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8�9��"��, 2-2 ��!����;� Thevenin �������������
������ 

 

�����,�C�������*�����������	
�!C�	���������D�0����"��E��!����!����;�����������

���8�9��"��, 2-1 /<�������F7	�������!����;� Thevenin E��8�9��"��, 2-2 1��	
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'-./��-01�23�4��56�'7892(��5�:56��;������< 7�-�6=>�7-��656�?�2 (Torque,T ) 
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
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 2.1.1 �����	
���
�����
���
 

-�'��6)(8/BC;B���6D�E�9'FG�-�'��6)'>�8/9D�
� 3 '�7 380V 50Hz 1D�-'6KD 3,000 6�?/
��(8 (1D�-'6KDM��N16��7) 4��2 2.2 ��N�D���) E����6(27�?7�-�6=(6�?��6�-�'��6)4��
-�'��6)2���8P 
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s

R
r
′

s
R s

L

m
L

r
L'

V

 
s

R  = 2.1Ω  

s
L  = 0.01165 H 

r
L′  = 0.01165 H 

m
L  = 0.37277 H 

2R′  = 3.58 Ω  
R��F6:��? 2-3 ��6�-�'��6)4��-�'��6)(8/BC;B���6D�E�9 

 
 2.1.2 ��������������
���
 

'-./�(6�?10���6�-�'��6)4��-�'��6)7�-�6=>�1�S���TS:�0��U4��-�'��6)�2;E��
7-��6 (2-1) - (2-9) E:�2;1�S���TS:�0��U4��-�'��6)'-./�F���56�2��5�:1D�-=8/(8/����2 (VL-L= 
220V, 50Hz) R��F6:��? 2-4 =W�R��F6:��? 2-8 

 

 
R��F6:��? 2-4 1�S���TS:56�?�24��-�'��6) 
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R��F6:��? 2-5 �
���������2;��'4;�4��-�'��6) 

 

 
R��F6:��? 2-6 �6:57�����2;��'4;�4��-�'��6) 
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R��F6:��? 2-7 1�S���TS:10���DF6:��?�
����4��-�'��6) 

 

 
R��F6:��? 2-8 F6:7�(X�R��4��-�'��6) 

 

2.2 ����������������
������
����� 
��66Y;1�S���TS:��66�?N>�24��'16./��'�./�95�:7�-�6=���5??6:??4�?'1�./��'�./�

1D?1�-1D�-'6KD4��-�'��6)�;��
����B>;-8F6:7�(X�R��7Y�(�P�B�7R�D:(8/-8��6'�./�95�:�-0-8��6
'�./�9�2; �KE:(
�B>;7�-�6=F6:>9�2�������B�'16./��'�./�9�-;5�0�:��D5�:70�3��0���6F6:>9�2
�������N296D-4��N6���� B���6(27�?>�1�S���TS:4��'16./��'�./�9D�'2.��N29��6(2���
4�?'1�./��-�'��6)'>�8/9D�
� 3 '�7 4��2 4 hp MW/�'FG��;��
����4��'16./��'�./�9�-;(8/1D�-'6KD�0��U
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5�;DD�210��
���������5�:1D�-'6KD4��-�'��6)5�:�
��F>�1D�-7�-���X)6:>D0��1D�-'6KD5�:
56�?�2 E:�2;1�S���TS:4��56�?�25�:�
����4S:�-0-8��6'�./�92��R��F6:��? 2-9 5�: 
R��F6:��? 2-10 MW/��?D0�1�S���TS:56�?�2-1D�-'6KD4��'16./��'�./�9D�'2.��4S:�-0-8��6'�./�9 
(R�D:�-0-8N>�2) E�2�9Y0B�C��24��N>�2(8/56�?�2-810�'�.�?1�(8/5�:�
���������5F63����-
1D�-'6KD 
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'-./�(
���6(2���4S:-8N>�2N29��6'�./�9�-;C��2'289D���5�:4��2'289D��� (�-;
9����6�4��2 1 ��PD) (8/1D�-'6KD10��0��U�?D0� 56�?�2(8/BC;B���6'�./�95�0�:(0��-810�B��;'189����
(��U1D�-'6KD5�:�
���������(8/BC;B���6'�./�9�-;-85�DN�;-�2��'FG�'C��'7;���-1D�-'6KDB���6
'�./�9(8/�2��2��572�B�R��F6:��? 2-11 5�:R��F6:��? 2-12 
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R��F6:��? 2-11 1�S���TS:56�?�2-1D�-'6KDB�4S:'�./�9�-;9����6�4��2 1 ��PD 
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R��F6:��? 2-12 1�S���TS:�
����-1D�-'6KDB�4S:'�./�9�-;9����6�4��2 1 ��PD 
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E����6(2����?D0�1�S���TS:N>�2'16./��'�./�9D�'2.��'FG����TS:N>�2(8/56�?�21�(8/
(8/(��U1D�-'6KD4����6'�./�9 �
���������(8/BC;EW�7�-���X)��?1D�-'6KDB���6'�./�95??'C��'7;� 1D�-
'FG�'C��'7;�E:E
���2�9Y0(8/6:2�?1D�-'6KD10�>�W/�4WP��9Y0��?C��25�:4��24���-;(8/'�./�9D0��;����6
56�?�2F6�-�S-���;�9'(0��6 7
�>6�?N>�2(8/�;����656�?�2B���6'�./�9�;�9 C0D�'C��'7;�4��
�
�����������?1D�-'6KDE:-8C0D��D;���D0�N>�2(8/�;����656�?�2-�� �90���6�K��-4;�E
���24��
��6F6�?�21D�-'6KDB���6'�./�9�-;1.�'-./�F6�?1D�-'6KD4����6'�./�9�-;��6:2�?>�W/� 10�
�6:57�����(8/'��24WP���-1D�-7�-���X)B�7-��6(8/ (2-6) E:-810�7Y�'�������24��-�'��6)'�./��E��
��6�9�9�-76;��56�?�2B>;�2;��-1D�-�;����64��N>�2B�F6�-�S'(0�'2�- 5�:10�7��F(8/'��/-4WP�
2;D9 (
�B>;�
���������(8/BC;B���6'�./�9�-;�-0'FG�'C��'7;�(8/1D�-'6KD�/
�U 

'-./��
���������(8/BC;7�-���X)��?1D�-'6KDB���6'�./�95??'C��'7;� 2����P���6�2�
���������
(8/-�'��6)BC;B�4S:-8N>�2R�6:�-0'�K-(8/7�-�6=(
��2;N29��6F6�?�21D�-'6KD4��-�'��6)��(8/
6:2�?(8/'>-�:7-4��5�0�:F6�-�SN>�2 E��1D�-7�-���X)2��7-��6(8/ (2-10) 

 
NP ∝       (2-10) 

 
N29(8/ P  1.� �
���������4��-�'��6) (��N�D���)) 

  N  1.� 1D�-'6KD4��-�'��6) (6�?�0���(8) 
E��1D�-7�-���X)2��7-��6(8/ (2-10) '-./�(
���6F6�?�21D�-'6KD4��-�'��6)�� 

�
���������E:�2����-7�270D�2��7-��6(8/ (2-11) 
 

   
1

2

1

2

N

N

P

P
=       (2-11) 

 
N29(8/ 1P  1.� �
���������4��-�'��6)(8/1D�-'6KD����2 (��N�D���)) 

2P  1.� �
���������4��-�'��6)'-./�F6�?�21D�-'6KD (��N�D���)) 

1N  1.� 1D�-'6KD(8/����24��-�'��6)  (6�?�0���(8) 

2N  1.� 1D�-'6KD4��-�'��6)'-./�F6�?�21D�-'6KD (6�?�0���(8) 
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�<���3����%778�-����	�=#��!��
�9!�&��>

0
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����	� (p.u.)

�3�
���

%7
7

8�(
p.u

.)

 
R��F6:��? 2-13 1D�-7�-���X)6:>D0��1D�-'6KD��?�
��������� 

 
��6F6�?�256�2��5�:1D�-=8/4��5>�0�E0�9��(8/F���B>;��?-�'��6)'16./��'�./�9�-;E:(
�

B>;������������(8/BC;B���6'�./�9-810��2�� R��F6:��? 2-13 572�1D�-7�-���X)6:>D0��
1D�-'6KD��?�
��������� ��6��E�6S�E�2(
����(8/'>-�:7-N29��6'F689?'(89?������������(8/BC;
4��5�0�:E�2(
���� MW/�7�-�6=(6�?�2;E����6'�K?4;�-Y���6BC;�
���������5�:6:9:'D��B���6
'�./�9�-;5�0�:E�2(
���� E�2(
����(8/BC;�������������;�9(8/7�2E:'FG�E�2(
����(8/'>-�:7-B���6
'�./�9�-; 6:??1D?1�-(8/7�-�6=F6:9���)BC;��?'16./��'�./�9D�'2.��'�./�F6:>9�2������� E:-870D�
4����6(
����(8/7
�1�^1.�70D�6�?6Y;F6�-�SN>�25�:70D�F6:-D�3�'�./���27��BEBC;56�2��5�:
1D�-=8/B���6'�./�9�-; R��F6:��? 2-14 =W�R��F6:��?2-19 572���6(
����4��-�'��6) 3 
'�7 4��2 10 kW '-./�56�2�������5�:1D�-=8/4��5>�0�E0�95���0����� 
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R��F6:��? 2-14 ��6(
����4��-�'��6)'-./�F���56�2�� 220 V 50 Hz 4�?N>�24��2 30 N-m 

 
 

 
R��F6:��? 2-15 ��6(
����4��-�'��6)'-./�F���56�2�� 176 V 40 Hz 4�?N>�24��2 30 N-m 

(N�m) 

(A) 

 
(kW) 

 

(N�m) 

(A) 

 

(kW) 
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R��F6:��? 2-16 ��6(
����4��-�'��6)'-./�F���56�2�� 150 V 40 Hz 4�?N>�24��2 30 N-m 

 
 

 
R��F6:��? 2-17 ��6(
����4��-�'��6)'-./�F���56�2�� 220 V 50 Hz 4�?N>�24��2 20 N-m 

 

(N�m) 

(A) 

 

(kW) 

 

(N�m) 

(A) 

 
(kW) 
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R��F6:��? 2-18 ��6(
����4��-�'��6)'-./�F���56�2�� 132 V 30 Hz 4�?N>�24��2 20 N-m 

 

 
R��F6:��? 2-19 ��6(
����4��-�'��6)'-./�F���56�2�� 100 V 30 Hz 4�?N>�24��2 20 N-m 

 

(N�m) 

(A) 

 

(kW) 

 

(N�m) 

(A) 

 
(kW) 
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6:??1D?1�-(8/�
�'7��B����D�E�9�8PE:(
�>�;�(8/��27��BE'�.��1D�-'6KDB���6'�./�9B>;
'>-�:7-��?N>�24��'16./��'�./�9B�4S:��P� R��F6:��? 2-14  =W�R��F6:��? 2-16 572�E�2
(
����4��-�'��6) 3 '�7 4��2 10 kW (8/5���0�����7
�>6�?N>�24��2 30 N-m MW/�E:'>K�D0���6
(
����(8/����2 (220V 50Hz) E:BC;�
���������-��(8/7�2F6:-�S 10 kW ��6F6�?�256�2�������
5�:1D�-=8/��B�7�270D�(8/1�(8/ (176V 40Hz) E:�-0(
�B>;56�?�27Y�7�2�2��5�0(8/E�2(
����B>-0�8P
E:-810�7��F-��4WP� �
���������(8/BC;E:-810��2��'>�.�F6:-�S 8.5 kW 5�:'-./�F6�?�2
56�2����������F�8�5�06��T�B>;1D�-=8/1�(8/ (150V 40Hz) E:(
�B>;56�?�27Y�7�2�2��'FG��90��
-��B�4S:(8/10�7��F-810�-��4WP�2;D9 �
���������(8/BC;E:�2��'�K��;�9'>�.�F6:-�S 8 kW >��
��E�6S�F6:7�(X�R��4��(�P�7�-6YFE:�?D0�=W�5-;F6:7�(X�R��E:�2��5�0�K�-0-�� 5�07�270D�
�
���������(8/�2��-8-���D0� 70D�R��F6:��? 2-17 =W�R��F6:��? 2-19 572�E�2(
����4��
6:??(8/5���0�����7
�>6�?N>�24��2 20 N-m '-./�N>�2-810��;�96:??7�-�6=(
����(8/
56�2�������5�:1D�-=8/�/
��2;-���D0�4S:N>�2-�� E:'>K�D0�E�2(
����(8/����2BC;�
���������
F6:-�S 6.3 kW '-./��26:2�?56�2��5�:1D�-=8/��B����6�70D�(8/1�(8/ (132V 30Hz) E:BC;
�
���������'>�.�F6:-�S 4.1 kW 5�0'-./�F6�?�256�2�����F�8�E�2(
����E:-810�7��F'��/-4WP�-��
(
�B>;BC;�
���������'��/-4WP�'FG�F6:-�S 4.2 kW E�2(
����(8/'>-�:7-(8/7�2�;����E�6S�(�P�56�?�2
4S:7��6)( �6:57����� �
��������� 5�:��6BC;������������2;D9  

��6��(8/ 2-1 5�: 2-2 572���6'F689?'(89?3�4����6F6�?���6�70D�56�2���0�1D�-=8/��?
��6�2��4���
���������(8/BC;B���6'�./�9�-;'-./�N>�2-84��2 30 5�: 20 N-m ��-�
�2�? ��6��(8/ 
2-3 5�: 2-4 572�3��6:(?�0�1D�-'6KD4����6'�./�9'-./�F6�?���6�70D�56�2���0�1D�-=8/B�
7�270D��0��U 1D�-'6KD(8/�2��B���6��(�P�7���8P1
��DS�2;E��3��0��6:>D0��1D�-'6KDB���6'�./�9
'-./�E0�956�2��5�:1D�-=8/��-����2B>;5�0-�'��6)��?1D�-'6KD4��-�'��6)'-./�F6�?'F�8/9�56�2��
5�:1D�-=8/B��6S8�0��U B���61
��DS�2;1
��W�=W�3�4��1D�-'6KDM��N16��7(8/'F�8/9��F'-./�
'F�8/9�1D�-=8/ 
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��6��(8/ 2-1  'F689?'(89?�
���������(8/�2��'-./�F6�?���6�70D�4��56�2���0�1D�-=8/B�7R�D: 
           �0��U7
�>6�?N>�24��2 30 N-m 

56�2�� 
(V) 

1D�-=8/ 
(Hz) 

���6�70D�56�2���0�
1D�-=8/ 
(V/Hz) 

�
���������(8/BC; 
(kW) 

�
���������(8/
�2�� 
(kW) 

220 50 4.40 10 - 
176 40 4.40 8.5 1.5 
150 40 3.75 8 2 

 
��6��(8/ 2-2  'F689?'(89?�
���������(8/�2��'-./�F6�?���6�70D�4��56�2���0�1D�-=8/B�7R�D: 

           �0��U7
�>6�?N>�24��2 20 N-m 
56�2�� 
(V) 

1D�-=8/ 
(Hz) 

���6�70D�56�2���0�
1D�-=8/ 
(V/Hz) 

�
���������(8/BC; 
(kW) 

�
���������(8/
�2�� 
(kW) 

220 50 4.40 6.3 - 
132 30 4.40 4.1 2.2 
100 30 3.33 4.2 2.1 

 
��6��(8/ 2-3  'F689?'(89?1D�-'6KD(8/�2��'-./�F6�?���6�70D�4��56�2���0�1D�-=8/B�7R�D:�0��U 

         7
�>6�?N>�24��2 30 N-m 
56�2�� 
(V) 

1D�-=8/ 
(Hz) 

���6�70D�56�2���0�
1D�-=8/ 
(V/Hz) 

1D�-'6KD(8/'�./�9 
(rpm) 

1D�-'6KD(8/�2�� 
(rpm) 

220 50 4.40 1454 - 
176 40 4.40 1154 300 
150 40 3.75 1134 320 
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��6��(8/ 2-4  'F689?'(89?1D�-'6KD(8/�2��'-./�F6�?���6�70D�4��56�2���0�1D�-=8/B�7R�D:�0��U 
         7
�>6�?N>�24��2 20 N-m 

56�2�� 
(V) 

1D�-=8/ 
(Hz) 

���6�70D�56�2���0�
1D�-=8/ 
(V/Hz) 

1D�-'6KD(8/'�./�9 
(rpm) 

1D�-'6KD(8/�2�� 
(rpm) 

220 50 4.40 1472 - 
132 30 4.40 844 528 
100 30 3.33 742 630 

 
 E����6'F689?'(89?B�5�0�:��6�� �?D0�>��F6�?�256�2��5�:1D�-=8/���F-����E(
�
B>;1D�-'6KD4��-�'��6)�2��-�� E����6��(8/ 2-1 5�: 2-2 '-./�F6�?���6�70D�4��56�2���0�
1D�-=8/'FG� 3.75 5�: 3.33 ��-�
�2�? ��6�2��4���
���������(�P�7���6S8'(0���� 5�0>����E�6S�
B���6��(8/ 3 5�: 4 �?D0�1D�-'6KDB���6'�./�9'-./�F6�?���6�70D�4��56�2���0�1D�-=8/'FG� 3.75 
�����;�9�D0�'-./�F6�?�D;(8/ 3.33 (�P�(8/N>�2-84��2-���D0� ��6F6�?'F�8/9����6�70D�4��56�2��
�0�1D�-=8/-83��6:(?�0�6YF60��4���6��572�1�S���TS:56�?�2-1D�-'6KD4��-�'��6) C0D�(8/
'7;��6��4��56�?�2'FG�'C��'7;�'-./�7��F-810��;�9E:��2'�89���'-./�F6�?�21D�-=8/5�:56�2�� 
2����P�>��N>�2-8���TS:56�?�21�(8/ E:(
�B>;C0D���6'F�8/9�5F��1D�-'6KD10��4;���D;�� 2����P�
>��1
��W�=W�1D�-'6KD(8/�;��BC;B���6'�./�9MW/�-83��0�'D��(8/BC;B���6'�./�9�-;5�0�:C�P���P� E:(
�B>;
4�?'4�4����6F6�?'F�8/9����6�70D�56�2���0�1D�-=8/7�-�6=(
��2;�-0�D;�����  
 
2.3 �������=3���$����	$
!��

���
 

 

R��F6:��? 2-20 D�E6���'D�6)'��6)R�1�
���� 
((8/-�: http://www.9engineer.com, October 2004.) 
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��6(
����4�����'D�6)'��6)5??�0�9E:-870D�F6:��?5�:��6(
����2���8P 
 - D�E6'689��6:57 (
�>�;�(8/5F��3��>6.�'F�8/9�E��56�2��������6:577��?'FG�
56�2��������6:57�6� F6:��?2;D9'��'D�6)�2N�2 4 ��D�6S8������'FG�5??'�7'289D >6.�
'��'D�6)�2N�2 6 ��D�6S8������'FG�5??7�-'�7 >��BC; SCR 'FG�D�E6'689��6:57E:7�-�6=
1D?1�-6:2�?56�2��������6:57�6��2; 
 - DC link (
�>�;�(8/'C./�-N9�6:>D0��D�E6'689��6:575�:D�E6���'D�6)'��6) F6:��?2;D9
1�F�M�'��6)4��2B> 0̂(
�>�;�(8/�6��56�2��������6:57�6�(8/�2;E��D�E6'689��6:57B>;'689?
9�/�4WP� 5�:(
�>�;�(8/'�K?F6:E������4S:(8/-�'��6)(
����'FG�'16./���
�'��2�����B�C0D�7�P�
'�./��E����6'?6�>6.�-8��6�21D�-'6KD6�?���90��6D2'6KD 7
�>6�?�6S8(8/BC;�����?N>�2(8/-856�
'j./�9-��U 5�:�;����6>9�2�90��6D2'6KDE:-8D�E6C�F'F�6)N29�0�10�1D�-�;������6-��?
(6��M�7'��6) 5�:�0�4�����?1�F�M�'��6)�D; N29(6��M�7'��6)E:(
�B>;(8/'FG�7D��M)��2�0�
1D?1�-B>;�6:57�>�30��10�1D�-�;��(��'�./��2�������(8/'��24WP� 
 - D�E6���'D�6)'��6) 1.�70D�(8/(
�>�;�(8/5F��3��E��56�2��������6:57�6� ((8/30����6
�6��E��D�E6 DC link) 'FG�56�2��������6:577��? D�E6E:F6:��?2;D9'��'D�6)(6��M�7'��6) 
>6.� IGBT 6 C�2 (
�>�;�(8/'FG�7D��M)��2�0��6:57�����'�./�5F��'FG�������6:577��? N29
'(1��1(8/��9-BC;���(�/D�F1.� PWM (Pulse width modulation) 
 
2.4 ���:B;�����&��C��<�= (Neural Network) :$���H3��$��IC��� 

N16�40�9F6:7�('(89- (Neural Network) -8N16�76;��2��R��F6:��? 2-21 'FG�
'16./��-.�'>-.����?'M��)4��-��T9)(8/-81D�-7�-�6=B���6'689�6Y;5�:��27��BE ��6'689�6Y;4��
N16�40�9F6:7�(7�-�6='689�6Y;�2;E��5??E
����4��6:??5�:7�-�6=F6:-�S10�4��6:??(8/
-81D�-M�?M;��5�:�-0'FG�'C��'7;��2;�90��5-0�9
� N16�40�9F6:7�( (Neural Network) EW�=Y�
�
��FBC;�90���D;��4D����?6:??(8/-85??E
����(8/M�?M;��N29'j��:��?Fq^>�(8/�-0'FG�'C��'7;�  
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R��F6:��? 2-21 N16�76;��4��N16�40�9F6:7�('(89- 
 

 �r��6'689�6Y;1.��6:?D���67
�>6�?��6F6�?10��P
�>���5�:�?��74��N16�40�9'�./�st�
N16�40�9B>;7�-�6=E2E
�6YF5?? �r��6'689�6Y;4��N16�40�95?0����'FG� 3 C��21.� 
  - ��6'689�6Y;5??-83Y;C0D9 (Supervised learning)  
  - ��6'689�6Y;5??�-0-83Y;C0D9 (Unsupervised learning)  
  - Reinforcement learning 
 N16�76;��4��N16�40�9F6:7�((8/7�-�6=�
�-�BC;7
�>6�?��6E2E
�6YF5??-82���8P 
 2.4.1 �J���
�#�$�I;���
C��

K����$ 

 N16�40�9'F�6)'M?�6��7�-�6=BC;E
�5�������(2;D94�?'4���65?0�(8/'FG�'C��'7;� 
���TS:(�/D�F4��N16�40�9'F�6)'M?�6��572�2��R��F6:��? 2-22 
 

W

b

+

R

p
Rx1

1

S x R

S x 1

n
S x 1

a
S x 1

S

a = hardlim (Wp+b)  
 

R��F6:��? 2-22 N16�40�9'F�6)'M?�6�� 
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 �r��6'689�6Y;7
�>6�?N16�40�9F6:7�('F�6)'M?�6��1.� 
  Wnew = Wold + epT      (2-12) 
 
  bnew = bold + e       (2-13) 
 
 2.4.2 �J���
�#�$�I;��� Hebbian 
 �r��6'689�6Y;4�� Hebb 7�-�6=BC;�2;��?N16�40�9>��96YF5?? N16�40�9(8/�0�9(8/7�2572�
2��R��F6:��? 2-23 
 

W

R

p
Rx1

S x R

n
S x 1

a
S x 1

S

a = purelin (Wp)  
 

R��F6:��? 2-23 Linear Associator 
 

 10��P
�>���4��N16�40�97�-�6=1
��DS�2;E�������(5�:'��()��('F��>-�9 
 
  W = TPT       (2-14) 
 
 B��6S8(8/'D�'��6)4�������(�-0��P�j�����7�-�6=1
��DS10��P
�>���4��N16�40�9�2;E�� 
 
  W = TP+       (2-15) 
 
 N29(8/  P+ = (PTP)-1PT       (2-16) 
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2.4.3 �J���
�#�$�I;��� Windrow-Hoff 

 ��6'689�6Y;5?? Windrow-Hoff 1.���6BC;�����6�(W-(8/-82�C�8C8P7-66=�: 1.� 10�'j�8/94��
�
����7��4��1D�-3�2���2 5�:'FG��.P�{��4�������6�(W- Backpropagation �r��6'689�6Y;
'689�D0� LMS (Least Mean Square) algorithm E:BC;��? Adaptive Linear Neural Network 
(ADALINE) MW/����TS:4��N16�40�9572�2��R��F6:��? 2-24 
 

W

b

+

R

p
Rx1

1

S x R

S x 1

n
S x 1

a
S x 1

S

a = purelin (Wp+b)  
 

R��F6:��? 2-24 N16�40�9 ADAALINE 
 

10��P
�>���5�:�?��74��N16�40�97�-�6=1
��DS�2;E�� LMS algorithm 2���8P 
 
 W(k+1) = W(k) + 2αe(k)pT(k)     (2-17) 
 
 b(k+1) = b(k) + 2αe(k)      (2-18) 
 
2.4.4 ���
�#�$�I;������&���� Backpropagation 

��65�60���? (Backpropagation) 7�-�6=st�7��N16�40�9>��9C�P��2; E:-8��61
��DS>�
10�1D�-3�2���2 (Error) '�./��6DE7�?��6'689�6Y;5�:E2E
� 5�:�
�10� Error �8P'FG�5�D(��B���6
F6�?10��P
�>���5�:�?��7 B>;��?N16�40�9'�./�B>;�2;10�(8/=Y��;�� E:-8��61
��DS10�1D�-3�2���2
5�:10�1D�-�D4��N16�40�9E��C�P�7�2(;�9�0�� EW�E:7�-�6=1
��DS10�1D�-3�2���25�:10�
1D�-�DB�C�P�=�2��-��2; ��6F6�?10��P
�>���5�:�?��77�-�6=(
��2;2���8P 

 
 Wm(k+1) = Wm(k) }αSm(am-1)T     (2-18) 
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 bm(k+1) = bm(k)-αSm      (2-19) 
 
N29(8/1D�-�D7�-�6=1
��DS�2;E�� 
 

C�P�7�2(;�9 ))((2
.

atnFS
M

M

M −−=     (2-20) 
 

C�P�B2U  11
.

))(( ++= mTmm

m

m
SWnFS     (2-21) 

 

2.5 %������$�=��
���
 

E����6<W�T�1D�-'>-�:7-�2;��E�6S�BC;�-N161��N(6�'��6) '?�6) LPC 2119 (8/
��2��P��9Y0?�?�6)2 ET-ARM7 Stamp LPC2119 4��?6�T�(�8(8(8E
���2 N29BC;60D-��? ET-ARM7 
Starter Kit V1 4��?6�T�(�8(8(8E
���2 N29-81�S7-?���(��'(1��12���8P 

- >�0D91D�-E
�NF65�6-5?? FLASH 4��2 128Kbyte, RAM R�9B� 16Kbyte 
 - BC; X� TAL 19.6608 MHz 7�-�6=(
����(8/1D�-'6KD7Y�7�2 58.9824MHz 
 - NF65�6-5?? IN-SYSTEM PROGRAMING (ISP) 30��(�� ON-CHIP-BOOL-
LOADER SOFWARE (�� PORT UART 0 N29�0�'4;���? PORT RS232 4��'16./��1�-��D'��6) 
�8M8 
 - 46 I/O PIN 7�-�6=�0���? I/O (8/'FG�6:2�?7�^^�S 5V �2; 
 - UART E
��D� 2 CHANNEL UART 0 5?? 4 PIN ETT MAX232 ON BOARD, UART 
1 5??7�^^�S TTL 
 - SPI E
��D� 2 CHANNEL, CAN E
��D� 2 CHANNEL, REAL TIME CLOK 
 - 4 CHANNEL 10 BIT A/D CONVERTER, PWM 6 OUTPUT, WATCHDOG TIMER 
 - POWER SUPPLY BC;56�2�� 3.3 V, ?�?�6)2-870D� POWER SUPPLY 1.8 V 
 - PCB SIZE 40 x 65 mm 
 


