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Fast Inverse Transform Considering Multiplications
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Coding)= DCT-2(Discrete Cosine Transform type 2), DST-7(Discrete Sine Transform type 7), DCT-8(Discrete Cosine Transform
type 8)5 AMLate] FHWES Faldit) B =2 A= DCT-2, DST-7, DCT-8¢] B5F A3 W3S vEslel, 413 w3t AL
oj-gate] e A A AN 01% GHE WS At Algtes qHE WHS VVCY FE 2ZEH I VVC Test
Model-8.2 (VIM-8.2) tH] BIEEY F7} glo] a8t AZkzt Eost A7kl AIAll Intra)lA S 26%, 15%, RA(Randon
Access)Oll A B 4%, 10% A3 }S’i

Abstract

In hybrid block-based video coding, transform coding converts spatial domain residual signals into frequency domain data and
concentrates energy in a low frequency band to achieve a high compression efficiency in entropy coding. The state-of-the-art video
coding standard, VVC(Versatile Video Coding), uses DCT-2(Discrete Cosine Transform type 2), DST-7(Discrete Sine Transform
type 7), and DCT-8(Discrete Cosine Transform type 8) for primary transform. In this paper, considering that DCT-2, DST-7, and
DCT-8 are all linear transformations, we propose an inverse transform that reduces the number of multiplications in the inverse
transform by using the linearity of the linear transform. The proposed inverse transform method reduced encoding time and
decoding time by an average 26%, 15% in Al and 4%, 10% in RA without the increase of bitrate compared to VITM-8.2.
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of wg} IS Fasks o Y3 FAYS Jehd ¥
oith. A WAl 3 T WA 4 A £E59 VIR, AR
Zolg e, Al M €& 7=, A& ko] Wk 7
A7} 5 DCT-291 24591 54 3=, viAet €2 7h=
A2 ko] M3 7147} B5 DST-7 & DCT-8% A5
o] FAl S5 JERT

X 2932 7 £5 A7)0l tig dAS YeRE £0]
o} 3 2% 7FE, AR RS 71-7F 2% DCT-291 7452
Hlwate] AAH JAZke L, & 3L 7=, A= Wk 71&7}
57 DST-7 55 DCT-8%1 739} Hlaate] A2AH Az
olt}. 7}=, A2 W3 7147} DCT-2¢} DST-7 £+ DCT-8
of ZFOZ o]Foj7 Ae F 29 AUS ARSI

¥ 2 712, ME HE 7|XJ} 25 DCT-2 O|HL} DCT-2%} DST-7 ==

71(Common Test Condition)!"”'el w2} AI(All Intra)
¢} RA(Random Access) 3538} 8704 H =t AH
o ARE-H FAbs}h s E(QP)E 22, 27, 32, 37°]th A F
of AHER G2 & 49 Zrh & 4014 4KE 3840 x
2160, 1080p= 1920 x 1080, WVGAT 832 x 480,
WQVGAE 416 x 240 siA=2] 9Atoltt,

B 4. A3l AISE oy NE
Table 4. Information on video sequence

sto| He = 4 ol 7}
DCT-88] Zgiel &¢ 55 /| £ 22U Class |Sequence name |Frame Count|Frame Rate| Bit Depth
Table 2. Threshold representing the number of non-zero coefficients
in each block size, when the horizontal and vertical kernels are Tango2 294 60 10
DCT-II/DCT-II or other combinations listed in Table 5 A1(4K) FoodMarket4 300 60 10
Width Campfire 300 30 10
1 2 4 8 16 32 64 CatRobot 300 60 10
11 NA 1 2 3 5 10 10 A2 (4K) | DaylightRoad2 300 60 10
21 ! 2 | 3|86 |11 " ParkRunning3 300 50 10
4 2 2 3 4 12 11
MarketPlace 600 60 10
Height 8 3 2 4 5 13 12
RitualDance 600 60 10
16 5 4 6 7 10 15 13
32 10 7 10 12 15 20 15 B (1080p) Cactus 500 50 8
64 10 7 10 12 15 20 15 BasketballDrive 500 50 8
BQTerrace 600 60 8
¥ 3. 712, MZ ¥& 7|X7} 2% DST-7 &== DCT-82| ZEkol 42 £2 RaceHorses 300 30 8
21 4 et BQMall 600 60 8
Table 3. Threshold representing the number of non-zero coefficients C (WVGA)
in each block size, when the horizontal and vertical kernels are a com- PartyScene 500 50 8
bination of DST-VII and DCT-VIII (DST-VII/DCT-VIII). BasketballDrill 500 50 8
Width RaceHorces 300 30 8
4 16 32 BQSquare 600 60 8
3 9 19 D (WQVA) -
it 3 14 15 22 BlowingBubbles 500 50 8
ei
o 16 7 14 14 22 BasketballPass 500 50 8
32 17 24 25 28
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Table 5. Experimental result

Class Sequence Al RA
q Y EncT DecT Y EncT DecT
Tango2 0.03% 98% 98% 0.04% 90% 89%
A FoodMarket4 -0.01% 98% 99% 0.04% 87% 82%
Campfire 0.00% 99% 97% 0.02% 93% 96%
Average 0.01% 98% 98% 0.03% 90% 89%
CatRobot 0.01% 98% 94% -0.02% 95% 87%
A DaylightRoad2 0.02% 99% 98% -0.01% 97% 90%
ParkRunning3 0.00% 98% 95% 0.01% 94% 86%
Average 0.01% 98% 96% -0.01% 95% 88%
MarketPlace -0.01% 71% 99% 0.01% 99% 84%
RitualDance 0.01% 68% 98% 0.07% 98% 99%
Cactus 0.03% 74% 94% 0.01% 98% 97%
B BasketballDrive 0.03% 72% 98% 0.06% 99% 93%
BQTerrace 0.00% 79% 89% -0.01% 95% 96%
Average 0.01% 73% 95% 0.03% 98% 94%
BasketballDrill 0.01% 62% 68% 0.02% 98% 77%
BQMall 0.03% 63% 70% 0.07% 98% 86%
(¢} PartyScene 0.01% 64% 86% 0.00% 99% 91%
RaceHorces 0.02% 61% 64% 0.01% 99% 94%
Average 0.02% 63% 72% 0.02% 99% 87%
BasketballPass 0.04% 58% 67% 0.01% 99% 95%
BQSquare 0.01% 59% 79% 0.04% 99% 100%
D BlowingBubbles 0.03% 58% 79% 0.00% 97% 98%
RaceHorces 0.00% 58% 64% 0.04% 98% 81%
Average 0.02% 58% 72% 0.02% 98% 93%
Overall 0.01% 74% 85% 0.02% 96% 90%
E 6. AlOJA QPof| mHE AlE Znt ¥ 5E Aetsls W VIM-8.22] R353F A53 A
Table 6. Experimental result per QP in Al _ == ==
P P HRLZ v Aotk $535} A7 EncT 2353} A
Class Sequence Qp=22 QpP=37 7 DecT= Tt 4] (14)9} 7ol Axker,
EncT DecT EncT DecT
Tango2 99% | 100% | 99% | 100%
A1 FoodMar.ket4 100% | 100% | 97% | 98% AT— T oroposed %< 100% (18)
Campfire 98% 97% 99% 100% Tchor
CatRobot 100% | 88% | 97% | 97%

A2 DaylightRoad2 98% | 100% | 97% | 94% AOFSl HMH O F1Z wh ] okrbo o 2o
ParkRunning3 98% | 99% | 98% | 95% ASkshe 2 71 W ol ef3ke] BD-rate 43
MarketPlace 78% | 97% | 65% | 115% o AX T B33 A 7kat Bo3t A 7HS Al tisl zHzt
RitualDance 72% 94% 63% 109% = . - -

B Cactus s0% | oa% | 6o% | 108% 26%, 15%, RACH Tl 242t 4%, 10% Zragieh. Bk A3
BasketbalDrive | 79% | 85% | 68% | 109% AL gl class C, Dol sl B33} Al7bo] Wo] 7HAstk

BQTerrace 80% 98% 81% 70% . -
AL 3}o)EF 2= o)
BasketballDrill 65% 71% 62% 72% AS SRlE 7 gl
c BQMall 69% | 105% | 62% | 62% 3 6+ QP7F 2291 73-9-9] A¥ Aot QP7} 379 A5
PartyScene 70% 98% 60% 71% o] Al A= 1w
9 =2 y) 73t Mo H X o] o] Aloj| & 7z
RaceHorses 59% | 57% | 63% | 76% S L s o BB R O
BasketballPass 58% | 60% | 58% | 79% o] AZFE B33} A 7ko] 7HAsE AL delst 4= 9tk
BQSquare 59% 68% 58% 7% _ <
7}o A2 o F}A o] A = o] = 3Eo

D BlowingBubbles | 58% | 77% | 58% | 54% QP o]l AZFH st HgAA AlF7E 00l 2 &Ee]

RaceHorses 58% 54% 57% 82% =713t} wEbd] gzt & M3k B2 o) o] ofd Al
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