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A Study on the Multi-function Processor Unit
Implementation for Binary Image Processing

Jae Jo Lee*, Yoon Seok Heo*, Dae Young Lee* Regular Members
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o)X g9, H-¢ Hol&, Aojy, 2749 virgRs FAAY B T2AMe 71&2 SAP(Serial
Array Processor) Al 7| 2 vl gl 727} gedte e Sert 4=l
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ABSTRACT

In this paper, a multi-function processor unit is implemented for binary image processing. This
unit consists of a set of address generatior, window pipeline register, look up table, control unit,
and two local memories,

The merits of multi-function processor unit are more simpler than bas'ic SAP and improved dis-
posal speed. A simple software selection give the various choices of image sizes and it can process
the function of smoothing, thinning, feature extraction, and edge detection, selectively or sequen-

tially,

I.M B drdAz d5gd wel JAAE $§ o)
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B =Ee g4 e 443 g3 doletF & A dsled E3o] it
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WMARR TRAS RTLEE % @3} (smoothing), &%71& (edge detection), Al
%Scté’;f'?é'f’é’és Eng. Kyung Hee Univ. A 8}(thinning), &4 %2 (feature extraction)% =}
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Fig- 1. 2-Memory structure
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A7 A0 Al

A6 [P(i,j)| A2

AS A4 A3

(a)
AQ - A7 P(i.3)8 434

- Hol# (K) K=1,2

Dout

(b)

a8 2. (a)8-o} % stas F4 VE
(b)F4ulEe] LUT
Fig. 2. (a)8-neighborhood pixel & address bit.
(b)LUT diagram of address of address bit.

LESHAM & BHEs 2 11]

4 98 X2 2E dEHE JEE Yutyom
Aol ubgaslr] & g Awol AdUrt ol
g e AL Adged o) Al AR g1 23]Y
EQHoz eglaso] e d&g £4U o
24 olzi g BAE glolv] A8l A& AAS dg
7} Ak =3 ol el A 3 B2 Fohel )
271 E2EAY B0l 8 AR &3t} oy
T QHAES AAS T, E0J7 2 W AdE o diolEl
g A e 43S HEs 4Holgt v ol
ZA2A A FEEHE 38 Ist, 2nd FE w2 LUT
ol YEE F 1o BAh

ELASAA L HEIE AFLUT
Table 1. LUT for noise elimination and smoothing.

rlow address ; A3, A2, Al, A0

El o] &A[256] 0 123456789ABCDEF

Ist #2%E 910 000000000000000
1/0000000000000001
2/0000000000000001

f— high address ; A7, A6, A5, A4

972

rlow address ; A3, A2, Al, A0

BelEB[25%6] [0 123456789ABCDEF
end ¥ 225 070 000000000000001
1{0000000100010111
2/0000000100010111

L high address ; A7, A6, A5, A4

2. MiMsl 2HH (5]

dshe oA 4E @ 34 FA9 4 e
HelZ wygrIle AE 2@ 2 =&dME Ch-
ent Hsue] W@NHsl due]E5g o] &3k A4
3} #YL stk ¥ 290 1st, 2nd -2 wiE
LUTS Y2 & EYuh

E2 Aldsls 919 LUT
Table 2. LUT for thinning.

r low address ; A3, A2, Al, A0

H o] 8C[256) 0123456789ABCDEF
st #2%5 070 110100011110000
1111010101110101
2|1 111111111111111

f— high address ; A7, A6, A5, A4

—

rlow address : A3, A2, Al, A0

Hl o] & D[ 256 ] 0123456789ABCDEF
nd #2EE Tol0110110011110100
1/1111111101110100
2/1111111111111111

t— high address ; A7, A6, A5, A4

3 E83H F=EMNH(N]

ERdHor gd8 £0)HE FEux) @ @
A AL AAstE 940 rREE Jeldg, 1
i B7]HE Adstd g3olA] 7Ex9 71A17E A
2 d249 J¢ Vepdo #3379 B 4 2843 27
Hq 322S Y LUTY g2E v9ch

4 B BB
o219 414 h4& (object) st v173% % (back-
ground) Alol o] FARLE FEFE FF& F43
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E3EY 348 99 LUT
Table 3. LUT for end point extraction,

r—low address : A3, A2, Al, A0

& ] E[256] 0123456789ABCDEF
Ist #8%E Fol0 000000000000000
1{o000000000000000
20 000010000000000

L—high address ; A7, A6, A5, A4

HAE7E &S AFLUT
Table 4. LUT for branch point extraction..

rlow address : A3, A2, Al, A0

Hol8F(25%) [0 123456 789ABCDEF
Ist #2%% o]0 000000000000000
1/0000010000000000
2{0000010001000000

t— high address ; A7, A6, A5, A4

& #Aolgt gt} o] & F& 37918 A Sobeld A}
[9]& Arg3tAch dtel 19 347} ol %34 F 8t
vetE 07 gte] oY AP R wddrh ¥ 5
2% 2 AP LUTY 4¥ & BYh

E5 &% 358 98 LUT
Table 5. LUT for edge detection,

rlow address ; A3, A2, Al, A0

Hlol8G[256] [0 12345678 9ABCDEF
Ist#2%F% fof1111111111111111
1{1111111111111111
2/1111111111111111

1—— high address ; A7, A6, A5, A4

Il. Serial Array Processor A A 7|8
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A 1A HE g 94 vlolel 7o) 2=y, o
Al 20 e 8, @7 3o M 9] #aH o 2y
o}

(A) (B) (€)
ol &2 AW Hx$ vol=eta A wpojmatql

7 e—{ NLT 6 (8]

0% 3. SAP 74 %
Fig. 3. Block diagram of SAP.
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(a) €A1
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1] J2] 13 %
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112113 1
7 9 20]
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7 9

(b) ©A 2
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AN EIMTIWL)
7

5
TN
STITT T I9T 2]

(c) ©A 3

3 4. N E SAP S A e a4 o) O & o
Fig. 4. Example of advanced SAP's processing sequence,
(a)STEP 1 (b)STEP 2 (c)STEP 3
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B eEidMe 2zgd 4ade ngos Jd
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£ VeI
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1. IBM-PC QlE{H|ojA K

IEslo] 24 = F HFEQ IBM-PCol XH.}EJCH
Qe G4 HOEE T ZrAA P 2R
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TEWE g8 7RI s T 319
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WA S 7HAD OmE PCON 22 2 |
29) dlole} o] 5 PCO @ 9% Yo T3
& 3 2718 e 29 v WANZE S
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£ 71549 B8 Yate 715e ddsod 3
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I HOST COMPUTER

I1BM-PC AEi3jo] &4
I

%¥ﬂ1ﬂ1h1 f—a4w1az

Hrrrgll

ze A

KR

FawAr

a8 s t7E T2AM X AR
Fig. 5. The structure of multi-function processor.

ADDRESS SETTING BUS

MEMORY | FUNCTION SELECT LINE
INTERFACE >

MEMORY SELECT LINE
SYSTEM BUS
S/% CLOCK LINE
10 >

INTERFACE| CONTROL LINE

v

DATA LINE

a3 6 UdEFHol 2 FAR
Fig. 6. Block diagram of interface.
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A7t ¥ ZE ol £ 5 F st WRITEA®l& 3719
FRu e L] FAld A dolelrt 71dEH A
7t READAol+& 370 ¢] 2 Rued £xp7t i3 3
2] d ot 959 HAAE ) QY& o},

L FEL UMe

188 F7)nic} 14 Frlsle FHEEE UL
o 279 vjEa R HEY FALE FINEE F
2 2913 A8 tristate ] E AFEEHT) 44
E o] FAEE 9] 2§ HAEHE 16HE T2
Aolxe] 2AUL wol FRujrdA dole &
2ol Y= HAXEE FF3e vEdds 9
e ol FAVEE AFst Agkel dolgg
AFste vzeode [IFHddEy 271+ E
Fesle do arldd 719 & UA=F Adderd &
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22Re F4 B dig 7B AL 29 7o B
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AsiMol Ay :
4
/MsL,

& 8 Din - 18 [

usL 1 —
Aol ———-I4¢¢ﬂ’g TRI-STATE ¥ 3 I

T

[ 1ea= stes ]—L[ amoeR @ |—

PSL: PROCESSING SELECT ‘LlNE.
MSL: MEMORY SELECT LINE, (READ/WRITE)
/NSL: REVERSE MEMORY SELECT LINE,

J8 7. R vre e FALYE FHE
Fig. 7. Block diagram of local memory and address gen-
eration unit,
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Z2AARE Mg giAe R drdR
He gloj dlolelg 18Y F7)vlt} IHZE o]
Bl A4E 3] Hal Az A2 A A
59 o= AL @A stgan, AEH
o] 23 9] Processing Select Line(A7-A4) 2] H o]}
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A sH

Zt EPROM2 16702 A2 E=Z 28 & + 3o
282 B 3l=go] Al AHqME HY 16709 Ve
7HA 5 Uk 19 89l MR T2 E B

6 2t MavES M 7F
Table 6. The processing function of each segment.

l |

A7 A6 A5 Ad é'g wom %,25:‘3&5, FBEER

0000 0 | BuSHD) | BEIH2) |256x2 byte

0001 ] 1| AMAsHD) | A482) | 2562 byte

0010 2 | 2arzQ) 2561 byte

00113 #n8%20 256X 1 byte

0100 4 |ZHE0) 256 1 byte

sk ok ok %k L3 * sk *

[ -

QEsol A% I l

A .

P M
T wr

— = %
el EELD
T T
]
R¥SL STL

A o ¥ H

PSL: PROCESSING SELECT LINE
RWSL: READ/WRITE SELECT LINE
STL: SELECT TOGGLE LINE

128 trls TRAME FAE
Fig. 8. Block diagram of multi-function processor unit,

5. Hoi§

Az 2713} o] F QlEIH o] A8-E F3 PCREH
BE Aojo] BE AL A B2 HoRE FA

976

SR FAGEH F4 HEE 2709 FEE vz
Bl A3 I3V M FA 29F W
tri-state® GAAA F1 Bl P wtE BE 5
ol wpg e e] Juj & A 2},
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T AbRbe] ojFe] wWE MxN 23d 94 mid
dre] ¥ W3lE aHstdi=lori=Morj=1
or j=N¢l 4= F4 349 gol HzE 73 ¢
2 =38 FAsd.

A o] F-& tristate M H 9} ZHEF, 7B =2 A
olE, ©td HE ulo]HylelE, HE|EHYMF 4
ol =328 FHAF o £PaYo] FEHUS
Al #E 49 dolelE IR R 1R o|FAH
PCXxoz 4 doletd dAFA "Hoh 28 99
AojFof thgt FAEE B,

DATAR) & ¢}
s sy
8255 C4 PORT ] i liqi{l :ﬂ i: ]
.
A =54 F 3
gy [
L3 Zegq(l 3
o 22y
r—_ + 2
8255 C5 PORT y ,I
PP
L2238 3 W N e
e
8255 A0, A1 PORT
8255 BO-B3 PORT 1 CARRY l
T aagar pauqr
(34 sul =)

(44 8u =)
T
2718 A
8255 C2 PORT yase

>

33 9 Alojy Y=
Fig. 9. Block diagram of control unit.
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B/ ERRREE Y O T2 HEARN W FE

TF8E FAde LSTF TTLAZE AHEEon
AAbafe] A ghxd A ZH(propagation delay time)
£ #Aerste 4MHzE 50% FE(duty)2 285 &
500nsecE 188 F712 A 8 wARAA BF
st ch

golZg}el 729 B mojLeiglo] AAHY
o] gAIgle] 188 F7] wlt} shvte] HE A
€ 2938 €oe Rt

ARl HHAR TRE o83 A" 4T
7} Fd A 3 A2 processing time : PT)ol of
8led FFa7] 64x64, WHE 314 5320 FAF 44 o
g Aok

PT=(N+I)xTxR (1)

o7)A “N"& GAa=7], “I"e 2718k 93 9=
4 dolxelele] AAEE XIAHE TS H,
“T"& 29 Alo]Z(500n sec) ¥ 314 & (pixel ra-
te)elg} ¥ 20, “R" wt&B-53) dite] £& 9n|gt
c}.

weta] B FE X o gt YAt
PT = (4096 + 3) X 500n sec X 5=0.01 sec”} ©t}.

APe AadMe Z 2 Hd, =dx=,
&Gl g MAst HertE AZE o] F
A2k vlEE AT AZEg o] FEAHS ofF
7hA Al EEEe i3k M el A S ClolE
IBM-PC 386(co-processor : 80387) Aol A &3 3 R
o]},

7. A2 Hele AZE o YAt o] &
PA) kel v
Table 7. Comparison of S/W processing time and H/W
processing time for thinning process.

A (] ot }
Qa7 quspe SV TN HW TN o
=) 274 8 |137
64x64 | A 329 20 |165
£ 329 18 183
PO T = 0 165
welozg| 659 9 |135
Azga4 | 7143 23 |182
DX mzs| a3 19 126
4 7 |156

B 79M stedo] £3AHE AT EY o £
AlZE B o 15 P E WE Ro g byt oA
S AZES £ HA HHE g3y )
EH e Azto] Qo E gho] “17¢) shae] A4
o oj&3A|gh, stz go] =3 Ate PHolg YR
Clshez AlZbol gla, ghe] “17¢1 349 Aol 4o
glo] B2 whE o ol&aly] o Folr),

2% 11(a)2 &3 &2 g thd 9y o 4=
B3 o] R HE: ARG 4L Y7, 19 11
(b)ell A 2-F ol s I G4} Hgsl 5o A
3, B4 32 A9 928 nygrt

33 10. 75 =2 AM A
Fig. 10. Equipment of multi-function processor.
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(5)8d +& 343
(b)

a2 1. (a)Ex 24y 44
(b)x B AY 44

Fig. 11. (a)Character experiment image.
(b)Fingerprint experiment image.
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