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ABSTRACT

A low- power H.263 video codec core dedi cated to l ow bi -
tratevi sual communi cati oni s descri bed. A number of so-
phi st i catedarchi tectureshave been devi sedby attempti ng
not onl y to mi ni mi ze the total chi p area but al soto reduce
the power consumpti on to such an extent that the opera-
t i onf requencycan be sl owed down to 15MHz. As a resul t ,
the whol e encodi ng and decodi ng f aci l i t i esof an H. 263 vi deo
codec core have been i ntegratedi nthe di earea of 6. 54mm2

by means of a 0. 35�m CMOS technol ogy, wi th the di ss i pa-
t i onof 146. 60mW f roma si ngl e3. 3Vsuppl y.

1 INTRODUCTI ON

The H. 324[1] i nternati onalstandard speci �es the l ow bi -
trate audi ovi sual comm uni cati onbased on PSTN (Publ i c
Swi tched Tel ephone Net work). The H. 263[ 2] standard i s a
vi deo versi onof thi sH. 324, whi ch i s to compress the mo v-
i ng pi cturecomp onents of audi ovi sual servi cesat l ow bi -
trates.Actual l y, by means of H. 263, QCIF (176 � 144) 10
f ps (f rames/sec)pi cturescan be coded at V. 34 (28. 8Kbps),
and moreo ver i t shoul d be added that at such a l ow bi -
tratethe H. 263 codi ng e�ci encyi s superi orto any of those
of H. 261[ 3] and MPEG1[ 4] . Th us vari ous appl i cati onsof
thi s H. 263 standard are to be real i zedextensi vel y i n mo-
bi l ecomputi ng, wi rel essmul ti medi acomm uni cati on,etc. In
parti cul ar,portabl emul ti medi af aci l i t i esi n the wi rel essen-
vi ronment can be regardedas the enormous potenti al i t i esof
mul ti medi acomm uni cati ons.

The encodi ng/decodi ng process of the H. 263 standard
ma y be i mpl emen ted wi th the use of those mul ti medi aen-
hanced DSPs[ 5, 6, 7, 8] ,whi ch have been devel oped speci f -
i cal l yf or H. 261 and/or MPEG1. In thi scase, however, the
power consumpti on can hardl ybe hel ddown any more, s i nce
those DPSs shoul d operateat a hi gh f requencyto rai sethe
perf ormance, whi ch f orcesan H. 263 codec core to di ss i pate
500mW or more. Th us, i nterms of the mobi l e and portabl e
use, there st i l lremai ns much room f or reduci ng both the
power consumpti on and chi p area of the codec core, and
hence thereari sesthe bi g i ssueof how to devel opthe H. 263
speci �c archi tecturesof VLSI i mpl emen tati ondedi catedl y
f or portabl euse.

The present paper descri bes a number of VLSI archi tec-
tures sophi st i catedf or i mpl emen ti ngan H. 263 vi deo codec
dedi catedto mobi l e computi ng. The mai n f eatureof thi s
codec consi stsi na l argereducti onnot onl y i nthe totalchi p
areabut al soi nthe power consumpti on to such an extent as
to sl ow down the operati onf requencyto 15MHz. Al l of en-
codi ng/decodi ng f aci l i t i esof thi score have been i ntegrated
i n the area of 6. 54mm2 by a 0. 35 � mtr i pl e-metalCMOS
technol ogy, wi th the totaldi ss i pati onof 146. 60mW f roma
si ngl e3. 3Vsuppl y.

2 H.2 63VI DEOCODI NGALGORI THM

The mai n encodi ng/decodi ng process of H. 263 i s the so-
cal l edMC-DCT codi ng, as shown i n Fi g. 1, whi ch i s exe-
cuted i n the same manner as H. 261 and MPEG1. The di s-
t i ncti ve f eaturesof the H. 263 standard l i ei nsi mpl e syntax,
hal f - pel predi ct i on,bl ock- l evel moti on esti mati on(advanced
predi ct i onmo de), pai redcodi ng of the P- f rame and the B-
f rame (i . e.the PB- f rame mo de), moti on detecti onf or the
outsi de of f rame (i . e.the unrestr i ctedvector mo de), SAC
(syntax- basedari thmeti ccodi ng mo de), and so on.
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Fi gure 1: H. 263 encodi ng/decodi ng process .

As can be seen f romFi g. 1, the pi cturecodi ng can be
achi evedwi ththe use of severalf uncti onaluni ts ;[ Moti onEs-
t i mator (ME)] , [ Di screteCosi ne Transf ormer(DCT)] , [ Quan-
ti zer(Q)] ,and [ Vari abl eLength Co der (VLC)] /[ Syntax- based
Ari thmeti c Co der (SAC)] . The bi tstreamdecodi ng can be
perf ormed wi th the use of another set of f uncti onaluni ts ;
[ Vari abl eLength Deco der (VLD)] /[ Syntax- basedAri thmeti c
Deco der (SAD)] , [ InverseQuan ti zer(IQ)] ,[ InverseDi screte
Cosi ne Transf ormer(IDCT)] , and [ Moti onComp ensator(MC)] .
The typi calpi ctureencodi ng f ormat consi deredhere i sQCIF
(176� 144) 10- 15f ps(f rames/sec)at 28. 8Kbps.
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Figure 7: Bi-dir e ctional pr e d ic t io n o f H.263.

F o r imp le m e n t in g DCT/ID C T c o r e t he C h e n 's a lg o r it h m [2 0]

(bu t t e r 
y c o m p u t a t io n ) is wid e ly u s e d in c o n ju n c t io n w it h

a d is t r ib u t e d a r it h m e t ic [2 1]. T h e C h e n 's a lg o r it h m c a n r e -

d u c e t h e n u m b e r o f m u lt ip lic a t io n s in D C T / I D C T by h a lf .

Ac c o r d in g t o t h is a lg o r it h m , t h e 8 � 1 D C T a n d 8 � 1 I D C T

a r e c a lc u la t e d b y m e a n s o f t h e f o llo w in g e qu a t io n s ,
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By m e a n s o f t h e d i s t r i b u t e d a r i t h m e t i c ,a s i l l u s t r a t e d i n

F i g . 8 , e a c h m u l t i p l y a c c u m u l a t i o n c a n b e e xe c u t e d w i t h t h e

u s e o f a c c u m u l a t o r s a n d t h o s e R OMs w h i c h c o n t a i n t a b l e s

o f p r o d u c t s c a l c u l a t e d i n a d v a n c e . H o w e v e r , t h i s s c h e m e

r e q u i r e s a d d i t i o n a l l y bit slic er a n d r e or de r b u�e r , a n dt h e s e

u n i t s a s w e l l a s R O M s o c c u p y c o n s i d e r a b l e a r e a i n t h e c a s e

o f H . 2 6 3 . T h a t i s , t o i m p l e m e nt H . 2 6 3 D C T / I D C T c o r e ,

t h i s o v e r h e a d m u s t b e a s e r i o u s o b s t a c l e .

O n t h e c o n t r a r y , a s i l l u s t r a t e d i n F i g . 9, o u r D C T / I D C T

i s d e v i s e d d e d i c a t e d l y f o r H . 2 6 3 , w h e r e RO M s ROM A �
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3.4 Q/IQ Core
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3 . 5 VLC / V L D and SA C / S A D C o r e

I n a d d i t i o n t o VLC , t h e H . 2 6 3 s t a n d a r d s u p p o r t s SA C , w h i c h

i s b a s e d o n a r i t h m e t i co p e r a t i o n s a n d t a b l e i n d e x s e a r c h . I n

o r d e r t o a c h i e v e h i g h c o d i n g e �c i e n c y , e i t h e r o f t h o s e t w o

e n c o d i n g m o d e s i s c h o s e n p i c t u r e by p i c t u r e .

F i g . 1 1 s h o w s a b l o c k d i a g r a m o f t h e c o d i n g c o r e . I n b o t h

o f t w o c o d i n g m o d e s , a s e t o f ru n , l e ve l , a n d l ast i s i n d i c a t e d

b y a n i n d e x , a n d t h e n t h e i n d e x i s c o d e d t o b i t s t r e a m .T hu s ,

i t t u r n s o u tt h a t t h e i n d e x ge n e r a t o r c a n b e s h a r e d b y d i f -

f e r e n t c o d i n g m o d e s . A s f o r t h e V L C t a b l e , t h e c o m p r e s s i n g

m e c h a n i s m p r o p o s e d by [ 2 2 ] i s e m p l o ye d t o r e d u c e t h e t a b l e

s i ze . T h e a ri t hme t i c u n i t c a l c u l a t e s a r i t h m e t i co p e r a t i o n s

r e q u i r e d f o r S A C a n dS A D .

4 I MPL EM E NT A T I ON RE S UL T S

A s e t o f s o p h i s t i c a t e d a r c h i t e c t u r e s s o f a r o u t l i n e d a r e i m p l e -
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t i o n r e s u l t s a t t a i n e d b y a 0 . 3 5 �m t r i p l e - m e t a lt e c h n o l o g y .

T a b l e 1 i n d i c a t e s t h e m a i n c h i p f e a t u r e s o f t h e c o d e c c o r e ,

a n d F i g . 1 2 s h o w s t h e l a y o u t p a t t e r n s o b t a i n e d b y a 0 . 3 5
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Figure 11: Block di agramof VLC/VLD and SAC/SAD core.

�m CMOS tri pl e-metaltechnol ogy. It shoul d be added that
the operati onf requencysl ows down to 15MHz i n order to
reduce the totalpower di ss i pati onto 146. 60mW, and hence
the corecan be of mobi l e use. Besi de thi sarchi tecturaltech-
ni que, other devi cel evel sophi st i catedl ow- power techni que
can al l ow much more power reducti on.

Tabl e 1: Mai n chi p f eaturesof codec core.

Technol ogy 0. 35�m CMOS tri pl e- l evel Al
Chi p si ze 3. 3mm � 1. 9mm
Transi stors 187, 266
Cl ock f requency 15. 0MHz
Power di ss i pati on 146. 60mW (3. 3V, 15. 0MHz)
Supp ort pi cture QCIF, sub-QCIF 10f ps
Encodi ng Opti ons advanced predi ct i onmo de, PB- f rame

mo de, unrestr i ctedvectormo de,
syntax- basedari thmeti ccodi ng mo de

Fi gure 12: Layout patternsof H. 263 codec core (3. 3� 1. 9

mm
2) .

5 CONCLUSION

Thi s paper has outl i neda sophi st i catedset of VLSI archi -
tecturesf or an H. 263 codec core, dedi catedto mobi l e com-
puti ng. Speci �cal l y, the ME corecan treatvari ousencodi ng
opti ons, and mul ti pl i ersand di vi dersat a l ow operati onal
f requencyareempl oyed i ntheQ/IQ coreand the VLC/VLD
and SAC/SAD core.

Dev el opment i sconti nui ng on an i ntegratedset of archi -
tecturesf or the si ngl echi p i mpl emen tati onof H. 324 audi o-
vi sualcomm uni cati on.
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