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ABSTRACT

Five varieties of paddy rice were examined using the reflectance spectra
corresponding to a selected wavelength from 1100 to 2500 nm in 3-nm steps to
determine the classification rate effect. Three hundred fifty-one variables were used
to develop the discriminant analysis and neural network models. The average
classification rates were 99.69% and 97.69%, respectively. Sixty-two variables were
selected using stepwise discrimination to develop the discriminant analysis and neural
network models. The average classification rates were 98.0% and 92.76%,
respectively. Sixty-two variables were selected using the correlation matrix to
develop the discriminant analysis and neural network models. The average
classification rates were 90.15% and 84.26%, respectively. Sixty-two variables were
selected by loading the first and second principal components to develop the
discriminant analysis and neural network models. The average classification rates
were 89.38% and 82.25%, respectively. The stepwise discrimination method was
more effective in classifying the five varieties of paddy rice using near infrared spectra.

Keywords: Near infrared, Artificial neural network, Paddy rice, Variable selection,
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Table 1 Varieties of paddy rice and sample sizes
4 Time 2,‘?,’51’
:%ﬁi Varieties 1997 1998 1999 2000 Total
2 @ 7
& R 20 5 98 96 97 100 391
Tainung Sen 20
L\ »
& A 10 3 98 98 94 98 388
Taichung Sen 10
N 7
5 R 67 3 9% 95 97 99 387
Tainung 67
& 42 8 3%
Taikenig 8 98 98 100 98 394
&£42 9 3%
Taikeng 9 99 97 97 98 391
%83t Total 489 484 485 493 1951
1.2 T
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Table 2 Results of wavelength selection

MR | & BEMR & Loading 7% A8 BI4EMR % IR |25 HEikik Loading 7% A8 BA4E M %
Order| Stepwise Loading value Correlation Order| Stepwise Loading value Correlation

matrix matrix
1 1248 2496 2500 32 1596 2444 2436
2 1844 2492 2496 33 1600 1168 1160
3 1980 2500 2492 34 1688 1172 2432
4 1944 2488 2488 35 1960 2440 1164
5 1876 2484 2484 36 1680 1176 1168
6 1972 2480 2480 37 1676 1180 2428
7 1864 2476 2476 38 1540 1296 1172
8 1904 2472 2472 39 1572 1300 1176
9 1964 2468 2468 40 1900 1292 1296
10 2280 1108 2464 41 1888 1288 1292
11 1912 1112 2460 42 1928 1304 1288
12 1848 1116 1100 43 1552 2436 1300
13 1548 1104 1104 44 1400 1284 1284
14 1568 1100 1108 45 1588 1308 1304
15 2316 1120 1112 46 1852 1280 1280
16 1580 1124 1116 47 1836 1276 2424
17 1940 2464 1120 48 2244 1260 1276
18 1932 1128 2456 49 1612 1264 1272
19 2428 1132 1124 50 1616 1268 1308
20 1872 1136 1128 51 1956 1272 1268
21 1792 2460 1132 52 2432 1256 1264
22 1812 1140 2452 53 2424 1312 1260
23 1584 1144 1136 54 1892 1252 1256
24 2436 2456 1140 55 2220 1248 1180
25 2492 1148 2448 56 2456 1184 1252
26 1948 1152 1144 57 1648 1316 1312
27 1952 2452 2444 58 1880 1244 1248
28 1968 1156 1148 59 1804 1240 1244
29 1576 2448 2440 60 1644 1320 1316
30 2496 1160 1152 61 2208 1188 1240
31 1668 1164 1156 62 2384 1236 1184
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Table 3 Classification rates of discriminant analysis using 351 variables

ERM205E S FMI05E ERO6THR S8k SGHLIR

Tainung Sen 20 Taichung Sen 10 Tainung 67 Taikeng 8 Taikeng 9
& EA20 3% 130 0 0 0 0
Tainung Sen 20 100% 0% 0% 0% 0%
& ¥ AL 10 3 0 129 0 0 0
Taichung Sen 10 0% 100% 0% 0% 0%
&R 673% 0 0 128 1 0
Tainung 67 0% 0% 99.22% 0.08% 0%
INZY 7 0 0 0 131 0
Taikeng 8 0% 0% 0% 100% 0%
L4895 0 0 0 0 130
Taikeng 9 0% 0% 0% 0% 100%

F 34 48 5] % (average classification rate)=99.69% -~ 1% # £

deviation)=0.42%

(classification standard

Table 4 Classification rates of neural network using 351 variables

x4 FEICHERIAER 351 EEHAYHERHI=R

GREM203% SFMI0%E GR67TH 64835k S£4893%

Tainung Sen 20 Taichung Sen 10 Tainung 67 Taikeng 8 Taikeng 9
& B 20 38 129 1 0 0 0
Tainung Sen 20 99.23% 0.77% 0% 0% 0%
& dA 10 5 4 123 2 0 0
Taichung Sen 10 3.10% 95.35% 1.55% 0% 0%
4B 6735 0 0 128 1 0
Tainung 67 0% 0% 99.22% 0.78% 0%
548 8 5 0 0 1 129 1
Taikeng 8 0% 0% 0.76% 98.47% | 0.76%
5489 38 0 0 1 4 125
Taikeng 9 0% 0% 0.77% 3.08% | 96.15%

“F 34 48 5] % (average classification rate)=97.69% -~ 1% # % (classification standard

deviation)=1.82%
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Table 5 Classification rates of discriminant analysis using 62 variables selected by

stepwise discrimination

3 62 (B

ERMM205%E GFAMI0KE SGRO67I &E8I SRR

Tainung Sen 20 Taichung Sen 10 Tainung 67 Taikeng 8 Taikeng 9
& BA 20 3% 130 0 0 0 0
Tainung Sen 20 100% 0% 0% 0% 0%
& FAL 10 3§ 3 126 0 0 0
Taichung Sen 10 2.33% 97.67% 0% 0% 0%
4B 6735k 0 0 128 1 0
Tainung 67 0% 0% 99.22% 0.78% 0%
S48 8 3% 0 0 0 127 4
Taikeng 8 0% 0% 0% 96.95% 3.05%
CE: N3 0 0 0 5 125
Taikeng 9 0% 0% 0% 3.85% 96.15%

- 35 45 %] % (average classification rate)=98.0% -~ #Z # % (classification standard

deviation)=1.59%

*6
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Table 6 Classification rates of neural network using 62 variables selected by

stepwise discrimination

ERA20%5E SFMI05E SGRO6TIHR &28% &9 %

Tainung Sen 20 Taichung Sen 10 Tainung 67 Taikeng 8 Taikeng 9
& BAL 20 3% 124 6 0 0 0
Tainung Sen 20 95.38% 4.62% 0% 0% 0%
&AL 10 3% 7 120 2 0 0
Taichung Sen 10 5.43% 93.02% 1.55% 0% 0%
4B 675k 0 2 120 5 2
Tainung 67 0% 1.55% 93.02% 3.88% 1.55%
L4883k 0 0 0 123 8
Taikeng 8 0% 0% 0% 93.89% | 6.11%
L4893 1 0 7 7 115
Taikeng 9 0.77% 0% 5.38% 5.38% | 88.46%

- 34 42 5| % (average classification rate)=92.76% -~ #% # % (classification standard

deviation)=2.59%
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Table 7 Classification rates of discriminant analysis using 62 variables selected by
correlation matrix

BRA205E SFMI0HE SGRO67TH SM8K SRR
Tainung Sen 20 Taichung Sen 10 Tainung 67 Taikeng 8 Taikeng 9

& B AL 20 3% 119 11 0 0 0
Tainung Sen 20 91.54% 8.46% 0% 0% 0%
&AL 10 3 11 118 0 0 0
Taichung Sen 10 8.53% 91.47% 0% 0% 0%
& B 67 3% 0 0 122 5 2
Tainung 67 0% 0% 94.58% 3.88% 1.55%
S48 8 58 0 0 6 119 6
Taikeng 8 0% 0% 4.58% 90.84% | 4.58%
5489 3% 0 0 10 13 107
Taikeng 9 0% 0% 7.69% 10.0% | 82.31%

T 34 4% %] % (average classification rate)=90.15% - #Z # £ (classification standard

deviation)=4.62%
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Table 8 Classification rates of neural network using 62 variables selected by
correlation matrix

EREAM205% S FMI0%E GR67THR S488% SHIRK

Tainung Sen 20 Taichung Sen 10 Tainung 67 Taikeng 8 Taikeng 9
& B AL 20 3% 101 27 0 2 0
Tainung Sen 20 77.69% 20.77% 0% 1.54% 0%
& AL 10 3% 9 119 0 0 1
Taichung Sen 10 6.98% 92.25% 0% 0% 0.78%
& E67% 0 0 96 23 10
Tainung 67 0% 0% 74.42% 17.83%  7.75%
L4885k 1 0 0 129 1
Taikeng 8 0.76% 0% 0% 98.47% | 0.76%
4489 3% 0 7 17 4 102
Taikeng 9 0% 5.38% 13.08% 3.08% | 78.46%

34 48 5] % (average classification rate)=84.26% -~ #Z # % (classification standard
deviation)=10.48 %

&9 HRIDAAER 62 {Er loading {EFTER SRR =

Table 9 Classification rates of discriminant analysis using 62 variables
selected by loading

ERM205% &FAI05% SGRO67TH &85k &EIK

Tainung Sen 20 Taichung Sen 10 Tainung 67 Taikeng 8 Taikeng 9
& BAL 20 3% 120 10 0 0 0
Tainung Sen 20 92.31% 7.69% 0% 0% 0%
& AL 10 3% 11 118 0 0 0
Taichung Sen 10 8.53% 91.47% 0% 0% 0%
LR 673 0 0 120 6 3
Tainung 67 0% 0% 93.02% 4.65% 2.33%
548 83 0 0 6 116 9
Taikeng 8 0% 0% 4.58% 88.55% | 6.87%
54893 0 0 11 13 106
Taikeng 9 0% 0% 8.46% 10.0% | 81.54%

T 34 48 %] % (average classification rate)=89.38% ~ #Z # £ (classification standard
deviation)=4.70%
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#x 10 JATHAEMIRR/A(ER 62 fEH loading FERYE B AR
Table 10 Classification rates of neural network using 62 variables selected by
loading

ERM205% & FMI0K SGRO6THR S#8K GRIRK
Tainung Sen 20 Taichung Sen 10 Tainung 67 Taikeng 8 Taikeng 9

& E A 20 3% 103 24 0 3 0
Tainung Sen 20 79.23% 18.46% 0% 2.31% 0%

& F AL 10 3% 11 117 0 0 1
Taichung Sen 10 8.53% 90.70% 0% 0% 0.78%
&R 67 5% 0 0 92 22 15
Tainung 67 0% 0% 71.32% 17.05%  11.63%
548 8 58 0 1 0 128 2
Taikeng 8 0% 0.76% 0% 97.71% | 1.53%
54893 0 11 14 11 94
Taikeng 9 0% 8.46% 10.77% 8.46% | 72.31%

“F 34 42 %] % (average classification rate)=82.25% -~ #% # % (classification standard
deviation)= 11.60%

100

80 |

(o))
o
T

N~
[«
T

IR (%)
Classification rates (%)

Q0 07 60,
Toe

1

2

E1 g AERE (Neural network)

3

3 T RIEEEET AR R LEE

Fig.3 Classification rates with different methods of variable selection ( 1. total
351 variables 2. 62 variables by stepwise discrimination 3. 62 variables
by correlation matrix 4. 62 variables sleeted by loading)
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