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AX. (2.4)
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Axi =signum (6 - ¢, )signum (2 - ) (2.5)

NUUSILIA UL Y tAa1n @unis

Yo =Z Ay, (2.6)

i=1

Ay, =signum (4 - ¢, )signum (ci ) (2.7)
Togil

signum (z2)=< 0, z=0 (2.8)

-1, z<©0

2.3 Handulnaludisa (Polynomial Function)
Handulnaludea Ao fadduluguiuy aunsmdaes aunsideeny aun1smasd
wazaun1siaanaly [17-18] Wanidwwee x danduuin auiuaunsnivvesilaidulnaly

Wea a19uf n wlkaann
—1 2
f(x)= anxn + czn_lxn +--a,x” +a,x+a, (2.9)

L@vENANSVRIENNSINAlUlleaf 0,1,2,3 wag 4 muaisu HeAdu fx) = 0 Adundla

Tudsngulnalulea weenninaaalmantula



a '3 1 .
2.4 NM13A3121FUIN (Shape Analysis)

ynmslsiaaneld  uar  veulavesgunmlnl  L9ENIalATIEYigUNTInTg
sUAdinvasnnle [19] Iesuddedazlaswls 3 dmus Tunmsiansanidude dusauls

(Perimeter) Wufl (Area) Lardns1d@1ulnuUsasralAuman (Eccentricity) feflaunissaneluil

AUNITNATULAUTOUIAD

p-1
Perimeter = 0.95 - length (c,) (2.10)
i=0
dunsiansanitudine
e
Area = — 2 , Y41 X4 1Ys) (2.11)
2
i=0

1 forc=0,24,6
Length(c) = (2.12)

\ﬁ for c =1,3,5,7

ANENVDIADILNY WUABDLNUNGNWALLNUTOY FeTAWINAY Covariance matrix C @1%5u

[y

laseasnela matrix C azUsznaulumediug (xy) vesweulwndusousUdazianiaanin

VLAY X bag y Fegnusamlaann

ﬂ’z
Eccentricity = — (2.13)
/11

det(C-A =0 (2.14)

2.5 MsAs1zieeAusEnaunan (Principal Component Analysis)

AMTIATIEIRIRUsEnoUnan WIS R endnAMUALRUSITAUTENI1EIL U
Toludoya asduszneunandulshon1snauidaudu (Linear Combination) [20] vaesiauyUs?

gauteMINuklsveItayadlasnniian  AndumInIsHaNideiausaesulensHuLUsa



wniigalududvaes neildduiusiunsnauusn vwuiisesluauldesdusznaundnmie

LYY

Uade Mannsaesuignisiunyslatdesamiudidu uaznnesdusenauagliduiusiv

PCl — |/V(l)l)(l + VV(1)2X2 +-- .Wl)pxp (2.15)
PCm — |/V(m)1)(1 + |/V(m)z)(z +-- 'V\/(m)po (2.16)

msBnTeesrUseneundniiuisnisandeyaliitesatlngondenanmnuduiusids
{HusEnineiiuds (A linear Combination of The Observed Data) filfidudoyausilaifing
auyAAsAun LTS T azNaszrinsladeua s LY NTIATIEN
psrUsznaUNdnileflFnuys 2 fh e PC1 waz PC2 famdusius uaziduaudusiuside
Gunsdlumsuan usaansafmusmsaiedureandunseiuld infaglfiduiinmuad
99 PC1 \ilo3A1v09 PC2 wagimunrives PC2 Wiadriues PC1 dudoyadauiifounumdn
(Principal ~ Axis)  dqasneiusguudunssunundniuaunumdniausafiaglideya
Aoy PCL uay PC2 Idenagndesuazasysaliuuyndn uidgauansAn PC1 wag PC2
nszaBeenIAResfbLuANn 1wy dwnuiitsfisduifesdenEududainduuny
wdn unumdnazannEugaeg Milviszerszrinsgeiuunundn (asnisaniduainqaunis
anfuunundn) duflgauasihlivasumessvesnsentiddesdiddhiian ddiuauduls
diudu Faduluendded 88 3 duuslumslieneiesduszneundn Adoafudunands
Mudnanudy  uaynsasaidesddiiiivesiiusaudmdoug iy uagmunundni

a1u13083UNENTHUMUTVRIRIKUITY 3 dlulaunniian wazwnuses lUiiteasuensiuwys

A ! a

fdelildunndian dduvsusaziitldlunsiesgiiamnnsgu @Fe anadedu 0 way
ArnstuwUsdu 1) mndsusasssn amstundssiuazyiiu 2 Tunsdifishinnudusius
fuanysel unuvdnfezaninsneiuisnisduidsvesisaosiudsldvan Aveansiuuysd
wnunaneSueld wsmesuauiLls Fedndruvesnisiunlsfiesugldlaeunundn &6
wUsianuduiusiuauysal unuvdnfodunensiuudsvesudsisandldiomn dndwd
60 1 @uvifudwesnsfuulsiaunvesdesianyssiusu @windu 2) msdesiuiui
wUs) Wy dunuvdnesunenstiuulsvessaulseaesld 1.58 dndruvesnisiunlsiiosune
1¥0 1.58/2 = 0.79 Ae¥osay 79 Avesnsiuulssinfiosuneldlaounuusazunuiizonia
eigenvalue smuwuslafianuduiusiuas fagldfiunuman wszusazunuazedulaiiies
1 fuds uazuslazunuasden eigenvalue getiu insizaSuronisduudsldunndy lunns

Anszrtladeasiinisiausan eigenvalue vodusazdadoiitanisiasigiduusdusioly



2.6 lasevnguszamiien (Artificial Neural Networks)

lasetngUszanidien (Artificial Neural Networks) Wuweafiavesnisvinndesdoya
(Data Mining) Fafulsinansadinaans dmiulsvananaasaumalnonisAu ey
wadullad (Connectionist) iflediassnisienvedlaseisyssamluaussasysd e
InquszasdfazaaedesdiedeinnuansalunmaiFoudnisandiguuuy (Pattern
Recognition) uagn15a319anusinl (Knowledge Extraction) Wudefufuauaansadid
Tuaosyud  wndndisuduinannsinuilaseelwihiannluaues  (Bioelectric
Network) deszneuseisaduszam vie “fasou” (Neurons) kay “gauszanuuszam”
(Synapses) usazlwaauszanusenaumgUaglunissunssualsvam Senin “iaulasn”
(Dendrite) Fadu input wazUanelunsdinseualsyam Sni1 “wengen” (Axon) Fadu
wilou output veswad iwadwatvhafeufiseliied  efinisnseduseda

% % L2

AMEUBNVEBNTEAUMBadm iy nszuaUssamagiwuaulasiidigiunieas Jadudn

9

Y 1 U

a Y e ! 2 % a a & v s
Wﬂﬁua’]@@ﬂﬂiggJUL"Uaa@u 4 G]E]lﬂ'ﬁi@lll ANTLULAUTZAINUTIND u’JLﬂaﬂaﬂﬁ]gﬂ§3(§JUL%aﬁ@u

0 seludumaueatewvesiy  Tasweussamieniuilasiairunnssinlasenely
auos uafdandouaues TunivedasstneUssamiileniu Aenssunduuuuamuesiie
Uszunanagoy 9 LLazmiL%mﬁaﬁLﬁudauﬁwﬁmﬁﬁﬂﬁLﬁmaaﬁmufymm‘[mqsd’mﬂizmwLﬁa
fsanvuaudauedunalngnilaselssamdiouegiann  sumawadUszandd
anuduteunimiegesvedlasstng egslsfnumihiiddgueanss wumsiFeusd Sang
mmaagmﬁ’wamﬁuaﬂwdﬂaﬁaaiﬂiqsziqaﬂizaﬁwﬁ

2.6.1 nannsuesszuUlassneUssa Loy

dusuluponiameitiisouusynauniy input wag output Wwillaunu lnadiaslu
input  wizsus weight Wufimunthminves input Tee Saseu  usazmapaziien
threshold Wuirmunintminses input AosINUUIALNLTIREEINITOEe output U
Heihseusduld ethihseuwsiagmhoindetulivinusudufssmiloutuujAzeiadi
Aeluaues ieaudluronfinwosasdunmnogadusiaumitues

2.6.3 MIMUTRITEUUlATIUIBUsTAMLE

nsvhauvedlassnedsvamiion dedlell input WS network i input
WANAU weight vaIUAALY rafiléann input VN 9 11089 TI50U 0WNTIAURAINLE
W FBURU threshold fifmualy dmasiufidnunndy threshold uds F5eu awds output
genluss input vesiisewdu o Adeusululasatie detfesndn threshold fAazlidn
output AtdRABIIIREMIUAT  weight waz threshold dwsudsiisndosnsiiieli
panfianesanst dudumilidudueu  wisnsafmuslireuinmesusudmadulalng

NSUSUMUTULUL 58N91 “NI8uUiunsdounauveen1sdn” (back propagation) wialdlunis
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USuugedminaziuuveaasany (Network Weight) nasannldguuuudayadmsulnliun
LATOUNBUAAATINGY ANNIATU NATRYIBATgNNLUSBUTB U UNaNIAIANTY waINT
AIMMAIRANAIN  FamanuRananilaggnasndudigsetnaiiveldudludntivin

AvLkuumoly
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A5ANHUINUIY

3.1 fugdadenildlunnsise

TurmAdeiialddndenimun 5 aeiuslunimeaes udasedadusliiedng
Tunmsdemeisiinay 250 wia Tt 5 sdaldwdedidentomn 1250 wia luns
AT

3.1.1 Gradenitugvnnenugd 105 JminguaTIvsil

JUN 3.1 Pradfeniiuguninenued 105 Swinguasysnd

3.1.2 Gradenmilediug nv. 6

JUN 3.2 Praddenntlediugnu.e
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s =

3.1.3 MrUdoniuganssays 60

9

[ L)

JUN 3.3 dniddenituganssuys 60

9

3.1.4 gruddeniuguinenuzd 105 Ywinsesidn

JUT 3.4 draddeniuguninenuzd 105 Yanindeeidn
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3.1.5 Maddeniiuguninenued 105 Jwmingsuns

[

JUN 3.5 Pradfeniiuguninenued 105 Swrinasuns

3.2 gunsal

3.2.1 ARURUNDS

JUN 3.6 PaNTNOS



3.2.2 napd 2 AfAuaziden 2592X 1944 Nnkwa

JUN 3.8 unasiilauadund
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3.2.4 laUANADITEaLINAEN 6-12 NadwIAS

JUN 3.9 taudndes

3.2.5 pndmiuldudniugdn

U7 3.10 anadmsuldwdndty



16

3.2.6 WWANIENENULATAIUALLUASALLALE

JUN 3.11 unasinendsnulivnuvasnnidauas

N159ANNTEUUNIVIAGRY  Wisldlun1suuiinanvesudatnasnwazldinaiaiy

v N 4’1’ A o v Y PN
LYHLFERNHONNTENUUUNUNNINTIINAG DY IfﬂUﬂlgﬁ’mqﬁﬂf\]fﬂﬁqﬂQﬂﬂiﬂﬁ@@flgﬂm 3.12

Camera

Power Supply

LED Light

Source

- Rice Tray

JUN 3.12 msdngunsallunismaaes

v} 1 v 1 o =Y
3.3 N15USUAIAIULYULLEIUDILLAAINLUALLES
ASAIANANUINYDILAI IR NNTENUUUNUTAVNUDENELLEND  18NITUIA ALY
M99 ANENY  wasUTupugeuasmasinlauas Tldssesiuaswmnnseny

[

VuNuvihuegeaiauean
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nsinAANULLaNannsEnuasuLian o msenunvinnulagldiandululusun sy
LabVIEW #3801 Line Intensity Measurement vinsimuaiduasuuiane1asegis

au9s wazyin1susuaMuinveuas InglviA Standard Deviation difntaeiian
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gﬂ‘ﬁ 3.13 Line Intensity Measurement

NMTUSUMUNLITOIaINLEALE Azdanansinidanudulasiinnnsenu
ag A Lawe lngislamurimngaveswrasiilauail 7 wudiuns uaglial Intensity 1

120 uae A" Standard Deviation 71 2.92
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¥ =4 d! o 1
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3.4.2 N3N (Cropping)
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JUT 3.16 fregnguwdadndidamnde 1 waase 13U

3.4.3 nawsvlaan (Thresholding)
wa391n7IlA3UaINN"T Cropping wd azthguunvindunimmselead (Thresholding)
lnglusunsy LabVIEW @eimuaafiazyinisinseleaneglugae Lower Value i1 90 uay

Upper Level iy 190 §UN13.17 uanen1syinnimmsslaas JUN3.18 wansn1ndaeagud

$INN5NTULIANLED

A Original a7 Threshold

R mw e Gt
i e = —

e
b lm @ S
(5]
be

R ERE R ETF]
HRENN L1

=R EEEEE i" EHEELEEEEE

[Ei
]
Hi g

2.17 MSvynAwmsylaanmeluswnsy LabVIEW

CaN
(el
=b

JUN 3.18 fegen nivinnismsylaanseuiosue
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3.4.4 mslUsanasle (Chain Coding)
NIMVOULRVBINNINITLaann83snN15Idsianasle (Chain Coding) Tagly
TUsunsu LabVIEW Tuniseuia faguit 3.19 dedmlannmsvinaegniufinteyaluguves

& Excel fisgun 3.19 Fieguuanslusunsunisldsiaansly saviasle

3 chain Codefnew) vi
File Edt View Project Operate Took Window Help

Ci\Users\DELL\Desktop\Roi-£t- Theshold

4 .|.I g

| C:\Users\DELL\ Desktop\ New folder (2) u

T

o
28
{1os_|
=
s |
st |
=
1008 |

U7 3.19 Tusunsuswaanslel (Chain Coding) felusunsa LabVIEW

3.4.5 391 Fitting Curve smailandulndluiiea (Polynomial Function)

1N3UN 3.20 awnsavhweuavesn i3 eusn1svih Curve Fitting Tasnnsld
flafdulwaluiloa Feduvesiledtuluuuiun x uazuny y egdduil 17 wag 13 dagud
3.21 wananslilusunsy Matlab Tunsviiliveuiunvesnniiey uazgud 3.22 Aeguillsvin
113 Curve Fitting wé Wieldsiasldudnhasiamddvasinudazudawnuaduaunisi
(2.2) - (2.8) %q%ﬁﬂﬁlﬁﬁﬁ’m}m (xy) lussuufinamsieu wagyinlraunsaairaailasg
winddenlddauanslusuil 3.21
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SUN 3.20 Mmansiaaneleneuriinis Curve Fitting
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JUN 3.22 nmansviaanelgnasainyiinig Curve Fitting ka7

3.4.6 nsvUsuLall (New Boundary)

W89 Curve Fitting 15719gndayaiild 113UT 1IN NAtinAIERsANEaNNTTN

2.11 - 2.14 Ieelgldswnsy Matlab Tunisanui $9nszuiunisihsnazlamuwlseanin 3 67

1o Perimeter,

Area, ey Eccentricity PNAUNTIT (2.10 - 2.14)



M1599 3.1 deyaradenlnaindulsisany

Rice Variety Area (pixel?) Perimeter Eccentricity
(pixels)
KDML105 44630.83 1372.793 8.853308
RD6 42883.05 1200.997 7.154911

3.4.7 AATzsAUsznaundn (Principal Component Analysis)

22

ToyaanmwesieanumiUsazgniinsiaeiesrusenaunaningldlusun sy

matlab HANTIATIEVUARRIFUT 3.23

150 -

100 -

PC2

sapodot g

o
# KDML105
o RDé6

-200
-10000 -8000

gﬂ‘ﬁ 3.23 MyiATIgiesAUsznaunan (Principal Component Analysis)

a ¢ % Y ] Y1 aa M Yo a
f\]qﬂmaﬂ’ﬁjLﬂiqgﬁaﬁﬂﬂigﬂ@UﬂaﬂﬂgquvLqu'gﬁﬂqiﬂigll’JaNaﬂqwmlﬂﬂqL‘LJUﬂ"Ii
v sv = & vy 1 o = I3 v aa
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sanantUlalunisiasizn
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LT GIRTIGIRY

3.4.8 syuulAsaeUsTaney

ANNITAATIZNDIRUTENDUNANWA
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o

LYNN5AsNbATIIgUSTENMNeULUY  feed

forward backpropagation @99g¥iNn1sUTUTILIUTY F1uaulnun wey Transfer Function

Winlrlarmaununiivualy Lmeqmiaﬁ”ﬂﬂmaﬁdﬂsﬂizmmﬁawﬂué’qgﬂﬁ 3.24
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Layer Hickden layers Layer 4
[rput fayer Ctput layer

JUT 3.4 szuulaseneyUszamiiiey

Tnousias Layer 5y axfinisimunen Weight Bias wag Transfer Function &ae1
Weight Uag Bias 9¢QnUFufIg Function ¥83 Levenberg — Marquardt dielildenlndiaes
fummeuidmualilagagyinsiin (dnal) A1uanu 100000 50U M‘%amiﬂﬂ%ﬁuzﬁmauﬁa
A1 Mean square error WU 1 x 102

3.4.9 Soulvildlunismaaes

3.4.10.1 Line Intensity 115 Threshold Upper = 190 Lower = 90

3.4.10.2 Line Intensity 120 Threshold Upper = 190 Lower = 90

3.4.10.3 Line Intensity 145 Threshold Upper = 190 Lower = 90

3.4.10.4 Line Intensity 120 Threshold Upper = 170 Lower = 70

3.4.10.5 Line Intensity 120 Threshold Upper = 180 Lower = 80

34106 mynsumisdnlufiefiuandet Line  Intensity = 120
Threshold Upper = 190 Lower = 90

3.4.10.7 ngJj’n‘V:lj'ﬁ 5 awﬁuﬁ: Line Intensity = 120 Threshold Upper = 190
Lower = 90

3.4.10.8 lassnguszamiiisndnveunza du 91ie n9.6 Line Intensity
= 120 Threshold Upper = 190 Lower = 90

3.4.10.9 TassveUszaniientnivenusd Au 1utlen n.6 Line Intensity
= 120 Threshold Upper = 170 Lower = 70

34.10.10 lasstneuszamifiendmiie 5 awius Line Intensity = 120
Threshold Upper = 190 Lower = 90

Tneideuly Line Intensity = 120 Threshold Upper = 190 Lower = 90 aﬁqmﬁjaqmﬂ
sUnwlsifinmsademesunmudsdnauysaifuudauasldyavesdeyanarinld

auysaliian
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NAN1SIAYLLAZN1SDAUSIINE

4.1 Han1INARRINTIMUNTIIUGINWUTUINDNNLE 105 wazd1uwniled nv.
6 nelddaulun1susuan Line Intensity WAy 115 wmsylaan lne Upper

1 L 1 L
Value im1nu 190 wae Lower Value im1nu 90
M1N15U5uAT Line Intensity WAU 115 WwagA Standard Deviation winAuU 3.49
PNHuing wstleannin laenwuaal Upper Value 91 190 wag Lower Value 71 90
MnUwINMInensiaaeld wagyiin1g Curve Fitting wiideyaildanmsey 4.1 uh
a ¢ 13 o A = i ) PN Y & A ! °
nMesTzvesAlsEnaundniie Anwiindadelunisidsunmuiduiasiu duason1sahun

[y 1

Wugtulden v1inenued 105 vielyl

M15°99 4.1 Feyarnadenliaindiwlsnadluleulua Line Intensity iniu 115

Rice Variety Area (pixel?) Perimeter Eccentricity
(pixels)
KDML105 42518.85 1276.191 8.837872
RD6 42982.24 1141.861 7.069361
100 o
- o & © 0 O Roi-ET|[115]
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o o o 08; cg &5 "5 . —
50 - o 8 o
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o o fo]
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JUN 4.1 MylAsIzviesRUsenaunaniian Line Intensity winiu 115
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31N3UT 4.1 Han1sinTeiesalsenaunanniglaeulunisusuen Line Intensity
Wi 115 1eefmuna Upper Value 7 190 uay Lower Value 7 90 azwiulainnisusu
AuLLa Nty lddmadensiuniugindanuwsiagidle Snsdiaunsananiug

InUaenNa@esaananiuleegataLau

[ 74 = v ¢ a 74 =
4.2 HaN1INAaRINITIRUNTIRNUFINWUTUIINENULE 105 wazd1wiled NY.
6 aelaaulun1susuan Line Intensity Windu 120 muuaansylaan lng

Upper Value 111U 190 uaz Lower Value winnu 90

1n15U5UAT Line Intensity WU 120 wazAN Standard Deviation AU 2.92
s wsaleadnn lesmuar Upper Value # 190 was Lower Value 1 90
Mnuihmsaensiaasled uwagiinns Curve Fitting LLé’UﬁW%}@%aﬁlﬁmﬂ@ﬁNﬁ 4.2 19
nmsziesdUsvneundniite Anwritedtlunisdsumudunasiy Suatenissiuun

Ly

wgtlden vnenuzd 105 vkl

A3 4.2 Teyaradentiaindiudsnsadluloulus Line Intensity Wity 120

Rice Variety Area (pixel?) Perimeter Eccentricity
(pixels)
KDML105 44630.83 1372.793 8.853308
RD6 42883.05 1200.997 7.154911
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=200
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JUN 4.2 MylasgviesRysenaunan?ian Line Intensity iy 120

NNFUN 4.2 wanmsiasgissauseneunannelaeulanisusudn Line Intensity

Wity 120 Taeruuad Upper Value 1 190 wag Lower Value 7 90 aguiuléinnisusu
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ANULLaRNTuY lldawadenisiwuniuginadenusiegndla anviedaanunsaneniug
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Rice Variety Area (pixel?) Perimeter Eccentricity
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KDML105 43796.8 1314.766 8.906043

RD6 42282.02 1208.686 7.187546
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Rice Variety Area (pixel?) Perimeter Eccentricity
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A simplified and powerful image processing methods to separate Thai
jasmine rice and sticky rice varieties

Piyoros Khondok*, Aparporn Sakulkalavek, Kajpanya Suwansukho
Applied Physics Department, Faculty of Science
King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand

ABSTRACT

A simplified and powerful image processing procedures to separate the paddy of KHAW DOK MALI 105 or Thai jasmine
rice and the paddy of sticky rice RD6 varieties were proposed. The procedures consist of image thresholding, image chain
coding and curve fitting using polynomial function. From the fitting, three parameters of each variety, perimeters, area,
and eccentricity, were calculated. Finally, the overall parameters were determined by using principal component analysis.
The result shown that these procedures can be significantly separate both varieties.

Keywords: Thai jasmine rice, Thai sticky rice, Principal component analysis, Polynomial function, and Chain coding.

1. INTRODUCTION

In present Thai jasmine rice or KHAW DOK MALI 105 (KDML105) is one of the best rice variety in Thailand because
Thai jasmine rice is fragrant and soft. It is high quality for cooking and export to global that, it is made income for Thailand
and farmers. As a result, there is an increasing in mixing KDML105 paddy rice with other Thai paddy rice varieties, for
example Thai sticky rice (RD6). Sometime, in procedure of growing and milling KDML105 were mixed by other rice
varieties. So that, it is producing an effect for economic loss and discredit for rice exportation of Thailand. Nowadays,
DNA technology [1] was used to identification KDML105. But, it is complexity, high-price and spend a lot of time. For
research, two-wavelength spectral imaging identification [2] used a high energy UVC light source fluorescent radiation in
a 500-580 wavelength band for identity milled rice grains but the result cannot be used to separate these rice varieties from
each other. A single-wavelength for identify Thai jasmine rice [3] with selected parameters of area (pixel®), perimeters
(pixels), ratio of ellipse axes, and elongation factor was proposed but the result is very sensitive with the change in image
processing parameters, several issues such as the uniformity of the exciting light, image system, and image processing
processes need to be improves. Next, the improvement of a single-wavelength for identity of Thai jasmine rice with elliptic
Fourier descriptor (EFD) and neural network analysis (NNA) [4] is used. The lower threshold value is varied from 30 to
40 and upper threshold is fixed at 70. Then, chain code for shape pattern and normalized EFD are determined. However,
the result is ineffectiveness and complication methods. However, a single wavelength and polynomial function were used
with improve false acceptance rate and false rejection rate in identification KDML105 [5]. Recently, the fast fluorescent
with polynomial function and neural network analysis [6] was proposed. The result is significant for separate KDML105
from other milled rice varieties. Hence, we propose and experimentally demonstrate in this work that a combination of
chain code processing, polynomial function, and principal component analysis can separation the KMDL105 paddy rice
from the Thai paddy sticky rice (RD6).
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2. MATERIALS

Paddy rice grains of KDML 105, and RD6 varieties is show in Fig.1. These paddy rice were prepared by the rice research
institute of Thailand. The paddy rice grains are positioned on our black rice tray as shown in Fig. 2, and aligned in the
same direction. The black rice tray in Fig.2 is crate 45 rice tray with 52 mm.x 82 mm. It is made from black anodized
aluminum. Each rice slot has dimension of 2 mm. X 4 mm. X 12 mm. A total of 500 paddy rice grains, 250 for each paddy
rice variety are investigated.

Fig. 1 Two breeds of Thai paddy rice grains.

Fig. 2 The rice tray
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3. SYSTEM FOR IMAGE ACQUISTION

Fig.3 show a LED ring white light source, an imaging lens system, a two-dimension (2-D) digital camera, and an electronic
controlling and processing unit. The image resolution of 1280x980 pixels is defined and collected with TIFF format in 8-
bit. This powerful image system is controlled by personal computer (PC) having an Intel Core i5 at 3.20GHz clock speed
and 16 GB RAM. Only 8-grains of each variety was captured in active area with having uniformity of light intensity.

2-D Camera ® I

Camera Lens
\-‘ Light Source

LAY S Wkt Control Unit

Light Source ~——m—m—+

Rice Tray— NN

Fig. 3 The structure of a powerful image process for separate Thai jasmine rice and sticky rice.
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Fig. 4 Flowchart for analysis to separate KMDL105 from RD6.
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4. IMAGE ANALYSIS

The image analysis procedure is shown in Fig.4. The rice image is cropped to 565x181 pixels in which it contains only
one rice grain/image and goes through an image thresholding process in order to feed out unwanted image areas and
selected range of threshold process are 90 for lower and 190 for upper as shown in Fig.5. Our image threshold can be
simply express in Eqn(1).

Ve <N (255, Thy; <I(xy)<Th,,
I(X’Y)_{ 0, OtlTe?WiSC ™ ey

(a) (b)
Fig. 5 (a) 565x181 image size of a paddy rice grains and (b) a threshold image of paddy rice grain

After that, Freeman chain codes [6] in Eqn(2), Eqn(4), Eqn(6), respectively are applied in order to define the edge of the

threshold image.
p
t :Z At ”
i=1
where
Ati—lJ{—\/g_lj(l'('l)ci ) ©
P
Xp = ZAxi @
i=1
where
Ax;=signum (6 - ¢;)signum (2 - ¢;) ©)
p
Yp :z AY; ©
i=1
where
Ay;=signum (4 - ¢;)signum (c;) @
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and

1, z>0
signum (z)=< 0, z=0 ®)
-1, z<0

Next, the edge of the chain coding image is smooth by the polynomial function [6]. Using the chain coding and fitted
boundary, a geometry feature can be analyzed in term of perimeter, area, and eccentricity with computed [6] as Eqn(9),
Eqn(11), Eqn(12).

p-1
Perimeter = 0.95 - Zlength (). ©)
i=0
where
L ho) 1 forc=0,2,4,6
ength(c) = . 10
g J2 forc=13,5,7 (10)
1%
Area = Ez (Xi¥i 17X 13)]-» (1D
i=0
and,
.. A,
Eccentricity = —. (12)
A
where
det (C-2,,D=0. (13)
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5. RESULTS AND DISCUSSION

The image in Fig. 5(a) show a 565x181 pixel. This image goes through our image-thresholding process and fixed upper
and lower threshold value at 90 and 190, respectively, as shown in Fig. 5(b). Next, the edges of the threshold images are
determined by the chain coding process as shown in Fig. 6. The orders of the fitted polynomial function are 17 and 13 with
the corresponding linear regression of better than 99.9%. So that, fitted polynomial curves are rebuild to from a new edge

image of a paddy rice image as shown in Fig. 7. Urgently, three shape parameters of each rice grain in term of perimeters,
area, and eccentricity are extracted as show in Table 1. Finally, a principal component analysis shows high performance
in separate the KDML 105 paddy rice from RD6 as shown in Fig. 8.
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Fig. 6 Boundary of the threshold image compute from the chain coding process.
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Fig. 7 Reconstructed image from polynomial function.
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Table 1. Average values of three shape parameters.

Rice Variety Area Perimeter Eccentricity
(pixel?) (pixels)
KDML105 44630.83 1372.793 8.853308
RD6 42883.05 1200.997 7.154911
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Fig. 8 Principal component analysis of three shape parameters.

6. CONCLUSION

We show that the result of our simplified and powerful image processing system for separate Thai jasmine paddy rice from
sticky paddy rice can be improved by using chain coding, thresholding, polynomial function, and principal component
analysis. All threshold images with 90 of lower and 190 of upper are passed through the chain coding method and
polynomial function is applied in order to define the appropriate geometry feature. At the end, the principal component
analysis is used for separation KDML105 from RD6 via investigating with tree key shape parameters: area perimeter, and
eccentricity. The result can be separate obviously in the identification of the KDML105 paddy rice from RD6 paddy rice.
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