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Abstract

~ — This project use digital image to determine the skeleton of 2D images. The program was
develop in Java programming language. Three algorithm were use: 1) distance & transform
2) thinning 3} Voronoi From our observation three algorithm produce skeletons winth different
properties. The skeletons from the thinning algorithm have Topological properties but lack
Geometrical properties. The skeletons from the distance & transform algorithm have Geometrical
properties but lack Topological propertics. The skeletons from the Voronoi algorithm have

Geometrical properties bot lack Topological properties,
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3.2.1 Distance & transform [4]
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3.2.2 Voronoi
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32.2.1 Qo2 <=B(p1) <=6
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3.2.2.3 p2.p4.p8 =0 or A(p2) =1
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43.1 ganad JAezunsu (Use case diagram)
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User System
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E 2 : Prompt() E

TG
F 3

[
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6 : Convert color to Binary()

7 Convert Image to Amray()

& : Process on Algorithm()

9 : Convert Array to Image()

__m__m-_-_-----%- L

N 10 : Display Result Image()
11 ; save Image() N
.: 12 : End System()

gﬂﬁ 4.4 Sequence diagram
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4.3.3 aoulwuun laezunsu (Component Diagram)
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ATA ABZINTN (Class diagram)

readImage

JFileChooser

+img: BufferedImage
+high: int
+wide: int

36

index|

+readimage (path:stringj}:

+getBuf feredimage ()¢
+getHigh(): int
+getWide ()} : int

void
BufferedIimage

b

openFile

+img: BufferedImage

+newleg: BufferedImage

+high: int

+wide: int

+openkEilel)

+getBufimage() : BufferedImage

Main

FgetHigh[) : int
+getiide () : int

createTable

+table: baol[][]

+table2: bool[}[]

+setTable{imy:Buf feredImage, nigh:int, wide:inc): void
+getTablel (}): bool([][]

+getTable2 (): bool[][]

plcture

+buf: BufferedImage

+3etPicture {table:bocl}] [}, high:int,wide:int): wvoid

+getPicture () : BufferedImage

<<skeleton> > voronoi_pic
+setSkeleton(table:hool[] (], table2:bool[]){], :zgﬁg_i:;c
high:int,wide:int, windewsFormat): vold i
+lefr: int
+gecSkeleton(): bool[])|] +right: int
+3cacus: bool
+checkifoint: baol
+voronal pic()

distance_transform thinning voronol
+Table: int{][] +Table: bool[]{] +Table: bcool{][]
+T: bool([][]

+pixel: voronoi_pic[)[}
+newPixel: voronoi pic(){]

=b.

51

4.7 Class diagram



37

L

¥
11 Class Diagram 912152n00RW 12 Class #1809 Aail

-

o { o v & { = 1 ar
1. Main fimihiilu Class nanfudengiiinves Gut H1dGadory user

‘é L1 1 at
2. index flu Gur Fel¥dadenuld

¥ A ' 4 o o
3. _readImage _vhuthAtumsawldasdamunduineia Buforedlmage )
a

4. JFiteChooser yhmiifuaasmihandmiudlaviotudinlra

5. openFile ﬁ1ﬂ‘?ﬂlﬂﬂ1'ﬂﬁhﬂﬁ)$ﬁ on1% IFileChooser uag readlmage
6. createTable fnfuuifasdoyaginmledluziunuvesensd 2 ia
7. picture  dmTvurasensd 2 Talinaothugilnim

ol = o o @ w R
8. skeleton  Nudwwmeswanaad Miuoanos

R i o o w o o ] a = .
9. voronoi pi¢ Lﬂuﬂmﬁmmmnu%’wa lmuﬂuwmaaﬂmﬁmsw VOronol
; & o a & o
10. voronoi luanesfinguuuwilsildlumsiszasana

f d w a & A
11. distance_lransform ilusanesivgduuuvilen 14 umsilseusana

s

™~ A A
12. thinning  (Hudanoifugtnmiiei 19 lumsdszanana

o



UNA 5

Han1Inaaoau

[) i ¥ [~ ar 1
manadeumsiauves llsunsuiunioemihi 2 mimaaeuvdng dail

1.

2.

ar

NATDUMSIINULARZEANDI T
naaeuN IsunsuemanTauaaIHanny GUI ldvdely)

1 o ey N kY
nageuh Ilsunsuamnsolszurarauuszund§iians Windows Xp 'Id

w5a'li

5.1 NaFeUMSHINUINazdanoIny

oy £ 3 as

£ w A A L= w s 4 o
l'Llﬂﬂﬂ]ﬂﬂﬁﬂ'ﬂi'ﬂil"l'l&l‘]ﬁ.uﬂ'Iiﬂizll')ﬁﬂﬁuuﬂﬂﬂ’lﬂf)aﬂﬂiﬂﬂ HIAVTINNINMIINATOU

=] o Nl a t:’l’
IAE0NDI N A9

Full distance & transform
Diagonal distance & transform
Cross distance & transform
Thinning

Voronoi

¥ ]
Tagnismaaouudazdane fmiuazimmaaoudgdnimeuy 2 57 ionagounay

ar ]

1 ¥ 1
gndes Tnogunwin ldd miumareumshanvessanes i 50 51 ‘idun

4 d o &
PG G LTI LRR

4 d A oy, I 4 4 a4 gdg 1o ad o
slamasuiuddgndeuiudeglfmdeniufndnonden uasiiuienm

Hd A 2o 1y o f
sudmasuAuhasgndouiodieadiaun uaziiwudun

a

o = o

. &
FUSAMIAIN (T) Fdfudon

o & o
lnanddiiudam

=

L= ng
PV BRI TV LR

L) 4&1 <)
Jluypdad LTI 989



5.1.1 Full distance & transform
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5.1.2 Diagonal distance & transform
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5.1.3 Cross distance & transform
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5.1.4 Thinning

N151A 5.4 MIHAMINATOLTANDINY thinning
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5.1.5 Voronoi

MT1N 5.5 AMIURANTNATIUSARI NI voronoi
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MINATBUN 1 NATOUMITNNULISANBI TN full distance & transform
Togilszaen: ienaaennsvhnuvessane3fiuiu full distance & transform

o ar ‘i} =y ar
‘i]ﬂﬁ%lgﬂﬂ: MTNATOUNUATN 4 !.l“lJ'iJﬁﬂ ﬂ?WEﬂ%’IﬁQWHﬂWHﬂNL’i‘MﬂmW, ATHAN

BNYINTHIDINGY, 3

XP sp3
~ as Y = aey . .
HanNMana: "lmmu‘ummwmaﬂnﬂﬂmﬁuum Topological a2 Geometrical

panldose: Tdnamunmanialsd



A19199 -1 MITHANTNATEUS NG full distance & transform
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e

ANV

MWHAAHE

Topological Geometrical

- - :
D NO No
- | ———MMJ\ Yes No
T e \ "
. No Yes

i

+
. No Yes
L rl - No Yes

N

A

~ ’!
i , No Yes
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miNﬁ n-1 (Piﬂ) mﬁNﬂﬁﬂﬁﬂﬂﬁﬂUﬁ'ﬂﬂﬂ%ﬁu full distance & transform

fy

‘ MWLM AWNAANT Topological Geometrical
\
\Q\l. { r Sg'l{? ;; No Yes
SO
1
II =
AR
»'\ No Yes
AN
N T
FAN
I VoA
) Py
' ! No Yes
7 /JI\
\ No No
/
/
R
{ No No
i { T
‘ No Yes
s g
L
. U No Yes
I ’ No No
No No
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A19147 -1 (F1D) A1T1INANTNATRUSANDINH full distance & transform

MR AWHABHT Topological | Geometrical

B ‘ ) No No
. No Yes

)
D — No No
E No No
F No No
1 No Yes

G (“ !
H NO No
I Yes No
' No Yes
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M13197 -1 (A1B) MITIHAMINATBUSANDINY full distance & transform

NTHAULUY

MWHATHE

Topological Geometrical

) K / No No
I No No
M | NO NO
N , No No

v ’ A
O (_;‘_h No Yes
P ‘ely No No
N No Yes

VA

s

—
R ) No NO
S No Yes
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M5197 N1 (AD) MSIIWANINATOUTANDI NN full distance & transform

MR

NMWHATHT

W

Topological Geometrical
U | ‘ No No
No No
V \/
/
\ ‘ No No
| A
VA
[ |
\\ /_,- No No
x xl
s
.-'//
= /,-- No No
Y of
Z NO NO
I 1 No No
B No Yes
2 )
3 No Yes
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M13197 -1 (ﬁﬂ) AN AN ITNANBYSANDI NN full distance & transform

ATAAUUUL NTHHASHE Topological | Geometrical
A
/ No No
4 4
L No Yes
]
5 J‘
5 No Yes
7 No Ne
Y
A) No Yes
8 @)
9 No Yes
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MINATOUN 2 NAFOUMITTITUVBIANDINN diagonal distance & transform

i

ﬂgﬂ‘ixﬁ’ﬂﬁ: Lﬁamﬁauﬂﬁﬁmummé’anﬂ?ﬁmmu diagonal distance & transform

a o g ~3 a
ﬁ"lﬂflglaﬂﬂ: MATNATOUNUNIN 4 !.!.‘]J‘Uﬁﬂ mwgﬂmawugmmamnﬂmm, NINAT

ANHIATHIAINGY |

XP sp3
i o’ ¥ & o - .
HANAIAYI: 'flmmmmamwmmmﬂmﬁuum Topological 1482 Geometrical

wanldads: ldmaauinianials
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M13197 N-2 AT WUHANTNATEUSANBT AN diagoanl distance & transform

ATWAUULL

w o
MAHTANT

Topological Geometrical

- - -
D ) )
n (fﬁ : :
T B\ \ )
. No Yes

|
. NO i
i | S No Yes

|

{

|\

)




68

13199 n-2 (Vi‘ﬂ) M 1NaMSNATOLDanaINY diagoanl distance & transform

MAWAULULY

@ o
MAHATAT

Topological | Geometrical
Q [ t\d/‘ / No Yes
":;‘\l -
.
\';’w
antia)
,'\ No Yes
| \\
N
| ‘ No Yes
. \ No No
No No
P N
’ No Yes
‘--___../
7\
. \j : N
I
I | No No
A No No
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MT197 N2 (AlB) MITWMINATELSANBINY diagoanl distance & transform

MWAULDY

DINHABNT

Topological | Geometrical
B No No
C _) No Yes
D No No
N
V@,
E o No No
F j No No
G No Yes
H No No
Yes No
|
No Yes
J




70

M35199 P2 (MB) MTINANMINATIUSANS 3NN diagoan distance & transform

MAWAULULY ATNHATHT Topological Geometrical
K // No No
I No No
M - -
RYA
N | No No
0 NO Yes
P No No
No Yes
Q )\_
Y
R | No No
S No Yes
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M3 72 (fiB) MITIHANINATBVEANSIAN diagoan! distance & transform

ATWAULAID MNNATHE Topological | Geometrical
l ' l | No No
V No No
.,_\\ - No No
AR
ARy
x \/ No No
I
Y \ / No No
Z 19 No No
1 No No
2 No Yes
3 No Yes
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M3191 N-2 (M18) MTIWANINATBYBANBINN diagoan! distance & transform

, MduLUY MNHATHE Topological Geometrical
]}
/ No No
4 vt
5 o No Yes
6 p No Yes
7 No No
) J
8 No Yes
9 No Yes
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ﬂ‘liﬂﬂ’s’rﬂﬂﬁ 3 mttaunnﬁnmmmé’anﬁﬁu cross distance & transform

ar

I 4 [] ar = .
?ﬂqﬂﬁzﬁﬂﬂ: Lﬁawﬂﬁaumﬁmﬁummaan'ﬂsﬁmmu cross distance & transform

o s dll‘ () af
‘i'lf_lﬁzl,%‘ﬂﬂ: MMINATDUNUNTN 4 ULUAD ﬂ1W37J’ﬂNWH§1HT1NLSEU"Iﬂﬂm, NINAT

XP sp3
4 or lé sy 1} sy
manmanis: ldunuvosnmadigaaunif Topological Usanaauiia Geometrical

waflsose: Iduasmuinansald

R
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19190 1-3 MTNNANINATDUSANTI TN cross distance & transform

NIHAULLL

MWHAANT

. Topological Geometrical
a
- - -
E D Yes Yes
b/ Yes Yes
S
. PN T
’ )\
. No Yes
v
N
yd /\\“\.
. No Yes
. t — No Yes
\
R
)
. - No Yes
-
\ >
\,/ '/
i' /|
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A13197 -3 (M1B) MF1IHANISNATOUSANDINY cross distance & transform

ATHAUULY AWHASWT Topological Geometrical
(
\\i\ 1 (\\,l'/f No Yes
~, “‘\/ <
<
N
Pty
/\ No Yes
N
N
b
i No Yes
‘ l
N\ No Yes
. /
No Yes
i No Yes
\\\ r ’/'
i
I v No Yes
No Yes




~
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f15199 7-3 (ﬁa) mﬂwamsmﬁeuﬁanfﬁﬁu cross distance & transform

AAAULLLY) AWHDENT Topological | Geometrical
B N No Yes
No Yes
C B
\r_\ No Yes
D l_ ]
A
No Yes
E }
-
No Yes
G No Yes
H I No Yes
I Yes Yes
' No Yes
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M13197 1-3 (D) MIIWANMINATBUBANDINH cross distance & transform

ATHA LY MNWND ﬁ’wff Topological Geometrical
K No Yes
[
N
L L Yes Yes
M No Yes
N No Yes
A
0 No Yes
P No Yes
: No Yes
R No Yes
S No Yes
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A15137 1-3 (Fl9) MITINANINATOUSANDINN cross distance & transform

MR AMAHAANT Topological Geometrical
U T T No Yes
V v No Yes
/
W NO Yes
x No Yes
Y No Yes
Z | , No Yes
. No Yes
1 7
2 No Yes
3 No Yes
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n:; 1 ar = o N
MINN N-3 (AB) ANTNHANINATIVDIANDINU cross distance & transform

AHAULAS MNHARHE Topological Geometrical
{ No Yes
{
-
A
N No Yes
5 o
6 No Yes
7 : , No Yes
/{/
8 No Yes
9 No Yes
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MINATOUT 4 NATDUNMIHIUVDITANBIAN thinning

’?ﬂqﬂﬁgﬂdﬁ': Lﬁi’)‘ﬂﬂ’ﬂ’ﬁ)ﬁmiﬁN’m‘Uﬂﬁﬁ’ﬂﬂﬂgﬁuu‘UﬂJ thinning

=] f J =y L
‘ﬂﬂﬁzlﬁﬂﬂ: MIMINATDUAUNIR 4 ULVAD ﬂ1W§1JTI'§QWH§1H1’]NL§‘U1ﬂmﬂ, MAAI

XP sp3
{ [ & sy . ] e .
nanmania: Tdunuvesn msdingaaund Geometrical AN AAMANTA Topological

wailldosa: Tdwamuiiaraniald
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M1519 D-4 M15INANTNATOUSANTAN thinning
ANAULLLY AWHAAHT Topological Geometrical
- : -
D @ : NO
n Q Yes No
- T
. Yes No
. Yes No
r ,l_y Yes Yes
|
h'\
s
<)
i . /Q// Yes Yes




M3197 P-4 (918) MT1INANINATOUSANBIAY thinning

B2

R AT NTHHATNT Topological | Geometrical
. i gj k 7% Yes Yes
}!\ Yes Yes
~\
) ,)
' /J\ Yes Yes
' ; Yes No
N
' Yes No
. 7% Yes Yes
. Yes No
I Yes No
Yes No




{ o o . .
M3197 n-4 (AB) MNWaMINATBLSANDINN thinning

a3

AAAULLY AHATWE Topological Geometrical

B Yes No
-,

C L) Yes Yes
(\

D j Yes No
R)

E Yes No
i

F Yes No
F

G Yes Yes
o

H Yes No
|

Yes No

!
J Yes Yes




M99 P-4 (AB) MITIIWANINATOUTANGINY thinning
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A

N AHAULY AMHASNS Topological Geometrical
| K l Yes No
/
T\
L Yes No
.
M Yes No
M v
N Yes No
N
0 Yes Yes
O
P Yes No
5
Yes Yes
Q o
R Yes No
S Yes Yes
O




P L] er oy 24 . .
ATNN N-4 (A9) MINNANINATIVDIANBINY thinning

85

AMwAULLY ATWHATAS Topological Geometrical
U Yes No
|
lv U Yes No
\/

W w/
x Yes No
X
Y Yes Neo
Y

Yes No
P AN Siv:

1 Yes No
1

2 Yes Yes
Z

3 Yes Yes
4




4' 1 [¥] Y . .
AN -4 (M) ATNHANINATDIVDANDINY thinning
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MWAULLD ATHHATNS Topological | Geometrical

4 / Yes No
C

5 Yes Yes
0

6 (\ Yes Yes
&

7 Yes No
7

Yes Yes
8 ¢

9 Yes Yes
5
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MInagoud 5 NATOUMININUVISANDINN Voronoi

s d 4 o [ <3 .
Fagilszasn: iNenadeunshamvesdane3fiutn Voronoi

V¥
F1EAZIVBA: WININAFDUAUNTN 4 LU AMngUnsafiugmmasnadia, MW

4 s ‘§ - Ay 1 gay
wafiman3a: Tdunuveanmielinuennia Geometrical LAV IARMATA Topological

Nan1n93e: ldnamuiinianisl?




M A-5 AT NHENINATDUBANDI NN voronoi
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. MwAuL ATWHARHT Topological | Geometrical
- - -
N / No Yes
e AN
> T \/ No Yes
AN F
}'\__ﬁ_,/
T > < No Yes
-!:, /L
. Yes Yes
. Yes Yes
K _ﬁ,‘(\ —_— No Yes
’ , No Yes




M3 N-5 (#19) MINNAMINATBUDANDINY voronoi

8%

ATRAULIUL

w
MANDANT

Topological | Geometrical
"
. e b No Yes
shy
s
et
-i\ No Yes
| \ -
/)
’ No Yes
\i7
PN
5 No Yes
;
ax
. No Yes
' No Yes
TPk
. // \‘\
N No Yes
<
No Yes




M9 N-5 (AB) MINWANINATBUSINBITIN Voronoi

S0

AMNAULY)

MNHATHE

Y

e

Topological | Geometrical
No Yes
SN
T
— No Yes
<.
C e
D —~ ﬁ__\\ No Yes
AL
« No Yes
E l
LI
F AN No Yes
I
No Yes
St L
H T T No Yes
I Yes Yes
' Ne Yes




M3199 0-5 (D) MITIIHANIINATEVIDNBINI Voronoi
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AMmAULIY NWHAANT Topological | Geometrical
T / - No Yes
@
I { No Yes
P —
N~ \/ No Yes
NN
7]
A
No Yes
N ]
N
No Yes
L
P \l\__\j No Yes
No Yes
Q C/r\j
v
— No Yes
I
lL\
No Yes




M9 7-5 (AB) MITIWAMINATOUTANDIRY Voronoi
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AHAULI

a o
NMAHADNT

¥

Topological Geornelrical
T T No Yes
U L
. V \\ / No Yes
A
v No Yes
WARW
AA
- No Yes
2,
; S I
— I No Yes
Y /7
No Yes
N o S
Z 7S
No Yes
No Yes
2 lzf—\
A
No Yes




M31971 A-5 (18) MINHANIINATBUSANOI TN Voronoi
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MWAULAI

MAHARHT

Topological | Geometrical
)/ No Yes
/|
7 |
S <
A
—t No Yes
{
N
"
No Yes
Ny
SN A
0z
No Yes
—y
e No Yes
()
No Yes
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