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-7.707 0.77 20.094 0.552 0.086 -0.167
w, -1.51 0.371 -0.799 0.096 -0.492 0.996

8.178 -0.226 2.108 0.543 -0.742 -3.077
w, 12.156 -4.748 15.273 -5.321 -0.402 -5.301
0, 0.388 0177 -1.779 0.419 0.292 0.201
0, 5.144
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0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067

clear all;
clc;

A=xl sread(' Const Fres 05 3CGHz v.xls");
A=AC, 2)0

B=xl sread(' Loss Fres 05 3CGHz v.xls");
Bi=B(:,2)";

C=xl sread(' Const_Spoiled 05 3CGHz v.xls");
G=C,2)";

D=xl sread(' Loss Spoiled 05 3G v.xls");
Oi=D(:,2)";

Freq=D( ,1)";

Per 10=(5: 11: 55); Per20=( 3: 5: 55); Per50=( 1: 2: 54);

Freqi =Fr eq( Per 20) ; %== 5 input ===%
Const _Fres=Ai (Per 20); Loss_Fres=Bi (Per20);

Const _Spoi | ed=C ( Per 20) ; Loss_Spoi | ed=Di ( Per 20);
zeri=zeros(1,11);onei=ones(1,11); %== 5 input ===%

x=[Freqi' Const_Fres' Loss_Fres';
Freqi' Const_Spoiled Loss_Spoiled ];
Yd=[ zeri';onei'];

[col row =size(x);

[cod rod] =si ze(VYd);

| nput _node=r ow

Qut put _node=r od

Hi dden_node=4

wi =randn(row, H dden_node);,w =wi - fi x(wi);

wj =randn(rod, H dden_node); , wj =wj -fix(wj);

zeta_j =randn( 1, Hi dden_node) ;, zeta j=zeta j-fix(zeta j);
zeta_k=randn(1,rod);,zeta_k=zeta k-fix(zeta_k);

err=1;, ep=0,
al pha=0. 001;
tic

9BBBBALLL000000008086 Tr ai n YBBRBEBEBALLLLLLNEE80880
while err > 0.001 & ep < 1077

erro=[];, ep=ep+l;
for i=1:1ength(Yd)

for j=l:length(zeta_j)

x(i,1);

W),

Yi(j)=sigmoid((x(i, )*wi(:,j))-zetaj(j));
end
for k=1:1ength(zeta_k)

W (k,);

Yo(k)=sigrmoid((w (k,:)*Yi")-zeta_k(k));
end

error=Yd(i, :)- Yo, % - -single output---
erro=abs(error);

%-------- return error-----------
gradi _k=Yo.*(1-Yo).*error;
Delta_w =[];

for y=1:1ength(Yi)
Del ta_j =al pha*Yi (y) *gradi _k;
Delta wj=[Delta_wj;Delta_j];
end
Del ta_zet a_k=al pha*(-1)*gradi _k;
for t=1:1ength(Yi)
gradi _j(t)=Yi(t)*sun((1-Yi(t))*(W(:,t)" .*gradi_k));
end

Delta_wi =[];
for ti=1:row
Del ta_i=al pha*x(i,ti)*gradi _j;
Delta wi=[Delta_wi;Delta_il];
end



0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105

Delta_zeta_j=al pha*(-1)*gradi _j;
w =wi +Delta_w ;
W =wj +Del ta_wj ' ;
zeta_ j=zeta j+Delta_zeta_ j;
zeta_k=zeta_k+Del ta_zeta_k;
end
err=sun(erro);
end
err,ep
WL W
zeta_j;,zeta_k;
RBBRARALNN000000000008086 End Trai n BBRBABAAAAALME0800880
zeroo=zeros( 1, 55); oneo=ones( 1, 55);

x=[Freq” A' Bi';
Freqt G' D'];
Yd=[ zer 00' ; oneo' |;

[col OM = ;
[cod rod] =si ze(Yd);
Yout =[] ;

for i=1:col
for j=1:length(zeta_j)
Yi(j)=sigmoid((x(i, )*wi(,j))-zeta_j(j));
end
for k=1:length(zeta_k)
Yo(k)=sigrmoid((w (k,:)*Yi"')-zeta_k(k));
end
Yout =[ Yout ; Yo] ;
end
Yd;
out put = round(Yout);
Qput =Yd- out put ;
error=[ max(Yd-output);mn(Yd-output)];
error_sunmesun(sun( Qput. "2))
88886 End Test 90008800000080808080800
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Application of artificial neural network for milk quality

classification with dielectric properties

Prapan Leekul

Department of Telecommunication and Information Engineering, Faculty of Industrial Technology, Rambhai

Barni Rajabhat University

Abstract

This paper presents the categorization of quality of milk by using artificial neural networks. In order
to distinguish quality of milk, the difference of dielectric properties between fresh milk and spoiled milk are
used. A measurement of the dielectric properties of milk is measured in the range frequency from 0.5 to 3
GHz. The measured dielectric constant and dielectric loss factor are used for training artificial neural
networks (ANNs) to classify the quality of milk. The data for training ANNs is divided into 3 groups which
consist of 10%, 20% and 50% per all data. The learning rates are comprised of 0.0005, 0.001 and 0.002
respectively and the number of hidden node is comprised of 4, 6 and 9 respectively. From the simulation,
the data for training at 20% is enough for ANN's learning. The system can learn efficiently at learning rate
of 0.001.The suitable number of the hidden nodes is 6 nodes, which makes the system decides precisely

resulting in using the resources effectively and low complexity.

Keywords : Dielectric properties, Milk quality, UHF frequency, Artificial neural network
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Toaduniuaud Tunsnsrasuuuaiisslutiunlagle
20NLUUNITUTUaN WY 104 (Signal conditioning)
WeAnwnansznuiinduvesdygralni Tunsdla

AANSUA ULUAIVBIAIDUNLAUTINNLUATILS 87
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Vector network analyzer

Dielectric probe

Thermometer

Computer™
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A13197 1 n15i5euivedlaseingussaniiguain

Inulungousu
Data 10%, 20%, 50%
Case
Input node Hidden node Output node
1 3 a4 1
2 3 6 1
3 3 9 1

n1sUsudnInsiseusvedlasadngussainifiey
gnUsueglugiag 0.0005, 0.001 wag 0.002 LoWsRs
ns3euiiaian Junougaviefeniainund18ng
AnuAnnaniisouUld warsuINTIn T LT
an A 10° uay 107 pudidy nsfinaouusazade
favualid 1 Tuatording nsdiduunife 1 wazuy
\defe 0
4. WANIINARBILATIATA]
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Tutaeadud 0.5 4 3 AnziBsnd nsnaouuys
gondu 3 wuu wdng Tneudsnudiunguvesdoya
fdudunnveslasstneyszamiiion doyadililunns
?Jﬂaaul,uiaﬁ‘]uﬂfjmaz 10%, 20% Wwag 50% Yoslaya
ndifnn3nitanun ileU3suiiivuanuanunsalunis
apdgUkuLlarANNENIsatuNISS ey MIveasdle
1§38n1513suussenevealaniglsinsuniwloual
(SCILAB) 19039 6.0.0 Tngldndnmsviduuuiiteuls
(While loop) LﬁaLﬁ]amﬁmﬁﬂﬁmmgaquﬂmi

e goalandiegauandlugui 5

ANN's training.sce 3]

}#hllﬁ err.>.0.001
erro=(]:,

for-i=1:

for k=1:length(zeta k)
Yo (k)=sigmoid( (wj (k, :)*¥i') -zel:a_k (k)) s

9 R ;s W R

9 end
error=Yd(i,:)-Yo;

gradi_k=Yo
for y=1: th(Yi)
Delta j=alpha~*Yi(y)*gradi_ k:
Delta_wj= [Dell:a_wj ;Delt.a_j] 2

end
Delta_zeta k=alpha* (-1)*gradi_k;
gth (¥Yi)
gradi_j (T)=Yi(cT)*sum((1-Yi(T))* (w3 (

(T)".*gradi_k));
end
Delta wi=[]:
for ti=l:row
Delta_i=alpha®x(i,ti)*gradi_j;
Delta wi=[Delta wi:Delta i]:
end

end

U 5 dregswedlanlulusunsulauay

A13197 2 N1sissusveslaseneysramiienlagly

Toya 10%

Node Learning Iteration Error Accuracy

0.0005 107 0.5 50%

(n) 4 0.001 10’ 0.4993 50%
0.002 107 0.1648  82.73%

0.0005 10 0.4998 50%
() 6 0.001 10’ 0.0142  83.64%
0.002 10’ 0.164 82.73%

0.0005 107 0.5 50%
(@) 9 0.001 10’ 0.0026  84.55%
0.002 10’ 0.1629  82.73%
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APPENDIX
-7.707 -0.77 20.094 0.552 0.086 -0.167
W, -1.51 0.371 -0.799 0.096 -0.492 0.996
8.178 -0.226 2.108 0.543 -0.742 -3.077
W, 12.156 -4.748 15.273 -5.321 -0.402 -5.301
0, 0.388 -0.177 -1.779 0.419 0.292 0.201
0, 5.144
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0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067

clear all;
clc;

A=xl sread(' Const Fres 05 3CGHz v.xls");
A=AC, 2)0

B=xl sread(' Loss Fres 05 3CGHz v.xls");
Bi=B(:,2)";

C=xl sread(' Const_Spoiled 05 3CGHz v.xls");
G=C,2)";

D=xl sread(' Loss Spoiled 05 3G v.xls");
Oi=D(:,2)";

Freq=D( ,1)";

Per 10=(5: 11: 55); Per20=( 3: 5: 55); Per50=( 1: 2: 54);

Freqi =Fr eq( Per 20) ; %== 5 input ===%
Const _Fres=Ai (Per 20); Loss_Fres=Bi (Per20);

Const _Spoi | ed=C ( Per 20) ; Loss_Spoi | ed=Di ( Per 20);
zeri=zeros(1,11);onei=ones(1,11); %== 5 input ===%

x=[Freqi' Const_Fres' Loss_Fres';
Freqi' Const_Spoiled Loss_Spoiled ];
Yd=[ zeri';onei'];

[col row =size(x);

[cod rod] =si ze(VYd);

| nput _node=r ow

Qut put _node=r od

Hi dden_node=4

wi =randn(row, H dden_node);,w =wi - fi x(wi);

wj =randn(rod, H dden_node); , wj =wj -fix(wj);

zeta_j =randn( 1, Hi dden_node) ;, zeta j=zeta j-fix(zeta j);
zeta_k=randn(1,rod);,zeta_k=zeta k-fix(zeta_k);

err=1;, ep=0,
al pha=0. 001;
tic

9BBBBALLL000000008086 Tr ai n YBBRBEBEBALLLLLLNEE80880
while err > 0.001 & ep < 1077

erro=[];, ep=ep+l;
for i=1:1ength(Yd)

for j=l:length(zeta_j)

x(i,1);

W),

Yi(j)=sigmoid((x(i, )*wi(:,j))-zetaj(j));
end
for k=1:1ength(zeta_k)

W (k,);

Yo(k)=sigrmoid((w (k,:)*Yi")-zeta_k(k));
end

error=Yd(i, :)- Yo, % - -single output---
erro=abs(error);

%-------- return error-----------
gradi _k=Yo.*(1-Yo).*error;
Delta_w =[];

for y=1:1ength(Yi)
Del ta_j =al pha*Yi (y) *gradi _k;
Delta wj=[Delta_wj;Delta_j];
end
Del ta_zet a_k=al pha*(-1)*gradi _k;
for t=1:1ength(Yi)
gradi _j(t)=Yi(t)*sun((1-Yi(t))*(W(:,t)" .*gradi_k));
end

Delta_wi =[];
for ti=1:row
Del ta_i=al pha*x(i,ti)*gradi _j;
Delta wi=[Delta_wi;Delta_il];
end



0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105

Delta_zeta_j=al pha*(-1)*gradi _j;
w =wi +Delta_w ;
W =wj +Del ta_wj ' ;
zeta_ j=zeta j+Delta_zeta_ j;
zeta_k=zeta_k+Del ta_zeta_k;
end
err=sun(erro);
end
err,ep
WL W
zeta_j;,zeta_k;
RBBRARALNN000000000008086 End Trai n BBRBABAAAAALME0800880
zeroo=zeros( 1, 55); oneo=ones( 1, 55);

x=[Freq” A' Bi';
Freqt G' D'];
Yd=[ zer 00' ; oneo' |;

[col OM = ;
[cod rod] =si ze(Yd);
Yout =[] ;

for i=1:col
for j=1:length(zeta_j)
Yi(j)=sigmoid((x(i, )*wi(,j))-zeta_j(j));
end
for k=1:length(zeta_k)
Yo(k)=sigrmoid((w (k,:)*Yi"')-zeta_k(k));
end
Yout =[ Yout ; Yo] ;
end
Yd;
out put = round(Yout);
Qput =Yd- out put ;
error=[ max(Yd-output);mn(Yd-output)];
error_sunmesun(sun( Qput. "2))
88886 End Test 90008800000080808080800
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Application of artificial neural network for milk quality

classification with dielectric properties

Prapan Leekul

Department of Telecommunication and Information Engineering, Faculty of Industrial Technology, Rambhai

Barni Rajabhat University

Abstract

This paper presents the categorization of quality of milk by using artificial neural networks. In order
to distinguish quality of milk, the difference of dielectric properties between fresh milk and spoiled milk are
used. A measurement of the dielectric properties of milk is measured in the range frequency from 0.5 to 3
GHz. The measured dielectric constant and dielectric loss factor are used for training artificial neural
networks (ANNs) to classify the quality of milk. The data for training ANNs is divided into 3 groups which
consist of 10%, 20% and 50% per all data. The learning rates are comprised of 0.0005, 0.001 and 0.002
respectively and the number of hidden node is comprised of 4, 6 and 9 respectively. From the simulation,
the data for training at 20% is enough for ANN's learning. The system can learn efficiently at learning rate
of 0.001.The suitable number of the hidden nodes is 6 nodes, which makes the system decides precisely

resulting in using the resources effectively and low complexity.

Keywords : Dielectric properties, Milk quality, UHF frequency, Artificial neural network
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-7.707 -0.77 20.094 0.552 0.086 -0.167
W, -1.51 0.371 -0.799 0.096 -0.492 0.996
8.178 -0.226 2.108 0.543 -0.742 -3.077
W, 12.156 -4.748 15.273 -5.321 -0.402 -5.301
0, 0.388 -0.177 -1.779 0.419 0.292 0.201
0, 5.144

139



NIATINNIANImAlUlagnavnTsi  wass -TECH U9 12 atun 2 nsngaeu - Suinau 2560

140



