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ABSTRACT

In this paper, an H.263 video codec is implemented by adopting the concept of hardware and software
co-design. Each module of the codec is investigated to find which approach between hardware and software is
better to achieve real-time processing speed as well as flexibility. The hardware portion includes motion-related
engines, such as motion estimation and compensation, and a memory control part. The remaining portion of the
H.263 video codec is implemented in software using a RISC processor. This paper also introduces efficient
design methods for hardware and software modules. In hardware, an area-efficient architecture for the motion
estimator of a multi-resolution block matching algorithm using muitiple candidates and spatial correlation in
motion vector fields (MRMCS), is suggested to reduce the chip size. Software optimization techniques are also
explored by using the statistics of transformed coefficients and the minimum sum of absolute difference (SAD)

obtained from the motion estimator.
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2 8. Foreman QCIF $3Ael] ok EOB 3¢ ®¥ (i
A%} QP, 30Hz, 300 Zz¢)). EOB o] 0 olgh=
AL 2 E2e] not coded & 2]}

V. S0 ATER AHE
Z Aejml AmEgofe} shusele] FA A=
= 3pte] Za3t 78 EAleloh st &3
Al 2AFEr) T34 ZES $siad elasisick
2AlEe = MEMC ¥-& Aofd 4 gl 53HT
x| 285 WA & F glA =oig)ct Start, abort,
stop Fresume ¢} 7+ w=lS AR HR| AR
sl A4 k vlaE £ AHd ¥ <
BHEZ} 32" ALk 974 k & F32F 9t
sele] WAR heez wHel Helslel ¢ wl=
2 B9 45 AdE 5 xE o] 25Eed
A FAdE Atk stegols) AT eS| F
e A% 1) A pasle w51 2
AZHE FHH o2 zeslck H37] HAA A
AL A BA B Adss]ojo} s
DCTu} ofzl3te} 72 AT ELe] x]e o]Fo]
ot Fof paiEojolrt gk} olEdlt 2UES 1
B3] F7| $Izle] 5 sl BEg A ~ElE F
t} (MBIHME, MBIHMC, FlagMEBusy, FlagM
CBusy 12|z MBIS). MBIHME 3 MBIHMC +
=AY 4 2 2] o= mimz ERe A
Flojop &AE jehlis qlYolc)k FlagMEBusy
7} FlagMCBusy + £3¢ 4 2 BAF 3l=se]
2] F2hla e AdE vehdck MBIS &= &
Edlo] zgio] oftjMHE] AAtseol &A|F epd
th 28] 10 & ¥3oielA 784l ~AEE A
£ BolFd} (k 7F 1Y Aol @), 2ol =2
IR 20| sl=goie} AT ES] 2g]e. TAHoT
3 4 qlck A E] AgE F3sr] H§)

Al w7lshes AlZEE st=del zhgde] drhit e

l Load quantized DCT coefficients \

@ <>

EOB=2

S Eiuel o9 Qloh H3719] 2AEHE F

No IDCT Mean Padding

2 input row IDCT (x1}

A TR,
2 input row IDCT {x1) | V

Defautt 8x8
IDCT

1 input row IDCT (x1)

I 1 input col IDCT (x8)

| Iz input row IDCT (x8) |

a3 9. IDCT A3} odva]&
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FrameStart L
MEStat | 1 L Rl Loim 28 F___
. [met me2 1| me3 |[ mes | mes [[ mes |
MEEnd IR RS I | T RN IEERRRR I
MCStart nl fi v AEARN:NE
mei | mc2 mc3 1| med | mes | ;| mal
MCEnd REREN| T THETITE ‘
MBIHME 0 ] 1 [ 2 3 1 a4 [ s [
MBIHMC o0 1 7 2 ] 3 ] 4 [ 5
Software Wfit p swi_|g Aa v | sw2 | swd [ swa _t __sw5

32 10, 78R F37el4 stude] AmEde] 2AEY W

vi. 78 i}

=gl s rpid e P = sl APTIXE
el ol Edo)d Huoa siutE Axdg HF
3l APTIX 9ol Strong ARM 110 Z g2}
T70e] FPGA (field programmable logic gate
array) € 7AISte A2El ] stedolE AR
¥ % olug sjlch 7R el 2Ee £4)
§ FAF 2 AL, SDRAM Aol, 32E
ogjdolxs, DMA 8z w[tje A, Fijz| HE
olc,

335318 e o W5 dely 3§5& 1
3 19 TG94 A Aladle] Bl AER
chest ek 94 HAs 4T Egoli EPROM
= flash memory 2 Al"ch A Ajxgle] &
713k v, ZhllelatE 9j¥E RGB cdito]
video decoder® #x|A o] YUV iz HEls
o}4] SDRAMo|| A€} zela ] 2AlEe7t
A FHE Arsteg Rl o] i, arbiter
B SRS Al Hag G XY FAN
Aqr Agoz AHEshs SRAMOE Akl &3
3 FA¥= SRAMe| Sl g o83l A
o FHe S =z, A FAe] Brba vt
@ arbiteroll Al AJEHES WA A e
9} B SADE | A3 EHrt o] ol 2AE
He 22 BA W3S AL =, $A9 B
Akl H a3t dlolels= AA] arbiterr} FFaA =
ot 229 BARS £ A g oA
SDRAM B4 oj=drg goix|A] =, o3
23 BAEl d4k8 RISC coreof4] ¢oix] DCT,
Q ¥ VLC 39| AxEde] 248 4334 =)
%33} 5 HREL SDRAMO| 53 ool 4o

9)Al ==, peripheral interface® A4 EAl A
& E3jo] o]z AdEA o). SDRAMC] $4
9l E¥ 9Ak2 video preprocessings 73 A]
t}A] RGB 8je|5 wFsle] shAoR &3y 4 g)
% soiglch. 2a7lelde) Hole 58 AYE
=2 F4E AL fAlRHA 21s=ich. FPGA
2 789 uielse AW ST vldes
THsk] FFA (standard cell) = 3% 5 qlc)
QCIF E°34kg 30 Hz= )3lr] 9sia] £44
FAH stedels diF 11 MHz, 344 B
9.5 MHz AHxzo]H ZF#3ick A4 FAF9 B
Axg TRy Sal A7 25000 AolE @
15,000 Alo]lE7} AREHEE AR A2l 2}
3% chaolzel] ot Ao Qs Tt o
7} ) 10MHz 7HA 2 Aghec) 2e]sle] 92
£ A2dE 288 95 MHzE ZeAK 228 86
MHz2 AA3igict 2eiA =] slesoist 42
Edele) §2 3% s, R Azgel A
7F B 7heAdE dEsiich AAER R Al
el 4 Fus 66 MHz olv ZzAMel §
2} Fulg= 200 MHzoth ¥ 3 2 5 JPA] olE
4¢ 7E )t ¥Eole zesl A
Hg vehdch o7lHE 1002 A% QP e
AM8-31 3, 718 AR (baseline) &2 100 9]
o] #&3lgic}. AAZE 66 MHzE FAbsio} &
£29] A} 29l wAMEY)Y 95 MHzE F3t
goz asle] DCT Pstsl & 2xEgo]
zpjo] AABBP7] Hell W2 A7RE 2AEEr) 8t
=4 2ol BIE 7ivteedl 4xgck DCT
g obaisel e azesiel Agle U Al
o Babsbi £H9e] WesE 1 A A7l
o soluA #E& & 5 ek wef Z2AXSY F
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2 Fulprl 200 MHz, A291e] 39 F9l57t 66
MHz B AR A 739 Al e} o
23 ~ 7.0 9] AxE o wEA F2g HAoZ o
Abgict.

3. Al skegt clEde]d Mrojx gl 4%
Edle) ¢ 73| Az F /A o o Al
Fpolletell Al slZsle] 100 ZAqlo] -3 F=gict
QP 10 ZA= e ok

g4 1 342
Functions Time | Fract-ion| Time | Fract-ion
[sec} (%] [secl [%]
Al Ay g
(RGB 4:2:2 |4 YUV | 545 37.33 5.45 36.72
4:2:0 0 7)
ﬁf’%ﬁ% 567 | 3881 | 3.04 | 2045
SubBlock 0.64 441 0.82 554
DCT 0.94 6.40 1.47 9.89
Quant 0.25 1.71 0.43 291
VLC 0.33 2.28 0.95 6.42
DeQuant 0.03 0.22 0.15 0.99
IDCT 0.16 1.12 0.68 4.57
AddBlock 0.10 0.68 0.38 2.58
R 1.01 6.91 1.47 991
& 28 A7) [sec) 14.60 14.84
.3 3}-§ frames/sec [Hz) 6.97 6.87
B]E-& [kbit/sec] 11.12 60.14

0]71-& memory bandwidth 7} WE&AE X
sl Alade] B AR FRT Rl
WEel AA FAEmE ZaAMe B Fus
HoRe Al2El) Fak kel o 2 g )
ek webd 100 % o Ao =9 4 gl
& Ao Zee] S ek stEde] Aelow Uit
Azt Aed& FASHA =W ek 29 Hz (= 100
frames/3.5 sec) ¥ 16 Hz (= 100 frames/6.3 sec)
7} gk web A Ao FAF £x7) 23 ~
70w welzlA Elo, A AR 7.0~
12302 st e, ¢ AY A9 2wd <
Aspd ARM Z2AAe] 2] 30 % WHele] A4t
2o 2 QCIF °*34ke) 30 HzE ®353p} 753t A
& o % glck

N
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