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Composite Edge Detector Based on Multi-wavelet Operator
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Abstract In image that results from the projection of depth or orientation discontinuity in physical scene or from
the effects of illumination and shading. edges are not in general ideal step edges but more typically a combination
more than one type of edge primitive (e. g., steps, pulse and ramp etc). These edge points are termed as
composite edges, and composite edges detection and localization accurately is a challenge for researcher in this
field. In this paper, a composite edge detector based on multi-wavelet is proposed. Take the zero systematic
localization error condition as constraint, the new multi-wavelet function is constructed in spatial domain, at the
same time, the scale and wavelet functions are even or odd symmetric. Theoretically, based on this approach ones
have the possibility of getting arbitrary precise localization for the edges that are composed of steps and pulse with
wavelet transformation. Experimental results with simulated and real gray level images demonstrated the
feasibility of our edge detector, it shows that the new multi-wavelet based edge detector has a better edge detection
ability than Canny edge detector and Mallat-Zhong wavelet based edge detector.

Keywords wavelets, multi-wavelets, edge detection

o (scalar
1 wavelets) o
s (multiwavelets)
s , . .
[4] .
, o .
s (step) s
e (ramp) s (pulse)
s [5~7]0
(60135020 F F030405) ; (TKLJ0010)

:2003-05-23; :2003-06-26



2 135
, . , € L*(R) {op(x—Fk) 1<i<r . kEZ v,
Bl [5] Riesz ., O=[g.@..q]", ()
(multi-scaling function),
I = c,0(x) + ;6 (x) + ¢, 6 (x) O(x) — ZC,}D(ZI b (2)
ez
I=cd() +eid () B Hurwite - C2C e o=
[ 0G@+D 0@ 0G—D", -],
x=0
, (2) 8
S So _ -
W (L% £y (T 5 £y O(x) :ECD(ZI) (3
(Gram) F
, Ixf , .
S0 =— [0 /3(0) 1y o
F = (Q(),0()) (4
) r (MRA){V,}ez,V,=
S @ :J (Xf(t)dt span{2@ (2) « —k) . 1<i<r.kEL}, v,
SO = () W, Y={ddoragi) €
L*(R")
. W, = span{2/2@ (2 «— k). 1 < i< r.k € 1}
b s
. ¥Y(x) = D )D@2x — k) (5)
ez
2 ,D, rXr s
¥(x) = DO(2x) (6)
D=I[D, ;) e ¥ (x)=[,¥(z+ 1",
' ' ' V()T a—1D" ],
° [
° LR ’ C B F, B (6) 7
‘ ¥ ) 8
(uniwavelet) (scalar- CFD™ — o o
wavelet) )
) ’ [—M.M].
L*(R) . 0
(multiwavelet) s D@yt s O
Esi s Euf, 0 0 D] 07
Ey . Eg . Eu o Eo 0 0 D s 0
: : : : : : : : = (8
0 0 E .y E oy E 5y E oy D}, 0
L 0 0 E .y E_syioly.oven L DY, ] vinen L0
M
E, = > CF,_,,j=—3M+1,+.3M — 1, ’
Py Vi ,
F,=(O(x),O(x — k), kEZ, .
® 6M—1 r=2 ,

N:6M*2 ’



136

(k) (k)

dll dlZ

Dk - (k) (&)
k

le dZZ

’ D,

dp o
Do = [ 0 d‘,B’J 9)
(1,

(2)
(D1,¢.(0)+D1,0,(0))?=— Dy @V (0)+Dagt V(0)) X
(D19, (0)+Dype, (0 (10)
D, =1[d,;™" d,; M e T ] =1, 2,
e(@)=le(x+3M—1D),q(x+3M—2),,q(x—
sSM+D 1) =[gx+3M—1).q(x+3M—
2) g (x—3M+1) 1",

(8. (9

(10), Hermite ,

Hermite Cubic :
J(I+1)2(1—21) x€[—1,0)
@ (x)=

(Q1—2)?*Qx+1) x€[0,1]
0
(1D
(x+1Dxr x€[—1,0)
o (x)=<2(x—1)* x2€[0,1]
-
1 3 1 3
10 )
C*li 1 ,C‘): 0 _% ’le i 1
8 8
, (10)
@)t == [ di? - di " = a2
8. 12 9
sznylsD()?D}’DZ
) {0.0580 QHMJD {—0.1740 —0.1534}
103038 0.80384" —0.3038 —0.19624"
7{0.2320 OJ 7{—0.1740 o.1534}
! 0 127 0.3038 —0.1962
[ 0. 0580 —0.1534]
D2:
—0.3038  0.8038

eseer
1O B QWO

(]
1
—
(=]
—
(-]

0.2
0.1
0
-0,1

-0.2
-1.5-1-0.5 0 0.5 1 1.5

(a) ¢ge(2)
2

L.L.
L.L,
LH.
L.L,

L,L.
L,L,
L.H,
L.H,

0.2
0.1
1]
-0.1
-0.2
-2 -1 0 1 2
(b) ¢, ()
0.1
0
-0.1

-1.5-1-0.5 ¢ 0.5 1 L5

(b)) ¢o ()

H.L.
H.L,
H.H,
H.H,
H.L.

H.L.
H,L,
H.H,
H H,

(13)

Wi = Wi + Wy
Wlm - Wh‘n + Wl;)

aH

Wie=((L.H) )+ ((LH) " )?
Wie=((L.H) '+ ((L.H,) )*
Wi=((L,H) " )*+ ((LH)')?
W= ((L,H) )*+ ((LH,) )*

F F-

F<0
0 FZ=0

F F>=0

Fr = ,
0 F<0

W =W.+W,
W, =W, +W,

(15



2 137
Prewitt Mallat-Zhon
M. =W, +W, M, =W, +W, 16 o g
L. @ (x), ’ '
M. =NW,.+W, 0
o M. 3(b)
> o 4 Canny \Prewitt
o Cubic
Ae:Arg[(Wht — W) + 1(W 7Wv_e)] a7 . Canny
, Prewitt ,
s Me Ae °
4 50 100 150 200 250
"
(a) (b)
256 X 256,256 . Canny . 3
(a) Canny (b) Prewitt (c)
4
5 3 0

s 6 Lena . 6

s ,Canny

»Mallat-Zhong

o 7.

8 , Canny Mallat- (a) Lena (b) house (¢) multi-pepper

(a) Canny (b) Mallat-Zhong

6 Lena

(

(e) Mallat-Zhong (D)

(d) Canny

(@) ~():s=1,a=2";(D)~U):s=2,a=2")



138

wl

(a) Canny (b) Mallat-Zhong (c)

7 house (

(d) Canny (e) Mallat-Zhong (€D)
()~ (c):s=1,a=2"; ()~ :s=2,a=2")

(a) Canny (b) Mallat-Zhong (c)

8 multi-pepper

Mallat S, Zhong S. Characterization of signals from multiscale
edges [J]. IEEE Transactions on Pattern Analysis Machine
Intelligence, 1992,14(7):710~732.

Sun M, Scalbassl R J, Li C C, et al. Symmetrical wavelet
transforms for edge location[J]. Optical Engineering, 1994,
33(7):2272~2281.

Beltran J, Garcia-Lucia J, Navarro J. Edge detection and
classification using Mallat’s wavelet[A]. In:Proceeding of First
IEEE International Conference on Image Processing [ C ],
Austin, Texas, USA:1994,1(1):293~297.

Strela V, Heller P N, Strange G, et al. The application of
multiwavelet filter banks to image processing [ J ]. IEEE
Transactions on Image Processing, 1999,8(4):548~563.
Perona P, Malik J. Detection and localizing edges composed of
steps, peaks and roofs [ A]. In: Proceeding of the Third
International Conference on Computer Vision [ C ], Osaka,
Japan, 1990:52~57.

Ghosal S, Mehrotra R. Detection of composite edges[]J]. IEEE
Transactions on Image Processing, 1994,3(1):14~25.

Eom K B, Kashyap R, Systems L. Composite edge detection

(d) Canny (e) Mallat-Zhong D
( (@~ is=1,a=2";( ) ~U):s=2,a=2")

with random field models [J]. IEEE Transactions on Systems
Man and Cykesnatics, 1990,20(1):81~93.

8 Cotronei M, Montefusco L. B, Puccio L.. Multiwavelet analysis
and signal processing [J]. IEEE Transactions on Circuits and

Systems- I Analog and Digital Sigal Processing, 1998,45(8):

970~987.
1971 »1997
( ) .
1961 s
,1991 1993
1957 s
1947 s




