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Abstract: For the problems that traditional video compression techniques are poor in motion esti-
mation and compensation for complex global camera rotation and abrupt large-scale motion in
cloud gaming videos, a coding optimization algorithm assisted by the three-dimensional projection
transformation was proposed to improve the coding efficiency for cloud gaming videos. Firstly,
the detailed spatial transformation process of projecting a point from a three-dimensional gaming
scene to a two-dimensional surface was analyzed. Then, an intrinsic parameter estimation algo-
rithm for the virtual cameras was constructed base on the analysis by establishing constraints for
optimal estimation. With the estimated intrinsic parameters and the camera motion information, an auxil-
iary reference frame parallel to the frame to be coded was generated based on image homography theory

and used to update the reference frame list for coding. As the generated auxiliary reference frame

Wi H . 2023-05-18, fEHEM A T—MA995 ), @, WME4E BEREGEGFES . . BEZE., R4&TH:. BEXRA
RFF LA B H (62101409,62171353)
WX 4% HY BR8] . 2023-07-06 2% Ak . https: // kns. enki. net/kems2/detail/61. 1069. T. 20230706. 1041. 002. html



12

E— WL S =R A A D A 2 98 A )G 21

only involves translational motion with the frame to be coded, it is more conducive to traditional

motion estimation and compensation. The experimental results show that, compared with the original

HEVC, the proposed algorithm can achieve 8. 14 % BD-rate gains for cloud gaming videos on average,

relieving the high demand for network bandwidth of cloud gaming to some extent. In particular, the

BD-rate can be up to — 24. 68% in the case of only camera rotation. At the same time, the average

coding time is reduced by 5. 34%. In addition, compared with HEVC-SCC, the proposed algorithm can

also achieve the BD-rate gains of more than 20%.

Keywords: cloud gaming video coding; three-dimensional projection transformation; intrinsic

parameter estimation; reference frame generation
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Table 1 Comparison of the proposed algorithm with HEVC

in compression performance of four camera move-

ments in five scenes
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Table 2 SSIM and MS SSIM of encoded videos under four QPs

e A L & R A A L

T kx#¥: HEVC  AXE®E HEVC

22 0.973 4 0.973 3 0.994 0 0.994 0

27 0.9552  0.9545  0.9870  0.9867

32 0.9318  0.9303  0.9740  0.9732

37 0.903 1 0.900 8 0.9518 0.949 7

YI{E 0.940 9 0.9397 0.976 7 0.9759

] B, 2 1) 2 Ui R B A B LA S [
e im G B RN I 2 — AR %S
HEVC BH NS & (HEVC screen content
coding, HEVC-SCO"™ #4717 X%F He . &5 - an s 3 fr
. ATLUE L R E HEVC-SCC A] L] 2 i 2%
MIMEAELEE mEMMESHEAREET 6
SRR T 1A SR A 0 4 e o G 2 30 B A A T L D
TGk o X B B A AR AL S DL . A2 R AR SR

http: // zkxb. xjtu. edu. cn
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Table 3 Comparison of the proposed algorithm with HEVC-

SCC in average compression performance

Y5t ARupvescee / Y6 APygvesce/dB
1 —21.02 1.038 8
2 —18.63 0.747 0
3 —21.56 0.978 9
4 —27.09 0.964 8
5 —26. 14 1.112 6
k() —22.89 0.968 4

BT A SCH 2 5 Sk [ 28 15k #ROR T T AH B
16 B {5 BORAAL G 15 35 1 2 5 Wi g 3, L2 &5 =
e X AR 11 2 5 3803 o i DAAS SR 1k 55 Scik (28148
AT T A S e B R RE A SRk 4
JiR . BT SCHR (28 T8 B A BT X AH BILIE 5% T /Y9 L
AT VAT TN i DAASOG S e 5 R 1Y 51 SR
FHSCHER (28] I Rt RSB AT I, AT LA
ARSCRIETE 5 AR 0 4 M B #1032 = 1 Sk
(288 3k, S ¥ vl LS Bl — 24. 12% A9 BD-rate Al
1.005 0 dBfYJ BD-PSNR M HEHS £5 . X /& P R A L
(I 12K 910 3 2y e 8 A R A 8 4 BN R 21, 2R
SCHR (28 1 35 2 2 i 7 1 © & J0 i AR A
Xof N e Je) B AR Ak 1) 32 2 S BT G (9 32 B A T R
R T A SCB 3 ) = 4 385 A8 4 A 5 2 i Ry
S % it S AR AR 7 % B 2 5 o, g — 2D BRI T R 2
B iz g Ak T E R HLRRE BE D T i A R 2%, I
T SEEE T R 1 R 40 50R
KA ALk Ak (2815 % B 45 M Ak f I 4
Table 4 Comparison of the proposed algorithm with Ref. [28]

in compression performance

Y5 i AR/ % AP,/dB
1 —21.99 1.060 6

2 —23.03 0.883 8

3 —21.97 0.948 4

4 —29.08 1.123 3

5 —24.54 1.009 0
e —24.12 1.005 0
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Fig. 4 Comparison of the auxiliary reference frame with the

original reference frame and the frame to be encoded
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Fig. 5 Proportion of predictions using auxiliary reference

frames
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Table 5 Comparison of the proposed algorithm with HEVC

in encoding time
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T 2F e i 952. 366 1020. 041 —6.63
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B ke e 931.410 958.177 —2.79
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YA 938.372 991. 316 —5.34
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