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Abstract—Video streaming over vehicular ad-hoc network
(VANET) is emerged as an important research area to increase
communication intent for drivers. Many video streaming ap-
plications in VANET are used to improve safety issues and
help to have a more comfortable ride. However, there are some
important challenges including, high VANET dynamic topology,
links disconnection and transmission video errors which decrease
the video quality in such networks. The transport layer protocols
serve as a link between the application layer protocols and the
services provided by the network layer. The two most popular
transport layer protocols are User Datagram Protocol (UDP) and
Transmission Control Protocol (TCP). In this paper, we propose
an adaptation of UDP and TCP protocols for video streaming
in VANET. In addition, an evaluation and comparison between
these protocols are performed in order to choose the better
transmission protocol at transport layer level for video streaming
in VANET. Some objective metrics are considered in this study
namely throughput, packet delivery ratio, end-to-end delay and
PSNR.

Keywords—Vehicular ad-hoc network, video streaming, User
Datagram Protocol, Transmission Control Protocol

I. INTRODUCTION

The recent few years have witnessed the advancement of
new exciting technology, which affect our lives in different
ways to make it easier and more convenient. Wireless ad hoc
networks have been of great interest motivated by a number
of applications and by the continual advancement in wireless
technology. Vehicular Ad Hoc Network (VANET) is a par-
ticularity of Mobile ad-hoc network (MANET) where mobile
nodes are intelligent vehicles that move and communicate with
each other to notify pre-collision, improve traffic management
and comfort for road users [1]. Injury and deaths due to
road traffic accidents (RTAs) is increasing day to day [2].
According to the World Health Organization (WHO) reports,
the annual number of road fatalities is estimated approximately
1.3 million each year [3]. That is why the video streaming in
VANET plays a very important role for reducing the accidents
number in the road. In addition to traffic safety, there are some
anti-social behaviors including crimes, robbery and terror acts
which are in a continuous increasing, in such situations, the
video dissemination over VANETS is very essential to avoid or
reduce any risk. VANET provides three types of communica-
tion: vehicle to vehicle (V2V), vehicle to infrastructure (V2I)
and vehicle to broadband cloud (V2B) [4]. Figure 1 shows
the architecture of VANET. V2V and V2I communications

are based on DSRC (Dedicated Short Range Communication),
and V2B communication uses wireless broadband which is a
technology that provides high-speed wireless access [4].

The transmission protocols at transport layer provide host-
to-host communication services such as connection- oriented
communication, reliability, flow control and multiplexing. User
Datagram Protocol (UDP) and Transmission Control Protocol
(TCP) are the most popular transport layer protocols used for
data transmission in the networks. However, UDP dont have
any error recovery mechanism [5], contrary to TCP which uses
the retransmission technique to recover the missing data. The
reliability mechanism of TCP can increase the transmission
delay of the data [6][7].

In the literature of video streaming in VANET, many works
use the UDP or TCP at the transport layer level. However,
any comparison between these protocols in such networks was
proposed. Our work evaluates and compares UDP and TCP to
choose where is the most adequate for the video streaming
in VANET. Many evaluation metrics were used in this work
such as throughput, packet delivery ratio, end-to-end delay and
Peak Signal to Noise Ratio (PSNR).

The rest of the paper is organized as follows. In section
II, we present the related work about the video streaming in
VANET. Section III presents an overview of UDP and TCP
protocols. We describe in section IV our conceptual models
of adapted UDP and TCP protocols for video streaming in
VANET. Section V shows and investigates the simulation
results. Finally, in section VI we conclude the paper.
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Fig. 1. VANET communication patterns
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II. RELATED WORK

We present in this section some recent proposed video
streaming solutions in VANET. Many research works have
been achieved in order to resolve certain issues related to
the dissemination of video information contents over vehicular
networks (i.e. network disconnection, congestion, high trans-
mission delay, video quality requirements).

Asefi et al. proposed in [8] an integrated scheme in VANET,
which consists of two parts: geographic routing scheme of
video packets and network mobility management scheme of
vehicles IP address and handover prediction mechanism. The
experiments proved that the proposed routing protocol im-
proves the video quality in terms of start-up delay, frequency
of the streaming freezes and frame distortion compared to
greedy geographic routing protocol because the proposed
protocol takes into account the distortion, delay and distance
in the choice of relays vehicles contrary to greedy protocol,
which considers only the distance factor.

Belyaev et al. in [9] proved that the use of Skype application
[10] for the transmission of the video from the vehicles to
infrastructure (V2I) suffers from the high rate of packet losses,
which decreases the visual video quality. The main cause of
this problem is the lack of the coordination between vehicular
users for channel resource allocation at MAC layer when
they upload the video data simultaneously, which produces
a congestion in the network. This work concluded that the
basis coordination between users is necessary to improve the
bandwidth allocation.

Wang et al. in [11] proposed a Preference-aware Fast Inter-
est Forwarding (PaFF) for video streaming in Information-
Centric Networking (ICN) based VANETSs. In PaFF, each
vehicle selects a set of associate vehicles with similar mobility
and video preference. At each vehicle, a High Preferred
Content Table (HPCT) is created to save the status of associate
vehicles. The vehicle uses its HPCT table to select the next hop
for forwarding the interest packet. The simulations have been
shown that the PaFF can achieve higher performances in terms
of delay of finding data and cache hit ratio when comparing
with the state-of-art solutions (i.e. social-tie based interest
forwarding scheme (STCR) [12], Robust Forwarder Selection
(RUFS) [13]). PaFF can be further enhanced by integrating
new strategies of content centric mobile environment to further
improve the performance of sharing video streaming.

Zaidi et al. proposed in [14] a new solution that aims to
improve the quality of video and avoid network congestion
called enhanced adaptive sub-packet forward error correction
(EASP-FEC). This latter divides the packet into a set of sub-
packets and creates the redundant sub-packets. The authors
were concluded that EASP-FEC provides better error recovery
rate than Sub-Packet Forward Error Correction (SPFEC) and
Packet Forward Error Correction (PFEC) for video streaming
in VANET. However, this solution didn’t handle the problem
of burst errors of the video. Zaidi et al. proposed in [15] an
enhancement of UDP protocol that uses Sub-Packet Forward
Error Correction (SPFEC). This solution improves the video
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quality in terms of PSNR and Mean Opinion Score (MOS)
and reduces the overload of the network. However, the pro-
posed adaptation of UDP suffers from the burst errors of the
video. Zaidi et al. in [16] proposed a Hybrid Error Recovery
Protocol (HERP) for video streaming over VANETs. HERP
uses the Sub-Packet Forward Correction (SPFEC) mechanism
to recover the uniform errors of the video, in addition HERP
uses the retransmission technique to recover the burst errors.
The simulation results have been showed that HERP achieves
high video quality in real-time, comparing to UDP and UDP
with SPFEC. HERP protocol needs more improvement by
dynamic adapting of there parameters to improve further the
video quality.

Mezher et al. in [17] proposed a multimedia multimetric
map-aware routing protocol (3MRP) to transmit the video
reports to RSU in smart VANET cities. The proposed solution
selects the forwarding nodes based on four metrics (i.e. dis-
tance, trajectory, density and available bandwidth). The change
of VANET conditions makes the proposed routing protocol
less adaptable.

Sun et al. in [18] proposed a channel allocation algorithm
for video streaming in VANET by improving baseline algo-
rithm. To achieve lower interruption ratio and higher visual
quality, the RSUs allocate the channels for the most urgent
vehicles to transmit data using the auction-based channel
allocation mechanism. This algorithm needs to be optimized
and makes it more practical, by taking into consideration more
general channel and mobility models.

Many challenges of video streaming works in VANET can
be extracted in different hands. On the one hand, most of
video streaming works in VANET are based on the network
and MAC layers level, and few of themes are based on the
application and transport layers levels. The video streaming
solutions at these latter layers can improve widely the video
quality in VANET. On the other hand, many works use the
most commonly used transport layer protocols UDP or TCP
in VANET. In the VANET literature, it does not exist any work
that evaluates and compares the two protocols UDP and TCP
for video streaming in VANET.

III. UDP AND TCP PROTOCOLS

Many transport layer protocols are used for the real time
applications (i.e. video and sound), we focus in our study on
the two most used protocols, which are Transmission Control
Protocol (TCP) and the User Datagram Protocol (UDP). Our
main objective is to evaluate the performance and compare
these two protocols for the video streaming in VANET. This
section gives an overview of UDP and TCP protocols.

A. UDP

UDP is unreliable and connectionless protocol, which means
that it cannot guarantee a protection of the transmitting packets
and the reception of these packets in its original order. UDP
mechanism is very simple and it achieves lower overhead data
delivery due to its incapability to recover the lost packets. As
shown in figure 2, the UDP packet format is composed of two
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fields UDP header and UDP Data. The UDP header consists of
four (4) sub-fields: the first-one saves the address of the video
source, the second-one contains the address of the destination,
the third-one represents the length of the packets data and the
last one uses to check the CRC of the packet. UDP can be
used when the timeliness is more critical than the reliability,
it’s more suitable for some applications such as the streaming
of audio or video.

8 Bytes
UDP Header UDP Data
Source port number | Destination port number
16 bits 16 hits
Total length Checksum
16 hits 16 hits

Fig. 2. Format of UDP packet

B. TCP

TCP is a connection-oriented transport layer protocol, in
which data is not sent until the establishment of a connection.
TCP is considered as a reliable protocol because it performs
both error detection and error recovery and guarantees that
packets will be delivered in the same order of their transmis-
sion. TCP is used with unicast communication only, the figure
3 shows a TCP header which is more complex than the UDP
one, where TCP uses acknowledgment mechanism to ensure
that the data is well received.

TABLE I
TCP vs UDP
No. TCP UDP
1 Connection-oriented Connectionless
2 Reliable Unreliable
3 Acknowledgment mechanism No acknowledgment
4 Support unicast only Support unicast and multicast
5 Basic header 20Bytes Header 8Bytes
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Fig. 3. Format of TCP packet

The table I summarizes the main differences between TCP
and UDP.

IV. CONCEPTUAL MODEL: OUR CONTRIBUTION

In this section, we present our conceptual model of UDP and
TCP for video streaming in VANET, at the level of sender and
at receiver vehicles using a set of agents. As shown in figures
4 and 5, and in order to generate the video data, the sender
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Fig. 4. Conceptual model of UDP

vehicle attaches Constant Bit Rate (CBR) and File Transport
Protocol (FTP) agents at application layer level to UDP and
TCP, respectively. TCP/FTP traffic scenario offers connection
oriented transmission environment, where communication oc-
curs in phases, connection establishment, data transmission,
connection termination. UDP/CBR traffic offers transmission
of data at constant bit rate and does not communicate in
phases, and traffic moves in one direction from source to
destination [19]. We note that myUDP is considered as an
agent to send the video packets and myUDPSink is an agent
to receive the video packets. At the transport layer level, the
UDP sender vehicle uses myUDP agent to transmit the data
at this level to myUDPSink agent of the receiver vehicle. Like
UDP, TCP uses myTCP agent at the transport layer level of
the sender vehicle and myTCPSink agent at the transport layer
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Fig. 5. Conceptual model of TCP

level of the receiver vehicle to guarantee the transmission of
the video data and the acknowledgement. The other agents
serve to achieve the services at the lower layers (network,
MAC, etc.).

Figures 6 and 7 depict the main functions of myUDP
and myUDPSink agents in the case of UDP (myTCP and
myTCPSink agents in the case of TCP, respectively) for the
transmission of video data. myUDP agent uses the function
sendmsg() to send the video data to the receiver vehicle. On the
other hand, myUDPSink agent uses recv() function to receive
the video data from the sender vehicle. In the case of TCP,
myTCP agent contains three main functions namely sendmsg()
to send the video data, recv() to receive the acknowledgement
from the receiver vehicle and output() to retransmit the lost
data. On the other hand, myTCPSink uses three functions
such as recv() to receive the video data, ack() to send the
acknowledgement, and other function recv() to receive the
retransmitted video data.

myUDP (Sender) myUDPSink (Receiver)
con‘J{I}nand()
sendmsg() recv()

Fig. 6. Main functions of myUDP and myUDPSink agents
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myTCP (Sender) myTCPSink (Receiver)
cominand()
sendmsg() > recv()
recv() ¢ ack()
Output() recv()

Fig. 7. Main functions of myTCP and myTCPSink agents

V. SIMULATION AND RESULTS
A. Simulation setup

To evaluate and compare the two transport layer protocols
UDP and TCP for video streaming in VANET, we have
performed many series of simulation using network simulator
2 (ns-2) [20]. The network topology is extracted from Souk-
Ahras city (Algeria) using OpenStreetMap [21]. The traffic
mobility is generated using SUMO [22]. Table II summarizes
the general simulation parameters of our simulation in urban
scenario such as propagation model, routing protocol, video
file, packet size, simulation time, etc.

TABLE II
SIMULATION PARAMETERS AND ITS VALUES

No. Parameter Value

1 Simulator NS-2.35

2 Protocols studied TCP/FTP, UDP/CBR
3 Simulation Area Souk-Ahras city(1631mX1329m)
4 Routing protocol used AODV

5 Video file Akiyo_cif

6 Packet size 1024Bytes

7 Radio propagation TwoRayGround

8 Number of vehicles 65

9 Simulation Time 150s

10 Communication type Unicast

B. Simulation results

1) Throughput: it represents the number of successful de-
livered packets per unit of time, which is measured in bit per
second (bps), the throughput formula is given as follows:

Received_datalkbytes]

Th hput[kbps] =
roughput[kbps] Simulation_time[second)]

(D

Figure 8 depicts the achieved throughput in the case of UDP
and TCP protocols after the transmission of all video packets.
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As shown in this figure, the UDP throughput value (396.75
kbps) is higher than TCP throughput value (243.76 kbps). The
main reason of this result is when a TCP sender detects a
packet loss, it will trigger a congestion control and reduce the
transmission rate in order to mitigate network load to avoid
the congestion. Consequently, this behavior will lead to low
bandwidth utilization rate and cause lower throughput. It is
contrary to UDP sender which uses perfectly the bandwidth.
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Fig. 8. Reached Throughput of TCP vs UDP

2) Packet Delivery Ratio (PDR) and Packet Lost Ratio
(PLR): PDR is the ratio of packets successfully received
comparing to the total number of sent packets; its formula
is given as following.

Received_Packets
PDR t = — 2
[percentage] Sent_Packets 2)

Contrariwise, PLR is a ratio of lost packets comparing to the
total number of sent packets. It is calculated by the following
equation.

Lost_Packets
- =1—-PD
Sent_Packets E G

Figure 9 shows the PDR and PLR of UDP and TCP. As
depicted in this figure, the PLR of TCP (31.45%) is lower than
the PLR of UDP (43.35%). This result is due to the reliability
mechanism of TCP which retransmit the lost packets, contrary
to UDP which cannot recover the lost packets. Figure 9 shows
also that the PDR of TCP (68.55%) is higher than PDR of
UDP (56.65%), because the PLR of TCP is lower than PLR
of UDP.

3) Average End-to-End delay (E2E delay): it represents the
sum of end-to-end delay of all transmitted packets over the
total number of these packets. While the end-to-end delay of a
packet is the interval time between the send time and received
time of this packet. The average end-to-end delay is calculated

as following.

jEreceived_packets

Received_Packets

PLR|[percentage] =

(Received|j] — Send|j])
Average_E2E =

“4)
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Fig. 9. PDR and PLR of TCP vs UDP

Figure 10 shows the average end-to-end delay of all trans-
mitted video packets in the case of UDP and TCP protocols.

s 43,45

o

3
30,47
3

end-to-end delay{ms)
e o
w B e h B

[=]

TCP uop

Fig. 10. Average E2E delay of TCP vs UDP

As illustrated, TCP provides higher average end-to-end
delay (43.45 ms) than UDP (30.47 ms). This result is be-
cause the retransmission technique and the congestion control
mechanism of TCP protocol which add additional transmission
delay that increase the average end-to-end delay. Notice that
this is contrary to UDP which does not retransmit the lost
packet nor control the congestion problem.

4) Peak Signal-to-Noise Ratio (PSNR): it is an objective
measure widely used as a method of comparing the quality of
compressed images and measured to the original ones. PSNR
is based on the mean square error (MSE), and it calculated as
following.

Vpeak (5)

PSNR[dB] = 20[0910 MSE

Where Vieqr = 2k — 1, and k is the number of bits per
pixel.

Figure 11 presents the video quality in terms of PSNR in the
case of UDP (b) and TCP (c) compared with the original video
(a). As shown in this figure, UDP (22.96 db) provides lower
PSNR than TCP (26.09 db). This outperformance of TCP is
due to its lower PLR compared to UDP which influence greatly
on the quality of transmitted video.
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Fig. 11. Example of video frame

VI. CONCLUSION

The main purpose of this study is to evaluate and com-
pare the performance of the two traditionally transport layer
protocols, UDP and TCP for video streaming in VANET
under urban scenario. These evaluation and comparison were
performed according to some metrics such as throughput,
PDR, PLR, average E2E delay, PSNR.

The obtained results have showed that UDP provides a faster
transmission of video data than TCP. While TCP provides
higher video quality than UDP because TCP is more reliable
than UDP.

We have considered in this paper that the number of the hops
between the source vehicle of the video and the destination
vehicle is only 2. For future work, we intend to evaluate and
compare UDP and TCP for video streaming in VANET in the
case that the number of hops between the first sender and the
last receiver is higher than 2.

ACKNOWLEDGMENT

This work has been proposed as Master’s degree final
projects by Mr. Zaidi Sofiane. We express our sincere gratitude
and thanks to him as well as our colleagues in the Computer
Science Department of Souk Ahras University (Algeria).

REFERENCES
[11 S. Xu, P. Guo, B. Xu, And H. Zhou, “Study on QoS of Video
Communication over VANET,” International Conference on Information
Computing and Applications (ICICA), pp. 730-738, 2012.
http://www.who.int/features/factfiles/roadsafety/en/.
S. Gopalakrishnan, “A public health perspective of road traffic acci-
dents,” Journal of family medicine and primary care, vol. 01, no. 02,
pp. 144-150, 2012.
W. Liang, Z. Li, H. Zhang, S. Wang, And R. Bie, “Vehicular Ad Hoc
Networks: Architectures, Research Issues, Methodologies, Challenges,
and Trends,” International Journal of Distrbuted Sensor Networks, vol.
11, no. 08, pp. 1-11, 2015.
J. Son, J. Yun, S. Seo, And C. Park, “Performance evaluation of a
telematics system using the ns (network simulator),” IEEE 9Th Asia-
Pacific Conference On Communications, pp. 270-274, 2003.
A. Argyriou, “Real-time and rate distortion optimized video streaming
with TCP,” In:Journal Image Communication, vol. 22, no. 04, pp. 374-
388, 2007.
H. Luo, S. Ci, D. Wu, And H. Tang, “End-to-end optimized TCP-friendly
rate control for real-time video streaming over wireless multi-hop net-
works,” Journal Of Visual Communication And Image Representation,
vol. 21, no. 02, pp. 98-106, 2010.

[2]
[3]

[4]

[51

[6]

[7]

978-1-5386-9493-0/18/$31.00 ©2018 IEEE

72

[8]

[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]
[21]
[22]

M. Asefi, S. Cespedes, X. Shen, And J.W. Mark, “A seamless quality-
driven multi-hop data delivery scheme for video streaming in urban vanet
scenarios,” IEEE International Conference on Communications (ICC),
pp- 1-5, 2011.

E. Belyaev, S. Moreschini, And A. Vinel, “Uncoordinated multi-user
video streaming in VANETSs using Skype,” IEEE 22nd International
Workshop on Computer Aided Modeling and Design of Communication
Links and Networks (CAMAD), pp. 1-3, 2017.

Skype, [Online]. Available: https://www.skype.com/en/. 2018.

M. Wang, C. Xu, S. Jia, J.Guan, And L.A. Grieco, “Preference-
aware fast interest forwarding for video streaming in information-centric
VANETSs,” IEEE International Conference on Communications (ICC),
pp. 1-7, 2017.

Y. Lu, X. Li, Y. Yu, And M. Gerla, “Information-centric delay tolerant
mobile ad-hoc networks,” IEEE Conference on Computer Communica-
tions Workshops (INFOCOM WKSHPS), pp. 428-433, 2014.

S. Ahmed, S. Bouk, And D. kim, “RUFS: RobUst forwarder selection
in vehicular content-centric networks,” IEEE Communications Letters,
vol. 19, no. 12, pp. 1616-1619, 2015.

S. Zaidi, S. Bitam, And A. Mellouk, “Enhanced Adaptive Sub-
Packet Forward Error Correction mechanism for Video Streaming in
VANET,” IEEE Global Communications Conference (GLOBECOM),
pp. 1-6, 2016.

S. Zaidi, S. Bitam, And A. Mellouk, “Enhanced user datagram protocol
for video streaming in VANET,” IEEE International Conference on
Communications (ICC), pp. 1-6, 2017.

S. Zaidi, S. Bitam, And A. Mellouk, “Hybrid error recovery protocol for
video streaming in vehicle ad hoc networks,” Vehicular communications,
vol. 12, pp. 110-126, 2018.

M. Ahmad Mohamad, And I. Mnica Aguilar, “Multimedia Multimetric
Map-aware Routing protocol to send video-reporting messages over
VANETs in smart cities” IEEE Transactions on Vehicular Technology,
vol. 66, no. 12, pp. 10611-10625, 2017.

L. Sun, H. Shan, A. HUANG, L. Cai, And H. He, “Channel Allocation
for Adaptive Video Streaming in Vehicular Networks,” IEEE Transac-
tions on Vehicular Technology, vol. 66, no. 01, pp. 734-747, 2017.

R. Sharma, And K. Gupta, “Comparison based Performance Analysis
of UDP/CBR and TCP/FTP Traffic under AODV Routing Protocol in
MANET,” International Journal of Computer Applications, vol. 56, no.
15, pp. 28-35, 2012.

The Network Simulator 2, Isi. Edu. http://www.isi.edu/nsnam/ns/,2018.
OpenStreetMap.http://www.openstreetmap.org/, 2018.

M. Behrisch, L. Bieker, J. Erdmann, And D. Krajzewicz, “SUMO -
simulation of urban mobility,” The Third International Conference on
Advances in System Simulation, pp. 55-60, 2011.



