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Abstract

It's noticed that the SA-DCT (Shape-Adaptive Discrete Cosine Transform) produces different
2-dimensional transform coefficients according as the first 1-dimensional transform is applied in
horizontal or vertical direction for an arbitrarily shaped boundary block. Performing the first
1-dimensional transform in the direction, which has higher spatial correlation or smaller shifting
distance, can compact the energy on the smaller number of AC coefficients around DC. This paper
shows, experimentally, the compaction capability improvement by choosing the first 1-dimensional
transform direction with higher spatial correlation or smaller shifting distance. Two adaptive
selection methods are proposed to decide efficiently the spatial direction with higher correlation in
a boundary block. One is based on the gradients between DC coefficients of neighboring and current
blocks, and the other is based on the final coding efficiency that means the number of bits required
for coding the block. Using the MPEG-4 video coder, the proposed method shows coding efficiency
gain up to 10.87% compared to the conventional SA-DCT method.
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Table 1. Coding efficiency analysis for gradient based indirect decision method.
Blocks / vop | Poumdary Blocks| B C D
/ VOP
. QP 2 56054 | 7027 % | 1209 | 877
P;Zf QP 4 15657.86 100058 56054 | 7052 % | 1018 | 841
QP 8 56315 | 7070 % | 731 761
QP 2 14328 | 8433 % | 1435 | 567
Stefan | QP 4 560.71 21955 4328 [7634%| 983 | 65
QP 8 14451 | 7406 % | 504 | 630
QP 2 15666 | 9034 % | 1320 | 718
Dancer 1 | QP 4 859 31447 15666 | V58 % | 1026 | 644
QP 8 15787 | 910 % | 624 | 646
QP 2 2894 | HM3B%| 1421 | 686
Dancer 2 | QP 4 1656.12 525.22 2894 | V5% | 1184 | 658
QP 8 231 |HUM%| 171 6.20
Al FEuEro R 2z Wite] 43 EE9 i
B: A% %33} a8¢] ol &5 vl (%)
C: #3533} 58] s EF0 da) garles £5 4 3 vE 5
D: #3538 Bgo] At E5 do SviEe 85 4 HFvE &
3 2. #33t 2g 7k A o] g Yo 38 B4

Table 2. Coding efficiency analysis for coding efficiency based direct decision method.

Block / VOP Boundary Block / VOP A
QP2 586.23
Fish & Logo | QP 4 1567.36 100058 601.67
QP 8 62608
QP 2 20466
Stefan QP 4 560.71 2196 220.40
QP 8 21535
QP 2 190.44
Dancer 1 QP 4 89694 31447 21126
QP 8 22159
QP 2 312.38
Dancer 2 QP 4 166612 52622 34550
QP 8 37470

A eRWEe R Hx W] fid B89 A4S

Al WlelM AAkms Al (595 ARgsle] Ak
QP Fh 2 4, 8] ARgEglen, #A &Fel4 DCT
Al Al Bagk VOP & B HIES, AEd ¥
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Table 3. Comparison of conventional SA-DCT and proposed methods.
Total | Boundary . ) . {Total Gain| Boundary
o bits/VOP | bits/VOP PSNR-Y PSNR-U| PONR-Y (%) | Gain (%)
SA-DCT | 229690.80 | 12917490 | 4273 43.36 4364 - -
Proposed 2 | 22225552 | 121742.55 42.83 404 43,78 3.24 575
2 | Proposed 1 | 22574450 | 1250840 | 4279 | 4390 | 4369 | L7 303
Flsh & SA-DCT | 14763442 | 848784 3812 3988 39.23 - -
4 | Proposed 2 | 14152370 | 7871831 3829 3992 39.27 417 726
Logo Proposed 1 | 144551.33 | 8176651 3R24 3992 39.28 212 367
SA-DCT | 9652325 | 5328249 33.03 36.18 34.39 - -
8 | Proposed 2 | 9228792 | 49042.68 33.31 36.08 A4.37 439 796
Proposed 1 | 9453098 | 5130344 3325 36.19 34.39 206 371
SA-DCT | 8247328 | 304792 4261 4515 4514 - -
2 | Proposed 2 | 7971552 | 28187.96 272 4567 4564 3.3 892
Proposed 1 | 8056621 | 29039.32 4268 4550 HA47 2.31 6.17
SA-DCT | 5212376 | 1931248 3819 41.39 4146 - -
Stefan | 4 | Proposed 2 | 5061648 | 17700.84 38.39 4165 41.70 308 835
Proposed 1 | 5111624 | 1830171 3835 4.72 41.78 1.93 523
SA-DCT | 3407600 | 11781.34 3342 3762 3778 - -
8 | Proposed 2 | 3342312 | 1112786 3367 3769 3784 192 556
Proposed 1 | 3372779 | 11432.37 3366 3783 3797 1.02 2.96
SA-DCT | 11455007 | 3410867 4250 4593 4564 - -
2 | Proposed 2 | 11177853 | 31298.16 4254 46.11 4582 243 824
Proposed 1 | 11311747 | 3266691 4252 46.01 45.72 1.26 423
SA-DCT | 6350147 | 2104896 38.14 415 43.77 - -
Dancerl| 4 | Proposed 2 | 6128079 | 18826.44 3824 4418 4381 348 1056
Proposed 1 | 6233171 | 1988348 3R.21 4423 4386 1.84 55
SA-DCT | 3776739 | 13104.30 33.76 4213 4164 - -
8 | Proposed 2 | 3639667 | 1172320 33.96 42.11 4164 363 104
Proposed 1 | 3707143 | 12407.79 30 4221 4173 1.84 532
SA-DCT | 23430641 | 66056.74 4252 449 417 - -
2 | Proposed 2 | 22908391 | 6073949 4256 4514 44.28 2.23 797
Proposed 1 | 23174042 | 63496.74 4254 4506 4.22 1.09 3.87
SA-DCT | 13230098 | 4192698 3818 4241 4101 - -
Dancer? 4 | Proposed 2 | 12808531 | 3767067 3826 4247 41.09 319 10.15
Proposed 1 | 130309.02 | 3992650 38.24 4249 41.09 151 477
SA-DCT | 7930045 | 26154.31 872 3983 3770 - -
8 | Proposed 2 | 7647616 | 2331221 3389 3983 3776 356 10.87
Proposed 1 | 7802653 | 248383.14 384 3991 37.80 161 486
Proposed 1: AARE7|0E 7H4 A= vy
Proposed 2: ¥-33} &8 7]4b A4 A= why
Bopdn R BE2E] A V&0 £ DCTE ok A Ad wpie A8d 3% AA 524

AREHE HPS) Bl B =R AARE
ol AR w|EpRhg Al AMgEldch ¥
7ole A BEEAMY] &3 45 Amir] 9
slod nlE-o) A (rate-distortion curve)e] veht
ek AlE A3l 712 ADC-SA-DCTell v, A
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Fig. 7. Rate-distortion comparison in the boundary
blocks.
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