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P> 4 Models [1, 2]
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AVQBits|M3: Mode 3 (Principal model) — ITU-T Rec. P.1204.3 [3, 4]
AVQBits|M1: Mode 1

AVQBits|M0: Mode 0
AVQBits|HO: Hybrid No-reference Mode 0 (HYNO)

» Publicly available!*?

O O O

'http://git.avt-imt.de/bitstream_mode3_p1204_3
*http://git.avt-imt.de/p1204_3_extensions
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AVQBits|M3: Model Description s v s
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P> Input: entire bitstream

» Parametric/Core model: QP, display and coding resolution, display and coding framerate

v

Machine-learning-based model: QP, average motion per-frame, horizontal motion, frame size +
frame type, bitrate, resolution, framerate, Core model output

Final prediction: 0.5 Mpar + 0.5 - Mgp
Standardized as ITU-T Rec. P.1204.3 [3]
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AVQBits|M1: Model Description
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Y
A

training

Input: metadata (resolution, bitrate, framerate, video codec) + frame-type + frame-sizes

» Uses AVQBits|M3 Core Model

» Affected component: Quantization/Coding degradation
o Only mode dependent component

o QP estimation: metadata + frame-related features
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AVQBits|M0: Model Description
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in case of
training

P> Input: metadata (resolution, bitrate, framerate, video codec)
» Uses AVQBits|M3 Core Model

» QP estimation: metadata
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AVQBits
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HO: Model Description

TECHNISCHE UNIVERSITAT

Feature extraction

in case of
training

Framerate

ILMENAU
Bitstream
Combining
parametric and
per GOP, Parametric Model, Parametric Model random forest
segment, .. Degradation-based Output models
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P> Input: Distorted video (decoded pixels) + metadata

» Central idea

Random Forest
for delta prediction

o Step 1: “Quality equivalent bitstream” (QEB) creation: decoded pixels + metadata
o Step 2: Quality prediction: Modified AVQBits|M3

» Two instances: codec used to create QEB

o AVQBits|HO|s: same codec as original bitstream
o AVQBits|HO|f: One pre-defined codec (e.g. H.265)
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AVQBitS: MOdel Evaluation (]-) TECHNISCHE UﬁVE.RSITAT
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Dataset: AVT-VQDB-UHD-1; Metrics: Pearson correlation, RMSE
AVQBits comparison
AVQBits|M3: best performing
AVQBits|HO|s: performs on-par with AVQBits|M3
AVQBits|HO|f: more sophisticated codec mapping — increased prediction accuracy
AVQBits|M1, AVQBits|MQ: least well-performing

o

e}

o

o

Comparison with SoA models

o VMAF: best performing pixel model
o AVQBits|M3, AVQBits|HO: outperform VMAF

o AVQBits|M1, AVQBits|MO0: outperform best performing NR pixel models
(BRISQUE, NIQE)

P.NATS Phase 2: AVQBits|M3 — best performing model
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AVQBits: Model Evaluation (2
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AVQBits: Evaluation of Gaming Video Quality (1)  rmscr e

ILMENAU
» Motivation

o Advances in passive and interactive gaming services
o Increase in popularity of gaming streaming services (e.g: Twitch.tv)

o Need for video quality models for gaming content (cloud gaming)

» Evaluation using 4 datasets

o

GVS [5], KUGVD [6]: libx264 encoding
CGVDS [7]: NVENC (H.264); simulates encoding in cloud gaming services

o

e}

Twitch [8]: proprietary Twitch encoding
GVS, KUGVD, CGVDS: publicly available

o}

o Maximum resolution: 1080p
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AVQBits: Evaluation of Gaming Video Quality (2)  ramsor Lo
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» AVQBits models evaluated out-of-the-box; no dedicated retraining
» AVQBits comparison

o AVQBits|M3, AVQBits|M1, AVQBits|HO: perform on-par

o AVQBits|MO: dedicated retraining — potential accuracy improvement
» Comparsison with SoA models

o Best performing pixel models: VMAF (FR), NDNetGaming (NR, CGVDS)

o AVQBits|M3, AVQBits|M1, AVQBits|HO: perform on-par with VMAF and
NDNetGaming

o AVQBits|MO: outperforms traditional NR models (BRISQUE, NIQE)
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AVQBits: Evaluation of Gaming Video
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AVQ@Bits: Evaluation of 360° Video Quality (1) N
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» Considered dataset: 360 Streaming Video Quality Dataset 3
» 3 different tests

» Source content duration: 30s

» Resolution: 1080p - 8K

» 2 different HMDs: HTC Vive (test_1), HTC Vive Pro (test_2 and test_3)

3Fremerey, Goéring, Ramachandra Rao, Huang, and Raake 2020: “Subjective Test Dataset and

Meta-data-based Models for 360° Streaming Video Quality”
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AVQ@Bits: Evaluation of 360° Video Quality (2)
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» AVQBits models evaluated out-of-the-box; no dedicated retraining
» AVQBits comparison
o AVQBits|M3, AVQBits|HO: perform on-par

o AVQ@Bits|M1, AVQBits|MO: lower accuracy; dedicated retraining — potential
accuracy improvement

» Comparsison with SoA models

o Best performing pixel models: VMAF_cc [10], VMAF, WS_SSIM

o AVQBits|M3, AVQBits|HO: outperform VMAF, VMAF_cc and WS_SSIM
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AVQ@Bits: Evaluation of 360° Video Quality (3)
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AVQBits: Overall Integral Quality Model eomscre i
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» Based on ITU-T Rec. P.1203.3 [11]
o Overall audiovisual quality (0.35)

> Temporal effects related to video-quality fluctuations: per-1-sec audiovisual quality score + 3
additional factors (needed due to limited accuracy of per-1-sec audiovisual scores)

> Limited accuracy of per-1-sec audiovisual scores: reverse-engineered from overall session quality
scores

» New 0.35

o per-1-sec audiovisual quality scores capture temporal effects related to video-quality
fluctuations

o Rationale — per-1-sec and per-segment scores of AVQBits more accurate than
ITU-T Rec. P.1203.1 [12]

o Added as appendix to ITU-T Rec. P.1204.3 [3]
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AVQBits: Evaluation of Overall Integral Quality (1) womscr Lo
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» PNATS-UHD-1-Long dataset

(¢]

Created as part of P.NATS Phase 2 competition

o

5 tests conducted by 4 different labs: 1 test conducted by TUIL

Source audiovisual content duration: 1-5min

o

Context: Mobile + TV

o

o

Distortions: video quality switches, initial loading delay, stalling events
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AVQBits: Evaluation of Overall Integral Quality (2) wamscr Lo

» AVQBits|M3: best performing model
» AVQBits|HO
o Prediction accuracy lower than AVQBits|M3 unlike short-term video quality
o Additional mapping for per-1-sec scores may increase prediction accuracy
» AVQBits|M1, AVQBits|MO0
o Lower prediction accuracy

o Possible reason: per-1-sec quality score same as per-segment score — no optimal
handling of effect of temporal efforts related to video-quality fluctuations

ILMENAU
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AVQBits: Evaluation of Overall Integral Quality (3
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AVQBits|M3: Parametric Part — Core Model
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» Degradation-based modeling approach [13, 14, 15, 16, 17]
» 3 types of degradation

o Quantization/Coding degradation (Dg): f(QP)

o Upscaling degradation (D,): f(coding_res, display__res)

o Temporal degradation (D;): f(coding_framerate, display_framerate)
» Degradation values expressed on a 0 to 100 scale

o Compensates for the compression of the 5-point ACR scale at the scale ends
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AVQBits|M3: Parametric Part — Prediction SR o

Mp[o,loo] =100 — (Dq + Dy + Dt) (1)
MP[1,4.5] :MOSfromR(MP[o,loo]) (2)
Mpar =scaletob(Mp, , ;) (3)
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AVQBits|M3: Machine Learning Part

» Estimates the "residual"
target_residual = MOS — M,,, (4)

TECHNISCHE UNIVERSITAT
ILMENAU

» Based on Random Forests (RF)
o Hyper-parameters: trees = 20 and depth = 8
o One RF for PC/TV and Mobile/Tablet

» Meta-features
o QP

Average motion per-frame

o

o

Motion in the x-direction (horizontal motion)
o Frame sizes 4 frame type

(¢]

Codec, bitrate, resolution, framerate, M,
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AVQBits|M3: Final Prediction

» Prediction of the ML-part

» Final prediction

where, w = 0.5

Mgrr = Mp,r + predicted__residual

Prediction = w - M, + (1 — w) - Mgr

TECHNISCHE UNIVERSITAT
ILMENAU

(5)
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A\/QBI.tS | M]. : I\/I Odel Descri ption TECHNISCHE UN|VE.RS|TAT
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Extraction of per GOP, Parametric Model,
metadata segment, .. Degradation-based

J— Metadata/Framesize o| Feature per codec
— Estimation | Aggregation Coding

Metadata

Framerate

Ground Truth =--e=-cemmmmm e e e :

in case of
training

» Available input information

Y

o Metadata (bitrate, resolution, framerate and codec) + frame size and frame type
information

P Uses AVQBits|M3 Core Model

» Affected component: Quantization/Coding degradation
o Only mode dependent component

o QP estimation: metadata (resolution, bitrate, framerate, video codec) + frame-related features
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AVQBits|M1: QP Prediction camsae L
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» Adaptation of the Quantization/Coding degradation

o True QP unavailable — estimation of QP using metadata and frame-related features

» QP Prediction

QPpred = agp_m1 + bgp_m1 - log(ms_nl) + cqp_m1 - log(resolution)
+ dgp_m1 - log(framerate) + eqp_m1 - log(fsratio)

(7)
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AV(QBits: Model Evaluation

Table: Comparison between AVQBits and SoA models.

Model RMSE PCC SROCC  Kendall R? Score
VMAF 0.531 0.880 0.889 0.721 0.774
Brisque 0.653 0.815 0.838 0.653 0.660
NIQE 1.009 0.432 0.445 0.301 0.187
PSNR 1.109 0.131 0.682 0.531 0.017
SSIM 0.956 0.520 0.761 0.569 0.270
MS-SSIM 0.896 0.599 0.752 0.563 0.358
ADM2 0.580 0.855 0.874 0.698 0.731
VIFP 0.757 0.736 0.756 0.562 0.542
AVQBits| M3 0.306 0.962 0.948 0.804 0.925
AVQBits|M1 0.486 0.901 0.904 0.738 0.812
AVQBits| M0 0.503 0.894 0.891 0.701 0.799
AVQBits|HO|s 0.373 0.943 0.935 0.778 0.889
AVQBits|HO|f 0.439 0.920 0.914 0.749 0.846

TECHNISCHE UNIVERSITAT
ILMENAU

NOTE: RMSE calculated on a 5-point ACR scale after linear mapping between model output and subjective scores as

described in ITU-T P.1401 [18]
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AVQBits: Evaluation of Gaming Video Quality (1)  rmscr e
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Table: Overview of the used gaming datasets.

Dataset GVS [9] KUGVD [6] CGVDS [7] Twitch [8]

# Sources 6 6 15 36

Resolution 480p, 720p, 1080p  480p, 720p, 1080p  480p, 720p, 1080p  160p, 360p, 480p,
720p, 900p, 1080p

Framerate 30 fps 30 fps 20, 30, 60fps 30, 60 fps

# PVS 90 90 72%5 90

Duration 30s 30s 30s 30s

# Participants 25 17 >100 (5 tests) 29

Encoder ffmpeg x264 ffmpeg x264 NVENC (H.264) H.264

Encoding mode CBR CBR CBR Twitch default

Preset veryfast veryfast Ilhg Twitch default
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AVQBits: Evaluation of Gaming Video Quality (2)  ramsor Lo

Table: Comparison between AVQBits and SoA models.

Dataset Model RMSE PCC SROCC Kendall R? Score
GVS PSNR 0.63 0.74 0.74 0.57 0.55
GVS SSIM 0.57 0.80 0.80 0.61 0.62
GVS VMAF 0.47 0.87 0.86 0.69 0.75
GVS NIQE 0.64 0.77 0.71 0.53 0.52
GVS AVQBits| M3 0.45 0.88 0.87 0.69 0.77
GVS AVQBits| M1 0.42 0.89 0.87 0.71 0.79
GVS AVQBits| MO0 0.69 0.67 0.65 0.49 0.45
GVS AVQBits|HO|s 0.48 0.86 0.86 0.69 0.74
GVS AVQBits|HO|f 0.62 0.75 0.73 0.56 0.56
KUGVD PSNR 0.62 0.80 0.84 0.67 0.64
KUGVD SSIM 0.48 0.89 0.91 0.74 0.79
KUGVD VMAF 0.41 0.92 0.92 0.77 0.85
KUGVD NIQE 0.55 0.85 0.84 0.66 0.72
KUGVD  AVQBits|M3 0.39 0.93 0.92 0.77 0.86
KUGVD  AVQBits|M1 0.50 0.87 0.86 0.69 0.76
KUGVD  AVQBits| MO 0.84 0.59 0.57 0.41 0.35
KUGVD  AVQBits|HO|s 0.46 0.90 0.89 0.72 0.80
KUGVD AVQBits|HO|f 0.65 0.78 0.76 0.58 0.61

ILMENAU
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AVQBits: Evaluation of Gaming Video Quality (3)  ramscr Lo

Table: Comparison between AVQBits and SoA models.

Dataset Model RMSE PCC SROCC Kendall R? Score
CGVDS PSNR 0.60 0.64 0.65 0.47 0.41
CGVDS SSIM 0.59 0.67 0.78 0.60 0.45
CGVDS VMAF 0.38 0.88 0.87 0.69 0.77
CGVDS NIQE 0.66 0.54 0.56 0.41 0.29
CGVDS  AVQBits|M3 0.38 0.85 0.84 0.65 0.72
CGVDS AVQBits|M1 0.36 0.90 0.88 0.70 0.78
CGVDS  AVQBits| M0 0.47 0.78 0.75 0.56 0.60
CGVDS AVQBits|HO|s 0.36 0.89 0.88 0.70 0.79
CGVDS  AVQBits|HO|f 0.38 0.87 0.87 0.68 0.76
Twitch NIQE 0.96 0.24 0.11 0.17 0.04
Twitch  AVQBits|M3 0.40 0.93 0.93 0.77 0.87
Twitch  AVQBits|M1 0.37 0.94 0.93 0.77 0.89
Twitch  AVQBits|MO0 0.43 0.92 0.89 0.71 0.85
Twitch  AVQBits|HO|s 0.31 0.96 0.95 0.82 0.92
Twitch AVQBits|HO|f 0.30 0.96 0.95 0.81 0.92

NOTE: RMSE calculated on a 5-point ACR scale after linear mapping between model output and subjective scores as

described in ITU-T P.1401 [18]

ILMENAU
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Table: Details of the 360 Streaming Video Quality Dataset [9].

AVQ@Bits: Evaluation of 360° Video Quality (1)

Test test_1 test_2 test_3

# Sources 8 8 7

Codecs H.265 H.265 H.265
Resolution 1080p, 4K 1080p, 4K 4K, 6K, 8K
Framerate 30fps 30fps 30fps

# PVS 64 64 63

Duration 30s 30s 30s

# Participants 27 27 27

Display HTC Vive HTC Vive Pro HTC Vive Pro

Test Method

5-point ACR [19]

5-point ACR [19]

5-point ACR [19]

TECHNISCHE UNIVERSITAT
ILMENAU
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Table: Comparison between AVQBits and SoA models.

Model RMSE PCC SROCC Kendall
VMAF_cc 0.384 0.898 0.872 0.700
VMAF 0.431 0.870 0.834 0.664
ADM2 0.494 0.825 0.819 0.640
WS_SSIM 0.500 0.820 0.864 0.671
VIFP 0.554 0.773 0.656 0.502
WS_PSNR 0.598 0.729 0.767 0.582
SSIM 0.622 0.702 0.730 0.563
PSNR 0.762 0.489 0.627 0.469

AVQBits|M3 0.377 0.894 0.870 0.679
AVQBits| M1 0.581 0.709 0.677 0.497
AVQBits| MO 0.627 0.658 0.686 0.401
AVQBits|HO|s 0.356 0.906 0.886 0.695

NOTE: RMSE calculated on a 5-point ACR scale after linear mapping between model output and subjective scores as
described in ITU-T P.1401 [18]
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» Based on ITU-T Rec. P.1203.3 [11]

» Overall audiovisual quality (O.35) according to ITU-T Rec. P.1203.3
o f(per — 1 — sec quality, negBias, oscComp, adaptComp)

o negBias, oscComp, adaptComp — take into account certain temporal effects related
to video-quality fluctuations

» New 0.35 — f(per — 1 — sec quality)

o Rationale — per-1-sec and per-segment scores of AVQBits more accurate than
ITU-T Rec. P.1203.1 [12]
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AVQBits: Overall Integral Quality (2)

Table: Details of the P.NATS-UHD-1-Long dataset [1].

TECHNISCHE UNIVERSITAT

ILMENAU

Test test_1 test_2 test_3 test_4 test_5

# Sources 60 60 30 30 14

Codecs H.264, H.265, VP9  H.264, H.265, VP9  H.264, H.265, VP9  H.264, H.265, VP9  H.264, H.265, VP9
Resolution 240p - 1440p 360p - 2160p 240p - 1440p 360p - 2160p 240p - 1440p
Framerate 15 - 60 fps 24 - 60 fps 15 - 60 fps 24 - 60 fps 15 - 60 fps

# PVS 60 60 30 30 14

Duration 1 min 1 min 2min 2min 5min

Display device Mobile TV Mobile TV Mobile

# Participants 24 31 24 31 36

Test Method

5-point ACR [19]

5-point ACR [19]

5-point ACR [19]

5-point ACR [19]

5-point ACR [19]
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Table: Performance of AVQBits on the P.NATS-UHD-1-Long dataset [1].

Test  Model RMSE PCC SROCC Kendall R? Score
All AVQBits|M3 / P.1204.3 0.479 0.864 0.844 0.660 0.747
All AVQBits| M1 0.596 0.780 0.787 0.602 0.608
All AVQBits| M0 0.694 0.686 0.683 0.500 0.471
All AVQBits|HO|s 0.570 0.797 0.768 0.584 0.635
All AVQBits|HO|f 0.582 0.787 0.756 0.572 0.619

NOTE: RMSE calculated on a 5-point ACR scale after linear mapping between model output and subjective scores as

described in ITU-T P.1401 [18]
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