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Abstract:

Video file formats are used to record, play and store videos according to heterogeneous platforms; devices and online
streaming on networks vary by speed. Video formats are different codecs and resolution from each other and also vary
in display quality and storage size which also differentiate the quality of experience (QoE) of users. This paper presents
the subjective QoE of end user’s for different video file format varied according to resolution quality and bitrate.
Videos of most popular formats which are used for online streaming was downloaded from YouTube and stored on
the local system for play for subjects to perceive the video quality. Subjective QOE experiments were conducted by
questionnaires given to subjects to perceive video quality and assign ratings. Results show high ratings for FLV 240P
and WebM 360P for low resolution videos where high ratings for the MP4 video for 720P and 2160P high resolutions.
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1 Introduction:

Multimedia streaming is a popular service on the Internet and overall 31% of traffic is used for Internet video streaming
[1]. Internet speed is diverse according to bandwidth limitation, country local network, Internet service provider’s
speed (ISP) and package plan of the user, so it is difficult to access high definition (HD) videos via a slow network
with different devices. Different video codecs (formats) were developed to compress the video and reduce size for
streaming on the Internet with high quality video [2]. In the early 2000s flash videos were used to play videos in the
browsers and adobe flash player was a tool to support play video via real time message protocol (RTMP) [3]. FLV
files were encoded with codecs like the Sorenson Spark or VP6 video compression formats and contains video bit
streams which are a proprietary variant of the H.263 video standard [4].

The early era of mobile devices did not support FLV properly, so in 2000 3GP video file format was developed by

International Telecommunication Union (ITU) in a meeting of telecommunication association to globally implement
video file format for mobile streaming [5]. 3GP has low quality video due to low bitrate, screen resolution and frame
rate with high compression for support on the small display of mobile devices and low network speed of 2G. the 3GP
file format store video files as MPEG-4 version 2, H.263 or MPEG-4 version 10 advanced video codec (AVC/H.264)
and audio streams as AMR-NB, AMR-WB, AMR-WB+, AAC-LC, HE-ACC v or enhanced accplus (HE-ACC v2)
[6, 7].

MP4 MPEG-4 (motion pictures expert group) is based on the quick time file format and it was introduced in 2001 for
public use [8]. MP4 file format was developed by International organization of standards (ISO) with extensions such
.mp4, .m4a, m4p, mdb, .m4r and .m4v with standard number ISO/IEC 14496-14. Different versions of MP4 file format
were introduced with different compression codec such H.263, H.264 and H.265 for providing better video quality
with compressed file size [9]. The purpose of launching different versions with a different codec to compress the file



to transfer on the networks for multimedia streaming to remote users but the limitation of bandwidth is the main
consideration during the development [10, 11].

WebM initially launched on May 18, 2010, sponsored by Google and license under the distribution of BSD [12, 13
14]. WebM is audiovisual file format and alternative use of HTML5. This supports Google Chrome, Opera and
Mozilla Firefox and Internet Explorer required third party software to WebM files [15].

Online streaming of HD video is still concerns for service providers (SPs) due file format of videos used by SP and
network speed of user’s connection. SPs used user feedback system to get user reviews about video quality and
provider better service to them. The quality of experience (QOE) term is used for assessment of user’s opinion about
the video quality and service they receive [16]. “QoE provides an assessment of human expectations, feelings,
perceptions, cognition and satisfaction with respect to a particular product, service or application” [17]. The
definition of QOE is given in [18] “the degree of delight or annoyance of the user of an application or service”. Further,
QoE defined in general perspective “QoE is a measurement of customer satisfaction or customer performance depends
on the objective or subjective measure of using any service or product” [19]. HD videos take additional time to load
into a webpage as compare to the low quality, the big size of the video also utilize more storage space on the
cloud/server and requires more network bandwidth to transfer from cloud/server to client. The main contribution of
this paper is to assess the QoE of the end user on the different video file format and quality to analyze which file
format and resolution are suitable for video streaming over cloud/server video hosting website which fulfills the user
needs.

During the QoE assessment experiments, we use subjective QOE method to assess user satisfaction level for different
video file formats and resolutions. Solution provides the acceptable quality level (resolution, bitrate, frame rate) of
video file formats for users, which provided by different developers for online streaming. During the research work, we
repeat experiments with four video file formats having different quality 4K (2160P), 720P HD, 360P, and 240P which
were taken from YouTube and stored on the local system. Downloaded videos were played for the user to perceive
videos to assign ratings and examine the characteristics and effect on the QoE of video quality.

Our paper is organized into 5 sections, in section 2 we provide the literature review and section 3 is based on
laboratory experiments. Section 4 provides results and discussion; finally, in section 5 we conclude our work.

2 Literature Review:

Comparative research works on different video formats were given by researcher in past and one such work given by
Mustafa et al. [4]. During the research, the algorithm was proposed to compare the performance of MPEG4, FLV and
3GP by considering wireless network parameters. Metadata of files were calculated before and after transmitted on
the network, algorithm use peak signal to noise ratio (PSNR) and signal to noise ratio (SNR) to calculate variation and
fluctuation of files. Results show that MPEG4 have highest variance and fluctuation and 3GP have lowest where FLV
have middle level. The research proves that 3GP provide better results compare to MPEG and FLV file formats.

Research work provided by Gohil and Pandya [20] on the compression of video file formats. The comparative work
based on the conversion of one original file format into other video file formats such as MP4, AVI, 3GP, WMV,
MKV, MPG, VOB, MOV and FLV. The comparative work based on the compression (conversion) time and file size
with high video quality. The results were given in comparative study that different format has different time of
conversion from the original file and different file size.

Rogge et al. presented a reference model for the future multimedia format for timing issue [21]. This reference model
document is based on the ten rules such as 29 interval relationships, fine-grained model, timestamp relationships
versus original timing information, extensibility, interaction, reusability, presentation neutral representation,
adaptability, real-time application support and QoS parameters. This model applied on multimedia formats for
performance comparisons such as Advanced Streaming, QuickTime, RealVideo, Shockwave and MPEG-4. Results
show that SMIL is the only document which supports all 29 temporal relationships put forward in the reference model.
Results also a proof difference between non-streaming and streaming video formats and streaming video formats do
not support partial reuse. Only MPEG-4 has an exception from this rule because mostly MPEG-4 is used for wide



range of applications. Compressed formats are evolving towards the delivery formats and RealMedia now supports
limited delivery functionality through the use of SMIL. Newly developed multimedia video formats support a media
schema that can be sent in advance and function as lookup library for the actual raw media data. Only MPEG-4
provides better QoS support compared to the other multimedia video formats, which describes some parameters and
their needs concerning bandwidth.

In the past, only QoE of different video resolution was assessed considering network parameters form long distance
and nearby locations servers [22] and QoE of MP4 file was assessed regarding social cloud compression parameters
[23], but QoE was never considered for the comparative study of file formats with different resolution.

3 QOE Assessment Experiment:

QoE assessment of multimedia formats based on the four videos having different file formats (extensions) and
different resolutions. Videos were downloaded from YouTube in FLV, WebM, MP4 and 3GP formats and resolutions
were 240P, 360P, 720P and 4K (2160) [24, 25, 26, 27] by using download website of third party [28, 29]. Resolution
and frame rate of videos are according to standard given by YouTube streaming, which is varying according to devices
such as smartphones (small screen) and desktop (big screen) [30].

During the QoE measurement of experimental data, 83 users participated from the department of computer science
and information technology and few were from other departments of nontechnical fields such as social sciences,
mostly users belonged to undergraduate studies and rest of them were postgraduates. Subject’s age was between 21 to
33, there were 47 males and 36 were females and belong to Chinese and Russian nationalities. A questionnaire was
given to users and guided them to provide profile information and perceive video quality of different video file format
as same resolution and assign a rating for video quality which was played on the screen. We follow the
recommendations of ITU-R and ITU-T Rec. for display of video [31, 32]. The display setting for the perception of
video for users 21-inch LCD display was used, which has a resolution of 1280 x 800 and for 4k video we use 55
inches have 3840x2160 HD resolution, where videos were played in sequence. We used absolute category rating
(ACR) scale to evaluate the quality of videos, which is given in Table 1 and experimental methodology is shown in
Figure 1 [33]. The average value of opinion ratings over all the subjects is called the mean opinion score (MOS) [34,
35]. The cumulative distribution of opinion score are given in Tables and Figures in results and discussion section.
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Figure 1. ACR Experimental methodology

Table 1. ACR Scores



Score Quality
5 Excellent
4 Good
3 Fair
2 Poor
1 Bad

4 Results and Discussion:

File viewer lite and VLC (version 3.0.2 Vetinari) players were used for open and play videos for user perception [36,
37, 38]. During QOoE test videos were used vary by file formats and resolution standard given by developers, the
purpose of using different parameters to collect user mean opinion to analyze which file format provides better QoE
at resolution compared to others. Report log of all videos was generated by using Medialnfo software tool (version,
18.03.1) developed by MediaArea.net SARL [39]. The Medialnfo tool decodes all information of videos such as file
format, resolution, total bitrate, frame rate, audio bitrate, storage size and playing time.

240P videos were played for users in FLV, WebM, MP4 and 3GP formats to watch and assign mean opinion score

(MOS) according to the quality they perceive. ITU provides standards known as Mean Opinion Score (MOS) to collect
subjective responses from users [31]. The technical parameters of 240P video for each format are given in Table 2.
Figures 2 to 5 provides snapshots of playing video with a slight quality difference. Results show in Table 3 and Figure
6 that user assign WebM high ratings as compared to other video file formats because of the high total bitrate of video
and audio which also increase the storage size of the file. 3GP format has lowest ratings because it does not provide
good quality of video due to small frame width and low total bitrate as compared to other formats. The 3GP is mobile
based format it provides better quality video on the small screen and smooth online streaming to due low bitrate.

Table 2. 240P video parameters

Technical FLV WebM MP4 3GP
parameters
Frame width 426 426 426 320
Frame height 240 240 240 240
Video bitrate 109kbps 201kbps
Total bitrate 295kbps 784kbps 243kbps 234kbps

Frame rate 29.97 frames/sec 29.97 frames/sec 29.97 frames/sec 29.97 frames/sec
Audio bitrate 18.8kbps - kbps 126kbps 32kbps
Storage size 1.99 MB 6.3 MB 1.97 MB 1.89 MB
Playing length 67 sec 67 sec 67 sec 67 sec
Codec Type Advanced Video WebM (Version 2) Mp4 (Base Media) 3GP Media
Codec (AVC) (version 2)




Fig 4. 240 MP4 snapshot Fig 5. 240 3GP snapshot

Table 3. User MOS of 240P

Video format Mean Opinion Score
FLV 2.7
WebM 34
MP4 25
3GP 1.8
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Figure 6. Comparison of 240P video formats

The 360P videos were selected in different formats for quality comparative analysis. 360P required faster network as
compared to 240P due to high video quality and file size. 360P have overall bitrate, video bitrate and screen resolution
are high compared to 240P videos which provide clearer and high quality videos so user assigned high MOS. The
technical information is shown in Table 4 that WebM format have big file size as compare to other formats because it
has high video bitrate 590kbps, total bitrate 756kbps with 128kbps which more increased from other video file formats.
Results show in Table 5 and Figure 11 that user assigned high ratings for WebM and MP4 video where 3GP has lowest
ratings because 3GP has more distorted video compare to other file formats which are shown in Figure 7 to 10
respectively. The 3GP format in mobile devices provides good video quality on small screen and required low network
bandwidth for transfer from server to client where WebM required high speed network for transfer because of big file
size.

Table 4. 360P video parameters

Technical FLV WebM MP4 3GP
parameters
Frame width 640 640 640 640
Frame height 360 360 360 360
Video bitrate 479%bps 590kbps 490kbps 350kbps
Total bitrate 595kbps 756kbps 588kbps 365kbps

Frame rate 25 frames/sec 25 frames/sec 25 frames/sec 18 frames/sec
Audio bitrate 93.8kbps 128kbps 96kbps 12.8kbps
Storage size 2.63 MB 3.34 MB 2.60 MB 1.62 MB
Playing length 37 sec 37 sec 37 sec 37 sec
Format (media type) Advanced Video WebM (Version 2) Mp4 (Base Media / 3GP Media
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Fig 9. 360 MP4 snapshot Fig 10. 360 3GP snapshot

Table 5. User MOS of 360P

Video format Mean Opinion Score
FLV 3.2
WebM 4.2
MP4 3.8
3GP 2.3
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Figure 11. Comparison of 360P video formats

FLV and 3GP do not support resolution of 720P HD or higher quality videos so only we consider WebM and MP4
720P and 4K videos for QoE assessment experiment [40]. 720P HD video selected in WebM and MP4 file formats
for QoE assessment. The technical information is given in Table 6 show that WebM is more compressed file format
and MP4 is less compressed because of high file size, total bitrate which required more network bandwidth for online
video streaming. The result shown in Table 7 and Figure 14 that user assigned high ratings for MP4 video as compare
to WebM because user assesses that MP4 video provides better quality as compare to WebM. Figure 12 and 13 shows
the quality comparison snapshots of WebM and MP4 during the playing of videos.

Table 6. 720P video parameters

Technical WebM MP4
parameters
Frame width 1280 1280
Frame height 720 720
Total bitrate 1335kbps 1748kbps
Frame rate 29.97 frames/sec 29.97 frames/sec
Storage size 10.3 MB 13.5 MB
Playing length 64 sec 64 sec

Format (media type)

WebM (Version 4/ 2)

Mp4 (Base Media /
version 2)
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Fig 12. 720 WebM snapshot Fig 13. 720 MP4 snapshot
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Table 7. User MOS of 720P

Video format Mean Opinion Score
WebM 4.4
MP4 4.5

Multimedia Format Comparison 720P
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Figure 14. Comparison of 720P video formats

4K (2160P) videos were played for the user to watch and perceive the video quality and assign MOS score for the
particular file format. Technical information of video is given in Table 8 which shows those MP4 formats have double
total bitrate and also file size. WebM more compressed file format compare to MP4 in sense of storage and total bitrate



that required low network bandwidth for video streaming. Results given in Table 9 and Figure 17 show that user
assigned high rating to MP4 video and slightly less to WebM this proof that WebM file format almost provides same
video quality with high compression of the file which saves the storage size and as well as network resources for
transmission. Figure 15 and 16 shows the quality comparison snapshots of WebM and MP4 during the playing of
videos.

Table 8. 4K (2160p) video parameters

Technical WebM MP4
parameters
Frame width 3840 3840
Frame height 2160 2160
Total bitrate 12.6 MB/s 30.6 MB/s
Frame rate 29.97 frames/sec 29.97 frames/sec
Storage size 106 MB 258 MB
Playing length 70 sec 70 sec
Format (media type) WebM (Version 4/ 2) Mp4 (Base Media)

Fig 15. 4K WebM snapshot Fig 16. 4K MP4 snapshot

Table 9. User MOS of 4K

Video format Mean Opinion Score
WebM 4.8
MP4 4.9
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Figure 17. Comparison of 4K video formats

Comparison of all multimedia formats is given in Figure 18, where bar graph shows the user assigned ratings to
multimedia formats. Currently default codec load by YouTube for online streaming via Google Chrome browser is
WebM, which can checked by clicking on “stat for nerds” option on playing video, but in this research users provide
high quality ratings MP4 videos for 720P and 4K videos and for low quality video FLV 240P and WebM 360P have
high ratings.

Multimedia Format Comparison
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Figure 18. Overall comparison of video formats
5. Conclusion:

In this paper, we conduct several QoE assessment experiments on 4 different multimedia format such as FLV, 3GP,
WebM and MP4 with quality and resolutions of 240P, 360P, 720P and 2160P respectively to measure user satisfaction



level on quality for video format. The results comprised in this paper show that user provides high ratings for FLV
240P and WebM 360P for low resolution videos where high MOS for MP4 video for 720P and 2160P high resolutions.
Newly developed WebM provide high compression of videos with slightly less user MOS same resolution compared
to MP4 which is good for online streaming because high compression reduced file size which required low network
speed to transfer from server/cloud to client. This research work provides an assessment of user perception for different
video file formats and suitable quality for watching and online streaming, which is beneficial for service providers to
use particular format with resolution according to the speed of the network.
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