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Research Title: Machine Vision for Detect Quality of Shrimps
Researcher:  Pitikhate Sooraksa (Team Leader), Pimpen Pornchaloempong, and
Pannikar Renupipat

Faculty: Engineering Department: Computer Engineering and Food Engineering

ABSTRACT

This research proposes the method of detection Raw White Shrimp’s leg (Penaeus vannamei) by
finding distinctive structural characteristic (Contour) using Fourier Descriptor in order to increase
the effectiveness of detection. As a result, the distictive characteristic is sought at the area of
shimp’s inside feature that can classify shimp with legs and with no leg clearly. Eleven values of
coeficient was used to explain the boundary of shrimp’s inside feature. Subsequently,
coefficient of vector obtained from shrimp with no leg was calculated to find vector norm for
analysis and thresholding. This method provides DSR (Detection Success Rate) higher than 97%
from all 130 images used for testing.

Keywords: Classify, Shrimp, Fourier Descriptor
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®  ViguuuU HSI
® vuiwuu RGB
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AN 2.1 WARINNYBINIITIWA YA DRIV T
#1111 : Digital Image Processing (an Edition), Rafael C. Gonzalez and Richard E. Wood, 2002
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AT 2.2 uanem e ILsENEnSViuda Ui
11 : Color Theory for Digital Displays: A Quick Reference: Part ll, Pabini Gabriel-Petit, 2006
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| Ao QAnYmTleY BsgUANSERUIM
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G-fo yannvitlay Tusmindusiudiden vasgunmauuy RGB
B A 9nn mniieq luninsndudufihidu ves3Uunwiuuy RGB
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Smoothing with Gaussian filter

4

Gradient Calculation

g

Nonmaxima Suppression

I

Thresholding

ATWA 2.3 Lansdunaurad Canny edge detection
711 - Mssuunviseddaanniwas lasldmatawnsatnelovssain, 3157 dunansus, 2548

MI¥IUYeY  Canny  edge  detection TuSuduanmsUunmliiSey
(Smoothing) faafnsesn ey (Gaussian filtter) Wafindayaasunu vt fuaa
211 (magnitude) waziiems (orientation) wae gradient Insldnsmeyiusdusunils ludaun
34ld nonmaxima suppression fiu gradient magnitude devildldvauiivnsas wasludunou
gavneld double thresholding algorithm LﬁaizyﬁnmaﬁtﬂumamassdwL%auﬁiamau (Green,
Bill 2002 ; ION528 - Image processing algorithms 2005 ; Canny Operator Links 2005 ;
Rubino, Matthew 2005) Tngluustiumeuiiseasidondwioluil

2.1.3 Smoothing
Tutuneuusnrssmsmveulnedanesfiuiedosidndyaasumusenieou
Tngld Gaussian filter Fvannsarmuiaildainnisldnsoy (mask) vueLEn auAves Gaussian
mask Tunfivuenisinavilfandyarasumulduin uwidniannfulvasiinavilvven
dopq Mduduneasdeatumely dwsunsdummamitldainnsld Gaussian filter Wud
AU 2

S[i, j1 = G, j, O1* ] 2)

fnualA
. e o v
I, j] WUNIWIRBINISUNYDU
Gli, j, O] ¥y Gaussian smoothing filter

o fu spread of the Gaussian (AUANTEAULBINTT smoothing)



2.1.3.1Gradient Calculation
Tusuusmi smoothing image SO, j] @3 x, y  partial
derivatives P[i, j] wagz Q[, j] auaau FaEunnsT 3 way 4
Pli,jl = (Sl j+1] - S, j] + Sli+1, j+1] - S[i+1, i1 /2 (3)

wdsanduihAl x , y partial derivatives snAINMEERTIRTIIY
dwsumsudasguuuuann rectangular il polar (rectangular-to-polar conversion) LiNew
PNAKATTAVI9UB gradient MUaNN1IA 5

MU, 1= VPG, T + QG
01, ] = arctan(Ql, jl, PLi, ) (5)
Mnaunmstheuraunsamans 0 ssmnléideunudiudsty
faddu  arctan (x, y)
2.1.3.2 Nonmaxima Suppression
dmSunsmueulae Canny method gafifedudumeulfiutoaty
ilirgaamannsiuaedufiemafiontiy gradient ¢ FaseTEsnanivhlildvouiiung
Fies 1 finga awilliundimsvh Nonmaxima Suppression aglirnidugudluvngaentiueii
D local maxima points Fazdsasaniauly
2.1.3.3 Thresholding
wihnamazenuns smoothing luduneuusnudifiay anitlaeedsl
LﬁmauﬁlﬂﬁiﬁuauﬁLLﬁﬂ%aUsmgafgé’utﬁaamné’zyzymiumw%aé’nwzuzwaﬁmq’iumwL'fJuﬁ"uEh
flaeaevdeiisuazdonneluinn fuhuiteandamfinaddafinistmuad
threshold Tusn 2 @1 @@ high threshold (T1) wag low threshold (T2) Tasfinueadiflnnnia
T1 azgnuiudu 1 (Bufinwafiduvey) widiesnir T2 asgnuiuidiu 0 dusnitegsewindn
threshold ¥itaes msu3uidiue 0 vie 1 SuluagiuRnaiegseudis manuirfinwailegseu
Frmasinaiidureu (e >T1) fawnnm T2 wér ssufuafinwadinanliiiandy 1 uazde
Huamndnuildunmuauseuiy
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2.1.4 mM3Uszananan @y (Morphological Image Processing)
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98 1YBINTTVY N HVUIAUANININING 5 Tagnanwdt 5(n) Wunwsuatu
AW 5() WunmiivnnsTeresuNaunE2

2) n13n58Y (Erosion)
msﬂs‘am@uﬁaﬁuﬁumi‘ﬁugwmadmsﬂixmamamm%oé’mﬁm
wuRaiunisvetemn Sslilunsanruednglianas vislilunsidadmarasuniuidu
udntfeslunin msnsouszuansdsannsm 7

AOB={z{(B), c 4} (7

Togil A dunwsiuadu
B Wuandnlassaiaildduiunisiunm
7 usumisitléideuasndnlasaig
Funsumsnsouiidnuuziudetunmswnsnng Jaifuneused
1) dlegagudnarsvesamndnlassaiiegyala Tunmdaliognse
Uhnmwesingazhiduiiunsleq uazvimsideuamndnlasadiludaganindaly
2 dlegagudnansvesanndnlasiainamsstuuiinnmesing azvi
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awdl 2.6 Megrenmlunisnsou
U - Learning MATLAB Version 6, The Math Works Inc., 2001

g ansnIBuNAAIiIgUR 6 Tnegui 6(n) lWuaAmAuatugui 6(1)
Wunmivhnsnseuuds

3) N15Ua (Opening)
msﬁ‘mLﬂumsﬁwﬁ'faoﬁ%ﬁumsﬁugwumamsﬂizmamwv‘z‘mé’mgmm
AU %ﬂﬁiﬂumiﬁi’uFsawauﬁﬁé’ﬂwmxLﬂuuqumslﬂﬂ LA aunTST 8
AoB=(A® B)OB (®)

e - AWunwauatu

B8 1 uandnlassasanlgantiunistunin

A 2.7 Freganmiivhnisidn (Opening)
7131 : Learning MATLAB Version 6, The Math Works Inc., 2001
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4) 35U (Closing)
ms'ﬂﬂLﬁumsﬁ'}&hﬁﬂLﬁumaﬁugmmamsﬂszmamwL%qé’mgwm
sufududisaiunmade FddlunsuiuSeureuiiidnuanduiiy msUauansiaunisi 9
AoB=(A® B)OB 9)
Toefi A Bunwduativ
B Wuagundnlassadefildmuiunmsiunm

2.1.5 msfsdnwaziau (Feature Extraction)

Aomslinseiiiteedoyanmarnsauiaulassnndunnnefietludy
amBunsliufadauen (Classifier) Feluauideiisasldfosuieguisinenies  (Fourer
Descriptor) tesanauddedl nmadduluvesdellasaiadudulds uidnvazaulfadul
Snwaugiuanssfudndeslulanuiiud (Spatial Domain) wevilfuenngunmesnuliSwhl
aulaflagiifoyaveunin (Contour) uiiasiglulamuaaiud (Spectral Domain) Tagldvgui
mMsuUasyi3es (Fourler Transformation) Tumsasnednisasungguiemeyises

mMamAINsSUIETUTIIEYEES BuainmsvueunmuasTgrau wiids
WINI33HIEIAUIANNUUIBUA N Favldludnuay x(n)=(x(n)l,x(n)2) Tegluzduuy

Faudedau (Complex Number) wildainaunist 8
u(n) = x(n)+jx,(n) (10)

Wasnnveunmfimuitdidudeyauuuiaase lasmuunligaainiidesnis
YY) 1 by [ v o | a S = 5
Tneoed (Sampling) LU N L& anuisamuamadulssanslulamuainud alk) veaa u(n) %
N fin Aevquinisudasiesiuuiiansn (Discrete Fourier Transform, DFT) w1ldannaunsi 9

NI
a(k)= Zu(n)e—z’”'k"“v 11)
n=0

'S
a

lng k=0,1,...,N -1 Sendrdulssdvs a(k) Indumamndieduiegusn
Y o ¢ . ) = ° a v
seyi3es (Fourier Descriptor) ~N15MIAUIAYeY a(k)  v3anmvvuiavesduIuddou

(Complex norm) Fasenlaintdumn Magnitude wldanaunsi 10

|z x+ jyl=/x* + )7 (12)
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2.1.6 gadiisunAawmeiuey (Euclidean Vector Norm)
nnnesasgnlfifienanivun vieitavavesderine lngasileutiudydnua

@&

FINTNA 2.8

o ¢ . aa
AN 2.8 LEAAINITUITUIAVDILIALADS 2 16l

wazmauInlaeldaunisn 13

| ul=~x"+y* (13)
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2.1.7 Msfuanaiionm (Texture Analysis)

msi’mmmmLﬂuﬁuﬁaﬁuu’fluLﬂéaqﬁaﬁﬁﬂé’@mmﬁwumiﬂszmawamw
snf1egaty nsnTradeuTagfednuusiuiagnlilunisnsaaeugunsaifaiath (Semi-
conductor) LLaxmsﬁ’mﬂ'ﬁm'mLﬁuﬁuﬁwsgnﬁ’mumﬁ'wmmsﬂizmaﬁammﬁwsﬁ’uﬁmﬁagﬂu
vinalndifestu Bnstadanuduiiuiagnuendu 2 uwwufe 38n1svneadd  (Statistic
methods) kagdinsiddlaseadne (Structural methods) Tnenu3ded ageSuneiinmmeadiniiie
THunsdausnfaifiduidennatmisesnnfaitlifidudonnatmds w/MI
neadndunsidraudufufiidienisnssarevssdissduimunviinisinisanaanudy
iy Tagazhunadraduunsndnsiingaufuaesissauiim (Gray-level co-occurrence
matrix) Lum‘%ﬂ%ﬁ’qﬂﬁn%gn'ﬁmﬂﬂﬂunﬁﬁﬁuammﬂﬂumﬁmiwﬁm'mL{’Juﬁuﬁwialﬂ LA3NG
msiinTuiuresrssaudn unudening pli, j] wagmsimvuafianislunsiuguesan

sgiuiimmennnes d =(d,.d,) loe p, (i, /) WudoumafemssduBimiifinsswindide
(x.y) uariiin (x+dx',y+dy) Tngnaszaudvniin (x, ) wiumedydnual I(x,y) =i

i a o a v v W ¢ . a ¢
wazAssduEARGe (x+d,,y+d,) uwnufedydnwal I(x+d,,y+d,)=j Tuumind

'
« . <

pli, j] faunsii 16

D, (i,j) 2 numberof{(x,y),(x+dx,y+dy)} eR, (16)

lngaansaendiegsnsmianEndmsiinsuiugasassaudiniaingun
fiAseaudm 3 Afe 0, 1 uas 2 feguil 1

¢ 1

w
()

2 0 1 1

3 2 0 2

1 0 3 0

AN 2.9 A NElsgAUENT 3 A

NsEUIUNTT GLCM  aunhsaadsldlasnsdudiuiugannn (k1) uway

=

o | - . . o [} . 1 (¥ L5 o g
(m,n) wa&uﬂﬂaﬂu (Neighboring Cells) Msz8¥114 (Distance) T2WINAUNIAY d LasVnyauAY
whity @ Teeluiiil inaulayundainty 0°,45°,90° uay 135° danwi 2.10 was GLCMs 1

asamuIntaanaunish (17) 89 aunish (20) sudisu leewasaaiune # Tuaunisuuiena
ANTIUIUNTBANANUD
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13s° | ggo | 45°

3Ufi 2.10 ganndafedluy 0°,45°,90° wag 135° Tuszasnnenineg
TumsAm GLCMs Hufmuali

(m, n) wnugann (pixel) vunw 2 FlaY v8anweInea | Airn1susunu x

WAL y uananagun 2.3

;L:

= a
AN 2.11 NANGVDILAU X LASHAU Y

[ ]
< =

- L={2,., N} usy L,={1,2,..,N,} fiolawuiahud (Spatial Domain) w9 x

X

wag y mudeulag N, Ao Swsuganmlukwiuny x wae N, fedmiuganiwly

BUILNU Y

- L, x L, Ao lwavesganmasinmiiiusdnuludnyusvdnuasies

- G={1,2,...,Ng} Ao waArlnudon Taedt N, fie Avdgeaaidululilunm Gehifen

a

Ausnsnanuluniw

Tufimdslmananudnlalaedie avveendiegnnm I fAdvuin 4x4
NN it L.{1,2,3,4} uas L, {1,2,3,4} ﬁagﬂﬁ 2.4(n) 18819 GLCM L%ﬂulé’éfﬂgﬂﬁ 2.4
(4) uardm3U GLCM il d =1 wazay 6 Wity 0°,45°,90° uag 135° fagud 2.4 () -

2.4(2) AAaGTU



0 1 2 3
2 0 1 1
3 2 0 2
1 0 3 0

1 deetwnl aunn 4xd

?
H
3
H
|
i
}

| S5 I VAT VA ]

3
1
\%

b W)

o O o W

0

s to O k2

() A7 GLCIV Figgat 0

3

[ o S O N

[0 % B R I8

O = 2

£
§
))

14

1
A7
A

{7}

szAuAEWA ()

#(0.0)

#0.1)

#(1,0)

11

#2.0)

#2.1)

#3.0)

#3.1)

#3.2) | #3.3)

P S A Ay JU: AN VA S S A
() 31U fﬂﬁgﬁux‘:}%um?ﬂ%ﬂ;ma 8 RIVTU

() AN GLCM Fiyst 45

AvzzALAuni 0-3

(83
O

[ I N

— b O

§
0
1t
0

(31 A1 GLCM Higz 90

2011 N0
/103 1
130 1]
111 0

(2) A GLCM flgai 135

JUT 2.12 freegensiuang GLCMs nilesseevinilan d =1 uagau 6 wihiu 0°,45°,90°

uay 135°
P(z',j,d,0°)=# ((k,l),(m,n))e(LyxLx)x(LyxLx) )
|k =m|=0,l—n|=d,I(k,l)=i,I(m,n)=j
((k,l),(m,n))e(LyxL_‘)x(Lnyx)
P(i,j,d,45 ) =#s|(k-m=d,l-n=-d)or (k—m=—d,|-n=d), (18)

P(i,j,d,90°)=#{

I(k,0)=i,I(m,n)=j

((k,l),(m,n))e(Lnyx)x<LyxLx)
|k—m=d,l—n=0,[(k,l) =i,I(m,n)

((61),(m.m)) e (2, %L, )x(Z,xL,)
P(i,j,d 135 ) =#|(k=m=d,l-n=~d)or (k—m=~d,l-n=—d), (20)

I(k,l):i,[(m,n)zj

} -
=]

mnSsuiisuiudalasunsuussnin  (Image Histogram) @IUIUONEINTS

[} I 4 = ¥ 3 & < < 1 [ | LY
n52219A UL TUVBIATNUAINIVBININLET AT GLCM  Hudazuansiisninuinazidusiunuy
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(Joint Probability) we3glnud i sumiadeduing (Relative Position) Fitmuanileqlunn
Tnevhluugrasilinsadie GLCMs Sunmaneunsng usaswninddmiuandeduiniviagddy
fillfunszoevng d uazan @ Feiliteliiiamnsgideyafeiuinluiienieingg saukedinng
3Lﬂiwﬁ°ﬁ'ayjaL%aﬁuﬁﬂuﬁﬂwmzLﬁmﬁ’umimwum (Scale) TnsAndnuasisudaiuinnan 7
annsodnaildann GLCMs  tu sfnastiendiadsvemng wadndiiviantdifieriundy
funuvasniw ileliinanuaseusquisyadnvusituialuyniirmauagiintymnistuse

NIYULDININ (Rotation Variant)

GLCMs  duifinauaudilunisusnanyngniansgaredaiuivesanlnudlunin
gng 1ty vnluesndiuiiandnuinegludesuuimueuuuansinn nidneusneuny

ANSTUTYN d IlunsAun Wudy TaYABINURIN WiauptuuanIRIEInITN (21) Bs (34)

WearnsAuiamArsNnindnIsiinsuiuvedm1seAUEINILGY 1S
nldusglevilumstnaaanduiuilaemsidinisedislunsianieg ensegradu teulnsd
(Entropy), W&, MsinAdfNenAu (Contrast), mydaarArmuuiiiodsaiu (Homogeneity)

wazealpABsLatu (Autocorrelation)

LY al

o ulnst (Entropy) 1lun1sinnisnszateaesdaya lnedayainiinisnszgniasiian tou
WsUARLInaTY TasaunstunisAuiaaulnslazldaaaunsndnisiindmuiurasnn

JEAUEWN AeAUNSN 21

Entropy ==Y p(i,j)log p(i, ) 21)
i

® wdwu (Enerey) Wunisineigeinsnsgaieetoya laguiiiaiiin1snszanevesan
sgAudnziamasulagninuniinngsanveeyarwialaainaunsi 22
.2
Energy =Y p(i, ) (22)
7

@

® nsTaAANERAU (Contrast) lWuUNSIRAIAINLANANIYBIANSERUA M LuUSuAaula
aunsamualdnauni1si 23
. N2 ..
Contrast = (i-j) p(i,)) (23)
v,
v 1 ) dy <t [y . & L% J Y t
¢ nisinAIANUIlULUBLABINY (Homogeneity) LUUNITIAANYBDINISATEANEAIVBIAN

seAudmivunIn 11fnisnsenedudaderfuuintsaiesda aruisadiuinlaann

aunnsi 24
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Homogeneity = Z——)— (24)
i+|i—J|
salnansiatu (Autocomelation) 1iun1sTnA1RLAIY0IN M MINANURIRBLARBILATY
ABENARAY LAAIIT MNEAIVENUIBIURINN witAveseenlnreiaduanatoeg
9950 waRTIuRlTsIN WS sUkazaTLnsaAINlAeInaNn1sn 25
-1

(N-k)
(N—l;)lm Z fl, ]](z+k j+1)

)
plk,1]= - L0<k1<N-1 (25)
2,

1 Z 2]

i=1

alauddufuiiaaswonu (Angular Second Moment, ASM) 9aawlndlAgsiuiinis
o 1 = o ¥ 0 Vi cu o o 1
wWasuuasaimEl lumnmaieaiugne silielusudduduiaeswownaengunn

faftundsiduan udlusaideyangduaindsinisasuuvasainudluluinidesfud

ffounin Suilvelusuusdusuigeswesuweinguandaiiinnuinunfiirdesnin

N, N, 2

ASM =S 3 p(1,))} (26)

i=l j=l

HaTINAEERIU8IMIANMYSUTIY (Sum of Squares: Variance) umsmidnwauens
nsvanevasnthandu doyanmngudenunatinudfinaundurirliidnouveslvud
gpaganwlndife dimeutuiduauunnuagiininssangos Jevhlinasiumiideass

9IAANULUTUTILTAINN

N N

Vartance—ZZ(z—,u) p(i.j) 27)

i=l j=1
Afiundurenasinalaud (nverse Difference Moment) tludnfiuansfisninumiloudiu
gadlnudvesganwlndifes Fudayanndenderuuniiinnauiloutiuveslnudvesdn

awlndiAsann vilraundureaanalliLuRiInm e
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raTIvesAads (Sum Average) mnfiduauvesganwlndlageniiandimunndnetueg

v oo 9

° o § Vi 1 i " a oo
Fuuannfazilisanusidiaiunn uiteyan1wnguieniianund uaznsiiian

9 1

Anunffianusnerednudtey vinldapasuARasNan1eL ey

2N,

SumAverage = Z i, (i57) (29)

i=2
HaTIYBIANAINLUTUTIU (Sum Variance) dayaninngunniadianuunisilnugn
naunduvilufidrwulnudvesganinlndifseimileuniuiunn Jwvhlvanuveseny

wUsUsIUdimey

2N, '
. 2 -
SumVariance = Z(z —fg) Pes, (i) (30)
i=2
NAR19U9IA1LWUTUTIU (Difference  Variance) WaAIANUMUSUTIUTDWUASNTIIN

duius
Difference Variance =variance of p,_, (31)

nannsupateulngd (Difference Entropy) LUUNISLAAINITHANUIIOIAUTENDUTDUUATAD

Tuduiusiaenisymmanuduldidde |7, 7| Wueam

M-l

DifferenceEntropy = — Z Deey(i)log { P, (i )} (32)
i=0

AMsInauAYIanduRuSLUUN 1 (nformation Measures of Correlation) unis

#sanindideyavasnnuduiusinidawiwaniansanaseininiisuulasves

v ooy

enuduiusinuddndmilsegasls delsyanimgunianiadnuuniidniulnudvesganmm

1

1 3/

Inddssimdauiuinn swihldainisinauwavasandunusiauinaie

HXY - HXY1
- (33
max{HX, HY}
MIYnaMATsEnAUTUSLULR 2 (nformation Measures of Correlation)
1
£, =(1-exp[-2.0(HXY2~ HXY ) ])? (34)

Tnen

137232
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- p(i,j) fe A p(i, ) Mumsuesialawdu (Normalization) laguiale

i,j o o . g
n p(i,j)= _p(_ﬂ Te#l R Aosunudvesnnvianualunin
R Y

- p,(i) Ao Aluzesil i vee Marginal Probability Vector fignualfnnaasy
NZ
voe p(i, j) lunandnvesun i vie p, ()=, p(i,J)
j=1
- p,(J) Ao alutios?t j ¥83 Marginal Probability Vector fenalldnnuasu

Ng
909 p(i,7) lunnvdnvewns j vde p,(j)=2.p(i.J)
i=1

Ng Ng
- 0, (K)=X>p(1,j) k=23,..2N,

i=l j=1
N, N

- P, (k)= 1'p(i,j) k=0,1,.sN, -1

i=l j=

e
&l

Tuaudset st uunssesyny d 10U 1 wagA1anuMEAULTINURIveINe 13

LY

Snwaiy Wumsdwen p(i,j) Tuudaeiianie udnhluldauads WielvAnnunseung

Teyadnwaziumluyniianie wagddadymmsiusenismyuesanin

2.2 uTeiiieato

LCdr. Nikorn Chaichuay. [1] Ismiiausitandnsainunziannyiaiulaglddn
wrnzieSueisesneY 36 Anduseand Lmué’ﬂwmsﬁuaué’mawaugﬂﬁwummaagﬂﬁa Tyler
Karrels [4] lﬁLauaiﬁmsﬁqé’nwmsLawwLLasﬁwwuﬂ%’agaﬁaeﬂunﬂwIm&Jmﬂ%ﬁaa%mavjﬁaﬂu
msansnnedlulsl £ Xu. [7] Iiausnsuendiuvasniw (Segmentation) vsauzieianis
Tosmsmadauusrudunas @vind Due Trier. [9] Tinduslazodunuat19as12990438013
FednunzlangdmUMIIRsdnvLTaINZYB SRt Nty T5msAadnuesians
WANAA LA BDNLUURNTUNURLANAIwDENYMLIaNE WY dnunzianzaadusoulnsesns

{Contour)



uni 3

33n15a 1L dun15398

°

wianmidesrusenaumunzanlunisunluussuananinugs Juiludssuianalaglu
v vV

e‘l’ v a ! A a { { d' o
Witeil avusznaulumenmaaslszananan neIgIBine e Isnangn Aamnsaasinnm

o v o 1 =i ° ]
feunsUsznaraudluhmsulenanuzvesiald wasnmitaziiluuszananafie A i 3.1

A 3.1 nwietswesialilineasunisuszinaranin el (@) wazidhiing (v27)

3.1 AMSANTZAUFW (Gray Scale)

msUfunmszavmitunssuaumsiviiiautnssaniFlunmilssiuientu de
BmsuSuamiaiwe sl Bmsimsusanananimisuiiveassegdnumrmuuansa
yosdssiuiundsidoguasinaind 3.2 aswiulsindvesnidisnsasauduvedlivnnsine
futnamnnmitunds Sadudiliansomiuendfdaduingeonaniundld Saunsaagy
Wihmsussnanamenisufunmdimiliannsovidliduesataaudaninwitunds uaglsl
annsmhludnuenfsiisinnunituliitiafaunils

3.2 M5UTUAUANTATBIN TN (Contrast)

M3UsTnaradeIdnsUuRANT Y n G UM Tiansaufunwivilaanudy
wazALTALNTY Lﬁmmnmsﬂssmamaﬁuaf‘s%‘i’fﬁwﬁwnWSU%'UﬁiwaaLLaJﬁ‘lﬁqa‘ﬁuﬂ'hmnma‘uaqmj
& navnnsUssnananiedsuTumLALTRYaIn W Hade AMwildunITUSEINaNAawdY 2y
fandutusasiianuandaduegiaunn dvesfafaiiaudauinniu ansafiesinmly
Ussananatiiansuiuenaniugsoluld wideawhawllussnananednansdunsuitedias
ansathamdngnszuaunismsdauendeiifimniisunfeenanndeifinunals
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3.3 MsuUadszuudiann RGB (u HSV

doswminasguduuy RGB aviluasuazarwainsnanegdie fudu Sddihnisudas
WASFINLUY RGB WRBULUU HSV (hue, saturation, value) BsAn hue wunefle Inud fn
saturation y1NEde AAWARTIARIINLAIYT UazA1 value UARSEY AANATINIVBINTH Lite
daelunsusndvosiafeoananiniw devimsysznanauds annmasiiuldidvesuddl
Arusudntun egnadniunavdniililamds Jismsifaunsodiludauendeiidvreanainds
flaiginlel

3.4 ﬂ’]iﬂ‘izu'zawan’lw@dﬁmgﬂu (Morphological Image Processing)
3.4.1 nM3vegvuInteyanm (Dilation)
nsvensruaiiuniseisuunavesnglunn egassasdunsusensiy
Wielnguidng Tudng violdiRedadliing 2 Taqiiliffaundndaudu wioglndfuannsnideuse
fuld uku nsverevunavhllagnsaundnlaseaia (Structure element) asuunmudadou
andnlasass Sdunoudsil
- inqegudnanwedndnlaswainesaiua 0 Tuam lidesiniunisiag
waglideumninlassaialudsganmdaly
- daerudnanvesanndniasiaiunsaiua ‘1 luawlvdudunisded
sliunIn1wsIngess (O seninanivaundnlaseaing

3.4.2 msiansaudeyanin (Erosion)
msfinnsaudunmsaifiunsiuieafiunmsvengvun wilidnvagnsaiudu
ThufenisndeurzanvuinesTngbidnas

- dnangudnaneesandniasiaiienseiuen ‘07 luam lsawiiiiunisles
uaglidouaindnlassadsludsganmdald

- fgagudnanwesaindnlasiasianseiuen <17 Tunam Wikasandy o
nme ‘1 lussndnlassaisiassensnandngdaiian 17 lunm T
Wague ‘0w dumiiidugagudnandlunimuan ‘o’
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3.5 MsfinvauNMIRBIE RN

Wnsunun i ingguiaine Histogram Tnsuwsniluuny x uagunu y uazi histogram
7ilé Wagduau pixel A tufe gerramuansi1slunadinl weuniu fifdAruuansienng
IgLIIEMIAYBUAMUTIELALYDULIAATUYIIAINAT histogram TuuLIUAY X YBININAY LAz
WMANDUASUU LAY YO ULAGIUET991nA histogram Tuuuauny y wazidlavinisinuaunw
ud Fajanuiurneveanm (resize) Wiilnuafisasms

fumauit 1 wum ROW) $duiiefierhnsiaveulnduuugn warveuwadua g
vasmmameifeenin Taefindnnisiidumiihdfinsanegiuidunufneanniineady
A (Rniwadiiandu 0 vavun) wazunadalufifineaiidufineadvnoun dudrideuluild
Suiinumiiifinadsfimuaiivinnisdsaliliurovunduvuga visunusedslunisia
YeuRuULgRTasn i fsInAIwe ey dureusaduaisinsanlunemsauduiy
yaumduuL nanAe Hieriidsisnsaney dsnaufinwannfinwaiiudvn wazunadalud
Swaneaiiluinadsn duddeuludfldtuinumitineadsionn Avinisdisaelil
Huveuwndnuaegn viisunudredalunisiaveuiamduaisgavasnmiafaieusnaonainain
fuds Ka3uil 1 (Fuiivdinauanunudredslunsdaueuiunduuuiazvouiaadiuan) deld
unugredslunisfareuluaduuuaauar seUEaR LA san aEldradns fnmit 3.2

AT 3.2 uad (ROW) nezldiluinuinsdadunisdaveunduuuge
LATYRULIRAUENER (Wanieiduiivdun) vasnmisiaimsinanizsian
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MR 3.3 ANALYEIRINNTAATBULYAAUULEALALYDULYARUANEALA?

YUABUN 2 LHIBVIINITMIUNUENBIUNTAAYDULYAAUULER UAYYBULYAANIUENAAIIN
URBUN 1 9INUUMIVDULUAGIUTIUZALAZYIIEATDIRININAY INBNRARNganTuNunas

FUTIBUAZAUYIIVBINTNAINS TINATHT 3.8 LTUVBULIRMNYIIGALAZ T 108N (WanIIBidu
fiudvn7) vean Wi

AT 3.4 YBULAINUTIEEALATUBULIRFNUYINEA (LARIBLdUTIVEIT)

AT 3.5 KARINTNYBINMNANERINYIINIATOURALAD

wazLilayN1sARYBUAINLET FiINUTUILIAYRINIH (Resize)  T¥livunnmiisiasns
was Ul mAsignIzuIuMIUTTnaNanIWREMANEN BTN YINN1SAAKENAINS]
MeanNeliiin warandsatAnedaueniiniiidunaravdeaninfanlisidunaimas
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3.6 N59DNLUUIZUUNAUINT
3.6.1 gunsainsedld
3.6.1.1 8190U3
- inSesneufinmesiitinisidoudefuiimidng
- NABIEMIUTUNIMYBINY OKER Full HD 386 (HD 1080p) Auto Focus
- Power Supply 450 W DTECH
- Relay HKE HRS1H-S-DC 5V
- ZHENG DC Motor 12V
- Servo Motor HS-322 5V
- Transistor TLP250
- WS LED 12V
- 1C L293D
- |C TLP250
- IRF840
3.6.1.2 ¥aWAUIT
- Microsoft Visual C# 2010 Express
- WWsunsuiniu1a1gslu (Arduino) B3 1.0.1
- Tusunsu MATLAB iilemisgralumsndinenansuazndonnsiv

AT 3.6 wannmaEuveRIATairLdnTUargUN TRl

3.6.2 ddnsiagldau (User Interface)
ﬁww%’udauamﬁiasﬂ%mummfulﬁﬁmsaanquehuvhaq Fanwil
1. uanasedoveindeiildiinsideusely
2. uanasedeves serial port ldfinsidondeols
3. Yu start eFumevhau agiinmisuinanndesuandlugiui 10
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4. Ju stop LiengANIaY

5. LanWadNSTIldnNSUSEINaNaTIEIY

6. LanWadWsTlaann1UsEInanad iy

7. uananadnsilgannnisuseanana

8. uansanuziiiedl N3 capture %3 @ save AN
9. u capture niitethlUusynana

10. wansnmilasuInaINndas

3
le ’ : fi7 ety lulabwsesemndidmarss s ol
s ” J e roniastBitiioYordochnoloay] o ang)
5
6

AR 3.7 wananmagdiufadenltiu

o COPSTRICTION OF BALCHIRR VEIOH FOR SHRABWE GUALITY CONTROL {fah§-344




uni 4

NaN1578

4.1 A13ATIVAIUVIVBIM (Legs)

v P Y  aa = o .
Tumsveasdeglinmiiidieanndesddneadalunmd (RGB) wuna 365x270 pixel lng

' aa L = v P 4‘ ° v Aell
TeuHueradIAlauMensEayTesdrn dnnil 4.1 Wevimmaasusaneiiuilinauny
Viuwdniu leegldfmeasuvianundiuiu 130 M

s

ST

£ RO
fSr e R

P v v v o % I R
A 4.3 wansnmilaannnisivasniwisiivn (#1e) wavianlude @)
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= ay v v a v Y av o
A 4.4 wansnmAlannIYeLYBIn I (e) wazdenlidi ()

Al 4.5 uamsamilsannnsvengdurayvesnmiaiiun (F18) was il (127)

A i 4.6 uansnmilavaseanyir Segmentationvesnmidivn (d1e) wazeiilsidin (¥21)
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Al 4.8 uananmvaiaiidensaanizdruiiiniluvesiiiv (He) wafenlidie (1)
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Y
€W

A15197 4.1 uansrnduyselduussAnsyiSesvs 10 A Wlbuieusswitdsldiivndudeitio

No. Fourier Coefficient
Shrimp swith no leg Shrimp with legs
FDI1 12979 19629
FD2 11367.12 7507.57
FD3 7606.27 11371.61
FD4 3786.76 2764.99
FD5 837.86 3902.12
FD6 1552.66 4747.56
FD7? 2827.74 2758.55
FDE& 2305.20 4049.96
FD9 635.51 2190.70
FD10 1394.55 2211.58
%107
25 .
& a Shrimp with no leg
5 ! = a Shimg with legs ]
25 ->€
3 13} ] r;:' 4
= 11 ks Rome A |
= R
o w
0.5t S ]
P gD )@’gﬂw "
TFEEHE L0« =7
i :%\@%@@ x . . ,
a a0 100 150 200 250

f{umber of Shrimgs

AW 4.11 uananssailannnsmeigadifeunainesuasy

WA9INYNNNSUIAT vector norm W& TAanRaTNLn 1 eieazuadudmiada

W3 (Thresholding) teuensgunafsnidviuisi o
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4.2 MIATFRUITUNAIMAL (Vein)

Tuundl 3 IdeSuneisnnumneuaziendnuaiionziived Texture Measure 619 7
annsadaldanam lunsmeassadddan 9 Ailyusagiiduaesnunldanamanii
s Euclidean Distance TngldAnadsvosderilsiidunanmdsiithanmsurionam 60 am B
Anaduil azunlfidugadredatunmdmaaeudiuan 60 am udsntuasyhmsdiuin
wemAmsalsaniivensuld feitnnsnssasuemugndes (Accuracy Rate)

= @ | Y da v A\ £
MW 4.12 WARINNFI0E WAINEEUNa WY (F18) Lay
nanbifidunanvas (327)

¢

O T
L

N 4.13 wananwegeianiiidunatavas (@e) uas
nanlsifiduna1avids (¥31) nasnvhudsdiuvesnmudl (Segmentation)
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M13199 4.2 UanARALUDIAY Texture Measurement Mieuanilaeinamdentuiiidunansvas
Welfidumsddlunsiauannm

GLCM 0 a5 90 135
Cluster Prominence 9.38e+002 | 9.32e+002 | 9.50e+002 | 9.33e+002
Cluster Shade -7.37e+001 | -7.39e+001 | -7.33e+001 | -7.39e+001
Dissimilarity 1.81e-001 2.13e-001 9.87e-002 | 2.07e-001
Entropy 1.62e+000 | 1.67e+000 | 1.52e+000 | 1.66e+000
Homogeneity 9.39e-001 9.31e-001 9.62e-001 | 9.32e-001
Difference Entropy 4.48e-001 4.95e-001 | 3.02e-001 | 4.88e-001
Information measure of Correlation | -6.99e-001 | -6.62e-001 | -7.79e-001 | -6.66e-001

dlaldadndanmsad 41 uda %é’amnfu“lﬁﬁqmﬁwmmmﬁi'}ssazmagﬂaﬂ il
1nmsiAadEvesrn Texture Measure waafisilaifidunanavdy Wisuidlsufiuen Texture
Measure maqﬁqﬁﬁwmwmaammasﬁa Wi adanfildumdenns et iinssiiion
Texture Measure fimunzaalunsthandusngneddunsdauen Taensifiasuansielud
_ nstitldonnmsmdresmagadaeimagousiuiu 60 aam taeil X unuamdsifidunans

WA 40 1w ey O wnunmieilifiidunalvaadauau 20 aw

- Texture-measurgment

Cluster Prominence -

%

Y I i

. Number ~:. 7

AN 4.14 NSLARIANKART9YDIAT Texture Measure

AAAN LAY Cluster Prominence il ndwmageutiisufuaansda
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AN 4.15 NTMUAAIAINARIUBIAT Texture Measure
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NNA 4.16 NINUARIAWARA1YBIAT Texture Measure
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Texture measurement
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ATNN 4.20 NIVUAAIANNAANIVBIAT Texture Measure
AIAANBIEIAY Information measure of correlation MlanfwmeaauiUiuA18198
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ATNLUBELAYINUY ﬂa\‘imﬂuﬂwmmﬂaaﬂmms"ﬂaamwaam‘ﬂﬂLW@I‘WLUuﬂmeuwlﬂmmm
v Y o
Qﬂﬁ@\‘i%ﬁ?jﬂ mﬂmwmaaﬂmmumi'}w 4.2

a9l 4.3 wansrrugnaeafidininnisAmiuAuvrleadnansigg

Threshold Accuracy Rate (%)
0.001 66.67
0.002 70
0.003 75
0.004 85
0.005 88.33 Ak
0.006 85
0.007 83.33
0.008 83.33
0.009 81.67
0.010 76.67
0.011 68.33
0.012 66.67
0.013 65
0.014 63.33 -
0.015 60
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4.3 ﬂqsﬂi')ﬂaaUlﬂaanMU Qaaﬂluﬂuﬂ

AN 4.21 LanIFa819sIn Wi asnsin

Al 4.23 uansiegasnnidllaudasind@lviegluinu HSV v 3 unu
Hue (418) Lightness (na13) Saturation (2727)
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5.1 a3UnanI15de

manwﬁmaamsuﬂmﬂﬁa% (Fourier Transform) [1] %wudwé’haﬁmawL%'asi'ﬁ]uﬁm'm
annasTauqsums (12 dafulumsussgndlfnuasimeduneySefifesnTausnviniy 3
nsmifinnudidiegesurednuaslngiu daunuiigeaziiuniseluisdnumzvesinglag
aniBon Ssluenddeily dudsedndyi3ed (ourer coefficients) F1wau 10 A1 ey
anwnziay (feature) Imﬂﬂmmﬂ'w vector norm Wau1A" Thresholding 91AN1SVAABING
Usingin A1 Thresholding 7idigariosn 1.3 Feanunsa Aauendailunfuidlifion fussavinmg
1 97% dalisufumsusaiiulagyaaa duitdusnintudhiaaniann manseunam (crop
image) ludruvasdaduluds Fadunsimusveuwaiines Tseraifnanuiiawain sz
Tnessautvesiuiiu varance shape fudureuimnindlionalailamaludiuesdndsiuluwed
fuAUABINS

NPT 4.2 aguiuli Adaudeirgauiothenldifuddauendeifidunarmasenn
nfeitlifidunarmdsiion 0.005 daldmanugniodiliainnisiaugngadia 88.33 % dsludau
amitdauenAneaatiuiaen unanwdsmesiaidideudrsaiann Wewlasnmidunsdiana
(Gray Scale) vil¥enanuuansswesrdimusudunarmdestaliifinaunduiuduniwdeil
fidunanands uaswanismaasafildannisdaueniefifivdandalasnsutasdunud Hsv Tag
Fenunud Lightness iaiunisfauen IafaugneDs 67.67 % Lﬁaamﬂﬁaﬁmﬂﬁanaﬂﬁﬁu
samnannsadnuenldinifeiiiiudenfinfiusiaiana esannel Lightness 7ildiailndiAes
fuAniUdeniivis

5.2 daiduauuy

woairfieguunindanaiuly Tastawgludrursluresiafs ilevianisuvsday
(Segmentation) wéatiu foravilnwiiintududiuuioonin Inesssumivesdsiulivuind
Tiuiuou 9199, 9a3d1 wavthansesjadianusniy vildnsfianeniiannuenn
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Detecting Shrimp with Legs

using Fourier Descriptors

Pannikar Renupipat', Pitikhate Sooraksa®

“?Department of Computer Engineering, Faculty of
Engineering,
King Mongkut’s Institute of Technology Ladkrabang,
Chalongkrung Rd., Ladkrabang, 10520, Thailand
pannikar.r@hotmail.com, pitikhate@gmail.com

Abstract— This research proposes the method of detection Raw
White Shrimp’s leg (Penaeus vannamei) by finding distinctive
structural characteristic (Contour) using Fourier Descriptor in
order to increase the effectiveness of detection. As a result, the
distictive characteristic was sought at the area of shimp’s inside
feature that was able to detect shimp with legs and with no leg
clearly. Eleven values of coeficient was used to explain the
boundary of shrimp’s inside feature. Subsequently, coefficient of
vector obtained from shrimp with no leg was calculated to find
Euclidean vector norm for analysis and thresholding. This
method provided DSR (Detection Success Rate) higher than 90%
from all 130 images used for testing. That might be incorrect due
to the manner of shrimp’s legs that close to its feature leading to
inspection fault.

Keywords- Fourier Descriptor; Shrimp; Inspection; Shape
Analysis

1. INTRODUCTION (HEADING 1)

Shrimp industry is considered to be the important
industry for Thailand’s economy.  The shrimps will be
exported for distributing in international market in the form of
frozen shrimp and processing shrimp. Seven of the 10 world’s
largest shrimp producers in 2003 were Asian countries. These
seven producers - China, India, Indonesia, Thailand, Vietnam,
Malaysia and The Philippines —had a combined output of 6.96
billion pounds which represented two-thirds of world
production [5].

Since the inspection process of frozen shrimp
industry’s QC inspection is operated by visual inspection of
trained experts, such inspector must be qualified specialists. In
addition, there are several subjects for inspection, for example,
the inspection of dehydration at the shrimp’s skin due to
freezing, shrimp’s color change, black spot, and shrimp
amount counting per package. Such inspection is operated to
classify good shrimps out of defected shrimps for determining
the shrimp grade of such manufacturing. As a result, there is a
possibility of having poor quality shrimp or product that is not
inspected. The most important fault of QC in this manner is
inspection process performed after checking shrimp. As a
result, in the event of finding any error with percentage lower
than acceptable percentage, such manufacturing will be
returned giving bad effect to export industry and reliability.

Pimpen Pornchaloempong’

*Department of Food Engineering, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang,
Chalongkrung Rd., Ladkrabang, 10520, Thailand
pornchaloem@hotmail.com

The main cause is that inspector is unable to use
his/her sense to evaluate product continuously and regularly
due to tiredness and influence of usualness and monotony on
working. Consequently, the analysis’s result may be incorrect.
Although repeated inspection may provide experience to
inspector, it can be seen clearly that the influence of usualness
will reduce the speed of analysis.

As a result, from the reason above, shrimp’s QC
inspections and product’s quality assurance becomes very
important. One of QC inspection process is the inspection of
appearance condition. This inspection stage is generally uses
visual inspection requiring large amount of specialists for this
process. However, although it is the inspection performed by
expert, there is possibility of error due to the limitation of
operation performed by human. Tiredness due to visual
inspection of inspecting defect on shrimp’s feature contributes
boredom in operating repeated works. As a result, automatic
QC system becomes one method to solve the problem of
product QC as well as reduce the cost of employing personnel
for shrimp’s QC inspection.

The objectives of this research are:

1) To develop the use of Machine Vision for shrimp’s
QC inspection for Thailand’s export;

2) To test the effectiveness of shrimp classification
from developed system.

II.  PREPROCESSING AND FEATURE EXTRACTION

LCdr. Nikorn Chaichugy [1] presented a method to
recognize a ship on a river by extract 36 Fourier descriptor
coefficients representing global boundary features of the ship.
Tyler Karrels [4] extracted and assign information contained
in images is using Fourier descriptors to recognize shapes of
leaf. L. Xu [7] segmented the image of skin cancer by intensity
thresholding. Zivind Due Trier [9] presented an overview of
feature extraction methods for recognition of segmentation
characters. Different feature extraction methods are designed
for different representation of the characters, such as solid
binary, character contour.



A. Noise Filter

Blurring of the image is to remove noise. Therefore the
image is first smoothed by applying a Gaussian filter. The
kernel of a Gaussian filter with a standard deviation of 6 = 1.4
is shown in Equation (1).
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B. Segmentation and Edge Delection: Canny

In [6], [8], Canny is a good Detection and have a
good localization. That is edge detection near true edge. For
the one - dimentional case.

Firstly, two-dimensional Gaussian Filter is used as
shown in equation (2)

G(i, )= e—[’;j] 2)

Then the position of boundary is able to be found as
shown in equation (3).

If, g—zc;(%j)@@g(x, »)=0 &)
on
It is the boundary
By, _ V(GG )5y =
| V(G(i, )® g(x, )|

When n is perpendicular with the pixel that is boundary

C. Morphological Image Processing
¢ Dilation[2]
Suppose 4 and B are sets of pixels. Then the dilation
of A by B, denoted 4@ B , is defined as

49B=|]4, ()

xeB

This is for every pointx B, we translate A by those

coordinates. Then we take the union of all these translations.
An equivalent definition is that

A B={(x,y)+(u,v):(x,y) € 4,(u,v) € B}. (6)

From this last definition, we see that dilation is
commutative: that

A®B=B® 4 )

e FErosion
Give sets 4 and B, the erosion of 4 by B, written 4, A
© B, as shown in equation (8)

40B={z|(B), c 4} ®)

That is the erosion of 4 by B consists of all points
z=(x, y) for which Bz is in 4. To perform and erosion, we can
move B over A4, and fine all the places it will fit, and for each
such place mark down the corresponding (0,0) point of B. The
set of all such points will form the erosion.

e Opening
Give 4 and a structuring element B, the opening of 4
by B, denoted 4 ° B, is defined as:

A-B=(40B)®B ®

That is, A ° B is the union of all translations of B
which fit side A4.

o Closing
Analogous to opening we can define closing, which
may be considered as a dilation followed by an erosion, and is
denoted A < B:

A°B=(4®B)OB (10)

D. Feature Extraction

[1],[12]That is using analysis for pulling interested
images data to be the form of vector for applying as theinput
of Classifier. In this research, we use Fourier Descriptor
because images of shrimp’s feature inthis research has curve
such curve manners seem to be slightly ,However .skeleton

ferent ondifSpatial Domain. As a result, when the image
groups are able to be classified, it is interesting to analyze
boundary’s data (Contour on Spectral Domain by using
Fourier Transformation Theory for providing the value of
Fourier Descriptor.

ngFor findiFourier Descriptor value, it is begun from

finding the boundary of object’s image. Subsequently, the

pixel of image on boundary will be ordered. Such finding is
calculated from

u(n) = x,(n)+jx,(n) (11)

in the form of Complex Number as shown in

equation (11) because obtained boundary is discrete data. The

pixel needed for sampling is determined asN and coefficient,

as well as N value, is able to be calculated in a(k) Frequency



Domain of u(n) by using Discrete Fourier Transform Theory.
DFT value is able to be calculated by equation (12),

N-1
a(k) =Y u(n)e>™"*"" (12)
n=0

by k=0,1,...,.N-1 called Coefficient a(k) as the

Fourier Descriptor finding. For the finding of a(k) size or the
finding ofComplex norm size, that is able to be called as

Magnitude value, it is able to be calculated by using equation

(13).
|z ] x+ jyl=x* + )7 (13)

E. Euclidean Vector Norm

The length of a vector we®? is obtained from the
Pythagorean theorem by computing the length of the
hypotenuse of a right triangle as shown in Figure 1, For vector
Xuxi> the Euclidean norm of x is defined to be[10]

i=l

12 nxl
IIX|I=(Z[x, |z) _Jx+y Whenever XeC (15)

i=l
A u=(x,y)
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/
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Figure 1:  Euclidean vector norm for 2 dimentional

This measure of length,

lull=x*+ y* (16)

III. PREPARE METHODOLOGY AND EXPERMENTS

In the experiment using color image (RGB) of shrimp
tooken by digital camera in the same environment with the
size of 365x270 pixels, the image was laid on a transparent
acrylic sheet overlaying white paper sheet as shown in Figure
2.

Figure 2: Comparison between images of shrimp with no
legs (Left) and legs (Right)

Convert Color Image to Grayscale

v

Blurring the Image

v

Edge Detection

v

Morphological Image

v

Labeling and Crop Image

v

Feature Extraction

R

Detection Shrimp’s Leg

Threshold = 0.2 x
10°

A

Good

Not Good

Figure 3: Flowchart shows a process of segmentation
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Figure 4: Figure exhibiting calculation process of segmentation,
RGB Image (a), Convert to Gray Scale (b), Finding Edge
Detection (c), Edge Dilation (d), Fill Region (e)
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Figure 5: The images of shrimps after cropped whole shape
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Figure 6: The images were cropped the area of shrimp’s
inside by fix point (246x201 pixels)
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Figure 7: values of 10 Graph exhibitingFourier Coefficients
(no leg)
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Figure8: legs of 10 Graph exhibiting Fourier Coefficients
(with legs)

From graph exhibiting magnitude of Complex
Number on axis y and Fourier Coefficients on axis X, it was
found that the comparison between Figure 7 and Figure 8
shows that shrimp with legs in graph 8 has higher frequency
than Figure 7. Consequently, it shown that shrimp’s image
with large difference of boundary, that was different from
graph 7, had lower frequency. This shown that the boundary
has more curve manner. In consideration on graph obtained
from plotting graph between Magnitude and Fourier
Coefficients, as shown in Figure 7 and Figure 8, by selecting
10 values of Fourier Coefficients, magnitude obtained from
coefficient value at 10 that close to the center. As a result,
when comparing the feature of shrimps, the difference
between such two types of shrimp was not clear.

TABLEI.  OURIERF ABSOLUTE VALUES OF 10 EXHIBITING

OEFFICIENTSC TABLE TYPE STYLES

Fourier Coefficient
No.
Shrimp with no leg Shrimp with legs
FDI 12979 19629
FD2 11367.12 7507.57
FD3 7606.27 11371.61
FD4 3786.76 2764.99
FDS 837.86 3902.12
FD6 1552.66 4747.56
FD7 2827.74 2758.55
FD8 2305.20 4049.96
FD9 635.51 2190.70
FD10 1394 55 2211.58
x 10°
25
© a Shrimp with no leg
9 v < a Shnmp with legs
x
2
s 15 x %
< x x
o X
?_- % %
g 1 ? x & % x
= o x X
g xX x
o
I" X R
% %
X x"
100 130 200 250

Number of Shiimps

Figure 9: Graph exhibiting Vector Norm Calculation



After calculating Vector Norm, we have to select 1 value
for thresholding in order to classify shrimp with legs out of
shrimp with no leg.

IV. RESULT AND DISCUSSION

From Fourier Transform Theory [2], it is found that
Fourier Descriptors have the symmetry around (L-1)/2
positions. As a result, the first half of Fourier Descriptors was
applied. Graph with low frequency explained total
characteristics and high frequency explained the detailed
characteristics of object. This has shown that such image had
angel and edge. In this research, there were 10 values of
Fourier coefficients that were used as Features and applied for
finding the Euclidean vector norm value and thresholding’s
value. From the experiment, it was found that the best
thresholding’s value was 0.2x10° that was able to classify
shrimp with legs and shrimp with no leg. This evaluation
value had higher efficiency at 90.77% which was compared by
humans. The percent error was higher than 10%. Such error
might be caused by image cropping of shrimp’s inside feature
that was the determination of fixed boundary. As a result, the
error was occurred because the nature of shrimp is variance
shape. As a result, the specified boundary may not cut the part
of inside feature to meet with the demand.
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