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(Edge Compensation Algorithm by Extracting the
Skeletons from the Uplifted Image)
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Abstract

In this paper, we propose the edge compensation algorithm which connects the adjacent edges
without losing the information of the skeletons on the edge image. The proposed edge compensation
algorithm is composed of succeeding two steps. In the first step, the uplifted image is obtained by
uplifting the edge image repeatedly. The next step is to exiract the edge image from the uplifted
image using the skeleton extraction algorithm. Experimental results show that the proposed method
connects the adjacent edges without the distortion of the original edge information compared to the
traditional method.
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20014 11H BEFIZER

9

AAH 7] 3L oA dde] s oA
o AR WA 2] Fe M= HEE
Heg saste] FaidAlct a¥ 2ble 13 2a)
A& T UE $7IAA 2R §7] dadels, a3
2c)E 2" 20) e T HE o 57IAA Aol
§71 ddolct

a3 32 26x256 2718} 4R $7IAA LelA)
= 7] e Boifrh ¥ 3@e oA e U
ez, a8 3w 2 3a) S 103§V
doizl g1 e BolErh 22|, 2% 30 2
H 3(@) Fde 2038 §71AA LA 7] S

el gk

e R
N

o

(a) (b)

(c)

a8 3. (a) 296%x2568 =719 B4 b 94 @F

108] W5 g71AA o3 §7) 94 © 93
4 (@F 203 1 g71AA 2R §7) 9
(a) The image with the size of 256X256
pixels, (b) and (c) are the uplifted images
by applying the uplifting process to the
image (a) by 10 and 20 times, respectively.

Fig. 3.

38 4. 3x3 3719 z2#o] Aol Fa Ao
Fig. 4. The definition of the pixels on the gray
image with the size of 3X3 pixels.

#$38% SPHE # 6% 79

a8 b,

Fig. 5.

@ (b)

(©)

34 Ii(x,»7) oA 999 shadd o 8-
wWoEA el ME g7l 939 @
I,(x,»° AA

The determination of the value of the pixel
1,(x,y) on the uplifted image according to
the values of the pixel I;(x,y
8-neighbors when the pixel 7,{x,») is the
pixel on the edge regions.

and

Iix,y)

a3 6.

Fig. 6.

(a) (b)

(c)
B (w7t 0 399
o3k el ohE g
I(x, e AA
The determination of the value of the pixel
I,(x,y) on the uplifted image according
to the values of the pixel 7;(x,5) and

29 & 8-
<

CREIE SN

8-neighbors when the pixel I,(x,y) is the

pixel on the background regions.



A

his

80 F719 424 24
Definition 1) 23 4ellx Bl Zix¥ <3¢l 3

& Li(x,pel Wele]  I(x,»E A FE2 sl

e 3x3 2719 zEle] el Bt 1i(x )
of QA3 M) FHx NP, NP, -, NPE b
I;(x, »°ll W& 8-2HH8neighbors). 22 & 2|3},

Definition 2) 13 4ell4 Bl A dAfelld sha
LiGe, ol Hstd Lix, & 54 Sas 3 29
A 3x3 Z7|9] adle] GAelA B 1(x, nel A
gk wle] 4 NP, NP, NP, NPE 34
o) thdt 4-TuH4-neighbors) 2.2 A3 2lglt},
a8 el I0li, §7I7F olFIRl g7 A 1,
o de 1,0 7 Fa 32 oeF el AN d
=gt S 1i(x, no) HEEe §7] Al
o] Bk 1,(x e 2% 5% 28 60 2l AXF 4
Hq oga B4 (xS &2 34 F#)
“°ﬂ of3je] A= a3 59 17 694
A" Bl oA Godo] seshe shaely, [Jo
FAE B e Wgske skl s
(e, ] & AA] st 27 5eAAF &
A& # Li(xy7h 00] ohd A(H] el Fhaal
73519t I3 6elMA 091 A B il

el met vh2A ZFEe) 3 1,(x, )2 3ol 0

] obd A%, & 3k 1 7t oAl 99 o] s
Atolle e ol A A2 R 1) 3
(x99 8- 3av) 2% ol 3ad o
@ad 5a), F& I,(n»e FE F= LG99
el Vst @& etk A D i) 8B Lix,y)
o] 8- vt wiA A} oflx] @] s o]
Fo & o (2™ 50b), sk 1,(r, 0 FE B

I:(x, )

=
7

/‘\

Lie,w+ Voo & zkeck (A 2) i) 3k
I:(x,»Y 8T 327} =5 oA g9 siadd

735 (3™ 50), Bk iz, nE A 9 Wil o

= 4R 8t I,(n 09 3 38 1i(x, 92 el

Vg B8 3o ARk (A 3) ¥ i A
2 32 1, »)7h 02 A%, F Hh 1(x, 07} WA
3l Afele ot 22 A2 e i) 8
A Ii(x, 08 8- 3kt o] 25 9 3aal 4
+ (3 @)= Tl olx] o] germz sa

FEo AT A BA duF

(678)

FhRE 5

0% FAL i) A 1i(x, » e -2
ol7] ode] el (¥ 6(b), o] =
B9E FH|elof R St

I(x, 9 7 09 & A%k ) 23 62
2ol I(x, 7t WA A3} oA dAe] A Q=
stad A% ( (x99 82 34t M3 d99
o] g FHAR o]Fe] HE =), HA 1,(x, 94
#e A LG fhell v, & v ghes A

I,(x, »+
32l 2%
g 3 1(x9)E WE

th (A 2) B =FoM AMEr vy, V, Vv, &2 4
7+ 1, 29} 3ot

I.(x,v)= T;(x, )+ V, (D

1(e, )= 1, (0, 9+ V, (2

I, v)= Tz, 9+ V; 3

el 22 §7) AL TS AR LE FIA

7184 oA d9E HFYsler §7) "26“’1]/‘49‘] =7

Alo] ehst B7) oy FHEER olX] ARE oA
AT AAE AR 4 gk, wl ﬂw
s Bolal dixBe] A & g WA $7] w
b AA HEH §7] A L

Ak oA B FuelEe kel Xl dakg
1 eE 471 A5 w, 29 20 Rels A ol
4e] FPAe) qede] 1 st FristEw ofX]
of Brke] Holrt % 2 skax Zvkaeh oA Gl A
C, H iHegs o, 2¢, 2
o e sk g gold gl elixige] dAdH
wel Aokl ekmelEg Gl et ok W 5
3 C & B3 wAe) Aes A4 4 9d 29
C, sl grlslde Wl wAE oAlE
( C COM F7IE® FFAle] fAsER C,W
Wk Sealstol BAR o)Al s ] et

=

ol
AL 2

ol

K-
= hS

g &7

)=]

-~
-

2

2. §7] dAke] Azt 2A

o] HollAw oF AellA] iRl §7] <34l A3t
A& Ax BAE 2T x| A d4s
& 3ol Fr} ofAFe) AlAIsKthinning)3t
ol sl 28] FAA(skeleton)& A= ZAelth F
AL FAAS dAAe] & HEFooF §
Ax7F 24 o) Fo sha b Fgolofef SPII,
Ale] Tl g 8k Fo g sisolol gl o]

N



2001 11H EFTI&am

S w7 eg e HEs] ¥aEe Aol
oro
e

o) A% A
Aelg A7t Bonz AT T ¥elsA
HelAs BA) TANE AL 4 e A )
ol BT, olefg 2L BFSH: ale G
o 39 R SASe] ridged AFTE, 2 ol
A [3), [Is} 59 244 22 QuelE
& Abgsto] Sdolal §7] B4 A4 sk

YIRE 1 FAN 2% duSe] fE 2ol
ok Step 1oE U o] G4 10 HY A
S]] B TS ) 9
e 42y ShheiE e 8- SkanE
Y+ Qe 2 ERANE A @s) o] 824
sl WHstod aAsldE). < erosion) AAHE A ()
b F Y 1) (ny) Al B
I(x )9 82 i 45 TN Ha: ghe A9
.

T

= A=
= #3

3

[SSRSY
i

(erosion) &

Ierosion(x,y):min{ny, N;y, . Ngy} )

}b]' I erosion o" %%

831 A Ime T3CE E3(dilation)

e 4 ey PG oI ey

T 5 e, B =M 4 (e} el g

HF Shazel] tiEte] Seefsigint. E(dilation) AR A

©)s} ol I o] Al 1,414 (x, »)$ixiel 4

B Ilx,»e 8- 3k FE TN Y e
A3 QR T tion (v, )2 B4 FROR FH7he),

Step 2004 Step 1ol4] K& 94
AAkS

o 2

=

1 gusion (%, y) =max {N}, N¥, -, NP} (5)

Step 3elAE Step 214 VL B 22N
B A (6o 28H ridge Q4HE o183 AN e
£ Tl Ridge A4 dF o] <Ak 1,004
(x,y) $1A9] 3t gt I(x 9ok B dato] 38
B B T Lition (x, v) S} B E3}, W37} glo
AN TLdxv)e A 3 I4x,»E 23, ¥d)
o 09 S 2 gk

Ii(x, ), if 1£%, %)~ I gitarion (%, %) > 0

[n’a'ge (x, y) = ( (6)

0,

otherwise

Step 49lMe Step 1el4 d& 34} 1, ...,7 Step

(679)

%3V K SPHRE B 6K 81

B R B L E A (DS olgs] B o
/\C} 1 com[)are% :Ff‘f}'ll}- 5}‘}-}; Oé/‘ol- 7 comparz% /q (7)01]

vepst 7t Zhe] qfH o] 4 1004 (x,3) A

of F4 3k I(xnyol 8 ridged: TIF A
In'dge(x»y)‘ﬂ]' oé}t} Iemsion(xvy)g] i}i 7\1}‘ % "‘;‘qq} %k
& e ol

0]

Icompare(xsy)= max( Iyidge(xs y), Iera;ian(x)y) }

A (©)2 AR ridge AR Aol Slold] A
b1 shaol T Ho ke 71 B4 A% ridgeR F
2%, AL ¥l i SN FASL 1 Sa

= R4
opdel Aol #e 7H WHF FELS Y (x9St

05]/‘0]— 1 gitation (x,y)}li i}i %}'O] 71'—_}'-<—)~E'~i
1 g, y)=00°] =1 T4 ol w4}, 22

B2 Step 4ol Al (& o143t ridge] A7}
T i o] FoIRl 1. Al ridge’t E 74
o] gl T ool tiFt ARE Z=
of F7H FA A Iompures TETE
Step 59l Step 4014 B2 B4 B oompere Dt
qY G 1:E vlasie] i glo] mE gom(F,
L eompere®l B 0]7F2] WP} glowd), w2
Step?l Step 628 744 §4 A4 1,00 ridge A

oJ A
1 erosion g 0}-

o
=
AF

o &)

Hoo

<

gk

¢ A48 29 ridge TEE 9] 2HMSE
ARk aRla @ R Tamedl 98 9 T
of sk e WEaIE W e Fho] Aolsh glow,
A Y Lomwres N Y 1.2 3 Step 12 7}
A} Sy

Input : zz#le] @A I,

Output © Z44 34

Step 10 4 @F o183le) 48 34 1 9 A4
& aso] A Lo s TG

Step 2 : A (B)F ol&3te] Step 144 DL dA
1 erosion®ll B AARE 331 DA 1S TRTH

Step 30 GA T piaion 22 HE] ridge A 1T T
gl (21(6))

Step 4 1 B Tt 34 1,45 vlaEl] 2
< B eR 3= 3 9N gk
)

=2
I compare B (A]



8 7159 A FAA FEd A oA BAY duelE FhRE 5t

Step 5 : ghA] ogA} Immmmg} Ay oA 1.& win
ste] 3h4 gho] = zhowl, Step 622 71, 4 @
of iz} AR 1 s 152 #3 Step 12 7FA
Rh% i

Step 6 1 B B Leomuel A 6)S H-83}] ridge
2 F23l1 o] & ridged FAANLE ZAFcL
duEE 1 344 5 d38F 75 2=
Algorithm 1 : The pseudo code for the skeleton
extraction algorithm

o

m. AdgZa

At d7EEL Visual C+Z2aa8g o]§3lo
33 F 296x256 F719 o] #E Akl s
of Alddal ket oA odake dAtell Sobel AR
s3sle] v|E AR I wlE Al CAE
Z33517] Ysle] AR TE ARl vl <dAteliA
814 grol dAG T 2ot = o el gr] el
W3l 2 g Jehezg oz shdsly, AR
T Br}h zhemd 9 daola wb) 3] wat =24
Rdomz oAz Halx] tkech AR T A<t
£ odatella W) o] wishshe AHme vt e
s, & EEdMe AY GAel] dele] d@Aos
dAZ TS AAs. wlebd, o7 A2 T3l
ulB odake] B o) AR T nrl =w A i
FellA TE = ghoz A e AAsIT 3 Fhol
T Bel Heow 008 o e 2AAs ot o
2 7@ Lenna G4l AAIRt T7=25 & AM&3tod
F-a)x1 =] odAkelt} 13 (b= 23 7(a)e] Akl
23 o4k 103 H&% 3 F 22 Al 7led

Azt duEs el dojxl BAR oA G4
ojct. @ o 7(0)% B Rl Algket v
$7] AL 103] ubE pate] §7) QS T
22 AoA 7)&3t A} duEEE 143l Al
BAE ox] gaelct a3 T@el 2Ak 9 F-gell
O FAE 3Fo| =2} =} wiA] 9] ol H
=gt A7} AAE ] b2 Folr) o7} BAHE
gkl 18l 7(b)et a3 7(0elME X7t dAE
w2} o33z} uj godo] Eelgde & 4 ook 1yt
a3 709 oAl edAke- Aokl olx nA whHo
ozl ofix] Jakal z& T(o)ell ulsted I Algk

—{J

-l°l' [‘.94 o

(680)

G3E Bege o 5 ek

7 8la)e 206x256 A719] Tools Al A4
TE 208 /\].%_—;5}0:] Aoz v E gatolt) 18 §(b)e=
a8 Sa)ell B3 Ak 108) ubE Sefsied qlojal
QAo thaje] FAAE T/ oAl dAdelet 2d 8(c)
= 128 8@ X Gaell B =EellA AR W
Q) §7] FAHE 1038] ubE Salste] 2ol §7] 94
cgxel AAdst daelEs w‘H °é3 BAE o

N

i)

1 igolet. 27 82} oA @4
wae) viehbs Algh skl gs}
ez Qo 23 89 <A 9

[}
15

1
% o 4 gle Telm, =Y L8R Qg

1 O
=]

e T 2+ e & 4 ek

/
-

wi=vh

Fig. 7.

(a)

(c)
(a) 296x25% =719 Lenna GAbellA 33
NA A4 (b) B4 (@l ¥ dikE 103

r

R

whe afste] PofAl °’WiTE1 2A44E
T 24 (o) G4 (a)el Ak S o]
A 108 §71AA 243 §7I °§ genty
H 2440e 78 94

(a) The edge image of Lenna image. (b)
and (c) are the edge images by applying
the image thinning algorithm to the images
obtained by applying the dilation operations
10 times and the uplifting process propesed
in this paper repeatedly to the image (a),
respectively.
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(a) The edge image of Tools image (b) and
(c) are the edge images by applying the
image thinning algorithm to the images
obtained by applying the dilation operations
10 times and the uplifting process proposed
in this paper repeatedly to the image (a),
respectively.
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20 times and the uplifting process proposed
in this paper 20 times repeatedly to the
image (a), respectively.
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Fig. 10. (a) The edge image of hended circle
image, (b) is the edge image by applying
the image thinning algorithm to the image
obtained by applying the dilation operations
10 times, and (c) and (d) are the edge
images by applying the image thinning
algorithm to the images obtained by
applying the uplifting process proposed in
this paper 10 times and 15 times
repeatedly to the image (a), respectively.

2 o] dAtelck R A4S 108) WhE psfsie]

ozl a7 10(b)e] A A4S JAs ) 4

Alo] Hetslzlo] g1 odAlell qlsld offA] ARE Wol

glgle-g & 4 ik & 10(0)2] A9k ¥ FA

5 109 BHE =303} Aalel 27 10(d)e] AKE §7]

AL 153 ubE 3fst Aol oflx] og4le] FoiA

AAAL A AZAAIEA oA ARE adz KEs)

3L Q)88 WoidEt) Sobel AAlel) ofaf) iRl R

kel el AR 7] dwEEE oW AEIE

o 2 ¢, Bo} He 34ntg "ol o)X &L AZd

o ocd Brh o g 858 wescae =

of ofdt o2 BA duwe|F

(682)

FAEE 5

ol

AN ZL0.

e
"old 3]

2l

7
o]

a

okl 7 109 F
2249 AL 15 3
BoiFa, a3 109 1™
10(d)ellA A =S 103 zEla 158w
35t dolzl F odato] sSEA| 3ol ol
A5g AZFE & 4 9k

A7} BAFE(fime complexity) @ Aokt o7 BA o
THE] A BAEE AddER, 947 94o)
nxn?) 7% v1E d4HSobel operator)e O(n )<
BAes A gl & =09 oF ikl el
7] g 7] HlE == Al daelge] 1
a7k coleb, §7] <dake ehedl Hed o
o ¢, n*)o BA=E zZ] €} F28 §7]
deRyE FAAE I HI FAA FER
shetl Fagh uhs 397t ¢, $71"
FAANE 3] A AT BARE O Cyn?)
o] Xlrl zejng Aok <twElEe] & Azt A%
= On'+ Cin*+ ConhE ZHeth

fr e

9

=3
=

[+)

!

I~

r.

==

tAS

=

rlo
o o it f-.)L A

v. 2 E

B mRolAe olx] edatelld olAEt oxE dAds}
£ oA 24 G325 Al Visual Cr+ TR
A-e olastel T3t AQket oA A dwE
2 d=E oA Al A g7IAA §71 9N
A WAL §7) el AL T3l oA
g Tl dAZ FAEC] ok B kg Falo]
AAE ANAE AAspd FAAo] Hrksisle] FAA
dx 7} 2AERT Aok due]ER oA S &
7N ZH oA dide] FAA ARE fReRA
QAR AE AFA Ak

Al

]

=

Y

=,

Wo odabolial EAE Helsih: #HAo
MPEG-49} MPEG-7 5% ZAA|7]4}
HA Aoz A= = 908 Feolrh

e



[1]

[2]

20014F 117 BEFLBEHmTHE

T

e

Rafael C. Gonzales and Richard E. Woods,
Digital Image Processing, Addison Wesley,
1992.

Luc Vicent and Pierre Soille, “Watersheds in
Digital Spaces : An Efficient Algorithm Based
on Immersion Simulations,” [IEEE Trans on
Pattern  Analysis and Machine Intelligence,

Vol. 13, No. 6, pp. 583-598, June, 1991.

i = BEOEER)

19984 89 ZAAeEta gl &
A (shAb. 20018 84 ZAoiEtw &
F3h IPESAFT EHAAD.
20014 8% (5 SDSYSTEM. F%
A Bol @abAe], 2t B4, Home

Automation System %

Z % BUE®R)
19831 29 ZAEsta ARk
Z(ED. 19854 gEHEr|ed
A7) H A SR,
19899 d=shelrlad] A7) 4 A
ARt Z241 (23D, 1990 ~ A
7Asta Ak

mi

1994 19~19%4 19 UC, Irvine 23w F34
Fof VLSI&CAD, 3AA13AE %

#£38% SPE % 6% &

[3]

[4]

(5]

S PN |

Y. S. Chen and W. H. HSU, “A Modified Fast
Parallel  Algorithm Thinning  Digital
Patterns,” Pattern Recognition Letters, Vol. 7,
pp. 99-106, 1938,

C. R Dyer and A Rosenfeld, “Thinning
Algorithm for Gray-Scale Pictures,” [EEE
trans. on Pattern Analysis and Machine
Intelligence, Vol. PAMI~1, No. 1, Jan,, 1979.
822 “Gray-Scale Thinning Algorithm Using
Local min/max Operations,” tf$bH=}E23}s] =
24, A35W SH, pp. 96-104, 1998

for

i+ E HOEER)

19574 39 2194, 1981w
A71FE & T AA)
(1983), Eerd uAK19%). 199
, d~dA AR A1)
. e,
Al st Arar

y
T
.
3



