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Abstract���The main objective of this study is to conduct a 
performance benchmarking of idle speed control system in 
small automotive engines between 1,000 to 1,500 cc in 
Thailand. The outcome will be used as a guideline to develop 
the idle speed control system of the Sample Engine. The 
performance benchmarking examined 3 different types of 
engine management system namely; D-Jetronic, L-Jetronic, 
and the D-Jetronic incorporate with L-Jetronic. The 
experiment was divided into 16 test conditions which affect 
the performance of the idle speed control system. 
Performance indicators were the average of engine speed 
(N), standard deviation of engine speed (�), error value of 
engine speed from the target speed (�), overshoot, 
undershoot and track time. The result indicated that Engine 
“J” with Djetronic engine management system was obtained 
the highest score and was used to improve the Sample 
Engine. There are 3 main findings to improve and further 
develop the Sample Engine. 1) Rapid response of the air 
intake compensation during the load changes has significant 
impact on the idle speed control performance. The 
responsiveness can be improved by, for example, designing 
the location of the air sensor to be closer to the engine. 2) To 
return to the target idle speed after high engine speed, 
instantaneous air intake compensation showed shorter track 
time than stepping air intake compensation. 3) Size of both 
battery and alternator has significant impact on the idle 
speed control performance. The result indicated that 
automobile sample with a smaller battery and a larger 
alternator has better performance. This is due to less 
voltage fluctuation during the idle speed since charging time 
from the alternator to the battery and the duration of power 
drawn from the engine to generate electricity was shorter. 
Thus, the key findings from the study could be used to 
improve and further develop the Sample Engine in the 
future. 

Keywords�� Benchmarking, Idle speed, Engine management 
system 
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�����������Introduction��
� ������ ���!��"��	#����$��%&'#��()�*+,��(�'*�+-�./�012!3'�� ���
�+-*+4���/�52���.6 ���$��*�����71 *�8�9�'1 �,�7*+��.���:�)�8�+-�+
/�;�������/8�-*4<$�1 7�=�71/�0-1=� ��*�<=2���7=/���*!6'*+2��%���,�.
2��!3'�� ���4���/�52��2��=)����>� /37�� *���2��)�9+�� ���
��.6 ��8��==��*���>����2���Eco Car��,��=!6'/65��<=,��(�'*
������ ���4���/�52!�1�����+-�.*+2��,47=4���+-�	�,�=4<$�� ?<-=
%&'%���25*+���*���/�;��+-�'1=8�
��%���)�@A�1 7�=�71/�0-1=/80-1��'�=
(12���+-�+�'��2��,47=4��?<-=2��!3'=���� ���!�3+�����.��������$��
1����2��#��()��$��*��41=/��0-1= �����BC��.1 &7!�37�=41=�1#/���
/#�� ,�. �=*+,��(�'*/8�-**�24<$�/�0-1 D�!�1����� /�0-1=��2�"E6�
������+-���4��� ?<-=!�37�=�1#/���/#�/��0-1= ����.�&2��#�	*2��
���=���'� �.##��#�	*���*/�5��1#/���/#��12��2/�0-1=41=2��
#��()��$��*��,�'�� �.##��#�	*���*/�5��1#/���/#� �=*+���*�����E
1 7�= �-=�71��.���:�)�82�����=��41=/��0-1= ���� 2�7���012��
��#�	*�1#/���/#��+-�+�.�'1=��#�	*!6'���*/�5��1#�=�+-�+-�	�!��	2
�)��.2�����=��!�37�=�1#/���/#�� ��=��$�2��8�
���.##��#�	*
�1#/���/#�,�.1	�2�@��+-/2+- �4'1=�<=*+���*�����E�71%&'%����� ���
/�;�1 7�=*�2�
� (� =������ !��7��41=�.##2����#�	*���*/�5��1#/���/#��+-
%7��*���$�� (� �7��!6E7�./�;�2��F<29�/2+- �2�#,##����1=6�01
(*/����=�@��F������+-!3'���6��#��#�	*2�����=��41=���*/�5��1#
/���/#� 2���1 7�=/37��2��F<29�(*/����=�@��F������&�,##�7�=D�
�+-!3'��#�	*���*/�5��1#/���/#�41=�D.Hrovat and Jing Sun G�HI�
2��F<29�2����#�	*���*/�5��1#/���/#�(� !3' (*/����=
�@��F�����,##JK#���� �LMNOPQ� RSQTU�� 41=� Andrea Balluchi; 
Luca Benvenuti; Claudio Lemma; Pierpaolo Murrieri; 
and Alberto L. Sangiovanni-Vincentelli� G�HI� 2��F<29�2��
��#�	*���*/�5��1#/���/#�41=/��0-1= ����+- !3'�V2%+/�0$1JWWX��
�Electronic Throttle��(� !3'(*/����=�@��F�����,##�PID�41=�
Teruji Sekozawa G�H� ,�.� 2��F<29����� 2�����=��41=���*/�5�
/���/#�/*0-1���2�����1#���*/�5��1#/���/#�/�X�6*� (� 2��
/��+- �,��=(*/����=�@��F�����41=�.##��#�	*�1#/���/#�41=�
Min Han; Robert N. K. Loh; and Lin Wang� GYH� /�;��'��?<-=
/�;�=������ !��7�=��./�F��$=��$�� �./65��7�!���./�FJ� ��$�
2��F<29�!��7��41=�.##��#�	*�1#/���/#���$�(� /Z8�.1 7�= �-=
2�����/�����2��/�+ #/�+ =*���. 	2��!3'��$� �=J*7*+2������ /��1
1 7�=3��/��� ��=��$�=������ !����$=�+$�<=*	7=/�'��+-�./4'�J����2��F<29�
���� !��7��41=2�����2��/�+ #/�+ =%�,�.��29@.41=2����#�	*
���*/�5��1#/��0-1= ���!�37�=�1#/���/#�41=/��0-1= ����+-*+�.##�
2�����2��/��0-1= ����+-,�2�7�=2��/80-1!6'J�'*�?<-=4'1*&��+-�.���J�

8�
���.##��#�	*�1#/���/#�41=/��0-1= ������1 7�=J�'���*��$=/80-1
/�;�,����=!�2�����2��/�+ #/�+ =!�1	���62��* �� ���!�
��./�FJ� �(� =������ �+$*+�	���.�=��/80-1/��+ #/�+ #��.���:�)�8
2����#�	*���*/�5��1#/��0-1= ���!�37�=�1#/���/#�41=�� ���
4���/�52!���./�FJ� �+-!3'�.##2�����2��/��0-1= ����+-,�2�7�=2���
(� 2�������:+2��/�+ #/�+ =*���. 	2��!3'!�2������ �
"

���Literature Review�
�������+,0/'+$0/:�@BenchmarkingA�
� /�;�/��0-1=*016�01/��������6��#2��F<29�/80-1���#��	=,�.8�
��
F�2 )�841=1=��2�� ?<-=/�;�2�.#��2����/���.6�� ��./*��,�.
/�+ #/�+ =%���)�@A��2��#��2�����*�<=2�.#��2�����=��41=1=��2�
6�<-=D�2�#1=��2��+-/�;�/��F!��'���7�=D�(� 2��F<29��'1=2�.���1 7�=
�71/�0-1=/80-1!6'J�'*�?<-=4'1*&��+-�.37� !6'1=��2���*���8�
���.��#
F�2 )�841=���/1=!6'���/�+ *6�01/6�012�7��.��#�+-���*�/�+ #/�+ =�
G[H� (� *+4�$��1�6��21 &7� [� 4�$��1�� G�H� ��� ��=,%�� ��� ���6�� ���
��=/2��Y����/���.6��,�.�[����. 	2���
� !�4�$��1�,�2� 4�$��1���=,%���$�/�;�4�$��1��+-�����E�+-�	�
/�0-1=��2/�;�4�$��1��+-2��6���&�,##��:+2�����2��/�+ #/�+ =� /80-1
271!6'/2����.( 3���&=�	��711=��2�� (� �.,#7=112*�J�'/�;�� Y�
4�$��1� 71 ��01�
� ���2��2��6��6��4'12�����2��/�+ #/�+ =�?<-=����./�0126��4'1�+-
2�.�#�71���,��������*���/�5��+-�����E41=#��9��� �Critical 

Success Factor: CSF��6�01%���)�@A���
� ��������$=�+*�\�#���=���
� ���������*/4'�!�6��4'1�+-�.F<29��
� Y�� 2��6����3�+3+$���� �Performance Indicator: PI�� ���6��#
6��4'1��$�D��
� 4�$��1��+-�1=�4�$��1����6�?<-=/�;�4�$��1�41=2�����/�012%&'�+-�.
*�/�;�%&'/��+ #/�+ #4'1*&�2�#/���6�01�+-/�+ 2�7�/�;��Benchmarking 

Partner�?<-=*+,����=�\�#���!�4�$��1��+$��01�
� ����������� 2��30-11=��2��+-�'1=2���./��+ #/�+ #�(� ����<=�<=
2�.#��2��6�016��4'1�+-J�'���/�012*�����
� ��� 2�����/�0121=��2�� ?<-=2�����/�0121=��2����/�;��'1=*+2��
������6��2/2@A�2�����/�0121=��2�/80-1���1=��2��+-*+���*/6*�.�*
���=D�/80-1J�/��+ #/�+ #�'� �
� 4�$��1��+-��*� 4�$��1�2����=/2�� �	���.�=��41=4�$��1��+$25
/80-1�+-�.F<29�,�.������*/4'�!�2�.#��2��41=�&7/�+ #/�+ =/80-1
���*���. 	2��!3',�.���#��	=8�
��2�.#��2��41=��/1=!6'�+4<$��
��.21#�'� ���4�$��1� 71 ��01�
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�����E��Key PI��41=,�7�.2�����1=�6��=��2��$��.���*�!6'�.,��
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^[�YC�
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/�;���Y��C�
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�
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J� *+�.##2����#�	*���*/�5��1#/���/#��+�+-�	�� �1=�=*��01
/��0-1= ������1 7�=,�./��0-1= ����B�?<-=��*�����	�J�'�7�,����=2��
8�
��/��0-1= ������1 7�=��$����/��-*�'���22��F<29�/��0-1= ���� J�
/�;�6��2�
�

����=�+-� [� 2��/�+ #/�+ =6�/��0-1= ����+-/�;�/��F�'��2����#�	*
���*/�5��1#/���/#��
�"��� �+-�7=%��712����#�	*

���*/�5��1#/���/#��
2��

���1=� Key PI 
/��0-1= ���
�+-�+�+-�	��

�� 2����29����*/�5��1#
/��0-1= ���!6'!2�'/�+ =2�#
���*/�5��1#/�X�6*� 
*�2�+-�	��,�.*+2��,2�7=
41=�1#/��0-1= ����-��
�+-�	����$=!�4@.�+-
/��0-1= ���*+)��.,�.J*7*+
)��.!�D��

�,4�-�+��	8����6��+�"9"

�� �7����*/�5��
/�X�6*� �-���

�Nd��
�7�/#+- =/#�
*���>���
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�7�%��8�����2�7�
/�X�6*� �
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���1 7�=
�� J 
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Y� J
[� ���1 7�=
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]� J 
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]� J 
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41=1	�2�@�,�.�.##
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�� J
]� J 
^� J

�� 2��/��+- �,��=��22��
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� %��+-J�'6��=��2���2�.#��2��/�+ #/�+ =���!6'���#���*
,�2�7�=41=2����#�	*�1#/���/#�41=#��9��� /*0-1/��+ #/�+ #2�#
�&7,47=��$=�	�/�7���	��'1 !�,�7�./��0-1= �������!6'1=��2����1 7�=���#
�7��	�!�#'�=�+- �=*+���*,�2�7�=��2�&7,47=� ���#�7�������#��	=6�01
/8�-*���*8<=81!�,27�&2�'���=�'���	@)�8�'��!�#'�=� 6�016��4'1�+-
����7�1=��2����1 7�=���J�'�+2�7��&7,47=1 &7,�'�25�����29��.��#�	@)�8
,�.,����=!��'����$�D���*�<=8�
��!6'�+ �-=4<$�J�1 7�=�71/�0-1=�71J�
�'�6�371=�7�=41=��.���:�)�8�.6�7�=/��0-1= ���� �'�6���/6�	,�.
/��1,����=���#��	=��*4�$��1�41=2�����2��/�+ #/�+ =� ?<-=
��*�����	�4'1/��1,�.�71/��0-1= ������1 7�=J�'���6��4'1��=�+$�

�� ��.���:�)�8!�2���1#��1=�+-���/�5�41=2��3�/3 ���*�@
1�2�F/*0-1*+2��/��+- �,��=41=(6��!��)��.�7�=D� �.���!6'
��*�����#�	*�1#/���/#�J�'�+� ?<-=��.���:�)�8!�2���1#��1=
��*������#��	=J�'(� 2����=���,6�7=/?5�/?1��������*�@1�2�F!6'
!2�'/��0-1= ���*�2 �-=4<$�2�7�/��*� �12��2�+$����.*+2��F<29�,�.
���#��	=2�����=��(� /Z8�.2���1#��1=�712��3�/3 1�2�F!�
�7��41=2����#�	*���*/�5��1#/���/#�!��7��41=2��(��,2�*2��
��#�	*2�����=��41=� ECU� ��=/37�2��F<29�41=� Min Han; 

Robert N. K. Loh; and Lin Wang�!��V��``^��+-J�'F<29�8�
��
(��,2�*2����#�	*2�����=��41=�.##��#�	*�1#/���/#�/80-1/8�-*
��.���:�)�82���1#��1=2��3�/3 1�2�F�
!6'/�5� �-=4<$��/�;��'��
� ���2��3�/3 ���*�@1�2�F6��=/6 + #���/�7=J��+-�1#���2��=
,�.�1#�&=41=/��0-1= ������1 7�=,�./��0-1= ���� B� *+��29@.2��
3�/3 ���*�@1�2�F,##/�;�4�$�#��J�/80-1��#�	*!6'���*/�5��1#
���#/4'��&7/�X�6*� 1 7�=�71 /�;��71 J�� 4@.�+-/��0-1= ���� J� 2��
3�/3 1�2�F*+��29@.4<$�J��+-�1#/�X�6*� ����+� (� 2��3�/3 
1�2�F41=/��0-1= ����J��.���!6'�7��Track Time�*+�7��'1 2�7�2��
3�/3 !���29@./�;�4�$�#��J�?<- =!��7���+$����.*+2��F<29�
/��+ #/�+ #���*,�2�7�=!��7��41=�.##2����#�	*��-=2�����=��
��=2�7��!�(12���71J��
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