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FoEof: AAAE, A4S, €835 FH, T 24, Bovik- Huang-Nunson 3 %, Canny
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1. A&

- G A ol A(edge) = H = @h(gray level, intensity) Sl FA31A W= FEoH
A9 AARE At AAE AEFLEA A N A4 GdE D(image
segmantation)& §°] 87 & 5 ik WoF 4 “’ﬂ Fgel led Jgk} ]1] 7}
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T3 AR AFEHER oA RS AE 2 Aok AF7A AT A NAHAE
H 2 2= Sobel 94HAL Roberts $14FAF == Laplacmn AARR}S n] o /] HHY ol
=4 o]E2 FA5o| gl @t A4 A= AR TS Fsol 28H ERE 9
ol thsf Al = oA X&‘Eﬂ' 24EE & 4 9tk (Gonzalez and Woods(1993))
Aol ] AAFES A% BAF H 22+ Bovik, Huang and Munson(1986),
Huang and Tseng(1988), Thune, Olstad and Thune(1997), Lim and Park(2000)5-°] Sl
T}. Huang and Tseng(1988)-2 W3} &4 (change-point problem)ol A #-8&3F =0 84 (
likelihood ratio test)& JAo ARl A E HE3Y AL, Lim and Park(2000)-2 ¥4
Ao o] E A (two-sample test) 2l Kolmogorov-Smirnov 3 A, Wolfe-Schechtman & 73
£ ALt A AE AESPed F Y 2T Ao g1 AA st HE&3k=d of

=
=

2] &-©] At} Thune, Olstad and Thune(1997)-2 Aol g} E A EEZES EFRFoR

EH@3t AAE AL volegsEd A4 /M3 E HE5eA g A oA HAE
Ho] o] & & 4 gt 89 Bovik, Huang and Munson(1986)2- o] 282 F 7o gl 4
22 AR (Wilcoxon test), W T ¢F A7 (Median test) S0l 7|23 o A A& S A ¢ls}
At ol52 T B4(ol A % o] (edge height) 2} ¢ Al gh(threshold)) & A& 3k o A&
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destgled dAGS AdsAZ] dAu&z FFo=2 A vgof we} oA 7} Dekx

A e oJZE AR, AFAA EAHA 4T AT o] BR BREHA A
? £ A&t A} S} Bovik, Huang and Munson(1986) 9]

A AY oA Eo)ReE AMESIY] dL AR s ARASASS AT
1%;%% Ho A F] dAu &4l Ff5Eol 93 243 YA RL At oA g7
S BRI YA FRFEEE T TEAANA AGH EAA AAEES 729

BOVlk Huang-Munson 4 % (Bovik, Huang and Munson(1986)2] 9= < 7 A), Canny 494,
 Sobel A4LAHE ©]-§ & i He] o 2] ¥ (edge map) & F31o] o ] A& e Hlmatch Ef&,
Bovik, Huang and Munson(1986)0lA] & dtA of2 AAAQ oA AZ AT aloA] 2
/\é_‘:ﬁ. o}:;ﬂ o7 H]_u_ _131_ 4'5‘]—1:}

utebA Al 28 M= 5 AR FBolAN @IS FAR T AL 278532 A 3P o)A
£ A7 FEE F718 B8 (sample image) 7 91 = G4 (synthetic image) oA o]
B AU E0 A nndtil Al 42oME d2e Bt}
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B Xng, -, XKonE2 44 AGSEZE P (z) = Flz—m)3 B (z) = F(z—p)E HE
gERXE ]E} kAL 71K N =n?o| 3 py, pp B2 o] FEFolth
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webA, SAE FEFAANA o3 Zo] ZHEe e 4
Ho, + po—p1 =6 versus Hig @ po —py <90 ‘ (21)
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Hop @ p1 — po =96 wversus Hyp @ pg — pg > 0.

ek 24E AR (A} S (BN 5ol 671 FAESE suTH 42 ofF] T
FeEe AADE Adh

o

A A(2.1)00 03 Hi ol e Hoo & A7387 93 445 AZ2 okt 2ok

Wy = 21251 RiIAi:

AN R E2 AY ol 14,2 R € {A1,--- ,An}OlH 0, R; € {ANny1, -+, Aan}ol

© 1olch
Aok H g er A2.2)0 Fol 7 Hypoll e Hepe A8 AT AATAFS

s 2t
Wg =7~ Silp,,
7N S;EL B2l 90 Ip, & S; € By, ,By}ol® 1, S; € {Byyu, -+, Ban}ol @
001t} THebA] Hoo(5E Hu)S 4437 2 BAZL
W* = max(Wa, Wg)
otk No| 29 EEshE EA

. Wi —E(W*
2w = Wi

2 Ho, (or Hop) 8t A A FREE ©ETh A 7|M E(W*) = N(N +1)/2, Var(W*) =
N2(2N +1)/12. 595 adlA Zy-©] Za/QED]' AW Hg, (or Hop)S 71Z3F3 of| A 7}
AT 2L WAL 7NN 2422 P(Zw- > zay2) = a/2& BE3E= dA G Th
(Conover(1980))

2.2. T HH

SHE A3 B A7 N(u, o) % Nuz,03) 23t 342k o714 of = o3ekat 7433
A A 21)0) F1 7 Higol St Hoo & AA7) 93 AR EAZL tha7 2ok,

_ _Ap—4;
Ta= 5,57
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A7N Ay = Y, AN, Ap = Sl AN, 8 = {05 (A - Au)? + Ty (4
Ap)’}/ (2N - 2).

goh M e o 4(2.2)0 7012 Hyol e Hoe 2887 A8 A4 EAZL
o7 2k

_ _By,-B
s = gami

4714 By = Zfil B;/N, Bg = Z?iVN-H Bi/N, 52 = {Zz 1 (Bi — BL) + Zz N+1(Bz
Br)?}/(2N - 2). olo] $A% Ty (F& Tp)E- Hoa (or Hop) 3HolIA A7 2N-29) 1%
2 2tk 289, Hoo(FS Ho) e 238 SAZFL

T* = maz(T4, Tg)

FolwF aollA T*o] AHFE 2N-291 t2 X2 t,/,(2N —2) 2ot 29 23 & Hoo(F2
£ 71ZH8th o 7MY, 0 (2N ~ 2)2 P(T* > tq2(2N - 2)) = a/2& W53t A

BAoM e A7 =% 45 % A7 TAA 9l 712 Bovik-Huang-Munson 4
73, Canny ", Sobel 4bAE o] &3 Wl holl oA A2 A5 wasr|fs 2294
AxFAE 7HA T A& gk & 310 T AA] FEE F74sk] &9

Aeoh 7H9-A) -2 (Gaussian noise) B4 o] 00]2 Fold BEHAAE 2= 3
S5 A 718k @i 982 FE(impulse noise) F/42 2559 A71E A= He=
Fol R BAATGER Aol Frhste} deth ZRA G0 £ oo AT FEH)(
SNR (signal-to-noise ratio), ©%:dB)
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SNR = 20log(25/0)

2 vehie) 7)1 A 252 Az Gl ZHEE el A elold o? L iAot

2= v 7] 494 & 3.1 Fol A AAA FEe 7 e el s 42
& ook 21 310 AFel ASH 4T 2 . (b
I ()= AT, 7}—,—}\] o A& G107 JE2 AL 10.10] 748 FEddelnh EF
AT AR-L 59942 0.059 A AR89 3L, Bovik-Huang-Munson 3 A2 &3] A3}
A FA T 3/4= ?Ml o2 AR§8H3SL Canny W2 )% 9 A F(double threshold)
2054 402 AH&8H3.w Sobel WA= FAL 805 ARSI 19 3.2, 3.3 2L
3.4% 247 119 3.1 (a), (b) 28] 3 ()2 R o x =] 67} 15, 10, 1591 A9 281 2091
B+ ol AfAPE oIk Aol el €2 1 3.2 Canny W& AT ZE W



& BENA A FES AT olFE FAY 153

Mol vad o AE 2 e HolFx Y 39 33004 95 NS T 34
¥ o] SobelH H T} o x| 5 b ok 28y 29 3.3 (b)ol A EXol T 4

AN E F7ko] Heo] AETL ¢ 4 vk 79 329 1% 33914 B%o] Canny ¥
Mol A Qe I AEL thE PN 3 A ERT 7HsA tebideh. 014 Canny %

W] Non-Maximum Suppression ®8 3 o] F A A g AFR o] 7121 8tth dBA 7S oAb
A de a9 348 948 44, Bovik-Huang-Munson A S A e T A4, Canny
1831 Sobel ] BE FLo gltsle] oA HEo) okE S o = gt

ANAAESHHEY F4 BAeHlaE A8l 64 x 64 2719 AR FAE 71 AP
t}h Az G2 st AR E gt glon oA PFo gl FEHEL 1150]3L L8
Zol Qe FEHEL 1400 AL G (step image) oIt DGl £ 3.1 Sle Fe= F
7hete] @2 FE el tis) ARAA A2 A thF Ze] 7o) ¥ Pratt(1978)9] Figure
of merit(PFOM)Z #| 4F3lc}

AN IN2 Ir, 1aF ALY 18 a2 424 AA A9 A9 o Aotk 17
A diE ZEAEE AR oA A o] A ANAFTL] AZolL f= 2AD A dd 7
AolAe 1/9% stk Z A SR AN AGRS ZEFAANA AAPE L7149

3 AHgHE B2 YIS AHg i)

E 3.2% § =10, 15 28] 3 209) 4% FE2o wel 10009 F22 YA 85
AA, T A4, Bovik-Huang-Munson 7 3} Canny %¥, Sobel B¥ 7] PFOME A At
Fo|t}h o]REEE Y=< AA, Bovik-Huang-Munson A& 21 E o HA ¢lo] "’ﬂxl
AEol AEL ¢ 5 Yok T AR Canny WL 7H9-A) ok 5 J Aol Al = Sobel ®
Bty £2 4398 142‘/} AHE A gD AE PFOMS X 71 Yol A o] ojA& C’EL
T Ut
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3.1 oAV S 2P H

£h R SNR
Je) | BE | (228N

G20 7} Al ¢F 20 dB (2.5)

G10 | 7F$-AI G 10 dB (7.9)

G5 7F9- ) ¢t 5 dB (14.05)

10.1 dd~ | 0.1

10.2 d”A | 0.2
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Sele ol mE ARWOIA UEAY AT AR T 29 Ags] F3 I
oA AT FLL AARNINAN ol Aol BhE AHGoto] A 54 5

oA AAEATE At folszel A 2B GAR @IS ARFE @
Joek ol Y7k ASEEES 2

v BRGGNAM FAA A4 71€2] Bovik-Huang-
Munson 7, Canny*$¥, Sobel A 2bAHE o8 i Fte] oA W& B3k A D=4 <
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212 3.2: (a), (b), (¢), (d) 2T ()= 1% 3.1(a)0] Y=

& AR T
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1% 3.3: (a), (b), (c), (d) 28I (e)& 27 3.1(b)ell €7 A3, T 273,
Bovik-Huang-Munson 77, Canny ¥ 28 2 Sobel GAARE A-g3ko] G2 oA
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19 3.4: (a), (b), (c), (
. ? , (b), (¢), (d) 23 ()= 219
Bovik-H _ = 2 3.1(c)oll g=< AA
uang-Munson A, Canny %3 181 Sobel ¢AALS m%ffﬁ;} T@%@o;] -
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e g dolA oA HFEE AT o BE HA
F 3.2 SR w2 5717 ¥E7Ee] PFOM 6] Z(1000 BHE)
=) WS
4F< FdA | T A4 | Bovik-Huang-Munson 2% | Canny " | Sobel®}H

10 1 0.997 1 0.997 0.996
G20 | 15 1 1 1

20 0.970 0.974 0.983

10 0.982 0.922 0.974 0.909 0.390
G10 | 15 0.681 0.716 0.680

20 0.225 0.242 0.308

10 0.614 0.341 0.619 0.212 0.186
G5 15 0.296 0.338 0.308

20 0.100 0.110 0.149

10 0.982 0.150 0.948 0.154 0.181
10.1 | 15 0.982 0.135 0.948

20 0.982 0.161 0.948

10 0.843 0.143 0.778 0.147 0.166
10.2 | 15 0.843 0.134 0.778

20 0.843 0.140 0.778
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Two-sample Tests for Edge Detection in Noisy Images

Dong Hoon Lim" Eun Hee Park?

ABSTRACT

In this paper we employ two-sample location tests such as Wilcoxon test and T
test for detecting edges in noisy images. For this, we compute a test statistic on pixel
gray levels obtained using an edge-height parameter and compare it with a threshold
determined by a significance level. Experimental results applied to sample images are

given and performances of these tests in terms of the objective measure are compared.

Keywords: Edge detection; Noisy image; Wilcoxon test; T test; Bovik-Huang-Munson test;
Canny detector.
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