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Inspection of Cracked Rice Kernels by Using
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ABSTRACT

In this research, computer neural networks combining with image processing
techniques are applied for cracked rice kernel inspection. Histogram and block methods
are used for neural network training and testing. According to the tests, block method of
block-gray-level-difference with 13 blocks and its associated 3 layers neural network
model have the better performance in detecting cracked kernel. The correct ratio of neural
network in learning is above 97%, the correct ratio of neural work in testing cracked
kernel is above 88% and in testing sound kernel is above 97%. The study shows that
neural network with learning and inducting ability is proper for the application of cracked
rice kernel detection.

Keywords: Cracked kernel, Neural network, Rice quality, Machine vision, Image

{ processing. j




_‘_HU'I

It

KRR LB (5 A 2R 2 R A 18 B I 2 6L
(fissure or cracked kernels) » ZUEH —{E 5% 2 &k
R~ WG 2R - SIREBZE - ITRE
KRBRAUZHEETAR o [AECRRIDAE — G EH R
RIS B — IR T 2 EE AR R
FEREAR S BN - SRR B R B R H &
BEHBEAGENEREEFER . B2RNNT
BHGARE BB ERAKEL
KGR R RE R B m i R B E - BEEEE
FAE-R2 AL DRKREBGRARER
HArE AR AL EREAERMTH  EH
TR HKOERHEERK

K E B SRR S — & EA R
B HpBlRZk & 802 B B itEy
N~ FROEN AT RELE B
BESENIN TARERAMENZE - EHEN
FAREERN BB R RT REEEKE
BRI - ST EB BB EIZER  Hlt . ZK
ARG REZE RBEERERE A EE
ENEMGAEE D 2 AEBRABENHE
E o

AMESAFBR B KLEBIR
HomeE (8 1997 ) » sEHEIRHE X
BEY % KA HREISHROTRE - ERT S8
HEABREHERNEEZ2H  EUEE 67 5t
XA E RS KRN BRI BN
o M EEE D PLC 4] MEHEEEK
LS IEHIAR o RETDEERRER -
R R K E IS > BEEBIBOR &
BiE PR S AR R R R AUE AR TR W1
P HBBEZEE o TRZKEFT N sl
KREETKRATE - B H A RS R s R %k
T HE c ERENCHBREATLEER R
H—Es e REEREEET BIRER K2
BHIRE ST » MBS BIRET S BB E MM
A By o A o A SCAITEBRS I R 28
TR R Y AR T SR I T T HTOLE
BREIFEZK o

=~ EERE

Kunze (1980)fF 5245 M K JF 24 /2 B oK KL
N ERFE SIS R 5 (R 8 B2 BRI AT TR iR
R E R R R A8 R LR Rk 14 T AR
Ko MNERILEBERCEE  MEEHH £
BRI IVEW R RE AR - SRR E B
AT R E 0P S VAR gy (o TN
MRS SLEE B A E » KR E B R
[ EA

BR(1981) £R 3 78 3% i S B IR K B R B 48
M o AR T RS ELRR Y B oK SR A M FE 2R B K
HBIE - TR B RRA T ERZA - 1 RALE
WAFRIE % 2R PEARIEEKE o [ A
(1991)BERT T Bz 2 77 1R LA B A T AR R 3
R BHRREHEEER A E MRS S
KERE L T RRAERE GG RE 12%
BRI NG EE » BRAEBEGE > D
S R R R R S R E M o

Kunze £i Peralta (1993)if g2+ H » & H H#Y
BB ET 30N TS KER - BRHBEE
SAE B R A Z B R ER kAR Bk BRE
FERK A &S [ RIARA B L REZHER
MRRRESHEERH - EEAXEEEH IR
MEREEER S A RAZRE - EERETIANF
%% o Stermer ¥ Kunze (1994)% BT —EH &
ROHIRAE » DI 8 4 - EoKRIERE R
—RIF > BRI ET - FERHEFRERK
S REIER > AT SR sk iR E 46
AR B R B o

Gunasekaran et al. (1987 ZZ IR FT YL
T R ORI R ISR - LR EUR Rk
WA B EREE ER /N LB BT TR/
FICAERFORE > ATRED 0% IHH -
Elster B Goodrum (1991)F!] F &8 #8288 /7 S E S
BB ENERERAR -

& (19968 P B8R B e he oK - LAA
IO RERBEARE KRG eRE2
HEFBLEEE - REHT - PIREEE - KK
FTmEEETGME - PR G & KR

—68—



6~ HEHLF - D ARRH T #RAlE
B 67 SREKTPIER K - 882K - BRI - &
KL~ BIOK ~ AL~ BESRBN - ALK
FR B EER R ER 2 B e B A(1997)
DU SGIR 23 AU RL B 5 BT 754706 » BREy AR
TG A B KR ISR B R v e A S - R
SR ERFTCR R BR B 1B M 2 FT 00 A AR K
TS EEL T HtREER B E R
FEAEKA 20 40 B2 FH - BMEMR BT 75
RITOL T AT R EPRALE MR IR R & - R
AT BRAEEEER - FF LT
¢ W RGT T — IR AR RS - A
—EZAE  NE | AR EREA IS R
ZAM BEERBAENSZ-KZ B R
EEF RS EALGRE T HIKEE » DS
Fhr - EPERIEREAS W] E 93% o

HEE

1 fIRRESBEGEZEA - 1997)
Fig. 1 Cracked line searching area (Wan et al., 1997)

BT BA99)FE R THRYIGZH
BB KE ML SRE - BERFRAL AR — J7 i HR 5 HY
& WEREBRAEE 24 B EAREL o ArECK
PEGRU CESZERNEEREARE  KHNEH
AR T 53 5 SR B ~ by~ S AU R ~ SREUKT
wER -~ HEEN - BERBBRERE/ S &
HI6E A Pentium 133 MHz {E A B A - 7F BEEE
K - PR —FRE KA TR R KT 0.098 70 - %
BERY > BIEFEZRE R 80% LA £ o

B S %8 AR # #E (artificial neural network) &
LA B 5 o Y60 B T LA M - BB
VI8 K B 7 i TT 1 R B e AR A i B
BERIThEE » B E MR L B A
B BERE T TE AR RRIRFRE RS BT

ToERNEE  AHERERNERETSE
RIS £ o Liao et al. (1993)F|FR&#81R
BB AU ER L R TR X
b STy YA A A AR = 3 AN A
S8 U RS R T AR - B IR
HEREKRNE 89%LL | REF E KA B 96%
MUk » {2 H Compaq 386/33 MHz {H A & i » 7
FRB G ESETEAIE 1.5 o Steinmetz
etal. (1994 AL &G S BB YIIC 2 R K
B SHREENES - I LIEMRHRE S E o
BB ETHHECEEST  SRIERER
82% o Patel et al. (1994)F| FE 387 & BUE R
RO BE R MSURE < 153 » LA 128 FH KPS FEFR R
HECRREE REAEEMEN 0.0 E 1.0
ZM - BEERSEERAE - B SEREE
T 30 fERSEETE & 1 5k &R - FIBTER
AR E 90% » %] T USDA PRI - &
B N9 BR B LUA [ %8 i A 8 B A B 43 S
Ko IREFIREEERABSEERN -

= RERERTE

PSS CEAS 9 4 P B 3§ Al O G
KRUATREELRIHR  TFHXmE 5B
SR o NI 2 R BGR TR A L B R ©
FBGE CCD — R w] $HBR R HF K AL B9 30 K KL
Hf% » CCD 8 WATEC WAT-202B » fi#
TS 768 x 494 » &5 NTSC /A »

2 BREEIRADHRE (8-

1977 )
Fig.2 Automatic quality inspection and grading machineof
rice (Wan, 1977)

—69—



{8 A 16mm §E 55 < 2 (B % (& FR & Coreco Oculus-
Tex #EETE 640x480 - {f A EE(E F IBM PC/AT
Pentium 133 MHz fAEER » 5 24 MB £31&
8 o O/ B HH{E A PHILIPS 1.3W PL H ¢ o
Mo ARZKREE R 67 5K - 198
28 16.3% » {# 3 Kett Piceter Model L Z&E [H X
AR ET BB AT o K A A O I B Fl R
& K| Neural Works Professional I/PLUS %5 /&8 1
B - CRRE T L EEM SRR -

(—) BRZLK i

KREBABRRBRNZAZRE- (B
KGENESETM - 1994 ) > FEKKERE
RO Ao AR - M e i P A AR
%+ Q0IE 3 AR o A R EGRB AR AR
HARERNGTS A ERY B —REHRREZ
FRZRL AR -
LRIk

PAETTEAHTLIRZEK - 2B 4 AR -
KL IR L B S i o 7 TR SRR B 7E 4 4 A B
FgT o E IR R IR 2 R - AT T
K BRENFRZRAAEC RS PR (B
BN 1997 ) o AXEEUT ARG A2
ZURRE - WA TREEREZ THRX
8 BRI R mERRKZR - X
RLFERR RS ARBIL - RO AR T E5IT
IS = i 0 B 3 O S A0 5 AR » (E 1S IR
BONEAE - N 6 AR - RIS TR
B HBRERE ) BEATAITEAA -

£ TRk E HE R B ERZRK
TR ZCIRECE R 7 R - DEE B
BT 77 B R B R R T AR PR KR - I 5
KBTI 20 FTEGITE 20°8] 40° 2 - I AE
W BHEOLRE IR & E A ST B - 10
8 Fim - BRI AR SRR NI 75 -2 IR L ER 40 G 8 £ B
5% » MAZHR 5 75 R A SRR RS 3 R L ER £
BRSO 2 B AT EUR - B T IR AR
£ CCD VIR & 30 BURKAI R & LG AE
Bk e [ B 2 B v 7 % K s ER R R R MR o3 L
Ko MHETHEBMBE IR -

3 BERRNGEXNEREHAESZFMI
1994 )

Fig. 3 Cracked rice kernels (Rice quality inspection reference
book I, 1994)
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Fig. 4 A cracked kernel lighting from upper right side
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Fig. 5 A cracked kernel in convey belt lighting from upper
right side
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Fig. 9 Photo of a cracked rice kernel lighting from under
right side
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Fig. 11 The rice kernels picture taken area on convey belt
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Fig. 14 Neural network model with one hidden layer
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Table 2 Training and testing results by histogram method
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Fig. 15 Photo of five row rice kernels lighting from under
right side

e T HEAFTANRBERRIF G



—~ [RHRAL 11
v SRR 1-1

)
16 SEENRERNEHEEESE

Fig. 16 Histogram of sound and cracked kernels

160
TERM
140 R ERN 2
120 RN 31
BEE 4
glw -z s
80
E43
i 60
40
20 i
o st T .-
1 6 11 16 21 26 31 36 41 46 51 56 6]
K OB E M
L

17 @ iR E S BihiR

Fig. 17 Histogram of cracked kernels on same column
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Table 5 Training and testing results by block method of
block-gray-level with 23 blocks
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Fig. 18 Curves of block-gray-level with 23 blocks of cracked
kemels
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Fig. 19 Curves of block-gray-level with 23 blocks of sound
kernels
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Fig. 20 Curves of block-gray-level with 23 blocks of cracked
and sound kernels
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Table 6 Training and testing results by block method of
block-gray-level with 13 blocks
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Table 7 Training and testing results by block method of
block-gray-level-difference with 23 blocks
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Table 8 Training and testing results by block method of
block-gray-level-difference with 13 blocks
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Fig. 22 Curves of block-gray-level-difference with 23 blocks
of cracked and sound kernels
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Fig. 24 Curves of block-gray-level-difference with 13 blocks
of cracked and sound kernels
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Table 9 Training and testing results .by block method of
absolute value of block-gray-level-difference with

23 blocks

ZEE | R EE

LU AND>HEEHEE%)] 9833 91.67
1 95.00 85.83

A RAEK S 2 96.67 91.67
i 5 R (%) 3 96.67 90.00
* # 96.11 89.17
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Table 10 Training and testing results by block method of
absolute value of block-gray-level-difference with

13 blocks
= ¥ 2 | W\ 3 n

E VP AN>EEEER)| 9917 97.50
1 97.50 87.50
bR F. PR 2 95.83 91.67
IE 7 F(%) 3 97.50 83.33
+ 3 96.94 87.50
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