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Fault diagnosis of aircraft control surface based on ontology
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Abstract The complexity of aircraft system was analyzed from the engineering point of view and the

concept of aircraft family was introduced to the ontology modeling of aircraft. At the same time, the

fault diagnosis of aircraft control surface was also studied. First, the domain knowledge model of aircraft

ontology was built by Protégé. Then the knowledge of single fault and combined faults diagnosis were

listed as SWRL rules. Finally, the diagnosis result could be concluded through JESS reasoning to select

the right plan of self-repairing. This method can be used to realize the modeling of complex systems and

accurate selection of fault diagnosis plan. And the knowledge base of fault diagnosis can also be improved

by adding new rules.
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���, ����������������� 6 	���� [1]. ������
�
���, �����������
�
��������
��, ����
������
 [2–3].
��������������
�� Web ���� SWRL �����������. SWRL �� OWL
��� OWL DL � OWL Lite, �	 Unary/Binary Datalog RuleML ��
�������, ����
���� Horn-like ���� OWL �������, ��
��������� OWL ��������
� [4–6]. JESS �� � Sandlia ��� �
 Java Æ���!�����"!, �
��������
������"�, ������� (working memory)���� (rule base)���� (inference engine) #�
���. �
 JESS �� SWRL ����, �������� ��Æ � OWL ���� [7].
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6;. �:����$'�#�(),�>�/"78(� [9], $5<=9:,� [10] >, -.6,�?
)*�;����#(), �7)**"�# ;���*+%�<?89, =:��#;;<�!>?
*"�	�#, <?)*�@�#�?@,�"�?@����#�$+/�����.'&, ��;��
@�#����#���(), ��#()$� ��+%,A�@A"/B�.

�=������=���������, 
��%�&'������"C, ������BC
$'�#�()-, >?�
����A�������������"C, B �$'�@�#	���
#�C+,�@� SWRL �����, $ ;DDÆA��?@B, �> JESS ��E*�#()��
!, � D��+%,A��FC?�EE.

2 &'()*+,-./

������F����@����;:�G�D ��
�FÆ,�. GGFÆ��H8�	/�
H�/H��/IJ���, �����K�$L�(!. AE��: ���?@�, ���;:���
�B	��ICJ#ÆFM�, �/DN��ODI�B	�K��E�'E>FB, '&P
������
F�G������HJ��.

������������;:�H�@�;:,A�K)�� -�>�, �;BF�6;: L
�%I�JK����-MH���;:���D��G�MH�M��>. ��, L�%I�JK��6;
� �������LQ��� [11]. ��N0��P���$M��K, R�;:�DO)*����
"	�C>'�. '&, � /J�"P��%���.

��%���(S�"QH��
��&' [12], Æ������
�
�����������

�KK<�L����R�S, %;NT 737 � 600/700/800/900 C 4 	�C
�/ 98% ��MT��
�
�� 100% ��O��
�,  �U�IJ� JSF U��	;:�DO)*K<V	�
�K�V
P� [13]. .�7�������W,N [14], U�
��������������"CC?��� [15]. '
&, "P��%�����/(KM��, �NS��$LH.

3 &'()*1234

3.1 56789n:
������ %X, R�������=������. QYK<L����RO�������

����"Q��:

1) �
"Q: �/S%�
��
L�;

2) W��
"Q: ���L��/$X�
;

3) !
"Q: �/	��CF+R��L�;

4) MY"Q: ZW�P
Q�L�.

�VP���, ��
"Q	���"Q��T"Q�O["Q�NU"Q�VZR"Q, !
"Q	�
S[��"Q�\���"Q�W�(]�O^"Q>,MY"Q>�P\Q"Q�
���XY.��_�
"QR]�, ���Æ#�BS�"Q, ;��"Q���^"Q��T"Q�ZU"Q�̀ U"Q�

(aT"Q>, �T"Q��[;,�"Q�_`"Q�?U"Q�U,"Q�\�"Q> [16].
3.2 565<=>?@

����>���)*�OVUV�aW, ��UV	�R'��TOV�bc, /!WR	�<\
]����, '&�)*.�����K�P�, Jb�<!�UV���". =:, K-���*T��
��
X^��Yc, �J���UV
U^c��YZ, .6aW'��_#`d��89� %X.
�����>��, $�����T-��QYe�NX���<!$�e�%I, �J*"�#!
�>�#()�[\+%Y;���]d^%�%�fZ�'+Ka.

���$'�#� ��e���!, '&�gK)*R'�aW. ��$'�#X"(�TOV�
bcW�aH, ��aW,�f�W�aH, ;!K�,�f��GK, "/��XG��_�[� !. �
=Rb���#����hM*+%�&', <+%>��, ��?K���#c�, �����#�
d�!
�O���
, �����$e!
�`%Q%�fZ [17]. ��@A�\��#,A, �#()
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��Jb>?L��#���OD��C, '&R�K<�#;DL��Xc, .O������C*�
���i`A�.
3.3 56JKLM9NO

�=>�)*��$'�#	>��#, <ia�gb�jc, h$'��K<��#!, ��
#)$
$$'�GK<�+%,A. ;;��$'��#XcE����HLde, �j� true !i�L��
�#��, j� false !i��$'k d�#. �����>�;B (����f;f 1 �g):

1) >?����������, �����QjS�_��L�"Q!������, ��_����
L����, ��/ 5 �[;' (PV^�lV^�P`U�l`U�,N$) �kC�������.

2)����������E��, %;��� is part ofi�c	6�"Q?����F��d"Q, �
Xc� Sensors ?���##(� FaultDetectiveAgent ���; �E�C��^� Wing ��, ��P
^ LeftWing �l^ RightWing k���, ��� F16 �h, ��^�/�E��: ^W WingSpan=9.144,
W)^'eWingArea=27.87,`lO[i cbar=3.45>;Xc�/ hasTest��E��, h hasTest=true
!i��Xc#(��#, h hasTest=false !i��Xck .

3)������, ;�#���@�#����#k�,.k���fl��� (disjoints),<@�
#����#K��<��#, =:, Xc?�#(L�$'��#j, ;PV^�iaXc LABlock-
Sensor ?�#(PV^��#j, <i`��� “LABlockSensor sense only LeftAileron”.
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3.4 NO SWRL XY
AE�#()�>��� SWRL ��:
1) ��@�#�C+��:
;f 2 �g, �()PV^ia�#��, ��� Single-LABlockFault ����, hPV^ia�#�

Xc#(��#, ��$'lk !, �C��PV^ia�#, <:
LABlockSensor(?x) m LeftAileron(?y) m hasTest(?x, true) m LAFloatSensor(?z) m hasTest(?z, false)
m LALossSensor(?a)m hasTest(?a, false)m RightAileron(?b) m LeftStabilator(?c) m RightStabilator(?d)
m Rudder(?e) m NormalComponent(?b) m NormalComponent(?c) m NormalComponent(?d)
m NormalComponent(?e) n BlockFaultyComponent(?y),
��C�	$'�k �������, h�$'�ia�bg	jc�#Xcl7#(��#!, �C
)�$'.�k fZ, ;C)lV^k ����:
RightAileron(?x) m RABlockSensor(?y) m RAFloatSensor(?z) m RALossSensor(?a) m
hasTest(?y, false) m hasTest(?z, false) m hasTest(?a, false) n NormalComponent(?x).

2) �����#�C+��:
���#���+%�#�K�+%�#, ��+%����#S�()��, �P`U�l`U<

!*"jc�#��, C)*"����#��� Double-LRSLossFault �:
LeftStabilator(?x) m RightStabilator(?y) m LSLossSensor(?z) m hasTest(?z, true)
m RSLossSensor(?a) m hasTest(?a, true) n DoubleLossFC(?x) m DoubleLossFC(?y).
3.5 Z[ JESS \<]^

�=�
 Protégé 3.4.4 o�����, �
 JESS7.0p2 AE�/��� SWRL ������, h;D
PV^iaXc#(��#!, �!;f 3 �g.

A 3 o_`abcdRS, efghijkl

h;DP`U�l`UjcXc#(��#j!, �
d 1 g+%,A Plan1, �!;f 4 �g.
;�h()>��*"�K�+%����#,� JESSd���* ��,����mC*pi,j

������#K�+%, �n�G�[\,A.
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4 wx

�=
���
��������"C,���QL�"Q	�"Q�
���Ækmj,��
 JESS
� SWRL�������E*� ����$'�#(),��#+%�<?��C?�EE,.	,��
��>ok � SWRL ���$X�#()���, ��C��#()�HL�.
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