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ABSTRACT

Many possible abnormalities that may occur in the future generation can be predicted by
analyzing the shape and morphological characteristics of the chromosome.The process can be
analyze and classify by specialist. Therefore, the automatic chromosome analysis aims to
producing a karyotype without the intervention of an operator. Most commercial-available
automatic chromosome analysis composed mainly 3 steps; (1) segmentation, (2) feature
extraction and (3) classification. The accuracy of automatic chromosome classification proce;§
depends on the image feature. In Our work, we extract the chromosome contour and median axis
by using active contour. And then fit the extracted chromosome contour with B-spline to compute
the curvature on the contour. The geometric landmarks related to the curvature are then extracted.
These landmarks are used as one of the features in the classification process. The projection data
of the straightening chromosome is then computed and used as the feature in the classification

process which exploits an artificial neural network.
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2n = 47 (45 + XX 130 45 + XY) 0naziinnzily gieouuazanunmsnguuss I 5y

v ¥
alwzmulunms Unidediadumusnifauaziniiengduuin

2.7.2 ngueImsiinavinanuAadnAveslaslaulyums

2.7.2.1 ntjumms‘lﬂmfwlamaf (Klinefelter’s syndrome)
wavn lasTuley X dundiaudnd 1 IasTulow w5o 2 TasTuTaw S9iilns TuTay
iwads1aneoiiiu 44 + XXY 1130 44 + XXXY (2n = 47 1ag 2n =48 MUAAL)
Athumeseiinnuianday - sumugeuazdn wihenlandwdvgs odvazmetl

=] 1 Y as o v U
wnadn Lilinsadsegdaiiuniiu nasiniiyaisou

2.7.2.2 NGNBINIIMO311B3 (Turner’s syndrome)
e lugihowands dioswniilas Tulawseny 20 = 45 esnniilas lulsume X
< -~ - ' v A w o dy t:i oy
ioeTas TuToui@od (@4 + X) uennnenneziinzilygreeundidelidnyuzdune Nusnw

notiwanamuduiln wag luiise duaoudadiumiy

ANy ..

o L AR TEE
R i\ s
'\ Ch # oz

> o Vg™ [ -

) gy S O 3 ¥ 2 ot Ay

g In dien i Yuoad

T

. i~ X I § .
e Y Qi o4 5 b

Texddgen ganet os utah.eduy

g1l 2.13 a3 T Indvesihungueims lamiiames (Kiinefelter’s syndrome)
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AR R EF e x :
i 3 T e 3 g -
SN { jf
- I A 3 :g
W - P o ) ;
‘0:5 r % ‘% i ‘.\z ';:‘ fi’ r
LI P » . - .
s 4 v e o2 L
& 13 3 2 At
ey & G° : R
- il s
v 4 T e P "-.‘ O

Te:d0en Jgonet s utah e,

U7 214 213 Te Indlyesdilronguernismesmes (Tumer's syndrome)

2.7.2.3 Triple X syndrome
- Il d'd ' I =) ar
e luwamaanii Ias Tulew X 3 viou i 44 + XXX (2n = 47) floms Ao dnvaz
199 vouwemaa luiaTey iu Tifisesnden Wuniu $alddedn 1ifi 14 uaz yaneou
o <
2.8 m3vamsle Inilaemsiszanananin
¥ v v o
wiriu lghmstenisTo Intliduneunigann  1amm  uazdesordudimihnng
° 3 :ﬂy Ay Yo J 1o U P . ¢ &
AnNEuIRY atinah 1adeuegiuguamussnmainlns Tulsunldnnndesganssend &
S A aa A A 9 o @ o q ¥
pVIAANANYsEliioInINNdITUNIL. nilmsdeuvivinieveslas lulay  lvns
= n‘ g o Q’: o o .
n51zH 13 lu Teuenndady  dufumsiunaiianadunsdszulanann (Digital Image
. ' o q. ¥ v y o @ o q Y _ dy ya a
Processing) ¥1%70 Mldesanana ussaudmdn uagdaihldwan ldtinnuozides

4 4 < o a =
gndeanntsty lasansaagl Funeulumsiansle Inilduismsdszuananw i

L)

¥ v v
ar o @

YU 4 YUADY A1
o’: J . Y @
1. Yupou  msUszuiamanou  (Preprocessing) MU NNITUTUUTIRUNINYDI

¥ 0
Tas Iulanldavu wu msdsuanuainevesniw msniuveuIas lulay Msfivadesuniu
& v a . &
2. suaeu ueonlas Tulaueenuuiludiifs (Chromosome Segmentation) 1UN1S
' @ dr [ =1 [ aa @ b4 v @ Y
won 1ns Ty 1suuaazf100nINNUNAT TIUDITIUNAAN UL FOUNUAUAIY
v
3. JuppuNsIanymemwIzvoalnsluley  (Feature  Extraction)  IUA1S¥A
@ ' a 4‘ o Y =3 Y 9
anvazinwizveslas lu lsuusazrina M ldeausouenytianu1a

v
o ° a . " Y
4. TupoumssunsiiaveslnsTulan (Chromosome Classification) 1un3 14
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dnvemAna N Ivss oM I AN = 7

manAIsNMIA1ee lFlumsswunytiavealas T Tawy

v v
dmiusivaziduavesiunouag munsoudas ladsgui 2.15

Digital image of Chromosome

=

Preprocessing

-

Chromosome Segmentation

=

Feature Extraction

“

Chromosome Classification

Karyotype Image of Chromosome

H ¥
31 2.15 Fuaoumsdam3lo Inddrwisnmsdszuonann

29 ajpl
g P =4 Y a o ] o
o wmulan - msiesedlas lulasy  aunsorounndlums
iy Isamatugnssuldunnue uazlaliinisenadmnssumhmatamsyszutananin
aa = d 4 wa wa o
maasmea Tl lumsdinszinmias Twlawive Iiuszuuod Tud@ shildaunsoaanm
uazus I mMYiae  uataEmemsuwngss mansosn Isanownoanaiugnssy
A daa o @ v C) 3 ' 4' Iq’: [L
vulsald  denangandemstlosduhildiufedy  Tdun  msazduiies lidnssilu
o da a a @ s A @ a v '
aseunsINTANNANlNG, msAamlsunetlosnulsanaeneariulas luleuwe, 3

FNUMIN NOUAABA, MIININLFITUNBUHIAT azmM s lumsanlianuralng

63467
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UnNn 3

msdszananamnadneaniyluandae

31 unin
U { Jo’: 13 P 1
amaoves Tas TuTaui Idnnndesganssmiiu Wuamszdudin dalinnnudu 256
o 4 o a s Qs a § o [y L4 @
sz dievinndmswuazianiiToIndlaodidoiny Adeserdulszaumsaluasdnyaz
o 4 a @ U a v A
msupauveyyd  Newsousnuezdnuaz  JUs A uoudld  ueadield
a o ' a d ' a ' a o
aouiumesgwlumsiinseinmawlasluley  Wuihauleh  asufusesannse
' q’: Y o da g [ aa e
uonnozmmmaniuldedisls dunfedeseifs msdssutananIwAinea (Digital Image
. & a L) & Ao o i ' A Yo "
Processing)  Fuiluineenansonuvuinils - Aimdsiannetudeiios  uazldiuedis
aeune wu Tumsdems N mauAIRu gaamassu Mamsuwnd wazmsauai
a 4 v ° o dy ' 2 aa ’ d o Y
maneenand  Wudu  dmivluunil szndnfeitmsmaunsyleas  msihldun

(Thinning) uﬂﬂﬁﬂﬂﬂuﬁ’ﬁ (Active Contour) Lag fa vlll'tj (B-Spline)

[ 3
3.2 MINASZAUINIY19an (Thresholding)
o o d ad < aa & da o 4
msAnszaumsy¥lean (Thresholding) WuIimsidnmumsudnitutisitonldiu e
' P o A" [ @ Aad A ° ¥ o
uondruiiduinquaziundsesnnindu §3smsfe hyanmlan vunmduniiv f(x,y)
wifSeuifivufuannisszauanudy T w3eiiong1m Threshold HyanmauRTulifA
9 ) A (Y U ] o 9 ° 9 v o ' a ﬂ .
Wunnnhimsemnduanissauanudy  sedmualinmeadng  f'(x,y) Tautu <1

o ' 4 @ <
uaﬂmnumz‘lﬁ'ﬂnﬂu ‘07 PAULTAIPNTUNTIIN 3.1

iy {:) llff/; (();,};))i; G.1)
Taoii
f(x,) fio yanmwaawsrianNuITNADITEAY
T feoaunsylead

f(x,y) fio yammaumiy

¥
amanuduaesszavzlia 1 unuing n3e 1ea M (Foreground) wazlvm 0 unu
[ a ﬂ df [ A ' Yy 9 @ a ay 9
duAuNunas (Background) 10991nMsunumnuduAIsauavveIn wsiiall 19ime
’ \ ﬂyl _ dy' < -~ J .
apaA Y 395unnmyiiatiin M Tuni3 (Binary Image) AunmveInw luusdoninuey

fuAunsylaadnld Yndnmsidensunsyleasse ldunna salaunsuveann (Histogram)
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mingalaunsuveanwiidnuausiiuuuylyTuasa (bimodal histogram) As31M 3.1 szans0

@enAunsylead 1den ardalaunsugamganogszninegagega (peak) Aaaaslugui 3.1

Density
-

Gray level
31.]‘7! 3.1 Bimodal image histogram

' o v ' /Y ad v ' ¥y A °
uadhnsunm s Tuley Timusommmsyleanaioitaenann]a eswnsuauganin
v
L o @ o \ 2 A L o -
¥9930g uazd Mg mvesNUnds v uanaeTuINnde Bidugaiu Fala- unsuves
- 1t o @ = 1y Vet ° aa '
awda lifidnvazdiunuy luTueea dweaslugii 3.2 uan ldimstuaueIsmmaunsy

' v
T#a@ (Threshold) NMANTANHUUAN Aago 1T

3U7 3.2 Falannsuvosnining luley

3.2.1 35msmaunssloadusd Otsu
Vv b 4 b 4 .

Fmstauualiing (Foreground) 1Az WUMAY (Background) oylutilonauazauiu

) o ] U U é a0 [ q’: 4
TavAunsy laasszinisnmesnidluasangu fiv ngu Co Falimszaunnudy Awe 1 9 t

= =4 U a '
wiowoulugiidafe Co = {0, 1, ...t} uazngu C1 = {t, t+1, ...I-1, 1} Tawh t AoAunsylaaq /
A [ 9 a 1w & U ° slﬂ U Y A
foszaunnudugeganAvzininy 256) Fangu Co, C1 zimualiiunquuesing nie
wunaanld dwmsuaunsyleas t Miden auTafILINAINNULYIUTIU(variance) VDI
udnznguld Aunsylsanimuzauanitees Owu fe M1 ¢ Mldmanuudsdsiuly
ﬂ?j&J (within-class variance) ﬁmﬁ'ﬂuﬁ?m

d' 1 U - o’ o U ' U
Tashsmanuudsdsmlungu Ao wasawmhminvesmanuulsisuvesnazngum

189
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oy =q,(00 () +q,()o; (1) (3.2)

’. ' ' A S o
dio o2 (1) Aemanuulsilsauvesngy C, Falimszauanudu 1 61 emldon

3 li- i, (OF PG) (33

s ="

q,(t)

: ' dar o oo
uag o2 () Aemanuuilssiuvesndu C, Fadimssauamududaug t+1 de 7 mld fio

EI:[" - 1O P() 34
20rY =0
2\ q,(1)
iilo

q,() = ‘:‘P(i) way g, = zl: P(i) (3.5)
: !
2. iP@) > iP(i) (3.6):

() = JEEAN T Quae £) = =t

. a0 ) g, ()

idle P> Aemanuinziluvesda launsy narszsuanudy i =1,../ mldnn

number{(r,c) | image(r,c) = i} 3.7)
(RxC)

P(i) =

' ¥
i3io r wag ¢ Aemadumtaouazanlunw dau R uaz C AT INIUYBIUND HATNAD
o w aad A o ' ' 2 L
yoamm awdsy Taoiiismsm fie sxdnnamamnnuusdsmlungu (o)) 1ameq m

' P ada a4 s Ao 9 2 a1 ¥ a
t Taoaunsy leaanunzauauist Aem ¢ Milda o} Umdsonga
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d
3.2.2 I5mImaunsvlaanves Kittler-Illingworth
a. ' d o [ ] U
Kittler uaz Ilingworth ldtauedtmsmawnsyleas laverdondnmsuianguaiung
¥4 Bayes 1102 191130329108VUNA (Gaussian distribution) $2811UMIMIAURDY (mean),
' . 1w . - =
AN 5159U (variance) HAZMAAAIU (proportion) YDINIADINQUAD (4,0, ,q,) LA

(4,,02,q,) laonmssleasnanga Aem tihd a1 H Tuaumsi 3.8 Taniosnqa

_1+log2rx
2

1
H -4, log(q,) - 9, log(q,) + E(q. log(o?) +4,log(c3))  BH)
Tao# M g, uaz g, midamaunsii 3.5 , o2 Az o mldmuaumsii 33 uoz 3.4

MUAAY

3.2.3 TaneateuInsil (Local Entropy :LE)
4 o - 3 ad & o a4
msmansyleaauuuenInsdn (Entropic thresholding) iudsmsiihanen Insthn
hunsailumsmsms s leasvesmn  TasmanudaavesouInst  1aiimsily14
' 9 =Y v 9 d'l d‘ @ 9 Aa ' 'y 9 = ' o a =1
stnand e lunstivdadoya ez Tadeyaniiogluunasveya auuaunasiuia X u
L 4

Joyadaud - 1 83 L godmualasawsnusananniteziiu  (probability  distribution)

p =Py p,) TouaNiRanINuMds Ul X annsodioueglugdaiouinsi Ao

L

H(X)==-Yp,logp, (:9)

=

dmsvdeyalunmennsauaasnuauiialavaneu Insilvesda Taunsyla iiiea9n
foyaveanmoglugilveamsaszawnnminziy fldnnnmszsuiin (gray level) vos
NN Pun 11ag Kapur "1@’1'1%'11113911111%51111%’1113’% entropic thresholding

smualinmasaeavne M x N Sadsszdu@m L oszdu @ouunulae
G ={0,,....L —1}uazld f(x,y)dumszaudmusannea (x, y) Fntunmitannsedou
Weglugivoaunaindld Ao F=[f(x,»)],., wazezld waind Co-occurrence wu1m
Lx L wnudae W =[1,],,, lavluusng element Ao maumsasunasszniamngues
sgaumlu G={0,1,...,L -1} Tufamanmizas Taoiall ma3ne Co-occurrence 719y
szt unuumesnd lauanas  (asymmetric) ifiosnniinsanmmeaudouuasves
sRuEmsEnarosinsaRdafuini dmuald t, iU element Seuit (G, /) dunse

mlalay
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M N
t.j =226m" (310)

{ if{f(m,n)=iandf(m+l,n)=j and | or (3.11)
O = f(mn)=iand f(m,n+1)=j
0; otherwise
0 12 3 4 5 6 7
1111111111111 ojlojofojoj0|0]0jo0
1142 4141021 110(39]5|5|6|0]4]|1
114121317 ]13[1]1 210171111131 0|2]|0
113613412111 310]16{3|11110[2]1
N L2-1F| 33 NiF8-1 410|514(4|1(0]0]0
116142111 1]12]1 5/0/0(010]l0]0]0fO0
11111141 3|6]4]1 6/]013|112|2]0]0]0
D WL TET07¢ 31 T5111/1 4 7l0({0{0)11]1]0f0|0
(a) Yoyanmiiszaunanidy 0-7 (b) AN Co-ocourrence i 14

§ o ' ' a d
UM 3.3 LAREIBGNNITMIANNATNG Co-occurrence

A(BB) B(BF)

D(FB) C(FF)

d' a o a ] 9 U o
gﬂ'n 3.4 1WwAINY Co-occurrence ﬂgﬂumaami‘lu 4 quadrants AuAunsy laaa t

a ' a J aqg Y9 a @ Vv
51/ 3.3 HARINSMIAMNATAS Co-occurrence TABAUNATHIBYANINLIZAUANWIVY 0-7
oya 4 a J '
miuile normalize NN element TuAINS Co-occurrence 32 IAITuAIMNI vitluvEIMS

wasuassnmsgaudim i Tuda j 1di
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Ly (3.12)
L 1

pij L-1

tld
k=0 1=0

4 ' Jd ° U ' a [

dold ¢ WuwnsyTsaduosnn Mlda t utis wasna Co-occurrence pomiiu 4 dau
) o A o Y a Ao @ (A [
#o A, B, C uaz D gl 3.4 dodmualdinmaniimszdudmunnnim tiluing uaz
a A " @ " 4 o d o '
Ainrandawniuniedesnia t Wuiunds A lf quadrant A waz C An A1 local

¥ [

transition YDINUNAY LA IAQMUEAY @I B A D udasdemsifdsunasiavensznin

¥
Saquaziunda manuinziduveusas quadrant 1ldan

e t L
=Zzpij’ PB'ZZZP,], (3.13)

i=0 ;=0 i=0 j=t+1
L-1 L-1
t
=3, P32
i=t+1 j=0 i=t+1j=t+]

wazymn sty sy element 910

s A P r @ P Hon: P tALD P (3.14)
Pija —E’ Pyis _7,87’ Piyc —7,;,‘, Piip —E’

» ¥ 4
1199970 quadrant A ¥ C UsznoudIs local transition IANUNAS lUFaNunda
(Background to Background :BB) llag iﬂﬂ%ﬂq'lﬂﬁ‘\ﬁ'ﬂq (Object to Object : FF) AN

U301 local entropy 1aTay

HBB(t)=—ZZp;|A log pjy4 (3.15)
i=0 j=0
L-1 L-1
: ! 3.1
Hp. ()= —Z Zpij[C log Pic (3.16)
i=t+] j=t+1

Tauft H ,(f) Ao slaneaiouInsi) ¥eq quadrant A (BB) uaz H () Ao flanoa-

v
1ouIn33) ¥84 quadrant C (FF) 91miu v lanoaou Inst) s7u 1den
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HLE(’)=HBB(0+HFF(’) (3.17)

' P 4 a, Y U 4 ° 0 4 s -
Tavsmsylaadianiga At Aom ¢ ld s H () Tuagumsi 3.17 Tandeohiga
o q ¥ N
3.3 mM3MI¥V (Thinning)
msml¥Ne  (Thinning)  femsnszsiunmlasmsnldounasdnymzgdiinie
1 4 b4
TAs9ar$13999mM (Morphology) e l¥nmiiuisaslaslunaeennniu msm e

ansaiion Tao@ouluziunuea hit 119 miss transform TAaeunsh 3.18

A® B=A-(4*B) (3.18)
= AN(A4* B)°
Taoh
A o @wavean nimimii1iuie (Thinning)
B fio iwavesmumaniniimnly
& . y A a o ' A ¥
33 hit 10z miss transform Asmmdsumlasdnymzglinmialnseaiiueinw

(Morphology) Al#lumsmdwmuavesgniwiidesns

»s/e/ele
L AL JE 40 2L 2 ROCCO
S8 9 aaoe =EO0C0
Sesias Sessess
..::::: REIDCCOOD
Q010 =01 RCOO0
$¢6¢ 00 A6 =0 = [s]e)[e)
® olo
(a) (b) () (d)
000000000
OO0
NEEEEEC000 e eRs e eeS
8[0[0[0|00|¢|e|e® olojclolCle e @e|C EEEED
#[0[0[0|0|I0I0[0|e|® EEEEEROOOE olooo 0
¢[O|0[0|0[O|00|e|® 88888883:8 EEEERED
0] EEREREE
:2288888:0 OlO[OHADIOIO| 81O O|a[o[O{C[C[0
FBEE2EEEEOR olololo|o
#[e[8[00[00[0|#|® sl0/0IODOO[e0! olo[0ol0
o oo00 00 eSS QolC|CICIO[8lO]
(e) ® (g)

4 Y ::: Y
gﬂﬁ 3.5 U@AINITHI hit and miss transform (a) Mmduatuaa A), (b) muwanilam
3 ' . v
mtmumnﬁ'mﬂmvu, (U complement ¥D3 (b),(d)erosion UDI (a) AW (b),

(1 complement 483 (a), () WaNld9IN “miss’, (g) WAN1AIIN hit and miss
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1 [ [ v o
o TasfinganumolunsousemoluezsnuinnuiEoy (smoothness) Y8IABUNIS 1Ay
[ v d [l [v)
AILANAMIAINA (stretching) ANWIAI (bending) vBINOUYIT  AIUNAIUMWHTBUIY

YDINN 9L FWAIRA snake 1I1M1gANTUlIVOININ BHIUTU YOUNIN

3.4.2 wasnumely (Internal Energy)

wasumeoluves Snake eunsationw 1@ lae (1]
Eoens = 50(0)* 19, +B(6)* 19, (5) ] (3:22)

i v do @ P
aumsn 322 dszneudis 2 men lumeuusn Ao dYWUTOUAUNHA (first-order
derivative) AUIMUIVDY snake %‘lil ﬂ’JUﬂllﬂ’J’mGN (tension) ¥®Y snake 1uU1\1ﬂ5QlSUﬂ’J1

WAINUIANGY (elasticity energy: ) Taudi a(s) Shuaridruniin (weighting function)

Ia_mc
A = ' ‘:' d‘ o o o e
Fundilusined ficmsosmuald mediunnudidguomdaudandu
] P v dou @ ° ' ° a
AAIUNDUNTDI fio DYUNWUTOUAVTDI (second-order derivative) @Y UIUDI snake m‘nﬁ'm
2] o g4} =) ' L e " -
AIUANANNUYY (rigidity) YD snake N3I0ITUNIINAINUAR (bending energy : E, iing) HOZY
Jd v oy @ A o o @ @ o da 2
B(s) Whuiladduihmin iNedSuanudnguemasnuaanlaona1umoluyea snake
3 A e Q’: e , @ o o a
aumsh 322 Feauduniamenves wasnudanguiazwdsauda Mildndamansin
p51e1dmn uasmnsaeiueliidhlvidie deuonidudmg lugdves discrete Tnold

aa 3 4 4
25M15152A1UI908Ia03 (Euler’s method of approximation) ANANNIN 3.23 Uaz3.24

e W VD) (3.23)
' h
. Vyoy =2V, 4V, ) (3.24)
i h2

2 o o o ' o '
Falumsudaumslumovveandaannivi ldnn udsrannsomideglugdvesald

INNYNN

W = F xdistance >W = Fx(X, - X,) (3.25)

¥ »
FOTUAUNIILI VD Snake iBMIMsUATyMvesaumsudnzdsznov lUdrumensiien

AUAVNITN 3.26
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F:'nlemal = F:.-Iasl/c + F;)endmg (326)
= F‘ela.\'uc F:.’Iasuc Y + Fyna g, X + F‘ ling Y
il
Ficx =(S)x[(X, — X)) +(X;, - X.-)]/hz

Fogicy = () x[(Yy =¥+ (X, X))/ I

Fingx = B *{{(X 1 = Xin) = (X = X))] - 2% [(X, = X)) = (X, = X))
+H(X, = X) = (X = X1 A

Fynimgy = BV Y, YD) = (X, -1))=2x[(Y, - ¥) =(¥, - ¥,,,)]
LI -F =t o)l E

3.4.3 WAINUNN (Image Energy)

WHINUNN 5071 Image Energy: E, (v(s)) Wudadmuananuduiusszn g snake

image

u & ° Y A2 v & Y .

funn Faezimihfiasneuiafidmgaiaulivesnn otrasu @ (ine), voun (edge)
td

UAZYATUTA (termination) fmualaTav [1]

xE

E' = w/ine X EI' term (327)

image ine

+ Wogee X E e +W,

lerm

A :’ @ v I
Iﬂtl w AeAanimminusnasHangu

3 & y oA a A
x E IMUU Tﬂﬂﬁ')uﬂlﬂu”ﬂ'ﬂﬂ']w%iqq 113)

' d'dy ;)
ua lunilFmmzvsunn nie Wege X Eoe

VSHUNTAIANUUANATTNINMANNTINININ 1 1a9n
E,p ==V (x| (3.28)

A A o ° a . Y]
1Wo V A9 AINITNINISINILAYY (gradient operator) m1aan

of (x,y) 6f(x,y)J (3.29)

Vf(x,y)=( x o
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N Ll Ld

SEESETTY s | o AREE COR AN
'_l\‘...,*z._'::t::;“ N 4

iIminniTA AN o
w1 s x nme EE M wa o s —
reg Al A 4
S Sasiin i 7 |

""" e PR A - i~
v, 4 N
sl 1ar o iy ,

_______ v = ——

.......... 7y §G i

N TS /

o PN .

S I T =

e R RGN SR EEWmA S s wmn Bws —’/

i < y  ¢a ¢
513.9 wamsuAouzives snake gnAvuiield imdiFouianes

E 4 ] v
faiuduntiaunsi@ounnn uaashdmiuiuninaveunn udlumweie o1l
Fygusunau nsznwegseus Jag WemAunsieueenn duyanusuniurzdesald
a a q,: kY 4 4 @ a
nsRoulunInaniugedie Wemsiasugy (Deform) Y99 snake WIWUAVAUNTIABUYDA
¥ v » v
Fuanmsunuiu Ml liannsanfougd W luiiemevesiagiidesns1d asgili 3.8

v J

° dy b4 Y d 4 P : A a
annsofidadyusunumari 1a laold imd@eudames (Gaussian Filter) iWoinauA
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o 4 o J o

Fygnasunauiiqe Wanas dnail¥ams ey (smooth) 36 1wae (blurred) ¥u A

m3/aouzves snake hifnogidyanusuniu dwanslugili 3.9
TasfimdFouilamesiiufnssi Convolution wuy 2D Hanwaziugiszaind

(bell-shaped) #3317 3.9 Uerums Aiv

1 (e-‘;;{' ) (330)

G(x,y) =

270t

......... ANNGTS B

___________ .’,’ﬁ/w,,p;\.‘\\.:::: ‘~ALA v,

Y A T . S N

............... A N R hages

N B E 2 — B s
SRS ERE R g

314 3.11 uamawdesunwii ldninaums 3.30 e o =1 uazduvew

fanseumdiFouimihfiaadyamsunad  (smoothing) uaziinmwldivae  Tasiim
anudsauunasg o WuddmuaszduanusiGepvesnw v o IAnieund
o dyy 9 A s 0 q ¥ dyy a A 4
swiSvvveanmnldesdosas wazidle o Tannahldamnldnussunisiasniu
o d a ] o [N ] o
uenYINAINs oM AFoUIT AR FYaNMTUNIULAY §95201H929n3299D (capture range)

) FY 43’ Y @ a J [ a ° 9 o b4
UYD9 snake n’nwumu(mgﬂw 3.11) IﬂU‘Uuﬂgﬂ‘Uﬂ'l 0‘?1‘1ﬂ11ﬂ’Ill'lﬂi]:‘/lﬂﬂ‘]f’)dﬂi’)%%ﬂﬂ’nﬂ
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o ° v

J ' o a d' v; ] o @ : o d'
Suuann o Sannnfufelfveunmi ldmeu ldromuiy duiuee ldndeanunini

9 o d A Y] ::’
¥anspamdisounal

E 4 =—IVI[G,(x,y)x f(x, ]I’ (3.31)

3.4.4 HATINVDINANAINUUATNS Minimization

aumsi 321 dlounu E,,,., (v(s)) oz E,. ((s)) aalooz I&idlu

Epte = I';-X[a(s)*|vs(s)|2 +B(s)*| v, (s) |2]+Eu,ds (3.32)
0

e Epig = 5 ¥10(0) 1,0 F +A(5)* 12, ()]

uoy E oy = E e 0(8)) = E . =[G, (x,3)% f(x,0)]

M5 Minimization ¥edauMITA 332 9z 1WS1IUNGINUN snake ABIMINDNIZNARD

L ¥ ' i d
(shrink) Tufadnvadaly dniugedugavesnisiaougy sy vou) mwasauiniszy
' ¢ @ v A ' @ o a ' a o
Antlugud Munon391 139018 1UY03 snake FAUMNAULITIUNANINAUNTIAGUVDININAY

aunsh 3.33 [1]

E i =[a(s)V" = B(sV"')=VE,,, =0 (3.33)

F;nake = F:nlernal + external == 0 (334)

Lﬁa =-VE

external — ext

aumsi 3.34 annsodaldeglugdunsnd Iddeaunish 3.35 oz 3.36

AX +F,(x,y)=0 (3.35)
AY +F,(x,y)=0 (3.36)
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° H v Ja [ 4
FMsudaunsN 3.35 ua 3.36 waawsn laweou ldasaunsn 3.37 uag 3.38

X, =[A+yI]" [y X, = Fx (%, ¥4)] (3.37)
Y, =[4+ 7-1]4-[7-)/;_1 - F, (%54} (3.38)
il
X, ung Y, fo dumialmivesnouiag

Fo(x,s Y1) 802 Fy (X, Vi) PO USUNSAOUYIN W IUTAMN X 102 Y 9

AWMU (x,_,,7,)

o f=a,(~a—4p)=buaza-68)=c

E N

I
S Q o o
AR (| T
N o8 O
N S P/ P

Q oo o Q

3.4.5 Lumauuuueagy (Balloon Model)

auMsh 3.34 Aoaumsangausd IueINTNISHLIINIBHENAD

F’exlemal 7= —VE ext
= —V[Ga (X,)’)xf(X,J’)] (3.39)
Pk
|Vf]
4 a 4 - Vf a . a
1B P ADMAINVDIUNIIAYU LAY i =VI[G, (x,y)x f(x,y)] 70 normalized INTLAVU

VDN
~ 1:j Aa X a & a A v

aUNIIN 3.39 ¢ uusamuuan‘nuuu'lﬁu Snake lL'lJ‘]Jlﬂil‘]f\ﬁJﬂiyﬂ11Nﬂ15ﬂ1ﬂﬂlillﬂu‘llﬂd
: @ o a Lo @ 3 = o 3 [l
ABUTIT AT MR UANITITNBS A9 AaiuTa ldlimsiinaue Tueaves Snake Yuulnu
A -:A” ’ a o a v a 2 a A kY dy
mnwugmaguuiummmumu TﬂUmmsmuumm"lﬂmtsomuuan mmmmmm"lﬂu%z
o Y A o v Jdq Y A Y a a’n’:
‘VI'I‘PI‘N'WINﬂﬂﬂi’)u‘ﬂ’)5111‘\!0'1088?'143E]'Hﬂl‘\ﬂﬂ'llmﬁ‘nN‘UB\?I’JﬂlﬂﬂiﬂQﬂ'lﬂ (normal vector) Iﬂﬂ

a o @ : Y dyu n’: a " YA
y kl lﬁu%dﬂ‘ﬁuﬂ'lﬂﬂﬂ‘“ﬂﬂlﬁﬁu mum‘uuuﬁnms‘umusqmuuafﬂwu'lﬂﬂa
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Vf (3.40)
Fexlema = k -n (S)_[P_ o
o Vsl

A o’: ' P A -
iio n, (s) NNIABIAININ (Normal vector) YUIA 1 MUIW Ny v(s) k ABVUIA U370
o o o” Y] a0 -~ o o Y 9 v o
NNFUUIMUN 1IN kl uﬂ’]l'ﬂuu’]ﬂ HUWUHI ADUNIITISVYIUAT D1 kl lﬂuﬂ'ﬂ ADUNITICHA

& Tavfi n, (s)= (N, N,) iile

= YiTVia 3 - Xi —Xiop (3.41)
lyi=y.. |l llx; —x., |l

x Vi

v ] ’
Faiuaumsn 3.34 1aannsosu v lddsaunisn 3.42

F, balloon ~— & internal AR external = 0 (342)

snake

> F;nlemal + kl 'n.L (S) 2 [PV_f
VA

¥
. 4

fafuaumsi 3.37 uag 3.38 YegnidiouIna ldawaunsi 3.43 uag 3.44 puday

Py Vf (3.43)
X =[Awy. 0 y.X 5 +[P.—=4 ]+k.Nx]
e /SlY4S
B vf, (3.44)
Y, =[4+yI"|yY  +[P.—2~)+k.N
L SANE L2

iiDa9InUs V1Y (Balloon force) Hilymifominiiusetiorliazinlinouinivoeda14
# uaddusann vz iaewinsvnsinuasveunn  39ldd5ulgeIdilunnuuss
ve0liinefi (Adaptive balloon force) TAURIUIUMIAUIAYBINGINUNN B ﬁnmﬁaﬁ@ﬂ
control point Y84 snake NNYA Tﬂumwas’;mmmmwﬁhammwﬁqmi"yuﬁm;mam’fw 8 @

AIAUMISN 3.45

1
E =Y |FGx+jy+ ) 245}

Jj==1
¥
Ly

' - ' ' ' @ @ [ 4 d'o’: o =
wina E, #lgtismnnimSamiiumszdumsslaoa (th) 1asld fegliussverwingaiv
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' 1 0” LY 4 : U U A e |
W oudvmin E, Yound th ez lhihminvesussveeigariudismsmila dsaunish 3.46

) 0 ifE, >th (3.46)
k(i) = .
K ifE, <th

1o K Ao Ananlag

o

A
DEE

it

U 3.2 yrmamsmiAmdsuvesnm luuRazyausInoUT IS

v d
3.5 dulnadalihi (B-Spline Curve)
dulAediahhiduduldmiiguauifasunagetamn  Wuduldmianudeios
wazensonoywus 14 iudu  Taoheumadulfedialihidnd p aansaiion1éddae

auMmsh 3.47 [3]

Clu)= iNi,p (u)P, ,a<u<b (3.47)
i=0

{P, } ABI¥AYBIControl Point
N+1 fin3 11U Control Point

IV, )} fowavesilanduitugubalihiang p

° 5 e . 4 a o
Tﬂumwuﬂ'lﬁ' Knot vector vi‘_luxm*u nonperiodic (nonuiform) %493 Knot xflummu m+1

Tany
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(3.48)

v ’ [
fmuald a = 0,6 =1 uazSuniunlanfiaein {P,} 31 Control Point Polygon

do A A d
3.5.1 WanFunugrunugrualii (B-Spline Basis Functions)
L y I'4 a, ' a e H

Asnsuiugmdalhiamnsom ldnarwisualuanuiseiiidon1933 recurrence formula
P A o 9 a L4
doanniluisnamnsosn lddelasneuiunes

Taold U ={u,,..,u,} A0 knot vector mazaveITUIMLIINLM hinananTe
u, Su,, Wo i=0,..,m—1 uay u, A0 knot

o o d{ ~ do_ v o » & aa a 9y @ @ d
Wanwwugwuﬂ"wumﬂun i YIWANT p (order = p+1) MWNIDUNUAWAYANYYU

P a -
N, ,(u) Bagniiomaaeannisn 3.49 3]

u—-u, Uipn —H (3.49)
Ni_p AN W/ Ni,p-l (u)+ s Ni+l_p—l ()
ui+p —U; ui+p+l wsU SN
Taun
1 U, Su<u,
N,o(u)= s :
s 0 otherwise
HuuLYe

a 0’: r 4 J - é '
® N, () WuilerFuduinlenfinninumisluse e fu,u,,)

o

¥
o a LY -= 's
® amsy p>0 awrsom N, (u) 'lv’\'inﬂmsmm‘wﬁummﬂaﬁ‘yuﬁugmua'h]u

an3 p—1 availanvu
d. = 0 _~ o
e aumsh 3.49 Milauilu = v Ivlinadwsidiuo
=) ] ' °o_ @ { ) - <
® 5un¥ [u,,u,,, ) 1 knot span SIWUH I Faernlvwrmilugudn 18

d o a a [

' ¥
®  NMsAMUMMAINTUNANT p ANTONNTANNUHUYITAI
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Noo

Nl,o NO,I

Nyo Ny Ny,

N5, Ny Ny Ny,
Nyo N33 Ny, Ny

3.5.2 oypusveudulAsialihi

’
L9 v o

W CP () unupyWusousuR £k voa C(u) 3]

S 50
CPu) =Y NOa)P, 450
i=0
Taoh
(k=1) N&D
i,p=1 i+1,p-1
N (u) = p| —2—~ -
iep "W Ui pn T UL

4 ar d a ' -
o k< p uazdriamsiiugud dow s o

3.5.3 maddszanauaulnsaadalihi

3.53.1 MIMUUANISNADS (1, )
3 4 o = a d o o
AmuaTiamvesdoyn {0, } e k=0,...,n Amuald », Wuwsliwesdmsv Q,

wazl? U = {uy,...,u, } 92 l8szvuaumadadu nt1 daunls$au nrl aumsasi
Y, &, — 3.51
0 =Cla) =y Ny (4)P, il
i=0

a ia @ 1 aw ¢ = o é
wisiiwmesnioy 1 luivareuuuinualuaudtedi 19m15159es  Chord Length 49

¥y
ansan1dlae smuald 4 Wuanuenmua

d= i'QI( —Qk-ll

Z:ak_,+|—QL—:-1-Q*—"| k=1,..,n-1

(3.52)
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3.5.3.2 Knot vector
b4
Kot vector 35msfmuanatsguuuy ualuam3doii 1814 Knot vector iy non-

L, Aea o &
periodic #XgUIVVUAIL

iio n=m—-p-1 Taovia Tz muald a=0,b =1

3.5.3.3 ¥11 Control Points 210m3tszsnaudulfatialihid2e35 Least Squares Error
auyAldidonn p21Ln> puas Q;,....0, (m > n) wiuduIfadalihidni p uvy
Non-rational 149 naunsii 3.47
éaﬁqmﬁuﬁﬁﬁaﬁy
e 0,=C(0)=P unz Q, =C(1)=P,

P Y} A = Va o w
o ﬂ?ﬂ"]ﬂ\'l”ﬂ‘;!a Qk ﬂu‘]%:,’Qﬂﬂixu‘lmuﬁxnﬂai’Jll‘ua\iﬂ‘mﬂwmﬂmm’dmtﬁu

m=1

& =2 )0, - Clu) 653

k=1

1 a A d' : o o A‘ o i
ARawan g2 wianiosngaiufusmIuYes Control point Mfludanlsiman o+l

A o § L o
uaz E } Fauduwslinosn lasnanBuds Taoimuald

Ry =0, =N, , )0, =N, ,w)Q, ~ k=1,..,m-1

o ol

§ o Voo o v Jdo @ 4
nnauMsh 3.53 Mmsunumaegasldudihmsmeyiusoudy 1ioudy P, ie

d A

o o v  da ' @ o
1=1,...,n-1 udmualiwadwinnmsmeyiusianmnugud WommMsudaunIsad

Y

td
annsodalugiiasnd 1adail

P=(N"N)'R (3.54)



e N WhuweSnduung (m—1)x(n—1)

Ni,p(ul) Nn-l,p(ul)
N= : :
Ni,p(am—l) T Nn—l,p(am—l)

waz R Wunedminamesvuie (n—1)

Nl,p (ﬁl)Rl e Nl,p (Em—l)Rm—l
R -
Nn—l,p (171 )RI Vhirs Nn-l,p (ﬁm—l )Rm-l

o
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SmuamIEuAY
-ansveatalihi: p
- 9742 Control Points: n+1
- §uaugauuduTRsiidesmsiszana: m+1

ld'y

- Swnugauuduldslnindeans: q+1

y

#1171 Control Points

a J. - -
-W5Wees: {U,,...0, }

- Knot vector: {0, ...,0,u g u=A,..., 17
S p— p e it
p+1 p+1

A

nu&u 13111910 Control Points
- Control Points: { Pt Ph }

a o )
- WFIADS I {u rEhh )
1

A

[ sumsuuduldata Tl ]

' v
51 3.13 unudauansiuneumstlszanudtodulfsba lihi
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] =
Tasevedszanmgn

(Artificial Neural Network)

41 ymi

Tnsaveiszamiioy (Artificial Neural Network) ilumsdiasamsiianuvesszuy
Uszamludsiizina c‘ﬁmvm”mmﬁﬁﬂsszﬁmﬂua:mmmﬁwmﬂszqﬂﬁ‘l‘l’f"lunwhaq
Moy Mivaigluuy madszanadyg msdunsizdides Wudu Taluumilez
nandaaoilaonssuTaoyia Waﬁ‘ﬁ"umsﬂszé'uﬁ”ugm dane3iumsin uazmsiszynaly

nulasenolszamnounisuendssan

4.2 aadasnssulagnahl
Tnseuredszammmonidunistiassmsiinuvesssuuyseamludiidia  Taonra
szamunsdansaniiulsenoulidae 3 a9u1Aun Dendrite, Axon 11ag Soma lAUDendrite

-~ ' o s & o é o o
ﬂamumUﬂnumpmmmcvm.lszﬁ‘mnuq Soma lﬂuﬂ’J‘UENL‘Ifﬂﬂizf’f'm%»!'ﬂ'lﬂ'ﬁ‘lj’)ﬂﬁi’gﬂlu'lm

a o e

¥ » b
NMuaNa U IHoNATIVYDITYYINTRINUANUNINAIISZAUAY (Threshold) Soma 91

' o

msasdaana ldusada limiumieAxon

oo
4

auiuamilaons suueaIassiieyszammonisdszneu Tudewinlssuianan
¥
< " ’ el 1 Qr = o A o
5unNinseU. (Neuron) usasvIseuaMNsodsdnaIueen 1)) 1dionssasniladygiu

v '
mnfuugansosudyanaudmndeniuldavaredyanauaasluzili 4.1

517 4.1 Tasevwlszamiounuude

Y
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4 - dy v v 4
U7 4.1 UsznevlUdaeiasen X1, X2 uay X3 Naadayanu x1, x2 wag x3 Tdiseou Y &
14 v
L3 1 A L3 o , J o o o @ .& Y
Foyanaunariicuisadiudadoulddsanimin wi, w2 oz w3 awday Hiiseu Y w
Y. 14
mmssamaindumsdsuanimin 119 y_in unudyanauduyngnivestizseu v

vy v v
gaiuaumsmsdsuanimidnaunsa@ou ldauaunsn 4.1

w; (new) = w, (old) + Xy 4.1)

Foyanafimseenvesiiaseu Y fe y Fuihifladduvesdyanasuyngnituniflaidums
1] :stu (Activation Function)

Taonauduswinezuesiasouoonihidu (Layer) ﬁ')iau“lu%mﬁmﬁuﬁwqﬁnsm
milousuiesuiidnaiidusimuangini suvesinseuneilandunsnszdu (Activation
Function) uazgﬂuuumsﬁmimﬁa%’uuazfhﬁtyimm molududeiuesiiseuiniileidu
msnszfi’]’uuasgﬂtmumsﬁﬂﬁieﬁuﬁasauim'?u3uﬁmﬁauﬁu

msﬁﬂﬁ"ﬁauaanLﬂu‘l%uuazgﬂuuumsﬁﬂdanw'luszn‘im‘;’ugm?um'mmi‘]munisu
$19UM (Net Architecture) 1n539811350unauyiin Tﬂufrj‘?u6uv!w§qﬁ’tgty1mﬂszé'u1mau¢i
azmizvsziludyanudunnnnnisuen Tnsetheisoulustit 42 dsznoudiomioe

a ] a ' { 4 ] ' ' :: ] a
DUWN NUID NN LAZNUWNFOUBGNTIINUY (lidhimamizodunnwiaieniyn)

Input Hidden Output
Units Units Units

311 4.2 Tnsaodszamifiouudoiiiniogeusy

v v
’ - d s = o A o
TasseiinsoueesunyszinneenidunuuFUAsIMS suvuratety Felumsiy
v v v ’ ' v '
$ruaudws liiusuvesduynvziiudui lifeidesdumsfimim Aniugii 4.2 uay

. v v
4.3 A0 1A599101 2T UNYADIFU AT INFUAINAIAY
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Input Hidden Qutput
Units Units Units

= ' a &
3N 4.3 Tnsavigdszamineuivunalsyu

das Y 5
43 WaINFuUNTEAUNUFIU

k4
MUz uved Inssolssmmiion Ao My IuduNNNgNUAIua

q

v

o’l L ' 1 Ad‘ A o .7 dy g Qs e.l
minudadeae Tufemiyndahidyanauifenldduilsidumsnsedun  Taonluda

g o v -: a o dy
‘WQﬂ‘Bﬂﬂ'lﬁﬂiZﬁ]‘HWNj'lUUﬂQu

a

4.3.1 Wanvulewaunn (identity Function)

fx)=x 4.2)

(%

i b d
d o ad
31N 4.4 Handuloiauda (identity function)
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4.3.2 Wan¥uluan3 (binary function)

1 8=>0 (4.3)
fx)= {o <0
o @ feA1SEAUNU (Threshold)
(%
1L A A
B e §
¢}

3‘1."?] 4.5 ﬂaﬁ‘ﬁu"lnm? (binary function)

das éa <
4.3.3 Hanvuluinassnuesa (bipolar sigmoid function)

gx)=27(x)-1
2

- 1 + exp(ox) - (4.4)
_ 1—exp(-ox)
1+ exp(—ox)

g ="+~ 5] 4.5)

A a saq Vo @ a ay '
e o winwesnlgmruannusuvenimlugin 4.6 Tasion o = 1uaztuves
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¥
' ' @ a LY o a
msnseduagsEnd -1 o 1 HeddulyInariGnuesatisznauiluflendu lanles Tudnunu

un (hyperbolic tangent function)

51 4.6 Hari5u'ly IwarsFnuewn (bipolar sigmoid function)

[ a R =] |} =

4.4 odaneanumsenlassvelszaininean
@ as 2 ] = =1 Y Y & d'dy
ﬂﬂﬂﬂﬂ'ﬂllﬂ'liijﬂﬂ50”10ﬂ53ﬂ1ﬂlﬂﬂuu0gﬂ70ﬂuﬂﬁ'lUﬂﬁ'lﬂ?,llllll‘ﬂﬂ'lﬂ miu‘nuﬂz

U = 9 @ a0 dy
AA1209 3 LUUAWAUAIAB N1l

H ¥ 4
3U7 4.7 Tnsavwihseusuwdsredienldlumssuungluoy
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4.4.1 Hebb Learning
- 9 U Ve o [y ' a Al ad 24
ﬂi,]fﬂiﬁﬂu§‘QTULLﬁ$lﬂ1llﬂ“flE‘Iﬂﬁ']'ﬂi‘lﬂﬂiﬁ‘ll']ﬂu'ﬁﬂuu‘lﬁn'l ﬂ{]‘ili’)\?lﬁi‘l) (Hebb) ¥
' ) a J o ' : Y 3 @ &
mummmsuui’mmuﬂmﬂ151Jmwmmmuswmmumuﬂ (welght) Gl'Llﬂﬂ‘lf;li'l!%"lf»ﬁ
ol :l‘ 4 J o ' Q’: 1 A oy o 1 el : 1 Q‘ 3
msaumﬂmﬁmnuagiuﬁmaz&lﬂmﬂ mumunszmwmsaumﬁmﬁ'aaﬁmmuw

Vv

' ¥
A a o

] = v 9 =) Y a -3’ 9 [ 1 :’ o d ar a ‘3
wuReINudIMssouiiianniunsantiseunsaesanieuiu  Anhiminneziiaunuiu
' @ = ' a o’:’ a a 9 ad ' ] ad
wui 155on TassnwiseunuuduiRningninTao1¥ngueudsy (Hebb) 1 lnssiuidsy
2L ao ax 5 o o W a
(Hebb Net) Falidanaanumsrnamudwuiuae liil
° ' : v a g A . =3
1. fmuaaniminsuduw, =0 Weoi=103n
o w ' Ja aq 9 ' o o o a4 @
2. dmiuusaznamessunnhldinazauemnmthvaneimuduneun 3635
3. Amuanuisduym x, IMmAuBuwmAsudmn Wei=103n
4. fmuanmizoemiwn y =1 o ¢ ey
v v
5. dSuaniminlae w,(new) = w,(old)+x,y 4o i = 1 99 n uazdSumluda
b(new)=b(old) +y

4.4.2 Delta Learning

m3Soudiuinad) (Delta Leaming) iungmsGeudiinsedninmmniingmsdous
¥9UFT (Hebb Learning) Muldaaiimsainmany sy Tﬁuﬁ1umsu3umsf5’0u§c§1q w'ld
fhﬁymﬁﬂﬁ'gnﬁ'm dmuumaznamesJiuusuyniildimeesiuisensdnuns

°

] L4 o’: ' = 1} afiina a dy
ADUTUDIVDINUIWWDINUN mﬂuuTﬂsww%zmmsﬂszmu'Jmmwﬂwmmmauvg'nu

'
Iod

) [ a v °y @ ' a "o P [} @ 4
wiohi dmusnuAanaia anhwinnnmizeduwnidedyanan hidlugudlidaeniyn

q

wygnlSulavldgas
w, (new) = w, (old)+ (e -t - x,) Wei=10an (4.6)

a A ﬂ A an ﬂ P A o a vy A
Taoh ¢ feauthwinedsdinuiu +1 wie -1 uaz a fAedasimsGouddlul
Y a a zg ) : @ Ve a = k3 Y . a
doRanaranaduanimines lunldouuas TashinsiSouduvuwadl (Delta Learning) i
v v
IBMsHnauTUaoUAD 111
v v 0 »
1. fmuasnihvminsudu w, =0 o i = 1 863 n uazMmuamsasusou a e
0<a<l
44 d_ e 2 e
2. mm:mmu"lmmsﬂqm‘ﬂumnmwmuw 2097
o Y (U 1a pry Q) 3 3 o =
3. dmsvuaazgounnilgHnimudunoun 4 Ha 6

[

4. MAUAMSNIZAUYDIBUNT X, THIMIAUBUYNAS LTI
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5. MUIUMIADUTUDIVDINUUIDIMWNAWAUNST 4.7 1T 4.8

y_in= b+inw, @.7)
i=0
1 y_in>@ (4.8)
y= 0 —OSy_lnSQ
-1 y_in<-6

Y] U :’ w ' v Y Ay a a : P
6. USuaniminuaza lusadiideranmanavunugih 4.8

N w, (new) = w,(old )

b(new)= b{old)

\f

W, (new) = w,(old) + (c-t-x;)
b{new)=b(old) + y

’ » v
1 4.8 ugasfenlumsysuanimiinuae lusy

. v ’ '
7. d'liwumsi/asumlasvessniminlinganuadidalimslasunasve

v v v
iminldnduluviveluduneun 2
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4.4.3 MIelnuupunstoundy (Back propagation)

' ¥
71/ 4.9 Tnssvroniaseuzduiuunns founay

dyw [ a : o 9 b Y
msrauuuiidonutuInssdwiseunuunarsduniinis Inavesdeya lddremin

(Muti-layer Feedforword) A1SEnLUBUWIHOUNAY ADIDNSMIAIGRYAMYANIYY Gradient

Descent 7 19mmmgavesdofianmaonidsaesiignamandiolaseine  msHaduuuy

') v Aad <2 z ' cr
uwsUauﬂaumﬁmsvlﬂmmmwaum"lﬂu

P

&= W ow

v b
smuamisuduvessmiminiludaavdy

I

a4 ot 3 n’: =
yauziidou lumangaidhune vduin 383 10

o R

v
o 1Y J 4 o @
ZﬂﬂiUllﬂﬁSL?ﬂlﬂBiﬂﬁﬂﬂﬂﬁmﬂ 40399

» ¥
UARZMUIBBUNN X, de i=1,...,n SUdyIUdUNN X, 6Iwnea TR,
L z 3 d?
TafFasummiiovuly
ugaznvIoNgouUDy Z, @e j=1,..., p MUINFYRIUIUNNVOWARZHUIY
v v v
L] U =3

audumsi 4.9 uazdedyanalidmamizlusuieggeiulumuaumsi

4.10



48

. 4.9)
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s, =—Zk:5kwﬂ‘f’(z—inf) (4.27)
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ABSTRACT

Many genetic disorders or possible abnormalities that
may occur in the future generation can be predicted by
analyzing the shape and morphological characteristics of
the chromosome. Karyotype involve in visualization and
classification of chromosome image taken from a light
microscope. Automatic chromosome analysis aims at
producing a karyotype without the intervention of the
operator. Most  commercial-available  automatic
chromosome analysis composed mainly 3 steps; (1)
segmentation, (2) feature extraction and (3) classification.
In this paper we concentrate on the second step in
automatic chromosome analysis by proposing a feature
extraction scheme that utilizes a benefit of active contour
and B-spline curve modelling. Specifically, we first
extract the chromosome contour by using active contour.
We then fit the extracted chromosome contour with B-
spline to compute the curvature on the contour. The
feature points that are related to the curvature of the
contour inchuding the centromere and the two endpoints
are then extracted. Active contour is also used to extract
medium axis of the chromosome. Our proposed technique
demonstrates the promising results.

Keywords: Snake contour, active contour, chromosome,
Karyotype

1. INTRODUCTION

A normal, nucleated human cell contains 46
chromosome consisting of 22 matching pairs of
homologous autosomal chromosomes and two sex
chromosomes. The autosomal classes are numbered 1, . .
., 22 and two sex chromosomes are XX in female and XY
in male. During the metaphase of the cycle of cell
division, chromatin is condensed inside the chromosomes
making them to be easily observed with a light
microscope. This allows the detection of numerical and
structure anomalies of the cell. Karyotyping refers to the
visualization and classification of chromosome found in
the metaphase. Fig 1 shows a normal metaphase spreads

and its comresponding karyotype. Karytyping is an
essential tool in medicine, especially in prenatal screening
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Fig. 1. normal metaphase spreads (a) and its
corresponding karyotype (b)

and genetic syndrome diagnosis, cancer pathology
research and environmentally induced mutagen dosimetry
[1].

There has been considerable interest over the last
decades in automating the analysis of the chromosome

image by computer vision [2-6]. Computerised
chromosome analysis consists primarily of pre-
processing, segmentation, intermediate processing,
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feature measurement and selection and finally,
classification. The preprocessing stage aims to improve
the quality of the cell image by techniques of noise
removal, edge enhancement and/or contrast improvement.
The segmentation’s purpose is to isolate the metaphase
chromosomes from the background, undivided cell nuclei
and irrelevant biological materials within the image and
from each other. After segmentation, some intermediate
processing, important features are extracted from the
segmented image. Finally, classification is performed.
Automatic chromosome analysis requires good
feature extraction process. The important extracted
features include shape feature [9], such as size and length,
density profile [9], centromere location [9), etc. This
paper concentrates on the feature extraction step of
automated analysis of chromosome. We utilize the active
contour and B-spline to extract feature of the
chromosome. We first extract the chromosome contour by
using active contour. We then fit the extracted
chromosome contour with B-spline to compute the
curvature on the contour. The curvature is then used to
extract important feature points which are the two
endpoints and the centromere. The two endpoints are the
points on the chromosome where the curvature is at
positive peak; while the centromeres are the points where
the curvature is at negative peak. We also used active
contour to extract the medium axis of the chromosome.
This paper is organized as follows. A brief overview
of active contour is given in Section 2. B-spline curve is
explained in section 3. The feature-extracting process and
experimental results is thoroughly discussed in section 4.
Discussion and conclusions are presented in section 5.

2. ACTIVE CONTOUR

A parametric active contour or snake is a curve, v(s)

with parameter s&[0,1]. The curve can move on the image
plane under the influence of two types of forces — internal
and the external forces. The former constrains the snake
to be smooth while the latter guides the snake to seek
desirable image properties, such as edges. The external
forces are computed from the image data. Such an active
contour model seeks to minimize the following functional

[1j:
EO= [l + Ao of |+ Eutetonas

where terms in the bracket associated with internal energy
and Eq are external energy. The X'(S) and X"(s) of the
enerygy control the smoothness and the rigidity of the
contour respectively by exercising on the parameter ot
and 3 respectively.

In order to attract snakes to salient features in images,

the external energy is needed. The typical external energy

designed to lead an active contour toward object
boundaries [1] are

Bt (5,3) = -|Vi(x,y)| @
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B2y =1V6o(xy)*Ix,y)’

Where I(x,y) is a gray-level image, Go(x,y) is ; :
two dimensional Gaussian function with standaxd‘_.
deviation G and V is the gradient operator. The key-
problem of a traditional external force is its limiteq’
capture range. Increasing G can enlarge the capture -
range but the larger G will result in inaccurate bo
localization. Several methods such as distance potentia]
force [12], gradient flow vector force [13] have been
proposed to significantly increase the capture range of 3
traditional snake. But they all use only edge information,

Gradient flow vector force is derived by the following -/
energy function

Egvr (u,v) =%[j’ngf[)(u§ +ul +v2 4+ vZ)dxdy

R o R SR T 1

+%H(1—g(]Vf'))((u—fx)2 +(v—fy)2dxdy @)

where f(x) is the edge map, and g is a decreasing function
of the gradient magnitude defined as

2
f.y)= VB () *16c.y)|

)

and where K is constant controlling the smoothness of the ﬁ
result field [12-13]. Calculus of variation is applied to .
minimize (4) leading the following Euler equation[13]:

®

R A et ¥ e v A S

®)

gViu-(-g-£,)=0

gViv-(-gm-£,)=0 0

Solving (7) derives the Gradient Vector Flow Field
(GVFE,) force field (u, v) that minimize (4). :

The active contour is used to extract two important
feature of chromosome which are (1) chromosome
contour and (2) median axis of chromosome. The
chromosome will be fitted with B-spline curve (explained
in the following session) to compute curvature of the
contour. The median axis is later used to extract density
profile of the chromosome.

3. B-SPLINE CURVE

The p th degree non-rational B-Spline curve is defined as
follows [7]

r)=32 N, (P, as<t<b @
-0

where the {P;} are the control points and The N;p(t) are
the p th-degree B-Spline functions defined by equation
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(1) defined on the non-periodic (and no uniform) knot
vector

U={a,...,a,up+l,...,um_p_l,b,...,b} o)
p+1 p+l

Unless stated otherwise, a=0 and b=1. The number of
knots is related to the number of control points and the
degree by the formula m=n+p+1. The polygon formed by
{P;} is called the control polygon. There are two main
objectives that we elect to use B-Spline curve modelling
which are: (1) to reduce the sensitivity of the feature
points to noise and (2) to provide the solution of curvature
computation.

We used B-spline curve representation to extract
feature points which is the two endpoints and the
centromere of the chromosome. These feature points are
the points on the chromosome contour where the
curvatures are at peak. To seek the two endpoints of the
chromosome, B-spline is fitted to the contour extracted
from session 2 the first and second derivative B-spline [7]
is then computed and the curvature is determined using
the equation:

m @
K(t) = /() gy ()
o P01

The two endpoints of the chromosome are the point where
the curvature is at positive peak and the centromere are
the point on the contour where the curvature is at negative
peak.

(10)

4. FEATURE EXTRACTION:

PROCESS AND RESULT

This sub-session is devoted to the process of
extracting features of the chromosome including
chromosome contour, median axis, centromere and
density profile.

4.1 Chromosome Contour Extraction

The process of extracting chromosome is explained as
follows (Figure (2)): (1) The chromosome image is
converted to binary image using double thresholding [10]
(shown in figure 3.b). (2) The edge dctection is performed
on the binary image (shown in figure 3.¢). (3) The active
contour algorithm is applied to the edge-detected image.
To perform active contour algorithm, an initial shape of
the balloon is placed inside the chromosome. (shown in
figure 3.c) and the active contour using GVF as a driving
force is then activated until it reaches a equilibrium shape
which is the shape of the chromosome as shown in figure
3-e
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Fig. 2. Flowchart
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Fig. 3 Chromosome extraction result

4.2 Medium Axis

Active contour is also utilized to extract medium axis
of chromosome. The initial shape for the active contour is
the straight line joining the two endpoint of the
chromosome , shown in figure 4.a, and the driving force
is gradient of the distance map [8], shown in figure 4.b.
Once the medium axis is extracted, the density profile
along the axis is another important feature used in the
classification process.
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a). b).

o

Fig. 4

a) Initial line joining the two endpoints.

b) The distance map used to compute the
driving force.

¢) The medium axis

d) Thedensity profile

4.3 Centromere Location

Centromere is the narrowest and convex part of the
chromosome. The length of the chromosome between the
endpoint and the centromere is the important feature of
the chromosome. To locate the centromere, we used two
characteristics of the centromere: (1) the narrowest
portion and (2) the negative peak of curvature of
chromosome contour. The negative peak of curvature is
derived by using B-spline modeling and equation (10)
(figure 5.a). The namrowest portion of chromosome is
determined by rotating and projecting the binary image of
chromosome along the horizontal direction. The valley of
projection in the middle portion is considered as a
centromere location (figure 5.c).

5. DISCUSSION AND CONCLUSION

This paper presents a robust feature extraction scheme
for automatic chromosome analysis. The feature
extraction algorithm utilizes the active contour using

RS o I AN

P

N\

" /\ﬁvwvw b,

Fig. 5 a) centromere ; b) plot of curvature of chromosome
contour and negative peak curvature locating the
centromere; c) The projection of binary image of
chromosome and the valley indicating the chromosome
location.
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balloon model and B-spline contour modelling. The initia]
inflated balloon placed inside the chromosome is allowed
to grow and fit the shape of chromosome. The extracted
contour is then modelled with B-spline to compute
important feature points. Active contour is also used to
extract medium axis and then the density profile of the
chromosome along the medium axis.
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