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Control loops in process control, controlled by conventional PID controllers could be improved

by the application of fuzzy logic-based adapter. However, to obtain an optimal set of fuzzy membership

functions and rules is not an easy task. In this research, a fuzzy supervisory PI controller is developed

based on a fuzzy c-means clustering technique and a fuzzy gain scheduling technique. A fuzzy c-means

clustering technique is used in selecting appropriate number of membership functions and constructing the

shape of membership functions. Then, fuzzy IF-THEN rules are determined using a fuzzy gain scheduling

technique. By implementation of a fuzzy c-means clusteringand a fuzzy gain scheduling, the need for

heuristic method for designing fuzzy membership functionsand rules from expert knowledge is omitted.

The proposed fuzzy supervisory PI controller is applied to abinary distillation column. The task of the

controller is to maintain the product composition when the disturbance enters the column in the form of

the changes in feed flow rate. The results show that the fuzzy supervisory PI controllers operate this

nonlinear, multivariable process efficiently.
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º··Õè 1

º·¹íÒ

¡ÒÃ¡ÅÑè¹à»“¹¡ÃÐºÇ¹¡ÒÃáÂ¡ÊÒÃ¼ÊÁ·ÕèÊíÒ¤Ñ­ÍÂˆÒ§Ë¹Öè§ã¹ÍØµÊÒË¡ÃÃÁà¤ÁÕáÅÐ»”âµÃà¤ÁÕ ¡ÒÃ
¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹¢Í§ËÍ¡ÅÑè¹¨íÒà»“¹µ‰Í§ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾áÅÐ¤ÇÒÁàª×èÍ¶×Íä´‰ÊÙ§ÊØ´ à¾×èÍãË‰¤Ø‰Á¤ˆÒ¡Ñº
¡ÒÃÅ§·Ø¹·ÕèÁÕÁÙÅ¤ˆÒÊÙ§ ÍÕ¡·Ñé§ÂÑ§à»“¹¡ÒÃà¾ÔèÁ¤ÇÒÁ»ÅÍ´ÀÑÂáÅÐ»ÃÐËÂÑ´¤ˆÒãª‰¨ˆÒÂ

¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹¤×Í ¡ÒÃáÂ¡¢Í§àËÅÇËÃ×ÍäÍ¼ÊÁ¢Í§ÊÒÃ¼ÊÁµÑé§áµˆÊÍ§ª¹Ô´¢Öé¹ä»ÍÍ¡¨Ò¡¡Ñ¹
â´ÂÍÒÈÑÂ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¡ÅÒÂà»“¹äÍ¢Í§ÊÒÃáµˆÅÐª¹Ô´ à¾×èÍãË‰ä´‰¤ÇÒÁºÃÔÊØ·¸ÔìµÒÁ·Õè¡íÒË¹´äÇ‰ ´‰ÇÂ
ÅÑ¡É³ÐÊÁºÑµÔ¢Í§ËÍ¡ÅÑè¹·Õèà»“¹ÃÐººËÅÒÂÊÑ­­Ò³à¢‰ÒËÅÒÂÊÑ­­Ò³ÍÍ¡ (mutiple input mutiple out-

put) ÁÕ¤ÇÒÁäÁˆà»“¹àªÔ§àÊ‰¹ÊÙ§ áÅÐÁÕ¡ÒÃ¡ÃÐ·íÒ (interaction)ÃÐËÇˆÒ§Ç§ÃÍº¡ÒÃ¤Çº¤ØÁ áÅÐÁÕ¡ÒÃÃº¡Ç¹
ã¹ÃÐººâ´Â·ÑèÇä»ä´‰á¡̂ ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò¡ÅÒ§ËÍ áÅÐ¡ÒÃà»ÅÕèÂ¹á»Å§¤ÇÒÁà¢‰Á
¢‰¹¢Í§ÊÒÃà¢‰Ò¡ÅÒ§ËÍ ´Ñ§¹Ñé¹¡ÒÃ¤Çº¤ØÁ¡ÒÃ·íÒ§Ò¹¢Í§ËÍ¡ÅÑè¹¨Ö§µ‰Í§ÍÒÈÑÂ·ÄÉ®ÕÃÐºº¤Çº¤ØÁÃÐ´ÑºÊÙ§
à¾×èÍãË‰ÊÍ´¤Å‰Í§¡ÑºÅÑ¡É³ÐÊÁºÑµÔ¢Í§ËÍ¡ÅÑè¹ â´ÂÊÒÁÒÃ¶¤Çº¤ØÁÊÒÃ¼ÅÔµÀÑ³±Œ¢Í§ËÍ¡ÅÑè¹ãË‰ä´‰¤ÇÒÁ
ºÃÔÊØ·¸ÔìµÒÁ·Õè¡íÒË¹´ áÅÐ¡íÒ¨Ñ´¡ÒÃÃº¡Ç¹ÀÒÂã¹ÃÐººä´‰

µÑÇ¤Çº¤ØÁ·Õèãª‰¡Ñ¹â´Â·ÑèÇä»ÊíÒËÃÑº¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹¤×ÍµÑÇ¤Çº¤ØÁáºº PID (proportional-integral-

derivative) ·Ñé§¹Õéà¾ÃÒÐãË‰¼Å¡ÒÃ¤Çº¤ØÁ·ÕèÂÍÁÃÑºä´‰ ÁÕâ¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁ·Õè§̂ÒÂµˆÍ¡ÒÃ·íÒ¤ÇÒÁà¢‰Òã¨
¢Í§¼Ù‰»¯ÔºÑµÔ¡ÒÃ áÅÐÊÒÁÒÃ¶»ÃÑº¨Ù¹ËÒ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ·ÕèàËÁÒÐÊÁ¢Í§µÑÇ¤Çº¤ØÁä´‰â´ÂÍÒÈÑÂ»ÃÐÊº¡ÒÃ³Œ
¢Í§¼Ù‰»¯ÔºÑµÔ¡ÒÃ áµˆã¹ÃÐººËÅÒÂÊÑ­­Ò³à¢‰ÒËÅÒÂÊÑ­­Ò³ÍÍ¡¹Ñé¹¡ÒÃ»ÃÑº¨Ù¹ËÒ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ·ÕèàËÁÒÐ
ÊÁ¢Í§µÑÇ¤Çº¤ØÁ·íÒä´‰ÂÒ¡

¡ÒÃ»ÃÑº¨Ù¹¾ÒÃÒÁÔàµÍÃŒ·ÕèàËÁÒÐÊÁ¢Í§µÑÇ¤Çº¤ØÁâ´ÂÍÒÈÑÂ»ÃÐÊº¡ÒÃ³ŒáÅÐ¡ÒÃµÑ´ÊÔ¹ã¨áººÁÕàËµØ
¼Å¢Í§¼Ù‰»¯ÔºÑµÔ¡ÒÃà»“¹ÇÔ¸ÕË¹Öè§·Õèä´‰ÃÑº¡ÒÃÂÍÁÃÑºáÅÐãª‰§Ò¹ã¹ÍØµÊÒË¡ÃÃÁ·ÑèÇä» ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ
à»“¹ÇÔ¸ÕË¹Öè§·Õè¹íÒàÍÒ»ÃÐÊº¡ÒÃ³ŒáÅÐ¡ÒÃµÑ´ÊÔ¹ã¨áººÁÕàËµØ¼ÅÁÒ»ÃÐÂØ¡µŒãª‰¡ÑºÃÐºº¤Çº¤ØÁ à¾×èÍÊÃ‰Ò§
µÑÇ¤Çº¤ØÁ¿’««Õ «Öè§à»“¹µÑÇ¤Çº¤ØÁáººäÁˆàªÔ§àÊ‰¹ ´Ñ§¹Ñé¹¡ÒÃàÅ×Í¡¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ·ÕèàËÁÒÐÊÁ·íÒãË‰µÑÇ¤Çº
¤ØÁ¿’««Õ·Õèä´‰ÊÒÁÒÃ¶¤Çº¤ØÁÃÐººäÁˆàªÔ§àÊ‰¹ä´‰ÍÂˆÒ§àËÁÒÐÊÁ´‰ÇÂ à¹×èÍ§¨Ò¡¡ÒÃ¤Çº¤ØÁáºº¹ÕéäÁˆ¨íÒà»“¹
µ‰Í§ÊÃ‰Ò§áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ ÊÒÁÒÃ¶à¢‰Òã¨áÅÐÍÍ¡áººä´‰§̂ÒÂ áÅÐà¹×èÍ§¨Ò¡ÅÑ¡É³Ð¡ÒÃ·íÒ
§Ò¹¢Í§ËÍ¡ÅÑè¹ «Öè§ÍÒ¨ÁÕ¤ÇÒÁäÁˆá¹ˆ¹Í¹ËÃ×Í¡ÒÃà»ÅÕèÂ¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒã¹ÃÐºº ´Ñ§¹Ñé¹¨Ö§µ‰Í§ÍÍ¡áºº
¡ÒÃ¤Çº¤ØÁ·ÕèÊÒÁÒÃ¶·íÒãË‰¡ÒÃ·íÒ§Ò¹¢Í§ËÍ¡ÅÑè¹ÁÕ¤ÇÒÁµˆÍà¹×èÍ§ÊÁíèÒàÊÁÍ

1.1 ¤ÇÒÁà»“¹ÁÒáÅÐ¤ÇÒÁÊíÒ¤Ñ­¢Í§»’­ËÒ

¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹à»“¹¡ÃÐºÇ¹¡ÒÃ·Õè»’­ËÒ´‰Ò¹¡ÒÃ¤Çº¤ØÁÁÒ¡à¹×èÍ§¨Ò¡¡ÒÃ·íÒ§Ò¹¢Í§ËÍ¡ÅÑè¹ÁÕ
¤ÇÒÁÊÅÑº«Ñº«‰Í¹ ´Ñ§¹Ñé¹¡ÒÃÍÍ¡áººÃÐºº¤ÇÁ¤ØÁ¡ÒÃ·íÒ§Ò¹¢Í§ËÍ¡ÅÑè¹¨Ö§à»“¹»’­ËÒ·Õè¹ˆÒÊ¹ã¨ ¡ÒÃ
»ÃÐÂØ¡µŒãª‰·ÄÉ®Õ¡ÒÃ¤ÇÁ¤ØÁÊÁÑÂãËÁˆ ·ÕèÍÒÈÑÂáºº¨íÒÅÍ§·Ò§¤³ÔµÒÊµÃŒà¾×èÍ¡íÒË¹´¢Ñé¹µÍ¹¡ÒÃÍÍ¡áºº
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ÃÐºº¤Çº¤ØÁà»“¹à·¤¹Ô¤·Õè¤ˆÍ¹¢‰Ò§ÂØˆ§ÂÒ¡ ¨íÒà»“¹µ‰Í§ÍÒÈÑÂºØ¤ÅÒ¡ÃËÃ×Í¼Ù‰àªÕèÂÇªÒ­ã¹¡ÒÃÍÍ¡áºº â´Â
à©¾ÒÐËÍ¡ÅÑè¹«Öè§ÁÕ¤ÇÒÁÂØˆ§ÂÒ¡ã¹¡ÒÃÊÃ‰Ò§áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ áÅÐÁÕ¢‰Í¡íÒË¹´ÊÁÃÃ¶¹Ð·ÕèäÁˆ
ÊÒÁÒÃ¶Í¸ÔºÒÂä´‰´‰ÇÂÊÁ¡ÒÃ·Ò§¤³ÔµÈÒÊµÃŒ á¹Ç·Ò§¡ÒÃá¡‰»’­ËÒàËÅˆÒ¹ÕéÇÔ¸ÕË¹Öè§·Õè¹ˆÒÊ¹ã¨áÅÐä´‰ÃÑº¡ÒÃ
ÂÍÁÃÑº¤×Í ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ «Öè§à»“¹¡ÒÃÍÒÈÑÂ°Ò¹¤ÇÒÁÃÙ‰ ¢‰ÍÁÙÅ¢Í§ÃÐºº áÅÐ»ÃÐÊº¡ÒÃ³Œ¢Í§¼Ù‰
»¯ÔºÑµÔ§Ò¹ à¾×èÍÍÍ¡áººÃÐºº¤Çº¤ØÁ·ÕèÊÒÁÒÃ¶àÃÕÂ¹áºº¡ÒÃ·íÒ§Ò¹¢Í§¼Ù‰»¯ÔºÑµÔ¡ÒÃ·ÕèÁÕ¤ÇÒÁàªÕèÂÇªÒ­

ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÁÕÃÒ¡°Ò¹ÁÒ¨Ò¡á¹Ç¤ÇÒÁ¤Ô´àÃ×èÍ§¿’««Õà«µ «Öè§¹íÒàÊ¹Íâ´Â Zadeh [1]

ã¹ªˆÇ§»• ¤.È. 1965 â´Â¹íÒàÊ¹Íº·¤ÇÒÁà¡ÕèÂÇ¡Ñºà«µ¿’««Õ¢Öé¹à»“¹¤ÃÑé§áÃ¡ à»“¹¡ÒÃÍ¸ÔºÒÂà¡ÕèÂÇ¡Ñº
¡ÒÃÊÃ‰Ò§áºº¨íÒÅÍ§¢Í§¤ÇÒÁäÁˆá¹ˆ¹Í¹¢Í§ÀÒÉÒ¸ÃÃÁªÒµÔ áÅÐ Zadeh [2] á¹Ð¹íÒËÅÑ¡¡ÒÃ¢Í§
µÃÃ¡ÈÒÊµÃŒ¿’««ÕáÅÐ¡ÒÃãª‰àËµØ¼Åâ´Â»ÃÐÁÒ³ ÁÒãª‰à»“¹ÍÕ¡·Ò§àÅ×Í¡Ë¹Öè§¢Í§¡ÒÃ¨íÒÅÍ§ÃÐººËÃ×Í¡ÒÃ
á¡‰»’­ËÒã¹ªÔÇÔµ»ÃÐ¨íÒÇÑ¹â´ÂÍÒÈÑÂà«µ¿’««Õ µˆÍÁÒã¹»• ¤.È. 1975 Mamdani [3] »ÃÐÂØ¡µŒãª‰§Ò¹
ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ â´ÂÊÃ‰Ò§µÑÇ¤Çº¤ØÁµÃÃ¡ÈÒÊµÃŒ¿’««Õà¾×èÍãª‰¤Çº¤ØÁà¤Ã×èÍ§¨Ñ¡ÃäÍ¹íéÒ (Stream En-

gine)¾ºÇˆÒµÑÇ¤Çº¤ØÁ·ÕèÊÃ‰Ò§¢Öé¹ ÊÒÁÒÃ¶ÍÍ¡áººä´‰§̂ÒÂáÅÐ¤Çº¤ØÁÃÐºº·Õè«Ñº«‰Í¹ä´‰à»“¹ÍÂˆÒ§´Õ áÅÐã¹
»• ¤.È. 1978 HolmbladáÅÐ Ostergard [4]¾Ñ²¹ÒµÑÇ¤Çº¤ØÁµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊíÒËÃÑºãª‰ã¹¡ÃÐºÇ¹¡ÒÃ
ÍØµÊÒË¡ÃÃÁ «Öè§à»“¹¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃàµÒà¼Ò«ÕàÁ¹µŒ (Cement Kiln)µÑé§áµˆ»• ¤.È. 1980 à»“¹µ‰¹ÁÒ
¨Ö§ÁÕ¡ÒÃ¹íÒÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÁÒ»ÃÐÂØ¡µŒãª‰ã¹ËÅÒÂæ´‰Ò¹ àªˆ¹ÍØµÊÒË¡ÃÃÁã¹¡ÃÐºÇ¹¡ÒÃ·Ò§à¤ÁÕ
à¤Ã×èÍ§Á×Í·Ò§ÍÔàÅç¤·ÃÍ¹Ô¡ÊŒ áÅÐã¹ÊÒ¢ÒÍ×è¹ÍÕ¡ÁÒ¡ÁÒÂ

ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÁÕ¡ÒÃ»ÃÐÂØ¡µŒãª‰§Ò¹¡Ñ¹ÍÂˆÒ§á¾ÃˆËÅÒÂ â´Âà©¾ÒÐà·¤â¹âÅÂÕ·Õèµ‰Í§ÍÒÈÑÂ
¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§ ·Ñé§¹Õéà¾ÃÒÐÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊÒÁÒÃ¶ãª‰§Ò¹ä´‰¨ÃÔ§ §̂ÒÂµˆÍ¡ÒÃ·íÒ¤ÇÒÁà¢‰Òã¨áÅÐ
ÍÍ¡áºº ÊíÒËÃÑºËÍ¡ÅÑè¹«Öè§à»“¹ÃÐºº·ÕèÁÕ¤ÇÒÁ«Ñº«‰Í¹ äÁˆà»“¹àªÔ§àÊ‰¹ áÅÐÁÕ¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§Ç§
ÃÍº¡ÒÃ¤Çº¤ØÁ ¡ÒÃËÒáºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ¢Í§ËÍ¡ÅÑè¹·íÒä´‰ÂÒ¡ ¨Ö§ÁÕ¼Å§Ò¹ÇÔ¨ÑÂµˆÒ§æà¾×èÍ¤Çº
¤ØÁ¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹â´ÂäÁˆ¨íÒà»“¹µ‰Í§ãª‰áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ·ÕèáÁˆ¹ÂíÒà¾×èÍÁÒÍ¸ÔºÒÂÃÐººËÍ¡ÅÑè¹

Cartwright áÅÐ Thomson [5] àÊ¹Í¡ÒÃËÒáºº¨íÒÅÍ§¢Í§ËÍ¡ÅÑè¹â´Âãª‰ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’«
«Õà¾×èÍÊÃ‰Ò§ÊÑ­­Ò³¤Çº¤ØÁÁÒ¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹¢Í§¼ÅÔµÀÑ³±Œ áºº¨íÒÅÍ§¢Í§ËÍ¡ÅÑè¹·Õèä´‰ãË‰¼Å¡ÒÃ
¤Çº¤ØÁ·Õè¹ˆÒ¾Íã¨ áÅÐ Klett [6] ¹íÒÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÁÒ»ÃÐÂØ¡µŒãª‰¡Ñº¡ÃÐºÇ¹¡ÒÃ·Ò§à¤ÁÕáºº
äÁˆµˆÍà¹×èÍ§ ¼Å¡ÒÃ¤Çº¤ØÁáÊ´§ãË‰àËç¹ÇˆÒÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕªˆÇÂÅ´ÃÐÂÐàÇÅÒã¹¡ÒÃáÂ¡ÊÒÃ¢Í§ËÍ
¡ÅÑè¹ä´‰«Öè§´Õ¡ÇˆÒ¡ÒÃ»ÃÑº¨Ù¹â´Â¼Ù‰»¯ÔºÑµÔ§Ò¹

Santhanam áÅÐ Langari [7] àÊ¹Íà·¤¹Ô¤¡ÒÃ»ÃÑºµÑÇ¢Í§µÑÇ¤Çº¤ØÁµÃÃ¡ÈÒÊµÃŒ¿’««Õ â´Â
ãª‰¡®¡ÒÃ»ÃÑºµÑÇã¹ÃÙ»áºº¢Í§µÑÇá»ÃàªÔ§ÀÒÉÒ áÅÐ»ÃÐÂØ¡µŒãª‰¡ÑºÃÐººËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÃÐËÇˆÒ§àº¹
«Õ¹¡Ñºâ·ÅÙÍÕ¹ à¾×èÍ¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµÀÑ³±Œ ¼Å¡ÒÃ¤Çº¤ØÁâ´Â¡ÒÃ¨íÒÅÍ§ÃÐººáÊ´§ãË‰
àËç¹ÇˆÒ¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃÁÕÊÁÃÃ¶¹Ð·Õè´Õ¢Öé¹

»’¨¨ØºÑ¹µÑÇ¤Çº¤ØÁ PI áÅÐ PID à»“¹·Õè¹ÔÂÁáÅÐãª‰¡Ñ¹ÁÒ¡ÊíÒËÃÑº¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃã¹
ÍØµÊÒË¡ÃÃÁ à¾ÃÒÐÁÕâ¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁ·Õè§̂ÒÂáÅÐãË‰»ÃÐÊÔ·¸ÔÀÒ¾¡ÒÃ¤Çº¤ØÁ·Õè´Õ ¡ÒÃ¡íÒË¹´¤ˆÒ¾ÒÃÒ
ÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁáº̂§ÍÍ¡ä´‰à»“¹ 2 áºº ¤×Í ¡ÒÃ¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·ÕèµÅÍ´ÃÐÂÐàÇÅÒ¡ÒÃ
¤Çº¤ØÁ áÅÐ¡ÒÃ»ÃÑºà»ÅÕèÂ¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒµÅÍ´ÃÐÂÐàÇÅÒ¡ÒÃ¤Çº¤ØÁ â´Âà©¾ÒÐáºº·Õè 2 à»“¹ÇÔ¸Õ·Õè
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ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÊÙ§áÅÐãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õè´Õ ¨Ö§ÁÕá¹Ç¤ÇÒÁ¤Ô´·Õè¨Ð¹íÒÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÁÒ¡íÒ¡Ñº´ÙáÅ
¡ÒÃ»ÃÑº¨Ù¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI à¾×èÍãË‰¼Å¡ÒÃ¤Çº¤ØÁÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ â´Â»ÃÑº¤ˆÒ¾ÒÃÒ
ÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI µÅÍ´àÇÅÒ

Luyben [8] àÊ¹Í¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ PID ÊíÒËÃÑºÃÐººËÅÒÂÊÑ­­Ò³à¢‰ÒËÅÒÂÊÑ­­Ò³ÍÍ¡
â´ÂÇÔ¸Õ Biggest Log Modulus Tuning (BLT)«Öè§ÁÕÅÑ¡É³Ðà»“¹µÑÇ¤Çº¤ØÁ PID áººËÅÒÂÇ§ÃÍº â¤Ã§
ÊÃ‰Ò§µÑÇ¤Çº¤ØÁÁÕÅÑ¡É³Ðà»“¹áººáÂ¡ÈÙ¹ÂŒ ¼Å¡ÒÃ¨íÒÅÍ§¡ÑºÃÐºº·ÕèÁÕÍÑ¹´ÑºµˆÒ§æ¡Ñ¹ ¾ºÇˆÒ¼Å¡ÒÃ¤Çº
¤ØÁ·Õèä´‰à»“¹·Õè¹ˆÒ¾Íã¨

Viljamaa áÅÐ Koivo [9] àÊ¹Í¡ÒÃãª‰¢‰ÍÁÙÅ¢Í§ÍÑµÃÒ¢ÂÒÂÊ¶ÔµáÅÐ¤ˆÒÍ¹Ø¾Ñ¹¸ŒÍÑ¹´Ñº·ÕèË¹Öè§¢Í§¼Å
µÍºµˆÍÊÑ­­Ò³¢Ñé¹ ã¹¡ÒÃ»ÃÑº¨Ù¹ÍÑµÃÒ¢ÂÒÂàªÔ§ÊÑ´Ê̂Ç¹ áÅÐÍÑµÃÒ¢ÂÒÂàªÔ§ÍÔ¹·Ô¡ÃÑÅ µÒÁÅíÒ´Ñº ´Ñ§¹Ñé¹
µÑÇ¤Çº¤ØÁµÃÃ¡ÈÒÊµÃŒ¿’««Õ¨Ö§à»“¹áºº PI àÁ×èÍãª‰¡ÑºÃÐºº·ÕèäÁˆ·ÃÒºáºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ ¾ºÇˆÒ
ãË‰¼Å¡ÒÃ¤Çº¤ØÁ·ÕèÁÕ¤ÇÒÁáÁˆ¹ÂíÒ

He, Wang áÅÐ Lee [10] àÊ¹Í¡ÒÃ»ÃÑº¨Ù¹µÑÇ¤Çº¤ØÁ PI áÅÐ PID â´Âãª‰ÇÔ¸Õ Linear Quadratic

Regulator (LQR) «Öè§ËÅÑ¡à¡³±Œã¹¡ÒÃàÅ×Í¡àÁµÃÔ¡«Œ Q áÅÐ R ¹Ñé¹ ¾Ô¨ÒÃ³Ò¨Ò¡¤ˆÒ¤ÇÒÁ¶Õè¸ÃÃÁªÒµÔ
áÅÐÍÑµÃÒÊ̂Ç¹¡ÒÃË¹ˆÇ§¢Í§¼ÅµÍºÃÐººÇ§»”´ à»ÃÕÂºà·ÕÂº¼Å¡Ñº¡ÒÃ»ÃÑº¨Ù¹´‰ÇÂÇÔ¸Õ Gain Phase Margin

(GPM) ¡ÑºÃÐºº·ÕèÁÕ¡ÒÃË¹ˆÇ§àÇÅÒáÅÐÍÑ¹´ÑºµíèÒæ ¾ºÇˆÒ¼Å¡ÒÃ»ÃÑº¨Ù¹µÑÇ¤Çº¤ØÁ´‰ÇÂÇÔ¸Õ LQR ãË‰¼Å¡ÒÃ
¤Çº¤ØÁ·Õè´Õ¡ÇˆÒ¡ÒÃ»ÃÑº¨Ù¹µÑÇ¤Çº¤ØÁ´‰ÇÂÇÔ¸Õ GPM

à¹×èÍ§¨Ò¡»’­ËÒ¡ÒÃÍÍ¡áººÊ̂Ç¹¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ «Öè§äÁˆÁÕËÅÑ¡à¡³±Œá¹ˆ¹Í¹
ã¹¡ÒÃàÅ×Í¡ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ ÅÑ¡É³Ð¡ÒÃ·Ñº«‰Í¹áÅÐ°Ò¹¡®·ÕèàËÁÒÐÊÁ ¨íÒà»“¹µ‰Í§ãª‰
ÇÔ¸ÕÅÍ§¼Ô´ÅÍ§¶Ù¡ã¹¡ÒÃ»ÃÑº¨Ù¹¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áÅÐ°Ò¹¡®·ÕèàËÁÒÐÊÁ ´Ñ§¹Ñé¹¨Ö§ÁÕ§Ò¹ÇÔ¨ÑÂ·Õèà»“¹
¡ÒÃ»ÃÐÂØ¡µŒãª‰ÇÔ¸Õ¡ÒÃãËÁˆæ ã¹¡ÒÃËÒ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áÅÐ°Ò¹¡®·ÕèàËÁÒÐÊÁ àªˆ¹ ÇÔ¸Õ¢Ñé¹µÍ¹
·Ò§¾Ñ¹¸Ø¡ÃÃÁáººÅíÒ´Ñº¢Ñé¹ (Hierarchical Genetic Algorithm) [11]¡ÒÃãª‰â¤Ã§¢ˆÒÂ»ÃÐÊÒ·à·ÕÂÁ (Neu-

ral Networks) [12] ÇÔ¸Õ Simulated Annealing [13] ¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ (Fuzzy Gain

Scheduling) [14]áÅÐÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ¿’««Õ (Fuzzy Clustering) [29]à»“¹µ‰¹
Tang �� �� � [11] ·íÒ¡ÒÃÍÍ¡áººµÑÇ¡ÃÍ§àªÔ§àÅ¢ (digital filter) â´Âãª‰ÇÔ¸Õ¢Ñé¹µÍ¹·Ò§¾Ñ¹¸Ø

¡ÃÃÁáººÅíÒ´ÑºªÑé¹ ã¹¡ÒÃËÒ·Ñé§â¤Ã§ÊÃ‰Ò§áÅÐ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ·ÕèàËÁÒÐÊÁ¢Í§µÑÇ¡ÃÍ§ «Öè§â¤ÃâÁâ«Ááºº
ÅíÒ´ÑºªÑé¹¨Ð»ÃÐ¡Íºä»´‰ÇÂ ÂÕ¹¤Çº¤ØÁ«Öè§¡íÒË¹´ÍÑ¹´ÑºáÅÐâ¤Ã§ÊÃ‰Ò§¢Í§µÑÇ¡ÃÍ§ áÅÐÂÕ¹¾ÒÃÒÁÔàµÍÃŒ«Öè§
¡íÒË¹´¤ˆÒÊÑÁ»ÃÐÊÔ·¸Ô¢Í§µÑÇ¡ÃÍ§ ¨Ò¡¹Ñé¹ä´‰·íÒ¡ÒÃÍÍ¡áººµÑÇ¡ÃÍ§áººµˆÒ§æ à»ÃÕÂºà·ÕÂº¡ÑºÇÔ¸ÕÍÍ¡
áºº´Ñé§à´ÔÁ ¼Å¡ÒÃ¨íÒÅÍ§¾ºÇˆÒÁÕÊÁÃÃ¶¹Ðà»“¹ä»µÒÁ·Õè¡íÒË¹´

Zhao, Tomizuka áÅÐ Isaka [14] àÊ¹Íá¹Ç¤Ô´¡ÒÃ¹íÒËÅÑ¡¡ÒÃ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÁÒ
»ÃÐÂØ¡µŒãª‰ã¹¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ PID áºº»ÃÑº¤ˆÒä´‰ «Öè§àÃÕÂ¡ÇÔ¸Õ¹ÕéÇˆÒ ¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ
(Fuzzy Gain Scheduling)â´Â¡®¿’««Õ·Õèãª‰ã¹¡ÒÃ»ÃÑº¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ¹Ñé¹ ãª‰¡ÒÃ¾Ô¨ÒÃ³Ò
¨Ò¡¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃà»“¹ÊíÒ¤Ñ­ â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ»ÃÐ¡Íº´‰ÇÂÊÑ­­Ò³à¢‰Ò
¤×Í ÊÑ­­Ò³¤ˆÒ¼Ô´¾ÅÒ´ áÅÐ¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§ÊÑ­­Ò³¤ˆÒ¼Ô´¾ÅÒ´ Ê̂Ç¹ÊÑ­­Ò³ÍÍ¡¤×Í ÍÑµÃÒ
¢ÂÒÂáººÊÑ´Ê̂Ç¹ ÍÑµÃÒ¢ÂÒÂáººÍÔ¹·Ô¡ÃÑÅ áÅÐÍÑµÃÒ¢ÂÒÂáººÍ¹Ø¾Ñ¹¸Œ ¼Å¢Í§¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PID



4

áºº»ÃÑº¤ˆÒä´‰¡ÑºÃÐººÍÑ¹´ÑºµˆÒ§æ ¾ºÇˆÒãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õè´Õ àÁ×èÍà»ÃÕÂºà·ÕÂº¡ÑºµÑÇ¤Çº¤ØÁ PID áºº
¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè

Klawonn áÅÐ Kruse [15] àÊ¹ÍÇÔ¸Õ¡ÒÃÊÃ‰Ò§µÑÇ¤Çº¤ØÁ¿’««Õâ´ÂÍÒÈÑÂÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§
¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ «Öè§à»“¹¡ÒÃ¡íÒË¹´¡®¿’««Õ IF-THEN ¨Ò¡¢‰ÍÁÙÅáÅÐ¡ÒÃ·´ÊÍº¢Í§¼Ù‰»¯ÔºÑµÔ
¡ÒÃ ¡ÒÃ¡íÒË¹´ÅÑ¡É³ÐÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·íÒä´‰â´ÂÍÒÈÑÂÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰Í
ÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ â´Âãª‰ÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means à¾×èÍËÒ fuzzy partition

matrix «Öè§à»“¹àÁµÃÔ¡«Œ·Õèãª‰áÊ´§¤ˆÒÃÐ´Ñº¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅáµˆÅÐ¨Ø´ã¹áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅ â´ÂáµˆÅÐ
¡ÅØˆÁà»ÃÕÂºàËÁ×Í¹¡®áµˆÅÐ¢‰Í ¨Ò¡¹Ñé¹¨Ö§¾ÅçÍµ fuzzy partition matrix¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅä»ÂÑ§á¡¹¢Í§
áµˆÅÐµÑÇá»Ã ·íÒãË‰ä´‰°Ò¹¡®·ÕèàËÁÒÐÊÁ¡ÑºµÑÇ¤Çº¤ØÁ ÇÔ¸Õ·Õè¹íÒàÊ¹Í¹Õéà»“¹ÇÔ¸Õ·Õè§̂ÒÂ áÅÐãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õè
´Õ ¨Ö§ÁÕ¡ÒÃ¹íÒä»»ÃÐÂØ¡µŒãª‰ã¹§Ò¹ÇÔ¨ÑÂµˆÒ§æÁÒ¡ÁÒÂ

¡ÒÃ¹íÒµÑÇ¤Çº¤ØÁ PI ·Õè¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÁÒãª‰ã¹¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ¹Ñé¹
»’­ËÒË¹Öè§·ÕèÊíÒ¤Ñ­¤×Í¤ÇÒÁÂØˆ§ÂÒ¡ã¹¡ÒÃ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áÅÐ°Ò¹¡®·ÕèàËÁÒÐÊÁ «Öè§áµˆ
à´ÔÁ¹Ñé¹ãª‰ÇÔ¸ÕÅÍ§¼Ô´ÅÍ§¶Ù¡ ´Ñ§¹Ñé¹¨Ò¡¤Ø³ÊÁºÑµÔ¢Í§¡ÒÃãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansÃˆÇÁ
¡Ñº¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ÊÒÁÒÃ¶¹íÒÁÒ»ÃÐÂØ¡µŒãª‰ã¹¡ÒÃÍÍ¡áººÃÐºº
µÃÃ¡ÈÒÊµÃŒ¿’««Õáºº¡íÒ¡Ñº´ÙáÅµÑÇ¤Çº¤ØÁ PI áµˆàÁ×èÍ¾Ô¨ÒÃ³Òâ´ÂÅÐàÍÕÂ´áÅ‰Ç¾ºÇˆÒ ¤Ø³ÊÁºÑµÔ¢Í§ÇÔ¸Õ
¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ¤×ÍÊÒÁÒÃ¶ÊÃ‰Ò§¡®¿’««Õ IF-THEN ·ÕèàËÁÒÐÊÁ¡Ñº¡ÃÐºÇ¹¡ÒÃä´‰ÍÂˆÒ§ÁÕ
»ÃÐÊÔ·¸ÔÀÒ¾ áµˆ¢‰ÍàÊÕÂ¢Í§ÇÔ¸Õ¹Õé¤×Í äÁˆÊÒÁÒÃ¶¡íÒË¹´¤ˆÒ¢Íºà¢µ·Õèá¹ˆ¹Í¹¢Í§ÊÑ­­Ò³à¢‰ÒáÅÐÊÑ­­Ò³
ÍÍ¡¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õä´‰ ¨íÒà»“¹µ‰Í§ãª‰ÇÔ¸Õ scaling factor ã¹¡ÒÃËÒ¢Íºà¢µ·Õèá¹ˆ¹Í¹à¾×èÍãË‰
¼Å¡ÒÃ¤Çº¤ØÁÁÕ»ÃÐÊÔ·¸ÔÀÒ¾´Õ ·íÒãË‰àÊÕÂàÇÅÒáÅÐ¤ˆÒ¢Íºà¢µ·Õèä´‰ÍÒ¨äÁˆãªˆ¤ˆÒ¢Íºà¢µ·Õèá·‰¨ÃÔ§ ¹Í¡¨Ò¡
¹Õé¨íÒ¹Ç¹¡®¿’««Õ·Õèãª‰ÁÕ¨íÒ¹Ç¹·Ñé§ÊÔé¹ 49 ¡® ·Ñé§·Õèã¹ºÒ§¡ÃÐºÇ¹¡ÒÃäÁˆ¨íÒà»“¹µ‰Í§ãª‰¡®·Ñé§ËÁ´

¨Ò¡»’­ËÒ´Ñ§¡Å̂ÒÇ·íÒãË‰à¡Ô´á¹Ç¤Ô´·Õè¨ÐËÒ¢Íºà¢µ·Õèá¹ˆ¹Í¹¢Í§ÊÑ­­Ò³à¢‰ÒáÅÐÊÑ­­Ò³ÍÍ¡¢Í§
ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ áÅÐÅ´¨íÒ¹Ç¹¡®¿’««ÕãË‰àËÁÒÐÊÁ¡Ñº¡ÒÃ·íÒ§Ò¹¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ´Ñ§
¹Ñé¹ËÒ¡ÁÍ§»’­ËÒ¡ÒÃËÒ¤ˆÒ¢Íºà¢µà»“¹¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ¨Ö§ÊÒÁÒÃ¶»ÃÐÂØ¡µŒ
ãª‰¤Ø³ÊÁºÑµÔ¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means ã¹¡ÒÃ¡íÒË¹´¢Íºà¢µ·Õèá¹ˆ¹Í¹áÅÐ¤íÒ¹Ç³
¨íÒ¹Ç¹¡®¿’««Õ·ÕèàËÁÒÐÊÁä´‰ â´Â§Ò¹ÇÔ¨ÑÂ·Õèà¡ÕèÂÇ¢‰Í§¡Ñº¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansÁÕ´Ñ§¹Õé

Ruspini [16] ä´‰á¹Ð¹íÒ �� �� «Öè§à»“¹ fuzzy c-partition ¢Í§¢‰ÍÁÙÅ ºÒ§¤ÃÑé§àÃÕÂ¡ÇˆÒ partitional

clustering algorithmáÅÐä´‰¹íÒàÊ¹Í¿’§¡ŒªÑ¹ÇÑµ¶Ø»ÃÐÊ§¤Œ¿’««Õ (fuzzy objective function) à»“¹¤ÃÑé§áÃ¡
à¾×èÍãª‰¡íÒË¹´ fuzzy c-partition ¢Í§¢‰ÍÁÙÅ·Õèµ‰Í§¡ÒÃÃÇÁ¡ÅØˆÁ â´ÂÁÕ¾×é¹°Ò¹ÍÂÙˆº¹¤ÇÒÁÊÑÁ¾Ñ¹¸Œ¢Í§¢‰Í
ÁÙÅ (relational data)«Öè§ãª‰ËÅÑ¡¡ÒÃÇÑ´¤ÇÒÁäÁˆàËÁ×Í¹¡Ñ¹¢Í§¢‰ÍÁÙÅ ´Ñ§¹Ñé¹ÇÔ¸Õ¹Õé¨Ö§ÊÒÁÒÃ¶¹íÒä»ãª‰¡Ñº¢‰ÍÁÙÅ
ã´æ¡çä´‰·Õèµ‰Í§¡ÒÃ¾Ô¨ÒÃ³Ò àËç¹ä´‰ÇˆÒ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ¿’««ÕÊ̂Ç¹ãË­̂ÁÕ¾×é¹°Ò¹ÍÂÙˆº¹á¹Ç¤Ô´¹Õé

GitmanáÅÐ Levin [17] àÊ¹Í§Ò¹ÇÔ¨ÑÂáÃ¡ «Öè§à»“¹¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅâ´Âãª‰à«µ¿’««Õ á¹Ç¤ÇÒÁ¤Ô´
¹ÕéäÁˆà¡ÕèÂÇ¢‰Í§¡Ñº¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅàªÔ§Ê¶ÔµÔ â´Â¾×é¹°Ò¹ÊíÒ¤Ñ­¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ·Õèà»“¹à«µ¿’««Õ¤×Í
¡ÒÃÇÑ´¤ÇÒÁÊíÒ¤Ñ­¢Í§àÇ¡àµÍÃŒ¨Ø´à´ˆ¹ (feature vector)ËÅÑ§¨Ò¡¹Ñé¹¡çÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ·Ñé§ËÁ´ãË‰¡ÅÒÂà»“¹
Ê̂Ç¹Ë¹Öè§¢Í§¢‰ÍÁÙÅµ‰¹©ºÑº
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Dunn [18] ä´‰àÊ¹Í¿’§¡ŒªÑ¹ÇÑµ¶Ø»ÃÐÊ§¤Œã¹ÃÙ»áººÁÒµÃ°Ò¹ «Öè§à»“¹ least square error func-

tion à¾×èÍãª‰ÊíÒËÃÑº¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ â´ÂÁÕ¡ÒÃ¡íÒË¹´µÑÇá»Ãà¾ÔèÁà¢‰ÒÁÒ¤×Í �
� � �� ��� «Öè§à»“¹Í§¤Œ

»ÃÐ¡Íº¹íéÒË¹Ñ¡ (weighting exponent)à¾×èÍ¡íÒË¹´¤ÇÒÁÅÐàÍÕÂ´ã¹¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ áÅÐä´‰·´ÅÍ§¡Ñº
¢‰ÍÁÙÅËÅÒÂæªØ´à¾×èÍ´ÙÅÑ¡É³Ð¡ÒÃÃÇÁ¡ÅØˆÁ¢Í§¢‰ÍÁÙÅ áÅÐÃÒÂ§Ò¹¼Å´‰ÇÂ¿’§¡ŒªÑ¹ÇÑ´¤ÇÒÁ¶Ù¡µ‰Í§¢Í§¡ÒÃ
ÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ µˆÍÁÒ Bezdek [19], [28] àÊ¹ÍÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansËÃ×Í fuzzy

ISODATA â´Â¾Ñ²¹ÒÁÒ¨Ò¡á¹Ç¤ÇÒÁ¤Ô´¢Í§ Dunn¨¹¡ÅÒÂà»“¹ÇÔ¸Õ·Õèä´‰ÃÑº¤ÇÒÁ¹ÔÂÁáÅÐãª‰¡Ñ¹ÍÂˆÒ§á¾Ãˆ
ËÅÒÂ â´Âà©¾ÒÐ§Ò¹ÇÔ¨ÑÂ·Õèà¡ÕèÂÇ¢‰Í§¡Ñº¡ÒÃÃÙ‰¨íÒÃÙ»áºº (pattern recognition)

ã¹¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ »’­ËÒ·ÕèÊíÒ¤Ñ­ÍÂˆÒ§Ë¹Öè§¤×Í ¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ ·Ñé§¹Õé
à¾ÃÒÐ§Ò¹ÇÔ¨ÑÂ·Õè¹íÒàÊ¹Íà¡ÕèÂÇ¡ÑºÇÔ¸Õ¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ¹Ñé¹¨Ðà»“¹¡ÒÃÊÃ‰Ò§ c-partitionáÅÐà¡×Íº·Ø¡ÇÔ¸Õ
¨ÐãË‰¼Å·Õèáµ¡µˆÒ§¡Ñ¹ã¹¢‰ÍÁÙÅªØ´à´ÕÂÇ¡Ñ¹ ´Ñ§¹Ñé¹¨Ö§ÁÕ¡ÒÃ¹íÒàÊ¹Í§Ò¹ÇÔ¨ÑÂ·Õèà¡ÕèÂÇ¡Ñº¡ÒÃÇÑ´¤ÇÒÁ¶Ù¡µ‰Í§
¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ à¾×èÍãË‰ÊÒÁÒÃ¶ÇÔà¤ÃÒÐËŒä´‰ÇˆÒ ¨íÒ¹Ç¹¡ÅØˆÁ¢Í§¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁã¹áµˆÅÐÅÑ¡É³Ð
¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ¤ÇÃà»“¹à·̂Òã´ â´ÂËÅÑ¡ÊíÒ¤Ñ­ã¹¡ÒÃÇÑ´¤ÇÒÁ¶Ù¡µ‰Í§¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ¤×Í
¤Ø³ÊÁºÑµÔ¢Í§¢‰ÍÁÙÅàÍ§

Windham [20] ä´‰àÊ¹Í¡ÒÃãª‰ (uniform data functionËÃ×Í UDF) ã¹§Ò¹´‰Ò¹¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ
´‰ÇÂÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means«Öè§áÊ´§¶Ö§¡ÒÃÃÇÁá¹Ç¤ÇÒÁ¤Ô´ÃÐËÇˆÒ§ á¹Ç¤Ô´·ÕèÇˆÒ
¼Å¢Í§¢Ñé¹µÍ¹ÇÔ¸Õ¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅÊÒÁÒÃ¶ºÍ¡¶Ö§ÅÑ¡É³Ðâ¤Ã§ÊÃ‰Ò§¢Í§¢‰ÍÁÙÅä´‰ áÅÐá¹Ç¤Ô´à¡ÕèÂÇ
¡Ñº¤Ø³ÊÁºÑµÔ·Ò§Ê¶ÔµÔ¢Í§¢‰ÍÁÙÅ¤×Í¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ¨ÐÍÂÙˆã¹·ÔÈ·Ò§·Õèà»“¹àËµØà»“¹¼Å¡Ñ¹

Bezdek áÅÐ Jain [21] ä´‰àÊ¹ÍÇÔ¸Õ¡ÒÃ¨Ñ´ÍÑ¹´Ñº (ranking) ¤ÇÒÁàËÁÒÐÊÁ¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰Í
ÁÙÅ´‰ÇÂÇÔ¸ÕµˆÒ§æâ´Âãª‰ËÅÑ¡¡ÒÃ à»ÃÕÂºà·ÕÂº¡Ñºà»„ÒËÁÒÂâ´ÂµÃ§ (goal directed comparison)á·¹¡ÒÃ
¤íÒ¹Ç³¡Ñº partition¢Í§¡ÅØˆÁ¢‰ÍÁÙÅËÃ×ÍµÑÇ¢‰ÍÁÙÅâ´ÂµÃ§

Xie áÅÐ Beni [22] ÍÒÈÑÂ¾×é¹°Ò¹¨Ò¡§Ò¹¢Í§ Dunn ä´‰àÊ¹Í¿’§¡ŒªÑ¹ compactness and separa-

tion validity function «Öè§à»“¹¿’§¡ŒªÑ¹·Õèãª‰ã¹¡ÒÃÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ â´Âà»“¹¡ÒÃÍ¸ÔºÒÂ
ÅÑ¡É³Ð·Ò§àÃ¢Ò¤³Ôµ¢Í§¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ ¼Å·Õèä´‰¤×Í¤ˆÒ¤ÇÒÁË¹Òá¹ˆ¹¢Í§¢‰ÍÁÙÅ·Õèà»“¹àËµØà»“¹
¼Å¡ÑºÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´

¨Ò¡¤Ø³ÊÁºÑµÔ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ áÅÐ¢‰Í´Õ¢Í§¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI ´Ñ§¹Ñé¹¡ÒÃ»ÃÐÂØ¡µŒãª‰
ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ»ÃÑº»ÃØ§»ÃÐÊÔ·¸ÔÀÒ¾¢Í§µÑÇ¤Çº¤ØÁ PI ¨Ö§ÁÕ¤ÇÒÁ¹ˆÒÊ¹ã¨ áÁ‰¨ÐÁÕ¤ÇÒÁÂØˆ§
ÂÒ¡ã¹¡ÒÃ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ áÅÐ°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ áµˆ
¨Ò¡¡ÒÃÈÖ¡ÉÒ§Ò¹ÇÔ¨ÑÂ·Õèà¡ÕèÂÇ¢‰Í§ ·íÒãË‰ÁÕ¤ÇÒÁà»“¹ä»ä´‰ã¹¡ÒÃãª‰à·¤¹Ô¤¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy

c-meansÃˆÇÁ¡Ñº¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI à¾×èÍÊÃ‰Ò§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÁÒ
¡íÒ¡Ñº´ÙáÅ¡ÒÃ»ÃÑº¨Ù¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI

§Ò¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéà»“¹¡ÒÃÈÖ¡ÉÒ¤ÇÒÁà»“¹ä»ä´‰ã¹¡ÒÃ¹íÒµÑÇ¤Çº¤ØÁ PI ·Õè¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐºº
µÃÃ¡ÈÒÊµÃŒ¿’««Õ ÁÒ¤Çº¤ØÁ¡ÒÃ·íÒ§Ò¹¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ â´ÂÍÍ¡áººãË‰ÃÐºº¤Çº¤ØÁ
ÊÒÁÒÃ¶¤Çº¤ØÁ¤Ø³ÀÒ¾¢Í§ÊÒÃ¼ÅÔµÀÑ³±Œ ãË‰ÁÕ¤ÇÒÁºÃÔÊØ·¸Ôìà»“¹ä»µÒÁ·Õè¡íÒË¹´ àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§
ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ â´Âã¹Ê̂Ç¹¢Í§â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¹Ñé¹ ãª‰à·¤¹Ô¤¡ÒÃ
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ÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansã¹¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ ÃˆÇÁ
¡Ñº¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ã¹¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ

1.2 ¢Íºà¢µÇÔ·ÂÒ¹Ô¾¹¸Œ

1. ÍÍ¡áººµÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕàËÁÒÐÊÁ¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ
¼ÊÁÊÍ§ª¹Ô´ â´Âãª‰ËÅÑ¡¡ÒÃ¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansà¾×èÍãª‰¡íÒË¹´¿’§¡ŒªÑ¹
¤ÇÒÁà»“¹ÊÁÒªÔ¡ ÃˆÇÁ¡Ñº¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õà¾×èÍãª‰¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ

2. ¹íÒÃÐºº¤Çº¤ØÁ·Õèä´‰ÁÒ·´ÊÍº¡ÒÃ¤Çº¤ØÁâ´Â¡ÒÃ¨íÒÅÍ§ÃÐºº´‰ÇÂ¤ÍÁ¾ÔÇàµÍÃŒ

3. ·´ÊÍºµÑÇ¤Çº¤ØÁ¡ÑºËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ «Öè§à»“¹¢Í§
ºÃÔÉÑ· Armfield ÃØˆ¹ UOP3CC â´Âà¡³±Œ·Õèãª‰¾Ô¨ÒÃ³Ò¤×Í ¡ÒÃÅ´¼Å¢Í§ÊÑ­­Ò³Ãº¡Ç¹«Öè§à»“¹
¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ áÅÐàÊ¶ÕÂÃÀÒ¾¢Í§ÃÐººµÅÍ´ÃÐÂÐàÇÅÒã¹¡ÒÃ
´íÒà¹Ô¹¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹

1.3 ¢Ñé¹µÍ¹¡ÒÃ´íÒà¹Ô¹§Ò¹

1. ÈÖ¡ÉÒÅÑ¡É³Ð·Ò§¡ÒÂÀÒ¾·ÑèÇä»¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ áÅÐàÅ×Í¡â¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁ
·ÕèàËÁÒÐÊÁ

2. ÈÖ¡ÉÒËÅÑ¡¡ÒÃ¢Í§µÑÇ¤Çº¤ØÁ PI ÊíÒËÃÑºãª‰ã¹¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

3. ÈÖ¡ÉÒ¾×é¹°Ò¹¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ áÅÐ¡ÒÃ»ÃÐÂØ¡µŒãª‰ã¹¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ

4. ÈÖ¡ÉÒËÅÑ¡¡ÒÃáÅÐ¾×é¹°Ò¹¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ¿’««ÕáººÇÔ¸Õ fuzzy c-meansáÅÐ¡ÒÃãª‰µÒÃÒ§¤ˆÒ
ÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI

5. ÈÖ¡ÉÒ¡ÒÃ»ÃÐÂØ¡µŒãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ â´Âãª‰¡ÒÃÃÇÁ¡ÅØˆÁ
¢‰ÍÁÙÅ¿’««ÕáººÇÔ¸Õ fuzzy c-meansã¹¡ÒÃ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ áÅÐ¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ
¢ÂÒÂ¿’««Õã¹¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ à¾×èÍãª‰¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹

6. ÊÃØ»áÅÐÇÔà¤ÃÒÐËŒ¼Å¢Í§¡ÒÃÍÍ¡áººÃÐºº¤Çº¤ØÁ

1.4 »ÃÐâÂª¹Œ·Õè¤Ò´Ç̂Ò¨Ðä´‰ÃÑº

1. ¤ÇÒÁÃÙ‰¾×é¹°Ò¹¢Í§¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹ áÅÐÅÑ¡É³Ð·Ò§¡ÒÂÀÒ¾¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

2. ¤ÇÒÁÃÙ‰¾×é¹°Ò¹¢Í§µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕáÅÐ¡ÒÃ»ÃÐÂØ¡µŒãª‰§Ò¹

3. ¤ÇÒÁÃÙ‰¾×é¹°Ò¹¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ¿’««ÕáººÇÔ¸Õ fuzzy c-means áÅÐ¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ
¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI



º··Õè 2

¡ÒÃ¡íÒË¹´â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ

§Ò¹ÇÔ¨ÑÂ¹ÕéàÊ¹Íá¹Ç·Ò§¡ÒÃÍÍ¡áººÃÐºº¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ [24]

«Öè§à»“¹¡ÒÃ¤Çº¤ØÁáººÊÍ§ÃÐ´Ñº´Ñ§ÃÙ»·Õè 2.1 â´Â¡ÒÃ¤Çº¤ØÁÃÐ´Ñº·ÕèË¹Öè§¹Ñé¹ãª‰µÑÇ¤Çº¤ØÁ PI à»“¹µÑÇ¤Çº
¤ØÁËÅÑ¡·íÒË¹‰Ò·Õè¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃâ´ÂµÃ§ Ê̂Ç¹¡ÒÃ¤Çº¤ØÁÃÐ´Ñº·ÕèÊÍ§¹Ñé¹ãª‰ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ·íÒ
Ë¹‰Ò·Õèà»“¹µÑÇ¡íÒ¡Ñº´ÙáÅ¡ÒÃ»ÃÑº¨Ù¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI

Conventional
Controller

Process

Fuzzy Systems

First-Level Control

Second-Level Control

ÃÙ»·Õè 2.1: â¤Ã§ÊÃ‰Ò§ÃÐºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕáººÊÍ§ÃÐ´Ñº

¨Ò¡»’­ËÒ¡ÒÃÍÍ¡áººÃÐºº¤Çº¤ØÁµÃÃ¡ÈÒÊµÃŒ¿’««Õ·Õè¼ˆÒ¹ÁÒ ¤×Í¡ÒÃ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹
ÊÁÒªÔ¡áÅÐ°Ò¹¡®¿’««Õ¢Í§ÃÐºº¤Çº¤ØÁµÃÃ¡ÈÒÊµÃŒ¿’««Õ «Öè§ÁÑ¡ãª‰ÇÔ¸Õ¡ÒÃÅÍ§¼Ô´ÅÍ§¶Ù¡ ¨íÒà»“¹µ‰Í§
ÍÒÈÑÂ»ÃÐÊº¡ÒÃ³ŒáÅÐ¤ÇÒÁªíÒ¹Ò­¢Í§¼Ù‰»¯ÔºÑµÔ¡ÒÃ ·íÒ¡ÒÃ»ÃÑº¨Ù¹¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áÅÐ°Ò¹¡®
¿’««Õ¨¹¡ÃÐ·Ñè§¼Å¡ÒÃ¤Çº¤ØÁà»“¹·Õè¹ˆÒ¾Íã¨ ´Ñ§¹Ñé¹¡ÒÃÍÍ¡áººÃÐºº¤Çº¤ØÁµÃÃ¡ÈÒÊµÃŒ¿’««Õ¨Ö§äÁˆÁÕËÅÑ¡
à¡³±ŒáÅÐáººá¼¹·Õèá¹ˆ¹Í¹ ¹Í¡¨Ò¡¹Õé¼Å¡ÒÃ¤Çº¤ØÁ·Õèä´‰ÍÒ¨¨ÐäÁˆãªˆ¼Å¡ÒÃ¤Çº¤ØÁ·Õè´Õ·ÕèÊØ´

´Ñ§¹Ñé¹¡ÒÃ¡íÒË¹´â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ÊÒÁÒÃ¶»ÃÐÂØ¡µŒãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáºº
ÇÔ¸Õ fuzzy c-meansã¹¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ â´Â¾Ô¨ÒÃ³Ò¨Ò¡ÅÑ¡É³Ð
¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ÃˆÇÁ¡Ñº¡ÒÃ¾Ô¨ÒÃ³Ò¼ÅµÍº·Ò§¾ÅÇÑµ¢Í§¡ÃÐºÇ¹¡ÒÃ àÁ×èÍ
ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ â´Âãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ
ÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ã¹¡ÒÃËÒ°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ ´Ñ§¹Ñé¹ÊÒÁÒÃ¶ÊÃØ»â¤Ã§ÊÃ‰Ò§¢Í§ÃÐºº¤Çº¤ØÁ
áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI [25] ä´‰´Ñ§ÃÙ»·Õè 2.2

¡ÒÃ¡íÒË¹´ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ àÁ×èÍ¾Ô¨ÒÃ³Ò¨Ò¡ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ
ÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ÊÒÁÒÃ¶·íÒä´‰â´Â¡ÒÃãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means ·Ñé§¹Õéà¾ÃÒÐ
ÁÕ¢Ñé¹µÍ¹¡ÒÃ·íÒ§Ò¹·Õè§̂ÒÂ ÁÕ¤ÇÒÁáÁˆ¹ÂíÒÊÙ§ã¹¡ÒÃÅíÒ´Ñº¤ÇÒÁÊíÒ¤Ñ­¢Í§¢‰ÍÁÙÅáµˆÅÐ¨Ø´ áÅÐ¨Ò¡¤ÇÒÁ
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Fuzzy c-Means Clustering

Fuzzy Gain Scheduling

Fuzzifier

Input

Functions

Output

DefuzzifierEngine
Inference

Rules
Fuzzy

Fuzzy Logic System

Controller
PI

Controlled
Process

+

-

-+

�
��

�
���

�

Membership Membership

��	�


Functions

ÃÙ»·Õè 2.2: ÃÐºº¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI â´ÂÇÔ¸Õ¡ÒÃÃÇÁ
¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansÃˆÇÁ¡Ñº¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI

ÃÙ‰à¡ÕèÂÇ¡Ñº¿’§¡ŒªÑ¹ÇÑ´¤ÇÒÁ¶Ù¡µ‰Í§¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ ·íÒãË‰ÊÒÁÒÃ¶¡íÒË¹´¨íÒ¹Ç¹¢Í§¿’§¡ŒªÑ¹¤ÇÒÁ
à»“¹ÊÁÒªÔ¡·ÕèàËÁÒÐÊÁä´‰

¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ [14] à»“¹¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI

Í¸ÔºÒÂÅÑ¡É³Ð·Ò§¾ÅÇÑµ¢Í§¡ÃÐºÇ¹¡ÒÃ «Öè§à»“¹¡ÒÃ¾Ô¨ÒÃ³Ò¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃàÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹
á»Å§ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ [33] ÇÔ¸Õ¹ÕéÁÕ¤ÇÒÁ«Ñº«‰Í¹áµˆãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õè
ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÊÙ§áÅÐÁÕ¤ÇÒÁ¹ˆÒàª×èÍ¶×Í

´Ñ§¹Ñé¹¡ÒÃ¡íÒË¹´â¤Ã§ÊÃ‰Ò§¿’««Õ «Öè§»ÃÐ¡Íº´‰ÇÂ¡ÒÃ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áÅÐ°Ò¹¡®
¿’««Õ·ÕèàËÁÒÐÊÁ à»“¹¡ÒÃÁÍ§»’­ËÒã¹ÃÙ»áºº¤ÇÒÁÊÑÁ¾Ñ¹¸Œ¢Í§¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ
¾Øµ¡Ñº¡ÒÃà»ÅÕèÂ¹á»Å§¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃ ¨Ò¡¤Ø³ÊÁºÑµÔ¢Í§ÇÔ¸Õ·Õèãª‰ã¹¡ÒÃ¡íÒË¹´â¤Ã§ÊÃ‰Ò§¿’««Õ
·íÒãË‰ÁÕ¤ÇÒÁà»“¹ä»ä´‰·ÕèÊÒÁÒÃ¶à¾ÔèÁ¤ÇÒÁÃÇ´àÃçÇã¹¡ÒÃ¤íÒ¹Ç³ à¾×èÍ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áÅÐ
°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ áÅÐãË‰¼Å¡ÒÃ¤Çº¤ØÁ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾

2.1 ¡ÒÃ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡â´ÂÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means

¡ÒÃÃÇÁ¡ÅØˆÁ¢Í§¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means ·íÒä´‰â´Â¡íÒË¹´à«µ¢Í§¢‰ÍÁÙÅ � �

�� � ��

� � �
� �� � áÅÐà«µ¨Ø´ÈÙ¹ÂŒ¡ÅÒ§¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ �� 
�� � ��

� � �
� �
�
� ÊÒÁÒÃ¶ËÒ fuzzy partition

matrix
�
�� �

� ÊíÒËÃÑº¢‰ÍÁÙÅ·ÕèÁÕ � ¡ÅØˆÁáÅÐ � ¢‰ÍÁÙÅ

�� � � 
� �� �� � �� � �� � ��
��� � �� � � � � �

�
�
��� � �� � � �

(2.1)

àÁ×èÍ  � � � ! � � � � � � áÅÐ � � � � ! � � � � � �
´Ñ§¹Ñé¹¢Ñé¹µÍ¹¡ÒÃ·íÒ§Ò¹¢Í§ fuzzy c-meansáÊ´§´Ñ§ÃÙ»·Õè 2.3 â´ÂÁÕà»„ÒËÁÒÂà¾×èÍËÒ¤ˆÒ � áÅÐ �

·Õè·íÒãË‰¿’§¡ŒªÑ¹ÇÑµ¶Ø»ÃÐÊ§¤ŒÁÕ¤ˆÒµíèÒ·ÕèÊØ´

"� �� �
v
� �

�
�
���

��
���

�� �� �� # �$ �� �� (2.2)
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àÁ×èÍ $ �� � �� à»“¹ÃÐÂÐ·Ò§ÂÙ¤ÅÔà´ÕÂ¹ÃÐËÇˆÒ§¢‰ÍÁÙÅ �� áÅÐ¨Ø´ÈØ¹ÂŒ¡ÅÒ§¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ � � ¡íÒË¹´â´Â

$ �� � $ ��� � � � � �
�
� �����

���� � � �� ����
���

(2.3)

Start

Initial Membership Matrix�
error=1.00,	
��
��
tolerance�0.001

Update Matrix�

Stop

Calculate Center��

Calculate Distance���

No

Yes

error�tolerance

�����������

Calculate Membership���

error=�� !������ "������!

ÃÙ»·Õè 2.3:á¼¹ÀÒ¾¢Ñé¹µÍ¹¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means

¡ÒÃ¡íÒË¹´ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡â´Âãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means

à»“¹¡ÒÃËÒ fuzzy partition matrix «Öè§áÊ´§¤ˆÒÃÐ´Ñº¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅáµˆÅÐ¨Ø´ã¹áµˆÅÐ¡ÅØˆÁ
¢Í§¢‰ÍÁÙÅ â´ÂáµˆÅÐ¡ÅØˆÁà»ÃÕÂºàËÁ×Í¹¡®¿’««ÕáµˆÅÐ¡® ¨Ò¡¹Ñé¹·íÒ¡ÒÃ©ÒÂ (project) ËÃ×Í¾ÅçÍµ fuzzy

partition matrix ¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅä»ÂÑ§á¡¹¢Í§áµˆÅÐµÑÇá»Ã ¼Å¢Í§¡ÒÃ©ÒÂ (projection) ·íÒãË‰ä´‰
¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡´Ñ§ÃÙ»·Õè 2.4 áÅÐà¾×èÍãË‰§̂ÒÂµˆÍ¡ÒÃÊÃ‰Ò§¡®¿’««Õ ´Ñ§¹Ñé¹¨Ö§·íÒ¡ÒÃ»ÃÐÁÒ³¿’§¡ŒªÑ¹
¤ÇÒÁà»“¹ÊÁÒªÔ¡·Õèä´‰à»“¹áººÊÒÁàËÅÕèÂÁ [29] ´Ñ§ÃÙ»·Õè 2.5
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ÃÙ»·Õè 2.4:¡ÒÃ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡â´Â¡ÒÃ©ÒÂ (projection)
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ÃÙ»·Õè 2.5:¡ÒÃ»ÃÐÁÒ³¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áººÊÒÁàËÅÕèÂÁ

Ê̂Ç¹¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ ·íÒä´‰â´ÂÍÒÈÑÂËÅÑ¡¡ÒÃ¾×é¹°Ò¹¢Í§¡ÒÃÃÇÁ
¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means·Õèà¡ÕèÂÇ¡Ñº¡ÒÃÃÐºØ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¨Ò¡ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂ
µÑÇ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´ â´Âãª‰¤ÇÒÁÃÙ‰à¡ÕèÂÇ¡Ñº¿’§¡ŒªÑ¹ÇÑ´¤ÇÒÁ¶Ù¡µ‰Í§¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ à¾×èÍà»“¹à¡³±Œ
ã¹¡ÒÃÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ à¡³±Œ´Ñ§¡Å̂ÒÇ¹ÕéàÃÕÂ¡ÇˆÒà¡³±Œ � â´Â¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·Õè
àËÁÒÐÊÁ ¤×Í¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·Õè·íÒãË‰¤ˆÒà¡³±Œ � ÁÕ¤ˆÒµíèÒ·ÕèÊØ´ ÊíÒËÃÑºà¡³±Œ � ·Õè¹ÔÂÁãª‰·ÑèÇä»áº̂§
ÍÍ¡ä´‰à»“¹ 2 áºº¤×Í ¡ÒÃÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¨Ò¡ uniform data function [20]áÅÐ¡ÒÃ
ÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¨Ò¡ compactness and separation validity function [22]

� �
��

���
�

�
���

�� �� �� # ���� � � � �� � �� � � �� �� � (2.4)

¨Ò¡ÊÁ¡ÒÃ·Õè 2.4 à»“¹¡ÒÃãª‰ uniform data function ã¹¡ÒÃ¾Ô¨ÒÃ³Ò¤ˆÒ¤ÇÒÁáµ¡µˆÒ§ÃÐËÇˆÒ§
¤ˆÒ¤ÇÒÁá»Ã»ÃÇ¹¢Í§¢‰ÍÁÙÅÀÒÂã¹¡ÅØˆÁ ¡Ñº¤ˆÒ¤ÇÒÁá»Ã»ÃÇ¹¢Í§¡ÅØˆÁàÍ§ ´Ñ§¹Ñé¹¨íÒ¹Ç¹¡ÅØˆÁ·ÕèàËÁÒÐÊÁ
¨Ö§à»“¹¡ÒÃ¾Ô¨ÒÃ³ÒãË‰¤ˆÒ¤ÇÒÁá»Ã»ÃÇ¹ã¹áµˆÅÐ¡ÅØˆÁÁÕ¤ˆÒµíèÒ·ÕèÊØ´ áÅÐãË‰¤ˆÒ¤ÇÒÁá»Ã»ÃÇ¹ÃÐËÇˆÒ§¡ÅØˆÁ
ÁÕ¤ˆÒÊÙ§·ÕèÊØ´

� �
� �

��� � �
�� � �� �� �� # ��� � � �� ���

� � 	
 � �� �� � � �� �� (2.5)
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¨Ò¡ÊÁ¡ÒÃ·Õè 2.5 à»“¹¡ÒÃãª‰ compactness and separation validity functionà¾×èÍÍ¸ÔºÒÂ
ÅÑ¡É³Ð·Ò§àÃ¢Ò¤³Ôµ¢Í§¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ ¼Å·Õèä´‰¤×Í¤ˆÒ¤ÇÒÁË¹Òá¹ˆ¹¢Í§¢‰ÍÁÙÅ·Õèà»“¹àËµØà»“¹
¼Å¡ÑºÅÑ¡É³Ð¢Í§¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´

àÁ×èÍà»ÃÕÂºà·ÕÂº»ÃÐÊÔ·¸ÔÀÒ¾¢Í§à¡³±Œ � ·Ñé§ 2 áºº â´Â·´ÊÍº¡Ñº¡ÒÃ¡ÃÐ¨ÒÂ¢Í§¢‰ÍÁÙÅËÅÒÂ
ÅÑ¡É³Ð ¾ºÇˆÒ¡ÒÃÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¨Ò¡ compactness and separation validity function

ÁÕ¤ÇÒÁ¶Ù¡µ‰Í§áÅÐáÁˆ¹ÂíÒÊÙ§ ´Ñ§¹Ñé¹ã¹§Ò¹ÇÔ¨ÑÂ¹Õé¨Ö§àÅ×Í¡ãª‰à¡³±Œ � áºº·Õè 2 ã¹¡ÒÃÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ
¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ â´Âá¼¹ÀÒ¾¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁáÊ´§´Ñ§ÃÙ»·Õè 2.6

Start

Set Number of Maxcluster

cluster=1.00

Stop

cluster=cluster+1

Fuzzy c-Means Clustering

�	�����������	�

cluster
maxcluster

Yes

Yes

No

No

��������	���	��

Calculate Criterion Number
�

�	��=maximum value

ÃÙ»·Õè 2.6:á¼¹ÀÒ¾¢Ñé¹µÍ¹¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ

´Ñ§¹Ñé¹¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ â´Âãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ
fuzzy c-means ¾ºÇˆÒÁÕËÅÑ¡¡ÒÃáÅÐ¢Ñé¹µÍ¹ÇÔ¸Õ¡ÒÃ·íÒ§Ò¹·Õè§̂ÒÂ äÁˆÂØˆ§ÂÒ¡«Ñº«‰Í¹ áµˆÊÒÁÒÃ¶¡íÒË¹´
¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ä´‰ÍÂˆÒ§àËÁÒÐÊÁ ÊÍ´¤Å‰Í§¡ÑºÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§
¢‰ÍÁÙÅ·Ñé§ËÁ´ áÅÐÂÑ§Ê̂§¼ÅãË‰·ÃÒº¶Ö§¢Íºà¢µ·Õèá¹ˆ¹Í¹¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ ´Ñ§¹Ñé¹ã¹¢Ñé¹µÍ¹
¡ÒÃ·íÒ§Ò¹¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¨Ö§ÊÒÁÒÃ¶ÁÑè¹ã¨ä´‰ÇˆÒ ¡®¿’««Õ·Ø¡¡®·Õèãª‰¹Ñé¹ÁÕ¤ÇÒÁàËÁÒÐÊÁà¾ÕÂ§
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¾ÍµˆÍ¡ÒÃ·íÒ§Ò¹ ·íÒãË‰äÁˆà¡Ô´»’­ËÒã¹¡Ã³Õ·Õè¡®¿’««ÕºÒ§¡®äÁˆä´‰ãª‰§Ò¹ ·Ñé§¹Õéà¾ÃÒÐ¨íÒ¹Ç¹¢Í§¿’§¡ŒªÑ¹
¤ÇÒÁà»“¹ÊÁÒªÔ¡¹Ñé¹à»“¹µÑÇ¡íÒË¹´°Ò¹¡®¿’««Õ

2.2 ¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁâ´Âãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ¢Í§µÑÇ¤Çº¤ØÁ PI

Zhao [14] àÊ¹ÍÇÔ¸Õ¡ÒÃÊÃ‰Ò§°Ò¹¡®¿’««Õ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ à¾×èÍãª‰»ÃÑº¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ
¢Í§µÑÇ¤Çº¤ØÁ PID ã¹§Ò¹ÇÔ¨ÑÂ¹Õé¹íÒàÍÒËÅÑ¡à´ÕÂÇ¡Ñ¹ÁÒ»ÃÐÂØ¡µŒãª‰ÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI [30] â´Â¡íÒË¹´
ãË‰ ��

� ��
� �� �� ��� �� �� � � � áÅÐ � � � �� � �� �� ��� �� �� � � � ¤ˆÒ �� �� áÅÐ �� �� ÊÒÁÒÃ¶ËÒä´‰¨Ò¡

¡ÒÃ·´ÅÍ§ ¡ÒÃÊÃ‰Ò§°Ò¹¡®¿’««ÕÇÔ¸Õ¹Õéà»“¹¡ÒÃÍ¸ÔºÒÂ¡ÒÃ»ÃÑº¤ˆÒÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ PI ã¹ÊÀÒÇÐ
Ë¹Öè§æ ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI ÊÒÁÒÃ¶ËÒä´‰¨Ò¡

�
� � ��

� �� �� � �
� �� �� �� �

� � �
� �� �� (2.6)

� � � ��� �� �� � �� �� �� �� �
� � �� �� �� (2.7)

Fuzzy system

Fuzzy system

���� 	
�	
�
��	
�
���	
�
��

���� 	��	��
��	��
���	��
��

����
����� ���

��� ��

��

ÃÙ»·Õè 2.7: ÃÐºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI

¨Ò¡ÃÙ»·Õè 2.7 àÁ×èÍ¢‰ÍÁÙÅÍÔ¹¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤×Í ÊÑ­­Ò³¤ˆÒ¼Ô´¾ÅÒ´ �
�� � áÅÐ¡ÒÃ

à»ÅÕèÂ¹á»Å§¢Í§ÊÑ­­Ò³¤ˆÒ¼Ô´¾ÅÒ´ ��
�� � àÁ×èÍ¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤×Í � �

� áÅÐ
� �

� ´Ñ§¹Ñé¹¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ÊÒÁÒÃ¶à¢ÕÂ¹ãË‰ÍÂÙˆ
ã¹ÃÙ»¢Í§¡®¿’««Õ IF-THEN ä´‰´Ñ§¹Õé

� � �
�� �  � � � ��$

��
�� �  � � � � � �  ! � �

�  � " � � �
�  � #�

àÁ×èÍ �� �� � � " � áÅÐ #� ¤×Íà«µ¿’««Õ â´Â·Õè � � � � ! � � � � � $ áÅÐ � � � � ! ¹ÔÂÒÁµÑÇá»ÃàªÔ§ÀÒÉÒÊíÒËÃÑº
�
��%� áÅÐ ��

��%� äÇ‰ 7 µÑÇ ä´‰á¡̂ ¤ˆÒÅºÁÒ¡ (NB) ¤ˆÒÅº»Ò¹¡ÅÒ§ (NM) ¤ˆÒÅº¹‰ÍÂ (NS) ¤ˆÒÈÙ¹ÂŒ (ZO)

¤ˆÒºÇ¡¹‰ÍÂ (PS) ¤ˆÒºÇ¡»Ò¹¡ÅÒ§ (PM) áÅÐ¤ˆÒºÇ¡ÁÒ¡ (PB) ÊíÒËÃÑºµÑÇá»ÃàªÔ§ÀÒÉÒ¢Í§ � �
� áÅÐ � �&

¹ÔÂÒÁäÇ‰ 2 µÑÇ¤×Í àÅç¡ (S) áÅÐãË­̂ (B)

à«µ¿’««Õ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ÊÒÁÒÃ¶ËÒä´‰¨Ò¡¼ÅµÍº·ÕèÁÕ
àÊ¶ÕÂÃÀÒ¾¢Í§¡ÃÐºÇ¹¡ÒÃµˆÍÊÑ­­Ò³áºº¢Ñé¹Ë¹Öè§Ë¹ˆÇÂ à«µ¿’««Õ·Õèä´‰¹íÒä»ÊÃ‰Ò§¡®¿’««Õ IF-THEN

à¾×èÍ·Õè¨ÐÊÒÁÒÃ¶¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁä´‰ ´Ñ§¹Ñé¹ã¹¡ÒÃÊÃ‰Ò§¡®¿’««Õ IF-THEN ÊÒÁÒÃ¶·íÒä´‰
â´Â¡ÒÃ¾Ô¨ÒÃ³ÒÃÙ»·Õè 2.8

ã¹àÇÅÒàÃÔèÁáÃ¡ ªˆÇ§ �
� ÊÑ­­Ò³¤ˆÒ¼Ô´¾ÅÒ´ÁÕ¤ˆÒÁÒ¡ ã¹¢³Ð·Õè¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§ÊÑ­­Ò³

¤ˆÒ¼Ô´¾ÅÒ´ÁÕ¤ˆÒ¹‰ÍÂ à¹×èÍ§¨Ò¡à¾Ôè§àÃÔèÁÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÊÑ­­Ò³¤ˆÒÍ‰Ò§ÍÔ§ ·Õè¨Ø´¹ÕéÁÕà¾ÕÂ§¡ÒÃ¤Çº¤ØÁ
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setpoint ��
�� �

�
t

��
��

��

output

ÃÙ»·Õè 2.8:¼ÅµÍºµˆÍÊÑ­­Ò³áºº¢Ñé¹Ë¹Öè§Ë¹ˆÇÂ

áººÊÑ´Ê̂Ç¹à·̂Ò¹Ñé¹·ÕèÁÕ¼ÅµˆÍ¼ÅµÍº¢Í§ÃÐºº â´Â·íÒãË‰ÊÑ­­Ò³àÍÒ·Œ¾ØµÁÕ¤ˆÒà¾ÔèÁ¢Öé¹à¾×èÍãË‰¶Ö§¤ˆÒ¡íÒË¹´
â´ÂàÃçÇ ´Ñ§¹Ñé¹¨Ö§¤ÇÃ»ÃÑº¤ˆÒÍÑµÃÒ¢ÂÒÂáººÊÑ´Ê̂Ç¹ãË‰ÁÕ¤ˆÒÁÒ¡ à¾×èÍãË‰ÊÑ­­Ò³¤Çº¤ØÁÁÕ¤ˆÒÊÙ§«Öè§ÁÕ¼ÅãË‰
ÊÑ­­Ò³àÍÒ·Œ¾ØµÁÕ¤ˆÒ¶Ö§¤ˆÒ·ÕèÍ‰Ò§ÍÔ§â´ÂàÃçÇ

ªˆÇ§ �
� ¶Ö§ �� ÊÑ­­Ò³¤ˆÒ¼Ô´¾ÅÒ´àÃÔèÁÁÕ¤ˆÒÅ´Å§ ã¹¢³Ð·Õè¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§ÊÑ­­Ò³

¤ˆÒ¼Ô´¾ÅÒ´àÃÔèÁÁÕ¤ˆÒÅºÁÒ¡¢Öé¹ ´Ñ§¹Ñé¹ã¹ªˆÇ§¹Õé¨Ö§¤ÇÃà¾ÔèÁ¤ˆÒÍÑµÃÒ¢ÂÒÂáººÊÑ´Ê̂Ç¹áÅÐÍÑµÃÒ¢ÂÒÂáºº
ÍÔ¹·Ô¡ÃÑÅ à¾×èÍãË‰ÊÑ­­Ò³àÍÒ·Œ¾ØµÁÕ¤ˆÒà¾ÔèÁ¢Öé¹à¢‰ÒÊÙˆ¤ˆÒ·ÕèÍ‰Ò§ÍÔ§

ªˆÇ§ �� à¹×èÍ§¨Ò¡ÊÑ­­Ò³¤ˆÒ¼Ô´¾ÅÒ´ÁÕ¤ˆÒ¹‰ÍÂÁÒ¡ ¡ÒÃ¤Çº¤ØÁáººÊÑ´Ê̂Ç¹¨Ö§äÁˆÁÕ¼ÅµˆÍ¼ÅµÍº
¢Í§ÃÐººÁÒ¡¹Ñ¡ ·Õè¨Ø´¹ÕéÁÕà¾ÕÂ§¡ÒÃ¤Çº¤ØÁáººÍÔ¹·Ô¡ÃÑÅà·̂Ò¹Ñé¹·ÕèÁÕ¼ÅµˆÍ¼ÅµÍº¢Í§ÃÐºº «Öè§µ‰Í§¡ÒÃãË‰
ÃÐººäÁˆÁÕ¤ˆÒ¼Ô´¾ÅÒ´ã¹Ê¶Ò¹ÐÍÂÙˆµÑÇ ´Ñ§¹Ñé¹¨Ö§¤ÇÃà¾ÔèÁ¤ˆÒÍÑµÃÒ¢ÂÒÂáººÍÔ¹·Ô¡ÃÑÅ

¨Ò¡¡ÒÃÇÔà¤ÃÒÐËŒÅÑ¡É³Ð¢Í§¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃµˆÍÊÑ­­Ò³áºº¢Ñé¹Ë¹Öè§Ë¹ˆÇÂ µÑé§áµˆªˆÇ§ �
�

¨¹¶Ö§ �� ´Ñ§¹Ñé¹ÊÒÁÒÃ¶ÊÃ‰Ò§¡®¡ÒÃ¤Çº¤ØÁ´Ñ§¹Õé
� � �

�� �  � � � ��$
��

�� �  � �	 � � �  ! � �
�  � � � �

�  � �
� � �

�� �  � �	 ��$
��

�� �  � ! � � � �  ! � �
�  � � � �

�  � �

ÊíÒËÃÑºÊÑ­­Ò³¤Çº¤ØÁ µÑé§áµˆªˆÇ§ �� ¨¹¶Ö§ $� ãª‰¡ÒÃÇÔà¤ÃÒÐËŒàªˆ¹à´ÕÂÇ¡ÑºªˆÇ§ �
� ¨¹¶Ö§ �� ´Ñ§

¹Ñé¹¨Ò¡¡ÒÃ¾Ô¨ÒÃ³Ò·íÒãË‰ÊÒÁÒÃ¶ÊÃ‰Ò§¡®¿’««Õä´‰·Ñé§ËÁ´ 49 ¡® ·íÒãË‰ÊÒÁÒÃ¶¡íÒË¹´à»“¹°Ò¹¡®¿’««Õ·Õè
àËÁÒÐÊÁä´‰´Ñ§áÊ´§´Ñ§µÒÃÒ§·Õè 2.1

ã¹ºÒ§¡ÃÐºÇ¹¡ÒÃ ¨íÒ¹Ç¹¡®¿’««Õ·ÕèÊÃ‰Ò§¢Öé¹ÍÒ¨ÁÕ¨íÒ¹Ç¹ÁÒ¡à¡Ô¹¤ÇÒÁ¨íÒà»“¹ ·íÒãË‰àÊÕÂàÇÅÒã¹
¡ÒÃ¤íÒ¹Ç³ ´Ñ§¹Ñé¹¡ÒÃÅ´¨íÒ¹Ç¹¡®¿’««ÕÅ§à¾×èÍãË‰àËÁÒÐÊÁ¡Ñº»’­ËÒ¨Ö§à»“¹·Ò§àÅ×Í¡·Õè¹ˆÒÊ¹ã¨ ÊíÒËÃÑº
¡ÃÐºÇ¹¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ¹Ñé¹ ÁÕ¤ÇÒÁÊÑÁ¾Ñ¹¸Œ¡Ñº¡ÒÃÇÔà¤ÃÒÐËŒ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ
ÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµâ´Â¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means¡Å̂ÒÇ¤×Í¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ«Öè§ä´‰¨Ò¡
¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansà»“¹µÑÇ¡íÒË¹´¨íÒ¹Ç¹¢Í§¡®¿’««Õ·ÕèÊÃ‰Ò§¢Öé¹ àÁ×èÍ¹íÒËÅÑ¡¡ÒÃ
¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ¨Ò¡¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ÁÒ»ÃÐÂØ¡µŒ
ãª‰ ¨Ö§ÊÒÁÒÃ¶ÊÃ‰Ò§°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁä´‰ â´ÂÁÕ¨íÒ¹Ç¹¢Í§¡®¿’««Õ«Öè§ÊÒÁÒÃ¶à»ÅÕèÂ¹á»Å§ä´‰µÒÁ
ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´
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µÒÃÒ§·Õè 2.1: (a)°Ò¹¡®¿’««ÕÊíÒËÃÑº � �
� (b) °Ò¹¡®¿’««ÕÊíÒËÃÑº � �

�

S

S

NS PB

NB

NM

NS

ZO

PS

PM

PB

�����
NM PSZO PMNB

BBB

S

B

BBB

S

S

S

BB

S SBB

S S B S SB

S SS SSS

B B B B B

B BB

B

BBB

B

BB BB

(a)

���� B

NS PB

NB

NM

NS

ZO

PS

PM

PB

�����
NM PSZO PMNB

S S SS

S S B B

S BB

BB

S S SB

B BB

S BB B

B

S

B

SSSSSS

B

BBBB

B

B

S

S

S

S

(b)

S

S S

S

B����

àÁ×èÍ¾Ô¨ÒÃ³Ò¢‰ÍÁÙÅÍÔ¹¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤×Í �
�� � áÅÐ ��

�� � «Öè§¡íÒË¹´¨íÒ¹Ç¹
à«µ¿’««Õ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáµˆÅÐµÑÇäÇ‰ 7 à«µ ´Ñ§¹Ñé¹ÊÒÁÒÃ¶ÊÃ‰Ò§¡®¿’««Õ IF-THEN ä´‰·Ñé§ËÁ´ 49

¡® ¨Ò¡à·¤¹Ô¤¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means·íÒãË‰ÊÒÁÒÃ¶ÊÃ‰Ò§áÅÐ»ÃÑºà»ÅÕèÂ¹à«µ¿’««Õ
ä´‰ 2-7 à«µ à»“¹¼ÅãË‰¡®¿’««Õ IF-THEN ÊÒÁÒÃ¶à»ÅÕèÂ¹á»Å§ä´‰ 4, 9, 16, 25, 36 áÅÐ 49

¡® ·Ñé§¹Õéà¾ÃÒÐ¡ÒÃ©ÒÂËÃ×Í¾ÅçÍµ fuzzy partition matrix ¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅä»ÂÑ§á¡¹¢Í§ �
�� �

áÅÐ ��
�� � ·íÒãË‰¨íÒ¹Ç¹à«µ¿’««Õ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáµˆÅÐµÑÇÁÕ¨íÒ¹Ç¹à·̂Ò¡Ñ¹ ÊíÒËÃÑº¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¢Í§

ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤×Í � �
� áÅÐ � �

� ¡íÒË¹´¨íÒ¹Ç¹à«µ¿’««Õ¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾ØµáµˆÅÐµÑÇäÇ‰¤§·Õè 2 à«µ
��

cluster 3

cluster 2

��

�� �� ��

��

��

��

cluster 1

ÃÙ»·Õè 2.9:¡ÒÃ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅáºº 2 ÁÔµÔ

à¾×èÍãË‰à¡Ô´¤ÇÒÁà¢‰Òã¨ ÊÁÁµÔÇˆÒ¡ÒÃ©ÒÂËÃ×Í¾ÅçÍµ fuzzy partition matrix ¢Í§áµˆÅÐ¡ÅØˆÁ¢‰Í
ÁÙÅä»ÂÑ§á¡¹¢Í§ �

�� � áÅÐ ��
�� � ·íÒãË‰ä´‰¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡´Ñ§ÃÙ»·Õè 2.9

¨íÒ¹Ç¹à«µ¿’««Õ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáµˆÅÐµÑÇà·̂Ò¡Ñº 3 ´Ñ§¹Ñé¹¨íÒ¹Ç¹¡®¿’««Õ IF-THEN ·Õèà»“¹ä»ä´‰ÁÕ·Ñé§ËÁ´
9 ¡® àÁ×èÍ¾Ô¨ÒÃ³Ò¹íÒËÅÑ¡¡ÒÃ¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ¨Ò¡¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ
ÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ÁÒ»ÃÐÂØ¡µŒãª‰ ·íÒãË‰ÊÒÁÒÃ¶¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁä´‰´Ñ§µÒÃÒ§·Õè 2.2
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µÒÃÒ§·Õè 2.2:¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ¨Ò¡¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ¨Ò¡ÃÙ»·Õè 2.9
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�� ��

�� ��

2.3 ¡ÒÃ¡íÒË¹´â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ

â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ»ÃÐ¡Íº´‰ÇÂ 2 Ê̂Ç¹·ÕèÊíÒ¤Ñ­¤×Í ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡
áÅÐ°Ò¹¡®¿’««Õ «Öè§äÁˆÁÕËÅÑ¡à¡³±Œ·Õèá¹ˆ¹Í¹ã¹¡ÒÃÍÍ¡áºº ´Ñ§¹Ñé¹¨Ö§»ÃÐÂØ¡µŒãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáºº
ÇÔ¸Õ fuzzy c-meansÃˆÇÁ¡Ñº¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI à¾×èÍªˆÇÂã¹¡ÒÃ¡íÒË¹´
â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ â´Âáº̂§¢Ñé¹µÍ¹¡ÒÃ·íÒ§Ò¹à»“¹ 2 Ê̂Ç¹¤×Í

� ¢Ñé¹µÍ¹¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡

1. ¾ÅçÍµ¡ÃÒ¿áÊ´§ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´ ·Ñé§ã¹Ê̂Ç¹·Õèà»“¹¢‰ÍÁÙÅÍÔ¹¾Øµ (�
�� � áÅÐ

��
�� �

) áÅÐÊ̂Ç¹·Õèà»“¹¢‰ÍÁÙÅàÍÒ·Œ¾Øµ (
� �

� áÅÐ � �
�)

2. ¡íÒË¹´¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¨Ò¡¢‰ÍÁÙÅ·Ñé§ËÁ´ â´Â¡ÒÃ»ÃÐÂØ¡µŒãª‰à¡³±Œ � «Öè§¨íÒ¹Ç¹¡ÅØˆÁ
¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¤×Í¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·Õè·íÒãË‰¤ˆÒà¡³±Œ � ÁÕ¤ˆÒµíèÒ·ÕèÊØ´ «Öè§¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·Õèä´‰¹Ñé¹
ÁÕ¤ˆÒà·̂Ò¡Ñº¨íÒ¹Ç¹¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡´‰ÇÂ
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3. »ÃÐÂØ¡µŒãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means à¾×èÍ¨Ñ´¡ÅØˆÁ¢‰ÍÁÙÅãË‰ÁÕ¤ÇÒÁàËÁÒÐÊÁÊÍ´
¤Å‰Í§¡Ñº¤ˆÒà¡³±Œ � áÅÐà¾×èÍà»“¹¡ÒÃ»ÃÐËÂÑ´àÇÅÒã¹¡ÒÃ¤íÒ¹Ç³ ÊÒÁÒÃ¶ãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ
áººÇÔ¸Õ hard c-meansÁÒªˆÇÂã¹¡ÒÃáº̂§¡ÅØˆÁ¢‰ÍÁÙÅáººËÂÒºæ ¡̂Í¹·Õè¨Ðà¢‰ÒÊÙˆ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ
áººÇÔ¸Õ fuzzy c-means

4. ¾ÅçÍµ fuzzy partition matrix¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅä»ÂÑ§á¡¹¢Í§ �
�� � áÅÐ ��

�� � ÊíÒËÃÑº¢‰ÍÁÙÅ·Õè
à»“¹ÍÔ¹¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ã¹Ê̂Ç¹¢Í§¢‰ÍÁÙÅ·Õèà»“¹àÍÒ·Œ¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ
ãË‰¾ÅçÍµ fuzzy partition matrix¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅä»ÂÑ§á¡¹¢Í§ � �

� áÅÐ � �
�

5. »ÃÐÁÒ³¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·Õèä´‰ä»à»“¹¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áººÊÒÁàËÅÕèÂÁ

� ¢Ñé¹µÍ¹¡ÒÃ¡íÒË¹´°Ò¹¡®·ÕèàËÁÒÐÊÁ

ã¹¢Ñé¹µÍ¹¹ÕéÊÒÁÒÃ¶·íÒä´‰â´Â¡ÒÃ¾Ô¨ÒÃ³Ò¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃ µÒÁËÅÑ¡¡ÒÃ¢Í§¡ÒÃãª‰µÒÃÒ§
¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI áµˆ¨íÒ¹Ç¹¡®¿’««Õ·Õè¹íÒÁÒÊÃ‰Ò§°Ò¹¡®¿’««Õ¹Ñé¹ µ‰Í§ÊÍ´¤Å‰Í§
¡Ñº¨íÒ¹Ç¹¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ¢Í§¢‰ÍÁÙÅ·Õèà¢‰ÒÊÙˆÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ áÅÐ°Ò¹¡®¿’««Õ·Õèä´‰¨ÐãË‰¼Å¡ÒÃ¤Çº
¤ØÁ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ áµˆËÒ¡¼Å¡ÒÃ¤Çº¤ØÁäÁˆà»“¹·Õè¹ˆÒ¾Íã¨ ÊÒÁÒÃ¶»ÃÑºªˆÇ§¤ˆÒ¢Í§ �

� áÅÐ � � à¾×èÍãË‰
¼Å¡ÒÃ¤Çº¤ØÁÁÕ»ÃÐÊÔ·¸ÔÀÒ¾´Õà¾ÕÂ§¾Í

¨Ò¡·ÄÉ®Õ·Õèà¡ÕèÂÇ¡Ñº ¾×é¹°Ò¹¤ÇÒÁÃÙ‰¡ÒÃ¤Çº¤ØÁáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊíÒËÃÑº
µÑÇ¤Çº¤ØÁ PI â´Â¡ÒÃ»ÃÐÂØ¡µŒãª‰ÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means ÃˆÇÁ¡Ñº¡ÒÃãª‰µÒÃÒ§
¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ã¹¡ÒÃ¡íÒË¹´â¤Ã§ÊÃ‰Ò§¿’««Õ ´Ñ§¹Ñé¹¨Ö§ÁÕ¤ÇÒÁ¨íÒà»“¹·Õèµ‰Í§¹íÒ
¤ÇÒÁÃÙ‰·Õèä´‰ÈÖ¡ÉÒ ÁÒ·íÒ¡ÒÃ·´ÊÍºà¾×èÍáÊ´§ãË‰àËç¹ÇˆÒÊÒÁÒÃ¶¹íÒÁÒ»ÃÐÂØ¡µŒãª‰§Ò¹ä´‰´Õ¡Ñº¡ÃÐºÇ¹¡ÒÃ
§̂ÒÂæ â´Âà»ÃÕÂºà·ÕÂºÊÁÃÃ¶¹Ð¢Í§¡ÒÃ¤Çº¤ØÁâ´ÂÇÔ¸Õ·Õè¹íÒàÊ¹Í¡Ñº¡ÒÃ¤Çº¤ØÁáºº´Ñé§à´ÔÁ

´Ñ§¹Ñé¹¨Ö§àÅ×Í¡¾Ô¨ÒÃ³Ò áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹à»“¹¡ÃÐºÇ¹
¡ÒÃµÑÇÍÂˆÒ§ ·Ñé§¹Õéà¾ÃÒÐÅÑ¡É³ÐÊÁºÑµÔ¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ à»“¹ÃÐººáººË¹Öè§ÊÑ­­Ò³à¢‰Ò
Ë¹Öè§ÊÑ­­Ò³ÍÍ¡ (single input single output)ÁÕ¤ÇÒÁäÁˆà»“¹àªÔ§àÊ‰¹ àËÁÒÐ¡Ñº¡ÒÃ»ÃÐÂØ¡µŒãª‰µÑÇ¤Çº¤ØÁ
PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂµÃÃ¡ÈÒÊµŒ¿’««ÕÁÒ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ¹Õé áÅÐÇÔà¤ÃÒÐËŒ¼Å¡ÒÃ¤Çº¤ØÁ·Õèä´‰à»ÃÕÂº
à·ÕÂº¡Ñº¡ÒÃ»ÃÑº¨Ù¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè à¾×èÍÈÖ¡ÉÒ¤ÇÒÁ
à»“¹ä»ä´‰ã¹¡ÒÃãª‰¤ÇÒÁÃÙ‰ ¨Ò¡·ÄÉ®Õ¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹
¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ â´Â¡ÒÃ¨íÒÅÍ§ÃÐºº´‰ÇÂ¤ÍÁ¾ÔÇàµÍÃŒ

2.4 ÅÑ¡É³ÐÊÁºÑµÔ¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹

à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹´Ñ§ÃÙ»·Õè 2.10 à»“¹ÃÐºº¡ÒÃ·íÒ¤ÇÒÁÃ‰Í¹ÍÒ¡ÒÈ·Õè»ÃÐ¡Íº´‰ÇÂ
blower ·íÒË¹‰Ò·Õè´Ù´ÍÒ¡ÒÈãË‰ËÁØ¹àÇÕÂ¹ÀÒÂã¹·̂Í¹íÒÍÒ¡ÒÈâ´ÂµÑé§ãË‰ÁÕ¤ÇÒÁàÃçÇ¤§·Õè ÊÒÁÒÃ¶µÑé§ÍÑµÃÒ¡ÒÃ
äËÅ¢Í§ÍÒ¡ÒÈâ´Â¡ÒÃ»ÃÑº shutter ÍÒ¡ÒÈ¨ÐäËÅ¼ˆÒ¹à¤Ã×èÍ§·íÒ¤ÇÒÁÃ‰Í¹ä»ÂÑ§·̂Í¹íÒÍÒ¡ÒÈ à¤Ã×èÍ§·íÒ
¤ÇÒÁÃ‰Í¹¹ÕéÁÕ thyrister à»“¹µÑÇ¢ÑºàÃ‰ÒáÅÐÊÃ‰Ò§¡íÒÅÑ§§Ò¹ãË‰á¡̂à¤Ã×èÍ§·íÒ¤ÇÒÁÃ‰Í¹µÒÁÊÑ­­Ò³¤Çº¤ØÁ·Õè
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Ê̂§ÍÍ¡ÁÒ¨Ò¡µÑÇ¤Çº¤ØÁ ÍÒ¡ÒÈ·Õè¼ˆÒ¹à¤Ã×èÍ§¹íÒ¤ÇÒÁÃ‰Í¹¼ˆÒ¹ä»ÂÑ§»ÅÒÂ·̂Í¹íÒÍÒ¡ÒÈ «Öè§ÁÕ thermister

·íÒË¹‰Ò·Õèà»“¹ÍØ»¡Ã³ŒÇÑ´ÍØ³ËÀÙÁÔµÔ´µÑé§ÍÂÙˆ áÅÐÊ̂§ÊÑ­­Ò³ÍÍ¡à»“¹áÃ§´Ñ¹ä¿¿„Òâ´Â¡ÒÃ¼ˆÒ¹ wheatstone

bridgeà¾×èÍãª‰ã¹¡ÒÃÊÃ‰Ò§ÊÑ­­Ò³¤Çº¤ØÁµˆÍä»

Thyrister


unit


Bridge


circuit


INLET


Ti, Fi


POWER INPUT


TEMPERATURE


MEASUREMENT


DETECTOR


PROCESS


BLOWER
 HEATER


SHUTTER


To


ÃÙ»·Õè 2.10: â¤Ã§ÊÃ‰Ò§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹

à¹×èÍ§¨Ò¡ÃÐÂÐ·Ò§ÃÐËÇˆÒ§ thyristeráÅÐ thermister·íÒãË‰à¡Ô´¡ÒÃË¹ˆÇ§àÇÅÒ (time delay)¤×ÍàÁ×èÍÁÕ
¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔ¢Í§ÍÒ¡ÒÈ´‰Ò¹¢Òà¢‰Ò ÍØ³ËÀÙÁÔÂÑ§äÁˆÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§·Õè»ÅÒÂ´‰Ò¹ÍÍ¡¢Í§·̂Í
¹íÒÍÒ¡ÒÈ¨¹¡ÃÐ·Ñè§¼ˆÒ¹ä» � ÇÔ¹Ò·ÕµˆÍÁÒ â´Â·Õè � ¤×ÍàÇÅÒ·ÕèÍÒ¡ÒÈäËÅ¼ˆÒ¹·̂Í »ÃÒ¡¯¡ÒÃ³Œàªˆ¹
¹Õé·íÒãË‰¡ÒÃ¤Çº¤ØÁ·íÒä´‰ÂÒ¡¢Öé¹ ¹Í¡¨Ò¡¹Õé¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃäËÅ¢Í§ÍÒ¡ÒÈ«Öè§ÁÕ¼ÅµˆÍ¾ÅÇÑµ¢Í§
ÃÐººáÅÐ¤Ø³ÅÑ¡É³Ð¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹·ÕèÁÕ¤ÇÒÁäÁˆà»“¹àªÔ§àÊ‰¹ã¹ÊÀÒÇÐÍÂÙˆµÑÇ ·íÒãË‰µ‰Í§ãª‰
µÑÇ¤Çº¤ØÁ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ã¹¡ÒÃ¤Çº¤ØÁ ´Ñ§¹Ñé¹ÍØ»¡Ã³Œà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹¨Ö§à»“¹µÑÇá·¹¢Í§
¡ÒÃ»ÃÐÂØ¡µŒãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¡Ñº¡ÃÐºÇ¹¡ÒÃã¹ÍØµÊÒË¡ÃÃÁ
·ÑèÇæä» â´ÂÁÕÇÑµ¶Ø»ÃÐÊ§¤Œà¾×èÍ´Ù»ÃÐÊÔ·¸ÔÀÒ¾¢Í§¡ÒÃ¤Çº¤ØÁ·Õè¹íÒÁÒ»ÃÐÂØ¡µŒãª‰

ÊíÒËÃÑºà»„ÒËÁÒÂËÅÑ¡¢Í§¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹¤×Í ¡ÒÃ¤Çº¤ØÁ
ÍØ³ËÀÙÁÔ´‰Ò¹¢ÒÍÍ¡¢Í§¡ÃÐºÇ¹¡ÒÃãË‰ÁÕ¤ˆÒ¤§·ÕèµÒÁ·Õè¡íÒË¹´äÇ‰ ¹Í¡¨Ò¡¹ÕéàÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§¨Ø´·íÒ
§Ò¹ËÃ×ÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§¡ÃÐºÇ¹¡ÒÃ ÃÐºº¤Çº¤ØÁ·Õèãª‰¤ÇÃÁÕ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ
¨Ñ´¡ÒÃ¡Ñº¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃ ãË‰à¢‰ÒÊÙˆÊÀÒÇÐ¤§µÑÇä´‰ÍÂˆÒ§ÃÇ´àÃçÇ áÅÐÁÕàÊ¶ÕÂÃÀÒ¾

2.5 ¡ÒÃ í̈ÒÅÍ§ÃÐºº¡ÒÃ¤Çº¤ØÁà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹

¡ÒÃ·´ÊÍº¡ÒÃ¨íÒÅÍ§ÃÐºº´‰ÇÂ¤ÍÁ¾ÔÇàµÍÃŒ â´Âãª‰áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ¢Í§à¤Ã×èÍ§áÅ¡
à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ «Öè§à»“¹ÃÐººÍÑ¹´ÑºË¹Öè§·ÕèÁÕ¡ÒÃË¹ˆÇ§àÇÅÒ ÁÕ¿’§¡ŒªÑ¹¶̂ÒÂâÍ¹

� ��� �
����� �

�
��

� ���� � � (2.8)

â´Â·Õè ÊÑ­­Ò³à¢‰Òà»“¹áÃ§´Ñ¹ä¿¿„Ò (âÇÅµŒ) áÅÐÊÑ­­Ò³ÍÍ¡à»“¹ÍØ³ËÀÙÁÔ·Õè»ÅÒÂ·̂Í (Í§ÈÒà«Åà«ÕÂÊ)
¢‰ÍÁÙÅ·Õèà¢‰ÒÊÙˆÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤×Í �

�� � áÅÐ ��
�� � Ê̂Ç¹¢‰ÍÁÙÅ·ÕèÍÍ¡¨Ò¡ÃÐººµÃÃ¡ÈÒÊµÃŒ

¿’««Õ¤×Í � �
� áÅÐ � �

� ¡íÒË¹´ãË‰ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔ¢ÒÍÍ¡·ÕèàÇÅÒ 5 ÇÔ¹Ò·Õ ¨Ò¡ 20 Í§ÈÒà«Åà«ÕÂÊ
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à»“¹ 70 Í§ÈÒà«Åà«ÕÂÊ áÅÐ·ÕèàÇÅÒ 10 ÇÔ¹Ò·Õ Å´Å§ÊÙˆ 20 Í§ÈÒà«Åà«ÕÂÊ

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ áÅÐµÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ

– ¡íÒË¹´ãË‰¨íÒ¹Ç¹à«µ¿’««Õ¢Í§¢‰ÍÁÙÅ·Õèà¢‰ÒÊÙˆÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õà»ÅÕèÂ¹á»Å§ä´‰ 2-7 à«µ
áÅÐ¨íÒ¹Ç¹à«µ¿’««Õ¢Í§¢‰ÍÁÙÅ·ÕèÍÍ¡¨Ò¡ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤§·Õè 2 à«µ

– àÅ×Í¡ãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansáÅÐ¡íÒË¹´ãË‰ � � � !
��� áÅÐ � � � ��� �

– àÅ×Í¡ãª‰¡ÒÃÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ â´Âãª‰ compactness and separation validity

function

– àÅ×Í¡ãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ

– �
�� � � ���� � ��� áÅÐ ��

�� � � ���� � ���

–
�

�
� �� �� �

� � �� �� áÅÐ � � � �� ���
� � ���

�

– àÅ×Í¡ãª‰¡ÒÃá»Å§¿’««ÕáººÊÒÁàËÅÕèÂÁ

– àÅ×Í¡ãª‰¡Åä¡¡ÒÃµÑ´ÊÔ¹ã¨¿’««Õáºº minimum

– àÅ×Í¡ãª‰¡ÒÃá»Å§¡ÅÑº¿’««Õáºº¨Ø´ÈÙ¹ÂŒ¶̂Ç§

¨Ò¡ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµàÃÔèÁµ‰¹áÊ´§´Ñ§ÃÙ»·Õè 2.11 ¾ºÇˆÒ¼ÅµÍº
¢Í§¡ÃÐºÇ¹¡ÒÃÁÕ¡ÒÃá¡Çˆ§¤ˆÍ¹¢‰Ò§ÁÒ¡ ´Ñ§¹Ñé¹ÊÒÁÒÃ¶ÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¢Í§¢‰ÍÁÙÅ
ÍÔ¹¾ØµàÃÔèÁµ‰¹ä´‰ â´Â¤íÒ¹Ç³¤ˆÒà¡³±Œ � «Öè§à»“¹à¡³±ŒÇÑ´¤ÇÒÁ¶Ù¡µ‰Í§¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ ¨Ò¡ÅÑ¡É³Ð
¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµàÃÔèÁµ‰¹ ÊÒÁÒÃ¶¤íÒ¹Ç³ËÒ¤ˆÒà¡³±Œ � ä´‰à·̂Ò¡Ñº 0.0258«Öè§à»“¹¤ˆÒà¡³±Œ
·ÕèµíèÒ·ÕèÊØ´àÁ×èÍ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅÍÔ¹¾Øµà·̂Ò¡Ñº 5 ¡ÅØˆÁ Ê̂Ç¹¨íÒ¹Ç¹¡ÅØˆÁ¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¹Ñé¹¡íÒË¹´ãË‰à·̂Ò
¡Ñº 2 ¡ÅØˆÁ áÅÐãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansã¹¡ÒÃ¡íÒË¹´ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹
ÊÁÒªÔ¡·ÕèàËÁÒÐÊÁ¡Ñº¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµàÃÔèÁµ‰¹ÃÐËÇˆÒ§ �

�� � áÅÐ ��
�� � áÅÐ¢‰ÍÁÙÅàÍÒ·Œ¾Øµ

àÃÔèÁµ‰¹ÃÐËÇˆÒ§ � �
� áÅÐ � �

�

Ê̂Ç¹ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµÊØ´·‰ÒÂ´Ñ§ÃÙ»·Õè 2.12 «Öè§ãË‰¼ÅµÍº¢Í§
¡ÃÐºÇ¹¡ÒÃàËÁÒÐÊÁ â´ÂÊÒÁÒÃ¶¡íÒË¹´¨íÒ¹Ç¹¡ÅØˆÁ¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµà·ˆÒ¡Ñº 3 ¡ÅØˆÁ «Öè§·íÒãË‰¤ˆÒà¡³±Œ
� à·̂Ò¡Ñº 0.0024 à»“¹¤ˆÒà¡³±Œ·ÕèµíèÒ·ÕèÊØ´ áÅÐ¨íÒ¹Ç¹¡ÅØˆÁ¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¡íÒË¹´ãË‰à·̂Ò¡Ñº 2 ¡ÅØˆÁàªˆ¹
à´ÔÁ ´Ñ§¹Ñé¹ÊÑ§à¡µä´‰ÇˆÒ àÁ×èÍ·íÒ¡ÒÃ»ÃÑºâ¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹áµˆÅÐÃÍº¢Í§¡ÒÃ·íÒ§Ò¹
¨¹¡ÃÐ·Ñè§¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃ´Õ·ÕèÊØ´ ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´¹Ñé¹ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§
â´ÂÁÕ¤ÇÒÁÃÒºàÃÕÂºÊÁíèÒàÊÁÍ´Õ¡ÇˆÒ¡̂Í¹·Õè¨Ð·íÒ¡ÒÃ»ÃÑºâ¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ´Ñ§¹Ñé¹¨Ö§
ÊÃØ»ä´‰ÇˆÒ ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´ÁÕ¼ÅµˆÍ¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃ

àÁ×èÍ·ÃÒº¤ˆÒà¡³±Œ � µíèÒ·ÕèÊØ´ÊíÒËÃÑº¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ «Öè§¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐ
ÊÁà·̂Ò¡Ñº 3 ´Ñ§¹Ñé¹ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ ËÒä´‰¨Ò¡¡ÒÃ¾ÅçÍµ fuzzy parti-

tion matrix ¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅÍÔ¹¾Øµä»ÂÑ§á¡¹¢Í§ �
�� � áÅÐ ��

�� � ´Ñ§ÃÙ»·Õè 2.13 áÅÐ 2.15 µÒÁÅíÒ´Ñº
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Ê̂Ç¹ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ «Öè§ÃÐºØ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅäÇ‰à·̂Ò¡Ñº 2 ËÒä´‰â´Â
¡ÒÃ¾ÅçÍµ fuzzy partition matrix¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅàÍÒ·Œ¾Øµä»ÂÑ§á¡¹¢Í§ � �

� áÅÐ � �
� ´Ñ§ÃÙ»·Õè 2.17

áÅÐÃÙ»·Õè 2.19µÒÁÅíÒ´Ñº
¨Ò¡ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅã¹áµˆÅÐ¡ÅØˆÁ·Ñé§ã¹Ê̂Ç¹·Õèà»“¹¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ÊÒÁÒÃ¶

¡íÒË¹´ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ä´‰ â´Â·íÒ¡ÒÃ»ÃÐÁÒ³à»“¹¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áººÊÒÁ
àËÅÕèÂÁ ´Ñ§¹Ñé¹ÊÒÁÒÃ¶¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ �

�� � áÅÐ ��
�� � ä´‰´Ñ§ÃÙ»·Õè 2.14

áÅÐ 2.16 µÒÁÅíÒ´Ñº áÅÐ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ � �
� áÅÐ � �

� ä´‰´Ñ§ÃÙ»·Õè 2.18

áÅÐÃÙ»·Õè 2.20µÒÁÅíÒ´Ñº
¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ã¹¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁÊíÒËÃÑº

¡ÃÐºÇ¹¡ÒÃà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ ·íÒä´‰â´Â¾Ô¨ÒÃ³Ò¨Ò¡¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃ ÍÑ¹à¹×èÍ§ÁÒ¨Ò¡
¡ÒÃà»ÅÕèÂ¹á»Å§ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ¨Ò¡¹Ñé¹·íÒ¡ÒÃ»ÃÑº°Ò¹¡®¿’««Õ¨¹
¡ÃÐ·Ñè§¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃÁÕÊ̂Ç¹¾Øˆ§à¡Ô¹ÊÙ§ÊØ´¹‰ÍÂáÅÐÁÕªˆÇ§àÇÅÒà¢‰Ò·ÕèàÃçÇ ´Ñ§¹Ñé¹àÁ×èÍ·íÒ¡ÒÃ»ÃÑº°Ò¹
¡®¿’««Õ â´Â¾Ô¨ÒÃ³Ò¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃ¾Ã‰ÍÁ¡Ñº¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁ
à»“¹ÊÁÒªÔ¡ ·íÒãË‰ÊÒÁÒÃ¶¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁä´‰´Ñ§µÒÃÒ§·Õè 2.3

¾Ô¨ÒÃ³Ò¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹áÅÐÊÑ­­Ò³¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 2.21áÅÐ
ÃÙ»·Õè 2.22 µÒÁÅíÒ´Ñº¾ºÇˆÒ ¡ÒÃ¡íÒË¹´â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õâ´Â¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáºº
ÇÔ¸Õ fuzzy c-meansÃˆÇÁ¡Ñº¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õâ´Âãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI

¹Ñé¹ µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔ¢Í§à¤Ã×èÍ§áÅ¡
à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ä´‰´Õ¡ÇˆÒµÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè à¾ÃÒÐÁÕªˆÇ§àÇÅÒà¢‰Ò·ÕèàÃçÇ áÅÐÁÕ
Ê̂Ç¹¾Øˆ§à¡Ô¹ÊÙ§ÊØ´¹‰ÍÂ ¹Í¡¨Ò¡¹ÕéàÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§¡ÃÐºÇ¹¡ÒÃà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹
¤ÇÒÁÃ‰Í¹ ¨Ò¡¤ˆÒ¤§·Õè·Ò§àÇÅÒ 0.33 ÇÔ¹Ò·Õ à»ÅÕèÂ¹ä»à»“¹ 0.40 ÇÔ¹Ò·Õ ¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃáÊ´§ãË‰
àËç¹ÇˆÒ µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔ¢Í§à¤Ã×èÍ§áÅ¡
à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ä´‰´Õàªˆ¹à´ÔÁ áÁ‰ÇˆÒÁÕÊ̂Ç¹¾Øˆ§à¡Ô¹ÊÙ§ÊØ´ÁÒ¡¢Öé¹¡ÇˆÒ¡Ã³Õ¡ÒÃà»ÅÕèÂ¹¨Ø´·íÒ§Ò¹¡çµÒÁ

´Ñ§¹Ñé¹¡ÒÃ¡íÒË¹´â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õâ´Â¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-

means ÃˆÇÁ¡Ñº¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õâ´Âãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI à»“¹¡ÒÃ
ãª‰»ÃÐâÂª¹Œ¨Ò¡¢‰Í´Õ¢Í§·Ñé§ 2 ÇÔ¸Õ ¡Å̂ÒÇ¤×Í ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means ·íÒ
ãË‰ÊÒÁÒÃ¶·ÃÒº¢Íºà¢µ·Õèá¹ˆ¹Í¹ÊíÒËÃÑº¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ µÅÍ´¨¹¤ÇÒÁË¹Òá¹ˆ¹¢Í§¢‰ÍÁÙÅ·Ñé§
ËÁ´ «Öè§à»“¹ÊÔè§ÊíÒ¤Ñ­·ÕèªˆÇÂãË‰¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÁÒªÔ¡ÁÕ¤ÇÒÁàËÁÒÐÊÁ
¡ÑºÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´

Ê̂Ç¹¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ¹Ñé¹ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÁÒ¡ ·Ñé§¹Õéà¾ÃÒÐà»“¹
¡ÒÃ¾Ô¨ÒÃ³Ò¨Ò¡¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃâ´ÂµÃ§ «Öè§Ê̂§¼ÅãË‰ÊÒÁÒÃ¶»ÃÑº°Ò¹¡®¿’««Õä´‰ÍÂˆÒ§ÃÇ´àÃçÇ
áÅÐÁÕ¤ÇÒÁàËÁÒÐÊÁ¡Ñº¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃ ¨Ò¡¡ÒÃ·´ÅÍ§¡íÒË¹´â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ
¿’««ÕÊíÒËÃÑº»ÃÑº¨Ù¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI à¾×èÍ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁ
Ã‰Í¹ ¾ºÇˆÒÊÒÁÒÃ¶¡íÒË¹´â¤Ã§ÊÃ‰Ò§¿’««Õä´‰ÍÂˆÒ§ÃÇ´àÃçÇáÅÐãË‰¼Å¡ÒÃ¤Çº¤ØÁ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÊÙ§
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�� � áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ
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ÃÙ»·Õè 2.17:¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ � �
� áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ
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ÃÙ»·Õè 2.19:¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ � �
� áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ
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�
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µÒÃÒ§·Õè 2.3: (a) °Ò¹¡®¿’««ÕÊíÒËÃÑº � �
� ¢Í§áºº¨íÒÅÍ§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ (b) °Ò¹¡®¿’««Õ

ÊíÒËÃÑº � �
� ¢Í§áºº¨íÒÅÍ§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹
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ÃÙ»·Õè 2.21:¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹
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ÃÙ»·Õè 2.22:ÊÑ­­Ò³¤Çº¤ØÁ¢Í§¡ÃÐºÇ¹¡ÒÃà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹
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ÃÙ»·Õè 2.23:¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹¡Ã³Õà»ÅÕèÂ¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ
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ÃÙ»·Õè 2.24:ÊÑ­­Ò³¤Çº¤ØÁ¢Í§¡ÃÐºÇ¹¡ÒÃà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹¡Ã³Õà»ÅÕèÂ¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ

2.6 ÊÃØ»

ã¹¡ÒÃÍÍ¡áººâ¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊíÒËÃÑº¡íÒ¡Ñº´ÙáÅµÑÇ¤Çº¤ØÁ PI ¾ºÇˆÒ
¡ÒÃãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansÃˆÇÁ¡Ñº¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº
¤ØÁ PI ã¹¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡µÅÍ´¨¹°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ¹Ñé¹
ÊÒÁÒÃ¶ªˆÇÂÅ´»’­ËÒ¡ÒÃ¡íÒË¹´â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ «Öè§áµˆà´ÔÁãª‰ÇÔ¸ÕÅÍ§¼Ô´ÅÍ§¶Ù¡ ·íÒ
¡ÒÃ·´ÅÍ§â´Â»ÃÐÂØ¡µŒãª‰ÇÔ¸Õ·Õè¹íÒàÊ¹Í¡Ñº¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ àÁ×èÍ
à»ÃÕÂºà·ÕÂº¼Å¡ÒÃ¤Çº¤ØÁ·Õèä´‰¡ÑºµÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè¢Í§ Ziegler-NicholsáÅÐ
Åstr��m-H�

�gglund [32] ¾ºÇˆÒ¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃ·Õèä´‰¨Ò¡µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐºº
µÃÃ¡ÈÒÊµÃŒ¿’««Õ¹Ñé¹ ÁÕÊ̂Ç¹¾Øˆ§à¡Ô¹ÊÙ§ÊØ´¹‰ÍÂ áÅÐÁÕªˆÇ§àÇÅÒà¢‰Ò·ÕèàÃçÇ ´Õ¡ÇˆÒµÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ
¾ÒÃÒÁÔàµÍÃŒ¤§·Õè¢Í§ Ziegler-Nichols [23]áÅÐ Åstr��m-H�

�gglund [26]



º··Õè 3

¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

¡ÒÃãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means ÃˆÇÁ¡Ñº¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ
ÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ã¹¡ÒÃ¡íÒË¹´â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õà¾×èÍãª‰ã¹¡ÒÃ¡íÒ¡Ñº´ÙáÅ¡ÒÃ
»ÃÑº¨Ù¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI ¾ºÇˆÒÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÊÙ§àÁ×èÍ»ÃÐÂØ¡µŒãª‰¡Ñº¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹
¡ÒÃà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ ´Ñ§¹Ñé¹ã¹º·¹Õé¨Ö§»ÃÐÂØ¡µŒãª‰ÇÔ¸Õ·Õè¹íÒàÊ¹Í¡Ñº¡ÃÐºÇ¹¡ÒÃËÍ¡ÅÑè¹áÂ¡ÊÒÃ
¼ÊÁÊÍ§ª¹Ô´ «Öè§à»“¹ÃÐººËÅÒÂÊÑ­­Ò³à¢‰ÒËÅÒÂÊÑ­­Ò³ÍÍ¡ ÁÕ¤ÇÒÁäÁˆà»“¹àªÔ§àÊ‰¹ÊÙ§ ÁÕ¡ÒÃ¡ÃÐ·íÒ
ÃÐËÇˆÒ§Ç§ÃÍº¡ÒÃ¤Çº¤ØÁáÅÐÁÕ¡ÒÃÃº¡Ç¹ã¹ÃÐºº ·íÒãË‰¡ÒÃ¤Çº¤ØÁÁÕ¤ÇÒÁ«Ñº«‰Í¹ÁÒ¡¢Öé¹ ¡ÒÃÈÖ¡ÉÒ
·íÒ·Ñé§áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ áÅÐ¡ÒÃ»ÃÐÂØ¡µŒãª‰§Ò¹¨ÃÔ§¡ÑºËÍ¡ÅÑè¹
áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ ÇÔà¤ÃÒÐËŒ¼Å¡ÒÃ¤Çº¤ØÁ·Õèä´‰ à»ÃÕÂºà·ÕÂº¡Ñº
¡ÒÃ»ÃÑº¨Ù¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè¢Í§ Ziegler-Nichols

3.1 ¡ÒÃ í̈ÒÅÍ§ÃÐºº¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹ÕéàÅ×Í¡ãª‰áºº¨íÒÅÍ§ËÍ¡ÅÑè¹¢Í§ Luyben [37] ÊíÒËÃÑºÃÒÂÅÐàÍÕÂ´·Ò§¡ÒÂÀÒ¾
áÅÐ¡ÒÃËÒáºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒÊÒÁÒÃ¶ÈÖ¡ÉÒà¾ÔèÁàµÔÁä´‰¨Ò¡ ÀÒ¤¼¹Ç¡ ¤. ÇÑµ¶Ø»ÃÐÊ§¤Œ¢Í§
¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¤×Í ¡ÒÃ¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµÀÑ³±Œ·ÕèÂÍ´ËÍáÅÐÊÒÃ
¼ÅÔµÀÑ³±Œ·Õè°Ò¹ËÍ ãË‰à»“¹ä»µÒÁ¤ˆÒ·Õè¡íÒË¹´äÇ‰ àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ

ã¹¡ÒÃÍÍ¡áººÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õáºº¡íÒ¡Ñº´ÙáÅµÑÇ¤Çº¤ØÁ PI ÊÒÁÒÃ¶·íÒä´‰â´Â¡ÒÃ¡íÒË¹´
¢‰ÍÁÙÅ·Õèà¢‰ÒÊÙˆÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤×Í �

�� � áÅÐ ��
�� � áÅÐ¢‰ÍÁÙÅ·ÕèÍÍ¡¨Ò¡ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤×Í

� �
� áÅÐ � �

� ¡íÒË¹´ãË‰ÁÕ¡ÒÃÃº¡Ç¹ã¹ÃÐººâ´Â¡ÒÃà¾ÔèÁÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ·ÕèàÇÅÒ 80 ¹Ò·Õ
¨Ò¡ 100»Í¹´Œ-âÁÅ/¹Ò·Õ à»“¹ 110»Í¹´Œ-âÁÅ/¹Ò·Õ áÅÐ·ÕèàÇÅÒ 180¹Ò·Õ ·íÒ¡ÒÃÅ´ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò
·Õè¡ÅÒ§ËÍÅ§ÁÒàËÅ×Í 100»Í¹´Œ-âÁÅ/¹Ò·Õ ¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒµˆÒ§æ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ´Ñ§¹Õé

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ áÅÐ¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ

– ¡íÒË¹´ãË‰¨íÒ¹Ç¹à«µ¿’««Õ¢Í§¢‰ÍÁÙÅ·Õèà¢‰ÒÊÙˆÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õà»ÅÕèÂ¹á»Å§ä´‰ 2-7 à«µ
áÅÐ¨íÒ¹Ç¹à«µ¿’««Õ¢Í§¢‰ÍÁÙÅ·ÕèÍÍ¡¨Ò¡ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤§·Õè 2 à«µ

– àÅ×Í¡ãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansáÅÐ¡íÒË¹´ãË‰ � � � !
��� áÅÐ � � � ��� �

– àÅ×Í¡ãª‰¡ÒÃÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ â´Âãª‰ compactness and separation validity

function

– àÅ×Í¡ãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI
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� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹Ç§ÃÍºÂÍ´ËÍ

– �
�� � � ��� � ���� � � � ���� � áÅÐ ��

�� � � �� � � ���� � � � ���� �

–
�

�
� �!��� � ���� áÅÐ �� � ����� � ����

– àÅ×Í¡ãª‰¡ÒÃá»Å§¿’««ÕáººÊÒÁàËÅÕèÂÁ

– àÅ×Í¡ãª‰¡Åä¡¡ÒÃµÑ´ÊÔ¹ã¨¿’««Õáºº minimum

– àÅ×Í¡ãª‰¡ÒÃá»Å§¡ÅÑº¿’««Õáºº¨Ø´ÈÙ¹ÂŒ¶̂Ç§

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹Ç§ÃÍº°Ò¹ËÍ

– �
�� � � ��� � ���� � � � ���� � áÅÐ ��

�� � � ��� �� � ���� � � �� � ���� �

–
�

�
� ����� � !��� � áÅÐ �� � �!��� � �����

– àÅ×Í¡ãª‰¡ÒÃá»Å§¿’««ÕáººÊÒÁàËÅÕèÂÁ

– àÅ×Í¡ãª‰¡Åä¡¡ÒÃµÑ´ÊÔ¹ã¨¿’««Õáºº minimum

– àÅ×Í¡ãª‰¡ÒÃá»Å§¡ÅÑº¿’««Õáºº¨Ø´ÈÙ¹ÂŒ¶̂Ç§

â´ÂÍÍ¡áºº¡ÒÃ·´ÅÍ§»“¹ 3 ¡ÒÃ·´ÅÍ§à¾×èÍÈÖ¡ÉÒ¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ ´Ñ§µÒÃÒ§
·Õè 3.1

µÒÃÒ§·Õè 3.1:µÒÃÒ§áÊ´§ÃÒÂÅÐàÍÕÂ´¡ÒÃ·´ÅÍ§¢Í§áºº¨íÒÅÍ§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

¡ÒÃ·´ÅÍ§ ¡ÒÃ¤Çº¤ØÁã¹Ç§ÃÍºÂÍ´ËÍ ¡ÒÃ¤Çº¤ØÁã¹Ç§ÃÍº°Ò¹ËÍ

� µÑÇ¤Çº¤ØÁ PI µÑÇ¤Çº¤ØÁ PI

áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè! µÑÇ¤Çº¤ØÁ PI µÑÇ¤Çº¤ØÁ PI

áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ
� µÑÇ¤Çº¤ØÁ PI µÑÇ¤Çº¤ØÁ PI

áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ
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¡ÒÃ·´ÅÍ§·Õè 1

ãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍ áÅÐ
ãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õèã¹¡ÒÃ¡ÒÃ¤Çº¤ØÁÇ§ÃÍº°Ò¹ËÍ¨Ò¡ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂ
µÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµàÃÔèÁµ‰¹áÊ´§´Ñ§ÃÙ»·Õè 3.1 ¾ºÇˆÒ¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃÁÕ¡ÒÃá¡Çˆ§¤ˆÍ¹
¢‰Ò§ÊÙ§ ´Ñ§¹Ñé¹ÊÒÁÒÃ¶ÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµàÃÔèÁµ‰¹ä´‰ â´Â¡ÒÃ¤íÒ¹Ç³ËÒ
¤ˆÒà¡³±Œ �

¨Ò¡ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµÊØ´·‰ÒÂ´Ñ§ÃÙ»·Õè 3.2 «Öè§ãË‰¼ÅµÍº¢Í§
¡ÃÐºÇ¹¡ÒÃàËÁÒÐÊÁ â´ÂÊÒÁÒÃ¶¡íÒË¹´¨íÒ¹Ç¹¡ÅØˆÁ¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµä´‰à·̂Ò¡Ñº 3 ¡ÅØˆÁ «Öè§·íÒãË‰¤ˆÒ
à¡³±Œ � � � ����� à»“¹¤ˆÒà¡³±Œ·ÕèµíèÒ·ÕèÊØ´ áÅÐ¨íÒ¹Ç¹¡ÅØˆÁ¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¡íÒË¹´ãË‰à·̂Ò¡Ñº 2 ¡ÅØˆÁàªˆ¹
à´ÔÁ áÅÐãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansã¹¡ÒÃ¡íÒË¹´ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·Õè
àËÁÒÐÊÁ¡Ñº¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ �

�� � áÅÐ ��
�� � áÅÐ¢‰ÍÁÙÅàÍÒ·Œ¾Øµ � �

� áÅÐ � �
�
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ÃÙ»·Õè 3.1:¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµàÃÔèÁµ‰¹¢Í§¡ÒÃ·´ÅÍ§·Õè 1

ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ËÒä´‰¨Ò¡¡ÒÃ¾ÅçÍµ fuzzy parti-

tion matrix ¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅÍÔ¹¾Øµä»ÂÑ§á¡¹¢Í§ �
�� � áÅÐ ��

�� � ´Ñ§ÃÙ»·Õè 3.3 áÅÐ 3.5 µÒÁÅíÒ´Ñº
áÅÐ¾ÅçÍµ fuzzy partition matrix¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅàÍÒ·Œ¾Øµä»ÂÑ§á¡¹¢Í§ � �

� áÅÐ � �
� ´Ñ§ÃÙ»·Õè 3.7 áÅÐ

ÃÙ»·Õè 3.9 µÒÁÅíÒ´Ñº ¨Ò¡¹Ñé¹¹íÒ¤ˆÒ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅã¹áµˆÅÐ¡ÅØˆÁÁÒ»ÃÐÁÒ³à»“¹¿’§¡ŒªÑ¹
¤ÇÒÁà»“¹ÊÁÒªÔ¡áººÊÒÁàËÅÕèÂÁ



30

−8 −6 −4 −2 0 2 4 6 8

x 10
−4

−1

−0.5

0

0.5

1
x 10

−4 Final data points for error and delta−error

Error

D
el

ta
−

E
rr

or

0.418 0.42 0.422 0.424 0.426 0.428 0.43 0.432

0.35

0.352

0.354

0.356
Final data points for Kp’ and Ki’

Kp’

K
i’

ÃÙ»·Õè 3.2:¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµÊØ´·‰ÒÂ¢Í§¡ÒÃ·´ÅÍ§·Õè 1

´Ñ§¹Ñé¹ÊÒÁÒÃ¶¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ �
�� � áÅÐ ��

�� � ä´‰´Ñ§ÃÙ»·Õè 3.4

áÅÐ 3.6 µÒÁÅíÒ´Ñº áÅÐ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ � �
� áÅÐ � �

� ä´‰´Ñ§ÃÙ»·Õè 3.8

áÅÐÃÙ»·Õè 3.10µÒÁÅíÒ´Ñº



31

−8 −6 −4 −2 0 2 4 6 8

x 10
−4

0

0.5

1

Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 1

−8 −6 −4 −2 0 2 4 6 8

x 10
−4

0

0.5

1

Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 2

−8 −6 −4 −2 0 2 4 6 8

x 10
−4

0

0.5

1

Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 3

ÃÙ»·Õè 3.3: ¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ �
�� � áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ¢Í§¡ÒÃ·´

ÅÍ§·Õè 1

−8 −6 −4 −2 0 2 4 6 8

x 10
−4

0

0.2

0.4

0.6

0.8

1

Error

M
em

be
rs

hi
p 

D
eg

re
e

E1
E2
E3

ÃÙ»·Õè 3.4:¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ �
�� � ¢Í§¡ÒÃ·´ÅÍ§·Õè 1



32

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1

x 10
−4

0

0.5

1

Delta−Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 1

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1

x 10
−4

0

0.5

1

Delta−Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 2

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1

x 10
−4

0

0.5

1

Delta−Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 3

ÃÙ»·Õè 3.5: ¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ ��
�� � áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ¢Í§¡ÒÃ

·´ÅÍ§·Õè 1

−1 −0.5 0 0.5

x 10
−4

0

0.2

0.4

0.6

0.8

1

Delta−Error

M
em

be
rs

hi
p 

D
eg

re
e

DE1
DE2
DE3

ÃÙ»·Õè 3.6:¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ ��
�� � ¢Í§¡ÒÃ·´ÅÍ§·Õè 1



33

0.418 0.42 0.422 0.424 0.426 0.428 0.43 0.432
0

0.2

0.4

0.6

0.8

1

Kp’

M
em

be
rs

hi
p 

D
eg

re
e

cluster1

0.418 0.42 0.422 0.424 0.426 0.428 0.43 0.432
0

0.2

0.4

0.6

0.8

1

Kp’

M
em

be
rs

hi
p 

D
eg

re
e

cluster 2

ÃÙ»·Õè 3.7: ¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ � �
� áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¢Í§¡ÒÃ·´

ÅÍ§·Õè 1

0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7
0

0.2

0.4

0.6

0.8

1

Kp’

M
em

be
rs

hi
p 

D
eg

re
e

S
B

ÃÙ»·Õè 3.8:¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§ � �
� ¢Í§¡ÒÃ·´ÅÍ§·Õè 1



34

0.349 0.35 0.351 0.352 0.353 0.354 0.355 0.356
0

0.2

0.4

0.6

0.8

1

Ki’

M
em

be
rs

hi
p 

D
eg

re
e

cluster 1

0.349 0.35 0.351 0.352 0.353 0.354 0.355 0.356
0

0.2

0.4

0.6

0.8

1

Ki’

M
em

be
rs

hi
p 

D
eg

re
e

cluster 2

ÃÙ»·Õè 3.9: ¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ � �
� áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¢Í§¡ÒÃ·´

ÅÍ§·Õè 1

0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7
0

0.2

0.4

0.6

0.8

1

Ki’

M
em

be
rs

hi
p 

D
eg

re
e

S
B

ÃÙ»·Õè 3.10:¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§ � �
� ¢Í§¡ÒÃ·´ÅÍ§·Õè 1



35

µÒÃÒ§·Õè 3.2: (a)°Ò¹¡®¿’««ÕÊíÒËÃÑº � �
� ¢Í§¡ÒÃ·´ÅÍ§·Õè1 (b) °Ò¹¡®¿’««ÕÊíÒËÃÑº � �

� ¢Í§¡ÒÃ·´ÅÍ§·Õè1

BBB

BS S

B BB

��

��

��

�� �� ��

BB

B BB

��

��

��

�� �� ��

(a) (b)

B

B

B B
�� ��

�� ��

0 50 100 150 200 250 300
0.979

0.9795

0.98

0.9805

0.981
Top Composition

Time (min)

C
om

po
si

tio
n

proposed
Zeigler−Nichols

0 50 100 150 200 250 300
127.5

128

128.5

129

129.5

130

130.5
Reflux Rate

Time (min)

F
lo

w
 R

at
e 

(lb
−

m
ol

/m
in

)

proposed
Zeigler−Nichols

ÃÙ»·Õè 3.11:¤ÇÒÁà¢‰Á¢‰¹¢Í§¼ÅÔµÀÑ³±Œ·ÕèÂÍ´ËÍã¹¡ÒÃ·´ÅÍ§·Õè 1

àÁ×èÍ¾Ô¨ÒÃ³Ò¨Ò¡¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ ÍÑ¹à¹×èÍ§ÁÒ¨Ò¡¡ÒÃà»ÅÕèÂ¹
á»Å§ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ·íÒãË‰ÊÒÁÒÃ¶¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ
ÊíÒËÃÑº¡ÒÃ¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍ¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ àÁ×èÍ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¤×Í
3 ¡ÅØˆÁ ´Ñ§¹Ñé¹¨Ò¡¤ÇÒÁÃÙ‰ã¹¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁâ´Âãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ
¤Çº¤ØÁ PI ·íÒãË‰ä´‰°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ´Ñ§µÒÃÒ§·Õè 3.2

¾Ô¨ÒÃ³Ò¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃáÅÐÊÑ­­Ò³¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 3.11áÅÐÃÙ»·Õè 3.12µÒÁÅíÒ´Ñº µÅÍ´
¨¹¤ˆÒÍÑµÃÒ¢ÂÒÂ �

� áÅÐ �� ´Ñ§ÃÙ»·Õè 3.13 ¾ºÇˆÒ ¼Å¡ÒÃ¤Çº¤ØÁÊÒÃ¼ÅÔµÀÑ³±Œ·ÕèÂÍ´ËÍ´Õ¡ÇˆÒ¡ÒÃ¤Çº
¤ØÁâ´Â¡ÒÃ»ÃÑº¨Ù¹µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè¢Í§ Ziegler-Nichols ·Ñé§¹Õéà¾ÃÒÐÁÕªˆÇ§
àÇÅÒà¢‰Ò·ÕèàÃçÇ áÅÐÊ̂Ç¹¾Øˆ§à¡Ô¹ÊÙ§ÊØ´ÁÕ¤ˆÒµíèÒ Ê̂Ç¹·ÕèÇ§ÃÍº°Ò¹ËÍãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õèã¡Å‰à¤ÕÂ§¡Ñ¹



36

0 50 100 150 200 250 300
0.0196

0.0198

0.02

0.0202

0.0204
Bottom Composition

Time (min)

C
om

po
si

tio
n

proposed
Zeigler−Nichols

0 50 100 150 200 250 300
175.5

176

176.5

177

177.5

178

178.5
Reboiler Rate

Time (min)

F
lo

w
 R

at
e 

(lb
−

m
ol

/m
in

)

proposed
Zeigler−Nichols

ÃÙ»·Õè 3.12:¤ÇÒÁà¢‰Á¢‰¹¢Í§¼ÅÔµÀÑ³±Œ·Õè°Ò¹ËÍã¹¡ÒÃ·´ÅÍ§·Õè 1

0 50 100 150 200 250 300
1125

1130

1135

1140

1145

1150

Time (min)

G
ai

n 
K

p

0 50 100 150 200 250 300
674.5

675

675.5

676

676.5

677

677.5

678

Time (min)

G
ai

n 
K

i

ÃÙ»·Õè 3.13:¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ¢Í§Ç§ÃÍºÂÍ´ËÍã¹¡ÒÃ·´ÅÍ§·Õè 1



37

¡ÒÃ·´ÅÍ§·Õè 2

ãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍº°Ò¹ËÍ áÅÐãª‰
µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õèã¹¡ÒÃ¡ÒÃ¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍ ¨Ò¡ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂ
µÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµàÃÔèÁµ‰¹áÊ´§´Ñ§ÃÙ»·Õè 3.14 ¾ºÇˆÒ¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃÁÕ¡ÒÃá¡Çˆ§¤ˆÍ¹
¢‰Ò§ÊÙ§ ´Ñ§¹Ñé¹ÊÒÁÒÃ¶ÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµàÃÔèÁµ‰¹ä´‰ â´Â¡ÒÃ¤íÒ¹Ç³ËÒ
¤ˆÒà¡³±Œ �

¨Ò¡ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµÊØ´·‰ÒÂ´Ñ§ÃÙ»·Õè 3.15 «Öè§ãË‰¼ÅµÍº¢Í§
¡ÃÐºÇ¹¡ÒÃàËÁÒÐÊÁ â´ÂÊÒÁÒÃ¶¡íÒË¹´¨íÒ¹Ç¹¡ÅØˆÁ¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµä´‰à·̂Ò¡Ñº 3 ¡ÅØˆÁ «Öè§·íÒãË‰¤ˆÒ
à¡³±Œ � � � ����$ à»“¹¤ˆÒà¡³±Œ·ÕèµíèÒ·ÕèÊØ´ áÅÐ¨íÒ¹Ç¹¡ÅØˆÁ¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¡íÒË¹´ãË‰à·̂Ò¡Ñº 2 ¡ÅØˆÁàªˆ¹
à´ÔÁ áÅÐãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansã¹¡ÒÃ¡íÒË¹´ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·Õè
àËÁÒÐÊÁ¡Ñº¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ �

�� � áÅÐ ��
�� � áÅÐ¢‰ÍÁÙÅàÍÒ·Œ¾Øµ � �

� áÅÐ � �
�

−5 −4 −3 −2 −1 0 1 2 3 4 5 
−1

−0.5

0

0.5

1
x 10

−4 Initial data points for error and delta−error

Error

D
el

ta
−

E
rr

or

0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7
0.1

0.2

0.3

0.4

0.5

0.6
Initial data point for Kp’ and Ki’

Kp’

K
i’

ÃÙ»·Õè 3.14:¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµàÃÔèÁµ‰¹¢Í§¡ÒÃ·´ÅÍ§·Õè 2

ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ËÒä´‰¨Ò¡¡ÒÃ¾ÅçÍµ fuzzy parti-

tion matrix ¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅÍÔ¹¾Øµä»ÂÑ§á¡¹¢Í§ �
�� � áÅÐ ��

�� � ´Ñ§ÃÙ»·Õè 3.16 áÅÐ 3.18 µÒÁ
ÅíÒ´Ñº áÅÐ¾ÅçÍµ fuzzy partition matrix ¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅàÍÒ·Œ¾Øµä»ÂÑ§á¡¹¢Í§ � �

� áÅÐ � �
�

´Ñ§ÃÙ»·Õè 3.20 áÅÐÃÙ»·Õè 3.22 µÒÁÅíÒ´Ñº ¨Ò¡¹Ñé¹¹íÒ¤ˆÒ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅáµˆÅÐ¡ÅØˆÁÁÒ
»ÃÐÁÒ³à»“¹¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áººÊÒÁàËÅÕèÂÁ



38

−4 −3 −2 −1 0 1 2 3 4

x 10
−4

−1

−0.5

0

0.5

1
x 10

−4 Final data points for error and delta−error

Error

D
el

ta
−

E
rr

or

0.418 0.42 0.422 0.424 0.426 0.428 0.43 0.432
0.359

0.36

0.361

0.362

0.363

0.364

0.365

0.366
Final data points for Kp’ and Ki’

Kp’

K
i’

ÃÙ»·Õè 3.15:¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµÊØ´·‰ÒÂ¢Í§¡ÒÃ·´ÅÍ§·Õè 2

´Ñ§¹Ñé¹ÊÒÁÒÃ¶¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ �
�� � áÅÐ ��

�� � ä´‰´Ñ§ÃÙ»·Õè 3.17

áÅÐ 3.19 µÒÁÅíÒ´Ñº áÅÐ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ � �
� áÅÐ � �

� ä´‰´Ñ§ÃÙ»·Õè 3.21

áÅÐÃÙ»·Õè 3.23µÒÁÅíÒ´Ñº



39

−2 −1 0 1 2 3

x 10
−4

0

0.5

1

Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 1

−3 −2 −1 0 1 2 3

x 10
−4

0

0.5

1

Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 2

−3 −2 −1 0 1 2 3

x 10
−4

0

0.5

1

Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 3

ÃÙ»·Õè 3.16:¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ �
�� � áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ¢Í§¡ÒÃ·´

ÅÍ§·Õè 2

−3 −2 −1 0 1 2 3

x 10
−4

0

0.2

0.4

0.6

0.8

1

Error

M
em

be
rs

hi
p 

D
eg

re
e

E1
E2
E3

ÃÙ»·Õè 3.17:¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ �
�� � ¢Í§¡ÒÃ·´ÅÍ§·Õè 2



40

−8 −6 −4 −2 0 2 4 6 8

x 10
−5

0

0.5

1

Delta−Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 1

−8 −6 −4 −2 0 2 4 6 8

x 10
−5

0

0.5

1

Delta−Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 2

−8 −6 −4 −2 0 2 4 6 8

x 10
−5

0

0.5

1

Delta−Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 3

ÃÙ»·Õè 3.18: ¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ ��
�� � áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ¢Í§¡ÒÃ

·´ÅÍ§·Õè 2

−8 −6 −4 −2 0 2 4 6 8

x 10
−5

0

0.2

0.4

0.6

0.8

1

Delta−Error

M
em

be
rs

hi
p 

D
eg

re
e

DE1
DE2
DE3

ÃÙ»·Õè 3.19:¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ ��
�� � ¢Í§¡ÒÃ·´ÅÍ§·Õè 2
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ÃÙ»·Õè 3.20: ¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ � �
� áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¢Í§¡ÒÃ
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ÃÙ»·Õè 3.22:¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ � �
� áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¢Í§¡ÒÃ·´
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� ¢Í§¡ÒÃ·´ÅÍ§·Õè 2
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µÒÃÒ§·Õè 3.3: (a)°Ò¹¡®¿’««ÕÊíÒËÃÑº � �
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ÃÙ»·Õè 3.24:¤ÇÒÁà¢‰Á¢‰¹¢Í§¼ÅÔµÀÑ³±Œ·ÕèÂÍ´ËÍã¹¡ÒÃ·´ÅÍ§·Õè 2

àÁ×èÍ¾Ô¨ÒÃ³Ò¨Ò¡¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ ÍÑ¹à¹×èÍ§ÁÒ¨Ò¡¡ÒÃà»ÅÕèÂ¹
á»Å§ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ·íÒãË‰ÊÒÁÒÃ¶¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ
ÊíÒËÃÑº¡ÒÃ¤Çº¤ØÁÇ§ÃÍº°Ò¹ËÍ¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ àÁ×èÍ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¤×Í
3 ¡ÅØˆÁ ´Ñ§¹Ñé¹¨Ò¡¤ÇÒÁÃÙ‰ã¹¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁâ´Â¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑº
µÑÇ¤Çº¤ØÁ PI ·íÒãË‰ä´‰°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ´Ñ§µÒÃÒ§·Õè 3.3

¾Ô¨ÒÃ³Ò¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃáÅÐÊÑ­­Ò³¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 3.24áÅÐÃÙ»·Õè 3.25µÅÍ´¨¹¤ˆÒÍÑµÃÒ
¢ÂÒÂ �

� áÅÐ �� ´Ñ§ÃÙ»·Õè 3.26¾ºÇˆÒ ¼Å¡ÒÃ¤Çº¤ØÁÊÒÃ¼ÅÔµÀÑ³±Œ·ÕèÂÍ´ËÍÁÕ¤ÇÒÁã¡Å‰à¤ÕÂ§¡Ñº¡ÒÃ¤Çº
¤ØÁâ´Â¡ÒÃ»ÃÑº¨Ù¹µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè¢Í§ Ziegler-NicholsÊ̂Ç¹¡ÒÃ¤Çº¤ØÁÊÒÃ
¼ÅÔµÀÑ³±Œ·Õè°Ò¹ËÍ¹Ñé¹ µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õè´Õ¡ÇˆÒ
·Ñé§¹Õéà¾ÃÒÐÁÕªˆÇ§àÇÅÒà¢‰Ò·ÕèàÃçÇ áÅÐÊ̂Ç¹¾Øˆ§à¡Ô¹ÊÙ§ÊØ´ÁÕ¤ˆÒµíèÒ
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ÃÙ»·Õè 3.25:¤ÇÒÁà¢‰Á¢‰¹¢Í§¼ÅÔµÀÑ³±Œ·Õè°Ò¹ËÍã¹¡ÒÃ·´ÅÍ§·Õè 2
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ÃÙ»·Õè 3.26:¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ¢Í§Ç§ÃÍº°Ò¹ËÍã¹¡ÒÃ·´ÅÍ§·Õè 2
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¡ÒÃ·´ÅÍ§·Õè 3

ãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍº°Ò¹ËÍáÅÐÇ§
ÃÍºÂÍ´ËÍ â´Âà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ¤Çº¤ØÁ¡Ñº¡ÒÃ¤Çº¤ØÁ´‰ÇÂµÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ
¤§·Õè
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ÃÙ»·Õè 3.27:¤ÇÒÁà¢‰Á¢‰¹¢Í§¼ÅÔµÀÑ³±Œ·ÕèÂÍ´ËÍã¹¡ÒÃ·´ÅÍ§·Õè 3

¾Ô¨ÒÃ³Ò¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃáÅÐÊÑ­­Ò³¤Çº¤ØÁ·ÕèÇ§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ ´Ñ§ÃÙ»·Õè 3.27

áÅÐÃÙ»·Õè 3.28 µÒÁÅíÒ´ÑºáÅÐ¤ˆÒÍÑµÃÒ¢ÂÒÂ �
� áÅÐ � � ·ÕèÇ§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ ´Ñ§ÃÙ»·Õè 3.29

áÅÐÃÙ»·Õè 3.30 ¾ºÇˆÒµÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊÒÁÒÃ¶¤Çº¤ØÁÊÒÃ¼ÅÔµ
ÀÑ³±Œ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍÁÕ»ÃÐÊÔ·¸ÔÀÒ¾´Õ¡ÇˆÒ¡ÒÃ¤Çº¤ØÁâ´Â¡ÒÃ»ÃÑº¨Ù¹µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ
¾ÒÃÒÁÔàµÍÃŒ¤§·Õè
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ÃÙ»·Õè 3.28:¤ÇÒÁà¢‰Á¢‰¹¢Í§¼ÅÔµÀÑ³±Œ·Õè°Ò¹ËÍã¹¡ÒÃ·´ÅÍ§·Õè 3
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ÃÙ»·Õè 3.29:¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ¢Í§Ç§ÃÍºÂÍ´ËÍã¹¡ÒÃ·´ÅÍ§·Õè 3
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ÃÙ»·Õè 3.30:¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ¢Í§Ç§ÃÍº°Ò¹ËÍã¹¡ÒÃ·´ÅÍ§·Õè 3

¨Ò¡¼Å¡ÒÃ¨íÒÅÍ§ÃÐºº¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§·Ñé§ 3 ¡ÒÃ·´ÅÍ§áÊ´§ãË‰
àËç¹ÇˆÒ ¡ÒÃÍÍ¡áººâ¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õáºº¡íÒ¡Ñº´ÙáÅµÑÇ¤Çº¤ØÁ PI â´Â¡ÒÃãª‰¡ÒÃ
ÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means ÃˆÇÁ¡Ñº¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI

àÁ×èÍ·´ÊÍº¡ÒÃ¨íÒÅÍ§ÃÐºº¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´´‰ÇÂ¤ÍÁ¾ÔÇàµÍÃŒ â´Â
ÁÕà»„ÒËÁÒÂËÅÑ¡ã¹¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¤×Í ¡ÒÃ¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹¢Í§
ÊÒÃ¼ÅÔµÀÑ³±Œ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍ ãË‰à»“¹ä»µÒÁ¤ˆÒ·Õè¡íÒË¹´ àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃ
à¢‰Ò·Õè¡ÅÒ§ËÍ ¨Ò¡¼Å¡ÒÃ¨íÒÅÍ§¾ºÇˆÒ¡ÒÃãª‰ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õáºº¡íÒ¡Ñº´ÙáÅµÑÇ¤Çº¤ØÁ PI ÁÒ¤Çº
¤ØÁ·Ñé§ã¹Ç§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ¾Ã‰ÍÁ¡Ñ¹ã¹¡ÒÃ·´ÅÍ§·Õè 3 ãË‰¼Å¡ÒÃ¤Çº¤ØÁ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾´Õ¡ÇˆÒ¡ÒÃ
ãª‰ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õáºº¡íÒ¡Ñº´ÙáÅµÑÇ¤Çº¤ØÁ PI ÁÒ¤Çº¤ØÁà¾ÕÂ§Ç§ÃÍºà´ÕÂÇ´Ñ§àªˆ¹ã¹¡ÒÃ·´ÅÍ§·Õè
1 áÅÐ¡ÒÃ·´ÅÍ§·Õè 2
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3.2 ¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§Ë‰Í§» Ô̄ºÑµÔ¡ÒÃÇÔ Ñ̈ÂÃÐºº¤Çº¤ØÁ

3.2.1 â¤Ã§ÊÃ‰Ò§ËÍ¡ÅÑè¹áººáÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

ËÍ¡ÅÑè¹áººáÂ¡ÊÒÃ 2 ª¹Ô´¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁà»“¹¢Í§ºÃÔÉÑ· Armfield ÃØˆ¹
UOP3CC´Ñ§ÃÙ»·Õè 3.31 ¾Ô¨ÒÃ³Ò¨Ò¡á¼¹ÀÒ¾ÍÂˆÒ§§̂ÒÂ´Ñ§ÃÙ»·Õè 3.32 ¨ÐàËç¹ä´‰ÇˆÒÍØ»¡Ã³ŒµˆÒ§æº¹ËÍ¡ÅÑè¹
¶Ù¡µÔ´µÑé§º¹â¤Ã§àËÅç¡ (ËÁÒÂàÅ¢ 1) «Öè§ÁÕ¢ÒµÑé§·Õè»ÃÑºÃÐ´Ñºä´‰ (ËÁÒÂàÅ¢ 2) »ÃÐ¡Íº´‰ÇÂµÑÇËÍ¡ÅÑè¹·Õè·íÒ
¨Ò¡á¡‰Ç ÁÕ·Ñé§ËÁ´ 2 Ê̂Ç¹¤×Í Ê̂Ç¹º¹ (ËÁÒÂàÅ¢ 4) Ê̂Ç¹Å̂Ò§ (ËÁÒÂàÅ¢ 3) áµˆÅÐÊ̂Ç¹ÁÕ 4 ªÑé¹ áµˆÅÐ
ªÑé¹à»“¹áººá¼ˆ¹µÐá¡Ã§ (Sieve Plate)¢¹Ò´àÊ‰¹¼ˆÒ¹ÈÙ¹ÂŒ¡ÅÒ§ 50 ÁÔÅÅÔàÁµÃ µÑÇËÍ·Ñé§ 2 ËØ‰Á©¹Ç¹â´Â
ÃÍºà¾×èÍ»„Í§¡Ñ¹¡ÒÃÊÙ­àÊÕÂ¤ÇÒÁÃ‰Í¹ ÃÐËÇˆÒ§µÑÇËÍÊ̂Ç¹º¹áÅÐÊ̂Ç¹Å̂Ò§à»“¹Ê̂Ç¹¡ÒÃ»„Í¹à¢‰ÒÊÒÃ·Õè¡ÅÒ§
ËÍ«Öè§·Ñé§ËÁ´µˆÍàª×èÍÁ¡Ñ¹ã¹á¹ÇµÑé§à¾×èÍãË‰äÍáÅÐ¢Í§àËÅÇäËÅÊÇ¹·Ò§¡Ñ¹ä´‰

¹Í¡¨Ò¡¹ÕéÂÑ§ÁÕÍØ»¡Ã³ŒÍ×è¹æÍÕ¡ä´‰á¡̂ ËÁ‰Íµ‰Á«íéÒ (ËÁÒÂàÅ¢ 13) ÀÒª¹Ð·Õèãª‰ºÃÃ¨ØÊÒÃ·Õèãª‰»„Í¹à¢‰Ò
ËÍ¢¹Ò´ 5 ÅÔµÃ¨íÒ¹Ç¹ 2 ãº (ËÁÒÂàÅ¢ 5 áÅÐ 6) ÁÍàµÍÃŒÊÙºÊÒÃà¢‰ÒËÍáºº Peristaltic (ËÁÒÂàÅ¢ 7)

à¤Ã×èÍ§¤Çºá¹ˆ¹ (ËÁÒÂàÅ¢ 8) ÀÒª¹ÐºÃÃ¨ØÊÒÃ¼ÅÔµÀÑ³±Œ·Õè°Ò¹ËÍ (ËÁÒÂàÅ¢ 9) áÅÐÀÒª¹ÐºÃÃ¨Ø¼ÅÔµ
ÀÑ³±Œ·ÕèÂÍ´ËÍ (ËÁÒÂàÅ¢ 10) ÍØ»¡Ã³Œ ÃÔ¹¹íéÒÍÍ¡ (Decanter) (ËÁÒÂàÅ¢ 11) ÇÒÅŒÇ»„Í¹ÊÒÃ¡ÅÑºÂÍ´ËÍ
(ËÁÒÂàÅ¢ 12) ÀÒª¹ÐºÃÃ¨ØÊÒÃªˆÇÂã¹¡Ã³Õ¡ÅÑè¹áºº ¨Ø´à´×Í´¤§·Õè (Azeotropic Dosing Vessel) (ËÁÒÂ
àÅ¢ 24) à¤Ã×èÍ§ÊÙºÊÙ­­Ò¡ÒÈ (ËÁÒÂàÅ¢ 20)

·Õè¡Å̂ÒÇÁÒ¢‰Ò§µ‰¹à»“¹ÍØ»¡Ã³ŒËÅÑ¡æ·Õè»ÃÐ¡ÍºÍÂÙˆã¹ËÍ¡ÅÑè¹áººáÂ¡ÊÒÃ 2 ª¹Ô´ áµˆÍ§¤Œ»ÃÐ¡Íº·Õè
ÊíÒ¤Ñ­ÍÕ¡ÍÂˆÒ§Ë¹Öè§¤×ÍÍØ»¡Ã³ŒÇÑ´áººµˆÒ§æ·Õèãª‰ã¹ËÍ¡ÅÑè¹áººáÂ¡ÊÒÃ 2 ª¹Ô´ «Öè§»ÃÐ¡Íº´‰ÇÂ

1. ÍØ»¡Ã³ŒÇÑ´ÍØ³ËÀÙÁÔáÅÐ¤ÇÒÁ´Ñ¹

¡ÒÃÇÑ´ÍØ³ËÀÙÁÔ ³ µíÒáË¹ˆ§µˆÒ§æÀÒÂã¹ÃÐºº·íÒä´‰â´Âãª‰¤Ùˆ¤Çº¤ÇÒÁÃ‰Í¹ (Thermocouple)«Öè§µÔ´µÑé§
äÇ‰ 14 µíÒáË¹ˆ§ (T1-T14) ä´‰á¡̂ T1-T8 µÔ´µÑé§ÍÂÙˆÀÒÂã¹µÑÇ¢Í§ËÍ¡ÅÑè¹à¾×èÍÇÑ´ÍØ³ËÀÙÁÔ¢Í§¢Í§àËÅÇ
ã¹áµˆÅÐªÑé¹ ¹ÑºµÑé§áµˆªÑé¹º¹ÊØ´ (T1) ¨¹¶Ö§ªÑé¹Å̂Ò§ÊØ´ (T8) Ê̂Ç¹ T9-T14ÍÂÙˆÀÒÂã¹ËÁ‰Íµ‰Á«íéÒ·Ò§à¢‰Ò
áÅÐ·Ò§ÍÍ¡¢Í§à¤Ã×èÍ§¤Çºá¹ˆ¹ µíÒáË¹ˆ§»„Í¹ÊÒÃ¡ÅÑºÂÍ´ËÍ áÅÐµíÒáË¹ˆ§»„Í¹ÊÒÃà¢‰ÒËÍ µÒÁ
ÅíÒ´Ñº ¹Í¡¨Ò¡¹ÕéÂÑ§ÁÕÍÕ¡ 3 µíÒáË¹ˆ§·ÕèÊÒÁÒÃ¶ÇÑ´ÍØ³ËÀÙÁÔä´‰áµˆäÁˆÁÕ ThermocoupleµÔ´µÑé§ÍÂÙˆ ¶‰Ò
µ‰Í§¡ÒÃÇÑ´ÍØ³ËÀÙÁÔ¡çÊÒÁÒÃ¶·íÒä´‰â´Â¡ÒÃ¶Í´ Thermocouple·ÕèµíÒáË¹ˆ§Í×è¹ÁÒãÊ̂á·¹ ã¹Ê̂Ç¹¢Í§
¡ÒÃÇÑ´¤ÇÒÁ´Ñ¹µ¡¤ÃˆÍÁËÍ¡ÅÑè¹ (Pressure Drop)ÊÒÁÒÃ¶ÇÑ´ä´‰ ¨Ò¡ÁÒµÃÇÑ´¤ÇÒÁ´Ñ¹¢Í§¢Í§äËÅ
ÃÙ»µÑÇ U (Manometer)

�
�� �� â´Â¡ÒÃà»”´ÇÒÅŒÇ V6 áÅÐ V7 µÒÁÅíÒ´Ñº

2. ÍØ»¡Ã³ŒÇÑ´ÃÐ´ÑºáÅÐÍÑµÃÒ¡ÒÃäËÅ

Ê̂Ç¹¢Í§¹íéÒËÅ̂ÍàÂç¹·Õèãª‰ã¹à¤Ã×èÍ§¤Çºá¹ˆ¹¨ÐÁÕá·§¡Œ¹íéÒ «Öè§ÁÕÍØ»¡Ã³ŒÇÑ´ÃÐ´ÑºáººÅÙ¡ÅÍÂ (Float

type) ÀÒÂã¹ËÁ‰Íµ‰Á«íéÒ¨ÐÁÕÍØ»¡Ã³ŒÇÑ´ÃÐ´Ñº¢Í§àËÅÇ (ËÁÒÂàÅ¢ 17) «Öè§à»“¹áººËÅÍ´á¡‰ÇÁÍ§
ÃÐ´Ñº·ÕèµÔ´ÍÂÙˆ¡ÑºËÁ‰Íµ‰Á«íéÒ à¤Ã×èÍ§¤Çºá¹ˆ¹¨ÐÁÕ¹íéÒËÅ̂ÍàÂç¹·ÕèäËÅã¹·ˆÍ«Öè§¢´à»“¹à¡ÅÕÂÇ ¹íéÒËÅ̂ÍàÂç¹
¹ÕéäËÅà¢‰Òà¤Ã×èÍ§¤Çºá¹ˆ¹¼ˆÒ¹ÁÒµÃÇÑ´ÍÑµÃÒ¡ÒÃäËÅáººÅÙ¡ÅÍÂ (Rotameter) (Fl1)ÊÒÁÒÃ¶¤Çº¤ØÁ
â´Âãª‰ÇÒÅŒÇ V5
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ÃÙ»·Õè 3.31: ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ã¹Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ¢Í§ºÃÔÉÑ· Armfield ÃØˆ¹
UOP3CC
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ÃÙ»·Õè 3.32: á¼¹ÀÒ¾ÍÂˆÒ§§̂ÒÂ¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ã¹Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ¢Í§
ºÃÔÉÑ· Armfield ÃØˆ¹ UOP3CC

3. ÍØ»¡Ã³ŒÇÑ´¤ÇÒÁà¢‰Á¢‰¹

¡ÒÃÇÔà¤ÃÒÐËŒ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¨íÒà»“¹µ‰Í§ãª‰à¤Ã×èÍ§Á×Í¾ÔàÈÉ áÅÐµ‰Í§ãª‰àÇÅÒã¹¡ÒÃÇÔà¤ÃÒÐËŒ·íÒ
ãË‰äÁˆÊÐ´Ç¡ã¹¡ÒÃ¤Çº¤ØÁ áÅÐà¹×èÍ§¨Ò¡ÊÒÃ·Õèãª‰¡ÅÑè¹à»“¹ÊÒÃ¼ÊÁ¢Í§àÍ·Ò¹ÍÅáÅÐ¹íéÒ ´Ñ§¹Ñé¹
¨Ö§ãª‰ÍØ»¡Ã³ŒÇÑ´¤ÇÒÁà¢‰Á¢‰¹áººäÎâ´ÃÁÔàµÍÃŒ «Öè§à»“¹ÍØ»¡Ã³Œ·ÕèÁÕ¤ÇÒÁÊÐ´Ç¡ã¹¡ÒÃãª‰§Ò¹à¾ÃÒÐ
ÊÒÁÒÃ¶ÍˆÒ¹¤ˆÒ¤ÇÒÁà¢‰Á¢‰¹à»“¹ � â´Â»ÃÔÁÒµÃä´‰·Ñ¹·Õ ¶Ö§áÁ‰ÇˆÒÍÒ¨ÁÕ¤ˆÒ¼Ô´¾ÅÒ´áµˆ¡çÍÂÙˆã¹ªˆÇ§
·ÕèÊÒÁÒÃ¶ÂÍÁÃÑºä´‰
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3.2.2 µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº Ù́áÅ ‰́ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ

ã¹¡ÒÃÈÖ¡ÉÒãª‰â¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁáººÊÍ§Ç§ÃÍº ¤×ÍÇ§ÃÍº¡ÒÃ¤Çº¤ØÁÂÍ´ËÍáÅÐÇ§ÃÍº
¡ÒÃ¤Çº¤ØÁ°Ò¹ËÍ â´ÂÇÑµ¶Ø»ÃÐÊ§¤Œ¢Í§¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¤×Í ¡ÒÃ¤Çº¤ØÁ¤ÇÒÁ
à¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµÀÑ³±Œ·ÕèÂÍ´ËÍáÅÐÊÒÃ¼ÅÔµÀÑ³±Œ·Õè°Ò¹ËÍ ãË‰à»“¹ä»µÒÁ¤ˆÒ·Õè¡íÒË¹´äÇ‰ àÁ×èÍÁÕ¡ÒÃ
à»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ ´Ñ§¹Ñé¹¨Ö§ÍÍ¡áºº¡ÒÃ·´ÅÍ§ãË‰ãª‰¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃµÑé§
µ‰¹ã¹ËÁ‰Íµ‰Á«íéÒ»ÃÐÁÒ³ 25 � â´Â»ÃÔÁÒµÃ ÁÕ¡ÒÃÃº¡Ç¹ÃÐººâ´Â¡ÒÃà¾ÔèÁÍÑµÃÒ¡ÒÃäËÅ¢Í§ÊÒÃ»„Í¹
à¢‰Ò¡ÅÒ§ËÍ·ÕèàÇÅÒ 60 ¹Ò·Õà»“¹ 50 âÁÅ/¹Ò·Õ áÅÐ·ÕèàÇÅÒ 80 ¹Ò·Õ Å´Å§ÊÙˆ¤ˆÒ»¡µÔ¤×Í 30 âÁÅ/¹Ò·Õ

� ¡íÒË¹´¨Ø´·íÒ§Ò¹¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

– ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµÀÑ³±Œ·ÕèÂÍ´ËÍà·̂Ò¡Ñº 91 � â´Â»ÃÔÁÒµÃ áÅÐÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍà·̂Ò
¡Ñº 82.0Í§ÈÒà«Åà«ÕÂÊ

– ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµÀÑ³±Œ·Õè¡ÅÒ§ËÍà·̂Ò¡Ñº 40 � â´Â»ÃÔÁÒµÃ ÍØ³ËÀÙÁÔ·Õè¡ÅÒ§ËÍà·̂Ò¡Ñº
55.0Í§ÈÒà«Åà«ÕÂÊ áÅÐÍÑµÃÒ¡ÒÃäËÅà¢‰Ò¡ÅÒ§ËÍà·̂Ò¡Ñº 30 ÁÔÅÅÔÅÔµÃµˆÍ¹Ò·Õ

– ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµÀÑ³±Œ·Õè°Ò¹ËÍà·̂Ò¡Ñº 20 � â´Â»ÃÔÁÒµÃ áÅÐÍØ³ËÀÙÁÔ·Õè°Ò¹ËÍà·̂Ò
¡Ñº 85.3Í§ÈÒà«Åà«ÕÂÊ

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ áÅÐµÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ

– ¡íÒË¹´ãË‰¨íÒ¹Ç¹à«µ¿’««Õ¢Í§¢‰ÍÁÙÅ·Õèà¢‰ÒÊÙˆÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕäÁˆà¡Ô¹ 7 à«µ áÅÐ¨íÒ¹Ç¹
à«µ¿’««Õ¢Í§¢‰ÍÁÙÅ·ÕèÍÍ¡¨Ò¡ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤§·Õè 2 à«µ

– àÅ×Í¡ãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansáÅÐ¡íÒË¹´ãË‰ � � � !
��� áÅÐ � � � ��� �

– àÅ×Í¡ãª‰¡ÒÃÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ â´Âãª‰ compactness and separation validity

function

– àÅ×Í¡ãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹Ç§ÃÍºÂÍ´ËÍ

– �
�� � � �� � �� � � ��� áÅÐ ��

�� � � ��� ��
� � �

!�

–
�

�
� �� � � �� �� áÅÐ �� � �� � ��

– ¡íÒË¹´ÍÑµÃÒ¡ÒÃÊØˆÁàÅ×Í¡¢‰ÍÁÙÅ·Ø¡ 10 ÇÔ¹Ò·Õ

– àÅ×Í¡ãª‰¡ÒÃá»Å§¿’««ÕáººÊÒÁàËÅÕèÂÁ

– àÅ×Í¡ãª‰¡Åä¡¡ÒÃµÑ´ÊÔ¹ã¨¿’««Õáºº minimum

– àÅ×Í¡ãª‰¡ÒÃá»Å§¡ÅÑº¿’««Õáºº¨Ø´ÈÙ¹ÂŒ¶̂Ç§
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� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹Ç§ÃÍº°Ò¹ËÍ

– �
�� � � ��� ��

� � ��
� áÅÐ ��

�� � � ��� ��
� � ��

�

–
�

�
� �� � � �� �� áÅÐ �� � �� �

$ � ��

– ¡íÒË¹´ÍÑµÃÒ¡ÒÃÊØˆÁàÅ×Í¡¢‰ÍÁÙÅ·Ø¡ 10 ÇÔ¹Ò·Õ

– àÅ×Í¡ãª‰¡ÒÃá»Å§¿’««ÕáººÊÒÁàËÅÕèÂÁ

– àÅ×Í¡ãª‰¡Åä¡¡ÒÃµÑ´ÊÔ¹ã¨¿’««Õáºº minimum

– àÅ×Í¡ãª‰¡ÒÃá»Å§¡ÅÑº¿’««Õáºº¨Ø´ÈÙ¹ÂŒ¶̂Ç§

â´ÂÍÍ¡áºº¡ÒÃ·´ÅÍ§»“¹ 4 ¡ÒÃ·´ÅÍ§à¾×èÍÈÖ¡ÉÒ¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ ´Ñ§µÒÃÒ§
·Õè 3.4

µÒÃÒ§·Õè 3.4:µÒÃÒ§áÊ´§ÃÒÂÅÐàÍÕÂ´¡ÒÃ·´ÅÍ§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ UOP3CC

¡ÒÃ·´ÅÍ§ ¡ÒÃ¤Çº¤ØÁã¹Ç§ÃÍºÂÍ´ËÍ ¡ÒÃ¤Çº¤ØÁã¹Ç§ÃÍº°Ò¹ËÍ

� µÑÇ¤Çº¤ØÁ PI µÑÇ¤Çº¤ØÁ PI

áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè! µÑÇ¤Çº¤ØÁ PI µÑÇ¤Çº¤ØÁ PI

áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè
� µÑÇ¤Çº¤ØÁ PI µÑÇ¤Çº¤ØÁ PI

áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ
� µÑÇ¤Çº¤ØÁ PI µÑÇ¤Çº¤ØÁ PI

áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ



53

¡ÒÃ·´ÅÍ§·Õè 1 (UOP3CC)

ãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·ÕèáººÇÔ¸Õ Ziegler-Nichols ã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍº
ÂÍ´ËÍáÅÐÇ§ÃÍº°Ò¹ËÍ â´Â¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI ·ÕèÇ§ÃÍºÂÍ´ËÍÁÕ¤ˆÒ �

� � !
���

$

áÅÐ �� � !
���� áÅÐ ¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI ·ÕèÇ§ÃÍº°Ò¹ËÍÁÕ¤ˆÒ �

� � � �
$�� áÅÐ

�� � � �
!�� àÁ×èÍ¾Ô¨ÒÃ³Ò¨Ò¡¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃáÅÐÊÑ­­Ò³¤Çº¤ØÁã¹Ç§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ´Ñ§

ÃÙ»·Õè 3.33 áÅÐÃÙ»·Õè 3.34 ¾ºÇˆÒàÁ×èÍà¾ÔèÁÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ µÑÇ¤Çº¤ØÁ PI ÊÒÁÒÃ¶¤Çº¤ØÁ
ÍØ³ËÀÙÁÔ·ÕèÇ§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍä´‰ áµˆÁÕ¡ÒÃá¡Çˆ§¢Í§ÊÑ­­Ò³¤ˆÍ¹¢‰Ò§ÊÙ§
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ÃÙ»·Õè 3.33:ÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐàÇÅÒ¡ÒÃ»„Í¹ÊÒÃ¡ÅÑº·ÕèÂÍ´ËÍ¢Í§¡ÒÃ·´ÅÍ§·Õè 1 (UOP3CC)
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ÃÙ»·Õè 3.34:ÍØ³ËÀÙÁÔ·Õè°Ò¹ËÍáÅÐ¾ÅÑ§§Ò¹·ÕèËÁ‰Íµ‰Á«íéÒ·Õè°Ò¹ËÍ¢Í§¡ÒÃ·´ÅÍ§·Õè 1 (UOP3CC)
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¡ÒÃ·´ÅÍ§·Õè 2 (UOP3CC)

ãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·ÕèáººÇÔ¸Õ Ziegler-Nichols ã¹¡ÒÃ¤Çº¤ØÁÇ§
ÃÍº°Ò¹ËÍáÅÐãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍ
¨Ò¡ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµàÃÔèÁµ‰¹áÊ´§´Ñ§ÃÙ»·Õè 3.35 ´Ñ§¹Ñé¹ÊÒÁÒÃ¶ÃÐºØËÒ
¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµàÃÔèÁµ‰¹ä´‰ â´Â¤íÒ¹Ç³¤ˆÒà¡³±Œ �

ÊíÒËÃÑº¡ÒÃ·´ÅÍ§¹Õé àÁ×èÍ·íÒ¡ÒÃ¤íÒ¹Ç³¤ˆÒà¡³±Œ � áÅ‰Ç¾ºÇˆÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁäÁˆ
à»“¹ä»µÒÁ·ÄÉ®Õ ¡Å̂ÒÇ¤×Í¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ·Õè¤íÒ¹Ç³ä´‰ äÁˆÊÍ´¤Å‰Í§¡Ñº¡ÒÃ»„Í¹ÊÑ­­Ò³
Ãº¡Ç¹·ÕèÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§áºº¢Ñé¹·ÕèÊÁÁÒµÃ «Öè§¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·Õè¤íÒ¹Ç³ä´‰¤ÇÃà»“¹ 3, 5 ËÃ×Í 7

áµˆàÁ×èÍ¹íÒ¢‰ÍÁÙÅä»¤íÒ¹Ç³¨ÃÔ§¼Å»ÃÒ¡®ÇˆÒ ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·Õè¤íÒ¹Ç³ä´‰¡ÅÑºà»“¹ 2, 4 ËÃ×Í 6 áµˆ
¨Ò¡¡ÒÃÊÑ§à¡µ¾ºÇˆÒ¤ˆÒà¡³±Œ � ¢Í§¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅµÑé§áµˆ 2-7 ¹Ñé¹ÁÕ¤ˆÒã¡Å‰à¤ÕÂ§¡Ñ¹ ´Ñ§¹Ñé¹ËÒ¡
¨íÒ¹Ç¹¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´ÁÕ¨íÒ¹Ç¹¹‰ÍÂáÅ‰Ç ¡ÒÃà¡Ô´¤ÇÒÁ¼Ô´¾ÅÒ´ã¹¡ÒÃ·íÒ§Ò¹¢Í§¡ÃÐºÇ¹¡ÒÃ «Öè§·íÒ
ãË‰¢‰ÍÁÙÅºÒ§Ê̂Ç¹ÁÕ¡ÒÃ¡ÃÐ¨ÒÂµÑÇáµ¡µˆÒ§¨Ò¡¢‰ÍÁÙÅÊ̂Ç¹ãË­̂ ·íÒãË‰¡ÒÃÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐ
ÊÁÍÒ¨à¡Ô´¡ÒÃ¼Ô´¾ÅÒ´ä´‰

à¾×èÍËÅÕ¡àÅÕèÂ§»’­ËÒ´Ñ§¡Å̂ÒÇ ¨Ö§ÃÐºØ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ â´Â¡íÒË¹´ãË‰ÊÍ´¤Å‰Í§¡Ñº¼Å
¢Í§¡ÒÃÃÐºØ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¨Ò¡¡ÒÃ¨íÒÅÍ§ÃÐºº´‰ÇÂ¤ÍÁ¾ÔÇàµÍÃŒ¢Í§¡ÒÃ·´ÅÍ§ã¹ËÑÇ¢‰Í 3.1

·Ñé§¹Õéà¾ÃÒÐÁÕÃÙ»áºº¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ·Õè¤Å‰ÒÂ¡Ñ¹
´Ñ§¹Ñé¹¨Ò¡ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµÊØ´·‰ÒÂ´Ñ§ÃÙ»·Õè 3.36 ¨Ö§ÃÐºØ¨íÒ¹Ç¹

¡ÅØˆÁ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµãË‰à·̂Ò¡Ñº 3 ¡ÅØˆÁ áÅÐ¨íÒ¹Ç¹¡ÅØˆÁ¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¡íÒË¹´ãË‰à·̂Ò¡Ñº 2 ¡ÅØˆÁ áÅÐ
ãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansã¹¡ÒÃ¡íÒË¹´ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·ÕèàËÁÒÐÊÁ
¡Ñº¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµàÃÔèÁµ‰¹ÃÐËÇˆÒ§ �

�� � áÅÐ ��
�� � áÅÐ¢‰ÍÁÙÅàÍÒ·Œ¾ØµàÃÔèÁµ‰¹ÃÐËÇˆÒ§ � �

�

áÅÐ � �
�

ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ËÒä´‰¨Ò¡¡ÒÃ¾ÅçÍµ fuzzy parti-

tion matrix ¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅÍÔ¹¾Øµä»ÂÑ§á¡¹¢Í§ �
�� � áÅÐ ��

�� � ´Ñ§ÃÙ»·Õè 3.37 áÅÐ 3.39 µÒÁÅíÒ´Ñº
áÅÐ¾ÅçÍµ fuzzy partition matrix¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅàÍÒ·Œ¾Øµä»ÂÑ§á¡¹¢Í§ � �

� áÅÐ � �
� ´Ñ§ÃÙ»·Õè 3.41

áÅÐÃÙ»·Õè 3.43 µÒÁÅíÒ´Ñº ¨Ò¡¹Ñé¹¹íÒ¤ˆÒ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅã¹áµˆÅÐ¡ÅØˆÁÁÒ»ÃÐÁÒ³à»“¹
¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áººÊÒÁàËÅÕèÂÁ

´Ñ§¹Ñé¹ÊÒÁÒÃ¶¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ �
�� � áÅÐ ��

�� � ä´‰´Ñ§ÃÙ»·Õè 3.38

áÅÐ 3.40 µÒÁÅíÒ´Ñº áÅÐ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ � �
� áÅÐ � �

� ä´‰´Ñ§ÃÙ»·Õè 3.42

áÅÐÃÙ»·Õè 3.44µÒÁÅíÒ´Ñº
àÁ×èÍ¾Ô¨ÒÃ³Ò¨Ò¡¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃ ÍÑ¹à¹×èÍ§ÁÒ¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ

¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ·íÒãË‰ÊÒÁÒÃ¶¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁÊíÒËÃÑº¡ÒÃ¤Çº¤ØÁÇ§ÃÍºÂÍ´
ËÍ¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ àÁ×èÍ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ¤×Í 3 ¡ÅØˆÁ ´Ñ§¹Ñé¹¨Ò¡¤ÇÒÁÃÙ‰ã¹¡ÒÃ¡íÒË¹´·Õè
àËÁÒÐÊÁâ´Âãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ·íÒãË‰ä´‰°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ´Ñ§µÒÃÒ§
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·Õè 3.5

¾Ô¨ÒÃ³Ò¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃáÅÐÊÑ­­Ò³¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 3.45áÅÐÃÙ»·Õè 3.46µÅÍ´¨¹¤ˆÒÍÑµÃÒ
¢ÂÒÂ �

� áÅÐ �� ´Ñ§ÃÙ»·Õè 3.47 ¾ºÇˆÒàÁ×èÍà¾ÔèÁÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ ÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐ
°Ò¹ËÍ¨ÐÅ´Å§àÅç¡¹‰ÍÂ ã¹¢³ÐÅ´ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ ÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍ¨Ðà¾ÔèÁ
¢Öé¹àÅç¡¹‰ÍÂàªˆ¹¡Ñ¹ «Öè§ãË‰¼ÅµÃ§µÒÁ·ÄÉ®Õ áÅÐµÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ
ÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍä´‰´Õ áÅÐµÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·ÕèáººÇÔ¸Õ Ziegler-

Nichols ¡çÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔ·Õè°Ò¹ËÍä´‰´Õàªˆ¹à´ÕÂÇ¡Ñ¹ ´Ñ§¹Ñé¹ÊÒÃ¼ÅÔµÀÑ³±Œ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍ¨Ö§
à»“¹ä»µÒÁ·Õè¡íÒË¹´

à»“¹·Õè¹ˆÒÊÑ§à¡µÇˆÒã¹¡ÒÃ·´ÅÍ§¹Õé àÁ×èÍÁÕ¡ÒÃà¾ÔèÁÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ àÇÅÒã¹¡ÒÃ»„Í¹
ÊÒÃ¡ÅÑº·ÕèÂÍ´ËÍÁÕ¤ˆÒÅ´Å§ áµˆ¾ÅÑ§§Ò¹·ÕèËÁ‰Íµ‰Á«íéÒÁÕ¤ˆÒà¾ÔèÁ¢Öé¹ áÅÐàÁ×èÍÁÕ¡ÒÃÅ´ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò
·Õè¡ÅÒ§ËÍ ¡ç¨Ðà¡Ô´¼Åã¹·Ò§¡ÅÑº¡Ñ¹ ´Ñ§¹Ñé¹¨Ö§à»“¹¡ÒÃáÊ´§ãË‰àËç¹¡ÒÃª´àªÂÊÑ­­Ò³¤Çº¤ØÁàÁ×èÍÁÕ¡ÒÃ
à»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ
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57

−1.5 −1 −0.5 0 0.5 1 1.5
0

0.5

1

Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 1

−1.5 −1 −0.5 0 0.5 1 1.5
0

0.5

1

Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 2

−1.5 −1 −0.5 0 0.5 1 1.5
0

0.5

1

Error

M
em

be
rs

hi
p 

D
eg

re
e

cluster 3

ÃÙ»·Õè 3.37:¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ �
�� � áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ¢Í§¡ÒÃ·´

ÅÍ§·Õè 2 (UOP3CC)
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ÃÙ»·Õè 3.39: ¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ ��
�� � áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ¢Í§¡ÒÃ

·´ÅÍ§·Õè 2 (UOP3CC)
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�� � ¢Í§¡ÒÃ·´ÅÍ§·Õè 2 (UOP3CC)
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ÃÙ»·Õè 3.41: ¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ � �
� áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¢Í§¡ÒÃ

·´ÅÍ§·Õè 2 (UOP3CC)
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ÃÙ»·Õè 3.43:¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ � �
� áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¢Í§¡ÒÃ·´

ÅÍ§·Õè 2 (UOP3CC)
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� ¢Í§¡ÒÃ·´ÅÍ§·Õè 2 (UOP3CC)
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µÒÃÒ§·Õè 3.5: (a)°Ò¹¡®¿’««ÕÊíÒËÃÑº � �
� ¢Í§¡ÒÃ·´ÅÍ§·Õè 2 (UOP3CC) (b)°Ò¹¡®¿’««ÕÊíÒËÃÑº � �

� ¢Í§
¡ÒÃ·´ÅÍ§·Õè 2 (UOP3CC)
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ÃÙ»·Õè 3.45:ÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐàÇÅÒ¡ÒÃ»„Í¹ÊÒÃ¡ÅÑº·ÕèÂÍ´ËÍ¢Í§¡ÒÃ·´ÅÍ§·Õè 2 (UOP3CC)



62

40 50 60 70 80 90 100
82.3

83.3

84.3

85.3

86.3

87.3

88.3

Time (min)

T
8 

(C
el

ci
us

)

40 50 60 70 80 90 100
0

0.2

0.4

0.6

0.8

1

Time (min)

R
eb

oi
le

r 
R

at
e 

(k
ilo

−
w

at
t)
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ÃÙ»·Õè 3.47:¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ¢Í§Ç§ÃÍºÂÍ´ËÍ¢Í§¡ÒÃ·´ÅÍ§·Õè 2 (UOP3CC)
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¡ÒÃ·´ÅÍ§·Õè 3 (UOP3CC)

ãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·ÕèáººÇÔ¸Õ Ziegler-Nichols ã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍº
ÂÍ´ËÍáÅÐãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍº°Ò¹ËÍ ¨Ò¡
ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµàÃÔèÁµ‰¹áÊ´§´Ñ§ÃÙ»·Õè 3.48 áÅÐÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ
¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµÊØ´·‰ÒÂ´Ñ§ÃÙ»·Õè 3.49´‰ÇÂàËµØ¼Åà´ÕÂÇ¡Ñ¹¡Ñº¡ÒÃ·´ÅÍ§·Õè 2 (UOP3CC)́ Ñ§¹Ñé¹
¨Ö§ÃÐºØËÒ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµãË‰à·̂Ò¡Ñº 3 ¡ÅØˆÁ áÅÐ¨íÒ¹Ç¹¡ÅØˆÁ¢Í§¢‰ÍÁÙÅàÍÒ·Œ
¾Øµ¡íÒË¹´ãË‰à·̂Ò¡Ñº 2 ¡ÅØˆÁ áÅÐãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-meansã¹¡ÒÃ¡íÒË¹´ÃÙ»ÃˆÒ§¢Í§
¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·ÕèàËÁÒÐÊÁ¡Ñº¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµàÃÔèÁµ‰¹ÃÐËÇˆÒ§ �

�� � áÅÐ ��
�� �

áÅÐ¢‰ÍÁÙÅàÍÒ·Œ¾ØµàÃÔèÁµ‰¹ÃÐËÇˆÒ§ � �
� áÅÐ � �

�

ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ËÒä´‰¨Ò¡¡ÒÃ¾ÅçÍµ fuzzy parti-

tion matrix ¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅÍÔ¹¾Øµä»ÂÑ§á¡¹¢Í§ �
�� � áÅÐ ��

�� � ´Ñ§ÃÙ»·Õè 3.50 áÅÐ 3.52 µÒÁ
ÅíÒ´Ñº áÅÐ¾ÅçÍµ fuzzy partition matrix ¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅàÍÒ·Œ¾Øµä»ÂÑ§á¡¹¢Í§ � �

� áÅÐ � �
�

´Ñ§ÃÙ»·Õè 3.54 áÅÐÃÙ»·Õè 3.56 µÒÁÅíÒ´Ñº ¨Ò¡¹Ñé¹¹íÒ¤ˆÒ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅáµˆÅÐ¡ÅØˆÁÁÒ
»ÃÐÁÒ³à»“¹¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áººÊÒÁàËÅÕèÂÁ

´Ñ§¹Ñé¹ÊÒÁÒÃ¶¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ �
�� � áÅÐ ��

�� � ä´‰´Ñ§ÃÙ»·Õè 3.51

áÅÐ 3.53 µÒÁÅíÒ´Ñº áÅÐ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ � �
� áÅÐ � �

� ä´‰´Ñ§ÃÙ»·Õè 3.55

áÅÐÃÙ»·Õè 3.57µÒÁÅíÒ´Ñº
àÁ×èÍ¾Ô¨ÒÃ³Ò¨Ò¡¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃ ÍÑ¹à¹×èÍ§ÁÒ¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§ÅÑ¡É³Ð¡ÒÃ¡ÃÐ¨ÒÂµÑÇ

¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ·íÒãË‰ÊÒÁÒÃ¶¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁÊíÒËÃÑº¡ÒÃ¤Çº¤ØÁÇ§ÃÍºÂÍ´
ËÍ¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ àÁ×èÍ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ¤×Í 3 ¡ÅØˆÁ ´Ñ§¹Ñé¹¨Ò¡¤ÇÒÁÃÙ‰ã¹¡ÒÃ¡íÒË¹´·Õè
àËÁÒÐÊÁâ´Âãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ·íÒãË‰ä´‰°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ´Ñ§µÒÃÒ§
·Õè 3.6

¾Ô¨ÒÃ³Ò¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃáÅÐÊÑ­­Ò³¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 3.58áÅÐÃÙ»·Õè 3.59µÒÁÅíÒ´Ñº µÅÍ´
¨¹¤ˆÒÍÑµÃÒ¢ÂÒÂ �

� áÅÐ � � ´Ñ§ÃÙ»·Õè 3.60¾ºÇˆÒ µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ
¿’««ÕÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔ·Õè°Ò¹ËÍä´‰´Õà»“¹·Õè¹ˆÒ¾Íã¨ Ê̂Ç¹µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ
¤§·ÕèáººÇÔ¸Õ Ziegler-NicholsÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍä´‰´Õ áµˆàÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÒÃ·´ÅÍ§·Õè 2
(UOP3CC)·ÕèÇ§ÃÍºÂÍ´ËÍ¨ÐàËç¹ä´‰ÇˆÒ àÁ×èÍãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ
ã¹¡ÒÃ¤Çº¤ØÁ¨ÐãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õè´Õ¡ÇˆÒ¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·ÕèáººÇÔ¸Õ
Ziegler-Nicholsã¹¡ÒÃ¤Çº¤ØÁ

Ê̂Ç¹¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔã¹Ç§
ÃÍº°Ò¹ËÍ àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÒÃ·´ÅÍ§·Õè 2 (UOP3CC)¾ºÇˆÒãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õèã¡Å‰à¤ÕÂ§¡Ñ¹¡Ñº¡ÒÃ
ãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·ÕèáººÇÔ¸Õ Ziegler-Nicholsã¹¡ÒÃ¤Çº¤ØÁ
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àÁ×èÍ·íÒ¡ÒÃ·´ÅÍ§ËÅÒÂ¤ÃÑé§ ·íÒãË‰·ÃÒºÇˆÒËÒ¡ÊÒÁÒÃ¶¤Çº¤ØÁ¾ÅÑ§§Ò¹·ÕèËÁ‰Íµ‰Á«íéÒãË‰¤§·Õèä´‰ ¼Å
¢Í§¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§Ç§ÃÍº¨ÐÊ̂§¼ÅãË‰¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍ·íÒä´‰§̂ÒÂ¢Öé¹ ÊÑ§à¡µä´‰¨Ò¡àÇÅÒ¡ÒÃ
»„Í¹ÊÒÃ¡ÅÑº·ÕèÂÍ´ËÍ«Öè§ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÂÙˆã¹ªˆÇ§·ÕèàËÁÒÐÊÁäÁˆà¢‰ÒÊÙˆ¤ˆÒÊÙ§ÊØ´ (10 ÇÔ¹Ò·Õ) ËÃ×ÍµíèÒÊØ´
(0 ÇÔ¹Ò·Õ) ¢Í§¡ÒÃ¤Çº¤ØÁ «Öè§áµ¡µˆÒ§¨Ò¡¡ÒÃ·´ÅÍ§·Õè 2 (UOP3CC)·ÕèàÇÅÒ¡ÒÃ»„Í¹ÊÒÃ¡ÅÑº·ÕèÂÍ´ËÍÁÕ
¡ÒÃà»ÅÕèÂ¹á»Å§à¢‰ÒÊÙˆ¤ˆÒ·ÕèµíèÒÊØ´ (0 ÇÔ¹Ò·Õ)

´Ñ§¹Ñé¹¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍ
(¡ÒÃ·´ÅÍ§·Õè 2 (UOP3CC)) áÅÐ¤Çº¤ØÁÇ§ÃÍº°Ò¹ËÍ (¡ÒÃ·´ÅÍ§·Õè 3 (UOP3CC)) ¨ÐãË‰¼Å¡ÒÃ
¤Çº¤ØÁ·Õè´ÕÊíÒËÃÑºÇ§ÃÍº·Õè¤Çº¤ØÁ ¨Ö§ÁÕ¤ÇÒÁà»“¹ä»ä´‰·Õè¼Å¡ÒÃ¤Çº¤ØÁ·Ñé§Ç§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ¨ÐÁÕ
»ÃÐÊÔ·¸ÔÀÒ¾ÊÙ§ àÁ×èÍãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ÁÒ¤Çº¤ØÁ·Ñé§Ç§ÃÍºÂÍ´
ËÍáÅÐ°Ò¹ËÍ¾Ã‰ÍÁ¡Ñ¹
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�� � áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ¢Í§¡ÒÃ·´

ÅÍ§·Õè 3 (UOP3CC)
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�� � ¢Í§¡ÒÃ·´ÅÍ§·Õè 3 (UOP3CC)
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�� � áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ¢Í§¡ÒÃ

·´ÅÍ§·Õè 3 (UOP3CC)
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ÃÙ»·Õè 3.54: ¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ � �
� áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¢Í§¡ÒÃ

·´ÅÍ§·Õè 3 (UOP3CC)
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ÃÙ»·Õè 3.56:¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ � �
� áÅÐ fuzzy partition matrix¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¢Í§¡ÒÃ·´

ÅÍ§·Õè 3 (UOP3CC)
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� ¢Í§¡ÒÃ·´ÅÍ§·Õè 3 (UOP3CC)
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µÒÃÒ§·Õè 3.6: (a)°Ò¹¡®¿’««ÕÊíÒËÃÑº � �
� ¢Í§¡ÒÃ·´ÅÍ§·Õè 3 (UOP3CC) (b)°Ò¹¡®¿’««ÕÊíÒËÃÑº � �

� ¢Í§
¡ÒÃ·´ÅÍ§·Õè 3 (UOP3CC)
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ÃÙ»·Õè 3.58:ÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐàÇÅÒ¡ÒÃ»„Í¹ÊÒÃ¡ÅÑº·ÕèÂÍ´ËÍ¢Í§¡ÒÃ·´ÅÍ§·Õè 3 (UOP3CC)
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ÃÙ»·Õè 3.60:¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ¢Í§Ç§ÃÍº°Ò¹ËÍ¢Í§¡ÒÃ·´ÅÍ§·Õè 3 (UOP3CC)
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¡ÒÃ·´ÅÍ§·Õè 4 (UOP3CC)

ãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍº°Ò¹ËÍáÅÐÇ§
ÃÍºÂÍ´ËÍ (ãª‰â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ·´ÅÍ§·Õè 2 (UOP3CC) áÅÐ¡ÒÃ·´ÅÍ§·Õè 3
(UOP3CC)) àÁ×èÍ¾Ô¨ÒÃ³Ò¨Ò¡¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃáÅÐÊÑ­­Ò³¤Çº¤ØÁ´Ñ§ÃÙ»·Õè 3.61 áÅÐÃÙ»·Õè 3.62

µÒÁÅíÒ´Ñº¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ � � ´Ñ§ÃÙ»·Õè 3.63 áÅÐÃÙ»·Õè 3.64 µÒÁÅíÒ´Ñº ¾ºÇˆÒµÑÇ¤Çº¤ØÁ PI áºº
¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ãË‰¼Å¡ÒÃ¤Çº¤ØÁ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ ÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔ·Ñé§ã¹
Ç§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍä´‰ â´ÂäÁˆàËç¹¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔÁÒ¡¹Ñ¡àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ
»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ áÅÐ¼Å¡ÒÃ¤Çº¤ØÁ´Õ¡ÇˆÒ¡ÒÃ·´ÅÍ§·Õè 1 áÅÐËÒ¡à»ÃÕÂºà·ÕÂº¡Ñº¡ÒÃ·´ÅÍ§·Õè 2
(UOP3CC)áÅÐ¡ÒÃ·´ÅÍ§·Õè 3 (UOP3CC)¼Å¡ÒÃ¤Çº¤ØÁÁÕá¹Çâ¹‰Á·Õè´Õ¨Ð´Õ¡ÇˆÒ ÊÑ§à¡µ¨Ò¡àÇÅÒ¡ÒÃ»„Í¹
¡ÅÑºÊÒÃ·ÕèÂÍ´ËÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÂÙˆã¹ªˆÇ§äÁˆ¡Ç‰Ò§¹Ñ¡àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÒÃ·´ÅÍ§·Õè 3 (UOP3CC)
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ÃÙ»·Õè 3.61:ÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐàÇÅÒ¡ÒÃ»„Í¹ÊÒÃ¡ÅÑº·ÕèÂÍ´ËÍ¢Í§¡ÒÃ·´ÅÍ§·Õè 4 (UOP3CC)
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ÃÙ»·Õè 3.64:¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ¢Í§Ç§ÃÍº°Ò¹ËÍ¢Í§¡ÒÃ·´ÅÍ§·Õè 4 (UOP3CC)
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¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍä´‰´Õ
àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ â´Âà©¾ÒÐã¹¡ÒÃ·´ÅÍ§·Õè 4 (UOP3CC)¹Ñé¹ ¾º
ÇˆÒ¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ã¹¡ÒÃ¤Çº¤ØÁ·Ñé§Ç§ÃÍºÂÍ´ËÍáÅÐ
Ç§ÃÍº°Ò¹ËÍ¾Ã‰ÍÁ¡Ñ¹ ãË‰¼Å¡ÒÃ¤Çº¤ØÁ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾´Õ¡ÇˆÒ¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ
ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁà¾ÕÂ§Ç§ÃÍºã´Ç§ÃÍºË¹Öè§

3.3 ÊÃØ»

ã¹¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ ·Ñé§¡ÒÃ¨íÒÅÍ§ÃÐºº¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§
ª¹Ô´ áÅÐ¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ ¾ºÇˆÒ¼Å¡ÒÃ·´
ÅÍ§ÁÕ¤ÇÒÁÊÍ´¤Å‰Í§¡Ñ¹ ¡Å̂ÒÇ¤×Í¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊíÒËÃÑº
¡ÒÃ¤Çº¤ØÁã¹áµˆÅÐÇ§ÃÍº¡ÒÃ¤Çº¤ØÁ¹Ñé¹ ãË‰¼Å¡ÒÃ¤Çº¤ØÁ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾´Õ¡ÇˆÒ¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI

áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·ÕèáººÇÔ¸Õ Ziegler-Nichols ã¹¡ÒÃ¤Çº¤ØÁ ¹Í¡¨Ò¡¹Õé¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI

áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁ·Ñé§Ç§ÃÍºÂÍ´ËÍáÅÐÇ§ÃÍº°Ò¹ËÍ¾Ã‰ÍÁ¡Ñ¹ ãË‰
¼Å¡ÒÃ¤Çº¤ØÁ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾´Õ¡ÇˆÒ¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹
¡ÒÃ¤Çº¤ØÁà¾ÕÂ§Ç§ÃÍºã´Ç§ÃÍºË¹Öè§



º··Õè 4

º·ÊÃØ»áÅÐ¢‰ÍàÊ¹Íá¹Ð

4.1 º·ÊÃØ»

§Ò¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé¹íÒàÊ¹Í¡ÒÃ¾Ñ²¹Ò¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐºº
µÃÃ¡ÈÒÊµÃŒ¿’««Õ «Öè§ãª‰µÑÇ¤Çº¤ØÁ PI à»“¹µÑÇ¤Çº¤ØÁËÅÑ¡·íÒË¹‰Ò·Õè¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃâ´ÂµÃ§ áÅÐãª‰
ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¡íÒ¡Ñº´ÙáÅ¡ÒÃ»ÃÑº¨Ù¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI â´Âã¹º··Õè 2 ä´‰¡Å̂ÒÇ
¶Ö§·ÄÉ®Õ¡ÒÃ¾Ñ²¹Ò¡ÒÃÍÍ¡áººâ¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ áÅÐ¡ÒÃ»ÃÐÂØ¡µŒãª‰¡Ñº¡ÃÐºÇ¹
¡ÒÃà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ µˆÍÁÒã¹º··Õè 3 »ÃÐÂØ¡µŒãª‰¡Ñº¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹¢Í§ËÍ¡ÅÑè¹áÂ¡
ÊÒÃ¼ÊÁÊÍ§ª¹Ô´·Õèà»“¹ÃÐººáººËÅÒÂÊÑ­­Ò³à¢‰ÒËÅÒÂÊÑ­­Ò³ÍÍ¡ ÁÕ¤ÇÒÁäÁˆà»“¹àªÔ§àÊ‰¹ÊÙ§ ÁÕ¡ÒÃ
¡ÃÐ·íÒÃÐËÇˆÒ§Ç§ÃÍº¡ÒÃ¤Çº¤ØÁáÅÐÁÕ¡ÒÃÃº¡Ç¹ã¹ÃÐºº ¾ºÇˆÒµÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ
ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ãË‰¼Å¡ÒÃ¤Çº¤ØÁ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ â´ÂÍÍ¡áººãË‰ÃÐºº¤Çº¤ØÁÊÒÁÒÃ¶¤Çº¤ØÁ
¤Ø³ÀÒ¾ÊÒÃ¼ÅÔµÀÑ³±Œ ãË‰ÁÕ¤ÇÒÁºÃÔÊØ·¸Ôìà»“¹ä»µÒÁ·Õè¡íÒË¹´ àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹à¢‰Ò
¢Í§ÊÒÃ·Õè¡ÅÒ§ËÍ â´Âã¹Ê̂Ç¹¢Í§â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¹Ñé¹ ãª‰à·¤¹Ô¤¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ
áººÇÔ¸Õ fuzzy c-meansã¹¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ ÃˆÇÁ¡Ñº¡ÒÃãª‰µÒÃÒ§
¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ã¹¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁ

¡ÒÃãª‰à·¤¹Ô¤¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means ã¹¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¢Í§
¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅ·Ñé§ã¹Ê̂Ç¹·Õèà»“¹ÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ÁÕ¢‰Í´Õ
¤×Í ÊÒÁÒÃ¶¡íÒË¹´¢Íºà¢µ·Õèá¹ˆ¹Í¹¢Í§¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´ä´‰ ·íÒãË‰¿’§¡ŒªÑ¹¤ÇÒÁà»“¹
ÊÁÒªÔ¡·Õèä´‰ÊÒÁÒÃ¶¤ÅÍº¤ÅØÁ¢‰ÍÁÙÅÊ̂Ç¹ÍÔ¹¾Øµä´‰¾Í´Õ äÁˆÁÒ¡à¡Ô¹ä»ËÃ×Í¹‰ÍÂà¡Ô¹ä» ·Ñé§¹Õéà¾ÃÒÐ¶‰Ò
¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·Õèä´‰ÁÕ¢Íºà¢µ¢Í§¢‰ÍÁÙÅÊ̂Ç¹ÍÔ¹¾ØµÁÒ¡à¡Ô¹ä» ¨Ö§ÁÕ¤ÇÒÁà»“¹ä»ä´‰·Õè·íÒãË‰à¡Ô´
»’­ËÒ¡Ã³Õ·Õè¡®¿’««Õ·Õèãª‰ã¹¡ÒÃ·íÒ§Ò¹ÁÕÍÂÙˆà¾ÕÂ§¡®à´ÕÂÇ áµˆ¶‰ÒËÒ¡¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·Õèä´‰ÁÕ¢Íº
à¢µ¢Í§¢‰ÍÁÙÅÊ̂Ç¹ÍÔ¹¾Øµ¹‰ÍÂà¡Ô¹ä» ¡ç¨Ð·íÒãË‰à¡Ô´»’­ËÒ¡Ã³Õ·Õè¡®¿’««Õ·Õèãª‰ã¹¡ÒÃ·íÒ§Ò¹ÁÕäÁˆà¾ÕÂ§¾Í
»’­ËÒàËÅ̂Ò¹ÕéÁÑ¡·íÒãË‰à¡Ô´¤ÇÒÁ¼Ô´¾ÅÒ´ã¹¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃä´‰ ´Ñ§¹Ñé¹¡ÒÃÃÙ‰¢Íºà¢µ·Õèá¹ˆ¹Í¹¢Í§
¢‰ÍÁÙÅÊ̂Ç¹ÍÔ¹¾Øµ ·íÒãË‰ä´‰¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·Õè¤ÅÍº¤ÅØÁ»’­ËÒ¾Í´Õ «Öè§à»“¹Ê̂Ç¹ÊíÒ¤Ñ­ã¹¡ÒÃÅ´¢Ñé¹
µÍ¹ã¹¡ÒÃÅÍ§¼Ô´ÅÍ§¶Ù¡à¾×èÍ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·ÕèàËÁÒÐÊÁ

¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁâ´Â¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI à»“¹
¡ÒÃÊÃ‰Ò§¡®¿’««Õ IF-THEN â´Â¾Ô¨ÒÃ³Ò¨Ò¡¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃâ´ÂµÃ§ «Öè§à»“¹¡ÒÃ¡íÒË¹´°Ò¹
¡®¿’««Õ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ ·Ñé§¹Õéà¾ÃÒÐà»“¹¡ÒÃÁÍ§»’­ËÒ·Õè¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃâ´ÂµÃ§áÅÐÁÕËÅÑ¡¡ÒÃ
áÅÐ¢Ñé¹µÍ¹¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ·Õè§̂ÒÂ áµˆ¨Ò¡º·¤ÇÒÁà´ÔÁ¢Í§ Zhao [14] ¹Ñé¹¨Ð¡íÒË¹´¡®¿’««Õ¤§
·ÕèäÇ‰·Ñé§ËÁ´ 49 ¡® «Öè§â´Âá·‰¨ÃÔ§áÅ‰Çã¹ºÒ§¡ÃÐºÇ¹¡ÒÃ·Õèµ‰Í§¡ÒÃ¤Çº¤ØÁ äÁˆÁÕ¤ÇÒÁ¨íÒà»“¹µ‰Í§ãª‰¡®¿’«
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«Õ·Ñé§ 49 ¡® ¨Ò¡»’­ËÒ´Ñ§¡Å̂ÒÇ¨Ö§¹íÒËÅÑ¡¡ÒÃ¢Í§¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««ÕÁÒãª‰ãË‰ÁÕ¤ÇÒÁÂ×´ËÂØˆ¹¢Öé¹
â´Â¡íÒË¹´ãË‰¨íÒ¹Ç¹¡®¿’««ÕÊÒÁÒÃ¶à»ÅÕèÂ¹á»Å§ä´‰ â´Â¡ÒÃãª‰¡ÒÃÇÑ´¤ÇÒÁ¶Ù¡µ‰Í§¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰Í
ÁÙÅ «Öè§à»“¹¤ÇÒÁÃÙ‰Ê̂Ç¹Ë¹Öè§¢Í§à·¤¹Ô¤¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means·íÒãË‰ÊÒÁÒÃ¶ÃÐºØ¨íÒ¹Ç¹
¡®¿’««Õ·ÕèÊÒÁÒÃ¶à»ÅÕèÂ¹á»Å§ä´‰à»“¹ 4, 9, 16, 25, 36áÅÐ 49 ¡® ¡Å̂ÒÇÍÕ¡¹ÑÂË¹Öè§¤×Í ¨íÒ¹Ç¹à«µ¿’««Õ
¢Í§¢‰ÍÁÙÅ·Õèà¢‰ÒÊÙˆÃÐºººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊÒÁÒÃ¶à»ÅÕèÂ¹á»Å§ä´‰µÑé§áµˆ 2-7 à«µ ´Ñ§¹Ñé¹°Ò¹¡®¿’««Õ·Õèä´‰
¨Ö§ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ áÅÐàËÁÒÐÊÁ¡Ñº¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´¢Í§¡ÃÐºÇ¹¡ÒÃ·Õèµ‰Í§¡ÒÃ¤Çº¤ØÁ

¡ÒÃãª‰à·¤¹Ô¤¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means ã¹¡ÒÃ¡íÒË¹´¨íÒ¹Ç¹áÅÐÃÙ»ÃˆÒ§¢Í§
¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ ÃˆÇÁ¡Ñº¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ã¹¡ÒÃ¡íÒË¹´°Ò¹
¡®¿’««Õ·ÕèàËÁÒÐÊÁ ·íÒãË‰Å´»’­ËÒ¡ÒÃãª‰ÇÔ¸Õ¡ÒÃÅÍ§¼Ô´ÅÍ§¶Ù¡ã¹¡ÒÃ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áÅÐ
°Ò¹¡®¿’««Õ·ÕèàËÁÒÐÊÁä´‰ áÅÐãË‰¼Å¡ÒÃ¤Çº¤ØÁ·ÕèÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÊÙ§ áµˆÁÕ¢‰ÍàÊÕÂÍÂÙˆµÃ§·Õè¡ÒÃ¹íÒä»»ÃÐÂØ¡µŒ
ãª‰§Ò¹¨ÃÔ§¡Ñº¡ÒÃ¤Çº¤ØÁ ¡ÃÐºÇ¹¡ÒÃ·ÕèäÁˆÊÒÁÒÃ¶à¡çº¢‰ÍÁÙÅä´‰à¾ÕÂ§¾ÍµˆÍ¡ÒÃ¾Ô¨ÒÃ³Ò¡ÒÃÇÑ´¤ÇÒÁ¶Ù¡
µ‰Í§¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ Ê̂§¼ÅãË‰¡ÒÃ¤íÒ¹Ç³¤ˆÒà¡³±Œ � «Öè§ãª‰ã¹¡ÒÃÃÐºØ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐ
ÊÁ¹Ñé¹ ¤ˆÒ·Õè¤íÒ¹Ç³ä´‰äÁˆãªˆ¤ˆÒ·Õèá·‰¨ÃÔ§ ´Ñ§¹Ñé¹¨Ö§¤ÇÃà¡çº¤ˆÒ¢‰ÍÁÙÅãË‰ÁÒ¡¢Öé¹ËÃ×Í·íÒ¡ÒÃ·´ÅÍ§ËÅÒÂæ¤ÃÑé§
áÅ‰ÇÇÔà¤ÃÒÐËŒ´Ù¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ ¨Ò¡¹Ñé¹¨Ö§¤íÒ¹Ç³ËÒ¤ˆÒà¡³±Œ � à¾×èÍãª‰ã¹¡ÒÃÃÐºØËÒ¨íÒ¹Ç¹
¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁµˆÍä» ¹Í¡¨Ò¡¹Õé¡ÒÃ¡íÒË¹´ªˆÇ§¢Í§ ¤ˆÒÍÑµÃÒ¢ÂÒÂáººÊÑ´Ê̂Ç¹áÅÐ¤ˆÒÍÑµÃÒ¢ÂÒÂ
áººÍÔ¹·Ô¡ÃÑÅ·ÕèàËÁÒÐÊÁ¹Ñé¹ ¨íÒà»“¹µ‰Í§·íÒ¡ÒÃ»ÃÑºªˆÇ§¢Í§¤ˆÒÍÑµÃÒ¢ÂÒÂÍÕ¡¤ÃÑé§ à¾×èÍãË‰¡ÒÃ¤Çº¤ØÁÁÕ
»ÃÐÊÔ·¸ÔÀÒ¾´Õà»“¹·Õè¹ˆÒ¾Íã¨ áµˆÍÂˆÒ§äÃ¡çµÒÁ¡ÒÃ»ÃÑºªˆÇ§¤ˆÒÍÑµÃÒ¢ÂÒÂÊÒÁÒÃ¶·íÒä´‰ÊÐ´Ç¡áÅÐÃÇ´àÃçÇ

´Ñ§¹Ñé¹¡ÒÃ¡íÒË¹´â¤Ã§ÊÃ‰Ò§¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õâ´ÂÇÔ¸Õ·Õè¹íÒàÊ¹Íã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé ÊÒÁÒÃ¶
¹íÒÁÒãª‰ã¹¡ÒÃÍÍ¡áººÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õà¾×èÍãª‰ã¹¡ÒÃ»ÃÑº¨Ù¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI áÅÐ
ÊÒÁÒÃ¶»ÃÐÂØ¡µŒãª‰ã¹¡ÒÃ¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹ÊÒÃ¼ÅÔµÀÑ³±Œ¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ä´‰´Õ àÁ×èÍ
ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§ËÍ ¼Å¡ÒÃ¤Çº¤ØÁ·Õèä´‰ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÊÙ§àÁ×èÍà»ÃÕÂºà·ÕÂº
¡Ñº¡ÒÃ»ÃÑº¨Ù¹µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè¢Í§ Ziegler-Nichols

4.2 ¢‰ÍàÊ¹Íá¹Ð

1. à¹×èÍ§¨Ò¡¡ÒÃ»ÃÐÁÒ³¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡à»“¹áººÊÒÁàËÅÕèÂÁã¹¢Ñé¹µÍ¹¢Í§¡ÒÃ¡íÒË¹´ÃÙ»ÃˆÒ§
¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¹Ñé¹ ÂÑ§µ‰Í§ãª‰ÇÔ¸Õ¡íÒË¹´â´Â¼Ù‰»¯ÔºÑµÔ¡ÒÃàÍ§ ´Ñ§¹Ñé¹¨Ö§ÁÕ¤ÇÒÁà»“¹ä»ä´‰
ã¹¡ÒÃà¢ÕÂ¹â»Ãá¡ÃÁà¾×èÍãª‰ã¹¡ÒÃ»ÃÐÁÒ³¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡à»“¹áººÊÒÁàËÅÕèÂÁ

2. »ÃÑº»ÃØ§¢Ñé¹µÍ¹¡ÒÃËÒªˆÇ§¤ˆÒ¢Í§ �
� áÅÐ �� ãË‰àËÁÒÐÊÁ ·íÒãË‰äÁˆµ‰Í§ÁÕ¡ÒÃ»ÃÑºÅÐàÍÕÂ´ÍÕ¡¤ÃÑé§

ËÅÑ§¨Ò¡ä´‰¼ÅµÍº·Õè´ÕáÅ‰Ç

3. ¹íÒµÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ÁÒ»ÃÐÂØ¡µŒãª‰¡ÑºÃÐººÍ×è¹·Õèà»“¹ÃÐºº
ËÅÒÂÊÑ­­Ò³à¢‰ÒËÅÒÂÊÑ­­Ò³ÍÍ¡ à¾×èÍÊÑ§à¡µ»ÃÐÊÔ·¸ÔÀÒ¾¡ÒÃ·íÒ§Ò¹¢Í§µÑÇ¤Çº¤ØÁ PI áºº
¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ
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ÀÒ¤¼¹Ç¡ ¡

¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ

¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅâ´Â·ÑèÇä» [34], [36] ÍÒÈÑÂËÅÑ¡¡ÒÃ¢Í§¡ÒÃ¨Ñ´¡ÅØˆÁªØ´¢‰ÍÁÙÅ¤ÇÒÁÊÑÁ¾Ñ¹¸Œ¢Í§
¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐ¢‰ÍÁÙÅàÍÒ·Œ¾Øµ â´Âãª‰ÁÒµÃÇÑ´ÃÐÂÐ·Ò§·Õèáµ¡µˆÒ§¡Ñ¹à»“¹à¤Ã×èÍ§Á×Íã¹¡ÒÃÇÑ´ÃÐ´Ñº¤ÇÒÁ
¤Å‰ÒÂ¤ÅÖ§¡Ñ¹¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´ àªˆ¹ ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means ãª‰ÁÒµÃÇÑ´ÃÐÂÐ·Ò§
áººÂÙ¤ÅÔà´ÕÂ¹ (Euclidean Distance Measure) [19]áÅÐ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy Gustafson-Kessel

ãª‰ÁÒµÃÇÑ´ÃÐÂÐ·Ò§áºº»ÃÑºµÑÇä´‰ (Adaptive Distance Measure) [27]à»“¹µ‰¹
Bezdek [19] ä´‰¾Ñ²¹ÒÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢Í§¢‰ÍÁÙÅ¿’««Õ à»“¹·ÕèÃÙ‰¨Ñ¡¡Ñ¹ã¹ª×èÍ c-means â´ÂÇÔ¸Õ¹Õéà»“¹

¡ÒÃ¡íÒË¹´à«µ¢Í§¢‰ÍÁÙÅ � «Öè§ÊÍ´¤Å‰Í§¡Ñº¤ÇÒÁÊÑÁ¾Ñ¹¸Œ

� � 
�� � �� � �
�
�
� � �

� �� �
(¡.1)

áµˆÅÐ � � ¡íÒË¹´â´Â
� � � 
� �� � � �� � � �� � � � �

� � ��
�

(¡.2)

àÁ×èÍ � � � � áÅÐà»“¹¨Ø´ã¹»ÃÔÀÙÁÔÊ¶Ò¹Ð � ÁÔµÔ
��

��

cluster 1 cluster 2

cluster 3 cluster 4

cluster 5

ÃÙ»·Õè ¡.1: ÃÙ»áºº¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅáºº 2 ÁÔµÔ

¡.1 ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ hard c-means

¡ÒÃÃÇÁ¡ÅØˆÁ¢Í§¢‰ÍÁÙÅÇÔ¸Õ¹Õé [35] ¢‰ÍÁÙÅáµˆÅÐ¨Ø´ÁÕ¤ˆÒà»“¹ 1 áÅÐáµˆÅÐ¡ÅØˆÁ¢Í§¢‰ÍÁÙÅàÃÕÂ¡ÇˆÒ
partition¡íÒË¹´à«µ 
� � �  � � � ! � � � � � �� à»“¹ hard c-partition¢Í§ � â´ÂÊÍ´¤Å‰Í§¡Ñºà§×èÍ¹ä¢

��
��� � � � � (¡.3)

� � � � � � � all  �� � (¡.4)
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� � � � � � all  (¡.5)

àÁ×èÍ � � 
�� � �� � �
�
�
� � �

� �� � ¤×Íà«µ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´ áÅÐ � ¤×Í¨íÒ¹Ç¹¡ÅØˆÁ¢Í§¢‰ÍÁÙÅ ¡íÒË¹´â´Â
! � � � � (¡.6)

¨Ò¡ÊÁ¡ÒÃ·Õè ¡.6 áÊ´§ãË‰àËç¹ÇˆÒà«µ¢Í§¡ÅØˆÁ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´¨ÐÁÕ¤ˆÒà·̂Ò¡Ñºà«µ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´ Ê̂Ç¹
ÊÁ¡ÒÃ·Õè ¡.7 ¾ºÇˆÒáµˆÅÐ¡ÅØˆÁ¢Í§¢‰ÍÁÙÅ¨ÐÁÕ¤Ø³ÊÁºÑµÔ·ÕèáÂ¡¡Ñ¹ÍÂˆÒ§ÍÔÊÃÐ áÅÐÊÁ¡ÒÃ·Õè ¡.8 ¹Ñé¹à»“¹¡ÒÃ
ºÍ¡ãË‰·ÃÒºÇˆÒ¡ÅØˆÁ¢Í§¢‰ÍÁÙÅ¨ÐäÁˆãªˆà«µÇˆÒ§áÅÐäÁˆãªˆà«µ¢Í§¢‰ÍÁÙÅ·Ñé§ËÁ´

¡íÒË¹´ � �� ¤×Í¤ˆÒ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ «Öè§ãª‰ºÍ¡ÃÐ´Ñº¤ÇÒÁ¹ˆÒ¨Ðà»“¹·Õè �� ¨Ðà»“¹ÊÁÒªÔ¡¢Í§
à«µ � � ´Ñ§¹Ñé¹ÊÁ¡ÒÃ·Õè ¡.6, ¡.7 áÅÐ ¡.8 ÊÒÁÒÃ¶à¢ÕÂ¹ãË‰ÍÂÙˆã¹ÃÙ»

��
��� ��� ��� � � �

for all
�

(¡.7)

��� ��� � � ��� ��� � � �
for all

�
(¡.8)

� �
�

�
��� ��� ��� � � � (¡.9)

¤ˆÒ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§à«µ � � ¤×Í

� �� ����� ��� � � � � �� � � �

� � � �� � � 	 (¡.10)

ãË‰ � à»“¹ partition matrix «Öè§à»“¹à«µ¢Í§ � �� � � � � ! � � � � � � � � � � � ! � � � � � � � ´Ñ§¹Ñé¹ � ¨Ö§à»“¹
àÁµÃÔ¡«Œ � á¶Ç áÅÐ � ¤ÍÅÑÁ¹Œ ¡íÒË¹´ hard c-partitionÊíÒËÃÑº � ¤×Í

� 
� � �� �� �� � 
� � �� �
�

�
��� � �� � � � � �

�
�
��� � �� � � 	 (¡.11)

àÁ×èÍ � � � 
� à»“¹ hard c-partitioń Ñ§¹Ñé¹ � 
� ·Õèà»“¹ä»ä´‰·Ñé§ËÁ´ÊÒÁÒÃ¶¤íÒ¹Ç³¨Ò¡��
� � � �

� �� � ��
��� � �

 � �� ����� �  �� (¡.12)

¢Ñé¹µÍ¹ÇÔ¸Õ¢Í§ hard c-meansÁÕà»„ÒËÁÒÂà¾×èÍËÒ¤ˆÒ � «Öè§à»“¹ partition matrix áÅÐ � «Öè§à»“¹¨Ø´
ÈÙ¹ÂŒ¡ÅÒ§¡ÅØˆÁ¢‰ÍÁÙÅ ·Õè·íÒãË‰¿’§¡ŒªÑ¹ÇÑµ¶Ø»ÃÐÊ§¤ŒÁÕ¤ˆÒµíèÒ·ÕèÊØ´

"� �� � � � �
�

�
���

��
��� � �� �$ �� �� (¡.13)

àÁ×èÍ $ �� � �� à»“¹ÃÐÂÐ·Ò§ÂÙ¤ÅÕà´ÕÂ¹ÃÐËÇˆÒ§¢‰ÍÁÙÅ �� áÅÐ¨Ø´ÈØ¹ÂŒ¡ÅÒ§¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ � � ¡íÒË¹´â´Â

$ �� � $ ��� � � � � � ��� � � � � �
�
� �����

���� � � �� ����
���

(¡.14)
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¡.1.1 ¢Ñé¹µÍ¹ÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ hard c-means

1. ¡íÒË¹´¤ˆÒàÃÔèÁµ‰¹¢Í§ �
� �

� 
�� áÅÐ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ � â´Â·Õè ! � � � � «Öè§à»“¹à§×èÍ¹ä¢ËÂØ´
¡ÒÃ·íÒ§Ò¹¢Í§¢Ñé¹µÍ¹ÇÔ¸Õ

2. ¤íÒ¹Ç³ËÒ¨Ø´ÈÙ¹ÂŒ¡ÅÒ§¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ �
� �
�� �

� �
�� � � �

�� � ���
� �

�� � � �
��

àÁ×èÍ � � � � � � ! � � � � ¤×Í ¨íÒ¹Ç¹ÃÍº¡ÒÃ·íÒ§Ò¹ áÅÐ  � � � � � ! � � � � � � ¤×Í ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ

3. »ÃÑº¤ˆÒ � �� � ä»à»“¹ � ��� �� â´ÂÍÒÈÑÂ¤ÇÒÁÊÑÁ¾Ñ¹¸Œ
� �� � � � ��� � � ���

�
� � � 	
� �� 
��� � � ���� ��

�
otherwise

4. à»ÃÕÂºà·ÕÂº � ��� áÅÐ � ��� �� ¶‰Ò
�� ��� �� � � �� � � � �

¨º¡ÒÃ·íÒ§Ò¹ÁÔ©Ð¹Ñé¹ � � � � � ¨Ð¡ÅÑºä»·íÒã¹¢Ñé¹µÍ¹·Õè 2

¡.2 ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means

¡ÒÃÃÇÁ¡ÅØˆÁ¢Í§¢‰ÍÁÙÅÇÔ¸Õ¹Õé [35] ¡íÒË¹´à«µ¿’««Õ 
� � �  � � � ! � � � � � �� à»“¹ fuzzy c-partition¢Í§
� � 
�� � �� � �

�
�
� � �

� �� � ´Ñ§¹Ñé¹¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§áµˆÅÐ¨Ø´¢‰ÍÁÙÅ¢Í§à«µ¿’««Õ â´Â¤ÇÒÁÊÑÁ¾Ñ¹¸Œ
¢Í§¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¨Ø´¢‰ÍÁÙÅ·Õè � ¡ÅØˆÁ·Õè  ¤×Í

� �� � �� � ��� � � �� � ��
(¡.15)

¾ºÇˆÒ¼ÅÃÇÁ¢Í§¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡·Ñé§ËÁ´¢Í§¢‰ÍÁÙÅà¾ÕÂ§¨Ø´à´ÕÂÇã¹·Ø¡¡ÅØˆÁ¨ÐÁÕ¤ˆÒà»“¹ 1 áÅÐ
äÁˆÁÕ¡ÅØˆÁ¢‰ÍÁÙÅã´·Õèà»“¹à«µÇˆÒ§ÃÇÁ·Ñé§äÁˆÁÕ¡ÅØˆÁ¢‰ÍÁÙÅã´·ÕèºÃÃ¨Ø¢‰ÍÁÙÅ·Ñé§ËÁ´

��
��� � �� � �

for all
� � � � ! � � � � �� (¡.16)

� �
�

�
��� � �� � � (¡.17)

à¾ÃÒÐÇˆÒ¢‰ÍÁÙÅáµˆÅÐµÑÇÊÒÁÒÃ¶ÁÕ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡ä´‰ÁÒ¡¡ÇˆÒ 1 ¡ÅØˆÁ ´Ñ§¹Ñé¹

� �� � �� � �� �
(¡.18)

��
��� ��� ��� � � �

for all k (¡.19)

� �
�

�
��� ��� ��� � � � for all i (¡.20)
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ÊÒÁÒÃ¶ËÒàÁµÃÔ¡«Œ fuzzy partition�� � ÊíÒËÃÑº¢‰ÍÁÙÅ·ÕèÁÕ � ¡ÅØˆÁáÅÐ¨íÒ¹Ç¹¢‰ÍÁÙÅà»“¹ �

�� � � 
� �� �� � �� � �� � ��
��� � �� � � � � �

�
�
��� � �� � � �

(¡.21)

àÁ×èÍ  � � � ! � � � � � � áÅÐ � � � � ! � � � � � �
´Ñ§¹Ñé¹¢Ñé¹µÍ¹ÇÔ¸Õ¢Í§ fuzzy c-meansÁÕà»„ÒËÁÒÂà¾×èÍËÒ¤ˆÒ � «Öè§à»“¹ partition matrix áÅÐ � «Öè§

à»“¹¨Ø´ÈÙ¹ÂŒ¡ÅÒ§¡ÅØˆÁ¢‰ÍÁÙÅ ·Õè·íÒãË‰¿’§¡ŒªÑ¹ÇÑµ¶Ø»ÃÐÊ§¤ŒÁÕ¤ˆÒµíèÒ·ÕèÊØ´

"� �� � � � �
�

�
���

��
�� �

�� �� �� # �$ �� �� (¡.22)

àÁ×èÍ �
� � �� ��� ¤×ÍÍ§¤Œ»ÃÐ¡Íº¹íéÒË¹Ñ¡ áÅÐ $ �� � �� à»“¹ÃÐÂÐ·Ò§ÂÙ¤ÅÔà´ÕÂ¹ÃÐËÇˆÒ§¢‰ÍÁÙÅ �� áÅÐ¨Ø´

ÈØ¹ÂŒ¡ÅÒ§¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ � � ¡íÒË¹´â´Â

$ �� � $ ��� � � � � �
�
� �����

���� � � �� ����
���

(¡.23)

¡.2.1 ¢Ñé¹µÍ¹ÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õ fuzzy c-means

1. ¡íÒË¹´¤ˆÒàÃÔèÁµ‰¹¢Í§ �
� � � 
�� ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ � â´Â·Õè ! � � � � áÅÐ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¶̂Ç§¹íéÒ

Ë¹Ñ¡ �
� � �� �� �

2. ¤íÒ¹Ç³ËÒ¨Ø´ÈÙ¹ÂŒ¡ÅÒ§¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ �
� �
�� �

� �
�� � �� �

�� �� # � ���
� �

�� � �� �
�� �� #

� � � � �

àÁ×èÍ � � � � � � ! � � � � ¤×Í ¨íÒ¹Ç¹ÃÍº¡ÒÃ·íÒ§Ò¹

3. »ÃÑº¤ˆÒ � �� � ä»à»“¹ � ��� �� â´ÂÍÒÈÑÂ¤ÇÒÁÊÑÁ¾Ñ¹¸Œ

� ��� ��
�� �

�
� ��
���

� $ ���
��

$ ���� �
��� �� #�

���� �
�
� � � � � � � � � � �

4. à»ÃÕÂºà·ÕÂº � ��� áÅÐ � ��� �� ¶‰Ò
�� ��� �� � � �� � � � �

¨º¡ÒÃ·íÒ§Ò¹ÁÔ©Ð¹Ñé¹ � � � � � ¨Ð¡ÅÑºä»·íÒã¹¢Ñé¹µÍ¹·Õè 2
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µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ

Zhao [14] àÊ¹ÍÇÔ¸Õ¡ÒÃÊÃ‰Ò§°Ò¹¡®¿’««Õ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ «Öè§à»“¹¡ÒÃÍ¸ÔºÒÂ¡ÒÃ»ÃÑº
¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PID ã¹ÊÀÒÇÐË¹Öè§æ â´ÂÁÕâ¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁ´Ñ§ÃÙ»·Õè ¢.1 ¡íÒË¹´¤ˆÒ
¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ P áÅÐ D ãË‰ÁÕ¤ˆÒÍÂÙˆÃÐËÇˆÒ§ 0 áÅÐ 1 â´Â �

�
� ��

� �� �� ��� �� �� � � � áÅÐ
�� � ��� �� �� ��� �� �� � � � ´Ñ§¹Ñé¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ÊÒÁÒÃ¶ËÒä´‰¨Ò¡

� �
� �

�
� � �

� �� ��
�

� �� �� � �
� �� �� (¢.1)

� �
� �

�� � �� �� ��
�� �� �� � �� �� �� (¢.2)

¤ˆÒ �� �� áÅÐ �� �� ÊÒÁÒÃ¶ËÒä´‰¨Ò¡¡ÒÃ·´ÅÍ§ «Öè§ä´‰á¹Ð¹íÒäÇ‰ [14]

�
� �� �� � � ��

!� � � �
� �� �� � � ��� �

(¢.3)

� � �� �� � � ���� ��� � �� �� �� � � ���� �

(¢.4)

àÁ×èÍ � � áÅÐ �� ¤×Í ¤ˆÒÍÑµÃÒ¢ÂÒÂÇÔ¡Äµ áÅÐ¤ˆÒ¤Òº¡ÒÃá¡Çˆ§µÑÇ¢Í§ÊÑ­­Ò³ÍÍ¡ µÒÁÅíÒ´Ñº ÊÁÁµÔÇˆÒ
¤ˆÒ¤§·Õè·Ò§àÇÅÒÍÔ¹·Ô¡ÃÑÅÁÕ¤ÇÒÁÊÑÁ¾Ñ¹¸Œ¡Ñº¤ˆÒ¤§·Õè·Ò§àÇÅÒÍ¹Ø¾Ñ¹¸Œ´Ñ§ÊÁ¡ÒÃ

� � � �
� �

¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� ¡íÒË¹´â´Â
�� �

�
�

�
� � �

�
�
�

�
� � (¢.5)

Control signalInput Output

Fuzzy rules
and reasoning

Process
-+ PID controller

ÃÙ»·Õè ¢.1: â¤Ã§ÊÃ‰Ò§¢Í§µÑÇ¤Çº¤ØÁ PID áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂµÃÃ¡ÈÒÊµÃŒ¿’««Õ

¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ·Õè¶Ù¡»ÃÑº¨Ù¹â´ÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤×Í � �
�
�� �

� áÅÐ � ¢‰ÍÁÙÅÍÔ¹¾Øµ¢Í§ÃÐºº
µÃÃ¡ÈÒÊµÃŒ¿’««Õ¤×Í ÊÑ­­Ò³¤ˆÒ¼Ô´¾ÅÒ´ �

�� � áÅÐ¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§ÊÑ­­Ò³¤ˆÒ¼Ô´¾ÅÒ´ ��
�� �

áÅÐ¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤×Í � �
�
�� �

� áÅÐ � ´Ñ§¹Ñé¹¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§¢‰ÍÁÙÅÍÔ¹¾Øµ
áÅÐàÍÒ·Œ¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ÊÒÁÒÃ¶à¢ÕÂ¹ãË‰ÍÂÙˆã¹ÃÙ»áºº¢Í§¡®¿’««Õ IF-THEN ä´‰´Ñ§¹Õé

� � �
�� �  � � � ��$

��
�� �  � � � � � �  ! � �

�  � " � � � �
�  � #� �

�  �  
�
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àÁ×èÍ �� �� � � " � �#� áÅÐ  
�
¤×Íà«µ¿’««Õ â´Â·Õè � � � � ! � � � � � $ �

� � � � ! áÅÐ � � � � � � � �� «Öè§¹ÔÂÒÁ
µÑÇá»ÃàªÔ§ÀÒÉÒÊíÒËÃÑº �

�� � áÅÐ ��
�� � äÇ‰ 7 µÑÇ ä´‰á¡̂ ¤ˆÒÅºÁÒ¡ (NB) ¤ˆÒÅº»Ò¹¡ÅÒ§ (NM) ¤ˆÒ

Åº¹‰ÍÂ (NS) ¤ˆÒÈÙ¹ÂŒ (ZO) ¤ˆÒºÇ¡¹‰ÍÂ (PS) ¤ˆÒºÇ¡»Ò¹¡ÅÒ§ (PM) áÅÐ¤ˆÒºÇ¡ÁÒ¡ (PB) ´Ñ§ÃÙ»·Õè ¢.2
ÊíÒËÃÑºµÑÇá»ÃàªÔ§ÀÒÉÒ¢Í§ � �

� áÅÐ � �& ¹ÔÂÒÁäÇ‰ 2 µÑÇ¤×Í àÅç¡ (S) áÅÐãË­̂ (B) ´Ñ§ÃÙ»·Õè ¢.3 áÅÐµÑÇá»Ã
àªÔ§ÀÒÉÒ¢Í§ � ¹ÔÂÒÁäÇ‰ 4 µÑÇ¤×Í ¤ˆÒ¹‰ÍÂ (2) ¤ˆÒ»Ò¹¡ÅÒ§¹‰ÍÂ (3) ¤ˆÒ»Ò¹¡ÅÒ§ (4) áÅÐ¤ˆÒÁÒ¡ (5) ´Ñ§
ÃÙ»·Õè ¢.4

ZONM NSNB PS PM PB

����or��
���

�

ÃÙ»·Õè ¢.2: ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§ � �� � áÅÐ ��
�� �

���or
���

	

MS

0 1

ÃÙ»·Õè ¢.3: ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§ � �
� áÅÐ � �

�

�




S MS M B

5432

ÃÙ»·Õè ¢.4: ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§ �

à«µ¿’««Õ¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ÊÒÁÒÃ¶ËÒä´‰¨Ò¡¼ÅµÍº·ÕèÁÕàÊ¶ÕÂÃ
ÀÒ¾¢Í§¡ÃÐºÇ¹¡ÒÃµˆÍÊÑ­­Ò³áºº¢Ñé¹Ë¹Öè§Ë¹ˆÇÂ à«µ¿’««Õ·Õèä´‰¹íÒä»ÊÃ‰Ò§¡®¿’««Õ IF-THEN à¾×èÍ·Õè¨Ð
ÊÒÁÒÃ¶¡íÒË¹´°Ò¹¡®·ÕèàËÁÒÐÊÁä´‰ ´Ñ§¹Ñé¹ã¹¡ÒÃÊÃ‰Ò§¡®¿’««Õ IF-THEN ÊÒÁÒÃ¶·íÒä´‰â´Â¡ÒÃ¾Ô¨ÒÃ³Ò
ÃÙ»·Õè ¢.5

ã¹àÇÅÒàÃÔèÁáÃ¡ ªˆÇ§ �
� ÊÑ­­Ò³¤ˆÒ¼Ô´¾ÅÒ´ÁÕ¤ˆÒÁÒ¡ ã¹¢³Ð·Õè¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§ÊÑ­­Ò³¤ˆÒ

¼Ô´¾ÅÒ´ÁÕ¤ˆÒ¹‰ÍÂ à¹×èÍ§¨Ò¡à¾Ôè§àÃÔèÁÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÊÑ­­Ò³¤ˆÒÍ‰Ò§ÍÔ§ ·Õè¨Ø´¹ÕéÁÕà¾ÕÂ§¡ÒÃ¤Çº¤ØÁáºº
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output

t

setpoint ��

��

�
�

��

��

��

ÃÙ»·Õè ¢.5: ¼ÅµÍºµˆÍÊÑ­­Ò³áºº¢Ñé¹Ë¹Öè§Ë¹ˆÇÂ

ÊÑ´Ê̂Ç¹à·̂Ò¹Ñé¹·ÕèÁÕ¼ÅµˆÍ¼ÅµÍº¢Í§ÃÐºº ´Ñ§¹Ñé¹¨Ö§¤ÇÃ»ÃÑº¤ˆÒÍÑµÃÒ¢ÂÒÂáººÊÑ´Ê̂Ç¹ãË‰ÁÕ¤ˆÒÁÒ¡ à¾×èÍãË‰
ÊÑ­­Ò³¤Çº¤ØÁÁÕ¤ˆÒÊÙ§«Öè§ÁÕ¼ÅãË‰ÊÑ­­Ò³àÍÒ·Œ¾ØµÁÕ¤ˆÒ¶Ö§¤ˆÒ·ÕèÍ‰Ò§ÍÔ§â´ÂàÃçÇ

ªˆÇ§ �
� ¶Ö§ �� ÊÑ­­Ò³¤ˆÒ¼Ô´¾ÅÒ´àÃÔèÁÁÕ¤ˆÒÅ´Å§ ã¹¢³Ð·Õè¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§ÊÑ­­Ò³

¤ˆÒ¼Ô´¾ÅÒ´àÃÔèÁÁÕ¤ˆÒÅºÁÒ¡¢Öé¹ ´Ñ§¹Ñé¹ã¹ªˆÇ§¹Õé¡ÒÃ¤Çº¤ØÁáººÊÑ´Ê̂Ç¹áÅÐ¡ÒÃ¤Çº¤ØÁáººÍÔ¹·Ô¡ÃÑÅ ·íÒ
ãË‰ÊÑ­­Ò³ÍÍ¡ÁÕ¤ˆÒà¾ÔèÁ¢Öé¹à¢‰ÒÊÙˆ¤ˆÒ·ÕèÍ‰Ò§ÍÔ§ ã¹¢³Ð·Õè¡ÒÃ¤Çº¤ØÁáººÍ¹Ø¾Ñ¹¸Œ·íÒË¹‰Ò·ÕèàÊÁ×Í¹ä»ÂÑºÂÑé§äÁˆ
ãË‰ÊÑ­­Ò³ÍÍ¡ÁÕ¤ˆÒà¾ÔèÁÁÒ¡¢Öé¹ à¹×èÍ§¨Ò¡·Õè¨Ø´¹Õéµ‰Í§¡ÒÃãË‰ÊÑ­­Ò³ÍÍ¡ÁÕ¤ˆÒà¾ÔèÁ¢Öé¹ÍÕ¡ ¨Ö§¤Çº»ÃÑº¤ˆÒ
ÍÑµÃÒ¢ÂÒÂáººÍ¹Ø¾Ñ¹¸ŒãË‰ÁÕ¤ˆÒ¹‰ÍÂÅ§à¾×èÍä»Å´¼Å¡ÒÃÂÑºÂÑé§´Ñ§¡Å̂ÒÇ ¢³Ð·Õè¤ÇÃ·íÒãË‰ÍÑµÃÒ¢ÂÒÂáººÊÑ´
Ê̂Ç¹áÅÐÍÑµÃÒ¢ÂÒÂáººÍÔ¹·Ô¡ÃÑÅÁÕ¤ˆÒÁÒ¡¾ÍàËÁÒÐÊíÒËÃÑº·íÒãË‰ÊÑ­­Ò³ÍÍ¡ÁÕ¤ˆÒà¾ÔèÁ¢Öé¹µˆÍä»

ªˆÇ§ �� ÊÑ­­Ò³ÍÍ¡ÁÕ¤ˆÒà¢‰Òã¡Å‰¤ˆÒÍ‰Ò§ÍÔ§ ¡ÒÃ¤Çº¤ØÁáººÊÑ´Ê̂Ç¹¨Ö§äÁˆÁÕ¼ÅµˆÍ¼ÅµÍº¢Í§ÃÐºº
à¹×èÍ§¨Ò¡ÊÑ­­Ò³¤ˆÒ¼Ô´¾ÅÒ´ÁÕ¤ˆÒ¹‰ÍÂÁÒ¡ ¡ÒÃ¤Çº¤ØÁ·ÕèÁÕ¼ÅµˆÍ¼ÅµÍº¢Í§ÃÐºº¤×Í ¡ÒÃ¤Çº¤ØÁáºº
ÍÔ¹·Ô¡ÃÑÅáÅÐ¡ÒÃ¤Çº¤ØÁáººÍ¹Ø¾Ñ¹¸Œ ¹Ñè¹¤×Í¡ÒÃ¤Çº¤ØÁáººÍÔ¹·Ô¡ÃÑÅ·íÒãË‰ÊÑ­­Ò³ÍÍ¡à¾ÔèÁ¢Öé¹ ã¹¢³Ð·Õè
¡ÒÃ¤Çº¤ØÁáººÍ¹Ø¾Ñ¹¸Œ·íÒË¹‰Ò·ÕèÂÑºÂÑé§äÁˆãË‰ÊÑ­­Ò³ÍÍ¡ÁÕ¤ˆÒà¾ÔèÁ¢Öé¹ä»ÍÕ¡ÍÑ¹à¹×èÍ§ÁÒ¨Ò¡ÍÒ¨ÁÕ¤ˆÒà¡Ô¹¤ˆÒ
Í‰Ò§ÍÔ§ÁÒ¡à¡Ô¹ä» ·Õè¨Ø´¹ÕéÊÑ­­Ò³ÍÍ¡äÁˆ¤ÇÃÁÕ¤ˆÒà¾ÔèÁ¢Öé¹µˆÍä»ÍÕ¡à¾ÃÒÐ¨Ð·íÒãË‰ÁÕÊ̂Ç¹¾Øˆ§à¡Ô¹ÊÙ§ÊØ´ÁÒ¡
à¡Ô¹ä» ´Ñ§¹Ñé¹¨Ö§¤ÇÃà¾ÔèÁÍÑµÃÒ¢ÂÒÂáººÍ¹Ø¾Ñ¹¸ŒãË‰ÁÕ¤ˆÒÁÒ¡¡ÇˆÒ»¡µÔ à¾×èÍãË‰·íÒË¹‰Ò·ÕèàË¹×Í¡ÒÃ¤Çº¤ØÁ
áººÍ¹Ø¾Ñ¹¸Œ

ÇÔà¤ÃÒÐËŒÅÑ¡É³Ð¢Í§¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃµˆÍÊÑ­­Ò³áºº¢Ñé¹Ë¹Öè§Ë¹ˆÇÂ µÑé§áµˆªˆÇ§ �
� ¨¹¶Ö§ ��

´Ñ§¹Ñé¹ÊÒÁÒÃ¶ÊÃ‰Ò§¡®¡ÒÃ¤Çº¤ØÁ´Ñ§¹Õé

� � �
�� �  � � � ��$

��
�� �  � �	 � � �  ! � �

�  � � � � �
�  � � � �  � !

� � �
�� �  � �	 ��$

��
�� �  � ! � � � �  ! � �

�  � � � � �
�  � � �

�  � �

ÊíÒËÃÑºÊÑ­­Ò³¤Çº¤ØÁ µÑé§áµˆªˆÇ§ �� ¨¹¶Ö§ $� ãª‰¡ÒÃÇÔà¤ÃÒÐËŒàªˆ¹à´ÕÂÇ¡ÑºªˆÇ§ �
� ¨¹¶Ö§ �� ´Ñ§

¹Ñé¹¼Å¢Í§¡ÒÃ¾Ô¨ÒÃ³ÒÊÒÁÒÃ¶¡íÒË¹´¡®¿’««Õä´‰·Ñé§ËÁ´ 49 ¡® ·íÒãË‰ÊÒÁÒÃ¶¡íÒË¹´à»“¹°Ò¹¡®¿’««Õ·Õè
àËÁÒÐÊÁä´‰´Ñ§µÒÃÒ§·Õè ¢.1- ¢.3
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µÒÃÒ§·Õè ¢.1: °Ò¹¡®¿’««ÕÊíÒËÃÑº � �
�

S

S

NS PB

NB

NM
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PS

PM
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�����

NM PSZO PMNB
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S
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S SBB

S S B S SB

S SS SSS

B B B B B

B BB

B

BBB

B

BB BB

����
B

µÒÃÒ§·Õè ¢.2: °Ò¹¡®¿’««ÕÊíÒËÃÑº � ��

NS PB

NB

NM

NS

ZO

PS

PM

PB

�	
��

NM PSZO PMNB

S S SS S

SSSS

BBB

S

S

S

B	
��
BB B

SS

B BB BSBB

S B BB S SB

B BB BSBB

S B BB S SB

µÒÃÒ§·Õè ¢.3: °Ò¹¡®¿’««ÕÊíÒËÃÑº 


NS PB

NB

NM

NS

ZO

PS

PM

PB

�����

NM PSZO PMNB

����

2222222

2222222
22

22 233 33

233
233 3 44 3

2 3

334
334 3 4

3 4 55

33

ËÅÑ§¨Ò¡¤íÒ¹Ç³ËÒ¤ˆÒ � �� � � �� áÅÐ � ¨Ö§ÊÒÁÒÃ¶ËÒ¤ˆÒÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ PID ä´‰´Ñ§¹Õé

�� � ��� �� �� � �� ��  ! "� �� # �� ��  ! (¢.6)

� � � �� � �� �� � � ���  ! "� �� # � ���  ! (¢.7)

�  � ��
�$� � � %�

�� � (¢.8)



ÀÒ¤¼¹Ç¡ ¤

â¤Ã§ÊÃ‰Ò§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

¡ÒÃ¡ÅÑè¹à»“¹¡ÃÐºÇ¹¡ÒÃ·ÕèÊíÒ¤Ñ­ÍÂˆÒ§Ë¹Öè§ã¹¡ÃÐºÇ¹¡ÒÃÍØµÊÒË¡ÃÃÁà¤ÁÕ ÇÑµ¶Ø»ÃÐÊ§¤ŒËÅÑ¡ã¹
¡ÒÃ¤Çº¤ØÁ¡ÒÃ·íÒ§Ò¹¢Í§ËÍ¡ÅÑè¹¤×Í ¤Çº¤ØÁ¤Ø³ÀÒ¾¢Í§ÊÒÃ¼ÅÔµÀÑ³±ŒãË‰à»“¹ä»µÒÁ·Õè¡íÒË¹´äÇ‰ â´Â
´íÒà¹Ô¹¡ÒÃÍÂˆÒ§»ÅÍ´ÀÑÂáÅÐÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ÁÒ¡·ÕèÊØ´ ´‰ÇÂ¤Ø³ÅÑ¡É³Ð¢Í§ËÍ¡ÅÑè¹·ÕèÁÕ¤ÇÒÁäÁˆà»“¹àªÔ§àÊ‰¹
ÊÙ§ ÁÕ¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§Ç§ÃÍº¡ÒÃ¤Çº¤ØÁ ·íÒãË‰¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹ÁÕ¤ÇÒÁÂØˆ§ÂÒ¡«Ñº«‰Í¹

¤.1 ÅÑ¡É³ÐÊÁºÑµÔ¢Í§¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹

¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹ ¤×Í ¡ÃÐºÇ¹¡ÒÃáÂ¡ÊÒÃ¼ÊÁâ´ÂÍÒÈÑÂ¤Ø³ÊÁºÑµÔ·Ò§¡ÒÂÀÒ¾ ä´‰á¡̂ ¨Ø´à´×Í´
·Õèáµ¡µˆÒ§¡Ñ¹¢Í§ÊÒÃµˆÒ§ª¹Ô´¡Ñ¹ à¾×èÍãË‰ä´‰¤ÇÒÁà¢‰Á¢‰¹¢Í§¼ÅÔµÀÑ³±ŒµÒÁµ‰Í§¡ÒÃ à¹×èÍ§¨Ò¡¤Ø³ÊÁºÑµÔ
·Ò§¡ÒÂÀÒ¾ä´‰á¡̂ ¨Ø´à´×Í´ ÊÒÁÒÃ¶ãª‰ã¹¡ÒÃáÂ¡ÊÒÃ¼ÊÁà¾×èÍãË‰ÊÒÃ·Õè¡ÅÑè¹ä´‰ÁÕ¤ÇÒÁºÃÔÊØ·¸ÔìÊÙ§ ¨¹ÁÕ¡ÒÃ
»ÃÐÂØ¡µŒãª‰¤Ø³ÊÁºÑµÔ¹ÕéáÅÐ¾Ñ²¹Ò¨¹ÁÒà»“¹ËÍ¡ÅÑè¹ã¹»’¨¨ØºÑ¹

¡Å̂ÒÇ¤×ÍàÁ×èÍãË‰¤ÇÒÁÃ‰Í¹á¡̂ÊÒÃ¼ÊÁ·Õè¡‰¹ËÍ ¨¹ÊÒÃ·ÕèàºÒ¡ÇˆÒ«Öè§ÁÕ¤ˆÒ¤ÇÒÁË¹Òá¹ˆ¹¨íÒà¾ÒÐµíèÒ¡ÇˆÒ
¨Ø´à´×Í´µíèÒ¡ÇˆÒÊÒÃÍ×è¹ã¹ÊÒÃ¼ÊÁ ÊÒÃàºÒ¹Õé¨Ðà´×Í´¡ÅÒÂà»“¹äÍÃ‰Í¹ äÍÃ‰Í¹¹Õé¨Ö§ÅÍÂ¢Öé¹ÊÙˆªÑé¹·ÕèÍÂÙˆÊÙ§¢Öé¹
ä»áÅÐ¶̂ÒÂà·¤ÇÒÁÃ‰Í¹ãË‰á¡̂ÊÒÃ·ÕèÍÂÙˆªÑé¹º¹µˆÍä» ¤ÇÒÁÃ‰Í¹¹Õé·íÒãË‰ÊÒÃ¼ÊÁã¹ªÑé¹º¹à´×Í´ ÃÐàËÂ¡ÅÒÂ
à»“¹äÍÃ‰Í¹ áÅÐ¶̂ÒÂà·¤ÇÒÁÃ‰Í¹ãË‰¡ÑºªÑé¹º¹¢Öé¹ä»ÍÕ¡àªˆ¹¹Õéä»ÂÑ§ªÑé¹ÊÙ§æ¢Öé¹ä» ¹Í¡¨Ò¡¹Ñé¹¢Í§àËÅÇ·Õè
à»“¹ÊÒÃ¼ÊÁã¹ªÑé¹º¹ ¶‰ÒÍØ³ËÀÙÁÔäÁˆÊÙ§¾Í·ÕèÃÐàËÂä´‰ ¡ç¨ÐäËÅÇ¹ÊÇ¹·Ò§¡ÑºäÍÃ‰Í¹ à»“¹¡ÒÃ»„Í¹¡ÅÑº
ÀÒÂã¹ (internal refrux)Å§ÊÙˆªÑé¹Å̂Ò§ÍÕ¡´‰ÇÂ ·íÒãË‰ÊÒÃ¼ÊÁã¹ªÑé¹º¹æÁÕ¤ÇÒÁºÃÔÊØ·¸Ôì¢Í§ÊÒÃàºÒÊÙ§¢Öé¹ áÅÐ
ÊÒÃ·Õè¡‰¹ËÍ¡ç¨ÐÁÕÊÒÃË¹Ñ¡«Öè§ÁÕ¤ÇÒÁºÃÔÊØ·¸ÔìÊÙ§¢Öé¹àªˆ¹¡Ñ¹

àÁ×èÍàÃÔèÁµ‰¹¡ÃÐºÇ¹¡ÒÃ à»“¹¡ÒÃãË‰¤ÇÒÁÃ‰Í¹á¡̂ÊÒÃ¼ÊÁ·ÕèÍÂÙˆÀÒÂã¹ËÁ‰Íµ‰Á«íéÒºÃÔàÇ³°Ò¹ËÍ ¨¹
¡ÃÐ·Ñè§ÊÒÃ¼ÊÁÁÕÍØ³ËÀÙÁÔÊÙ§¾Í à¡Ô´¡ÒÃà´×Í´¡ÅÒÂà»“¹äÍ äÍ¢Í§ÊÒÃ¼ÊÁ¹Õé¨Ð¼ˆÒ¹à¢‰Òä»ÂÑ§¶Ò´ (tray)

µˆÒ§æÀÒÂã¹ËÍ áÅÐà¡Ô´¡ÒÃ¡ÅÑè¹áººÅíÒ´ÑºÊ̂Ç¹¢Öé¹ÀÒÂã¹áµˆÅÐªÑé¹äÍ¢Í§ÊÒÃ·ÕèÂÍ´ËÍ¨ÐÁÕ¤ÇÒÁà¢‰Á¢‰¹
¢Í§ÊÒÃ·Õè¨Ø´à´×Í´µíèÒ¡ÇˆÒà»“¹»ÃÔÁÒ³ÁÒ¡ áÅÐ¨Ð¼ˆÒ¹ä»ÂÑ§à¤Ã×èÍ§¤Çºá¹ˆ¹à¾×èÍ·íÒãË‰¡ÅÒÂà»“¹¢Í§àËÅÇ
¨Ò¡¹Ñé¹¡ç¼ˆÒ¹ä»ÂÑ§ÇÒÅŒÇ»„Í¹¡ÅÑºÊÒÃ (Reflux valve) ÂÍ´ËÍ à¾×èÍà»“¹¡ÒÃ¤Çº¤ØÁ¤ÇÒÁà¢‰Á¢‰¹¢Í§
ÊÒÃ¼ÅÔµÀÑ³±ŒÂÍ´ËÍ ´Ñ§¹Ñé¹à»„ÒËÁÒÂËÅÑ¡¢Í§¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´
¤×Í ¡ÒÃ¤Çº¤ØÁÊÒÃ¼ÅÔµÀÑ³±ŒãË‰ÁÕ¤ÇÒÁà¢‰Á¢‰¹µÒÁ·Õè¡íÒË¹´àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò
¡ÅÒ§ËÍ
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¤.2 â¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁ

â¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁ¢Í§ËÍ¡ÅÑè¹·Õè¹ÔÂÁãª‰ã¹ÀÒ¤ÍØµÊÒË¡ÃÃÁÁÕËÅÒÂáºº [31] «Öè§áµˆÅÐáºº¡ç
ÁÕ¢‰Í´Õ¢‰ÍàÊÕÂáµ¡µˆÒ§¡Ñ¹ä» ¡ÒÃàÅ×Í¡â¤Ã§ÊÃ‰Ò§¢Í§¡ÒÃ¤Çº¤ØÁ¢Öé¹ÍÂÙˆ¡Ñº»’¨¨ÑÂËÅÒÂÍÂˆÒ§ àªˆ¹ ª¹Ô´áÅÐ
ÅÑ¡É³Ðâ¤Ã§ÊÃ‰Ò§¢Í§ËÍ¡ÅÑè¹ ÊÒÃ·Õèµ‰Í§¡ÒÃ¡ÅÑè¹ ¡ÒÃÃº¡Ç¹¢Í§ÃÐºº ÏÅÏ ã¹·Õè¹Õé¨ÐàÅ×Í¡â¤Ã§ÊÃ‰Ò§¡ÒÃ
¤Çº¤ØÁáºº LV ´Ñ§ÃÙ»·Õè ¤.1 à¾×èÍãË‰ÊÍ´¤Å‰Í§¡Ñºâ¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁ·ÕèÊÒÁÒÃ¶·íÒä´‰¢Í§ËÍ¡ÅÑè¹·Õèãª‰ã¹
Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ ÅÑ¡É³Ð¢Í§â¤Ã§ÊÃ‰Ò§áºº¹Õé¤×Í ¨Ðãª‰ÍÑµÃÒÊ̂Ç¹¡ÒÃ»„Í¹¡ÅÑº áÅÐÍÑµÃÒ
¡ÒÃµ‰Á«íéÒ à¾×èÍ¤Çº¤ØÁÊÒÃ¼ÅÔµÀÑ³±Œ·ÕèÂÍ´ËÍ áÅÐ°Ò¹ËÍµÒÁÅíÒ´Ñº

�

�

Reboiler

Condenser

Controller
Reflux

���

Controller

LC

LC

�

�

Reflux Drum

�

��

�

��

Reboiler
���

ÃÙ»·Õè ¤.1: â¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áºº �� � � �

¢‰Í´Õ¢Í§â¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁáºº LV ¤×Í

1. §̂ÒÂµˆÍ¡ÒÃÊÃ‰Ò§à»“¹ÃÐººà¾×èÍãª‰§Ò¹¨ÃÔ§ à¾ÃÒÐâ¤Ã§ÊÃ‰Ò§äÁˆ«Ñº«‰Í¹ÁÒ¡¹Ñ¡ áÅÐ§̂ÒÂµˆÍ¡ÒÃ·íÒ
¤ÇÒÁà¢‰Òã¨ã¹ÇÔ¸Õ¡ÒÃ¤Çº¤ØÁ¢Í§¼Ù‰»¯ÔºÑµÔ¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹

2. àÁ×èÍÁÕ¡ÒÃÃº¡Çºà¢‰ÒÊÙˆÃÐººâ´Âà»ÅÕèÂ¹á»Å§¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ·Õè»„Í¹à¢‰Ò¡ÅÒ§ËÍ ¾Ô¨ÒÃ³ÒÃÐºº
Ç§à»”´ ¼ÅµÍº¢Í§ÃÐºº¨ÐÁÕ¤ÇÒÁäÇµˆÍ¡ÒÃÃº¡Ç¹¹ÕéäÁˆÁÒ¡¹Ñ¡àÁ×èÍà·ÕÂº¡Ñºâ¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁ
áººÍ×è¹æ
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¢‰ÍàÊÕÂ¢Í§â¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁáºº LV ¤×Í

1. ÁÕ¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§Ç§ÃÍº¡ÒÃ¤Çº¤ØÁ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍ¤ˆÍ¹¢‰Ò§ÊÙ§

2. ÃÐººÁÕ¤ÇÒÁäÇµˆÍ¡ÒÃÃº¡Ç¹à¹×èÍ§¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃ¤ˆÍ¹¢‰Ò§ÁÒ¡

3. ¡ÒÃ»ÃÑº¨Ù¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ·íÒä´‰äÁˆ§̂ÒÂ¹Ñ¡ à¾ÃÒÐÁÕ¡ÒÃàª×èÍÁâÂ§¡Ñ¹ã¹Ç§ÃÍº¡ÒÃ¤Çº
¤ØÁÂÍ´ËÍáÅÐ°Ò¹ËÍ

¤.3 áºº í̈ÒÅÍ§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

ÊíÒËÃÑºáºº¨íÒÅÍ§¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ 2 ª¹Ô´ ãª‰áºº¨íÒÅÍ§¢Í§ Luyben [37] «Öè§¨ÐÁÕ¤Ø³ÊÁºÑµÔ
áººÍØ´Á¤µÔâ´ÂÁÕÊÁÁµÔ°Ò¹áÅÐÊÔè§·ÕèÅÐàÅÂ´Ñ§µˆÍä»¹Õé

ÊÁÁØµÔ°Ò¹

1. ¡ÒÃ¡ÅÒÂà»“¹äÍÊÑÁ¾Ñ·¸ŒÁÕ¤ˆÒ¤§·Õè (constant relative volatility)µÅÍ´·Ñè§ËÍ áÅÐ¾Ô¨ÒÃ³ÒãË‰äÍ·ÕèÍÍ¡
¨Ò¡áµˆÅÐªÑé¹ÊÁ´ØÅ¡Ñº¢Í§àËÅÇº¹ªÑé¹¹Ñé¹

2. ¢Í§àËÅÇã¹ËÁ‰Íµ‰Á«íéÒáÅÐã¹°Ò¹ËÍ¼ÊÁ¡Ñ¹ÍÂˆÒ§ÊÁºÙÃ³Œ áÅÐÁÕ¤ÇÒÁà¢‰Á¢‰¹à·̂Ò¡Ñ¹

3. àÁ×èÍäÍ 1 âÁÅ¡ÅÑè¹µÑÇ¨Ðä´‰à»“¹¢Í§àËÅÇ 1 âÁÅ´‰ÇÂ ´Ñ§¹Ñé¹¨Ö§äÁˆµ‰Í§ÁÕÊÁ¡ÒÃ¾ÅÑ§§Ò¹ (Energy

equation)ÊíÒËÃÑºáµˆÅÐªÑé¹

4. äÁˆ¤Ô´¡ÒÃË¹ˆÇ§àÇÅÒã¹¡ÒÃà¤Å×èÍ¹·Õè¢Í§äÍ¨Ò¡´‰Ò¹º¹¢Í§ËÍä»ÂÑ§à¤Ã×èÍ§»„Í¹àÇÕÂ¹ÃÍº áÅÐ¨Ò¡
à¤Ã×èÍ§»„Í¹àÇÕÂ¹ÃÍº¡ÅÑºä»ÂÑ§ªÑé¹ÂÍ´ËÍ

5. äÁˆÁÕ»ÃÔÁÒ³¢Í§äÍ·Õè¤‰Ò§ÍÂÙˆã¹áµˆÅÐªÑé¹ (vapor holdup) ´Ñ§¹Ñé¹ÍÑµÃÒ¡ÒÃäËÅ¢Í§äÍ¨Ðà·̂Ò¡Ñ¹ËÁ´
µÅÍ´·Ñé§ËÍ ·Ñé§ªˆÇ§¾ÅÇÑµáÅÐªˆÇ§Ê¶Ò¹ÐÍÂÙˆµÑÇ

� � � � � �� � �
� � � � � � ���

6. äÁˆ¤Ô´¡ÒÃÊÙ­àÊÕÂ¤ÇÒÁÃ‰Í¹ã¹ËÍ

7. äÁˆ¤Ô´¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§ÍØ³ËÀÙÁÔ¨Ò¡ªÑé¹Ë¹Öè§ä»ÊÙˆÍÕ¡ªÑé¹Ë¹Öè§

8. äÁˆ¤Ô´¡ÒÃà»ÅÕèÂ¹á»Å§·Ò§¾ÅÇÑµ¢Í§à¤Ã×èÍ§¤Çºá¹ˆ¹áÅÐËÁ‰Íµ‰ÁËÁØ¹àÇÕÂ¹ à¹×èÍ§¨Ò¡¼ÅµÍºÊ¹Í§
¢Í§¡ÒÃáÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹àÃçÇ¡ÇˆÒ¼ÅµÍºÊ¹Í§¢Í§ËÍÁÒ¡

¨Ò¡ÃÙ»·Õè ¤.2 ¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹àÃÔèÁ¨Ò¡¡ÒÃ»„Í¹ÊÒÃ¼ÊÁ·ÕèÁÕ¤ÇÒÁà¢‰Á¢‰¹ � à¢‰Ò·Õè¡ÅÒ§ËÍ (
! �

)

´‰ÇÂ ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà»“¹ � (âÁÅµˆÍ¹Ò·Õ) äÍ¹íéÒ·Õèä´‰¨Ò¡ªÑé¹º¹ÊØ´ (ªÑé¹ ! �
) ¨ÐäËÅ¼ˆÒ¹à¤Ã×èÍ§¤Çºá¹ˆ¹

à»“¹¢Í§àËÅÇä»·Õè à¤Ã×èÍ§»„Í¹àÇÕÂ¹ÃÍº (Reflux drum)«Öè§ºÃÃ¨Ø»ÃÔÁÒ³¢Í§àËÅÇà·̂Ò¡Ñº �� (âÁÅ) áÅÐÁÕ
¤ÇÒÁà¢‰Á¢‰¹ÊÒÃàºÒã¹Ê¶Ò¹Ð¢Í§àËÅÇ �

� áÅÐ¶Ù¡Ê̂§¡ÅÑºä»ÂÑ§Ê̂Ç¹º¹¢Í§ËÍ¡ÅÑè¹ (ªÑé¹ ! �
) ´‰ÇÂÍÑµÃÒ� áÅÐÍÕ¡Ê̂Ç¹¨Ð¶Ù¡Ê̂§ÍÍ¡ä»à»“¹¼ÅÔµÀÑ³±ŒÂÍ´ËÍ´‰ÇÂÍÑµÃÒ # ã¹Ê̂Ç¹¢Í§áµˆÅÐªÑé¹ ¨ÐÁÕ¨íÒ¹Ç¹¢Í§
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��
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��
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Steam
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����
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�

�

����
����

����

�

��
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��

�

�

�

ÃÙ»·Õè ¤.2: á¼¹ÀÒ¾ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

àËÅÇã¹ªÑé¹»ÃÔÁÒ³ �
� áÅÐÁÕ¤ÇÒÁà¢‰Á¢‰¹ã¹Ê¶Ò¹Ð¢Í§àËÅÇà·̂Ò¡Ñº �� áÅÐÁÕ¡ÒÃÃÐàËÂ¢Í§äÍ´‰ÇÂÍÑµÃÒ

� áÅÐÁÕÍÑµÃÒ¡ÒÃäËÅÅ§¢Í§¢Í§àËÅÇ´‰ÇÂÍÑµÃÒ �� ã¹Ê̂Ç¹¡‰¹¢Í§ËÍ¡ÅÑè¹ÁÕ¢Í§àËÅÇ»ÃÔÁÒ³ �� «Öè§
¤§·Õèâ´ÂÁÕ¤ÇÒÁà¢‰Á¢‰¹ÊÒÃàºÒ �

� «Öè§¨Ð¶Ù¡»„Í¹ÍÍ¡à»“¹¼ÅÔµÀÑ³±Œ´‰ÇÂÍÑµÃÒ � áÅÐ¶Ù¡Ê̂§ä»ä»ÂÑ§ËÁ‰Í
µ‰Á«íéÒ äÍ¹íéÒ¨Ò¡ËÁ‰Íµ‰Á¨ÐäËÅ´‰ÇÂÍÑµÃÒ � ËÅÑºä»ÂÑ§¡‰¹ËÍâ´ÂÁÕ¤ÇÒÁà¢‰Á¢‰¹ã¹Ê¶Ò¹ÐäÍà·̂Ò¡Ñº ��

¨Ò¡ÊÁÁµÔ°Ò¹´Ñ§¡Å̂ÒÇÁÒáÅ‰Ç àÃÒ¨Ðà¢ÕÂ¹ÊÁ¡ÒÃÍ¸ÔºÒÂÃÐºº«Öè§ÁÕÃÙ»áººà»“¹ÊÁ¡ÒÃÍ¹Ø¾Ñ¹¸ŒáÊ´§
¤ÇÒÁÊÑÁ¾Ñ¹¸Œ¢Í§»ÃÔÁÒ³µˆÒ§æ ã¹ÃÐºº »ÃÐ¡Íº´‰ÇÂÊÁ¡ÒÃ¤ÇÒÁµˆÍà¹×èÍ§ÃÇÁ (total continuity) áÅÐ
ÊÁ¡ÒÃ¤ÇÒÁµˆÍà¹×èÍ§¢Í§Í§¤Œ»ÃÐ¡Íº (component continuity)µÒÁÅíÒ´Ñº «Öè§áÂ¡µÒÁÊ̂Ç¹»ÃÐ¡Íº¢Í§ËÍ
¡ÅÑè¹´Ñ§µˆÍä»¹Õé
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à¤Ã×èÍ§¤Çºá¹ˆ¹áÅÐà¤Ã×èÍ§»„Í¹àÇÕÂ¹ÃÍº
$
��$

� � � � � � # (¤.1)
$ �
��

�
�
�

$
� � �

�
�� � � �

� (¤.2)

ªÑé¹º¹ÊØ´ (ªÑé¹ ! �
)

$
�

��$
� � � � ��� (¤.3)

$ �
�

�� ��� �$
� � ��

� � ��� ��� � �
�
�� �

� � �
�
�� (¤.4)

(¤.5)

ªÑé¹·Õè � ¢Í§ËÍ¡ÅÑè¹
$
�

�
$
� � ��� � � ��

(¤.6)
$ �
�

��� �
$
� � ��� ���� � � ���� � �

�
�
�

� � �
�
�

(¤.7)

�� � �� � �
�

� � �
� ��� (¤.8)

â´Â ��áÅÐ � � ¤×Í¤ˆÒàÃÔèÁµ‰¹Ê¶Ò¹Ð¤§µÑÇ (initial steady-state)� ¤×Í ¤ˆÒ¤§·ÕèÊÑÁ¾Ñ¹¸Œ¡Ñº¢Í§àËÅÇº¹¶Ò´

ªÑé¹·ÕèÁÕ¡ÒÃ»„Í¹ÊÒÃ¼ÊÁà¢‰ÒÊÙˆËÍ¡ÅÑè¹ªÑé¹ (
! �

)

$
�

� �
$
� � � � �� � � � � �� �

(¤.9)
$ �
�

� � �� � �
$
� � �

� � �� � � ��� � � � � �� � �� � � �
�
� �

�
� � �

�
� �

(¤.10)

ªÑé¹áÃ¡¢Í§ËÍ¡ÅÑè¹
$
�

�
$
� � � � � � �

(¤.11)
$ �
�

�� � �
$
� � � �� � � � �� � � �

�� � �
�
�

(¤.12)

ËÁ‰Íµ‰Á«íéÒáÅÐ°Ò¹¢Í§ËÍ¡ÅÑè¹
$
��$

� � � � � � � � (¤.13)
$ �
��

�
�
�

$
� � � �� � � �

�� � � �
� (¤.14)

áÅÐ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÊÁ´ØÅäÍ-¢Í§àËÅÇ¢Í§ÊÒÃ¼ÊÁ¤×Í

�
� � �

��
� � �

� � ���� (¤.15)
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â´Â·Õè

� �� ¤×Í Í§¤Œ»ÃÐ¡ÍºÊÒÃàºÒã¹ÊÒÃ¼ÊÁÊ¶Ò¹Ð¢Í§àËÅÇ
� �

� ¤×Í Í§¤Œ»ÃÐ¡ÍºÊÒÃàºÒã¹ÊÒÃ¼ÊÁÊ¶Ò¹Ð¡ŠÒ«
� � ¤×Í¤ˆÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¡ÅÒÂà»“¹äÍ

¤.4 áºº í̈ÒÅÍ§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´·Õè»ÃÐÁÒ³à»“¹àªÔ§àÊ‰¹

¨Ò¡áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ·Õèä´‰ÁÕÅÑ¡É³ÐäÁˆà»“¹àªÔ§àÊ‰¹ ¨Ö§µ‰Í§»ÃÐÁÒ³ãË‰à»“¹ÃÐººàªÔ§àÊ‰¹·Õè
¨Ø´·íÒ§Ò¹ «Öè§¨Ò¡ÊÁ¡ÒÃäÁˆàªÔ§àÊ‰¹·Ñé§ËÁ´¢‰Ò§µ‰¹¨Ðä´‰áºº¨íÒÅÍ§¤³ÔµÈÒÊµÃŒ´Ñ§¹Õé
à¤Ã×èÍ§¤Çºá¹ˆ¹áÅÐà¤Ã×èÍ§»„Í¹àÇÕÂ¹ÃÍº

�
� � �� � �#

�� ��
�
� � ��

�
�
� � ��� �

��
� �

�
�
�� � �

�
�
�
�

(¤.16)

ªÑé¹º¹ÊØ´ (ªÑé¹ ! �
)

� ��
��� � �� � �

���

�
�� ��

��� � ��
�
� � ���� � � �

�
��� � ��� �

�
�

��� �
� � ��

� � ��� ���
� �
�
�� � ��� �� ���

(¤.17)

ªÑé¹·Õè � ¢Í§ËÍ¡ÅÑè¹

� ��
��� � � �� � �

��

�
� ��

�� � ��� ����� � � �� � � ��� ����� � � �
�

����
�

� � ���� � � �� ����� �

� �
�
� � ���� �

�
�

(¤.18)

ªÑé¹·ÕèÁÕ¡ÒÃ»„Í¹ÊÒÃ¼ÊÁà¢‰ÒÊÙˆËÍ¡ÅÑè¹ªÑé¹ (
! �

)

� ��
�� � � �

�� � � � � �
�� � � ��

�
� � ��

�� � � �� � � ���� � � � � ��� � � �� � � � ���� � � �� �
�

���� �
�

�

� ��� � � � � �� � ���� � � � � �
�
� � � �� �

�
� ��� � � � � (¤.19)

� �
� � �� � ��� (¤.20)

ªÑé¹áÃ¡¢Í§ËÍ¡ÅÑè¹

� ��
� � � �

� � � �
� �

�
� ��

� � � � ���� � �� � � � � ��� � � �
��

�
� � ��� � �� ��� � � �

�
� � �� ���

(¤.21)
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ËÁ‰Íµ‰Á«íéÒáÅÐ°Ò¹¢Í§ËÍ¡ÅÑè¹

�
� � �

� � � ��

� � ��
�
� � � �

�
� � � ��

� � � �
�

�
� � ��

�
� � � ����

(¤.22)

â´Â·Õè
� � � �

�
�� � �

� � ���� �� � � � � � ! � � � ����! �
(¤.23)

�
� � �

�
�� � �

� � ���
�
�� (¤.24)

àÁ×èÍµÑÇá»Ã·Ñé§ËÁ´¤×Í

� �� ¤×Í »ÃÔÁÒ³¢Í§¢Í§àËÅÇã¹à¤Ã×èÍ§»„Í¹àÇÕÂ¹ÃÍº

� �� ¤×Í »ÃÔÁÒ³¢Í§¢Í§àËÅÇã¹°Ò¹ËÍ¡ÅÑè¹

� �
� ¤×Í »ÃÔÁÒ³¢Í§¢Í§àËÅÇã¹áµˆÅÐªÑé¹

� �� ¤×Í Í§¤Œ»ÃÐ¡ÍºÊÒÃã¹ÊÒÃ¼ÊÁã¹Ê¶Ò¹Ð¢Í§àËÅÇ
� �

� ¤×Í Í§¤Œ»ÃÐ¡ÍºÊÒÃã¹ÊÒÃ¼ÊÁã¹Ê¶Ò¹Ð¡ŠÒ«
� �� ¤×Í ÍÑµÃÒäËÅ¢Í§¢Í§àËÅÇã¹áµˆÅÐªÑé¹
� # ¤×Í ÍÑµÃÒ¡ÒÃäËÅ¢Í§ÊÒÃ¼ÅÔµÀÑ³±ŒµÍ¹º¹

� � ¤×Í ÍÑµÒ¡ÒÃäËÅ¢Í§ÊÒÃ¼ÅÔµÀÑ³±ŒµÍ¹Å̂Ò§

� � ¤×Í ÍÑµÃÒ¡ÒÃ»„Í¹à¢‰Ò¢Í§ÊÒÃ·Õè¡ÅÒ§ËÍ

� � ¤×Í Í§¤Œ»ÃÐ¡Íº¢Í§ÊÒÃ·Õè»„Í¹à¢‰Ò¡ÅÒ§ËÍ

� � ¤×Í ÍÑµÃÒ¡ÒÃ»„Í¹¡ÅÑºÊÒÃ·Õè¡ÅÒ§ËÍ

� � ¤×Í ÍÑµÃÒ¡ÒÃ»„Í¹¡ÅÑºÊÒÃ·ÕèÂÍ´ËÍ
� �

� ¤×Í ÊÒÃ¼ÅÔµÀÑ³±Œ·ÕèÂÍ´ËÍ

� �
� ¤×Í ÊÒÃ¼ÅÔµÀÑ³±Œ·Õè°Ò¹ËÍ

� � ¤×Í ¤ˆÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¡ÅÒÂà»“¹äÍÊÑÁ¾Ñ·¸Œ

¨Ò¡áºº¨íÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ·Õèä´‰»ÃÐÁÒ³à»“¹àªÔ§àÊ‰¹áÅ‰Ç¹Ñé¹ ¹íÒÁÒ·íÒ¡ÒÃËÒáºº¨íÒÅÍ§ã¹ÃÙ»
»ÃÔÀÙÁÔÊ¶Ò¹Ð â´Â¡ÒÃá·¹¤ˆÒ¨Ø´·íÒ§Ò¹¢Í§ËÍ¡ÅÑè¹áººáÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´Å§ä»ã¹áºº¨íÒÅÍ§·Õèä´‰·íÒ
¡ÒÃ»ÃÐÁÒ³à»“¹àªÔ§àÊ‰¹áÅ‰Ç ä´‰áºº¨íÒÅÍ§ã¹ÃÙ»»ÃÔÀÙÁÔÊ¶Ò¹Ðâ´ÂÁÕµÑÇá»ÃÊ¶Ò¹Ð·Ñé§ËÁ´ 42 µÑÇ áº̂§
ÍÍ¡à»“¹ 3 Ê̂Ç¹
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� µÑÇá»Ã·Õèµ‰Í§¡ÒÃ¤Çº¤ØÁ ¤×Í �
�
� áÅÐ ��

�

� µÑÇá»ÃÊ¶Ò¹Ð¢Í§ÃÐºº ¤×Í �
�
� , �

� �
,..., �

��
� , �

�
� áÅÐ �� �

,..., �
� �

�
� µÑÇá»Ã·Õèà»“¹ÊÑ­­Ò³à¢‰Ò ¤×Í �� áÅÐ ��

áºº¨íÒÅÍ§·ÑèÇä»ã¹ÃÙ»»ÃÔÀÙÁÔÊ¶Ò¹Ð ¤×Í �� = �� � � �
� = " � � #

´Ñ§¹Ñé¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ � �� �" áÅÐ � ¹íÒä»ËÒ¿’§¡ŒªÑ¹¶̂ÒÂâÍ¹¨Ò¡ÊÑ­­Ò³à¢‰Òä»ÂÑ§ÊÑ­­Ò³ÍÍ¡
â´Â·ÕèÃÐºº¹Õéà»“¹ÃÐºº MIMO ´Ñ§¹Ñé¹ÊÒÁÒÃ¶à¢ÕÂ¹ steady state modelä´‰´Ñ§¹Õé

���
�

��
�

�
� �� �� � ��

� �� � ��
� �����

�
� �� ��

� ��
� ��

µÒÃÒ§·Õè ¤.1: ¤ˆÒàÃÔèÁµ‰¹·ÕèÀÒÇÐÊÁ´ØÅ áÅÐ¾ÒÃÒÁÔàµÍÃŒµˆÒ§æ¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ (¢‰ÍÁÙÅ¨Ò¡
Perry Chemical Handbook)

¤ˆÒ¤§·Õè ¤ÇÒÁà¢‰Á¢‰¹à¿Ê¢Í§àËÅÇáµˆÅÐªÑé¹
�� � ���

lb-mol
�
� � � ������

�� � ���
lb-mol

��
� � � ����$�

� � ! ��� � � ������
� � � �� min.

��� � � ������
! � � !� ªÑé¹·Õè ��� � � ������
! � � �� ªÑé¹·Õè ��� � � ���� ��

¤ˆÒ¤§·ÕèáµˆÅÐªÑé¹ ��� � � �
$����

�� � �!� �� � � � � �� � � � �
� !�

(lb-mol)/min.
��

� � � �����!
� !!� �� � � � � � � � � �

� ��
(lb-mol)/min.

��
� � � �� ����

�
� � ��

lb-mol
��� � � ���

!��
¤ˆÒ set point

��� � � �� ��
!�

� ���
� � � ���

��
� � � ��

$���
� ���
� � � ��! � � � � ����� �

¤ˆÒ¨Ò¡ÀÒÂ¹Í¡ � � � � ��
$���

� � ���
(lb-mol)/min.

� � � � �� �� ��
� � � �� (lb-mol)/min.

� � � � �
!����

¤ˆÒÍ×è¹æ � � � � ����
!!

# � ��
(lb-mol)/min.

�
� � � ��� ���

� � ��
(lb-mol)/min.

�
� � � ������

� � �$� �� � (lb-mol)/min.
�� � � ���$��� � �!� �� � (lb-mol)/min.
� � � � ������

�
� � � ��!���
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»ÃÐÇÑµÔ¼Ù‰à¢ÕÂ¹ÇÔ·ÂÒ¹Ô¾¹ Œ̧

¹ÒÂ¡ÃÃ³ÇÑ²¹Œ ÊÁÊÑ§¢Œ à¡Ô´àÁ×èÍÇÑ¹·Õè 11 àÁÉÒÂ¹ ¾.È. 2522 ·ÕèÍíÒàÀÍàÁ×Í§ ¨Ñ§ËÇÑ´Ê§¢ÅÒ
à»“¹ºØµÃ¢Í§ ¹ÒÂ¸ÕÃÐ¾§ÈŒ ÊÁÊÑ§¢Œ áÅÐ ¹Ò§ÊÁ¨ÔµÃ ÊÁÊÑ§¢Œ ÊíÒàÃç¨¡ÒÃÈÖ¡ÉÒ»ÃÔ­­ÒÇÔÈÇ¡ÃÃÁÈÒÊµÃ
ºÑ³±Ôµ ÊÒ¢ÒÇÔÈÇ¡ÃÃÁä¿¿„Ò¡íÒÅÑ§ ¨Ò¡ÀÒ¤ÇÔªÒÇÔÈÇ¡ÃÃÁä¿¿„Ò ¤³ÐÇÔÈÇ¡ÃÃÁÈÒÊµÃŒ ÁËÒÇÔ·ÂÒÅÑÂ
Ê§¢ÅÒ¹¤ÃÔ¹·ÃŒ àÁ×èÍ»•¡ÒÃÈÖ¡ÉÒ 2543 áÅÐà¢‰ÒÈÖ¡ÉÒµˆÍã¹ËÅÑ¡ÊÙµÃÇÔÈÇ¡ÃÃÁÈÒÊµÃÁËÒºÑ³±Ôµ ÊÒ¢Ò
ÇÔÈÇ¡ÃÃÁÃÐºº¤Çº¤ØÁ ÀÒ¤ÇÔªÒÇÔÈÇ¡ÃÃÁä¿¿„Ò ¤³ÐÇÔÈÇ¡ÃÃÁÈÒÊµÃŒ ¨ØÌÒÅ§¡Ã³ŒÁËÒÇÔ·ÂÒÅÑÂ àÁ×èÍ»•
¡ÒÃÈÖ¡ÉÒ 2544

¼Å§Ò¹ÇÔ Ñ̈Â·Õèä ‰́ÃÑº¡ÒÃµÕ¾ÔÁ¾Œ
Somsung, K.; and Pratishthananda, S.; “Constructing fuzzystructure using fuzzy c-means clustering

combined with fuzzy gain scheduling” the 5th Asian Control Conf. (ASCC2004) July 2004, Mel-

bourne, Australia, to be appeared.
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