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Abstract

Wars are exposed 1o the high intense electronic-magnetic environment in the future.
Varieties of passive and positive methods will be used for hampering hostile actions in the-
battleground. So there are higher and higher processing requirements for infrared images
whose SNR(signal to noise ratio) are low and its background and objectives are difficult to
distinguish from. One of the requirements is to extract edges of objectives in an image. But
traditional methods are not easy to extract explicit edges of the objectives because the
contrast of the background is near to that of the objective and SNR is low in a picture.
Wavelet transform brings a breakthrough when it is used for edge extraction. After
multi-resolution wavelet analysis an image are divided to some wavelet details and
approximation images. The wavelet details give some information of edges and noise in
every scale. On the one hand edges in coarse scales are abundant. and they are localized
well. But they are easy to be distorted by noise. On the other hand edges in fine scale are
not easy hampered by noise, but their localization is not good. So edges can be extracted -
explicitly by fusion of the multi-scale wavelet details and denoising. ‘ ‘
However, Xu et al noticed that involving more than two scales in direct multiplication have
a negative impact on the result. ’

Firstly, Some pre-processing methods are introduced for the character of the background
and noise of the infrared image. Especially a topological median filter is given. After thata
new method for detecting edges in an image using spatial and scale-space domains are
proposed in the paper for Xu's problem. A priori. knowledge about geometrical
characteristics of edges is used to assign a probability factor to the chance of any pixel
being on an edge. An improved double threshold technique is introduced for spatial domain
filtering. Probabilities that pixels belong to a given edge are assigned based on pixel
similarity across gradient amplitudes, gradient phases. The spatially adaptive wavelet
noise-filtering algorithm is qualitatively and quantitatively analyzed. The result meets the
expectation.

Key words: Infrared imége Edge extraction Wavelet transform
Topological median filter ~ Gradient phase
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@) ZREMGE:
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3.4 RERH ) FNRESw () H— X EEMR
RSy TR A [ O T (), (6) BB FEATE R B R £ A
OB R 2 4 R O AT R AR S L W, ) i

¢/—I,k (’)’¢j‘k (GFl WV, Q) [ BN ER R

¢ea-f2mmgm A 3.11)
w(—) \/_Zh.m(z,_. (3.12)
Bk K Bk

J24Q20) = Hy(w)d(w) (3.13)
Y2y 20) = H(0)¢(w) , (3.14)

1 w), () 2 ¢(0), w(¢) B Fourier %4, 1l
Hy(@)=) hye ™ (3.15)

H ()= thke_'lkw ’ . (3.16)
EAVS R Ry, T R 5 Fourier A8H, 1L 2 m 2 R R 4
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B P= DIy o) (3.19)
SEBTE el
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Lo Siﬂ(%)-) |
p(w)=¢ * o (3.23)
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E3]1; 4
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P RUBE T FR RO 5K

pQw) = H (0)¢(w) (3.25)
w(2w) = H (o)W (®) - (3.26)
RAXE

Hy(w) Z%%:e_,a—; COSB(%) ' . (3.27)

HIIE = 4 o 301 25 38 cos 3x = 4 cos’ x —3cos x N 4l
IO N | 3w W
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w ™2 o e .
Hy(@)=¢ 2 cos-‘(%’-);'g4 [l(e Y 42 )+%(€2 te 2)] (3.29)

zé[e"’” +e " +3+ 3e“"”]

B
1,33 [

H(,=§z+-§+§z"+§z (330

M) i oy e B

{$(@) '] $(Qw) F+lyQw) (331

B FCAR I B 0 e 2% B

S | Ho(o) +| H (0)f=1 (3.32)

28R Hy(2)H,(z )+ H(2)H, (z) =1 | (3.33)

HRARXB

H(2)H (z"y=1-H,(2)Hy(z™")

ol 6 B M8 L 339
64° 64 64 64 64 64 64

The Pl s 0TRSO R, S al 20 .

4

H(z)= i h(n)z™" : (3.35)

n=-2
FEN ST 4 3 i B BORAR RN A] & 3-1 JIPI R E F
£ 31 TIRBFEEDBEEHBREY

| B h(n)

-2 0.0000 - 0.0061

-1 0.1250 i - 0.0869
0 0.3750 -0.5798
1 0.3750 0.5798
2 0.1250 0.0869
3 0.0000 0.0061
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wf LA -4k
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a fREMGE, b, b, 5 USRS Y BARBRIN AT o

BE £ (x,0,) f8 ARSI TR B SR 2 B A 4

(D) BHAE: VO(x,x)dV0(x,x,)

Q) BYHH: VO (x,x,)=V00.15)OW 2 (%,x)

(3 stk NV =0y Ur® =R

4 ZRESE: fx.x)er? f( 5y YeV'y

(5) PIBAEE.; ﬂnx»ewﬂﬂa—ma—mnVP-

A B A T VP (x,x) BT, R R IR S L4 f A - 4 7 Tl
V() V,(x,) K BEAR
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BTt SR R B 28 (o, x, ) 256 T WG BV BT B TR A0S 4, 0 (v, x,) A4 BT 0
fif 1 '

P(x1,x,) = p(x)P(x,) , (5.3

FE, wRDEREo,x) RIER WD (x,x) PHESELBEZE £, W
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w(x,,x, ) ] SRR

WX, %) =w(xw(x,) (5.4)

5.2 T4/ TR S E A G

NSRBI RRE R AL, LA T B R R R T £ AR iavs
B, A%k, WREHEESRAA AT F, FiE, BE, B9E #
_ o WH, BB Ui Corientation) FIKEYILZCHL, BOERISICRIUGBEE. Wl
s R BRIERIE R ET R, BN AULG T E . ARBERE T RIE
TR A MR, SO KT /D o i AR 5T 711 Canny §T ALl SIS IREE X,
BN, MBI gk B AR (Canny BT RIBAXHFRMET) [18).
WMmeﬁ%%é¢&§ﬁ¥REﬁﬁkmﬁﬁwom%m%%ﬁ%ﬁ%%%ﬁz
Ab(ULER R AT ), TR AT CASR I P08 e 0 - B 5 20 S AN B R

B 00k x,) e T ST BB [[00x.x,)dbxlx, # 010 MW x,.x, WA Ti 1o 1B
SR A M AN
00(x,,x,)

' (x,x,)= (5.5)
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W (x,x,) = 20T (5.6)
° ox,
54
e L (57
Ox,
(’)(xl x,)— m(xn xz) 20, (x;,x,) (5.8)
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e (R MR, TR L

J(CBALL ’(x,,x2)~— if f(u,,uz).,/("' 4 x—’:Tul)du,duz (5.12)

SR AR LR i e K
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Mod[WTf(a.x,,x)] = 1TV f(a, %, x)F +1WT? fa,x,x)F ' (5.14)
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BEARXERETFEB X

ShE bREMR ST LR, MR K, KNGS, ASCRAIBEE ML B, 3R

5 B 2 R 2RI R 1 [22-24]

() BRI NS 8 B FRATHANEE RS, B BRET I 4/ h gk
SME, ISR FE S R AT AT, Hh T hiE R AR

@) BEIRRE R ETFERREOES M, B b S RE R %A P
o LB KB, R R W S R gk L R A A 1

Mod[WTf(a, %, %,)) = IWTV f(a,%,.3,)F +|WT® fia,x,x,) P

WT? f(a,%,%,)

ArglWTf (@, x)) = tan” s ]

(3) FERE K AT R B AL EE . 8 -2 AR S B AR A i R SR TR AR A AT
HEIBT A T SR TS . T SRS SR AT, LB E R
UH NG, T A ARG B/ o VRIS PR B SRS BB T 2
i, B /ANERSR R SR B 8L B
Cad R Imi: BRI B T DABOE X E T 4 MK -,

BN RIS TN LTI, — B R E. X 4 MR AH
HINIR EEEE 5 R 1 7R
F5-1 AR BEEAMNREE T W

1 3 2
I X 1
2 3 4

(h) TIPRBIfEACEE: SEBEIPIRBIAE T) R T2, T1=0.4¥T2, BAHEHE
VBT T1 BHEFEKE RN O, BUEIRME KT T2 MR E A TR E(seed).
BEIEME € (11, T2) hilBRkig# (candidate) . RV FRESAM
kg EEP. BHUG%. W THEREES (T1, T2]RA%RERENE
IR SR G A% e LR HUA S O e A1 MU RB A SRR
AP E S

HMTFHER-ARE p (6, a), BMNELHBBENTWL
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Ap(AG ,Aa) [25-28]
Aa(x’y) = acandidal: (x’y)' D eference (X.y)

AG (x,y) = EM&Y_)
G refereucc(x’Y)

Hir candidate fJ& reference £ 8 4ARIEIMI S,
X4 Similarity(G gy iitaiy) LELBREES
E AR F IR AR A (25] [29].

1 |AP] < Pimitar
Similarity= {1- AP Pamia 5 Ak
Paitrerent ~ Pimitar

0 lAp'>pdiﬂ”ercnl
K , ‘
p different REFFHEE B /MELE UERIZERENBS BRELDINIE
.
P similar /R PG R M B AN AL UG IR IR EA RS E 1R E LRI H0E
FfiE .

BATUFTREIE RN SERE, SIHE 8 SURHBFE N RE
% #. Similarity=0 BURER A LI Ogpu, =] MR IES: g,

00, 112 Tl BRI AR K A LU LEBR S IR AT b BB IE MR G, =0
1REIRE L, gy, =1 RERFEB T R TRRERREANT —RUH

RIG LA - - AR IR E N BB H, eIV 8 WHNBEARERER

(@) LB A D SRR FREA SRR RINLEREES, SE8NIPREN
WEE, LGB RS SRR TR, R RS

(@ )MZ L W A I B S TR =T )I‘Kltﬁ*&kﬁlﬁlf#ﬁ, 2 ] o BB A

I AARBUI e TSR F N BRI AN T B A B, B ERR
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£ v H/HEXFALTF LR

AR BRI IR E J (x v );
(b )X J HOLSK B I KR A TR 5 +1 SN TR Pl A
WAL w X w IVERREE B, w ik M EAE A, iR UL R XK s
BRI ARG, T J +1 4 I Al b T R, 180 +1 B
HEEBE §+1(x,7); s
(e)TE(b)EF j =1. Wit Lib S N ELGRGTE, REBBIEE S RE
S B R E T RGL % BRI, DT R TR A
IR AR, LIRS 1 10 0 PR L B PRI 9 B, 1L
WS BB P L4 e
LR
HAI4E MATLABG. 1| ZRiFFFIE T, A 0 =0. 5 M (Gaussian) R —Mias
RIZ B2 A Sy N BB o different IX 45° , a similar BX 10° oG different
0.7, G similar B 0. 1[1]. ’ '

F???$§§?iiiwﬁ?f§f§
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£ H HE X F H L+ F & % L
6 EAMELERA A4 |
6. 1 ZERITHAERSIRAE

BI040 BT T LSS SRR

PEfleZ1 %) (characterization): HH8 KA STIL AR 2 BN DO IR, Wik
T BT R4 B B A TR 10 PR 9 S R IR 21 F R B BRI

YA LERE Ccomparison): HERURISEV (14 M4 st BURINTIORE RS, LRSI (E LAk
T o A SR SO 4T 0 0 :

SOBRIR V% EG 4 BB TR 08, XA T R0 VR T s
VO, SR, RRLI32-340. IR B RUAIRSEHE RS )
[36-37) B8 Lo RATARBAKRMFRER Canny KW A, Canny FTH
L0 B4 BB R B8 B (LK Bl BT A, A UL A
- MREREERE A . RIEMER, - AR S T R R = A ek
H[41]): ,

O  MEKIRHE, BT 0L Tk BT L L

@  ERCEME, BRI (I R0

®  MEALLEME MR, R R

RS0 57 F SRR, DL 1L

6.2 RIS

() stk

b IR NEGREN B LSRN, LSREBGE L%
HEK CYReE G P ERILLGNNE) [41]. XELE 5-3, B 54 f 5-5,
€] 5-6 BT I8 5-5 B R EE L DG A S-3 OB BRELLRK. B 5-1 hTR

43



£ F HEXEHR T F LB

BURYITEIR] 5-5 el W, FOH 5-3 sFOBRAARUL. ASCIR Y A EW B T AN
.

(2) {EPEREZIRIE B BT
PRME= (FMREEAERI[30-32]. fFURLLARA, BEMUGAERE. XBERL
SNR 52 SNy

0
| 2 k)| ,
SNR,, =SNR, ,-C,BL.C, = —= 6.1

ot = nput o
\ ZZ R (k)

O h() AR SE N W RSB BS IRk E,  SNR,,,, (ARSI BG R S E0RLL,

o AL IR Iy 2. U G REBEARAT Ko

RSN R R M C =1, 57

FRAEVY . B REMENI[30][31]. A% L T 5E X

IAC] '
L=5NR,,, -C,HC,=—= 4 (6.2)

inpit oy

H(x) B h(x) S8, LHKRERMMEEY, ¢ R EEEaxX.

ZRBEEANBIC BRI C, =1 42
FRAE L Ft g AR [30][31 )0 B4R A SR RTT - AR, B BT By
RSB T LA TS C, h

Sum |

= (6.3)
Zhnl(k)

C=2r
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K (x) 1 h(x) T S E
IRBESR N Cy=3.02

(3) fetkRsLbBmE BT ,

BRMEAI3]:  FRATET LB BB A ST 1K J R RR Canny J7 EFEALAMEIG 45
BB RIS (0= j=5) ARl I 5T 1104 AN R 40 % (UL Canny Sk T
1% NVBAE S b dE) P E AR R BUH HE S LA

CX6-2 I REI AR R EE AR SR
SR A T K 3 AR

I Bl SR 204018
=100% . : ,
B GG O FB S ER LD 34920
=17. 11%

Canny JiEk (1=3=5) RMMOLEKEE (N GEGQRELED © 40417
=19, 81% » .

Canny FrHEG K S REUKBEE LA (FIIBARERIH): 11903
=34. 20% '

A STk = S ORBMINA GG E Gl IR BB R LF)D: 26525  =13%
SLHERFYHBAEGEESRE GVEEILEBHLLED. 13740
=39. 35%
EROTEPRENRE (HREEREEELILED: 4066
=11. 64%
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v HEKXKF AL F LB X

TR ME Pl R Bl B AR

It 3 ) 1% #
221200 =100%

B A %% (5 FBEL&FHHA:
24011 =10.81%

Canny Jiidk (1=j=5) RBIEAGE A QR B BRERLHD -
60326  =27.2T%
Canny B £S5 REILFBRESCRE (N IERAEGQRLED:
14128 =58.83%

ASCJi: (1= 3=5) RRMEAEEE QN EKBEELLED:
30069 =13.59%
AU HEREL FEAZERESEE O EAZERLHD:
16235 =67.61%
R RERBRE (R L R R
11146 =46.42%

W% 62 T LA IR AR GRS, FOECRT %, BRI
GBS, LIRS

bit-b: LG SO R Canny T iR 1K) 30 15 36 5 T3 b 1 24k (UM L35 0 i)
BRENKE S BRI FRED.
MSE=—> 3" fg(m.n)-fm)f 6.4)
HW,Nﬁﬁm%@?m¢ﬁ:Nmﬂﬁﬁﬁ@ﬁ%@%%gzﬂmmﬁﬁ%ﬂﬁm
BLZRFE KL
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£ F R X F AT F 4H R

K673 PRICASIR Y TR AL TR (R dne AN 28 5 e 2 LA

Pl {4k MSE (5 4t ) | MSE (P EE D)
%)

A (1=j=5) KWWMY |87.7 92.5

GIRE

Canny J7i% (1= j=5) Bl | 125.5 149. 2

SBRE

AR AT R A R B 5 IR LA (R 10 A BE ) R 2 L Canny Jiik (1= 5
5) RINIIABAR .

PR R L | :
R U TE AR B S5 R B2 ., A ST ZER IR S0 0 TF Y
HREK P 4B B, ATULL R SRR (T oD, [411(42)

P, = [P(t| edge)dt (6.5)
v ]
P, = [P(1|no—edge)ar ' - (6.6)
T . .

R61 ORI S G K M L L
SHEHE AR

£ 5 £ £

(3

ATk (1=3|39.35% | 60.65% | 67.61% | 32.39%
=5l
B %

Canny FiE (15 | 34.20% | 65.8% | 58.8% | 41.17%
J=5) Kk
BRE
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bidfidL: AR
EAYE, AU B0 4 HERE AL R T B k. — R E ik
ML LLBOFIE, TR B R Rt R B ) RS BRI R, BT LAY
FRIEHR[38]. L £, (x,») RAVBE (x, ») MU N (x, ) FESPIIKIE, g(x, ) K

AR B e, ) AEOOBBRE, A BB CABIAE 15 2> RIBTRREARML SM i ) F oG5

[39]{40]:
SM =y Sgn(f(x, )~ fiy (%, y))g(x, y)Sgnl f(x. )~ T] 6.
e Sgn(x_t)={+""2’

-Lx<t
&£6-5 KWWY
SHEHTE T EE

A (1=i=5) | 76.11 68.08
SRR ‘
Canny fi% (1=j= 7839 116.88
5) TEIREE

6.3 it

AEERWREBEORELES FNRERT 4) HRMSEREGAHELER.
JRIR T e UG MERE XK. BIRHAREAY BN (KRERLRETL Wi
WKL) A UE AN B RT, BB A A RAEER -l iRl
Chs AR, FHEILS) R DR N, SRR A AR - Hd
St BN GRS R, AN S R LGSR P SIS R T 1k, REBCATIN
WAL, BT BB AR R R B RIRE AL R, R EREE.
UdﬂtAVAL%H{7LLﬂ]ﬂi$F“Pﬁﬁﬂﬁﬂi7fﬁ?$ﬂhtJﬁkﬂiﬁEEEEﬂ@d\&kL&*&i&ﬂXﬂ@)“iﬁ- AT
W LE e/ 2L EHRIX R O VR BB P P T o BN S IR 45 R W AT &0, i8S

R e IR A R AL O E T
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KA ERRAIRE o AR DB SR RS 1S UL R R
AR FRBEENEL, ABEERC. il TS Fi
BEANRIZINTHESR (KL ERRKLEHLRES) MREAHE. XEFE MK
o B BB BT, BB AR A -1 R Bah, (EREMRLL AN TR
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P MK X F AT F LB X

1 ZieERE

1.1 B4

LA BRI R LA AR R RS BB R . T ALH R o R
SMNT R IRHCH T B AR BEF B, b LR RE G S B TR .
RS S BR AR IR BRI J TR 1 T L F -2 T 4R
(1) BT T L0Ah B ARG TS 5RO A5 O 20 AL SN BB T LUFEAE,
e A R, R L W, TR RN B TGS B E b
SIS B B . 7E ARG P B SR 4 b SR Fh SRR e LB
Ao LRSI ML T T BRI M, DL %A SR it
fEBE R B I B

(D) SRS BT T HO OB - AT E A S A e
BRI % RSO T B

(3) WITLT NS RAE LU SN T o) e, WRASES SR, EAR IR R H AR

Wi ARMER . BT H AR AT RRSRE R, RADEER D

LA, FESHTMS S o B 1k 7 T e /N B R 4% N igl 2 8 B /N g
$iM%T:&B#§¢ﬁyﬁﬁ%ﬁ%i&#%&ﬁ%ﬁﬂ%@@ﬁ%
MG TS e B S TR M LE 25 () JA 5 SR By ok HL A S B (e P 68,
LRSS 2 A & o JFR BRI TF 38 2 R Fe /Mg R B 50 9 2414
R I A AN B R A, '
(4) FeiBH/MpAE s B G i R A R BN R AR Rl & R
WIS, ZEAAT T BB, B LR RN £ R SR B
W——F BRI FAE AN R E AN AR, BB EA REER .
i L T R SR R BE AN AT T, B B3R R A A6 R — My
Mo FEGEELOA EARBHRRT LN, WA K, KRR AL IR S

1" Canny S-FRBRE AR . ¥X M RS P EEN S SRR ELT.
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CRIRUER, BATHTR A 102050 B b BRI /N B 2 RO SR
PRI R FER SIS R T R AL E BIK 2T

1.2 RE

AT T BB A TR R — 4 ) Kk o MREAR N REG . LUSMERAET R
AU A . EARAE AR 4 R B AR R A R AR T, TG E D
MTEGEERAT.

EEART B ARIC BRI =AM IO, &A% A TE R RLE L K
REARARER. JELEPF TR LU F LA TR

(1) EEXMEAFRR LA PF N ERI LBRIN S IA A RE NI G SR SR R B W BE, K

SWIREESYL S I VE IR VT SRV ' '

(20 WRFLL S MR R B R A T IR B ) i), B i ATR

(3> WIFAEEEMWEAEN, RHFEIPHITIE.
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B AT 5T, (RO BT AR D B A T RRIRE . =4k, SImsEm &
HE. TSNS . THERREARRZ TS, TR, 7RISR
DA RIS TP NV 3 R Sl (Y R TR '

A8 SO AT TR AR P, R8T 5B/, IR E A e i3 3 0 il
ARG IR A TR T W 2 A1 Ao R REA ZIREFP R R A
Wish HATIMEEY, SRR BEA R SRITRES, REESZ&EE,

ZEMBIAEE A RRIEZ W, ik, YRS TR BRI . RER
T4 S A W T VAR v SRAR IR I R R R R L5 T AV S . At
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KL RS I TR A
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SCBRET BRI S L o ‘

W
2003 *E 4 AT I [H

52



P AR XFHRET F LRI

(1]
2]
13]
(4]
(5]
{6]

7
[8]

{91

S % 0k

BRY. EEGTHE: 2001 BEEREIEEE. VOL.7. 2002,
ERY. RGBS dus: EERFHR, 1999.
FEE. RTINS D VBRI TR, ()R RIBOR 2R EAE,
2000.

R Ohlander, K Price, D Reddy. Picture segmentation using a recusive region splitting
method. CVGIP. 1979. VOL. 18. December.
XEAEE WHSMR I ERG B RLUE. LAHEAR. VOL. 22,N0. 6

Nov. 2000. pp: 27-31.

Arce G R. Multistage order statistic filters for image sequence processing. IEEE
‘Trans. Si[,nal Proc. 1991.39:1146-1163.

l'ﬁ} R LARMBCREEER. D HEIREUE L 1997, 2(7). pp 504-505.

BESCEE. P 5RO AR o ) e I R 1997.2(9) pp:
629- 633

Silverman J et al. Display of wide dynamicrange infrared images from P(Si Schottky
barrier cameras. Optical Engineering . 1990. 29(2). pp: 97-104

{10] Silverman J et al. Display and enchancement of infrared images. Chap.15 in

[11]
[12]
[13]

{14

Electro-Optical Display, M. A Karim: 585-651.New York(1992).

Hankan Gtiray senel, Richard Alan Peters. Topological median filters. IEEE Trans.

Image Processing. February 2002. Vol 11 pp:89-103 .

KA KRR, —FRER AENENERFES S B PERRE
JE#4. VOL. 7(A). NO. 11.2002. pp: 1113-1118.
SEBAL KA. BT /DB AR {uzlo&lft']l*ﬂ%ilﬂfﬂﬁm] HHEBLL
Fal i) J 2002. 13. pp: 91-93

bkl BRI TR NN b H’TAH’FWH 1999.

(151 i, oREM. J’dleCHlulil.ﬂul})clJ/L ”)L.A #4i. VOL.18. NO. 5

Sep. 1997. pp :583-586

[16] Alpha Keita. ANEANTAEMERAER. (1] HeshRHEEA S B 54, 2001,

{171
(18]
(19]
[20]

[21]

Kayagradde V, Martens J B. Estimation of edge parameters and image blur
using polynomial transforms. CVGIP-GMIP,1994, 56(6) :442-461.

Djemel Ziou. The influence of edge direction on the estimation of edge contrast
and orientation. IEEE Trans. Pattern Recognition. 34(2001). pp: 855-863

WHEMER. BT B RA/DBIOBIGASEN. K1 RRER.
VOL. 24. NO. 3. June. 2002. pp: 31-33

B, R, ETREE DGR GRS RENA.
VOL. 21,NO. 10. Oct. 2001. pp: 47-48

Y.Xu, J.B.Weaver, D.M.Healy. Wavelet transform domain filters; A spatially
selective noise filteration technique. [EEE Trans. Image Processing. Nov 1994, Vol
3 pp: 747-757 .

53



Y EE R N

[22] A BR8E. FBCRHAE LA L b QL A N RE R 1
HiAR.2002,4 VOL . 24. pp: 76-78

(23] X% 545 1, B ENT.  EHRNBEIL SR P BE R H - - EE N .

7542 i P RHE K B4R, 2002. 6 VOL . 27 . pp :294-296

o [24) BRUGIR2LI. SOSERIUER /DN T 2 RERERDUAFR. 7 ¥H.
VOL.30. NO.3. Mar.2002. pp: 313-316

[25) Farshad Faghih, Michael Smith. Combining spatial and scale-space techniques
for edge detection to provide a spatially adaptive wavelet-based noise filtering
algorithm. IEEE Trans. Image Processing. September  2002. Vol 11
pp:1062-1071 .

[26] M.R.Banham, A K.Katesaggelos. Spatially adaptive wavelet-base multiscale
image restoration. IEEE Trans. Image Processing ,VOL,5, Apr,1996 .
pp: 619-634.

[27] D.L.Donoho. Denoising by soft thresholding. |EEE Trans.Inform Theory, -

VOL. 41. Mar 1995. pp: 613-627

[28] Peter Meer, Bogdan Georgescu. Edege detection with embedded confidence .

IEEE Trans. Pattern Analysis and Machinc Intelligence.  VOL. 23.-NO. 12.
2001. pp: 1351-1365 :

[29] Hassan Foroosh, Josiane B Zerubia. Extension of phase correlation to subpixel
registration. IEEE Trans. Image Processing . VOL. 11. NO. 3. Mar 2002.
pp: 188-199.

[30] Dider Demigny, Tawfik Kamlé. A discretc expression of Canny’ s
criteria for step edge detector performances evaluation. IEEE Trans.
Pattern Analysis and Machinc Intelligence, VOL. 19 NO.11 1997 pp:
1199-1211 ' )

[31] Dider Demigny. On optimal lincar [iltering for edge detection. 1EEE
Trans. Image Processing. VOL. L1 NO.7. 2002. pp: 728-737

[32] Kitchen L, Rosenfeld.- Edege cvaluation using local edge coherence.
IEEE-SMC, 1981, 11(9): 597-605

[33] Venkatesh S, Kitchen L. Edge cvaluation using neccsséry components.
CVGIP, 1990, 54(1): 23-30

(34] ¥pde, BHEE. —FRE TS0 KA k. P EREES
W, 1999, 4(3): 234-238

[35] Canny J. A computational approach Lo cdge detection. 1EEE-PAMI, 1986, 8.
pp:679-698 '

[36] Peli T, Malah D. A study of edge detection algorithms.

CGIP, 1982, 20: 1-21

[37] Bernsen J A C. Objective and subjective evaluation of edge detection
methords in image. Philips Journal ol Research, 1991, 46(2-3): 57-94

(38] Z T, Brdirg. —FPIRE B 0w B BOR B k. RS
AL g, 1993, 6. pp:235-241

54



2 F H X KX F R F LB

[39] Sahoo P K, et al. A survey of threshholding techniques. CVGIP, 1988, 44
pp: 233-260

{40] Martin D Levine, Ahmed M Nazif. Dynamic measurement of computer image
segmentations. [EEE Trans. Pattern Analysis and Machine Intelligence.
VOL. PAMI-7. NO. 2, Mar 1985. pp

T4 AR ESMEL dER 0 B IRAL, 2001.

[42] EEM. -HEFEFEES KRB FINE £ RIS QGRIE .
PEBH L3R %4R. VOL. 15, NO. 2, Jun. 2001. pp: 105-107

(43] WHFR . R T HIRRL A R P AR B A T S5 V.
P BHE A 240, VOL. 31, NO. 4. Aug. 2001. pp: 482-487.

[44] BRAEBHA. HERE MR RETR YD FHR
VOL. 24, NO. 1 2002. pp:74-75

(4] AR, RN, AGHURMLLAMERTT AL BURGESE L. I
S5E &8 VOL. 6,NO.3. Sep.2001. pp:133-136 '

[46] #hJkMk. MATLABG6.x FEIMGALEE. Lol : §5%KEEHRREL, 2002.

[47) BB % 31 MATLAB MRS Wil — — DM, B2 20l
FRH R, 1999. o

55



£ P HRHEBEXEFERT F LRI

PR —
[R50 8
[1] Wi, << CORBA T JAVA I FIOP PR A>> HRAGE. o RA.

56



# ¢ # HE X F m+ F 4 # X
M=

A IGH L (Lipschitz exponent, il LE.) «
) AR | RAE R BUR A R — R R, M R
BAE S x(0) 76 1, R HA T

| x(t, +h)—p,(t, + RIS A" n<a<n+l
RoP h BT p, (0 B x(1) 1450 0 KBTR (n€2)0 MFR () 1, A
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