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Abstract

Development of a Rice Sorting System for Fallen Rice

Using Neural Network

Katsusuke NAGATOMO

In a conventional rice sorter, if rice flow exceeds a few thousand kilograms/hour
[kgs/h], the recognition ability of the system is not guaranteed sufficiently. Then, the
neural network has been applied for developing new rice sorter. In previous research,
the prototype system has been developed for the industrial application. However, the
prototype system cannot extract rice from its graphic frame because of the restriction on
frame size. Fathermore, it also cannot distinguish between normal rice and damage one
because of the rice rotation. Therefore, the frame size is enlarged and the compensation
algorithm for rotation is applied to the conveyed system. Finally, the system

performance and effectiveness are shown with simulation.

Key words. Neural network, Normal rice, Damage rice, Rice Sorting, the Compensation

algorithm for rotation



HEN

1. 0000 dobobobooboooogoooobobboooooooboon p1-2
2. 0000000
gd2i00dgooboboodd bobodooooboobbbdoodgg p3-6
2200000000000 0000 bbhbbuoooooobobon pe-7
23 UU0O0OooooboobD obbooobbooooooboobobog pr-8
24 000
241000000000 Doooobbobbbuooodgo p8-9
242 J000o0oOOoO000 bboooooooobob p9-10
3. 00dgd
gd3iagggobobtougood sgooobboobbouodood pl1-12
go3z20ggoooboboooood
goob3zidgobbobooooooobobobboodogooon pl12-15
goob3z22000000 oobbobbbooooooobbobod pis-16
gog33apgbobooboooooobboboobodd bbooooogupay
4. 00
4100000 doobbobooooooobobobboood p1s-21
4200000 O0OooOOLOoO0o0oooobobbobbboooougnp22
5. U0 tooodobbbbuouoooobbbbbtouoooodutp23
6. U0 ODU0O0ooobobbuoooouobbbbbooouoobnbp24
7. 0000 gogogobobbboooooobbbbbouoogd p25-27
goooo



I e

2.1
2.2

ERERE

gooobbobbodoodo o bbobobbooooooobbobbps
goobobbobboduog gbobbbbooooooobbbibp4d

23 00000010000 obbobb bbbobbbooooouobops

2.4
2.5
2.6
2.7

goobbob doogobbbbbdudgooobobbbobdps6
gobobbbotbooooobbuooooobobbbuobooooadp?
gooboboobo bbbbooooguobbbbbooooogn p8
goobobbobbodoooobbbobbooooooboboobops

289000 0Db0bUoOooobbobobboooooobbobobobood pi1o

2.9
3.1

goggobbobbbodooooobbobbboooooobobon p1o
goobobbobbod bbboooooobobbbbbdodddpln

3.2128x 12800000 0O0OO0O0O0 DOUOOOOoOoobobobODbOOdpl2

3.3
3.4
3.5
3.6
3.7
3.8
3.9
4.1
4.2
4.3
4.4

gogobobh bbobbboboooogobbbobboodoodip1s
gogoooboobobo bbobhbobodoooooobbobbbodddpas
gogbobobbouoooobobbobbo bbbbobdodddpl4
O0ooobooboo@ue)boboboobOoonoDbOUp1s
Ooooobobob@uosogubobobobouobouoboooUdpae
O0ooobooboog@u40boobboobooobOodpl1e
goobobbobobodoooob oooobbbbouooogdelr
gogoobooboo bbobhbobdoooooobbbbbododpas
goobobbobboddg bbodooooobbbbbdododp20
gooobobbtododo bodoooobbbbbdoooddp21
goobobbobood bbhobodgoggobbbbboduoogdp22



ERERE

21 dddoooboboobboogoooobbobbbooooooobbps
g 41 0000 bodoooobbobobbogoooobobobboddp1
U042 000000 DOodoboboobbooooooobobobboddp22



1.0000

gobgoooobbogooobobobboooooobbbobbbuoooo
ggooouououooobbbbbbibboboooooouooooooobobob
goubogbbbooobtuoobuobboobboobobooboboobn
ggooouououooobbbbbbibboboooooouooooooobobob
goubogbbbooobtuoobuobboobboobobooboboobn
goobbobobbouoooobobobobbouooooobobboad
gobobbtdooobmuooooobbbooooobobbbuobogao
ggooouououooobbbbbbibboboooooouooooooobobob
goubogbbbooobtuoobuobboobboobobooboboobn
ggooouououooobbbbbbibboboooooouooooooobobob
goubogbbbooobtuoobuobboobboobobooboboobn
Ob00obOoboobbo0Dkke/mOOOOoDOooooooDbO sonooboonbo
0o0o0ooobooboboOdOkke/nDOO0OO0DLOOOODOOODO 90mO0OO
obobobooboobooooboboboboboooobokeniOobOobOonoO
gobobbodoooooobbbboooooobbbooobbooooon
gbobobobobOobooboobDoobobobkgubobbobobono O
0000000k OO0DDOO0o0OooDboobooboboooboobooon
goon
gobmgooooooboooooobboooooobobboooo
goooouououooobbbobbbibboboooooooooooooooob
goubogbbogoobtuogbobuoobboobbooobooboboobon
goooboboboboodd
gobobboooooobbbgoooboobbbouoooobooood
goooouououooobbbobbbibboboooooooooooooooob
O0OOONNOOOOMEgpoooooooBF™Soooooooooooooo
Oo0ooOooooo™®@Oooooo000000o0oooooooooon



goobbbobbuooooobobbbbooooon
gogoboboobbobbodooo1bodoooooobobobobboonooa
Mo O000D0000000000000000000000000000O0
gogoobobbboddooillebbbbb™ooobbobbooooon
goobbboogogobbobbboodgobbugoooobbbbodogo
gogoooooooobbbobbbboboooooooooooboobooboooboob
ggooouououooobbbbbbibboboooooouoooooooobobb
gogoooooooobbbobbbboboooooooooooboobooboooboob
bl NNOOOOoOoobobhbooooooobboboodooooo
gogoooooooobbbobbbboboooooooooooboobooboooboob
ggooouououooobbbbbbibboboooooouoooooooobobb
goobobbob NNDOODhOoOoooooobobobbooda
goobbbobbodooogobobobbooooooobobbood
gogobobobobboooooobobood



2. 0Jo0ooogno

gdddooooooobbbbbbbooooooooouobooobooooo
goobbobobbouoooobobobobbouooooobobboad

210000000 oon

gogobobobbodoooooobbb 21bbbooggooobooboobobood
gbbog21000bobgoboobooboobboobobobooboon
gogoooooooobbbobbbbbobooooooooooboobooboobooboob
goooooouoooooooboobbbbiboooooooooooooon 1
gogoooooooobbbobbbbbobooooooooooboobooboobooboob
goooo
Ug220000ooboobbodooodoboboobboooooonon 23
goggbbbobbodoooogbobbobbboooood 100000 ooon
gdoMmobodgooooboobbbdooooobbobbobooooooo
gogooboooon

0z2i100000000000DOO0



g22000000000000

gogobobbboiligoooobbobbodog 24000000 DbOO0O

goobAddO0ObDooouBbbbooboogoooobocuoooogonon
gogoobobbooobboooedobobbobborFObbO0O0O0oGUUUDOO
goobbbobdHbObObOooooooobbb 1bbobobouooaooon
gogobobobobdooooooobobbbodoob™oboboobbooooobo
goooooouoooooobbbobibbodoodoooooouoouooobon
goubogobbooobboobooobuoobuooobooobuooon
goobbobbbouoooobbobodad



F
il

g2300000010000000040



zoft Excel - §RF{f
(B e REE FTW BAQ FRQ D FHD oW W -18] x|
- : : o= e : S—
IDEE ERY {BERC o-« A&z £ 83 B9 a0 -[&8|H
" - — — =g i |
“MSPZIWC’ -1 - B IH|§E§|§%, AR EAE | DA
K16 4| =
A .. B | ¢ | o | E | F | & | H I=
1 [K:FiE —
2
3| E 24
4 |tERAEE B
B EmdilAEEY B
g % UR i mEn 1
8 ) b g Te; L FEIGIBE) | FIGIE
9 1 464 ao 17 35 HEHE 0311728 0.749502
10 2 377 a2 17 34 FEE A 0.026334 0980863
11 3 494 a3 20 35 HEE 0.33309 0.74582
12 4 53 a7 17 35 IBE A 0.0939401 0923327
13 ] 421 109 18 30 EEE 0.00411 0.99716
14 6 403 114 18 37 WEF 019043 0.848072
15 7 448 121 18 30 EERE 0.145803 08787
16 8 520 126 18 37 HEE 0.003764 0997409
17 ] 378 128 24 30 {EHE 0.610807 0433931
18 10 482 130 17 35 HEH 0.0360583 097245
159 11 548 146 21 32 B 0943773 0.071458
20 12 470 149 22 32 B 0.961402 00458245
21 13 409 162 18 36 B 0674825 0395662
22 14 393 140 24 37 HEE 0.003764 0997530
23 15 421 160 23 32 EEEk 0.950865 0.066617
24 14 23 1549 20 31 EEE 0.0087A7 0993842
25 17 482 173 18 30 #HEE A 0.028675 0077560
Zh 14 363 176 17 36 HEH 0.3371484 0.730074
27 19 444 177 18 33 EE A 0.000698 0995409
28 20 539 180 18 33 B 0.972605 0.036823
28 21 420 201 21 36 {2 0.965473 0.050739
30 22 457 200 18 33 HEE 0.008424 0994326
a1 23 B08 202 16 33 HE A 0.010655 0992201
32 24 389 204 29 36 B 0.998674 0.002594
33 Tl
34 {ms FiF(EE
Jo |iEHE KE] a 24
o6 | TEER G 16 24 o
37 |REJECT i] I 24 =
M« w MM CSY RES £ 4] | LIJJ
|EEomE® - & erw- N NOCEE4 @-2-A-==E0a
S [ [ [ o e

U2400000000

2200000 ugobougoon

gobbobobbobbobooudgooooobobbbbboooogoao

I A A A A A 28 &

ggooouououooobbbbbbibboboooooouoooooooobobb

gobobbbodoooboobbooooobobbbuboo 10000 bbn

gogobbbbbodoodog 1bbdgogooobobbbouoooooon



goooooouoooooobbbobibbododooooouoouooobob
ggooooooooooobbbbbobodddooooooooobobobo
gogbobobboooooobbon

START

o P s s I
o N TR
Bl 7 l—LEER,

FROER 1 71— LI
FAET BEHDAKD 5,
N T e

-\

7 3. |

HKEHIER

=111}
oi

EMND

g25 00000000000 bobn

230 00gonouoon

gogbbz202 d00booooobouooooogobobbbodagd
gogooboobobodoooobboobobboooodn 4000 obo
goobbbbbuoooooobbobbbbbuoooogobbbbooogd
goooboobobobboooooobbobbboooooobobobb 2100



gooobobobodd

2100000000400

goo

0000 O00@O0O000000) | 00O0@ODO0OO0+000)

00000 (%) 65% 65%

24 000

gobomggooobboooooobbbooooobobbboogao
goobobobbobooooooobbobobodad

241 00000000 o

gobobobobboooooobobbodg 2e000obobobobboogg
gogbbbbbooooogb 2ybboodoooobdg 2700godon
ggoboboobobodoooooboobboooooobboobobbbogoo
goggobbbbbodooooobobbobbooooooobbobbobood 10
g 21ex 00 2000000000000 00O0O0OOO0O0O0O0O0O0ODO
goobbbobbouogoogobbobboooooooboo

26 000000gn



27 000000d0ggd

2420 0000000000

gogoobboboobbobbboooooobbooobboboobobobbooa
goooooouoooooobbbobibbododooooouoouooobob
gogobobobobooooooobon
bhbuuogoobobbbosxguuugoboooooooooobon
goboboobbbodoooobbie4abdgooobbbbooooobn
goobbobobbodgogooobbobbl1b1bbbobouoooooon
gooo200dpoboobboodoooobobobbbooou 28000bb
goobb 2900000000 18302002/045000000000000¢0
ggooooooooooobbbbbobodddooooooooobobobo
goobobbobbodoooobbbobboooooobbbobd NNODD
ggooooooooooobbbbbobodddooooooooobobobo
gooooo



obob0oDb D@ LbDOobooooobobobobow ooooo

11213 S| 6 [LC |8 112(3|C|5|6|LC)|8

C
9 .. / 1 9 .1
2

~— | |

\.4
N,

0289000 000000bobboboodg

BERESTEH
300
250 I
200
b ; —— %511
% 150
& + —m— 512
Wl b |
50
0
- IO OO M~ — IO OO M I~N ™~ IO OO M I~
— — N N AN MO MO &~ < < 0 10 ©
ILES

29000000

-10-



3. 0o

goggobobz2p0bbobbbodooooobobboooooobobobobooa
ggooouououooobbbbbbibboboooooouooooooobobob
goubogbbbooobtuoobuobboobboobobooboboobn
gogn

3100ogogouoonon

240 0dooooboboobobbodoooobobobbbooooooboboon
ggooouououooobbbbbbibboboooooouooooooobobob
000 31(a0booboooboobbo0o sy ooboobooobon
goobobbobbodooooobbbbbtbodoooon 128x 128000000

UooboboODbD0216x 3200 128x 1280 0000 0000OOODOOO0O
2Q6x 32000000 obbudoogooboobbooooogoobog
godooooobbob 2l oooobobonb
g

216

128

(00000000000 (O0OO0O0O00O0Ooooo0
0310000000000

-11-



0 32128x 128000 000O0OOO

3200 00uugoougo

gogobbobbbbbugoooobbobbbuooooobbbbbodago

321000 uobobuoon

goobbbobbodoooobobbombbouooooobobobboad

gogooboobobobbodogoooobboobbboooooobboboboboogo
gdd NNOOOoOoobobooboooooobobbobbodooooooboo
gogoooooooobbbobbbboboooooooooooboobooboooboob
gogobobooboogrcbudgoogoobboobbooooooooobooon
oo 33gugoboobooogoooobbobbboobboooooon
ggooouououooobbbbbbibboboooooouoooooooobobb
gogoooooooobbbobbbboboooooooooooboobooboooboob
ggooouououooobbbbbbibboboooooouoooooooobobb
gogoooooooobbbobbbboboooooooooooboobooboooboob
ggooouououooobbbbbbibboboooooouoooooooobobb
gogobobobbodoooobobbbodoooooobobbooooon

-12-



g330b0ooudg

00o0ooboobtbooboboobuoboobboOon(@ 340 0 128x 128
gogooboooon

/7 :
/ﬂ

(@ 0oQo (b DOOOO

98 128 136 136 187 112 76 76 136 0 0 0

() 00000
03400000000

-13-



OO0 128x 12800 0000(C 340000 0bO0bOobOobOobDonDO
godobbbbbdooooobbobboooooooboo
gbobooobobooboboooboxouoboooboooobuobooobo
gogbooosotguodooboobbddooNNOoOoonobbobbogg 35
goggobobbouooooobbon

u
ggooaoo ¢

# i

i=0

T o0oogn
ggoogoo

Slab[JU DO O yes

Vect[CODOOOODOOO

yes ooooOOOog =y

¢
no z = (float)x / 100
ye Vect[]
oooigooooo ¢
% z000O0Ooiooo
izi+1 ¢
i=i+1

g3s5bbbobouougoooobobooobooogd

b0 xxoboboboboboboboooboooooo@moboob =
gooboobo)yhobooboboooboobboobboobboooboooo
Ob0ob0ob0obOoDb =x+(CU0O000 mdSO)UOODODODODODOO
gogoboobboosodoboboobbodgg soppoobobooooooon

-14-



gogboodgggsougggoobobobbobooooooobbobooon
goubogbbbooobtuoobuobboobboobobooboboobn
goobobboboodgogan

gol1obbgooooobbibgmoobboogoo1robboogg
ggooouououooobbbbbbibboboooooouoooooooobobb
goggoboobboogroggoooboboroobbbobbobooooooon
googoobooo

32200000

gobobbdooomuogooooobboooooobbbooog
ggooouououooobbbbbbibboboooooouooooooobobob
goubogbbbooobtuoobuobboobboobobooboboobn
ggooouououooobbbbbbibboboooooouooooooobobob
gobobboooooobbooogoooo

g3e0ludgeodd 3.700g s00d 38 eobbbnouooooon
gooobbobbbodiligogob 20bbodg 30dgoboooboood

B K —EE60

1.8
1.6
1.4
1.2 ==YV yvywwy ) YYVY A

g 1 T - = A +,3F§§|]1
]R 0.8 —m— %52
X 06 %513

0.4
0.2

0 S N Y

— < ~ O M © O N IO O — < IS0 Mo o
- — —— N N N OO »n T T T

ASTES

0360000000000 (@DO e0)

-15-



K —E{ES0
1.6
12 IV :
o 1. > 4= %301
ITROB —m— %52
X 0.6 513
0.4
0.2
0 S S S S S S e e e e |
TYrP 2P e2d RIS LLE
AS5TES
0370000000000 (0O0O 50)
EH K —FEE40
1.6
1.4 ow X
X 2R e\ B R PR R e
12 & 'g'.x'in‘N-‘L.“:""Jl;&i‘ﬂ:- /&A"m‘DA A n
@ 1 ’ > —o— % 51
]Ro.s = %52
X 0.6 %53
0.4
0.2
0 ] e e I I |
- e 2= 3 8 2 385 37 92 2
ASTES

03800000 0Db0OD0O@D 40

gbobobobooo3go@uoooo)y ooobobuobuobooboo
gogoboobbodg e 3sbooudgugooobo 3tguooon
goobboobobobboogooobobbbobdeobbboooooobobo
goobobobobbodooooobbobbbeobbbbod

-16-



3o uouobobouoougn

goobbobbbobbouoooobobbbboogoog3euunnoon
gogoooooooobbbobbbbbobooooooooooboobooboobooboob
goobobboboodgooon

[ START 1

v

gogboogboooboobobon

v

1000000000000 0400n
ggbolioooooog

v

gooogoogan

v

uboodbodbONNOO0o0O0
uboooaaoo

I

NNOOOODOOD
oooooon

ugboooogo

i

ubooodabooooo

gooooo

goboogboboobooooo

)

[ END ]

g3 nuuooouonooobooogo

-17-



4.0 0

gobomgooooobogooooobbooooooobbuoogoa

gogbbbbbouogogbobbobbboddd NNODDoodooogo
goubogbbooobtuoobobuobboobbooobooboboobn
goggoobbobbouooooobbobobbodd

410000

gogbobbobbogoobbooogobbbooobobb 40000 100
gogoooooooobbbobbbboboooooooooooboobooboooboob
goobbobbouobboooobbbbbdogoooobbbobodago
gobooobodb 41@boobooboboobooonD 42O d
ggobbobbooooogobon

G
JLE

( 0000000

N =

() DOOODDOOObOOODDO

041 000000dgon

-18-



04100000000000000000000000000000000
OD0O00OO0OO0ONNOODOOOOOOOOONNDOOOOOOODOOO 8000
00000 300000000200000000000000000000 20
000000000000000000000 41@b)c)(dIooooooo
0 42)b)(c(d0000000000000 8000000000000 O0O
000000060 0000000000000

04100000

000O0@ooon) 2
0o0o0o0oo0 0 200
00000000 0 200
0ooo0oo 60

200000 1.0E-4
0000 000 OBPO

00000*AW ()= -ed¥O ™ + aAWF ™ (t - 1)+BAWS ™ (t - 2)

-19-



(@) 000

() D000

(d) 000

42 00odoooooobn

-20-



(d 00000000 200

43 0ugogogoooood

-21-



420000

g4i10000000goobobboodanbobobob 42000000000
goobbboooooobobboooooooo vswboboooooon
goobbobbbouooooobbobodad

42 0000dd

[ S HE XK
sEk[Lor-xk|[masux][zaex

Bt K 65% 65%

4 [\ 72.5% 72.5%

ggooouououooobbbbbbibboboooooouooooooobobob
gogoooooooobbbobbbbobooooooooooobooboobooobooob
ggooouououooobbbbbbibboboooooouooooooobobob
oo 43b000goobobodoooonobbobbtbooooonoooood
goobbbbbodoooobbobobbodoooooboon

A TP
« REDHE L
» [EiiEHEIE
« T kA
+ EXCEL:~HZ £ SPER ST

o .- )
EfeT—% I
i b 3k #n ¢
I

S{rbi=h45
AE) CmD
WA ER R

-

44 0000oooogao

-22-



SHEREEN

o NN OOOoOobbogooooobboooooobobbooodg
ggooouououoooobbbbbbibtboboooooooooooooobob
gobobbbotbooooobbooogooon

gbbouogggobbobbbooooooobbooooobbobbood
goubogbbooobtuoobobuobboobbooobooboboobn
gogobbbobbodoooobbobobboooooon

oo NNObbooooooobboooooobobbooodg
ggooouououoooobbbbbbibtboboooooooooooooobob
goubogbbooobtuoobobuobboobbooobooboboobn
gogobobbobbouooooobbobbbodooooobobbbodad

gobobbodmobbbgooooobboooooobbboood
ggooouououoooobbbbbbibtboboooooooooooooobob
goubogbbooobtuoobobuobboobbooobooboboobn
ggooouououoooobbbbbbibtboboooooooooooooobob
gooobd

-23-



6.0 U

gogoooooooobbbobbbbobooooooooooobooboobooobooob
gooooooouooooooboobobbbbbbooodoooooooooao
ERERN
ggooouououooobbbbbbibboboooooouooooooobobob
goooboobb 2000b0bobbobodoooooboobboboooooon
ggooouououooobbbbbbibboboooooouooooooobobob
gogoooooooobbbobbbbobooooooooooobooboobooobooob
gogooooon

-24-



/. 0o

[1] 0000, "00—000000000000", 0000, ppl0-18, ppso-
54,19809.

[2] Widrow.B, Winter.R.G, Baxter.R.A, "Layered Neural Nets for Pattern Recognition”,
IEEE, Transaction Acoustic,Speech & Signal processing, Vol.36, No.7, pp.1109-
1118, 1988

[3l OO0, 0000, 00on,ooboO,*0ob0b0dooooooooon
OO000O0oO0ooooooO”, 0 400000000000000, Val.13,
No.4, pp415-416, 2000

[4 ODO0O0O0O,0000,“000000000000O0O00O0DOOO0ODOOO
007, 000000od,Vvol.121, ppl96-205, 2001

[5] Ichiryu,Y., Takeda, F, Uchida, H., Nakahara, M., “Development of Neuro-
Templates Matching Recognition Method for Banknotes’, Proceeding of Student
Coference on Research and Devel opment, 2001

[l DOOO, 000,000, 0000,0000,“00000000000
000000000000 DO ", 0b000000d, Vol.112, pp249-pp258,
1992

[7] Takeda, F., Omatu, S., “ Bank note recognition system using neural network with
random masks’, Proceeding of the World Congress oN Neural Networks’, Vol.1,
pp.241-244, 1993

[ ODOODO,D000,"000000000D0DOOO0ODOOO0ODOOOODOOO
0ododooodoobooooooodr, 0boooodood, Vol.113, No.10,
pp87-92, 1994

[9] Takeda, F., Omatu, S., “high speed paper currency recognition by neural networks’,
|EEE Transaction on Neural Networks, Vol.6, No.1, pp.73-77, 1995

[10] Takeda, F., Omatu, S., “A neuro-money recognition using optimized Masks by GA”,
Advance in Fuzzy Logic , Neural Networks and Genetic Algorithms LNAI 1011,
pp190-201, 1995Springer

[11] Takeda, F., Omatu, S., “A neuro - system technology using bank note recognition®,

-25-



Proceedings of the Japan/USA Symposium on Flexible Automation , Vol.2,
pp.1511-1516, 1996

[12] Takeda, F., Omatu, S., “A neuro-recognition technology using for paper currency
using optimized masks by GA and its hardware’, proceedings of the International
Conference on Information Systems Analysis and Synthesis, ppl47-152,
1996

[13] Takeda, F., Omatu, S., Nishikage, T., "Neural network recognition System tuned by
GA and design of its Hardware by DSP’, Proceedings of International Symposium
on Artificial Intelligence in Real-time Control, pp356-362, 1997

(OO OoO0O, 0000, ‘D000 oooooooon

gubgoobgogboooboouoon, bbb uoobooouodg,
Vol.12, No.1, pp11-19, 1999

[15] Nagata, S., Sekiguchi, M., Asakawa, K., “Mobile Robot Control by a Structured
Hierarchical Neural Network”, IEEE Control System Magazine, Ap.69, 1990

(|00 000b00bDo“0o00o0bo0boboooDbooboooobDooorg
Jooobbodoodoobbiododd pps05-506L] 2002

(1710000000000 C0000DbO000b0bO0o0DbbObOoooDbOoOon
o’ otdodoooooooootdodoooooooogo
U 0O pp53-pps58

[18]Ichiryu,Y., Takeda, F., Uchida, H., Nakahara, M., et.a, “Proposal of a Rice Grading
System Using Neuro-Template Matching Method”, Proceeding of the Knowledge-
Based Intelligent Information Engineering System & Allied Technologies, Vol2,
pp.818-823, 2001

(OO0 o00, 0000, “O0b0dbobo0booooooooooooooon
guoouoobooggr, bobbuoooubbbn 2001 booogoga
0 0O, pp8l-pp86, 2001

[20] Takeda, F., Nakahara, M., Ichiryu,Y., Uchida, H., “Autonomic Neuro- Recognition
Board for Paper Currency”, Proceeding of SPAT2000, pp85-90, 2000

(210000, 0000,0000,0000,“00000DOO0O0ODODOO0O
gooooooonodooooog”, 0 4 i0dodououoono

-26-



000000000, ppl0s-pplos, 2001

[22]0000, 0000,“00000000000000 DSPOOOOOOO
000’ 00000000 SI0000000, ppd87-ppdss, 2001

230000, 000,“00000000000000000000", 000
00000000, Vol.6, pp.283-289,1993

240000, 0000,“000000", 0000, ppl20-140, 2000

[25]0000,“000000", 0000, ppl54-157, 1993

[26)0000,0000,“0000000000007, 000, ppd7-74, 2000

-27-



goog

11000 obogboogn

oobobONNOOOOOODoObODOOoooooOoNNCOO oo oo b
gobobbbobbbbobbodod NNOOObbhbooooooobbooogao
gooobbobbbodgodgob NNOOObDbbooooooobooobbogo 30
gobobbooobbuoooobbbbooooobbboooooobuooao
bbb NNUOOOOooooobooooooooobbobboogo
gogobobbobobbbdoooon 200000 oboboobbooooooooboon
gooobbobbbdooooobb NNOODbbbD 20000Mmbob0b01000
gobobbibtbooboooobbb bbb NNIOooooobooboooo
gogobobobbodgoooobobobb20obbobbobbboooooobon
gooboboboboOOoOONN20OOonDnoo

120000000 ooon

000000000 NNODODODOOOOOoooOoOoOoOoooo 3000000 ooon
O0OOOONNDODOO 11000000000 DO00bOO0oOobOo0ooOoooDag
00000bObOO0o0o000oDobO0o0oo0o0oobDbO0oobOoooDbOOoooDoooDoDao
00000DbO00d0bOo0o0oo0DbOo0bOo0o0bDbO0o0obOO0o0obDbOOoobOoOooDoOoooa
000000 SO Sensoryd [0 0 A Association] [ [0 RO Responsel] O 0O 0 0O [

googobobobipsgy O
\

\?O
>
O

} 1

|

ofe]ele

=

L
REG P

gooobooboostobbobn DbAOO0O000DRO
U 1LAIONNOO
U
goobbbobbodoooobbbboooooobobobboooooobbo



0000000000000 f000000000000000000i%04000

000 kODODiD0O0D0D000000000000wWS00 k1000000
oo kbOooibooboobobooboobobooboooo

iki=ZWk_ljki o100 ok =f(i%) 01.10
]

gdodoooooooooooobbobobbbbbbbooor20oooon
gobobbboooooobboooooobobbd

f(x) = 1 0 01.20

-x+06
1+exp( T )

dbobl2000000x 00000000000 bOo fxyoboobobooboo
gobooTrTibiboooooobbbgooooobbuorToooooobbiboogo
O00Oo0obO0oddo NNObOOboobDboob 130 o7roobboobOoe o
dboboooboobbooobodebobbobObUOUObDbOUObOUObD 1200
ud

DT EAREH
1
------- T=1.3
05 —T=10
—T=0.7
[N L \0 ‘X
-5 -4 -3 -2 -1 0 1 2 3 4 5

0120000000006 000

13000onogogn

O0000OD0OO0NNDOODODODODOOODOOO Error Back Propagationt [ O O O
gogoboboboboboboboobbobbodooooobboobobobobobo



gobobboooooobbbgoooobobbboobooooobbbono
goboboboogd
doboooboobbooobooboboobobyoboobboobogbboobobo
goojoooboboobooboooibooobogjoobbooob b oo1.30
goooobod

0000 E :%(T,--o,-)2 01.30

gobobbbl1bobbdodod pUOd0dO0O000bLbU0 0001400000
goog

1 2
Ep=— Tj- O 01.40
p 2Z(J i)

gobobboooooobbb ebgbbbbbbogoooobbbobbbono
gogobooTobbobobboooooo 3o oooonoboooo

_ _1 2
E—%Ep—g% Z(TJ-OJ) 0 1.50

gooisgoooobiod ebbbggooobbbogooooobbboogo
gotbdouooobbogoooobobbbogbbboogobbboooooobbd
gobobbibgtbiooobobobbbooooooobbd

00 t0oobdobi0 k1000w oboobo koob jboobooboobo

Owi0000Aaw ™ ®HoO003600000000000

AW (1) = €8O +a AW T (t-1) + BAW, T (t-2) T 1.60
O0016000000 ¢” DODOD0O0OO a” DOOOOD B OOOOODDOOO
000&0kOODj000000000000KkO00O0O0OO0OOOOOOOOO

doboooboobobooobobli7a0boboboiypObOO0oDbOo0ObobOOoODO
ud
gooobobbogogd

& =(T;-0%) £ (1%) 01.7a0

00000000IK0 kOO j0000000000000
OKOOOOOOoODoOOoOOo
3 = > Wiktget) £ (15) 01.7b0
m

jm

gobobbimibbodogooobobbogo



goddlebopopoooobobbbbbobobo0UbUe D00 oooooooon
gobobbooooooobboooooobobbbooooobbbonoo
gobobbboooooobbbooooobbbooooooobbbonoo
gobobboboooobbbooooooobobbboooooobbbono
goobobobobobdogdolate Jlo0dooobbbbbooooobboosuuun
o J00O0O0OO0O0OODODOOODOODDOObDOODODbDOObO oSS OObOpOO
dbobooobodobboooboobobooboboobboocrboobopoobO
00000 13000000000000000000000FHAg

(058, -01)

O130adpOOOO

g

1L.AONNCUOOUOOO

goobobboDb 14000 NNCOUOOOOOODDODOOONNOOOODDOD
goobobbobbtodduo 3ggoooboboobbbooooouoboo sogbobbn
gogobobbobbtodgoooobobobbbooooooobooboboog soobbob
goooboobbooz2popoggsobnboggoooobobbbooooooooboon
gogobobobobbodooooobbobbboooooo sobbogooogoobooo
gooobboisoboobboooooouoboboobbtboooooo sogooon
gooobobobb2b0b0bbbdgooobbobobboooooobbono 20000
gooobbobbibodooooo 20000000 000ONNDODDOOOS0x 20x 2
gobobbboddxioboobgddxoobbodooobobooooobgd
gobobiNNOoObotoooooobbouooooobobooobbboogoo
gobobboooooooobbbooooobbbbooooobbbono



gobdobbbbotooooobbbboubiboodUNNOoboobbooogo
gobobbbotdooooobbboboooobbbboooooobboond
goobobbobiledodoobbooobbbobbooooooboboobobbooobon

gobobbbobooooobbooooobbbuoooooobbboog 17
goog

[73?1&&@_ }
2
I e
) ——
i i
i i R .
() : ; cle | B
A O O T
DN

AT HREE HE
(AT aUE : 80)

U 140NNCOOO0OO0OO0

[ 7 A 2 e ]
PR
O 'S
O 'S
O ' . E i HE
* © © ?ﬁ%?k

AGIE B0 HREE ED HAE (@)

0 1500000 NNCOOU



Hode

LDATAL
wLAEL
-I':l

Offline mo

Uleddnonooono

alab Value

de 1

Com= 0 o o o e e g I Y S e Y e O

1
1
1
1
1
21
31

e e ) - e

Ui7000000o0ogon



goobobbobooobbobbboooooob 20000oboboobobboooon
googoobobbooooobbboboooobobbboooooobbbooo
UONNCOUOUOOODODDOOoooooobbobbodoooooooooooboo
gogooobboobboodgg3bobbobogooooboobbbooooooobon
OO NNCOOOOObDbobD1i8sbooooooooobbbooooooooboo
gogobobbobbtodgooooieonobbobbobbbbbooooooobon
gobboboooooobgooooobbbooobobbbooooobbbono
goobobboONNC OOODbbODbObbOoooooobbobbbooooooboo
goobbbbogoooobbboboooobbbboooooobbbooo
gobobboooooobbboooooobbuoobbooooobbbono
goobobobobbtboz2dd0 NNOOOODDODOOO0o01000gooooboon
gobbobbbodogoobbibiUONNIOObooboooooooobbbooo
gogooboobbodgo 20bb0d0ooooobbobbboooooobon
UOONN2ODOODOOO

A fmEsg

BB H + TRk

oood 18ONNCUOUOUOODOOOO Db 1ouuugoooobobobboodgd
gobbobobbuoooooobobbbbud bbbooooooobooo

1.50NN1O0O0O0O0

goobbbbriobbbouooooobbbbbddgood NNIOOooDoo
goobobbobobboboubilinobbodoooobbobboodgsoubbon
goobobobo2000000d0gd 10 NNOODDLLOoooogoooobon
NNDODODOOOS0x 20x 1000000000000 00000OO0O0O0O0O0O00O0OD0O
goobboboodabbobboobbbbbood 2b0bbbodogooobob
goobbbobbodooobbbuoooooobobobobboooogooboobo
goobbbobbbbodooooobbob 1" obobobbooooooobon
goobobobo oo gbbbbbuooooobbbobbooogooobon



gogooboobbodgoooobobboobbobobboooooor oo
gogooboobboobdgoooobobobo 17 bbobboooooooboon
gobobboooooobbbooooooobbbbbbooooobbbonoo
gobobbboooooobbboooooobboobooooobbbono
gobobbooooobboboobbbbooooobbboooooobouona
gobobboooooobbboooooooobbbbooooobbbono
gobobodooobobbbtbooooobobboooooobobboooooono
gobobboooooobbboooooooobobbboooooobbbono
gobobbotooooobbbuooooobbooooobbbobbooo
gdnb 11200004



IS

——m mm mm mm mm mm Em Em mm E Em

f‘- Y
VAVRBE » aenFrTL—b1 oY

O :
O .
1 . O 1
1 |
o)/ \o |
1 |
1 . 1
1 . :
1 . |
: : : HF L~k e R e
1 X I O K R HY N
— . :
1
' : : LS\ES
* - X . A
I B I O R & HRs
: —a—aFr>tL—FN :
: O 0 ! ot— |
! O Q !
s mal | [OF—
1 1
N Q Q !
O 1100NN1O0OO0OOOO0ooooooogg
FE#E
CAVEE S eIk
: Q QO I
i Q O :
\ . : o
1 * * 1
' O Q ! £F2FL— b
- | oRmERs | 7| BENE
| BERTLFL— b !
| 1
* 1 o O 1 L' [P
: O O ! 508,
—! - | o DR H
1 . * 1
; :
. |ol/ o ) o |

U 11100000 NN1ODoooooooobood



A 00

ERERN YES gt Moooodoooon
U
goooo MAXOOOOOOOoOOjmoooo

U bobbbodoooobbbbgoooobobboooooon

gooobgo gooooog

HRN <D END >

U 1.120NN1OOO0Odd

1.60NN20O0 0000

goobbibb 11300000 0ogobbbbbdodood NN2Od0gdnDon
goobbbbbtoddud 114t bboooogooobbobosoggnnon
goobobobo20b0b0000dgd 20 NNOODDoOoooogoooooo
NNOOOO 50x 20x 2000000000000 0OOOONNIOOOOODODO
goobz2000000obbobbbddogogobbbbbdudoddl NN1LD
goobobbobbooogooobobobooooooobobbbuoooooon 2
goobbbbodooooobbobbooooooobobboooooboobo
goobbboboggobbbobbuoooooobobobboooooooboobo
googggboobobobbbbbobobobbbboboobooo* 1> 0booo
googogog® o gogogooooobbbobbbbobbbbbboobboon
gogoooogoogoo®* o bbgoooboboo®* 1" dgogogooooon
goobbobobbodoooobbobobbbodooooooooonoboboobboan
gogobboboboogooooogoa* o bbobobbbobooodg* 1> 0bob
I T A i
gooogooobooo® o" ooboobobbbobbbbobbbbbbboobboon
gogobbbobbooaubbobbuoooooobobobboooogooboobo
googoobbbbbuoooouooobooobbbbboooogooboobo



gobbbbbgooooobbboooooobbbooooooobbbbonoo
gobobbbooooooobbbooooobboooooobbuooooo
gobobbotooooobbbgooooobbuobbooooobbbono
gogoogobooboboboogoboooboobobuoobbooboobo
gooobbobbbodooobbbtbddod 115000000 oONN2000B
gobgoooobobib NNDUOOoooobbbooooooobboooo
gobobbbodooooNN1Iddoooobboooooobbboooobobn
goggogobooboboboouoboooboobobuoobbooboobo
ud



; —a—ar HE]EJ;L'*' N
. [OR O =
I Q O :
1 : . 1
! :
T PSR |
: HES 2= |
i !
! 1
1 1
' ! £7¥ 7L~k
() ! | Y Ll
] 1 1 )
: ' Hf 2= k&
o I ! HA2Z=>
* ! ! KRG EE A L.
! Za-HFPYTL-FN §§;%§%§
1 J
| QO QO : |
oo et ! ]
: I . QOf
y O O ;,'
0 1.130NN200000000000000
< R 2 2 Bk P L— b \‘.
: ki HE ==
1 O o 1
I O O :
I . _:_"
1 1
! O O ' —-
- Hogamy b | EZ TP e mR
| gExFLTL—| !
. | | B Z= = I
* QML ' HEA = >
01V S] e RLeLh
; . Ql o bhEE
"‘ O O i, O——I

U 114000 NN2OOO4Ooooooooogooadg



3300000000

YES MOOOooooooo

o000 |MAXOODOOODOooooboobooojmmoooo

guoooobbbobgoooobbouoooobbbboooooobbn

guogoobbtoogooobobbogd

END

O 1ASO0NN2 000000



3300000000

200000 ggon

gobobbooooooobbbbooooobboobooooobbbono
goblgooobbgooooobbboooobobbooboilioooobboooo
gobobbbliooobbbooooboobbbuoi1looooobboogo
gooos-uggogoooobboooooooboobbbodooouoobooobo
gobobbogoooooobbgood
Ui 2560 0dooooboboobbodooooboboooboood
20 bDoooooooobobbtodoooon
g3 booooooobooobog 2o0bo00d
gobobbbogoooooobo* 1 ogbooobd
gogoobobobbooooooobooboob* oo boooon
oo 1" oo b oo ooooobobobbboooooon
gobobobooogoooo
gooobooilioboobobodooo s-uggogobooobmoboodg 1000 100
gobobbbooooobboogd
goboobboggoooooo
gooobof 17 oooboo
gogoooooog* 1 gbob s-ggubbobbbooooooboobboooooon
gobboooooooobbooobbbbooooobbbooooobbooo
goboboboogd
ooos-0ooooo®ooo100000000000000000000000
gobobbbdooobiliooobbodogo
gobobbboooooobbbbooooobbuooooooobbbono
godb 2100 230000 bobbbgooooboboobboooooonD 21
gdbodooooobobbbodooooobb z2200bbbdooooboon
gooobobobb 230000



340000000000DO0O0DODOD

ooooobodgd oo

obobbbooogooobbbbboooooobboboodgg 100
0210000001

obobdobbbodboooouoooolromboobooobbobb 200
022000000 2



340000000000DO0O0DODOD

/]

gooobobd

i i

gobobbbodooooobbuoooooobbbooooobob 100

goobobobobbodooonob 20000bobobbooooon 30d
g23000booo 3

U 02100230000 000bbodgoooobobbboooooooboon
gobobbodoooobblibi1booooobobbuoooada



	Šv”|.pdf
	Development of a Rice Sorting System for Fallen Rice
	Katsusuke NAGATOMO



