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Fast transform skip mode decision for high efficiency video coding

Wang Ning', Zhang Yongfei'*, Fan Rui'
1. Beijing Key Laboratory of Digital Media, School of Computer Science and Engineering , Beihang University, Betjing 100191, China;
2 State Key Laboratory of Virtual Reality Technology and Systems, Beihang University, Beijing 100191, China

Abstract: Objective The latest video coding standard high efficiency video coding (HEVC) adopts a more flexible struc-
ture and new coding tools compared with other coding standards. The adoption of new technologies results in entirely unre-
lated prediction residual blocks. An inferior energy concentration can also be obtained by using several methods, such as
DCT transform in frequency domain, in less-correlative pixel residual blocks. Among these new coding tools, transform
skip mode can enhance the coding efficiency effectively while increasing the coding complexity considerably. Therefore, the
difficulty of practical real-time coding is increased. To address the problem, a fast algorithm that reduces the transform skip
mode in advance is proposed. Method The square root of the rate distortion cost is selected as the threshold value by ana-

lyzing whether the distribution of the residual block has selected the transform skip modeas the best mode at different rates
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of distortion costs. To save bits, the HEVC standard defines whether the coefficients of transform units are all zero after
transform skip and quantization. The DCT/DST transform is directly chosen as the best mode. A larger quantization param-
eter can mean a larger percentage of all zero blocks after transform skip mode. Therefore, an exponential model of the rate
distortion cost and quantization parameter is established. In the actual coding process, thresholds can be calculated in ad-
vance based on the quantization parameters. These thresholds are used to reduce the number of transform units that need to
check the transform skip mode. Therefore, the complexity of the transform skip mode is reduced. Result Only a small num-
ber of blocks need to check the transform skip mode, and the thresholds are obtained by offline training. Thus, no addi-
tional complexity is added, and the computational complexity of the encoder is reduced. Experimental results show that
compared with the standard encoder, the fast algorithm has minimal effect on PSNR and bit rate for standard test sequences
that include different scenes. On average, about 70% of the transform units do not need to check the transform skip mode.
The exponential model established in this paper fits very well, with a square of determination coefficient larger than
0. 95. Conclusion The algorithm selects the square root of the rate distortion cost as the threshold to reduce the transform
skip mode and obtains the threshold by using the exponential model and quantization parameter. The transform skip mode
can be reduced in advance. Experimental results indicate that the fast algorithm can reduce the coding complexity effective-
ly because of the addition of transform skip mode with negligible performance loss. The proposed algorithm can be applied
to real-time situations. It can reduce the time of transform skip mode significantly and can be further optimized. The rela-
tionship between the coding efficiency and coding time can be balanced dynamically by establishing the model of perform-
ance loss and pruning percentage in further research.

Key words: high efficiency video coding (HEVC) ; video coding; transform skip; rate distortion cost
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U, AT AR i 5 A B

K3 FEKHGTHERSHY

Table 3 Mode parameter in different conditions

o' B R Sig
WiFZEEE 0.615  0.112  0.995 0. 000
WiF R 0.566  0.114  0.993 0. 000
MWiNZEEE 0.990 0.113  0.991 0. 000
miNEE  0.702  0.115  0.987 0. 000

F3 R RREAMKRAEL, Sig B EME.
yt[a] 27 i HIMT> 24 IPPP () Low_Delay_P_Main it
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BRI, WIS 4 1t All_Intra_Main
(LB XTI ISR SRS ROk, R (AR
HOET 1, RIS R B ¥ 45 Sig 1fE/NT 0. 01,
P25 AR W, I L 2 R 2 R AR /N il
3 R Sig SR AT LA A SCHR R4
TR A 6] (A R B 08 1 b 000 A (] R AL SRR 1Y
BIBUB(EL . F35h , A SCRE R F A 2 B 2kl 5, T AN
SRINE I IR

3 LWHERSH

WA SCHREAE HEVC 22 4 i 4 HM 10. 0 5%
B, MR8 6 5% HEVC AR 51 A B LC
D E Al F @A I, Horh F R8Tk A T
Fews o 91, R K BE O S8 AR TR, 23 e
Wiy A IPPP 1 Low_Delay _P_Main Fi & fi1 4> 1 7]
All_Intra_Main {0 E 25 PFHEATINR, DR Wik
100 i, T H AT A Bk B =R F 5T 32 22
AT BT A 2R R A R A O AR R A4
T35, Atk — 204 vy 2 i o, O 3505 AH Sl 2 20
SEIRPEW SO, PR A 3OO 4 FAR o 4 4 6% HM
10. 0 A7 AL,

K R M S A0 A B AR, Ry, N IE R
B 3R3G I, g G0 s i A, R Gt 5 45 ) 1]
TS S it SCA B30 719 48 1040 S 0% Ik ] o5 D s P [ )
e, HoE L= (1) Bz, iy 20 (1) Ay T 11
Toro 231267 HMI0. O J5LA6 Y G i I 1] 00 A AR 3C
S5 HM10. 0 B gt i) s (] R, 7R HIASC
SR E AT E AT AR Bk B e SRR S
T S AT Ak A Y ], — @ R BAT DR
NG R A A I ] 5 R, 27 23 i) R AR SC
SRR B o B 2 P e Bk B 8 4 B T
LAY 25 5, — s T2 BE AT DA S et A YA S
MERE . R, R R, 195 L5300

R, = (1-2m)x 100% (5)

REF

R, = abs(] _h)x 100% (6)

REF

TN, Brr 1 B 73 31 267 IR B0 A BAS SCH ik
Hh i B AT AL e Bk AR AR A R M
Moo 73 5 Z 7R SRR T LA KR AR ORI R e A8
el A TR RO

54 fFE 5 5 e All_Intra_Main 1 Low_
Delay_P_Main Fig & T A S5 25 HM 10.0 J5 46 5
EVERE LB A S5 2R, Horh 2R S TP Y LDP_Main %78
Low_ Delay_P_Main HiC & .

MFE 4 FIR S g g R il LUE Y, AR SCHE
R P A e B A A PR RS VE RCR R BAR
M5, R FASCR PR HM R 53125 b e 2 A0 46 ik
WA L 22 5, B R, 7E All _Intra_Main FI Low
_Delay_P_Main J#h 25 HLE T 43 3A A F] 5%
11 BASE ) L A5 #5230 70%

%4 AXEEE AllIntra_Main iR E FHI% R

Table 4 Performance under All_Intra_Main configuration
/%

el PB4 75 Ry TS R, R,
PeopleOnStreet 0.01 7 74 5

A 2560 x 1600

Traffic 0.01 7 77 5

BasketballDrive 0.02 8 76 4
BQTerrace -0.01 5 55 2
B 1920 x1080  Cactus 0.00 6 65 3
Kimono 0.00 10 90 17
ParkScene 0.00 6 67 4
BasketballDrill 0.00 6 69 3
BQMall 0.00 6 62 2
C 832 x 480 OMa
PartyScene 0.00 2 35 1
RaceHorses 0.00 6 62 1
BasketballPass -0.010 7 73 3
D 416 x 240 BlowingBubbles 0.00 4 46 2
BQSquare -0.01 3 42 1
RaceHorses 0.00 6 58 2
FourPeople 0.01 8 82 2
E 1280 x720 Johnny -0.01 9 87 3
KristenAndSara 0.01 9 88 3
BasketballDrillText -0.03 7 69 2
F ChinaSpeed 0.02 6 72 1
SlideEditing 0.01 5 57 0
SlideShow 0.03 10 92 3
SEIAE 0.00 7 68 3
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Table 5 Performance under LDP_Main configuration

/%

Z BRI B Ry, TS R, R,
PeopleOnStreet -0.01 3 72 0

A 2560 x 1600
Traffic 0.01 4 76 0

BasketballDrive 0.00 3 67 0

BQTerrace 0.05 3 68 1
B1920x1080 Cactus 0.04 3 62 1
Kimono 0.00 3 74 0

ParkScene -0.01 3 68 0

BaskethallDrill ~ -0.01 3 66 0

¢ 532 450 BQMall -0.05 3 66 0
PartyScene 0.00 2 47 0

RaceHorses 0.0 2 53 0

BasketballPass 0.0 3 69 0

b 416 x 240 BlowingBubbles ~ 0.03 2 53 0
BQSquare 0.00 3 64 0

RaceHorses 0.00 2 52 0

FourPeople 0.00 5 91 0

E1280x720  Johnny 0.00 5 93 0
KristenAndSara. ~ 0.00 5 93 0
BasketballDrillText  0.09 3 66 1

. ChinaSpeed -0.07 3 72 0
SlideEditing -0.31 5 8 3

SlideShow 0.06 4 8 0

¥ 0.00 3 70 0

5 HM 10. 0 A b, AS ST 0 T 54 7 51 1) o
HILTRA M, BT T 5T & B oK i 7 )
BasketballDrillText, Ryt H 38 i T 0. 09% 1, B K
£50.0045 dB [y B R, XT3 s Ui Lok
BOCE B 2 1) P A, )T 41 BasketballDrill-
Text F1 SlideShow , F 1% 00 5 /i1 52 2% 3 B0 (A
HER , 7E Low_Delay_P_Main Jig # '~ AHX T HoAd A4
AR 2R A g, D AR BT A — o () R R H
T S HN 5 T 25 R AN A1z 3l 2 2 AR L) e
QU I B AR 43 3, DRt 3t SR fig

8 35 Ry 3 WL R 7 R A SCBR sk AT 8 o ik
FP 8 i) 2 i BT 145 21 1 — & iYL TT, 140 SlideEdit-
ing , I 51 75 5C A1 A8 e Bk o B, Ry, 25 32T
KL 10% , AR Bk B 122 7 91 e A K iR
JERYARTHCRE , TR A SCIR IS |, it REE— 2D 4R
T PR TR P 3R 2 ELAAN HIE 2 15 (i A8 e ik ok
BRI SR FH AR 2 B b SCASE Y, 0 85 28 52 o i
IR A bR SO A — 5 22 57, i /b R ik
FATT R SRTERE AR 5 I P A e i AR, (H
e PRgm A% g AT DCT i3 DST A2 10 RE % i
BN AR SRR o

T35 T, 2R HIAS SCH W 5 A i R AT AR 4
kit Ay ke o T B 0 P AT AR e Bk A
A HE B R, BIe7R 35 48 14 4% 6 ik a5 LA 1) 1]
1F All_Intra_Main I Low_Delay_P_Main ¥jF} 25 A5 it
BRI AT IR 68% 1 70% |, SEBRAE AR GRS B[] 1544
T% F3% o i BT R, EEOR AR A G il I ] >
A, 1A BN E] A s, SR T DA RE I [ D T >
B AR e BA SEPR 3 L, LUT 51 Basket-
ballDrive 7E Low_Delay_P_Main Bt & T )45 58 R 4],
24 QP J927 If, HM 10. 0 Hr-F-24 25 it 22 46 Bk i 46
it BRGNS 6]y 92 s, T I AAS SCIRE I 1245
Hy s ARy 45 s 5 bk, A SCEETEAS Rl
RS VERERIE DL T , W T K E M T ek A X
OIS TE] A BT HEVC SE 4 fith 4 8 o

4% i

HEVC Hogi 5] A M2 ki B HARAT B 42
oy AR SR E— B REHE EHEIN T St S A
Geit K LIk AL el ad R A2 He BT Y EL A
PEH AR, A SCR AT DCT/DST Ag e A 3 HAU MY
SEIT AR BUEBEAT B A, RS T3 T AR
WSRO B ERE R . T A e A T AR R
Bhod B AT A A 4 SR, D B A 2l R BN
TR . SRATREN, AR SRR AEA
W 24 1 R P [ I el 8 BRI T A ek ad B X 3
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