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Vehicular Ad-hoc Networks (VANETS) are a new
emerging technology which has attracted enormous
interest over the last few years. It enables vehicles to
communicate with each other and with roadside infra-
structures for many applications. One of the promising
applications is multimedia services for traffic safety
or infotainment. The video service requires a good
quality to satisfy the end-user known as the Quality
of Experience (QoE). Several models have been sug-
gested in the literature to measure or predict this met-
ric. In this paper, we present an overview of interest-
ing researches, which propose QoE models for video
streaming over VANETSs. The limits and deficiencies
of these models are identified, which shed light on the
challenges and real problems to overcome in the fu-
ture.
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1. Introduction

Vehicular Ad-hoc Networks (VANETS) rep-
resent a rapidly emerging and a particularly
challenging class of Mobile Ad Hoc Networks
(MANETs) where vehicles communicate [1]. It
has a significant interest by car manufacturing
industries, academia and government agencies.
They have put much joint efforts together to-
wards realizing the concept of vehicular com-
munications in a wide scale. These efforts have

led to numerous vehicular communications re-
searches with their associated standardization
projects in many countries across the world [2].

VANETs are characterized by:

a) trajectory-based movements with location
prediction and time-varying topology,

b) varying number of vehicles with indepen-
dent or correlated speeds,

c) fast time-varying channel (e.g., signal
transmissions can be blocked by build-
ings),

d) frequent network disconnection due to the
movement of vehicles at high speed, and

e) battery power and storage is unlimited [3],
[4].

They are self-organizing and self-governing
communication networks without any central
coordinator [5]. Vehicles can communicate
with each other (V2V) or with the Road Side
Units (RSU) which are a fixed infrastructure
along the roadside (V2I) [6] as shown in Fig-
ure 1 [7]. To ensure communication, vehicles
use wireless communication equipment which
is either short-range or medium-range [8], [9].
For instance, VANETs currently use the Dedi-
cated Short Range Communication technology
(DSRC) which is the IEEE 802.11p standard
[10], [11], [12]. A VANET architecture is pre-
sented in Figure 1.

The main objective of VANET is achieving
safe and comfortable driving. It can provide a
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very wide variety of applications in the field of
transportation. Typically, applications are cate-
gorized as road safety, traffic coordination, and
infotainment applications [13], [14], [15], [16].
These applications of VANET mostly need
to send multimedia data for communication,
which still remains a great challenge on Quality
of Services (QoS) and Quality of Experiences

Certification

Applications Authority (CA) Services

VaIzv

Figure 1. VANET architecture [7].

(QoE) issues due to the nature of VANET.

The QoS is only focused on service require-
ments that need to be met by the network [17].
It does not include the user and context factors
for quality evaluation. The QoE puts emphasis
on the degree of satisfaction of users by the of-
fered service [18], [19]. Several researches have
been conducted in QoE modeling, monitoring
and management. The QoS is objective but the
QoE is subjective. Even though QoS and QoE
measurements are quite different, they have a
high degree of correlation. In the literature, a
number of studies have focused on identifying
the relationships between QoS and QoE for
multimedia services.

This paper presents a comprehensive review
and a thorough analysis of recent and pertinent
research related to QoS and QoE correlation
models for video transmission over VANET.
The rest of the paper is organized as follows. In
Section 2, video streaming over vehicular net-
works is highlighted. In Section 3, QoE appli-
cations in video streaming are presented. Sec-
tion 4 introduces the influence factors of QoE
in video streaming. Section 5 is a literature re-

view of QoE models for video streaming over
Wireless Network, Mobile Network, MANET
and VANET. In Section 6, limits and deficien-
cies of QoE models for video streaming over
VANET are identified and discussed, which
opens wide doors of challenges and issues to
deal with in the future. Finally, conclusions and
perspectives are given in Section 7.

2. Video Streaming Over Vehicular
Networks

The video streaming is a client-server paradigm
where interactive media data of streaming ap-
plications such as video on demand, IP Tele-
vision (IPTV), video conferencing, e-learning
and videogames are exchanged, shared and
consumed [20]. Video streaming over vehicular
networks is a need for many applications. These
applications can generally be grouped into two
categories: safety applications and non-safety
applications as shown in Figure 2. We summa-
rize the main applications of these categories in
the next paragraphs [21], [22], [23], [24].

Video streaming over

Vanets
Safety
applications

[ Surveillance ]i——P[Advertisements]
[Trafﬁc assistance](——b[ Entertainment ]

Figure 2. Video streaming applications over vehicular
network.

Non-safety
applications

[ After accidents

[Avoid accidents

2.1. Video in Safety Applications

The aim of safety applications is saving the
life of drivers and passengers. The video can
play an important role to avoid accidents by
showing dangerous situations such as collision
risk, vehicle lane change, overtaking vehicle,
stopped vehicle, work zone, pedestrian cross-
ing and low bridge. It can also be helpful even
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after accidents when offering collision record-
ing, notifications for other vehicles, telemedi-
cine, medication identification, help in guiding
emergency rescuers and authorities, investiga-
tion support for accident liability.

2.2. Video in Non-safety Applications

The aim of non-safety applications is traffic
assistance, surveillance, entertainment and ad-
vertisements. In traffic assistance, the video can
assist driver decisions and give a clear overview
of the road traffic conditions to better trajecto-
ry planning by avoiding congestions and closed
roads. It can show him dangers on the road and
weather information. The video can be also
used to prevent anti-social behaviour such as
crimes, robbery, irritating people inside/outside
vehicles. It can also help authorities to identify
vehicles or pedestrians they are searching for.
Besides all these, video can be used in com-
fort and entertainment. Vehicles can exchange
video information like multi-player games for
entertainment, live video stream of both sides,
video conferencing and video changing. Road-
side commerce can use video in advertise-
ments of services like nearest parking lots, gas
stations, shopping malls, hotels and fast food
restaurants.

Video streaming is considered as one of the
challenging issues in VANET due to highly
dynamic network topology, high mobility, fre-
quent connectivity interruption and require-
ments of Quality of Experience (QoE) and
Quality of Service (QoS), typical for multime-
dia applications. The most challenging points
are achieving high rates of delivery ratio with
less delay in available bandwidth and offering a
good quality [21], [22], [23], [24].

3. QoE Applications in Video
Streaming

The theory of quality of experience (QoE) has
been widely used to represent user perception.
For network service evaluation, a number of
models and tools have been proposed in QoE
modeling, monitoring (assessment) and man-
agement with the exploration of many influenc-
ing factors.

In the QoE monitoring, we measure or estimate
the QoE of video streaming using dedicated
tools with the consideration of the influencing
factors. To monitor QoE, two schemes were de-
veloped which are subjective test and objective
QoE monitoring. In the QoE management, vid-
eos are prepared and encoded with proper qual-
ity levels in order to maximize the user's QoE.
In the QoE modeling, models are developed to
measure or predict the QoE as closely as pos-
sible to the QoE perceived by the end users. It
aims to model the relationship between differ-
ent QoE influencing factors. These models can
be adopted in QoE monitoring [25].

In this paper, we focus on the pertinent proposed
QoE models of video streaming in VANETSs
found in the literature. In the next section, we
present the main QoE factors of video stream-
ing and review the corresponding proposed
models.

4. Influence Factors of QoE in Video
Streaming

Quality of Experience (QoE) is a set of hu-
man-centric metrics that captures the overall
acceptability or unacceptability of the service
or application by end users, which includes the
end-to-end factors [26]. The QoE is affected by
various factors of experience that are grouped
in three main categories: human, system, and
context influence factors [26], [27]. The in-
fluence factors of QoE in video streaming are
summarized in Figure 3.

Content-related

Media-related
Network-related

-

Physical factors V\

Social factors

Human

System
Influence

High level

Influence

Factors Factors

e
Technical factors

Factors associated
with assignments

Figure 3. Influence factors of QoE in video streaming.
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4.1. Human Influence Factors (H.I.Fs) resolution, sampling rate, frame rate, and
media synchronization.

Human Influence Factors are any property or

characteristic of a human. They could be divid-

ed into two subgroups. The first is the low-level characteristics are bandwidth, delay, jitter,

influence factors such as age, gender, personal- loss and error rates and distributions, and
ity and mood. The second is the high-level in- throughput.

fluence factors such as socio-economic condi-
tions, educational background, needs, previous
experience and life stage [27].

e Network-related S.I.Fs refer to data trans-
mission over a network. The main network

e Device-related S.I.Fs refer to the visual in-
terface that displays the video to the user.

A summary of research efforts devoted to the
study of the influence of system factors on QoE
in diverse domains is given in Table 2.

They are poorly understood and are taken into
account in a very limited set of studies [28]
[29]. We outline in Table 1, some interesting
research projects that studied the influence of
human factors on QoE in different domains. 4.3. Context Influence Factors (C.I.Fs)

They consider the environmental factors associ-
4.2. System Influence Factors (S.1.Fs) ated with the user. Their classification includes

. six sub-groups [27]:
System Influence Factors refer to properties

and characteristics that determine the technical-
ly produced quality of an application or service. e time factors,
They could be classified into content-related,
media-related, network-related and device-re-

lated factors. e cconomic factors,
e The content-related S.I.Fs consider the ® factors associated with assignments, and

content of the video itself like high-motion e technical factors.
or low motion, 2D or 3D.

e physical factors,

e social factors,

Table 3 presents some research papers which
e The media-related S.I.LFs refer to media  studied the influence of context factors on QoE
configuration factors, such as encoding, in different domains.

Table 1. Human influence factors.

Author Human Influence Factors Level Domain
Kara [30] Subject's prior knowledge High-level | Auto stereoscopic glasses-free 3D video
Hyder [31] Gender (male/female) Low-level Virtual acoustic environments
Mccoll [32] | Facial expressions and gender Low-level Web-video sales
Msakni [33] Male/female, age Low-level Lab-based videos
Murray [34] Gender, age Low-level Videos sequences
Rodriguez [35]| Personal and cultural traits High-level Lab-based videos
Guntuku [36] Preference High-level Video streaming services
Zhu [37] Gender and age Low-level Lab-based videos
Chen [38] User's emotions High-level Streaming video
Scott [29] Gender, age Low-level Lab-based videos
Scott [29] | Personality, culture, nationality | High-level Lab-based videos
Oche [39] Gender Low-level VANET multimedia service
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Table 2. System influence factors.
System Influence Factors
Author Domain
Network-related Media-related Content-related Device-related
Throughput, . Wireless
Han [40] bitrates No No User equipment network
Start-up latency,
Xing [41] interruption ratio, No No VANET
average playback
quality
. . Video type (soccer Vldeq dlspl.ay Lab-based
Msakni [33] Bitrates No and documentary), | resolution, video .
. . . videos
Video cotenant display equipment
Misakni [42] No No Video type, video No Lal?-based
length videos
Packet loss rate,
Pokhrel [43] packet loss, No No No IPTV
burstiness, jitter
Node densities, Live
. end-to-end distances, video
De Felice [44] Packet Delivery No No No streams in
Ratio (PDR) VANET
Start-up delay,
Quan [45] Playback freezing No No VANET
. . . Mobile
Song [46] Bitrates Encoding parameters Video coptgnt Device d1.sp lay video
characteristics resolution .
service
VANET
Lina Zhu [47] Nodes speed, nodes No No No video
number .
streaming
Bit rate, percentage
of I-frames lost,
percentage of [,LP.B Digital
Mocanu [48] No frames lost, No No terrestrial
sad (sum of absolute television
differences), number
of bursts
Zhu [37] No Compression bitrates Video genre No Lal?-based
videos
Chen [38] No Buffer r?tlo, No No Stre.ammg
average bitrates video
Table 3. Context influence factors.
Author Context Influence Factors Domain
Pyykko [49] | Physical factors and time factors | Mobile (3D) television
Han [40] Environment factors Wireless Network
Msakni [42] Day time Lab-based videos
Zhu [37] Social context, technical factors Lab-based videos
Seufert [50] Technical factors Web video streaming
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Other factors emerge and are related to the na-
ture of the VANET itself such as large-scale siz-
es, frequent link disconnections, rapid topology
changes and the impact of density and driving
environments. These factors are connectivity
probability, reliability, availability, link dura-
tion, hop count, end to end delay and stability
[51], [52], [53].

5. QoE Models for Video Streaming
over VANET

In QoE studies, several models have been pro-
posed in both wired and wireless networks,
some of them were presented and evaluated in
[54], [55], [56] and [57]. These models are not
well adapted to VANETSs since they do not take
into account their specificities.

In this section, we present QoE models for vid-
eo streaming over VANETSs. In the literature, to
the authors' best knowledge, only few studies
propose QoE models for video streaming in
VANET. This pushes us to extend the studied
models designed for Wireless Networks, Mo-
bile Networks and MANETSs to include speci-
ficities of VANETS, which is itself a sub class of
MANETs [58] and can be formed in pure cellu-
lar or mobile network [59].

We begin by presenting some QoE models for
video streaming over Wireless Networks, Mo-
bile Networks and MANETS, and then discuss-
ing QoE models for video streaming in VANET.
In this paper we evaluate only QoE models for
video streaming in VANETs. Models designed
for other networks will be only presented to en-
large the reader's view.

5.1. QoE Models for Video Streaming over
Wireless Network, Mobile Network
and MANETSs

We present some QoE models for video stream-
ing over Wireless Networks, Mobile Networks
and MANETs, which could be extended to
VANETs by considering their characteristics
such as high speed of vehicles on predefined
roads that makes the topology highly dynam-
ic. The highly dynamic topology generates fre-
quent network disconnection [58].

5.1.1. Cerqueira — Wireless Mesh Networks

Cerqueira et al. in [60], propose an on-the-fly
parametric QoE video quality estimator for re-
al-time video streaming applications over Wire-
less Networks. The model was built to assess
the QoE of the video perceived by end-users. It
takes as input values a set of parameters related
to the video characteristics of an encoder, which
correspondingly quantify the video quality. The
model is based on statistical learning using
Multiple Artificial Neural Networks (MANNS).
It 1s designed to evaluate videos coded in stan-
dard MPEG.

To estimate the QoE, the model takes into ac-
count the current network conditions and dif-
ferent video parameters (loss rate in I, P and B
frames, total loss rate, GoP length, and motion
and complexity levels).

Four successive stages were required to imple-
ment the Multi QoE approach in a networking
system, including Wireless Mesh Networks
(WMNSs):

e Quality-affecting factors,
e Distorted video database generation,
e Subjective Quality Assessment, and

e [earning the quality of the behaviour with
MANNS.

5.1.2. Fung — MANET

Fung et al. propose a QoE model based on QoS
parameters for web-TV streaming service over
Peer-to-peer (P2P) in MANETs [61]. Their
MANET system uses the Landmark-based
routing model, which provides a free-scale and
highly dynamic routing functionality. They de-
fine three levels of user experience for qualita-
tive measurement:

e QoS Packet Loss level,
e QoS Packet Delivery level, and
e Resource QoS Contribution level.

They use these parameters in exponential and
logarithmic models.

A simulation study using OMNeT++ network
simulator was conducted. Specifically, the
OverSim framework for overlay and peer-to-
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peer networks with a patched INET framework
model are adopted in their simulation scenarios.
Moreover, at the application level, a P2P live
streaming system is used. The physical distri-
bution of mobile nodes is generated randomly.
They performed tests in different scenarios.

5.1.8. Jiang — Wireless Networks

Jiang et al. propose a QoE prediction model,
which incorporates the sender bitrates, drop-
ping probability and frame rate into the QoE
calculation [62]. Some parameters in the pre-
diction model are obtained by a nonlinear re-
gression analysis of the QoS parameters. The
model is used in their QoE-driven channel al-
location scheme for secondary users and cog-
nitive radio networks (CRN) base station (BS).

To evaluate the system performance, they de-
rived an analytical Markov model combining
the ON/OFF model of PCs and the service
queuing model. They studied the performance
of multimedia transmission of images and
H.264 videos. They used MATLAB to calculate
the QoE and QoS parameters.

5.1.4. Zhang — Wireless Networks

Zhang et al. in [63] propose a logarithmic QoE
model built upon experiments relating to the
content cache management for HTTP ABR
streaming. The model is formulated as a con-
strained convex optimization problem over
wireless networks. They adopt a two-step pro-
cess to solve the snapshot problem. First, using
the Lagrange multiplier method to obtain the
numerical solution of the set of playback rates
for a fixed number of cache copies and charac-
terize the optimal solution analytically. Second,
they develop three alternative search algorithms
(i.e., exhaustive search, Dichotomous-based
search, and variable step-size search) to find the
optimal number of cached files. In their paper,
they present a simplified QoE model, in which
the user experience depends on two system
parameters, including the required playback
rate and the actual playback rate. The model is
used in a QoE-optimal scheme for the individ-
ual content cache management in HTTP ABR
streaming.

5.1.5. Sanchez — MANET

Sanchez et al. in [64] proposed a model to mea-
sure the QoE of video streaming over MANETs.
The QoE model has been calculated in terms of
MOS (Mean Opinion Score), from a paramet-
ric model. It allowed them to obtain accurate
video-MOS estimations by means of the Packet
Loss Rate (PLR) and the video-coding bit-rate
(Br) parameters.

For model validation, they used the simulation
framework OMNET++ v4.4, with the Inet-
Manet framework v2.2. They carried out simu-
lations with different scenarios.

5.1.6. Bampis — Mobile Network

Bampis et al. proposed the MultiQE model for
QoE prediction in their continuous Quality of
Experience prediction engine over mobile net-
works [65]. Prediction is based on a non-linear
autoregressive model with exogenous outputs
(NARX) recurrent neural networks. The QoE
prediction model is driven by three QoE-aware
inputs:

e an objective measure of perceptual video
quality,

e rcbuffering aware information and

e a memory of prior events affecting QoE
(recency).

They trained and tested their method on QoE
dataset containing continuous time subjective
scores of viewed video content on a mobile
device. They used MATLAB to implement the
model.

After model training and validation, MultiQoE
is used for QoE prediction in real-time with-
out any intervention of real end users. Mul-
tiQoE gives scores in terms of MOS. To test
Multi QoE, simulation experiments were car-
ried out using Network Simulator 2.34, Evalvid
tool, MSU Video Quality Measurement Tool
(VQMT) and the Neural Networks was built
using MATLAB.

5.1.7. Wang — LTE Network (Mobile)
Wang et al. proposed the HTTP Adaptive

Streaming (HAS) QoE prediction methods
based on multi-segment and multi-rate features
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of HAS with data mining over LTE networks
[66]. They designed two sets of methodologies
to evaluate the HAS QoE, including regression
and classification. In the regression method,
they proposed the evolved Peak Signal-to-
Noise Ratio (ePSNR) model using differential
PSNR (dPSNR) statistics as the segment fea-
tures to estimate HAS QoE. In the classification
method, they proposed the improved weighted
k-nearest neighbours (WkKNN) by using dynam-
ic weighted mapping according to the position
of video chunk to meet the dynamic segment
and rate features of HAS.

In order to train and test these methods, they
built a real-time HAS video-on-demand (VOD)
system in LTE network and did subjective test
in different video scenes encoded in H.264 for-
mat. With the MOS, the regression and classifi-
cation methods were trained to predict the HAS
QoE.

In Table 4, we summarize the evaluated aspects
of studied models and in Table 5 their technical
aspects.

To apply these models in VANETSs, several spe-
cific features must be considered such as the
high mobility of vehicles, topology fast chang-
es, frequent network disconnections and V2V
communications. For mobile networks, QoE
models must take into consideration the fast
handover and geolocation of vehicles.

To apply these models in VANETS, several spe-
cific features must be considered such as the
high mobility of vehicles, topology fast chang-
es, frequent network disconnections and V2V
communications. For mobile networks, QoE
models must take into consideration the fast
handover and geolocation of vehicles.

5.2. QoE Models for Video Streaming over
VANET

In this section, we present the QoE models for
video streaming over VANETs. We start by de-
scribing these models and then proceed to their
evaluation.

Table 4. Evaluated aspects of studied QoE models for video streaming over Wireless Network,
Mobile Network and MANETS.

Author System Influence Factors H.LFs C.LFs Q?E. Mapp.mg
Network Media Content |Device prediction | function
. Multiple
. Frames Motion a.n d Artiﬁcl:aial
Cerqueira [60] No complexity| No No No MOS
losses levels Neural
Network
Packet Loss,
Packet Delivery, . Resource |Mathematical
Fung [61] Video Packel‘;y Resolution / / Contribution model MOS
Size,
Sender bitrates,|
Jiang [62] No pfégggilﬁtgy, No No No No Analytical MOS
frame rate
Playback
Zhang [63] No rate, actual No No No No Logarithmic | MOS
playback rate
Sanchez-Iborra| Packet Loss | video-codin .
[64] Rate bitorate & / / / Mathematical| MOS
. . Prior events
Bampis [65] / V:Slfgf?;r?ﬂ;y’ / / / affecting Sﬁ\%\% /
QoE
Bit rates, Statistical
Wang [66] No video No No No No MOS
model
segment
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Table 5. Technical aspects of studied QoE models for video streaming over Wireless Network,
Mobile Network and MANETSs.

Author Co.mmum- Infra- Video Validation tools Mofi?l Environ- Protocol VldFO
cation V2V | structure | reference mobility ment service
. MATLAB ,
Ce?ég]enra / Yes No + Network / / / HVI?E?H
Simulator 2.34 streaming
Omnet++, Propose a [P2P live video
Fung [61] No No OverSim, INET / No protocol | streaming
Markov HTTP
Jiang [62] / / / Models / / / adaptive bit
+MATLAB rate streaming
HTTP
Zhang [63] / Yes / / / / adaptive bit
rate streaming
Sanchez- Device Omnet++ v4.4 + BATMAN, Video-
Tborra [64]] to devi Yes No etManet v2.2| / OLSR, | reami
orra o device netManet V2. AODV streaming
Bampis Video on
[65] / Yes / MATLAB / / mobile device
Lab simulation+ Video-on-
Wang [66] / / No statistical / / /
Cy demand
validation
5.2.1. Asefi streaming of all the videos from one RSU to the

Asefi et al. proposed a quality of service
(QoS) model based on video distortion in their
cross-layer path selection scheme for video
streaming over VANETs in an urban environ-
ment [67]. In the proposed scheme, the video is
streamed from a RSU to a destination vehicle
via multi-hop communication. The objective
in the path selection is to minimize applica-
tion layer video distortion. The distortion is the
summation of encoding distortion, distortion
due to delay and distortion due to packet loss
in VANET. To calculate the distortion, in their
model they used Distortion of packet due to en-
coding, Rate of encoder video packet, Rate of
video packet and End-to-end delay factors.

To evaluate their model, a mathematical mod-
el for an urban architecture was used. They
streamed a 20 seconds of MPEG encoded vid-
eo with 30 frames per second rate in dense and
sparse scenarios. They used the PSNR to mea-
sure the performance of the routing protocol.

The first problem in this model is the assump-
tion of a wide availability of roadside units.
The issues of ad hoc communication are mostly
neglected. The model can be applied only for

destination vehicle. They didn't consider chan-
nels and external interference. In the validation,
they fixed the average arrival rate of the vehi-
cles.

5.2.2. Pham

Pham et al. proposed a QoE model for video
streaming for VANETs [68]. The QoE is eval-
uated as MOS at the destination vehicle. They
used the Pseudo-Subjective Quality Assessment
(PSQA) tool to obtain the MOS. They studied
the impact of loss rate (LR) and mean loss burst
size (MLBS) on MOS. The model is combined
with OLSR protocol for the path selection from
the source to the destination.

They evaluated the performance of the pro-
posed mechanism using Network Simulator
(NS) version 2.35. The Bonn Motion tool was
used to create the Manhattan Grid scenario.
They compared the performance of their pro-
tocol with AODV and MPOLSR protocols for
video streams. The number of video streams
varied from 1 to 8. The video is requested by
the vehicle from one of four servers.
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The proposed model has some limits. They used
only two parameters: loss rate (LR) and Mean
loss burst size (MLBS). They did not consider
the MOS of every intermediate node but only
that of two-hop nodes. PSQA tool takes only
network-oriented parameters. Moreover, they
did not take into consideration the path lifetime.

5.2.3. Wolfinger

Starting from the fact that in IPTV, the main
influencing factor of QoE for users is TV chan-
nels availability, Wolfinger et al. introduced a
new model to measure the QoE in [69]. It is
an analytical model that predicts the blocking
probability of TV channels for channel-switch-
ing-induced and handover-induced blocking
events in IPTV services in VANETs.

They proposed two models, one for all IPTV us-
ers and the other for individual users. The first
model is used to predict the QoE when a chan-
nel is demanded (watched) by more than one
user. The second model is used to predict the
QoE when a channel is demanded (watched) by
individual users.

In their paper, they focused on the model relat-
ed to individual users. In their proposed model,
they calculate channel-switching and handover
in a cell of the access network.

To validate their model, they implemented the
model and applied a numerical case study sce-
nario to obtain the QoE. They compared the an-
alytical results to simulation results and found
that they are close enough.

The proposed model has some limits:

e They did not take in account V2V commu-
nications.

o They assumed that a high number of in-
stalled RSU cover the entire road.

e They did not measure the quality of the
video received by the end-user.

e They assumed that vehicles are driving at a
constant speed in their lane.

o They assumed that the maximum band-
width available in a cell and the data rate
required to send to each TV channel are
constant.

5.2.4. Yaacoub

Yaacoub et al. proposed a QoE model measured
in terms of the PSNR and of two other param-
eters that depend on the video characteristics
as QoE metrics [70]. The model used in their
techniques is based on grouping the vehicles
into cooperative clusters. In each cluster, the
cluster head receives the video over long-range
cellular links and multicasts it to vehicles in its
cluster over IEEE 802.11p.

To validate their proposition, simulations in
MATLAB were implemented in a highway en-
vironment. They used four scalable video cod-
ed (SVC) sequences. Three scenarios were in-
vestigated in these simulations:

e the video is transmitted to a moving vehi-
cle via RSUs,

e the video is transmitted to a moving vehi-
cle using LTE BS, and

e booth RSUs and LTE BS transmit the vid-
€o.

The proposed QoE model has some limits:

e Video distortions caused by compression
method at the source are neglected.

e PSNR needs the original video to be calcu-
lated and is not well correlated to the sub-
jective quality that end users perceive.

e They did not explain how to calculate the
QoE parameters.

e They did not specify which video charac-
teristics represent the QoE parameters.

e Their proposed scheme needs LTE BS and
RSU to be deployed on the side of high-
way.

e The scheme is applicable only with infra-
structure, which is the initial source of vid-
€0 stream.

e The solution is not bandwidth-efficient be-
cause of the large amount of data sent and
lost due to packet losses.

5.2.5. Quadros

In [71], authors propose a model to calculate
QoE as a function of Mean Square Error and
distortion. They used this model in their proto-
col called quality driven beaconless multi-cri-
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teria video streaming management protocol for
VANETs.

The QoE model is designed for MPEG standard
which defines that the Group of Pictures (GoP)
is composed of a combination of three frame
types, namely 1 (Intra), P (Predictive), and B
(Bidirectionally predictive) frames. QoE in this
model is affected by frame types (I, P, B), codec
configurations, and losses. It is used to select
the best next hop and to switch to other routes
as soon as a lower quality is identified. They
consider 40dB as the highest video quality, and
the lowest video quality has values below 20dB.

To validate their proposition, they conduct a
simulation using SUMO, EvalVid (A Video
Quality Evaluation Tool-set) and Network Sim-
ulator version 2.33. To demonstrate the impact
of their model in delivering QoE aware video
flows in VANETSs, they used a geographic rout-
ing approach called VIRTUS, Dynamic Back-
bone Assisted (DBA) MAC protocol and Bea-
conless Routing protocol (BLR) are used for
comparison.

The proposed model has the following limits:

e [t did not take into account the routing path
lifetime and multiple flows.

e [t could not be used with RSU.

e In the model, the video must be streamed
only from vehicles.

e [t did not consider context and human fac-
tors.

e [t is applicable only in highway environ-
ment.

e [t isused only for MPEG standard.

5.2.6. Immich

Immich et al. proposed a self-adaptive forward
error correction based proactive error recov-
ery mechanism and QoE-driven mechanism
to shield video transmissions over VANETSs
(SHIELD) [72]. SHIELD uses several vid-
eo characteristics and specific VANET details
to safeguard real-time video streams against
packet losses. It combines network density,
signal-to-noise ratio, packet loss rate, and the
vehicle's position to better protect the video se-
quences and enhance the QoE. The mechanism
uses Unequal Error Protection (UEP) because

not all video packets have the same importance
to ensure the final video quality. To improve
these issues, SHIELD adopts a Hierarchical
Fuzzy System (HFS) that estimates the QoE by
combining network quality indicator and vid-
eo characteristics. To establish network quality
indicator, it evaluates four parameters which
are SNR, PLR, the network density and the
position of vehicles. To establish video charac-
teristics indicator, it evaluates six parameters,
which are temporal intensity, spatial complexi-
ty, frame size, frame type, resolution and macro
block detail.

To validate the proposed mechanism, they con-
ducted simulations for urban and highway en-
vironments. The Network Simulator 3 (NS-3)
was used to conduct the experiments. All videos
were encoded with H.264, GoP length of 19:2,
where three different resolutions were used,
namely 1080p, 720p, and SVGA. For each res-
olution, 10 videos were chosen to be transmit-
ted. To send videos, they used Evalvid Tool.
The mobility traces were generated using the
Simulation of Urban MObility (SUMO). For
the routing protocol, Cross-Layer, Weighted,
Position-based Routing (CLWPR) were used.

The model has some limits:

e If the infrastructure is available, it could
be used, but the optimizations are to be
performed only on the communication be-
tween the vehicles.

e They used few videos and network param-
eters.

e Device related and context influence fac-
tors are not considered.

e The impact of delay in QoE, which has a
great effect, is not studied.

5.2.7. Sarwar

Sarwar et al. modeled the QoE as a mapped
function to MOS [73]. The proposition consists
of an adaptive selection of application QoS pa-
rameters and an [VT handover decision mecha-
nism for providing seamless imagery effect and
enhance user's multimedia perception. The sug-
gested architecture can provide a sustainable
channel rate based selection of content source,
media resolution, and codec to improve the per-
ceived visual quality. They proposed a model
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of Handover/Handoff management to avoid a
necessary handover. The parameters used in the
QoE model are the media codec, frame rate,
display screen size and the user requested frame
rate.

The model has been tested by simulations under
Inet and Veins frameworks of OMNET++ and
SUMO traffic simulator, in urban environment.
They used these parameters: compression algo-
rithms such as MPEG-2, MPEG-4, H.264, and
SVC, packet drop ratio (PDR), average packet
delay (APD), content source, media codec, and
resolution.

The main limit of this model is the use of one
hop vehicle-RSU communication and there is
no multi-hop V2V communication which is
the main characteristic of VANETs. The model
could be applied only in urban environment. No
information about the QoE model parameters is
given.

5.2.8. Oche

Oche et al. proposed an objective real-time
multimedia service QoE prediction model
based on a multivariate statistical approach, in
conjunction with regression analysis that es-
timates perceived multimedia service quality
as a function of aggregated QoE influencing
weighted parameters [39]. To structure the pro-
posed QoE prediction model, they segment the
multimedia/VANET distribution network into a
framework of three quality optimization com-
ponents, taking into account the service source
quality, the network resource constraint and the
human factor in determining the overall QoE.
The QoE is estimated as a weighted sum of the
QoE influencing parameters. The influencing
parameters in their work are divided into two
categories:

e technique parameters which are for appli-
cation layer: frame rate, and bit rate, for
network layer: packet loss, throughput and
delay,

e no-technique parameters (context), which
are user's physical environmental (city/
highway/rural), user terminal resolution
and user gender.

To validate the model, they used a statisti-
cal method in highway and city environments
with infrastructure RSU to support V2V and

V2I communications. They also used Markov
chains Monte Carlo (MCMC) simulation to
generate gender, environmental and user termi-
nal resolution. As technique parameters, they
used their previous results of simulation under
NS2 [74].

This model suffers from the problem that pa-
rameters in the ordered logit model are obtained
through the maximum likelihood technique
(point estimate) where the estimations are only
valid for current network connectivity matrix.
This means that they did not consider the to-
pology change, which is the main feature of
VANETs. They did not use any mobility. The
model did not consider the encoding distortion
at the source and packet loss in the area of the
wired segment of the network connection path.
For validation, they made statistical methods
instead of tests using video streaming. Further-
more, the values of jitter, buffer, video content
coder, routing protocol, gender, environment
and user terminal resolution, are not taken from
simulation, but are randomly generated.

5.2.9. Fei Sun

Fei Sun et al. proposed a QoE evaluation mod-
el established by using empirical data for ve-
hicular video streaming performed in cellular
networks [75]. They also developed a mathe-
matical relationship between the streaming bit
rate and caching storage space of base station
of cellular networks. Then, they formulated a
distributed caching management for vehicular
video streaming as a constrained optimization
problem and solved it using the generalized
reduced gradient method. In their system, the
video is divided into different blocks, and then
some adjustments are made to the bitrates of
each video segment, with considerations on the
limited caching space.

The video is streamed via cellular networks
from sever to vehicles. The mobility of users's
vehicles in cellular networks is modeled as Hy-
per Erlang distribution. Their QoE evaluation
model is based on Weber Fechner law, which
follows logarithmic laws. The QoE influence
factors used are bit rate and videos types.

They used MATLAB to implement their pro-
posed QoE centric distributed caching approach
in cellular networks. They evaluate their work
in different scenarios by changing the number
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of cells, caching space size and vehicle's den-
sity.

The model suffers from the following limits:

e The model is applicable only in VANETs
video streaming under cellular networks.

e They suppose that the user subscribes to
one video.

e There is no V2V communication.
e They studied few influence factors.

e The user's location and mobility are
pre-calculated and estimated when users
subscribe to video services.

e [t cannot be used in scenarios when vehi-
cles send videos.

e There is a need to consider geolocation
data for the vehicular multimedia content
distribution in cellular networks.

6. Discussion and Future Issues

The Table 6 and Table 7 summarize the aspects
evaluated by models discussed above, as well
as how many different aspects were evaluated
in each model and technical aspect of studied
models. Different angles were taken when it
comes to factors used in the models, method
of prediction and mapping, some technical as-
pects.

The state of the art of QoE modeling of video
streaming over VANETSs is reviewed, evaluated
and criticized. The proposed models have many
limits and drawbacks, which open a wide door
of challenges and issues.

6.1. Model's Limits

The study of existing models has shown several
limits, which can be summarized as follows.

6.1.1. Restrained Number of Models

There are only few proposed models dealing
with QoE over VANETs. This interesting re-
search area did not get attention it deserves.
Consequently, existing models are far from be-
ing perfect. Thorough studies and much effort
are to be devoted in order to propose more ap-
propriate models.

6.1.2. Models Formulation

The study of existing and recent models reveals
that the relationship between QoE and its influ-
encing factors is complex and nonlinear. This
relationship has not been fully understood to al-
low developing of an accurate and representa-
tive model for QoE. The use of machine learn-
ing techniques could give an added value to this
domain. It provides a theoretical and method-
ological framework to quantify the relationship
between influencing factors to predict the QoE.

6.1.3. Influence Factors

Studied models show that only a limited num-
ber of influencing parameters are considered.
This cannot provide an accurate prediction of
the QoE for end-users. These models neglect
the effect of important parameters like human
and context influence factors, except for the
previously discussed Oche model. Moreover,
Oche model considers only three parameters:
gender, terminal resolution and user's physical
environment. The influence factors have not
been fully investigated or quantitatively mod-
eled. This is due to their mathematical scaling,
which is still a very challenging task. The focus
of formulated models is put on network-related
and media-related parameters neglecting oth-
er influencing factors as content-related, de-
vice-related, and human and context influence
factors.

6.1.4. Unrealistic VANET Scenarios

The QoE video streaming models were simu-
lated in unrealistic scenarios. Abstract mobility
models, simplified signal propagation models,
no consideration of obstacles, which block the
radio signal and hence will cause high video
packet loss. Models need to be re-evaluated us-
ing realistic vehicular scenarios.

6.1.5. Performance Evaluation

The proposed models seem to have good perfor-
mance parameters according to suggested sce-
narios in their databases. Unfortunately, there is
no performance evaluation and comparison of
different models in other databases. To evaluate
them objectively, they must be tested under dif-
ferent databases with various conditions.
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Table 6. Evaluated aspects of studied QoE models of video streaming over VANETS.

System Influence Factors i i
Author ! HLFs| CLFs | QoF | Mapping | Video
Network Media Content | Device prediction | function | codec
encoding
Asefi [67] packet rate,) packet loss, No No No No No No /
delay encoder
packet rate
Loss rate,
Pham [68]| mean loss No No No No No PSQA MOS /
burst size
one
blocking per
hour to be
Wolfineer Channels acceptable
[ 69]g witching, No No No No No Analytical |+ switching /
hand over greater than
0.2 will be
unacceptable
for the user
Frame rate, Two
spatial QO =0best | layers
Yaacoub resolution, . quality | scalable
[70] No spatial, No No No No Analytical 0=100 video
temporal worst quality] coded
variances (SvVO)
40dB =
Quadros Frame types, Vidl:oghflztlit
[71] No codec No No No No Analytical 20 d(]]3 - Y\MPEG-4
configurations .
lowest video
quality
SNR, PLR,| Frame size, | ouo®
network | frame type activity:
Immich . “¥ 7 | temporal Fuzzy Codec
density, | resolution, | . . No No No /
[72] .. intensity, System H.264
position of | macroblock spatial
vehicles detail patal
complexity
. MPEG-2
Media ’
Sarwar No codec, frame No Sc'reen No No Analytical MOS MPEG-4,
[73] rate size H.264,
SvC
user's
Packet loss, Frame rate Terminal enﬁ)/}ilr}z)srifint
Oche [39]|throughput, . ? No .| gender . Statistical MOS MPEG-4
bit rate resolution (city, and
delay .
highway/
rural)
Weber
Sun[75] | No Bitrate | "9 | No | No No [Fechnerlawl g /
types (logarithmic

laws)
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Table 7. Technical aspect of studied QoE models of video streaming over VANETs.

Communi- | Infra- Video Cy . Model | Environ- Video
Author cation V2V | structure | reference Validation tools mobility ment Protocol service
An
FR . Streets in | enhanceed Video
Asefi [67] No RSU & AR (PSNR) Analytical No an urban areedy streaming
georouting
Simulation Modified Video
Pham [68] v2v No No (NS2) No / OLSR streaming
Wolfinger Simulation/ Constant
[69] No RSU No Analytical speed Motorways, No IPTV
Yaacoub RSUs and FR Simulation . Video
[70] vav LTEBS | (PSNR) | (MATLAB) | Random | Highway No streaming
Quadros Simulation . . INo (new pro-| Video
[71] Vv No No (NS2) Realistic | Highway tocol) streaming
Cross-Layer,
Weighted,
Immich Simulation Urban and| Position- Video
[72] Vv No No (NS3) / highway | based streaming
Routing
(CLWPR)
WAVE short .
Sarwar Simulation message In-vehicle
(73] V2V RSU No (OMNET++) / Urban protocol tel(c;i(/:;e)en
(WSMP)
Oche [39], Simulation Highway
[74] v2v RSU No (NS2) / and city AODV IPTV
Base VANET video
station Simulation Hyper- streaming
Sun [73] No (cellular No (MATLAB) |,. Er}ang No No under cellular
distribution
network) networks

6.1.6. Radio Access Technologies

VANET can use different radio access technol-
ogies (WiFi, WIMAX, LTE, 4G and 5G). Only
one studied model is based on cellular networks
but does not take into consideration the V2V
communication. All the reviewed models ne-
glect other technologies as WiFi, cellular net-
works or LTE.

6.1.7. Routing Protocols

Various underlying routing protocols were used
in these models. Nevertheless, the choice of
a particular protocol has never been justified.
In our opinion, the routing protocol affects the
QoE and must be considered as a parameter.

6.2. Future Issues

The following issues constitute some of the
promising research directions towards develop-
ing new models to measure the QoE of video
streaming over VANETSs.

6.2.1. Influence Factors

The fundamental challenge of the quality pre-
dictor model is the choice of appropriate influ-
encing factors to predict the QoE for all videos
in different environments and scenarios. There
is still an open issue on how to select the lead-
ing component from all possible system, con-
text and human Influence factors in the design
of QoE models.
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6.2.2. Influence Factors' Relations

The influence factors have not been fully inves-
tigated or quantitatively modeled. This is be-
cause their mathematical scaling is still a very
challenging task. Therefore, it is an open field
of research to propose mathematical models or
machine learning based models.

6.2.3. Influence Factors' Nature

The established models focus on measurable
factors such as throughput, delay, jitter, or loss
rate, and neglect immeasurable factors such as
gender, environment and period of viewing,
which have a great influence on QoE. To evalu-
ate appropriately the QoE, models must consid-
er all major influencing factors.

6.2.4. Realistic VANET Scenarios

The video streaming quality models must be
simulated in realistic scenarios. Especially,
the vehicular communications with wireless
shadowing and fading channel deterioration, in
addition to diverse environments: urban, rural
and highway with obstacles and real mobility
models.

6.2.5. Database for Performance Evaluation

The proposed models are tested in their own da-
tabases. It is desirable to elaborate test databas-
es containing videos with different features and
characteristics to validate the proposed models.
It is also desirable to build a subjective data-
base covering potential QoE influencing fac-
tors, video types, VANET characteristics and
user characteristics. This database will serve as
a reference to test the proposed QoE models.

6.2.6. Radio Access Technologies

The QoE video models over VANETSs should
be able to measure the QoE of various VANET
architectures as with or without RSU, with or
without cellular mobile networks and so forth.
VANET can use different radio access technol-
ogies (WiFi, WIMAX, LTE, 4G and 5G) and
credible models must take into consideration all
technologies used.

6.2.7. Video Type and Codec

Different video types and codecs are devel-
oped like auto stereoscopic 3DTV (AS3DTV),
4K ultra high definition (4K-UHD), and super
HDTYV (SHDTYV). Models should be easily cus-
tomized to deal with various video coding.

6.2.8. Models Standardization

The study of QoS and QoE of video service in
VANETs appeared many years ago, but till now
there has been no standardization of influenc-
ing factors, methods of measurement or predic-
tion of QoE. Most research focus on formulat-
ing models and trying to find a relation between
the QoE and factors. It is important to address
research to standardize the QoE over VANET
for video service.

6.2.9. Routing Protocol for Video Streaming

The underlying routing protocols for VANETSs
should be evaluated and compared to find
the most suitable one for video service over
VANETs. In addition, new proposed routing
protocols for video streaming over VANETs are
of great interest.

7. Conclusion

Quantifying the QoE-QoS relationship is an
extremely challenging task and the ultimate
judge of telecommunication service quality. In
this paper, various issues regarding the QoE of
video streaming applications over VANETSs are
presented. We identified and summarized the
most interesting factors that influence the end
user QoE of video streaming. The influencing
factors were classified in various categories and
the recent research in this area has been thor-
oughly reviewed. Some QoE models of video
streaming over wireless, ad-hoc, mobile and
MANETs have been discussed. A special focus
is put on VANETs where all the pertinent QoE
models of video streaming found in the liter-
ature were presented, analysed and evaluated.
Finally, the paper identified some challenges
that still require innovative solutions for mod-
eling the video quality in order to improve the
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QoE perceived by users of a video streaming
service. With regard to the challenges of QoE/
QoS correlation modeling, there is still a need
to identify and better understand many QoE in-
fluencing factors for a given type of service and
to find out how they influence each other.
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