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ABSTRACT

By near-infrared (NIR) and image processing technique. the ok jective of this research is to establish u prediciion
model from five varieties of paddy rice grown in Taichung District A zricultural Improvement Station and harvested in
the summer of 1997, 1998, 1999 to classity the paddy rice also grow n the same improvement station and harvested in
2000 summer.

The original spectrum between 1100nm ard 2300nm. from near-infrared analyzer treated by first ditference
method and analyzed by Principal Component Analvsis (PCA). The projection values on the optimum principal
component axis were input into backpropagation neural network for training to find the prediction model. The
characteristics of image such as area, perimeter. shape factor, the ratio of area t perimeter, the maximum width, the
maximum long axis, average color value of red (R), average color vaiue of ereen (G), average color value of blue (B).
and the value of widths along the long axis were divided into 30 divisions of each paddy rice kernel. These data were
normalized and then input into backpropagation neural network fo- training to find the image prediction model.

The average classification rate is 94.7% with standard deviation 2.26% by the near-infrared model, and the
average classification rate by the image processing model is 94% vith standard deviation 9.97% for 60 parameters,

90.2% with standard deviation 12.34% for 43 parameters, and 78.5% with standard deviation 29.84% for 6

parameters.

Keywords : near-infrared ~ image ~ artificial neural netwcrk ~ model
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# 1 1997 ~ 1998 ~ 1999 & 2000 F— g2 g 4 sh g E X D4k Af A 3L

Table 1 Trained samples harvested in 1997 ~ 1998 ~ 1999 and 2000 summer for

near-infrared model

. # A a9k
S 1 A
1997 199 999 000 Toal No.
8 FAL
20 9% A A A ,,
. 30 30 30 30 120 1-120
[ainung Sen
20
& Al
]O gl}{; ~ - o] ~
o 30 30 30 30 120 121-240
Taichung
Sen 10
N ég 17 gk
GROTH 4, 30 30 30 120 241-360
laimung 67
E é'r{m U}E
| B84 30 30 30 30 120 361-480
| Taikeng 8 o B N
Y : :
g e 30 30 30 30 120 481-600
laikeng 9 | R S _ ]
S RY ;
o 1350 130 150 150 600
L ol




# 2 1997 ~ 1998 ~

1999 & 2000 4 — Az i 4c b3 X Bim aAf R 3

Table 2 Validation samples harvested in 1997 ~ 1998 ~ 1999 and 2000 summer for

near-infrared model

~1997 1998 1999 2000 R R
- Total No.
5 AL
20 68 66 67 70 271 1071
famung Sen
20 .
4 AL
10 % , . "
o 68 68 64 68 268 272-539
laichung
Sen 10 -
& R 67 3% 66 65 67 69 267 540-806
Tainung 67
s 5 gk
GRS B 68 68 70 68 274 807-1080
Taikene 8
Py Prl g B
GG 69 67 67 68 271 1081-1351
_taikeng 9 - |
TS
e 339 334 335 343 1351

ol
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Table 3 code of trained set and corresponding output of near-infrared model

BlE &R SoiE B BRI EA
code of trained set Varieties Corresponding output
{5\ ‘%\ i UJC
1-120 RAR 20— 0 0 0
Tamung Sen 20
L g £, "’E‘
121-240 & 7410 5% 0 1 0 0
Taichung Sen 10
L® 07 gk
241-360 5 R 67 5 0 0 1 0
Tainung 67
A_\ o
361-480 8% 85 0 0 0 1
Taikeng 8
/6\% d UJL;
481-600 L9 0 0 0 0
Taikeng 9
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Table 4 Trained samples harvested in 1997 ~ 1998 and 1999 summer for image model

1997 1998 1999 s 3k
Total No.
I 88 ol
&) Rﬁll‘ 20 5}1% B i
. 25 30 30 g5 .
Tainung Sen 20 7 2 85
&AL 10 3% . )
25 30 30 5 -
Taichung Sen 10 7 ) 8 86-170
&8 67558 . ) -
25 50 3 5 23
Tainung 67 > 2 30 - 8 171-255
L5 Q o
S8 I 25 30 30 8s 256-340
| TJakeng 8 |
L 59t . ]
| Jakeng 9 |
‘ 460 4 *
s 150 150 425
\ Jotal | )




#5 1997~ 1998 & 1999 £ — iz B4 X nEm b R

Table 5 Trained samples harvested in 1997 ~ 1998 and 1999 surnmer for image model

: 1997 1995 1999 o ik
k» ) Total No.

é %{;ﬁd’ 20 .‘5’)}% - .

25 68 67 160 1-160

i’j‘ainung Sen 20 : 6

& $ Al 10 95 - .
. 20 68 70 164 161-324
 Taichung Sen 10 ) ’

el W . _ i
N 25 67 67 159 325-483
Taimung 67 325-483
. BARB i | |
T 25 68 70 163 484-646
| Taikeng 8
| BRI - ,
| BRI 25 67 68 160 647-806
' Taikeng 9
\ 48 F ,
T 126 338 342 806
fotal
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Table 6 Code of trained set and corresponding output of image model

| skt St 1 FE6Y B ARHN 10
code of trained set Varieties Corresponding output

L ¥ 1) 5
185 5 EAL 20 3% | 0 0 0

Tainung Sen 20

SdA10%E T

Taichung Sen 10

&R 673

Tainung 67

L£4F 8 5%

Taikeng 8

540 998

Taikeng 9
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Table 7 The sample size and code of prediction set of irnage model

Bo¥id #HE ElE&:E -
Varieties sizet code of traincd set
L & L
& R Al 20 3% 100 1-100
Tainung Sen 20
PN g
i =] ‘?ﬁhlo L 98 101-198
| Taichung Sen 10
PN b o
o 67 3% 99 199-297
Tamung 67
512 83K -
GH 8 % 98 298-395
Taikeng §
2 £3 O,
L9 5 98 396-493
Taikeng 9
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Table 8 Classification rates of NIR model

A% R kK
| Model 1* (%) Model 2 ** (%)
4 EAL 20 38
Tainung Sen 20 — 940 I1 4
& P44 10 5%
Taichung Sen 10 98.0 94.4
LB 6T 3%
Tainung 67 96.0 9.2
57 858
Taikeng 8 9.1 9.6
547 95% 9
| Taikeng 9 93.1 92.7
FHEAE
Average 95.0 94.7
classification rate
1R £
Standard 2.02 2.25
deviation

Notes(21) © included the paddy rice of 1997, 1998 and 1999 with 7 PCA projection values.
X £,35 1997 ~ 1998 40 1999 FKAE A2 T ¥ i b2 3% 3518 -
* X included the paddy rice 0f 1997, 1998, 1999 and 2000 with 7 PCA projection

values.
X % £,4% 1997 ~ 1998 ~ 1999 Fv 2000 kA& L e 2 7 ¥ sy dh2 1 3544 -
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Table 9 Classification rate of NIR model to compare with Chang et al.(2000) model.

T

5@@@ ifﬂ??ﬁéi&‘ M*i‘? ifl”(o/) M*j slhz:zo/
model ** (%) odel 1 (7o odel 2 (%)
& BAL 20 3%
Tainung Sen 20 9.8 94.0 97.4
4 +4L 10 3%
Taichung Sen 10 86.0 98.0 94.4
&R 67 5%
Tainung 67 100 96.0 ] 96. 2
&R 8%
Taikeng 8 100 93.17 91.6
AR 9%
Taikeng 9 98.5 93.1 93.7
R VIES 95.9 I o7
Average )
STD 5. 91 202 2.25
Le 0.268 0.402
L t-value .
; i
- Theoretical fo 252 57%
| t-value B

3(Notes) © ok & & T2 R 4 4 B ¥ £ A (significant) «

% sk with 3 principal component axes (3 ¥ A %" #4)

I8




# 10 S5k F AQ000)2 3 fr Sh A8 4B A F* 2

Table 10 Classification rate of NIR model* to compare wih Chang et al.(2000) model.

7R & A(2000)4 K,

A — A=
Chang et al.(2000) . )
model (%) Model 1 (%) Model 2 (%)
& RAL 20 3%
Tainung Sen 20 9.8 96. 5 98.9
&AL 10 3%
Taichung Sen 10 86.0 91.0 94.4
5k 673
Tainung 67 100 97.5 90.3
CES
Taikeng 8 100 79.6 83.6
£ 9 5%
Taikeng 9 98.5 80.3 87. 1
4R & %5, g 9.0 0
Average
R E
s 5.91 8. 61 6.0
L 1.32 1.05
t-valuc
- EWmUME
- Theoretical to0m5=2. 57
_Uvalue

:E(Notes) © k39 3 o bzt

L 27
X ¥

* with 3 principal component axes

19




# 11 NIR 5B X — ¥R AR H

Table 11 Number of kernel by Classifying error in NIR model 1

748 %-$:(7 parameters)

¥ A A A 5 48 2 FA L (Error by number of kernel)

SRALZ205E & PALI05E | 667K 5/ 8 5% &2 9 3%
Tainung Sen | Taichung Sen | Tainung ¢7 Taikeng 8 Taikeng 9
20 10
é %‘ﬁd«l 20 g’;{
Tainung Sen 12 0 0 0
20
& 410 3%
Taichung Sen 4 0 0 0
10
£ 8 67 5%
Tainung 67 0 0 3 5
_ . N l
512 8 3%
Taikeng 8 0 0 13 0
"fi 729 5E N
Taikeng 9 0 3 6 5




%12 NIR &7 X, — PRk

Table 12 Number of kernel by Classifying error in NIR modecl 2

7 181 %34 (7 parameters

IR AR A 48 2 FA$1(Error by number of kernel)

SEM0 % SPA10%| SROTIHE | £8% | @K
Tainung Sen | Taichung Sen | Tainung ¢7 Taikeng 8 Taikeng 9
20 10
& EAL20 3%
Tainung Sen 7 0 0 0
20
&AL 10 38
Taichung Sen 15 0 0 0
10
LR 673
Tainung 67 0 0 2 7
512 8 5%
Taikeng & 0 0 23 0

612 9 9% ‘
Taikeng 9 0 6 2 | 9 \




# 13 ARE A S SRR S SN F B E (%)

Table 13 Different image parameters effecting classification rate of paddy rice(%)

FUEE 1997 ~ 1998 40 1999

P K423 2000 £ 5748
o assifvine . dv
Validating 1997, 1998 and 1999 C1”51ﬁ““~ri20()eog/oy)ear s paddy
year’s paddy rice (%)
BN 60 13 6 60 13 6

Input parameters

& EAL 20 3%
Tainung Sen 20

98. 1 98. 8 97.5 100 100 100

4 AL 10 3
Taichung Sen 10

98.8 100 96. 3 100 100 100

& R 6758

Tainung 67

88. 0 91.2 89.3 93.0 76.0 29.0

548 8 3

Taikeng 8

76. 1 76.7 71.8 7.0 77.0 91.0

548 9 9%

Taikeng 9

90. 6 98. 7 96. 9 100 98. 0 73.0

1428 %
TR g 93 903 | 940 | 90.2 | 78.6

classiiication |

rate

RIEEE

standard 9.22 | 9.80 © 10.89 | 9.97 | 12.54 | 29.81
~deviation - : - - ! N
C (tvalue) L9800 144 | 1112

it 1A

l”"Thcurtlical t-value

o
[§S]




SoAb 0 TR F R 60 it h 9% 0 BB ES 0.97% 5 43 Sk 902% - 2E
fa £ 2 12,54 16 4dim 2 78.6% » 12845 £ A 29.84% < T LUA i 4L3E AR A FRRIEE A K
2000 &4 518 548 b 60 4 $iiafo 43 S34a L AEEF) 00000 b oY EaE 5 MaE X487 1997
1998 #v 1999 445 5 A& sbAE £ 60 ~43 Fo 6 S$04a F A5 E 5] 90% A Loy EEE F « fLAE KX TR
] 2000 2 SARAEH] b o B RIE S A000)3 35 A A 43 AR RARR] S FEAAG DA

TR A3 E g 6 2R G £ H 5] BiE 12.54%F0 29.84% o 425 FdH S8

AD sEARMR Z AR 0 & B 67 R04ER] R 5 A4 93.0% E 5] 76.0%K 29.0%F & 0 b 4
YA FRAER] - R 14 RIS RE 16 B ARSI RELIZE AQ000) 448 B 60 {8441~ 43

B4R 6 AL E LR b8 H UERE LAV LA ABB R AT E A £ B4R
B topes=2. 57 ©

w17 £ 1840k 19 PE S » RAGHILBRFIHEFREKR > LEAESE 67 v
L7 8 LR AARBANEARARE » w0 60 2HmATE B 6T 354 TRHALHA AL
B8k MER S IA B ABALRAAE RT3 43 28mig - S K 673574 248
HARLWEP A LB M40 83y DAL IRAALE 6T 5 sob 65 9554
DA ARLEA A S B 6T 6 2t § B OTRRE Tl A ARLBH A EE S
LA 8 A ARSI BE L 67 35 - | AR S LR 93 - 648 9 354 21 {8
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_Table 14 Classification rate of image model of 60 parameters to compare with Chang et

al.(2000) model.
S 60 %-$1( 60 parameters)
Tz 1997 ~ 1998 £ 1999
FERE A(2000)4 5K kSR 47 2000 #5u4E
Chang et al.(2000) |Validating 1997,1998 and| Classifying 2000 year’s
Model (%) 1999 year’s paddy rice paddy rice (%)
(o)
L EAL 20 3%
Tainung Sen 20 9.9 9.1 100
& PAL10 3%
Taichung Sen 10 9.8 9.8 100
£ R 67 %
Tainung 67 94.6 88.0 93.0
5K 83K
| Taikeng 8 79.6 76. 1 7.0
5H 9%
Taikeng 9 94.6 90.6 100
T 34 % N
ISkl 92.9 90. 3 94.0
 Average | .
G A -
5 9
s B e S
| L 1,770 0. 742 |
1 t-value |
| }\g)/\T L W
| Theoretical { toms=2. 0T
_tvalwe | ]
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- Table 15 Classification rate of image model of 43 paramet:rs to compare with Chang et

al.(2000) model.

43 %-$( 43 parameters)

ExsE 1997 ~ 1998 F« 1999
SREA2000)4 K, FoufE 425 2000 448
Chang et.al (2000) |Validating 1997, 1996 and| Classifying 2000 year’s
model (%) 1999 year’s paddy rice paddy rice (%)
(%)
& EAL 20 3%
Tainung Sen 20 100 9.8 100
£ ¥4 10 5%
Taichung Sen 10 9.8 100 100
SR 6T
Tainung 67 86. 9 91. 2 , 76.0
&4 8 9%
Taikeng $ 79.6 76. 7 71.0
647 9 5% 90. 2 98.7 98. 0
Taikeng 9 o
S A S
FERE 90. 7 93. 1 90. 2
.-X\:g;]"agc
 ERRE
o sm R B =
{4
L 1.182 0. 160
_____ t-value
SEE I
Theoretical towses=2. 57

”71:7\"21 lue
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: Table 16 Classification rate of image model of 6 parameters to compare with Chang et

al.(2000) image model.
6 %-#¢( 6 parameters)
A g 1997 ~ 1998 Fa
7R A(2000)# 5\ 1999 #su48 1 X427 2000 #u4E
Chang et al.(2000) |Validating 1997,199¢ and| Classifying 2000 year’s
model (%) 1999 year’s paddy 11ce paddy rice (%)
(%)
& EAL 20
. . 0
Tainung Sen 20 9.8 9.5 10
S TAIL0 % 93.7 96. 3 100
Taichung Sen 10
8 % 67 Be 75.5 89. 3 29.0
Tainung 67
54 8 3%
- i 71.8 91.0
Taikeng 8 03.2
L4 9%
- - X 96. 9 73.0
Taikeng 9 914
IR E 1.9 90.3 78. 6
Average
BERE c
10. 89 29. 84
s 17.94 - :
i 2.53 0.235
. twvalue
it A
Theoretical temes=2. 07
| t-value
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Table 17 Kernels of Classifving error in image model of classifying 2000 paddy rice with

60 parameters

B 60 18 4 #£(60 paramete-s) 1
3R A i H A S0 48 2 $A #4(Error by number of kernel)
SEAM20 5| 6PALI05E | SR 6T 5% S8 3% SR 93
Tainung Sen | Taichung Sen | Tainung 57 Taikeng 8§ Taikeng 9
I— 20 10
|G AL 20 5
Tainung Sen 0 0 0 0
20
-
& P40 3%
Taichung Sen 0 0 .0 0
0
CEROTH
- Tainung 67 0 0 7 0
sHE8% | N |
Tatkeng 8 0 I 0 23 \ \\\ [ 0
| N

S S

f
LiLY | | | | |
Tatkeng 9 ' 0 5 0 J 0 x 0 |

N
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Table 18 Kernels of Classifying error in image model of classifying 2000 paddy rice with

43 parameters

B 43 485243 paramete s)  — |
B F] ik H A8 A8 2 #A $ (Error by number of kernel)
SEA20 5 EFAI09E] &K 67 3F é?&S?L‘%j £ 9 9%
Tainung Sen | Taichung Sen | Tainung ©7 | Taikeng 8 Taikeng 9
20 0
& RAL20 5% N
Tainung Sen “ 0 0 0 0
20 | ~
4 A 10 %
Taichung Sen 0 0 0 0
10
&R 67 3%
Tainung 67 0 0 24 0
s ]
Taikeng § 0 0 23 0
Cemesm ||
{ Taikeng 9 | 0 \ 0 2 0
| |




# 19 BARH 425 2000 LA P 6 S 6y RF R

Table 19 Kernels of Classifying error in image model of classifying 2000 paddy rice with 6

parameters
. 6 18 % $£(6 parameters)
SRF) R H A 55 4E 2 F8 #(Error by number of kernel)
-
ERAL203L ) 6P Au103%] SR6THR | 688K SR 9%
Tainung Sen | Taichung Sen | Tainung 57 Taikeng 8 Taikeng 9
20 10 )
& BAL 20 3% .
Tainung Sen - 0 0 0 0
- —
& PAL10 3% N
.
Taichung Sen 0 N 0 A 0 0
10 N )
4167 3%
Tainung 67 0 0 o 71 0
T i | _
518 8 5%
. laikeng § 0 \ 0 8 1
} | |
| i
. 5 - B S
| &Y !
| | :
} Taikeng 9 | 0 1 0 6 21
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