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Improved universal lossless intra-frame coding algorithm for H. 26X

LIN Min, LIN Qinghao, WENG Xiaoyu, CHEN Guojie

(Key Laboratory of Specialty Fiber Optics and Optical Access Networks (Shanghai University) , Shanghai 201900, China)

Abstract: In the lossless compression schemes of the H. 26X series video coding standards, the residuals obtained
by intra-frame prediction still retain strong spatial correlation and directly participating in entropy coding will lead to
the decrease in coding efficiency. Unlike natural images, intra-frame prediction residuals contain rich edge
features. To utilize the special spatial correlation of residuals, further reducing its spatial redundancy and improving
the intra-frame coding efficiency, a universal lossless intra-frame coding algorithm based on residual median edge
detection was proposed. The algorithm first performed edge detection on the intra-frame prediction residuals step by
step. By analyzing the numerical features of the adjacent residuals, the median edge detection algorithm was
applied to obtain new prediction value. Then, new prediction residual was obtained by comparing prediction value
and original residual value. Finally, according to whether the energy of the current coding unit was reduced, it
could quickly determine whether to use the new residuals for entropy coding, so as to ensure that the coding of the
new prediction residuals could improve the compression ratio. Experimental results show that the coding units
processed by this algorithm had lower spatial redundancy and residual energy, thereby reducing the bit-rate after
entropy coding. Applying the proposed algorithm in H. 265 and the latest H. 266 standards, the average energy of
residuals decreased by 67.9% , and the average bit-rate reduced by 7. 04% and 5. 98% respectively, while the
codec time changed slightly, with significant practical value.
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Fig. 1 H.26X intra-frame coding process
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Fig.2 First frame of “KristenAndSara” and its intra-frame prediction residuals (luma)
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Tab.1 Reduced ratio of residual energy processed by H.265 + R-MED
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A PeopleOnStreet 2560 x 1 600 633 451 646 94 108 069 -85.1
B Kimono 1920 x 1 080 73 752 438 11522 730 -84.4
C BQMall 832 x480 59 358 254 25 243 957 -57.5
D BlowingBubbles 416 x 240 14 714 641 8 036 874 -45.4
E KristenAndSara 1280 x720 97 320 940 12 361 610 -87.3
F SlideEditing 1280 x720 1133 005 976 595 102 758 -47.5
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Fig.5 Output of prediction residual of “KristenAndSara” processed by R-MED (luma)
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Tab.2  Bit rate optimization of R-MED algorithm applied in H. 265 and H. 266

H.265 + R - MED X}t

H.266 + R - MED X} £t

Vil

z;; el SR WLy 265 gt i H. 265 H. 266 it 75 4 H.266

/% RDPCM'®] /9 1k % BDPCM!!) /%
A PeopleOnStreet 2560 x1 600 150 -11.10 -5.99 -9.67 -5.99
A Traffic 2560 x1600 150 -10.10 -3.54 -8.60 -3.77
B BasketballDrive 1920 x1080 500 -2.19 -0.49 -1.42 -0.52
B BQTerrace 1920 x1080 600 -5.43 -0.96 -4.16 -1.15
B Caclus 1920 x1080 500 -2.92 -0.99 -2.14 -1.05
B Kimono 1920 x1080 240 -6.82 -2.63 -5.96 -3.35
B ParkScene 1920 x1080 240 -5.85 -2.26 -4.87 -2.58
C BasketballDrill 832 x480 500 -2.61 -1.14 -1.92 -1.22
C BQMall 832 x480 600 -4.16 -0.66 -3.10 -0.86
C PartyScene 832 x480 500 -3.80 -0.51 -2.65 -0.69
C RaceHorsesC 832 x480 300 -7.03 -2.64 -6.13 -3.25
D BasketballPass 416 %240 500 -9.10 -1.92 -7.71 -2.69
D BlowingBubbles 416 x240 500 -4.11 -1.93 -3.15 -0.75
D BQSquare 416 x 240 600 -3.10 -0.48 -2.24 -0.56
D RaceHorses 416 x 240 300 -8.29 -3.53 -7.23 -3.58
E FourPeople 1 280 x720 600 -9.23 -3.83 -7.92 -3.97
E Johnny 1 280 x720 600 -6.99 -2.58 -6.13 -3.04
E KristenAndSara 1 280 x720 600 -7.35 -2.60 -6.40 -2.82
E Vidyol 1280 x 720 600 -9.93 -3.30 -8.56 -3.65
E Vidyo3 1280 x 720 600 -9.10 -3.60 -7.64 -3.80
E Vidyo4 1280 x 720 600 -8.92 -2.65 -7.36 -3.04
F BasketballDrillText 832 x 480 500 -3.01 -1.19 -2.21 -1.17
F ChinaSpeed 1 024 x 768 500 -9.13 -1.35 -7.86 -1.47
F SlideEditing 1 280 x720 300 -7.33 -0.51 -7.20 -0.80
F SlideShow 1 280 x720 500 ~18.45 -5.16 -17.36 -6.73
%3 R-MED &£ f7E H. 265 & H. 266 HlEaesit
Tab.3 Performance statistics of R-MED algorithm applied in H. 265 and H. 266 %
—— H.265 + R-MED X} Lt H. 266 + R-MED %} Lt
H. 265 kit A8 itk H.265 RDPCM!® H. 266 kit A5k H.266 BDPCM!'!
SRl EES )N ~7.04 -2.26 -5.98 -2.50
i 104 107 117 111

fF A (] 95 98 83 93
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Tab.4  Bit rate optimization of R-MED and other algorithms ( versus H.265) %
izl SAP +SWP2 RDPCM + Proposed
. gl SAP-HV!7] SApLY SAP1L10] : iy
25 + DM pwm!”] R-MED
B Kimono -2.32 -4.42 -4.47 -5.84 -5.07 -6.82
B ParkScene -3.38 -4.95 -4.97 -6.12 -5.31 -5.85
F BasketballDrillText -1.38 -5.77 -5.93 -6.19 -3.33 -3.01
F SlideEditing -8.03 -9.50 -9.76 -11.15 -8.20 -7.33
F SlideShow -9.59 -12.69 -12.74 -14.07 -13.04 -18.45
%5 R-MED 55 % MMAESH (31E H.265)
Tab.5 Performance statistics of R-MED and other algorithms (versus H. 265) %
B . SAP + SWP2 RDPCM + Proposed
PERESE IR SAP-HV!! SAPLY] SAPI10]
+DTM pwm!7] R-MED
SRCIEES N4 -4.94 -7.47 -7.57 -8.67 -6.99 -8.29
iyt ] 97 97 97 273 104 104
f s Bsf 1] 99 99 98 196 103 95
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