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On-line Inspection Algorithm of Brown Rice Using Image Processing

T. M. Kim

S. H. Noh

An on-line algorithm that discriminates brown rice kernels on their echelon feeder using color image processing is presented

for quality inspection. A rapid color image segmentation algorithm based on Bayesian clustering method was developed
by means of the look-up table which was made from the significant clusters selected by experts. A robust estimation method

was presented to improve the stability of color clusters. Discriminant analysis of color distributions was employed to

distinguish nine types of brown rice kernels. Discrimination accuracies of the on-line discrimination algorithm were ranged
from 72% to 85% for the sound, cracked, green-transparent and green-opaque, greater than 93% for colored, red, and
unhulled, about 92% for white-opaque and 67% for chalky, respectively.

Keywords : Image processing, Brown rice, Inspection, Echelon feeder of grain, Look-up table, Bayesian classifier, Color
clustering
1. M E 7} AR Bes 24, A, FWA, 80 24 2 7]
ol 0|2 B A]o] ARgof o] ot 53] AJgE
ST ARG dstow TR mSEtA Al AzZANME SR o L3S Ealo] vty X ﬁg

RAFIL v HFRAY S Falol AR Bl
ol S B 58 Fo) Ak, & AEAEA-H
bl 59 A URIR AT oM HELE
el g2 i vleAlel g vl geis, v
o g, WabEe BE BE 9T & 9k
FAAA @Eﬂﬂ(ﬁmmg 2y Feleld A
% FAAAIR L Aol Bt A7k A 1 Yk FA
BARAE Agsle) Y] Het 54, g Teln 3
g0 FREE FEAS An] Sudd sha gheks
3 A= 9 227t 2 2 YA e elge] wol
I Q3 42k 0 2 Q5] z%ﬂ/ﬂ_dr FAA o] Holz 2
7h Itk AAEA e FAEA] BRIR RE Ao] AlEat
| AARAIE drdih 5, X}%MEXHW] ol el Al

AT etk A Wl 308
Ao Agsel AARE TG TR
B S onlgih
QAN FAAE o §ale] 7Y, A, T8, o
Ao, o] G2 ushe Yo Al FIRYGA A
131 g0nf, A Vi) A, 3, . A o
FERY FO AL BHEE olg] Ao S
N8 AERRIAS ARG, e} AR AT
A= HAAZ o8 7IAH A stel AR}
Fekera el wlget BAT, Wanl, Yul, 245 5
A 5 glov, Yo dv] FWPPAL vERo
U 4fn] 9] AMle] RoRselE R oS8 w2 Relslof 5

T BEFe] e Aow AR

1::0

The article was submitted for publication on 2010-02-22, reviewed on 2010-03-31, and approved for publication by editorial board of KSAM
on 2010-04-12. The authors are Taemin Kim, NASA Postdoctoral Fellow, Intelligent Robotics Group, NASA Ames Research Center, and Sang-Ha
Noh, Professor, KSAM Member, Department of Biosystems Engineering, Seoul National University. Part of this work was done while Taemin
Kim was at Korea Advanced Institute of Science and Technology, Daejeon 305-701, Korea. Corresponding author: S. H. Noh, Professor, Seoul
National University, Seoul, Korea; Tel: +82-2-880-4603; E-mail: <noh@snu.ac.kr>.

138



B A1) W) s sl e Qe
& 574 Alelnt =gk Zlo] oftjel 712] BE FofellA
2-8% 77 ¢lct}(Ballard and Brown, 1982; Gonzalez and Woods,
1960), S5O S5419] 215} ol FRD, 5-
A3l GdAH e 71E Aet AT
W] ZdiEo] grow, AMGHE 2l83ly]o] QltiKranzler,
1985; Berlage et al., 1988; Gunasekaran et al., 1988; Ding et
al.,, 1990; McDonald and Chen, 1990; Zayas et al., 1990;
Miller and Delwiche, 1991). F5E v]A A|AET} QG243
S olgalo] Bfre) Mzt FARel S8 AlelS
Aune ok} prk
Dekker 2} Visser(1988)+= wu]
o} s8], HujE PEE F QeSS stk
o5 wvle] B AEa] Sialol el Ao
ARHFEDE)& ZA}EL T U= AR =
a, J—T%H =5 RO R k0] Fatgks ekl ofof thgh
EFAAL Fele Mg 5o ol8ato] |9l Fev|, Hn]
£ 72 s/g9 AYEEE AHSIGITE Zayas 5(1989)2> W}
0221 AU slal PALLEAE ol galo] 23
o) WA, Eel2o] 5 Jlskerd B4 AAEE Felel B
H7)%] SASS] FHEAS 423513t} Shearer$} Payne
(1990)> 5 Ao} 24 Aol weh sHdE st
7] HSP ey QA Al Eéx% 7ksteivl. HIS 2327
A (b S 87} R LFEa o]Sel vk Al
Eri% A S Eato] Aol Eel sl 22 96%
9} 63%°] AT e BRIt Lee(1992)= 21% At
(W, At 2L, Qoo tigk 7)skets] 54s S48k A
FE] A AI2ES akdth Liao 5(1993)8 2174 3]%
% el 25700 7)2s) e Sl 2Rin Relde
S glRIoR B 5 e A M A2 )
welsick ARSI el SIS G55 el 7
O}ﬂ ol o]l 7133k v A} o1xl(profile shape features)
S< Qlgale] Sae Y 2T BT 3L o9%s)
96%, Het T FAR T S 89%9) 94%2] gt
2 22 B39k Ni 5(1993)8 A W) A8

o18300f S A ATOR A B2 sk

or

r
ul

Eal %’g Eah——g uﬂA]—n] gyg%] A}ygu], Z}A_q%] MISRtE
, Amle] 718k 4w A JRE SAskal SAAR)
0}0‘1 ol52] el FoJst QJIAE A AISATE o]
7HH]—% /\ﬂl:ﬂ O]—J*_y_alzoﬂ _‘I pan :[L}‘q;l% T/H;(«"

2
o

i Mr el oo 26 N KU
ro

—it'—‘
off
Lm

J. of Biosystems Eng. Vol. 35, No. 2.

2 80~95%2] AEYEE HER3lom, 10 F/is2] A¥eE
= Yehslth @A s olgsks A =19 7leket4]
A EAE B2 AAEEE TAol ol &o A HrA g
A wjRoluy AvlE mle] A Feglo] MAYRE
ol-gste] &, MAR], AR, A S AMEe] Tk
=
B R dvle) gkl F9l3

& QA AR sk 37 A
ek 521, 1) ol Fl Aol 54

l
[
o fa)
flo
=
i)
o,
~
do

2
ox
[
il
o
oo
&
ro
)

0
:HH
{1 o

>
o}i

© A 2Ee] A g
a9 19 g2 -‘%éﬁ}%Oﬂ A% é, ERIER e ]
SAYE SHIIA R Y= PEJSEVE}ZVP MZ]E]
O—]

o Bl oleh AT LT el 218

)-SR AT} 7 9ol AXH HG-0 R T4 HrkPaulsen
and McClure, 1985).

rl

S
|o
HU
4 o
~
o
2
%01'
i
2
o =
=
2
[ o



YAHRIE 0lgY Yole 22l BHEY Y?

&)

aM

gl Buol] Aetar ofe] 7HA] AEE Fshs G
AP RE, iii) G Fojubd e o) s 9t
FHFEHS} FHEAR 9t

%3AFe] 8 x]+= NTSC(National Television Systems Com-
mittee) 21 .9} RGBAIZE T2l 8¢ 4= Q1= 2} CCD
7H2HJVC, TK-1070U, Japan)S ARSI O™ AR5
sfsty] flal Fhletel wiEv1E FAelth Ed BEe
gt 2 9] 9] Jee 7] fleto] Aejdaid AHE HAs
S tH(Inoué, 1986).

QA HE= RGB 2] 9] A2 % 2] 2. =(Imagraph
Chroma, USA)E ARE38IoH 7258 NTSCH S
Qleguto} 1280x10249] SIS ZH= 24/16/8 bite] Ae]%
S A3 5= 9t} 8], Iuk VGA 7HEs) Ty s S
O EA -d.L Z $oA FAREE] YdEHo] At
Uk Z8dA= AR 17748 BUEE ARSIl on A5
E]:= IBM PC/AT i?_‘r7]v5—(80486 DX2, 66MHz)& A}-2-3F
o} JREsd 2 gAkAE] HE AZE Y o]Ql Image-Pro(ver.
1.3)9} Microsoft Visual C++(ver. 1.5)2 AFg-3it}

L. AR

Al vo) 4% P} &4 AE] ne ek v
%o 4% Aol nek A, w4, Al e, 4
greol whet sfafgl om TEh AARL vIgiel 4% 4
al

E7h £ 4SS 0 ke RS wah BRYS WA
o o] WAE 20w 57 F Avl7k ©7] A9 )
o s} el 2 L vk FAYL A%, BYol

o, i ol <3 vYEAL AR T AR 4, 24,
= Bo] AAA stk 5
& gojet A B
BR7E REFe WAl v]S wah] W
3ol w2 el of 13 olel 21& Bulglo BT
A H4ES o] A8 208 RE WAl &
A2 sk A, Aep), i 2ol Stk AR )
ol 45271 ol S S AuIglE Wol st a2
A} A o)k e A ABgR|E RRAI: B
HYe Thlo] YAt oRk ot Glort £gsh wn)sh
i e 2Pk At A2 vige AL Byges

S m
ﬂl

BRI VRS BRI G WARA e
22w, Al AR A2 1Y dole] 213 ofste]
e

A3 et sAEEAR EEASE Bl g h?joﬂ
ojetd dule] FE Frkshzdl QoA g
of AEn7} AA sz vlE, = M| AldE ; Xj, s}yﬂ

l‘

o o] Faslth ¥ Aol IRE 499, F
9%, . o, AL, S5, 2R, o, o

140

%, )2 FRaAGOr] 53] BelE o &at Busist oo
o s sl il A HeAR 19961 2
YN SOl 2AE Gelzel TAT A0 BEHE
Folr

. Al 9 Uig

2 ATeliE dole) BRI RN B9 Qo
B FEE 715840 gnsl AP B4l 22}
RS WS daelFS PR 7 FYI] 2
TR AL THSIA YR 22 el 2 7Y F
U2 R 5 9l 99 U SAES SRS BA%
BHS SRS B 1% A2 dste] Avlel FAw
Pol LI QAT DHOR FEH AT WAL BT
sick

VI ol Arlel Lokl FARY SuES )
wat]o] b ol$%Q AV e BAS THTORA
A ol AR S Aokt G5 ek A
St 7 s B dudss dve D19
7] Sl3jo] ARYEE AL OM HWolE KO
Ao} g ow-oﬂ ol g AnE v w}owc()oper
and Berlage, 1986; Churchill et al., 1992).

I E ol g3t 2ol FoRY daelEs B5E 9
FORRE WY FEE AAsh: A 2, G el
v7h w9l 2 3] 9% Avle] A4 dags, P ow
HE AnlE FEjskal F91del daed JRE FE6]
et A9 9gFqs daels, 2ea 9dEqste] 4
= o R dref & o

QF BE B 92 FF i AN teow @)
IS A5 ANYE FRUT AHE AL Avl
PFoziE @ )

[e}
spera) el AAPRE S 19w AFHOw
F2E AMAIAE o] galo] EEA O Hnlo] E9IZ B
Ae.



6:]1‘_1]-4 74 }\ﬂ 01—

s 22}

34 %N RS S8 B et o) 4
5o} 0w F| el AYRAG EejFo] 5o]
itk Fol Aashe ARAS: TelF] BRRAE -
FAozRE Yo Fxfsle] FHH2 FYIL Fyste
2 o] FYYAS £ JeeEe InE FE] A% A
£ ARGtk 39Tl ek ol el Sl
ol ol 5hES Fhileks Hxslel o) kel 917
7 ek ks Sgieh 21818 ekl F9 19 ke

WF RS FESL 221 AHelM Fof A=

AXE FEsl] G 7EES SXE AXteith
I3 2% Eo] 7)3ekHel Zéi%— FEo] S 2713}

Wow 7 71 FHYoe] AT A719) 14 7HH

3 ek 28 9ae 5 vk 19 39 () 2713 9

A AN B el ot TEsjaS thehks 2
o FYP0| 29A e} Teaile] Beelrt Axsh
2% 2 5 oItk meb, SIS FHAES TR
AR AYelgck 220 7 £gole] fwaNg

1 1 201 a0t 401 a01

Fig. 2 Initial image of cylindrical indent singulator.

r
=
1

300

=1
=
T

250

m
=
T

200
150

i
=

100

Vertical mean of intensity
= =
Binarization of STD

0 L L L L L D L L L
1 1o 201 301 401 501 1 51 101 151 201

Horizontal displacement Vertical displacement
(@ (b)

Fig. 3 Detection of horizontal location and the length of light trans-
mission parts by searching the brightness intensity profile. (a) Profile

of vertical mean brightness intensity. (b) Binary profile obtained
by STD(standard deviation) of brightness in horizontal direction.

J. of Biosystems Eng. Vol. 35, No. 2.

D el hlah A2 24 2 1@3 7
o eI HI5 B A IS i
of #RA WG ki LA

o
o
ol
32
T
s
=
o

o 1
i

oM

=]
e o
i)
Y
o
1
olg
OO
12

oﬂMWL FEAol Gl flelA ot & o]F
FA9 MEANAE AESE] SlsiA 2713 &
o9 7k oIR8} EH S o8-8t 3
T} g ol e vt ZFR SRS w4
Feol Wizol thsh BFHAE etHA
= 7“”6#’4 B XP7} A€ EEEE olske] ghollM &
gk o] 3o gtow ®lshk= AdE FEdYge] deow 3t
T, AR LfOV] 13} o]4-H(bisection search)
S o] &3 K(Press, 1992).
Y] Wes AN AT AN T
oo F ulE sk, el ol FAHCRNE A
Ao ANFAN HEoz L olle] RS A
= Aol AR Al AlERE 3] VlekerA <l

T rlo
%Hs«:

4m VB

i

O

.u.;

T

e

1o
rﬁ me
| off o

o m
juks o:i

y_lé
rl

o‘ﬁL
T

2
I
(o
Y

[e:

Ol'

Fl

m= Rl
AHE o]g3to] A 7IRdele] Av]ek RIS A
shaL 7]2ets] el &l {2 gty Avle fe
A2 71k Ulell 17 49F 22 SRS At
Sl tish wigFEe] Rt vy AAE EEEE
Zow #n7t = o gt
Indent Grain

Koo X KoK X X

XKoo X X XK K XX

XKoo X X X X X

Fig. 4 Grid points set up in an indent to find a grain.

. 23 e

table(LUT)g X Eho] H-o] AAIQo] 1140 7 Bisl =
Atk FEoRFEH AAEA] ddT



YAIMEIZ 0|83t YU|9] Qejo] ZYTY AUDES

gostal sl FelAH 9] A SRt WwEEAS
sto] RGB A3t lo] B HE5o] o= Sl X3y
=2 AAsle] 7 A9E LUTY| 7]=3th LUTS 97|12
Zo]7] st & A= 7 RGBEHS 128WHA|2 F4
SF3iTh

n)g] Joe FHAE ARE e v F9w
of fost SYAHE dAste] 11 s LUTE 2HJs}]
et duglEe v ok

roi'

ol-g-sfo] Zt =5l o

e
WIS 53, A5 PPoRY 49 E

HE Ssto] e Feardl sdEE 5t

Q) 7+ 2] AE9 EHEP Ar e AR w1 Fol
A AFHE 2w e 9 vl 23 g5 Al
ab7] flsto] AR F4S AT

hus

() 50 BULAE 3fe] Bl elele]

Tk H&%‘jE& LI EH'&@OH @,%‘?} %Eb
HE A4dch
(4) A8 22l disiA &
8 A7 LUTE ZA3ich
() AAE FeAE™ LUTY 455 Frteb] Slalo] 2
/3% LUTe] 9Jg Ae] i ddq3ts st Selol
ok FFdAstet vl

==R=] o
1‘@15 o

Ol el

% o

AutA oz G tell= 5ol E3heo] Y FHehs
97t i) e
AABAY B8k AA %‘Wl’"ﬂ doe F7I=H
AeIA Bl Ipdotk whebA 2 ATt ZF Sl
Elol] tigh Am 278 355 AA] et v 22
e AR A S FsIth

gk Fel Bl iaiA ofd ARTL e o FE Adehs
71F0 % AuARE ARs Gyt Eeld AlEAdes o
3} 7o) A oj¥tkSchalkoff, 1992).

di2=(xi*p)TY](xi*u) €))
A7IM, uo £= 77t FeAE Y] He e ¢ 32 Eo)
A, zas FEAE W] A BSEo L Attt A
99%] A ek AFAL, 6.63% TGO T AHGS
of ol Az.9) AFA olurt AW e A
o olsh e AL ESHA SHE ARZHE FEO
2 AgHE Az 57h A A olsleld A8l ket
L AEE AR e FesEel et seeE Ak

142

. 09 ST

ArlE el Fagk A= 7184 AJr.eh A
B7F Qlom, MR S APl g Ay A
ske] Aag Fete] 75k 7t FelaE e tigh RIEE ARSet
1, 7]3}:&7&0] OIX]—E— Noh 5(1997)4 oq‘:rLéJ,]M u].ELo
T Ay Pzt el hdatA & 7 Sl 1Y
doje} 3 T12ja i Ae o] gtk IRl 7] A 7}
iﬁ%ﬁ‘ﬂ] gk t’d Oﬂ TEHE R Aol mE S YlA
S QA T]RRg)
MRS ZHae 24
sjo] @nle] Aee] Hee
WHELE A ?_E]{Tou and Gonzalez, 1974).

o

Fl

) rﬂ

A
= WS AR A7 7HW HHO} FARE ehs
7o Mg ok 39l tet] FEUE el
TR 18 59 ()= FATE A =3 wholrh A
T ok Ay HuAQ) FEHe) AENY Zekls
LERge] Fabve] ofst o] FAT waks #Ed - 9
ok 1% 59 (b wUe AElelA 34 mm/sE o]$E wjo]
BEYT 2Rl LEujqle] sfj=re] Al v
2% B 5k T2eu 22 AE Yol GRRE FE
s =l tist YA B S 9k T8
FEo] 7Fsdt 24519 o)$E T 34 mmiso|slr} A Re A
o s ol2X vl &4 Fede] ke A
07 Pt o]FEEE 34 mmsE APk A @ =F

Fig. 5 Original image (a) and image formed by its odd-field (b).



o] 6 mm (Ao % Huj vl 77 FHE 7L F 9le
o2 Ho AEEa-e 28 lsolch

I% 69] (a) ool A YE BEUE At e
FT A|AEloA E55 Aolu] Fgdn 350 A
7} bk Fell A s w4 Qi olu) 9] o]
£ 22 mm/so|th 11 69 (b= I ()8 7 FAR
of tigh Yoz 7ol A2 AAEe Ggo] FHeHA
Ebe At

=3

opr it

k)

O

ﬂJlO ro(l
e
b

.
.
o:’
R

“,
B hd
b3 o' *
el ‘,30' .
= w:“
+
40 .t *
Ty JH———

1 21 H 61 81 104 1 2 4 61 81 101
Longitudinal axis of the kernel Longitudinal axis of the kernel

(@ (b)

Fig. 6 Profile of G values along the longitudinal axis of a cracked
kernel at stationary state (a) and at speed of 34mm/s (b).

H 7S e FH9Y AIAEE o] gste] HEstaat
ol tigh S veRd ol ZF =51 Yol
gS AN FYAHE Aottt
9, APgw], WAm], ofu], njEREE
= el AAFe® FAs A

e b

NS HERo] 717} shy FeaEE Fefdinh ad
b B85 89U E A2 343 9okl Waks el
H BUE BEEe 5 e o] M2

Fig. 7 The image of all kernels to be discriminated.

J. of Biosystems Eng. Vol. 35, No. 2.

oV} ge AR BHRINEL Falol P o] A4
E4o] #Ust oS thest ge 1570 FeirE 4o

st
AC  — vle] FHYY
BK  — #j39]
BO  — ARgv]e] FH9
BT — 239l 3499
R — 589 FHYY
CRH — S0 B0 S0 A 3399
CRT — Saolr] BRSSO A wlso
F499
L — AR TR 3
ST — 3 ) gt 9
SW o — %9 B89
UH  — 9] 339
WO — wAle] F499]
W — Buge 499
WIO — Buge] BEga 3o
WIT — 2ulgle] 53 e

=9 o rRY FAYS Foto] 2 FHAE T
ke 3AE FAst S AAS] Sl% BS s
t}. SASS] FHEA 07 FEAEY] FOAS ARl
HkshE A7t 7k SEAHE iehs WHoE ||
FAH Ol frofst SYAHE Ayttt HE AYE 29
AE]E= AC, BK, BO, BT, CRH, CRT, ST, UH, WO, WTO,
WTTolm, B SeAEe] tidh H7dv= 3% 13 2tk

3 1oA Bz v} o] AR Sl disixl= o
AHOZ #& FRAEE Yepdity. S22 ILS ST} A
AEAo] fAFsk] ILS STE &8k S21AFH CRE SW
oF AAREAJo] FrAkstal R LT} wol At el A A9
sh= ti4l CRH9} CRTE W= Zo] Bl 4 52 57
= vepdck SYAE WTe disix® A2 WTO
S} WITE o] SAHES Fashe Zlo] Agst 5o
2 yhgc) w3k e AE SWE AR elA A9E =
ol o= FAH SWE ERAPE7E sl SWr7LF S8 AH
CRT, WTO, WTT -5l 57 34 317] wo|tt.

X 194 SWel CRO| #747-= H|wshd CRH2E CRT
oA MZ T HlE= YERdth o)L HEe] 38A]F §l
o] z} ZeiAEd thgk WiEREEvto 2% Falelyl Hake] o
T30 7hsslthe Zle vlsith viRZiA 2 wAle g} B
W% ST, WO, WTO, WTTS] HIES FAl 1efgto=
W o) 7hss 1o g ddEd, E393 Adu]E BO,
BT, STE 75w &S 18 o 2771 7hs8 Ao=
btk 53] v Aol Mo 7]51srARl YHE AR

143



YAHRIE 0lgY Yole 22l BHEY Y?

aM

Table 1 Percent classified into the significant clusters from the defined

Defined Significant | BK BO BT | CRH | CRT | ST UH | WO | WTO | WIT Total
AC 92 0 0 0 2 0 1 2 1 1 0 100
BK 0 99 1 0 0 0 0 0 0 0 0 100
BO 0 0 69 14 1 0 3 5 6 0 1 100
BT 0 0 8 66 5 3 3 3 4 3 5 100
CR 1 0 1 2 34 30 6 6 6 10 6 100
CRH 0 0 0 1 69 11 2 5 4 8 0 100
CRT 0 0 0 1 6 71 0 2 1 11 100
IL 0 0 0 0 0 0 93 0 4 2 0 100
ST 0 0 1 0 3 0 85 0 7 0 100
SW 0 0 0 2 9 44 0 5 1 22 19 100
UH 3 0 3 5 8 56 3 2 10 100
WO 0 0 4 3 12 4 19 3 38 14 3 100
WT 0 0 0 3 9 11 3 6 34 28 100
WTO 0 0 0 2 10 7 6 1 7 64 4 100
WTT 0 0 0 2 0 8 0 0 0 1 88 100
SHA] ol 56%% At B s YERdth 92%, 67%, 100%, 100%, 93%2] A==z HHEE|ir). I 2
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Table 2 Classification rates of the rice kernels (%)
1ps"”
Human® SW CR GT GO WO CH Co RD UH
sw® 40)® 83 15 2
CR (53) 20 72 13
GT (61) 85 15
GO (56) 11 84 5
WO (61) 2 92 3 2 2
CH (48) 8 17 8 67
(6[0) 1) 100
RD (62) 100
UH (61) 2 5 93
O Discriminated by color image processing system
@ Discriminated by human
@ Description of the kernel type
sw: sound whole kernel cr: cracked kernel rd: red kernel
gt: green-transparent kernel go: green-opaque kernel co: colored kernel
ch: chalky kernel wo: white-opaque kernel uh: unhulled kernel

® The number of the kernels tested
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