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Evaluation of Edge Detection Algorithms
Based on Edges Drawn by Humans

NoBUAKI FuJIMOTO,"? MIHO OHSAKI,t99 TAKAHIRO SUGIYAMATt
and KEIICHI ABE't

Edge detection is one of the most fundamental image processing operations, and there have
been many approaches to this operation to date. However, methodology for evaluating their
performance has yet to be established. Under the current practical state of the art, edge
detector users only select an edge detector and adjust parameters based on their empirical
judgment. This research proposes an evaluation method based on human edge detection per-
ception and discusses its validity through a case study in which several popular edge detectors
were evaluated with our proposed methodology. We designed this framework with the best
interests of propriety and practicability in mind as follows: (1) ground truth generation by
humans; (2) edge detector parameter optimization by error function simulating human visual
perception; and (3) edge detector comparison by humans. We then conducted an experi-
ment to evaluate five different edge detectors —— Canny’s, Deriche’s, Iverson’s, Rothwell’s,
and Sugiyama-Abe’s in four image categories, namely: “natural and textured”; “natural
and non-textured”; “artificial and textured”; and “artificial and non-textured”. The results
showed which edge detector was suitable to which image category, and we confirmed that
our proposed method was valid compared with conventional methods for evaluating edge
detectors.
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Table 1 Summary of some related work on method for edge detector evaluation.

ooooooo oooo oooo

ooooooooo

oo ooo

Heath ') ooo oo

gooooooooono
280 goooooooooo
gooooooooo

ooooooo ooooooooo
ooooooo

oo 13).14) ooo oo

goooooooooboooooon
60 O goooooooooo
oooooooooo

ooooooooo
oooooooo

oooooooo
ooooooooo

Bowycrls) ooo ROC OO gooooooooooboooooon goooooooo gooooooo

60 O goooooooooo oooooooo
ooooooon

Shin 16) ooo ROC OO gooooooooo gooooooo oooooooo

110 0
ooooooon

goooooooooono

oooooooo

000000000000000000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
0000000000000 00D000000000
000D00000D000000000000OHeath
oY OoOooo00000000000ooooo
0000000000000000000000000
000000000000000000000000
oooo

Bowyer 0 0Shin0'® 000000000000
OO0D0O0O00000ROC OO O Receiver Operating
Characteristiccurve 0 0000000000000
00000000000000000ROCOOOO
0000000000000 00000Bowyer 00
ROCOODOOOODODOODOODOOOOODOO
000 ROCOOOOOODOOOOOOOODOO
O00000D0O0DROCOODODOOOOOOOOO
000000000000 000000D000000
0000000000000000000000 3.3.2
000000MO0000D0000000000O0
000000000000000000000000
000000000000000000000000
oooo

3. DOoOOooOooOa

gobooocooooooooooobooooooo
goooboooooooobcooooooooooono
goooobobooooooobooboooooobooobooo
gooobooooooooboboooooboobooooon
goooooooooooooooooocooooon
goboooooooooooooboooooooo
goobooooboooooobooooo

3.1 0000000000000
3.1.1 0O0O0O0OO0OO0DOO
00000000000000000000000

000000000000000000000000

000000000000000000000000

000000D000000000000000000

0000000000000 00000000000

000000000000 000000000000

000000000000000000000000

000000O000000000000000000O0

000000000000000000000000

oooooooo
00000000000000000000000

0000000000000 00000000000

000000000000000000000000

000000000000000000000000

0000000000000000000000000

000000000000000000000000

000000000000 000000000000

0000000000D00000000
00000000000000000000000

000000000000000000000000

oooooo®¥oooooon0ooooooon

000000000000000000000000

000000000000000000000000

0000000000000000000000000

000000000000000000000000

000000000000000000000000

000000000000
3.1.2 0000
00000000000000000000000

000000000000000000000000

000000000000000000000000



2200 goooooooo

goooboobooooooooooboooooooo
dddddododoodoooooooooooooooao
goooboooooooobobooooboooooon
gooooooooooooooobooooonoooo
goooooooooobooooooobooooooo
goooobooooooobooboobooooooo
goboooooooobooooo

gobobooboboooooooooooooooon
gooobobooodoooooooooooooooon
goooooooooooooooobooboooooon
O0o00o0ooOooOoooooooooo 1yoooo
gooobooooooooobooobooooooooo
gobooooooooo4000000000 500
goboogo 2000000

0010 000 &O0O00OOOOO
0020 000 &OO0O0O0OO0OOO
00 30 000 &ODO0O0O0OOOO
0040 000 &OO00OO0O0OOO

3.1.3 0000
000000000000 00000000000
0000D0000000D0000000000000
000000000000000000000000
0000000000000 00000000000
000000000000000000D000000
000000000000000000000000
00000000000
0000000000000 0000000000
0000000000000000000000000
0000000000D00000000000000
0000000000D00000000000000
000000000000 000000000000
03000000 HeathOOOOWDOOOOOOOO
0000000000 '¥®ooDooooooO0oooo
000000000000000000000000
ooooo
000000000000000D000000000
0000000000000 00000000000
0Doooooo
00000000000000000D0000000
0000000000000 00D00D0000000
000000000000000000000000
0000000000000 D000000O000n
3.2 000000000000

00000 10000000000000000
0000000()00000000(2)00000
000000000003 0000000000 3

Sep. 2004

“ 25 (1): EREROHS ”

AT
W5d2 .

“ AF—T(2): 1A ADHESE ”

E ]
¥ Huo

“ 27 (3): EHEROHE ”

PN Al
EHESFET 2 T

01 0D0oo0obOOoooOoooooon
Fig.1 Outline of our proposed method.
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Fig.2 Relation between Pe,, and ROC curves.
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Table 2 Outline of our proposed method.
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Table 3 Parameters for the detectors analyzed.

oo goood
Canny Ty, Ty, w
Deriche Ty, To,w
Iverson T
Rothwell T, B3, o

Sugiyama-Abe T4, T2, hmin, 0

00000000000000wde 0000000
000000000000000000000000
0000000000000000000000
41.1 0O0I0D0OO0OO0O0OOO

001000331 000000000 (1)000
0000000000000000000000000
000000000000000000000000
0500000 100000100000000035
0000000000000 000000D00000
1000000000000 10000000000
400000000 300000000000000
000000000000000000000000
ooooo

4.1.2 001000000000

00 II000332000000000 (2)000
0000000000000 D00000000000
0000000000 « 0000000000000
0000000000000000O0a 000 0.10
0.300.500.70090 500000000 «000
jooooooood P, 00000000000
000000000000000100000000
00000 s5000000000000000000
000000000000000000 «a0000
000000000000000000000000
00000000« 000001000100 00O
000000000 5000000 12001000
0020000010000 2000000000
00000000000000000000 00
0Do0oo*®¥oooo0oo00ooooooooon
00000« 000 030050070 3000000
00l1000000000000040000000

00000003000 0000000000
000000000000000000000000
000000000000 000000000300
00 «000000040000000000000
000000000000 120000000000
000000000000 « 0000000000
00000001 000000000000 10000



Vol. 45 No. 9 goooOooooOoooooooooboooboooooooon 2203

0000 a(b12x512)
Tl
s E&“ﬁg}%ﬁ =" =

e e
— -

/

%
%

IS

5

e
N

Rothewell 000000 Rothewell 000000

Sugiyama-Abe D0 D000 Sugiyama-Abe 000000

03 OJO0Ooooogoogo
Fig.3 The example of input images, ground truths, output images from

optimized edge detectors.
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