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Abstract

Objectives: This study presents the compression efficiency analysis of AV1,
H.265/HEVC, and VVenc based on the Peak Signal-to-Noise Ratio (PSNR)
and Video Multimethod Assessment Fusion (VMAF) objective quality metrics.
Methods: The study utilizes video sets from publicly available databases and
YouTube. The video sets were compressed using High Efficient Video Codec
(HEVC/H.265) and Versatile Video Encoder (VWenc) based on Common Test
Conditions (CTC) for fixed-quality encoding at different rates. For STV-AV1, we
use quantization parameters which result in the rate nearly the same as that of
CTC. The encoders’ performance was evaluated using PSNR and VMAF objective
metrics. Rate-distortion curves were constructed, and Bjgntegaard delta metric
was computed to obtain bitrate saving/overhead between encoders. Findings:
The superiority of the Versatile Video Encoder (VVenc) over STV-AV1 was
unchallenged in eight out of twelve encoded 360-degree videos. The maximum
bitrate saving of 72.6% and minimum of 12.8% is attained by the VVenc encoder
compared to SVT-AV1. For the case of the HEVC encoder, the maximum and
minimum bitrate overhead of 89.5% and 19.2% is required for it to achieve
video quality similar to that of VVenc encoded video. Based on bit-rate saving,
the SVT-AV1 encoder is the second most performing, especially for 6K and 5K
resolution videos. It is further observed that the HEVC encoder outperforms
VVenc and SVT-AV1 only in two video scenes, with average bitrate savings
of 34.1% and 1.3%, respectively. Even though the popularity of HEVC still
exists in most encoded 360-degree videos, the open-source STV-AV1 showed
better results by outshining the HEVC in eleven out of twelve 360-degree video
sets. The VWenc, an open-source version of H.266 surpasses other encoders,
however, up to this moment, most of the Virtual reality platforms do not
support the H.266 format. Novelty: High-resolution 360-degree video requires
high-speed network infrastructure to transmit video packets. Therefore, a
bandwidth-efficient video encoder must be selected to ensure an adequate
immersive experience. It is well known that the HEVC encoder performance
is far better than its predecessor X.264 yet, most publicly available 360-
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degree databases and published research works are based on video sequences
encoded by using X.264 and few utilize the HEVC encoder. However, based on
findings, STV-AV1 outshines HEVC with average bitrate saving of 11.6%, 34.9%,
and 58% in 8K, 6K, and 4K resolution respectively making it a suitable candidate
for encoding high-resolution 360-degree videos.

Keywords: 360-degree videos; Video codecs; Peak signal-to-noise ratio; Video
multimethod assessment fusion; Bandwidth

1 Introduction

Over the last few years, multimedia services have notably increased in entertainment,
learning, and social interaction applications. While traditional video streaming has
become common across societies, virtual reality (VR) has emerged as a technology that
offers a more immersive viewing experience. However, compared to 2D/3D videos, VR
video demands a significant amount of storage capacity. Moreover, for a more immersive
experience, a high frame rate is desirable, resulting in a high video bitrate, affecting the
required bandwidth ("), This creates the need for a bandwidth-efficient video encoder,
which reduces video file size while maintaining nearly the same visual quality as that of
the original video scene.

Recently, several video codecs, such as Alliance for Open Media Video 1(AV1),
VP9, H.256/HEVC, Joint Exploration Model (JEM), Essential Video Coding (EVC),
and Versatile Video Codec (H.266/VVC) have been introduced. These codecs aim to
enhance video compression, storage, transmission over the network, and playback.
While multimedia enthusiasts anticipate an upgraded version of the loyalty-free AV1
codec from Alliance for Open Media, a proprietary codec, VVC, has been available
since 2020, promising significant improvements over its predecessor H.265/HEVC ?.
Nevertheless, the VVC is not widely adopted due to license requirements and hardware
support issues ), nevertheless, the Versatile Video Codec Test Module (VTM), an open-
source version, is freely available for research purposes.

Extensive studies reported the performance comparison of video codecs based on
2D videos. In®, a trade-off between data rate and distortion regarding the Peak Signal-
to-Noise Ratio (PSNR) metric for video sequences compressed at different levels using
HEVC and VVC was reported. Even though the computation complexity of VVCis 10 to
16 higher than that of HEVC, it is argued that VVC achieves a bit-rate reduction of 44%
compared to HEVC. The performance evaluation of HEVC and VVC based on PSNR
and bitrate distortion metrics was conducted in ®. Depending on spatial resolution and
video content, VVC outperforms HEVC, showcasing improved quality ranging from
32% to 43%. Researchers in‘® compared the performance of VVC, AV1, and EVC on
video sequences ranging from 720p to 4K resolution. VVC claimed to surpass AV1 and
EVC with the expense of computational cost, as reported in "®). Moreover, authors in )
evaluated VP9, VVC, AV1, and HEVC compression efficiency. The result reveals that,
on average, AV1 attained a bit-rate reduction of 24% than VP9. In addition, a slight
difference in bitrate saving of around 3.9% is observed for AV1 and VVC, with the latter
being superior.

The use of PSNR and Video Multi-Method Assessment Fusion (VMAF) metrics to
assess the performance of HEVC, AV1, VP9, and VCC is reported in 1?). The resolution
range of the test video was from 480p to UHD with varied frame rates. While VVC
outshines all other codecs, a narrow performance margin between AV1 and HEVC
is reported. Similar compression superiority of VVC over other codecs for test video
sequences possessing UHD resolution was reported in!?), Researchers in!? focused
on 2D video sequences to evaluate the compression efficiency of AVC, AV1, HEVC, and
VVC using Structural Similarity Index (SSIM), VMAEF, and PSNR objective metrics.
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It was urged that VVC outshines other codecs regarding Bjontegaard delta rate for all investigated test sequences. Thus, a
bandwidth-efficient video codec will not only conserve storage space but optimize network resources, ensuring that video
segments of acceptable visual quality are transmitted at a low bitrate.

The perceived quality of 360-degree video streaming is influenced by user, system, and context-related factors !>, From the
system point of view, video codecs from developers are based on different compression efficiency and implementation which
may result in different perceived quality'¥). However, fewer studies analyzed video codec type as a distortion of the perceived
360-degree video quality"®. Moreover, most of the available 360-degree video databases!®"'®) are developed based on the
single encoder (X.264/HEVC) implementation thereby providing limited information on the impact of encoder performance
on the compressed 360-degree video quality. Therefore, the contribution of this work is three-fold:

a) Develop a 360-degree video database comprised of a wide-range video resolution, compressed under different quantization
parameters using three (VVenc, HEVC, and STV-AV1) codec technologies

b) Analyze the encoder performances using PSNR and VMAF objective metrics.

c) Discuss the encoder performance in terms of bitrate saving.

The remainder of this paper is structured as follows: Section 2 focuses on methodology, where the dataset used, rate control
parameters, and objective quality evaluation are described. Section 3 deals with result analysis, and a conclusion is drawn in
Section 4.

2 Methodology

In this work, we use the 360-degree video sets from YouTube and the scenes reported in (), which are publicly available for
research [https://bthse-my.sharepoint.com/:u:/g/personal/mew_bth_se/EZE_PZ1j7RhFnKwujDtNLN4ByPYjcCAm5gx-O66
M3c097w?e=0ez38w]. We limit the videos duration and discard the audio part in all YouTube downloaded scenes. Figure 1
illustrates a preview of the 360-degree videos used in while Figure 2 describes the performance evaluation workflow. Moreover,
video features are tabulated in Table 1.

(A) (B) (=1}

] (K) L)

Fig 1. 360-degree videos
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Fig 2. Performance evaluation workflow of encoders

Table 1. Description of 360-degree video scenes

Video Video name Source/YouTube ID Resolution Duration (s) Frame-rate

Index

(A) Alcatraz (19) 7680 x 3840 10 29.97

(B) 360 Riding in Winter 2-HWPpTUtMw 7680 x 3840 41 29.99

(©) Black hole ICbPu6dhBBs 7680 x 4096 20 29.97

(D) Aerial view 1pLTwFPIbHzTh5274Ul6aA2wywSaHimqG 7680 x 3840 29 30

(E) Blooming Apple (19 6144 x 3072 10 29.97
Orchard

(F) Panda (19) 6144 x 3072 10 29.97

(G) Outdoor basketball CzByRYeBZ1Y &list=PLmjwCk5ju]- 5760 x 4320 20 60.05

80yjf0D84f8F1RqnUi6BjH&index=17

(H) Formation Pace 9 4096 x 2048 10 29.97

6y Football Experience 2znD22BY4kCQ 3840 x 2160 32 29.99
Demo

0) Football pxH4_6TWscd 3840 x 2160 30 30.01

(K) Skydive gukQrib2E3Q 3040 x 2160 15 30

(L) Falling from Building ~ ZZyBG6UsvoQ 2560x 1440 51 30

2.1 Video dataset and experiment configurations

The test scenes were created by compressing the reference videos using the FFmpeg tool. The quantization parameter (QP) and
constant rate factor (CRF) metrics were used in HEVC and AV 1, respectively. For the VVC encoder, we utilize an open-source
VVenc tool @Y. The choice of QP values for both HEVC and VVenc encoders was based on Common Test Conditions (CTC)
reported in sources!” and V). To ensure fair assessment, for the AV1 encoder, we selected constant quality parameters that
resulted in bitrates closely resembling those achieved by VVenc and HEVC encoders, as reported in 1*!)) were used in the AV1.
Taking four compression levels across three codecs over twelve 360-degree reference videos resulted in 120 video sets.

Moreover, we only defined a preset value for the three codecs while other default software configurations were used. For
the VVenc encoder, we turned off a default rate control mode, which normally limits the video bitrate to around 200kbps.
This adjustment allowed the VVenc encoder to select the bitrate based on the supplied quantization parameter. To achieve
improved PSNR and VMAF results, the parameter —subjopt in the VVenc encoder was disabled. Table 2 illustrates the codec
types, quantization/constant quality parameters, and presets for the three encoders.
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Table 2. Video codec type, version and presets

Codecname Codecversion QP/CRF Presets
VVenc 1.9.1 22,27,32,37  medium
STV-AV1 2.2.0 25,35,46,55  preset 8
HEVC 3.6 22,27,32,37 medium

2.2 Objective video quality assessment

2.2.1 VYMAF

Even though VMAF was originally designed for 2D videos with resolution from 480p up to 1080p, recent development extends
its capability to quantify quality on 8K resolution videos!?). Moreover, conditions such as viewer distance from a display,
content type, and improved compression efficiency are accommodated. Moreover, in®", the authors urged that the VMAF
metric can be used to evaluate 360-degree videos without needing adjustment. Therefore, this study uses VMAF as a visual
quality assessment metric.

2.2.2 Peak signal-to-noise ratio

PSNR stands as the most used objective quality metric. However, the rate-distortion curves obtained by comparing the encoder
compression capability at different compression parameters do not give a clear mathematical meaning regarding the encoder
compression efficiency. Due to that reason, Bjontegaard delta rate (BD-BR), which utilizes the PSNR results, is used to evaluate
encoder performance in terms of bitrate saving and quality of compressed video scenes ?%2%),

On the other hand, methods such as Weighted to spherically uniform PSNR (WS-PSNR) and Crasters Parabolic Projection
(CPP-PSNR) can be used to evaluate the video quality. However, the former evaluation method correlates well with traditional
PSNR, while the latter is suitable for cross-format distortion measurements >, Moreover, authors in > argued that PSNR can
be used as an appropriate measure for 360-video quality assessment as it possesses a high correlation with subjective score
compared to WS-PSNR, CPP-PSNR, and Spherical PSNR with/without interpolation. Therefore, this study uses the PSNR
metric as an objective quality metric for evaluating the encoder’s performance over 360-degree videos.

3 Results and discussion

Table 3 summarizes PSNR BD PSNR-BR saving for VVenc vs. AV1, VVenc vs. HEVC, and AV1 vs. HEVC for each investigated
360-degree video sequence. It should be noted that the positive BD-BR value indicates bitrate saving while the negative value
shows the bitrate overhead required to achieve a nearly similar PSNRy ; value. Figure 3 depicts the rate-distortion (R-D) curves
for the video set at different resolutions.

For all four 360-degree 8K resolution videos, the VVenc codec outperforms AV1 and HEVC regarding video quality, as
presented in Figure 3A-D. The maximum and minimum bitrate saving of 54.2% and 32.4% is attained by the VVenc encoder
compared to the AV1 encoder. Compared to the HEVC encoder, the VVenc encoder achieves the maximum and minimum
bitrate savings of 82.3% and 52.4%. Moreover, AV1 outshines the HEVC encoder with maximum and minimum bitrate savings
of 29.8% and 5.3%.

Based on the observations, we can report that the VVenc encoder is better suited for encoding 360-degree videos of 8K
resolution than AV1 and HEVC encoders. Even though this work focuses on 360-degree videos, the encoder performance
results align with findings reported in ') and 1?) thus VVenc and STV-AV 1 are primarily developed for high-resolution scenes.

Table 3. BD PSNR Bitrate saving (%)

' Video Index
Video codec
A B (© @O (&) (F) (G) H) @ 0)] K @O
VVencvs. AV1 324 40.2 542 534 -49.2 -148 -13.1 437 128 316 243 72.6
VVenc vs. HEVC 65.1 524 59.8 823 -34.1 19.2 27.8 853 845 81.8 895 69.8
AV1vs. HEVC 298 95 53 29.1 407 58.8 66.4 547 779 373 623 -1.3

An un-doubtful performance of SVT-AV1 over VVenc is observed in Figure 3 (E, F, and G). To achieve similar video quality
as that of SVT-AV1 encoded videos, a bitrate demand of 49.2%, 14.8%, and 13.1% is required when videos with index E, F, and
G are encoded using a VVenc encoder. However, it is observed that video scenes with index G attained a better visual quality
when encoded by VVenc than STV_AV1, as presented in Figure 4 G.
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Likewise, the HEVC encoder requires a bitrate gain of 40.7%, 58.8%, and 66.4% to attain an equivalent PSNRy;; rating
similar to the STV-AV1 encoder on 6K and 5K video scenes. It is further observed that HEVC outshines the VVenc encoder
in one of 6K resolution video (Video-index E) with a bitrate saving of 34.1%. Conversely, STV-AV1 achieved bitrate savings of
49.2%, 14.8%, and 13.1% compared to VVenc on video scenes E, F, and G. However, video scenes encoded by VVenc resulted
in better visual quality than STV-AV1 with the expense of higher bitrate as presented in Figure 4F and 4G. Even though further
investigation will give a clear picture of SVT-AV1 superiority, particularly on 6K and 5K 360-degree videos, up to this end, we
can report that the AV1 encoder is well tailored to encode 6K and 5K videos compared to VVenc and HEVC encoder.

In addition, for Ultra High Definition (UHD) 360-video scenes, a bitrate gain of 43.7%, 12.8%, 31.6%, and 24.3% is required
for SVT-AV1 to achieve similar visual quality as that of VVenc in video scenes with index H, I, ], and K respectively. On the
other hand, HEVC required a bitrate gain of 85.3%, 84.5%, 81.8%, and 89.5% compared to VVenc on similar video scenes. In
line with findings reported in1!? and® where the average bitrate saving of VVenc over HEVC is between 40% and 70%,
the improvement reported in this work is attributed to the version of VVenc and the configuration parameters used. SVT-AV1
emerged as the second performing encoder, with a bitrate saving of about 54.7%, 77.9%, 37.3%, and 62.3% compared to the
HEVC encoder. The results contradict findings reported in ”) where HEVC outshines STV-AV 1. The poor performance of STV-
AV1 over HEVC is mainly due to the encoder version and preset value used in?. For better bitrate saving, preset 8 is used in
this study as proposed in ).

Figure 3L illustrates the encoder’s performance for a video shot at UHD 360 degrees with a resolution of 2560x1440p.V Venc
encoder continues to outshine both SVI-AV1 and HEVC encoder with bitrate savings of 72.6% and 69.8%, respectively.
Even though HEVC emerged as the second-performing encoder in bitrate saving, SVT-AV1 surpassed the HEVC encoder
by providing better visual quality, as illustrated in Figure 4 L.

4 Conclusion

This study discusses the performance analysis of three video codecs: AV1, VVenc and HEVC. The superiority of the VVenc
encoder over STV-AV1 was unchallenged in eight out of twelve encoded 360-degree videos. The maximum bitrate saving of
72.6% and minimum of 12.8% is attained by the VVenc encoder compared to SVT-AV1. For the case of the HEVC encoder,
the maximum and minimum bitrate overhead of 89.5% and 19.2% is required for it to achieve video quality similar to that of
VVenc encoded video. The SVT-AV1 encoder is the second most popular, especially for 6K and 5K resolution videos compared
to VVenc. Moreover, SVT-AV1 outshines HEVC with average bitrate saving of 11.6%, 34.9%, and 58% in 8K, 6K, and 4K
resolution respectively. It is further observed that the HEVC encoder outperforms VVenc and SVT-AV1 only in video scenes
of index E and index I, with average bitrate savings of 43.4% and 1.3%, respectively.

The future work involves exploring the encoder performance over vast data sets to increase the robustness of the comparison
outcomes by considering various aspects such as camera motion and video content complexity. Moreover, we would like to
conduct a subjective investigation over Head-Mounted Display and compare user perceptions and results of objective metrics.

References

1) Zinner T, Hohlfeld O, Abboud O, Hossfeld T. Impact of frame rate and resolution on objective QoE metrics. In: 2010 Second International Workshop on
Quality of Multimedia Experience (QOMEX). IEEE. 2010;p. 29-34. Available from: https://doi.org/10.1109/QOMEX.2010.5518277.

2) Ttu-t, H.266 : Versatile video coding. 2020. Available from: http://handle.itu.int/11.1002/1000/11830-en.

3) Khan K. Advancements and Challenges in 360 Virtual Reality Video Streaming: A Comprehensive Review of Cloud-Based Solutions. International Journal
of Advanced Networking and Applications. 2023;15(04):6053— 6062. Available from: https://www.ijana.in/papers/V1514-8.pdf.

4) Siqueira I, Correa G, Grellert M. Rate-Distortion and Complexity Comparison of HEVC and VVC Video Encoders. In: 2020 IEEE 11th Latin American
Symposium on Circuits and Systems. IEEE. 2020;p. 1-4. Available from: https://doi.org/10.1109/LASCAS45839.2020.9069036.

5) Bouaafia S, Khemiri R, Sayadi FE. Rate-Distortion Performance Comparison: VVC vs. HEVC. In: 2021 18th International Multi-Conference on Systems,
Signals & Devices (SSD). IEEE. 2021;p. 440-444. Available from: https://doi.org/10.1109/SSD52085.2021.9429377.

6) Topiwala P, Krishnan M, Dai W. Performance comparison of VVC, AV1 and EVC. In: Applications of Digital Image Processing XLII (Event: SPIE Optical
Engineering + Applications);vol. 1113715. SPIE. 2019;p. 12-12. Available from: https://doi.org/10.1117/12.2530559.

7) Garcfa-Lucas D, Cebridn-Marquez G, Cuenca P. Rate-distortion/complexity analysis of HEVC, VVC and AV1 video codecs. Multimedia Tools and
Applications . 2020;79(39-40):29621-29638. Available from: https://doi.org/10.1007/s11042-020-09453-w.

8) Nguyen T, Marpe D. Compression efficiency analysis of AV1, VVC, and HEVC for random access applications. APSIPA Transactions on Signal and
Information Processing. 2021;10(1):1-17. Available from: https://doi.org/10.1017/ATSIP.2021.10.

9) Mansril, Doghmane N, Kouadria N, Harize S, Bekhouch A. Comparative Evaluation of VVC, HEVC, H.264, AV1, and VP9 Encoders for Low-Delay Video
Applications. In: 2020 Fourth International Conference on Multimedia Computing, Networking and Applications (MCNA). 2020;p. 38-43. Available from:
https://doi.org/10.1109/MCNA50957.2020.9264275.

10) Esakki G, Panayides A, Teeparthi S, Pattichis M. A comparative performance evaluation of VP9, x265, SVT-AV1, VVC codecs leveraging the VMAF
perceptual quality metric. Applications of Digital Image Processing XLIII (Event: SPIE Optical Engineering + Applications). 2020;11510:13-13. Available
from: https://doi.org/10.1117/12.2567392.

https://www.indjst.org/ 364


https://doi.org/10.1109/QOMEX.2010.5518277
http://handle.itu.int/11.1002/1000/11830-en
https://www.ijana.in/papers/V15I4-8.pdf
https://doi.org/10.1109/LASCAS45839.2020.9069036
https://doi.org/10.1109/SSD52085.2021.9429377
https://doi.org/10.1117/12.2530559
https://doi.org/10.1007/s11042-020-09453-w
https://doi.org/10.1017/ATSIP.2021.10
https://doi.org/10.1109/MCNA50957.2020.9264275
https://doi.org/10.1117/12.2567392
https://www.indjst.org/

Ulomi et al. / Indian Journal of Science and Technology 2025;18(5):357-365

11)
12)
13)
14)

15)

16)
17)
18)

19)

20)
21)
22)
23)
24)
25)

26)

Valiandi I, Panayides AS, Kyriacou E, Pattichis CS, Pattichis MS. A Comparative Performance Assessment of Different Video Codecs. In: Computer
Analysis of Images and Patterns. Cham. Springer. 2023;p. 265-275. Available from: https://doi.org/10.1007/978-3-031-44240-7_26.

Uhrina M, Sevcik L, Bienik ], Smatanova L. Performance Comparison of VVC, AV1, HEVC, and AVC for High Resolutions. Electronics . 2024;13(5):1-21.
Available from: https://doi.org/10.3390/electronics13050953.

Bouragia K, Sabir E, Sadik M, Ladid L. Quality of Experience for Streaming Services: Measurements, Challenges and Insights. IEEE Access. 2020;8:13341-
13361. Available from: https://doi.org/10.1109/ACCESS.2020.2965099.

ITU-T series G: Transmission systems and media, digital systems and networks. Multimedia Quality of Service and performance-Generic and user-related
aspects Influencing factors on quality of experience for virtual reality services. 2021. Available from: http://handle.itu.int/11.1002/1000/11.

Polak L, Kufa J, Kratochvil T. On the compression performance of HEVC, VP9 and AV1 encoders for virtual reality videos. In: 2020 IEEE International
Symposium on Broadband Multimedia Systems and Broadcasting (BMSB). IEEE. 2021;p. 1-5. Available from: https://doi.org/10.1109/BMSB49480.2020.
9379878.

Anwar MS, Wang J, Ullah A, Khan W, Ahmad S, Fei Z. Measuring quality of experience for 360-degree videos in virtual reality. Science China Information
Sciences . 2020;63(10):1-15. Available from: https://doi.org/10.1007/s11432-019-2734-y.

Liu X, Yan J, Wan Z, Fang Y, Wang Z. A Quality-of-Experience Database for Adaptive Omnidirectional Video Streaming. IEEE Journal of Selected Topics
in Signal Processing . 2023;17(5):949-963. Available from: https://doi.org/10.1109/JSTSP.2023.3300529.

Meng Y, Ma Z. Viewport-Based Omnidirectional Video Quality Assessment: Database, Modeling and Inference. IEEE Transactions on Circuits and Systems
for Video Technology. 2022;32(1):120-134. Available from: https://doi.org/10.1109/TCSVT.2021.3057368.

Elwardy M, Zepernick HJ, Hu Y. SSV360: A Dataset on Subjetive Quality Assessment of 360° Videos for Standing and Seated Viewing on an HMD.
In: 2022 IEEE Conference on Virtual Reality and 3D User Interfaces Abstracts and Workshops (VRW). IEEE. 2022;p. 189-194. Available from:
https://doi.org/10.1109/VRW55335.2022.00047.

Brandenburg J, Wieckowski A, Hinz T, ZupancicI, Bross B. VVenC Fraunhofer Versatile Video Encoder. 2021. Available from: https://www.hhi.fraunhofer.
de/en/departments/vca/technologies-and- solutions/h266-vvc/fraunhofer-versatile- video-encoder-vvenc.html.

Orduna M, Diaz C, Munoz L, Perez P, Benito I, Garcia N. Video Multimethod Assessment Fusion (VMAF) on 360VR Contents. IEEE Transactions on
Consumer Electronics. 2020;66(1):22-31. Available from: https://doi.org/10.1109/TCE.2019.2957987.

Laude T, Adhisantoso YG, Voges J, Munderloh M, Ostermann J. A Comprehensive Video Codec Comparison. APSIPA Transactions on Signal and
Information Processing. 2019;8(1):1-16. Available from: https://dx.doi.org/10.1017/atsip.2019.23.

Martinez-Rach MO, Migallén H, Lépez-Granado O, Galiano V, Malumbres MP. Performance Overview of the Latest Video Coding Proposals: HEVC,
JEM and VVC. Journal of Imaging. 2021;7(2):1-17. Available from: https://dx.doi.org/10.3390/jimaging7020039.

Katsenou AV, Zhang F, Afonso M, Dimitrov G, Bull DR. Comparing VVC, HEVC and AV1 using Objective and Subjective Assessments. Frontiers in
Signal Processing. 2022;2:1-9. Available from: https://doi.org/10.3389/frsip.2022.874200.

Tran HTT, Ngoc NP, Bui CM, Pham MH, Thang TC. An evaluation of quality metrics for 360 videos. In: 2017 Ninth International Conference on
Ubiquitous and Future Networks (ICUFN). IEEE. 2017;p. 7-11. Available from: https://doi.org/10.1109/ICUFN.2017.7993736.

Wu PH, Katsavounidis I, Lei R, Ronca D, Tmar H, Abdelkafi O, et al. Towards much better SVT-AV1 quality-cycles tradeoffs for VOD applications.
In: Applications of Digital Image Processing XLIV (Event: SPIE Optical Engineering + Applications);vol. 118420T. 2021;p. 32-32. Available from:
https://doi.org/10.1117/12.2595598.

https://www.indjst.org/ 365


https://doi.org/10.1007/978-3-031-44240-7_26
https://doi.org/10.3390/electronics13050953
https://doi.org/10.1109/ACCESS.2020.2965099
http://handle.itu.int/11.1002/1000/11
https://doi.org/10.1109/BMSB49480.2020.9379878
https://doi.org/10.1109/BMSB49480.2020.9379878
https://doi.org/10.1007/s11432-019-2734-y
https://doi.org/10.1109/JSTSP.2023.3300529
https://doi.org/10.1109/TCSVT.2021.3057368
https://doi.org/10.1109/VRW55335.2022.00047
https://www.hhi.fraunhofer.de/en/departments/vca/technologies-and-solutions/h266-vvc/fraunhofer-versatile-video-encoder-vvenc.html
https://www.hhi.fraunhofer.de/en/departments/vca/technologies-and-solutions/h266-vvc/fraunhofer-versatile-video-encoder-vvenc.html
https://doi.org/10.1109/TCE.2019.2957987
https://dx.doi.org/10.1017/atsip.2019.23
https://dx.doi.org/10.3390/jimaging7020039
https://doi.org/10.3389/frsip.2022.874200
https://doi.org/10.1109/ICUFN.2017.7993736
https://doi.org/10.1117/12.2595598
https://www.indjst.org/

	Introduction
	Methodology
	2.1 Video dataset and experiment configurations
	2.2 Objective video quality assessment
	2.2.1 VMAF
	2.2.2 Peak signal-to-noise ratio


	Results and discussion
	Conclusion

