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Abstract

A hit-miss transform(HMT) using synthetic structuring elements(SE’s) for optical recognition of
a moving target is proposed. A moving target which was obtained from a fixed view point has
various shapes. So the conventional HMT may cause problems in detecting various true class
objects. In proposed HMT, SE’s are synthesized by using SDF(synthetic discriminant function)
algorithm for efficient recognition of various shapes of true class objects in noisy and cluttered
scene. The synthetic hit SE and the synthetic miss SE are composed of SDF of hit SE’s and miss
SE’s for each true class object. Simulation results show the proposed method can be used for the

recognition of various shapes of the true class with only one HMT operation.

* EgR, BLEFTRR BT

(Dept. of Flec. Eng., Kyungpook College)

** IEER, KRN BT IEN

(Dept. of Elec. Eng., Dongyang University)

 IEER, KB RETRI

(School of Comm. Eng., Dongyang University)

e EE R, EINARM BT TR

(Dept. of Elec. Eng., Cheju National University)

e BB, BB EFERTRER

(School of Electronic & Electrical Eng., Kyungpook

National University)

¥ o] =2 1996dlE SRl St FRaA
ad-p]ol ofsle] drEgls-

L HF19749H50, $ALEL1998F2A27H

(294)

I.M B

oz 71 733 background noise)e)t}t A
Ze{foreground noise)S = o FEAQ AAE
UL FARHQl BA B ohle} AliLoEw wig-
Fosic) olEd B4 AFe FE2 YAE AFE
E o83 A HTHPE R o]FA 1 gle] A
Az A7 2 wiAEE 2 EAE AR Ql
Atz & Ae &R FAR AlxE] T
B2 oleldo] qlnt b, o) wE AHelE&eE o4
3 AlsAels FeAaEe] 239l e wg
THEG o83l gk AL A 2 ER/el Fel
g 715& Algsich

2 A wiEgge It AEAEE 2 ok
T Hee ol FEAE A sl SejHefety]

=,




19984 37 BFILEEHRLH

Wk dzelse] shlel hit-miss HEHEMT)S 3
o AREEE AE T WS Akbslslen,
ol AT AaElE olgsle] AR FIT 4
olek 8 HMT®= hit el (structuring element,
SE)E AMsle] EAEAE 23, miss FEHAE o]
43le] EA] wiA-S Zerh o)EA 2L EAEA
o} A9 wiAE sty EAVE JHAdN EA4
=AE wdshe Welth wEk HMTE o83t
A QAlEtmal ke JAHERIAD T EAlFH
o wAEE A =R wiEARSel clutterd
2= gake] AAs B 70 g Byl o
F3ol wet #5Ho) wislsiA Ale EAY o3
I A2 g moke] Fedale] slHEgH EAlzke
Aol olES A3 HsliMe A7 2ofdll o
£ He&F wEolol SR w2 e dloly Hle]
27} 983ty F3kd HMTE HHE $3sof dict

o] FAKE A A3 £ Aol At
A= Hee} M2 o YeE He A
HMT=Z <¥& 4 3)+= SDF(synthetic discri-
minant function) 3AE A e)A(synthetic
SE)E Aeksisich. 34 hit Felde dAskmAl st
= AdAEe] i3t hit Feiae] ECP-SDF(equal
correlation peak SDF)& ¥} F3l3, $A miss
el FdAbEol i miss HEjae] ECP-SDF
2 3g ok UM olRA) 1 PAFELE o]
431 ghHe] HMT <date = Zodale] o= e
o} AZE & FUE IANT F Sk o), dHAt
o AABkIA}l 3he FAAdT o} frAkE AAldate]
EAF A$ 29lxe] H 5 glrh o]F Fs] 3
e A FenE 7 @ MOF-SDF(mutual
orthogonal function SDF)& ol&3le] Falsjo} &
A A A “07eR s =it

HMT <34k hit 3eiiel dgAke] Aldaslel
miss EjAe} IHAte] roatel ARAANE T3t
o ZiZte] ARAAE AT THAR TEHIR F
o] 59 TFARS sl Pl HFA 4f #
A7) (optical correlator)E o]-438Pd Aekyow
g 4 glch " Aug FAHFNE o]8% HMT
9] e}FAde galsly] 93] ARt AT w7
e 9 21733ES 2 AQAk O% HARxE AE
Holdg fPslolon, Fodate] M2 e EAES

3

ARG FREle] qlA)E & gle-g stelalgdr)

[
=

(295)

£3HH DI F3IR

IO. defste] 7|=dL

1. E<(erosion) ¥ & (dilation)

Hefeke] ]kl B9 A8 YeAhE o)
3lo] gJele) l¥edafel EAllshe Akl =k
A AATE E Akl EXfiske 7H(hole)®] =
7157 Soll A=, B e =1L AR
A bzl g cdallel] EAfshe 79| AA T
of] ARg=ct.

ol FAH R R3] 15t oA IHAE
X, oldl d¥i4E BE 3tz U EYH 4k XO
B9t X®BE ZASH

XOB = {a|B,£X} W
1
= (X*B)n,

XPB ={alB,NX=*02) -

= (X*B) m,
o} zho] Aozl 7|4 w & AR correlation
operator)® Yeplli B, ¥eld B7} a sahE
Ao)(translation)3}5d5-& ojvidel. n=lx Th 2
Thye 484} el AEAE FHs o
AREE BEAE vl Thie (N-D<Th <N,
The 0<Th<18] ¥¥x°l3, N& oAl ¥t
Sta Folnk &, E19 B A4k =T e
20 AR AT TR FHYIE 3] o]F
oZlc}. olz{gt Ak} HehA T AFA 4f F
ARANE o838 4 slrtk F AFAQ B
o] delHdel| Feliel Felo WiE g 7ol o

Fodalah A #Hs Sk

2. Hit miss ¥HEHHMT)

HMT+ QAlstazt e 9ahs iz A=z
of qlEdallel 3 o) 7B <dF g
zohdl 4= glw B3] wi7dzhe, A7 clutter’t
e dH Aol s Eshed F-8sich

HMTE -0z 28] $lsk] ozl i3
A& X, oA hit FElA2E H, °1A miss FE4E
Molg} Aelsla X®(H M)E %A5hd

XQHM) = [(XOH) N (X OM)] (3)

9} zlo] Aok ofr|x XOHE hit WEHHT)e]
3, X’OM-E miss HEHMTDelek olu X°= Xo



lec}% e S{lE}. W}EPH HT¢ MT ZAxe] FERR
= HY¥ HMT 34 J"89gddelA ez He}
dAshs AGA gxlelx AHHTAIL Jeh)A)
b dwbdoR HMT ditellids Meo) w=A] HF
d Faw glod, A sk gare] =79 e
Wil ARSA R weE Hel M AAs] Addshd
o}, [3812]

HMT <«dibe] #epa 78 33 13} o] 4f 3
AR7NE olfsle] AYY 4 Uk & hit Yyaot
miss Fe 4] Flof] WIS 4f *a‘f"o“&ﬂ«] Hejsy
ol Fol gl Al H3 % E9alan
ol AAATE A PEA 2 e sl o
=9 FEHES s sl REesiaAoxe] 2y

A= €74H Ao} AAALS =
3t 39) Aatelx) h FEix R} ;ih: el
A5 A "ok B o3r4 qeiwy, g
el gz (spatial light modulator) S o]&
3t EEsiAE Pz E olgshd A7

U 2eS e 5 gl

ua.l—.

Py L Pz Lz Ps

—rf —r —+ £ + F—

P1 * Input plane P; : Filter plane
Ps © Correlation plane
Li, L2 : Fourier transform lens

f : focal length

38 1. 3 AxH
Fig. 1. Onptical correlator system.
m. EAMYHEl2E of28 HMT
1. SDF 344
HMT <dAtellx] A4 d3e)as SDF g9

< o]83ld Atk SDFe 24

A Eefstual se QA4S ek sl
Gl AL AFAE F F, o)L A¥zy
st wkECh o)W SdAlEl FERE lExE
ek A ARE 2] (autocorrelation peak)
o} AsAkt AT (crosscorrelation peak) 2 wHEo)
Ale A#PY, = VIP(vector inner product) ==
9] 93 Fejo} QS A = AgE|se] F
o= gy 78]

2 =ielxs B o) 5] we) AEage] s
A A7l (=), 34, 2o Wzt )% wop
2] st AR o2 mofe] Fodaks Foloaow
dAg 4= 9l&= ECP-SDF "8} 8413} okl A
31878 ¥ QAF ¢ 9)¥ MOF-SDF ¥EE o)
$3to] Helas dAelual ek ECP-SDF Wejdt
T JHage A S5l VIP e o3

2717k “17<l AMgbdEiele] goavE Fax: s

AE w5 TRk NS Sdadelx [ WA st
TYEE filoyt T oW e gEagd
h(x,y)e
ey = Zaflny 4@
2 Folao, ABAAS ae
a= R'u ®)

2 F3Eck o714 VIP 38 R&

R;’,’ = max(f,*f,)
Rii = maX(f,'*f,‘)

2 AEY, R @ 0A S fxy)S] A
B AFAE vehliy Ry s skedalT) ;oA
eaddel AsAR HFAE Jepich o) o, VIP
FE RS MZ of2 mode] siaeile Algsimz
nonsingular 3&elc}. I2j3 ECP-SDF ¥Eele] 7
5 ARHHE] u=

{6)

= (1) @
2 ®RR} o] ), RE 8 Pl 1 olzke AL
el AR BE SEdde FUeR o
Algche Z1e ojelde) wjebq ECP-SDF Wi+
o dEagshe A G4 TR AEAARE 4



19984 38 EFTS&H
Dol il 7k oldf A ()2} ATHE ud

u=[11-10-01" 8)

2 3l geldsE A3 MOF-SDF gelrl #
ol o474 84 ghe] “0"elzhe Ze FE{FAe A}
49 Aedals 7EEA7) (07 El ke e
QAR A otk

2. PN ALE o8-8 HMT

71&22] HMT ke o e 9
AR goU clutter7}t o1& )
B ol teE she EA7E ol 53k Arle
=5l oA, AR o 2ok 3, e
AR moFel ARGl dH Al EAste A5l

517 gtk & 7|Ee] HMT drelse B4

o ZAnEE gFo] EAY Aol FUT i
Abgste] alAlEE 4= QAR Fe] ARt FSole B
U3 FEAT olgste AR = glov, B3] A=
e moke] S o] 7R HElaE o83}
o] Wle] HMTE F3fstofolst Ajdt 4= glet 1k
o SDF dwelEe EAY 93 Sele A3k 84
ehlA et 3Rgoly clutter7} &A1= Aol
el ek

2 ERr)= AlekE SDF A HelAE ARSSte.
24 WAL clutterst Exihs glEodabollA
g e HMT Q4item 38 s A& &
b, AR 2] ARl
HbE-S AR iAol of
wefo] ot A 7
IAEIAF e AdE
3lo] ECP-SDFE wHEo] Ak,
AAstaAt e 3rdadel B
Ao2 3ld ECP-SDFE wtEe] 7AT
g 5o, AAfslan) she el ok 3edate]
Fi, Fy, -, Fe8F 220) k 7W7F 4% ), 349 hit
e Hepr2t A miss FElA Msore

e1elA] kAol w3

e el

N
2

rr

(<)

K-

X

s

i

L

113

)
o o

o

=

£
2

Hgpp = gain 9

Mopr = Z‘lb,-M, 10)

ol Z}k 71 Hie @ WA FedAde] hit Feldo]
3, Mz i A A4e) miss Heldels oldlsh

=t
By

(297

%34 DR #3% &
201 454k
H,'ZF,'
11
M=Ff, where i=1,2,,k%
= hit Felrs QAlskaAl s Ao s ST
miss Hell2s zJedxre] wedrtowm slgdcl aBla

ae A hit FeAE TAsP] F e
T, b= A miss HEIAS AP $1% ZEERE
Elo]n
a= R;i{ u
(12)
b=R i u

s} o] TSI PHYHE THL 9 48R
A usl st k e Bde BUGLe

Z QAF S glelol shEz k He ‘1= s

o 22]3 VIP 3 Rud o Rasss
F]*Fl FI*FZ F]*Fk
Fz*Fl FZ*FZ Fz*Fk

Ry = 13)

Fk*Fl Fk*Fz Fk*Fk
FixF{ F{%Fj - FixFi ]
FikFS FSkFS - FixFS
FixF{ FykF; - FixF}

2 pAEY, 2 84 38 ATk AEHo|rh o]
DA 4% A hit Fel2el A miss FElAE
o]4¥F HMT+

XQH SDF»MSDF)=(XegaiHi) ﬂ(XC@,);b,»M,-) (15)

ol¢} o} FAFEAE ol83le] HMT
AN Fdds =717F A
MT <dAtellA] ZdAdst =
QlalEe). o]FA <4
s A hit Fela:
e o ARSE SheedAlst
t}.

nrek qlEd el st AR 2ok ARG
o] ZANBHH $JellA oFE ECP-SDFE #AIg 3¢

[ea

A

M,
tlo R

o
o |
—n

T EMHB
RUSIE=1

[<IK<)

> b
i oy ox
3|

2

©



o] =¥

SEELE

a2e o] Erkssict dusld HT9F MT <4t
& s faldge] Bk SIAoA AR

A7} e el TEAES Asjdels s
2elsX) G A BE oR 2qaE

ol2 s sleiMe FHYHLE FAHY )
MOF-SDF 34w Aldsle] er}a‘J A dAfel]
gz ARbE Y] JSAE ‘072 bl faldAt

o e BBHFAL Vel ol et 44t
A PN 4 Aok vH, PPHLT D
ek} e A2 e TASEAY o5 BE
A3 NZD B, AZ T B, 22
ofob & A1 ARG FelaE Tl e
b BAE Qs sk Wslel] wet geble
BRI ARl wheh A HalFolof wik

= 0]A)
L S |

=]}

1 P
ES

V. 278 AlZaold & uF

Aokt PN LE o147 HMT La=lEe
S Flspy] sld 4 ¥ 2(a)eh o] =77}
AR OE A eyl oE ARge] Exishe
dHFae ANl of7)M Akt =sicke] 4}
748 FANeRE, A GARS ARldAke s A
slodeh ol At dzejEe] ¥ W] HMTRIeE
AE g Hi7]911+-% Alslan, AR ARG A
< F=2)9l HoiF7] 917 Aok whef
7]&e] HMT %;alcg o]43o] & WMo HMT
Ao 2 AAArs qalsiEw Al Alzbee Be
QA 5 glovme Sabdhal FHapgke] Alzby zhztel]
g HMT QARS ajstojolat el Alqkel dare]
52 o]83 9= ECP -SDFE HE d43ex

£ A Al ApEEe B Ad 4 gle
28 MOF-SDFE ARMgsle] Helsledol gic) o]
% A hit e ZoPF MR e AREe
ggale g sl MOF-SDFE @Asldy, A
miss FEldE g5dael B94E MOF-SDF2
FAslslon o5& 23 2(c)ol vehisick MOF-
SDF #44] ARl Akl diksaddst =
ko] AR A9 <17, ARGAHEIRR] ARt
)] A% 0" st old $ite] ey} of
£ A Fedake] mofal Aorb mug sgpedal
ol ZZA7A) wrjets pEshed olege] gtk

)

=y
=°
414

A4 ¢ 9% $4 HMT

(298)

&Sk 1

100

" ¢

20 40 60 80 100 120

(b)

120

20 40 80 80 100 120

(a)

0 20 30 4

20 40 60 80 100 120

(d)

100

120

20 40 60 80 100 120

®

20 40 60 80 100 120

(&)

20 40 60 80 100 120

20 40 60 80 100 120

(h)

(@)

a3 2. HMT ¢4 g8 E ¢

(@) ¥9 ) @9 B () 4 hit
4 2 miss FelA (d) Hit AH (e) Miss
A (f) Hit 23 (g) Miss A3 (h) HMT
A3

HMT detection algorithm example.

(a) Input image (b) Complement image of
(a) (c) Synthetic hit SE and miss SE (d)
Hit correlation (e) Miss correlation (f) Hit
result (g) Miss result (h) HMT result

Fig. 2.
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Fig. 3. HMT detection algorithm example for real
image.
(a) Input image (b) Thresholded (a) (c)
Complement of (b) (d) Reference images (e)
Synthetic hit SE and miss SE (f) Hit
correlation (g) Miss correlation (h) Hit
result (i) Miss result (j) Final HMT result
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HMT detection algorithm example for real
image with the passage of time

(a) Input image (b) Thresholded (a) (c)
Complement of (b) (d) Hit correlation (e)
Miss correlation (f) Hit result (g) Miss
result (h) Final HMT result.

Fig. 4.
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