one for
highly dynamic vehicular networks is a position based
greedy routing protocol. Greedy routing protocol is a
mathematical process used to ascertain a feasible solu-
tion that may or may not be optimal'2. This strategy is
powerful enough for getting a solution that works well
for a wide range of applications. Generally, routing proto-
cols based on greedy approach proficiently computes an
optimal solution. Therefore, in light of this understand-
ing of greedy approach many routing protocols in highly
dynamic networks forwards the packets greedily from
one node to another in the network.

In this work, we have assumed that the sending and the
receiving vehicles are far away from each other and all the
vehicles are GPS enabled. Furthermore, we have used the
term vehicle and node interchangeably hereafter. Also, we
assume that every node knows its own position through
GPS receiver and position of its neighbors by exchanging
Hello messages periodically. Therefore, network needed
intermediate vehicles which will assist in packet for-
warding between source and destination. Furthermore,
it is known as position based routing because OBUs are
attached on all the vehicular nodes therefore packet car-
rier node is aware of the position of its neighboring nodes
and the position of destination node. In this section, we
have proposed the FLGR protocol which incorporates the
concept of fuzzy logic for selecting the best next-hop for-
warding node.

3.1 Fuzzy Logic Assisted Greedy Routing
(FLGR) Concepts in VANET

Due to the unique characteristics of the VANETs and being
a highly dynamic network, selecting next-hop neighbor
node is a challenging task. Therefore, we considered many
criteria when we select best next-hop neighbor node in
VANETs. We use a Fuzzy Logic assisted Greedy Routing
(FLGR) protocol to select the next forwarding node!3. The
selected next-hop forwarding nodes can provide reliable
packet forwarding with a high efficiency. In FLGR, the
selection of next-hop node for routing depends on mul-
tiple metrics of vehicles, namely, its speed, distance from
packet carrier node, its direction relative to Current For-
warding Node (CFN) or packet carrier node, its progress
towards destination from CFEN etc. The fuzzy logic system
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is a system that provides reasonable decisions based on
input membership functions and a group of fuzzy rules
similar to the way the human brain operates and thought
processes. Therefore, FLGR offers a more logical and con-
sistent way to formalize subjective inputs and perform
well in decision making systems, control and prediction
processes. FLGR is used to select the next-hop neighbor
node intelligently based on above mentioned metrics and
thus it facilitate in minimizing delay and sending time-
critical safety messages to the neighboring vehicles in the
network.

In FLGR, the Current Forwarding Node (CFN) trans-
mits a packet to a destination via intermediate nodes.
Therefore, the packet carrier node selects the best next-
hop node among various other neighboring nodes from
the right half of the circular region as we can see in the
Figure 3 by employing the concept of fuzzy logic. During
next-hop node selection process we have considered mul-
tiple routing metrics such as distance of neighbor node
from source, direction, speed, and position towards des-
tination from source for each of the candidate neighbor
nodes. These routing metrics are considered as an input
of the fuzzy decision making system through which fuzzy
output is calculated for each neighbors. The neighbor
node with the maximum value of fuzzy output is selected
as the best preferable next-hop neighbor node around a
source/CFN.

™ ™ @ Internal Nodes
@ Exiernal Nodes
L] of
F
[ ] R
@
G <
L] D
H
- [ ]

Figure 3. Selection of node a as next-hop node in flgr.

3.2 Next-hop Node Selection using Fuzzy
Logic System

In FLGR, all the nodes in the network periodically broad-

cast the Hello packets. A sender node on receiving the

Hello packet from the nodes in its transmission range R

gets aware of its neighbors. In this case, the source node
is unaware that which neighbor node is best next-hop
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neighbor node to forward the packet for the routing
purposes. Therefore, fuzzy logic is the efficient solution
to this uncertain type of problem. As stated above, four
metrics are being considered namely, distance, direction,
speed and position of neighbor nodes to opt for the best
possible node for further routing the packet. The FLGR is
used to select the next-hop forwarding nodes on the rout-
ing path through V2V communication processes. In this
way, a node evaluates the neighbor according to the above
metrics. Moreover, through exchanging Hello messages,
each node maintains the routing process for each neigh-
bor within the communication range of the forwarding
node. For further transmission, these routing results are
used.

As shown in Figure 3, FLGR selects the node from
the neighboring nodes as the next-hop node which is
at maximum distance from the source node and closer
to destination node. The next-hop node travels at a very
fast speed towards destination, forming minimum angle
(between itself, current forwarding node, and destina-
tion node), and has maximum progress towards des-
tination from current forwarding node. In the Figure

3, the current forwarding node is the source node S.
Source node S has seven neighbors within its trans-
mission range R, namely, A, B, C, E, F, G, and H. These
neighbors are internal nodes placed inside the circle.
External nodes outside the transmission range (circle)
can be used as intermediate node for further transmis-
sion. We have discarded nodes E, F, G, and H as they
are not in the direction of destination node and are far
away from the destination too. Thus, we evaluate only
the neighbors in the right half of the circular region as
shown in the figure above. FLGR selects node A as the
next-hop forwarding node as it is positioned at maxi-
mum distance from source compare to nodes B and C
(dI>d2 and d1>SC). It forms smallest angle ASD («a) as
compared to angles BSD (B) and CSD (x) respectively.
Also, node A is at maximum speed (assumption) com-
pare to node B and C. Furthermore, node A has made
maximum progress towards destination from node S as
compare to other nodes. The entire proposed work is
summarized with the help of an algorithm and flowchart
given in section 3.3 and Figure 4 respectively. Section
3.4discusses these metrics in details.

S: Source Node

CEN: Current Forwarding Node

TN: Total Number of Neighbors of CFN
SNN: Selected Next-hop Node

BNN: Best Next-hop Node
MAX: is a counter
Node_id: Vehicle’s Identification number

1. Set CFN=S§

o

and output metric.

Set MAX=10

NI W

For (i=1,node_id=1;i<=TN;i++,node_id ++ )

{

progress towards destination.

Define fuzzy sets for each input and output variables and represent them with membership functions for each input
Generate fuzzy rules in the form of IF-THEN statements with the help of various routing metrics defined.

If destination is in the maximum transmission range of CFN, then exit.

7. Find classical data for the neighbor node i.e. distance from CFN, its direction relative to CFN, its speed and its

8. Input this real world numerical (classical) data into fuzzy system.
9. Generate fuzzy values by using fuzzy MFs defined in step 2 for each input metrics.
10. Input the fuzzy values obtained in step 9 to fuzzy inference system.

11. Map the fuzzy values to pre-defined IF-THEN rules obtained in step 3 and combine all the rules together to obtain
fuzzy output whose value reveals the best next-hop node.
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12. Convert the linguistic result into a numerical value (defuzzify) using the predefined output MF and defuzzification
method

13.if (crisp value>= MAX)
{
MAX = crisp value;
SNN = node_id;
}

}// end of for loop
14.Set BNN = SNN
15. Update CFN = BNN
16. Repeat steps 4 to 15.
17.End

3.3 Algorithm for FLGR Protocol

i

| Apphy D=fm..rﬁ..at|:-n

Dariva firmry satz for sach input and output
varisblas and reprasant them with MFz
Genarate firrry mile: with the halp of
varions routing matrics dafinad

Is Diestination in Nax = Crigp Walue
the Maximum l

Transmission
Bang oIl | Selected Nest Hop Mode [SHN) =Mods_id |

Seti=1, Node_ig=1 | | =i+ |
F ® :
Find clazzical data for the naizhbor nods Mode_id = Node_id+1
for =ach of tha four input variablas

Input this real wordd

numerical {classical) data

into firrmy 2yztem
Genersta firmry valpes by uwsing fumry
MFz for each input metrics

T | Set Bast Mext hop Node (ENN) = SMN |
/ Enter these Fuzzy Values to FIS /

T | Update Cuemant Forwarding Noda= BN |

Map tha firry values to pre-definad Furey miles
and combine gl the milss tossther to obtzin
firzzy output whosa vales revesls the best namt-

%
&

-

Ztap

Figure 4. Forwarding technique in FLGR.
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3.4 Performance Metrics Analysis

e Distance: A source/ CFN upon receiving the Hello pack-
ets from its neighbor A, calculates the distance between
itself and its neighbor A. We assume that all the vehicles
are having same transmission range R over which stable
communications can take place. Therefore, the average
distance between the two nodes will be®

d
—, d<R

dist(A)=< R (1)
1, d>R

Where, d is distance between two nodes as shown in
Figure 5. The distance metric indicates the distance of
neighbor node from the source node within the transmis-
sion range R. The higher the value of distance, the more
the node is closer to the destination node, thus following
greedy method. It means that higher distance leads less
number of hops between source and destination nodes.
Therefore, FLGR protocol forward traffic safety messages
to next neighbors timely.

NN
>\/

Distance metric calculation.

Figure 5.

e Speed: The speed of the vehicles is also one of the
dominating factor which helps in deciding in the
selection of next-hop forwarding node. In this work,
we have assumed the speed of vehicles in the range of
0 km/hr to maximum of 100 km/hr.

e Direction of Next-hop Forwarding Node: This
metric also plays a significant role in selecting the
best next-hop node. The direction of vehicles is con-
strained to the roads in vehicular networks. We have
assumed that source/CFN and destination are mov-
ing in the same direction. In'*-1¢ node A is being
selected as a next-hop node as direction SA is more
close to direction SD (i.e. angle ASD) than direction
SB as shown in Figure 6. Therefore, angle between
the next-hop node, current forwarding node and the

Vol 8 (30) | November 2015 | www.indjst.org

destination node (bearing angle) can be calculated as
follows 7

dx (dx,)+dy. (dy,)

cCosa =
Ja@x ) +(dy. ). Jdx, f +@dy, P

Where, co-ordinates of source node S and node A are
(x5 y5) and (x,, y,) respectively.

Figure 6. Direction metric representation.

e Position Metric: In VANETS;, all the vehicles are GPS
enabled and known as smart vehicles. Therefore, it
becomes easier to know the position information of
neighbor nodes. In this network, each vehicle wishes
to know its own position using GPS receiver and posi-
tion of its neighbors by exchanging Hello message
periodically. It means local information like location,
direction, speed, and current time can be determined
easily. Moreover, source node knows the position of
destination node using some location service!8. There-
fore, it becomes easy to compute the position metric
for any neighbor node in VANET. In'®, Position met-
ric (Posyy) of a neighbor node has been defined as
ratio of distance between forwarding node and a point
on straight line SD as shown in the Figure7Projection
A’ of a neighbor node A lies on the line SD having

distances Q.
e/
T

\/ \/

Figure 7. Position metric calculation.

As shown in the Figure 7, the position metric is defined
as given below
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q
Posy, =— 3
0s 0 ( )

Similarly, the progress made by a next-hop node is
defined by equation given below

d2+Q2_d!2
q:—

20 (4)

Thus, position metric facilitate in finding the progress
of neighbor node towards destination from source node
and helps in deciding the best next-hop node for further
transmission.

4. Results Analysis

Numbers of topology based and position based routing
protocols have been proposed for VANETs. Each has its
own advantages and disadvantages. Greedy approach
based position based routing protocols are found more
suitable for VANETs and needs further improvements
in these routing protocols. To know their behaviour by
considering different metrics in different circumstances
we have analysed greedy routing protocol based on Fuzzy
inference system.

FLGR protocol uses the fuzzy logic concept in decid-
ing which neighbor node can be selected as the next-hop
node to forward the packet from source node to destina-
tion node in the networks. In order to develop the sys-
tem to make routing easier, we have taken four important
routing metrics, namely distance, direction, speed and
position as inputs variables for Fuzzification. Thus, we
have calculated an optimum fuzzy value using MATLAB
which decides the best next-hop forwarding node. We
have used Gaussian Membership Functions (MFs) in our
analysis because it is suitable for highly dynamic random
networks such as VANET. These MFs are presented well
in the next sub sections.

4.1 Input Variables for Fuzzification

All the simulation metrics are illustrated as follows:

e Distance: Here the distance input is classified into dif-
ferent linguistic variables which are defined as follows
in Table 1

X—Co

1
Gaussian (x,c,0)=e > ©
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Table 1.

Linguistic variables for distance metric

Very Close (0 - 30 meters)

Close (30 -75 meters)

Intermediate (75 -125 meters)
Far (125 - 175 meters)
Very Far (175 = 250 meters)

For each performance metrics, Gaussian membership
function is used as defined in equation 5, based on which
five MFs for fuzzy sets are defined as shown in the Figure 8.

Where, x is a linguistic variable, c and o are MFs center
and MFs width respectively.

1 *—_ﬂ)’
B0

()] I'le'r‘yC!ass(xf =exp =(

ifx—rsy®
(i) Prioes (%) = exp™ E( a:)
_ ix-azeo
(]ll) I'lfntmdigcs(x) = exp :( =0 SJ
ey (.r—r.vs)z
%&r(x) =exp z' so

4% —25
) Brerypar() = exp™ 55

Figure 8. Membership functions for distance metric.

Further, Figure 9 shows the Gaussian curves for respec-
tive membership functions. The source node uses these
MFs of distance metric to compute which degree the dis-
tance factor belongs to i.e. very close, close, intermediate,
far, and very far.

Degree of Membership

Distance between Source and Next-hop Neighbor Node

Figure 9. Graphical representation of distance member-

ship function.

e Direction: Similarly, we can define Gaussian mem-
bership functions for direction variable. We have
taken the range of cosa between 0 and 1 as we have
considered only the neighbors in the right half of the
circular region i.e. 1*t and 4% quadrant only as shown
in the Figure 6. The direction variable is categorized
in following three fuzzy sets as shown in Table 2 with
their respective membership functions given below in
Figure 10.
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Table 2.

Linguistic variables for direction metric

Less directed (0 - 30 degrees)

Mid directed (30 - 65 degrees)
More directed (65 — 90 degrees)
. " 1{*'-_,3” i

® HiessDirectsa(X) = exp =\ 0

_ afx—ssy®
(D)usiapirsctea(®) = exp "‘{ “s)
1fx—sn}

(ﬁi}l'l'ifamnﬁ-actad (.'I.') = exp zl[ =

Figure 10. Membership functions for direction of next
forwarding node.

The graphical representation of MFs for direction met-
ric is shown in Figure 11. We can easily see the member-
ship degree of direction metric together with the help of
membership functions and direction input.

s & & o

=

Dregree of Membership

-
]

-

— -
L] 1w o £
Angle between Source Node and its Neighbor Node

Figure 11. Graphical representation of direction member-
ship function.

e Speed of Neighboring Vehicles: This is an important
metric in analyzing the selection of next-hop node
while network topology is frequently changing due to
highly dynamic nature of vehicular nodes in VANETs.
We have classified the speed metric as follows in
Table 3.

Table 3. Linguistic variables for speed metric
Very Low (0 - 20Kms/Hr)

Low (20 - 35Kms/Hr)

Medium (35 - 55Kms/Hr)

High (55 - 75Kms/Hr)

Very high (75 - 100Kms/Hr)
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For the above speed classifications the membership
functions are defined and graphically shown as under in
Figure 12 and in Figurel3 respectively.

@ I-IVs-rytaw(I) =exp i(%?“)’

) () =

1fx—s5)®

B e

L
ﬁmigh(x) = gx“p_ i(x‘x:g)
=0 x—_M)‘

{Y) Weryﬁmh(x) = exp 2( 28

Figure 12. Membership functions for speed metric.

™ B . 100

w w6
Speed of Neighbor Node

Figure 13. Graphical representation of speed membership
function.

e Position Metric: This metric helps in estimating the
progress distance of a neighbor node towards desti-
nation node by drawing a projection on the line SD
as shown in Figure 3. We have classified this metric
into four membership functions as shown in Table 4
according to the progress distance from the source
vehicle and mathematically presented these MFs in
the Figure 14.

Table 4. Linguistic variables for position metric
Very Close (0 - 30meters)
Close (30 - 90meters)
Far (90 - 175meters)
Very far (175 - 250meters)

LW)’ :

(j)l'l"s‘f‘;)'f.‘!ase(x) = E‘xp_ i( B0

(i) peoss(x) = exp™ L)

1 X175
({itpar () = exp™ 35
1 2!
@\ﬂ “Ve'ryFa.r(x) = EJ‘.'II_ —3(’”—7:“)2

Figure 14. Membership functions of position metric.

Figurel5 shows the MFs of position metric graphi-
cally. Basically, source or CFN uses these membership
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functions of position metric to compute the degree mem-
berships belongs to {very close, close, far, very far}.

1

Degree of Membership

o L] 100 150 0

TR SN 5 S ORI T T L T S R T

Figure 15. Graphical representation of position member-
ship functions.

4.2 Output Variable

The output reflects the features of routing metrics which
helps in deciding the best next-hop node for routing. The
output optimum function value lies between 0 and 100,
and is also defined by Gaussian MF. Thus, the output vari-
able is classified as very low, low, medium, high, and very
high as shown in Table 5. The greater the value of this
function, the higher the chances of that neighbor node
to get selected. The membership functions of above clas-
sification are given in Figurel6 and its graphical repre-
sentation in Figure 17 shows the degree of membership of
output variable which is calculated using these MFs and
output metric.

Table 5. Linguistic variables for output variable

Gl —ep

1fX—T

g}flllmgh(ﬂ =exp ;( =

Very Low (0-15)
Low (15 - 35)
Medium (35 -55)
High (55 - 70)
Very high (70 - 100)
aEE
@ Waryrow(x) = exp” 5
1fx—zs)?

1fx—co)?

(i) prraium () = exp™ 330

n}*

ifX—ipD =

() "'Va'ryﬂ'jgh(x) = exp__z[: 50

Figure 16. Membership functions of output variable.
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' I a8
Figure 17. Graphical representation of output member-
ship function.

4.3 Rule base Fuzzy Inference System (FIS)
for Metrics

In FIS, the human knowledge is represented in terms of
fuzzy IF-THEN rules. These rules are designed to bond
the input and output variables having in knowledge the
routing criteria of greedy based routing protocol. This
fuzzy based IF-THEN rule is a conditional statement
expressed as!!

IF <fuzzy preposition>, THEN<fuzzy preposition>

Where, IF-part of the rule is known as antecedent or
premise and the THEN-part of the rule is known as the
consequent or conclusion. Consider Rule 1 of Table 6.
As shown in the table, if distance is Very Far and direc-
tion is less and position is Very Far with Very High speed
then the fuzzy output is Very High. When the distance
of the neighbor vehicle is very large from the source/
CEN within the communication range, then the number
of nodes required for forwarding the time-critical safety
messages and number of hops can be reduced. Moreover,
when the speed of the vehicle is very high, neighbor nodes
are more likely to move out of the transmission range but
on the other hand are more likely to reach the destination
in a short time-span compare to other nodes. This helps
in reducing end-to-end delay.

If the neighbor node forms fewer angles with itself,
previous node and the destination node then it is more
likely to be very far away from the CFN. Thus, its progress
towards the destination is very large and helps in reduc-
ing the number of hops between source and destination
node. In this case, the fuzzy output is defined as very high
as given in the table. In this way, keeping into mind all
these facts and notions, we have designed rules to get
the optimum value of the neighbor nodes. Among these
neighboring nodes the node having maximum optimum
value will be selected as the next-hop forwarding node.
There are 300 possible rules are defined for this work. We
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Table 6. Fuzzy based inference rules

Rule 1 Very Far Less Very High Very Far Very High
Rule 2 Very Far Less High Very Far Very High
Rule 3 Very Far Less Low Very Far Low
Rule 4 Very Far More Very Low Very Close Very Low
Rule 5 Far Mid Very High Far Very High
Rule 6 Far Mid High Far Very High
Rule 7 Far Mid Medium Far High
Rule 8 Far Mid Low Far Mid
Rule 9 Far Mid Very Low Far Low
Rule 10 Intermediate Mid Very High Far High
Rule 11 Intermediate Mid High Far Mid
Rule 12 Intermediate Mid Medium Far Low
Rule 13 Intermediate Mid Low Far Low
Rule 14 Intermediate Mid Very Low Far Very Low
Rule 15 Close More Very High Close Mid
Rule 16 Close More High Close Mid
Rule 17 Close More Medium Close Low
Rule 18 Close More Low Close Very Low
Rule 19 Close More Very Low Close Very Low
Rule 20 Very Close More Very High Very Close Mid
Rule 21 Very Close More High Very Close Mid
Rule 22 Very Close More Medium Very Close Low
Rule 23 Very Close More Low Very Close Very Low
Rule 24 Very Close More Very Low Very Close Very Low
Rule 25 Very Far Less Medium Very High Very High

have considered at random any twenty five possible rules
as shown in Table 6. Table 7 shows the snapshot of 9 such
possible rules using fuzzy tool of MATLAB.

Table 7. Fuzzy Rules

Fle Edit View Options

1. 1 (Distance s Very-far) and (Angle is Less) and (Speed is V-High) and (Poston is V-Far) then (Optimum
2. If (Digtanca is Very-far) and (Angle s Less) and (Speed is High) and (Postion is V-Far) then (Optimum-Fi |
3.f (Distance is Very-far) and (Angle is Less) and (Speed is Low) and (Postion &8 V-Far) then (Opﬁmurr#Fk
4. 1f{Distanca is Very-far) and (Angle is More) and (Speedis V-Low) and (Posfion & V-Close) then (Ontim
5. I (Distance is Far) and (Angle s Mid) and (Speed is V-High) and (Postion & Far) then (Optimum-Function
6. If (Digtanca i Far) and (Angle & Mid) and (Speed s High) and (Fostion i Far) then (Optimum-Funclion &
7.1 (Distanca is Far) and (Angle & Mid) and (3peed is Medium) and (Postion i Far) then (Opfimum-Functior
8. If (Digtanca is Far) and (Angle i Mid) and (Speed s Low) and (Poston s Far) then (Optimum-Function is
9. If (Digtanca i Far) and (Angle i Mid) and {Speed is V-Low) and (Positon is Far) then (Optmum-Function
¢ n | i
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4.4 Defuzzification

Defuzzification is a necessary and important process of
producing a quantifiable result in fuzzy logic. In the real
world, we need a single numerical value as an output to
any problem which can be used by any application instead
of getting results in linguistic forms like very close, close
etc. Therefore, in this work defuzzification has been
applied to obtain the crisp value of optimum function. As
depicted in above sub section, FIS decisions are based on
the testing of all the rules. The rules defined in Table 6
must be somehow combined together to make a decision.
Therefore, before defuzzification aggregation process is
done in which all the fuzzy sets that represent the out-
puts of each rule are combined together to obtain a single
fuzzy set. Thus, this single fuzzy set obtained serves as an
input to a defuzzification process and output of each rule
will be the single number. There are many methods of
defuzzification. Here we have used the centroid method
which is the most widely used method and calculated as
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- I H(x)xdx

COA =
J utodz

(6)

Where, x denotes fuzzy variable and i(x) represents its
membership function. It is also known as center of gravity
or Center Of Area (COA) method which gives the crisp
value of the fuzzy optimum function. Figurel8 shows the
defuzzified value by a red vertical line in last column and
explained in the next sub section through an example.

4.5 Example Scenario

In this example, IF distance is very large, speed is very high,
angular direction is less and progress distance towards the
destination is too large THEN in that case fuzzy optimum
function value is high as shown in Figure 18. Thus, the IF-
part of the rule “distance is very high” is called the ante-
cedent or premise and the THEN-part of the rule “fuzzy
cost is high” is known as the consequent or conclusion’.
In our simulation work, we have considered a case where
distance of candidate node from current forwarding node
is 233 meters moving with a speed of 93.2kms/hr having
angular direction 20.1 degrees and progress towards des-
tination is 190 meters. In this situation the fuzzy output
will be 70.5. This output value denotes optimum function
value of a specified neighbor node which will be selected
as a next-hop forwarding node for further transmission.
It reveals that the optimum function increases when dis-
tance and speed of neighbor nodes within the transmission
range increases, direction get minimized, and progress of
nodes towards destination from current forwarding node
is more. Thus, in this way we will be able to select that
neighbor node as the best next-hop node which has maxi-
mum value of this optimum function and therefore helps
in reducing the delay in delivering the packets in VANETs.

Optimum
Function

HENHYEEESERR S S Somanaan

e gz 1m2 1

I WVertical red line in the last column shows defuzzified value

Figure 18. Example of fuzzy inference system.
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Furthermore,the FLGR protocol evaluates optimum
function values of forwarding nodes considering inter-
vehicle distance, speed, transmission range, received
signal strength, angular direction of node, progress dis-
tance etc. Three dimensional (3-D) Figures 19, 20, 21
and 22 demonstrate the way fuzzy logic makes inference
with the above discussed fuzzy based rules. These figures
depict the correlation behaviour between input and out-
put variables. In Figure 19, the 3-D graph shows the value
of optimum function that increases when the distance of
neighbor node from the source node is more than 190
meters and angle between the source/CFEN, neighbor
node, and the destination is less than 50 degrees (yellow
portion of graph).

Figure 19. Optimum function for various distances and
angles.

Figure 20 shows the correlation behavior between
inputs, namely, distance and speed and output optimum
function. As the distance and speed of neighbor node
from the source/CFN increases, the value of optimum
function increases. In this case, the fuzzy output will be
very high. This is shown by the dark yellow topmost part
of the correlation 3-D graph.

Figure 20. Optimum function for various distances and

speed of neighbor node.
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We use Figure21 to show the distribution of optimum
function values for speed and relative angles. As shown
in the figure, optimum function decreases as the angu-
lar direction of neighbouring nodes with respect to line
drawn between source and destination increases. For
maximum speed towards destination the FLGR has better
optimum function and gives better results.

Figure 21. Optimum Function for various angles and

speed of neighbor node.

In Figure 22 as both position and speed differ-
ence increases the optimum function of fuzzy decision
increases (dark yellow topmost part of the correlation
3-D graph). In this case, the path delay between neigh-
bour vehicles increases, but overall end-to-end delay
between source and destination node decreases. This is
because, as the distance (position) towards destination
from current forwarding node increases it leads to lower
number of hops between source and destination nodes in
the network (dark blue part).

Figure 22. Optimum function for various positions and
speed of neighbor node.

5. Conclusions

This work focuses on the application of fuzzy logic sys-
tems in position based greedy routing approach in
VANETs. As fuzzy logic systems are an effective means of
conflict resolution of multiple criteria and better assess-
ment of options. In this paper, we have proposed a Fuzzy
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Logic based Greedy Routing (FLGR) to select the best
next-hop forwarding node for further transmission. The
adaptive feature of the FLGR protocol makes it suitable
for rapid arrival and departure characteristics of vehicu-
lar networks. FLGR considers the percentage of vehicles
travelling in the same direction and status of vehicles as
inputs of the fuzzy decision making system to tune and
optimize the membership functions of the designed
fuzzy inference system according to the vehicular traffic
characteristics.

The proposed protocol has been designed successfully
based on four routing metrics of neighboring vehicles
to select the best next-hop node and optimized path.
Also, MATLAB simulations were successfully carried
out for significant gains of FLGR in terms of fuzzy out-
put as optimum function. Thus it aids in the selection
of best next-hop node with minimum delay in various
traffic conditions. This work can help those researchers
who would like to implement ad hoc networks routing
protocols.
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