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ABSTRACT

Considering different shape factors and color intensities of five varieties of paddy
rice as parameters, four models were established by a back-propagation neural
network and were used to study the validation and classification rates affected by
choosing different parameters. With 60 parameters, the average validation and
classification rates were 92.24% and 92.0% respectively. If the most effective 50
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parameters were chosen by loading values in the first principal component, the
average validation and classification rates were 91.77 % and 90.0% respectively. 30
parameters selected from the correlation coefficient matrix to build up the model,
the average validation and classification rates were 89.18 % and 91.4% respectively.
If the most effective 20 parameters were chosen from model training, the average
validation and classification rates were 90.59 % and 91.8% respectively, which could
be the best model for classifying due to its less parameters and better stability.

Keywords: Machine vision, Artificial neural network, Paddy rice, Parameter selection,
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Images of five varieties of paddy rice
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Table 1 Varieties of paddy rice and sample sizes for training, validation

and classification

48 %) 3 sk s S
- Sets Training set Validation set Classification set
ket 1997 1998 1999 -~ t"Jrl 1997 1998 1999 -~ t"Jfl 2000
o 2
SRMW203E | 25 68 67 160| 25 30 30 85 100
Tainung Sen 20
&AL 10 3%
Taichung Sen 10| 26 68 70 164 |25 30 30 85 100
&R 673 25 67 67 159| 25 30 30 85 100
Tainung 67
8 ik 25 68 70 163| 25 30 30 85 100
Taikeng 8
L‘ »
529 3k 25 67 68 160 25 30 30 85 100
Taikeng 9
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Table 2 The correlations among 60 parameters (listed in increasing order)

A A % B & F% A A % % & &
Order Parameters Order Parameters

1 | &FyLREMaB) 31 | % 4118 5% (41" width)
2 | % e kEMmG) 32 | % 13 48 % & £ (13" width)
3 | Bl & (perimeter) 33 | % 40 18 5/ (40" width)
4 |wEeTHEEMAR) 34 | % 1418 50 44(14" width)
5 | @#(Area) 35 | % 26 18 50 14.(26™ width)
6 | % 218% Q" width) 36 | % 2518 % 5 (25" width)
7 | % 3188 E A3 width) 37 | % 28 1850 % 1E(28™ width)
8 | % 50 {8 % & 1L(50™ width) 38 | % 24 18 5 524" width)
9 | % 418 % AH (4" width) 39 | % 23 18 % E 1423 " width)
10 | % 118 % & 15 (1" width) 40 | % 27 1850427 " width)
11| % 51850 45" width) 41 | % 291850 4E(29™ width)
12 | # # 1% #(Shape factor) 42 | % 22 18K & 45(22" width)
13 | % 49 18 50 % (49" width) 43 | % 211850 & 421 " width)
14 | @ 4%/ & (Area/perimeter) 44 | % 30 18 K & 1E(30™ width)
15 | % 61850 4E(6™ width) 45 | % 391850 & (39" width)
16 | % 48 18 % /% {£(48" width) 46 | % 20 18 50 % 4E(20 " width)
17 | % 47 18 K& 4547 width) 47 | % 31485 1E(31™ width)
18 | 5% & 3% {&(Max. length) 48 | % 19185 4 (19™ width)
19 | % 71850 A7 width) 49 | % 38 1850 % 1E(38™ width)
20 | % 46 18 % E 15 (46™ width) 50 | % 3218 % & 4E(32" width)
21 | % 8 /8% & 15(8 ™ width) 51 | % 33 1850 % 44(33™ width)
22 | % 4518 % E A5 (45™ width) 52 | & K E & 1A (Max. width)

23 | % 918 % EAEO" width) 53 | % 3418 50 4E(34™ width)
24 | FZEW/EXE 54 | % 35185 A4 (35 " width)

(Max. length/Max. width)

25 | % 44 18 K /% A (44" width) 55 | % 15 8% E4A(15 " width)
26 | % 1018 % & 45 (10™ width) 56 | % 37185 EAA(37 " width)
27 | % 4318 %% 15 (43™ width) 57 | % 3618 % & 14(36 " width)
28 | % 1118 % & 44 (11" width) 58 | % 1818 % & 14 (18 ™ width)
29 | % 42 18 L% A (42" width) 59 | % 1618 % & 1E(16 " width)
30 | & 1248 5 4A(12" width) 60 | % 17 8% A& E017™ width)
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Table 3 The effects of 60 parameters on network training (listed in decreasing order)

L % # & % Ly % % &
Order Parameters Order Parameters
1 | @f(Area) 31| % 13 85 AAE(13" width)
2 | @# JA k(Area/perimeter) 32 | % 30 48 A E(30" width)
3| % 48 185 AAL(48" width) 33 | % 36 AL AM(G6" widh)
4 | # 1% $(Shape factor) 34| % 1148 SR A" width)
s |mEW BAE 35 | % 27 18 A ALQ27" width)
(Max. length/ Max. width)
6 | ¥ &FHRAMB) 36 | % 39185 A AE(39" width)
7 | & {(Max. length) 37 | % 8 48 SLAA(S" width)
8 |4 & 1 ARG 38 | % 26 48T AAE(26" width)
9 | % 4748 LA ALAT" width) 30 | % 45 AL AAAS" widh)
10 | 3 504855 (50" width) 40| 5 248 SRR width)
1| e ERER) 41| % 20 8 LA (0" width)
12| % 148 A width) 2| RATLAEAM(Max. width)
13| % 1918 502 (549" width) 43 | % 3348 SLRAE(33" width)
14| % 518K AALG" width) 44| % ALATAAMAL" width)
15 | % 6185 A AL(6" width) 45| 5 44 485 A(44" width)
16 | % 29 8 A AEQ9" width) 46 | % 10 8L AA(10" width)
17 | A &(perimeter) 47 | % 18 1850 A4 (18" width)
18 | % 46 18 % 1£(46" width) 48 | % 2148 LA A(21 width)
19 | 5 42 {8 5L (42" width) 49 | % 785" width)
20 | 5 448 5L AALA" width) S0 | % 43 8 SLAAL(43" width)
20 | %3 @EAMG widh) 51| % 17T ARERAAT" width)
22 | % 2518 {425 width) 52 | % 1918 50 (19" width)
23 | % 3148 L MG1 widih) 53| % 3248 % A4 (32" widih)
24 | % 3718 FLAAL37" width) 54 | % 23 18 50 £(23™ width)
25 | % 35 48T A" width) 55| % 40 8 LA (40" width)
26 | 5 24185 & (524" width) 56 | % 22 18 5 AA(22" width)
27 | 34 BILAEGA width) S7 | 5 14 48 LA 414" widh)
28 | % 3818 AL A(38" width) 58 | % 15 8 SLALA(1S" width)
29 | % 2818 % A A(28" width) 59 | % 16 @ILAAL(16" width)
30 | % 1288 212" width) 60 | % 19 %/ 119" width)
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Table 4 The rank of parameter loading values on the first principal component axis

JIE 5 # & % VIR % B & B

Order Parameters Order Parameters
1 | &@#(Area) 31 | % 41 1850 1E(41% width)
2 | % 4 @A " width) 32 | % 35 4ASLAALGS" width)
3| % 54850 (5" width) 33 | % 21 185 &AL(21" width)
4 | % 6485 A AH(6" width) 34| % 34 EAMGA" width)
5| % 748K (7" width) 35 | 4 22 8 SLA (22" width)
6 | % 848K/ MHE" width) 36 | % 42 LR (42" width)
7 | % 3485 G width) 37| % 33 A3 width)
8 | % 918 LA AH(9" width) 38 | RK LA AR(Max. width)
9 | Al & (perimeter) 39 | % 23185 & 45(23" width)
10| % 10485 & 4H(10" width) 40 | % 32 48SLAA(32" width)
11| % 114852 4E(11" width) 41 | % 314850 (31" width)
12 | % 12 1852 (12" width) 42 | % 24 18 5 124" width)
13| % 13482 (13" width) 43 | % 25 18 SR 425" width)
14 | & #%/ 8 & (Area/perimeter) 44 | % 30 85T AE(30" width)
15 | % 1448 & 414" width) 45 | % 26 18 5% 14(26" width)
16 | % 15 B AMAS" width) 46 | 5 29 48 5L 429" width)
17 | % 2 8% LR width) 47 | % 2718 LA ALQ2T" width)
18 | &k AIB) 48 | % 28 ASLLA(8" width)
19 | % 14850 & (1" width) 49 | % 43 {850 (43" width)
20 | % 16 18 50 {5(16" width) 50 |%k &-F34kAMEG)
21 | % 1787 width) SI | % 4448 5L R AR (44" widih)
22 | % 18185 & AL(18" width) 52 | % 45 185 (45" width)
23 | & K #b{E(Max. length) 53 | & & PHAAEMAR)
24 | % 39 85L& ALG39" width) 54 | % 46 18 T/ A(46" width)
25 | % 19485/ (19" width) 55| % 47 8 S RAR(4T" widih)
26 | % 3818 LA AA(38" width) 56 | % 501852 AE(50" width)
27 | % 40 18 5% 1£(40" width) 57 | 3% #K 1% #(Shape factor)
28 | % 37 1850 1£(37" width) 58 | HEd/HERL

(Max. length/Max. width)

29 | % 36 1850 & AH(36" width) 59 | % 48 18 5L X 4(48" width)
30 | % 20 48502 (20" width) 60| % 49 1AL AL 149" width)
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Table 5 Validation rate and sample distribution using 60 parameters

T LSRR ST

ERM205% SFMI0IE GR67TH SREK &RIK
Tainung Sen 20 Taichung Sen 10 Tainung 67 Taikeng 8 Taikeng 9
& BAL 20 3% 83 2 0 0 0
Tainung Sen 20 97.65% 2.35% 0% 0% 0%
& FAL 10 3% 3 82 0 0 0
Taichung Sen 10 3.53% 96.47% 0% 0% 0%
& B 673k 0 0 73 12 0
Tainung 67 0% 0% 85.88% 14.12% 0%
a4 83K 0 1 6 77 1
Taikeng 8 0% 1.18% 7.06% 90.59% 1.18%
&4 9% 0 0 6 2 77
Taikeng 9 0% 0% 7.06% 2.35% 90.59%

F-34 B 3% % (average validation rate)=92.24% -~ 5

deviation)=4.82%

BR s AZ # £ (validation standard
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Table 6 Classification rate and sample distribution using 60 parameters

BAL20%% & PA10%E SR 6735 S48k &42935%

Tamung Sen 20 Taichung Sen 10 Tainung 67 Taikeng 8 Taikeng 9
& BAL20 3% 100 0 0 0 0
Tainung Sen 20 100% 0% 0% 0% 0%
& AL 10 3% 0 100 0 0 0
Taichung Sen 10 0% 100% 0% 0% 0%
& B 67 3% 0 0 79 21 0
Tainung 67 0% 0% 79% 15% 0%
S48 85k 0 0 19 81 0
Taikeng 8 0% 0% 35% 81% 0%
e 9% 0 0 0 0 100
Taikeng 9 0% 0% 0% 0% 100%

- 34 48 %] % (average classification rate)=92.0% -

deviation)=10.98%

48 7| #2 42 £ (classification standard

x7 BHE_EREEBAESRME 2 TEREESAENE

HETR
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Table 7 Validation rates varied as changing nodes of the second layer

s ERAM205E &M 103 SRO6TH SR8K ERIK | F ¥ BREZ
BER | ) (%) %) (%) Co) | ) (%)
Nodes Tainung Taichung Tainung Taikeng Taikeng | Average Standard
Sen 20 Sen 10 67 8 9 Deviation
10 98.82 95.29 74.47 90.59 90.59 90.35 8.50
15 98.82 95.29 88.24 84.71 88.24 91.06 5.80
20 97.65 96.47 95.29 82.35 90.59 92.47 6.26
25 97.65 96.47 88.24 84.71 90.59 91.53 5.48
30 98.82 95.29 84.71 84.71 91.76 91.06 6.31
35 97.65 96.47 85.88 90.59 90.59 92.24 4.82
40 97.65 97.65 83.53 87.06 90.59 91.29 6.31
ORI o BRI 9T SRR S R 5T AL B} b2 RS 2 [ R ) 2
PR 71 10 (FRHY 90.35% » L5V IR eI et ) 2 RS P %’pra?ﬁﬁzﬁ ’
JR Tt P 35 AR 92.24% o S TR T E ) T e z%gnmﬁﬂ =53z

FERO SRR e T PR B T IR g S
2000 7 AUBA & = EE(IAG N U0 8 B -

Fliske 8 tH HIEEHIAE fU 500 {2l - F["T*EJ;ZQ
PR 7R 1B 67 BEFTIY BE 8 BT i 78 [
DR AR RS VAR o 1
fL 67 BRIV S| i (X1 57% 8t ) 1 85% m@s

%ﬁ“%ﬂ] IER =36 63%@@ 17, 85% o & = Ff[!
A B E] 100% - ) G A

E',’FLEIU Pl RERE el # Flﬂf H\*—f‘ T A

S EE o A R D B[R O A
NeuralWorks Professional II/PLUS @ 2 AT
FHE TG 60 TR 3 DA T B
U A S R 2 7+ 3
L 'ﬂi’ﬁfw@*?‘ R

o PP R N B ik 2PURIEE AR IR
%ﬂI%}HFWfT%J ?Jﬁﬁlﬂfj%% .



2

tfvﬁﬁﬂ FE S| o o

Y

25

®8 WHEEEHENHYL RIS SE0EE

Table 8 Classification rates varied as changing nodes of the second layer

o GRA205E &FAI05%E SGR673E SR8K SLOK | F ¥ BREZ
R %) (%) (%) %) Co | ) (%)
Nodes Tainung Taichung Tainung Taikeng Taikeng | Average Standard
Sen 20 Sen 10 67 8 9 Deviation
10 100 100 57 85 100 88.40 18.72
15 100 100 73 77 100 90.00 13.77
20 100 100 85 63 100 89.6 16.23
25 100 100 76 70 100 89.2 14.94
30 100 100 73 80 100 90.6 13.11
35 100 100 79 81 100 92.00 10.98
40 100 100 69 81 100 90.00 14.34
&9 KSEEAVERIEHEZESEMA 10 £ 55 AR HETTIIHR - B REAERER
Table 9 Validation rates varied as changing the number of parameters by their correlation
o GRM20%5E 6FA103% SR 673 S8 SMO | F ¥ AREE
B 25 3 (%) (%) (%) (%) (%) (%) (%)
Kodes Tainung Taichung Tainung Taikeng Taikeng | Average Standard
Sen 20 Sen 10 67 8 9 Deviation
10 97.65 96.47 75.29 48.26 63.53 76.24 21.30
15 96.47 95.29 71.77 81.18 67.06 81.18 13.75
20 97.65 96.47 82.35 82.35 71.76 86.12 10.89
25 96.47 96.47 83.53 80.00 72.94 85.88 10.39
30 96.47 95.29 85.88 83.53 84.71 89.18 6.19
35 97.65 95.29 83.53 88.24 84.71 89.88 6.31
40 96.47 96.47 87.06 82.35 84.71 89.41 6.66
45 96.47 95.29 82.35 87.06 92.94 90.82 5.96
50 97.65 96.47 89.41 83.53 89.41 91.29 5.80
55 97.65 95.29 87.06 84.71 89.41 90.82 5.48
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Table 10 Classification rates varied as changing the number of parameters by their correlation
GRM205E &AM I103E &R67TH &8 &RIK | F ¥ AREE
5 # (%) (%) (%) (%) (%) (%) (%)
Tainung Taichung Tainung Taikeng Taikeng | Average Standard
Parameters|  “gen96 Sen 10 67 8 9 Deviation
10 100 100 41 2 46 57.8 41.12
15 100 100 46 97 98 88.2 23.63
20 100 100 46 97 98 88.2 23.63
25 100 100 47 95 99 88.2 23.12
30 100 100 67 90 100 91.4 14.31
35 100 100 85 70 100 91.0 13.42
40 100 100 79 73 100 90.4 13.32
45 100 100 69 83 100 90.4 14.05
50 100 100 73 79 100 90.4 13.32
55 100 100 72 82 100 90.8 13.08
=11 EKEEEX/NDRIBERT 10 = 55 E2HETEICHI - X RERIEER

Table 11 Validation rates varied as changing the number of the most effective parameters from

model training

GRA205E & FA 1058 SRO67TIHR SR SREIK | F B FEE
% % (%) (%) (%) (%) (%) (%) (%)
Parameters Tgl:nu;% Taslggulrgg Talg;mg Tallgeng Tall;eng Average Sgr;;igg:]
10 97.64 95.29 78.82 78.82 72.94 84.71 11.04
15 97.65 97.65 81.18 84.71 76.47 87.53 9.69
20 97.65 96.47 88.24 84.71 85.88 90.59 6.06
25 98.82 96.47 88.24 81.18 82.35 89.41 8.02
30 97.65 97.65 88.24 85.88 88.24 91.53 5.67
35 100.0 96.47 82.35 90.59 90.59 92.0 6.73
40 98.82 97.65 92.94 83.53 90.59 92.71 6.14
45 98.82 96.47 88.24 83.53 90.59 91.53 6.19
50 98.82 96.47 98.83 80.0 90.59 92.94 7.98
55 97.65 97.65 85.88 84.71 91.77 91.53 6.19
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Table 12 Classification rates varied as changing the number of the most effective parameters
from model training

GRAM205% &FANI03E SRO67TIH 68K &LIK|F ¥ FEZ
5 ¥ (%) (%) (%) (%) (%) (%) (%)
Parameters Tgl;lug% Taslggu]nég Talg;mg Talléeng Tallgeng Average S;e:/r;;iggi
10 100 100 42 93 100 87.0 25.34
15 100 100 43 98 100 88.2 25.28
20 100 100 64 95 100 91.8 15.69
25 100 100 63 92 100 91.0 16.03
30 100 100 80 69 100 89.8 14.50
35 100 100 71 80 100 90.2 13.79
40 100 100 76 76 100 90.4 13.15
45 100 100 77 71 100 89.6 14.40
50 100 100 88 60 100 89.69 17.34
55 100 100 75 77 100 90.4 13.16
& 13 KSEAY Loading {§ - M 10 E 55 AR EETRIIMR - S REAIBRER

SRa2

Table 13 Validation rates varied as changing the loading values on the first principal component axis

GRM0H &FMI0RK GR6TH SRSE SROK|F M REE

E I (%) (%) (%) (%) (%) (%) (%)

Parametets Tzsig;ug% Taslglr:ulrlég Talg;mg Ta11§eng Talléeng Average S?/r;;itaigc:]
10 88.24 95.29 61.18 64.71 57.65 73.41 17.12
15 92.94 94.12 63.53 64.71 58.82 74.82 17.22
20 95.29 92.94 78.82 64.71 57.65 77.88 16.69
25 95.29 95.29 89.41 81.18 80.0 88.24 7.39
30 97.65 91.76 87.06 84.71 84.71 89.18 5.54
35 98.82 92.94 78.82 88.24 83.53 88.47 7.82
40 97.65 94.12 89.41 87.06 85.88 90.82 4.95
45 97.65 94.12 81.18 87.06 89.41 89.88 6.37
50 98.82 95.29 90.59 85.88 88.24 91.77 5.26
55 97.65 95.29 87.06 85.88 89.41 91.06 5.17
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Fig.3 Classification rates were changed as choosing
parameters by their correlation, contribution
and loading

F3 10 = 55 (A2 BGEITIRIFIRK - B miERYERR X

Table 14 Classification rates varied as changing the loading values on the first principal

component axis

ERA20%5% e FA 1058 SRO67T3H SME8K SR | F B FEE

% ¥ (%) (%) (%) (%) (%) (%) (%)

Parameters Tglennug% Taslg?lulnog Talg;mg Tallgeng Tall;eng Average Sgr;;itaigclll

10 100 100 20 92 8.0 64.0 45.96
15 100 100 19 100 8.0 65.4 47.54
20 100 100 29 100 1.0 66.0 47.59
25 100 100 34 100 100 86.8 29.52
30 100 100 33 100 100 86.6 29.96
35 100 100 25 100 100 85.0 33.54
40 100 100 45 99 100 88.8 24.49
45 100 100 30 100 100 86.0 31.31
50 100 100 55 95 100 90.0 19.69
55 100 100 63 90 100 90.6 16.03
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Table 15 VaIidatlon rates compared with different reports
LR & (1998) EEA FIETN
) Parameters Lee (1998) Chang et al. (2000) Liu et al.(2003)

s b 4 43 40
Variety
& BAL 20 3% 0 0 0
Taisurig Sen 20 95% 100% 98.82%
& 4 10 5% 0 0 0
Taichung Sen 10 84% 96.8% 97.65%
2 67
= R 67 5 64% 86.9% 92.94%
Tainung 67
A =8
=% 8 5 36% 79.6% 83.53%
Taikeng 8
L\ -3
59 5 75% 90.2% 90.59%
Taikeng 9
S AR R
;HQ’%;&% . 70.8% 90.70% 92.71%
Average validation rates
—
i 22.55% 8.09% 6.14%

Standard deviation
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Table 16 Validation rates and sample distribution if Tainung 67 and Taikeng 8 were
considered as the same variety
& RAL205% & TA10%E & R6TH+E 285K & AR9%

Tainung Sen 20 Tainung Sen 10 Tainung 67 and Taikeng 8  Taikeng 9
& BAN203E 84 1 0 0
Tainung Sen 20 98.82% 1.18% 0% 0%
& P10 A 81 0 0
Tainung Sen 10 4.71% 95.29% 0% 0%
& R6THE+4 B 0 1 167 2
Tainung 67+Taikeng 8 0% 0.59% 98.24% 1.18%
L3895 0 0 12 73
Taikeng 9 0% 0% 14.12% 85.88%

T3 s & (Average validation rates) =94.56% - Br54Z % £ (Standard deviation) =5.99%

x=17 Ra

& 67 SRERETE 8 SRR E—amiE - £ 60 A2 HAVERIRMEAD R

Table 17 Classification rates and sample distribution if Tainung 67 and Taikeng 8 were
considered as the same variety

& BAN205% & FA105% & ROTHR+E A8 & 9%

Tainung Sen 20 Tainung Sen 10 Tainung 67 and Taikeng 8  Taikeng 9
& BA205E 100 0 0 0
Tainung Sen 20 100% 0% 0% 0%
& B L1038 0 100 0 0
Tainung Sen 10 0% 100% 0% 0%
& R6T3k+6 #R85K 0 0 2 .
Tainung 67+Taikeng 8 0% 0% 100% 0%
ok 3 0 0 1 99
Taikeng 9 0% 0% 1% 99%

3448 5] £ (Average classification rates) =99.75% ~ 45 5]4Z # £ (Standard deviation) =0.50%
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