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Abstract Integer transform has been adopted by the newest international video coding standard H. 264 for its high
efficiency of computation. Qur first national audio and video coding standard AVS will also adopt 8 X 8 integer
rransform for video compression. As transform module has strong influence on the efficiency of codec, it is
important to select an excellent transform basis {(transform matrix). In this paper, after introduction of basic
theory of DCT-like 8 X 8 integer transform, the authors bring out three principles of transform basis evaluation;
(1) orthogonality, (2) transform efficiency, and (3) computation complexity. First, the transform bases satisfied
principle (1) can be found in a predefined data range. Principle (2) is embodied in a novel method combining
evaluation of transform efficiency from two aspects: energy compaction and decorrelation efficiency in a proper
range of correlation coefficients of input image prediction difference data. By using such evaluation method and
taking principle (3), computation complexity of fast transform algorithm into consideration, several theoretical
highly efficient transform bases such as (10,9,6,2), {(5.6,4,1) and (4,5,3,1) have been picked out and tested in
the actual video sequences. Based on careful analysis of testing results, the authors find out the proper situation
that each basis fits for and prove the validity of transform basis performance measurement that uses this theoretical
evaluation method.

Keywords integer transform, DCT, energy compaction efficiency, decorrelation efficiency, AVS

1 3

il

BHAEEROCT AN 1974 FRE)E . A
EHR AR A SR B T I MR AR, ki
HEREAE AT WL S P AR B 3F, AR K £ BRI R
TERFEZR G AR S EBCR N E R EERE

LA . F¥E“863"¥ B H (2002AA115010)
W B . 2003-08-11 ; 2 [B) B W 1 2004-04-02

TERM"M. HiF DCT MEREMFRARABET.
FREHBEX, SRELSRERER. hTREER
BEDCT XRBRHFAERIHTHRERANERE
BEEFRER . HTHEBERE, IERASY
Bk, RS5O M85 KT BB IR, d Bl R
R R A . R R L W T E
B R 22 A G 8 R AR I TR LA 5 B PR M M



#sl

Mpgess. —F2 DCT it 8 <8 BT #K 917

PERERE DCT WA BIERE, X R R
RERBYER AFERERE RIETHBHA
3 VE 5 (A o B ok BT R N AL A0, B A
L Sup RISt Bugiih R fUk 8 B g
BW . HEE, FERGMES LB SRAE R H X
BREHRHFRE ., ITU # VCEG, B RRERHIGF
# H. 261 B3R H T REERS, I BEH KRR
% H. 264/MPEG-4 Part 10" R H TR AT,
HEB TS IFHEREER.

LRI B E R R R
(AVS) B TH M FiEM 8 (HDTV) K, Bt F
H. 264 3R 4 X 4 BEEHRNEAXR AL BE

- EA ARG M B R B0 Hadamard 258, AL AVS
RERFEMEETRN 8 X8 B DCT A5,

2 BHEHEREE

8X 8 BH AL TR LLFR R
Y (o) =4C@C@ Y DX G X

=0 k=0

2ji+1
16

Hi,u.we[0,71,C0)=1/v2 ,Clw)=1,(w€
[1,7]D. AEEHEITIARRR

fodec

U

cos

2%+ 1
w2t 1 )] (1

Y = PXP;
Hrb X g 88 B P R0 Py o 18] B0 ) R 2 0 Y
HEHREMERE,
[a a a a a a a
b d e g —g —e —d —b
¢c f —f — —c —-f f ¢
d —g —b —e e & g —d
Py=
a —a —a a a —a —a a
e —b g d —~d —g b —e
f - ¢ —=f —f ¢ —c f
g —e d —b & —d e —gl
a—#,b‘;*cos 1},c=lcos 2—“],
2 /2 2 16 2 16
d=%cos(%ﬁ ,e=~é—cos ?—“],f=%605 %),
1 in
g—7c05( )n

BRI JVT 3 4 X4 DCT BB EL R, 0
IS X8 BHRIMT NP, 9B —fTRH— T2
XEH.BIME Vs=[avgmf-go,aoga-f-go},ﬁlﬂ

BHREERE N

11 1 1 1 1 1 1
by ky ks kg =k ks —k —h
ks 1 -1 _ks _ks -1 1 ks
kz _kl _kl _ka ks ]31 kt _kz

1 —k ks =1 -1 Ak —k 1
by —hs by —k & —k  k —k,J
ki=b/go ky=d/goks=e/gu.ki=g/go ks=c/f,

S E=ViV, WESTE—SUT R

Y =P XP! X E, (2)
Hor, QR 2 -1 HE R 89 X 7 CBP A (F] {3 B 09 5T K xf
REAFR) X FR (WL S E, X REHF
BARERE - . R ARMt B ERME
ARET PXPTHHER, Kb X B 3X8 B RBIR
REER, AREBE. MR P, FHER £ £k
by ks BONBEL MR G MMM N BEECER. B
WREERE £ Roobo b ks § 5 M BSRA KM E
ARBEBUED, H1E5E by by ksnky 5ok B2 B

Ay AR B P BRI AT SRR 13 )P i o TAR RIS 36
BTH ks EEBREN 2, NHARKER 4+ B HMiE
BB sk koo k) N BT R AT RE,

3 EREHRE

3.1 REFHRENWE

EMRBADCT BHFMAEHIBPEHR, —
MFHER TR EREHREL TILAERM.

(DEFBEXHE EXTHIFERETEN
RN RMESE MERNERERFAE.NT
RIEA 8 B9 IE A, K ()i P, A R &4

P,-PPTRE, =1 (3
ROBELGT LMD P.PT WA XRE G
HERARAIE,

O fEEPHE DCT FROEHNETERT
R EERSHERRTREENEK
PR RE L, UER ARG HRB KRS
B BRTHREMNEBRAFOBEENEX RN,

(ORBFEHREEYE HEFLFEERTHR
B RR A B B R, B 0 B A 4 e vk BB 3T
B SR 20 M B 5 WK B >, T e A A HERE R



918 PEESEAEEHR

LR

PR LR N A B R —
R %, LI/ MTH BRITH.

EXROIPERGEEN £ 2k 2020 R
T » 3B A PR 8L SE Ak v S, R IR T ER
KENRYTEE. HERAFAXTEBH. ZEW
SR R, EE KM TR SRR RAR
FRE HREEENOHES REH B, M
EWEBAEERA TR S EmA R RER
% oW iEReE. BN KREREY £ BUEEK
AT RSP REH AR, TR EB/MBRENE . Bit
HEXHRENMPEIBVEN £k ke [1,10],
ke [1,4],

R R 1 A D 28 [ 3 p BR R B R R
TR E NP R, BRI R EX &8 56 4%
E. HPAKEE L8 BB 0,9,6,2).(6,
6,3,2).€3,2,1,1), FH — AR B A AREFEK
(5,6.4,1),(4,5,3, 1%,

3.2 FHBEHREENER

BT EREREREL, BERGAEARNA
R RO R YE » B8t fn SR b 8 L e 0 A 0 g 3
MR HRENEE BN EREN R
WA, ACRA—FApRR[5]. (9] 141 s
BRI RABEREE S Z LTSN —ND
FpRERS, BFRXPERREN _HERHE
DCT Zp8 30 fR R SE/5 80 K FHEEF 0 HK—
R, FERREREH R LEESBIES Hik
B 48 e U MERE B L T30 — & 15) AR R B9 E B

WA SX8 REWRMER ~FTTHE 7. BB
f‘:&yﬂ 8 B‘J~2EI31§ Xv=|:x1s1‘2s"'11‘a:|-r’l.rﬁ*ﬂ$ﬁ
RARZBPEMXER S o, (p<1) Mz Mz, 7B
EZHMEMERE S o', HABRENBE R
B UM BOSE G RRZEAMFER ",
B EREE COVXOME T jRITERK o',
WEBREE P AL CORHBEELRSE P, 54
ERAMERE,P XXy 5. B8 Yv=PXy. 5
H.ERENHDFEER R

COV(¥y) = P+ COV(Xy) « PT (4
XM TR O P ETRMENL. HF.hE
EHENENAKTRE—SEHNBTENFE.T

EEMALTRERBAEZANDFE, BT

B b A B © W ER MR (—255~255), &
BENE. UL EEEN A% COV (Xy)enTo
EWEUTLE

COV(Xy)yn=0%=E(xD)—af=E(a})

Bz, MR HEERMHE. R, BHRENDEE
HEREX R ITTE COV (Yy) o WRIR 3 MRER I,
3.2.1 MEESTPEE L

—~ B XBRPELTHEAOREHE B G
(transform coding gain) ¥ R T HNEE R B T
(energy compact) ¥k BB, Gre i X A #h i 0
R ENEAVHES UM ESEMATE.

HAX(DOPMEZER P ABEME Xv M
B, BATHRAEHFEEEENAKRTENAA
T, HEZXZHENTUAKXERETEZQNERSD
7 YEREAF B AR e AT LUK KRR AT e B AR BRI R
T HLT AR ERERE TN EEGR TR
BE. ARCENEARSAMEE T, e R 2T,
LEERNRPE RS BRNER
/N, U T IERRES P, ERKNEREP AR
HEBRMOTE M T E O RBEE LT HEE L.

EXHRERERETHEMARBESE TR

1 (5)

8
3

[T covrye.,
=1

B R B A 3 R o R TR S 5 A B3R B
HEER COV (XY, BidX@),. LS BIARM
7. p PERE R BE T BR G 2R IE, 0 R OK, M SR8 R
EXRAZAHEEERE BEREHMATELR
B TURA AT RS PERR 0 BN, B 5E 22 ASr
HEE MFFELERE, AN, % o BUETE 0. 05~
0.95 {EEW, A 56 AFEERERER v diR I

T =

TERR 1 E 1R,

MARE LB I FTAE R R e B o
B S0 TR, HE A REARR 0 T %
BEE AR GHERS . B THIENESE, A
RUP LR TEFRETHEHIFESTFMHE, T
IR e F.oRARE M AR 7 R 3 7 B2
SE0~1 ZE), SRR N oy IR INE M I E 2
B B P BB 28 B X 45 £ 0 o 2% B I

HTPEETERGARRBREIENEMHERR
pHARRYE T 0~1 ZEH,TE p€ (0,115
A A 7 HEEEEA A, RASCE 140
M ERAHEARRETE - EEHEER . B
Bl p TEAH 0. 75~0.95 28], p=0.95 A, H
BREENDLEREL 0=0.75 1, BRBELHA
FEEBRK. BRI HREE 0 K 0.75~0. 95 HH



B

HEEES, ~FABDCT I 8 X8 BT 919

P B9 e 0B R DR A AT LA ST B AR 36 K 39 45 R AR A
BN EHESHEE,

B AEREEEp R 0.75.0.8,0.85,
0.9,0.95 X 5 M REHM 7=, BN HEN p TEHA
HY e R BRI  ARENRELE RN

Tewy — Min (Feq)
MHX(TJE(J’)) - Min(’]E(i))

BiREs S o EMEAERWNE NEEBR w=
L) sty syt »tws o HEE SARHEALEE AR #0,
BRE | GEBROERTRER Evale, HRER
FISE R 25 B AR 36 TR MK 0O T BRI L 3 Bz AR E 4
Ak, HEREBERRAwWw=[1/15,2/15,3/15,4/15,
5/157, 488 E M E AR RIT M 10 SR,
3.2.2 RMERENHE

MR 1415, Clarke £ MM E k2 X B
PO AP RE . MU RS BT 2 B R,
FU T E MR ABRRR R R W
BIEH KL BB EMARTEL YT, Wi
EENT, EHEENSERE. B, bl i E
BHIE U 2 R N AL TR () R,
REBTHIEE. CRRI41FE LB 6

DICOV XYY
=t 7
> 1COVX) G |

BRERXD . HAZEIBRETREEHLARK
[0.05,0. 95 JFEE MM LA X, BB o-nc B4k
PN BT 3 Bk, grEIRR LA 3 AT R MR
7 EMARB o MR RBM HEAS %
WZERHE o 6938w w /. & o€ (0. 75,0. 951
CRRER L. & HRELEARF 0 TH 5 R
e, BRBRMEATS o-nc LK, ERE [ A 4 iR,
EHELELRR ¢ THREMHEZHXEERTLX 2.
HEM LS EEME. B pe[0.75,0. 9514
BEBEFAY 10 L2, HES RS R R TR IFM RN
B 10 HESE2HE, HREFRE X,
3.2.3 HAWHERNESITEN

EARERRPHE g RO (O PER P
COVI¥VEMARTRERNEPBE, MEME
¥ REBRTBY COVIOEETHAETERE
BOMGET, HERARR T AHRABRENH
HE . AR AR M A0 MG P RE AN BB B 4 rP HE RE AR Y
HARRR BRSS9 # 9, ] Evale #l Evalc
SRR R PR RHRMPHSES TENE,

{6)

E'Ual(,') =

Je=1—

Tl B A A R B e M R A TR
Eval = wg » Evalg + we » Evalc (8)
ZEIAGBRETEEEREWNTRENES#
BB A BB ERE K, X BB we=0.6,wc=0.4.18
BTG R BT 0 EE, R 1, Eik FXJLE
ENEEEPEN LML BRI
®1 HAEMGERBIFE 10 HER n: f0
nc FNERNBEFNER

— Evale Evalc

* na WOE Fvel
0.9923 0.976 2
0.8901 D.BO9 6
0.8521 0,8322
0. 8804 0.7816
0.8685 {. 75485
0.8363 0.7918
0.8617 0.7530
0.841 6 0.7792
B,9,7,1 . 84146 0.7316
7,9,5,2 0.8307 0.7240

DCcT 1. 0000 1. 06000

33 HNEsELE

BB THRABEERRERSER, Buskfa
BARBEREL, URBYLEEE, RARFMNE
BEZHERBABRKEN, MHERNERERHARR
MRERE  ER KBRS, W —1 88 S —
HERE WO, VT L AR 16 (—HER 8 R, HE
BH-FHHM 1645, E2PAHTHATFNGR
BIFH) 5 AT BEH %88 SEBRNEERE. RE
o ERE S EERMAE. & 2 AL EREA,
5,3, DB B, (5.6,4,DHK,

B2 FERNGERBFHSATRE—ETH

=
&

10,9,6,2
5,6,4,1
656,3.2
6.7,5,1
4,5,3,1

9,10,5,3
7.8.6,1
9,8,4,3

0.9859
0. 8579
0.8441
0.8409
0.8249
0.8185
0.8182
0.8167
0.797 6
0. 7880
1.0000

I R A A
— -4
owqﬁco#—ﬂumw-—tg

—
<

ENLBHOERABDHTER
10,9,6,2 36 10
5:6,4,1 32 6
6.6,3,2 36 1o
647,51 32 10
4,5,3,1 28 6

4 MITPEIIAR LR

FERIVT #dA34 IM5. 0C fE Rl S,
&&awaaﬁmm 8X 8 MBH AR, B R T/
TFexs Ml REL , MARFLEMIVT 4x4



920 W P A T 2 4

Eo®

TR RE . RWIF Y IPBBPBB:----, WX
FRPBNE RS ER S ATRE, GHEMK AVS
#/YH 7 4 CIF K ¥ (bus_d. news, foreman,
bus_f, container. garden, mobile, H #, bus_d #
bus £ 7 51 54 %5 AL BUROR 6D, B0 R 40 B 2
BRI QP ¥ 24.28.32.36 Hf 4585 73 4 (1, ,Pas
B BEMENERFINREMRL SNR_Y,
RHAIVT BRI LSS avanr LW HTRE

i1 RD M8 45 S HERE avsnr 3 AR Y 2 AT K
WA, LA 4 4 QP WIBEAREE SNR
B, @8 b de 2 KA W RD sk, 5308 2 HER
Mot SNR.Y HIBEHTHES, A\TIRE 2458
TR ES ., HELELBFMN S HEPH ¢
#H5010,9,6,2) 8 . BRI K AL LT SNRY
Mney dB MR BERMHE S L(RERREMN,
SRME IR,

B3 JHAXEHMMMILIERES (10,96, D AT HE S

“F (5,6,4,1) (6+6,3,2) (4,5,3.1) (6,7,5.1)

CIF JF9 SNE_Y(dB) Bits (% SNR_Y(dB) Bits{ %) SNR_Y(dB) Bits(%) SNR-Y{dB) Bits (%)
bus_d 0.0139 ~{.400¢ 0.0012 —0.2082 0.0137 —0.4050 0.006 9 —0.2688
news —0.0536 0.9128 —0.0727 1.2857 —0.0818 1.6611 —0.0762 1.31565

foreman ~{0.004 4 0,1116 —0.0141 0, 3480 —0.0124 0. 3087 —0.0180 0.4439
bus_{ 0.0244 —0,5447 0.007 4 —0.2459 0.0235 —0.5312 0.0106 —0.2836

container —0.0279% 0. 855 ¢ —0.0141 0.4506 —0.019¢ 0.6097 —0.0262 0.8026
garden 0.1035 —1.9725 0.124 3 —2.2857 0.0965 —1.8601 0.0985 —1.8629
mobile 0.0783 —1.5690 0.0881 —~1.7672 0. 0984 —1.9622 0.0626 —1.2461
F- 1) 0.0191 —0.372 0.0171 —0. 346 0.0156 —0.311 0. 008 5 —0, 157

058 LB T IR 7 2 7 4 I A0 O B b1 R R

MNELGHERBHE QP=24, I BB BB
REHAT, (10,9,6,2) FH A RD $E6E tH L
HEE FNE QP=36 0t , KW KRR
£ QP 28 M 32 BfH RD thEESEF . HM (10,9,
EDEREFEEARCEBBEARB POHEAT
TAEERAEB LI PRAERET. (5,644,
1) BRI BRI N 24 #1136 BB R B,
SNR-Y B K S SRR iT  E B R ¥ 28,
2 MR AHERE.

TR SR S 7 AW PR bR AR W 5
A %1, news, foreman , container FF 7| (19 35 B TF L &
MNREADLEBEE FEYENBS . ELKRZ N
BHRMB I 4 TEFESHR AR, HRALYE
B IRZ AR R . AR M, 085 B 4TS i IS %
B, MR RABENRBLERE, AT
ViR ARG RFH, AE TSR R
fEEIIEA. (10,9,6,2)H 308 135 B 7] A &
B RS RGBT AR (5,6.4,
DAEREMHERENE AR, EXHB 5 R FEF MR
WK F 10,9, 6. 2)FHE, N THRERF
SRR BT, B 1L 2 FFR B A A WA 4
BQPTFHU0,9,6, DT HREMG,6,4, )R
HHEMAREAME. (4.5,3.DTHEHG,6,3,2)
FHREREERET(5,6.4,1) 6, REHHE
G644 DEREERNEL S4BT NNEHR

39

37 /
35 /

33 /

a1l [

0 2000 4000 6000

1 HREAKKFA

Z

——10,9,6,2
-=-5,6,4,1

SNR_V(dB)

29
8000 kbits

foreman F#F RD g4}

41

10 a

39

gl . - 10,9,6,2
g . o~ —=5,6,4,1
) 36
-3 .- e
r
“ a3y //

34

33 — /_77 — [

32 !

o 1000 2000 3000 kbitis

2 R/ AR R R 75 M

EARLINE ARG R BBRENE4HA GO,
9,6, 2)ERERT:NERGR. ABRNHE G,
6,4, DEMBRBEESE, 4,53, DFRERZ .

HBG6,6,3LDXARL  HEHEHERT G,
6>4 DA M  RMKERE L (5,6, 4, 1) 8RS |



- R

HeEE%, — ML DCT M 8Xs B TH 921

BEREPRYE F6,7,5, )BHE, MENEEIET
(6,7,5, 1) HHE MM X ERERRES
FWBTHME, SICHA KR, Bk, THER
RIETES 7 Mpe BB/ FHFRTUEMLE
iofakd g T g0l e d:

5 &

BT —F455 BB B LM AHR M
BREEREE AR, Fet%RiTBEREMHERE
BLERE LN TLANERTNRBTRE
(€10,9,6,2).(5,6,4,1),¢(6,6,3,2),(6,7,5,1),
(4,5,3,10), BN LWRIE T HCEFHERYE.
B e FINR, BH U TS

(OHERER EHENHEEH0,9,6,2)4
BEET ERHR . BBEANGEG.6,4, DR
HRBERR, (4,5,3, )RR .

(ONBRAAZBH KRR RE (5,6,
4, D0 B HE B AR 0T, B AL B M0E (28~ 32) B
(10,9,6,2) B EH AR B BB HT G, 6,
4,1) (4,5, 3, DR HREB .

(3R B B2 8]/ F 0. 04dB MR I
WENEN AHAERELSE, L,5.3, DERE
MENER/ ERERE.

BTN EE T JLARK AERENN
X8 BMTHE, XJLHEAENEFEMYM AP R
HEF RS X8 BEUER P HH B AN AR,

$ % 2w

1 Ahmed N, Natarajan T, Rao K R. On image processing and a
discrete cosine transform[J]. IEEE Transactions on Computers,
1974, C-23(1): 90~93.

2 Sikora T. The MPEG-4 video standard verification model[J].
IEEE Transactions on Circuits and Systems for Video
Technology, 1997,7(1): 19~31.

3 ITU Telecom. Standardization Sector of ITU, Video Coding for
Low Bitrate Communication [ $]. ITU-T Recommendation
H. 263, Mar. 1996,

4 Cote G, Erol B, Gallant M, et al. H. 263+ : Video coding at
low bit rates[J]. IEEE Transactions on Circuits and Systems for
Video Technology. 1998, 8(7); 849-~866.

5 Giurcaneanu C D, Tabus I. Low-complexity transform coding
with integer-to-integer transforms[AJ. In:Proceedings of IEEE
International Conference on Acocustics, Speech, and Signal
Processing{CJ, Salt Lake City, Utah, USA, 2001,4, 2601~
2604,

6 Goyal V K. Transfortm coding with integer-to-integer transforms

[1}. IEEE Transactions on Information Theory, 2000,46(2):
465~-47,

7 Li Xin, Bo Tao, Orchard M T. On implementing transforms
from integers to integers[A]. In:IEEE International Conference
on Image Proceessing[C], New York, USA, 1998,3:881~885.

8 Liang J, Tran T D. Fast multiplierless approximations of the
DCT with the lifting scheme[J]. IEEE Transactions on Signal
Processing, 2001,49(12}; 3032~ 3044.

9 Malvar H. Low-complexity transform and quantization with 16-
bit arithmetic for H. 26L [A]. In: Proceedings of IEEE
International Conference on Image Processing[C], New York,
USA, 2002,2.11-489~11-432.

10 Richardson, H. 264/MPEG-4 Part 10 “White Paper: Transform

& Quantization” [EB/OL]. www. vcodex. {snet. co. uk/h264.

transform. pdf, 2003-4-30/2003-6-30.

AVSREL EY SWEHEARAMAARESIR] AVS B

N1027, 2003,3.

Hallapuro A, Karczewicz M, Malvar H. Low Complexity

1

—

1

rs

Transform and Quantization-Part [, Basic Implementation[S].
JVT-B038, 2002.

13 Cham W K. Development of integer cosine transform by the
principle of dyedic symmetry [J]. IEE Proceedings, 1989,
136 (4): 276~288.

14 Clarke R J. Transform Coding of Images[M]. UK. Academic

Press, 1985:19~31, 87~90.

WEIDMANN Claudio. Image Transform Coding [ EB/OL .

http, //lcavwww. epfl. ch/~ weidmann/SPclass/transform_

codes/nodel0. htm], 2000-02-01/2003-6-30.

GirdBernd. Course

[EB/OL]J. http://www. stanford. edu/class/ee398a/handouts/

08-TransformCoding. pdf, 2003-2-25/2003-6-30.

17 MERH ERE. B FETERAMI k¥ . BAFMEX
R, 1999:191~183,

1

o

1

o

lecture; Image Communication [

HBEE 1980 4, 2004 £ FHEFR
BREUTFE5ELTIRERM L. &
RAMAERFERGABPHRERD
BARMEL M.

E-mail :1ian1980xh@ yahoo. com. cn

KXW 1945 FEL. NP/ WLESR
. FEETFERERMOERERLE

-y

"- - . RABR. BMEERRF AN S HEE

Y KR TT S

I- iy E M 1976 fFE 4, 2003 S FEGH

: HKERBASAR IR DM LEn,
‘ MEEHP LKL RO TBARENE

B, ERGRT 05 BRHEER.



HBEEE: —HEDCTHS X8 BTk

B Az 11

e

1.0

o en

0 0.2 0.4 0.6 0.8

P
B3 56mikik T kehp-n. &

£ A% ABaAHcERHELITR

&4

(d) il EATARARA

1

P
B4 56 mmk THREFALE Kp-n &

(e) AMEHRIALES (f) BHeBiMEs R

EHPAHEARE

1.0 0 0.2 0.1 0.6 0.8 1.0



