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Abstract Misfire fault diagnosis is an important issue in on-board diagnosis (OBD) system, which has significant

impacts on emissions, fuel consumption, and engine damage during vehicle movement. This study systematically reviews

and summarizes the progress of misfire fault diagnosis methods, i.e., judgement basis, misfire diagnosis classification, and

observer design. Finally, some perspectives on misfire fault diagnosis are also discussed.
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Ú��� 15 �íh:»�ÑØO, l
���»Øuÿ[19] . 
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5ð�uÄÅ�»�æ�ä�{�Ì�?�ÚÜ©k�L5�ïÄ¤J?10�, Ǒl¯ð�uÄÅ�»�æ�äïÄ��ï<
Jøë�. �©�Y�SüXe: 1 1 !o(
ð�uÄÅ�»�æ�{��O�â; 1 2 !éð�uÄÅ�»�æ�ä�{?1
©a, '�
Äu�.ÚÄuêâ�{�g�`":, ¿­:0�
Äu*ÿì�O�ð�uÄÅ�»�æ�ä�¡�SN; 1 3 !K0�
ð�uÄÅ�»�æ�ä¡��℄Ô, ¿?Ø
Ù�5�A:u�ª³.

1 �»�æ�O�â�Nþ5ù, ð�uÄÅ�»�æu)��O�â�±8BǑíh	ÜÏ� (Post-cylinder fac-

tor) ÚíhSÜÏ� (In-cylinder factor), ÙäNSNXã 1 ¤«. �!ò0��»�ä�{Ì��O�â�ïÄ?�.

1.1 íh	ÜÏ�
1.1.1 ­¶℄�Æ�Ýíhz�g:»¤õ, uÄÅ=¬¼�ÄåÑ

\, ?
ÚåuÄÅ�ÝÅÄ. XJ�Ñ.5ÛÝ!K1ÛÝ!�ÞÛÝÚ"áÛÝ�Ï�, KuÄÅ­¶Æ�Ý�ÅÄ�-�Äå�)�Å/ò´���'�. Ïd, ïÄ­¶Æ�Ý�Cz5Æ, =�Jø�«�»uÿ��{.

ã 1 uÄÅ�»�æ�ä�â
Fig. 1 Misfire fault diagnostic basis of automobile enginedu­¶Æ�ÝN´ÿþ, ¤±­¶℄�Æ�Ý´8
A^�2���«�»�O�â. ,
, I�5¿�´, ­¶℄�Æ�Ý3uÄÅp�Ú�1$1�, ÿþØ���, ���»�ä°ÝØp, ¿�N´É	.Z6Ú�Þ�KǑ, X­¶�ÝDaìØ�!­¶^=��!�ÝCzÚKÖCz±9´¹�KǑ, ÏdéÆ�Ý?1ý?n�©­�. �é­¶Æ�Ý¥�¹�þD(�¯K§©z [7] é­¶Æ�Ý?1&ÒN�Ú�g©Û, Jp
�»�ä°Ý. �é­¶Æ�Ý�Ø­½¯K, ©z [20] éÙ?18�z?n, Jp
uÄÅ�»uÿ5U. Ǒ
Jp­¶Æ�Ýuÿ�{�°Ý, ��¡, l&ÒC��ÆÝ, ~X|^Fp�C�!�Å©Û!�ª©Û±9Ì¤©©Û��{�é­¶�Ý?1?n,J��»�ä�k^¤©, ~�$�þ, Jp�ä°Ý; ,��¡, lí�)¤�ÆÝ, |^k�ùÈÅì��é¹D(�­¶Æ�Ý?1­�, ¢yG�*ÿì�O, �¤é8Iëê��O. d	, w��l��ìÚ ²�ä�¢y�»uÿ!½ �î­5�ä�.

1.1.2 ­¶℄�Æ\�ÝïÄuy, �'u­¶℄�Æ�Ý, ­¶℄�Æ\�Ý^uuÄÅ�»�æ�ä�J��[21]. �âÚî1�½Æ, ^=N�Æ\�Ý�T�å�^�åó¤�', zh3�½�:»^Se?1:», ­¶mä5/¼�UþÚÆ\�Ý, ��»�­¶Æ



512 g Ä z Æ � 43ò\�ÝòÑy���¸�±B£O, Ïd, ­¶℄�Æ\�Ý'­¶Æ�Ý�U���NuÄÅ�¢Só�$1G�.­¶Æ\�Ý3�~G�Ú�»G�e, ÙÅ/äk�½�5Æ5, �»�ä�ÏL*ÿÅ/Cz¢y�»�ä. duÆ\�Ý¥�¹X�»�℄�&E, ÏLÜ·�AÆJ��{���n���»&Ò. ©z [22] 3g�'Ún­�'�{�Ä:þ, JÑ�«õ­�'�{^u�»℄�&E�ª�J�, �¢y�»�æ¢�iÿ. Ǒk©z|^F�ËAC�é\�Ý?1?n, ò���� N�&Ò?1©Û, ^±�»�æuÿ, �k�GØ&Ò¥�D(, Jp�ä°Ý. 
©z [23] �é­¶=��℄�Cz5Æ, Ú\­¶=�ã\�Ý�Vg.T�{U�¢�!°(/�¤S-Å�»�æ�ä.ÏLuÄÅM�²��ï, ­¶Æ\�Ý&Ò�|^\�ÝDaì?1æ8. �3¢SuÄÅ¥, ­¶Æ\�ÝDaì¿Ø�3, ��T�{�¢SA^É��½§ÝKǑ. �éd¯K, �«~��)û�{´ò­¶Æ�Ý�ǑÑ\, |^*ÿìé­¶Æ\�Ý?1�O.

1.1.3 ­¶℄�ÀÛÝ$^ÿþ�℄�ÀÛÝ´¢y�»�ä�q�«�{[24]. uÄÅ­¶ÛÝ��)
uü�Ï�:-�ØåÚÙ�^=Ü��Äå, Ïdù«�{´ÉuÄÅ5U�KǑ, AO´3p�Ú$1$1�/e. X3­¶p�^=�, ^=N.5�KǑ��, �U¬p�ÛÝ~�, 
���»Ø�.du­¶ÛÝØU��ÿþ, Ï~æ^m��O�{¼�. ©z [25] ©OïáühÚõh�uÄÅ�., |^ëê�O��{, ¢y
éíhÛÝÚ�ÞÛÝ�ÜÛÝ��O, ^uõhuÄÅ�»�ä9�»h½ . ©z [26] |^��w�Eâ¢y
éuÄÅ�«ÛÝ�3��O. ©z [27] (Ü�pªõ�.�{, |^uÄÅÿÁ²�?1�«ÛÝÿþÚC1Öö�, ïá
ëêz�uÄÅÛÝ�., ?
$^k�ùÈÅì¢y
-�ÛÝ�O.ǑJpÄuÛÝÿþ��»�ä°Ý, �éØÓ�Ǒ½ØÓG��ÛÝ?1­�5©Û, ©z [28] 3©Û�~G�Ú�»�æG�êâ�gAÆ�Ä:þ, $^|±�þÅ¼�
éAh!�ÝÚ1Ö3�~G���»G�e�OÛÝêâ�m�ål��`\��, ?
$^\��OÛÝ�¢y
�»�æ�ä.

1.1.4 ­¶=Æ­¶=Æ�Ôn¿Â=´­¶� �, ?1­¶Æ�©Û¢�´é­¶ �Cz�¹�ïÄ. l

êÆ¿Âþ©Û, ­¶=ÆB´­¶℄�Æ�Ý�È©�. �+­¶=Æ&Ò¿���^u�»�ä,��ÏLm�=���ª^u�»�æ�ä�{�¢y. Molinar-Monterrubio�[29−30] JÑ�«Äu­¶=Æ�uÄÅlÑÄåÆ�., ©O$^w�*ÿìÚ48����{éíhØå?1�O, ?
$^�)�í�k�/¢y
�»�æ�ä. 
©z [31] ÏLé­¶Æ�&Ò?1©Û, JÑ
�«^u�»�æ3��ä�Uþ�., ¢y
éuÄÅó�ëê�?�.

1.1.5 uÄÅ�Ä&ÒuÄÅ�Ä&ÒÌ��)ÅN�Ä&ÒÚ­¶^=�Ä&Ò[32]. �Ä&Ò�ÿþ ���ǑuÄÅhXÚíhL¡, Ù¥hX�Ä&Ò�3þ�:?�hX¥%½öhXmüÿþ, Ǒ�3hX�ØÓ �©Ùõ�Daì?1ÿþ. �âuÄÅ�ÄÅn��, uÄÅ�Ä´�«õ�
!/�E,��Ä/ª, ÙÅNL¡�Ä´SÜ�«-�å�Ó�^�nÜ�N, ÏduÄÅ�Ä&Ò¥�¹X´L�&E.uÄÅ�Ä�Ì�-y
�): íNØåCz!¹lî�EÂóÀ!¹l E.5åÏLë\�­¶
�)�±Ï5-y±9­¶��du�«�Ï�)�-y!í�Å�$ÄÀÂ!Ù�Å�-y9eZ�Å-y. Ù¥, hSíNØåCz!¹lî�EÂÚ­¶ë\Å�� E.5å´ÅNL¡�Ä�Ì�-y
. d	, 3¢�ÿÁ��U\
�ý.�Úå�N\�Ä. �u)�»�æ�, du=��­Úå­¶ë\Å�� E.5å�UC, dÅ�mY/¤�EÂåO�, ù
ÀÂåò�)°ª���Ä&Ò; Ó�, �N�ÄO�, ù
Ï��Ó�^, ��ÅN�Ä&ÒOr. Ïd�l¯õ�Ä
¥J�k^��æAÆ&E, ´��äk℄Ô5�ó�. ©z [33] $^Ø>\�ÝOÿþ
¢�uÄÅ�ÅN�Ä&Ò9℄�=�&Ò, ©OéÙ?1
��Úª�©Û, ¿ÏL�Å©Û�{J�
�Ä&ÒUþAÆ, ÏLE,Ý©Û�{J�
=�&Ò�E,ÝAÆ, ¿^u�æ�ä, ��5�p. uÄÅ�Ä&Ò�ÏLÚO©Û�{¼�d3��»�æ&E, X¸�!IO�!²þ�!¥��, Ǒ�$^o÷8!¢D�{!g·AõºÝ�{�é&Ò?1á5�{ÚAÆJ�, ^u ²�äÑ\¢y�»�æî­§Ý�ä½^uûüä�{¢y�»�æ�ä�[17, 34].

1.1.6 ¢íØå!¢í¤©Ú¢í§Ý&ÒuÄÅ¢í´íhS·ÜíN-�L§��Ô,¢í¥�¹X-�L§�þ�&E, ïÄ¢í¥d
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©z¥$^¢í¥�¹�&E^u�»�ä���©Ǒna: ¢íØå!¢í¤©Ú¢í§Ý.|^℄�¢íØå�O�»��{, I�	SC��ØåDaì, Ó�I,	����L5ë�ì��ë�. Ï~ØåDaìSCuüí+Úxzì�m, �ØåDaì�¡��p§ÝØ�L 85◦C,�ØåDaì���L5ë�ì�ÝA3 165 mm��S[7]. Ïd, ù3�½§Ýþ��
T�{�A^. 3uÄÅíh±ÏÌ�CzL§¥, üí�¬±Ï5/�m. �â¢í�ÔÚ¹l$ÄCz�¹,üí+�S�Øå¬�X-�A5Cz�)ÅÄ,�»�æu)�, ¢íØå¬×�eü, dd, �â�)�$Øíh�½�»h. ���»�¹e�¢íØå'�~-�G�e�¢íØå��ü$ 3 �
4 �, �ä°Ý3 85% ±þ[35]. �u¢íØåÅÄ�A5¥±Ï5Cz, ©z [36] æ^²�ç{é�~G�Ú�»G��/eÿ��ØåÅêâ?1©)©Û, k�ÈØ
Z6&Ò, ���êâ�^u�»�æ�ä. �ÑuÄÅ�KÖÚÌ�±Ï�KǑ,©z [37] ½Â
�«Øåþ,Ç�#AÆ, ÏL'�z�Ì�¢íØåþ,Ç�Cz�¹, =�k�/uÿÑ�»h.uÄÅ¢í¤©¹þ�Cz�¹��N·Üí�-��þ, �|^¢í¤©?1�»�ä�, I�é¢í?1©a�¤©¹þÿþ½�O. uÄÅ¢í¤©Ì��) HC!NOx!CO!CO2!O2 ÚY�í�, du$1ó¹Cz9�aÅ�>f�æ, ØÓ^�e�¢íü�þ¬3�½��SCÄ. Ïd,©Û¢íëêCz��OuÄÅ´Ä?uØûG�.8
'u¢í¤©¹þ½NÈ©ê�uÄÅó�5U�m'X�ïÄ®'�¤Ù. Ì��);[XÚ! ²�äÚ�
êÆ�nØ�{. du¢í¤©�¹�þ�P{&E, î­KǑ�äǑA�Ý, Ø|u¢�3��»�ä, ¤±é¢í¤©�ý?nò´k���{. ©z [38−39] BòØÓ�»§Ý�¢í¤©êâ?1o÷8�{, ?
�Ǒ ²�´�Ñ\, ¢y
éêâ�{z, Jp
�´Ôö�ÝÚ�»�ä°Ý. ©z [40] JÑ�«#��U�ä�{, ïá
ð��í¥�íN�NÈ©ê��»�æ�Ï�N�'X, é®8�z?n�êâ?1ÅìÔö, ¿^âf+�{é�ëê?1
`z, ò`zÔö���'�þÅ�.^u�»�æ�ä, Or
�.�°�5, �Jp
�{�ä°Ý. �+8
©Û¢í¤©®k;�¤ì, X¢í¤©©Û¤,�T¤ìd�[B, SC¤��p.�uÄÅ�»�, ¢í§ÝǑ�¹XuÄÅd

3��»&E. ¢í§Ý�Å/Cz�¹´�¼��, ÏL'��~G�Ú�»G��¢í§ÝCz�¹=�£OuÄÅíh´Ä�3�». nØþ¢í§Ý�é�~�¹ü��½K�, B��O�»�æ�3. �¢��¸E,�´ÉÿþDaì°Ý�KǑ, {ü��OØU��O(�ä�8�. ¢í§Ýæ^DÚ�§ÝDaìæ8, I�yDaì§Ýæ8�­½5. Ǒd, ©z [41] JÑò¢í§ÝDaìSCu�h¢íÜ+S, ±$æ�Ç�§ÝDaìæ8�¢í§Ý&Ò�Ǒ©Ûé�, ¿©Oé�~G�eÚ�»G�e�AÆÅ/?1
©Û,?
¢y
�»�æ�k��ä. T�{�'�´Å/«©�{I�éL§ëê (X§Ý���, ØÓ�uÄÅ§Ý���ØÓ) ?1�½, ¿��z�»uÿ¤õÇ (Successful detection rate, SDR) Ú��z�æØ�Ç (False alarm rate, FAR).

1.1.7 üíD(!ÅND(&ÒCA
, |^(Ñ&Ò?1uÄÅ�»�ä�ïÄk¤O\. uÄÅ$=L§¥, ð�¬�)ØÓªã�(Ñ&Ò, �)üíD(ÚÌ��ÅND(À/
, D(À/
���8(Ǒ½½(!�´(!EÂ(!ll(�ÉǑ. D(
¥�¹Xð��«G�&E, k�/?nù
(Ñ&Ò½ö��J�Ù¥�k�¤©!AÆ&E�´�»�ä�'�.uÄÅ��ó�Ì�S, -�gê�uuÄÅ�íhê, -��)��Ä&ÒªÇ�=��', �üíD(rÝ�-��ÄrÝCz. �$ª�-��Ä&ÒÏ~ìv3°ª�¹lEÂ!í�mé9'4���Ä(S, Ǒk�|^-��Ä&Ò, �ÀJ3uÄÅüí+NCSC(Daì, ±¼�$ª�üíD(&Ò. ©z [42] |^ VoldKalman �'�l�{lüíD(&Ò¥J��A½�'©þ,k��Ø
pªD(�À/, ¢y
uÄÅ�»�æ�3��ä. Ïd, ò�'©þUþ�oUþ�'��Ǒ©ÛüíD(&Ò�AÆëþ, Uk�/�ÑuÄÅC�$1�, Ï�æ8��=�CzØÓ
��AÆëþ�Ø­½. ©z [43] ÿ�
¢�ØÓG�eüí�NC�D(&Ò, |^Û�þ�©) (Local mean decomposition, LMD) �{¼�
äk²wÌ�N�AÆ�üíD(ÌªÇ¤©, ?
ò�ä&Ò��Ì�8�z��IO��ǑAÆëê, JÑ
�«ÆhÅíhó�Øþ!5µd��»�æuÿ�#�{. d	, ǑkïÄ|^(½5·bnØéuÄÅüí(�Ä&Ò���5©Û,uy�»u)� Lyapunov �êòu)UC[44]. ,	��¡, ð��ÅND(&Ò�lÌ��ÆÝ?1©Û, òØÓG�eD(&Ò�²þÌ��Ǒ�
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�O¢Só¹euÄÅ�ó�G�[45]. �T�{IÿþuÄÅØÓ�æG�e�þ�(Ñ&Ò, í2äk�½�JÝ.

1.1.8 �Daì&Ò�Daì3uÄÅ>f-h��XÚ¥�üX­��ÆÚ, §�CzAÆ�NXíhSÜCz�¹. uÄÅ�Daì�)
�DaìÚ��Daì,
�Daì un�xz=�ì�üíÜ+�m,ÿþ
�Ǒ¢í¥��¹þ, �Daì&Ò�wÍCz��N�»�;.�æ�u). �DaìØ´É4à§,�KǑ, �3¢Só¹¥, ´É
�!-Æ�¡�Ï�KǑ, Ïd, �y�Daì­½�ó��©­�[46].|^�DaìÅ/Cz�©ÛuÄÅ�æG�:ø�ó¹e, uÄÅ�æ�, �uÄÅ�~G��', �Daì&ÒCzk�Ìþ,; ¥��, íh�-h�ä, �DaìA�vk&Ò; íh�¤õ:»�, �Daì&Ò'�~G�Cz��[47] . d�{�·^u�æ��ä, ¿ØUO(£O�æ�u)a.. du�Daì��ù�d3Ï���3, 3�æ�ä�L§¥A�ÄÙ��A5, ±k�;��æ�ä���½Ø�, �$^uó§¢���uÄÅ�æ��ä, äk�½�¢�¿Â.

1.1.9 uÄÅo�ÝuÄÅo�Ý (Engine roughness, ER) ´CA
â�JÑ5�#â�, ÙLÆ�´uÄÅÆ\�ÝCz, ^5µ�uÄÅ$=�²^5, �^uuÄÅ�»�æ�ä, � ER �pu�½�K��, B��½uÄÅ-��u)
�». T�»�ä�{O�þ��°Ýp, ÎÜ{I\²�í℄
Û (Cali-

fornia Air Resources Board, CARB) �½�IO,¢�¿Â­�. T�{�²L5Ú°(5®3�þ�¢�ÿÁ¥�±�y, ´8
'�~^��»uÿ�{, äk�©2,�u�
µ[48] .o�Ý´�â­¶=�ÅÄ©ÛO�
5, 3?1�»uÿ�, XÚÄkd­¶&ÒO��=±Ï, ,�éO�Ñ5��=±Ï?1¸/?�, q�¡ähgÆS. �X?1øhgÆS?�, Ö�øhXÚ!:»XÚ ����=�ÅÄ, ��B�O�Ñ ER �, �ä´Ä�»[49] . I��Ñ�´, T�»�ä�{�°ÝÌ��ûu�=±Ï�ÿþ´ÄO(, =äh?�ÚøhgÆS?��{UÄ���Ø�=±Ï¥�«D(Úå��äØ�. �éd¯K, �Õ��[50] JÑ���wÄ²þ?��{Úõ­ÈÅ�»�ä�{, k�)û
�=±Ï���Ø�, ØI�?1ähgÆS?�ÚøhgÆS?�=�O(uÿõh�Å�».

1.1.10 Ù��O�{Ø
þ©¤0���»�O�{�	, ©z [51]JÑ
�«-��mm�ý?n�{, ÏLéh�h�m-��m&Ò�
�, �k�/Jp&D',Uõ�»�æ�ä�5U, 
Ù´3uÄÅp�Ú$1$1��/. ©z [52] JÑ�«Äuh�h�mã±Y�m (Segment duration) ��»�ä�{, ã±Y�m�½ÂǑü�ëYã�m¤�Ñ��m, 3uÄÅ�z�Ì�S, ãSÒBéAXhÒ. �uÄÅ$1G�?u­½�, â,�»ò��-�ÛÝÚ­¶�Ý~�, ?
���»h�ã±Y�mC�. �éú.!­.uÄÅ, òuÄÅíhý9¿�9¯��>9l�ǑDaì´Ø��ÀJ,3-�Ì�S9þ&Ò�Cz�¹�^��»�æ�O�IO, �L§¥�Â&Ò�Z6��. ��»u)�, >9l§Ý�¸���ò~� 300 K[53].

1.2 íhSÜÏ�
1.2.1 lf>6&ÒuÄÅíhS�-h·ÜÔ-�L§¥�)
�þ�>l&Ò, -�¿�>l&ÒJø
'u-��þ��'&E. ÿþ�lf>6��O-�L§¥�Nõëê, �)-�¿Øå!-�å©�-'!-h·ÜÔ�, �lf>6&ÒAO�f�, BV«Xíh�U�». éu SI (Spark ignition) uÄÅ, »slB�^�lf>6ÿþ�&Þ, 3»s:»�¤�?1ÿþ, �I�y»sl>4�>Ø�� 150 V, �(«©>6&Ò:»!»�-�±9»����� 3 �� , ¿é´¢�>6&Ò?1?n, J�Ñ�»�AÆ&E[7] . d�{#L, �Pké��
µ, CA
ïÄ9Ýk¤þ,. ©z [54]?1
 HCCI uÄÅ4�-���Á�, ÏL©Û�~-�!Ü©�»9���»n«G��lf>6&ÒAÆ, uylf&ÒÌ�½È©��¢y�»�O, ¿òÙ�Ǒ�"&E^u�»Ì�SÖ»-���, =3�»Ì�SÏL»slÖ»¢yhS·Üí�-, kÏuÚ-·Üí, ü$%�ü�.©z [55] ?�Ú©Û
�~-�!Ü©-�!�»ÚÖ»-� 4 «G��lf>6&ÒAÆ, O�ÑeéÄó¹elf>6&Ò��»���Ǒ 0.4 V,¿�Ñ
ØÓó¹e����O��{, ¢y
����»uÿõU. ©z [56] élf>6&Ò�õU?1
í2, ÏL3íh=Sé¡Ù� 8 �lf>6ÿþ>4, æ8
uÄÅ�~-�!��Ú�»�íhS�lf>6&Ò, ?
�Ñ
��Ú�»��ä�â, ddÿ��lf>6U
k�/;�:»&Ò�Z6, kÏu¼�uÄÅíhSõ� ��-�&E.
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1.2.2 1Æ&ÒuÄÅ-�¿-�L§&E�ÏL1Æ��{¼�. T�{��þ´�«Àú����{, Ï~I�P¹½µ���1Ú9Ë���S�>^Ë�,���é-�¿S�-Æ·ÜÔ�¹!>Ö$Ä�¹!-�L§ (:»!»�*Ñ) �?1*ÿ, |^ßº�Fp�C��A?n¼��1Æã�&E¬´Ø��ÀJ. ©z [7] o(
áN�KâÚÀªS½º�{, �¢yé-�L§&E�¼�, �^u�»�æ��ä. T�{Ì�^u¢�5ïÄ, ¿�¢yL§{ü. ©z [57−58] JÑ
�«&ÿ-�L§�p�1Æù	Eâ, |^hS1nDaìïÄ

SI uÄÅåÄ�©ã℄�L§�-��ü�A5.

1.2.3 íhØåuÄÅ$1L§¥, -�¿�Øå��íhSÜ�-��þ´���'�, ©Û-�¿Øå��Cz�¹, �k�/^u�»�æ�ä. Bahri �[14]BJÑ�«Ye.�Ø>ªØåDaìSCuhXSýþ�:?, ïÄ�»éíhØå�KǑ, ?
¼�uÄÅhØ�ÝþIO^u�»uÿ. du�»�æ�þ�:?��«²þk�Øå!��hØ!ØÓ­¶=Æ ��hØäké���'5, Ïd�^u«©�»Ú�~G�. ��, Ù?�ÚïÄ
�»é¢í!hØCz;,!�«²þk�ÛÝ!9º�ÇÚ-�� ÝþIO�KǑ, ¢�uy��hØéA�­¶=ÆÚ-�å©ëêCzé�»uÿ¿vk�^, 
þ�:?ØÓ­¶=Æ?�hØCz��»�æu)äkér��'5, ?
|^<ó ²�ä¢y
 HCCI uÄÅ�»�æ��ä, äk�p�°Ý. �du-�¿S�¸��, \�Daì�F^59�E¤�p�¯K, ��ù�Eâ�í2A^É���[7] .nþ¤ã, é'íh-�	ÜÏ�ÚíhSÜ-�Ï�uy, ü«a.��»�æ�O�âÑäk�g�`":, §�·AuØÓ�A^�¸Ú�[�ý²�, l�Nµd�ÆÝÑu, �±�ÑXã
2 ¤«�(Ø.

2 �»�æ�ä�{©aCA
, �é�»�æ�ä�ïÄ, IS	ÆöJÑ
Nõk���{. Ù¥, A^�Ǒ2��Ǒ ²�äÚ�Å©Û[52, 59−62]. ©z [61] Äu ²�ä�O
��Äu­¶Æ�Ý��»�äXÚ, ÙǑA×�; ©z [59−60] |^�Å�{©O¢y
é�»�æ��ä��{U?. |^�.�{¢yé�»�æ��ä, Ï~�(Ü·��Eâ±Uõ�»uÿ�5U, ©z [20, 29, 63−64] ©Olêâ

8�zEâ!G�*ÿì�O!ÚO©Û�{�ÆÝUõ
�»�æ�ä��J, Ù¥©z [29] |^w�*ÿì�Oé�»�æ�ä��{äk���°�5. ?�Ú/, Rizvi �[65−66] JÑ
�«#L�·Ü�., {z
E,���5uÄÅ�.. d	, ©z [52, 67] ò�»�æ�ä8(Ǒ�ª£O¯K, Ù¥©z [67] |^�ª£OEâJÑ
äk℄Ô5�õh�»�æ�ä�{.

ã 2 uÄÅ�»�æ�ä�â�Nµd
Fig. 2 Overall evaluation of engine misfire fault

diagnostic basis3dÄ:þ, �©�â�æ�ä�{äk��q5, òð�uÄÅ�»�æ�ä�{��©Ǒoa: 1) Äuêâ��»�æ�ä�{; 2) Äu�.��»�æ�ä�{; 3) Äu�.�êâ(Ü��»�æ�ä�{; 4) Ù��{[68]. �[©aXã 3¤«. �!òl±þA�¡0�Ì���»�æ�ä�{�ïÄ?�.

2.1 Äuêâ��»�æ�ä�{Äuêâ��»�æ�ä�{�Ø%3u¼�êâ, ù
êâAäk�p���5!¢�5�O(5, �A�þºX¤k�U�ó¹Ú�æa..Ùg, B´êâ�?n�{. êâ?n�{AUk�J�Ûõ3êâ¥�AÆ, ¿uy�æu)�ê



516 g Ä z Æ � 43òâ�Cz5Æ, ±���»�æ�ä�8�. ykïÄ~^��»�æ�ä�{Ì��)<ó ²�ä (Artificial neural network, ANN)!�Å©Û
(Wavelet analysis)!¢D�{ (Genetic algorithm,

GA)!²�ç{ (Empirical mode decomposition,

EMD)!âf+`z�{ (Particle swarm optimiza-

tion, PSO)!|±�þÅ (Support vector machine,

SVM)!�'�þÅ (Relevance vector machine,

RVM)!4�ÆSÅ (Extreme learning machine,

ELM)!�
nØ (Fuzzy theory)!�Ú'é©Û
(Grey relational analysis, GRA) �.

ã 3 �»�æ�ä�{©a
Fig. 3 Classification of misfire fault diagnosis methods

2.1.1 �»�æêâý?nïÄuy, &Ò?n�AÆëêJ�´Äuêâ��»�æ�ä�{¢y�'�, §òkÏuJp�»�æ�ä�°ÝÚ�ä�{�Âñ�Ý. �æêâ?nL§Xã 4 ¤«. Ù¥, &Ò?nkÏu?�ÚJp�äǑA��Ý. g·AõºÝ/�FÝ�{´&Ò?n��«k��{, nÜ|^�ºÝeU�3&Ò[! (XÀÂAÆ&E) Ú�ºÝe³�D(Uår�`:, U
3rD(�µek�/J��Ä&Ò¥U
�NuÄÅó�G��k^©þ. Äud, ©z [69] æ^�KÝ
©)�AÆJ��{é&Ò?1Ø , O�^uuÄÅ�æ�ä�AÆëþ. �DÚ�&Ò?n�AÆëþJ��{�', T�{äk�p�©a°Ý, ǑO(�äuÄÅ�æG�Jø
�«1�k��#�{.

ã 4 �æêâý?nL§
Fig. 4 Fault data pretreatment process�ª©Û´�«k��êâ©Û�{, k|u

Jp�»�æ�ä°Ý[70]. ©z [71] Äu GaborC�©Oé�»Ú�~G��℄�Æ�Ý?1
�ª©Û. �+T�{O�þ��, ��{z�ª¤©Ì�, �éu��©ÛÚp��/, �ä�Jk²wJp. ©z [59] A^�Å©Û�{?n­¶�Ý,3uÄÅp�G��, �ä°ÝǑk¤þ,. ?�Ú/, �Å�©Û�{�ò�©êây©ǑØÓ°[ªãþ�É�AÆ&Ò, �|u�æ�ä�{�¢y. ©z [33] òuÄÅÅN��Ä&Ò?1�Å�©), ?
$^8¤ ²�ä&EKÜ�{, ¢y
é�»�æ��ä, ;�
3Ôn¿Âþé&Ò?1©a¤�5�Ø�y©. ���Ñ�´, �+�Å�©)3�Å©ÛÄ:þg·A5k¤Jp, �éu&Ò�©)Øäkk��£, �ØUk�/?nE,õg�Å©). ©z [72] ¿©|^ª�©ÛÚ�
Ü6�á5JÑ
�«O(
­½��»�æ�ä�{, ª�©Ûæ^Fp�C�¯�/J��»�­¶�Ý¤k�Ä&ÒA½�ª�AÆ, �
Ü6Jø
��3­�5Ú°Ým�û�²ï, ü$
Z6D(ÚØ²´¡6ÄÚå�Ø´Ç. T�{Uk�/^u�»�æ�ä, ,
, du¸Ó��KÖ6ÄÚ­¶�ÝDaì�©EÇØp, E�3�»Øuÿ�/.Ǒ?�Ú/Jp�»�æ�ä�°Ý, �é¼���©êâ?1AÆJ�. AÆJ���{�©'�, �æAÆ��þò��KǑ�ä�°�5±9�{�£O°Ý. l�æêâ
ÞÑu, �é�©êâ?18�z?n[20], ¿ÏLÌ¤©©Û (Prin-

cipal component analysis, PCA)½o÷8 (Rough

set, RS) �{�¢yéP{&E��{[38, 73−74]. �é�C�»h �k²w~fAÆ��Ä&Ò, ©z [75] $^o÷8nØ{z
��þ, ~�
P{�Ñ\AÆ, ïá� BP (Back propagation)  ²�ä¢y
ÆhÅ��»�æ�ä9¯�½ . �I�?n�þ�æêâ�, é�©êâ��{
Ǒ­�. ©z [73] JÑ�8¤ BP  ²�ä�æ�ä�{, I�?n�þ��Øä�#�uÄÅ¢í¤©êâ, ±�¤ûüKÜÚ�ä.

2.1.2 (Ü ²�ä��»�æ�ä(Ü ²�ä�{?1uÄÅ�»�æ�ä´8
A^�2���{��. ©z [76] $^ BP  ²�äépØ�;ª>�ÆhÅ�æ?1�ä, (ÜÄþg·AÆSÇ�{¢y
é ²�ä���g·A�O, k� á
�äÔö��m. �u
RBF (Radial basis function) �äǑA' BP �ä�×�, Âñ�¯�A:, ©z [77] $^ RBF �ä¢y
é>�uÄÅ�æ��ä. ©z [78] �é
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Elman �äO\Û�½XÚ�gÆS�Ç$!°ÝØp�¯K, ?�ÚJÑU?. Elman �ä, ^u¢yuÄÅ:»�æ��ä, ¼�
�p��ä°Ý. ©z [79] JÑ
OþªÆS ²�ä, �'u
BP  ²�ä, §äk3�OþªÆSUå, �Ø¢#XÚ®k�;[�£, �»uÿUå��, �¢yl�Ú3��»�æ�ä. ?�Ú/, ©z [80] JÑ
�«A^ ²�ä�k?gÄ�»�äXÚ,TXÚ�¹ 3 �Ú½: �æ�ä!�æ½ Ú�æî­§Ý£O. AO´3�æî­§Ý£O¥, �éØÓ�uÄÅ=��/, �O
�Ú�5D4¼ê�Õáõ�a�ì�ä, ������©a�J. ��é ²�ä��»�æ�ä�{�N�OL§�ǑE,, �O�E,Ý�p, Ø|u3��»�æ�ä.

2.1.3 (Üõ«�{��»�æ�äõ«�{(Ü^u�»�æ�äǑ´Jp°Ý��«�{. ©z [81] '�
k�ùÈÅg£8�5�.Ú*�k�ùÈÅì� RBF  ²�ä(Ü���5�., (Jw«��5�.��»�ä�J��. ©z [33] é¢�ÿþ�uÄÅÅN�Ä&Ò9℄�=�&Ò?1
�ª�©Û, ÏL�Å©Û�{J�
�Ä&ÒUþAÆ, ÏLE,Ý©Û�{J�
=�&Ò�E,ÝAÆ^u�æ�ä,¿�âõDaì&EKÜnØ, ïá8¤ ²�ä&EKÜ�.¢yéíh�»�æ�ä°ÝÚ��5�Jp. ©z [17] $^¢D�{J�íhL¡�Ä&Ò��`Ì�AÆ, Ñ\� ²�ä, ±¢y�æuÿÚ�æa.9§Ý�O, ¿|^Ñ�Ç¼êJ�
&Ò���� AÆ, ^u�æ�½ . ©z
[82] �ÑÄuâf+`z�{`z|±�þÅ��»�æ�ä�{ (PSO-SVM) ¬Ñy�\ÛÜ�`Ú�é$��æ�ä°Ý�¹, Ǒ)ûd¯K, JÑ�«U?âf+`z�{^u|±�þÅ`z, ��u PSO-SVM Ú GA-SVM �{, T�{äk�p��ä°Ý.

2.1.4 Ù��»�æ�ä©a�{d	, ©z [36] JÑ
&Ò�k��©þ�Vg, æ^ EMD ©)üíØåÅ&Ò, ¢y
é&ÒÛÜAÆ�£ã±EO�æ�aO. ¢��´, Éó¹CzKǑî­, �ó¹CzÚåüíØåÅ�ìC�¬E¤�æ�Ø�. ©z [83] �éuÄÅÉǑ(Ñ&ÒÚhXL¡�E,�Ä&Ò, ¢yéþ�:­¶=Æ±ÏA5éA�Ä&Ò���Uþ?1AÆJ�, ¿$^ SVM ¢y
éõ«�æa.�«©�ä. Ǒ
�Ñ SVM ?n©a¯K$DÕ5!

O��Ç$�¯K±9Ø¼êI÷vrÜ^����, |^ RVM!ELM ïá�»�æ�ä�., ¬äk�p��ä°Ý. ©z [11] (Ü ELM Eâ|^aØ²ïÆS�{Uõ
�æ�ä�5U.�Äl�{�ÆÝ~��»�æ�ä�O�þ´�«k��üÑ. ©z [84] (Ü�Ú'é©ÛÚSØ�
 C þ�àa�{JÑ��æ�ä�., Uk�ü$�.�O�þ, Jp�ä°Ý. I��Ñ�´, T�{Ì��é���Nþêâ�?n. ©z
[33] |^ûüä�{éuÄÅ�Ä&Ò?1AÆÀJÚAÆ©a, ±¢y�»�æ��ä. T�{O�þ��, ©a°Ýp, �Ø·¨¢�í2. ©z [85]��$^ PCA �{lª��ÆÝ?n­¶�Ý, k�/Jp
�»�ä�Ý, ��ä°Ý�p.

2.1.5 õh�»�æ�ä�{8
, �»�ä�SN®*��õh�», �õh�»JÝ\�, °ÝéJ�±�y. Ïd, ¢yõh�»�O(£OEäk��℄Ô. ©z [67] Äu�ª£OEâéÿþ�­¶�Ý&Ò?1©Û, ¢y
õh�»��æuÿ��»h£OõU, �°Ý�p, �p��/e�õh�»�äEI?�ÚïÄ. ©z [86] (Üõ�ÚO©ÛÚÌ¤©©Û{,$^�ª£OEâ)û
õh�»��»h£O�¯K, Ø=�3p�!$1Ú�ëYh�»�°(½ �»h, �U�âuÄÅ=�Czé��~h�l����¢yg·AN!, äk���¢^d�.,
, T�{éJEO��üh��»�¹. �éÄu­¶℄�Æ\�Ý����»�æ�ä�{U�ä�»�æ, ��Uk�«©�æ�ª�"�, ©z
[87] JÑ
�«Äu�õ�mÚ BP  ²�ä��»�ä�{. T�{U
k�£OØÓ�»�æ�ªÚ½ �»íh, Ǒ�äuÄÅõh�»Jø
�«#�g´. ,
, T�{éÙ�ó¹´Ä·^,k�?�ÚïÄÚ�y.nþ¤ã, Äuêâ��»�æ�ä�{, äké�ò�5, 
�Ó��{�±A^�uÄÅØÓ��æ�ä�Y¥, ?�ÚNy
da�{�(¹5, Ǒ�æ�ä�ïÄJø
k|�℄
. ��5¿�´, Äuêâ��»�æ�ä�{, äk��Û�. ��¡, T�{"yé¤©ÛêâÔn¿Â�É	, ��{�¢yI��þ��æêâ; ,��¡,lêâ?n�¼�(JL§�ú, Ø|u3��æ�äüÑ�¢y, Ïd, J±�y�»�æ¢��ä�k�5. d	, ?�Úé�»�æ�ä�{�°�5ïÄ�©7�. L 1 �Ñ
Äuêâ��»�æ�ä�{���A:.
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Table 1 Evaluation of misfire fault diagnosis methods based on dataA: `: ":

1) Ø%3uêâ¼��?n©ÛêâAÆ, 1) êâ¼�å»�õ, ��Ǒ��, � 1) êâþ���éǑA�ÝKǑ��,�AÏé�»��Cz5Æ; »�æ�ä°Ý�p; �þºX¤k�U�ó¹Ú�æa.,Ø|u
2) &Ò?nkÏuJpǑA�ÝÚ�æ� 2) da�{äké��ò�5,�A 3��»�æ�ä;ä�°Ý; ^uuÄÅØÓ�æ��ä�Y. 2) "yéêâ��Ôn¿Â�É	,�Có
3) õ«�{(ÜO\
O��E,Ý,�J ¹�/��æ�ä°Ýü$,¢�5C�.p
�æ�ä°Ý;

4) õh�»JÝ��, °ÝJ±�y, k�?�ÚïÄ.

2.2 Äu�.��»�æ�ä�{Äu�.��»�æ�ä�{!�
¢�ÿÁ¤�, ¤ǑïÄ�9:. 3
<ïÄ�Ä:þ, kÆöuyÄu�.��»�æ�ä�{'Äuêâ��»�æ�{�ä`³[88−89] . T�{�'�3uÏé��æ���'�äk�½Ôn¿Â�ëê, ÏLéëêCz�¹��l½�O, ���»�æ�ä�8�. dL§�'�3uë��.Ú*ÿ�.�mí���). �©òí��)��{8(Ǒ 3a: ëê�O!�æ�äÈÅì�OÚ*ÿì�O,Ù)¤L§Xã 5 ¤«.

ã 5 í�)¤L§
Fig. 5 Residual generating processÄu�.��»�æ�ä�{Ì��)��dnØ!=£VÇ�.!�põ�.!k�ùÈÅì!µ©Û��ÚCO���!w�*ÿì�. T�{�¢yÏ~I(Ü�A�uÄÅnØ�., Ì��)üa: ²þ��. (Mean value model, MVM)ÚlÑ¯��. (Discrete event model, DEM). MVM��uÄÅ3����Ì�S�)�²þÛÝ, ±Jø�NUþ-�Ú)��²ï. ,
T�.�Ñ
?í!-�!:»!üíÌ�, ��ÙØUk�/uÿü�Ì�S,hu)�æ��¹[90]. �'u

MVM, DEM ´Ì�£ãuÄÅ?í!Ø !-�ÚüíÄ�L§�·Ü�., §rz�L§=zǑ��5�©�§[91]. I��Ñ�´, DEM �.du¢yL§O�KÖ��, ±�Ø·¨3i\ªXÚ

¥¢y�æ�ä.

2.2.1 í��)í�)¤´Äu�.��»�æ�ä�{¢y�'�[4]. ïÄuy, Fp�?ê!g�'�Eâ®�^u�»�æ�ä, �ØU½ �æh. ©z [25]©Oïá
ühÚõhuÄÅ�., |^ëê�O��{éíhÛÝÚ�ÞÛÝ�ÜÛÝ?1�O,?
$^ÜÛÝÌ�¢y
uÄÅõh�»�O9�»h½ .©z [27, 92] ©O|^ëê.k�ùÈÅìÚ*�k�ùÈÅì¢y
éS-ÅÚÆhÅ��æ�ä. Ù¥, ©z [27] (Ü�põ�.�{ÏLéÛÝ��O, ¢y
S-Å��»�æ�ä. T�{äküD!gd� �O!°�5p�`:. Ǒ?�ÚJp�.�°ÝÚ�ò�5, �ò�.ÿ��ý¢´¹?1Có¹ÿÁ, ±|uëê�?�Ú�.�U?. ©z [63] |^·�k�ùÈÅìé­¶�Ý?1­�, ¢y
G�*ÿì��O, ±�¤é­¶\�Ý��O. \�Ý&Òé�»uÿäk���5U, épªD(&Ò�\¯a. ©z [93] |^­¶Æ�êiÈÅìJ�
ëY�mä5�»�/­¶�Ý&Ò�AÆ&E, ¿òÙJø�Äu�5ëê©aì��ª£O�ä, ¢y
éÆhÅ�»�æ��ä. T�{^u¢��æ�äÚmä5�»�Ǒ��, ���Ý�u 4 000 rpm �, ëY5�»�æ�äò��. ©z [94] |^ü��»uÿÈÅì�ÑÑ'�k�«©
	.Z6 (X´¡D(!�N�Ä�) Ú�»�¹, �Ø
Ñ\&Ò�Ì��A, ¼�
éÑ\ªÇ�©¯a�ÈÅì, �»uÿL§|Z6�JwÍ, ¢^5��.©z [95] JÑ 3 a*ÿì�O�{: CO�*ÿì�O!µ ©Û*ÿì�OÚ(ÜCO�� µ ©Û�3�*ÿì�O. Ù¥
üa�©OA^u����5zÚ�5z�ÆhÅ�., ±¢y�æ�



4Ï x�<�: ð�uÄÅ�»�æ�ä�{ïÄnã 519©l�ä, �´É�.Ø(½5Ï�Ú¢Só¹KǑ; 1na*ÿìk�/Jp
�.�°�5, ¿Uõ
ª�ÚÌ���5U�I, � 200 Hz ªãELyÑØ­½AÆ.

2.2.2 w�*ÿì�O�{ïÄuy, Äuw�*ÿì�O��»�æ�ä�{A^2�, äk�p�ä°Ý, �°�5�[51]. ©z [96] |^��5w�*ÿì¢yéhØÚ-�9º�Ç��O, ¢y
é�»�æ��ä.©z [97] ò­¶ÀÛÝ��«ÛÝ���½ÂǑÛÝ �, ÏLw�*ÿì�OéíhÛÝ ���O, òÑ\��O¯K=z¤���l¯K, ¿�âÄåÀ§�ÛÝ ��O�, ¼�
²þÛÝ �,?
¢y
ØÓó¹e�»�æ�3��ä. ©z
[98] (ÜuÄÅ­¶ÄåÆ�., $^w���nØ3?nE,��5¯K¥°�5�!�lUår�`:, �OÑð�uÄÅÄ�=Ý�w��l��ì, ¢y
éuÄÅ¥$�Có¹eíh�»��æ�O(�ä. ¢��´, T�{¿�¢yuÄÅp�ó¹e��æ�ä. �é�.¥��ëê6Ä!Âñ�mú±9w�*ÿìg��3�Ë�¯K, ©z [99−101] |^ Lyapunov ­½5nØ©O�O Luenbergerw�*ÿìÚÄu Super-twisting���w�*ÿì, U
k�Jpw�*ÿì��l�ÝÚ�O°Ý, éu¢S��æ�äXÚäk�����¿Â. ,
, þãïÄ=�éühuÄÅ�.�
ïÄ, í2�õh�.�¢yò�äó§¢�¿Â.

2.2.3 �.Ø(½5Ï�KǑ�éuÄÅG�E,5p, �.���3Ø(½5, ��XÚG�iÿ�JÝ\��¯K. ©z
[102] JÑ(Ü��d�5�.!��dÏf�{Ú��d²þ{�G�iÿ�., Ù¢�ǑênÚOÆVÇA^�., ¤õ¢y
uÄÅ3E,�¸eé�`�.�|ÜüÑ, ü$
�.�Ø(½5. Ó�/, ©z [103] ǑJÑ�«Äu=£VÇ�ëêÚG��O�., U3g½Â�k��mm�S�NÑiÿêâ�D(!ëê��Å5UCÚ�.�Ø

(½5, ¿ïá
XÚl�~��æG���mN�, ¤õ¢y
�æ��ä. ,
, �XÚ¹k�þ�Ø�ÿCþ�, XÚO�þ¬:ìO\, ���.��. ¢�ó¹¥, �.Ø(½5�\²w, �ÉZ6�Ǒî­, ùò��KǑ�»�æ�ä�°Ý. d	, Äu�.�$1!p��õh�»�æ�ä¯KE´äk℄Ô5�¯K. 3�~á��mm�S, du­¶^=�ÄØ�u)�g, ���»h�lJÝ\�, ©z [104] JÑ�DÄXÚÛ=1Ǒ�.UÏLÈÅì�OJ�ÑOr�Û=�Ä&Ò, �»uÿ�m�á, �Uk�/£ã�~Ú�»G�XÚëê�Cz�¹.

2.2.4 �»�æ�ä�.{zl�»�æ�ä�.�ÆÝÑu, ��Ä?�Ú{zuÄÅ�ä�., ±~��»�æ�ä�O�þ. Ù¥, Rizvi �[65] JÑ
�«{z�uÄÅ·Ü�. (Hybrid model), Ì�òoÀ§ohuÄÅ��¤�5�ØCXÚ (Linear time invariant,

LTI), z�Ì��¹ 4 ���� ���5fXÚ,4�/{z
�., ~�
$�þ, �.�ÑÑk�/�N
­¶=�Cz�¹, kÏu$^T�{?1�Ï�»�æuÿ. ;�X, ��Äu���5·Ü�.�
?�Ú�ïÄ, $^í�)¤�{Ø, (Ü SI uÄÅ�»�æ�äY~, y¢
T�.|D(Uår[66]. ?�Ú/, ©z [68, 91] ©O|^��w�*ÿìé­¶Æ\�Ý?1*ÿ!ê��Åó�{é­¶�Ý�5Æo(, ¢y
éíh�»�æ��ä, Ø�U½ �»h, ¿Uýÿ�Ï�»�æ, �ò�»uÿhê*��õh�»�¹, �O�þ�!�ä°Ýp, äké��ë�¿Â.nþ, Äu�.��»�æ�ä�{�Äuêâ��»�æ�ä�{�k`³, L 2 �Ñ
T�{�Ì�A:.

2.3 ÄuêâÚ�.�(Ü��»�æ�ä�{(ÜêâÚ�.��»�æ�ä�{u�
ü«�{�`³, Jp
�»uÿ�{�°Ý, ���O�
uÿ�{�E,Ý, ���{�¢y�\(J. ÙA:©ÛXL 3 ¤«. kÆö�â ²�äkL 2 Äu�.��»�æ�ä�{µd
Table 2 Evaluation of misfire fault diagnosis methods based on modelA: `: ":

1) '�3uÏéäN�Ônëê,ÏL 1) ¢�5�, �æ�ä°Ý�p, k|u 1) uÄÅG�E,5p, �.���3Ø(éëê��l½�O, ±9éëê�� 3��»�æ�ä�¢y; ½5, ��XÚG�iÿJÝ\�;Ôn¿Â�n), ���»�ä�8�; 2) Jø
��éëê��Ôn¿Â�� 2) õh�»�æ�äEJÝ��,ØUO(
2) ÙL§�¢yI��ëê�.�* �À�, k|ué�»�æ�Ï�©Û. £O�»�æ�u)�Ï.ÿì�.�m�í��þ.
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Table 3 Evaluation of misfire fault diagnosis methods based on data and modelA: `: ":(Ü
ÄuêâÚ�.��»�ä Jp
�»�æ�ä°Ý,Or
°�5, �\·^ O�
�ä�{�E,Ý,O�KÖ��.�{�`:. uCó¹��/��»�æ�ä�{¢y.��£�A:, JÑ PID  ²�ä���üÑ, ¢y
uÄÅXÚ�E£Ú�æ��ä[105]. ,
,  ²�äA^�­��Ú½´�ä�Ôö, TL§I��þ�¹ØÓó¹�êâ. Äud, ©z [18] ïá
Äu9ÄåÆÚÅ��n�uÄÅ�., ��[ØÓó¹e�-��æ, ¼�¤I�­¶Û=�Ä&ÒÚuÄÅ�Ä&Ò, ¿J�Ñ�`�AÆ&E, ?
ÔöÄug�äXÚ�õ­a�ì ²�äÚVÇ ²�ä, ±¢yuÄÅ�æ��ä!a.£O!½ ±9î­§Ý��ä. T�{äk����»uÿÚ½ 5U, ¿Uk�/�Oî­§Ý, *�É��ÝÚ1Ö��. lOr�[�¸e�.ý¢5�ÆÝÑu, ©z [106] ?�ÚJÑ�«#L�Äu BP  ²�ä�µÓOØÆhÅ�»uÿ�.. �Äl¢��¸¥¼��.ëê, ò OBD Ï�!uÄÅ=�!?í§Ý!OØØå!¢í§Ý!Y§ÚÑhþ�Ǒ ²�äÑ\, ¿æ^uÄÅ�æ�ªä©Û�{À�ëê�, �»uÿ�{¬k����ä°Ý. (Ü���5uÄÅ·Ü�., ©z [107] |^��w�*ÿì�(J, ?�Ú$^�ª£OEâ¢y�»�æ�ä. ©z [108] |^Ä�uÄÅ�.¼��²þÑÑÄåO���
�-�±Ï���'�éd�»Úå�uÄÅ=�ÅÄ�©¯a�#ëê, �3­�ó¹e^±üh�»!ëY�»!õh�»�ä; ℄�ó¹e, �O\Ö�Ï� (Ôã²þÑÑÄå�²þ�) ±Uõ�»�ä°Ý. T�{�I¼�uÄÅ=�êâ, O�þ�©�.

2.4 Ù��»�æ�ä�{du¤�½öA½�¸I�¤�, Ï~�»�æ�{�y¤I�¢�²��ï�ǑØ´. Ó�,�é�»�æ�ä�­�5Ú7�5, kÆöÄu
OBD XÚmuÑ�æ�[C�, ¿±dǑÄ:¢yé�æ�ä�{�ïÄ, Ǒ¢S OBD XÚ�muJø
k��I½óä[109] . T�{I±¢SuÄÅǑïÄé�, ÏL<Ǒ�E�æ��[�ª5ÿÁ�æ�ä�{�k�5, �½§ÝþNy
�æ�ä�{�¢�5, äk���/��^. ,
, �Ä��'�æ�{<Ǒ�[, Xxz=�ì��zL§�, Ó�du¢Só¹E,, ±��æÑy��Å5\r, ?
¬~fT�{��ä�J. ïÄuy,

uÄÅõfN�.!hØ�.9ÄåDÄXÚ�.�®�^u�[­¶��ÄÚ°ÄXÚ�ÛÝ�Ä,���¤
�»uÿ�{ëê?��ï�ó�. éd, ©z [110] ?�Ú�[
�ÓÆ�Ýÿþó�,¿3�.¥Ú\�»Ú9ÏKÖ�Z6, �^u�©ëêI½!�»uÿ�{�°�5©Û�, �T�.æ^�¬z�O(�, �é�B/��ð�|�¢yò�õU. ©z [111−112] ©O|^℄�Æ�ÝÚÆ\�ÝmuÑ
��¢^�3��»�æ�äüÑ.d	, �kNõ�{�^u�»�æ�ä. �éuÄÅeéÄ�¹, -hý9�ü$�»Ç, ©z
[113] 3½Nþ-�¿ÆhÅþïÄ
-h§Ýé-h�ÒÚ-�A5�KǑ, e-h^uéÄeuÄÅ�, ÷*�Ò¤�w«���N'ß�ÝÚÄ�ÒÆÝ, ��A5P~î­, �hSÑyÜ©�»�/; 
ý9�-h^uuÄÅeéÄ�, ¤k�-hÑ¤õ:-.

3 (Ø��"�â
©ð�uÄÅ�»�æ�O&ÒÚ�ä�{�©Û, �?�Úo(Ñ�»uÿ�{���\î�: ¢�5�, ¢�5r, °Ýp, O�þ�, ¤�$, ö�{ü�. 8
, �»�æ�ä��{«a�õ, Ù¥õh�»�æ�ä�\É�­À, ��õ¢�5Ø
, O�þ��, 
Ù´3p�!�1!hêõ!õ­�»¯�u)��¹e, õh�»�æ�ä°ÝØp. ,��¡, uÿ�{���õUǑ�\äNz: Ø=��UO(uÿ�»�æ, ����æh£OõU, �I�uÿÑ�»u)�äN�Ï±9A½Ü�, ¿U3�Ï�¤�»ý´, ��æ�Aé��. ,
, du�»�æ�äXÚE,, ÿ�k�¡��»�æ�äüÑ. d	, �»�æ�äüÑAUO(«©ëY5üh�»!ëY5õh�»!m�5üh�»Úm�5õh�»[87] Úî­�»!���»[114] ±9���»!Ü©�»[115]!�~G�!Ö»-�[54] ��/. AO/, dum�5�»�æ�ä!Ü©�»����»�æ£OJÝ\�,k�?�ÚïÄ.Ó�, 3ð�uÄÅ�æ�ä+�¥, �»�æ�äSN®Ø�½", ��uÄÅó�3�ÛÝ«���»�æ�ä'~AU�� 90% � 95 %[51],



4Ï x�<�: ð�uÄÅ�»�æ�ä�{ïÄnã 521Ùk�5��KǑXuÄÅó��ÇÚ�¸�o���, 'XXð�Ó·5ÚS�5�?�ÚJp, ÏdéuÄÅ�»�æ�O(�ääk�©­��¿Â. 3©Û
©�»�æ�ä�{�Ä:þ, �±��8BÑØÓ�{�A�5Uµd�I:

1) Äuêâ��»�æ�ä�{, X�a. ²�ä!̀ z. SVM!ûüä�, ´8
A^�Ǒ2�
k���{��. A^da�{, Ï~I(Üêâ?nEâé­¶�Ý!ÛÝ!íhØå!�Ä\�Ý�&Ò?1ý?n, ±Jp�»�æ�ä�°Ý, ¿Or�ä�°�5, �^u�äE,ó¹eØÓa.��»�æ. da�{¥, k 2 �'��I: �´�æ�ä�£OÇ, ­½ó¹e, Ù�»�æ�ä�°Ý�� 90% ±þ[17, 116]. �´�ä�Ôö�m, eÔö�mL�, Kd�{�¢�5òwÍü$, Ø·¨3��»uÿ. d	, A^ÚOÆ©Û��»�æ�ä�{¥, Ï~�òþ��� (Mean

square error, MSE)!IO �!¸�[93]!êâÑÝ[28]!Lyapunov �ê[44] ��Ǒ�»�äEâ�5Uµd�I. Ù¥, MSE ���, �æ�ä5U��. XÄu�©­¶�Ý½\�Ý8�z?nEâ��»�æ�ä�{, 3uÄÅ=�Ǒ 1 000 r/min��½ó¹e, ­¶�Ý8�z�, MSE ��l
16.3 ü$� 0.2 �m, Ù�æ�ä�k�5���
98 %[20].

2) Äu�.��»�æ�ä�{, Xk�ùÈÅ!*ÿì�O�, ÏLéuÄÅØ�ÿëê��O, ¢yuÄÅ�»�æ�ä. da�{�ä5U����ûu��Oëê�°Ý!­½5Âñ�m±9�OXÚ�°�5�5U�I. Ï~, �.�­½5Âñ�m� ²�äÔöÂñ�má, ��y3 1�±S[68]. ?�Ú/, ÏLda�{¤�O�ëê���^u3��»�æ�ä. �X±ã//GÚýk�½����£O�{, Ùþäk���£OUå[107]. ,
, �ð�uÄÅó¹E,�, da�ä�{ò��.

3) Äu�.Úêâ�(Ü��»�æ�ä�{. Ï~, da�{3�»�æ�ä��ms�þ�
üa�{�. A^da�{�©Ǒü��ã. 1��ãǑêâ¼�L§ (�)Äu�.��{¼�êâ), �ÏLuÄÅ¢S�e½uÄÅ�ý�.�¤êâæ8. éuØ�ÿëê, A(ÜÄu�.�{�¤Ø�ÿëê��O. 1��ãǑA^êâ�¤�»�æ�äL§, =(ÜÄuêâ��»�æ�ä�{�äN¢y. Ïd, 3Äuêâ��»�æ�ä�{�Ä:þ, da�{O\
ëê�OL§3�mþ�s�, ���N�»�æ�ä�mò�.�dL§�?�ÚJp�»�æ�ä°Ý, ¿Uk

�)ûð�uÄÅ3E,ó¹e�»�æ�ä���¯K. d	, �X8
ð� ECU (Engine control

unit) ?nì5U�J,, ±9(Ü���æ�äEâ�u�[117], ±s��þ�mǑ�d������ä°ÝØ�Ǒ�«k����.

4) ÄuÙ��{��»�æ�ä�{. C
5,Ǒk� á�»�æ�ä�m, ©z [48, 51, 108]¥®JÑAa��LÆ�»¯��ëê, �)�»�ê (=½Âëê LU �)!ER �!²þÑÑÄå
(Mean power, MP) �, Ù¥

LUi =
Ti − Ti−1

T 3
i−1

, MPi =
T 3

i − T 3
i+1

T 3
i T 3

i+1

(1)ùp Ti ǑuÄÅ1 i �íh�-��m. Äuþãëê, ¿�½ØÓó¹e�A����, =�¯�£O�»�æ. A^da�{, LU ��ä°Ý���
82% � 94%, 
 MP ��±?�Ú/ò�ä°ÝJp� 90% � 97% ���, Ó�ò�»�äó¹ÿ��℄�ó¹, äké��¢�¿Â[48, 51, 108].�â8
ð�uÄÅ�»�æ�ä�{�u�G¹, ±eA��¡�ó���'5:

3.1 #U
!#Eâe�ð��»�æ�ä�{ïÄ3�hU
F�;"!��{5F�î���µe, U,í!̄ U!�í!�z�hí�#U
�Ǒ�^-Æ®¤Ǒ½�I�, Ù¥U,í±Ù´L�;þ!û��²L5¤ǑuÄÅ�`û�^-Æ��[118]. Ó�, CA
 HCCI uÄÅ�u�Ǒ�©×�, ��hS9�¸Ú-ÆzÆÄåÆ�m��p�^, ù«#Eâe�uÄÅäk-�L§­½!±Y�m��`:[119]. ?�Ú/, ò#EâÚ#U
(Ü3�å½N´ék
µ���. �é HCCIuÄÅ, 3-Æ¥\\·�ßÝ�¯U�-Æ, ®y¢���JpuÄÅ5U. ,
, ÙþòÚå���Ó�Cz: Ù�»�ä�üÑòu)UC. #U
�O�-ÆòÚå-�A5!¢í¤©!Äå5U!:»Uþ�AÆ�Cz, #Eâe�uÄÅ-�L§Ǒòu)Cz, Ù-Æ|©Úg-zÆL§Ǒ²wØÓ, ù
Ñò���»�ä�{�N��UC. Ïd, (Ü#U
Ú#Eâe�»�æAÆ�Cz, U?®k�»�æ�ä�{±Jp�»�æ�ä°Ýék7�.

3.2 õDaì&EKÜ�»�ä�{�»�æ�ä¥, &EKÜ�L
�æ�äEâ3ó§A^¥�#Y², æ^õDaì�&EK



522 g Ä z Æ � 43òÜEâU��/Jp�æ�ä�O(Ç, ü$Ø�y�. J�õ�Daì�&E (�X(ÜuÄÅ=�Ø�!uÄÅÛÝ!hØ&Ò!¢í¤©!uÄÅ\�Ý&Ò�), ��\�¡/
)ð��G�, (ÜÜ·��»�ä�{�k�Jp�ä°Ý, ���5p, �duêâ&E�Oõ, ¬O\�{�O�þ. ��Äl�©êâ�ÆÝÑu, eýk�½�»�æ�ä�K�½ÏL&E?nEâJ�Ñ�»G�I�AÆ, �Ñ�»�æý�ä, 2�éE,ó¹?1ûüKÜ¿�¤�»�äL§, �k�/~�O�þ,  á�äÔö�m. Ù¢yL§�Xã 6 ¤«.

ã 6 õDaêâKÜ�»�æ�ä
Fig. 6 Multiple sensor misfire fault diagnosis based on

data fusion

3.3 (Ü�²��êâûü��»�æ�ä�{ïÄ�Xó� 4.0��5, pé��u�qòþ,��#���, J[�ä�¢NXÚòu)�Ý�KÜ, ó��êâ�|^òu)��UC. (Ü����µ, |^Ôé� (Internet of things, IoT) Ú&EÔnXÚ (Cyber-physical systems, CPS) �Eâ,Ø��¼�5gØÓð�õDaì�&E, ��¢yð�¢�G�&E�ß²z, ¿òØÓð��¢�&E�;u�²�, B/¤
�ø�^��©êâ¥. du�²��3¤k�uÄÅ�»�'�&E, Ïd, é�»�æ��ä'�3u�êâ�|^Ç��äüÑ�¢y, 
ïÄXÛk�|^�êâ

��»�äûü�¢yäk­�¿Â[117, 120]. d	,�²���¹
¤kð�®²�ä¤õ�{¤P¹,e¢���»�æ&E�{¤P¹¬Ü, �o�»�æ��ä(JB�9��", �k�ü$�»�ä�O�þ, Ù(�g´Xã 7 ¤«.

3.4 Äulf>6&Ò��»�æ�äïÄ-�¿ÿ��lf>6&Ò�Nõ-�L§�ëêäk����'5, ^±?1�»�æ�ä`³âÑ. �XÿþEâ�×�u�, lf>6&Ò�ÿþL§òC��\{ü�B, ÿþ°ÝǑò¬�ÌÝJp. du>6&ÒU�(«©:»!»�-�±9»����G�, �éuÄÅ�z��Ì�?1°(«©, ÏdÙ�»�ä�°Ýép. Ó�,lf>6&Ò�^uuÄÅÌ�:»��±9Ö»����O, 
éuÄulf>6&Ò�Ù���ìmu½ö�æ�äüÑ�Ok�?�ÚïÄ, Ù�{#L, äké��A^
µ.

3.5 Ö»-�G�£O�(�g)�»�ä8
, Äulf>6&ÒÌ��"���Ö»-�Á�®���½�¤J. (Ük?�hS��Eâ, ½hSh	Ó����h�V�Eâ, 3Ö»�Ö¿�½þ�-h, k"JpÖ»¤õÇ, Ì�S�Ö»¢��k�Ú-·Üí, ü$ HC ü�. ,
, ¢Só¹E,, Ö»�hS·Üí§ÝÚßÝ±9Ö»�ǑÑòKǑÖ»�¤õÇ, Ö»Ø¤õ, �»�¹E,�3. Ïd, ¿©|^lf>6&Ò&E, Jp�"ǑA��Ý!¯�£O�
-�¿´ÄE?u���»½Ü©�»G�Òw��©­�,
�g�»�æ�ä��{ïÄ½äk­�¿Â,ÙkÏu�»�æ�ä�{�ÿ�ÚuÄÅ�»�æ�äüÑU?��õ. d	, ïÄXÛJpÖ»-�¤õÇ±9XÛUõÖ»-��þ
ØKǑuÄÅ5UǑék7�.

ã 7 (Ü�²���»�æ�ä
Fig. 7 Misfire fault diagnosis combined with cloud platform
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3.6 ø�ó¹�»�ä�{ïÄuÄÅeéÄ�ã, ?Û�ýÑ�Uu)~�eéÄ�», Ï~uÄÅéÄ�¬ò´-¹�»uÿìA©¨, ;� OBD �»�æ�:�, ù«ò�´#N�, ÏǑ3n�xzì���ó�§Ý
�»Ø¬E¤Ù��, ��{;�/¬\�d��¢íü�[19]. 
uÄÅ=�¬�¯/­½3ø�ó¹
(800 r/min NC), �éÙ�­½ó¹, d���»Ç¬�ÌÝO\, 
Ù´ÆhÅ�»
Ǒî­. Ó�, d�ã�uÄÅG�éØ­½, Ü©-���»y��©²w, 4�/O\¢íü�Øå, ��»�äǑ�5���JÝ. �éda¯K, ®k-hý9ÚÀJ5|©?íL�-��üÑ�ü$�»Ç,�é�ïÄø�ó¹e��»�æ�ä�{. Ïd,Ǒ?�Ú�õ�ó¹��S��»�æ�ä�{,Aò�»�æ�ä�{ïÄí2�uÄÅø�ó¹.
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44 Boguś P, Merkisz J. Misfire detection of locomotive diesel
engine by non-linear analysis. Mechanical Systems and Sig-
nal Processing, 2005, 19(4): 881−899

45 Adaileh W M. Engine fault diagnosis using acoustic sig-
nals. Applied Mechanics and Materials, 2013, 295−298:
2013−2020

46 Wang Yun-Song. Diagnosing electron-controlled gasoline en-
gine default by exhaust gas sensor. Journal of Traffic and
Transportation Engineering, 2002, 2(2): 48−51
(�!t. |^�Daì�ä>�uÄÅ�æ. �Ï$Ñó§Æ�,
2002, 2(2): 48−51)

47 Ma Q H, Zhang C Y, Ren H J, Zheng X J. Fault diagnosis
of electronic controlled engine by using oxygen sensor. In:
Proceedings of the 3rd International Conference on Measur-
ing Technology and Mechatronics Automation. Shanghai,
China: IEEE, 2011. 194−197

48 Wang H L, Sun W, Liu Y. Study on misfire diagnostic strat-
egy of on-board diagnostics system on LPG passenger car.
In: Proceedings of the 2011 Asia-Pacific Power and Energy
Engineering Conference. Wuhan, China: IEEE, 2011. 1−4

49 Naik S. Advanced misfire detection using adaptive signal
processing. International Journal of Adaptive Control and
Signal Processing, 2004, 18(2): 181−198

50 Wang Yin-Hui, Huang Kai-Sheng, Lin Zhi-Hua, Wang
Dong-Liang. Study of engine multi-cylinder random misfire
detection. Chinese Internal Combustion Engine Engineer-
ing, 2012, 33(1): 18−21
(�Õ�, �m�, ��u, �À�. uÄÅõh�Å�»�ä�{ïÄ. S-Åó§, 2012, 33(1): 18−21)

51 Cavina N, Cipolla G, Marcigliano F, Moro D, Poggio L. A
methodology for increasing the signal to noise ratio for the
misfire detection at high speed in a high performance engine.
Control Engineering Practice, 2006, 14(3): 243−250



4Ï x�<�: ð�uÄÅ�»�æ�ä�{ïÄnã 525

52 Ali A, Magnor O, Schultalbers M. Misfire detection using
a neural network based pattern recognition technique. In:
Proceedings of the 2007 International Conference on Elec-
trical Engineering. Lahore, Pakistan: IEEE, 2007. 1−6

53 Dumele H, Horn M. Misfire detection by evaluating the
small signal of a glow plug. In: Proceedings of the 2008
IEEE Sensors. Lecce, Italy: IEEE, 2008. 784−786

54 Zhang Zhi-Yong, Li Cong-Yue, Cao Yin-Bo, Li Li-Guang.
An experimental study of re-spark ignition control in mis-
fired combustion cycle based on ion current feedback. Trans-
actions of CSICE, 2012, 30(1): 56−61
(Ü�[, ol�, ùÕÅ, on1. Äulf>6�"��»Ì�SÖ»��Á�. S-ÅÆ�, 2012, 30(1): 56−61)

55 Fan Q W, Bian J, Lu H F, Tong S Y, Li L G. Misfire detec-
tion and re-ignition control by ion current signal feedback
during cold start in two-stage direct-injection engines. Inter-
national Journal of Engine Research, 2014, 15(1): 37−47

56 Gao Zhong-Quan, Li Chun-Yan, Liu Bing, Huang Zuo-Hua,
Eiji T, Sadami Y. Detection of engine abnormal combustion
with ion current method. Journal of Xi′an Jiaotong Univer-
sity, 2015, 49(5): 1−6
(p§�, oSý, 4W, ��u, LXJ�, 3ì½�. æ^lf>6{�uÄÅ��~-��ä. ÜS�Ï�ÆÆ�, 2015, 49(5):
1−6)

57 Gao Qing, Liu Cheng-Cai, Jin Ying-Ai, Ma Chun-Qiang,
Zhang Guang-Jun, Su Jun-Lin. Investigation on start emis-
sion and misfire characteristics of spark ignition engine in-
taking oxygen-enriched air. Chinese Internal Combustion
Engine Engineering, 2010, 31(3): 7−10
(p�, 4¤á, 7=O, êXr, Ü2�, �d�. uÄÅåÄÄ�L§L�-�ü�9Ù�»A5ïÄ. S-Åó§, 2010, 31(3):
7−10)

58 Assanis D N, Poola R B, Sekar R, Cataldi G R. Study of
using oxygen-enriched combustion air for locomotive diesel
engines. Journal of Engineering for Gas Turbines and Power,
2000, 123(1): 157−166

59 Liu L T, Liao H Y, Chen X L, Feng Y M, Xiao Y K. Diesel
misfire fault diagnosis using vibration signal over cylinder
head. Communication Systems and Information Technology,
Berlin Heidelberg: Springer, 2011. 761−768

60 Chang J, Kim M, Min K. Detection of misfire and knock
in spark ignition engines by wavelet transform of engine
block vibration signals. Measurement Science and Technol-
ogy, 2002, 13(7): 1108−1114

61 Lee M, Yoon M, Sunwoo M, Park S, Lee K. Development
of a new misfire detection system using neural network. In-
ternational Journal of Automotive Technology, 2006, 7(5):
637−644

62 Zhu Z Q, Yang J, Zhang X M, Li X L. Misfire diagnosis
of diesel engine based on short-time vibration characters.
Applied Mechanics and Materials, 2010, 34−35: 301−305

63 Bohn C, Magnor O, Schultalbers M. State observer based
analysis of crankshaft speed measurements with application
to misfire detection. In: Proceedings of the 2005 Interna-
tional Conference on Control and Automation. Budapest,
Hungary: IEEE, 2005. 239−244

64 Kang Wei, Qiao Xin-Yong, An Gang. Method of diagno-
sis diesel engine misfire fault based on statistical simu-
lation. Chinese Internal Combustion Engine Engineering,

2004, 25(5): 66−68
(xá, z#℄, Sg. ÄuÚO�[�ÆhÅ�»�æ��ä�{.S-Åó§, 2004, 25(5): 66−68)

65 Rizvi M A, Bhatti A I. Hybrid model for early detection
of misfire fault in SI engines. In: Proceedings of the 13th
IEEE International Multitopic Conference. Islamabad, Pak-
istan: IEEE, 2009. 1−6

66 Rizvi M A, Bhatti A I, Butt Q R. Fault detection in a
class of hybrid system. In: Proceedings of International
Conference on Emerging Technologies. Islamabad, Pakistan:
IEEE, 2009. 130−135

67 Moro D, Azzoni P, Minelli G. Misfire Pattern Recognition
in High Performance SI 12-cylinder Engine. SAE Technical
Paper 980521, 1998.

68 Rizvi M A, Zaidi S S H, Akram M A, Bhatti A I. Misfire
fault detection in SI engine using sliding mode observer. In:
Proceedings of the 38th Annual Conference on IEEE In-
dustrial Electronics Society. Montreal, QC, Canada: IEEE,
2012. 5114−5119

69 Zhang Pei-Lin, Wang Huai-Guang, Zhang Lei, Wang Wei-
Guo, Li Bing. Feature extraction for engine fault diagnosis
by utilizing adaptive multi-scale morphological gradient and
non-negative matrix factorization. Journal of Vibration En-
gineering, 2013, 26(6): 944−950
(Ü��, �~1, Ü[, �¥I, oW. �KÝ
©)3uÄÅ�æAÆJ�¥�A^. �Äó§Æ�, 2013, 26(6): 944−950)

70 Cavina N, Corti E, Minelli G, Serra G. Misfire Detection
based on Engine Speed Time-frequency Analysis. SAE Tech-
nical Paper 2002-01-0480, 2002.

71 Ponti F. Instantaneous engine speed time-frequency analy-
sis for onboard misfire detection and cylinder isolation in
a V12 high-performance engine. Journal of Engineering for
Gas Turbines and Power, 2008, 130(1): 012805

72 Ma X P, Xia Z C, Wu H T, Huang X. Combined Frequency
Domain Analysis and Fuzzy Logic for Engine Misfire Diag-
nosis. SAE Technical Paper 2015-01-0207, 2015.

73 Li Zeng-Fang, He Yong, Song Hai-Yan. Fault diagnosis
model for engines based on principal component analysis
and integrated neural network. Transactions of the Chinese
Society of Agricultural Engineering, 2006, 22(4): 131−134
(oOǑ, Û℄, y°ÿ. ÄuÌ¤©©ÛÚ8¤ ²�ä�uÄÅ�æ�ä�.ïÄ. à�ó§Æ�, 2006, 22(4): 131−134)

74 Zhou Rui, Yang Jian-Guo. The research of engine fault di-
agnosis based on rough sets and support vector machine.
Transactions of CSICE, 2006, 24(4): 379−383
(±a, 
ïI. Äuo÷8�|±�þÅ�uÄÅ�æ�äïÄ.S-ÅÆ�, 2006, 24(4): 379−383)

75 Liu J M, Li X L, Zhang X M, Xu S Y, Dong L J. Mis-
fire diagnosis of diesel engine based on rough set and neural
network. Procedia Engineering, 2011, 16: 224−229

76 Liang Feng, Feng Jing, Xiao Wen-Yong, Tan Wen-Chun,
Zhuo Bin. Application of BP neural network to fault diag-
nosis of high-pressure common rail fuel system of electronic
control diesel engines. Chinese Internal Combustion Engine
Engineering, 2004, 25(2): 46−49
(ù¹, ¾·, �©U,  ©S, RR. BP  ²�ä3pØ�;ª>�ÆhÅ�æ�ä¥�A^.S-Åó§, 2004, 25(2): 46−49)



526 g Ä z Æ � 43ò
77 Lu Huai-Min, Guo Xiu-Rong, Du Dan-Feng, Yu Xiao-Dong.

Application of radial basis function neural network to fault
diagnosis of electronic ejection engine. Transactions of the
Chinese Society for Agricultural Machinery, 2005, 36(12):
35−38
(º~¬, HDJ, Úû´, u¡À. RBF �ä3>�uÄÅ�æ�ä¥�A^. à�Å�Æ�, 2005, 36(12): 35−38)

78 Song Chong-Zhi, Wu Yu-Guo, Wang Lu, Xie Neng-Gang.
Fault diagnosis of engine ignition system based on modified
Elman neural network. Transactions of the Chinese Society
for Agricultural Machinery, 2008, 39(3): 203−206
(yÂ�, Ç�I, �å, �Uf. ÄuU? Elman �ä�uÄÅ:»XÚ�æ�ä. à�Å�Æ�, 2008, 39(3): 203−206)

79 Murphey Y L, Chen Z H, Feldkamp L A. An incremental
neural learning framework and its application to vehicle di-
agnostics. Applied Intelligence, 2008, 28(1): 29−49

80 Chen J, Randall R B. Improved automated diagnosis of
misfire in internal combustion engines based on simulation
models. Mechanical Systems and Signal Processing, 2015,
64−65: 58−83
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