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Abstract: Due to the limitations of the urban environment, the data transferred between vehicles
can only change direction at the intersections. Therefore, the routing decision at an intersection will
largely affect the overall routing decision. In this article, we propose an Intersection-Based Routing
with Fuzzy Multi-Factor Decision (IRFMF), which utilizes several factors to decide the next road
segment. In the scheme, each intersection introduces three factors including the direction, the number
of lanes, and the traffic. After the fuzzification and defuzzification of these factors, the candidate
segment with the highest evaluation will be selected. The simulation shows a significant improvement
of VANETs performance on packet delivery ratio and end-to-end delay.
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1. Introduction
The Vehicular Ad hoc Network (VANET) is created by applying the principles of the
Mobile Ad Hoc Networks (NANETs) to the vehicle, which is an important part of the
Intelligent Transportation System (ITS) framework [1–3].
VANET can be regarded as a special practical application of wireless ad hoc networks
(Ad Hoc Network). However, due to the network characteristics of VANET, such as
high dynamic topology, strict delay requirements, high mobility, predictable trajectory,
unlimited energy, accurate positioning, etc., its application prospects are bright and broad.
The research scope spans three traditional research fields of the intelligent transportation
system, computer network, and wireless communication, which makes the research on
VANET attract the attention of many academic and industrial circles. VANET is now
generally divided into three types of networks, namely Vehicle-to-Vehicle (V2V) ad hoc
network, Vehicle-to-Infrastructure (V2I) network, and Hybrid network [4–6].
The main task of VANET is to transmit the collected or received data in a timely
and efficient manner; however, due to the constraints of the urban environment, data
transmission and forwarding between vehicles can only proceed along existing roads, and
the direction changes during the data transmission and the forwarding can only appear at
intersections. Therefore, vehicle routing decisions largely depend on the data forwarding
decisions at the intersection; the data forwarding decision at the intersection determines
the forwarding direction and the road section of the data in the next stage, which affects
the data delivery rate and delay rate of the overall routing, and it also affects the quality of
the routing decision. It can be said to a large extent that the decision of intersection data
forwarding determines the overall routing.
The quality of a decision is affected by many factors, and if there are many factors,
it is difficult to quantify them specifically in the process of evaluation and implementation.
Moreover, it is difficult to give relative weight because it is difficult to judge the importance
of the impact factors at the same level. The actual situation of humans evaluating things is
that it is very difficult to estimate the real original value of each evaluation object, but it is
easy to make a fuzzy evaluation of it with natural language, and it is easy to make a rough
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estimation of the relative size or the quality of its weight through a fuzzy number [7–9].
In this case, it is more appropriate to use the method of Triangular Fuzzy Number (TFN)
for evaluation [10,11]. TFN number is a method to transfer fuzzy and uncertain linguistic
variables to definite values. Using TFN in the evaluation method can solve the contradiction
that the performance of the evaluated object cannot be accurately measured, but it can only
be evaluated by language.
At intersections, there are many factors that affect the data forwarding decision, such
as vehicle density, signal lights, destination location, road width (number of lanes), etc.
Here, we select three factors including vehicle density, direction, and traffic to complete
the decision making of the intersection. Firstly, a complete link is established in advance
using vehicle speed between every two adjacent intersections, if it exists. Secondly, using a
triangular fuzzy number, each intersection node determines the next road segment after
fuzzing and defuzzifying the three factors received. Figure 1 shows the architecture of
this scheme. We assume that data transmission among vehicles with IEEE 802.11p and
the next-hop vehicle selection is based on the contact time. The base station (BS) provides
the traffic information to the roadside unit (RSU), and the RSU determines which road
segment the packet should be forward to.

Figure 1. The architecture of the IRFMF routing protocol.

The following content of the article is as follows. In Section 2, the related works are
described. In Section 3, the details of the scheme proposed are elaborated. In Section 4,
the simulation result is shown and analyzed, and in Section 5, the concluding remarks
are provided.
2. Related Work
In this section, we briefly review some existing routing protocols in VANETs.
Generally speaking, the routing protocols proposed can be mainly divided into three
different types: topology-based routing protocol [12–14], geographic-based routing protocol [15–21], and cluster-based routing protocols [22–24]. In this paper, we focus on the
geographic-based routing protocol. Geographic routing (GS) requires that not only each
vehicle knows its own location, but also the source is aware of the location of the destination. With this information, GS determiners the forwarding route to the destination
without knowledge of the network topology. Thus, it is more robust and promising than
the topology-based routing protocol in VANETs.
As is well-known, the more famous GS must include GPSR (Greedy Perimeter Stateless
Routing) [15] and GPCR (Greedy Perimeter Coordinator Routing) [16]. In GPSR, a strategy
called Greedy forwarding is used, where the next-hop is selected, which is geographically
closest to the destination among all one-hop neighbors. When the strategy fails because of
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the local maximum problem that the current node cannot find a neighbor node closer to the
destination than itself geographically, a recovery strategy called Perimeter forwarding is
used, where the packet is forwarded around the perimeter of a planar graph based on the
right-hand rule. The GPCR can be subdivided into intersection-based geographic routing
protocol; different from GPSR, GPCR introduces the intersection (junction), and all packets
are first forwarded to vehicles that are at the intersection (junction); then, the next hop
is determined. However, GPCR does not completely solve the local maximum problem.
When it happens, the packet will be backtracked to a junction node, and then another
segment is selected based on the right-hand rule.
In GSR (Geographical source routing) [25], according to the availability of a map, a
global graph with junction nodes as vertices and streets as edges is drawn, and then a
Dijkstra shortest path is computed to the destination. The route cannot be guaranteed to be
connected because the connectivity between two junctions is not considered. The EGSR
(Efficient Geographical Source Routing) [26] is the improvement of the GSR protocol. It introduces an ant-based algorithm to discover the route with optimum network connectivity.
The weight of each street segment is calculated according to its connectivity, and the route
with the minimum total weight will be determined by the source vehicle.
The traffic lights play a vital role in VANETs in urban areas. Another intersectionbased routing protocol, STAR (Shortest-Path-Based Traffic-Light-Aware Routing) [17], takes
the traffic lights into consideration to decide how the packets should be forwarded. The
packets are firstly forwarded to the red light segment, which is connected. Otherwise, the
packets are forwarded to the green light segment, which is closer to the destination. GTLQR
(Greedy Traffic Light and Queue Aware Routing Protocol) [18] not only considers the traffic
lights but also the network congestion. The scheme selects the street with the highest
connectivity, which is calculated by considering traffic lights and uneven distribution of
vehicles, and the next-hop vehicle is selected by considering the queuing delay, channel
quality, and relative distance. In iCAR-II (iCAR-II: Infrastructure-Based Connectivity
Aware Routing) [19], a dynamic real-time network topology is constructed based on the
infrastructure. The shortest path can be determined based on up-to-date connectivity
information. In TAROC (traffic-aware routing protocol with cooperative coverage-oriented
information collection method) [20], a cooperative information collection method was
proposed. First, a hierarchical information collection scheme is established by information
aggregators and information collectors. Then, the scoring mechanism is used to evaluate
each road according to the collected information. Finally, a routing path is determined by
the data route construction mechanism based on the scoring results.
Table 1 shows the characteristics of some routing protocols.
Table 1. Summary of related routing protocols.
Routing
Protocol

Intersection
Based

MultiFactor
Decision

Main Forwarding Strategy

Recovery Strategy

Advantage

GPSR

No

No

Greedy

The right hand role

Easy and cost least

GPCR

Yes

No

Restricted Greedy

The right hand role

Easy and suitable for city
scenarios

GSR

No

No

Greedy

Carry-and-forward

EGSR

No

No

Greedy

Carry-and-forward

STAR

Yes

No

Traffic lights

Carry-and-forward

GTLQR

Yes

Yes

Traffic lights and queue aware

Carry-and-forward

iCAR-II

Yes

Yes

TAROC

Yes

Yes

Integrate VANET, cellular
network, and location centers
Construct a data delivery path

Reschedules the
transmission
Carry-and-forward

Sensitive to dynamic
topology changes
No additional hardware
required
More applicable for city
scenarios
Suitable for urban
high-density vehicle
environment
Provide an efficient and
dynamic data routing
Safety and efficiency

Drawback
Can only be
used in city
scenarios
Anchor node
redundancy at
intersections
High overhead and easy to lost
packets
High routing overhead
High cost in
calculation
High computing overhead
Highly dependent on
infrastructure
Spend time on data collection
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3. Protocol Design
In this section, we describe the routing protocol we proposed in detail. As mentioned
earlier, packets can only change direction at intersections due to the limitation of the urban
environment. In this article, we focus on the selection of the direction of the packet at the
intersection. We exploit three factors for determining the next-hop road segment with the
triangular fuzzy number. Moreover, we use a restricted greed forwarding condition to
determine the next-hop vehicle on the road segment between two adjacent intersections.
So, the proposed routing protocol can be divided into two parts to describe in detail:
(1) speed-based restricted greedy forwarding and (2) direction decision at the intersection.
3.1. Speed-Based Limited Greedy Forwarding
In order to prevent the failure of data transmission due to link breaks during data
transmission, and to make the link maintain a longer lifetime, we impose a restriction on
greedy forwarding. This restriction is determined by the contact time between the current
vehicle and its neighbor’s vehicle. According to the distance between the heads of the
vehicles and the corresponding speed, the contact time between the vehicles is calculated
to select the optimal vehicle.
The relationship between time headway and vehicle speed is shown in the following
formula [27]:
D = vt + kv2 + l0 + l
(1)
where D is the distance between two vehicles; v is the vehicle speed; k is the braking
coefficient, k = 1/(2gϕ) (g is gravitational acceleration, ϕ is adhesion coefficient); l0 is the
safety distance; l is the length of the vehicle; t (takes 0.3 s) is the driver’s response time.
In this paper, we assumed that the minimum space headway distance threshold is
Dmin = 6 m, and the maximum space headway distance threshold is Dmax = 30 m. This
means that if the space headway distance measured is greater than 30 m, the current vehicle
can be considered to be in a free running state; if the space headway distance is less than
6 m, the traffic is in a severely blocked state (we assume that the length of the vehicle is
5 m).
The contact time between the current vehicle and candidate vehicles can be divided
into two categories, and they can be presented as the following formulas.
The first case, when the current vehicle is in the same direction as the candidate
vehicle:
Di
v0 > vi , Ti =
, i = 1, 2 . . . n
(2)
| v0 − v i |
v0 > vi , Ti =

R − Di
, i = 1, 2 . . . n.
| v0 − v i |

(3)

The second case, when the current vehicle is in the opposite direction to the candidate
vehicle:
D
Ti =
, i = 1, 2 . . . n
(4)
v0 + v i
where Ti is the contact time between the current vehicle and the ith candidate vehicle; Di is
the distance between the current vehicle and the ith candidate vehicle, R = 250 m is the
signal transmission radius, v0 is the speed of the current vehicles, and vi is the speed of the
ith candidate vehicle.
The mean of the contact time of the candidate vehicles is shown as the following
formula:
n
e = 1 ∗ ∑ Ti , i = 1, 2 . . . n.
T
(5)
n i =1
Here, it is clear that the longer the contact time, the more hops in the final link.
However, the longer the contact time, the longer the lifetime of the final link. Considering
the high mobility of the vehicles and to reduce the number of hops of the link, the average
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contact time of the candidate vehicles is calculated, and the candidate vehicle closest to the
average is selected as the next hop.
Every vehicle maintains a table of information about itself including road ID, lane ID,
and speed; if the vehicle is in a link, this information table also records the link information,
such as link lifetime, hop count, and the completed link. The format of the beacon message
is shown in Table 2. Based on the information of the beacon message, the current vehicle
can select the optimum next vehicle from the candidate vehicles. Moreover, the RSU can
also know the status of links between it and its neighbors.
Table 2. The Content of the Beacon Message.
Vehicle ID

Road ID

Lane ID

Speed

Link Lifetime

Hop count

Link

3.2. Road Segment Selection
At intersections, there are many factors affecting the data forwarding decision, such
as vehicle density, signal lights, the direction of the target node, road width (number of
lanes), etc. Here, traffic flow, direction, and the number of lanes are selected to complete
intersection decision making. The three key factors are described in detail as follows.
Number of lanes: Number of lanes in the road segment;
Direction: The angle between a candidate road and the line from the current intersection to the destination;
Traffic flow: The traffic flow of each road section in different time periods.
In this paper, we choose a nine-point fuzzy scale to quantify the factors we selected.
The TFN is denoted as follows:
e = (l, m, u)
A
(6)
where l and u represent the lower and upper bounds of the TFN Ã, respectively, and
m represents the modal value. As mentioned earlier, the purpose of TFN is to convert
linguistic variables to definite values that can be used for calculations. Herein, we transfer
the linguistic variables to definite values as follows in Table 3.
Table 3. The linguistic variables convert to the triangular fuzzy number.
Linguistic Variable
Lower
Low
High
Higher

Triangular Fuzzy Number
e
2=
e
4=
e
6=
e
8=

(1, 2, 3)
(3, 4, 5)
(5, 6, 7)
(7, 8, 9)

In the next subsections, we will describe the detail on why and how to evaluate the
selected factors.
3.2.1. Number of Lanes
An important factor for each driver to choose the road segment is the road condition of
the road segment, and the number of lanes in the road segment is also one of the important
indicators for the driver to evaluate the road condition. Therefore, other things being equal,
a road segment with more lanes tends to have more vehicles. Moreover, traffic in a one-way
lane is likely to be blocked by the traffic light. Then, the fuzzy number score for the number
of lanes on each candidate road segment is shown as the following formula:
 e
8, > 4 lanes


 e
6, two − way four lane
Num =
.
e

4, bi − directional single lane


e
2, one − way lane

(7)
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3.2.2. Direction
In order for the data to be forwarded to the destination faster, the shorter the road
passed, the fewer the number of hops in the link, and the less time it takes. The straight
line between two points is the shortest; however, the urban environment determines that
the data cannot be forwarded to the destination along the straight line. Make a straight
line so that it passes through the current intersection and the destination, the smaller the
angle between the road segment and the straight line, the closer the next intersection is
to the destination, and the shorter the road through which the data passes. Calculate the
counterclockwise angle between each road and the straight line. In Figure 2, the red dotted
line is the line between the current intersection S and the destination D. α1, α2, α3, and α4
are respectively the counterclockwise angles of roads r1, r2, r3, and r4 with the dotted line.
The direction attribute of candidate roads r1, r2, r3, and r4 could be evaluated by the angles
α1, α2, α3, and α4 separately. 360◦ will be divided into eight portions with seven threshold
degrees generated including 45◦ , 90◦ , 135◦ , 180◦ , 225◦ , 270◦ , and 315 ◦ . According to the
angle between the direction to a candidate and the direction to the destination of messages,
certain scores can be assigned to each candidate. The smaller the angle is, the higher score
the candidate is assigned, and the Dir to each candidate is calculated following the formula:


8, i f 0 ≤ angle ≤ 45◦ 315◦ ≤ angle ≤ 360◦
 e



 e
6, i f 45◦ < distance ≤ 90◦ | 270◦ ≤ angle < 315◦
Dir =
.
(8)

◦ < distance ≤ 135◦ | 215◦ ≤ angle < 270◦
e

4,
i
f
90



 e
2, i f 135◦ < d angle < 215◦

Figure 2. An example of the direction evaluation.

3.2.3. Traffic Flow
RSU can obtain road information under different conditions provided by the base
station, such as the traffic of the road segment on a sunny day at 10 am on a Sunday, or
the traffic of the road segment on a rainy day at 5 pm on a Friday. As described in the
paper [28], when the traffic flow reaches 133veh/km/lane, the road is marked as crowded.
In a normal urban scenario, the speed of vehicles is limited to under 70 km/h; in this
case, the vehicle density is about 20 veh/km/lane. The traffic condition is divided into
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four types, including sparse, normal, not crowded, and crowded. The traffic of the road
segment is marked as Tra and the formula is as follows:
 e
8, free running status


 e
6, normal
Tra =
.
e

4, crowded


e
2, sparse

(9)

After completing the quantification of the factors, the next step is to evaluate the candidate road segments. The set
 of candidate road segments is marked as
 S = {Si | i = 1, 2 . . . n},
e j | j = 1, 2, 3 . Thus,
the set
of
factors
is
F
=
F
j
=
1,
2,
3
,
and
weights
is
W
=
w
|
j

X = xeij | i = 1, 2 . . . 
n; j = 1, 2, 3 means the jth fuzzy factor score of the ith candidate
e j = lw j , mw j , uw j stands for the lower, middle, and upper values of
road segments; w
the fuzzy weight of the jth factor.
In probability theory and statistics, variance is used to measure the degree of deviation between a random variable and its mathematical expectation. The variance is
larger when the data distribution is relatively dispersed (that is, the data fluctuates greatly
around the mean), the sum of squares of the difference between each data and the mean
is larger. On the contrary, the variance is smaller when the data distribution is more concentrated, the sum of squares of the difference between each data and the mean is smaller.
Therefore, the greater the variance, the greater the fluctuation of the data; the smaller the
variance, the smaller fluctuation of the data. The arithmetic square root of the variance
is called the standard deviation. In this paper, we introduce the standard deviation to
measure the difference of the factor between the candidate road segments.
In order to get the standard deviation of each factor, the mean of each factor should be
calculated first. The formula for calculating the mean is as follows:
rej ( x ) =

n
1
∗ ∑ xfij , i = 1, 2 . . . n, j = 1, 2, 3.
n i =1

(10)

Then, we can calculate the standard deviation of each as following formula:
s
fj =
D

n 
2
1
∗ ∑ xfij − rej ( x ) , i = 1, 2 . . . n, j = 1, 2, 3.
n i =1

(11)

The weight of each factor also reflects the importance of each factor in the candidate
road segments. The weight of the jth factor can be calculated as following formula:
3

fj / ∑ D
fj , j = 1, 2, 3.
fj = D
w

(12)

j =1

Before getting the optimal candidate road segment, the final total fuzzy performance
score of each candidate road segment should be calculated. Based on the fuzzy performance
score and the fuzzy relative weight of each factor obtained according to the above formulas,
the total fuzzy performance score of the ith candidate road segment can be calculated as
following formula:
3

tei =

fj , i = 1, 2 . . . n, j = 1, 2, 3.
∑ xfij ∗ w

(13)

j =1

Then, the data will be forwarded to the road segment with the highest score:

C = tei | max tei ( x ), i = 1, 2 . . . n .

(14)

The tei ( x ) is still a fuzzy number; the next step is to defuzzify to compare the candidate
road segments. In general, the common available methods include the mean of maximum,
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α-cut method, and center-of-area (COA) [29]. Herein, we select the center of area (COA)
method to determine the best non-fuzzy performance (BNP) value [30] of the candidates,
and the formula is as follows:
BNPi = [(uri − lri ) + (mri − lri )]/3 + lri .

(15)

According to the value of the BNP obtained according to the above formula, the best
candidate road segment can be selected.
The above content shows the process of the routing protocol we proposed in detail,
and its brief flow is as follows:
Step 1: The RSU periodically sends a link discovery beacon to determine and establish
a link between it and its neighbors based on the information of the beacon message.
Step 2: When the message arrives at an intersection, the RSU selects the next-hop road
segment and forwards the message to the next intersection based on the score obtained by
calculating the three factors.
Moreover, the pseudocode is described in Figure 3. It shows how the next-hop road
segment is selected. When a packet arrives at an intersection, the RSU determines whether
there is a link so that the message can be forwarded to the next intersection; if there is not,
the message would return to the last intersection and select the sub-optimal road segment.

Figure 3. Pseudocode for next-hop road segment selection.

If there is only one link and the direction is correct, the message would be forwarded
along this link to the next intersection; if the direction is wrong, the message also returns.
Finally, if there is more than one link, the RSU calculates the BNP of the candidate road
segments; then, it selects the optimum road segment and forwards the message.
4. Simulation Settings and Performance Comparison Results
In this section, we describe the details of the simulation experiments including the
simulation setting and the simulation result of IRFMF, GPCR, and GSR. Then, we evaluate
and compare the performance of IRFMF, GPCR, and GSR with the same parameters.
The results of the comparison in different aspects will be shown in the following figure.
The figures could intuitively show the excellent performance of the protocol we proposed.
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4.1. Simulation Setting
The protocol we proposed is simulated using NS2 simulator, and we use the Simulation of Urban Mobility (SUMO) engine to establish an urban environment, which covers
an area of 3000 m × 4000 m, as shown in Figure 4. The area contains 28 junctions, 5 road
segments with one-way lanes, 6 bidirectional road segments with 2 lanes, 23 bidirectional
road segments with 4 lanes, and 10 bidirectional road segments with 6 lanes. It is assumed
that each point on the road segment has an equal probability of being the initial position or
destination of vehicles. Some other simulation parameters are shown in Table 4.

Figure 4. Simplified diagram of the map used in the simulation.
Table 4. Parameters used in the simulation.
Parameter

Value

Simulation area
Number of vehicles
Vehicle speed
Radio range
Data packet size
Packet sending rate
Traffic type
Packet lifetime
Simulation time

3000 m × 4000 m
100~400
5~20 m/s
250 m
1k
4 pkt/s
CBR (Constant Bit Rate)
1000 ms
1000 s

4.2. Simulation Results
Figure 5 shows how the number of the hops in the link varies with the number of the
vehicles. The number of the hops increases with the number of vehicles, but IRFMF goes
up even more. Similarly, as the vehicles’ density increases, so does the delivery ratio, as
shown in Figure 6. Simultaneously, as the number of vehicles increases, the delay becomes
lower and lower until it does not change, as shown in Figure 7.
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Figure 5. Comparison chart of average hop count of the three protocols with different numbers
of vehicles.

Figure 6. Comparison chart of packet delivery ratio of the three protocols with different numbers
of vehicles.

Figure 7. Comparison chart of average end-to-end delay of the three protocols with different numbers
of vehicles.
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5. Discussion
As shown in Figure 5, with the same number of vehicles, it is clear that the IRFMF
has more hop counts than the GSR and the GPCR. That is because to ensure that the link
has a longer lifetime, in Scheme IRFMF, the vehicle sacrifices the distance and chooses the
neighbor vehicle with a longer contact time. The longer the contact time, the closer the
current vehicle is to the neighbor vehicle. In the extreme case where the path is the same
(the same road segments), the number of vehicles on the path is the same, and the path is
crowded (that is, all vehicles are traveling at almost zero speed), the hops in IRFMF are
twice as many as in other routing protocols. The lower number of hops of the GSR leads
to the lower delivery ratios, while the higher delivery ratios of the IRFMF and the GPCR
come at the cost of many hops. In order to deal with the local optimal solution problem,
the GPCR has more hops. The IRFMF also pays a higher price for more robust and stable
links than the GSR and the GPCR.
As the density of vehicles increases, so does the delivery ratio as present in Figure 6.
That is because as the vehicle density increases, the links become more robust and less
likely to break. This provides more opportunities for data to be transmitted to its destination. The IRFMF shows a better performance on delivery ratio than other protocols.
First, because of the introduction of multiple factors, the decision on the selection of the
next road segment becomes more sensible, and second, the speed-based limited greedy
forwarding makes the link more robust and the link lifetime longer. Moreover, the link
paths have been established when the packet arrives at the intersection; thus, before the
data is forwarded at the intersection, it is known whether the link is connected and whether
a lifetime can ensure that the packet can reach the next intersection, to ensure that the data
can reach the next intersection smoothly. Therefore, the data delivery rate is significantly
improved. Although the GSR considers the characters of the VANETs and the topology
of streets when it selects the next hop for forwarding, it does not guarantee that the link
between two intersections is connected. The delivery ratio of the GSR is low due to the
incomplete links. Compared with the GSR, the GPCR has a higher delivery ratio because
the intersections are introduced and specially designed for forwarding.
On the end-to-end delivery, as shown in Figure 7, it is clear that the IRFMF and
the GPCR almost perform similarly, but there is a boundary value. When the number
of vehicles exceeds this boundary value, the number of hops in the link increases and
so does the delay, and the IRFMF would have a higher delay than the GPCR. This is
determined by characteristics of speed-based limited greedy forwarding of the IMFMF.
Unsurprisingly, the lifetime of the link also becomes longer until the density of vehicles
reaches the point where vehicles cannot move. The GSR has the highest delay because
when the GSR calculates the Dijkstra shortest path without considering the connectivity
between the junctions, this makes it possible for the packet to be carried for a long time,
which increases the delay.
In order to improve the data delivery ratio and reduce delivery delay, but also to
extend the lifetime and improve the stability of the links, we sacrifice the number of hops in
the link. In the future, we will pay attention to improving the speed-based limited greedy
forwarding. Our goal is to minimize the number of hop counts in the link while the link
lifetime is maintained long enough.
6. Conclusions
In this paper, the IRFMF proposed is an intersection-based routing protocol. The routing
decision is determined at intersections by the RSU using the Triangular Fuzzy Number
(TFN) combined three factors including the number of lanes, direction, and the traffic flow.
The IRFMF selects the next-hop road segment based on the fuzzy score of the candidate
road segment, which is calculated by comparing the real-time information of the three
factors. According to the fuzzy weighting method, the packet is forwarded to the candidate
road segment with the highest fuzzy score at intersections. At the same time, in order to increase the lifetime of the link between two adjacent intersections, we propose a speed-based
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limited greedy forwarding based on the relationship between time headway and vehicle
speed. It can be said that the IRFMF makes full and effective use of the characteristics of
the VANETs. The simulation results show that the performance of the IRFMF is better than
other compared routing protocols in terms of data delivery ratio and end-to-end delay in
the same simulation environment, although more hops are traded for more robust and
stable links.
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