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Abstract

The edge, a discontinuity or abrupt change in the gray-level or color, is a fundamentally
important primitive feature of an image necessary for the image analysis and classification. Two-
dimensional 3x3 compass gradient operators (ex. Sobel, Prewitt, and Kirsch operators) are
commonly used in the edge detection and usually detect 8 compass directional components.

In this paper, we present a new interpretation of the relationships between the resulting 8
gradient magnitudes and the 8 intensity values of neighboring pixels which are covered by the
two-dimensional 3x3 mask. It is expected that a new gradient edge operator may be designed
by changing the eigenvalues in the transform domain and the fast optical edge operator may be
implemented by using the optical system.

I. M =

97

edgeE o|&3tel g1y 4] 49 e =& 2

gao el wol(gray leve) vt 4o pHpae g

75 HrE AL 4 Atk EY edged o8 3

H3lE JehlE edget 3] olalle} EAMel e AR % (picture segmentation) o tb HlolE} 3} (data
A Hag dzxAq 4 EAFA sz olF

compression) Soll% A&}
2 73] edgeoll WHE e

*IE®R, AEILKBE BTAR BT 186

wEEel wEs e

(Dept. of Elec. Eng., Sogang Univ.)
BTHAF I1986F 98 418
(% £ A7 Adgoisgta Fadd Hdetd FHAje

Az ofelal A4)

(97)

Ae| FF-2l edgedAtxpr ALEE 3 Qlth ) o] 5 edge
AAAR FollE 3 X 3 mhAd (mask) & AMRSeE com-
pass gradient ©34F2F7F l+=dl, Sobel,
Kirsch @1Abx}5 o] o]oll 43k}, ©] compass
dient A4bAEL 82| edged 2T 4 U

Prewitt %

gra-



98
B =golde g8 st ">, j)ol vtz F
Ae 4% w 2 BAAL A dHy st 3t
o) o] wir)e} 8upake] mlaae] o4t A tele
BAE Azg ez sl aa b
II. Compass Gradient Edge QiAMXIel (22
AR
¥ Aol 4= compass gradient edge S1Ab=H?2] )
2F #MAE st WX 2glar g o] Foial 8
ul3kol edge F& F-3t+ A o] circulant matrix ol
9)s] &=, circulant matrix+= Fourier trans-
form matrixoll 28] diagonalization® 4 i A3
of call =3t ¥ o] F WA E o]& 3} Sobel, Pre-
witt ¥ Kirsch ©<d4bate] W3l ofodofre] Nz
A Hall =3prls gt
Direction Sobel Prewitt Kirsch
of gradient of Ak =}p of A} =} o Ak}
1 2 1] 11 1) 55 5
N 0 0 0 000 -3 0-3
-1 -2 -1 -1-1-1 -3 -3 -3
2 1 0] 1 1 0] 5 5-3
NW 1 0-1 1 0-1 5 0-3
| 0 -1 -2] 0-1-1 -3-3-3
1 0-1] 1 0-1] | 5-3 -3
w 2 0-2 1 0-1 5 0-3
11 0-1 1 0-1] | 5-3-3
[ 0 -1-2] [ 0-1-1] [-3 -3 -3
SW 1 0-1 1 0-1 5 0-3
L2 10 l1 10 L5 5-3
-1 -2 _” -1-1-1] [-3-3-3
w 0 0 0 0 0 0 -3 0-3
L1 21 1 11 5 5 5
SE -2 -1 0] -1 -1 0] [-3 -3 -3
-1 01 -1 01 -3 05
LO 1 2 011 -3 5 5
-1 0 1] -1 0 1) [-3-3 5
W -2 0 2 -1 0 -3 0 5
-1 0 1] -1 0 1 -3-3 5
[o 1 2 0 1 1} -3 5 5
NE -1 01 -1 01 -3 0 5
-2 -1 0 [-1-1 0 -3 -3 -3
(a)
N
Nw NE
w E
/1
SW / SE
S
(b}

(98)

1987 18 BFIBEARE £ 4% £ 1%
pO0| p1|p2
p71] i) p3
DEE-Y p6]p5S|p4

(c)

g, Sobel, Prewitt % Kirsch o14k=}
b) bz e] utgk  (c) WS sha

(a)
(b)

Fig. 1. (a) Sobel, and Kirsch operators,
(b)
(c)

Prewitt,
b) the direction of a mask.
c) the pixels corresponding to a mask.
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Fig. 2. (a) the mask in terms of h{i).
(b) Sobel operator in terms of h(i).
{c) 8directional compass gradient mask
in a matrix form,
(d} Sobel, Prewitt, and Kirsch operators
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