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Fuzzy Threshold Reasoning for Extracting Sketch Features
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ABSTRACT
Generally, threshold values for extracting sketch features effectively should be set differently according to images by human

operator. Moreover, a global threshold cannot extract sketch features effectively because of the facts that there are various types of

objects and regions having many different gray level range within a single image, and the human visual characteristics is more
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sensitive to the sketch features in dark regions than those in bright regions. Therefore, in order to extract sketch features in a man-

ner based on the human psychovisual phenomena without human intervention, this paper suggests a method that a pixelwise

threshold for deciding whether a pixel is a feature or not is deduced through fuzzy rcasoning. To do this, a contrast and a local

brightness arc proposed and these membership functions are generated subject to the histograms which are constructed from

applying these measures 1o input image. In addition. to decide threshold values according to image context, an output membership

function is gencrated subject to the standard deviation of input image. Experimental results show that the proposed method has a

very excellent performance extracting sketch features based on the human psychovisual phenomena independently of processed

image and without human intervention.

1. M =

gtae Yoy Mol FAHSA ¥slEte EAs} EAT
o AAE vedie oA (edge)dt FH A ¥
gt g oz o % W (valley)e 445 48
3 A4 S F8 SHoloh GAAd o4
28 olg@ ~HAA FASL Y% RREAQMSG 2
Azt A FoA BAe =7, e, AdAA HA
€ A48 ded 7124 a4d B ohg, FY
HAEa 22 §4l Hopdlr HuFge FFE AslA
T AMEE 3 gl

ozl g EAHE HEe] H Sobel, Prewitt, ¥
Kirsch 59 uvl# 9A4txe}l Laplace@BAtate W
g7t 2 JgeA & & depEa, olf AMAE
A g idol HEAZ 71&719/3 (gradient image)ell
BT dAANE AL ool e SAPEE 23
A € MY g, IRH g adste dERY 9
Atztel DIP(Difference of inverse probabilities)
Qe e Yyl HEdME o R FEe EJHE
€ & F&sted o] dMAER AAT A IY
slojof 9% EAPE F2¥E."Y LOG
(Laplace of Gaussian)@Atzte A& AN o
#2317] A8 Tt 7FSAIE BEE AR of gt

olg} Zol dielM EAMEEL HFEIAY HIMe
Aabatol upal AR e} #e WeEe & HAA
Follle Aol wjf Faser ™ o] WHE gL A
& d4dol whel gebd B opleh F F4 dlME
HWe ddgd #A "zt dojvda dugd 3849
BN EC ZgH U7l W o]F LAEE FAl

1184

}.

%)v

ox ofl rlo

n2dle Aoz AAX BEAL F2dU7 v ¢ &
datct T Qlzte] A|ZTEAM LS Ye BE HulE o
%9 MY ExdEZd t& NzEnD BFYG Ws
£ A8 Afde Y0 AdAer 25 9

a3eR AR EYE ERHos F237) 8N
© 94 Autel AA U QAANE HE3te AL 9
FA st R wwk ol g8 G mak dAE
tg2A dgser dn, FEHQ wWIE nedol =
o, °19HJ% iAol ool fe] EAGc. Wxho}
Yet 345 F(gray leve)F 2+ 83471 7IXe E83
de Ei?ﬁ o el FFere FAHEY B
o] EAG

et E mdMe HAPE ol&8S B i HA
el AAANE AF s A AR FEZ AL
3, o1& $std Fodivig F23 YrE dehledd
g 23z AAAE vdelle 28 23A AE
o AQtE Wddiy] 2FAe 5AFE A F2Y
wol ojyet Ao ek, EF, dAA BHL 4
o] R wrlg 4 FHAE AHEFHEZ F¥
FHEo EAHE ¢ 24 Ao v o, dA
A AL 4 d2Y 25%Fe ALY FHAE o
g o] Hgsted TG F2ETRNR EFHA Q)
2eted Fogeg, dae FR d#Eglel AIE
A AN FE717F AHEE & UT ol8A AUE ¥
A QAR #8719 A5 E dFs7 Hstd OFY o
ol W) 7)1F9 o QuAEe 5 vlm Pt &
Aok

www.dbpia.co.kr



BWX/AAA BAe 22¢ AW NA dAA FE

41

2. WA HEAS YFY 258%

¥ egode Hddulg X3 w18 vehle o
g 239 YAX ZAEL AT 28 FHPA AL
olE% YA ZA WYHE A YEY W
A&}

a,

1. Hotohd] Y&

EAY 2 d¥Ae 2 9t B4 g g
T dUx Beg BAY, & =RdMe s 3
W4 71g7] Qe FAshe ol 3PAE 2
19 3x3 FE Geld 4 (1) 2ol FA@n

contrast = min(C1, C2, C3, C4,) (1)

aiblc

dl|e |f
i

o8 1. 3x3 %

Fig. 1. 3x3 window.
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Fig 2. Four perfect digital step edges. four ramp edges, eight valleys and two noise pattens to test the
performance of proposed contrast measure.
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Fig. 3. Results of applying proposed contrast measure to Fig. 2.
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Table 1. Experimental data for the defini-
tion of a threshold measure.

34 ol § BEHA QA X
Girl 5.86 13
Balesman 11.76 14
Salesman 8.26 15
Crowd 13.73 10
Couple 6.02 14
Einstein 10.29 15
Boats 10.68 15
Grand 521 13
Lena 11.02 14
Bank 16.76 8
Pepper 7.26 15
Mandrill 22.39 11
Sail 23.65 12
model 15.11 8
Woman 11.43 14
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Fig. 4. Input and output fuzzy membership functions.
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Table 2. Fuzzy rules for determining thresholds.

Z
o

Rules

IF contrast is high and brightness is low THEN threshold is low

IF contrast is medium and brightness is low THEN threshold is low

[F contrast is high and brightness is medium THEN threshold is low

IF contrast is medium and brightness is medium THEN threshold is medium

IF contrast is low and brightness is low THEN threshold is medium

[F contrast is high and brightness is low THEN threshold is medium

IF contrast is medium and brightness is high THEN threshold is high

IF contrast is low and brightness is low THEN threshold is high

OO =[O | | DN

I contrast is low and brightness is low THEN threshold is high
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Fig. 6. Fuzzy reasoning process.
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(g)

3% 7. A¥el A88 44E: (a) GIRL, (b) LENA, (c) MANDRILL, (d) PEPPER. (e) BANK, (f) SAIL % (g) MODEL
Fig. 7. Images used in experiments’ (a) GIRL, (b) LENA, (¢} MANDRILL, (d) PEPPER, (e) BANK, (f) SAIL, and

(g) MODEL.

{b) th=20

{c) th=17500, weighting=x’
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(e) th1=2.4. th2=15 (f) fuzzy thresholding

33 8 GIRL @7l el 2t d4bast AQke wh & A g3l ojusg At
(a) Nonlinear gradient, (b) Nonlinear laplace, (c) Logical laplace. (d) Entropy, (e) DIP operator ® (f) A|t@ by,
Fig. 8. Results of the binary thresholding output applying
{a) Nonlinear gradient, (b) Nonlinear laplace. (c) Logical laplace, (d) Entropy. (e} DIP operator, and (f) Proposed
method to GIRL image.
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(f)

J8 9. AitE HA dAR) F24EE 2 T(b), 7(c), 7(d). Te). T() R M) A& AE
Fig. 9. Results of applying proposed fuzzy threshold reasoning method to Fig. 7(b), 7(c). 7(d), T(e), 7(),

and 7(g).
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