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Abstract. The vehicular cloud computing (VCC) is an emerging technology
that changed the vehicular communication and underlying traffic management
applications. The underutilized resources of vehicles can be shared with other
vehicles over the VANET to manage the road traffic more efficiently. The cloud
computing and its capability of integrating and sharing resources, plays potential
role in the development of traffic management systems (TMSs). This paper
reviews the VCC based traffic management solutions to analyze the role of VCC
in road traffic management. Particularly, an analysis of VANET based and VCC
based TMSs is presented. To explore, the VANET infrastructure and services, a
comparison of VCC based TMSs is provided. A taxonomy of vehicular clouds is
presented, in order to identify and differentiate the type of vehicular cloud’s
integration. Potential future challenges and their solutions in respect of emerging
technologies are also discussed. The VCC is envision to play an important role
in further development of intelligence transportation system.
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1 Introduction

The Vehicular ad hoc network (VANET) [1, 2] is a subset of MANET. But VANET
behaves differently because VANET has different properties like known routes, high
speed and mobility [1–5]. VANET enables vehicles to communicate and share data
wirelessly. The increasing number of vehicles on the road increasing the traffic load on
transportation infrastructure, thus, making the driving unsafe and uncomfortable. The
existing transportation system need to be modified, in order to make traffic safe [3] and
efficient. It means new traffic management solutions are required to handle the
challenge.

Usually, when congestion happens, the road infrastructure seems too small to
handle the larger demand. Nowadays, the vehicle manufacturers wish to provide all
capabilities to improve road safety and infotainment services. In order to provide these
services, intelligent transportation systems (ITS) [4–6] support different traffic appli-
cations. These applications includes traffic safety, non-safety and flow efficiency
applications. VANET support these traffic applications and it is main part of ITS.
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The vehicle manufacturers, research communities and government authorities are
making their efforts toward creating a standardized platform for vehicular communi-
cations. Consortium are formed, by multinational companies to increase efforts to
tackle the problem of traffic management.

It is worth mentioning that recent improvements in software, hardware and com-
munication technologies empower the design and development of cloud computing
technology. The capability of cloud computing like dynamic resource integration and
sharing, plays an important role in the development of emerging TMSs. The improved
data and resource sharing among vehicles leads to VCC. VCC provides access to the
dynamically configurable and integrated vehicular underutilized resources. This make
the numbers of new applications based on VCC to be developed in order to provide
various services to the drivers and passengers [6]. The VCC gives birth to a new pool
of services which is a paradigm shift in the development of vehicular TMSs. This
influences the development of new TMS potentially. An analysis of the role of VCC is
provided in Sect. 3.

Now, various resources of vehicles are available to the end users [7]. The traffic
data processed over data centers or over remote server, to provide information back to
vehicles and passengers to control the movement of vehicles. Communications in
VANET are generally classified into vehicle-to-vehicle (V2V) and vehicle-to-
Infrastructure (V2I) communication. Vehicle communicate with other vehicles and
Road Side Units (RSU). RSUs are intelligent devices, process data and send infor-
mation to other RSUs as well. Our contributions in this paper includes;

• Reviewing emerging VANET traffic management applications
• Services and infrastructure based analysis of VCC based traffic applications
• A basic taxonomy of vehicular clouds
• Potential future challenges and issues

The rest of the paper is organized as follows. The review of VANET based TMSs
and comparative analysis are described in Sect. 2. The analysis of VCC based traffic
management systems, vehicular cloud’s taxonomy and comparison are discussed in
Sect. 3. Section 4 gives the future challenges of traffic management and finally the
conclusion is drawn in Sect. 5.

2 Traffic Management Based on VANET

The VANET is the fundamental part of ITS which transforms the way of driving on the
road. Today, driving on the road is more secure, safe and comfortable. Many efforts are
made to reach these objectives, however, VANET’s drawbacks such as high mobility of
the vehicle and security issue does not allow researchers to meet these objectives [36].
The mobile internet and social networking in vehicles brings people and drivers more
close to each other. Today, cars and vehicles are furnished with communication,
computing and sensing devices, and universal networks such as internet. The driving
experience is more enjoyable, comfortable, safe and environmental friendly than past
but there are a lot of new paradigms to explore. The on board computing abilities, the
vehicles are furnished with, are not fully utilized by the applications mentioned above.
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The TMSs are broadly divided into three categories V2V (infrastructure-less), V2I
(infrastructure-based) and Hybrid. Further, on the basis of control strategy TMSs are
categorized as adaptive and predictive. Table 1 shows the classification of recent TMSs.

TMSs make use of few common schemes like traffic estimation (density), historic
traffic information, future predictions, and more recent schemes like platooning
(grouping). The traditional traffic lights uses static time limits at the traffic signal inter-
sections. The dynamically traffic lights can be developed based on the number of vehicles
in a lane and by giving priority to emergency vehicle to surpass the signal quickly [23].

In order to cater broadcasting storm, traffic information has to be limited in detail
[24]. This can be done by exploiting V2V communication, by apply data aggregation
techniques to limit bandwidth use and maintain scalability. To avoid the overlapping of
aggregates for the same area, there must be a scheme. A better aggregation scheme
exploit V2V communication more effectively. One of the solutions is formation of
groups of connected vehicles (clusters) [25]. The formation of cluster should be done
intelligently that avoids collision among clusters. The most appropriate V2V scheme
must calculates and detects the level of congestion in distributed way without the
support of any infrastructure and additional information [8]. The adaptive broadcasting
scheme should be utilized which gives awareness to at micro level. The congestion
quantification is good for low VANET penetration rate.

ITS provide several features like Multi-input and multi-output capability which can
be utilized to form multi-objective function. Such, multi-objective function take mul-
tiple parameters to provide congestion control, vehicle re-routing and planning. As the
system uses the feedback information measured from the real-time vehicular traffic, it
works in a closed loop manner. Factors such as vehicle velocity, vehicle position and
distance between vehicles as well as between vehicles and RSUs greatly affect the
performance of TMSs. These factors also affect the reliability and delay of links.

3 Vehicular Cloud Computing in TMSs

An important property of cloud computing is that no investment is needed because
instead of buying, resources and services are rented on demand. Vehicular cloud
computing services of a particular cloud are dependent on the purpose for which the

Table 1. Classification of TMSs

VANET infrastructure Traffic flow control strategy
Adaptive Predictive

Use a control strategy that
adapts changes based on
actual traffic demands

Use data analytics to determine
potential future locations of
congestion and traffic flow

V2V [8–10] [11]
V2I [12, 13] [14–16]
Hybrid [17–19] [20–22]
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cloud is formed [26, 27]. Generally, vehicular clouds provide services [28] such as
platform as a Service (PaaS), Infrastructure as a Service (IaaS), Software as a Service
(SaaS), Application as a Service (AaaS), and storage as a service (STaaS). The
explanation of these services is already there in literature like [26–29].

Vehicles can subscribe cloud provided services on demand. By connecting OBUs
through wireless networks such as 3G/4G-LTE and Wi-Fi networks, users can obtain
almost unlimited computing power and storage from the cloud. The VCC improves the
collection, processing and dissemination of traffic related data. VCC integrates and
coordinates the available vehicular resources and enables the road traffic management
in better way. Which reduces risk of life, cost and time.

3.1 Taxonomy of Vehicular Clouds

The vehicular clouds have different types. On the basis of purpose for which a TMS
form a cloud, the vehicular clouds are classified into two main classes named as V2V
clouds and V2I clouds as shown in Fig. 1. The classification is done on the basis of
services for which cloud is to be formed, infrastructure used and involvement of third
party clouds (Internet and other commercial clouds).

V2V Clouds. V2V clouds are formed by exploiting V2V type of communication
infrastructure (DSRC). Dynamic clouds are formed by vehicles on the roads or in the
parking lot, for typical service needed by underlying TMS. Like vehicles on the road

Fig. 1. Taxonomy of vehicular clouds
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form cloud to know the status of each other and to make intelligent decision regarding
rout planning. Same as the vehicles in the parking lot provide storage and processing
services named as static cloud.

These type of clouds rely on V2V communication infrastructure. Vehicular sensor
clouds are formed for the purpose of vehicle or road traffic monitoring. The sensors
within the vehicle gets vehicle related data, other vehicles in the cloud can take these
services. For example a vehicle for behind the intersection can send query to the
camera of a vehicle which is nearer to the intersection to get a real time picture of
intersection. These type of services can be given through vehicular sensor clouds by
utilizing sensors those are associated with vehicles.

V2I Clouds. In this type of vehicular clouds, the vehicles make use of road side
infrastructural communication networks. These communication networks include
DSRC, WIFI, 3G/LTE. If vehicles in cloud rely on RSUs for control information then
the cloud called as V2R clouds and if vehicles in cloud rely on 3G/LTE networks then
the cloud called as V2Cellular cloud. Both of these cloud types have their own pros and
cons and it depends on the purpose for which clouds are being formed. As for larger
geographical area the V2Celluar clouds are useful and for smaller coverage area V2R
clouds are better. RSUs, intersections and special entry points are often equipped with
traffic monitoring sensors, radars and cameras.

These sensor can work together to form a cloud to share real time information with
TIS and vehicles. These type of clouds are known as road side vehicular sensor clouds.
The services like participatory sensing and cooperative sensing are the main purpose of
these clouds.

The identified types of vehicular clouds collaborate and integrates with each other
in order to provide different services to users. Cloud cooperation and collaboration is
emerging concept which may lead to new type of services.

3.2 Comparative Study of VCC Based TMSs

A comparison of some VCC based TMSs is presented in Table 2. Comparison is made
on the basis of whether the TMSs is using V2V or V2I infrastructure, mitigating traffic
congestion or providing flow control and type of services offered.

In “PaaS “the vehicular clouds provides a platform for other related services like
content downloading and sharing. This also provides platform for traffic management
authorities to have access to all of the vehicles on the road. Other service like “StaaS”
VCC enable us to have access to huge storage capacity which is distributed over large
number of vehicles. For “CaaS” the VCC utilize processing power of vehicles and
distribute data processing among number of vehicles participating in the cloud.

As explained in cloud taxonomy section multiple clouds cooperate with each other
in order to share services among them. For example a V2V cloud collaborate with
Internet cloud in order to have access to internet based remote server (traffic infor-
mation system). These services are analyzed and a comparison is provided in Table 2.
It is clear from the Table 2 that the trend is towards more internet cloud independency
and not all the TMSs are really mitigating traffic congestion but just claiming.
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TMSs are mostly relying on V2I infrastructure then V2V and on both infrastructures as
well. All of the TMSs are claiming and providing PaaS and STaaS is not providing by
all. The emerging services like cloud cooperative sensing as a service (CSaaS) are not
common in recent known VCC based TMSs. Few of them is providing CSaaS only
which is in the form of participatory type of sensing and it is not fully cooperative.

4 Traffic Management Challenges and Solutions

Few of the main challenges are discussed in following paragraphs. These challenges
are not yet handled properly.

Resource Management: One of the important solutions to overcome these problems
is to allocate the accurate amount of resources at right time as compared to the
pre-allocation of resources. There is a need of the real time traffic related information.
The VCC can help in finding the appropriate solution by using the available resource of
vehicle without waiting for officials and DMCs.

Infrastructural Support in Evacuation: The VCC can provide infrastructural sup-
port during disaster and emergency situations. The disaster management authority can
utilize VCC for evacuation. VCC provides the efficient information related to time,
place and the availability of necessary resources such as food, water, shelter etc. The
vehicles participating in the evacuation procedure forms vehicular cloud and coordi-
nates with the rescue response teams.

Road Safety and Warning: If there is an incident/event occurs on the road then the
vehicle inform/warn nearby vehicle and so on to the vehicular cloud regarding speed,
location and direction of the incident/event. This early information or warning is very
helpful for the vehicles so that they may decide/re-rout for the rest of the journey.

Intersection Congestion Management: Most of the time vehicles must have to, pass
through the intersections. Because where there is a congested and highly populated
area, there is a greater possibility of shopping malls, hospitals, schools and other

Table 2. Comparison of VCC based TMS’s proposals and prototypes

TMS
article

V2I V2V Traffic
flow control

PaaS STaaS CaaS CSaaS

[29] yes yes yes yes yes yes yes
[30] yes yes yes yes yes yes no
[31] yes no yes yes yes no
[32] yes yes yes yes yes no
[33] yes yes yes yes no yes yes
[34] yes yes no yes no yes yes
[35] yes yes yes yes yes yes no
[36] yes yes yes yes yes no no
[37] yes yes yes yes no yes yes
[38] yes yes yes yes yes yes yes
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frequently visiting buildings. The VCC can play a role in intersection management.
The latest updated information on the vehicular cloud can provide an efficient solution
to the drivers. This early information or warning is very helpful for the vehicles so that
they may decide/re-route for the rest of the journey.

Communication Challenges: The communication among vehicles, vehicles to RSUs
and vehicle to cloud (e.g. internet cloud) is critical. The vehicle’s decisions related to
safety and comfort depends on successful communication. The probability of suc-
cessful communication depends on various factors like spectrum congestion, cost of
internet use and on type of technology being used for communication.

Incorporation of IoVs: The impact of new technological advancements in the field of
VANET, cloud computing and IoVs has not yet been fully realized. There is much
need of the integration of such technologies to cope the challenges of the traffic
congestion and transportation. Furthermore, how to balance the computations among
local vehicles, vehicular clouds and Internet cloud so as to achieve different goals by
IoVs. Future is of internet of things (IoTs) and big data, therefore the vehicular cloud
cooperation is an intermediator in this paradigms shift. The devices and services col-
laboration among multiple clouds can be done by fully realizing the IoVs.

5 Conclusion

The VCC have great potential to change our lives on the road, by utilizing and sharing
resources of vehicles with other vehicles to manage the traffic during congestion.
The VCC provides an efficient enhancement to the message dissemination, traffic
management and congestion control. The comparative analysis of VANET and VCC
based TMSs is provided to show the purpose oriented scope of vehicular clouds and
their use in road traffic management. The future challenges and their solution in terms
of vehicular cloud cooperation is predicted. The VCC is envision to play an important
role in further development of intelligence transportation system. The VCC and its
emerging form of IoVs has great potential to derive the autonomous vehicles more
efficiently.

References

1. Ahmad, I., Ashraf, U., Ghafoor, A.: A comparative QoS survey of mobile ad hoc network
routing protocols. J. Chin. Inst. Eng. 39, 585–592 (2016)

2. Ahmad, I., Rehman, M.U.: Efficient AODV routing based on traffic load and mobility of
node in MANET. In: 2010 6th International Conference on Emerging Technologies (ICET),
pp. 370–375. IEEE (2010)

3. Alam, M., Fernandes, B., Silva, L., Khan, A., Ferreira, J.: Implementation and analysis of
traffic safety protocols based on ETSI Standard. In: 2015 IEEE Vehicular Networking
Conference (VNC), pp. 143–150. IEEE (2015)

4. Fernandes, B., Alam, M., Gomes, V., Ferreira, J., Oliveira, A.: Automatic accident detection
with multi-modal alert system implementation for ITS. Veh. Commun. 3, 1–11 (2016)

The Role of Vehicular Cloud Computing in Road Traffic Management 129



5. Alam, M., Ferreira, J., Fonseca, J.: Introduction to intelligent transportation systems. In:
Alam, M., Ferreira, J., Fonseca, J. (eds.). SSDC, vol. 52, pp. 1–17. Springer, Heidelberg
(2016). doi:10.1007/978-3-319-28183-4_1

6. Shah, S.A.A., Ahmed, E., Xia, F., Karim, A., Shiraz, M., Noor, R.M.: Adaptive beaconing
approaches for vehicular ad hoc networks: a survey. IEEE Syst. J. PP, 1–15 (2016)

7. Anisi, M.H., Abdullah, A.H.: Efficient data reporting in intelligent transportation systems.
Netw. Spat. Econ. 16(2), 623–642 (2016). doi:10.1007/s11067-015-9291-9

8. Milojevic, M., Rakocevic, V.: Distributed road traffic congestion quantification using
cooperative VANETs. In: 2014 13th Annual Mediterranean Ad Hoc Networking Workshop
(MED-HOC-NET), pp. 203–210. IEEE (2014)

9. Chen, W., Guha, R., Lee, J., Onishi, R., Vuyyuru, R.: A multi-antenna switched links based
inter-vehicular network architecture. In: 2009 IEEE Vehicular Networking Conference
(VNC), pp. 1–7. IEEE (2009)

10. Gupte, S., Younis, M.: Vehicular networking for intelligent and autonomous traffic
management. In: 2012 IEEE International Conference on Communications (ICC),
pp. 5306–5310. IEEE (2012)

11. Tak, S., Kim, S., Yeo, H.: A study on the traffic predictive cruise control strategy with
downstream traffic information. IEEE Trans. Intell. Transp. Syst. 17(7), 1932–1943 (2016).
doi:10.1109/TITS.2016.2516253

12. Yugapriya, R., Dhivya, P., Dhivya, M., Kirubakaran, S.: Adaptive traffic management with
VANET in V to I communication using greedy forwarding algorithm. In: 2014 International
Conference on Information Communication and Embedded Systems (ICICES), pp. 1–6.
IEEE (2014)

13. Djahel, S., Salehie, M., Tal, I., Jamshidi, P.: Adaptive traffic management for secure and
efficient emergency services in smart cities. In: 2013 IEEE International Conference on
Pervasive Computing and Communications Workshops (PERCOM Workshops), pp. 340–
343. IEEE (2013)

14. Nafi, N.S., Khan, R.H., Khan, J.Y., Gregory, M.: A predictive road traffic management
system based on vehicular ad-hoc network. In: 2014 Australasian Telecommunication
Networks and Applications Conference (ATNAC), pp. 135–140. IEEE (2014)

15. Daniel, A., Paul, A., Rajkumar, N.: Embedded surveillance system for vehicular networks.
In: 2015 2nd International Conference on Electronics and Communication Systems
(ICECS), pp. 1635–1640. IEEE (2015)

16. Alrifaee, B., Granados Jodar, J., Abel, D.: Predictive cruise control for energy saving in
REEV using V2I information. In: 2015 23rd Mediterranean Conference on Control and
Automation (MED), pp. 82–87. IEEE (2015)

17. Lunge, A., Borkar, P.: A review on improving traffic flow using cooperative adaptive cruise
control system. In: 2015 2nd International Conference on Electronics and Communication
Systems (ICECS), pp. 1474–1479. IEEE (2015)

18. Xiao, L., Lo, H.K.: Adaptive vehicle navigation with en route stochastic traffic information.
IEEE Trans. Intell. Transp. Syst. 15, 1900–1912 (2014)

19. Wang, S., Djahel, S., McManis, J.: An adaptive and VANETs-based Next road re-routing
system for unexpected urban traffic congestion avoidance. In: 2015 IEEE Vehicular
Networking Conference (VNC), pp. 196–203. IEEE (2015)

20. HomChaudhuri, B., Vahidi, A., Pisu, P.: A fuel economic model predictive control strategy
for a group of connected vehicles in urban roads. In: 2015 American Control Conference
(ACC), pp. 2741–2746. IEEE (2015)

21. Liang, Z., Wakahara, Y.: City traffic prediction based on real-time traffic information for
intelligent transport systems. In: 2013 13th International Conference on ITS Telecommu-
nications (ITST), pp. 378–383. IEEE (2013)

130 I. Ahmad et al.

http://dx.doi.org/10.1007/978-3-319-28183-4_1
http://dx.doi.org/10.1007/s11067-015-9291-9
http://dx.doi.org/10.1109/TITS.2016.2516253


22. Kamal, M., Taguchi, S., Yoshimura, T.: Efficient vehicle driving on multi-lane roads using
model predictive control under a connected vehicle environment. In: 2015 IEEE Intelligent
Vehicles Symposium (IV), pp. 736–741. IEEE (2015)

23. Collins, K., Muntean, G.-M.: Traffcon: An intelligent traffic control system for wireless
vehicular networks. IET CIICT (2007)

24. Al-Sultan, S., Al-Doori, M.M., Al-Bayatti, A.H., Zedan, H.: A comprehensive survey on
vehicular ad hoc network. J. Netw. Comput. Appl. 37, 380–392 (2014)

25. Ramakrishnan, B., Nishanth, R.B., Joe, M.M., Selvi, M.: Cluster based emergency message
broadcasting technique for vehicular ad hoc network. Wireless Netw., 1-16 (2015)

26. Gerla, M., Lee, E.-K., Pau, G., Lee, U.: Internet of vehicles: from intelligent grid to
autonomous cars and vehicular clouds. In: 2014 IEEE World Forum on Internet of Things
(WF-IoT), pp. 241–246. IEEE (2014)

27. Gerla, M.: Vehicular cloud computing. In: 2012 The 11th Annual Mediterranean Ad Hoc
Networking Workshop (Med-Hoc-Net), pp. 152–155. IEEE (2012)

28. Whaiduzzaman, M., Sookhak, M., Gani, A., Buyya, R.: A survey on vehicular cloud
computing. J. Netw. Comput. Appl. 40, 325–344 (2014)

29. Wang, W.Q., Zhang, X., Zhang, J., Lim, H.B.: Smart traffic cloud: an infrastructure for
traffic applications. In: 2012 IEEE 18th International Conference on Parallel and Distributed
Systems (ICPADS), pp. 822–827. IEEE (2012)

30. Ma, M., Huang, Y., Chu, C.-H., Wang, P.: User-driven cloud transportation system for smart
driving. In: 2012 IEEE 4th International Conference on Cloud Computing Technology and
Science (CloudCom), pp. 658–665. IEEE (2012)

31. Arif, S., Olariu, S., Wang, J., Yan, G., Yang, W., Khalil, I.: Datacenter at the airport:
reasoning about time-dependent parking lot occupancy. IEEE Trans. Parallel Distrib. Syst.
23, 2067–2080 (2012)

32. Mershad, K., Artail, H.: CROWN: discovering and consuming services in vehicular clouds.
In: 2013 Third International Conference on Communications and Information Technology
(ICCIT), pp. 98–102. IEEE (2013)

33. Kumar, S., Shi, L., Ahmed, N., Gil, S., Katabi, D., Rus, D.: Carspeak: a content-centric
network for autonomous driving. ACM SIGCOMM Comput. Commun. Rev. 42, 259–270
(2012)

34. Gerla, M., Weng, J.-T., Pau, G.: Pics-on-wheels: photo surveillance in the vehicular cloud.
In: 2013 International Conference on Computing, Networking and Communications (ICNC),
pp. 1123–1127. IEEE (2013)

35. Abid, H., Phuong, L.T.T., Wang, J., Lee, S., Qaisar, S.: V-Cloud: vehicular cyber-physical
systems and cloud computing. In: Proceedings of the 4th International Symposium on
Applied Sciences in Biomedical and Communication Technologies, p. 165. ACM (2011)

36. Alazawi, Z., Alani, O., Abdljabar, M.B., Altowaijri, S., Mehmood, R.: A smart disaster
management system for future cities. In: Proceedings of the 2014 ACM International
Workshop on Wireless and Mobile Technologies for Smart Cities, pp. 1–10. ACM (2014)

37. Munst, W., Dannheim, C., Mader, M., Gay, N., Malnar, B., Al-Mamun, M., Icking, C.:
Virtual traffic lights: Managing intersections in the cloud. In: 2015 7th International
Workshop on Reliable Networks Design and Modeling (RNDM), pp. 329–334. IEEE (2015)

38. Khalid, O., Khan, M.U.S., Huang, Y., Khan, S.U., Zomaya, A.: EvacSys: a cloud-based
service for emergency evacuation. IEEE Cloud Comput. 3, 9 (2016)

The Role of Vehicular Cloud Computing in Road Traffic Management 131


	The Role of Vehicular Cloud Computing in Road Traffic Management: A Survey
	Abstract
	1 Introduction
	2 Traffic Management Based on VANET
	3 Vehicular Cloud Computing in TMSs
	3.1 Taxonomy of Vehicular Clouds
	3.2 Comparative Study of VCC Based TMSs

	4 Traffic Management Challenges and Solutions
	5 Conclusion
	References


