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Abstract: With the popularization of smartphones and high⁃speed networks, a larger num⁃
ber of users are getting used to watching videos online and have increasing requirements of
video quality. Therefore, the video content delivery has become a progressively challenging
task, especially for ultra⁃high⁃definition (UHD) videos and heterogonous networks. Recent⁃
ly, quality of experience (QoE), which represents the true visual experience of users, has
shown its advantages in management of video delivery and thus attracted increasing atten⁃
tion. In a video delivery system, the user QoE can be greatly influenced by numerous ef⁃
fects from video sources to display terminals. In this paper, we first investigate the signifi⁃
cant differences between quality of service (QoS) and QoE. In addition, we summarize the
end⁃to⁃end QoE effects in video delivery and present their classification based on the de⁃
ployment. We also specifically analyze the impacts of different kinds of factors on QoE in
video transmission systems.
Keywords: QoE; QoS; video delivery; video quality

1 Introduction
he recent development of high⁃speed networks and
smart devices have brought a great need of multi⁃
media services. As a result, it is necessary to de⁃
velop quality metrics to measure the performance

of video services. During the past decades, an increasing num⁃
ber of conventional quality metrics have been proposed to pre⁃
dict the quality of videos. The peak signal to noise ratio
(PSNR) and structural similarity (SSIM) index [1], as the most
widely used signal fidelity metrics, evaluate the quality of vid⁃
eos by the similarity between the reference and distorted video
frames. In addition, quality of service (QoS) [2] has been devel⁃
oped to estimate video quality at system perspective and be⁃
come the most suitable one for the measurement of perfor⁃
mance and reliability of network elements.

All above⁃mentioned quality metrics are limited to evaluate
video quality from the perspective of signals and systems and
do not take users’true visual experience into account. There⁃
fore, quality of experience (QoE) [3] has been proposed to rep⁃
resent the true experience of a user, which has overtaken the
traditionally used objective measures. It is defined as“the
overall acceptability of an application or service, as perceived
subjectively by the end user”[4]. It includes the complete end⁃
to⁃end system effects and may be affected by user expectations
and context. Then, to mitigate some of the problems related
with the above definition, the following definition of QoE was
developed:“Degree of delight of the user of a service. In the
context of communication services, it is influenced by content,
network, device, application, user expectations and goals, and
context of use.”[5] However, these definitions seem to only re⁃
flect the user’s acceptance. Taking the limitations of the above
definitions into account, a more accurate definition was pro⁃
posed in 2013:“QoE is the degree of delight or annoyance of
the user of an application or service. It results from the fulfill⁃
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ment of his or her expectations with respect to the utility and/
or enjoyment of the application or service in the light of the us⁃
ers’personality and current state.”[6]

The new definition of QoE emphasizes the subjective experi⁃
ence of users compared to the objective indicators. Due to its
advantage, QoE has been widely used in video delivery.
Hoβfeld et al. [7] studied YouTube video streaming in terms of
the QoE impact of Internet delivery. Different QoE monitoring
approaches were qualitatively compared and estimated consid⁃
ering the accuracy of QoE estimation. Rehman et al. [8] per⁃
formed a subjective experiment to investigate the impacts of
display device properties and viewing conditions on perceptual
video QoE. They also proposed a full ⁃ reference (FR) video
QoE metric, named SSIMplus, to predict the perceptual quality
of a video. Maia et al. [9] analyzed the subjective, objective
and hybrid QoE approaches in video streaming services. Zhao
et al. [10] described the main QoE factors of video transmis⁃
sion and the modeling approaches of these factors, and sur⁃
veyed the QoE assessment approaches, including subjective
test and objective QoE monitoring. Li et al. [11] proposed a
novel QoE ⁃ driven centralized scheduling framework for mul⁃
tiuser downlink networks.

As introduced in the above studies, the increasing domi⁃
nance of video traffic has driven the widespread use of QoE in
video transmission. As a result, it is necessary to survey the
end⁃to⁃end QoE effects in video delivery. In order to achieve
the purpose, we first investigate the differences between QoS
and QoE in Section 2. Then, the classification of QoE effects is
provided in Section 3. Furthermore, we analyze the influencing
factors of QoE in Section 4. Finally, Section 5 concludes the
paper.

2 From QoS to QoE
In general, the conventional QoS metrics have been used to

study the performance of online services and networked ele⁃
ments. QoS reflects the reliability of the network and its compo⁃
nents, which was described by ITU as:“totality of characteris⁃
tics of a telecommunications service that
bear on its ability to satisfy stated and im⁃
plied needs of the user of the service.”[2]
This definition implies several obvious
differences from the concept of QoE.
First, QoS handles the performance as⁃
pects of physical systems. Thus, it is a
network ⁃ centric metric. The commonly
used QoS metrics are throughput, band⁃
width, packet loss, delay, and jitter. How⁃
ever, QoE is a user ⁃ centric metric that
deals with the users’assessment of sys⁃
tem performance, such as context, cul⁃
ture, user ⁃ specific characteristics, deliv⁃
ered content, and psychological profiles,

among other factors. The second difference resides in the fact
that QoS and QoE have different scopes. The QoS is usually fo⁃
cused on telecommunications and network services, while QoE
covers more extensive areas, which is not limited to telecommu⁃
nications and networks. QoE mainly faces users and business.
The third difference between QoS and QoE is that QoS relies
on the analytic approaches and empirical or simulative mea⁃
surements, whereas QoE depends on multidisciplinary and
multi⁃methodological approaches.

Despite of these differences, QoE is still dependent on QoS
to a certain extent. The relationship between QoS and QoE can
be obtained from Fig. 1. It can be seen that QoE covers more
influence factors than QoS and the conventional timed video
quality metrics. Therefore, QoE and QoS are not mutually ex⁃
clusive; on the contrary, QoE is an extension of QoS, which
takes subjective factors (e.g., user and context) into consider⁃
ation on the basis of QoS. In recent years, researchers have
tried to implement QoS to QoE mapping. Aroussi et al. [12]
proposed a global correlation model between QoE and QoS
based on the multiple linear regression (MLR). Alberti et al.
[13] presented a nonlinear psychometric model to evaluate the
mean opinion score (MOS) from the QoS parameters for dynam⁃
ic adaptive streaming over HTTP (DASH) streaming systems.
Mansouri et al. [14] developed an integrated QoS and QoE
evaluation system in order to evaluate voice over IP (VoIP) ser⁃
vice quality in a more comprehensive way. Anchuen et al. [15]
estimated the satisfaction of users in terms of QoE using neural
network approach, where the input of the proposed model was
obtained by five QoS parameters. Ning et al. [16] analyzed the
sensitivity of QoE to different QoS parameters and provided
the mapping relationship between QoS to QoE. Garcła⁃Pineda
et al. [17] used a statistical technique that employs all kinds of
variables related to QoS, to evaluate the subjective QoE.

In summary, the main difference between QoS and QoE is
that QoS depends on the network perspective, while QoE focus⁃
es on the users’perspective. However, QoS and QoE are not
two independent metrics, because QoE adds the effects of con⁃
text and human to the system factors that are widely studied on

FR: full reference QoS: quality of service QoE: quality of experience

▲Figure 1. Illustration of the impact of end⁃to⁃end system on QoE in video transmission.
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QoS. Furthermore, the above studies indicate that it is possible
to develop a real⁃time QoE metric based on QoS factors.

3 Classification of QoE Effects
As an overall metric, QoE can be influenced by various fac⁃

tors in the end⁃to⁃end video delivery system. In practice, these
influence factors include video capture, coding, storage, deliv⁃
ery, decoding, rendering, display and context of use. Further⁃
more, QoE is also affected by user factors such as user person⁃
ality and expectations. Apparently, all these factors have direct
impact on the design of QoE⁃aware optimization techniques for
video delivery. Here, we present a classification and an enu⁃
meration of all relevant influence factors of QoE in video deliv⁃
ery system in this section.

In [18], the contributions of QoE in video delivery were di⁃
vided into three categories including content preparation, con⁃
tent delivery and the customer environment. In [10], the end⁃to⁃
end influence factors of QoE in video transmission were sum⁃
marized into three categories including system influence fac⁃
tors, context influence factors and human influence factors.
Following these ideas, we classify the QoE influence factors
based on their operational locations in the end⁃to⁃end video de⁃
livery system. We propose to partition the video delivery sys⁃
tem into four major elements including host, channel, terminal,
and user, as shown in Fig. 1. Correspondingly, we classify
these influence factors into four categories accordingly: host
factors, channel factors, terminal factors, and user factors. The
major advantage of this classification is that it can support vari⁃
ous QoE mappings and cross⁃layer optimization designs at dif⁃
ferent taxonomies of the video delivery system.

Base on the partition method mentioned above, the influ⁃
ence factors of QoE are summarized in Table 1 and are dis⁃
cussed as follows.

(1) Host factors: These factors include video content factors
and media factors. At the host, a source video is generally pro⁃
cessed and/or coded before being transmitted in order to re⁃
duce the storage size and meet the bandwidth budget. In addi⁃
tion, the unimpaired source video is usually available at the
host. Therefore, we can utilize it (or the features extracted from
it) as a reference to measure the QoE loss during video process⁃
ing and compression. The temporal and spatial samplings may
also have impacts on the user’s QoE.

(2) Channel factors: The channel factors are mainly network⁃
related factors. It is known that the packet transmission can be
influenced by different network configurations such as band⁃
width, throughput, resource requirements, scheduling, and
sometimes, zapping time and handoff. However, inappropriate
network configurations or poor network conditions may cause
packet delay, jitter, loss or error rate, which will degrade the
user’s QoE. For online video purchasing, the pricing model
and the prices also affect the QoE. In addition, the channel fac⁃
tors and relevant host factors can be regarded as QoS parame⁃

ters during video delivery process.
(3) Terminal factors: This category includes the device fac⁃

tors (e.g., decoding parameters, reception device settings, and
display parameters) and environmental configurations (e.g., lu⁃
minance, viewing distance, and movement). In addition, the us⁃
ability and accessibility of graphic user interface (GUI) and
video interactivity during playing are also considered as QoE
factors drawn into this category. Furthermore, the security and
personalization issues also belong to this category in some par⁃
ticular applications [6].

(4) User factors: The user factors are generally composed of
physiological factors (e.g., gender, age, and heart rate) and psy⁃
chological factors (e.g., attention, interest, and mood). In prac⁃
tice, the user factors, especially the psychological factors, are
difficult to be directly measured, which leads to a great obsta⁃
cle to the research of the influence of user factors on QoE.
Luckily, in recent years, researchers have found some indirect
ways to measure user factors and subsequently made several
breakthroughs in the study of the impact of user factors on
QoE, which will be discussed in detail in Section 4.

4 Further Analysis
In video delivery system, QoE covers the end⁃to⁃end factors,

which are from host to users, to affect the users’experience on
video services. In this section, we further analyze the specific
impacts of these factors on QoE.
4.1 Impact of Host Factors

It is well known that the distortion is inevitably introduced
to reduce the visual quality of videos in the process of acquisi⁃
tion, processing and compressed. Therefore, video quality as⁃
sessment (VQA) methods have been extensively used to pre⁃

▼Table 1. QoE influence factors at different taxonomies of a video
transmission system

CPU: central processing unit QoE: quality of experience

Taxonomy

Host

Channel

Terminal

User

Content factors

Media factors

Network factors

Other factors

Device factors

Other factors
Physiological factors

Psychological
factors

QoE influence factors
Temporal/spatial requirements, color depth, texture,

2D/3D, content reliability, artifacts, etc.
Encoding, resolution, sampling rate, frame rate,

media synchronization, etc.
Delay, jitter, loss, error rate, bandwidth, throughput,
path selection, resource requirements, scheduling,

zapping time, hand⁃off, etc.
Pricing, etc.

Decoding, error concealment, zooming, rendering,
display size, screen resolution, color depth, user

interface, CPU and memory, battery, etc.
Luminance, viewing distance, movement,

interactivity, personalization, security, mobility, etc.
Gender, age, heart rate, electrodermal activity, etc.

Attention, interest, personality, mood, pre⁃
conceptions, user expectation/goal, etc.
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dict the impact of distortion on video quality. According to the
available amount of reference information at the host, VQA
can be also divided into three categories: FR, reduced ⁃ refer⁃
ence (RR) and no⁃reference (NR) methods. In an FR method,
an unimpaired original video is compared frame by frame with
the impaired video to obtain a VQA metric. Typical FR mea⁃
sures are PSNR, SSIM [1], etc. These FR methods achieve
higher accuracy because of their reference original videos.
However, compared with the other two methods, FR methods
have a small scope of applications due to its demand for unim⁃
paired videos, which are generally applicable only to the host.
For the RR methods [19]-[21], they only need to extract some
features from unimpaired original videos and transmit them
along with the impaired videos. Thus they are more applicable
than FR measures. How to extract features is the main chal⁃
lenge for them. The NR methods are completely independent
of the original video information, which is both its advantage
and its difficulty. In recent years, several NR methods have
been proposed due to their practicality [22]-[24].

In addition, other influence factors at the host have been
studied in the past years. The depth perception assessment
metrics for 3D stereoscopic videos were proposed in [25] and
[26]. Ou et al. [27] analyzed the impacts of spatial, temporal
and amplitude resolution on the bit rate of a compressed video
and proposed an analytical rate model. The effect of color
depth for QoE was investigated in [28]. A determining method
of frame rate and resolution was proposed to improve QoE [29].
In [30], the impact of video resolution was also discussed.

All of the above works study the influences of host factors on
QoE, and lay the foundation for the development of VQA based
on host factors. In recent years, VQA technology of ordinary
video has become more mature, especially the FR methods.
However, with the popularity of special videos (e.g., ultra⁃high⁃
definition (UHD), high dynamic range (HDR), 3D, and 360⁃de⁃
gree videos), how to measure the host factors in these video de⁃
livery has been an open question. In addition, since original
special videos are usually unavailable in many real⁃world vid⁃
eo applications, the RR and NR methods will play an impor⁃
tant role in VQA. In summary, the impacts of host factors on
QoE will be further investigated in the future.
4.2 Impact of Channel Factors

QoE can be affected by numerous channel factors when the
video stream is transmitted over a channel, such as bandwidth
and throughput. These can be considered as a part of the QoS
parameters. Due to the measurability of QoS, QoE assessment
approaches based on channel factors are widely used in video
delivery system.

In [31], Frnda et al. discussed the impact of packet loss and
delay variation on QoE and designed a prediction model for es⁃
timation of triple play services. Maeda et al. [32] investigated
the influence of network delay on QoE in a networked haptic
drum system. Nunome et al. [33] investigated the effect of two

allocation methods of bandwidth on QoE in multiview video
and audio transmission. Begluk et al. [34] proposed a machine⁃
learning model to predict QoE based on network ⁃ related fac⁃
tors (e.g., delay, jitter, and loss) as input data. Gutierrez et al.
[35] studied the impact of transmission errors in 3DTV and pro⁃
posed a novel evaluation methodology for QoE.

These researchers extensively investigated the influence of
channel factors on QoE, especially network factors. However,
other factors (e.g., pricing) are still not well studied at present.
They are also highly needed for the study of QoE. Furthermore,
the development of heterogonous networks such as 5G network
has improved the users’requirements for video transmission.
For these new emerging networks, how to measure QoE is a
new challenge and research direction. Therefore, the influenc⁃
es of channel factors on QoE will be widely studied on these
networks.
4.3 Impact of Terminal Factors

When watching the same video in the same environment,
there are some differences in the experience of users using dif⁃
ferent terminal devices. The reason for the difference of QoE is
the influences of the terminal factors, including screen resolu⁃
tion, display size, luminance, viewing distance, etc. With the
development of smart devices, more and more researchers have
studied the influences of terminal factors on QoE.

Beyer et al. [36] observed a considerable impact of display
size on overall quality. In [37], Vucic et al. studied the impacts
of smartphone factors (including CPU, screen size and display
resolution) on the QoE for multi⁃party video conferencing. Jega⁃
natan et al. [38] studied the effect of user interfaces on QoE of
multiview video and audio over IP networks. Edstrom et al.
[39] mainly investigated environmental luminance at different
levels and its impact on the user’s viewing experience. Triyas⁃
on [40] conducted a subjective experiment to prove screen size
has an effect toward the QoE of remote cloud ⁃ based virtual
desktop.

It should be pointed out that there are not many studies on
the impacts of terminal factors on QoE. Most of the current
studies are mainly based on device⁃ related and environment ⁃
related. They seem to ignore the influences of other terminal
factors on QoE, such as interactivity and personalization. How⁃
ever, with the development of smart devices (e.g., smartphones,
tablets, and VR devices), users put forward higher require⁃
ments for the interactivity, personalization and security of vid⁃
eo services. It suggests that the research of these terminal⁃relat⁃
ed factors plays a pivotal role in VQA. Thereby, QoE research
based on terminal⁃related factors will become an important re⁃
search direction in the future.
4.4 Impact of User Factors

Since the human factors are strongly related to and may af⁃
fect other factors, they play an increasingly important role in
the impact of QoE. They can well reflect each user’s personal
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experience. However, they are highly complex and not well
comprehended because of their subjectivity and relevance [41].

In a study given in [42], Guntuku et al. found that personali⁃
ty and culture play a key role in predicting the intensity of neg⁃
ative affect. Murray et al. [43] evaluated the impact of users’
age and gender on user QoE based on user perception of olfac⁃
tion based mulsemedia. In addition, Murray et al. [44] pro⁃
posed a model based on empirical data to estimate user QoE.
The result indicates that human factors play an important role
in perceptual multimedia quality of olfaction enhanced multi⁃
media. Song et al. [45] developed a user⁃centric objective QoE
evaluation model to predict QoE considering perceptual audio⁃
visual quality and user interest in audiovisual content. In [46],
Eynard et al. discussed the impact of verbal communication on
the user experience in the context of virtual reality (VR).

All these works demonstrate that the human factors play a
key role in QoE assessment. Since these factors differ QoE
from QoS, an increasing number of researchers try to build
QoE models based on the human factors to achieve more accu⁃
rate video quality assessment. However, most of these factors
are not measured directly. Thence, these studies are currently
focused on users’touch, visual and other aspects in the spe⁃
cial videos, especially immersive applications. Although these
studies have made some progress, how to directly measure the
impact of the human factors on QoE is still a challenge due to
their complexity.

5 Conclusions
In this paper, we discuss three main differences between

QoS and QoE and the possibility of QoS and QoE mapping.
QoE can be influenced by various factors in the video delivery
and we summarize these factors into four categories: host fac⁃
tors, channel factors, terminal factors, and user factors. In addi⁃
tion, we analyze the specific impacts of different types of fac⁃
tors on QoE. We hope our study may promote the development
and application of VQA approaches.
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