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 ������	����
�����������������������������������	� ���
����
��!"�� �#��$ %���

�&��'�
��()&* �+,�&��'�
��-.&-���!�/����#��+� !�
�
��� (Neural Network) -�&!����<��=�'&

+�>���/��)"�� ���������� �����
��=�#������>���������������!����<���	�������	� ���


����()&)&����� Simulation )&��/+�C��� MATLAB /)����+I�C��)�(JJI�C� ����<��

-�&��=������� �����/��)���#��#��$�� !����<������!����K��#��$��� !�>+ ������L� 

�� C!(JJI� ������(JJI� C� �#����+� ��=����������������()& %�������!����K�� ��#�� 

+�>���/��) C��)��J! ����<��(JJI� C� �� C! �+,����!����K�
��!����<-.&-���!�

/����#��+� !�
�
��� (Neural Network) -�&!����<��=�'&+�>���/��)"�� ����������()& 

�����#������!����K���
��!"�� ���
�����#��$C!)�)��"��+� ��= 3-1 <�� "��+� ��= 3-3 
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!"#$%&'() 3-2 *+",-.,#./012(3$%4,"56789 :%39./;<- :8&'%&:-2(3,(;=(%1 

   ;,>?(:78@3A@"B,C*+",DC? 40 Hz 
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!"#$%&'() 3-3 *+",-.,#./012(3$%4,"56789 :%39./;<- :8&'%&:-2(3,(;=(%1 
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3.2 ������	

������������������������������������� 

3.2.1 � �!"�	�������!"���������������� 

 6*%32@"B$%&-"GGC?HIJ$%&'()9J+B 3 (4/#K= 69B'"%%.)*@":%39./ *+",DC? :8&'%&:- ,"$%.)
*@"G"3=.+;82H7J,C*@"%&7+@"3 0 DL3 1 ML?3GN"O9J69B'"%/N"*@"-P3-K9GC?,C6('"-;$Q/O$O9J2(3:%39./ *+",DC? 
:8&'%&:- ,";$Q/=.+7"%*@"9.3:-93H/="%"3 3-1 

 
="%"3GC? 3-1 '"%$%.)$%K3*@"=.+;82-N"7%.)-(/6*%32@"B$%&-"G 

2J(,P82(3,(;=(%1 2J(,P8GC?HIJ-(/6*%32@"B$%&-"G 
*@" *@"=?N"-K9 *@"-P3-K9 *@" *@"=?N"-K9 *@"-P3-K9 

:%39./ (V) 0 230 p1 0 1 
*+",DC? (Hz) 0 50 p2 0 1 
'%&:- (A) 0 5 p3 0 1 

:%3)49 (N-m) 0 7 output 0 1 

 
="%"3GC? 3-2 =.+(B@"32J(,P8GC?HIJ-(/6*%32@"B$%&-"G 

2J(,P82(3,(;=(%1 2J(,P8GC?HIJ-(/6*%32@"B$%&-"G 
Input Output p1 p2 p3 Output 

V F I T (V/230) (F/50) (I/5) (T/7) 
230 50 3.977 7.0191 1 1 0.7954 1.0027286 
202.5 45 3.547 5.9613 0.8804348 0.9 0.7094 0.8516143 
172 40 3.19 5.0074 0.7478261 0.8 0.638 0.7153429 
202.5 45 2.74 4.0418 0.8804348 0.9 0.548 0.5774 
143.5 35 2.358 3.0149 0.623913 0.7 0.4716 0.4307 
176 40 2.068 1.9898 0.7652174 0.8 0.4136 0.2842571 

 
 ;,>?(%PJ*@":%39./(V) *+",DC? (F) :8&'%&:- (I) GC?-!"+&6789 (T) =@"3Y2(3,(;=(%1 :8J+/N"
*+",-.,#./01;78@"/CZ,"$%.)$%K3*@";#>?(;$Q/(4/#K=:8&;("G1#K=;$["7,"BH/'"%;%CB/%PJ2(36*%32@"B
$%&-"G ;#>?(*+",/@";I>?(D>(2(3\8'"%;%CB/%PJ2J(,P8H/'"%;%CB/%PJA&=J(3'%&A"B*%()*8K,AK9GN"3"/2(3
,(;=(%1H7JO9J,"'GC?-K9 H/GC?/CZO9JHIJAK9GN"3"/2(3,(;=(%1AN"/+/ 210 AK9GN"3"/;$Q/2J(,P8H/'"%;%CB/%PJ
2(36*%32@"B$%&-"G =.+(B@"32J(,P8GC?HIJ-(/6*%32@"B$%&-"G:-939.3="%"3 3-2 
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 3.2.2 #�������������������� 

 6*%32@"B$%&-"G;$Q/6*%32@"BGC?,C 3 (4/#K= 69BHIJ6*%32@"B$%&-"GGC?,C 2 I.Z/ *>(I.Z/M@(/ 
(hidden layer) :8&I.Z/;("G1#K=GC?,C 1 ;("G1#K= '"%;8>('AN"/+/;M881H/I.Z/M@(/-","%D$%.);$8C?B/O9J
;#>?(H7JO9J\8'"%:'J$`a7"GC?9CGC?-K9 H/'"%G98(3O9J/N"2J(,P8O$-(/6*%32@"B$%&-"G 3-2-1, 3-3-1,    
3-4-1 :8& 3-5-1 ML?3#)+@"6*%32@"B$%&-"G:=@8&I/49,C*+",-","%DGC?9C;7,>(/'./ AL3;8>('HIJ6*%32@"B
$%&-"G 3-2-1 ;/>?(3A"',C#"%",4;=(%1/J(B'+@"6*%32@"B:))(>?/8.'c5&6*%32@"BO,@M.)MJ(/ Transfer 
function GC?HIJ;$Q/ Log-Sigmoid transfer function '"%;%CB/%PJ2(36*%32@"B$%&-"G9J+B6$%:'%, 
NEURAL SKELETON O9J\89.3/CZ 
 

In 3 

Hidden 2 

Out 1 

Eta 1.90476190476e-02 

Alpha 7.00000e-01 

Criterion 1.00000e-04 

MaxEpoch -24288 

MonitorInterval 1000 

whi 

7.11143576348e+00 -6.40294550284e+00 1.07406327015e+01  

-2.20617303999e+00 2.01127750157e+00 9.61077341758e+00  

woh 

1.37768558498e+01 6.06102313355e+00  

bh 

1.03065935108e+01 2.83533864258e+00  

bo 

5.47269337392e+00 
 

+

+

+
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7.111

-6.403

10.741
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2.011
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Input Fist Layer Second Layer

 
 

!"#$%&'() 3-4 6*%32@"B$%&-"G-N"7%.)'"%$%&,"567892(3,(;=(%1 
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W1
  = 









−

−

611.9011.2206.2

741.10403.6111.7       (3-1) 

b1  = 








−

−

835.2

307.10         (3-2) 

 
W2

  = [ ]061.6777.13        (3-3) 
 
b2  = [ ]473.5−         (3-4) 
 
n1  = W1p + b1        (3-5) 
 

a1  = logsig (n1) = 
1

1

1
n

e
−+

       (3-6) 

 
n2 = W2a1 + b2        (3-7) 
 

a2  = logsig (n2) = 
2

1

1
n

e
−+

       (3-8) 

  

3.2.3 #��������
������������� 

;,>?(O9J*@"#"%",4;=(%1=@"3Y:8J+A&O9J6*%32@"B$%&-"G9.3!"#$%&'() 3-4 ML?3#"%",4;=(%1=@"3Y
A&HIJDL3Go/4B,=N":7/@3GC? 3 \8'"%G9-()'"%GN"3"/2(36*%32@"B$%&-"G:8&;$%CB);GCB)*@"*+",
\49#8"9:-939.3="%"3GC? 3-3 

 
="%"3GC? 3-3 \8'"%G9-()'"%GN"3"/2(36*%32@"B$%&-"G 
Input output error 

p1 p2 p3 ��-����� .�  (%) 

1 1 0.7954 1.0027286 0.983456 1.92 
0.8804348 0.9 0.7094 0.8516143 0.864057 -1.46 
0.7478261 0.8 0.638 0.7153429 0.705356 1.40 
0.8804348 0.9 0.548 0.5774 0.57511 0.40 
0.623913 0.7 0.4716 0.4307 0.436286 -1.30 



34 

0.7652174 0.8 0.4136 0.2842571 0.285572 -0.46 
 

A"'="%"3 3-3 -%K$O9J+@"6*%32@"B$%&-"G-","%D;%CB/%PJ:8&$%&,"567892(3,(;=(%169B
'"%HIJ2J(,P82(3:%39./ *+",DC? :8&'%&:-,";$Q/(4/#K=2(36*%32@"B$%&-"G 
 
3.3 ���23�4�����56!�7�������89���89��:�6��89���7
�;��<=9��	���.��� 

 '"%7"AK9GN"3"/GC?GN"H7J;'49'"%$%&7B.9#8.33"/,"'GC?-K969BO,@;'49\8'%&G)=@('"%GN"3"/
2(3,(;=(%1:8&O,@-@3\8;-CB7"B'.)O,JGC?;8>?(B A&=J(3oL'c"'"%GN"3"/2(3,(;=(%1GC?*+",DC?:78@3A@"B,C
*@"=@"3Y69BGC?2/"92(36789!"%&,C*@"*3GC? :8J+7"*@"#8.33"/O<<["GC?HIJGC?AK9GN"3"/=@"3Y'./O$ 
;/>?(3A"''"%GN"3"/2(3(4/;+(%1;=(%1;$Q/'"%GN"3"/69B%.'c"(.=%"-@+/:%39./=@(*+",DC?*3GC? (v/f *3GC?) 
;#>?(O,@H7J'%&:-2(3,(;=(%1;'4/#4'.9AL3;8>('H7J(4/;+(%1;=(%1%.'c"(.=%"-@+/:%39./=@(*+",DC?GC?#4'.9
2(3,(;=(%1 *>( v/f = 4.4 AK9GC?,C'"%HIJ#8.33"/O<<["/J(BGC?-K9:8&O,@-@3\8;-CB7"B'.),(;=(%1;*%>?(3
;8>?(BA&D>(+@";$Q/AK9GC?;7,"&-,GC?-K92(3'"%;8>?(B 
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 '"%G98(3;$%CB);GCB)#8.33"/O<<[";,>?($%.)*+",DC?:78@3A@"BGC?HIJH/'"%;8>?(BO,J2/"9=@"3Y 
GN"O9J69B'"%;$%CB);GCB)'N"8.3O<<["GC?HIJ:8&%&B&;+8"H/'"%;8>?(B2(3:=@8&*+",DC?;,>?(O,J,C2/"9GC?
;G@"'./ 69B;,>?($%.)*+",DC?2(3:78@3A@"B ;+8"GC?HIJH/'"%;8>?(BO,J*+",B"+;G@"'./2/"9=@"3Y'./:-939.3
!"#$%&'() 3-8 :8&#8.33"/O<<["GC?HIJ:-939.3!"#$%&'() 3-9 
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!"#$%&'() 3-8 ;+8"GC?HIJH/'"%;8>?(BO,J:=@8&2/"9;,>?($%.)*+",DC?:78@3A@"B 
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!"#$%&'() 3-9 #8.33"/O<<["GC?HIJH/'"%;8>?(BO,J:=@8&2/"9;,>?($%.)*+",DC?:78@3A@"B 
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="%"3GC? 3-4 AK9GN"3"/GC?$%&7B.9#8.33"/GC?-K9 
Torque Frequency 

(N-m) (Hz) 

7 50 

6 50 

5 44 

4 40 

3 36 

2 36 

1 36 

0 36 

  
 A"'!"#$%&'() 3-5 DL3!"#$%&'() 3-9 -","%D-%K$DL3*+",DC?GC?;7,"&-,H/'"%;8>?(BO,JGC?
A&GN"H7J'"%;8>?(BO,J$%&7B.9#8.33"/GC?-K99.3="%"3GC? 3-4 ML?3DJ"7"'-","%D'N"7/9AK9GN"3"/H/:=@8&
-!"+&6789O9J9.3="%"3GC? 3-4 'uA&O9J'"%;8>?(BO,JGC?$%&7B.9#8.33"/GC?-K9 
 
3.4 ������	

�������������������P�����;��<=9��	���.��� 

 3.4.1 � �!"�	�������!"���������������� 

 6*%32@"B$%&-"GGC?HIJ$%&'()9J+B 1 (4/#K= 69B'"%%.)*@"6789 (:%3)49) ,"$%.)*@"G"3=.+;82
H7J,C*@"%&7+@"3 0 DL3 1 ML?3GN"O9J69B'"%/N"*@"-P3-K9GC?,C6('"-;$Q/O$O9J2(3:%39./ *+",DC? :8&'%&:- 
,";$Q/=.+7"%*@"9.3:-93H/="%"3GC? 3-5 

 
="%"3GC? 3-5 '"%$%.)$%K3*@"=.+;82-N"7%.)-(/6*%32@"B$%&-"G 
2J(,P86789 2J(,P8GC?HIJ-(/6*%32@"B$%&-"G 

*@"=?N"-K9 *@"-P3-K9 *@" *@"=?N"-K9 *@"-P3-K9 
0 7 output 0 1 
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="%"3GC? 3-6 2J(,P8GC?HIJ-(/6*%32@"B$%&-"G 

2J(,P8A%43 2J(,P8GC?HIJ-(/6*%32@"B$%&-"G 

Input Output p1 Output 

(T) (f) (T/7) (f/50) 

7 50 1 1 

6 50 0.857142857 1 

5 44 0.714285714 0.88 

4 40 0.571428571 0.8 

3 36 0.428571429 0.72 

2 36 0.285714286 0.72 

1 36 0.142857143 0.72 

0 36 0 0.72 
 

 3.4.2 #�������������������� 

 6*%32@"B$%&-"G;$Q/6*%32@"BGC?,C 1 (4/#K= 69BHIJ6*%32@"B$%&-"GGC?,C 2 I.Z/ *>(I.Z/M@(/ 
(hidden layer) :8&I.Z/;("G1#K=GC?,C 1 ;("G1#K= transfer function GC?HIJ;$Q/ Log-Sigmoid transfer function 
'"%;%CB/%PJ2(36*%32@"B$%&-"G9J+B6$%:'%, NEURAL SKELETON O9J\89.3/CZ 
 
 

In 1 

Hidden 2 

Out 1 

Eta 6.25000000000e-01 

Alpha 5.00000e-01 

Criterion 1.00000e-04 

MaxEpoch -31616 

MonitorInterval 1000 

whi 

7.57418164748e+00  

1.45050829390e+01  

woh 

6.62008144221e+00 1.02697123690e+01  

bh 

7.24770859833e+00 1.40630727857e+01  

bo 

-9.13534239944e-01  
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+

+

+
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Input Fist Layer Second Layer

p1

 
 

!"#$%&'() 3-10 6*%32@"B$%&-"G 1-2-1 -N"7%.)'"%'N"7/9*+",DC?2(3(4/;+(%1;=(%1 
 

W1  = 








505.14

574.7         (3-9) 

 

b1  = 








−

−

063.14

248.7         (3-10) 

 
W2  = [ ]270.10620.6        (3-11) 
 
b2  = [ ]914.0         (3-12) 
 
n1  = W1p + b1        (3-13) 
 

a1  = logsig (n1) = 
1

1

1
n

e
−+

       (3-14) 

 
n2 = W2a1 + b2        (3-15) 
 

a2  = logsig (n2) = 
2

1

1
n

e
−+

       (3-16) 
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3.4.3 #��������
������������� 

;,>?(O9J*@"#"%",4;=(%1=@"3Y:8J+A&O9J6*%32@"B$%&-"G9.3!"#$%&'() 3-10 ML?3#"%",4;=(%1
=@"3YA&HIJDL3Go/4B,=N":7/@3GC? 3 \8'"%G9-()'"%GN"3"/2(36*%32@"B$%&-"G:8&;$%CB);GCB)*@"
*+",\49#8"9:-939.3!"#$%&'() 3-11 
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!"#$%&'() 3-11 \8'"%G9-()'"%GN"3"/2(36*%32@"B$%&-"G 
 
3.5 ��������������=9�56����������	���P�����;��<=9��	���.��� 

 

 
 

!"#$%&'() 3-12 6*%32@"B$%&-"G;GCB,GC?HIJH/%&))*+)*K,*+",;%u+=",-!"+&6789 
 

'"%*+)*K,*+",DC?2(3:78@3A@"B=",-!"+&678969B'"%HIJ6*%32@"B$%&-"G;GCB, (Artificial 
Neural Network) AN":/'-!"+&6789A"'-.aa"5:%39./ *+",DC?:8&'%&:-2(3,(;=(%1 :8&HIJ
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6*%32@"B$%&-"G;GCB,*N"/+57"*+",DC?GC?,(;=(%1HIJ#8.33"/O<<["/J(BGC?-K9 6*%32@"B$%&-"G;GCB,9.3
!"#$%&'() 3-12 ;$Q/6*%32@"B$%&-"GGC?HIJH/3"/+4A.B/CZ 69B$%&'()9J+B6*%32@"BGC?GC 3 (4/#K= 4 I.Z/ 
69BI.Z/GC? 1 :8& I.Z/GC? 2 ;$Q/6*%32@"BGC?HIJH/'"%$%&,"56789!"%&2(3,(;=(%1 -@+/I.Z/GC? 3 :8& I.Z/GC? 
4 ;$Q/6*%32@"BHIJ-N"7%.)*N"/+57"*+",DC?:78@3A@"BGC?;7,"&-,H/'"%2.),(;=(%1 
 
3.6 � ��;�������� 

'"%*+)*K,*+",DC?2(3:78@3A@"B-","%DGN"O9J69B'"%HIJ(4/;+(%1;=(%1 H/3"/+4A.B/CZO9JHIJ
(4/;+(%1;=(%1BC?v@( FUJI %K@/ FRENIC-Mini Model:FRN3. 7C1S-4A ML?3-","%D*+)*K,*+",DC?O9JA"'
!"B/(' '"%HIJ Analog input (2" 12) 2/"9 0-10VCD -","%D$%.)*+",DC?O9JH/8.'c5&;I43;-J/=.Z3:=@ 
0-50Hz H/'"%$%.)*+",DC?-","%DHIJ=.+=J"/G"/$%.)*@"O9J (potentiometer) =@(;2J"'.):78@3A@"B
:%39./ 10V (2" 13 :8& 2" 11) 7%>('"%HIJ(K$'%51!"B/('(>?/Y9.3!"#$%&'() 2-23 DL3 2-25 

 

 
 

!"#$%&'() 3-13 '"%*+)*K,*+",DC?2(3(4/;+(%1;=(%1A"'!"B/(' 
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!"#$%&'() 3-14 '"%HIJ=.+=J"/G"/$%.)*@"O9J (Potentiometer) $%.)*@"*+",DC? 
 
 

 
 

!"#$%&'() 3-15 '"%$%.)*@"*+",DC?A"'(K$'%51!"B/(' 
 
3.7 :���������������� 

 H/2.Z/=(/'"%HIJO,6*%*(/6G%8;8(%1;#>?(*N"/+57"$%4,"56789!"%&:8&-%J"3-.aa"5
*+)*K, Analog Input 2(3(4/;+(%1;=(%1 =",6*%32@"B$%&-"G;GCB,GC?O9J O9J#4A"%5"HIJ
O,6*%*(/6G%8;8(%1 ;)(%1 LPC 2119 GC?=49=.Z3(BP@)/)(%19 ET-ARM7 Stamp LPC2119 2(3)%4c.G(CGC
GCAN"'.9 69BHIJ%@+,'.) ET-ARM7 Starter Kit V1 2(3)%4c.G(CGCGCAN"'.9  
 

 
 

!"#$%&'() 3-16 )(%19 ET-ARM7 Stamp LPC2119 
(GC?," : http://www.ett.co.th) 
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6$%:'%,-N"7%.))(%19O,6*%*(/6G%;8(%1 ARM-7 HIJ6$%:'%, Keil :-939.3!"#$%&'() 
3-17(a) H/'"%;2CB/6$%:'%,*+)*K,9J+B!"c"MC:8&*(,O#81 (Compile) ;#>?(H7J;$Q//",-'K8 .hex 
A"'/.Z/ File Download 9J+B6$%:'%, LPC2000 :-939.3!"#$%&'() 3-17(b) 69B,C8N"9.)2.Z/'"%
GN"3"/9.3!"#$%&'() 3-18 
      
 
 
 
  
   
        (a)       (b) 

!"#$%&'() 3-17      (a) 6$%:'%, Keil -N"7%.);2CB/6$%:'%, 
    (b) 6$%:'%, File Download 7%>( LPC 2000 

 

 
 

 
!"#$%&'() 3.18 8N"9.)2.Z/'"%GN"3"/2(36$%:'%, 
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3.8 �7UU��� �!"� (Input signal) 

 6*%32@"B$%&-"G;GCB,GC?HIJ*+)*K,*+",;%u+2(3,(;=(%1=",-!"+&678969B'"%$%.)*+",DC?
2(3(4/;+(%1;=(%1=",$%4,"56789!"%& A&=J(3=%+A%PJ-.aa"5(4/#K=;#>?($%&,+8\8'"%$%&,"5
6789!"%&:8&-%J"3-.aa"5*+)*K, 69B(4/#K=2(36*%32@"B$%&-"G;GCB,,C 3 (4/#K= *>( 
 3.8.1 �7UU��	��7� (Voltage signal) 

 -.aa"5:%39./-N"7%.);$Q/(4/#K=GC? 1 2(36*%32@"B$%&-"G;GCB, (p1) *>(-.aa"5:%39./;<-
2(3,(;=(%1 -","%D=%+A%PJ69B'"%/N":%39./;<-2(3,(;=(%1,"89%&9.):%39./69B'"%HIJ7,J(:$83
O<<[" +3A%;%CB3'%&:-;#>?(:$83-.aa"5GC?O9J;$Q/:%39./O<<["'%&:-=%3 :8J+$%.)%&9.):%39./H7J
;7,"&-,'@(/;2J" A/D CONVERTER 2(3O,6*%*(/6G%8;8(%1  
 

 
 

!"#$%&'() 3.19 +3A%=%+A%PJ:%39./;<-2(3,(;=(%1 
 

 
 

!"#$%&'() 3.20 '"%=%+A+.9:%39./;<-2(,(;=(%1 
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 3.8.2 �7UU���;��<=9 (Frequency signal) 

 -.aa"5*+",DC?-N"7%.);$Q/(4/#K=GC? 2 2(36*%32@"B$%&-"G;GCB, (p2) *>(-.aa"5*+",DC?2(3
:78@3A@"BGC?$[(/;2J",(;=(%1H/25&/.Z/ ;/>?(3A"'(4/;+(%1;=(%1ML?3;$Q/:78@3A@"B2(3,(;=(%1A&,C analog 
output -N"7%.)%.)%PJ*+",DC? AL3-","%D/N"-.aa"5/CZ,"$%.)%&9.):%39./H7J;7,"&-,;#>?(;$Q/-.aa"5
(4/#K=;2J" A/D CONVERTER 2(3O,6*%*(/6G%8;8(%1  
 

 
 

!"#$%&'() 3.21 +3A%=%+A%PJ*+",DC?2(3:78@3A@"B 
 
 2.8.3 �7UU�����	� (Current signal) 

-.aa"5'%&:--N"7%.);$Q/(4/#K=GC? 3 2(36*%32@"B$%&-"G;GCB, (p3) *>(-.aa"5'%&:-;<-
2(3,(;=(%1 -","%D=%+A%PJ69B'"%HIJ7,J(:$83'%&:- (Current transformer) ,"=%+A+.9'%&:-2(3
,(;=(%1 \@"/+3A%2B"B-.aa"5ML?3O9J;8>('HIJ Instrument amplifier ;)(%1 INA114 \@"/+3A%;%CB3'%&:-
;#>?(:$83-.aa"5GC?O9J;$Q/:%39./O<<["'%&:-=%3 :8J+$%.)%&9.):%39./H7J;7,"&-,'@(/;2J" A/D 
CONVERTER 2(3O,6*%*(/6G%8;8(%1 

 

 
!"#$%&'() 3.22 7,J(:$83'%&:- (Current transformer) -N"7%.)=%+A%PJ'%&:-2(3,(;=(%1 

(GC?,": http://www.9engineer.com, October 2004.) 
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!"#$%&'() 3.23 +3A%=%+A%PJ'%&:-2(3,(;=(%1 
 
 

 
 

!"#$%&'() 3.24 +3A%2B"B-.aa"5(4/#K=2(36*%32@"B$%&-"G;GCB, 
 
3.9 �����6��7UU���;
�"��;��<=9��� ��;�������� 

 ;,>?(6*%32@"B$%&-"G;GCB,AN":/'-!"+&2(367892(3;*%>?(3;8>?(B:8&;8>('*+",DC?GC?;7,"&-,
-N"7%.)'"%;8>?(B:8J+ A&-","%D*+)*K,(4/;+(%1;=(%1H7JGN"3"/-(9*8J(3=",'"%GN"3"/2(36*%32@"B
$%&-"G;GCB, 69B'"%/N"-.aa"5;("=1#K=2(36*%32@"B$%&-"G;GCB,ML?3'u*>(-.aa"5 PWM OUTPUT 
2(3O,6*%*(/6G%8;8(%1 (0-3.3Vdc) ,"-%J"3-.aa"5-N"7%.)*+)*K,*+",DC?2(3(4/;+(%1;=(%1          
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(0-10Vdc) ML?3O9J#4A"%5"'"%GN"3"/2(3 Phototransistor 4N25 :8& Transistor TIP146 9.3!"#$%&'() 
3-24 
 

220

1k

10k

1k

1

2

3 4

5

6

Control signal 
to inverter

12VDC
0-3.3VDC from ARM-7

4N25
TIP146

 

 
!"#$%&'() 3-25 +3A%-%J"3-.aa"5*+)*K,*+",DC?2(3(4/;+(%1;=(%1 


