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A High Performance Inverse Integer Transform Architecture for H. 264

FANG Jian, ZHENG Wei, WANG Kuang, LI Bing-bo

( Department of Information Science and Electronic Engineering, Zhejiang University, Hangzhou 310027)

Abstract There are two kinds of integer transform in H.264,8 x 8 integer transform and 4 x 4 integer transform. This
makes hardware design more complex. At the same time, more powerful decoder is required for high definition video
application. High performance hardware architecture is proposed for 2D inverse integer transform in H.264. For 4 x 4
inverse integer transform, four 4 x4 blocks in an 8 X 8 sub-macroblock was reconstructed. Therefore, the 8 x 8 2D inverse
integer transform and 4 x 4 2D inverse integer transform could have the same architecture. With a new strategy of data
storage and pipeline, inverse transform for column data and inverse transform for row data could perform at the same time.
On average, 32 clocks were needed for processing an 8 x 8 sub-macroblock. The transpose memory was composed of a
two-port 32 x 32bits SRAM and 8 groups of registers. Compared with former design, the new architecture could reduce
53.7% area of transpose memory. When clocked at 108 MHz, the proposed design can perform real-time inverse transform
for high definition video decoder of H. 264.
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T N RN 2B R . H. 264 SR 8 x 8 fil 4 x4
PR A R /N HEA T 3 508 4 (IT) FVRE 85 S A8 48 (TIT)
P IXCCR FH RR ST AR 8, 4155 22 1 X SR F /R

B — A8 A 35 45 A fE H. 264/AVC AH LT L AR, T /N T A8 3k R B TUAE TR
I FRUE R 45 R85 T 50% A4y, 1 H B A BRI iR, AHJE, [ IE N R K/ AR $e B R Y ok R 4 R
AR EmPE" 7 HDTV IPTV RS W g MR 4% G IR, to i hn T A5 2 A S B A2 2 B . G 5L 17 o
USSR A Tz BN R R K 8 x 8 Fll 4 x 4 W £ 748 i 25 4y, ¥ R R 15 I e 2%

H.264 B IRAMEREM R — N REERMATH M., S5 CHk[2]11 DCT/IDCT P 5k, % 4 x

1 5]

[

E£MA :HKH KRB E4TTH (90307002)
Y75 H #3:2007-01-23 ; 2 [E H 83 :2007-08-14
FE—EEB N (1980 ~ ), 5, 2008 AEFHIVLKZEKE F G B TR0, BRI 4 . E-mail : fangjian1980@ 163. com



276 SIS PP

%14 %

ANT P47 T 8 x 8 FAY 4R T 48— 45 i) B B 72
ety XA ) T BE A A 1 o 9 ML Ak 33 o

73— 75 i, H. 264 B 5 He 4 R 0 B e 0 16 T
o5 1 LIRS s o v T PR ) ##Km,éﬂﬁﬁﬂi
BR, BARMEGEg IDCT ST # " R B T 2
RO A e BB A BE W R TR T LA 1 14 Ak S
. — RSO B IR R R A 2 A s ek
JE R RO Il A AR AR SCRR LS ] Y e it 2
fifi b, 32 T — FOE T HL 264 S AR (9 3K 45
Y, Y Ak B S BE K T L R T A R ) 7 2 R A
RO T RE AR

2 ET8x8HMBHETHR

B AR 5K e M R AR e B T s SR
B, 23 RSB R IC LR o H. 264 %) DCT ﬁr}ﬁé
BEAT TR R AL AL B —— R RO e T BR T 4 A Y
RIS, R A RO TR &, T R&EE
1

1

oo‘w L‘w L‘Lll N‘w

T
:C8><8X8 scs 8;C8><8 =

—
|

—
|

1

| w -lk‘Ul -lk‘w oo‘w

1

ALK, C,y M Cy o BAT UL B 451 - 1 4
F1(0,2,4,6) X Fx, 77 %081 (1,3,5,7) ar %t k.
ok A3 A8 43 A AT DL AT Ak s B (HR P RPOR R 1Y iz 3R
SERFI TSI Ry T RE A SR AR [F] Y i A2 e 4
T — DR 4 A4 x4 EHH
8 x 8T A7 % B g AR e

S8 x8 WA AL ABMIMERN Y, =

Y,
]ﬁﬁ%ﬁ%%%ﬁﬁ%ﬁ&w=

1
X, T
X, ]’ Hif Y, = C, X Cypy, ¥y, =
Ci,

4% 4X :C4><4XIOCI><47YII :C4><4XIICI><4O

5% H.264 T 4 x4 F1 8 x 8 W f He /)N iy 3%
BB o TE MR I, R 45 A 480 0 S, DC R K
Hadamard A5 # Fl 2 55 1k 12 545 1) 3% 55028 4 50 R 44,
T30 2o R B A 4k S A B AR kR 22 A o AR SO
BB R i B AT ik iR T .

4 x4 BB BRI (1) 5 8 x 8 AZHe iy TIT 22
e (2), Hh Y, R ZBES, X, H
R RBHERE,C,, 4 x4 B, Cy, h 8 x
8 ASHRAR [, ‘T’ HH M EBE .

— 1 -
1 1 1 =
2
1 % -1 -1
Y4><4 = C4><4X4><4CZ><4;C4><4 S (1)
I—L—l 1
2
1
1 -1 1 -—
L 2 |
5 3 1 S
1 = 1 —_— — =
4 4 2 8
1 3 3 3
= -2 1 e -1 _ 2
2 8 2 4
1 3 3 5
_ERN - = 1 =
D 2 8 4
3 5 1 3
-1 = 1 =2 e =2
4 4 2 2 (2)
4 32, .5 1 3
4 4 2 2
1 3 3 5
- = -1 _ 2 1 _
2 2 8 4
lr 3 ., 3 _, 3
2 8 2 4
. L2 233
4 4 2 8

Y, (i,j=0,1) 50 HHE T 258 4 4 4 x4 Hef )2 A8 i
RBORME, X, (i,j=0,1) 535102 4 A 4 x4 Py )i
T RBUE M. d e 8 T K

Y __C4><4X00CI><4 C4><4X01CI><4:|
8x8 T o ™
_C4><4XIOCA:><4 C4><4X11Ci><4
[ C4x4 [014“] [Xoo Xm]
L [0]4x4 C4x4 Xlo X11
[ C;{x4 [Oj4x4
T (3)
_[0]4><4 C4x4

HAp[0],,, 04 x4 THF,
H.264 8 x 8 /L it 8 x 8 1T, 4 x4 &



%21 I S — AT H. 264 1 P i SR e 4 R 277

FI R 8 8 B 8H0R i 4 x4 TIT, S E % A5 b a6 X ¢ TX

AT IS st (4) o Horh H RSB 4 ) i -3 el

XERIE (2) 11 Cy JE RIS (3) ) Dy, i e b o« d|x )
X

Yoo =Dy Xs .5 D;xs;DSXS =
- 1 -
1 1 1 Ex 0 0 0 0
1 L -1 -1 0 0 0 0
2
1 —L -1 1 0 0 0 0
2
1
1 -1 1 7 0 0 0 0
0 0 0 0 1 1 1 :
2
0 0 0 0 1 L -1 -1
2
0 0 0 0 1 —L -1 1
2
0 0 0 0 1 -1 1 —l
L 2
Y, ., =HXH' (4)

EAIA 2 48 DCT 8 4, iz B8 K, 45 A
AU, AP FREF B, SR A SCRRL2 ] B PR 5 3%
B 2 4 8 x 8 [ AL e 3 it S AT 5 WA J5 AR R 4T
9 1 4k A e, ina(5) o XA SEiEAT 1 4E51] A8 ik
Rt S A5 R % B AT | 4R AR e, B AT LA 5E I
2 48 x8 T, M H.47 722 #e #1571 A2 4 ] LS A [
45 o

Y, =HXH' =H(HX")" (5)

HE— 81 4E 8 x 8 [ AR fheid ] LA AL i

B 1) 2 8 1 0 i R A 4 x4 9 3 ik, i bl as

g -e d

fﬁ"f",[abcdefg]:[l

4

4 x4 TIT 722 o 50 B 19 o7 18 455 M s A7 AN 8], 20 A
S5 (7)o B i Ak AR ECGHE AT A [E) 6 A4 O3
HUR AR R BRI A5 R B 7 BT AR . (HR 7R
P KRN A7 235 A BsF Al 1 AF 107 1) 728 £k 3t AT AR HIAH 7]
(438 53 254

JE B/ MECFTEIAR . 8 x8 TIT WY 745 an=(6) .

Y, o ¢ a f X,
Y, a f —a -c|| X,
Y, B a -f -a ¢ ||X, *
Y,| La -c¢ a - x,
b d e g%
d -g -b -e| X
e -b g d || X
Lg -—e d -b X,
Y, [a ¢ a f X,
Y, a f -a -cl|| X,
Y, B a -f -a ¢ ||X, -
Y,] La -¢ o -fl X

IS

o

Zo M a a Xo
Zl a —-a XZ
+
Z, 0 e a ||X,
ZS - @ =@ X6
R RS
d -b 0 0 ||X
0 b d || X,
L d -b X,
Z, M a a 0 0 X,
Z, a -a 0 0 X,
Y/ 0 a a X,
Z6 - g =@ X6
R RS
d -b 0 0 |X
(7)
0 b d || X,
L d -b X,

ﬁ#&a=hb=Ld=%w

I R A s R T (S) ~ (7)1
RS2 AT T 56

3 EHEH

H. 264 YU % 5 4% B A8 e BE F S5 an 18l 1, 3%
L5 F R AR A 7 s Ak B (EODP) BT, & i #U 4l Ak
H(OODP) o0, ¥ 8 17 i 45 TM 1 %% 4 =
(DRO) 8

HH# EODPO ,O0DPO A1 A4~ Ji5 i il i 45 55 BL 51
AR iz 5, EODPL OODP1 H1 A~ J5 S il v 4% 55 31



278 SIS PP %14 %

PGB . X, 0 X, 50 590 2% 51 B0 (0 48 7 i A
(X0, Xy, Xy o X ) FIZF PRI (X, X, L XS, X5 )
Hoh0<n<7, 105 8 x8 ey 3 b5 Z, M Z_ 45 51
FR G AE 5 BT 5 3 P B R s R 5ok 22408
BB AEAE R e B M TM X, X, 5 ) R 47
IR A (X0, X,y Xy X6 ) FLEF 5 BA
(X, X0 X0 X, Hi 0sm<7 103 8 x 8 B
FTAE bR s Z, R Z 4y B 3R AT 78 e J5 B P 5 A 7 5K
TR AZH SR EBEHER, Y. MY, 53 hl%R
2 4k 5 AR e as 25 B 5 B AR (Y, L, Y, Y,
Yo ) M E (Y, , Y5, Y, Y, ) o BXAE, W S S i 4681

X, Z, X,

ec ac er

— EODPO

Bl A, PR RS 4 B BROHE S AT 5 AR 4 K
PAT .

1 1/ EODP 1 OODP 43 51| 52 90 A F %5 48 Al
ATEAE 4 x 1 FH RS, MRS AR 2 R
3, mEm e R IE(6) M= (7) #AT T, H
e oxO RORI AR >> T RN ALY, PRI A
PESCHL; MUX” FR s F 404 ; ‘D’ FR A frandl;
B eomkgs A AE A . X, R X, 43 ROR
T AR PR, Z, M Z, 530 Fmx N 4 x 148
Mriz 4 . v LA &R, 8 it iz 548 2 H L8 x8 11T
4 x4 T G5 SEH T Go— , A R0/ 1 H B

™

or

— OODPO
X Z

oc SC

Zﬂl’ YC
EODPI —
DRO
OODPI —
ZSI' YO

B A e R S5

Fig. 1  Structure of inverse transform
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Fig. 4 Pipeline of 2D inverse integer transform
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