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ABSTRACT

This research focuses on the development of an automated number
determination method for amniotic fluid chromosome images (Automated Number
Determination Development for Amniotic Fluid Bag Chromosomes Image: AND-AFBCI).
The aim is to enhance the accuracy and efficiency of automated chromosome counting
by addressing the issue of erroneous crosspoint detection, which arises due to
chromosome image ambiguities caused by overlapping and bending chromosomes.
These issues often result in incorrect chromosome counts. Therefore, this research
seeks to develop a novel crosspoint identification method using the Crosspoint
Identification in Chromosomal Structures: A Directional Binary Approach (CICS-DBA) and
a Hybrid Approach for Chromosome Segmentation in Amniotic Fluid Cells Using OTSU,
Flood Fill, and Morphological Techniques (HCS-AFC). The methods are built on Direct
Binary-Scale images and the Hit-or-Miss Transformation technique.

The experimental results show that the AND-AFBCI method improves the
accuracy of chromosome counting in overlapping amniotic fluid chromosome images,

achieving an accuracy rate of 81.48%.
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A1 (Mathematical Morphology) Tneiiluaztunuszgndlddusunuuluun3 (Binary
Image) SsdsnaliAnnsuersvouinvesinisafiduiiuiivesinglasundfofinwadunn &
dsmalifuiivesTngdvuaifintu lusnefidesivneluiiuitingdvueanasnssuiunis
veilddoyatndi (input) aesdan Idud amiidesnisvrsuazgafifngaiiFondn
asftsznaulassadne Insesusenoulassadsdindvunduand wu 3x3 fina ufe 5x5
fina foganadnsrINTIsELAnITInmA 2.5

|

o
o

coocoococoocooc NNNNNN - - o

0
0
0
0
0
1
1
1
1
1
0
0
1
1
1
0

o o NN -

o ad

AT 2.5 LERININABULALEIYINID Dilation

ANAINA 2.5 wans i iuaIN NN oULaEnaIa1nY1335 Dilation Fevinlin1mAnnIs
YYYVDULIAVDINNLYR

1.4 Unsharp Masking

33 Unsharp Masking (Chang et al,, 2024) {fumaiianisifinannuaudaveaniniag
msiusisazBealirudniy nsruaunishisuannsadsnmuasanamduaty ani
ﬁﬂma‘uaaﬂLﬁaa%ﬁqmwmwmmiﬂawuamﬁaiwazL'SsJmﬁngmaiﬂiuﬂszmumiwaa
ilelaEaduazthamanussiufiundudhfunmduatiu nsufuAauduvesnisiuas
LLazmsLﬁumﬂmwﬁmLﬂuﬁ%é’faﬁwﬁzﬂunwﬂ%’uﬂ@mmu%’ﬁstummwimsimﬁué’ﬁgzym
sumunniuly fregrmadnduansianind 2.6
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AN 2.6 AOULAENEINID Unsharp Masking

INANA 2.6 LandliAuisn nAoukayraIN15vi178 Unsharp Masking tiieLii
ANUANTAVDININ

1.5 Erosion

% Erosion (Soille, 1999) Wunszurumsmndinduguinefildlunswvasninly
un3 Tnedfnguszasdifioanvuniiuiiinglunm nszuaunsilddduiunandouiioan
YoulAvesinwaduiuarveeiuiiine lnsorfoesdusznaulaseadng (Structuring
Element) dadugpdoyaiifouinduasd Wy 3x3 finwa vde 5x5 finwa ndnnsyiiay
yesnsnseufenmaUisuifisuunmiisuresesdusznoulassadafuninluundfmumianiig
7 mnasAvszneulassaiislianunsanuiuiuiinataglétomafinganatsaggnunud

MuA1 0 denalinuninganvuinas nsvuiunsifivsslevulunisidndymiusuniuiag
swazdeanldduiuoenainnm aeanslunmi 2.7

0 000 00000
[ 000 00000
1[1]1 [ 000 00000
1NN [} ol o ) 000 oo
1 1f1]1]1 111 0 BFRcocococococooo
1] 1]1]1 1] 0 coo oo oflo
1] 1 [IKINRAE 0 000 olci 0o
[IKIKIEE 0 000 0 00
KKK —— 0 coo Hcoco
IRNERK 0 000 00000
IKANK 0 000 00000
[INAAE 0 000 00000
AR 0 o ol 00000
ARRRNRERE 0 coo Klcoooo
INONEE 0 000 00000
0 000 00000
= ' U o aa .
AN 2.7 AANAINNDULAEUAINIIG Erosion

ANAINA 2.7 LaASIATIUEININADURAENEIINYINTT Erosion FevinldfiuanIn
Tastulguivunniianas
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2. Segmentation

% Segmentation (Bhuvana & Hemalatha, 2024) Lﬁuﬂixmumswﬁmqaaﬂmﬂ
fundadhensatanudnuurddyvosnwlashileneadquiditefisnussansammlums
seydau Feiinnsld38 Otsu Threshold (Sheer & Daway, 2024) Tasmadiafanannszyidu
wilsluisnsulasnmsesdudmilidunmemiifivusednsaim Fanszuiunisvesds Otsu
Threshold 93Us¥naudi8n1sARuaLn it usId mSunsuUIa lunwssFuaIT &
Aedestumsgriuanasimdululdtomn wieutinisiuianisnssaedveend
ndalaunsuvesninlaednlui@ TnogmjimneddyAemsionsanmefimnzauiianiile
thaldlunisutsedvesdalaunsueeniluaesdiu suldun druvesinquazdiuresiunds

(%

Aeudunaunsmalul

1. wistoyaoenduaasdiuandalaunsy Tnswansdanind 2.8

2

0012345

AT 2.8 NNTTAVENN 6 SeauLardalawnsy

1namd 2.8 awiuldinduninsziumauin 6x6 finwauazdalaunsuiiuans
Srunuinealunsiorseaud Tneduneuusnis Otsu Threshold agvinsuustoyaoonidu 2
druandalaunsy Tnsvzuvadudoyayausnseduda 0-2 wazdeyayndl 2 sefudd 3-5
wadnduana fanmi 2.9
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8
8-
6
6
4
44
2 >
0 ol M | |
012345 012345
8 pixels 7 pixels 2 pixels|| 6 pixels 9 pixels 4 pixels

N9 2.9 (n) uansyatayayai 1 (1) uanayadeyayai 2

NNl 2.9 wansliliiudoya 2 ya Nlszavan 0-2 uasdeyaynfidisedud 3-5

]

MR TINTaNUsavyatayalagliaunisi (2)

«0=YP0) o

e g(1) AenaTINveIYyAdeyA
P(i)  Fednuuiinwaluudazsedvdvesyadeys

naunsn (2) Jeyafinuieenduaesyn lneyausnagliainaunisi (2) Toyad
. & = o = o o i °
wuseanuasayn Fegausnagld ql = 17 wazyaiidesazld q2 = 19 ndsainduasiinism
ARAgANENNSA (3) fasaluil
1. mAnadevesazyntoyalagldaunisn (3)

t

iP(i)
Hn=) ——
H =2 .

dlo w(n  FeAads
P(i)  faduiu Pixel Tuusiazseaudvasyndaya
g(1) FeNaTINYDIYATRYA
i Ao AszAUALARzA1veIYATaYA

AEINYINITANTAUNA wﬁwmé’ﬂyiww



11
MsRmLINMIsEYIINLUUSaludRdmsunnlasluleuvinwadgenaa,

Mnaunsi (3) ethdeyautsesnifuasayaiinnmenadsnndeyayausnasle
Adeviiiy 0.6471 wazandeyayafiaesazlddiedovinty 3.8947 TnewloldAadonda
FnhAadsnmauusUrunnaunsiiolud

2. mAanuiUsUTITe LAz yadeyalasldaunisil (4)

1

) , P(i)
62(z)=§l[z—u(t)]‘q(t) (4)

Weo  62(1)  AeAAnuwlsusiu
u(t)  AoALRAY

[y

P(i)  faduiu Pixel Tuusiazseavdvasyndaya

]

g(1) feNaTINVRIYATEYA
i AorsEAUALAaTA1YRIYRTRYA

91naun157 (@) Wethdeyaandoyafinuseaniluassyn lnsgausnazlaaining

U U

wUsUTIMIINTY 0.4637 uavyafiaesazliniaunlsusiuminiu 0.5152 wianantuagi
NSMIUMTNEIENITIT gl Wag g2 MIMIBIUIATDININ Feagliininvesdoyayausn
whitu 0.4722 uazihwvitinvesteyayaiiaeaviniu 0.5278 lagduneugayngagyinnssiung

(% |

AnvasdmtniuA1ANNLUTUTINTRURYAYARsNUaz I nTniuAIAUKUSUTINYRT oY

(% | 1%

yafiansazle (0.4722 x 0.4637) + (0.5278 x0.5152) = 0.4909 Fstiuergavinedfenasau

v
o v o

YDINARIAINMUNAI NS UALNAE 3 IRASNSIARS F9NNA 2.10
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=

AN 2.10 ANRASNSA5Y9IUYB9IT Otsu Threshold

INAMNA 2.10 LAAININNAANEN15Y191UV8935 Otsu Threshold wansliunis

v a

Y o
wUaIn I NsEAUAWN A uAIN1IeN

3. Feature Extraction

[ o w

Feature Extraction ABNISENARNWULNLAYVDININGNY FINSANAAMSNWULAIARY

9

e

¥
1Y (Y

Yaan1iein1sszyIwIusaludidmiunmlasiuleuguinag lngeuideiliinudnuuy

q

e

f4laun Skeleton, End Point, Intersection Point %ﬂumueﬁa‘fﬁﬁﬂisqﬂmﬁlﬁ%ﬂ’ﬁaﬁ'ﬁﬁdu

3.1 Skeleton

skeleton (Inssnszgnam) WWueadnwagiiunyssgndliiitefiuamnuisuglunis
szydnlasiulen Ingerfoimaia Skeletonize (He et al, 2022) Failndnnisddnyionis
anvouiufivesinglunmluwdlivdodoununarsiifianumundies 1 finwa nszuaunis
Hldmdnn1s Morphological Thinning a33% Lee Tunmsimswvifiuiivunn 3x3 finwa ile
fdnfinwailiduivesnllaunsetinwliinisudoundas Tnedenssnulassadsiugiu
vaeTngLaull vennimaiiadenaniaiszansnmlunsdnviveuiauasaiuseiiios
vosingliifuegned dwaliiAnmsaameunmsremsduguine iduszansam duansly

A 2.11

i 2.11 Tasansegnuesnndvdsuiuinfimuailuive vanavas veduiadiu
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M 2.1 uansnmlasinszgnuesamdwasuiiuiniidivualluusvensnan
GRNPRGHIAG I
3.2 End Point

End Point (3nvane) 1Junudnuasziiadndieis Filter2D (Pakkeeptong et al,,
2022) Wunszuiunsussananannlagldasdusznaulassadns (Structuring Element) Lite
Usudsuandnunzresnin lng3insituannsiivunesiusznaulasadiauasiily
Meiudeuvunmluund Binary Image) figasnisuszananalunsaniiunislagdd Filter2d
wshnmagaaluesdUsznaulasaisiualunnluuiifsumimsetu mnduininag
Fanuauuanganiy lnsfiufinisdunsinavifuessusznoulassadaidmune
wadwsldnnsimazgnirluunuiluanluudidunisiaenndesiugaguinany
vosasdvsznoulasiaine nsvurumstannsnesuneldfaunimadamand duandly
aumsii (5) dgluil

a b
g(x, )= D w(s,t) f(x+s,y+1) (5)
s=—at==b
We  g(x,y) AemRavlmivesinanaula
w(s,t) AemRavlussAUsTnaulATIEsng

f(x+s,y+1) ABAIFIAVUDININATULIIIN
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3.3 Intersection Point

Intersection Point (3n6in) 1uRMdnwasAiaindae3s Hit-or-Miss Transform (Das,

2020) Wuwmealdan1suszalanannildesrusenaulassasislunsiasisinasuanin

lngofevdnnisufdunusssniteesadsenaulaseadisiuinavasnindwandluning

2.12 Tnawmatiadiduiugiudrdgassnisandunisnisdaugiuinga (Morphological

Operations) 14U 159818 (Dilation) Wagn1snsau (Erosion) Tun1suszuiananin dslunis

1 Hit-or-Miss Transform azfinuland1Agyldasuienuduiusszniieesalsznou

1AS985190haT NN waYRINNAINaMNTANUBANAN N ULaLl T US s UL Ua N Wz Y9 99aRIdIU

Town

1. Hit Andulieasduseneulassadaiudouiuiingavesnined1ataenilagn e
aaAUsenaulATIEsIuUAIWILIIMMUATRININ Miss ndullalidiunidlnves

ANARTINUNLLAUUN N

2. Miss yinduiialifidiulavesdiudsenaulassasuniudeaunuiinieavaanin vinli

TliAnnsiniusErINedIuUsEnoUlASIES AT AN

3. Fit \indullenndiuvesdiulsenaulasiaineasounquiinieavesnneag9auysal
dwaliinanuaenadesiuegreauysalsenitedinusenaulasiasiauazainlu

U0t

Structuring
element

0

1

1

1

0

1

Image
of| Fifo| 1|11 | Hjtl
tffolT 1l t|[t1[1
off1|1|1/fofjo]|o]|oO
ofltf1l1jfolflo]o]o
o|1|1|1]l1]0]0]|0
o|1|of[T[o]1]o]|o0
o|1]olfo]o]o| Mis
o[1]oflofolol[o]o

299 2.12 nndaegensidesrusenaulassanaiialSeuisuinega

PNAND 2.12 AnFegenseerUsenaulasaas1uiaiUSsuiisuiinaliie

85U18739 Hit-or-Miss Transform
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2.1.3 Jn1sszyIuIuvadlasiulyy
Tumsseysnuvedastilaludosursdorinnesimmiugaasfivmnzauds

%Ié’maé’wéﬂuﬁhmuqmmamaqmmﬂmwﬁu 9 mﬂﬁu%ﬁmﬁﬁ’ﬁ‘hmuqmawﬁL*fJu

Hadnsudngaun1sseydnuulasiuleuaingnvalenieds DNCC (Kubola & Wayalun,

2018) saaunsaasalull

1. mysvydwulaslulvwrivdeulagldaauanslneuansisaunis (6)

=
A= —
2 (6)

Mo A Aewaansuess uiulasiuley
E Aodnuiugauaneeanseanam

2. My wlasiuledlagszuangadnvesiasiuleuviudeulnowanansaunis
()

1,

B=IG+[——‘+(£)+(IC mod?2)+1 )
2 2

do B Aenadwsvesmsszydundashilauaingade
I, ﬁaﬁﬂmuﬁmﬁmﬁmm’jﬂLﬂm%mmﬁﬁﬁ’mum T,
1, fodunugadailszeyinsiitdosnimiowiniu T,
wardINnI 7,

ARTUIUYARRNIT YN T,

q

o))}

IC
T fsmaainivualidmsunisinsigi

INUUILLINAGNSINNAUNITN (6) wWaLNAGNSINNAUNTSN (7) W lluannisy (8)
WemHaaNS LU gAlALuARIAIN1TT (8)

N =, (4.B) 8)
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e N fenadnsvesdiuaulasiuleuviavie
4 Peaansanmssyydulasiulaulagldynvaiy
B fevunsfsmaansannissyydnuulasiuleulaeldyndn

2.1.4 @w3a9dalun15InUsEaNS AN

1. Sensitivity

nsUszifiuuszansameeanisdumyadalunmlasiulsugeiiadi (Kubola &
Wayalun, 2018) Ingn15useiiiuyseaninimveinsseydnuugadawuudnludidiniunin
Tnslulwuguhed Fddnsssuileuvdssansnmdedidia sensitivity (SE) Tnaqadndivh
msmlsigneesiie True Positive Tuvazfidauiimeadalsigniesie False Negative 393y
gnimuslagdiuvesnismaaaeumsszylastuluuifennnidiueiavestaslulyy
Weuazagsinun SE ifumsssyduugednlaslileadgahadiigndes dauns (9)

TP
SE=

= X100 9)
TP+ FN

e SE feusgdnSammsszuduiugadalasiulauwadigaiaaiiignaes
TP fenssrydniugsdalasiuleuwadnainadfignees
FN  Aemsssydnuiugadalaslulausadgeinaiilignees

2.1.5 nsuSuusanszgnawm

nsUsuUsnsegnameaslasTilsndutuneuddnylunssuiumsussuananin
WieinuanysaluazAnugndesveninlasesiansegn (Skeleton Image) Tngnseuiuns
Skeletonization #il#lunisasienszgaam enadeliAadymarulslauysaivaisusznng
i nsmeluveagaUany (End Point) uazqamnauen (Intersection Point) Jeymivianiias
dsnalinmsiinseinazyszananannseluiiamnunainindeu dalgmdrdyinulunszgn
amusznausenmsmeluvesgayanen Tasiinaniinafideundunszgnamluuinage
mansnnoly dsmalideyaluvinutulinsuiiu venaniddmudifianundnvendu
nsggnam Feenagniinnuinindugemausnonvdamalinisinnziamianatn daiuds
Sudusedldnisusuuzansegnamn (improve Skeleton) Tnefifunoudwiolud

BududienisiiArfinisaseaninnszgn (img_skeleton) unAvluianys img uaz
WAUUIAYeIA TWASIUAILUS v LAz X PntuhmsnsedeurinealussaruaIvesnm
Tngmsaaszysruauiinimaiiian 255 @v1) luudazuas mamufinadiien 255 szid1g
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nszuIuNInTRaeumfinalulsiazaeduiroly TnsazvhnsmsaasunaziUdsudfinia
dedeudaidunsegniimameluluuiasuniuasaednl susnnaaeuuazaufinadivily
dunszgnianundnivilouganisuen Tng3imstazdiefiumnuauysaivesganisusnii
melduazaunnundnilisiiuludunssgnain dawalvinszgnamiianunsauazgnios
snFudan iz 13

(n) ()
M9 2.13 (1) Aweuaty (1) MniHIUNSUTUU RN TEANNINUIIMYAGR

namil 2.13 a (n) Aeamduatulaznm (v) Aonadnsainnsruiunsuuuss
nszqnanil 2.13 Taeuansliifiuinnssgnaniimsidsfinealuuinagemteniivinmely
wavaufinaiiviliidunsegnilanumdn aielinsiesgilasaiwedasiuluiinng
gndesuasiiuszAvsnmanndady lunsuiuupanssgnamiadunseuiunisiiddnyluns
wisunwdmTUMTeTein@iineuarmsitenemsummdideanisauudugigsly
nsUsvanauaglnzideyanmmalassasvadlaslulay

2.2 ULNLNYIVD9

1. 9911798983 Kanuengnij Kubola tag Pichet Wayalun (Kubola & Wayalun, 2018)
IfiuInistinuasuauveslaslalousiin G-band wuSnludAtued funmauifinig
sade tneldinadafiiundn Determine The Number Of Complicated Chromosome
Image (DNCC) (Kubola & Wayalun, 2018) @slusmisoatuiilaldinadin HAFCO wilevhnis
msdnenamlasiulonesnanitunds Wesauenlaslulousonaniiundud S uhnmeos
Adauenlduriimiunssuiunisasaolul Histogram Equalization, OTSU, Flood-Fill,
Erosion @z Unsharp Mask Filter 3aagthanyindunszgnain Skeleton dleld Skeleton 34
thlumaaany (End Point) anssanmil 2.14
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d‘ g 1 U s
AN 2.14 GY.]’e]iﬂQLLﬂﬂQNﬁﬁWﬁﬂJ@ﬂﬂ?iﬂWﬂﬂa’]EJ

A A 2.14 wansliiiuinfigadateianunsiug 7 gauaziisiuiugatatedn
aunns? (10) Ao luil

Wo A Aewadnsvasaruiulasiuley
E fauiugalaigvenszgnam

[
[

TUABUABLIABNITAUMIAAR (Intersection Points) WARIAININA 2.15

AN 2,15 FIBE1LAAINAENEVBINSAUNIYAGA

v

A md 2.15 wansliiiuiniigadn $1uu 5 gauasihiuiugadia nauanas
aun1si (11) dastaluil

B=1, +[%—‘+[%J+(lc mod?2)+1 (11)
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do B Aenadwsvesmsszydwanlashilsuangade
I, ﬁafﬁm’augmé’fﬂﬁmm’jﬂmm%mmﬁﬁﬁmuﬂ T,

1, Fodunugadafiszezvineiidosnimiewintu T,
wagsnnn 7,

I, Asdnunugasnndszesiatesnin T,

c 9

a

T femeesninvuabidmsunisiasie
ngaviwaansues 4 way B wndraunseasialdl

N=],.(4.B) (12)

We N Aeradnsvesdnniulasiulyuviaue
A fanaansanmsszydnulasiileulagldgauany
B fomnetanadnsainnisszuduiulasiuluulagliynda

AN TUNTNAFDUNIMUATTIWIL 300 AN Taedlvunafdkd 200 x 200 Ainlwa Ju
1Y &9launann Bioweb, The University of Wisconsin System 1ag35 DNCC Aidtauodl

'
1 =

wadwsiimelalunatensd Tnsdmiunguiiillaslulemfwaznguidnisfoutuvosans
TasTulenilauusiugn 100% egndlsfinu Weldtunguiifianududouveslaslilon nadws
AanAuMABLNEY 79.12%

oglsfmudediinndnuesnuifeifonismianissuunyssnvuas andnuasves
laslulousgvazden Inevilnldaiunsasyylieg1adaauinds DNCC dussansnnegnals
TugUuuusng q veslasluleniifianududou Ssnmadoyadsdntviilfondenisuszdu
Anunmazdadninvesis DNCC agensaungu nindnsiwunussianvedlasiuleuegis
awBunuIniu 1wy NIt e nvasveskuuleslulsuuasseiuanududou
vosmsfiudouiy Tasnuifeienmaunsouanmadnifuduguazdaaunindulundas
Uszinnadlaslaley Feazdelidnlafagauduarqnoounedis DNCC Ifoesdndebetu
uennd mafideyalaziBondudidielumatauiBnisusuussssanBnneesds DNCC
dmsulastulouussinneng q lheg1ensege

2. 97u798909 Bussayamas Pakkeeptong, Anurak Yutthanawa Wag Pichet
Wayalun (Pakkeeptong & Wayalun, 2019) laauinisainandnvazd1Agaaanin
laslulguviin G-Band Tussesiumwla dwsunisiiudssansninlunisssyituiuiions
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¥
[ = v

Fadeidesdiu Fadumaiiansuszanananm lnsuninssgnainvedlasluleuifelayi
F1urugavans 2 90 Fsmsuanuvusvesnszgnawilsiidiuiugatateuinnd 2 gauaz
dsnaviliiAnnsszyduulaslulen FslsiinaueiBns (Skeleton Intersection Filling : SIF
) way (Skeleton Intersection Point Detection : SIPD) tieLfinusz@nsainuazmyndify
1nnszgnamlasiulsaniiothummiuiugauaisuazgadaivanzaslagldesduszney
Tnseadns Felnssadnsosdusznavaun 3x3 finia iiemua 33 wuu fanmdl 2.16 Faegn
osfUsznoulassaine 18935 SIPD TaeTafitiaueivaslunsseydnaulaslilausiuundy
sUkuUluA

o

1. msveassfungunnlasiuleuiferviawadgahadiifanuiduvesningslien
Usganinnlunisssudrwulasiuloy 86%

2. manaassiungummlasiuleufeiviawadidnidonynviadulnledidanmudy
vosnngelviAUseansamlunsseyduiulasiulay 100%

3. manpaesiunguninlaslulsuieiawadneiadifidaruainswesamgdlsian
Uszdnsnmlunsseydnnulasiuley 100%

a. manaassiungummlasiuleufeiviawadidinidonynviadulnlediday
aivesnmgslviaUseansamlunsseyduaulasiulay 100%

5. mynaaesiungunnlaslilsnieisinwadquiadiffianufiaundlien
Usgdnsnmlumsssydnnulasiuley 86%

6. mneaosiungunmlaslilsufevinwadiinideavviadaliladifau
HaunAlviAUsEansamlunsseyduaulasialey 90%

AT 2.16 Frag1sasrlsenaulasIdie ¥ad SIPD

AN 2.16 waneRleg1eesAUsEnaulaseasieues SIPD lun1sseydiuiu
Taslule egalsinulunsfumnyadavesnszgnainlastulaugaiindidmsunsiaszy
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Srundlasluluiinnusinom Tne3sdinaaléiauiuuiug 1133 Hit-or-Miss Transform &4
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Directional Binary Approach (CDOCS-DBA) dwisumsseuaasnuuninlasenseaniasiulay
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Stage 2. Chromosome Image
Preprocessing

Stage 4. Chromosome Image

= ‘ Skeleton generation

Chromosome Image

Automatic
= | Chromosome Number
Determination (DNCC)

Slide Image

Stage 1. Overlapping Chromosome Image of Dataset
Stage . Feature Extraction for
Endpoint Feature use SIPD.

Stage 3. Chromosome Image Segmentation
by using Proposed HCS-AFC
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(Connectivity Patterns) uwazn15uAnuaws (Branching) veslassadidlastuleuiifins
viudfouriu

2. maUssfiuanudenadesassUuuuiunilasinsegnlaslulen Sstunoudallay
\Junn51938 Hit-or-Miss Transformation 1fions1aaeuinguLuUAA I MUARTsiy
vinalaluamlnsenszgniasiulen Tnsluduneuiesdusznaulasiaisifliasgn
vuluyusng 9 1dwa 0, 90, 180 wag 270 eem LilelvinseunquynfianIsves
lassasslunm

3. mansedunazyiedesmnegadalunmilasinszgnlashilsesdUseneulassained
gnuyuuazivualindiazgnineluimunieing 9 amglunnlasansegnlasiules
mnnuitesrusznaulasiadnsatunisinitesesfinealuninaziiodndunis
ATIANUIAAA LLazﬁ’n,ﬂ'%iawmsf\;méf@ﬁuiumwmaé’wéﬂﬁzmumimaﬁ% CDOCS-
DBA il#iswavidunly Algorithm CDOCS-DBA fauanslunnii 3.16

Algorithm: CDOCS-DBA

Input:

input_img: The input image to be processed.

Output:

img_end: The output image where intersection points will be
marked.

Initialization:

- Create a skeletonized copy of input_img, store it in skel.
- Generate 20 unique 5x5 matrices, cach representing different
branch patterns.
- Create a matrix /um of zeros with the same dimensions as skel.
Hit-Miss Transformation Execution:
For each kemel (branch pattern) in array:
« Perform the hit-miss operation on skel using the kemel,
store the result in fim1.
- Rotate the kemel by 90 degrees, apply the hit-miss
operation, and store the result in /im2.
- Rotate the kemel by 180 degrees, apply the hit-miss
operation, and store the result in im3.
- Rotate the kemnel by 270 degrees, apply the hit-miss
operation, and store the result in /imd.
- Add the results from himl, hm2, hm3, and hm4 1o the
matrix um.
EndFor
- Use contour detection on the matrix /um to identify potential
intersection points and store the results in contours.
Contour Filtering:
If contours is not empty:
- Initialize an empty list new:_contours.
For each contour in contours:
If the contour contains more than one point, store
only the first point in new:_contours.
Else, store the entire contour.
EndIf
EndFor
- Replace contours with new:_contours.
EndIf
Marking Intersection Points:
- Set marker_size value of 2.
For each point in contours:
- Extract the x and y coordinates of the point.
- Calculate the bounding box based on marker_size.
- Set the region in img_end defined by the bounding box.
EndFor

A1l 3.16 Algorithm CDOCS-DBA
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4.2 nMsssuiiguUsEansainnsssyduIukuudnludfdmiuninlasiulay
a ¢ 2 o oo o oy v o

YUALTAAIUIAATINUNTINULIDUNUITUIU 135 N
lunsilSeuiisunisseydnuusuusaludfdiniuninlasiuleusianavun 3 35
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mwlasllenviin G-Band luszozumimadmiunsifinyszansanlunsssydiuiuiie

nyifiadeiUesdu SIPD uag Wauinisimuedwiuvedasiuleuyin G-band wuudnluda

JuagFunmantRnmasvada DNCC fannsed 4.3

Y 9

15199 4.3 wansnisiSeuiisuanugnaedunisseyduiulasiuleuiinisviudouriy

Method Chromosome Counting Accuracy (%)
SIPD 68.14
DNCC 22.96
Fitiaua AND-AFBC 81.48

ndoyaluniaed 4.3 wudssavsamlunisseyunulasiulsusdneadg
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7l 68.14% uay3s DNCC AfiAwfies 22.96% n159135 AND-AFBCI Tijaueiiuszdnsnings
N8B 1 dufawnunindesitaues’s DNCC faunsassyaadnuulnsenszgnlaslulaw
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v a

AANNNTIRS d135 SIPD dumufinandlunanisnaaesliaiunsansinmyadale 9 vulase
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Gamma Correction uag OTSU Threshold aehslsfnny fenseduisiivnaveilssfidedin
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lignasiadu maiiuguuuuesduszneulassainauazUiuussmsdnnsnminanindiens
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dnlud® (Automated Number Determination Development for Amniotic Fluid Bag
Chromosomes Image)
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Qaﬁlmé;'ll,wuéjmiuﬁa (Automated Number Determination Development for Amniotic
Fluid Bag Chromosomes Image)
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Detection Method in Direct Binary-Scale Amniotic Fluid Bag Chromosome Images Using
Hit-Or-Miss Transformation for Automatic Chromosome Number Determination” 4
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An Intersection Point Detection Method in Direct Binary-Scale
Amniotic Fluid Bag Chromosome Images Using Hit-Or-Miss

Transformation for Automatic Chromosome Number
Determination

Kaewmanee Marasri, Wanissara Kanjana, Paweena Chinasni, Pitchayaporn Tawormwong, Ungsumalee Suttapakti,
Kanuengnij Kubola, and Pichet Wayalun*
Faculty of Informatics
Burapha University
Chonburi, Thailand
Corresponding author: pichet wa@go.bunac.th

Abstract—The problem of lotic chr ing
errors is ed by ch ! iguity. For example,
chromosomal overlap results in misidentification of the overlap
point in chromosomal skeleton images. The overlapping points of
the chromosomal skeleton images are important features used in
¢ ing the ic sac chr s. Ther¢fore, this research
presents a method (Crosspoint D in Overlap Chromosomal
Structures: A Directional Binary Approach: CDOCS-DBA). This
method is developed based on Direct Binary-Scale and Hit-or-Miss
Transfo I This hod improves the e¢fficiency of
identifying overlapping points in jotic chr images.
The proposed method can improve the ¢fficiency of amniotic
chromosome counnng with a yield of 8148« for ambiguous
amniotic chromosomes.

Keywords—chr g ic sac chr

image, chromosome skeleton intersecion, ambiguous
chr . chr kel image, hit-or-miss
transformation

I. INTRODUCTION

Chromosome counting 15 a crucial process that ads
physicians in the preliminary identification of tl

P s~ —

. Y
\ am

¢ e
iﬂ?#(’?k )

"‘Ipv‘

) ©

disorders, such as Down syndrome Moreover, chromo,om
counting 15 also employed in the diagnosis of vanous other
genetic conditions. However, there 15 currently an msufficient
number of specialists capable of analyzing chromosome
mages to meet the growing demand from patients [1][2][3]
The chromosome images used for counting are obtained from
amniotic fluid samples, as shown m Figure 1.

Nowadays, image-processing technology has been
applied to help medical professionals analyze chromosome
numbers faster and more accurately. In chromosome number
analysis important features must be extracted from the
chromosomal bone images. The chromosomal skeleton
images' important features are the chromosomal skeleton
images' overlapping endpoint informaton and the
chromosomal skeletons’ intersection point information as
shown in Figure 2. We then enter the chromosome endpoint
and intersection data into the analysis process to determine
ber of chromozomes. However, the problem
of accurate analy=is of the number of chromosomes 15 s
lacking due to the error in extracting important features from

the correct

() (v)

Fig 2. @ Overlypping ch image, & Ch
image used to search for intersection point

the chromosomal skeleton images in the intersection pomt of
the overlapping chromosomal skeletons. The emor 15 caused
by the complex overlay charactenstics of the chromosomal
skeleton i1mages and the number of overlapping pomts bemg
more than one, as shown in Figure 3. In Figure 3, the red
points are the endpoints and the green points are the overlap
pomts used as features mn the automatic quantification
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YaviantilAseNsITeRTUNU filwy twzau

5789UTUTAATUN 23 UNTIAY 2567 DITUA 22 UNSIAY 2568
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3185U
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0aft 1 (50%) 30,000 U ile 7 nuniiug 2567
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T 60,000 . UM
318318
398N sulszanaiionld | sudsznanildae | Swutunande/
Wiy
1. Andnegdednide 47,000.00 47,000.00 0
2. AMABULNUAMERITY 6,000.00 6,000.00 0
3. M Tand N 7,000.00 7,000.00 0
U 60,000.00 60,000.00 0
(Wgfiy 1werau)
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