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�D�V�V�H�P�E�O�\ 
�,�W�� �D�S�S�H�D�U�V�� �W�K�D�W�� �W�K�H�� �L�Q�W�H�O�O�L�J�H�Q�W�� �F�R�Q�W�U�R�O�� �V�\�V�W�H�P�� �R�I�� �U�H�D�V�V�H�P�E�O�\�� �L�V��
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���L�L���� �0�R�G�H�O�O�L�Q�J���� �D�Q�G�� ���L�L�L���� �.�H�\�� �G�H�Y�H�O�R�S�P�H�Q�W�� �W�H�F�K�Q�R�O�R�J�L�H�V�� �R�I��
�L�Q�W�H�O�O�L�J�H�Q�W���F�R�Q�W�U�R�O���V�\�V�W�H�P�� 
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�7�K�H�� �L�Q�W�H�O�O�L�J�H�Q�W�� �F�R�Q�W�U�R�O�� �V�\�V�W�H�P�� �R�I�� �U�H�D�V�V�H�P�E�O�\�� �F�R�Q�V�L�V�W�V�� �R�I�� �I�R�X�U��
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�L�Q�W�H�J�U�D�W�H�G�� �Z�L�W�K�� �H�[�L�V�W�L�Q�J�� �P�D�Q�X�I�D�F�W�X�U�L�Q�J�� �H�[�H�F�X�W�L�R�Q�� �V�\�V�W�H�P��
���0�(�6�����W�H�F�K�Q�R�O�R�J�\���D�Q�G���D�S�S�O�L�H�G���L�Q���U�H�D�V�V�H�P�E�O�\���V�\�V�W�H�P�� 
�z Data perception layer 

�%�D�V�H�G���R�Q���W�K�H���U�H�F�R�J�Q�L�W�L�R�Q�����F�O�D�V�V�L�I�L�F�D�W�L�R�Q���D�Q�G���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���R�I��
�U�H�D�V�V�H�P�E�O�\�� �U�H�V�R�X�U�F�H�V���� �W�K�H�� �G�D�W�D�� �S�H�U�F�H�S�W�L�R�Q�� �O�D�\�H�U�� �F�R�O�O�H�F�W�V��
�U�H�D�V�V�H�P�E�O�\���U�H�V�R�X�U�F�H�V�����P�D�W�H�U�L�D�O�V�����H�T�X�L�S�P�H�Q�W�����S�H�U�V�R�Q�Q�H�O�����H�Q�H�U�J�\����
�D�Q�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W���� �D�Q�G�� �W�K�H�L�U�� �V�W�D�W�X�V�� �G�D�W�D�� �L�Q�� �W�K�H�� �U�H�D�V�V�H�P�E�O�\��
�S�U�R�F�H�V�V�����)�R�U���D�W�W�U�L�E�X�W�H���L�Q�I�R�U�P�D�W�L�R�Q���R�I���U�H�P�D�Q�X�I�D�F�W�X�U�H�G���S�D�U�W�V���D�Q�G��
�W�K�H�� �G�L�I�I�H�U�H�Q�W�� �J�U�D�G�H�V�� �R�I�� �U�H�D�V�V�H�P�E�O�\�� �R�S�H�U�D�W�L�R�Q�V���� �V�S�H�F�L�D�O��
�L�G�H�Q�W�L�I�L�F�D�W�L�R�Q�� �D�Q�G�� �W�Z�R-�G�L�P�H�Q�V�L�R�Q�D�O�� �F�R�G�H�� �D�U�H�� �X�V�H�G���� �7�K�H��
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�S�H�U�F�H�L�Y�H�� �W�K�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �D�Q�G�� �R�S�H�U�D�W�L�R�Q�� �V�W�D�W�X�V�� �R�I�� �U�H�D�V�V�H�P�E�O�\��
�U�H�V�R�X�U�F�H�V���� 
�z Network layer 
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�z Model operation layer  
�:�L�W�K�� �W�K�H�� �K�H�O�S�� �R�I�� �G�D�W�D�� �S�H�U�F�H�S�W�L�R�Q�� �O�D�\�H�U�� �D�Q�G�� �Q�H�W�Z�R�U�N�� �O�D�\�H�U����

�W�K�H���L�G�H�D���R�I���R�E�M�H�F�W-�R�U�L�H�Q�W�H�G���G�H�V�L�J�Q���L�V�� �X�V�H�G���W�R���P�D�S���W�K�H���S�K�\�V�L�F�D�O��
�S�H�U�F�H�S�W�L�R�Q�� �G�D�W�D�� �R�I�� �U�H�D�V�V�H�P�E�O�\�� �V�K�R�S�� �W�R�� �L�W�V�� �U�H�V�R�X�U�F�H�� �V�W�D�W�H�� �D�Q�G��
�E�H�K�D�Y�L�R�U�����7�K�H�Q�����W�K�H���V�W�D�W�H���V�S�D�F�H���P�R�G�H�O���R�I���U�H�D�V�V�H�P�E�O�\���F�D�O�F�X�O�D�W�H�V��
�D�Q�G�� �G�H�G�X�F�H�V�� �W�K�H�� �G�D�W�D�� �W�R�� �U�H�S�U�H�V�H�Q�W�� �W�K�H�� �R�S�H�U�D�W�L�R�Q�� �V�W�D�W�H�� �R�I�� �W�K�H��
�U�H�D�V�V�H�P�E�O�\���V�\�V�W�H�P���D�Q�G���S�U�H�G�L�F�W���W�K�H���T�X�D�O�L�W�\�����&�R�P�E�L�Q�H�G���Z�L�W�K���W�K�H��
�T�X�D�Q�W�L�W�\�� �D�Q�G�� �T�X�D�O�L�W�\�� �O�H�Y�H�O�� �R�I�� �U�H�P�D�Q�X�I�D�F�W�X�U�L�Q�J�� �S�D�U�W�V���� �U�H�X�V�H�G��
�S�D�U�W�V���D�Q�G���R�U�L�J�L�Q�D�O���S�D�U�W�V�����D�V���Z�H�O�O���D�V���W�K�H���R�S�H�U�D�W�L�R�Q���D�E�L�O�L�W�\�� �R�I���W�K�H��
�U�H�P�D�Q�X�I�D�F�W�X�U�L�Q�J���S�U�R�F�H�V�V�����W�K�H���U�H�D�V�V�H�P�E�O�H�� �V�F�K�H�P�H���R�S�W�L�P�L�]�D�W�L�R�Q��
�P�R�G�H�O�� �L�V�� �G�H�G�X�F�H�G�� �W�R�� �U�D�W�L�R�Q�D�O�O�\�� �D�O�O�R�F�D�W�H�� �U�H�V�R�X�U�F�H�V�� �L�Q�� �W�K�H��
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Figure 1 The framework of the intelligent control system 
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Figure 3 Information perception and fusion technology 

 
�,�Q�I�R�U�P�D�W�L�R�Q�� �V�H�Q�V�L�Q�J���� �(�T�X�L�S�P�H�Q�W���� �S�H�R�S�O�H���� �P�D�W�H�U�L�D�O�V�� �D�Q�G��

�R�W�K�H�U�� �U�H�D�V�V�H�P�E�O�\�� �U�H�V�R�X�U�F�H�V�� �D�U�H�� �H�T�X�L�S�S�H�G�� �Z�L�W�K�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J��
�V�H�Q�V�L�Q�J�� �H�O�H�P�H�Q�W�V���� �,�Q�W�H�U�Q�H�W���� �F�R�P�P�X�Q�L�F�D�W�L�R�Q���� �F�R�P�S�X�W�H�U����
�D�X�W�R�P�D�W�L�F�� �L�G�H�Q�W�L�I�L�F�D�W�L�R�Q�� �D�Q�G�� �V�H�Q�V�L�Q�J�� �W�H�F�K�Q�R�O�R�J�\�� �D�U�H�� �X�V�H�G��

�F�R�P�S�U�H�K�H�Q�V�L�Y�H�O�\���� �2�S�H�Q�� �D�Q�G�� �L�Q�W�H�U�R�S�H�U�D�E�O�H�� �L�Q�W�H�U�I�D�F�H�� �V�W�D�Q�G�D�U�G��
�D�Q�G�� �R�E�M�H�F�W�� �O�L�Q�N�L�Q�J�� �D�Q�G�� �H�P�E�H�G�G�L�Q�J�� �W�H�F�K�Q�R�O�R�J�\�� �D�U�H�� �G�H�I�L�Q�H�G�� �W�R��
�V�R�O�Y�H�� �W�K�H�� �S�U�R�E�O�H�P�� �R�I�� �K�H�W�H�U�R�J�H�Q�H�R�X�V�� �V�H�Q�V�L�Q�J�� �G�D�W�D�� �D�G�D�S�W�D�W�L�R�Q��
�D�Q�G�� �H�[�F�K�D�Q�J�H���� �,�W�� �D�F�W�L�Y�H�O�\�� �S�H�U�F�H�L�Y�H�V�� �U�H�D�V�V�H�P�E�O�\�� �U�H�V�R�X�U�F�H�� �D�Q�G��
�L�W�V�� �S�U�R�F�H�V�V�� �V�W�D�W�H�� �G�D�W�D���� �D�Q�G�� �U�H�D�O�L�]�H�V�� �W�K�H�� �P�D�S�S�L�Q�J�� �E�H�W�Z�H�H�Q��
�S�K�\�V�L�F�D�O�� �S�H�U�F�H�S�W�L�R�Q�� �G�D�W�D�� �D�Q�G�� �U�H�D�V�V�H�P�E�O�\�� �U�H�V�R�X�U�F�H�� �V�W�D�W�H�� �D�Q�G��
�E�H�K�D�Y�L�R�U�� 

�)�H�D�W�X�U�H�� �H�[�W�U�D�F�W�L�R�Q���� �,�W�� �F�D�Q�� �I�L�O�W�H�U���� �J�U�R�X�S���� �D�V�V�R�F�L�D�W�L�R�Q�� �D�Q�G��
�D�J�J�U�H�J�D�W�H�� �W�K�H�� �S�H�U�F�H�S�W�L�R�Q�� �G�D�W�D�� �R�I�� �U�H�D�V�V�H�P�E�O�\�� �V�\�V�W�H�P�� �W�R�� �I�R�U�P��
�U�H�D�O-�W�L�P�H���D�Q�G���G�\�Q�D�P�L�F���L�Q�I�R�U�P�D�W�L�R�Q���R�I���W�K�H���U�H�D�V�V�H�P�E�O�\���S�U�R�F�H�V�V����
�V�R�� �D�V�� �W�R�� �U�H�D�O�L�]�H�� �D�F�F�X�U�D�W�H�� �H�[�W�U�D�F�W�L�R�Q�� �R�I�� �U�H�P�D�Q�X�I�D�F�W�X�U�L�Q�J��
�U�H�V�R�X�U�F�H���V�W�D�W�H���D�Q�G���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���S�U�R�F�H�V�V���V�W�D�W�H�� 

�,�Q�I�R�U�P�D�W�L�R�Q�� �L�Q�W�H�J�U�D�W�L�R�Q���� �7�K�H�� �R�E�M�H�F�W-�R�U�L�H�Q�W�H�G�� �R�S�H�Q��
�L�Q�W�H�J�U�D�W�L�R�Q�� �W�H�F�K�Q�R�O�R�J�\�� �L�V�� �D�G�R�S�W�H�G���� �D�Q�G�� �D�O�O�� �W�K�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �L�Q��
�W�K�H�� �U�H�D�V�V�H�P�E�O�\�� �V�\�V�W�H�P�� �L�V�� �V�W�D�Q�G�D�U�G�L�]�H�G�� �D�Q�G�� �F�R�G�H�G���� �2�Q�� �W�K�L�V��
�E�D�V�L�V���� �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �Q�H�H�G�V�� �R�I�� �L�Q�I�R�U�P�D�W�L�R�Q�� �X�V�H���� �W�K�H��
�L�Q�I�R�U�P�D�W�L�R�Q�� �D�Q�G�� �L�W�V�� �I�X�Q�F�W�L�R�Q�D�O�� �V�W�U�X�F�W�X�U�H�� �D�Q�G�� �D�V�V�R�F�L�D�W�L�R�Q��
�U�H�O�D�W�L�R�Q�V�K�L�S�� �D�U�H�� �F�O�X�V�W�H�U�H�G�� �D�Q�G�� �U�H�R�U�J�D�Q�L�]�H�G���� �D�Q�G�� �W�K�H�Q�� �W�K�H��
�L�Q�I�R�U�P�D�W�L�R�Q�� �Z�L�W�K�� �X�Q�L�I�L�H�G�� �G�D�W�D�� �I�R�U�P�� �L�V�� �J�H�Q�H�U�D�W�H�G���� �D�Q�G�� �I�L�Q�D�O�O�\��
�W�K�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �L�Q�W�H�J�U�D�W�L�R�Q�� �D�Q�G�� �V�K�D�U�L�Q�J�� �R�I�� �W�K�H�� �Z�K�R�O�H�� �V�\�V�W�H�P��
�D�U�H���U�H�D�O�L�]�H�G�� 

������������ �5�H�D�O-�W�L�P�H�� �P�R�Q�L�W�R�U�L�Q�J�� �D�Q�G�� �G�\�Q�D�P�L�F�� �F�R�P�S�H�Q�V�D�W�L�R�Q�� �R�I��
�U�H�D�V�V�H�P�E�O�\���T�X�D�O�L�W�\ 

�'�X�H���W�R���W�K�H���K�L�J�K���X�Q�F�H�U�W�D�L�Q�W�\���R�I���W�K�H���U�H�P�D�Q�X�I�D�F�W�X�U�L�Q�J���S�U�R�F�H�V�V����
�D�E�Q�R�U�P�D�O�� �H�Y�H�Q�W�V�� �R�F�F�X�U�� �I�U�H�T�X�H�Q�W�O�\�� �L�Q�� �W�K�H�� �U�H�D�V�V�H�P�E�O�\�� �S�U�R�F�H�V�V����
�7�K�H�� �L�Q�W�H�O�O�L�J�H�Q�W�� �F�R�Q�W�U�R�O�� �V�\�V�W�H�P�� �P�X�V�W�� �E�H�� �F�R�P�E�L�Q�H�G�� �Z�L�W�K�� �W�K�H��
�U�H�D�O-�W�L�P�H�� �V�L�W�X�D�W�L�R�Q�� �R�I�� �W�K�H�� �S�U�R�G�X�F�W�L�R�Q�� �V�L�W�H���� �V�R�� �D�V�� �W�R�� �V�R�O�Y�H�� �D�O�O��
�N�L�Q�G�V���R�I���V�X�G�G�H�Q���S�U�R�E�O�H�P�V���W�L�P�H�O�\���D�Q�G���D�F�F�X�U�D�W�H�O�\�����$�F�F�X�U�D�W�H���D�Q�G��
�U�H�O�L�D�E�O�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �R�I�� �U�H�P�D�Q�X�I�D�F�W�X�U�L�Q�J�� �S�D�U�W�V�� �D�Q�G�� �U�H�D�O-�W�L�P�H��
�T�X�D�O�L�W�\�� �G�D�W�D�� �D�U�H�� �W�K�H�� �S�U�H�P�L�V�H�� �R�I�� �V�X�F�F�H�V�V�I�X�O�� �R�S�H�U�D�W�L�R�Q�� �R�I��
�U�H�D�V�V�H�P�E�O�\�� �L�Q�W�H�O�O�L�J�H�Q�W���F�R�Q�W�U�R�O���V�\�V�W�H�P���� �)�L�U�V�W�O�\���� �W�K�H�� �T�X�D�O�L�W�\�� �G�D�W�D��
�R�I�� �:�,�3�� �D�U�H�� �L�G�H�Q�W�L�I�L�H�G���� �D�Q�G�� �W�K�H�Q���W�K�H�� �T�X�D�O�L�W�\�� �D�W�W�U�L�E�X�W�H�� �Y�D�O�X�H�V�� �R�I��
�N�H�\�� �T�X�D�O�L�W�\�� �F�R�Q�W�U�R�O�� �S�R�L�Q�W�V�� �D�U�H�� �F�R�O�O�H�F�W�H�G���� �2�Q�� �W�K�H�� �E�D�V�L�V�� �R�I��
�L�Q�I�R�U�P�D�W�L�R�Q�� �F�R�O�O�H�F�W�L�R�Q�� �D�Q�G�� �S�U�R�F�H�V�V�L�Q�J���� �E�D�V�H�G�� �R�Q�� �W�K�H�� �U�H�D�O-�W�L�P�H��
�D�V�V�H�P�E�O�\�� �L�Q�I�R�U�P�D�W�L�R�Q�� �R�I�� �U�H�D�V�V�H�P�E�O�\�� �Z�R�U�N�V�K�R�S���� �W�K�H�� �U�H�D�O-�W�L�P�H��
�P�R�Q�L�W�R�U�L�Q�J�� �D�Q�G�� �G�\�Q�D�P�L�F�� �F�R�P�S�H�Q�V�D�W�L�R�Q�� �R�I�� �U�H�D�V�V�H�P�E�O�\�� �T�X�D�O�L�W�\��
�D�U�H���U�H�D�O�L�]�H�G���� 

 
Figure 4 Real-time monitoring and dynamic compensation of reassembly quality 
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Based on J2EE framework, Oracle is used as Web server 
database. The prototype intelligent control system for 
remanufactured engine reassembly process has been 
developed with the associated enabling technology. In 
view of the actual situation of the reassembly workshop of 
engine remanufacturing, the information collection and 
fusion system adopts RFID, IC reader, PDA and scanning 
gun to integrate in �K�X�P�D�Q-machine interface. It provides 
real-time and dynamic data support for intelligent control 
information system of reassembly process.  

Information collection can collect the information of 
remanufactured parts, including the collection of key 
quality inspection items, data analysis, upper and lower 
limits of quality data (Fig 5-I). The inventory information 
of remanufactured parts can also be integrated and queried 
by the system in �W�L�P�H, including the type, quantity and 
quality level of remanufactured parts (Fig 5-II). The key 
quality information of remanufactured parts also can be 
retrieved, including coating thickness and other important 
remanufacturing details (Fig 5-III). Remanufacturing parts 
information, reassembly process data, and related 
operations are integrated in the background to provide 
support for intelligent control (Fig 5-IV). 

Based on the state space model of reassembly and 
reassembly quality error transfer derivation, the intelligent 
control system can predict the reassembly quality (Fig 6-I); 
at the same time, the reassembly process is monitored in 
real time, and the reassembly quality information is 
displayed accurately online (Fig 6-II). According to the 
information of remanufactured parts, the optimal feasible 
assembly scheme is derived. The system identifies the 
scheme and outputs the optimized reassembly scheme (Fig 
6-III). The system can dynamically monitor the quality 
control chart and dynamically compensate the abnormal 
quality in real time (Fig 6-IV). Intelligent control of 
reassembly process is realized. 

The intelligent control system of reassembly builds a 
system log to facilitate the storage and query of 
information related to reassembly process and provides 
support for reassembly quality traceability.
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Figure 5 Information collection and fusion module of prototype intelligent control sy stem 

 

Figure 6 Monitoring and online guidance of prototype intelligent control system 
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In remanufacturing production inventory management 
and optimization, the intelligent control system can deduce 
the optimized reassembly scheme, according to the 
information of remanufactured parts, reused parts, and 
original parts in database. It has extended the dimensional 
accuracy of remanufactured parts, with tolerance reduced 

by 20% and variance reduced by 40%. 
In remanufacturing production process control and 

quality management, the intelligent control system can 
track the position of the remanufactured parts on the 
reassembly line, monitor the operation process, feedback 
the results of the reassembly station operation in real time, 
and accurately guide the operation of the workers in the 
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reassembly process. For example, in the reassembly station 
of remanufacturing crankshaft, it improves the axial 
clearance qualification rate of 14.4%. The intelligent 
control system increases the passing rate of torque by 
3.67%, makes the engine crankshaft run more smoothly, 
and reduces piston deflection and connecting rod bending 
in the virtual reassembly workshop. 

In remanufacturing workshop stability management, the 
intelligent control system can realize the monitoring of 
materials flow, information flow, reassembly process, and 
alarm the abnormal situation for the managers.  

In remanufacturing production management and service, 
the intelligent control system can trace the quality of 
remanufactured assembly, and trace the quality reasons of 
remanufactured engine by date, order number, abnormal 
quality, and fault type. For the remanufacturing enterprise, 
the intelligent control system can efficiently utilize the 
production data and realize intelligent control, so as to 
improve the production and resource efficiency. 

Compared with the similar direction of literatures, in 
addition to quality control [17] and uncertain optimization 
[18], this paper also has system integration. The intelligent 
control system of reassembly is a preliminary exploration 
of intelligent manufacturing methods and technologies. It is 
an effective method to deal with the uncertainty of 
remanufacturing production. Multi-variety, small-batch and 
individualized for remanufacturing customer requirements 
[30], uncertain, complex and dynamic reassembly process, 
as well as multi-objective requirements of excellent quality, 
high efficiency, energy conservation, material saving and 
environmental protection, urgently need the organic 
combination of intelligent manufacturing technology and 
reassembly system [31]. Therefore, it is important to study 
remanufacturing intelligent control system for production 
and resource efficiency of remanufacturing industry. 
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Improving the performance and service safety of 
remanufactured products to meet customer expectations is 
necessary for the sustainable development of 
remanufacturing industry, but the uncertainty and 
complexity of reassembly process has become a constraint 
to the quality of remanufactured products. In order to deal 
with this challenge, the intelligent control system of 
reassembly is studied with combination of remanufacturing 
technology and intelligent technology. Its main innovations 
are as follows: (i) The state space model of reassembly is 
constructed deduced, the quality transfer and coupling 
mechanism of reassembly process is revealed; (ii) the 
optimization model of the reassembly scheme is established 

for minimizing the comprehensive cost; and (iii) data 
model, information perception and fusion technology, 
real-time monitoring and dynamic compensation of 
reassembly quality are researched for the key technologies 
of the intelligent control system. Moreover, the prototype 
intelligent control system is developed in the virtual 
reassembly workshop of remanufacturing engine, which is 
the exploration and practice of intelligent remanufacturing. 

Intelligent remanufacturing is the deep integration of 
new generation information technology and 
remanufacturing, which helps the remanufacturing industry 
move towards intelligence and high-end. Accelerating the 
development of intelligent remanufacturing can further 
improve the management level of remanufacturing 
technology and the quality of industrial development, 
which is in line with the development direction of 
remanufacturing industry. 

Of course, this paper is limited to intelligent 
management of remanufacturing engine assembly 
workshop, which needs further integration of intelligent 
space and digital twin technology for remanufacturing 
system in the future. The research results will enrich and 
develop the basic theory and technology of intelligent 
remanufacturing, which has important theoretical 
significance and application value for the sustainable 
development of the remanufacturing industry. 
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