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Combination of Image Processing Operators
Takashi MATSUYAMA Naoki MURAYAMA Takayasu ITO

Department of Information Engineering
Tohoku University
Sendai, Miyagi 980 Japan

It is vell knovn that ve have to combine various image processing operators to analyze complex
images. This is because we usually cannot obtain reliable analysis result by a single operator.
To increase the reliability and accuracy of the analysis, many methods of combining operators
have been devised: integration of region-based and edge-based analyses, image processing using
the pyramid (multi-resolution) data, and so on.

In this paper we first discuss the utility of describing image analysis processes in terms of
functions. Then, we introduce three fundamental types of combinations of image processing
operators, and describe a simple functional programming language with programming constructs
to represent the three combination methods. Several examples will be given to demonstrate how

compactly we can describe complex image analysis processes by using this language.
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mask ( binary( sobel (D), 5) (15)
by enlarge( binary( sobel( compact(D)), 5)))
L#TB, & 2T, compact. enlargeld 2 1 ¥ hif
Bel/28D, RT3 BCHB,

(N5 X —% B@LE)

N A —& Rl BRI,
optimize(0(D,..,%,..),n1,n2,n3 by De at E) (16)
EEL., EiffDek FMHEE L L ¢ HMBIKEC ko
THERBEOD,..,*,. )BT B3NS X2 % B
T3 L2BKT 3, ST BELTREN
FA—RRRT, T, NS A~ R OEIT W)W @1
»6 ER#En2 ¢, MHN3TOFhENB, ke x
. BM702#kcs33 L s vEoBEinm
.
optimize (binary(D,%), 40, 60, 2
by binary( sobel(D),3) at efuncl) (17)
rEENB, 22T, DIE 7 (a) DEH, efunclid
2HERTPOBREOMAK L MOBEH» 5KD - x
YIRLO—HEL2FMMET 308 TH3,

5. #%

A@E R, WHETEHSLEEE 2 HRCERY
BLOOBRC ISEGAIERBORE, & LOH
GRBEEOHECNARO LD IBEOEELR
BRELE, ¥, ThooERICES S, B
BRABMEZR2HAVWENENGHRRAEY X7 L5280
ELI, SBOBREFFELUCRUTOES>RZH D
BhH3,

[1)] BN EASE O YSIV/EEONAR

BEAEHAOIO Y S0« €2 LOEERIC
IEEMLESLEERORE (ERBFTARES
OYSIVYEFORRE) L o>BEA»LELS
e, SHT-EBR, MfEL Y27 00MEE D
FRILEF+LRIOTCHBLEDLYZ 2 /I,
IHOLERME» S ORBERABL L TRROES>T D
OMNETFLNB,

(8l

(1) BERoEEMIER
combine®optinize® 5|¥ e L TH W &N 3
BB, 526nl{BcloTcw3an3itdbo
BEILN, YXAFLEFOERINATVBIHLON
GeRA TS TCHBIeHNFHENE, ChERE
THRCE., FEARBECE»CFAR 2 EEEL
ZEBEISNZ, THRDLS,
combine( D1, D2 by mean)
Dby
combine( D1, D2 by (D1+D2)/2)
RINE, TOYSIVYERBLLTLIVERE
borks,
(2) F—a a1 70&kRL
SHoBRHTR, TLULCHEF 2051472
FARW, 2h6RSKEXFHTHOOCELSATH
o SR, BHEBREOSTFI-BVWIHVWLENE S
BEZRZF SN TIRENB 2 THRERZER
%;[Z\Ef)gi)éo
(3) SZEBEOoSE
AFcoRFEcR, —RBBABICLR2 LT 2T
W, #A4T7F ey o #ERRHELL, UdL., [4]
THRRENTVB IS CEGORTEORBEEHEIC
LBFERRTIOYSIVIREXIBICE, 2ATE
BoXA, BEoMmEm SRk, BEEREA
BEHP U OBAR L IV FWEENPDET
5,
(2] MBI F 2N —FY 2T LOMR
SEEESMETF ZAN— Y XT LA (HEHEBE
BT s ABOoRR LA 0BRE»HTER
2iTbholcd, HrOEGNBEEYE OB,
ZASOEYRMEVEICEHLTEZL 0HNEHNSE
LNTVB, CCTHRRLERBEHREOHANS
BBV TH, ARREOERLFHABNBORE
DrDICHEGRECET B o SFIAT
3, 25 L RABR I IONTRESERRICH TS
BMEPEESHL WS P TE, ENER2EDLSIC
#H., AiAThTIvrRSRoXREsFETH
3%, .
[BExm]
[11#W, B : LLVE: b v 7H¥ DY « €7 XAV F—
DaVOLDOEBBRBELFAN-FI AT L, 1§
WM LR CEE. Vol.27.No.2.pp.191-204,1986
RIAFRHE. BENM., BB : vy Y 7 VEEBRTIC &
BREAEG ICVENEHMHEFHEOBH MR FEOE
B, WHAEFAMR. CV42-5,.1986
Bl E, B : RBEEY2— N O#MEHTE 2
BULBSBEI DS LERHERY XF L., HE
A LB EE. Vol.26.No.4.pp.652-661.1985

[41R.Burstall:Programming vith modules as
typed functional programming, Proc. of Int.

Conf. of 5th Generation Comp. Sys.,
pp.103-112, 1984
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MAZOERHHMBEBR, KR ToLiTs
3,

REOLZIB, AN— Koz 7,

NC68000. Symbolics3670, (+FS Y RX¥a—%)
V7 b 7R,

LISP. UNIX, MCB80007 € > 7. (OCCAM)
BT, W opON—YFhayPa—aNBER
V= TH B,

BlicmlikXdic,. 2hb60ayea—4abEN
=T NVeBOTHAZEATCOLANRZ2EBRLTS
D, ZNENORKRDS SHREAOVBS WS IH UM
BHHATE3 XS BT3B,

mﬁEWK5%E&MEH®§EELTu,N~v
TN aVEa—2PCY801 2 HHNKBL T3 HS—F

VERRAS, HERRAEY, BS—B=K, BS—TY
VENBB, cnNHRECEHMRAHOOLDIZHWT
B9, KEDOMIIIUSTATION®Symbol ics3670 T 4T -
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ORTHEIENTS b, PAI-63K2 B HMEIC v 24§
Ak, PCOB01 2 EMFETEBE L L EEAATS
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. BEWHAEA OTOSPIX-II, T AEAREE

FRUO=EHEZ C>Z—RIEA
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129

L26

3

t27

L2

123
L2
25

PC-
9801
LdvES

Symbolics

Bit Nap
3670 Display

Colar TV
CAMERA

PAT-68K

8 | pC-
CPU:MCH3000(12.5Mz) x4 |=+— 9801E

INAGE Color
MENORY Monilor

(Lo b extended to 8)
MEMORY : 6MB

Liy9
| et —1
tiylo

[ ] [
tiyll ttyl3 tty

(256x256x8bit)x6
Color Prinler

if-1000

12 tiyl l censol

U-Station/E20
tiyle

aoba20

Bil Map
Display

tiyls

cousole tiyo

uucp

uucp
tyld

I Liyd tly2

ARIZHR
try—

Lyl U-Station/E15

aoba

Itlyﬂ

Bit Map
Display

v:'nnnlei | tty?

NEC
N6 950N

modem

LR
try—

¥7-100

vT-100

Syslem

VT-i00

Transputer
Development

X

Me Y2 —1oh3EEBEY X5 L (NEC) & FF L THENTIARK

T3,

txx:  termioal mode
€XX: computer mode
TELxx: telepbone line

MREOEZHEMOMR

aHEM

rneyvy

XEY

F4RD

WEAEE

Syabolics367(

8MB

470MB

Bitmap Display,Laser Printer

USTATION E20

HC68020

4MB

160MB

USTATION E15

MC68000

2MB

80MB

Color Bitmap Display

1IF1000

MC68010

2MB

40MB

Bitmap Display

FIVREL~RIAT D

T414

2MB

PAI-68K

MC68000x4

6MB




