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Abstract

This paper proposes a new real-time 2-D convolver filter architecture without using any
multiplier. To meet the massive amount of computations for real-time image processing, several
commercial 2-D convolver chips have many multipliers occupying large VLSI area. The proposed
architecture using only one shift-and-accumulator can reduce the chip size by more than 70 % of
commercial 2-D convolver filter chips and can meet the real-time image processing requirement, i.e.,
the standard of CCIR601. In addition, the proposed chip can be used for not only 2-I) image
processing but also 1-D signal processing and has good scalability for higher speed applications. We
have simulated the architecture by using VHDL models and have performed logic synthesis. We
used the Samsung SOG cell library(KG60K) and verified completely function and timing simulations.
The implemented filter chip consists of only 3,893 gates, operates at 125 MHz and can meet the
real-time image processing requirement, that is, 720xX480 pixels per frame and 30 frames per
second(10.4 Mpixels/second).
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Fig. 3. The proposed filter architecture.

a7 20} 7z} wlmah

e AZE s #&

zk dleolete} Aol H
T3] Hell o} o]
ele} Alpe] ¥EFEE 5 ¥ F SAM 1 A
e fzesiyy Fsls Fxeolch oA doem
A a7 19] Fxe) vlaslge dele 9709 8x8
A71ek 16 vlE Eeg 7Mb7] Rl shte] SA¢ 8
H|E E2ly sMbE A S glew 1 29
z9} vl g weli= 9702 SA¢} 16 H|E =¥
7R g4l 1708 SA9) R BlE Ealaﬂ i
4% & gleh dehr sede) ve-S ¥ 19 7=
o} =8 29] Fxel wlastel =A Pz XA F gl
oo oF 4 gich w3y ¥ 29 Fx2E= SAVE S8 F
2 Alo]Egal A F B2y sMb)dl fEE Hl
olelE & 4 XY ¥ 39 FxeMe RS
=27 AolEdd T F uiE 2y Ml &
53 dlo)etE FrR Ey Ml sle]zelql of
A5 H4spr]o] fo)zlch

Gix,y) = gb'gowgoﬂx*n,y‘m) h(n,m)2*

m. et He{e| A

n}

4)

B =il Alkshs HEle3x3 mheadt 9719



4 EEA Az g4 2-D AEFA He B3 s

28 7RRE 23R 1AR) 74 "Hefo|rh d4RR MSB coefficient LSB

= 2} A% dx|2Ele] MSBe 7t dleleEg el R P RSO
Ci7.ci6 ' ci5 cidci3.ci2!ci1 ci0)

& 9] RS sk Byl JMPIPE e Eg

7Ht71e] &8-& A X 2E7) 2o E3sle] MSB
7F B 3] LSB7F Hi= 839 Eot wEE H=zE
A7 Halge 715-E she 16812 7RE7)9)
#2) ~e{7} 9leh

]\_

(n-1)8
o

cu ‘
n¥ %Eg%‘ &Y
Oz 4. AR del 3o A elrlEA
Fig. 4. The the designed filter chip.
a7 4+ ARk 2elE ] g8 A of
71 A 24 970 eix] 2 %\4E<RU) A4t
(CU), ¥ Aol FUE(ICU)S] HEHoR %‘45
k. HAMux)2t tHA2Demux)E F8l 131 A&
<} 21]*6 Azl 2A dlolele} Al 3F& A
o} webd 1281 Alse] FeEs 3 dels 9719
AR e FUESE AER odAd% 9 Yo AMEE9
22181 <44k Al3dufelli= 9708 #lA) 2 frEr) 3
x38] Al vhaze} djolel w2 ARFIch A
2B fFUESCA 25 97Re] RS o e
A4k U E U 412E SpAgeas] oyl

El nx

AT AT
Felof by LelHE dlolelE: E=gct
| ~E] fEe] T 8 591 Zo] gHEQ
diojel #x e} Al wA~E R A ik

7} wAzE U= FHe Heldst A @ HE
o) wpgolw sl o] vlolele} A% MSBe|
e F] ARl ohxs ofus e
delelsh A% LSBE] w¥he FH@h A% o
sEe opeld QlrEe 2H(sY 2E)E A4S
s dloleks 7k Alre) wE wlEsh 9 WM g
W& doRlng Aag el 7717k gils 25
A Fe(dlolel ol F71slo] vhewe] @x2w
FUER o) 5%}

(748)

data register _ next
) . RU

-—R—U-é———udﬂ levd|5 d|4 d[3 d|2 d|1 le\———S———»

previous

s
Cu

a8 5. #AlAE g ES 72
Fig. 5. The Register Unit.

9 partial products from 9 RUs

-8 VB ©8 /8 /8 (8 /8 8 -8
| 8b|t tree adder o ';
_ / 8 B
16+8 blt adder
6 e SA
accumulator : output
S | register
e
filtering sample
a8 6. A4k fES 72

Fig. 6. The Computation Unit.

A4t frES] FE= ¥ 63 ) 8 HIE E
7M1 (tree adder)s= 8712] 8H|E 7W7)7)F 3o =
solzelelsle] FAE, 8¥]E yMizle 2709 44
E CLA(carry look ahead) 7HF7)1& 43 1H
CLAco|t} 16+8¥]E 7M17](16+8 bit adder):= 89}
E CLA A 7MPI(full adder)¢} 8H]|E ¥} 7Mib7]
(half adder)& 748 1§ CLAe|ch ulebi AA
gele] AldrZHdelay time) ®WIESF7} 714 &
16+8H]1E 7Mib7]o ofsf ZAsch = 1618¥]E 7t
719] &8e w3 #R)AE|(acc register)E AA o}
Al 16+8R1E 7Mb7]el sjHe R %K feedback) ¥ o]
dHEd A HAAEE AZE AR aHR 2 o)
Al A ~E Y] FHE M) el Z"‘d IH]E
A AR BB A EEAA °4§3}°4
Palo] o] FlEEo LoEE

e

E

K %E—“]V:-I ‘%}?‘] ?J‘/"

ufeba] 16+8HIE 7Mibr|e] Ao EHE 3 FH
o] 2uj(1mle Azl HAl Er] rHlz|e) &Y



19974 107 EFILBeH

S tigk gle] = o] AL Al HH2E7L 2H|
o|Esle] oA el 3hg zh= 8EHE FIE A
s} =3 3 5719 miEt S-HeMw &Y
A|2E(output register)t= 7M1 FH& M2 A
Asta A dHR2Ee o Frld " 1Y gs
dA FA dxE 2ris} ok

AL gelolMe 3 Y He] 2 #FAS T
&7] $la) AN o] iHe] Baste] mEhd TS
HAY dolels AAgshs & w#rt ezt ol
g 3w 3] Zv)eh B EAIR el Al
AHe} 7)ol oledgn webad @ WuE el TG
gele] 370 8 gl vimeR ¥E 25 e Wy
A o gled) xR FE 370 o] dlelet
e 7 2 oAb diolelE 3709 wred F
slo] xApstolol el B i=oll4] ARk HE

4% Ao fEeks gk FSM(Finite State
Machine)-& 51 371¢] wixglo] 74zt 2] & =
EZ 308 TE3l] FE gle] Al A £
sith & o34 dlolell 23 79 Aol (3k+1)3,
(3k+2)3l, 3k3d W2 FEEe] AHatwe] glewd zp
glo) qjHe] EFudE w FAF AUIE F22A4 29
2] Abell(switching state)E WsHAAZ o2 ¥ 7
9] & & ol zo] o34} wo|elE Hejd]of A3
FEE 3 hglg ~9Asle] E3sle] Frt

Ar do e o

ICU

- —— RC
[ 1 ot
memory-1 for oW (n-1) i2 02 row (n-1)
row (rayk-1> row (n+2) 3 o3 row n
| row (n+5) | - row (n+1)
) \ switching state-1
e o — RC
rm:v n 1 o . rown
men;r;owngi for row (n+3) :3 o2 row (n+1)
row (n+6) b 1oW (N+2)
T switching state-2
....... < 3 \ - RC
e T it of
memory-3 for row (n+1) 7 e ————s [OW (+1)
row (r3};(+1) row (n+4) ; F R row (n+2)
row (n+7) | > [OW (N+3)

switching state-3

a8 7. 98 Ao flEe P
Fig. 7. The Input Control Unit.

V. 7|

M

o ZE{etel Hiu ¥

Aok el VHDLE =98 ¥ SYNOP-

Er
-5

(749)

F3MUE Ch 210K 5

SYS™ CAD tool® AHd SOG A4S AREsle] =8
AT} Al g dE saslsdch ele|w] AlEHe|H S
E3lo] Hof Alxg Z2o] 125 MHz(8 nsec 7)),
dlojele] 818 &x7} 15625 MHz(64 nsec F7))
7} ®& Aok 29 8L Axbd e 39 ARl
o2 3893709 Aelez TA=Egen 47749 B3
A= 17709 23 D¢ 7R Qlok

02 8. AAE el 39| A
Fig. 8. The photograph of the implemented filter
chip.

% 19] §4717F 9l+ HARRIS semicondutorAb

©] HSP48901 & 3x3 o4 ezl B w7
ol Aleket Wejsh R 715E 2 Belole} A

> =%

Moz ulwslr] $ls) AAsisch =719 dele A

P A1) S8l T whel el Wsk A
o] we Adl EelHal =% AMge g Alel=

8 3pgdrl HSP489019 #+4-2 HARRIS semi-

condutorAte] el & gEPT A4k B A

olE = FINEA & IAR wiFde EAE
ZE ulgto gsted 4702 EaMA| A8 (transistor)E 1

e} Aoz Aiksle e Fxlolw FAZI= 90
9] widd FA7)(array multiplier) & ARERF ZHoR
7} shgick

% 104 Eahmle}l zro] HSP48901-2 13,594709]
AoleR PAEW B =l Akl "elo Alol®
2 38037 oleg of 7T1%9 Alel®E 4 FIE
Bokrh =3 B =Fola Al el 720%x480
7|9 AARAFE 2T 30 ZHYeR AN 2T
5 olrh dHolet &% of z=r]e] w]ERellA 188 &
spAoln] AA He|& AlPshs A4k 2o nleS
oF 3.1uf =3t



6 A AN 94A-E 2-D

E:3 1. 7189 dg 4o v
Table 1. Comparison with other filter chips.
o ] s | Z‘EﬁJ |
Azd 28 &5 | D ME 1% MHz 125 MHz
dlojel 22 £ | 3) Mpixel/sec | 176 Mpixel/sec | 156 Mpixel/sec
AplE & 135% gates | 9 7500 gates | 3893 gates
A2l $5/Al01E 42 220 Kpixel/gate| 2F 234 Kpixel/gate| 402 Kpixel/gate

mg 7)22) SAR ol4% Gelske] wlae o
ov ATSEE FUR +EE FAY 4+ 2lov] SA
£ Ol N2 =2y 7Hple) wESE 16 e
oA elER RaAA G4 o) ves il &
o 4 ek

V.28 &

B =idlie MEde o =27)9 B]%‘l A
T odv HEFA " 3o AR FE2E Akl
AAIEEE ol FAZIE ARSI KPPM SA
g S B FER AlP|E £F Ry F
A7) 8 A8 "elo] 70% o4 7&i*l?b.‘£ 720 %
480 =719 <34} dlolelE Zuk 30 mI|YL®R A4
7t AMeE sl FEHE Fsked AuERlse o
A7|HeNME s sk =3 7]E8] SA
£ A3k FElo] H|sle] SAS FF Pl 17)
2 Z9lon] Eg]y sMir]e] v]ES 16 H|EoA 8
BlEZ zhaAlgoh Algkd "ee A SOG A e
olBzjE]E AlMg3le] FEEgl e 3893704 AlelE
2 A=Y Ho 52 Fal= 125 MHzelth

S

el

Rafael C. Gonzalez and Richard E. woods,
Digital Image Processing, Addison
Wesley, June 1993, pp. 189-200.

Milan Sonka, Vaclav Hlavac and Roger

Bovle, Image Processing, Analysis and
Machine Vision, Chapman and Hall, 1993,

(750)

[10]

[11]

[12]

BRit3E 4t

pp. 67-96.

Edward R. Dougherty, Digital Image

Processing Methods, Marcel Dekker,
1994, pp. 1-19.
HARRIS semiconductor Inc., Digital

Signal Processing, 1994.

Vijai K. Madisetti, VLSI Digital Signal
Processors, Butterworth-Heinemann,
1995, pp. 121-129.

Neil HE. Weste and Kamran Eshraghian,
Principles of CMOS VLSI Design,
Addson Wesley, 1993, pp. 317-325.

R. Jain, R. T. Yang, T. Yoshino, FIR-
GEN: A computer—aided design system
for high performance FIR filter integrated
circuit, IEEE Trans. Signal process., vol.
39, pp. 1655-1668, July 1991.

T. Yoshino, R. Jain, P. T. Yang, H.
Davis, W. Gass, and A. H. Shah, A
100-MHz 64-tap FIR digital filter in
0.8-mm BiCMOS gate array, IEEE J.
Solid-State Circuit., vol. 25, pp. 1494~
1501, Dec. 1990.

M. Ishikawa et al,
synthesis for FIR filters using a silicon
compiler, in Proc, 1990 IEEE Int. Symp.
Circuit Syst., May 1990, New Orleans,
LA, pp. 2583-2591.

Woo Jin Oh and Yong Hoon Lee,
Implementation of Programmable Multi-

Automatic layout

plierless FIR Filters with Power-of-two
Coefficient, IEEE Trans. Circuits Syst.,
vol. 42, pp. 553-555, August 1995.

K. Khoo, A. Kwentus, and A. N. Willson,
Jr., An efficient 175MHz Programmable
FIR digital Filter, in Proc. 1993 IEEE
Int. Conf Circuits Syst., Chicago, IL, pp.
72-75, May 1993.
ISO-IEC/JTC1/SC29/WG11, MPEG92/229
(revised), Information on requirements
for MPEG-2 Video, Jul. 1992.



19974 10 BEFITHEHIGE £ M4 8 CHE $ 10 %

X A A2

Bt BERR) BT FMERHE) % 34% CIR % 55 B
199641 24 oPFeista AAL-get

AL 1996 24 ~ WA oelataL

AAgEE AAE, Bl ok B4

2 Als e84 ASIC 4A

(751)





