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Classifying Paddy Rice

by Ncar-infrared and Image Processing Teclwique

ABSTRACT
By near-infrared and image processing technique, the objective of this
reasearch is to establish a model for classifying six varieties of paddy rice grown

1n Taichung Experimental Station and harvested in the summer of 1997 and 1998.
\



The originial spectra from near-infrared analyzer were analized by principal
component analysis. The projection values on the optimum principal component axis
were input into backpropagation neural network for training to find the combined
near-infrared model of 1997 and 1998.The characteristics of image such as
area, perimeter, shape factor , the ratio of area to perimeter, values of maximum
width, values of maximum long axis, average RGB values of each puddy rice kemel, and
nunber 11 ~12~13~14~15~16~17-18~19~20-21+28~29-30+-31-32-33-34 ~
35-36-37-38-39~40~41~42~43~55~56~57~58 ~59 ~ 60width along the long
axis were normalized and then input into backpropagation neural network for
training to find the combined image model of 1997 and 1998.

The average classifying rates were 89.3% and 95.8% respectively by near-
infrared model and image processing model, The Standard Deviation were 8.1% and

9. 3% respectively for near-infrared model and image processing model.

Keywords : near-infrared ~ image ~ artifical neural network - model
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& 1 56F 1997 & 1998 F—HA 2 37 4x Sh 47 3R Btk A 8L (FR)
Table 1 Combined samples of harvested in 1997 and 1998 summer for
near-infrared test

4k (2E) B (I8)
Trained set(no.) Validation set(no.)
1998 sk 1997 1998 | m
1997 Total Total
é\ -4 ‘L u}l.a
> R 20 5% 30 30 60 68 66 134
Tainung Sen 20
A g,
° PALI0 5% 30 30 60 68 68 136
Taichung Sen 10
I W g
o ROTH 30 30 60 66 65 131
Tainung 67
R "] g
s RT0 % 30 30 60 69 67 136
Tainung 70
418 8 3k
R8s 30 30 60 68 68 136
Taikeng 8
489 ok
30 30 60 69 67 136
Taikeng 9
46 £
A 360 809
Total ! :
EoR0n "k i 3 3
Principal component axes
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Table 2 Code of trained set and corresponding output of
near-infrared model

4k 48 465E L& jAREG B2 EE

code of trained set Varieties Corresponding output
I v

1-134 BRAVAOH g | g | 0| 0
Tainung Sen 20

135-270 el R O T T N A
Taichung Sen 10

271-401 sR 6T ool 1] o0/ o0
Tainung 67

402-537 &R0 3% o o] o] 1|0
Tainung 70
A o,

538-673 88 o lolol ol
Taikeng 8

674-809 6AL9 5% ol ol o] o] o
Taikeng 9

17




% 3 A4 1997 & 1998 4 —HA g kil A

Table 3 Combined image samples harvested in 1997 and 1998 summer

Bllbksa () Binm ()
Trained set Validation set
1997 1998 1997 1998
Total Total
& KAl 20 3% 25 30 55 25 68 93
Tainung Sen 20
&+ AL 10 38 95 30 55 % 68 94
Taichung Sen 10
ER 67 3% 25 30 55 25 67 92
Tainung 67
5870 3% 95 30 55 32 68 100
Tainung 70
SR8 95 30 55 25 68 93
Taikeng 8
£129 5% 95 30 55 25 67 92
Taikeng 9
Hafu(4m)
330 564
Total
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R4 BRI ERR Lol m sk RAR RS B A B

Table 4 Code of trained set and corresponding output of image model

Bl &R % iE re o) BARE HE
Code of trained set Varieties Corresponding output
1-55 ERMZOE ool oo | o
Tainung Sen 20
56-110 STALE o 1l ol o] 0l o
Taichung Sen 10
2 W o,
111-165 & R 67 5% 0l ol 10100
Tainung 67
2 B o
166-220 8 RT0 % 0ol oo 1] 0] o0
Tainung 70
2
221-275 D,ﬂ 83 0 0 0 0 1 0
Taikeng 8
A j+ 2
276-330 ",ﬁg”’% 0 0 0 0 0 1
) Taikeng 9




PR A T NG IE )]
Table 5 Comparion of different model classification rate(%)

% (Lee)
3 2000
(1998 5k (Chang)(2000)
LU S 1 6 3
Input parameters
L@ 7
& Rk 20 5 94 94.8
Tainung Sen 20
A g
& AL 10 5% 100 86. 0
Taichung Sen 10
£ E 673
81 100.0
Tainung 67
&R 70 3%
7 )
Tainung 70 ! 9.6
L7128 %
88 100. 0
Taikeng 8
518958
96 : 98.5
Taikeng 9
J-34 4800 &
average classification 88.3 95.8
rate
BEGEE
10.8 ! .
standard deviation >3
SSE 5 5
t {a(t-value) 4.91%
it to.oaszz. 57
Theoretical t-value tg 1. 5=4. 03

O RTRIEM AR E 69 £ R (highly significant)

\
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Table 6 Classifying error by number of kernel of near—infrared model

| 23k e s iE 2 B (Error by number of kernel)

Taikeng 9

LRA0%|6FPMI0RK| SROETH | SRTOR LiE8% | 6HE9%
Tainung | Taichung | Tainung | Tainung |Taikeng 8|Taikeng 9
Sen 20 | Sen 10 67 70
In W g
& KA 20 5% 5 0 2 0 0
Tainung Sen 20
PN
6 AL 10 5% 5 1 10 0 3
Taichung Sen 10
A -,
6 R 675 0 0 0 0 0
Tainung 67
N 3
c{%{70 3R 0 0 0 i 0
Tainung 70
L‘ o,
EI8 5 0 0 0 0 0
Taikeng 8
A. o,
oA 9 5% 0 2 0 0 0

21




& T RE B4 5 HH KA HFEEN R T EN)
Table 7 Different image parameters effecting classification rate of

paddy rice(%)

#&(Chang)(2000)
BAEH 60 43 23 20 12 | 6
Input parameter
& RA 20 5% 98.9 100 100 100 100 95.8
Tainung Sen 20
& PAL10 3% 96.8 | 96.8 9.8 | 97.9 | 97.9 | 93.7
Taichung Sen 10
ER 67 3% 94. 6 86.9 93.5 92.4 93.6 75.5
Tainung 67
5 RT03% 82 82 72 7 | 683 | 65.4
Tainung 70 |
hahd 796 | 796 | 5.3 | 72 | 766 | 53.2
Taikeng 8
ERI% 94.6 | 90.2 | 8.1 | 935 | 8.2 | 9.4
Taikeng 9
FiER %
.o average 91.1 | 89.3 | 87.8 | 88.8 | 87.4 | 79.2
classification
rate
BRIGE
standard 8.2 | 81 | 116 | 1L5 | 126 | 17.4
deviation
SSE 5 5 5 5 5 5
t 14 (t-value) 2.41 \| 3.97 | 3.00° | 3.7 | 9167
W tfa to.05572. 97
Theoretical t-value to.01,54. 03

R TRENABREE B(significant) - ** & TR IEMABEAE S E E(highly significant) »
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Table 8 Classifying error by number of kernel of 60 parameters 1mage

model
1323 % 4t e 2 B #(Error by number of kernel)
4 RFL R
P
O | WE | 0% |ERETHR|GRTOR| GHEK| MR
Tainung | Taichung |Tainung 67|Tainung 70| Taikeng 8 | Taikeng 9
Sen 20 Sen 10
ERAL 2R | g9 g 1 0 0 0 0
Tainung Sen 20
FMI0OR | 958 | 3 0 0 0 0
Taichung Sen 10
SRETR | 916 | 0 0 0 3 9
Tainung 67
ERTE | g0 | 0 0 9 11 5
Tainung 70
B | 96 | 0 10 4 5
Taikeng 8
BRI | g6 | 0 0 1 9 2
Taikeng 9 - !
A F
Average 91.1 42 %.4¢ £ (Standard deviation)=8. 2%
classification
rate

23



%0 3 EEEBEMABH AL SEZIRY

Table 9 Classifying error by number of kernel of 43 parameters image

model
2 R R4 S 4é 2 a2t (Error by number of kernel)
& R4 & PAL
&%
%) | W% | 0% |GRETR|CRTOR| 6HE8K | sHOR
Tainung | Taichung |Tainung 67|Tainung 70| Taikeng 8 |Taikeng 9
Sen 20 Sen 10
4 EAL 20 3%
Tainung Sen 100 0 0 0 0 0
20
& P4 10 3%
Taichung Sen| 96.8 3 0 0 0 0
10 _
I W "
BRETE | g9 | 0 0 o 7 5
Tainung 67
BRI 900 | 0 0 6 8 4
Tainung 70
A -3
68K | 796 | 0 o | 10 | 4 5
Taikeng 8 |
A 2,
BRI | 909 | 0 0 6 2 I
Taikeng 9
FHERF
hverage | g9 3 #3246 £ (Standard deviation)=8. 1%
classificati '
on rate

24
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-

Table 10 Classifying error by number of kernel of 23 parameters image
| 4
model

FH AR RS2 1 # (Error by number of kernel)
LR | &AL
&5 %
(%) 20 3% 1088 |SE6THISELTO%| 4488358 | 44803
Tainung | Taichung |Tainung 67|Taimung 70| Taikeng 8|Taikeng 9
Sen 20 Sen 10
RM 205 | g 0 0 0 0 0
Tainung Sen 20
EPRI0H | go 5 | 3 0 | o0 0 0
Taichung Sen 10
p2S L) .
SROTHE | 955 | 0 0 4 9
Tainung 67
2 W [ *
SR | 99y 0 0 4 13 11
Tainung 70
A -
BB | 53| o o | 10 | 8 5
Taikeng 8
A [-]
Uﬁ I 89.1 0 0 3 2 5
Taikeng 9 C
J-3548 5] &
Av‘er‘age . 87,8 12 #4& % (Standard deviation)=11. 6%
classification
; rate




211 20 B4 HPEBXBRA AL SMEZ IR

Table 11 Classifying error by number of kernel of 20 parameters image

model
RA R A LFE 2 Fa2(Error by number of kernel)
SRAL | &AL
&5 %
%) | 0% | 10% |[sRETH[cRT0%| sik8® | sHI%K
Tainung | Taichung [Tainung 67|Tainung 70| Taikeng 8{Taikeng 9
Sen 20 Sen 10
SRH20E |4 0 0 0 0 0
Tainung Sen 20
2 g
PRI | o9 | o 0 0 0 0
Taichung Sen 10
SROT: | g0q | o 0 I 5 1
Tainung 67
ERUOE 70| o 0 7 12 4
Tainung 70
A -
BB | w0 o 0 0 | 1 5
Taikeng 8
N g
SRIK | g5 | o 0 0 3 3
Taikeng 9 L
F3985) %
Average | g0 8 446 % (Standard deviation)=11. 5%
classification
rate
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212 204 #BEEX RN A A b2 BH

Table 12 Classifying error by number of kernel of 12 parameters image

model
FH I 2 B # (Error by number of kernel)
& A & PAL
A IES
%) | Dk | 0% |6R6TH|SR0%| seEsm | siton
Tainung | Taichung [Tainung 67 Tainung 70 Taikeng 8| Taikeng 9
Sen 20 Sen 10
SRA20H | 0 0 0 0 0 0
Tainung Sen 20
STHI0R | o7 g | 0 0 0 0
Taichung Sen 10 ,
SROTIE | a6 | o 0 0 9 4
Tainung 67
SRR ees| o 0 7 ol 4
Tainung 70
SRBE | w6 | o 0 11 5 Y
Taikeng 8
BRI | go | 0 2 4 5
Taikeng 9 )
LR E
Average | o7 % %46 £ (Standard deviation)=12, 6%
classification
rate
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£ 13 6 AL HBEH R BH A LB IAH

Table 13 Classifying error by number of kernel of 6 parameters image

model
BH R A LiEz Em(Error by number of kernel)
& RAL & PHL
il
wo)| D& | 0% |SRETH|SR0®| s8R | s10%
Tainung | Taichung |Taimnung 67|Tainung 70| Taikeng 8 | Taikeng 9
Sen 20 Sen 10
BRA 205 | o5 5 4 0 0 0 0
Tainung Sen 20
2a g,
BP0 | g37] g 0 0 0 0
Taichung Sen 10
2a® 5
SROTE o551 0 1 10 2
Tainung 67
ERIOE 1o g 0 12 19 4
Tainung 70 '
ZIa g
U.*i 8 5% 53.2 0 0 10 30 4
Taikeng 8
L\ o
ERIE g4 | o0 0 I 6 ]
Taikeng 9
-
EXUPRE
hverage | 79 9 # %46 % (Standard deviation)=17. 4%
classification ‘
rate

28
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% 14 BAT AR BZENFLEE%)

Table 14 Comparsion of classification rate of different image model

-~

F (Lee)(1998)

% % A(Tseng)
etc(1990)

7&(Chang)(2000)

L PN = (¢ )]

input parameters

11

43

& B4 20 3%
Tainung Sen 20

95

100

& PAL10 5%
Taichung Sen 10

84

96. 8

£E67T3%
Tainung 67

64

72.9

86.9

£ K& 70 5%
Tainung 70

78

99.5

82.0

&1 8 5%
Taikeng 8

36

79.6

4293k
Taikeng 9

75

90. 2

Miaf 64 3%
ShinChu 64

67.5

T34 5] &
average
Classification rate

12

79.9

89.3

BERE

Standard deviation

20.4

17.1

8.1

SSE

25

HELBRZ LA

11. 06

IBHtA
Sheoretical t-value

tO. 0l 5:4. 03
to 05 ,5:2. 57

\

LxxgorR B R A8 % a9 £ R(highly signficant) -
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