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ABSTRACT

The handwritting recognition has is widely studied nowadays. They have been adopted
and used in the many ICT industries. However, the process of translation of the handwritting still
has some limitations, especially in Thai. One of the main problem is this method can recognize
online handwritten isolated character. But if a writer writes at fast speed, characters tend to
connect from one letter to another.

As mentioned above, it is important to investigate how to separate the connection
handwritten in order to recognize them. The researcher recommends separating the online
handwritten connected character into an isolate character by developing a water-reservoir
technique. This technique find area between connected characters and candidate points. We

choose the best point to cut by Thai handwritting-pattern and recognition rate.
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3.2 Handwritting segmentation of unconstrained Oriya text
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Ax = endP .x — startP x (4-1)
Ay =endP.y — startP.y (4-2)
d = \JAx* + Ay (4-3)
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4.3 m‘smqmﬁuﬁ'ﬁﬂmi’faga (Feature Extraction)

i e a . 2 o
gaautamimn1dluadis1dlssgndnnquanidveunnfausai Taondsnn

- 9 o aan 3 ' Y d e ¥ 4 qqd"lﬁ g o ' a’
lﬁiUNﬂlﬂQﬁﬂSliUﬁﬂQﬂﬁ‘IU'ﬂl‘lﬂﬂuﬂﬂu'ﬂu'lﬂ'ilzu'l'ljﬂllﬁﬂzﬁﬂﬁﬂillﬂﬂ W IWHNLDIUN

P o ' ' : - ' o’ 1 :’ ' df a ' o
#9390 [10] wyausniheeniumulszianie usniu usniauaziunda ogrelsn
- > 1] o o o o -} 4
arunuuenimemndsaands limsanedemsinldsuanesi@ouIne ileen
1 A = o s ar Y n’: oo dy yt;
au Inelinms@ouiiyendaaiu lunuamiloussnauaz 1dussia dniuauiteiseldifiy
o i e - A 7 ¥ v 2 A Y g - A a
anyazLenimdn 2 Ysuanae ueanhdeuazuenivn e lsudilym lunsdimsidouda
- o 9 (Y
milpussnauazldusina
I v 1 ¥ ¥
Tugii 47 uamsnuafamsmmuiuenii Tavdunaninuinaniugniladonlds

¥ ]
11 edrmdesmuiiannie 1 Awunidadnddaiueue B nusnimnmsgiismai

as

o J o/ Ll R ' ar '
endeusou Tasimuadansiuim 4 dunlsunuiisni 4 famsfigndouseudanain uda

i o aad ¥ 1 3 1 a )
aulean 0 uezisdapsiiindesmsnssaengndeuseudaoat 1 Tusiemalaths

00000000000000000000000DD00000000000
000000000000000011111100000000000001
0000000000000011000001 1100000000000
0000000000001 10000000001 100000000000
D0DD0000000100000000000001 1000000001
00000000001 10000000000000001 00000008
0000000001 000000000000000007 10000008
00000000100000000000000000001 1000001
000000001 00000D0000000000000001 00000
00000000100000000000000000000010000I
000000001 1000000000000000000001 00001
00000000001 11000000000000000001 00001
000000000000111000000000000000010001
000000000000001100000000000000010001
000000000000011000000000000000010001
0000000000001 1000000000000000001 0001
0000000000001 000000000000000000100M
00000000001 100000000000000000001 0001
00000000001 000000000000000000001 0008
00000000010000000000000000000001 0001
000000001 000000000000000000000010001
D0DOD000100000000000000000000001 0001
00000001 000000000000000000000001 0001
000000110000000000000000000000010001
00000010000000000000000000000001 0001
000001700000000000000000000000001 D00
000001 000000000000000000000000010001
00000100000000000000000000000001 0001
000010000000000000000000000000010001
000010000000000000000000000000071 0001
00001000000000000000000000000001 0001
00010000000000000000000000000001 000
000100000000000000000000000000000001

3

it 4.7 gftuiifignaden

Tavamsadutauaaslumsei 42 uazmlavziinuiiuess (rue) Adeiiofidouly

] ] v ]

muiidimua M9 43 waadddituanuduiusveadaunlsie 4 denisszydidumis
v ¥

aulviiguamidveasninlszionla uazmsi 4.4 uaasnnuminovesduAaz s

Tuozisy



M5190 4.2 UAAINUNUIBY037 15 L R Top 1A Bottom

39

aanls ouly fu il

] ° A a [ Y A - o

L A1 0 Tudwmanaulaiin 1 egndanvile 34 (true) | IN9(false)
' o A a1 ' - o

R 1 0 Tudwmiananuleiia 1 egunile 934 (true) | INY(false)
' ° v oA o 1 a o

Top A1 0 Tudwmisnauleiia 1 aYN ALY 939 (true) | N9(false)

Bottom | A1 0 Tudwmiisnanladia 1 egmediuas 939 (true) | 1M (false)

M3191 4.3 UAAINNUFUWUTYIA1 L R Top 102 Bottom Tumsildounasiluezisd

L R Top Bottom duranaula
| L U 1
ANM mlna
true - - - 0 5
- true - - 0 5
true true - - 0 5
true - true true 0 3
- true true true 0 4
true true true - 0 1
true true - true 0 8
true true true true 0 9
M1319N 4.4 LAANNUHNIBYDIMAazA ML IuozISE
1 Ll L] |}
ANM mln ANNHINY
- ——— i 3
0 5 funn liduusanilag
a4 A4 i e
0 8 Aunnueniuu
f 4 [ v
0 7 Aunnluueniian
o ol v
0 3 wunhituue i
: 4 44 )
0 4 Nunnuns gy
0 9 Wunisziluiuinia




40

4 4 H 1 .” n’: o L] =
nnsmstsduiumaadesdulumsmiuiueniuinin - uadelileismsly
R e a vy 9 A1 1@ e v&vllwcl
msmuinsnhnfaduese  msznnuRatdueziinegludsumisi ligndealuing

° o - g i wa 1 : a
Aumia dsuaaalugii 4.8 naasvunimguauniauenida

b Lo a0 [ 0 0 L 0 1 L 0 o 0 0 0 0 0 0 0 0 0 0 10 0 4 4 1 1 1 0 4 0 o o v 1
355555555555555555555555565555555555555555555555555555565)
155555555555555555555555555551 11 155555565565555555555555!
355555555551111118B888BBBBB81999915555555555555555555555!
35555555551999999 1668 1999999155555555555565655555!
35556555555189999991 108B886866199999991 1556556555555555555555!
35555555551999999999316868819999999993 1 555555555555656555!
¥55555555519999995999188B819999999999 1555555555555555555!
3555555551899993939393 168 1999999999999 18888868 1 555555555¢
15555555199999999993931819999999999959 1 BEBHER1 1555555555
3555555519993999939993 1819999939393939188888 1 1 1555555555¢
1555556519993959399999 1 199999999399999 1BBB88931555555555!
5555551999931 111989999939399993999959 1 88888991 555555555/
355555519999199991589899999399999955599 1 BBHBE99 1 555555565!
555555199919999991 199999999999999999 1988888991 555555555!
¥555555199199993959919999959939999999 1988888991 555555565!
’55555511199999993999198999399339999 1998888899 1555555555!
¥55555519999989993939 199999993999999 1 998868899 1555555555!
155555551999999999939199999999999399 1 9588888991 555555555!
355555551999999999931399399999933999 19988888991 555555555
1555555551999999995 195999939999399359 1998888899 1555555555!
16555555551111999919999999999999999 1 9998B8BBB991555555555!
165555556556555519919999993939939595 1999986888899 1555555555
15655555555555551199999995999999599 1999988088999 155655655!
35655555555655555555655555655555119999988086999 155555555
155555555656555555555565555555551999999988888999155555555!
16555555556555565h5555556655551999999998808BB999155565555!
15555555555555555555555555555519993959988688999 155555555!
15655555555555555555555555555199958959988888999 155555555
1565555555555555555111111111991939999993886B8999 1 55555555/
15655555555555555519999999991 199999999998BBB899 1556655555
1555555555555555193999995391199999999998888699 1555555555!
1555555555655656199999999917711119999998866899 1555555555!
¥555555555555551999393999177777771111 198088899 1555555555!
»5555555555555519999939917777777777777 18BBBB991555555555!
’55555555555555111111111777777777777777 18888991555555555!
155555555555555555555555555555555555555518B8999155555555!
155555555555556555556555555555556555555655551 155555555!
35555555555555556565555555555555555555556518999 155555555
355565555555555655555555555565555555555555551999 155555555/
555555555555556555655655556555555555555555511 1555555555
356555665555555555655566655555555555555555555555555555555!

ialalal el el ol ol alad ol ol ol ol ol ol ol ol o ot ol o S o o S,

" ¥ [ 3] v
N 48 uamsiiuinimauanaus i ligndes

b o o ' < g ° - o Vo oA e 0 3 =
aumgranafind i v imsulasunlasdumisminseyguaniausaiia
v o ' o 4 ' H : 4 ' s 4
11 Tavordonanmsunsvenit Famsunsvenitezunsennisesq suninzduusnud
v v L 4
annsanmir 131 dniudsoidondnmsdaindumlszgnd Tasszuismsmguauiausai

199 eaniu 6 Uszian 1dun



4.3.1

4.3.2

41

X 44 ¥

mamuni hiduesilag
b4

1 aa ar ¥ :l o ]
Aum 0 luezisdansiia Mimiuduma 1 fegdumiamadio ¥ vunay
' U as U v ] o - ] l ' 1 3
a9 vear1 0 Aenar luszezvnaidmuanunie i d1liwua 1 edraion
auiirmevzyhmsnlaous 0 s

ar 9 "y 3 o [ ¥ 1
nasnnldm 5 Imidredunds whmsunim 5 eenmedhouazynsunh
o ° 1

wiven 1 luezisinsonuavouivavesezisdasMmsnyaLns

v H
Fuaoumanaunanslugii 4.9

ofoJoJo]o]o ofoJofofofo
ol1]ofof1]1]o][o[1]o]0]1]1]0
1]of1]of1]of1][1]o]1]0]1]0]1
1]ol1]olol1]1|[1]o]1]ofo[1]1
1]ol1]o[1{1]o][1]o]1]0]1]1]0
1]ol1[1]1]olo|[1]o]1]1]1]0]0
o/ojojoJofo]o][olo]o]o]o]0]0
orerotod o | ENEHENENENENE]
ol1]olo[1]1]o]{o]1]0]o]1]1]0
1]ol1fol1fof1][1]o]1]o]1]0]1
1]of1{ofof1]1][1][o]1]o]o]1]1
1{o[1{o[1][1[of|1]o]1]o]1]1]0
1]o]1[1]1]o]o][1]o]1]1]1]o]0
o/ojofojolo]o|[o]o]o]o]o]0]0

H ¥ [ ¥
Ui 4.9 narasmsminuini hilsusai

X .4 5T

MIHINUNNB Y
fumisr o Tuezisdaeaild minnuiiiar 1 ewsevegmuiaaudummis
410 421 tazanluveuwandmuaseimsldoust o (Hud1 8 uazie
Aumravesn 8 114 1 1aludmd

: = " ° [ = ' :; ' 9 A o ] 4
NMinAIAIALMIIeennAl Tavaulemnegdoniladmis vamila
o 1] Ll 4 o 1] L] o 1] H ] 1] L o L
Aundanazalniad e mina ludwmdannanu lulear 1 sz
Aumuananan T ladlufa
o n’: U v & oo L
Mvuneunount lisosuniAiezing

& a4 4 <
Tunpumsmnuinenihuunaaslugn 4.10



42

5 5 5 [ 5[5
5 | 1-BFR .o [ 1 [ 1]o0 HERER- : EXBERE
1 0 i 0 1 0 | 1 1 0 | 1 0 N1 0 1
1 o |1 ]o o 1] 1 o[ 1o \@ 1] 1
1ol 1ol 1]1]o T o[ 1o 1|1 ]o
1 o |1 [ 1] 1 oo R ERERERERE
o |of[o|o]o|[o]o olo|o|[o|o]|ofo
5 [ 5 |5 NG (5[5 s I
5 | 1 1 1[0 5 | 1 111 ] o
1] o [ 1 1| 0o [ 1 1 [ o[ 1 1 [ o [ 1
1[0 [ 1 O™ Lt oy 1] 1
T o[ 1] o | 0 1 [ o |1 11 ]o
1 | o | 1 VNI 0 1 [ o 1] 0o
oo oo \@ o | o olofo]o|o]|o]o
] ¥
Ui 4.10 nerpsmITmBRINIY
g (€
433 mImwuneNhaN

' o aa 1 1 (] =Y o ]
Aumim 0 luezisdaealid MinnuNin 1 deusovegauirauduma
410 491 uaz v msafdous 0 iflum 7 nazihadumidal1dufa

& ' a ' a A 4 . ' 4
nnTuAsmdmiseenanda Tasauleiriegdronilsdumis vamils
° ' P I [ ' ° v - " [ ' ° '
Aunvaazvunidmi mnmludwmisinanuniles 1 seshie

¥
Awmvamaniullaluda
o o‘;‘ 1 9 d’ d' " U
Myunouneuntil ldiFesqaunifng i

L
o o

Fupoumshnuiaalugln 4.11



3 e
<+ -
-
=
(]
33
&
=
VW[~ |— |~ |O|O -
Alﬂ
w|~|OojlOo|O|O|~|O il
e}
wlo|l—~|olo|lo|o|o aE
w|o|lo|—~|olo|olo ‘_m
=
! =
W —HNO | O00O|lw|~|olojo|ol~|o o= S
= a3
|~ —|—|~|—|O|lv|o|~|o|o|o|o]|o g =
- ®
w|w|l~|o|o|o|o|oflw|w|ol-|oclolo|lo - o
= e
5511110051111‘110 wﬂu |wﬂ
= =
w|—|o|lo|o|lo|~|o]|¥]T i A e Lo o 3 -
| ~— ~— ||| O o ﬂm
w|o|—~|o|o|o|o|o 4 x
ololol<lolololol|leltl o ool = =
[~ ¥
NI~~~ |—|O |*ﬂnﬂ
z ©
0|~ o|o|o|o|o -
; =
e &

A =1l=1 =1 =1 =

4.3.4

manlasun 0 fus 9

]
=

¥

YUADUNITMINIULAAY

N4.12

Tugyl

¥ ]
wunila

3UN 4.12 naraamsm



435  mamueahdem
- 'r‘hm'mquw’fmgaamtTfrﬂ4ﬁﬁmu1%umﬁmnzwuiwmsmx1641{151111111113
miloufumsmusaidnuy
- ¥5@nsumsnusadnuunadousind 8 i 3 unu
- 5umaun1sﬁmmmm‘luzﬂﬁ 4.13
5151515153115 DIS[D1516519|5
5{5]5|1]| 1L I#TD 1% S5]|5|5|5]|5
515114040515 5| 14346-40+1 (5
514070 ]| 0185 2 t5l 10 | 0ho1]5
g 0 +8-10-1+-585 SEST4UT6 | ONNS
oA 5 1T 1 DI -5 BUIO~L.3 111 | 5\ 8
P Lo=rar | 345 OB BLLEUSlE | §
31]1‘% 413 ugAInIsHIB YN
435  mamueainduas
- imsmpudeynezisdaealanaudinniineznuhmsmus nhdudwes
miloumsmusnidiua
- Rt unmsmussdudandnldeunina 7 s 4 iy
- 1fumauﬂ1ﬁﬁ1anunsﬁﬂaiugﬂﬁ 4.14
515 QN | YIB45 AIRNPOLENS |5|5
5185|5 ] TNNILS St 111 5
5(5(5]0]0[1]5 5] 114100 1]1
s5[5[s5lofof[1|5| — [5[1]ololol1]5
5/5|5|0|0|1]|5 210818151115
SI911T|111]18]5 21918 |515|5|5
515 |8.1l5L1158]5 518181815155

JUN 414 uamsmsmme nighe



45

o e L) = i =, ey o J 4
dmfudediadeynniei 1dnniEmsmauanidamiaden 4.3 uaaslugili 4.15

1o 4.16

5535 29555/ Y 5555555555593:

55555555555555555555555555555555555555555555555555555555555555555555555511155 555555 555¢
555555555555555555SS5SSSSSSSSSS555555555555555555555555555555555555555519”155555555555555555555555555'
5555555 555555555555555555555555555 55555555555555555519999915555555555555555555555555¢
555555555511111160800000606060000000800000000000100000000060000880001179999915555555555555555555555555¢
555555555199999910000006808008608008000068066080188686666680088880819PP9PPPPLS555555555555555555555555¢
S5555551119999999918688006880086000000080000000600100800000888888B88199999999915555555555555555555555555¢

5555519999999 9991688 LLLLELLL 88888088088L9PPPPIPIPL55555555555555555555555555¢
55551999999999999188888 B11 BLOPPPOPPIHPLSS555555555555555555555555"
55519999999999999106666000000800000 BLL PRRPPPRPPPLS555555555555555555555555555¢
51819999999999791888888808888! B BL1| BLPPPPRPPPPPLS555555555555555555555555555¢
51119999999999916080080060 88 1 B197999P1111
5511999999991118BBBBBBRBBARBEEE 71 B
55511799997166680000080000 771 811111186609888888568B0080880988888815555!

555181911118658688858500060080000608800008883177718088888385881715888088088
5551081886666088008800000000800060660000000801777718600080081771608666808080886680008 :
5551 1186868 88881777771088811117771888088880060608808008688000888808815555!
5551606800680088088880171000808060086080080081777777TLLLITITTITIL 8666068 BB0BBBORALSS5SS!
55518088800006060000801710808000888880000888177777777777777f7777108860088608008885058056886888888815555°
5551866000066666000061777108000068688088008177777777777T7TT77777710080000000000000088868888088008015555"
5551888808808666688817777710008008808088880L77777777777777777777771808808600088000085856086088888815555"
5551888800088088066177777710000000880000001777777777777777777777710868080000080801888800008008608815555"
555186000000800808177777771880008080008888177777777777777777T77777160008600881116008800886666668155555¢
5551880880880080081777777718
5551668680088880881777777718 t
55551BB6BBBBBBBBBLT777777771L0BB0BBBBOBBBLTTTTITITT7I7TI77T7IT7I77T777777777716BOBBOABARBABBEEEL5555555!
5555188808888888177777777777186000808088L77777T7777777 7771777777 1T17777717160800000008800088815555555¢
55551BBBBBBBBBALTT77777777771000BBBBBBBBLTTTT77777 7777777717777 T777T777771006B5B00B0088080B8815555555¢
5555188888888881777777777777100888888888L777777777777777T7771TTTTTTT7TTT718668686068888088888815555555!
BBBBBBLT7777777777718008BBBRBBLTTTT77TTTTTITITITIITITT7T777T7771080888005880600808080815555555!
BBBLTTTTTTTTTTTIT1000888888L7777777777777TTTTTTTTTTTITITT711100088888888886808888888155555555"
S55551808BBBBBLTT777777777777100080800M7777777777777777777777777777771080000008588088888888881555555555"
5555188888817 77TITTIITTITITTLG BBOLTITTITIIIIITIIIITITTITTTITTIT7710688000000008600000008015555555555¢
S55518888BBLT7777T7777777777710888888L7777777777777777777777777777100688888838585688888088155555555555!
5555188008L777777T7TTTTTTTTTTTL088688177777T7T7TTTTTTTTT7T7ITITTT7100008800088888888B88881555555555555¢
555551888077777777777777 7777718888817 7777777777777777777777777777103000008088888888888815555555555555¢
5555510007777 T T ITTITITITTINTARBLAATTTTITININITITNITTITTITNTTTT1008080000000

555555555555555555555555555555555555555555555555555555555555555555100880888088888888155555555555555555¢
55555555555555555555555555555555555555555555555555555555555555555551 0888888880888881555555555555555555¢
55555555555555555555555555555555555555555555555555555555555555555551088880008888881 5555555555555555555¢
555555555555555555555555555555555555555555555555555555555555555555518888888888111155555555555555555555¢
555555555555555555555555555555555555555555555555555555555555555555551 80888881 555555555555555555555555¢
5555555555555555555555555555555555555555555555555555555555555555555551 8888881 5555555555555555555555555¢
§5555555555555555555555555555555555555555555555555555555555555555555551 1111 155555555555555555555555555¢
SSSSSSSS555555555555555555555555555555SSSSSSSSSSSSS5555555555555555555555SSSSSSS5555555555555555555555'

it 415 Frotndeyandnmmusnivneg

55555555555555555555555555555555555553315555
55555555555555551111111188888968883686813555
$55355555555555144944444108689680888085 15553
35555555555555144444444441111188868088813555
55555555555551 4444444 4444444441111100088 1555

444424044444 440404444158881555

35555555555551

555555555555 1494944948 4444444444444411119155
555555555551 1155
53355555551 4555
555555551 4444444 4555
555555551 4 4555
53555551 4555
55553551 L111110111100 5

S355555144841111177777770777777 7144444444555
553535184081 77ITRTITITTITITITIVIIT1 4444444555
S53SS1NNNTTITIINIVITTITIRITTIITT 1444444555
SSSSS1NTFITITITIIRIRTTTIITIIVITITIAAAN4555
5555555555555555555555555555555555551 4444555
35555555555553555555555555555555555551444555
55535555553555555555555555555555555551 444555
353355555555555555555355555555535555551 44555
55555555555555555555535555555555555555514553
35555555555555555555555555555555555555551555
35555555555555555555535555555555555555551555
35333553535555555553555555555555555555551555
55555555555555555555555555555555555555551555
55555555555555555555555555555555555555551555
33553555555555555555555555555555355555551555
35355555555555555555355555555555555555551553
35555555355555555555555553555555555555555155
35555555555555555555555555555555555355555515
35535555555555555555555555555555555555555515
55335555555555555555555555553555555555555515
555355555555511180858808080898068680808888 13
5353555555551999180886808086508808080800081 5
335555555551999991188808588000865889888888 15
5355355353 1mmmmmu

535335555519999999%9
s:sssmummumuu
53353553555199999999718880800960089898888015

35353555555511999997710888888888888080606815
55355555555555199919916888888068888000808015
55333555555553519919919686806565058808585015
55555555555555551911910808888860308080808815

535355553555555551197 1898080880808080808081 5
3333535353555355555531080800000880800088661 5

35555555555555555555518889688008080860080615

5
35555555555555555555518080808660080606006815
355555555355555555555188680808888080808068815
55555555555555511111118880888868088606888815
33553553555551199999 1718808089898898985868 15
55555555555519999999177111111186888086880015
53555555555199999999177777777711111808088815
S5355555555199999999 1777777777 7777718680€155
5555555555519999999 1777272777777 77711111155
mmﬂmmmssm}mmnmmu

31]11 4.16 ﬁ’JOU'N'UE]!Jﬂ‘r‘IfN’ﬂ'lﬂH'Illl‘)\l'N‘lﬂ"N"]



46

LA

4.4 manuaszinnveaveyai 1aonguanianmm (Component Classification)

ar wa n‘: 4 ° wa ] ° 4
niannmguauiAnntuaeud 4.3 udr shuauian 1da1ag vimsinse

P ) PR 1 ﬁ ar P AN W ] A @ o
woszynou Iwiunndsanisasrvdeuinilusnusinvmiednysaetilos Tavezerdusuou

i & o ¥ ° ' A T & ' a
woa UszimnuaniazAuniave s nHINMATUNIHUALINIITUT FI92A19010 T3NS

P w i a ] iy A -

[4] NorvvIaveaeni lumsins s edaidovosns 1¥vinaus e aviledey
vouaazauszvuun luuiueu msfmmuavuanmunzay liawnseri 14 suaisilen

= 1 ar = £ = T
Huwauana1anu 18 dade@ou lunnaussvaimisuiaiy

i
]

= o 1 d' N 1] -~ L) [
nuAsimMruan 19 lumsarnasunisuvalszinnatvile Tasldadnla 4 @9
wsiszneudis CL TR CR tazCTBlavanumuvvoaazdmlavzuansluaisien 4.5

HAZA5199 4.7 waamnuila CL TR CR CTB v04d28nysiun 1ne

A15199 4.5 LAAINNUHIOANS CL TR BR Lag CTB

dala ANUNING
CL(Close Loop) TumugUia

v
TR(Top Reservoir) UMDY

¥
BR(Bottom Reservoir) | 9142109111879

v td
CTB a3 MY nugUTlad s nhuutashuuenia

A13190 4.6 11@A3A1 CL TR BR t1az CTB v 1801nd8nus'ne

8nYs | CL TR BR CTB |®n¥s |CL TR BR CTB
n 0 0 1 1 U 1 1 0 2
v 1 1 1 3 H 1 1 1 3
f 1 0 1 2 fl 1 1 1 3
N 1 1 :) 4 n 1 2 1 4
3 1 1 0 2 W 1 2 1 4
2 1 1 0 2 f 1 0 1 2
fa 2 1 1 B u 2 1 1 -4
¥ 2 1 0 3 u 1 1 0 2
e 2 1 0 3 3 1 0 0 1
g 1 1 0 2 a 1 0 1 2




47

M13197 4.6 (AB) 11@A3IA1 CL TR BR 1ag CTB i1 1anndonys ne

n 0 1 2 3 Rl 1 0 1 2
12 1 0 1 2 fl 1 0 1 2
f 1 0 1 2 H 2 1 0 3
3] 1 0 1 2 a 2 0 1 3
n 1 1 1 3 H 2 1 1 4
il 0 1 0 1 D 1 1 0 2
U 2 I I 4 8 2 1 0 3
U 1 1 0 2

dl o o o 1o é o |
INA3197 4.6 MIonuIn Insdaameldegsnaunils 5u'ldun <o o
WY MY uaz W wsizdsnus lunquaAsnanslidnyuzadondatunguenys
- | " A 9 d’d 9 = ] 1 9 nh:i g/ 1 [ J
muileiguAeiiies Awmgiivsesiiminsnaounouinen Tnwhninduneglusnusngy
fraduniola
[l " b4
103199 4.6 2wy CTB wngaiitu 'l 1dvesdnusnoiie 4 dgnueive:
: 1 " ﬂ‘ 1 ar J A i oy
apliuduldid cTB Mnnndi4 wiffusnusdenios ualunnuiiusieorney higndes
e msizhawilofousinegdii limituaisiei 4.6 faec1amuda “se gt 4.17
“ 4 ' () 1 " w o
oo Tugduuuniia CTB fisoiny 4 nFeliawiiu s 314
¥ » )
asriusteagdandoulvisnlumsszydnusdeiioa1d4 a1 cTB vesnouIn
WuNIABINITATINAOY MINTANNNNM 5 (AURAIINNITNATEY NIARUIA f1.) HAAIN

Yy o [ a VA
ﬂfmTwmumﬂuanmwuuﬂmum

CTB=4 CTB=5

31U 4.17 i1 1B Noruifu T 1dnanua

[ v ¥
M cB iufisamsszySnusaeiioaduduminiu s liamnsaszynon Tty
¥

- [y 1 1 e 1 ~ = Vo Vo ]
vamuaid 18 dredragudii n Tugii 4.8 weiu1de CTB iy 3 i Sty



48

[ [ ¥ 4 ar " a [ o
@ cTB Wleund s Aevidludnusifoudeiiodld  Arumganansinaiuduing
Vv

H 1 1 L] 1] ' o o o 1 o -~ . ”»
M15199 4.6 921 189181 BR daunnesiiaminy 1 onduifisaaesdidnusimnivie “a
P - " P @ e l'd’ 3 I’ ¥ klwa

uaz “;m” F39ziin1 BR i 2 Faninanuduiustiesannsoszynen Inniunindnn 1aon

¥ I ]
jUuuuAe BR liAnnnimieniny 2 uazthausnitaney luvaitun 50% arsvesnonIn
v ¥ " "

i luiuauey (MIMuuavUIANUN 50 % W1INMIAnEIAWIoR9E19 M5 ITou

o e 1 L = J o’ L] 1 dv G‘ 1 ar - o c‘

ddnusdauIngesiithnusnidsegluwaiunduavewuiussianisilion) dagali

4.18

y 4o ‘ 50%

b 4
BR=2 thnauudandiaguiem 509 frevasmon Twmuy

- TN v o f 42 ¥ v
1 4.18 1hnveunsniaanegluiuinssaavesdaniuma

L

[ ' : 1w o ] " o o "
901315 wA1T BR fhnu 1 Ade lu ldnueanusney ITneduyiudusnysian)
ez hmsivsuneiiodnysiFeutiuni Temaiivziani BR wihiy 1 1daiu dagui

J as 4 a 4 - " o A ' q 4 )
4.19 napanguanusIENAUTIAAN BR M0 1 dawiuldinedeaiiten lvdunselums

¥
Aaw A a oA

o ¥ Y A a a yaJ
szynow Twnininguiliiudy Tavani3dei Idmmnaudnamguaniaiunlumsszynon
9/ -1 4’ 4:; ] 'y u' - - as A; A' ' .y a:i - 9/ o
Inlunife Wudnenimianilevssia Auiudnihiifaldiduussiauazanuniiaves
1
I o " - ar o o =1 1 wa
usaharsfdsuiiisuiuvivesnen Tnniuiaaiues TavswaziBuaudasnuauiaes

L - o 1 " Ll d’
na lavazivoauazondlotnalszneunsas 114

3UN 419 uarmsnguAIenysARRiin1 BR M1fy 1



49

V-: ad a v

3 .’ o a 1 LY P
nguusnaems ldnunifausniumiioduussia Taverdoiminaon Inniuny

' - d 4 .+ 2 E TP |
doan1sasIvaouial BR iy 1 uazinunueninlszanladszmnnilafatumiledu

[
= o o o "

vssnia uanaitfunguussdnysiendatuasiiediusu luzii 4.20

Aufmitoduurnin

g}\] Auftsznhadhrsia

v ¥ ] ¥
U 4.20 Aunusniunileduussnia

2 BISYS

oA - 9 o’ Yy O a 9 7
nquiaesfions 1y Aunifausnildiduussia Taverdudminaon Tnnlumnii

> ' ' @ 5O WA\S FRA Y
AINMIATIVADUNULAT BR iy 1 uaziinunueainlszmnnlalsanmuianaduldidu

u3sia naasindunquuesdnusiidendatudsdietarulugili 4.21

‘ "\ "W 4
@/ WA =LY IYiR

X -
, WunldduIia

' F4 ! ¥
Ui 4.21 Muhudaih ldduussa

' oA A ] ¥ daP i P o
nguiauAens 198eu lvanundwvenhnus nhanfiunSvuifousvvinanny
¥ Yy o @ 1 Y Ay o "o
nsvesney Tnniuiiues Taverdeminnen Tnniunidoanisasieaouiial BR ify 1
4 'y © J ar J :' " 1 ’ U
waziiusnihuuiady sxiannuninvennusnirdnniiviauinnimietesndi 60%
& =1 = I 3 o o ° 9
wonfsvuisuiuanuninvesnenInwluiiiues (Msdimuavuia 60% n1ldnms
1 o ' o & ar lﬂ'
nanesmwiionguAl0d 1t 100 aewTwusd Favuia 60% Tnadnigndeauiniian)

& ¥V ' ' v o [ = 1 & ar ~
=1samﬂuaun':m)zﬂ§ﬂﬂﬂenimuu'ﬂ'ﬂm'mﬁami'fluanmnwuﬂamaqmtmﬂﬂuzﬂﬂ 4.22



50

BR=1

»
v mspalinug i

7\(\ = Ao nii
! AN’ 60% VB REN T

q' " o’ U = [ L 'd
31N 4.22 namsvuuve s nhatnlsouivuiuvuruneu Twiun

ady Y oA A a Yy dd ¥ ' o a A
Wlﬂ']'ﬁ‘U'Nﬂuﬂﬂﬁ'nu‘\ﬂﬂuu')ﬂﬂﬂ‘ﬁ531‘ﬂBUIwnluﬂ“unn']’ntﬂuﬂﬂyﬂﬂﬂ')"5ﬂlﬂu

v [ ¥
onysniFeudaiuTavamnseagiduiteu lulddsil

Amuald

o fio newTwniuviiidesnsasanaoy

CBT, 71D WA3IWVBI CL + BR +TR 494 C

CBT, inline 1D #A3IWUDA CL + BR +TR 404 C lunuiussiia

BR, Ao usnicheves C

TR, Ao usnhuuves C

T, fio 1J1mrmuduf1riwed1qﬁaurtaquﬁw;ﬂum 50% A19UDVTINA
T, flo ﬁutimi’nsﬁﬂ‘lmfﬁﬂﬂﬁmq'mﬁmﬁ'umsﬁﬂ

T, fio f!lliid1;‘!‘111‘3?11ﬂ$ﬁﬂﬂﬁiﬂmﬁ’lﬁu1ﬁiﬁﬂ

T, #o hnvewsnidetinuntaiesndt 60% vesnunireves

IfCBT. > 5 C is Connected
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C is Connected

Else if (TR.== 1) && ( height of TR.> 60% of line)) && ((T, == true) || (T, == true))
C is Connected
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4.5 msmqmﬁ’ﬂ (Continuous Component Segmentation)
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B-1[T]#9-14931[TR]}=0.902673
B-1[T]#A-16327[TR]=D0.928463
B-1[T]#M3-881[TR]=0.932943

B-1[T] #9-21001[TR]=0.906316
B-1[T]#W-10214[ TR]=0.846392

B-1[T]#1N-10938[TR]=0.783744
B-1[T]#N-7355[TR]=0.860630
B-1[T]#"N-7355[ TR}= 0.848160
B-1[T]# N-881[TR]= 0.849243
B-1[T]#1-23592[ TR]=0.659959
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B-1[T) #N-18539[ TR}= 0.721945
B-1[T)#9-14931[TR}=0.913133
B-1[T] #N-22897[TR]= 0.919246
B-1[T]#%-11411[TR}=0.905796
B-1[T]#3-11411[TR}=0,745082
B-1[T) #A-5434[TR}=0.879333
B-1[T) #9-6762{ TR}=0,789792

B-1[T]#M-6627[TR}= 0.765504

B-1[T]#™-20871[TR]=0.782285
B-1[T]#%M-20871[TR]=0.795783
B-1[T] #®M-2087{[TR]=0.795783
B-1[T]#W-19331[TR}=0.815974
B-1[T]#4-800[TR]=0.841927

B-1[T]#W-16822[ TR]=0.798220
B-1[T] #7-877[TR]=0.837253

B-1[T]#7-12860[ TR]=0.724693

s 33 33

m ApN wmwyvdeanniida Isolated Component

~
TYN
TN,

IS 2

vy
AaN Inuuidoei 1Eviavan

31U 5.14 mamsmanosdai e



& L
&1 T
g Vb
Vs Vb
&re) b
Sy b
Sy b

VY)Y

d
Vs

nuu'[wmuvfﬂoamﬁi?mm

mfiidnusauun

mfidnurammds

B-1[T] #08-12760[ TR}= 0.845174
B-1[T)#8-12776[ TR]= 0.9056 48
B-1[T] #71-23584[ TR}= 0,927523
B-1[T) #-23584[ TR}= 0.864090
B-1[T]#®-23584[ TR}= 0.829582
B-1[T) # 123584 TR }= 0.826954
B-1[T] #®-23584[ TR }= 0.824031
B-1[T]# %-1378[ TR}=0.799213

B-1[T]#™M-4975[ TR}~ 0.797298

B-1[T) #9N-4975[ TR]=0,759283

B-1[T]#W-5615[TR]= 0.789996
B-1[T]#04-561S[TR]=0,798796
B-1[T]#®™M-5615[TR]= 0.822031
B-1[T]#H-800[ TR}=0.819171
B-1[T]# 5-7848[ TR }= 0803058
B-1[T]# 5-7848[ TR }= 0.804554
B-1[T]#4-800[ TR}= 0.912003
B-1[T]#MU-800[ TR}=0.871894
B-1[T] # 9-1669[ TR}= 0.741245
B-1[T]# 7-12828[TR}=0.571017
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B-1[T]#4-1628[ TR}=0.602289
B-1[T] #M-879[TR]= 0.737503
B-1[T)#4-879[TR)= 0.902378

B-1[T] #A-6022[ TR)= 0.920778
B-1[T]#1-23592[ TR}=0.967861
B-1[T]#1-23592[ TR}=0.759881
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B-1[T]# 1-22938[ TR]=0.800860
B-1[T]#9-829[ TR]=0.866229
B-1[T]#H-9830[ TR}= 0.800577
B-1[T)#N-16547[ TR}= 0.792464
B-1[T]#W-3081 [TR}=0.818282
B-1[T]#4-23586[ TR}= 0.764264
B-1[T]#M-6615[TR}=0,787090
B-1[T]#M-6615[TR}=0.750509
B-1[T]#U-23586[ TR]=0.745751

B-1[T]# %-1268[ TR)=0.834978

B-1[T)# %-12680[ TR}=0.837326
B-1[T]#@-5561[TR}=0.817785

B-1[T]# U-18680[TR}=0.816350
B-1[T]#0J-22609[ TR )= 0.853928
B-1[T]#0J-22609[ TR ]= 0.853928
B-1[T]#N-23281[ TR}=0.842013
B-1[T]# 3-19857[TR}=0.734032
B-1[T]#7-12828[ TR}=0.595683
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Connected Component

B-1[T] #A-19387[ TR]= 0.576506
B-1[T]#1-877[TR}=0.933478

B-1[T] #@-22788[ TR]}= 0.879746
B-1[T]#1-23592[ TR}=0.791117
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MANHIN N,

T
N1INAavdtiIn1 TR BR CL t1az CTB
msnﬂawﬁuﬁﬁ?uﬂs TR (Top reservoir) BR(Bottom reservoir) CL(Close loop) LAY
4 1 " ﬂ’ =y r 4
CTB(Close loop + Top reservoir+ Bottom reservoir) #3910 unail 1R osanmsusuion v

da 4 4 va P o a " A w a oA '
"ﬂlﬂﬂﬂUIWB‘l‘ﬂﬂﬂTSm1531.1?!31]1“1”um']‘llﬂuf)ﬂﬂﬁﬁ]ﬂutﬂﬂ']"iﬂﬂﬂﬂ‘sﬁlﬂum?)luﬂﬂnﬂﬂqu

20i9A29014 50 AU uaalumsen n.l

M3 N.1 1AAAURAY CL TR BR 1oz CTB 91nnquauiiod10019 50 Ay

8nY5 | CL TR BR CTB |9®n¥s |CL TR BR CTB
f 0 0.1 1.1 12 |4 0.8 1 0 1.8
Y 1 0.9 0.3 2V 0.9 1.1 1 3

f 1 0 1 2. |d 0.7 1.1 1 2.8
% 1.4 1.1 1.9 44 |w 0.9 1.3 0.9 3.1
3 0.9 1 0.1 2 | 0.9 1.2 1 3.1
2 0.6 0.1 0.9 16 i 0.9 0 1 1.9
2 1.8 0.7 1.6 3.1 |u 1.9 1 0.8 3.7
¥ 1.6 0.6 0.2 24 |wo 0.8 1.1 0 1.9
! 1.5 1.1 0.7 33 |3 1 0.1 0.1 1.2
M 0.6 1.7 2 25 |a 1 0.3 1.7 3

A 0.8 0 1 Y 2\ & 0.9 0 0.8 1.7
7 0.8 0.6 1 24 | 1.1 0.4 1 2.5
0 1 0 X 21 |¥ 1.7 1.1 0 2.8
n 0.8 1.0 1.1 29 |a 1 0.5 1.2 2.7
5 0.8 0.2 0 1 | 1.7 1 1 3.7
u 1.2 1.1 0.8 3.1 |o 1 0.5 0.2 ig
U 0.7 1 0.2 19 |a 18 0.9 0 29
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MANUHIN V.
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B-1[T]# 7-19857[TR]=0.851766
B-1[T]#M-19387[TR]=0.763369

B-1[T]#N-23589[TR]=0.997758
B-1[T]#1-23579[ TR]=0.762605

B-1[T] #0n-23589[TR]=0.761778
B-1[T]#N-11011[TR]=0.664530
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B-1[T]#M-19387[TR]=D0.719466
B-1[T]#WN-22897[TR]=0.750514

B-1[T]#A-19387[TR]=0.809444

B-1[T]#WN-16595[TR]=0.778573

B-1[T]#%-2928[TR]=0.819190
B-1[T]#M-19387[TR]}=0.757106

B-1[T]#WN-16568[ TR]=0.905004

B-1[T]#1-23579[TR]=0.676989

B-1[T]#N-16568[ TR]=0.833504
B-1[T]#7-12887[TR}=0.501659
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B-1[T]#1-23593[TR]=0.624531
B-1[T]#H-9345[TR]=0.793718

B-1[T] # 7-12948[ TR]=0.802051
B-1[T]# F‘|-9758[TR]= 0.772726

B-1[T]#¥-18122[TR}=0.850153
B-1[T]#0I-3841[TR]=0.764931

B-1[T]# W-9205[ TR ]= 0.727045

B-1[T]# ﬂ-9668[m]= 0.594085
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B-1[T]#9-14931[TR]=0.862459
B-1[T] #M-22994[ TR]= 0.846745

B-1[T]#1-21729[TR]= 0.943139

B-1[T]#U-16822[TR]=0.761910

B-1[T] #9-6446[TR]=0.881716

B-1[T]#1-23590[ TR]= 0.789006

B-1[T] #®I-5288[ TR]= 0.841860
B-1[T]#7-12963[ TR]= 0.623905
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B-1[T]#m-19387[TR]= 0.6966383
B-1[T] #14-3823[ TR]= 0.760442

B-1[T]#%-3375[TR}=0.792313
B-1[T]#4-8081[TR]}=0.788486

B-1[T] #%-3375[TR]=0.798329

B-1[T]#W-17440[ TR}=0.751424

B-1[T]#W-13698[TR]}=0.771524
B-1[T]#1U-8562[TR]=0.746105

B-1[T]#W-13698[TR]=0.771524

B-1[T] #U-8562[ TR]=0.746105

9l vs

B-1[T] #M-6615[TR]}=0.7082808

B-1[T]#8-14787[TR]=0.881802

B-1[T]# 8-23329[TR]=0.887004

B-1[T]#8-11876[ TR]=0.769103

B-1[T]#7-12948[TR]= 0.846200

B-1[T]#H-9495[ TR]=0.796384

B-1[T]# 8-23329[ TR]=0.759587
B-1[T] # H-9668[ TR]=0.598236
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B-1[T) #A-5998[ TR]=0.733459
B-1[T)#M-5759[TR]=0.781134

B-1[T] #M-6006[ TR}=0.930594
B-1[T]#W-5694[TR]=0.773612

B-1[T]#%M-19441[TR]=0.858517

B-1[T]#U-19586[ TR]=0.836028

B-1[T]#4-11351[TR]}=0.884619
B-1[T]#W-21240[TR]=0.800105

B-1[T] #N-5164[ TR]}= 0.836082
B-1[T]#%-14931[TR]=0.673104

B-1[T] #%-3320[ TR]= 0.809599

B-1[T]#U-19586[ TR]=0.848653
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B-1[T]#3-19857[TR}=0.729938

B-1[T]#N-366[TR]=0.818722

B-1[T]#N-366[TR]=0.840739

B-1[T]# H-9668[ TR]=0.779550

B-1[T]#1-23592[ TR]= 0.592062

B-1[T]#¥-18122[TR]=0.816811
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B-1[T]#N-23476| TR |=0.749133
B-1[T] #%-3995[TR]=0.791366

B-1[T]#W-16595[TR}=0.620937
B-1[T] #H-9345[TR]=0.778878

B-1[T]#0-23359[TR]=0.769175

B-1[T] #H-9422[TR]= 0.809296

B-1[T]#¥-13311[TR]}=0.832990
B-1[T] # H-9422[TR]= 0.830725

B-1[T]#W-10118[TR]=0.794997
B-1[T]#3-11370[ TR }=0.858950

B-1[T]#M-5187[TR]=0.812959
B-1[T]#73-19857[TR}=0.785067

317 w9

97



B-1[T]#%-14931[TR]=0.72579:
B-1[T]#W-16568[TR]=0.87587¢

B-1[T] #A-5998[ TR]=0.925748
B-1[T]#W-16568[ TR]=0.85105:

B-1[T] #A-5998[ TR]=0.925748

B-1[T]#f-829[TR]=0.863762

B-1[T]#M-19441[TR]=0.82771¢
B-1[T]#N-23476[ TR )= 0.76730¢

B-1[T] #%-3228[ TR]=0.805384
B-1[T]#M-6615[TR]=0.649424
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B-1[T]#H-9854[TR}=0.764317
B-1[T] #A-877[ TR]=0.245253
B-1[T]#W-13698[ TR )= 0.789831
B-1[T]#¥-13343[TR]=0.776913
B-1[T] #4-16804[ TR]=0.775237
B-1[T] #1-8194[ TR}=0.804520
B-1[T]#AU-5591[ TR}= 0.817659
B-1[T] #M-22994[ TR]= 0.808308
B-1[T)#R-15427[ TR}=0.823014

B-1[T]##U-16074[ TR]= 0.882362
B-1[T)#7U-16074[TR}= 0.890754
B-1[T] #¢U-16074[ TR]= 0.839209
B-1[T]# %U-1340[ TR]}= 0.825505

B-1[T]#4-23582[ TR}=0.947585
B-1[T]#M-17590[TR}=0.931418
B-1[T]#-17590[ TR}=0.958117
B-1[T]#-23282[ TR}~ 0.908123
B-1[T]#¥-23700[TR]=0.675926

mex Inunyfindasnnisdia

W Connected Component
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B-1[T]#A-19387[TR]= 0.578448
B-1[T)#2-877[TR}=0.932893
B-1[T]#7-877[TR]=0.845227

B-1[T]#M-6022{ TR}=0.918932

B-1[T] #%-3048[ TR }= 0.854648
B-1[T] # £-22957[ TR}= 0.773874
B-1[T]#1)-9031[TR}=0.775292
B-1[T]#A-19387[ TR}=0.582464
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W B-1[T] # §-22938[ TR]=0.800860 B-1[T]#U-1268[TR]=0.834978
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B-1[T) #71-329[ TR}=0.866229 B-1[T]# %-18680[ TR}=0.837326
B-1[T)# H-9830[ TR}=0.800577 B-1[T] #@-5561[ TR}~ 0.817785

B-1[T)#9-16547[ TR}= 0.792464 B-1[T]# %-18680[ TR}=0.816350
B-1[T)#U-8081[ TR]= 0.218282 B-1[T] #04-22609[ TR }= 0.853928

B-1[T] #%-6615[TR]}=0.787090 B-1[T]#4-23281[TR}=0.842013
B-1[T] #%M-6615[TR]=0.750509 B-1[T]# 3-19857[TR]}=0.734032
B-1[T]#4-23586[ TR}=0.745751 B-1[T]# 7-12828[ TR}= 0.595683

w B-1[T] #U-23586[ TR]=0.764264 B-1[T] #D-22609[ TR]= 0.853928

aou Imnnivimienmda /Y\ Connected Component

mafiwdnussuun ms§idnysdhund
'\N B-1[T)#A-19387[ TR}= 0.576506 B-1[T] #91-22788[TR}= 0.879746
B-1[T) #7-877[TR}=0.933478 B-1[T)#1-23592[ TR}=0.791117
N
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B-1[T] #N-18539[ TR}=0.623636
B-1[T)#01-879[ TR}= 0.923861
B-1[T] #71-879[ TR)=0.877509
B-1[T] #7U-5288[ TR}= 0782919
B-1[T) #M-5043[TR}=0.799810
B-1[T] #9M-S043[TR]}=D.799810
B-1[T] #14-19331[ TR}= 0.783456
B-1[T) #6U1-5591[ TR}=0.819341
B-1[T)#A1-5591[TR]}=D.771963
B-1[T] #7U-5591[TR}=0.771963

B-1[T] #N-16568[ TR}=0.752756
B-1[T)#0-5615[TR}=0.803063
B-1[T]#W-5615[TR}=0,808479
B-1[T) #04-5759[ TR}= 0.787199
B-1[T] #™-5759[TR}=0.781473
B-1[T]#U-23586[ TR }= 0.766860
B-1[T]#U-879[ TR]}= 0.952893
B-1[T]#M-879[TR}= 0.854414
B-1[T]#1-877[TR}= 0.747090
B-1[T) #1)-9058{ TR }= 0.781 786

Aau wimdasnnisin

nusfiindmesauum

V)

Connected Component

nsfindnueumda

B-1[T]#1-23593[ TR}=0.798796
B-1[TI#1)-9031[ TR}=0.811777
B-I[T]#H-IDDSTD[TR]- 0.845658
B-1[T]#U-100879[ TR}~ 0.885253

B-1[T)#M-6022[ TR}=0.900584
B-1[T)#M-19387( TR}= 0775068
B-1[T] #U-8633[TR}= 0.761469
B-1[T]#9-435[TR]}=0.779072
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B-1[T]#0-12760[ TR}=0.845174
B-1[T)#0-12776[ TR]= 0.905648
B-1[T] #71-23584[ TR }= 0.927528
B-1[T]#7-23584[ TR )= 0.864090
B-1[T] #01-23584[ TR]}= 0.829582
B-1[T) # -23584[ TR ]= 0.826954
B-1[T]#0-23584[ TR }= 0.824031
B-1[T]#9-1378[TR}=0.799213

B-1[T) #M-4975[ TR}=0.797298

B-1[T) #9-4975[ TR}=0.755883

B-1[T) #T4-5615[ TR]=0.789996
B-1[T]#M-5615[TR]= 0.798796
B-1[T] #T4-5615[ TR]= 0.822031
B-1[T]#M-B00[TR}=0.819171
B-1[T]# 5-7848[ TR]}= 0.803058
B-1[T]# 5-7843[ TR}= 0.804554
B-1[T]#W-800[ TR}= 0.912003
B-1[T]#U-200[ TR}=0.871894
B-1[T]#3-1669[ TR}= 0.741245
B-1[T]#7-12828[TR)=0.571017
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Aox Tnivdasnnisin Connected Component
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mafiwhdmerdnun mfidnusanmd

B-1[T]#3-1628[ TR }= 0.602289 B-1[T]#®-6022[TR]= 0.920778
B-1[T]#1-23502(TR]=0.967861

B-1[T]#1-23592[ TR}=0.759881

B-1[T] #U-879[TR}= 0.737503
B-1[T]#W-879[TR]= 0.902378
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B-1[T]#N-18539[TR]=0.721945
B-1[T]#%-14931[TR]}=0.913133
B-1[T] #N-22897[TR]=0.919246
B-1[T]#4-11411[TR}= 0.905796
B-1[T]#4-11411[TR]=0.745082
B-1[T] #7I-5434[ TR}= 0.879333
B-1[T]#M-6762[ TR]= 0.789792
B-1[T]#M-6627[TR]}= 0.765504

B-1[T]#™-20871[ TR}=0.782285
B-1[T]#M-20871[TR]=0.795783
B-1[T]#™M-20871[ TR]=0.795783
B-1[T]#™M-19331[TR]=D0.815974
B-1[T]#W-800[ TR}=0.841927

B-1[T]#W-16822[ TR}=0.798220
B-1[T]#3-877[TR}=0.837253

B-1[T]# 7-12860[ TR}= 0.724693
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Isolated Component
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B-1[T]#1-23593[TR]=0.744421  B-1[T]#W-5615[TR}=0.799785
B-1[T]#N-16595[TR}=0.799080  B-1[T]#0-5694[ TR]=0.827833
B-1[T]#N-824[ TR]= 0.875750 B-1[T]#f-19351[TR]=0.824998
B-1[T)#4-22994[ TR]=0.790749  B-1[T] #U-23586[ TR}=0.830272
B-1[T]#A-6114[TR}=0.772104  B-1[T]#WU-23586[TR]}=0.973292
B-1[T)#M-6786[ TR]}=0.803761 B-1[T]#3-877[TR]= 0.853465
B-1[T]#AI-5434[TR}=0.842943  B-1[T]#H-22994[ TR ]=0.813339
B-1[T)#A-S210[TR}=0.793344  B-1[T]#W-23700[ TR}= 0.834327
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B-1[T]#9-14931[TR]=0.902673
B-1[T]#A-16327[TR]=0.928463
B-1[T]#-881[TR]=0.932943

B-1[T]#%M-21001[TR]=0.906316
B-1[T]#W-10214[TR]=0.846392

B-1[T]#N-10938[ TR]=0.783744
B-1[T]#W-7355[TR]=0.860630
B-1[T]#N-7355[ TR]=0.848160
B-1[T]# N-2881[TR]= 0.849243
B-1[T)#1-23592[ TR]=0.659959
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w Isolated Component
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mfidmusdnunda

B-1[T]#M-22788[ TR]= 0.863988
B-1[T] #4-882[TR]=1.000000
B-1[T]#W-7237[TR}=0.839882
B-1[T]#W-7237[TR]=D.239832

B-1[T] #A-6022[TR]}= 0.820633
B-1[T]#A-6022[TR}=0.819422
B-1[T] #M-16367[ TR]}=0.817035
B-1[T]#1-882[TR]}= 0.821750
B-1[T]#1-882[TR]=0,778699

m B-1[T]#9-1628[TR}=0.851412
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Isolated Component
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Online Fhai Handwritten Segmentation using Water Reservoir Technique

Anuchin Chatchinarat’. Hoontee Kruatrachue®

Absiraer - The Handwriting Segmentation has heen
studying widely. The Segmentation methods are
normally language dependent. This paper focus on
segmentation of online Thai handwritten. Typieally,
Thai letter are written isolated with one stroke per
character. But, if a writer writes at fast speed, two
or more characters can lie written within one
stroke. In order to get high recognition rate fn this
ease, it Is important fo investigate how enline
hapdwritten are connected and low to separate
them. This paper present the method to separate
connected Thai handwritten based on a modified
water-reservoir technique, The proposed technique
segment  correctly at 879 % from the (test
handwritens.

Keyword: Handwritten Segmentadion, Watér Reservolr

1. Introduction

Many  segmentation fechniques {17, [2] ‘hus been
propesed. Mast of them are for offline typewritten
character sepmentation but there is no significant work
on the online unconstrained handwritten segmentation.
Most of the offline chorscter segpmentation used
verticai histogram. [he sepmenustion poim is the one
with the smallest histogram value, This technigue can’t
be applied 10 online unconstraint handwritien due to
slant in the bandwritten. This. scgmentation technigue
usually depends on the language.

There are two types of charucter connection. The first
one 1s shown in Fig |, where the first chaaeter is
written in ane strok¢ and the next one in another stroke
but accidentally touch the previous one. This tvpe
character of connection is not considered in this paper
smee bocan be segmented easily with online stroke
informasion. The second type is shown in Fig 1 B.,
where the connection from the first character to the
next ene cause by fust wnitten more than one character
within a stroke.

Fig. 1: Two types of character connection

Anuchin ¢hatchinarat’ s with in Dey ot Conpriter
Engiseering, Facalty of Engiacering, King Mongkut's Institute of
Techeology Ledkrabang Bangkok, Thailand 10520, (Tef. No, 66-2-
725.2400-3; Fax: No, 68-2-739-2404;email
anu_chmgiahotmail.com)

Ilonmee Knuatrachue * 15 with in Deparment of Computer
Engin i, Faculry of E ing, King Mengkat's lnstiwre of
'[nnablogv Ladkrahang Baugkob, Thailand 10520, (Tel, No. 66-2.
736-2400-3; Fax. No. 66-2-739-2404: email: kkboontei@knnti ne.th)

The segmentation technique. proposcd in this paper.
consists of two steps: (i) connection identification, how
to know an inpui{component} is 1solated character or
connected characters (i) segmeniation, how to find the
suitable cutling peint,

This paper adapts water reservoir segmentation
technique - [3). which ‘was intended for ofiline

'legmmhm The connection identification is

using  water-eservoir-concept  based
featores [4]. The sepmentation point is define besed on
the pattem of reservoirs cocurred in Thai unconstrained
handwritten. There are totally Six reservoir patterns and
ench pattern has different segmentation point. In vrder
1o locate the segmentation point, the resepvoir patiems
has 1o be identified first. The propesed segmentation
method has been tested on 196 connected handyritten
The segmentation result is 87.9% comrect in compuring
to human segmentalion.

2, Properties of Thai handwritien

1n Thai charscter, there are 42 consonants, S vowels,
4 tones and 4 special symbols as show in able |

TuHc 1 show Thai charicters

Wy ‘-hmb::s i, offf
»'nwhlitiﬂlﬂlﬂvﬂu-wm \

Censuudaindaxziquanee
' \ | wates i
[ Vowels. @""“"’“gul it v, _1_
|7 Tones g
[~ Speeal "
Eoshmtei if  (TI17) CA

This paper divides consonants into twe zroups in vrder
to perform connceted idemification.

Tabie 2 show areup of That consenants_

| Consanants Member ‘

Group 1 GYRB IV ITIMANENL |

updrdnpsoagoanry |

i AuE 1
iﬁmpz HYGoRER 4

The character in group 2 can be considered as 4 single
character or two conrnected chamcters as shown in
Fig.2 The character “&” is a single character but it can
be segmented 1 to " and character “u”. Hence, other
adjacent characters and dictionary is used to ideniify
the correct choice. On the other hand, character m

IMECS 2007
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group: one can nol be segmented in 1o two valid
characters.

7,_——_—_ e

iR,

‘S- TR
i

Fig. 2: consonant group 2 can be isolated or connected

Each line of Thai character is written within 4 sub-line
as shown in Fig.3 below. The sub-line position can
help in identifying character. Since consonants can
only occur in sub-line3 and tone in sub-line | and sub-
liné2. Only the last two vowels in Table 1| ¢an occur in
sub-lined

. T -
Ao =

Fig. 3: sub-line for written
3. Water Reservoir

The water reservoir principie is as tollows; It sarer 1s
poured from tap (bottom) of a component, the cavity
regions of the component where water will be stored
are considered as top (bottom) reservoir [4). For an
illustration see Fig4 Here, two Thai characters are
connected and create a large space which represent the
Top reservoir, Bottom reservoir and close loops. A
closed loop is an isolated area completely bordered by
handwritten stroke. A small water reservoir with depth
less than 173 of its component height is 100 small 2nd
not consider as a water reservoir.

o Tar Raterven jl_l

N+ =790)
-y

Fig, 4: Top, bottom reservoir and close loop

There is.also right reservoir for vowels in sub-line2, as
show in Fig.5
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Fig. 3: Right reservoir

The interszcrion line is defined as a line between two
adjacent reservoirs or between the reservoir and a close
loop. The intersection lines are shown in green in
Figure 6. The purpose of intersection line is 10 help
locating the segmentation point.

an AN

Fig. 6: Intersection line
4. Connected componcut detection

To segment each character from a connection, the first
step is to detect whether component is an isolate or
connect characters. Next, all connected characters are
s v Sl FeSGEVOLES nsually occur in the
cannected component in the following case:

1) A large reservoir between two consecutive

characters[5].

Fig. 7: Large reservair

2) Number of reservoirs and close loop in the
connecied component are greater than an
isolared character.(table 3 shows the number
of ciose loops(CL), top reservoirs(TR),
bottom reservoirs(BR) and summation of
close loops, top reservoirs and bottom
reservoits(CTB) of Thai consonant in group 1)

Q- P .
3, ; S\

Fig. 8: example CTB from 4 components
3) A right reservoir or close loop in 8 vowel on
sub-line2,
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Fig. 9: Right reservoir and juse op in suiefine 2

43 A small 10p reservoir or close foop in 2 vowel
on sub-line 4,

Fie. 10: smalt top reservolr and clgye Yoop i sub-livied

5) Two or more botiom reservoirs irom multiple
consecutive characters.

Fig. 11: three consecutive muke 2 battomn revervoies

From ahove observations; isolated or connected
compenent datection scheme is developed as foliows

Define Cisasa component thandwritten input mmaje)
CL, aumber of elose loop ebained from [#

TR, number of top reservoirs obtained from ("
BRc  number of boton reservoirs obtamed from C;
RR:  number of right reservoirs obtained from (%
€TB: -=(T1.- TRt BR¢.

Max CIB = 4 (maximum CTB of group2 Thai
character from tble 3.}

Now. we define the following Boolesn fimctions hased

on the observations of Thai counnected characters and
Tabie 5.

SO 1if BReis 2 or more:

51 =1 if the width of ¢ js longer than T1 (the widesy
character, 1.5 * heighte);

82 = | if aren of reservoir in Cis greater than T2;

83 = 1if € has CL. TReBR:: or RR,: in sub-line! and
subs-line2;

S4.# 111 C has CLe TR or BR,- in sub-iine3;

S5 = 1ifC has CL. TR, BR: or SR, in sub-lined;

Bascd on the above valyes: the isolated and connected
touching components detection js done by the
following algorithm.

IECTBg > Max_CTRthen Cis connected

else if $O0= 1 then € s connected

else ifS3=tand $4 = | then Cis connected
else if S5 - Land $4 = | then ¢ isconneeted
else ifS1+= I and 82 = [ then C is connected
else C is isolated

Values of different threshelds of T1 and T2 are
determined from the experiment (the height of sub.
line.d determines T1 and 72)

Table 3 Number of CLTRBR.CTE afa group!

% characters.
LI TIR [RBR [ ¢ CL
T - i 1 %]
N R o e I L
! I 2 1 1
£ L1 IE T R %
| i/ 2 1 y 1
T e TN
W20 2 [T WY
v ]2 MR
¥ —.;.. 1 L—_ L I o
k4 1 i1 !' 2 I
P = e X - T i
N Tt
mpl e Tohdal _]) !
‘ —E! e i
NiXTwEs
E Ry
Thai7 T 5 o
.1.._.!___.__ : SR |

5. Segmentation of connected bandwritting

From suistical analysis of 2403 semples of connevied
Thai chareeters, the connection from two characters s
$4.89%, while 3 characters connected are 13,85% and
mare than three connected eliarseters are 1.26%. This
paper will focus enly on the mvo characters connected
case. We divide 2 character connected  Thai
handwritten  intp  six pattems.  The  ocemrrence
pereentages for cach pattem are also provided in
paverithesis with 5.73% left unclassified
t

tu) Small top reservolr with Earge bottom veservoir
on the right (15.29%): As shown m Fig 12, a small wp
FESEIVOIr veears pear the tep of sub-line3 and bottom
reservoir adjacently on the nght. The appropriste
sepmentanon point is at the botont of intersection line
and the characrers afler segmentation are shown on the
right.
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Fig. 12

(b) Close loop or bottom reservoir which in sub-
line2 and on the right have bottom
reservoir(3.82%): this patlen causz by "M
vowels connected to another characters, which results
in 2 cases, (b.1) Ciose loop in sub-fine2 with bottom
reservoir on the bottom right. We can cut the previous
point in front of the intersection line in sub-line3
between 2 reservoirs for the segmentation as shown in
Fig. 13(a) on the left and on the right shows the
appropriate separation. (b.2) A big bottom reservoir is
created which has the deepest point of reservoir in sib-
line2. Segmentation of (b.2) is the same as (b.1) as
shown in Fig. 13(b) connected characters are shown on
the left side and on the right side shows the appropriate

R

b
@ (b)

(c) Small top reservoir with  bottom
reservoir(6.76%): a small top reservoir in sub-line3
with bottom reservoir underneath. The intersection line
between the two reservoirs, is the line that coanected
between two contiguous characters. As shown in Fig.
14, the characters can be segmented by removing the
entire intersection line,

gk 6%

Fig. 14

Fig. 13

(d) Top reservoir with bottom reservoir on the right
(20.88%): this pattem is the same s (a) except that the
left reservoir is about the same size as the right. The
suitable segmentation point is at the tp of the
intersection line as shown in Fig.15.

@ 90

Fig. 15
() Small reservoir or close loop in  sub-
line4(3.08%): There is a connection from character in
sub-line 3 and vowel “¢” or™;" in sub-lined. The
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correct segmentation point is the top of the closed loop
or the top of reservoir as show in Fig. 16,

s 4 G O
4.9 94 ¥

(a) (b
Fig. 16

(f) Small reservoir or close loop in sub-
line2(44.41%): There is a connection from character in

sub-line 3 and vowel 8,8, 8,8, 8, 8, or toncs in sub-

line 2. These vowels can be located by their closed
loop or lefl water reservoir. The separation point is the
bottom of the loap or reservoir as shown in Pig.17.

el W

(@) (b)
Fig. 17

6. Result and Discussion

Results on isolated and connected component
Identification: to evaluzte performance of the isolate
and connected character identification scheme, a set of
data; 400 (200 isolated + 200 connected) components
were collected from Thai handwritten text which the
results are checked manually. Isolated detection has
accuracy of 98%. Cannceted detection has accuracy of
95%.The proposed method with combination of
detection and segmentation has accuracy of  96.5%.
Most of the errors come from connected characters
which are identified as isolated character as shown in
example in Fig.18.

AL Wi

Fig.J8

Resulis on connected component segmentation: The
evaluation of the segmentation scheme was done on
190 two Thai contiguous characlers on handwritten.
(From isolated and connecied component identification
process explained above) From the experiment; it can
be noriced that 87.9% of errars pceur when writer
writes two contiguous characters bigger than sub-line3
which cause defining wrong position of reservoir and
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identifying wrong patiern in six cases. Some examples
of connected component segmentation are shown' in
Fig.19.

¢
Fig. 19 Experimental result
7. Conclusion

We praposed online Thai handwriting segmentation
using water reservoirs, The widely used vertical
histogram more suitable for printed character
sepmentation.. This histrogram technique suffer from
slant in unconstraint handwrinen. This propose
segmentation has 2 steps; first, identify isolated and
connected components. Second, find segmentation
point of connected components. From 2403 dataset,
average resull of isolated and connected components
identification is 96.5% and accuracy of cannected
component segmentation is 87.9%.
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