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(The Generation of a TM Mask Using the AM Technique
and the Edge Detection Algorithm for a SAR Image)
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Abstract

In this paper, a set of TM(template matching) mask using the AM(associative mapping) technique
was generated and the edge detection algorithm for a SAR image was proposed. And also, the perfor-
mance of the proposed edge detection algorithm was tested with the conventional edge detection tech-
niques. khe proposed edge detection algorithm created an edge image which was more accurate and
clear than the conventional edge detection techniques and the performance of the proposed detection
technique was not deteriorated for low intensity area in the image because the uncertainly thresholded
value generated by the conventional detection methods was requested. Also, the munber of masks and
the detection time were reduced by adjusting resolution of edge detection and the consideration for
the threshold value extracting the edge was very intuitive.
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Table 1. The defined eight ISE (ideal step edge)
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Table 2. The conventional TM operators with
eight gradient direction,

3-level 5-level compass
Kirsch
(Prewitt I) (Sobel) (Prewitt 1)
1 11 1 21 . 111 . 5 5 5
Ol 00 0|00 0f]H 1-2 1 -3 0-3
5 15|
-1-1-1 -1-2~1 -1-1-1 -3-3-3
. 1 10 210 1 11 1 5 5-3
S o1t o-1f]H 1-2-1]{— 5 0-3
3 1]
1 0-1-1 0-1-2 1-1-1 -3-3-3
. 1 0-1 | 1 0-1 1 1-1 5-3-3
901 1 01| 2 o-2|f{H 1-2-1][+ 5 0-3
3 4 15
1 0-1 1 0-1 1 1-1 5-3-3
. 0-1~1 . 0-1-2 1-1-1 1—3—3—3
B 1 o-1|14 1 0-1]H 1-2-1{|- 5 0-3
3 1 15
110 210 111 5 5-3
\ -1-1-1 . -1-2-1 -1-1-1 . -3-3-3
18] 0 0 0 006 0] 1-2 1{{H-3 0-3
3 4 15
111 1 21 111 5 5-5
I{—1--1 0 -2-1 0 -1-1 1 | -3-3-3
225';—1 0 11f4-1 0 1||—-1-2 1 E—3 0 5
01 1 0 1 2 1 11 -3 5 5
J[-1 11 -~-1-0 1 -1 1 1 -3- 5
1 1 1 1
200 ) —-1 1 1||H-2 ¢ 2]{-1-2 1|[H-3 o 5
3 4 5 1
-1 1 1 -1 0 1 -1 11 -3-3 5
. 011 . 01 2 1 1 1 . -3 5 5
M |—-1 0 1f|H-1 0 1||H-1-2 1 -3 0 5
4 15
-1-1 ¢ -2-0 0 -1-1 1 -3-3-3
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Fig. 1. 3X3 neighborhood contaiting the same step
edge direction, (containing horizontal
step edge).
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E: 3 3. 7129 T™ A=k} ISE7ZFY] convolution 7 3}
(a) 3-level (Prewitt I) o Akz}2} ISEZFE] convolution 72}
(b) 5-level (Sobel) <l A=t} ISEZFE] convolution 7 3}
(¢) compass (Prewitt II) 9 Akzle} ISEZ}Y] convolution 7 o}
(d) kirsch 9 4+2+2} ISE7}2] convolution 7 3
Table 3. The result of convolution between the conventional TM operator and the ISE,
(a) the convolution result between the 3-level (Prewitt I) operator and the ISE,
(b) the convolution result between the 5-level (Sobel) operator and the ISE,
(¢) the convolution result between the compass (Prewitt II) operator and the ISE,
(d) the convolution result between the Kirsch operator and the ISE.
0° 45° 90° | 135° 180° 225" |270° 315° 0° 45 90° 135° 180° [225° |270° 315°
si| LO 0.67] 0.0 [ —0.67|—1.0 |—0.67 0.0 0. 67 5 L0 0.75 0.0 |—0.75[{-10 |-0.75] 0.0 0.75
s, | 0.67 L0 0.67} 0.0 [—0.67]~10 | —0.67 0.0 s;| 0.75] 10 0.75{ 0.0 [-0.75]—-10 |-075 0.0
sp] 0.0 0.67] LO 0.67] 0.0 [—0.67]—-10 | —0.67 ss| 0.0 0.751 LO 0.75§ 0.0.[—=0.75]-10 | —0.75
s, | —0.67| 0.0 0.67}] 1.0 0.67] 0.0 |-0.67( —10 s, | —0.75]=0.0 0.75] L0 0.75) 0.0 |=0.75¢ ~L0
s; |—1.0 [—0.67] 0.0 0.67] 10 0.67] 0.0 | —0.67 sy} —1.0 [=0.75] 0.0 0.75( 10 0.751 0.0 ] -0.75
ss 1 —0.67[—1L0 |~0.67[ 0.0 0.67] 10 0.67 0.0 se | —0.75 =10 | —=0.75{ 0.0 0.75] LO 0.75 0.0
s;] 0.0 [—0.67]—-L0 [—0.67] 0.0 0.67] 1.0 0.67 s;] 00 [—-075{—-10 [-0.75] 0.0 0.75] L0 0.75
ss| 067 0.0 |—0.67[—10 |-0.67] 0.0 0.67 1.0 ss| 075 0.0 |—0.75{—-1.0 [-0.75] 0.0 0.75 1.0
(a) (b)
0° 45 90° 135 |180° 225" 270 315° 0° 45° 90° 135° [180° [225° [270° 315°
s, 1.0 0.33§—0.33] L0 [—-10 { =10 |—0.33] ~0.33 s ] L0 1.0 0.0 |—0.78}—1.67]-0.78]—0.78 1.0
s;] 0.33] LO 0.33]—0.33/—-1.0 [ —10 | —L0O —0,33 Sy 1.0 1.0 1.0 0.0 {—0.781 —1.67]—0.78f —0.78
sy | —0.33] 0.33] 10 0.33{—0.33}{-1.0 |—1.0 | —L0 sy | —0.78] L0 1.0 1.0 0.0 |-0.78]—-1.67] —0.73
se|—10 [—0.33] 0.33] LO 0.33]-0.33{—1.0 | =10 s¢|—0.78]—-0.78} 10 1.0 1.0 0.0 |—0.78] —L67
s |—L0 {—1.0 |—-0.33{ 0.33}] 10 0.33}]~0.33f —L0 sy | —1.67|—0.781-0.78( 10 1.0 1.0 0.0 | —-0.78
s | —L0 [—-10 |—L0 1—-0.33}] 0.33] L0 0.33] —0.33 se | —0.78~1.67]—0.78]—0.78 1.0 1.0 1.0 0.0
s; [ —0.33]—-10 |—-1.0 |J—1.0 |—0.33] 0.33] L0 0.33 s;| 0.0 [—-0.78]—167[~0.78[-0.78] 1.0 1.0 L0
sy | 0.33(-0.33]—-10 [—10 |—10 |—-0.33 0.33 1.0 s | LO 0.0 |—0.78|—1.67]—0.78]—0.78 1.0 1.0
(c) (d)
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3-level (Prewitt I) TMM and the 3X3 2 3 4 gloh
0° [45° [oof135" [1s0c [225° [270° | 315° “a=[afl) a,2) a,3)
(a) | 100 |67 0| —67 —100 | —67 0 67 a,(4) a,5) a,6)
b | 60 [40 —40_ | 60 |40 [0 |40 al7) a,(8) a,l9) (1a)
ey 20 |13.3 —13.3| —20 |—13.3] 0 13.3
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H20% B £ 4 5%

=3 AMY AFQl A4)e 7 dglEs A(7)9
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-1 2-1 2-—1
2—1-1-1-1
-1-1 2 2-1
-1 2-1-1-1
2—-1—-1-1-1
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Wk o AM 714& o] 23 TM ul229] A 7 SAR d49 ZHAHE dxaelF 41
HE 5. AM7|Hdl 9ste] A58 TM =paz 1o Aol 82l ISEE 7AAAdCl &4 3x3
(A et=l mpsz) 7o FAL Easle Aoz FEA. 29
Table5. The TM mask generated by the AM U AAAde] 3x3 379 FAS LB ot
technique. (the proposed mask]), ISEoll #8 slrze Suls 93 oug A o},
. [ 2 —1 2] [__1 2 —1 |’ 2 -1 _1'| Cx]]-%_— _50'1 /(] (143)9’]' é”\of 3><3 ﬂii_% %Ugﬂ'
m,=% -1-1-1 m,=% 2 -1-1 m;=% -1-1 2 SG A8 AAANE Tdstan Yot £19 ISEC
-1 2-1] [-1-1 2 2-1-1] Z35)x] ¢rou] Aty npaze SxbHlEE Al4)
1[Al—l 2] [-1 2-1 [ 2-1-1] o} 7tx] ok
" M M A (1a) 2 ol E1o) FolAA Pt ISEE 3
11 2 —1 2-1 [ oo o 3 3479 24¢ BFeA oe ISE 3t 4
%[ 2-1 —1] N L (14b) St o] Febnd AR vhaasel  $HE
-1-1 2 | 2-1-1] L oo o Al (14c) 9} ko] FofArt,
81— 0 0 0
111
—hs, +bs (11)
g e 111 (142)
Aapel A hi 3x3 shaF ol Azt AA 801 = 80— 81 (14b)
o] 2 el b: 3x3 AT wiAgE el Fa=re—r—=[—1000000 0 1] (14c)
W Aol Annel wH g5 Al Ay . 3
4}0“ ‘;Ho‘}g]_o:‘ AlAbslw 412 ).9,]- 7o L.clull g r,7} o%oah& I O B g, Sg;, Seq, Sss, iss, Sy7, Ses o g
Qo] Al cf 'B‘EJFB—JJE Yoz, To3, Tou, Tos, Yo, Yo7, Fos o /5!(15)9} 7\%";{‘
=[-1—-0 0 0 0 0 O 01
=M. hr+b (12)
QAT re=[ 0—1 0 0 0 0 0 01
Al 21200 4 1ol *é-‘ir ro(i)& i=92 7fele “bt+ re=[ 0 0—-1 0 0 0 0 011"
h”ol i i%93] A$ole “0"elvh =% r, (=12, - re=[ 0 0 0—-1 0 0 0 01]7
8)e) A% r,(n)t 1—J°J 7ol “helx i=99 A re—=[ 0 0 0 0—1 0 0 O01]"
ol “prolm] L ol Afol= “0elth F, A9 re=[ 0 0 0 0 0—1 0 01]7
3 zo] FHHC, re=[ 0 0 0 0 0 0—1 01]"
r—[h 0000000 B re=[ 0 0 0 0 0 0 0-11]"
—_ T
r=[0R000000 &]° re=[ 0 0 0 0 0 0 0 00]
r=[00Ah00000 B (15)
r=[000h0000 o] mmeamﬁﬂaxsﬂ»%ﬂ%qg % 33}
=[0000Ah000 51" obi [SEo| et 52 Jehe Roz “—1” &
re=[00000R00 ] “—RE “1"E “bTE e Al >J+ °1 A=
rr=[000000A0 &]" °l ixﬂo L od Aol 48] Aty mlra FwE s}
rn=[0000000% 5] Colu] “b"E AaFell st Fo] 3x3  shaFol
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a8l3.

Fig. 3.

Bk % 4 it

a2l 2. 512x512 SAR 44
Fig. 2. 512X512 SAR image.

(b)

712 9] template edge operatorel 2jg}

73 A% A

(a) compass (Prewitt II) d4Akzl5 A &3
7 7

(b) Kirsch 425 &3t Az

Edge image obtained from the conventional

template edge operator,

(a) The compass (Prewitt II) resuilt,

(b) The kirsch result.
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(c) (@
a2 4, QAR Histe] WE SAR gAkel AAGA4
(a) T=0.0(6=90°) (b) T=0.383(8—67.5") (c) T=0.707(6=45") (d T=0.924(6=22.5")
Fig. 4. The influence of threshold on the edge image of SAR image.
(a) T=0.0(6=90°), (b) T=0.383(6=67.5%, (c) T=0.707(8=45"), (d) T=0.924(6=22.5").

a7l 5. AATY A Wzl wE SAR dAbe AAGA
(a) 8 mask (b} 4 mask (¢) 2 mask (d) 1 mask

Fig. 5. The influence of the edge subspace dimension on the edge image of SAR image.
(a) 8 mask, (b) 4 mask, {(¢) 2 mask, (d) 1 mask.
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[2]
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a2l6. Ty, 283 SAR 244k 22 7AA3A
(a) weak edge 7} Al A= A] g2 27 7 A 4
(T=0.707(6=45"),424 mask =&)
(b) weak edge”} A AH 22 7AA A
(T=0.707(8=45"), Te=9.985(#s=10")
4229 mask A L)

(4]

(5]

Fig. 6. The influence of T, on the edge map of (6]
SAR image.
(a) edge map not rejected weak edge,
(T=0.707(8=45°) and 4 dimensional
mask) [7]
(b) edge map rejected weak edge.
(T=0.707(6=45"), T,=0. 985 (8,=10°)
and 4 dimensional mask) (8]
AAGE A% Az ¥o ¢ 4 Aok 2369
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V. 2 & [10]
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