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coupling through an arbitrarily shaped aperture
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Abstract

An analysis method of electromagnetic coupling through an arbitrarily shaped aperture on
when excited by an electromagnetic plane wave

the upper wall of parallel-plate waveguide.

from outside, is considered. The mixed-potential integral equation. in which Green’s functions
are expressed in a computationally efficient closed form by using the Prony’s method and the
Sommerfeld identity, is formulated. Expanding the unknown equivalent magnetic surface
current in terms of two-dimensional rooftop-type basis functions and choosing razor testing,
the integral equation is reduced to a linear algebraic equation, which is solved. The results

are compared with the previous results. Fairly good agreements between them are observed.

I.ME

alakel Atk @A (electromagnetic  pulse

(EMP)) 2 2ls] FaiE siv] 4 Axp)z] Al2=H,

* EgE. &R THABR WERE T8

(Dept. of Comm. Eng. Kum-oh Nat’l Ins.
Tech.)

*OEE R, BHUCB BT T8N

(Dept. of Elec. Eng. Kyungpook Nat’l Univ.)
WHAF 199545818, THLEY 19954118178

of

(1557)

AN}

=

= 3
Asta o8 Hskshe AlEle] Ao gleid, 7]
el 27t A} AkRbe] SfE T8l FAle) AW
S Bh WAk} ek Ba) o AT B
Flcavity) HHE9 gt electromag-
netic coupling) @Ate] 713 dvbA]l Rde|ma o]

1 3T AaER 22 Az Hobd

oL
[+

A7 13

2@k o] shel oY W AT b} dEsy
=3

19700 Zxkel Liu'''. Chen'?', Sancer'®’,
Bladel ! Taylor'®', 52 03 = gige] 2}

< -5 B FF WREe Azxb|H AgeAE



26 el Feo] Aol 23t FH Bzl M)A AgHA) s I3k e wh A

ol ArEsilch, o] &2 wiF-E F3F EAH (infinite
conducting screen)ell 2= W77} Sl AR
9] 3lo} Bethe'® o] 241dal upge 2gsioich
Oy o] & 52 EMP AZAIE M
st f-8317 ‘3’—3}“‘4 2. olfE EMP & Fulgs
A ERe vl yr] i, e =717 st
Aro) =77} He Fakr odododi= Betheo] A}
Hhje] A8 4 ody] wifelr}

Zrelated A mZrlel] gk Agle] Aoz A
& 43 il whlel BAlS ZHA) Hgdc). Lin !

o
o
-

pulse expansion I point matchings] <&k
wire grid HH-E AREste] TA ol 23t HAA=
&L o9} NT-EAE Babinet's
principles AHESIA Hwl Axjgr) wd ¥gb 24
dell gl Aubs VTR 3 alshs 2ol st
o] AT A FxE Falgich o] ubge il x4
He ] wiiel] A Al g 2E
A 9o WA Y ot v o 2
Ao ot e &

Rahmat-Samii '*' 3=

75 F8 e B

AbwA Rl

@*}7—1‘ (rectangular) M
B Hy-2e] Axaiat Ay
AS 236 ARr] gi8led, wix)e] 2] AF Mol
gt integro-differential equation & F8hy =ul
= S AbgSle] sl E etedc) o] ATl
Tehz A AREge] Bl (highly
singularity) wiitell 2 sl el olefE A
7, W7o edgedllM AAMAl Fto) SolAel jsle] w
e we] RASG AnE F 4 T glvks ke
A zglel, 2813 Ko Itoh'?' & whAbg(reflector)
& 7k %‘5‘*‘—1 lot) <lelupel el disto],
o7 27| AFE 2= A7l (mode expansion)d zb
A Xﬁ%‘i’o”é

o |5

23 9,]
=K

"j(magnetic field integral equation
(MFIE)-& 3 Galerkin ¥He #4 = s4& +
dedl o] AT WAL 24 F2 &FE(narrow
slot) o} 74l H4 7hssi},

e FAE )9} Heel Alekg W] e
delel s Bek Helg mald ulRsel Axhd
AYEAE HFY 7 ol 58489 £ s
AA SR gk, 423 sl loiA A A EupdA
(electric field integral equation (EFIE))xr} A
e wle]l E-Ewld AEubdAl (mixed-poten—
tial integral equation (MPIE))l 7Z2® oeix]

(1558)

FRE 5

)3 MPIE 7} 7HA)= =& Ade) Mosig' ! o] =
ol AlAEe] glut wheba] B E=FelMe oln] AR
9% MFIE' ' 8 sl edr Ae] vlx) =
7] MdF W= % A8t UE(magnetic surface
current and charge density)el 43+ MPIES
EahgelAe]  GreendE
Sommerfeld 47 Prony''! wWg AHgsed i
A4 F-83 F Fel(simple closed form)& %
galed AEA S ) gt

o] 3 MPIEIA 22132 rooftopdts-& 7)
g AWty razordFEA testingshd 7ol

{5} 37, oz sg g}

Ao wz 2] el gk Add dgAlAle A
slar ol2HE e It AARE FeiAER o)

AL ol fste] Y Ay waiyl whe)ite] AzAE
& 55 A Sl wpelad B ERe] Sxjaiaduby
< 99 Helo] s Eg Fav waolal yree
2712 AGEA sl 2 triplate-type planar ¢
At a4 ol nhm A 4 gt

B =] A siaubygel eAdE AR ¢6)
0.52x 0.54 Ay el tisle], B =ie] uby
& ARRElA TR o] A BExel] oigl o)'AE
7)) #A At o} w)spate] mok)

O 53 "o oot e Green® &
i & HElz EH

el HH wapte) el 9xg e E3 A
A AREA MG ko], a=1el FUdE fA
2 AR =sjghfie]l HMD(horizontal magnetic
dipole)7t sl= 295 EAEled o] x| sl
of wel ZeEldy} e} Eﬁﬂ"é(vector and scalar
potential)¥] Green¥=%& Fajlokgic},

Yang'®! & a1 e gz U] 59 4
#A=5AH horizontal electric dipole (HED))e| tigh
W] elds} el el Greendg v 3
T ez msoc} o] Aelis MOM AMgA] 8}
g 84E Allsled 9leld computation A7HE
Zol7l $13ked, Yang®l whHol ol HMDe| g

m

Green¥dE ¢ 3z fE3k= AL Ho]
22} g}

2% 1ol HMDel izt §3F ddelrle] gt
FF A% WE#(integral  transformation



19954

technique) ' *'& Apg3le] Fapad

4
£q€ ,

CF = dnuoGrn= [ TH(k, 0k, (1)

24 #85H 71elM T

P ~PhhADN jkdz=2)
—e

2 ol =g -polo B=uwlu,e0lth G2l
datede (DA $Ud3 Fels don, 27" A
Addelde z o 2’9 YxE w2l M 4 3l
o}odubd oz (DAl (2)41& Tie] daksle
2 A W(infinite image expansion)d+t F-379]
2= AW (infinite modal expansion)dled Green
g ARgsle] gheh zzeiuh Ak Al AR
B A (e ) o] H( eg ) 0240 ) A% &
59 4 v} w2lA Ho 2T 3 ] 7t
7HE- (eg. € 0.024¢ ) AS 8 S5t =2iA ¥
=3

ujeba] gxbe}l AR Arjel] Agle]l H G
oA 8 Gerb whE 3 A 8 e
2 GreendE F3P7] S, B 4 (complex
image technique) ™' & Algsl| (249 T
g} Zho]

T= ™ g (7= ok, P +i2k.P, (3)

24 FolAle

2k
e A - Zhe
104 = g

i (h, —ky )—Lo
Jm (ke = ko) g T
4)

o]3, Pn & A3} X =(propagating mode)ol 2J3l
A AREE o (DA -] A 33
E(real poles)d] 9 ggolv} dl=24 h < 054
ol Py & TEM ® B=(k, = k) ueg
ek 28]z (3)Aelxe] AR &3k AR 3 (1)
Aol td=le] 2k Sommerfeld®] $413 #== A
(residue theorem)ell £J3+] #1433 Hankel
(analytic inverse Hankel transform)e] =31, &
A o] (1)Aell tigi=le] Hankel Huito] sij4=e
2 9 4 9lE® Prony¥ & AHgsled whes] E A
gou  o]Rolzl E4  AFPFY  F(short

complex exponential series)@eN=2 AR} 314

12 BEFIBeHHE

£ 32% AR ¥ 12 27

-z . N -
T— e _jopp = glaie b N<5  (B)

24 Z8EEdY A7 a o b £ B4 Alge]x,
Neo| Fox]4 Prony*j¢] approximation path<l| w
2} a; oF by += AA ¥} approximation pathell 9
g Aamel| FaE Chow' ™! o =Fela =25
2 oEd F59] AFN)E 2 370 o4t Alalsle
2t dYgellA GreendT§ ARSI Ald 2xje
0.5% HBr} 2R AHstxg ) gcoh (3),(4) A3
(528 (DA sl 32t 399 Green¥TE
chgh el x| M) 88k e (simple
closed form) & E¥3 & gjr}.

P G = 4k oG = Go+ Gat G (6)
o 7] el 4
—=jkny ——y————
G = S5 ,ono= e+ @ -0 (T)
L™ s Syl
Gi = 2 a ri = \ 0% +(—sb) (8)

Gom = —”}; 2’ & HiP(k,,0)cos( nZZ) )cos "}fz) (9)
olZ ep2 Xxel9t A(Neumann number)2A]
n=0% Z-$ e, = 1 o|i n*x02 A$ &, = 2 0]
. H?¥ 03} 2% Hankel3d 5ot}
Go & A7) =20 2l 9§ - (source) 3]
32, Gy = 4531 B4 9AME(complex images) ol
23t oM, Gom & A} 2ol 23 gEelr)

z

© —>> (X',Y'sz')
EoEr, Lo HMD
(x.y,2)

33 1. 7Ee AR AR s ga cola
Well 9128 4 2}7] H=FHHMD)

Fig. 1. Horizontal magnetic dipole (HMD)
located in parallel-plate waveguide
filled with a homogeneous dielectric.



28 el Hefe] el ot FaAg moonef Aapr1A ALEA 4 Ak AR A Y FAE S

oo
[z
Mz

m. 28 zHd HEYEY (MPIE)

a3 2(a)E B wweld siMEtaat she xR
A FAE SR (py, epe, V2 AN Y Hu
Ea3k 9ol o] Fefe] Aol ole FEelv) =
o] Fh2 vk AR FRF (uy ey ) oW AT
E oEEHE it 62 slalElE 3w Axiall
o 37] At F7} Yel(equivalence principle)
off 2jaiA] Mg vt Al7la A e A REE
E7F A7) HAFE A= Aol ¥ 2(b) olvh o
Al AL 7=7]E B 2ha gobd glAlgbe] 2=

¢

. E — 1kl xsin) — zcos -~
Hinc = je slning m e (5 (10)

24 EHE ofrlel
7= et eleh iR ARl A A Ay

o] RTollA] cAdelehe ZAA 2710 2]

ky = w\ poeg o]

4O M) + HCM) = H* on S, (11)

24 #EE A A Hed o)l gre Al
b e EHols wf JAle) wiAlale] § ( B = H
"+ognegA W= & AA(short-circuit
magnetic field) ' 2k szl webd (100415 2
o] & gials} xpA] A (1AM H<=

25,

H[SC _ ')'lszsinﬁ(.‘ﬁ]) . (12)

44 - ZU
A FolAlny,
A7) wE EZRA W ~gde) FEAE 27 iRl

=2
A7) AR U mot At UE g, 24

F = fséwm ¥ M r)dS (13)

V= £ Gy (rl 7Y an(r)dS (14)

o} 7ol A= 7ol YA ile)= WY 4
(% )& skt S Ak Greends:
Gr o G, & AL (6)A& AM83IE, 9 G, Gr
£ (8)2lA real image® FEIsted Goo} 200 7hS-
Agakeh (1345 (149402 588 Lddaye
AHA =

H'Y=—jw F"=vv,® (15)

24 Folzic},

(1560)

. N

15\

M

7=0 s —x
M
b
z=-h
(b)

08 2. (a) H3 "W zobake] S gl Yo
o] Hello] AT (b) 7 FACNTFE w2h
Fig. 2. (a} Arbitrarily shaped aperture in
the upper wall of a parallel-plate
wave-guide
(b) Equivalent problem (with the
shorted aperture)

rir

(a) S 9 (upper wall surface)
S,: 7N (Aperture surface)
E*: 7N AA (Aperture electric field)
Einc. Hinc: $JA} AAA (Incident elec-
tric and magnetic field)
b) M, S7F A7l WAHF EE (Equivalent
surface magnetic current density)
g E3F JFeld .o o AA (In-
terior magnetic field by the M)
He: RS Rl — pyoel o3 A4
(Exterior magnetic field by the
~-M,)
H: NF ©#@A wkib 24 (Reflected
magnetic field on the short
circuited aperture)



19954

AHe] 27| AFA] ¢ 24 ° GreendTE

o] F® & F+ #dominant term)- static
Green@r=2 oA
%G?(z! ) = dauGy(rl ) = ﬁ ,
(16)
2A 7))

(16)A1914 Greendre QM (r=r)olA v’
ele] HRo] 71537 Bold(weak singularity)g A
Heg Axlzke od9(rectangular domain)ellA 3}
Moz AR 4 gleh ol#d ARNEHRE Green

ol

FFEg olellg} zho] BolHo] gle FEH} BolHo)
AAE FRoT Fislo]
G= Gyt (G~Gy) (17)

s} o] &kl SRkl 2ol Belskek oi7]elA
BE Gut Soldle] gt »2o (16)4& ofula
o

V. 2RlE g8 (MOM)

Mosig''®' 2} Glisson“gl% rooftop  sub-

sectional 71X E,EE 2o 2 )3l mulE HlW
< U}O]ﬂ,ﬂj’d 3] (microstrip patch)2}
olubdel Fxo] AltkAel Wigk Akek AzpAY] a6
A8t . o] Aol Mosigs] =l AN
S IR o] HE Ik PAHE ®olaA)t ¥

ol

*x

1. A3} 27 AH A (Magnetic charge and

current cells)
2] el 74l tisle] rooftop subsectional
7145 AMEEl] feilde o e Al A
% a3 3(a) AP N7 AAAE Manhattan
type ¥l ©Ft8 (polygonal)S ZAAMCE nlgF
oo} ghch

N7 AAE AEe FAR wlREL oA, AT
Hg axbe B e AL A5t AEE
whred, Aol =278 5Ug 2|2 vppelel il
de| ZZ7t FH3HA L%—- 3E 840F 7 o
computation o] o} HWolAle wWdel sl7] W+
olt}, Il A7) AF AL ohg o] T
71E odF Bwl x-aEHEe y-HIRhe 213 3R

(1561

128 BFLBEHTEH

£ H AR B 12K 29

73 A4 (common border)ell 1A F7He] =3} Alo]
xR y-p) Az AR A4S AT 8
2},

approximated
Y‘Curllicm contour
ce
e true
x~cur[rlent ICyxel "< contour
ce

Co | o T ﬂ\

/

7L, Cyx charge
Lyx o b cell
7
Lyx

(0.Ly) - a

y.cun-ent ? ° o o ° o oA o o
cell —=>—

0,0 X
©.0) x-current cell L10)
(b)

) Apekel xb7] HFE A B2 9o e
7H?——4 segmentation(test segments—4
network-g X%

(b) m Xn A3t AR vrejal

N

Fig. 3. (a) Segmentation of an aperture in

elementary magnetic charge and
current cells (showing the network
of test segments) (b) Rectangular
aperture with mXn charge cells

L,
=

x @ x - " 2] AR A 9 F4(The
center of x - direction magnetic
current cells)

Oy - 88 A7) dF 4 &9 $4(The
center of y - direction magnetic
current cells)

O ¢ Askse] 34

charge cells)

a8l 3.

A abtg

_ L
=52

(The center of magnetic



30

e a3 3(h)elMel 2ol mxnle Akt
AAPZY el 7% x-HEF 2b7] AR Al
l M=(m-Dn °] Hz, y-¥3F 27| A5 A
4l N=m(n-1) o] §-& o & i} o] 2
3(a)°ﬂ/‘1 Cil e A x93 (kA y-ut
2171 AF AL onlsiA =, 2 A B S
i]*e— WEl 2 ()2 Z™S, 1 A ¥ A&
P D B A G D bR 3 | e B 2

$1%] “ElE 7e) WA

o]

o\.‘“

=

3 A

o

Py

7

:Lo°‘ di o o

=
=

= (85 M (18)

Yy

ru'= ra + ()% (19)

24 FoiAlr

2. 71# E(Basis functions)
A7) WA S w2 A HEA AR Mo o}
Mo & 7AYo T2 3dshd
1 M
M~ b ]Z::] VT z— 1y (20)
l N
My=g & Vallr= 2w (21)

24 ANE 4 gl o3rloA sHEEL a9 4
oA Bi= ule} 2o] rooftop HFENZA

_J_L,

b
\x|<a,1yl<2

T{n= (22)

elsewhere
o} o] Aol 7jellA] Tyell tistod= (22) A4
ast bs. xo yE A7 A& uprela] Aelshd o)
(2OA% 2DAHA A5 /b 3 1/a & =31
= A7) AR A7F AAY Ade AxE 3}
7] 1844 oleh,
COAF (QDASZ A" A BuF
A W AR YR qu £ AR A%

i

=1}
=

%o}
o=

A

T

BOLZO

1o

ke
gis
H

RHS

—r‘E

7y )~ {x—

v ) = (r— 7y

2]

o

24 Folxjed] A7ledM () & 2

Q9] efe] Aol St BaARD mo R WAVH AGEA AHE g A v

26] Al vk

FKE S

lel 7o) » = 0l A& T3 axb o A
oded Al AogEE 23 el @A

(two-dimensional unit pulse function)Z 2J=ls}

Al gt

y
a

. /
/G

M

—>X

i .ng

x-directed magnetic current cell
centered at »=0 and its associate
magnetic surface current density
M,=TJ(». and magnetic surface

charge density T = 11(z= x5 ) =~ 1 (z+ %o )

Fig. 4.

F7HAE ARl i AolRrE ¥4 a5}
WrEw 2E A A Hella] A Abg ke Ald
o S oglemz a3 3(a)dAel e Ao sl

e A AT U wlx| A

|

o

f

=
pu

A

s

1% (24)

xj+l

Gns = jwab[ Vx] + Vy,k+1_ Vy,k]

s} o] Zkksll BRY 4 Sl Hel,

Green®55 (Discrete Green's
functions (DGF) )

o HellMi= E7|(notation)®} computation =2Hed

westsly] $18led ol4abA]l Greendt=(DGF) &

3. olumal

o)



19954 12F BETFIS€HX
<= Aoty x]js7)2 dn) dukdez 4] s
Hed o Aoz A syt & 2 ddex] 29
o] ¢l¥ °¥(dimension-less quantities)% ) Fehe
Aol Hefslt} wleby DOF £& 3oz 473} s)
of Apdo] gl ofo gy

Fptrl r)= [ Gl T r = r,)(Rds)
(25)
Pl )= [ Gl DT~ r)RdS)
(26)
Ty (rl z)= [ 52C (2] 2 r ~ 2,)(#dS)
(27)

o} o] Hefsr) 2 shed] orlely  p = oA 2}
3t Aol 4 g FHE WElo)w, 5, (S0 j-
A x4 2] AR o] A(k-#HH y-abaF =)

_752 Aol ®)& onlsta, s, A xpeh Ao o
= ot =3 r, o o (25).(26)
Ak 2ol 27t e, e—eg k —koB X3

ato] Hojsirz g}

(o]l A A Well £ o) 22 wyoxle]
ol#dgo] wzn g A&y uiel o] GreenH4Ee
(17143} zre] Bolxo] gl HEy
FEog Yl

EolHol gli= H-Ee (1e)Ae2 ZHdd
Greend-5 (25).(26)A15} (27) Aol tiglale] i
sl MR I 4 glon] 1 Ans ofew) 3
o},

Solge] gl

AHBo

O

A

,_4

I w0l D= *[ 2a ln(tan( 24 Z)) — %)
26 In(tan(§)}] , tane=2
ry o= [ 2aln(tan(--+7175))

~2bln(tan(—2—)) — bseca +;(§b)2] ,tanaf:—zl—)a—

(29)
ry o= fe| 26 In{tan (-5~ + 7))
—2a1n(tan(7)> —aseca + %(%)Q] ,tana=2—ab
(30)

(1563)

Erd
Mi\

FR2H AR B 129 31

A (28)7 (29) 9 (30049 FEFF = A
TR F7F HMDell tigh Greendls:e] So)x )
A9 k& A 9 real image® wElsiol slm
2, 2007} Elols Al frofsio} gl
¥ A3 g AEe A3l ALde
(25),(26) 213 (27)A]2] DGFE&

Ao ]

Il z) = LG 2y)ka) () (31)
PRl ) = = GL(r | r)(ka) (k) (32)
Iz 7yg)= kD‘GV(r\ 74 W kea) (kb) (33)

(20), DA} (23)41& (13)8=F (14)4le] wig]

3k, o] Mol A" DOFEg Aol #y] w
2 aget 294S gHlshu
F(n =55 3 V,reisl o)
L£\Y) = Xp7p 4 % Xl ¥y
R (34)
30 g 2Vl R (2l )
Vilz) = 7/;@1%17)7[ ]g:le, F,,~(1] Lu*)*
Folel ) + EVF el Tl g )
(35)
- e
EA FoA 7ol ze z=| i g oug

ct.

Lo

A (35)4% (15)A) el dislstd =17

~ e &
H' = & gy BVl Hel n)-
;(k%)?i'b')z“{z‘/(’ el )= (2] )

+»(§:"1V”’([' vzl za) -1 w(rl lykr))}]

ZV

a}” Vol el ) —

o 313y
* ””[ k) FDZ

ry ))

HCIF O EY N e Zyki)) }]

(EVrwlel 2T oo
XV

24 FeAe p
AellA i—e | k—ko |

et

V.. Hie (34).(35)4= (36)
o LZoE R3] T

g€

4. ¥l2E3<(Test function)

ERlE o R e Fale ulxw ol ggat
HAEgse] delele) Mosige 2 42 o]
rooftop 71A¥e 7bg Al el AEghse] Aule
DR

"~ (unidimensional rectangular



32 919) Hehel Ah7ol SR PR maBoRel | AGEA WS 9T A WA v

pulse)E% AH&-(d™ razor testing) k= Aozt
ot webd 28 A AF Aded gisted (11)4le

E FoiAl EHAS razor testing 3P

Ci=12, Y
(37)

JoHoa+ [ Hig= [ Hfax=1?

L i=1.2.- - - .N
(38)
B2A FoIRH ofrloll Cy (Ch)e AE F3bo)
ra O ol FE 7 hH Y xRy
FHozol i-HA HAE o] wr)h ole} e
testingelld=  7H7-2]  edge A AHAA
singularityse] RdlE ubie] oJg} Alxb AfefA
7 oS AHNE zAE 5 e o121 testingg
Ao gy edge THNM A AlXRE 817 ¢
o} Hrh= AAE AA ot

fc, Hidy + fc Hedy = fch;fdy= e

588382 (Matrix equation)

(12)A3 (36)418 (323 (38)Ael] T3la}e]
HEsPA, (3604 W] vl
¥ e aaals A "

VD il Vx o [)Ee)
(LT -] e
o7lelld [Y] & olu=rmelxr g [V]E 571 7
71 AR mlx) Age] gdoln) [[] =
Wl Tol] 9]&F of7](excitation) &L oWk}, o)
Eo] g4t ¢x} xS (12419 Zo) Halsk A

Sl

Azt AA= ok

9 = o, 79 = _2_%26—//»”»9:\» (40)
0

0@ FolAm, xi A v 27| AR A0 5
A1) x-Fielet o7l olEels B 24 vy

(A2t et Aol &

x_ ~1 . o+ -y - -

Vi= Sz 1l m ) mT )
el s T 0]

. | . + N . - -

-7 k-——qa)(kﬂb)zﬂ[ Polond U )= wl ond |20
Rl AT G A FED R Y G I B | ]

+5%§F?( ral rya + b—-ZOLl"?( zal z)a

i=1,2 M =12 .M (= (41)

Yye x¢t v&, ash bE 2 ME w}

(1564)

FxE

ot F3 M2 No& ubfe] Foa4] oA =rt
=3 84 vrE

v —1 [ + N g +
Y=gzl Dl mll nr sl )
P rT A 2T )
—1 -
+m[ vl oz 2, )= o C oz b5
R ARV G VA S b D LV G S TP a ]
i=1,2,- - .M i=12"--- Nz =, (42)
24 g8EEd o] Aol g, 7, 8l Aol

oy =T (0l 00] Fot =8 84 vy = vy 9
< A & S odek diAA el vre

Yﬂxz'mizkbﬁ[ r VW‘(Q‘ O_)_F Vv(dﬁ)l 0)]
._2 o~
+WTZO[ FV:‘"(Q‘Q)"‘F m(axng)] (43)

57 TEQID + R0

22 Folxm, yre (22)X¢M x% yE a% bE
23 5 wg A el Fo2a A o)

mxn7/he] Ast A& Zhs AAAE AT 79
M=(m-Dn 789 x-#ek 27] AHF Az N=m(n-1)
N y-usF A AR AE AR BE ol & o=
ulel s gy a4o] AgE (M+N)? ojch

e AAR 24 Axkshe 33 (53) Eva
w52l wido] 2 37l 739-) ol DGFE2 mxn
et ro gk MRS razkel NAWL rpgteke
a3 gEo ZE 245 FEkA Ho

o] AHE A2 & AT A AN wE
ole}, weEb4 computation ER ®ollA B o} =277}
o AL A5 AE sk Aucke 2 =)
o] B AFe Ag AMgsls o] feldittn B 5

det.

2 =19 M A g galsly] ¢sfod
7122] Samii'®! 2] ZAwbe} wissladr) Samiis F
H3 Hd 1ol 2843 RBRE] 53] aksh=
Hd Hzlapel] o] 0.51 0.5 AHus ARt of7)
o Rt AHA EEE FEdc (1E AR
F2belA e} sk

b B EgellAe] 2l a3 2(b)ella sl
B Zoigte] Eolrt h=2.82 olw E3a uie



19954 128 BYIL€H
SAA AL A FIH e = ) 2R B, HREF
¥ g Azt £ i g =0) sk Al gt
o] 0.54%0.54 AW 75 14x14 e Ajst 4
2 3%(segmentation) 3kd V& ¥ WS
2e| 27 WAF Us MF Pl oSl dEEE
NForie] AA BE ES( M=z E)E 2H5
3o g BA)8le] 311 edgeclA] AR 2
RhEEw gle-& #elE 5 sl

£:]
7]
8.5
8.9 ]
S5 j
8.9
© 4
n 4.5
2 4.0j
§ 35 ]
o 3.0
E g.s 4
B <0 J
= 18 = :.:..:..'.'. -~ 9;3
1. AT AT LTF
IS IR g
LA ’
[
¥ Zes "'l'ligy -,
e ol
(a)
L]
]
3
3
3
g
=
=

(b)
a8 6, A AA 2] FEe 3Aigl o
2 (a) |ES o) HAEped (b) [ E: o) A
5o

Fig. 6. Three-dimensional representation of
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