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Abstract

Vehicular ad hoc network (VANET) is a mobile ad hoc network with a dynamic property; the vehicles possess high
mobility and undergo fast topology changes. This special type of mobile ad hoc network is a popular topic of
research. Owing to the specific features of VANETs, unique routing protocols are required for short-range, high-speed
communication among nearby vehicles. In this study, we propose a new opportunistic routing scheme based on the
timed bargaining game. In order to dynamically adapt to the current VANET situation, the proposed scheme effectively
formulates the opportunistic routing mechanism as an iterative bargaining model with a timed learning approach.
Based on a simulation study, it is confirmed that the proposed scheme can achieve better performance than other
existing schemes in diverse VANET environments.

Keywords: Vehicular ad hoc network, Timed game, Opportunistic routing, Nash bargaining model, Sequential
bargaining approach

1 Introduction
In recent years, the explosive growth of traffic and ubi-
quitous information service have enabled close integra-
tion of communication networks with vehicular
networks; thus the vehicular ad hoc network (VANET)
emerged and became a popular area of research. In
particular, VANET is a self-organized and open-
structured inter-vehicular communication network that
has dynamic, distributed, and multi-hop characteristics;
further, it also possesses unique attributes such as the
high speed of vehicles, frequent topology changes,
predictable trajectory, and the absence of hardware
constraints. These attributes directly affect the trans-
mission performance in VANETs [1–3].
For efficient VANET operations, routing is ex-

tremely important; the network performance is
strongly related to the routing algorithms. In the last
few decades, significant research effort has been de-
voted to VANETs and many new and tailored routing
protocols have been proposed. In order to maximize

the network performance, most efforts have focused on
determining a method that will reliably transfer mes-
sages to vehicles within communication range and in
the complete network to avoid congestion, collision,
and traffic management. However, owing to the dy-
namic nature and explicit requirements of VANETs, the
adaptation and standardization of such routing proto-
cols is extremely difficult [1, 2].
Nowadays, the game theoretic approach is widely

recognized as a practical perspective for the imple-
mentation of real-world network operations. Game
theory is a field of applied mathematics that provides
an effective tool to model the interactions among in-
dependent decision makers. It can describe the pos-
sibility of reacting to the actions of the other
decision makers and analyze the situations of con-
flict and cooperation. In recent times, game theory
has emerged as an effective method for designing
routing algorithms and has introduced well-fitted
models to describe the interaction among network
vehicles [4, 5].
In 1950, John Nash introduced the fundamental notion

of the Nash bargaining solution (NBS) to allocate aCorrespondence: swkim01@sogang.ac.kr
Department of Computer Science, Sogang University, 35 Baekbeom-ro
(Sinsu-dong), Mapo-gu, Seoul 121-742, South Korea

© 2016 Kim. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons
license, and indicate if changes were made.

Kim EURASIP Journal on Wireless Communications and Networking  (2016) 2016:14 
DOI 10.1186/s13638-016-0516-5

http://crossmark.crossref.org/dialog/?doi=10.1186/s13638-016-0516-5&domain=pdf
mailto:swkim01@sogang.ac.kr
http://creativecommons.org/licenses/by/4.0/


resource fairly and optimally [4]. The NBS is a field
of cooperative game theory and an effective tool to
achieve a mutually desirable solution with a good
balance between efficiency and fairness [4]. Owing to
its numerous desirable properties, the basic concept
of NBS has become an interesting research topic in
a wider range of real-life situations, such as econom-
ics, political science, sociology, psychology, and
biology. In recent times, telecommunications and
VANET operations have been added to this list.
However, traditional NBS models assume that all the
information needed by any game player is known
completely. In a real-world VANET situation, infor-
mation about the actions of other vehicles may be
uncertain or unknown. Hence, the traditional NBS
model cannot be directly applied to real-world
VANET routing operations.
Motivated by the facts presented in the above dis-

cussion, we design a new routing scheme for
VANETs. In order to adapt to the dynamic VANET
situations, the classical NBS model is modified based
on the sequential bargaining approach. By taking
into account the timed game model, the proposed
scheme is designed as an iterative routing process in
which each iteration involves three key steps: (i) ob-
serving the current network environment, (ii) esti-
mating the prospective payoff to select the most
adaptable strategy, and (iii) updating the information
to adapt to the network dynamics. In the case of in-
complete information, our timed game approach can
relax the traditional NBS assumption that all infor-
mation is completely known; this is the main advan-
tage of our proposed scheme. The important features
of the proposed scheme are (i) the adjustable dy-
namics considering the current VANET situation, (ii)
the interactive process based on the iterative feed-
back mechanism, and (iii) the practical distributed
method to effectively reach a desirable solution. In
the case of significantly different and diversified net-
work situations, the proposed scheme can approxi-
mate an optimized VANET performance during real-
world routing operations.

1.1 Related work
The area of numerical methods or algorithms for
vehicle-to-vehicle-based wireless communications has
been extensively studied and has received considerable
attention in recent years [6–9].
Topology-based VANET routing schemes are cate-

gorized into proactive and reactive routing protocols
[6, 10, 11]. In proactive routing protocols, routing
routes are predefined. Therefore, during routing, no
route discovery process actually occurs. However, the
maintenance of unused routes leads to a higher

network control overhead that degrades system per-
formance. Proactive routing protocols incur a control
overhead, and hence, reactive routing protocols, in
which the routing route discovery takes place on de-
mand, are developed. This approach maintains only
the currently used route, thus incurring a lower over-
head [6, 10, 11]. The Power and Contention window
Joint Adaptation (PCJA) scheme is a new algorithm
for dynamic adaptation of transmission power and
contention window size to enhance the performance
of VANETs [12]. This scheme uses a joint approach
to adapt transmission power at the physical layer and
QoS parameters at the MAC layer. The Joint Power
and Rate Control (JPRC) scheme focuses on analyzing
and understanding the fundamental implications of
adapting power and rate on the reception perform-
ance [13]. The JPRC scheme uses the average packet
inter-reception as a metric for reception performance
and evaluates this metric with respect to sender-
receiver distance [13].
Position-based routing schemes use the geographical

location information to forward messages [6, 10, 11].
For the selection of the next hop, these schemes bea-
con periodically while broadcasting control messages.
If topology-based routing is used, routes and routing
table are not maintained. However, as the mobility in-
creases, the topology changes frequently, thus poten-
tially degrading the performance with a higher network
control overhead [6, 10, 11]. The study in [14] analyzes
the effects of adapting the beacon rate with respect to
reduced accuracy and changing the offered load. Nu-
merous schemes that consider the offered load and cor-
responding accuracy have been developed in order to
adapt the beacon rate according to the traffic situation
[14]. The Feedback Based Power Control (FBPC)
scheme [7] considers the problem of adjusting trans-
mission power for vehicle-to-vehicle broadcast safety
communication in vehicular ad hoc networks. Given a
target communication range designated by a vehicle
safety application, the power control algorithm in the
FBPC scheme is developed to select a transmission
power that is no greater than necessary for the targeted
range [7].
Cluster-based routing schemes [6, 10, 11] are de-

signed to provide scalability. Therefore, this ap-
proach is suitable for larger networks. In each
cluster, every node is identified, and a cluster head
sends the message to other nodes. However, the
main challenge in cluster-based routing schemes is
the delay overhead during the formation of clusters
[6, 10, 11].
These existing schemes [6, 7, 10–14] handle the en-

hancement of multimedia information exchange rate
and the reduction of the traffic impact on the
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environment. However, these existing schemes are
strongly specialized for specific routing issues. There-
fore, it is difficult and inappropriate to use these as
fair and general performance comparison with the pro-
posed scheme.
In recent times, state-of-the-art research has been

performed in VANET communication protocols. The
Probabilistic Multi-Hop Routing (PMHR) scheme [15]
is an algorithm to pre-compute the routing probabil-
ity. In this scheme, communication is possible be-
tween the specified source and destination in
VANETs under a certain mathematical assumption.
For multi-hop communications, the PMHR scheme re-
fers to a lookup table containing the pre-computed data
to quickly determine a good packet forwarder. The Con-
nect Reliability based Efficient Routing (CRER) scheme
[16] presents a new routing protocol strategy. In this
scheme, the algorithm is implemented based on two net-
work design challenges: node connectivity and channel
reliability. The combination of a location-based method
and time reservation-based method ensures high packet
delivery and lower end-to-end delay of packet
transmission.
The Adaptive Secure and Intelligent Routing (ASIR)

scheme [8] is a secure and intelligent routing proto-
col. The ASIR scheme can transmit the data in a
quickest path through the authenticated vehicles.
Sending the data in a most connected path with less
link connection problem enhances the system per-
formance, and selecting the authenticated vehicles in
this quickest path protects the system from the mali-
cious attacks [8]. The Bayesian Trusted Effective
Routing (BTER) scheme [9] provides a trust management
mechanism between the nodes in the VANET routing
process. Based on the Bayesian and the opportunistic
routing forwarding method, the BTER scheme in-
cludes four steps of the routing initialization, the
routing discovery, the trusted routing establishment,
and the routing deletion. The BTER scheme not only
improves the security of routing but also has the
lower time complexity [9].
The PMHR, CRER, ASIR, and BTER schemes have

attracted considerable attention and have introduced
unique challenges. In this study, we compare the per-
formance of our proposed scheme with these existing
schemes [8, 9, 15, 16] and confirm the superiority of our
approach.
This remainder of this manuscript is organized as

follows: In Section 2, the proposed algorithms are de-
scribed in detail. In Section 3, the performance evalu-
ation results and comparisons with the PMHR, CRER,
ASIR, and BTER schemes proposed in [8, 9, 15, 16]
are presented. Through simulation, we show the
ability of the proposed scheme to achieve high

accuracy and promptness in dynamic VANET envi-
ronments. Finally, the concluding remarks are stated
in Section 4.

2 Proposed VANET routing algorithms
In this section, the proposed routing scheme for VANETs
is explained in detail. By using the distributed timed game
approach, the proposed scheme can be suitable for the
fast-changing VANET environments while avoiding com-
plex implementation mechanism.

2.1 Wireless link estimation
Generally, the formal game model consists of players,
the possible strategies of the players, and utility func-
tions of the strategies [4, 5]. Therefore, to represent a
traditional game G, the game model components are
given by G ¼ < N ; S; U1; ::;Unf g > , where N is
the number of players, S is a non-empty set of the
strategies, Ui ∈ {U1,..,Un} is the utility function of
player i, and optimizeSi : Ui Sið Þ→ℜ; Si∈S . In this
study, we change the definition of the utility function.
We introduce the concept of time by considering a
timed utility function that changes with time [17].
Formally, the timed utility function is defined to map
the actions and times to the player-level satisfaction
(i.e., a real number) as follows:

Ui Si tð Þ; tð Þ ¼
Z t

0

Ui Si tð Þð Þdt ≅
Xn¼t

n¼0

Ui Si nð Þð Þ; s:t:; Si tð Þ; Si nð Þ∈Si

ð1Þ

where Si(t) is the strategy of player i at time t. There-
fore, the utility function is shaped based on the time
variation.
Owing to the dynamic nature of VANET—high dy-

namic topology and communication environment—the
wireless links among vehicles varies continually.
Therefore, it is important to estimate the current link
status by considering several control factors. For the
estimation of the degree of communication adaptabil-
ity, the proposed algorithm defines a link cost (L_P)
for each link. In order to handle dynamic VANET
conditions, the L_P value from the vehicle i to the
vehicle j is obtained as

L�Pij ¼ α� 1− DM−dijð Þ
.

DM

� �� �
þ 1−αð Þ � 1−Ψ ij tð Þ

� �� 	
þ ζ ij tð Þ

s:t:; α ¼
min vi

→
tið Þ




 


; vj
→

tj
� �


 


n o

max vi
→

tið Þ



 


; vj

→
tj
� �


 


n o

ð2Þ
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where DM is the maximum coverage range of each
vehicle and dij is the distance between the vehicles i
and j. vi

→
tið Þ and vj

→
tj
� �

are the velocity vectors of ve-
hicle i and j, respectively, at time t. Therefore, the
first term in Eq. (2) is the relative distance ratio
between the vehicles i and j. A closer neighboring ve-
hicle is more suitable for routing. Therefore, if the
first term is close to 0, it is preferred for stable rout-
ing. Ψij(t) is the entropy for vehicle j at time (t). In
general, entropy is the uncertainty and a measure of
the disorder in a system. It represents the topological
change, which is a natural quantification of the effect
of vehicle mobility on the connectivity service of
VANET [18]. In this study, the basic concept of en-
tropy is adopted for supporting and evaluating stable
routing routes. For the mobile vehicle j, the entropy
Ψij(t) is calculated as follows [18]:

Ψ ij tð Þ ¼
−
X

k∈Fj
Pk t; Δtð Þ � log Pk t; Δtð Þ

log C Fj
� � ;

s: t:; Pk t; Δtð Þ ¼ aj; kX
i∈Fj

aj; i

ð3Þ

where Δt is a time interval, Fj denotes the set of the
neighboring vehicles of vehicle j, and C(Fj) is the car-
dinality (degree) of set Fj. In order to estimate the
stability of a part of a specific route, aj, i represents a
measure of the relative mobility between two vehicles
j and i as follows:

aj; i ¼
1
IT

�
XI�T

l¼1

v j; i; tlð Þ ;

s:t:; v j; i; tð Þ ¼ vj
→ tð Þ− vi

→ tð Þ



 




ð4Þ

where I_T is the number of discrete times tl. The
mobility information can be calculated and dissemi-
nated to other neighboring vehicles within time
interval Δt. I_T is defined as integer multiples of Δt.
v(j, i, t) is the relative velocity between vehicles j
and i at time t. Any change can be described as a
change of variable values aj, i over time t, e.g.,
aj, i(t)→ aj, i(t + Δt). The entropy Ψij(t) is normalized
as 0 ≤Ψij(t) ≤ 1. If the value of Ψij(t) is close to 1,
the part of the route that represents the links of the
path associated with an intermediate vehicle j is
stable. If the value of Ψij(t) is close to 0, the local
route is unstable [18]. The third term, ζij(t), is de-
fined as a timed reinforcement function, which dy-
namically indicates the adaptability of the link ij

from the source vehicle to the destination vehicle.
As time elapses, the outcome of ζij(t) is dynamically
adjusted. This function is explained in detail in
Section 2.2.
In order to relatively estimate the current link situ-

ation, the control parameter α controls the relative
weights assigned to the relative speed ratio and the
entropy of the corresponding relay vehicle. In diverse
network environments, a fixed value of α cannot ef-
fectively adapt to the changing conditions. In this
study, we treat this scenario as an online decision
problem and adaptively modify the value of α. When
the relative speed of two neighbor vehicles is high,
we can place more emphasis on the relative distance
ratio. In this case, a higher value of α is more
suitable. If the relative speed of two neighbor vehicles
is low, we can place more emphasis on (1 −Ψij(t)). In
this case, the path selection should strongly depend
on a lower value of α. In the proposed algorithm, the
value of α of the vehicle i is dynamically adjusted
according to the relative speed ratio

i:e:;
min vi

→
tið Þ



 

; vj→ tjð Þ


 

� �

max vi
→

tið Þ


 

; vj→ tjð Þ



 

� �
� �

. Therefore, the system can

be more responsive to current VANET conditions by
using real-time network monitoring.

2.2 Opportunistic packet forwarding algorithm
In the proposed scheme, the L_P value can represent
the normalized communication cost of each link.
Using the L_P value, we define the path cost (PC)
parameter to calculate the total routing path cost; PC
is computed as the sum of all link costs from the
source vehicle to the current vehicle. Based on the
PC value, the proposed routing algorithm opportunis-
tically constructs adaptive multi-hop routing paths to
reach the destination vehicle.
At the start of routing operations, the source ve-

hicle broadcasts its initial PC value (i.e., PC = 0).
Within the communication coverage area, message-
receiving relay vehicles individually estimate the link
cost according to Eq. (2) and update the PC value to
PC + log(L_P). Some relay vehicles can receive mul-
tiple PC values from different reachable neighbor ve-
hicles. Each relay vehicle stores this information for
self-organizing and independent-effective controlling.
For example, the vehicle i may receive multiple PC
values, i:e:; PC1; ; ; PCk ; ; ;PCNi , where the PCk value is
received from the message-sending neighbor vehicle
k (1 ≤ k ≤ Ni) and Ni is the total number of reach-
able neighbor vehicles for the vehicle i. In this case,
the vehicle i calculates its minimum PCi value as
follows:

Kim EURASIP Journal on Wireless Communications and Networking  (2016) 2016:14 Page 4 of 9



PCi ¼ arg min
k∈Ni

PCk þ log L�Pik
� �� �

¼ arg min
k∈Ni

X
L�Pℓ∈ Ik

log L�Pℓ

� �
þ log L�Pik

� �0
@

1
A
ð5Þ

where Ik is the set of selected links between the source
vehicle and the relay vehicle k. According to Eq. (5), the
vehicle i adaptively selects one neighbor vehicle while
minimizing the value of PCi, which potentially incorpo-
rates more global network information.
In this study, we model the relay vehicle selections

as an iterative bargaining game according to Eq. (5).
Therefore, our opportunistic link selection and route
establishment process is formulated in a sequential
bargaining manner. During the step-by-step iteration,
the estimated PC value is recursively forwarded
while opportunistically selecting the most adaptable
relay nodes. This route formation process is repeated
until a multi-hop path from the source to the des-
tination vehicle is established. Finally, multiple
packets are received at the destination vehicle.
Owing to the opportunistic link selection approach, mul-
tiple routing paths can be configured; packets from
different routing paths have different PC values. Based
on the packet forwarding history, the destination ve-
hicle can select the most adaptable routing path (Γ)
as follows:

Γ¼ arg min
Pi; Pi∈S
L�Pk∈ Pi

 �
Zt¼ T e

t¼ T s

log L�Pk
� �

dt

¼ arg min
Pi; Pi∈Sf g

X
L�Pk∈ Pi

log L�Pk
� �

¼ arg min
Pi; Pi∈Sf g

log
Y

L�Pk∈ Pi

L�Pk
� �

≅ arg min
Pi; Pi∈Sf g

Y
L�Pk∈ Pi

L�Pk
� �

ð6Þ

where S is the set of established routing paths and Pi is
the ith routing path from the source vehicle to the des-
tination vehicle. T s and T e are the packet forwarding
start time and end time, respectively. Therefore, Γ is the
path with the minimum product value of link costs. In
the proposed game model, the payoff of players (i.e.,
routing source and destination vehicles) is assumed to

be the sum of (1/log(L_Pk)), i.e., Ui Si tð Þ; tð Þ ¼
Zt¼ T e

t¼ T s

1= log LPkð Þð Þdt . In order to maximize their payoff, the

players want to select the routing path while minimizing
the sum of log(L_Pk) by using Eq. (6).
In the proposed scheme, each link selection deci-

sion is made in a myopic online manner. Therefore,
as time elapses, the selected strategies are no longer
the best ones. In order to induce relay vehicles to se-
lect globally desirable links, the destination vehicle
should reinforce the most desirable path (Γ) for the
next opportunistic routing decision. Periodically, the
destination vehicle sends a backward packet to modify
the result of the ζ(t) function of the relay vehicles in
the desirable Γ path as follows:

ζ ij tð Þ ¼ ϑ tð Þ ¼ ϑ tð Þ ¼ ϑ t−1ð Þ−Δϑ; if lij∈Γ
ϑ tð Þ ¼ ϑ t−1ð Þ ; otherwise



ð7Þ

where lij is the link ij and Δϑ is a discount factor. If
lij is in the Γ path, the outcome of ζij(t) monotonic-
ally decreases with Δϑ over time. In addition, we de-
fine a particular period of time, Pℳ . After every
period Pℳ , ϑ(·) is reset to the initial value (η). There-
fore, at the beginning of every period Pℳ , ζ(t) value
is initialized. This periodic refreshment mechanism
helps in adaptively reflecting the constantly changing
network conditions.

2.3 Proposed scheme steps
The goal of this study is to design a completely dis-
tributed, low-complexity routing scheme for VANETs.
The main novelty of our proposed scheme is to
define a timed strategic game model based on the se-
quential bargaining approach. As mentioned earlier,
traditional NBS is unsuitable for real-world VANET
operations; game players do not have all the know-
ledge and, hence, lack the complete information to
maximize their payoffs. In order to overcome this limi-
tation, we transform the traditional NBS game into a se-
quential bargaining model based on a step-by-step
decision process. This method can provide a good trade-
off between optimized network performance and the com-
plexity of practical implementation.
During real-world VANET operations, the payoff for the

packet routing changes. As time elapses, the payoff is ad-
justed according to selected strategies. By considering the
final payoff, we reinforce the most desirable strategies to
be opportunistically reselected. Based on our timed stra-
tegic game approach, the proposed scheme can effectively
approximate the optimized VANET performance. The
proposed algorithm is described by the following pseudo-
code and major steps.
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Step 1: Control parameters, i.e., Δt, I_T, DM, Δϑ, Pℳ , η,
and α, are listed in the Tables 1, 2, and 3.

Step 2: At the start, ϑ(·) is set to the initial value (η).
This initial value guarantees that each vehicle
enjoys the same selection probability at the
beginning of the game when routing history is
unavailable.

Step 3: Each vehicle collects the routing control
information (i.e., D, d, Ψ, and ζ) individually
and estimates the link cost (L_P) according to
Eq. (2).

Step 4: For relative estimation of the current link
situation, the control parameter α is dynamically
adjusted according to the relative speed ratio.

Step 5: The source vehicle sends packets to the
destination vehicle. Based on the opportunistic
routing mechanism, our sequential bargaining
process is iteratively applied to select the routing
path.

Step 6: By using (5), each relay vehicle is selected while
minimizing the PC. This decision is made
sequentially in an entirely distributed manner.

Step 7: After the packets are received at the destination
vehicle, the most adaptable routing path (Γ) is

Table 1 System parameters used in the simulation experiments

Traffic class Message application Bandwidth
requirement
(Kbps)

Connection
duration
(average/s)

I Delay-critical
emergency messages

32 30 s (0.5 min)

II Accident-related
messages

32 120 s (2 min)

64 180 s (3 min)

III Warning messages 128 120 s (2 min)

256 180 s (3 min)

IV General messages 384 300 s (5 min)

512 120 s (2 min)
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selected based on Eq. (6). The selected path is
reinforced by using the timed reinforcement
function ζ(·) in Eq. (7).

Step 8: Each vehicle self-monitors the current VANET
situation in a distributed online manner. Periodically,
D, d, Ψ, and ζ values are adaptively adjusted.

Step 9: The routing process continues based on the
timed game model; the next iteration resumes at
step 3.

3 Performance evaluation
In this section, we evaluate the performance of the pro-
posed scheme by using a simulation model; a simulation
analysis allows a complex realistic modeling. In this
study, we used the simulation tool MATLAB to develop
our simulation model. MATLAB is one of the most
widely used tools in a number of scientific simulation
fields, such as digital processing, telecommunications,
and mathematical analysis. In particular, the high-level
syntax and dynamic types of MATLAB are ideal for model
prototyping. In order to ensure that the model is suffi-
ciently generic to be valid in the real world, the assump-
tions used in our simulation model were as follows:

� The simulated system was assumed to be a TDMA
packet system for VANETs.

� The source and destination vehicles were randomly
selected.

� One hundred vehicles were distributed randomly
over the 10-km road area, and the velocity of each
mobile vehicle was randomly selected to be 10 m/s
(36 km/h), 20 m/s (72 km/h), or 30 m/s (108 km/h).

� The process for new message transmission was
Poisson with rate λ (messages/s), and the range of
offered traffic load was varied from 0 to 5.0.

� The capacity of the network bandwidth was
30 Mbps, and each message consisted of CBR
packets.

� Network performance measures obtained on the
basis of 50 simulation runs were plotted as a
function of the offered traffic load.

� The size of messages was exponentially distributed
with different means for different message
applications.

� For simplicity, we assumed the absence of physical
obstacles in the experiments.

Tables 1, 2, and 3 shows the system parameters used
in the simulation. In order to emulate a real network
system and perform a fair comparison, we used the sys-
tem parameters for a realistic simulation model [5].
Based on a simulation study, we compare the per-

formance of our scheme with other existing schemes
[8, 9, 15, 16] and can confirm the performance super-
iority of the proposed approach. Performance mea-
sures obtained through simulation are normalized
packet delay, network throughput, and Service Fail Ra-
tio (SFR) for packet transmissions. In this study, we
compare the performance of the proposed scheme
with existing schemes—the PMHR scheme [15], CRER
scheme [16], ASIR scheme [8], and BTER scheme [9].
These existing schemes are also developed as effective
VANET routing algorithms. Although these existing
schemes possess some novel features for VANETs,
they have several disadvantages. First, these existing
schemes cannot adaptively estimate the current
VANET conditions. Therefore, each vehicle is unaware
of effective routing paths to reach the destination ve-
hicle. Second, they resolve the routing problem by
using fixed system parameters. In dynamic VANET en-
vironments, routing algorithms using static parameters
can potentially cause erroneous decisions.
Figure 1 shows a comparison of the performance of

each scheme in terms of the normalized packet delay. In
this study, transmission delay is called packet delay. It is
estimated as the amount of time required to push all the
packet bits into the wireless communication. Therefore,
packet delay is proportional to the packet length in bits,
routing path length, and number of relay nodes. As the
traffic load increases, traffic congestions inevitably occur
owing to the large number of packet exchanges. Therefore,
the packet delay increases linearly with the traffic load. All
the schemes show similar trends. However, the proposed
scheme has lower packet delay than other schemes as the
traffic load intensity increases from low to high.
Figure 2 shows the normalized network throughput.

From the simulation results obtained, it is observed that
the proposed scheme can adapt to the current VANET
situation and demonstrates better throughput owing to

Table 2 System parameters used in the simulation experiments

Parameter Value Description

Δt 1 s Time interval to estimate the measure of
relative mobility

I_T 10 s The time period for the relative mobility estimation

DM 1 km Maximum wireless coverage range of each vehicle

Δϑ 0.1 A discount factor for the timed reinforcement
function

Pℳ 10 s A special period time for the timed reinforcement
function

η 1 The initial value for the periodic refreshment

Table 3 System parameters used in the simulation experiments

Parameter Initial Description Values

α 0.5 Decision parameter for relative weights 0 ≤ α≤ 1
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the iterative bargaining approach. In general, excellent
network throughput is a highly desirable property for
real-world VANET operations.
The curves in Fig. 3 represent the SFR for packet

transmissions under different network traffic loads.
When the traffic load is low (λ < 0.3), the performance
of all the schemes is identical. However, the SFR con-
stantly increases with an increase in the network traffic
load. In various traffic load conditions, the proposed
scheme achieves a lower SFR than other schemes.
The simulation results shown in Figs. 1, 2, and 3 dem-

onstrate that the proposed scheme generally exhibits su-
perior performance than the other existing schemes in
significantly different VANET traffic load situations. In
order to approximate the optimized network performance,
we modified the traditional NBS model, which cannot be
directly applied to the VANET routing problem. For prac-
tical implementations in real-world VANET routing

operations, the proposed scheme is designed by using the
sequential bargaining model and timed game approach.
For diverse VANET environment changes, the proposed
scheme constantly monitors the current network condi-
tions and can achieve good network performance.

4 Conclusions
In recent years, the field of VANETs has received significant
attention, and an increasing number of VANET-related
studies have been performed. One of the notoriously diffi-
cult challenges in VANETs is the configuration of effective
routing paths. This problem is a difficult one because the
network topology changes constantly and the routing links
are inherently unstable. In this study, we propose a new
routing scheme to select a stable routing path in a vehicular
network environment. In order to adapt to the dynamic
VANET scenarios, our proposed scheme is developed as a
timed strategic game based on the sequential bargaining
approach. By applying the step-by-step bargaining process,
the proposed scheme can effectively approximate the opti-
mized VANET performance in an entirely distributed man-
ner. From the simulation results, the proposed scheme
significantly outperforms existing schemes in terms of net-
work throughput, delay and packet transmission ratio, etc.
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