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' Quality of Experience (QoE)
" Immersion

¥ Tension

¥ Competence

® First Person Shooter (FPS)
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' Group of pictures (GOP)
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' Level of details (LOD)

¥ Scalable video coding

¥ Temporal

¥ Spatial

®* SNR-based

* Layered video coding

¥ Multi-description video coding
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Scenario PSNR SSIM  Bitrate PSNR SSIM  Bitrate PSNR SSIM  Bitrate
QP (30) 35.77 | 0.89 4.28 36.4 0.91 3.47 35.02 | 091 6.15
QPs (32,31,30) | 34.83 | 0.87 3.54 3544  0.89 2.67 34.13 | 0.89 5.28
QPs (34,32,30) 34 0.85 2.89 3458  0.88 2.08 33.33 | 0.87 4.65

QPs (36, 33,30) 33.18 | 0.83 241 33.71 | 0.86 1.66 32,50 | 0.85 4.21
QPs (38,34,30) 3239 | 0.82 2.07 32.88 | 0.85 1.40 31.67 | 0.83 3.92
QPs (40, 35,30) 3166 0.8 1.80 32.11 | 0.83 1.22 3091 | 0.81 3.71

BLR NFS PES
Scenario PSNR SSIM Bitrate PSNR SSIM Bitrate PSNR SSIM  Bitrate
QP (30) 36.76 | 0.93 12.81 39.89 | 0.97 4,52 39.44 | 0.94 1.05

QPs(32,31,30) 35.85 | 0.92 11.16 39.21 | 0.96 4.04 38.8 0.93 0.99
QPs(34,32,30) 34.96 | 0.91 9.77 38.56 | 0.96 3.64 38.16 | 0.93 0.87
QPs (36,33,30) 3393 0.9 8.53 37.87 | 0.95 3.32 37.47 | 0.93 0.77
QPs(38,34,30) 3291 | 0.89 7.57 37.07 | 0.95 3.07 36.68 | 0.92 0.70
QPs (40, 35,30) 31.92 | 0.88 6.80 36.37 | 0.94 2.87 35.86 | 0.92 0.64
Scenario PSNR SSIM  Bitrate PSNR SSIM  Bitrate PSNR SSIM  Bitrate
QP (30) 39.85 | 0.97 1.77 36.8 0.94 5.37 39.02 | 0.97 6.23
QPs(32,31,30) 39.05 | 0.97 1.51 3591 | 0.93 4.58 38.26 | 0.97 5.72
QPs (34,32,30) 38.27 | 0.96 1.25 35.02 092 3.77 37.47 | 0.96 5.17
QPs (36, 33,30) 37.52 | 0.96 1.06 3414 | 091 3.19 36.65 | 0.96 4.74
QPs (38, 34,30)  36.69 | 0.95 0.91 33.24 090 2.73 35.72 | 0.95 4.37
QPs (40, 35,30) 35.91 | 0.95 0.77 32.34 | 0.88 2.32 34.77 | 0.94 4.04

QP-siz slag )b (5l oy 5 S ws s —F-Y Jgu
COD SGW SLD BLR NFS PES SNE1 SNE2 ACA -

QPs (32,31,30) | 17.10 | 22.77 H 14.07 | 12.89 1052 | 6.11 | 1445 1470 8.14 13.42%
QPs (34,32,30) | 32.34 | 39.83 2434 | 23.71 19.32 | 16.93 | 29.35 29.66 17.08 25.84%
QPs (36, 33,30) | 43.46 = 519 31.60 | 33.44 26.41 | 26.3 | 40.10 40.56 23.94 35.30%
QPs (38, 34,30) 51.54  59.49  36.24 | 40.87 3191 33.31 4854 49.15 29.89 42.33%
QPs (40, 35,30) | 57.72 | 64.59  39.65 | 46.92 36.48 | 38.91 | 56.21 56.67 35.11 48.03%
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Source of Variation SS df MS F P-value F crit
Between Groups  2.21E+08 2 1.11E+08 40.14571 1.14E-12 3.115366
Within Groups 2.12E+08 77 2753106

Total 4.33E+08 79

' Human-Computer Interaction (HCI)
" Analysis of Variance (ANOVA)
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Il 2 3 14 15 16
Scenario EW BEit EW Bit EW Bit EW Bt EW Bit EW  Bit
PSNR  Rate PSNR  Rate PSNR  Rate PSNR  Rate PSNR  Rate PSNR  Rate
QF (26) 431 237 4535 401 42.81 150 4323 190 4376 212 4400 209
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EWPSNR Bit Rate EWPSNR Bit Rate EWPSNR Bit Rate
CXn 40.19 1.91 40.84 1.92 +0.65 -0.01
Lugie 42.74 2.37 44.01 2.32 +1.27 +0.05
slad > 41.63 1.71 43.6 1.71 +1.97 0.00
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Proposed 0.3 6.67 50.05
GVBS 0.5 8.56 13.34
ITTI 0.4 7.32 14.64
BMS 0.8 7.68 10.74
FES 0.7 8.36 591
JUDD 0.3 13.3 29.49
CovSal 0.6 7.60 3.86
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Joe aliw] (1) s Colun (1) s

Proposed 0.3 45.11 96.68
GVBS 0.9 58.94 96.11

ITTI 0.9 63.76 86.63
BMS 1.0 94.33 96.67
FES 1.0 49.99 88.53
JUDD 0.5 38.20 72.36

Covsal 098 5059  93.08




ol STl sl Jos

148 >
Joe skl ) o Coluw () Cdo
Proposed 0.3 25.47 73.36
GVBS 0.8 40.07 42.15

ITTI 0.7 29.81 40.45
BMS 0.9 35.65 55.03
FES 1.0 49.81 54.21
JUDD 0.5 36.76 37.68

CovSal 0.9 25.92 15.47
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Abstract

Flourishing of cloud gaming (CG) and fulfilling its ultimate goal, playing video games
wherever, whenever and on every devices, would hardly be possible until its required
high bandwidth is reduced. Although conventional video encoders try to remove both
statistical and perceptual redundancies, due to high complexity of human visual system
(HVS) and content diversity in different applications, identification and deletion of
perceptual redundancies still need more research. Developing perceptual models,
especially visual attention models, for cloud gaming is very challenging because of
unique content of video games, such as their fantasy characters, object placements and
complex game logic and design for the sake of immersion and satisfaction. Difference
among players’ skill levels, playing habits and strategies is another challenge of
developing such models. Therefore, the first step of employing perceptual coding in
bandwidth reduction of cloud gaming is to develop models which can overcome the
aforementioned challenges. It also needs a dataset including recorded players’ gaze
locations and other data during their gameplay. Since there is not an appropriate game-
specific dataset or model yet, in this thesis we work on them. Doing so, two datasets and
two perceptual models are proposed. The first dataset includes a variety of video games
and their objects. The model built on this dataset is grounded on visual attention
mechanism and predicts the player’s gaze location based on a combination of low level
signal properties and game object prioritization. Experimental results show that this
model decreases the required bit rate by nearly 25% on average, while maintaining a
relatively high user quality of experience. The second perceptual model, addresses the
difference among attention patterns of the players. To develop this model, the recorded
eye-tracking data is first clustered. Then, the correlation of clusters and skill levels are
shown via statistical and experimental methods. Our analyses show that this model
decreases the bandwidth by up to 15% based on the player’s skill. The second step is to
incorporate the perceptual models into the video encoder by means of perceptual rate-
distortion models to assign bits to each region of the video according to its importance
to HVS. Since current attention-based bit allocation algorithms do not take other HVS
properties into account, in some cases the amount of distortion in less important areas
distracts the players and consequently lowers the user perceived quality. Therefore, a
new model is proposed which controls the amount of attention in each region based on
its distance to important areas by considering both attention and fovea mechanisms.
This model results in better user perceived quality (20% increase in mean opinion
score). Another contribution of this thesis is to develop a cloud gaming testbed to boost
further researches pertaining to cloud gaming.

Keywords: Cloud Gaming, Video Encoding, Perceptual Video Encoding, Visual Attention Model
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