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ABSTRACT A statistical method is proposed which estimates an edge that is one of the basic features in image
understanding. The conventional edge detection techniques are performed well for a deterministic singnal, but are
not satisfactory for a statistical signal. In this paper, we use the likelihood function which takes account of the
statistical property of a signal, and derive the decision function from it. We propose the maximum likelihood edge
detection technique which estimates an edge point which maximizes the decision function mentioned above. We apply
this technique to statistical signals which are generated by using the random number generator. Simulations show
that the statistical edge detection technique gives satisfactory results. This technique is extended to the two-di-
mensional image and edges are found with a good accuracy.
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seed$ 2 | 35 99 23 96 32 98 33 96 32 96 32 96
seed$# 3 21 91 36 96 32 99 30 96 32 98 31 95
seed# 4 26 89 31 96 26 96 31 96 28 96 32 96
seed# 5 | 28 93 32 96 36 96 32 96 32 96 32 96
seed#f 6 31 95 36 96 32 96 32 96 32 96 31 97
seed® 7 36 97 25 96 32 96 25 96 26 94 32 96
seed#t 8 | "33 96 32 96 32 100 32 96 28 96 34 96
seed#t 9 | 32 96 32 96 26 96 32 96 32 96 32 95
seed# 10| 35 94 32 98 27 96 32 96 32 98 28 96
mean 30.5]194.6 131.1196.5130.4|97.2|30.7| 96 |30.5|96.2]31.695.9
s. d. 4.5] 2.8 3.9 1 3.1} L5| 2.3} 0 2.2 1.1 L4 0.5
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H6 F3Ax edges (991, Il : negative exp. ¥%, 2 : uniform ¥ ¥, true edges~32,96)
Estimated edges(region I, Il : negative exp. distr., region [ : uniform distr.,true edges—=32,96).

[ R 2 6 10 20 50 100

edges | kv | ks | K | ks | Kk | k2 | & |k | & |k | & ] K
seedff 1 | 1 | 117 | 1 | 117 ] 30 | 99| 31 | 96 | 29 | 99 | 32 | 97
seed 2 | 6 | 1261 6 | 123 | 31 | 99| 30 | 96 | 32 | 96 32 | 97
seed£ 3 | 2 | 120 ] 2 | 120 ] 32 | 100] 29 | 96 | 20 | 96 32 | 95
seed#4 | 6 | 123| 6 | 12z | 31 | 105| 32 | 97 | 31 | 96 32 | o7
seed#£5 | 6 | 121 | 6 | 121 | 26 | 111 ] 31 | 96 | 30 | 96 32 | 95
seed 6 | 3 | 121 | 3 | 121 | 4 | 99 sz4 Qf! 29 | 97 20 | w7

seed#£ 7 | 6 | 125 | 32 | 122 | 32 | 96, 31 | 96 | 26 | 94 | 32 | 97
seed# 8 | 2 | 124 | 2 | 124 | 32 | 100 29 | 96 | 28 | 95 | 22 | 97
ceed29 | 5 | 125 | 5 | 125 26 | 96| 52 | 96 | 29 | 96 | a2 | 95
seed#10| 5 | 123 | 10 | 123 | 27 | 107 31 | 96 | 32 | 99 | 32 | 102
mean 4.2 122.4| 7.3 1208|271 (1012|308 | 96.1| 28.6 | 96.4 | 30.7 | 96.9
5. d. 19| 25 86| 21| 8 | 46| L1] 03] 34| 15! 3 | 19

E7 olzsllBdl4 35l edge (negative exp. ¥-F, true edge=32)
Estimated edge in two-dimensional signal { negative exp. distr., true edge=32).

R | 2] 3] 4] 5 ] 10] 2[5 | 100
coed# 1| 32 i 32 | 32 | 32 | 32 | 32 ERE
seed# 2 | 32 | 32 | 32 | 32 | 32| 32| 32 | 32
seed # 3 s | m | se | s | 2| owm | 32 | 32
Vertical edge seed # 4 32 32 32 1 32 32 32 32 32
seed # 5 | 32 | a2 | a2 | 32 | 832 | 32 a2 | 32
mean 32 | 32 32 a2 | 32| 32| 32 | 3
s. d. 0 o _‘?w()j 0o 0] 0| 0 o0
- Cseed# 1 | 32 | 32 | 32 | 32 | 32 | 32 | 32 | 32
seed# 2 | 32 | 32 | 32 |32 | 32| a2 | 5] %2
seed# 3 | 32 | a2 | 32 | 32 | 32| 32 | 32 | 32
horizontal edge seed # 4 |32 32 32 32 32 32 32 32
| seed £ 5 | 32 | 32 | 32 | 32 | 32| 32 | 32 | 3
mean 32 | 32 | 32 | 32 32 | 32 | 32 | 32
s. d. o oo lo olofo]o
toAlAShAE G4X64E G1T edgesl +H FEL  edge ® 7o) RSlRol Mt Y3 A3lE
FAo2 k=320 di: A5E 2kt 5 et

A
e A& r}& realizationd ¢ d@3F4to s} olxklall A F7H 2| edge7t U= Z4f+= Al
f

I
o] o] 7% parallel projection#l7l F #HEx Sh4b-8- 64 x 648 3Ll edge 7F 9 &2 A
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# 3/ Maximum Likelihood 71'§-& o|-83 Edge 3%

E: 3]

oA AL T ol A 45 edges(negative exp. X,

true edges=16, 48)

Estimated edges in two-dimensional signal { negative exp. distr., true edges=16, 48).

I R 2 5

10 20 50 100

edges k k, k, k,

k k, k; k, k, k. ks k,

seed#f 1| 16 | 48 | 16 | 47

4 | 48 | 16 | 48 | 16 | 48 16 | 52

seed#® 2 | 18 | 48 16 | 48

6 | 4 16 | 48 | 16 | 50 15 | 48

seed#3 | 16 | 48 16 | 48

16 | 48 | 16 | 48 | 15 | 48 | 15 | 48

vertical edges | seed# 4 | 16 | 48 16 | 48

16 | 48 | 16 | 48 14 | 48 | 16 | 47

seedt 5| 16 | 48 | 16 | 47

16 | 51 | 16 | 48 | 16 | 48 | 16 | 48

mean 16.4} 48 16

47.6

15614981 16 { 48 [15.4148.4|15.648.6

s, d.

0.8] 0 0 0.5

0.8] 2.4 0 0 0.8 0.5 L.7

seedt 1| 16 | 48 16 | 48

16 | 48 | 16 | 48 | 16 | 43 16 | 48

seed## 2| 16 | 48 | 16 | 48

16 | 48 | 16 | 48 | 16 | 48 16 | 52

seed##3 | 16 | 48 | 16 | 43

16 | 48 | 16 | 48 15 1 46 | 16 | 48

horizontal ' o oqs g | 16 | 48 | 15 | 48 | 16 | 50 | 16 | 56 | 16 | 48 | 16 | 48
edges
seed#f 5| 16 48 16 50 14 47 16 48 16 43 16 48
mean 16 48 115.8(48.4115.6|48.2| 16 [49.6115.8|47.6] 16 |48.8
s, d. 0 0 0.4 0.8 0.8 1 0 3.20 0.41 0.8] 0 1.6
E k=16, k,=480l] vt b ek kel 42k 9} uniform FEE 2 F odo R FA45 g
e uyeo s HAEs edge & H 8o EFUE+ © 7 48 Als e sdge] ¥sk 10 01"”51
dl g8l edge 7t UE 7ok el s.d. ol ojob o3 gt AukE dgich
o AAE & F dsdet of ubd]g- Habsle] olabgloll 4 &ML  edge
7k 8 o edgert AEE AEHUOY FAHe
4. & 2 edgest 2+ A+ g edgert U= AS N
ot AEx edge? s.d.o] o AL &+ 9
Likelihood 35 o] &35}¢ statistical &+ A4l Aok, b o R o]z ol A ] BALR: edge £
%ol el o83 4 9= maximum likelihood Aol o] uhyg sl A8 4+ 9lS A
edge ZE 71 & Akslgict, ol & o] &3t 4l olch,
37t A gl 4 negative exponential +E &
zt= 7329} uniformF-EE 2= 79 X ne- B 50 1985WE Fab stxd T 24
gative exponential +¥% Zt= 493l uniform  wlof] &Jsl o] FolH Gurt 7L 7HA}E =g
+EE ZE ddo] o] 2l Afd oA e- v},
dge?| $1x| & HiFel A Fdlo]4d o2 T3}
Azt ol 4 edge 7k TN F2 FoH e A
o] &4 A8 7} negative exponential =% 5 7zt
A ZL uniformEXE M dl= F gl 2 2 2 8

A9 A% 9 ko] wzh A APolE edge
7b 2 A=At A4S HEEE I " A

3 o€ + 94 & negative exponential ¥
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