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�P�l�a�n�t�-�W�i�d�e� �O�n�-�L�i�n�e� �M�o�n�i�t�o�r�i�n�g� �a�n�d� �D�i�a�g�n�o�s�i�s� �

�F�o�r� �C�o�n�t�i�n�u�o�u�s� �P�r�o�c�e�s�s� �U�s�i�n�g� �M�u�l�t�i�v�a�r�i�a�t�e� �S�t�a�t�i�s�t�i�c�a�l� �P�r�o�c�e�s�s� �C�o�n�t�r�o�l�
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�H�y�u�n�-�W�o�o� �C�h�o�,� �K�u�n�-�S�o�o� �C�h�a�n�g�,� �C�h�o�n�g�h�u�n� �H�a�n�

�D�e�p�a�r�t�m�e�n�t� �o�f� �C�h�e�m�i�c�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �P�o�h�a�n�g� �U�n�i�v�e�r�s�i�t�y� �o�f� �S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�y�
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� � �ÖÃÙ± �ø°¤Á �ÚÀ¿µ­È �×¹ �«¹ÎÀ­È �ßÃ¼¼¡¿ �ûµó¶ �D�C�S�(�D�i�s�t�r�i�b�u�t�e�d� �C�o�n�t�r�o�l� �S�y�s�t�e�m�)�¡° � �³¼¡ÄÇµî¾ �ø°¤Á¸ÀÎ·ÎºÍÅ �·¸ë´ÑÇ �ç¾ÇÀ �¥µÌÀÍÅéµ»À �Ç½Ã½£°¸ÀÎ· �Þ¹Æ¾éµÏÀ �ö¼ �ÖÀÂ´ �i�n�f�r�a�s�t�r�u�c�t�u�r�e�¡° �®°ßÃî¾®Á �ÖÀ¸ÀÇ¹Î· �ÌÀ¦¸ �ÌÀë¿ÏÇ©¿ �ø°¤ÁÇÀ �È¾üÀÑÇ �¶Á÷¾ú° �¦Á°ÇÇÀ �í°°ÇúÁ»À �¯ÀöÁÏÇç¸ �¡ÁøÁûÀ¸ÀÎ· �ø°¤Á¶Á÷¾»À �âÇó»Ã½°Åâ± �§ÀØÇ­¼Â´ �ÌÀó»ÌÀ �ß¹ý»ÑÇ �ïÁÃ½ �ÌÀó» �ß¹ý» �©¿Îº �×¹ �ÌÀó» �ø¿ÎÀ»À �øÁÜ´ÉÄ �ØÇÖÁÂ´ �Ç½Ã½£° �¨°Ã½ �×¹ �øÁÜ´(�O�n�-�L�i�n�e� �M�o�n�i�t�o�r�i�n�g� �a�n�d� �D�i�a�g�n�o�s�i�s�)� �â±ú¼ÌÀ �ÊÇö¼ûÀÌÀó¶ �ÒÇ �ö¼ �ÖÀÙ´.� �©¿â±­¼ �¦ÁÈ¾ÑÇ �ëÅè°ûÀ �ð¸¨µ �æ¹ý¹ºÀ �ø°¤Á¡¿ �ë´ÑÇ �ÚÀ¼¼ÑÇ �ö¼Ä½ûÀ �ð¸¨µ»À �ä¿¸±ÏÇÅ°ª³ �üÀ®¹¡°ûÀ �öÁÄ½»À �ä¿¸±ÏÇöÁ �Ê¾¸Àé¸­¼µµ �ø°¤ÁÌÀ �ëÅè°ûÀ¸ÀÎ· �¤Áó»ó»ÂÅ¡¿ �ÖÀ»À �§¶ÇÀ �h�i�s�t�o�r�i�c�a�l� �d�a�t�a�b�a�s�e�¸¸¸ÀÎ·µµ �ñº³±ûÀ �ë¿ÌÀÏÇÔ° �ëÅè°ûÀ �ð¸¨µ»À �¸±àÃÒÇ �ö¼ �ÖÀÙ´Â´ �åÀ¡Á»À �¡°öÁí° �ÖÀÙ´.� �ø°¤ÁÇÀ �Ç½¦Á �Å°¿µ¡¿ �ë´ÑÇ �¹¸ºÀ �¤Á¸º¦¸ �÷ÆÔÇÏÇí° �ÖÀÂ´ �p�r�o�c�e�s�s� �m�e�a�s�u�r�e�m�e�n�t�éµºÀ � �ë´ÎºÐº �i�l�l�-�c�o�n�d�i�t�i�o�n�e�d�,� �ïÁ �a�u�t�o�-�c�o�r�r�e�l�a�t�i�o�n�ÌÀ �ÖÀí° �¢° �Ã½£°¡¿­¼ �¢° �¯ºö¼éµ¢³®¸ÇÀ �c�o�r�r�e�l�a�t�i�o�n�ÌÀ �Å¸ì¿ �©Åç¸,� �Å½£È �ë´ �âÀ½À �ñº¡° �·³¸ÀÇ¹Î· �m�u�l�t�i�v�a�r�i�a�t�e� �p�r�o�j�e�c�t�i�o�n� �m�e�t�h�o�d�ÇÀ �ÏÇª³ÎÀ �P�C�A�(�P�r�i�n�c�i�p�a�l� �C�o�m�p�o�n�e�n�t� �A�n�a�l�y�s�i�s�)�Í¿ �Å°ë´ÑÇ �ÏÇª³ÇÀ �ø°¤Á»À �è°þÃûÀ¸ÀÎ· �ÐºØÇÏÇ©¿ �ØÇ®¼ÏÇÂ´ �H�i�e�r�a�r�c�h�i�c�a�l� �D�e�c�o�m�p�o�s�i�t�i�o�n� �P�r�o�c�e�d�u�r�e�¡° �ÊÇä¿ÏÇÔ° �ÈµÙ´.� �»º �¬¿¸±¡¿­¼Â´ �P�C�A�Í¿ �H�i�e�r�a�r�c�h�i�c�a�l� �D�e�c�o�m�p�o�s�i�t�i�o�n� �P�r�o�c�e�d�u�r�e�¦¸ �ÌÀë¿ÏÇ©¿ �ø°åÀÔ±ð¸ÇÀ �Ç½Ã½£° �¨°Ã½ �×¹ �øÁÜ´ �â±ú¼»À �¦ÁÈ¾ÏÇç¸ �ÌÀ¦¸ �¬¿Ó¼ �ø°¤ÁÎÀ �T�e�n�n�e�s�s�e�e� �E�a�s�t�m�a�n� �b�e�n�c�h�m�a�r�k� �p�r�o�c�e�s�s�¡¿ �ûÀë¿ÏÇ©¿ �¦ÁÈ¾ÑÇ �æ¹ý¹ÇÀ �¿È²Àº¼ú° �¤Á®ÈÑÇ �øÁÜ´ �É´Â·»À �®ÈÎÀÏÇ´¿Ù´.�
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� � �P�C�A�Â´ �ó»£È �¬¿ü°º¼ÌÀ �«Å �¥µÌÀÍÅéµ»À �ó»£È �¶µ³¸ûÀÌÀ �ÇµµµÏ· �¤ÁÇÀÑÇ �õ»Î·î¿ �m�e�a�s�u�r�e�m�e�n�t� �s�p�a�c�e�»³ÇÀ �¡ÁéµÎ· �ª³¸Å¿³¸ÀÎ·á½ �i�l�l�-�c�o�n�d�i�t�i�o�n�e�d�Çµî¾ �ÖÀÂ´ �æ¹ë´ÑÇ �ç¾ÇÀ �¥µÌÀÍÅéµÎ·ÎºÍÅ �ÙÇÉ½ûÀÎÀ �¤Á¸º¦¸ �ßÃâÃÒÇ �ö¼ �ÖÀÂ´ �ëÅè° �â±ý¹ÇÀ �ÏÇª³Î·­¼,� �m�e�a�s�u�r�e�m�e�n�t� �d�a�t�a� �m�a�t�r�i�x�¦¸ �P�C� �m�o�d�e�l�Î· �¸±º¼ÏÇé¸ �Ù´½Àú° �°°ÌÀ �ø¿¡· �¯ºö¼éµ �¸ºÙ´ �ÛÀºÀ �k�³°ÇÀ �õ»Î·î¿ �P�C�éµÇÀ �ÕÇ¸ÀÎ·­¼ �¥ÇöÇÈµÙ´.�
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� � �ë´Ü´§À �­ÈÐÇø°åÀÇÀ �æ°ì¿ �ø°åÀÔ±ð¸¡¿­¼ �ø°¤Á»À �¨°Ã½ÏÇí° �ÌÀó»ÌÀ �ß¹ý» �ßÇ»À �§¶ �×± �ø¿ÎÀ»À �¸ºÙ´ �¤Á®È÷È �øÁÜ´°Å �§ÀØÇ­¼Â´ �ö¼¹¸ºÀ �¯ºö¼éµÌÀ �ó»£È �¬¿ü°Çµî¾ �ÖÀÂ´ �Å°ë´ÑÇ �¹ºÕÇ �ø°¤Á»À �è°þÃûÀ¸ÀÎ· �ÐºØÇÏÇ©¿ �î¸ �³°ÇÀ �ÏÇ§À �Ü´§À �íº°·¸ÀÎ· �ª³©´î¾ �ÖÁÂ´ �Í°ÌÀ �ÊÇä¿ÏÇÔ° �ÈµÙ´.� �¸ºëÅ �ÌÀ¯·ÑÇ �è°þÃûÀ �ÐºØÇ �ú°¤ÁºÀ �üÀ¼Ã �ø°¤Á �»³¡¿­¼ �ß¹ý»ÏÇÂ´ �©¿¯· �ç»Ç°éµ¡¿ �ë´ÑÇ �¤Á¸ºÇÀ �åÈ§¸»À �÷²öÁ �Ê¾µµÏ· �ÏÇç¸ �ÑÇ �ç»Ç°¡¿ �ë´ÑÇ �¤Á¸ºÂ´ �À¿÷Á �ÏÇª³ÇÀ �ÏÇ§À �íº°·¡¿¸¸ �ª³¸Åª³Ô° �ÔÇ¸ÀÎ·á½ �¢°¢°ÇÀ �ÏÇ§À �íº°·éµ»À �¤Á¸º �åÈ§¸ÇÀ �¶µ³¸ûÀÎÀ �ø°£°¸ÀÎ· �õ»Ó·Ô° �¸±º¼ÏÇ©¿ �ëÃÞ±ÒÇ �ö¼ �ÖÀÔ° �ÈµÙ´.� �ûµó¶­¼ �è°þÃûÀ¸ÀÎ· �ÐºØÇÑÇ �ÏÇ§À �íº°·éµú° �üÀ¼Ã �ø°¤Á¡¿ �ë´ÑÇ �ó»§À �íº°· �ó»£È£°¡¿Â´ �ø°¤Á¡¿ �ë´ÑÇ �¤Á¸º¦¸ �ã´í° �ÖÀÂ´ �øÃ¤Á¯ºö¼éµ»À �Å¸³°Î· �ÏÇ©¿ �ó»£È �¸ºÏ¿ûÀÎÀ �ü°è°¦¸ �®°Ô° �ÈµÙ´.�

�

�ûÀë¿ �

� � �§À¡¿­¼ �¦ÁÃ½Èµ �æ¹ý¹éµ»À �Ë°õÁÏÇâ± �§ÀÏÇ©¿ �¬¿Ó¼ø°¤ÁÎÀ �T�e�n�n�e�s�s�e�e� �E�a�s�t�m�a�n� �b�e�n�c�h�m�a�r�k� �p�r�o�c�e�s�s�¡¿ �ûÀë¿ �ÏÇ´¿Ù´.� �ÌÀ �ø°¤ÁºÀ �e�x�o�t�h�e�r�m�i�c� �i�r�r�e�v�e�r�s�i�b�l�e� �t�w�o�-�p�h�a�s�e� �r�e�a�c�t�o�r�,� �r�e�a�c�t�o�r�-�p�r�o�d�u�c�t� �c�o�n�d�e�n�s�e�r�,� �f�l�a�s�h� �v�a�p�o�r�-�l�i�q�u�i�d� �s�e�p�a�r�a�t�o�r�,� �r�e�b�o�i�l�e�d� �p�r�o�d�u�c�t� �s�t�r�i�p�p�e�r�,� �r�e�c�y�c�l�e� �c�o�m�p�r�e�s�s�o�r� �Ù´¸¼ �³°ÇÀ �åÀ¡ÄÎ· �¸±º¼Çµî¾ �ÖÀ¸Àç¸,� �4�1�³°ÇÀ �m�e�a�s�u�r�e�m�e�n�t� �v�a�r�i�a�b�l�e�ú° �1�2�³°ÇÀ �m�a�n�i�p�u�l�a�t�e�d� �v�a�r�i�a�b�l�e�(�1�1� �v�a�l�v�e�s�,� �r�e�a�c�t�o�r� �a�g�i�t�a�t�i�o�n� �s�p�e�e�d�)�Î· �ÌÀç·î¾®Á �ÖÀÙ´.� �

� � �ì¿±¼,� �Ç½¦Á �ø°¤Á¡¿­¼ �ÏÀó»ûÀ¸ÀÎ· �ÏÀî¾ª³Â´ �ç»Ç°éµÌÀ �÷ÆÔÇÇµî¾ �ÖÀÂ´ �¤Áó» �¶Á÷¾ �µ¿ª¿ÇÀ �¥µÌÀÍÅ¦¸ �ò¾â± �§ÀØÇ �ÌÀ �ø°¤Á¡¿­¼ �¦ÁÈ¾Çµî¾ �ÖÀÂ´ �d�i�s�t�u�r�b�a�n�c�e�éµ»À �ø°¤Á¡¿ �¡°ÏÇ©¿ �P�C� �m�o�d�e�l� �d�a�t�a�¦¸ �s�i�m�u�l�a�t�i�o�n�»À �ëÅÏÇ©¿ �¸¸éµú¾Ù´.� �ÌÀ �ú°¤Á¡¿­¼ �¢° �åÀ¡ÄéµÇÀ �c�o�n�s�t�r�a�i�n�t�¦¸ �þ¹î¾ª³Å°ª³,� �s�e�n�s�o�r� �v�a�l�u�e�¡° �ö¼Å·ÏÇöÁ �Ê¾í° �ß¹ê»ÏÇÅ°ª³,� �p�r�o�d�u�c�t� �q�u�a�l�i�t�y�¦¸ �¸¸·ÁÃ½°ÅöÁ �ø¸ÏÇÂ´ �o�b�s�e�r�v�a�t�i�o�n� �éµºÀ �¦ÁÜ¿Ã½×ÄÙ´.� �Ù´½À¸ÀÎ·Â´ �ÌÀ¸·Ô° �¸±º¼ÑÇ �m�o�d�e�l� �d�a�t�a�¦¸ �¡°öÁí° �üÀ¼Ã �ø°¤Á¡¿ �ë´ÑÇ �P�C� �m�o�d�e�l�ú° �üÀ¼Ã �ø°¤Á»À �ÐºØÇÑÇ �3�³°ÇÀ �ÏÇ§À �íº°· �Ü´§Àéµ �¢°¢°¡¿ �ë´ÑÇ �P�C� �m�o�d�e�l�»À �¸±º¼ÏÇ´¿Ù´.� �©¿â±¡¿­¼ �¢°¢°ÇÀ �ÏÇ§À �íº°· �Ü´§ÀéµºÀ �ó»£È£°¡¿ �ÖÃÒ¼ÑÇÇÀ �c�o�r�r�e�l�a�t�i�o�n�»À �®°µµÏ· �ÐºØÇÏÇÂ´¥µ,� �ÌÀÍ°ºÀ �¯Æ¤Á �íº°· �Ü´§À¡¿­¼ �ß¹ý»ÑÇ �ÌÀó»ÌÀ �Ù´¥¸ �íº°· �Ü´§À¡¿ �Å°ÇÀ �µ¿âÇ»À �¢³¡ÄöÁ �Ê¾Å°ª³ �öÁ¬¿Çµî¾ �ª³¸Åª³Ô° �ÔÇ¸ÀÎ·á½ �ÌÀó»ÌÀ �¨°öÁÈµ �¯Æ¤Á �íº°· �Ü´§À �»³¡¿­¼ � �ÌÀó» �ø¿ÎÀ»À �¸ºÙ´ �üº£¸í° �¤Á®ÈÏÇÔ° �øÁÜ´ÒÇ �ö¼ �ÖÀÔ° �ÈµÙ´.� �ÌÀ �ø°¤Á¡¿­¼Â´ �r�e�a�c�t�o�r�,� �s�e�p�a�r�a�t�o�r�,� �s�t�r�i�p�p�e�r� �¼¼ �¾Áù·ÇÀ �íº°· �Ü´§ÀÎ·­¼ �ÐºØÇÏÇ´¿Ù´.� �F�i�g�.� �1�.�¡¿­¼ �Ë¾ �ö¼ �ÖÀíµÌÀ �üÀ¼Ã �ø°¤ÁÇÀ �P�C� �m�o�d�e�l�ú° �¢° �ÏÇ§À �íº°· �Ü´§ÀÇÀ �P�C� �m�o�d�e�l�ºÀ �3�-�4�³°ÇÀ �P�C�¸¸¸ÀÎ·µµ �×± �»³ÎºÇÀ �ßÁä¿ÑÇ �¯º­Èéµ»À �ª³¸Å¾³ �ö¼ �ÖÀú¾Ù´.� �

� � �ÑÇíÆ,� �V�a�l�i�d�a�t�i�o�n� �D�a�t�a�Â´ �ÌÀ �ø°¤Á¡¿­¼ �¦ÁÈ¾Èµ �d�i�s�t�u�r�b�a�n�c�e�éµ �ßÁ¡¿­¼ �f�e�e�d� �r�a�t�i�o�,� �r�e�a�c�t�o�r� �c�o�o�l�i�n�g� �w�a�t�e�r� �i�n�l�e�t� �t�e�m�p�e�r�a�t�u�r�e�,� �c�o�n�d�e�n�s�e�r� �c�o�o�l�i�n�g� �w�a�t�e�r� �i�n�l�e�t� �t�e�m�p�e�r�a�t�u�r�e� �¼¼¡°öÁ �æ°ì¿¡¿ �ë´ÏÇ©¿ �ñº¤Áó»ûÀÎÀ �©Åâ±ÇÀ �ÌÀó»»À �ß¹ý»Ã½ÑÄ �§À¡¿­¼ �¦ÁÃ½ÑÇ �æ¹ý¹éµÇÀ �º¼É´»À �òÆ¡°ÏÇ´¿Ù´.�
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�á°ú° �×¹ �äÅÐ·
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