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º··Õè 1

º·¹íÒ

1.1 ¤ÇÒÁà»“¹ÁÒ

Distributed control systems (DCS) à»“¹ÃÐºº·ÕèÁÕãª‰ÍÂˆÒ§á¾ÃˆËÅÒÂã¹ÍØµÊÒË¡ÃÃÁ·ÑèÇä» ÁÕ¡ÒÃ
àª×èÍÁµˆÍÊÑ--Ò³ (I/O interface) ·Õèä´‰ÁÒµÃ°Ò¹ ÊÐ´Ç¡µˆÍ¼Ù‰»¯ÔºÑµÔ§Ò¹ã¹¡ÒÃà½„ÒÊÑ§à¡µ (Monitoring) áÅÐ
·íÒ¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ (Operating) Ë¹ˆÇÂ»ÃÐÁÇÅ¼Å¢Í§DCS (Field control station, FCS) áÂ¡
ÍÍ¡¨Ò¡Ë¹ˆÇÂáÊ´§¼Å (Human interface statation, HIS) ·íÒãË‰DCSÊÒÁÒÃ¶·íÒ¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃä´‰
ËÅÒÂ¡ÃÐºÇ¹¡ÒÃã¹àÇÅÒà´ÕÂÇ¡Ñ¹ â´Â í̈Ò¹Ç¹¡ÃÐºÇ¹¡ÒÃ¢Öé¹ÍÂÙˆ¡Ñº í̈Ò¹Ç¹¡ÅØˆÁ¿’§¡ŒªÑ¹ (Function block)

áÅÐ í̈Ò¹Ç¹¡ÒÃàª×èÍÁµˆÍ¢Í§ÊÑ--Ò³à¢‰ÒáÅÐÊÑ--Ò³ÍÍ¡ ¡ÒÃ¤Çº¤ØÁ·ÕèÁÕãª‰ã¹DCSà»“¹à¾ÕÂ§¡ÒÃ¤Çº¤ØÁ
¾×é¹°Ò¹ àªˆ¹ ¡ÒÃ¤Çº¤ØÁáººÊÑ´Ê̂Ç¹ ÍÔ¹·Ô¡ÃÑÅ áÅÐÍ¹Ø¾Ñ¹¸Œ (PID), ¿’§¡ŒªÑ¹¡ÒÃ·íÒ§Ò¹áººÅíÒ´Ñº¢Ñé¹
(Sequencial function) à»“¹µ‰¹ ¿’§¡ŒªÑ¹¡ÒÃ¤Çº¤ØÁ¾×é¹°Ò¹´Ñ§¡Å̂ÒÇàÍ×éÍµˆÍ¡ÒÃ»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§
«Öè§ÂÑ§äÁˆá¾ÃˆËÅÒÂã¹ÍØµÊÒË¡ÃÃÁ ´Ñ§¹Ñé¹ Ö̈§à»“¹·Õè¹ˆÒÊ¹ã¨ã¹¡ÒÃÈÖ¡ÉÒà¾×èÍ»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§â´Â
´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS¡Ñº¡ÃÐºÇ¹¡ÒÃ¾×é¹°Ò¹·Õèãª‰ã¹ÍØµÊÒË¡ÃÃÁ·ÑèÇä»

ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéä´‰àÅ×Í¡ãª‰¡ÃÐºÇ¹¡ÒÃ¾×é¹°Ò¹·Õèãª‰ã¹ÍØµÊÒË¡ÃÃÁ·ÕèÁÕã¹Ë‰Í§» Ô̄ºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº
¤ØÁ 3 ¡ÃÐºÇ¹¡ÒÃ·Õèáµ¡µˆÒ§¡Ñ¹â´ÂàÅ×Í¡¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§·ÕèàËÁÒÐÊÁ¡ÑºáµˆÅÐ¡ÃÐºÇ¹¡ÒÃã¹¡ÒÃ·´ÊÍº
¡ÒÃ´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS

1. ¶Ñ§¾Ñ¡ à»“¹¡ÃÐºÇ¹¡ÒÃ·Õè¾ºä´‰·ÑèÇä»ã¹ÍØµÊÒË¡ÃÃÁ ÇÑµ¶Ø»ÃÐÊ§¤Œ¢Í§¡ÒÃ¤Çº¤ØÁ¤×ÍÃÑ¡ÉÒÃÐ´Ñº
¢Í§àËÅÇã¹¶Ñ§¾Ñ¡ãË‰¤§¤ˆÒ·Õè¤ˆÒ¡íÒË¹´ â´Â¾ÂÒÂÒÁãË‰ÍÑµÃÒ¡ÒÃäËÅÍÍ¡¢Í§¢Í§àËÅÇÁÕ¤ÇÒÁÃÒº
Å×è¹ÀÒÂãµ‰¡ÒÃÃº¡Ç¹·Õèà¡Ô´¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§ÍÑµÃÒ¡ÒÃäËÅà¢‰Ò ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéãª‰¡ÒÃ¤Çº
¤ØÁÃÐ´Ñºáººà©ÅÕèÂ «Öè§ÍÒÈÑÂ¡ÒÃ¤íÒ¹Ç³ËÒ¤ˆÒÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´ÃˆÇÁ¡Ñº¡ÒÃ·íÒ¹ÒÂÊ¶Ò¹Ð
¢Í§ÃÐººã¹ª̂Ç§¡ÒÃ¤Çº¤ØÁ (Control horizon) [1]

2. à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ à»“¹¡ÃÐºÇ¹¡ÒÃ·ÕèÁÕ¤ÇÒÁäÁˆà»“¹àªÔ§àÊ‰¹à¹×èÍ§¨Ò¡ÁÕ¡ÒÃË¹ˆÇ§àÇÅÒ
(Transportation lag) ·Õèà¡Ô´¨Ò¡¡ÒÃà¤Å×èÍ¹·Õè¢Í§ÍÒ¡ÒÈÃ‰Í¹ä»ÂÑ§à¤Ã×èÍ§Á×ÍÇÑ´·ÕèÍÂÙˆÍÕ¡»ÅÒÂ´‰Ò¹Ë¹Öè§
¢Í§·ˆÍ ÇÑµ¶Ø»ÃÐÊ§¤Œ¢Í§¡ÒÃ¤Çº¤ØÁ¤×Í ¤Çº¤ØÁÍØ³ËÀÙÁÔÍÍ¡äÇ‰·Õè¤ˆÒ¡íÒË¹´áÅÐÅ´¼Å¡ÒÃÃº¡Ç¹·Õè
à¡Ô´¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§»ÃÔÁÒ³ÍÒ¡ÒÈ·ÕèäËÅà¢‰ÒÊÙˆ¡ÃÐºÇ¹¡ÒÃ ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéãª‰¡ÒÃ¤Çº¤ØÁ PI

áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ [2]

3. ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ à»“¹¡ÃÐºÇ¹¡ÒÃáÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ÍÍ¡¨Ò¡¡Ñ¹â´ÂÍÒÈÑÂ¤ÇÒÁáµ¡
µˆÒ§¢Í§¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¡ÅÒÂà»“¹äÍ¢Í§ÊÒÃ ÊÒÃ·ÕèÁÕ Ø̈´à´×Í´µíèÒ«Öè§à»“¹ÊÒÃ·ÕèÁÕ¤ÇÒÁà¢‰Á
¢‰¹ÊÙ§¨ÐÃÐàËÂ¡ÅÒÂà»“¹äÍà¤Å×èÍ¹·Õè¢Öé¹·Ò§µÍ¹º¹¢Í§ËÍ¡ÅÑè¹ ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ÁÕ
ËÅÒÂÊÑ--Ò¹à¢‰ÒáÅÐËÅÒÂÊÑ--Ò¹ÍÍ¡ ÁÕ¤ÇÒÁäÁ̂à»“¹àªÔ§àÊ‰¹áÅÐÁÕ¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§Ç§ÃÍº
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¡ÒÃ¤Çº¤ØÁ ÇÑµ¶Ø»ÃÐÊ§¤Œ¢Í§¡ÒÃ¤Çº¤ØÁ¤×Í¤Çº¤ØÁÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍäÇ‰·Õè¤ˆÒ¡íÒË¹´
à¹×èÍ§¨Ò¡¡ÒÃÃº¡Ç¹·Õèà¡Ô´¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò¡ÅÒ§ËÍ ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéãª‰
¡ÒÃ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ â´Âãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õfuzzy

c-means ã¹¡ÒÃ¡íÒË¹´¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡ÃˆÇÁ¡ÑºµÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õã¹¡ÒÃ¡íÒË¹´°Ò¹¡®·Õè
àËÁÒÐÊÁ [3]

1.2 §Ò¹ÇÔ Ñ̈Â·Õè¼̂Ò¹ÁÒ

ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéãª‰¡ÒÃ¤Çº¤ØÁáºº¢Ñé¹ÊÙ§·Õèáµ¡µˆÒ§¡Ñ¹ 3 ÇÔ¸ÕµÒÁ¤ÇÒÁàËÁÒÐÊÁã¹¡ÒÃ¤Çº¤ØÁáµˆÅÐ
¡ÃÐºÇ¹¡ÒÃ à¾×èÍÍíÒ¹ÇÂ¤ÇÒÁÊÐ´Ç¡á¡ˆ¼Ù‰»¯ÔºÑµÔ§Ò¹áÅÐÁÕ¤ÇÒÁà»“¹ä»ä´‰ã¹¡ÒÃ¹íÒä»ãª‰§Ò¹¨ÃÔ§

1.2.1 ¡ÒÃ¤Çº¤ØÁÃÐ Ñ́ºáººà©ÅÕèÂ

¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ (Averaging level control) ÁÕà»„ÒËÁÒÂËÅÑ¡¤×Í ¡ÒÃÃÑ¡ÉÒÍÑµÃÒ¡ÒÃ
äËÅÍÍ¡¨Ò¡¶Ñ§ (Outlet flow) ãË‰ÁÕ¤ÇÒÁÃÒºÅ×è¹ (Smoothness) à¾×èÍ»„Í¹à¢‰ÒÊÙˆ¡ÃÐºÇ¹¡ÒÃã¹ÅíÒ´Ñº¶Ñ´
ä» â´Â·Õèµ‰Í§¤ØÁ¤ˆÒÃÐ´Ñº¢Í§àËÅÇã¹¶Ñ§äÁˆãË‰à¡Ô´¡ÒÃÅ‰¹ËÃ×ÍÅ´Å§µíèÒ¡ÇˆÒ¢Íºà¢µ·Õè¡íÒË¹´ã¹¢³Ð·ÕèÍÑµÃÒ
¡ÒÃäËÅà¢‰Ò (Inlet flow) «Öè§à»“¹¡ÒÃÃº¡Ç¹¢Í§ÃÐººÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§µÅÍ´àÇÅÒ

à¾×èÍÃÑ¡ÉÒ¤ÇÒÁÃÒºÅ×è¹¢Í§ÍÑµÃÒ¡ÒÃäËÅÍÍ¡¹Õé [4, 5] ä´‰¾ÂÒÂÒÁÅ´¤ˆÒ´ÃÃª¹ÕÊÁÃÃ¶¹Ð «Öè§¹ÔÂÒÁ
à»“¹¤ˆÒÁÒ¡ÊØ´¢Í§ÍÑµÃÒ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃäËÅÍÍ¡ (Maximum rate of change in the outlet flow)

â´Â¤íÒ¹Ö§¶Ö§à§×èÍ¹ä¢¢Íºà¢µÊ¶Ò¹ÐÊÙ§ÊØ´áÅÐµíèÒÊØ´¢Í§¶Ñ§ [1] ä´‰à»ÅÕèÂ¹ä»ãª‰´ÃÃª¹ÕÊÁÃÃ¶¹Ð¹ÔÂÒÁà»“¹
»ÃÔ¾Ñ¹¸Œ¡íÒÅÑ§ÊÍ§¢Í§ÍÑµÃÒ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃäËÅÍÍ¡áÅÐµÑé§»’-ËÒãË‰ÍÂÙˆã¹ÃÙ»¢Í§á¤Å¤ÙÅÑÊ¢Í§¡ÒÃ
á»Ã¼Ñ¹ (Calculus of variation) â´ÂÁÕà§×èÍ¹ä¢¢Íºà¢µÊ¶Ò¹Ð [1] ÂÑ§ä´‰áÊ´§ãË‰àËç¹¶Ö§ÇÔ¸Õ¡ÒÃ¹íÒàÍÒ
¼Åà©ÅÂ¢Í§»’-ËÒÁÒ»ÃÐÂØ¡µŒãª‰¡Ñº¡ÒÃ¤Çº¤ØÁàªÔ§·íÒ¹ÒÂáºº¨íÒÅÍ§ (Model predictive control) ÍÕ¡
´‰ÇÂ ·Ñé§¹Õé [1, 4, 5] ãª‰ÇÔ¸Õ·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹ã¹ÃÙ»áººÊÑ--Ò³¢Ñé¹ºÑ¹ä´ (Step signal) ´Ñ§¹Ñé¹àÁ×èÍÍÑµÃÒ
¡ÒÃäËÅà¢‰Ò¨ÃÔ§á»Ã¤ˆÒÍÂˆÒ§«Ñº«‰Í¹¨Ðà¡Ô´¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹·ÕèÊÀÒÇÐÍÂÙˆµÑÇ (Steady state error) ÁÒ¡¢Öé¹
Ê̂§¼ÅãË‰ÊÁÃÃ¶¹Ðã¹¡ÒÃµÔ´µÒÁÃÐ´Ñº´‰ÍÂÅ§ ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéä´‰àÊ¹Í·Ò§àÅ×Í¡ã¹¡ÒÃ·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹
ã¹ÃÙ»áººÊÑ--Ò³ÅÒ´ (Ramp signal) à¾×èÍ»ÃÑº»ÃØ§ÊÁÃÃ¶¹Ðã¹¡ÒÃµÔ´µÒÁÃÐ´Ñº¢Í§àËÅÇã¹¶Ñ§ áÅÐµÑé§
»’-ËÒá¤Å¤ÙÅÑÊ¢Í§¡ÒÃá»Ã¼Ñ¹¢Öé¹ãËÁˆâ´Âãª‰´ÃÃª¹ÕÊÁÃÃ¶¹ÐáÅÐà·¤¹Ô¤ÇÔ¸Õ¡ÒÃ¤Çº¤ØÁ¨Ò¡ [1]

1.2.2 ¡ÒÃ¤Çº¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä ‰́

µÑÇ¤Çº¤ØÁ PI à»“¹¡ÒÃ¤Çº¤ØÁ·Õèãª‰¡Ñ¹ÍÂˆÒ§¡Ç‰Ò§¢ÇÒ§ã¹ÍØµÊÒË¡ÃÃÁ ¡ÒÃ»ÃÑºµÑé§µÑÇ¤Çº¤ØÁãË‰ÁÕ
¤ÇÒÁ¤§·¹µÅÍ´ªˆÇ§¡ÒÃ·íÒ§Ò¹µˆÍ¤ÇÒÁäÁ̂à»“¹àªÔ§àÊ‰¹¢Í§ÃÐººà»“¹Í§¤Œ»ÃÐ¡ÍºÊíÒ¤Ñ-·Õèµ‰Í§¾Ô¨ÒÃ³Ò¶Ö§
ã¹¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁ ¡ÒÃÍÍ¡áººÃÐºº¤Çº¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰¶Ù¡¾Ñ²¹ÒáÅÐ¹íÒä»ãª‰
¡Ñº»ÃÑº¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¢Í§¡ÒÃ¤Çº¤ØÁáººâ¤Ã§¢ˆÒÂ»ÃÐÊÒ· (Neural network) [6, 7] áÅÐ¶Ù¡¹íÒä»
ãª‰ÊíÒËÃÑº¡ÒÃ»ÃÑºµÑé§µÑÇ¤Çº¤ØÁáºº PID [2, 8] ¡ÒÃ¤Çº¤ØÁâ´ÂÇÔ¸Õ¹Õéà»“¹·Õè¹ˆÒÊ¹ã¨·ÕèÇˆÒ¡ÒÃ»ÃÑºäÁˆ¨íÒ
à»“¹µ‰Í§·ÃÒº¢‰ÍÁÙÅ¢Í§¡ÃÐºÇ¹¡ÒÃ ·Ñé§ÂÑ§ÃÑº»ÃÐ¡Ñ¹àÊ¶ÕÂÃÀÒ¾ËÅÑ§¨Ò¡ÃÐººÅÙˆà¢‰ÒÊÙˆ¨Ø´»ÃÑºµÑé§ áÅÐ
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ÊÒÁÒÃ¶ÊØˆÁ¤ˆÒàÃÔèÁµ‰¹¢Í§¡ÒÃ»ÃÑºä´‰

1.2.3 ¡ÒÃ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº Ù́áÅ ‰́ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ

¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹ÁÕ¡ÃÐºÇ¹¡ÒÃ·íÒ§Ò¹·Õè«Ñº«‰Í¹ ¡ÒÃ·íÒ§Ò¹ã¹¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹ºÒ§Ê̂Ç¹äÁˆÊÒÁÒÃ¶
Í¸ÔºÒÂä´‰´‰ÇÂÊÁ¡ÒÃ·Ò§¤³ÔµÈÒÊµÃŒÍÂˆÒ§§̂ÒÂ ¡ÒÃ´íÒà¹Ô¹¡ÒÃµ‰Í§ÍÒÈÑÂ¼Ù‰ÁÕ»ÃÐÊº¡ÒÃ³ŒáÅÐ¡ÒÃµÑ´ÊÔ¹
ã¨·Õè´Õ ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ Ö̈§à»“¹·Ò§àÅ×Í¡Ë¹Öè§·Õè¹ˆÒÊ¹ã¨ã¹¡ÒÃ´íÒà¹Ô¹¡ÒÃá·¹¼Ù‰»¯ÔºÑµÔ¡ÒÃ

ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õãª‰¡ÒÃÊÃ‰Ò§áºº í̈ÒÅÍ§àªÔ§ÀÒÉÒ áÅÐ¹íÒËÅÑ¡¢Í§¡ÒÃãª‰àËµØ¼Åã¹¡ÒÃµÑ´ÊÔ¹
¡ÒÃà»“¹ÊÁÒªÔ¡ã¹à«µ¿’««Õ [9, 10] ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õä´‰¶Ù¡¾Ñ²¹ÒáÅÐ»ÃÐÂØ¡µŒãª‰ã¹·Ò§
ÍØµÊÒË¡ÃÃÁÍÂ̂Ò§á¾ÃˆËÅÒÂ ¢‰Í´Õ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤×Í äÁ̂¨íÒà»“¹µ‰Í§ãª‰áºº¨íÒÅÍ§·Ò§¤³Ôµ
ÈÒÊµÃŒã¹¡ÒÃÍÍ¡áºº¡ÒÃ¤Çº¤ØÁ

¡ÒÃãª‰¡ÒÃ¤Çº¤ØÁPIDÃˆÇÁ¡ÑºÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õä´‰¶Ù¡¾Ñ²¹Ò¢Öé¹áÅÐãª‰ä´‰´Õã¹·Ò§ÍØµÊÒË¡ÃÃÁ
ÇÔ¸Õ¡ÒÃ¹íÒÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õä»ãª‰¡Ñº¡ÒÃ¤Çº¤ØÁPIDÁÕÍÂÙˆËÅÒÂÇÔ¸Õ [11] àªˆ¹ ÇÔ¸Õ¢Ñé¹µÍ¹·Ò§¾Ñ¹¸Ø
¡ÃÃÁáººÅíÒ´Ñº¢Ñé¹ (Hierarchical genetic algorithm) [12, 13], ÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ¿’««Õ (Fuzzy

clustering) [3] áÅÐ¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ (Fuzzy gain scheduling) [14] à»“¹µ‰¹ ÇÔ·ÂÒ
¹Ô¾¹¸Œ¹Õé»ÃÐÂØ¡µŒãª‰ÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáºº¿’««Õ«ÕÁÕ¹ (Fuzzy c-means clustering) ÃˆÇÁ¡Ñº¡ÒÃãª‰µÒÃÒ§
¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õã¹¡ÒÃ»ÃÐÁÒ³¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI

¿’««Õ«ÕÁÕ¹à»“¹ÇÔ¸ÕÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ·Õèä´‰¨Ò¡¡ÒÃ»¯ÔºÑµÔ§Ò¹ áÅÐ¡íÒË¹´¤ˆÒÃÐ´Ñº¤ÇÒÁà»“¹ÊÁÒªÔ¡
¢Í§¢‰ÍÁÙÅÀÒÂã¹à«µ¢Í§¿’««Õä´‰ÍÂˆÒ§àËÁÒÐÊÁ â´ÂÇÔ¸Õ¹Õé¨Ð¤íÒ¹Ç³¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡ÍÍ¡ÁÒã¹ÃÙ»
¢Í§fuzzy partition matrix àÁ×èÍ·íÒ¡ÒÃ¾ÅŠÍµàÁ·ÃÔ¡«Œ¢Í§áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅÅ§º¹á¡¹µÑÇá»ÃáµˆÅÐµÑÇ
¨ÐàËç¹¶Ö§à«µ¢Í§¢‰ÍÁÙÅ«Öè§§̂ÒÂàÁ×èÍ¹íÒà«µ¢Í§¢‰ÍÁÙÅ´Ñ§¡Å̂ÒÇä»ãª‰ã¹¡ÒÃ¡íÒË¹´°Ò¹¡¯¿’««Õ ¡ÒÃ¡íÒË¹´
°Ò¹¡¯¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ÇÔ·ÂÒ¹Ô¾¹¸Œ¹ÕéÍÒÈÑÂµÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ«Öè§ÊÒÁÒÃ¶ÊÃ‰Ò§¡¯¿’««Õ
IF-THEN ·ÕèàËÁÒÐÊÁ¡Ñº¡ÃÐºÇ¹¡ÒÃä´‰à»“¹ÍÂˆÒ§´Õ áÅÐãª‰ÃˆÇÁ¡Ñº¡ÒÃ¡íÒË¹´¢Íºà¢µ¢Í§ÊÑ--Ò³ÍÍ¡
â´ÂÇÔ¸Õscaling factor à¾×èÍÅ´¤ÇÒÁäÁˆá¹ˆ¹Í¹¢Í§¢Íºà¢µÊÑ--Ò³ÍÍ¡

1.3 ¢Íºà¢µ¢Í§ÇÔ·ÂÒ¹Ô¾¹¸Œ

1. »ÃÐÂØ¡µŒãª‰¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂã¹¡ÒÃ¤Çº¤ØÁÃÐ´Ñº¢Í§àËÅÇáÅÐÍÑµÃÒ¡ÒÃäËÅÍÍ¡¢Í§¶Ñ§¾Ñ¡
«Öè§¶Ñ§¾Ñ¡à»“¹¢Í§ºÃÔÉÑ· Feedback ÃØˆ¹ Procon38-901-M ·íÒ¡ÒÃâ»Ãá¡ÃÁà¾×èÍ¤Çº¤ØÁ¼ˆÒ¹¡ÅØˆÁ
¿’§¡ŒªÑ¹¢Í§DCS ÇÑµ¶Ø»ÃÐÊ§¤Œ¢Í§¡ÒÃ¤Çº¤ØÁ¤×Í ÃÑ¡ÉÒÃÐ´Ñº¢Í§àËÅÇã¹¶Ñ§¾Ñ¡·Õè¤ˆÒ¡íÒË¹´áÅÐ
ÍÑµÃÒ¡ÒÃäËÅÍÍ¡ÂÑ§ÁÕ¤ÇÒÁÃÒºÅ×è¹ â´Â·ÕèÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃäËÅà¢‰Òà»“¹¡ÒÃÃº¡Ç¹

2. »ÃÐÂØ¡µŒãª‰¡ÒÃ¤Çº¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ã¹¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÍÍ¡à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹
¤ÇÒÁÃ‰Í¹«Öè§à»“¹¢Í§ºÃÔÉÑ· Feedback ÃØˆ¹ PT326 ·íÒ¡ÒÃâ»Ãá¡ÃÁà¾×èÍ¤Çº¤ØÁ¼ˆÒ¹¡ÅØˆÁ¿’§¡ŒªÑ¹
¢Í§DCS ÇÑµ¶Ø»ÃÐÊ§¤Œ¢Í§¡ÒÃ¤Çº¤ØÁ¤×Í ¤Çº¤ØÁÍØ³ËÀÙÁÔÍÍ¡¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹
äÇ‰·Õè¤ˆÒ¡íÒË¹´µÅÍ´ªˆÇ§¡ÒÃ·íÒ§Ò¹áÅÐ¢¨Ñ´¼Å¢Í§¡ÒÃÃº¡Ç¹·Õèà¡Ô´¨Ò¡¡ÒÃ»ÃÑºÁˆÒ¹ (Shutter) àÁ×èÍ
à¾ÔèÁËÃ×ÍÅ´»ÃÔÁÒ³ÍÒ¡ÒÈ·Õèà¢‰ÒÊÙˆÃÐºº
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3. »ÃÐÂØ¡µŒãª‰¡ÒÃ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õâ´Âãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ
áºº¿’««Õ«ÕÁÕ¹Ã̂ÇÁ¡ÑºµÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍ¢Í§ËÍ
¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´«Öè§à»“¹¢Í§ºÃÔÉÑ· Armfield ÃØˆ¹ UOP3CC ·íÒ¡ÒÃâ»Ãá¡ÃÁà¾×èÍ¤Çº¤ØÁ
¼ˆÒ¹¡ÅØˆÁ¿’§¡ŒªÑ¹¢Í§DCS ÇÑµ¶Ø»ÃÐÊ§¤Œ¢Í§¡ÒÃ¤Çº¤ØÁ¤×Í ¤Çº¤ØÁÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍ·Õè
¤ˆÒ¡íÒË¹´â´ÂÊÒÁÒÃ¶Å´¼Å¢Í§¡ÒÃÃº¡Ç¹ «Öè§à»“¹¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò·Õè¡ÅÒ§
ËÍâ´Â·Õè¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ·Õè»„Í¹à¢‰Ò¡ÅÒ§ËÍ¤§·Õè

4. »ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§ã¹¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ·Ñé§ 3 ¡ÃÐºÇ¹¡ÒÃ·Õè¡Å̂ÒÇÁÒáÅ‰Ç¾Ã‰ÍÁæ¡Ñ¹
áÅÐÊÃ‰Ò§Ê̂Ç¹µÔ´µˆÍ¡Ñº¼Ù‰ãª‰ à¾×èÍ¤ÇÒÁÊÐ´Ç¡¢Í§¼Ù‰»¯ÔºÑµÔ§Ò¹ã¹¡ÒÃ·´ÊÍº¡ÒÃ·íÒ§Ò¹¢Í§DCS

1.4 ¢Ñé¹µÍ¹¡ÒÃ í́Òà¹Ô¹§Ò¹

1. ÈÖ¡ÉÒáÅÐàÃÕÂ¹ÃÙ‰ÅÑ¡É³Ð·Ò§¡ÒÂÀÒ¾·ÑèÇä»¢Í§¡ÃÐºÇ¹¡ÒÃáÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ ¶Ñ§¾Ñ¡ áÅÐËÍ
¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ ·ÕèÁÕÍÂÙˆã¹Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ

2. ÈÖ¡ÉÒÅÑ¡É³ÐáÅÐ¡ÒÃ·íÒ§Ò¹¢Í§DCS·ÕèÁÕÍÂÙˆã¹Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ ¡ÒÃàª×èÍÁµˆÍ
ÊÑ--Ò³ÃÐËÇˆÒ§¡ÃÐºÇ¹¡ÒÃ¡ÑºDCS áÅÐ¡ÒÃâ»Ãá¡ÃÁ´‰ÇÂÀÒÉÒ«ÕâºÅ

3. ÈÖ¡ÉÒâ¤Ã§ÊÃ‰Ò§áÅÐËÅÑ¡¡ÒÃ·íÒ§Ò¹¢Í§µÑÇ¤Çº¤ØÁ PI ¡ÒÃá»Å§â¤Ã§ÊÃ‰Ò§µÑÇ¤Çº¤ØÁ PI ãË‰ÍÂÙˆã¹
ÃÙ»àÇÅÒ´ÔÊ¤ÃÕµ (Discrete time) ¡ÒÃâ»Ãá¡ÃÁµÑÇ¤Çº¤ØÁ PI Å§º¹DCS áÅÐ»ÃÑºµÑé§¾ÒÃÒÁÔàµÍÃŒ
ÊíÒËÃÑºãª‰ã¹¡ÒÃ¤Çº¤ØÁà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹áÅÐËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

4. ÈÖ¡ÉÒ¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ í̈ÒÅÍ§¡ÒÃ·íÒ§Ò¹¢Í§¶Ñ§¾Ñ¡áÅÐ¡ÒÃÃº¡Ç¹ã¹ÃÙ»áººµˆÒ§æ¡Ñ¹
â´Âãª‰µÑÇÍÂˆÒ§¢Í§¶Ñ§¾Ñ¡ [1]

5. ÈÖ¡ÉÒÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ËÅÑ¡¡ÒÃáÅÐ¾×é¹°Ò¹¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáºº¿’««Õ«ÕÁÕ¹ áÅÐ
¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI ¨Ò¡¹Ñé¹·íÒ¡ÒÃ í̈ÒÅÍ§¡ÒÃ¤Çº¤ØÁâ´ÂÇÔ¸Õ¹Õé¡Ñº
¿’§¡ŒªÑ¹¶̂ÒÂâÍ¹¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ [12]

6. ÈÖ¡ÉÒ¡ÒÃ»ÃÐÂØ¡µŒãª‰µÑÇ¤Çº¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ã¹¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÍÍ¡¢Í§à¤Ã×èÍ§
áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹·ÕèÁÕÍÂÙˆã¹Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ â´Ââ»Ãá¡ÃÁ´‰ÇÂÀÒÉÒ«ÕâºÅÅ§º¹
¡ÅØˆÁ¿’§¡ŒªÑ¹¢Í§DCS áÅÐÊÃ‰Ò§Ê̂Ç¹µÔ´µˆÍ¡Ñº¼Ù‰ãª‰

7. ÈÖ¡ÉÒ¡ÒÃ»ÃÐÂØ¡µŒãª‰µÑÇ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂã¹¡ÒÃ¤Çº¤ØÁÃÐ´Ñº¢Í§àËÅÇáÅÐÍÑµÃÒ¡ÒÃäËÅÍÍ¡
¢Í§¶Ñ§¾Ñ¡·ÕèÁÕÍÂÙˆã¹Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ â´Ââ»Ãá¡ÃÁ´‰ÇÂÀÒÉÒ«ÕâºÅÅ§º¹¡ÅØˆÁ
¿’§¡ŒªÑ¹¢Í§DCS áÅÐÊÃ‰Ò§Ê̂Ç¹µÔ´µˆÍ¡Ñº¼Ù‰ãª‰

8. ÈÖ¡ÉÒ¡ÒÃ»ÃÐÂØ¡µŒãª‰¡ÒÃ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õâ´Âãª‰¡ÒÃÃÇÁ¡ÅØˆÁ
¢‰ÍÁÙÅáºº¿’««Õ«ÕÁÕ¹ã¹¡ÒÃ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ áÅÐãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õã¹¡ÒÃ
¡íÒË¹´°Ò¹¡®·ÕèàËÁÒÐÊÁ à¾×èÍãª‰¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ¡ÅÑè¹¢Í§ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´·ÕèÁÕÍÂÙˆ
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ã¹Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ â´Ââ»Ãá¡ÃÁ´‰ÇÂÀÒÉÒ«ÕâºÅÅ§º¹¡ÅØˆÁ¿’§¡ŒªÑ¹¢Í§DCS áÅÐ
ÊÃ‰Ò§Ê̂Ç¹µÔ´µˆÍ¡Ñº¼Ù‰ãª‰

9. ÈÖ¡ÉÒ¡ÒÃ»ÃÐÂØ¡µŒãª‰¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§¡Ñº¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ·Ñé§ 3 ¡ÃÐºÇ¹¡ÒÃ·Õè¡Å̂ÒÇÁÒáÅ‰Ç
¾Ã‰ÍÁæ¡Ñ¹

10. ÊÃØ»áÅÐÇÔà¤ÃÒÐËŒ¼Å¢Í§¡ÒÃÍÍ¡áººÃÐºº¤Çº¤ØÁ ¡ÒÃ»ÃÐÂØ¡µŒãª‰ ¡ÒÃ´íÒà¹Ô¹¡ÒÃ áÅÐ¤ÇÒÁ
à»“¹ä»ä´‰ã¹¡ÒÃãª‰§Ò¹¨ÃÔ§ã¹ÍØµÊÒË¡ÃÃÁ

1.5 »ÃÐâÂª¹Œ·Õè¤Ò´Ç̂Ò¨Ðä´‰ÃÑº

1. ¤ÇÒÁÃÙ‰¾×é¹°Ò¹áÅÐ¡ÒÃ·íÒ§Ò¹¢Í§DCS ¡ÒÃàª×èÍÁµˆÍ¢Í§¡ÃÐºÇ¹¡ÒÃ¡ÑºDCS ¡ÒÃÊÃ‰Ò§Ê̂Ç¹µÔ´µˆÍ
¡Ñº¼Ù‰ãª‰ áÅÐ¡ÒÃâ»Ãá¡ÃÁ´‰ÇÂÀÒÉÒ«ÕâºÅ

2. ¤ÇÒÁÃÙ‰¾×é¹°Ò¹áÅÐ¡ÒÃ·íÒ§Ò¹¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ ¶Ñ§¾Ñ¡ áÅÐËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§
ª¹Ô´

3. ¤ÇÒÁÃÙ‰¾×é¹°Ò¹¢Í§µÑÇ¤Çº¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰áÅÐ¡ÒÃ»ÃÐÂØ¡µŒãª‰§Ò¹

4. ¤ÇÒÁÃÙ‰¾×é¹°Ò¹¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂáÅÐ¡ÒÃ»ÃÐÂØ¡µŒãª‰§Ò¹

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

6. ¤ÇÒÁÃÙ‰¾×é¹°Ò¹¢Í§¡ÒÃÊÃ‰Ò§µÑÇÊÑ§à¡µáººÅ´ÅíÒ´Ñº

7. ¤ÇÒÁÃÙ‰¾×é¹°Ò¹¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ´‰ÇÂ¿’««Õ«ÕÁÕ¹ áÅÐ¡ÒÃãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑº
µÑÇ¤Çº¤ØÁ PI

8. ¤ÇÒÁÃÙ‰¾×é¹°Ò¹¢Í§¡ÒÃÊÃ‰Ò§ÊÑ--Ò³pulse width modulate

9. ¤ÇÒÁà»“¹ä»ä´‰ã¹¡ÒÃ»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§â´Â´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS

1.6 â¤Ã§ÊÃ‰Ò§¢Í§ÇÔ·ÂÒ¹Ô¾¹¸Œ

º··Õè 2 Í¸ÔºÒÂ¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ¢Í§¶Ñ§¾Ñ¡áÅÐáÊ´§¼Å¡ÒÃ í̈ÒÅÍ§¡ÒÃ¤Çº¤ØÁ¶Ñ§¾Ñ¡ ã¹
µÍ¹¶Ñ´ÁÒä´‰áÊ´§¡ÒÃ¤Çº¤ØÁÃÐ´Ñºã¹¶Ñ§¾Ñ¡¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁâ´Âãª‰¡ÒÃ¤Çº¤ØÁÃÐ´Ñº
áººà©ÅÕèÂâ´Â´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCSáÅÐáÊ´§¼Å¡ÒÃ¤Çº¤ØÁ º··Õè 3 Í¸ÔºÒÂ¡ÒÃ¤Çº¤ØÁ PI áºº
»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ â´Â·ÄÉ®Õadaptive interaction¶Ù¡¹íÒÁÒãª‰ã¹¡ÒÃ»ÃÑº¾ÒÃÒÁÔàµÍÃŒ ����� ¢Í§µÑÇ
¤Çº¤ØÁ PI µÅÍ´¨¹áÊ´§¼Å¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÍÍ¡¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹¢Í§Ë‰Í§» Ô̄ºÑµÔ
¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁâ´Âãª‰µÑÇ¤Çº¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰â´Â´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS º··Õè 4

Í¸ÔºÒÂ¡ÒÃ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õâ´Âãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáºº¿’««Õ«Õ
ÁÕ¹Ã̂ÇÁ¡ÑºµÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ áÅÐáÊ´§¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÇ§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ¢Í§ËÍ
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¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁâ´Âãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂ
ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õâ´Â´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS º··Õè 5 Í¸ÔºÒÂ¡ÒÃ»ÃÐÂØ¡µŒãª‰¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§·Ñé§ 3 ÇÔ¸Õ
ã¹¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ 3 ¡ÃÐºÇ¹¡ÒÃ·Õè¡Å̂ÒÇÁÒáÅ‰Çã¹º··Õè 2 3 áÅÐ4 ¾Ã‰ÍÁæ¡Ñ¹â´Â´íÒà¹Ô¹¡ÒÃ
¼ˆÒ¹DCS áÅÐº··Õè 6 à»“¹º·ÊÃØ»áÅÐ¢‰ÍàÊ¹Íá¹Ð



º··Õè 2

¡ÒÃ¤Çº¤ØÁÃÐ Ñ́ºã¹¶Ñ§¾Ñ¡

¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ à»“¹¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§ÍÂˆÒ§áÃ¡·Õèãª‰ã¹¡ÒÃ·´ÊÍº¡ÒÃ´íÒà¹Ô¹¡ÒÃ
¼ˆÒ¹DCS ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé¶Ñ§¾Ñ¡·Õèãª‰ÁÕÅÑ¡É³ÐË¹Öè§ÊÑ--Ò³à¢‰ÒË¹Öè§ÊÑ--Ò³ÍÍ¡ à¹×èÍ§¨Ò¡¡ÒÃà»ÅÕèÂ¹
á»Å§ÍÂ̂Ò§ÊØˆÁ¢Í§ÍÑµÃÒ¡ÒÃäËÅà¢‰Ò·íÒãË‰¡ÒÃ¤Çº¤ØÁÁÕ¤ÇÒÁ«Ñº«‰Í¹¢Öé¹ ´Ñ§¹Ñé¹µÑÇ¤Çº¤ØÁ·ÕèÊÒÁÒÃ¶Å´¼Å
¢Í§¡ÒÃà»ÅÕèÂ¹á»Å§ÍÂ̂Ò§ÊØˆÁ¢Í§ÍÑµÃÒ¡ÒÃäËÅà¢‰Òà¾×èÍãË‰ÃÐ´Ñºã¹¶Ñ§¾Ñ¡ÍÂÙˆ·Õè¤ˆÒ¡íÒË¹´áÅÐ·íÒãË‰ÍÑµÃÒ¡ÒÃ
äËÅÍÍ¡ÃÒºÅ×è¹à»“¹ÊÔè§·Õè¹ˆÒÊ¹ã¨ ¡ÒÃÈÖ¡ÉÒàÃÔèÁ¨Ò¡¡ÒÃ í̈ÒÅÍ§¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ¢Í§¶Ñ§¾Ñ¡ áÅÐ
ÈÖ¡ÉÒ¡ÒÃ»ÃÐÂØ¡µŒãª‰§Ò¹¨ÃÔ§¡Ñº¶Ñ§¾Ñ¡¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ â´ÂÇÔà¤ÃÒÐËŒ»’-ËÒ·Õèà¡Ô´¢Öé¹
ã¹¡ÒÃ»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ ¡ÒÃá¡‰ä¢»’-ËÒ áÅÐ¼Å¡ÒÃ¤Çº¤ØÁ·Õèä´‰

2.1 ¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ¢Í§¶Ñ§¾Ñ¡
2.1.1 áºº í̈ÒÅÍ§¶Ñ§¾Ñ¡

Downstream

Surge tank

Lower limit

Upper limit

Control valve

Tank level

(disturbance)

Outlet flow

Inlet flow

process

�

���

���

��

��

ÃÙ»·Õè 2.1: ¶Ñ§¾Ñ¡

áºº¨íÒÅÍ§¶Ñ§¾Ñ¡ [1] ·Õèãª‰ã¹¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂáÊ´§´Ñ§ÃÙ»·Õè 2.1 ¡ÒÃÃº¡Ç¹ÃÐºº¤×Í
ÍÑµÃÒ¡ÒÃäËÅà¢‰Ò ���� «Öè§ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÂ̂Ò§ÊØˆÁµÅÍ´àÇÅÒ ¶Ñ§¾Ñ¡·íÒË¹‰Ò·Õèà»“¹µÑÇ´Ù´«Ñº¡ÒÃà»ÅÕèÂ¹
á»Å§¢Í§¡ÒÃÃº¡Ç¹ â´Âãª‰ÇÒÅŒÇ»ÃÑºÍÑµÃÒ¡ÒÃäËÅÍÍ¡ ����� ãË‰à»ÅÕèÂ¹á»Å§ÍÂ̂Ò§ÃÒºÅ×è¹ã¹¢³Ðà´ÕÂÇ
¡Ñ¹¡çÃÑ¡ÉÒÃÐ´Ñº¹íéÒã¹¶Ñ§¾Ñ¡ ����� ãË‰à»ÅÕèÂ¹á»Å§äÁ̂à¡Ô¹¡ÇˆÒ¢Íºà¢µÊÙ§ÊØ´ ��� áÅÐäÁˆ¹‰ÍÂ¡ÇˆÒ¢Íºà¢µ
µíèÒÊØ´ ��� ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé¡íÒË¹´ãË‰¤ÇÒÁÃÒºÅ×è¹ÊÒÁÒÃ¶ÇÑ´ä´‰¨Ò¡ÍÑµÃÒ¡ÒÃá»Ã¤ˆÒ¢Í§ ����� ´Ñ§¹Ñé¹
Í¹Ø¾Ñ¹¸Œ ������ ¨Ö§µ‰Í§¶Ù¡¾Ô¨ÒÃ³Òã¹ Ø̈´»ÃÐÊ§¤Œ¡ÒÃ¤Çº¤ØÁ ã¹·Õè¹Õé¹ÔÂÒÁãË‰ ���� 	 ������ ¨Ò¡ÊÁ¡ÒÃÊÁ´ØÅ



8

·Ò§ÇÑÊ´Ø (Material balance) ä´‰ÇˆÒÊÁ¡ÒÃÊ¶Ò¹Ð (State equation) ·Õèãª‰á·¹ÃÐºº¤×Í
������ 	 �������� � ������

������ 	 ����
(2.1)

àÁ×èÍµÑÇá»ÃµˆÒ§æ à»“¹´Ñ§¹Õé

����� ¤×Í ÃÐ´Ñº¤ÇÒÁÊÙ§¢Í§¢Í§àËÅÇã¹¶Ñ§
����� ¤×Í ÍÑµÃÒ¡ÒÃäËÅÍÍ¡
���� ¤×Í ÊÑ--Ò³¤Çº¤ØÁ
���� ¤×Í ÍÑµÃÒ¡ÒÃäËÅà¢‰Ò (¡ÒÃÃº¡Ç¹ÃÐºº)

� ¤×Í ¾×é¹·ÕèË¹‰ÒµÑ´¢Í§¶Ñ§¾Ñ¡

ÃÐ´Ñº¢Í§àËÅÇ·Õè·íÒ¡ÒÃ¤Çº¤ØÁµ‰Í§ÍÂÙˆÀÒÂãµ‰à§×èÍ¹ä¢¢Íºà¢µÊ¶Ò¹Ð¢Í§ÃÐ´Ñº¢Í§àËÅÇ ����� ´Ñ§¹Õé

��� � ����� � ���� � � � � �
 �� (2.2)

àÁ×èÍÊ¶ÒÇÐ·Õè¨Ø´»ÅÒÂ (Terminal condition) ¢Í§ ����� ¤×Í
����
 ��� 	 ���

����
 ��� 	 ���
 ���
(2.3)

â´Â·Õè ��� ¤×Í¤ˆÒ¡íÒË¹´ (Set point) «Öè§µ‰Í§¡ÒÃãË‰ÃÐ´Ñº¢Í§àËÅÇà¢‰ÒÊÙˆ¤ˆÒ¹Õé ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹ÕéäÁˆ¾Ô¨ÒÃ³Ò
à§×èÍ¹ä¢¢Íºà¢µÊ¶Ò¹Ð¢Í§ ����� áÅÐ ����

ÊíÒËÃÑº¡ÒÃ·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹ÃÐººã¹ªˆÇ§¡ÒÃ¤Çº¤ØÁã´æ ���� ¶Ù¡ í̈ÒÅÍ§ãË‰ÍÂÙˆã¹ÃÙ»ÊÁ¡ÒÃÅÒ´
(Ramp equation) ´Ñ§¹Õé

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

àÁ×èÍ � 	 ����� � ��� � ����� à»“¹¤ÇÒÁªÑ¹¢Í§ÊÑ--Ò³ÅÒ´ ���� ¤×Í¤ˆÒ¡ÒÃÃº¡Ç¹·ÕèÇÑ´ä´‰ ³ àÇÅÒÊØˆÁ
»’¨ Ø̈ºÑ¹ áÅÐ ��� � �� ¤×Í¤ˆÒ¡ÒÃÃº¡Ç¹·ÕèÇÑ´ä´‰àÁ×èÍ¢³ÐàÇÅÒ¡ÒÃÊØˆÁ¡̂Í¹Ë¹‰Ò ¡ÒÃ·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹áºº
ÅÒ´¹ÕéáÊ´§ä´‰´Ñ§ÃÙ»·Õè 2.2

2.1.2 ¡ÒÃ¤íÒ¹Ç³ËÒÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´

ÇÑµ¶Ø»ÃÐÊ§¤Œ¢Í§¡ÒÃ¤Çº¤ØÁ¤×Í ãË‰à¡Ô´¤ÇÒÁÃÒºÅ×è¹·ÕèÊØ´¢Í§ÍÑµÃÒ¡ÒÃäËÅÍÍ¡à·̂Ò·Õèà»“¹ä»ä´‰ ã¹·Õè
¹Õé´ÃÃª¹ÕÊÁÃÃ¶¹Ð·Õèµ‰Í§¡ÒÃÅ´¤ˆÒ µ‰Í§ÊÒÁÒÃ¶á·¹»ÃÔÁÒ³¤ÇÒÁ¼Ñ¹¼Ç¹¢Í§ ����� ËÃ×ÍÍÕ¡¹ÑÂË¹Öè§¤×Í
¢¹Ò´¢Í§ ���� ´Ñ§¹Ñé¹¾Ô¨ÒÃ³Ò´ÃÃª¹ÕÊÁÃÃ¶¹Ðã¹ÃÙ»

� 	

� ����
�




�
������� (2.5)

àÁ×èÍ¢Íºà¢µ¡ÒÃËÒ¤ˆÒ»ÃÔ¾Ñ¹¸Œ¤×Íª̂Ç§¡ÒÃ¤Çº¤ØÁ (Control horizon) ·Õèãª‰ã¹¡ÒÃ¤Çº¤ØÁàªÔ§·íÒ¹ÒÂáºº
¨íÒÅÍ§ «Öè§¤ÃÍº¤ÅØÁµÑé§áµˆ¢³ÐàÇÅÒ � ã´æ ·Õè¾Ô¨ÒÃ³Ò ¶Ö§àÇÅÒ �
 �� ÊíÒËÃÑº¡ÒÃ¤íÒ¹Ç³ËÒ¤ˆÒàËÁÒÐ·ÕèÊØ´
áÂ¡à»“¹ÊÍ§¡Ã³Õ¤×Í àÁ×èÍÁÕà§×èÍ¹ä¢¢Íºà¢µÊ¶Ò¹ÐáÅÐàÁ×èÍäÁˆÁÕ¢Íºà¢µÊ¶Ò¹Ð
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Inlet flow

Actual flow

Control horizon

Predicted flow ����

�

���� ��

����� �

����

ÃÙ»·Õè 2.2: ¡ÒÃ·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹ÃÐºº ���� â´Âãª‰ÊÁ¡ÒÃÅÒ´

2.1.2.1 ¡ÒÃ¤íÒ¹Ç³áººäÁ̂ÁÕà§×èÍ¹ä¢¢Íºà¢µÊ¶Ò¹Ð

à¹×èÍ§¨Ò¡ÃÐºº¶Ñ§¾Ñ¡äÁˆà»ÅÕèÂ¹á»Å§µÒÁàÇÅÒ (Time invariant system) ¨Ö§¾Ô¨ÒÃ³ÒãË‰ � 	 �

ä´‰ ªˆÇ§¡ÒÃ¤Çº¤ØÁã¹¡Ã³Õ¹Õé¤×Í � 
 � 
 �� ¨Ò¡ÊÁ¡ÒÃ (2.5) áÅÐ (2.1) á¹Ç·Ò§¡ÒÃÇÔà¤ÃÒÐËŒ´‰ÇÂ
ÇÔ¸Õá¤Å¤ÙÅÑÊ¢Í§¡ÒÃá»Ã¼Ñ¹ã¹§Ò¹ÇÔ¨ÑÂ¹ÕéÂÖ´ËÅÑ¡µÒÁ [15] «Öè§à»“¹á¹Ç·Ò§ÁÒµÃ°Ò¹ ÊÁ¡ÒÃáÎÁÔÅâ·à¹ÕÂ¹
(Hamiltonian equation) ¢Í§»’-ËÒ¡ÒÃ¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´à»“¹ÊÁ¡ÒÃ (2.6)

� 	



�
����� 
 �������

������� � ������� 
 ��������� (2.6)

àÁ×èÍ ����� áÅÐ ����� à»“¹Ê¶Ò¹ÐÃˆÇÁ (Costate) à§×èÍ¹ä¢¨íÒà»“¹ (Necessary condition) ¢Í§»’-ËÒ¤×Í

������� 	 � (2.7)

������� 	 �������
�� (2.8)

� 	 ����� 
 ������ (2.9)

¨Ò¡¹Ñé¹ËÒ»ÃÔ¾Ñ¹¸Œ¢Í§ÊÁ¡ÒÃ (2.7) ¨Ðä´‰ÇˆÒ ������ à»“¹¤ˆÒ¤§·Õè à¾×èÍ¤ÇÒÁ¡ÃÐªÑº¢Í§¼ÅÅÑ¾¸Œ
¡íÒË¹´ãË‰¤ˆÒ¤§·Õè¹ÕéÍÂÙˆã¹ÃÙ» �� àÁ×èÍ � à»“¹¤ˆÒ¤§·Õè«Öè§µ‰Í§¤íÒ¹Ç³ËÒ ¨Ò¡¹Ñé¹ËÒ»ÃÔ¾Ñ¹¸Œ¢Í§ (2.8) ã¹ªˆÇ§
àÇÅÒ � � � � � áÅÐá·¹¤ˆÒ ������ ã¹ (2.9) ¾ºÇˆÒ

������ 	 �� 
 � (2.10)

����� 	 ��� � � (2.11)

àÁ×èÍ � à»“¹¤ˆÒ¤§µÑÇ¡ÒÃ»ÃÔ¾Ñ¹¸Œ ·Õèµ‰Í§¡ÒÃ¤íÒ¹Ç³ËÒ ¨Ò¡¹Ñé¹á·¹¤ˆÒ ����� ¨Ò¡ (2.11) áÅÐ ����

¨Ò¡ (2.4) Å§ã¹ (2.1) µÒÁÅíÒ´Ñº ËÒ¤ˆÒ»ÃÔ¾Ñ¹¸Œã¹ªˆÇ§àÇÅÒ � � � � �� àÁ×èÍÊÀÒÇÐàÃÔèÁµ‰¹¢Í§ÃÐºº
���� 	 �� 	 ����� ����

� «Öè§ÊÒÁÒÃ¶ÇÑ´ä´‰ áÅÐÊÀÒÇÐ·Õè¨Ø´»ÅÒÂ � 	 �� ·Õèµ‰Í§¡ÒÃ à»“¹ä»µÒÁÊÁ¡ÒÃ
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(2.3) ¨Ðä´‰ÇˆÒ

� 	
�
�

���
������ � �����

��
�
��� � �����

� 	
�

���
����� � �����

�

��
��� � ������

2.1.2.2 ¡ÒÃ¤íÒ¹Ç³áººÁÕà§×èÍ¹ä¢¢Íºà¢µÊ¶Ò¹Ð

¨Ò¡ÊÁ¡ÒÃ (2.1) áÅÐ (2.11) ä´‰ÇˆÒ ������ 	 ��� � �� � �
���

� ·íÒãË‰ ������ à»“¹¿’§¡ŒªÑ¹¾ËØ
¹ÒÁ¡íÒÅÑ§ÊÒÁ (Cubic function) «Öè§ÁÕ Ø̈´ÊØ´¢Õ´ (Extremum) ä´‰ÁÒ¡·ÕèÊØ´ÊÍ§ Ø̈´ Ø̈´ÊØ´¢Õ´ Ø̈´áÃ¡¹Ñé¹ÍÂÙˆ
·Õè � 	 �� à¾ÃÒÐÇˆÒ ���� � � ������ 	 � ·íÒãË‰ ������� 	 � ³ Ø̈´¹Õé ¶‰Ò Ø̈´ÊØ´¢Õ´ Ø̈´·ÕèÊÍ§äÁˆÍÂÙˆã¹ªˆÇ§
¡ÒÃ¤Çº¤ØÁ � 
 � 
 �� ¼Åà©ÅÂ¢Í§¡ÒÃ¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´ ¨Ðà»“¹´Ñ§·Õè¡Å̂ÒÇã¹ËÑÇ¢‰Í·Õè 2.1.2.1 áµˆËÒ¡
¨Ø´ÊØ´¢Õ´·Ñé§ÊÍ§ÍÂÙˆã¹ªˆÇ§¡ÒÃ¤Çº¤ØÁ ¤ˆÒÊØ´¢Õ´µ‰Í§ÊÍ´¤Å‰Í§à§×èÍ¹ä¢ (2.2) ¡íÒË¹´ãË‰¨Ø´ÊØ´¢Õ´ÍÕ¡¨Ø´ÍÂÙˆ·Õè
� 	 �� â´Â·Õè � 
 �� 
 �� áÅÐ¡íÒË¹´ ������ 	 ��� àÁ×èÍ ��� á·¹ ��� ËÃ×Í ��� áÅ‰Çáµˆ¡Ã³Õ ¨Ò¡
¹Ñé¹¡íÒË¹´ãË‰ ������ 	 ����� ·Õè¡íÒË¹´àªˆ¹¹Õéà¾ÃÒÐ¶‰Ò ������ 
 ����� áÅ‰Ç ��������� �	��� � � ·íÒ
ãË‰ ����� � ���� ���� 	 ���� ·Ø¡æ àÇÅÒ �� 
 � 
 �� 
 � àÁ×èÍ � � � áÅÐ¶‰Ò ������ � ����� áÅ‰Ç
��������� �	��� 
 � ·íÒãË‰ ����� � ���� ���� 	 ���� ·Ø¡æ àÇÅÒ �� � � 
 � 
 ��� � � � ÊÃØ»ä´‰ÇˆÒ·Õè¨Ø´
ÊØ´¢Õ´ÍÕ¡¨Ø´ÍÂÙˆ·ÕèàÇÅÒ � 	 �� ¼Åà©ÅÂ¢Í§ÊÁ¡ÒÃÊ¶Ò¹ÐÃ̂ÇÁ¶Ù¡áº̂§à»“¹ÊÍ§ª̂Ç§´Ñ§¹Õé

������ 	

�
��� � � � � ��

��� �� � � � ��

������ 	

�
��� 
 ��� � � � � ��

��� 
 ��� �� � � � ��

(2.12)

¨Ò¡ÊÁ¡ÒÃ (2.12) ÊÒÁÒÃ¶ËÒ¤ˆÒ ��� ��� �� áÅÐ �� ä´‰¨Ò¡¡ÒÃá·¹¤ˆÒÊÀÒÇÐ¢Í§Ê¶Ò¹Ð �����
áÅÐ ����� áÅÐËÒ¤ˆÒ �� ¨Ò¡¤ÇÒÁµˆÍà¹×èÍ§·ÕèàÇÅÒ � 	 �� ¢Í§ÊÁ¡ÒÃÊ¶Ò¹ÐÃ̂ÇÁ ������ ã¹·ÕèÊØ´áÅ‰Ç¼Å
à©ÅÂ¢Í§ �� ÊÒÁÒÃ¶¤íÒ¹Ç³ä´‰¨Ò¡¡ÒÃá¡‰ÊÁ¡ÒÃ¾ËØ¹ÒÁ¡íÒÅÑ§ÊÒÁ

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

�
�


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

�
� 	 �

(2.13)

â´Â·ÕèÊÁ¡ÒÃ¢Í§ ��� ��� �� áÅÐ �� à»“¹´Ñ§¹Õé

�� 	
�
�

���
������ � �����

��
�
��� � ����� (2.14)

�� 	
�

���
����� � �����

�

��
��� � ������ (2.15)

�� 	
�
�

��� � ����
����� � ���� (2.16)

�� 	
�

��� � ����
����� � ������� 
 ����� (2.17)

ãª‰ÇÔ¸Õ¡ÒÃÇ¹«íéÒ¢Í§¹ÔÇµÑ¹-ÃÒ¿ÊÑ¹ (Newton-Raphson method) [16] ÁÒËÒ¼Åà©ÅÂ¢Í§ÊÁ¡ÒÃ (2.13)

à¾×èÍ¤íÒ¹Ç³¤ˆÒ �� Í¹Öè§ ã¹·Ò§»¯ÔºÑµÔ¡ÒÃËÒ¤ˆÒ �� ã¹áµˆÅÐªˆÇ§¡ÒÃ¤Çº¤ØÁ ÊÒÁÒÃ¶àÃ̂§ãË‰àÃçÇ¢Öé¹ä´‰ â´Â
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¡ÒÃàÅ×Í¡¤ˆÒàÃÔèÁµ‰¹ã¹¡ÒÃÇ¹«íéÒ·ÕèàËÁÒÐÊÁ «Öè§Í¸ÔºÒÂä´‰´Ñ§µˆÍä»¹Õé ã¹ªˆÇ§ � 
 � 
 ��, ����� äÁˆÁÕ·Ò§
à¡Ô¹à§×èÍ¹ä¢¢Íºà¢µÊ¶Ò¹Ð áµˆ·ÕèàÇÅÒ ��, ¾ºÇˆÒ ������ 	 ����� ´Ñ§¹Ñé¹ �� ¨Ö§à»“¹ÃÒ¡¢Í§ÊÁ¡ÒÃ
������ 	 ��� � ��� �

�
����

� ÊÁÁµÔÃÒ¡ÍÕ¡ÃÒ¡Ë¹Öè§¢Í§ÊÁ¡ÒÃ ������ ¤×Í � 	 �� â´Â ������� 	 �����

áÅÐá·¹¤ˆÒ ��� �� ¨Ò¡ÊÁ¡ÒÃ (2.14, 2.15) ¨Ðä´‰

�� 	
����

�
�����������������
�
��
�

(2.18)

à¹×èÍ§¨Ò¡ �� µ‰Í§ÁÕ¤ˆÒÍÂÙˆã¹ªˆÇ§ �� 
 � ËÃ×Í �� � �� ´Ñ§¹Ñé¹

� 
 �� 

������ � ����

��� � ����
(2.19)

¤ˆÒàÃÔèÁµ‰¹·Õè´Õã¹¡ÒÃÇ¹«íéÒà¾×èÍ¤íÒ¹Ç³ �� ¨Ö§à»“¹´Ñ§¹Õé

�� 	

����� � ����

��� � ����
� � 
 
 
 � (2.20)

2.1.3 ¡ÒÃ¹íÒÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´ÁÒãª‰¡Ñº¡ÒÃ¤Çº¤ØÁàªÔ§·íÒ¹ÒÂáºº í̈ÒÅÍ§

ã¹¡ÒÃ¹íÒÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´ä»ãª‰ ¡íÒË¹´ãË‰¤Òº¡ÒÃªÑ¡µÑÇÍÂˆÒ§ (Sampling period) á·¹
´‰ÇÂ � ³ ¢³ÐàÇÅÒªÑ¡µÑÇÍÂˆÒ§ � ¾Ô¨ÒÃ³ÒªˆÇ§¡ÒÃ¤Çº¤ØÁ ��� �� � ã¹¡ÃÍº§Ò¹¢Í§¡ÒÃ¤Çº¤ØÁàªÔ§·íÒ¹ÒÂ
áºº¨íÒÅÍ§â´Â¾Ô¨ÒÃ³ÒÃÙ»·Õè 2.3

Measure

yes

CV without state constraint

CV with state constraint

to the system

no

and �
��� � �
�

�
��� � �
�

�����, � � � � �� ��

Apply �������	�

�
���, �����, ����

�����, � � � � �� ��

���� � ��


ÃÙ»·Õè 2.3: á¼¹ÀÒ¾¢Ñé¹µÍ¹¡ÒÃ»ÃÐÂØ¡µŒãª‰ÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´¡Ñºáºº í̈ÒÅÍ§¶Ñ§¾Ñ¡
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·íÒ¡ÒÃ·´ÅÍ§â´Â¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººµÒÁ [1, 4] ¡Å̂ÒÇ¤×Í � 	 
 àÁµÃ, ��� 	


�� àÁµÃ, ��� 	 ��� àÁµÃ, ��� 	 
 àÁµÃ áÅÐàÁ×èÍÊÀÒÇÐàÃÔèÁµ‰¹¢Í§µÑÇá»ÃÊ¶Ò¹Ð¤×Í ����� 	 
 àÁµÃ
áÅÐ ����� 	 
 ÅÙ¡ºÒÈ¡ŒàÁµÃµˆÍÇÔ¹Ò·Õ ¡ÒÃÃº¡Ç¹ ���� ÁÕ¤ˆÒäÁˆà¡Ô¹ � ÅÙ¡ºÒÈ¡ŒàÁµÃµˆÍÇÔ¹Ò·ÕáÅÐ
àÇÅÒã¹¡ÒÃªÑ¡µÑÇÍÂˆÒ§ � 	 ���� ÇÔ¹Ò·Õ µÒÁ [1] ªˆÇ§¡ÒÃ¤Çº¤ØÁ �
 	 � ÇÔ¹Ò·Õ ÊÀÒÇÐàÃÔèÁµ‰¹
¢Í§ÊÑ--Ò³¤Çº¤ØÁ¡íÒË¹´ãË‰à»“¹ ���� 	 ��� à¾×èÍ»„Í§¡Ñ¹¡ÒÃà¡Ô¹à§×èÍ¹ä¢¢Íºà¢µÊ¶Ò¹Ð¢Í§ �����
ã¹¡ÒÃ·´ÅÍ§¹Õéà»ÃÕÂºà·ÕÂº¼Å¡ÒÃ¤íÒ¹Ç³ÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´ â´Âãª‰¡ÒÃ·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹áºº
ÅÒ´ ¡Ñº¡ÒÃ·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹áºº¢Ñé¹ºÑ¹ä´ [1] ¡ÒÃÃº¡Ç¹·ÕèàÅ×Í¡ãª‰ÁÕÊÒÁ»ÃÐàÀ·¤×Í ÊÑ--Ò³¢Ñé¹ºÑ¹ä´
ÊÑ--Ò³ÊØˆÁ áÅÐÊÑ--Ò³ä«¹Œ (¤ÇÒÁ¶Õè ���� áÅÐ ¢¹Ò´à·̂Ò¡Ñº ��� àÁµÃ) ¼Å¡ÒÃ í̈ÒÅÍ§ÃÐºº¤Çº¤ØÁ
áÊ´§´Ñ§ÃÙ»·Õè 2.4 ¶Ö§ 2.9 ÃÐËÇˆÒ§¡ÒÃ í̈ÒÅÍ§¼Å ºÑ¹·Ö¡¤ˆÒÊÑ--Ò³¤Çº¤ØÁ ���� áÅÐ¤íÒ¹Ç³´ÃÃª¹Õ
ÊÁÃÃ¶¹Ð � ã¹áµˆÅÐ¡Ã³Õ¢Í§¡ÒÃÃº¡Ç¹ «Öè§ä´‰áÊ´§äÇ‰´Ñ§µÒÃÒ§·Õè 2.1

µÒÃÒ§·Õè 2.1: ´ÃÃª¹ÕÊÁÃÃ¶¹Ð ¢Í§¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂàËÁÒÐ·ÕèÊØ´àªÔ§·íÒ¹ÒÂáºº¨íÒÅÍ§ ·Õèãª‰¡ÒÃ
·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹áºº¢Ñé¹ºÑ¹ä´áÅÐáººÅÒ´ àÁ×èÍ¡ÒÃÃº¡Ç¹·Õèà¢‰ÒÊÙˆÃÐººÁÕÃÙ»áººµˆÒ§æ

¡ÒÃÃº¡Ç¹ ÊÑ--Ò³¢Ñé¹ºÑ¹ä´ ÊÑ--Ò³ÊØˆÁ ÊÑ--Ò³ä«¹Œ
¡ÒÃ·íÒ¹ÒÂáºº¢Ñé¹ºÑ¹ä´ ���
�� ������ ������

¡ÒÃ·íÒ¹ÒÂáººÅÒ´ ���
�� ������ ������

¨Ò¡µÒÃÒ§·Õè 2.1 ã¹¡Ã³Õ·Õè¡ÒÃÃº¡Ç¹à»“¹ÊÑ--Ò³¢Ñé¹ºÑ¹ä´ ¨ÐàËç¹ÇˆÒ¡ÒÃ¤Çº¤ØÁ«Öè§ãª‰¡ÒÃ·íÒ¹ÒÂ
¡ÒÃÃº¡Ç¹áººÅÒ´ ÁÕÊÁÃÃ¶¹Ðà´ÕÂÇ¡Ñ¹¡Ñº¡ÒÃ¤Çº¤ØÁ [1] «Öè§ãª‰¡ÒÃ·íÒ¹ÒÂáºº¢Ñé¹ºÑ¹ä´ ÊíÒËÃÑº¡Ã³Õ
¡ÒÃÃº¡Ç¹à»“¹ÊÑ--Ò³ÊØˆÁ áÅÐÊÑ--Ò³ä«¹Œ ÃÐºº¤Çº¤ØÁ«Öè§ãª‰¡ÒÃ·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹áººÅÒ´ ÁÕ¡ÒÃ
µÔ´µÒÁÃÐ´Ñº¢Í§àËÅÇ·Õè´Õ¡ÇˆÒ áÅÐ¤ˆÒ´ÃÃª¹ÕÊÁÃÃ¶¹Ð·Õè¤íÒ¹Ç³ä´‰ÂÑ§µíèÒ¡ÇˆÒ¡ÒÃ¤Çº¤ØÁâ´Âãª‰¡ÒÃ·íÒ¹ÒÂ
¡ÒÃÃº¡Ç¹áºº¢Ñé¹ºÑ¹ä´
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ÃÙ»·Õè 2.4: ¼ÅµÍº¢Í§ÃÐ´Ñº¢Í§àËÅÇã¹¶Ñ§ ����� àÁ×èÍ¡ÒÃÃº¡Ç¹à»“¹ÊÑ--Ò³¢Ñé¹ºÑ¹ä´
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ÃÙ»·Õè 2.5: ¼ÅµÍº¢Í§ÍÑµÃÒ¡ÒÃäËÅÍÍ¡ ����� àÁ×èÍ¡ÒÃÃº¡Ç¹à»“¹ÊÑ--Ò³¢Ñé¹ºÑ¹ä´
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ÃÙ»·Õè 2.6: ¼ÅµÍº¢Í§ÃÐ´Ñº¢Í§àËÅÇã¹¶Ñ§ ����� àÁ×èÍ¡ÒÃÃº¡Ç¹à»“¹ÊÑ--Ò³ÊØˆÁ
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ÃÙ»·Õè 2.7: ¼ÅµÍº¢Í§ÍÑµÃÒ¡ÒÃäËÅÍÍ¡ ����� àÁ×èÍ¡ÒÃÃº¡Ç¹à»“¹ÊÑ--Ò³ÊØˆÁ
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ÃÙ»·Õè 2.8: ¼ÅµÍº¢Í§ÃÐ´Ñº¢Í§àËÅÇã¹¶Ñ§ ����� àÁ×èÍ¡ÒÃÃº¡Ç¹à»“¹ÊÑ--Ò³ä«¹Œ
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ÃÙ»·Õè 2.9: ¼ÅµÍº¢Í§ÍÑµÃÒ¡ÒÃäËÅÍÍ¡ ����� àÁ×èÍ¡ÒÃÃº¡Ç¹à»“¹ÊÑ--Ò³ä«¹Œ
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2.2 ¡ÒÃ¤Çº¤ØÁÃÐ´Ñºã¹¶Ñ§¾Ñ¡â´Â´íÒà¹Ô¹¡ÒÃ¼̂Ò¹DCS

2.2.1 â¤Ã§ÊÃ‰Ò§áÅÐ¡ÒÃ·íÒ§Ò¹¢Í§¶Ñ§¾Ñ¡

LT−1

CV−2FT−2HIS

FCS FCS

Process I/O

Transmitter

CV−1

P2 P1

FT−1

VS1

ÃÙ»·Õè 2.10: ¡ÒÃàª×èÍÁµˆÍÃÐËÇˆÒ§DCS¡Ñº¶Ñ§¾Ñ¡

¶Ñ§¾Ñ¡¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁà»“¹¢Í§ºÃÔÉÑ· Yokogawa ÁÕÅÑ¡É³Ðà»“¹¶Ñ§¾Ñ¡¤Ùˆàª×èÍÁ
µˆÍ¡Ñ¹â´ÂÁÕ manual valve (VC) ÊíÒËÃÑºµÑ´áÂ¡¶Ñ§·Ñé§ÊÍ§ ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé¾Ô¨ÒÃ³Ò¶Ñ§¾Ñ¡à´ÕèÂÇ ´Ñ§¹Ñé¹·íÒ
¡ÒÃ»”´ manual valve (VC) áÅÐ¾Ô¨ÒÃ³Ò¶Ñ§¾Ñ¡ãº·ÕèË¹Öè§à»“¹ËÅÑ¡ ¢Í§àËÅÇ¶Ù¡ÊÙºà¢‰Ò·Ò§´‰Ò¹º¹¢Í§¶Ñ§
¾Ñ¡â´ÂÍÒÈÑÂ»’™Á (P1 áÅÐ P2) ÍÑµÃÒ¡ÒÃäËÅà¢‰Ò¢Í§¢Í§àËÅÇÊÙˆ¶Ñ§¾Ñ¡ÊÒÁÒÃ¶ÇÑ´â´Âãª‰à¤Ã×èÍ§Á×ÍÇÑ´ÍÑµÃÒ
¡ÒÃäËÅáººÍÍÃÔ¿”Ê (Orifice flow meter, FT-1 áÅÐ FT-2) ÍÑµÃÒäËÅà¢‰Ò¶Ù¡ÊÃ‰Ò§à»“¹ÊÑ--Ò³Ãº¡Ç¹
¢Í§¶Ñ§¾Ñ¡â´Âãª‰ÇÒÅŒÇ¤Çº¤ØÁ (CV-1 áÅÐ CV-2) ÃÐ´Ñº¢Í§àËÅÇÀÒÂã¹¶Ñ§¾Ñ¡ÊÒÁÒÃ¶ÇÑ´ä´‰â´Âãª‰¡ÒÃÇÑ´
¤ÇÒÁ´Ñ¹µˆÒ§ (Differential pressure, LT1) ·Ò§´‰Ò¹Å̂Ò§¢Í§¶Ñ§¾Ñ¡ãº·ÕèË¹Öè§ÁÕ solenoid valve (VS1) ÊíÒËÃÑº
¤Çº¤ØÁ¡ÒÃ»Å̂ÍÂ¢Í§àËÅÇÍÍ¡¨Ò¡¶Ñ§ ¡ÒÃàª×èÍÁµˆÍÃÐËÇˆÒ§DCS¡Ñº¶Ñ§¾Ñ¡áÊ´§´Ñ§ÃÙ»·Õè 2.10

2.2.2 µÑÇÊÑ§à¡µ (Observer) ÊíÒËÃÑº¡ÒÃ¤Çº¤ØÁÃÐ Ñ́ºáººà©ÅÕèÂ

¶Ñ§¾Ñ¡ÁÕà¤Ã×èÍ§Á×ÍÇÑ´ÃÐ´ÑºáÅÐà¤Ã×èÍ§Á×ÍÇÑ´ÍÑµÃÒ¡ÒÃäËÅ¢Í§¢Í§àËÅÇ·Ò§¢Òà¢‰Ò áµˆäÁˆÁÕà¤Ã×èÍ§
Á×ÍÇÑ´ÍÑµÃÒ¡ÒÃäËÅ¢Í§¢Í§àËÅÇ·Ò§¢ÒÍÍ¡ Ñ́§¹Ñé¹ Ö̈§ í̈Òà»“¹µ‰Í§ãª‰µÑÇÊÑ§à¡µã¹¡ÒÃ»ÃÐÁÒ³ÍÑµÃÒ¡ÒÃ
äËÅÍÍ¡«Öè§à»“¹µÑÇá»Ã·Õè¨íÒà»“¹ã¹¡ÒÃ¤íÒ¹Ç³ËÒÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´ à¹×èÍ§¨Ò¡¡ÒÃâ»Ãá¡ÃÁ
Å§º¹DCSÍÂÙˆã¹ÃÙ»àÇÅÒ´ÔÊ¤ÃÕµ ´Ñ§¹Ñé¹¡ÒÃÍÍ¡áººµÑÇÊÑ§à¡µµ‰Í§·íÒ¡ÒÃá»Å§ÊÁ¡ÒÃÊ¶Ò¹ÐàÇÅÒµˆÍ



17

à¹×èÍ§ (2.1) ãË‰ÍÂÙˆã¹ÃÙ»ÊÁ¡ÒÃÊ¶Ò¹ÐàÇÅÒ´ÔÊ¤ÃÕµ´Ñ§ÊÁ¡ÒÃ·Õè (2.21) ·Ñé§¹ÕéÊÁ¡ÒÃ (2.1) µ‰Í§ÊÒÁÒÃ¶
ÊÑ§à¡µä´‰ (Observable)

��
 
 
� 	 ���
� 
 ���
� (2.21)

� 	

�

 �����

� 


�
(2.22)

� 	

�
� �

��
���� �����

� �

�
(2.23)

â´Â·Õè ��
 
 
� 	 ����
 
 
� ���
 
 
��� , ��
� 	 ���
� ��
��� áÅÐ � à»“¹àÇÅÒã¹¡ÒÃªÑ¡µÑÇÍÂˆÒ§
ãª‰¡ÒÃÍÍ¡áººµÑÇÊÑ§à¡µáººÅ´ÍÑ¹´Ñº (Reduced-order observer) [17] à¾×èÍ»ÃÐÁÒ³ÍÑµÃÒ¡ÒÃäËÅÍÍ¡
������ áÊ´§´Ñ§ÊÁ¡ÒÃ (2.24)�

����
�

����
�

�
	

�

� 
� ������
� 
��

�
� ����
� 
 


��
����
 � 
�

����
 � 
�

�




�
� �

��
�����
� 
�� �����
� 
��

�
��

����
� 
 � �����
�

�



�
��
 � 
�

��
 � 
�

��

�


�

�
��
� (2.24)

â´ÂÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇÊÑ§à¡µ (Observer gain) � 	 �
� 
��
� áÅÐ ��
� 	 ���
� à¹×èÍ§¨Ò¡ÊÒÁÒÃ¶ÇÑ´

ÃÐ´Ñº¢Í§¢Í§àËÅÇ ���
� ä´‰ ´Ñ§¹Ñé¹¡íÒË¹´ãË‰ 
� 	 
 ËÃ×ÍÇÒ§â¾ÅµÑÇáÃ¡äÇ‰·ÕèÈÙ¹ÂŒ ��� 	 �� áÅÐ 
�
¤íÒ¹Ç³¨Ò¡ÃÒ¡¢Í§ ��I� ����C��� ÁÕ¢¹Ò´¹‰ÍÂ¡ÇˆÒ 
 ¹Ñè¹¤×Íâ¾ÅµÑÇ·ÕèÊÍ§ ���� ÍÂÙˆã¹Ç§¡ÅÁË¹Öè§
Ë¹ˆÇÂ ´Ñ§¹Ñé¹ÊÁ¡ÒÃ (2.24) ÊÒÁÒÃ¶à¢ÕÂ¹à»“¹

����
� 	 ��
� (2.25)

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

�



�
�����
� 
 ����
 � 
� 
 
����
�� ����
 � 
�� (2.26)

�� 	 ����
� 
 
 (2.27)

2.2.3 ¡ÒÃ¹íÒÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´ä»ãª‰¡Ñº solenoid valve

à¹×èÍ§¨Ò¡ÊÑ--Ò³¤Çº¤ØÁã¹ÊÁ¡ÒÃ (2.11) ¤×Í¤ÇÒÁàÃˆ§¢Í§ÍÑµÃÒ¡ÒÃäËÅÍÍ¡ ´Ñ§¹Ñé¹·íÒ¡ÒÃá»Å§
ÊÑ--Ò³¤Çº¤ØÁ´Ñ§¡Å̂ÒÇãË‰ÍÂÙˆã¹ÃÙ»ÍÑµÃÒ¡ÒÃäËÅÍÍ¡áÊ´§ä ‰́´Ñ§ÊÁ¡ÒÃ (2.28)

���
� 	 ����
� 
 ���
� (2.28)

ÇÒÅŒÇ·Ò§¢ÒÍÍ¡¨Ò¡¶Ñ§¾Ñ¡à»“¹ solenoid valve ¨íÒà»“¹µ‰Í§ËÒ¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ÍÑµÃÒ¡ÒÃäËÅ
ÍÍ¡¡Ñºà»ÍÃŒà«ç¹µŒ¢Í§PWM (Pulse width modulator) â´Â¾Ô¨ÒÃ³ÒÃÐ´Ñº¢Í§¢Í§àËÅÇ·Õè¨Ø´ÊÁ´ØÅ ���

àÁµÃ áÅÐ»ÃÑºÍÑµÃÒ¡ÒÃà»”´-»”´ solenoid valve ãË‰ÊÑÁ¾Ñ¹¸Œ¡ÑºÍÑµÃÒ¡ÒÃäËÅà¢‰Ò«Öè§ä´‰¢‰ÍÁÙÅ´Ñ§µÒÃÒ§·Õè 2.2

·Õè¨Ø´ÊÁ´ØÅÍÑµÃÒ¡ÒÃäËÅà¢‰ÒÁÕ¤ˆÒà·̂Ò¡ÑºÍÑµÃÒ¡ÒÃäËÅÍÍ¡ ¨Ò¡µÒÃÒ§·Õè 2.2 ÊÒÁÒÃ¶ËÒ¤ÇÒÁ
ÊÑÁ¾Ñ¹¸Œ¢Í§ÍÑµÃÒ¡ÒÃà»”´-»”´ solenoid valve ¡ÑºÍÑµÃÒ¡ÒÃäËÅÍÍ¡·Õè¨Ø´ÊÁ´ØÅ ��� àÁµÃ ä´‰´Ñ§
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ÊÁ¡ÒÃ (2.29) ���
� ã¹ÊÁ¡ÒÃ´Ñ§¡Å̂ÒÇµ‰Í§ÁÕË¹ˆÇÂà»“¹ÅÔµÃµˆÍ¹Ò·Õ

���� 	 ��������
�� ����
� 
 ���
������ ���
�� ���������� (2.29)

µÒÃÒ§·Õè 2.2: ÍÑµÃÒ¡ÒÃà»”´-»”´ solenoid valve ¡ÑºÍÑµÃÒ¡ÒÃäËÅà¢‰Ò·Õè¨Ø´ÊÁ´ØÅ ��� àÁµÃ

%PWM ÍÑµÃÒ¡ÒÃäËÅà¢‰Ò
(¤Òº¢Í§PWM 	 
� ÇÔ¹Ò·Õ) (ÅÔµÃµˆÍ¹Ò·Õ)

90 11.02

80 9.79

70 8.58

60 7.41

50 6.22

40 5.04

30 3.85

2.2.4 ¡ÒÃ¤Çº¤ØÁÃÐ Ñ́ºã¹¶Ñ§¾Ñ¡â´Âãª‰¡ÒÃ¤Çº¤ØÁÃÐ Ñ́ºáººà©ÅÕèÂ

ã¹¡ÒÃ¹íÒµÑÇ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂÁÒãª‰¡Ñº¾Ñ§¶Ñ¡¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ ãª‰¡ÒÃ
·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹áºº¢Ñé¹ºÑ¹ä´áÅÐãª‰¡ÒÃ¤íÒ¹Ç³áººäÁ̂ÁÕà§×èÍ¹ä¢¢Íºà¢µÊ¶Ò¹Ð ·Õèà»“¹àªˆ¹¹Õéà¾ÃÒÐ
¡ÒÃ¹íÒµÑÇ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂä»ãª‰§Ò¹¨ÃÔ§ ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃäËÅà¢‰Ò¶Ù¡ í̈Ò¡Ñ´´‰ÇÂ¢¹Ò´·̂Í
áÅÐ¢¹Ò´ÇÒÅŒÇ¤Çº¤ØÁ ´Ñ§¹Ñé¹¡ÒÃ·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹áºº¢Ñé¹ºÑ¹ä´ Ö̈§à¾ÕÂ§¾ÍáÅÐäÁˆ·íÒãË‰ÃÐ´Ñº¢Í§àËÅÇ
à¡Ô¹à§×èÍ¹ä¢¢Íºà¢µÊ¶Ò¹Ð ·Ñé§¹ÕéäÁˆ¾Ô¨ÒÃ³Ò¡ÃÍº§Ò¹¢Í§¡ÒÃ¤Çº¤ØÁàªÔ§·íÒ¹ÒÂáºº¨íÒÅÍ§ á¼¹ÀÒ¾
¡ÒÃ¹íÒµÑÇ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂÁÒãª‰¡Ñº¶Ñ§¾Ñ¡áÊ´§´Ñ§ÃÙ»·Õè 2.11

ÊíÒËÃÑºÇÑµ¶Ø»ÃÐÊ§¤Œ¢Í§¡ÒÃ¹íÒµÑÇ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂàËÁÒÐ·ÕèÊØ´ÁÒãª‰¡Ñº¶Ñ§¾Ñ¡¤×Í ¡ÒÃÃÑ¡ÉÒ
ÃÐ´Ñº¢Í§àËÅÇäÇ‰·Õè¤ˆÒ¡íÒË¹´ ��� àÁµÃ àÁ×èÍÁÕ¡ÒÃÃº¡Ç¹à»“¹ÍÑµÃÒ¡ÒÃäËÅà¢‰ÒËÅÒÂæ ÃÙ»áºº ´Ñ§¹Ñé¹
ÊÒÁÒÃ¶ÍÍ¡áºº¡ÒÃ·´ÅÍ§à»“¹ 2 ¡Ã³Õ

� ¡Ã³ÕÍÑµÃÒ¡ÒÃäËÅà¢‰Òà»“¹ÊÑ--Ò³¢Ñé¹ºÑ¹ä´

– ·ÕèàÇÅÒàÃÔèÁµ‰¹ »ÃÑºÇÒÅŒÇ¤Çº¤ØÁ FT-1 äÇ‰·Õè 15%¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´ áÅÐÇÒÅŒÇ¤Çº¤ØÁ
FT-2 äÇ‰·Õè 30%¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´

– ·ÕèàÇÅÒ 15 ¹Ò·Õ »ÃÑºÇÒÅŒÇ¤Çº¤ØÁ FT-1 äÇ‰·Õè 30%¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´ áÅÐÇÒÅŒÇ¤Çº¤ØÁ
FT-2 äÇ‰·Õè 30%¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´

– ·ÕèàÇÅÒ 35 ¹Ò·Õ »ÃÑºÇÒÅŒÇ¤Çº¤ØÁ FT-1 äÇ‰·Õè 20%¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´ áÅÐÇÒÅŒÇ¤Çº¤ØÁ
FT-2 äÇ‰·Õè 20%¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´

– ·ÕèàÇÅÒ 55 ¹Ò·Õ »ÃÑºÇÒÅŒÇ¤Çº¤ØÁ FT-1 äÇ‰·Õè 15%¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´ áÅÐÇÒÅŒÇ¤Çº¤ØÁ
FT-2 äÇ‰·Õè 30%¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´ áÅÐ¨º¡ÒÃ·íÒ§Ò¹·ÕèàÇÅÒ 70 ¹Ò·Õ
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to the solenoid valve

Measured 

Initial value

Estimated 

Convert 

CV without state constraint

to %PWM

Apply %PWM

�
���	 ����

�����	 � � � � � � ��

�������	


������

����, ����	 �
���	 ������

ÃÙ»·Õè 2.11: á¼¹ÀÒ¾¢Ñé¹µÍ¹¡ÒÃ¹íÒµÑÇ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂÁÒãª‰¡Ñº¶Ñ§¾Ñ¡¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº
¤Çº¤ØÁ

� ¡Ã³ÕÍÑµÃÒ¡ÒÃäËÅà¢‰Òà»“¹ÊÑ--Ò³ä«¹Œ

– ·ÕèàÇÅÒàÃÔèÁµ‰¹ »ÃÑºÇÒÅŒÇ¤Çº¤ØÁ FT-2 äÇ‰·Õè 25%¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´ µÑé§¢¹Ò´ÊÑ--Ò³ä«¹Œ
äÇ‰·Õè 10 áÅÐ¤Òº¡ÒÃá¡Çˆ§ÍÂÙˆ·Õè 900 ÇÔ¹Ò·Õ áÅÐàÃÔèÁµ‰¹ (Offset) ¢Í§ÇÒÅŒÇ¤Çº¤ØÁ·Õè FT-1 äÇ‰·Õè
25%¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´

– ¨º¡ÒÃ·íÒ§Ò¹·ÕèàÇÅÒ 70 ¹Ò·Õ

·íÒ¡ÒÃ·´ÅÍ§â´Â¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐºº¨Ò¡¶Ñ§¾Ñ¡¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ´Ñ§
¹Õé àÊ‰¹¼ˆÒ¹ÈÙ¹ÂŒ¡ÅÒ§¢Í§¶Ñ§¾Ñ¡ � 	 ��
��� àÁµÃ, ��� 	 ��� àÁµÃ, ��� 	 ��� àÁµÃ, ��� 	 ��� àÁµÃ
áÅÐÊÀÒÇÐàÃÔèÁµ‰¹¢Í§µÑÇá»ÃÊ¶Ò¹Ð¤×Í ����� 	 ��� àÁµÃ, ��� 	 �����
 ÅÙ¡ºÒÈ¡ŒàÁµÃµˆÍÇÔ¹Ò·Õ ¡ÒÃ
Ãº¡Ç¹ ���� � � � 

��� ÅÔµÃµˆÍ¹Ò·Õ â´ÂÊÀÒÇÐàÃÔèÁµ‰¹¢Í§¡ÒÃÃº¡Ç¹ ���� 	 � áÅÐÊÀÒÇÐàÃÔèÁ
µ‰¹¢Í§ÊÑ--Ò³¤Çº¤ØÁ¡íÒË¹´ãË‰à»“¹ ���� 	 � àÇÅÒã¹¡ÒÃªÑ¡µÑÇÍÂˆÒ§ � 	 
 ÇÔ¹Ò·Õ ªˆÇ§¡ÒÃ¤Çº
¤ØÁ �
 	 
� ÇÔ¹Ò·Õ áÅÐàÇÅÒã¹¡ÒÃªÑ¡µÑÇÍÂˆÒ§à¾×èÍºÑ¹·Ö¡¤ˆÒ 
� ÇÔ¹Ò·Õ ¼Å¡ÒÃ·´ÅÍ§¡Ã³Õ·ÕèÍÑµÃÒ¡ÒÃ
äËÅà¢‰Òà»“¹ÊÑ--Ò³¢Ñé¹ºÑ¹ä´ ¼Å¡ÒÃÇÑ´ÍÑµÃÒ¡ÒÃäËÅà¢‰ÒáÅÐ¡ÒÃ»ÃÐÁÒ³ÍÑµÃÒ¡ÒÃäËÅÍÍ¡áÊ´§´Ñ§ÃÙ»
·Õè 2.12 áÅÐÃÐ´Ñº¢Í§àËÅÇã¹¶Ñ§¾Ñ¡áÅÐàÇÅÒ¡ÒÃà»”´ solenoid valve áÊ´§´Ñ§ÃÙ»·Õè 2.13 ã¹¡Ã³Õ·ÕèÍÑµÃÒ
¡ÒÃäËÅà¢‰Òà»“¹ÊÑ--Ò³ä«¹Œ ¼Å¡ÒÃÇÑ´ÍÑµÃÒ¡ÒÃäËÅà¢‰ÒáÅÐ¡ÒÃ»ÃÐÁÒ³ÍÑµÃÒ¡ÒÃäËÅÍÍ¡áÊ´§´Ñ§ÃÙ»
·Õè 2.14 áÅÐÃÐ´Ñº¢Í§àËÅÇã¹¶Ñ§¾Ñ¡áÅÐàÇÅÒ¡ÒÃà»”´ solenoid valve áÊ´§´Ñ§ÃÙ»·Õè 2.15
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ÃÙ»·Õè 2.12: ÍÑµÃÒ¡ÒÃäËÅà¢‰Òà»“¹ÊÑ--Ò³¢Ñé¹ºÑ¹ä´ áÅÐ¡ÒÃ»ÃÐÁÒ³ÍÑµÃÒ¡ÒÃäËÅÍÍ¡
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ÃÙ»·Õè 2.13: ÃÐ´Ñº¢Í§àËÅÇ áÅÐàÇÅÒ¡ÒÃà»”´ solenoid valve àÁ×èÍ¡ÒÃÃº¡Ç¹à»“¹ÊÑ--Ò³¢Ñé¹ºÑ¹ä´
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ÃÙ»·Õè 2.14: ÍÑµÃÒ¡ÒÃäËÅà¢‰Òà»“¹ÊÑ--Ò³ä«¹Œ áÅÐ¡ÒÃ»ÃÐÁÒ³ÍÑµÃÒ¡ÒÃäËÅÍÍ¡
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ÃÙ»·Õè 2.15: ÃÐ´Ñº¢Í§àËÅÇ áÅÐàÇÅÒ¡ÒÃà»”´ solenoid valve àÁ×èÍ¡ÒÃÃº¡Ç¹à»“¹ÊÑ--Ò³ä«¹Œ
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¨Ò¡¼Å¡ÒÃ·´ÅÍ§¾ºÇˆÒàÁ×èÍ¡ÒÃÃº¡Ç¹à»“¹ÊÑ--Ò³¢Ñé¹ºÑ¹ä´áÅÐÊÑ--Ò³ä«¹Œ µÑÇ¤Çº¤ØÁÃÐ´Ñº
áººà©ÅÕèÂ·ÕèÁÕ¡ÒÃ»ÃÐÁÒ³ÍÑµÃÒ¡ÒÃäËÅÍÍ¡áººÅ´ÍÑ¹´ÑºãË‰¼Å¡ÒÃµÔ´µÒÁÃÐ´ÑºÁÕ¤ÇÒÁáÁ̂¹ÂíÒâ´ÂÃÐ´Ñº
¢Í§¢Í§àËÅÇÀÒÂã¹¶Ñ§¾Ñ¡äÁˆà¡Ô¹à§×èÍ¹ä¢¢Íºà¢µÊ¶Ò¹Ð

2.3 ÊÃØ»

ã¹º·¹Õé¹íÒàÊ¹Í¡ÒÃ¤Çº¤ØÁÃÐ´Ñºã¹¶Ñ§¾Ñ¡â´Âãª‰¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ à»“¹¡ÒÃ¤Çº¤ØÁ¢Ñé¹
ÊÙ§ÍÂˆÒ§áÃ¡ã¹¡ÒÃ·´ÊÍº¡ÒÃ´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS DCSÂÍÁãË‰¼Ù‰»¯ÔºÑµÔ¡ÒÃÊÒÁÒÃ¶»ÃÐÂØ¡µŒ¡ÒÃ¤Çº
¤ØÁ¢Ñé¹ÊÙ§â´Â·íÒ¡ÒÃâ»Ãá¡ÃÁ´‰ÇÂÀÒÉÒ«ÕâºÅ (SEBOL language) ¼ˆÒ¹¡ÅØˆÁ¿’§¡ŒªÑ¹¡ÒÃ¤Çº¤ØÁ¾×é¹°Ò¹
¢Í§DCS DCSÁÕÊ̂Ç¹áÊ´§¼ÅãË‰¼Ù‰»¯ÔºÑµÔ§Ò¹ÊÒÁÒÃ¶à½„ÒÊÑ§à¡µáÅÐ·íÒ¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃä´‰ÊÐ´Ç¡
ÂÔè§¢Öé¹ ¡ÒÃ í̈ÒÅÍ§¡ÒÃ¤Çº¤ØÁÃÐ´Ñºà©ÅÕèÂ¢Í§¶Ñ§¾Ñ¡ãª‰¡ÒÃ¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´ã¹¡ÒÃ¾Ô¨ÒÃ³ÒÊÁ¡ÒÃ
ÊÁÃÃ¶¹Ðà¾×èÍãË‰ÍÑµÃÒ¡ÒÃäËÅÍÍ¡à»ÅÕèÂ¹á»Å§¹‰ÍÂ·ÕèÊØ´ áÅÐãª‰ÊÁ¡ÒÃÅÒ´·íÒ¹ÒÂÍÑµÃÒ¡ÒÃäËÅà¢‰Ò«Öè§
à»“¹¡ÒÃÃº¡Ç¹ÃÐºº ¼Å¡ÒÃ¨íÒÅÍ§¾ºÇˆÒ¡ÒÃ·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹áººÅÒ´ÊÒÁÒÃ¶¤Çº¤ØÁÃÐ´Ñº¢Í§àËÅÇ
ãË‰¤§¤ˆÒ·Õè¤ˆÒ¡íÒË¹´áÅÐÍÑµÃÒ¡ÒÃäËÅÍÍ¡ÁÕ¤ÇÒÁÃÒºÅ×è¹¡ÇˆÒ¡ÒÃ·íÒ¹ÒÂáºº¢Ñé¹ºÑ¹ä´ àÁ×èÍ¹íÒÊÑ--Ò³
¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´«Öè§à»“¹ÍÑµÃÒ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃäËÅÍÍ¡ä»ãª‰¤Çº¤ØÁÃÐ´Ñºã¹¶Ñ§¾Ñ¡¢Í§Ë‰Í§»¯Ô
ºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ¾ºÇˆÒ äÁ̂ÊÒÁÒÃ¶ãª‰ÊÑ--Ò³¤Çº¤ØÁ´Ñ§¡Å̂ÒÇä´‰â´ÂµÃ§µ‰Í§·íÒ¡ÒÃá»Å§ÊÑ--Ò³
ãË‰ÍÂÙˆã¹ÃÙ»·ÕèàËÁÒÐÊÁ¡̂Í¹¹íÒä»ãª‰ »’-ËÒ·Õè¾ºÍÕ¡ÍÂ̂Ò§Ë¹Öè§¤×ÍäÁ̂ÊÒÁÒÃ¶ÇÑ´ÍÑµÃÒ¡ÒÃäËÅÍÍ¡ä ‰́ ¨Ö§
ãª‰µÑÇÊÑ§à¡µáººÅ´ÅíÒ´Ñºã¹¡ÒÃ»ÃÐÁÒ³ÍÑµÃÒ¡ÒÃäËÅÍÍ¡ áÅÐàÁ×èÍ¾Ô¨ÒÃ³Ò¶Ñ§¾Ñ¡¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃ
ÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ¾ºÇˆÒ ÍÑµÃÒ¡ÒÃäËÅà¢‰ÒÊÙˆ¶Ñ§¾Ñ¡¶Ù¡ í̈Ò¡Ñ´´‰ÇÂ¢¹Ò´¢Í§·ˆÍáÅÐ¢¹Ò´ÇÒÅŒÇ¤Çº¤ØÁ ´Ñ§
¹Ñé¹ã¹¡ÒÃ»ÃÐÂØ¡µŒãª‰¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂâ´Â´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS äÁˆ¨íÒà»“¹µ‰Í§¾Ô¨ÒÃ³Ò¶Ö§à§×èÍ¹
ä¢¢Íºà¢µÊ¶Ò¹Ð¢Í§ÃÐ´Ñº¢Í§àËÅÇáÅÐ¡ÃÍº§Ò¹àªÔ§·íÒ¹ÒÂáºº¨íÒÅÍ§ ¡̂Í¹àÅ×Í¡µÑÇ¤Çº¤ØÁ¤ÇÃµÃÇ¨
ÊÍºÃÐºº·Õè·íÒ¡ÒÃ¤Çº¤ØÁÇˆÒÁÕ senseors, actuators ·ÕèÊÒÁÒÃ¶ãË‰áÅÐÃÑºÊÑ--Ò³ä´‰



º··Õè 3

¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹

¡ÒÃ¤Çº¤ØÁâ´Âãª‰µÑÇ¤Çº¤ØÁÊÑ´Ê̂Ç¹áÅÐÍÔ¹·Ô¡ÃÑÅáºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ (Adaptive PI controller)

à»“¹¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§ÍÂˆÒ§·ÕèÊÍ§·Õèãª‰ã¹¡ÒÃ·´ÊÍº¡ÒÃ´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹
¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ·Õèãª‰ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹ÕéÁÕÅÑ¡É³ÐË¹Öè§ÊÑ--Ò³à¢‰ÒË¹Öè§ÊÑ--Ò³ÍÍ¡ ¡ÒÃ
à¤Å×èÍ¹·Õè¢Í§ÍÒ¡ÒÈÃ‰Í¹¨Ò¡»ÅÒÂ·ˆÍ´‰Ò¹Ë¹Öè§ä»ÂÑ§à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔ·Õè»ÅÒÂ·̂ÍÍÕ¡´‰Ò¹Ë¹Öè§·íÒãË‰à¡Ô´
¡ÒÃË¹ˆÇ§ (Transportation lag) «Öè§à»“¹ÅÑ¡É³ÐË¹Öè§¢Í§¤ÇÒÁäÁˆà»“¹àªÔ§àÊ‰¹ (Nonlinearity) ¡ÒÃ¤Çº
¤ØÁâ´Âãª‰µÑÇ¤Çº¤ØÁ PI ·ÕèÁÕÍÑµÃÒ¢ÂÒÂ¤§·ÕèáººÇÔ¸Õ Ziegler-Nichols ÊÒÁÒÃ¶ãª‰§Ò¹ä´‰´Õã¹ªˆÇ§¡ÒÃ·íÒ
§Ò¹ªˆÇ§Ë¹Öè§·Õè·íÒ¡ÒÃ»ÃÑºµÑé§ÍÑµÃÒ¢ÂÒÂ¹Ñé¹à·̂Ò¹Ñé¹ àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹ªˆÇ§¡ÒÃ·íÒ§Ò¹»ÃÐÊÔ·¸ÔÀÒ¾¢Í§µÑÇ
¤Çº¤ØÁ PI ·ÕèÁÕÍÑµÃÒ¢ÂÒÂ¤§·Õè¨ÐÅ´Å§ áÅÐµ‰Í§ÍÒÈÑÂ¼Ù‰àªÕèÂÇªÒ-à¾×èÍ»ÃÑºµÑé§ÍÑµÃÒ¢ÂÒÂãËÁ̂ ã¹ÇÔ·ÂÒ
¹Ô¾¹¸Œ¹Õé¾Ô¨ÒÃ³Ò¹íÒµÑÇ¤Çº¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰àÍ§â´ÂÊÍ´¤Å‰Í§¡Ñº¡ÒÃà»ÅÕèÂ¹á»Å§ªˆÇ§¡ÒÃ
·íÒ§Ò¹áÅÐ¡ÒÃÃº¡Ç¹·Õèà¡Ô´¢Öé¹ÁÒãª‰ ¡ÒÃÈÖ¡ÉÒµÑÇ¤Çº¤ØÁÊÑ´Ê̂Ç¹áÅÐÍÔ¹·Ô¡ÃÑÅáºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰àÃÔèÁ
¨Ò¡·ÄÉ¯Õadaptive interaction ¡ÒÃ»ÃÐÂØ¡µŒ·ÄÉ¯Õadaptive interaction¡ÑºµÑÇ¤Çº¤ØÁÊÑ´Ê̂Ç¹áÅÐÍÔ¹·Ô¡ÃÑÅ
à¾×èÍ»ÃÑºÍÑµÃÒ¢ÂÒÂ áÅÐÈÖ¡ÉÒ¡ÒÃ»ÃÐÂØ¡µŒãª‰§Ò¹¨ÃÔ§¡Ñºà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃ
ÇÔ¨ÑÂÃÐºº¤Çº¤ØÁâ´ÂÇÔà¤ÃÒÐËŒ¶Ö§¼Å¡ÒÃ¤Çº¤ØÁ·Õèä´‰

3.1 µÑÇ¤Çº¤ØÁÊÑ´ÊˆÇ¹áÅÐÍÔ¹·Ô¡ÃÑÅáºº»ÃÑºÍÑµÃÒ¢ÂÒÂä ‰́ (Adaptive PI controller)

3.1.1 ·ÄÉ®Õadaptive interaction [2, 6]

·ÄÉ¯Õadaptive interaction ¾Ô¨ÒÃ³ÒÃÐºº·Õè»ÃÐ¡Íº´‰ÇÂ � ÃÐººÂˆÍÂ «Öè§àÃÕÂ¡áµˆÅÐÃÐººÂˆÍÂÇˆÒ
ÍØ»¡Ã³Œ (Device) áµˆÅÐÍØ»¡Ã³Œ¶Ù¡ÅíÒ´Ñºâ´Â´ÃÃª¹Õ � � � :=�1,2,...,�	 «Öè§áµˆÅÐÍØ»¡Ã³Œ»ÃÐ¡Íº´‰ÇÂ 


ÊÑ--Ò³ÍÍ¡·ÕèÍÔ¹·Ôà¡Ã·ä´‰ (Integrable output signal) �	 áÅÐ 
 ÊÑ--Ò³à¢‰Ò·ÕèÍÔ¹·Ôà¡Ã·ä´‰ (Integrable

input signal) �	 ¾ÅÇÑµ¢Í§ÍØ»¡Ã³ŒáµˆÅÐµÑÇÊÒÁÒÃ¶Í¸ÔºÒÂâ´Âcausal function

 	 � �	 �
 !	� � � � (3.1)

( 	 � �	 �
 !	 à»“¹causal function ¶‰ÒÊÑ--Ò³ÍÍ¡ �	��� ¢Öé¹¡ÑºÊÑ--Ò³à¢‰Ò �	��� � � � �)

«Öè§ �	 áÅÐ !	 ¤×Í Êà»«¢Í§ÊÑ--Ò³à¢‰ÒáÅÐÊÑ--Ò³ÍÍ¡µÒÁÅíÒ´Ñº ¹Ñè¹¤×Í ÊÑ--Ò³à¢‰Ò �	��� ÊÑÁ¾Ñ¹¸Œ
¡ÑºÊÑ--Ò³ÍÍ¡ �	��� ¢Í§ÍØ»¡Ã³ŒÅíÒ´Ñº·Õè � Í¸ÔºÒÂâ´ÂÊÁ¡ÒÃ

�	��� 	 � 	 " �	���� 	  	��	����� � � � (3.2)

" ¤×Í function decomposition â´ÂµÑé§ÊÁÁµÔ°Ò¹ÇˆÒcausal function  	 ÊÒÁÒÃ¶ËÒÍ¹Ø¾Ñ¹¸Œà¿Å·àª· (Fréchet

derivative) [18] ä´‰
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àÁ×èÍ¾Ô¨ÒÃ³Ò¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§¡Ñ¹¢Í§ � ÍØ»¡Ã³Œ ¡íÒË¹´ãË‰ � à»“¹¡ÒÃàª×èÍÁµˆÍÃÐËÇˆÒ§ÍØ»¡Ã³Œ
(Connection) áÅÐ � à»“¹à«µ¢Í§¡ÒÃàª×èÍÁµˆÍ·Ñé§ËÁ´ÃÐËÇˆÒ§ÍØ»¡Ã³Œ ãË‰ �� 
 á·¹ÅíÒ´Ñº¢Í§ÍØ»¡Ã³Œ·Õè
àª×èÍÁµˆÍ¡̂Í¹Ë¹‰Ò¡ÒÃàª×èÍÁµˆÍ � áÅÐãË‰ÊÑ--Ò³ÍÍ¡Ê̂§¼ˆÒ¹ä»ÂÑ§¡ÒÃàª×èÍÁµˆÍ � ãË‰ �!"#
 á·¹ÅíÒ´Ñº¢Í§
ÍØ»¡Ã³Œ·ÕèµˆÍËÅÑ§¨Ò¡¡ÒÃàª×èÍÁµˆÍ � áÅÐÃÑºÊÑ--Ò³à¢‰Ò¨Ò¡¡ÒÃàª×èÍÁµˆÍ � ¡íÒË¹´ãË‰ $	 à»“¹à«µ¢Í§
¡ÒÃàª×èÍÁµˆÍ·ÕèÊ̂§¼ˆÒ¹ÊÑ--Ò³à¢‰ÒÁÒÂÑ§ÍØ»¡Ã³ŒÅíÒ´Ñº·Õè � : $	 	 �� � �� 
 	 �	 áÅÐ %	 à»“¹à«µ¢Í§¡ÒÃ
àª×èÍÁµˆÍ·ÕèÊ̂§¼ˆÒ¹ÊÑ--Ò³ÍÍ¡¨Ò¡ÍØ»¡Ã³ŒÅíÒ´Ñº·Õè � : %	 	 �� � �!"#
 	 �	


�

Device � Device �

Device �






�


�

ÃÙ»·Õè 3.1: µÑÇÍÂˆÒ§¢Í§ÍØ»¡Ã³ŒáÅÐ¡ÒÃàª×èÍÁµˆÍÃÐËÇˆÒ§ÍØ»¡Ã³Œ

à¾×èÍ¤ÇÒÁà¢‰Òã¨¾Ô¨ÒÃ³ÒÃÙ»·Õè 3.1 «Öè§à»“¹µÑÇÍÂˆÒ§¢Í§ÍØ»¡Ã³ŒáÅÐ¡ÒÃàª×èÍÁµˆÍÃÐËÇˆÒ§ÍØ»¡Ã³Œ
¾Ô¨ÒÃ³Ò¡ÒÃàª×èÍÁµˆÍ �� ¾ºÇˆÒ �� 
� 	 
 áÅÐ �!"#
� 	 � áÅÐàÁ×èÍ¾Ô¨ÒÃ³Òà«µ¢Í§¡ÒÃàª×èÍÁµˆÍ
·Õèà»“¹ÊÑ--Ò³à¢‰ÒÊÙˆÍØ»¡Ã³ŒÅíÒ´Ñº·Õè � ¾ºÇˆÒ $� 	 ���� ��	 áÅÐà«µ¢Í§¡ÒÃàª×èÍÁµˆÍ·Õèà»“¹ÊÑ--Ò³ÍÍ¡
¨Ò¡ÍØ»¡Ã³ŒÅíÒ´Ñº·Õè � ¾ºÇˆÒ %� 	 ���	

ã¹·Õè¹Õé¾Ô¨ÒÃ³Òà©¾ÒÐ¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§¡Ñ¹àªÔ§àÊ‰¹ (Linear interaction) ãË‰ �	 à»“¹¼ÅÃÇÁ¢Í§
ÊÑ--Ò³à¢‰Ò·Ø¡ÊÑ--Ò³·Õèà¢‰ÒÊÙˆÍØ»¡Ã³ŒÅíÒ´Ñº·Õè � áÊ´§â´ÂÊÁ¡ÒÃ

�	��� 	 �	��� 

�

���

�
��
������ � � � (3.3)

â´Â·Õè �	��� à»“¹ÊÑ--Ò³à¢‰Ò¨Ò¡ÀÒÂ¹Í¡·Õè¼ˆÒ¹à¢‰ÒÊÙˆÍØ»¡Ã³ŒÅíÒ´Ñº·Õè � áÅÐ �
 ¤×Í ¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¡ÒÃ
àª×èÍÁµˆÍ (Connection weight) ÊÑ--Ò³ÍÍ¡¢Í§ÍØ»¡Ã³ŒÅíÒ´Ñº·Õè � áÊ´§â´ÂÊÁ¡ÒÃ

�	��� 	  	��	��� 

�

���

�
��
������ (3.4)

¨Ø´ÁØˆ§ËÁÒÂ¢Í§¢Ñé¹µÍ¹ÇÔ¸Õ¡ÒÃ»ÃÑº (Adaptive algorithm) ¤×Í »ÃÑº¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¡ÒÃàª×èÍÁµˆÍ �


â´Â¡ÒÃËÒ¤ˆÒµíèÒÊØ´¢Í§´ÃÃª¹ÕÊÁÃÃ¶¹Ð � «Öè§à»“¹¿’§¡ŒªÑ¹¢Í§ÊÑ--Ò³ÍÍ¡ áÅÐÊÑ--Ò³à¢‰Ò¨Ò¡ÀÒÂ
¹Í¡ ¶‰Ò¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡ �
 ¶Ù¡»ÃÑºµÒÁÊÁ¡ÒÃ

��
 	 �
�

������	�

�� ���

��
�����	�

"  
�

����� ������� �

��
�����	�

"  
�

����� ������� � " ������
� #

$�

$������
� "  

�

����� ������� � " ��
�� � � � � (3.5)

´Ñ§¹Ñé¹´ÃÃª¹ÕÊÁÃÃ¶¹Ð � ¨ÐÁÕ¤ˆÒÅ´Å§ã¹·ÔÈ·Ò§à´ÕÂÇ (Monotonically decrease) ¡ÑºàÇÅÒ ÊÁ¡ÒÃ (3.5)

ÊÒÁÒÃ¶Å´ÃÙ»ä´‰à»“¹
��
 	 �#

��

��

� � � � (3.6)
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«Öè§ # � � ¤×Í ÊÑÁ»ÃÐÊÔ·¸Œ¡ÒÃ»ÃÑº (Adaptation coefficient)  	 áÅÐ � à»“¹instantaneous funcion ´Ñ§¹Ñé¹
¢Ñé¹µÍ¹ÇÔ¸Õ¡ÒÃ»ÃÑºÊÒÁÒÃ¶á·¹function decomposition (") ´‰ÇÂ¡ÒÃ¤Ù³

3.1.2 ¢Ñé¹µÍ¹ÇÔ¸Õ¡ÒÃ»ÃÑºÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ PI â´Âãª‰·ÄÉ¯Õadaptive interaction

���

�
��

��

�

���

��

��

��
����

��

ÃÙ»·Õè 3.2: ¢Ñé¹µÍ¹ÇÔ¸Õ¡ÒÃ¡íÒË¹´ÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ PI

µÑÇ¤Çº¤ØÁÊÑ´Ê̂Ç¹áÅÐÍÔ¹·Ô¡ÃÑÅ (PI) Í¸ÔºÒÂä´‰â´ÂÊÁ¡ÒÃ

���� 	 ��	��� 
��

� �
�

	����� (3.7)

â´Â 	��� ¤×Í ¤ˆÒ¼Ô´¾ÅÒ´¢Í§ÃÐºº �	 	 ��� � ��� ��� à»“¹ÊÑ--Ò³à¢‰ÒÍ‰Ò§ÍÔ§)
���� ¤×Í ÊÑ--Ò³¤Çº¤ØÁ
�� ¤×Í ÍÑµÃÒ¢ÂÒÂÊÑ´Ê̂Ç¹
�� ¤×Í ÍÑµÃÒ¢ÂÒÂÍÔ¹·Ô¡ÃÑÅ

µÒÁ·ÄÉ®Õadaptive interaction µÑÇ¤Çº¤ØÁ PI áÊ´§´Ñ§ÃÙ»·Õè 3.2 ÊÒÁÒÃ¶áÂ¡ÍÍ¡à»“¹ �

ÍØ»¡Ã³Œ ÍØ»¡Ã³ŒÅíÒ´Ñº·Õè 
 ¤×Í Ê̂Ç¹¢Í§ÊÑ´Ê̂Ç¹¢Í§µÑÇ¤Çº¤ØÁ PI «Öè§ÁÕ¿’§¡ŒªÑ¹¶̂ÒÂâÍ¹ (Transfer

function) à»“¹ 
 ÍØ»¡Ã³ŒÅíÒ´Ñº·Õè � ¤×Í Ê̂Ç¹¢Í§ÍÔ¹·Ô¡ÃÑÅ¢Í§µÑÇ¤Çº¤ØÁ PI «Öè§ÁÕ¿’§¡ŒªÑ¹¶̂ÒÂâÍ¹à»“¹ %��

ÍØ»¡Ã³ŒÅíÒ´Ñº·Õè � ¤×Í ¾ÅÒ¹µŒ (plant) ´Ñ§¹Ñé¹¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¡ÒÃàª×èÍÁµˆÍ¢Í§ÃÐºº¹Õé¤×Í �
 	 ����� à«µ
¢Í§ÊÑ--Ò³ÍÍ¡¢Í§ÃÐºº¤×Í %����� 	 %� ¨Ò¡·ÄÉ®Õadaptive interactionã¹ËÑÇ¢‰Í·Õè 3.1.1 ¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡
¡ÒÃàª×èÍÁµˆÍÊÒÁÒÃ¶à¢ÕÂ¹ÍÂÙˆã¹ÃÙ»

��
 	 �#
$�

$������
"  

�

����� ������� � ! ��
�� (3.8)

´ÃÃª¹ÕÊÁÃÃ¶¹ÐÊÒÁÒÃ¶à¢ÕÂ¹ÍÂÙˆã¹ÃÙ»¡íÒÅÑ§ÊÍ§¢Í§¤ˆÒ¼Ô´¾ÅÒ´´Ñ§ÊÁ¡ÒÃ

� 	 ���� � ���
� 	 	� (3.9)

¶‰ÒÍ¹Ø¾Ñ¹¸Œà¿Å·àª·»ÃÒ¡¯ ´Ñ§¹Ñé¹¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¡ÒÃàª×èÍÁµˆÍ ����� ÊÒÁÒÃ¶à¢ÕÂ¹à»“¹
��� 	 ��#��� � ���� 

�

����� ! �� (3.10)

��� 	 ��#��� � ���� 
�

����� ! �� (3.11)

ã¹¡ÒÃËÒ¤ˆÒÍ¹Ø¾Ñ¹¸Œà¿Å·àª·¢Í§¿’§¡ŒªÑ¹  ��� â´Â¾Ô¨ÒÃ³Ò¿’§¡ŒªÑ¹ã¹ÃÙ»

 ��� 	

� �
�

������� ���� (3.12)
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¶‰ÒÍ¹Ø¾Ñ¹¸Œà¿Å·àª·»ÃÒ¡¯ËÁÒÂ¤ÇÒÁÇˆÒ ÊÒÁÒÃ¶ËÒ¼ÅµˆÒ§àªÔ§Í¹Ø¾Ñ¹¸Œà¿Å·àª· (Fréchet differential)

¢Í§¿’§¡ŒªÑ¹  ��� ä´‰ áÅÐ¼ÅµˆÒ§àªÔ§Í¹Ø¾Ñ¹¸Œ´Ñ§¡Å̂ÒÇà·̂Ò¡Ñº¼ÅµˆÒ§àªÔ§Í¹Ø¾Ñ¹¸Œá¡··Õ¤ (Gateax differen-

tial) ¹Ñè¹¤×Í¿’§¡ŒªÑ¹  ÁÕ¤ÇÒÁµˆÍà¹×èÍ§·Õè¨Ø´ � Í¹Ø¾Ñ¹¸Œá¡··Õ¤áÊ´§ä´‰â´ÂÊÁ¡ÒÃ

Æ ��&�� 	

� �
�

�������� �������� (3.13)

«Öè§ �� 	 �

�� ´Ñ§¹Ñé¹Í¹Ø¾Ñ¹¸Œà¿Å·àª·¢Í§¿’§¡ŒªÑ¹  ·Õè � ¡íÒË¹´â´Â

 
�

��� ! � 	

� �
�

�������� �������� (3.14)

¾Ô¨ÒÃ³ÒÃÐººàªÔ§àÊ‰¹äÁˆ¢Öé¹¡ÑºàÇÅÒ·ÕèÁÕtransfer function à»“¹ &�%� ¿’§¡ŒªÑ¹  ��� ÊÒÁÒÃ¶à¢ÕÂ¹ã¹
ÃÙ»¤Í¹âÇÅÙªÑ¹ (Convolution) ä´‰´Ñ§ÊÁ¡ÒÃ

 ��� 	 '��� � ���� 	

� �
�

'��� �������� (3.15)

«Öè§ '��� ¤×Í ¼ÅµÍºÊ¹Í§ÍÔÁ¾ÑÅÊŒ (Impluse response) ¢Í§ÃÐººàªÔ§àÊ‰¹äÁˆ¢Öé¹¡ÑºàÇÅÒ ´Ñ§¹Ñé¹

 
�

��� ! � 	

� �
�

'��� �������� (3.16)

	 '��� � ���� (3.17)

ã¹·Ò§»¯ÔºÑµÔÊÒÁÒÃ¶»ÃÐÁÒ³  
�

��� ! � 	 �� ´Ñ§¹Ñé¹ÊÁ¡ÒÃ (3.10, 3.11) ÊÒÁÒÃ¶à¢ÕÂ¹ãËÁ̂à»“¹

��� 	 ��#��� � ������� (3.18)

��� 	 ��#��� � ������� (3.19)

ã¹·Õè¹Õé¡íÒË¹´ãË‰ ( 	 �#�� ( � � áÅÐàÁ×èÍ¾Ô¨ÒÃ³ÒÃÙ»·Õè 3.2

���%� 	 
 � 	�%� (3.20)

���%� 	 %�� � 	�%� (3.21)

3.1.3 ¡ÒÃ»ÃÐÁÒ³µÑÇ¤Çº¤ØÁÊÑ´ÊˆÇ¹áÅÐÍÔ¹·Ô¡ÃÑÅáºº»ÃÑºÍÑµÃÒ¢ÂÒÂä ‰́·Ò§àÇÅÒµ̂Íà¹×èÍ§

¡ÒÃ¹íÒµÑÇ¤Çº¤ØÁÊÑ´Ê̂Ç¹áÅÐÍÔ¹·Ô¡ÃÑÅáºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ä»ãª‰ã¹·Ò§» Ô̄ºÑµÔ¹Ñé¹äÁˆÊÒÁÒÃ¶·íÒä´‰
â´ÂµÃ§ à¹×èÍ§¨Ò¡¡ÒÃ¤íÒ¹Ç³áÅÐ¡ÒÃÊˆ§¼ˆÒ¹ÊÑ--Ò³¢Í§¤ÍÁ¾ÔÇàµÍÃŒäÁˆä´‰ÍÂÙˆã¹ÃÙ»àÇÅÒµˆÍà¹×èÍ§ (Con-

tinuous time) ´Ñ§¹Ñé¹µ‰Í§·íÒ¡ÒÃá»Å§¿’§¡ŒªÑ¹¶̂ÒÂâÍ¹áÅÐÊÁ¡ÒÃÍ¹Ø¾Ñ¹¸ŒàªÔ§ÊÒÁÑ- (Ordinary differen-

tial equation) ãË‰ÍÂÙˆã¹ÃÙ»àÇÅÒäÁˆµˆÍà¹×èÍ§ (Discrete time) ¡ˆÍ¹ Ö̈§ÊÒÁÒÃ¶â»Ãá¡ÃÁÅ§º¹¤ÍÁ¾ÔÇàµÍÃŒ
ä´‰ ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé¾Ô¨ÒÃ³Ò¡ÒÃ»ÃÐÁÒ³ãË‰ÍÂÙˆã¹ÃÙ»àÇÅÒäÁˆµˆÍà¹×èÍ§â´Âãª‰ÇÔ¸Õ¡ÒÃ»ÃÐÁÒ³àªÔ§ÊÕèàËÅÕèÂÁ
¤Ò§ËÁÙ (Trapezoidal method) ËÃ×ÍàÃÕÂ¡ÍÕ¡ª×èÍÇˆÒ¡ÒÃ»ÃÐÁÒ³·ÑÊ·Ô¹ (Tustin approximation) [17] ÇÔ¸Õ¹Õé¨Ð
Ê̂§¼ˆÒ¹¢Íºà¢µ·ÕèÍÂÙˆ½’˜§«‰ÒÂ¢Í§â´àÁ¹àÇÅÒµˆÍà¹×èÍ§ (s-plane) ä»ÍÂÙˆã¹¢Íºà¢µ¢Í§Ç§¡ÅÁË¹Öè§Ë¹ˆÇÂã¹â´
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àÁ¹àÇÅÒäÁˆµˆÍà¹×èÍ§ (z-plane) ¡ÒÃá»Å§â´ÂÇÔ¸Õ¹Õé·íÒãË‰ÁÑè¹ã¨ä´‰ÇˆÒÃÐººÂÑ§ÁÕàÊ¶ÕÂÃÀÒ¾ÍÂÙˆ ÊíÒËÃÑºÊÁ¡ÒÃ
·Õèãª‰ã¹¡ÒÃá»Å§¨Ò¡â´àÁ¹àÇÅÒµˆÍà¹×èÍ§ä»à»“¹â´àÁ¹àÇÅÒäÁˆµˆÍà¹×èÍ§¤×Í

% 	
�

�
�
� � 


� 
 

(3.22)

«Öè§ � ¤×Í àÇÅÒã¹¡ÒÃªÑ¡µÑÇÍÂˆÒ§ (Sampled time) ´Ñ§¹Ñé¹ÊÁ¡ÒÃµÑÇ¤Çº¤ØÁ PI (3.7) à¢ÕÂ¹ÍÂÙˆã¹ÃÙ»àÇÅÒäÁˆ
µˆÍà¹×èÍ§ä´‰à»“¹

��
�� 	 ) �
�� 
 * �
�� (3.23)

) �
�� 	 ���+ ����
��� ���
��� (3.24)

* �
�
 �� 	 * �
�� 

���

�
�	�
�
 �� 
 	�
��� (3.25)

	�
�� 	 ����
��� ���
�� (3.26)

«Öè§ 
 	 ��� 
� �� �����	 áÅÐ + ¤×Í ¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¢Í§¤ˆÒ¡íÒË¹´ (Set point weighting) ÊÁ¡ÒÃ¤ˆÒ¶̂Ç§¹íéÒ
Ë¹Ñ¡¡ÒÃàª×èÍÁµˆÍ ����� (3.18, 3.19) áÅÐÊÑ--Ò³ÍÍ¡¢Í§ÍØ»¡Ã³ŒÅíÒ´Ñº·Õè 
 áÅÐ � (3.20, 3.21) ÊÒÁÒÃ¶
á»Å§ãË‰ÍÂÙˆã¹ÃÙ»àÇÅÒäÁˆµˆÍà¹×èÍ§ä´‰à»“¹

�� 	 ���
�� �� 

(�

�
����
��	�
�� 
 ���
�� ��	�
�� ��� (3.27)

�� 	 ���
�� �� 

(�

�
����
��	�
�� 
 ���
�� ��	�
�� ��� (3.28)

���
�� 	 	�
�� (3.29)

���
�
 �� 	 ���
�� 

�

�
�	�
�
 �� 
 	�
��� (3.30)

â¤Ã§ÊÃ‰Ò§¢Í§¡ÒÃ¹íÒµÑÇ¤Çº¤ØÁÊÑ´Ê̂Ç¹áÅÐÍÔ¹·Ô¡ÃÑÅáºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ä»ãª‰ã¹·Ò§» Ô̄ºÑµÔ
áÊ´§ã¹ÃÙ»·Õè 3.3

Controller
PI   process

Controlled

Self−tuning
PI parameters

Adaptive algorithm

Programming on CENTUM CS3000

� ��%� 
�, 
�

ÃÙ»·Õè 3.3: â¤Ã§ÊÃ‰Ò§¡ÒÃ¹íÒµÑÇ¤Çº¤ØÁÊÑ´Ê̂Ç¹áÅÐÍÔ¹·Ô¡ÃÑÅáºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ä»ãª‰ã¹·Ò§»¯ÔºÑµÔ
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3.2 ¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÍÍ¡¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹â´Â´íÒà¹Ô¹¡ÒÃ¼̂Ò¹DCS

Power input

Process

Detector

Measurement

Heater gridBlower
Shutter

Unit
Thyrister

HIS

FCS FCS

Transmitter

Process I/O

Inlet

Circuit
Bridge

Temperature

ÃÙ»·Õè 3.4: ¡ÒÃàª×èÍÁµˆÍÃÐËÇˆÒ§DCS¡Ñºà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹

¡ÒÃ·íÒ§Ò¹¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ÍÒÈÑÂà¤Ã×èÍ§à»ƒÒÅÁ (Blower) ´Ù´ÍÒ¡ÒÈà¢‰ÒÊÙˆ·̂Í´‰ÇÂ
ÍÑµÃÒàÃçÇ¤§·Õè â´Â»ÃÔÁÒµÃ¢Í§ÍÒ¡ÒÈ¶Ù¡¤Çº¤ØÁ´‰ÇÂÁˆÒ¹»ÃÑº (Shutter) äËÅ¼ˆÒ¹à¤Ã×èÍ§·íÒ¤ÇÒÁÃ‰Í¹
(Heater) «Öè§¶Ù¡¤Çº¤ØÁâ´ÂÊÑ--Ò³¤Çº¤ØÁ¼ˆÒ¹·Ò§ä·ÃÔÊàµÍÃŒ (Thyrister) ·Õè»ÅÒÂÍÕ¡´‰Ò¹Ë¹Öè§¢Í§·̂Í
¨ÐµÔ´µÑé§à¤Ã×èÍ§Á×ÍµÃÇ¨ÇÑ´ÍØ³ËÀÙÁÔ ¡ÒÃàª×èÍÁµˆÍÃÐËÇˆÒ§DCS¡Ñºà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹áÊ´§´Ñ§ÃÙ»
·Õè 3.4 ¨Ø´»ÃÐÊ§¤ŒËÅÑ¡¢Í§¡ÒÃ¤Çº¤ØÁ¤×Í Å´¼Å¢Í§¡ÒÃÃº¡Ç¹«Öè§à¡Ô´¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§»ÃÔÁÒµÃ¢Í§
ÍÒ¡ÒÈ¢Òà¢‰Ò áÅÐÃÑ¡ÉÒÍØ³ËÀÙÁÔ¢ÒÍÍ¡¢Í§¡ÃÐºÇ¹¡ÒÃãË‰ÍÂÙˆ·Õè¤ˆÒ¡íÒË¹´

¨Ò¡ Ø̈´»ÃÐÊ§¤ŒËÅÑ¡¢Í§¡ÒÃ¤Çº¤ØÁÊÒÁÒÃ¶áº̂§¡ÒÃ·´ÅÍ§ä´‰à»“¹ 2 ¡ÒÃ·´ÅÍ§ Ñ́§¹Õé

� ¡ÒÃ·´ÅÍ§¡ÒÃÅ´¡ÒÃÃº¡Ç¹¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§»ÃÔÁÒµÃÍÒ¡ÒÈ¢Òà¢‰Ò

– àÃÔèÁµ‰¹¡ÒÃ·´ÅÍ§â´Â¤ˆÒ¡íÒË¹´ÍÂÙˆ·Õè ���C
– ÁÕ¡ÒÃÃº¡Ç¹¨Ò¡¡ÒÃ»ÃÑºÁˆÒ¹»ÃÑº ³.ÇÔ¹Ò·Õ·Õè 
�� ¨Ò¡µíÒáË¹ˆ§àÃÔèÁµ‰¹ �� Í§ÈÒ à»“¹ ��

Í§ÈÒ
– »ÃÑºÁˆÒ¹»ÃÑº¡ÅÑºÁÒ·ÕèµíÒáË¹ˆ§ �� Í§ÈÒ ³.ÇÔ¹Ò·Õ·Õè 
��

� ¡ÒÃ·´ÅÍ§¡ÒÃÃÑ¡ÉÒÍØ³ËÀÙÁÔ¢ÒÍÍ¡¢Í§¡ÃÐºÇ¹¡ÒÃãË‰ÍÂÙˆ·Õè¤ˆÒ¡íÒË¹´

– ·íÒ¡ÒÃ·´ÅÍ§µˆÍà¹×èÍ§ ³.ÇÔ¹Ò·Õ·Õè ��� ÍØ³ËÀÙÁÔàÃÔèÁµ‰¹ÍÂÙˆ·Õè ���C áÅÐÁ̂Ò¹»ÃÑºÍÂÙˆ·ÕèµíÒáË¹ˆ§
�� Í§ÈÒ
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– à»ÅÕèÂ¹¤ˆÒ¡íÒË¹´¨Ò¡ ���C à»“¹ ���C ³.ÇÔ¹Ò·Õ·Õè ���
– »ÃÑº¤ˆÒ¡íÒË¹´¡ÅÑºÁÒ·Õè ���C ³.ÇÔ¹Ò·Õ·Õè ���

¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ»ÃÑºÍÑµÃÒ¢ÂÒÂµÑÇ¤Çº¤ØÁ PI à»“¹´Ñ§¹Õé¤×Í ¤ˆÒàÃÔèÁµ‰¹¢Í§¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¡ÒÃ
àª×èÍÁµˆÍ ����� ÍÂÙˆ·ÕèÈÙ¹ÂŒ ¤ˆÒÊÑÁ»ÃÐÊÔ·¸Œ¢Í§¡ÒÃ»ÃÑº ( 	 �������� àÇÅÒã¹¡ÒÃªÑ¡µÑÇÍÂˆÒ§
� 	 
 ÇÔ¹Ò·Õ áÅÐàÇÅÒã¹¡ÒÃªÑ¡µÑÇÍÂˆÒ§à¾×èÍºÑ¹·Ö¡¤ˆÒ 
 ÇÔ¹Ò·Õ ¡ÒÃ·´ÅÍ§¡ÒÃÅ´¡ÒÃÃº¡Ç¹¨Ò¡¡ÒÃ
à»ÅÕèÂ¹á»Å§»ÃÔÁÒµÃÍÒ¡ÒÈ¢Òà¢‰Ò ¼Å¢Í§ÍØ³ËÀÙÁÔ¢ÒÍÍ¡áÅÐÊÑ--Ò³¤Çº¤ØÁ áÅÐ¼Å¢Í§¡ÒÃ»ÃÑº¤ˆÒ
¶ˆÇ§¹íéÒË¹Ñ¡¡ÒÃàª×èÍÁµˆÍã¹¡ÒÃ·´ÅÍ§áÊ´§´Ñ§ÃÙ»·Õè 3.5 áÅÐ 3.6 µÒÁÅíÒ´Ñº ¡ÒÃ·´ÅÍ§¡ÒÃÃÑ¡ÉÒÍØ³ËÀÙÁÔ
¢ÒÍÍ¡¢Í§¡ÃÐºÇ¹¡ÒÃãË‰ÍÂÙˆ·Õè¤ˆÒ¡íÒË¹´ ¼Å¢Í§ÍØ³ËÀÙÁÔ¢ÒÍÍ¡áÅÐÊÑ--Ò³¤Çº¤ØÁ áÅÐ¼Å¢Í§¡ÒÃ
»ÃÑº¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¡ÒÃàª×èÍÁµˆÍáÊ´§´Ñ§ÃÙ»·Õè 3.7 áÅÐ 3.8 µÒÁÅíÒ´Ñº
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ÃÙ»·Õè 3.5: ÍØ³ËÀÙÁÔ¢ÒÍÍ¡áÅÐÊÑ--Ò³¤Çº¤ØÁ¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ àÁ×èÍ¤ˆÒ¡íÒË¹´ÍÂÙˆ·Õè ���C
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32

¼Å¡ÒÃ·´ÅÍ§áÊ´§ÇˆÒ µÑÇ¤Çº¤ØÁÊÑ´Ê̂Ç¹áÅÐÍÔ¹·Ô¡ÃÑÅáºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰àÁ×èÍ¹íÒÁÒãª‰¡Ñº¡ÒÃ
¤Çº¤ØÁÍØ³ËÀÙÁÔÍÍ¡à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ ÊÒÁÒÃ¶Å´¼Å¡ÒÃ
Ãº¡Ç¹·Õèà¡Ô´¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§»ÃÔÁÒµÃ¢Í§ÍÒ¡ÒÈ¢Òà¢‰Ò áÅÐÊÒÁÒÃ¶µÔ´µÒÁ¤ˆÒ¡íÒË¹´ä´‰à»“¹ÍÂˆÒ§´Õ
·Ñé§¢Ò¢Öé¹áÅÐ¢ÒÅ§

¤ˆÒàÃÔèÁµ‰¹¢Í§¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¡ÒÃàª×èÍÁµˆÍ ����� «Öè§¡íÒË¹´ãË‰à·̂Ò¡ÑºÈÙ¹ÂŒà¹×èÍ§¨Ò¡ã¹¡ÒÃ»ÃÐÁÒ³
·ÑÊ·Ô¹¤ˆÒàÃÔèÁµ‰¹¢Í§¾ÒÃÒÁÔàµÍÃŒ·Õè¶Ù¡»ÃÐÁÒ³µ‰Í§à·̂Ò¡ÑºÈÙ¹ÂŒ Ê̂Ç¹¤ˆÒÊÑÁ»ÃÐÊÔ·¸Œ¢Í§¡ÒÃ»ÃÑº ( 	

�������� ä´‰¨Ò¡¡ÒÃ·´ÅÍ§â´Â¾Ô¨ÒÃ³ÒÇˆÒ¶‰Ò¼ÅµÍºÊ¹Í§à»ÅÕèÂ¹á»Å§ÍÂ̂Ò§ÃÇ´àÃçÇãË‰Å´¤ˆÒÊÑÁ»ÃÐÊÔ·¸Ôì
¢Í§¡ÒÃ»ÃÑºÅ§ áµˆ¶‰Ò¼ÅµÍºÊ¹Í§à»ÅÕèÂ¹á»Å§ÍÂ̂Ò§ª‰Òæ ãË‰à¾ÔèÁ¤ˆÒÊÑÁ»ÃÐÊÔ·¸Ôì¢Í§¡ÒÃ»ÃÑº¢Öé¹ àÁ×èÍä´‰
¤ˆÒÊÑÁ»ÃÐÊÔ·¸Ôì¡ÒÃ»ÃÑº·ÕèàËÁÒÐÊÁãË‰ãª‰¤ˆÒ¹Ñé¹µÅÍ´¡ÒÃ·´ÅÍ§

3.3 ÊÃØ»

ã¹º·¹Õé¹íÒàÊ¹Í¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÍÍ¡à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹â´Âãª‰µÑÇ¤Çº¤ØÁ PI áºº»ÃÑº
ÍÑµÃÒ¢ÂÒÂä´‰ à»“¹¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§ÍÂˆÒ§·ÕèÊÍ§ã¹¡ÒÃ·´ÊÍº¡ÒÃ´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS DCSÂÍÁ
ãË‰¼Ù‰»¯ÔºÑµÔ¡ÒÃÊÒÁÒÃ¶»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§â´Â·íÒ¡ÒÃâ»Ãá¡ÃÁ´‰ÇÂÀÒÉÒ«ÕâºÅ (SEBOL lan-

guage) ¼ˆÒ¹¡ÅØˆÁ¿’§¡ŒªÑ¹¡ÒÃ¤Çº¤ØÁ¾×é¹°Ò¹¢Í§DCS DCSÁÕÊ̂Ç¹áÊ´§¼ÅãË‰¼Ù‰»¯ÔºÑµÔ§Ò¹ÊÒÁÒÃ¶à½„Ò
ÊÑ§à¡µáÅÐ·íÒ¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃä´‰ÊÐ´Ç¡ÂÔè§¢Öé¹ µÑÇ¤Çº¤ØÁ PI ¶Ù¡ãª‰à»“¹µÑÇ¤Çº¤ØÁËÅÑ¡
ã¹¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ ·ÄÉ®Õadaptive interaction¶Ù¡¹íÒÁÒãª‰ã¹¡ÒÃ»ÃÑºÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº
¤ØÁ PI «Öè§·ÄÉ®Õ´Ñ§¡Å̂ÒÇà»“¹ÇÔ¸Õ·ÕèÃÑº»ÃÐ¡Ñ¹àÊ¶ÕÂÃÀÒ¾ËÅÑ§¨Ò¡·ÕèÃÐººÅÙˆà¢‰ÒÊÙˆ¤ˆÒ¡íÒË¹´áÅÐäÁˆ¨íÒà»“¹µ‰Í§
·ÃÒº¢‰ÍÁÙÅ¢Í§¡ÃÐºÇ¹¡ÒÃ ¡ÒÃãª‰§Ò¹µÑÇ¤Çº¤ØÁâ´Â´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCSµ‰Í§·íÒ¡ÒÃ»ÃÐÁÒ³µÑÇ¤Çº¤ØÁ
PI áÅÐ¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¡ÒÃàª×èÍÁµˆÍãË‰ÍÂÙˆã¹ÃÙ»ÊÁ¡ÒÃäÁ̂µˆÍà¹×èÍ§·Ò§àÇÅÒ ¼Å¡ÒÃ¤Çº¤ØÁáÊ´§ãË‰àËç¹ÇˆÒ
·ÄÉ®Õadaptive interactionÊÒÁÒÃ¶»ÃÑºÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ PI ãË‰ÊÍ´¤Å‰Í§¡Ñº¡ÒÃà»ÅÕèÂ¹á»Å§áÅÐ
¡ÒÃÃº¡Ç¹ÃÐºº·Õèà¡Ô´¢Öé¹



º··Õè 4

¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

¡ÒÃ¤Çº¤ØÁâ´Âãª‰µÑÇ¤Çº¤ØÁÊÑ´Ê̂Ç¹áÅÐÍÔ¹·Ô¡ÃÑÅ (PI) áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ
à»“¹¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§ÍÂˆÒ§ÊÒÁ·Õèãª‰ã¹¡ÒÃ·´ÊÍº¡ÒÃ´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´
ÁÕÅÑ¡É³ÐËÅÒÂÊÑ--Ò³à¢‰ÒËÅÒÂÊÑ--Ò³ÍÍ¡ ÁÕ¤ÇÒÁäÁ̂à»“¹àªÔ§àÊ‰¹ÊÙ§ ÁÕ¡ÒÃ¡ÃÐ·íÒÃÐËÇˆÒ§Ç§ÃÍº¡ÒÃ
¤Çº¤ØÁ áÅÐÁÕ¡ÒÃÃº¡Ç¹¨Ò¡ÀÒÂ¹Í¡ Ñ́§¹Ñé¹¡ÒÃ¤Çº¤ØÁÁÕ¤ÇÒÁ«Ñº«‰Í¹ÁÒ¡ ¡ÒÃ¤Çº¤ØÁâ´Âãª‰µÑÇ
¤Çº¤ØÁÊÑ´Ê̂Ç¹áÅÐÍÔ¹·Ô¡ÃÑÅáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ [3] ä´‰¼Å¡ÒÃ¤Çº¤ØÁà»“¹·Õè¹ˆÒ¾Í
ã¨áÅÐÁÕ¤ÇÒÁà»“¹ä»ä´‰ã¹¡ÒÃãª‰§Ò¹ã¹ÍØµÊÒË¡ÃÃÁ ã¹º·¹Õé¹íÒàÊ¹Í¡ÒÃ»ÃÐÂØ¡µŒãª‰§Ò¹¨ÃÔ§â´Â´íÒà¹Ô¹
¡ÒÃ¼̂Ò¹DCS¡ÑºËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ

4.1 µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ [3]

â¤Ã§ÊÃ‰Ò§¢Í§µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕáÊ´§´Ñ§ÃÙ»·Õè 4.1 ãª‰¡ÒÃ
ÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáºº fuzzy c-means ã¹¡ÒÃ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ
ãª‰µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ¢Í§µÑÇ¤Çº¤ØÁ PI ã¹¡ÒÃ¡íÒË¹´°Ò¹¡®¿’««Õ áÅÐ defuzzification ãª‰ÇÔ¸Õ
centroid
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ÃÙ»·Õè 4.1: â¤Ã§ÊÃ‰Ò§µÑÇ¤Çº¤ØÁÊÑ´Ê̂Ç¹áÅÐÍÔ¹·Ô¡ÃÑÅáºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ

4.1.1 ¡ÒÃ¡íÒË¹´¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ ‰́ÇÂÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁáººÇÔ¸Õfuzzy c-means

¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººÇÔ¸Õfuzzy c-means ·íÒä´‰â´Â¾Ô¨ÒÃ³Ò sample set ¢Í§¢‰ÍÁÙÅ � ã´æ «Öè§
»ÃÐ¡Íº´‰ÇÂ¢‰ÍÁÙÅ , µÑÇ â´Âà¢ÕÂ¹ÍÂÙˆã¹ÃÙ»¤ÇÒÁÊÑÁ¾Ñ¹¸Œ � 	 ���� ��� ��� ���� ��	 «Öè§¢‰ÍÁÙÅ �� áµˆÅÐªØ´
à»“¹ Ø̈´ã¹»ÃÔÀÙÁÔÊ¶Ò¹Ð � ÁÔµÔ ¡íÒË¹´â´Â �� 	 ����� ���� ���� ���� ���	 â´Â·Õè¨Ø´ÈÙ¹ÂŒ¡ÅÒ§¢Í§¡ÅØˆÁ¢‰Í
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ÁÙÅ·Õè - 	 
� �� ���� . ã¹ÁÔµÔ·Õè / 	 
� �� ����� áÊ´§â´Â 0�� Fuzzy partition matrix 1
� ¢Í§¿’§¡ŒªÑ¹¤ÇÒÁ
à»“¹ÊÁÒªÔ¡ . ¡ÅØˆÁ áÅÐ , ¢‰ÍÁÙÅ ¡íÒË¹´â´Â

1
� 	 �' � ��� � ��� 
��

��
���

��� 	 
� � 


��
���

��� 
 ,	 (4.1)

¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡ã¹ ' áÅÐ Ø̈´ÈÙ¹ÂŒ¡ÅÒ§¢‰ÍÁÙÅ 0 ËÒ¨Ò¡¡ÒÃËÒ¤ˆÒµíèÒÊØ´¢Í§¿’§¡ŒªÑ¹ÇÑµ¶Ø»ÃÐÊ§¤Œ

��'� 0� 	
��
���

��
���

��
�

�� �����
� (4.2)

�
�

� ����� ¤×Í weighting parameter áÅÐ ��� ¤×Í ÃÐÂÐ·Ò§¨Ò¡¢‰ÍÁÙÅ �� ¶Ö§ Ø̈´ÈÙ¹ÂŒ¡ÅÒ§¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ
0� (Euclidean distance measure) ã¹ � ÁÔµÔ á¼¹ÀÒ¾¢Ñé¹µÍ¹¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáºº fuzzy c-means áÊ´§
´Ñ§ÃÙ»·Õè 4.2

Stop

Yes

No
error�tolerance

initial membership matrix 
�

error� �, �� � �, � � �
tolerance� �����
defined nuber of cluster 


Calculate �-

Calculate �-


Calculate membership �-
 of 
�



error � �
�

 �
��

� � � � �

ÃÙ»·Õè 4.2: á¼¹ÀÒ¾¢Ñé¹µÍ¹¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáºº fuzzy c-means

¨Ò¡ÃÙ»·Õè 4.2 ¾ºÇˆÒ µ‰Í§¡íÒË¹´ í̈Ò¹Ç¹¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ . ·Ø¡¤ÃÑé§·Õè·íÒ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ
ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé¨íÒ¹Ç¹¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·ÕèàËÁÒÐÊÁ¤íÒ¹Ç³â´Âãª‰ÇÔ¸Õ compactness and separation

validity function [19] «Öè§ÊÁ¡ÒÃáÊ´§´Ñ§¹Õé

2 	

��
���

��
��� �

�
�

�� 
0� � ��

�

, �-,
0� � 0�
�
(4.3)

¨íÒ¹Ç¹¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·ÕèàËÁÒÐÊÁ¨ÐÁÕ¤ˆÒ¤ÇÒÁá»Ã»ÃÇ¹ÃÐËÇˆÒ§¡ÅØˆÁ¢‰ÍÁÙÅ 2 µíèÒÊØ´ áÅÐ¢‰ÍÁÙÅ
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ÁÕ¡ÒÃ¡ÃÐ¨ÒÂµÑÇÍÂˆÒ§àËÁÒÐÊÁ á¼¹ÀÒ¾¢Ñé¹µÍ¹¡ÒÃ·íÒ§Ò¹¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººfuzzy c-means

¡Ñº¡ÒÃÃÐºØ¨íÒ¹Ç¹¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·ÕèàËÁÒÐÊÁáÊ´§´Ñ§ÃÙ»·Õè 4.3

No

cluster = 1

Set number of maximum cluster

Start

cluster = cluster + 1

Fuzzy c−menas clustering

Calculation criterion

Yes

Yes

Stop

No

�

define ���	 = maximum value

�(cluster)
 ���	

���	 � �(cluster)

cluster�maximum cluster

ÃÙ»·Õè 4.3: á¼¹ÀÒ¾¢Ñé¹µÍ¹¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáºº fuzzy c-means ¡Ñº¡ÒÃÃÐºØ¨íÒ¹Ç¹¿’§¡ŒªÑ¹¤ÇÒÁà»“¹
ÊÁÒªÔ¡·ÕèàËÁÒÐÊÁ·ÕèàËÁÒÐÊÁ

àÁ×èÍä´‰ fuzzy partition matrix ·ÕèàËÁÒÐáÅ‰Ç ·íÒ¡ÒÃ¾ÅçÍµàÁ·ÃÔ¡«Œ´Ñ§¡Å̂ÒÇÅ§º¹á¡¹¢Í§¢‰Í
ÁÙÅáµˆÅÐµÑÇáÅÐãª‰¡ÒÃ»ÃÐÁÒ³¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡à»“¹¿’§¡ŒªÑ¹áººÊÒÁàËÅÕèÂÁ ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ
áºº fuzzy c-means ¾ºÇˆÒà»“¹ÇÔ¸Õ·ÕèäÁˆ«Ñº«‰Í¹ ÊÒÁÒÃ¶¡íÒË¹´ í̈Ò¹Ç¹áÅÐÃÙ»ÃˆÒ§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹
ÊÁÒªÔ¡ä´‰ÍÂˆÒ§àËÁÒÐÊÁ ·Ñé§ÂÑ§ÊÍ´¤Å‰Í§¡Ñº¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¡ÅØˆÁ¢‰ÍÁÙÅáÅÐ·ÃÒº¶Ö§¢Íºà¢µ·Õèá¹ˆ¹Í¹
¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡

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

ÇÔ¸Õ¡ÒÃÊÃ‰Ò§°Ò¹¡®¿’««ÕÊíÒËÃÑºÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ·Õèãª‰»ÃÑº¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PID

¶Ù¡àÊ¹Íâ´Â [20] ÊíÒËÃÑºÇÔ·ÂÒ¹Ô¾¹¸Œ¹ÕéàÃÒÊÃ‰Ò§°Ò¹¡®¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI «Öè§áµ¡µˆÒ§¨Ò¡à´ÔÁâ´Â
¶×ÍËÅÑ¡µÒÁ [3] ´Ñ§¹Õé¤×Í ¡íÒË¹´ãË‰ �� � ��������������� � � áÅÐ �� � ��������������� � � ¤ˆÒ
��������������������������� ËÒä´‰¨Ò¡¡ÒÃ·´ÅÍ§ ¡ÒÃÊÃ‰Ò§°Ò¹¡®¿’««Õà»“¹¡ÒÃÍ¸ÔºÒÂ¡ÒÃ»ÃÑº¤ˆÒ
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ÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ PI â´Â¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI ÊÒÁÒÃ¶ËÒä´‰¨Ò¡

�� 	 ������� ���������
�

� 
������ (4.4)

�� 	 ������� ���������
�

� 
������ (4.5)

�
�
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� ¤×Í ¢‰ÍÁÙÅàÍÒ·Œ¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ â´ÂÁÕÍÔ¹¾Øµà»“¹¤ˆÒ¼Ô´¾ÅÒ´ 	�
� áÅÐ¡ÒÃ
à»ÅÕèÂ¹á»Å§ÊÑ--Ò³¤ˆÒ¼Ô´¾ÅÒ´ �	�
� ´Ñ§ÃÙ»·Õè 4.4
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ÃÙ»·Õè 4.4: ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI

¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ÍÔ¹¾Ø· 	�
� áÅÐ �	�
� ¡ÑºàÍÒ·Œ¾Øµ �
�

� áÅÐ � �

� ÊÒÁÒÃ¶à¢ÕÂ¹ÍÂÙˆã¹ÃÙ»
¡®¿’««Õ IF-THEN ä´‰´Ñ§¹Õé

* 	�
� -% �� 3,� � 	�
� -% 4�� 56�� �
�

� -% 7
� �

�

� -% 8
�

��� 4�� 7� áÅÐ 8� ¤×Í à«µ¿’««Õ â´Â - 	 
� �� ���� � áÅÐ / 	 
� � µÑÇá»ÃàªÔ§ÀÒÉÒÊíÒËÃÑº 	�
� áÅÐ
�	�
� ¡íÒË¹´à»“¹ � à«µ¿’««Õ ä´‰á¡̂ ¤ˆÒÅºÁÒ¡ (NB) ¤ˆÒÅº»Ò¹¡ÅÒ§ (NM) ¤ˆÒÅº¹‰ÍÂ (NS) ¤ˆÒÈÙ¹ÂŒ
(ZO) ¤ˆÒºÇ¡¹‰ÍÂ (PS) ¤ˆÒºÇ¡»Ò¹¡ÅÒ§ (PM) ¤ˆÒºÇ¡ÁÒ¡ (PB) áÅÐµÑÇá»ÃàªÔ§ÀÒÉÒÊíÒËÃÑº � �

� áÅÐ � �

�

¡íÒË¹´à»“¹ � à«µ¿’««Õ ä´‰á¡̂ àÅç¡ (S) ãË-̂ (B)

¡ÒÃÊÃ‰Ò§¡®¿’««Õ IF-THEN ·íÒä´‰â´Â¾Ô¨ÒÃ³ÒÃÙ»·Õè 4.5 ³.àÇÅÒàÃÔèÁµ‰¹ ªˆÇ§ 3� ÊÑ--Ò³¤ˆÒ¼Ô´
¾ÅÒ´ÁÕ¤ˆÒÁÒ¡ã¹¢³Ð·Õè¡ÒÃà»ÅÕèÂ¹á»Å§ÊÑ--Ò³¤ˆÒ¼Ô´¾ÅÒ´ÁÕ¤ˆÒ¹‰ÍÂ à¾ÃÒÐà¾Ôè§àÃÔèÁÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§
¨Ò¡ÊÑ--Ò³Í‰Ò§ÍÔ§ ³.¨Ø´¹Õé¡ÒÃ¤Çº¤ØÁáººÊÑ´Ê̂Ç¹ÁÕ¼ÅµˆÍÃÐºº à¾×èÍ·íÒãË‰ÊÑ--Ò³ÍÍ¡à¢‰ÒÊÙˆ¤ˆÒÍ‰Ò§ÍÔ§
â´ÂàÃçÇ ´Ñ§¹Ñé¹¡®¿’««Õ Ö̈§à»“¹

* 	�
� -% )4 3,� �	�
� -% 9:� 56�� �
�

� -% 4 �
�

� -% 2

ÃÙ»·Õè 4.5: ¼ÅµÍºµˆÍÊÑ--Ò³áºº¢Ñé¹ºÑ¹ä´
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ªˆÇ§ 3� ¶Ö§ +� ÊÑ--Ò³¤ˆÒ¼Ô´¾ÅÒ´àÃÔèÁÁÕ¤ˆÒÅ´Å§ã¹¢³Ð·Õè¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§ÊÑ--Ò³¤ˆÒ¼Ô´
¾ÅÒ´àÃÔèÁÁÕ¤ˆÒÅºÁÒ¡¢Öé¹ ´Ñ§¹Ñé¹ªˆÇ§¹Õé¨Ö§¤ÇÒÁà¾ÔèÁ � �

� áÅÐ� �

� à¾×èÍãË‰ÊÑ--Ò³àÍÒ·Œ¾Øµà¢‰ÒÊÙˆ¤ˆÒÍ‰Ò§ÍÔ§ ´Ñ§
¹Ñé¹¡®¿’««Õ Ö̈§à»“¹

* 	�
� -% )2 3,� �	�
� -% �2� 56�� �
�

� -% 4 �
�

� -% 4

ªˆÇ§ +� ÊÑ--Ò³¤ˆÒ¼Ô´¾ÅÒ´ÁÕ¤ˆÒ¹‰ÍÂÁÒ¡ ¡ÒÃ¤Çº¤ØÁáººÊÑ´Ê̂Ç¹äÁˆÁÕ¼ÅµˆÍÊÑ--Ò³àÍÒ·Œ¾ØµÁÒ¡
¹Ñ¡ ³.¨Ø´¹ÕéÁÕà¾ÕÂ§¡ÒÃ¤Çº¤ØÁáººÍÔ¹·Ô¡ÃÑÅà·̂Ò¹Ñé¹·ÕèÁÕ¼ÅµˆÍÃÐºº à¾×èÍãË‰ÃÐººäÁ̂ÁÕ¤ˆÒ¼Ô´¾ÅÒ´ã¹Ê¶Ò¹Ð
ÍÂÙˆµÑÇ ´Ñ§¹Ñé¹¡®¿’««Õ Ö̈§à»“¹

* 	�
� -% 9: 3,� �	�
� -% �4� 56�� �
�

� -% 2 �
�

� -% 4

ÊíÒËÃÑºªˆÇ§·ÕèàËÅ×Í ãª‰¡ÒÃÇÔà¤ÃÒÐËŒàªˆ¹à´ÕÂÇ¡ÑºªˆÇ§ 3� ¶Ö§ +� ´Ñ§¹Ñé¹àÃÒÊÒÁÒÃ¶ÊÃ‰Ò§¡®¿’««Õä´‰·Ñé§
ËÁ´ �� ¡® áÅÐÊÒÁÒÃ¶à¢ÕÂ¹à»“¹°Ò¹¡®¿’««Õä´‰´Ñ§µÒÃÒ§·Õè 4.1

¨Ò¡¡ÒÃãª‰¡ÒÃÃÇÁ¡ÅØˆÁáºº fuzzy c-menas ÃˆÇÁ¡Ñº¡ÒÃÃÐºØ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¾ºÇˆÒ
à«µ¿’««ÕÊÒÁÒÃ¶»ÃÑºà»ÅÕèÂ¹ä´‰ � � � à«µ ´Ñ§¹Ñé¹°Ò¹¡®¿’««ÕÊÒÁÒÃ¶à»ÅÕèÂ¹á»Å§ä´‰ �� �� 
�� ��� ���
áÅÐ �� ¡® à¾ÃÒÐà«µ¿’««Õ·Õèà¡Ô´¨Ò¡¡ÒÃ¾ÅçÍµ fuzzy partition matrix ä»ÂÑ§á¡¹¢Í§ÍÔ¹¾ØµáµˆÅÐµÑÇ
ÁÕ í̈Ò¹Ç¹à·ˆÒ¡Ñ¹ à¾×èÍãË‰à¡Ô´¤ÇÒÁà¢‰Òã¨ã¹¡ÒÃà»ÅÕèÂ¹á»Å§°Ò¹¡®¿’««Õ àÃÒ¨ÐÂ¡µÑÇÍÂˆÒ§¢Í§°Ò¹¡®¶Ù¡
à»ÅÕèÂ¹á»Å§ä»àËÅ×Íà¾ÕÂ§ � ¡® áÊ´§µÒÁµÒÃÒ§·Õè 4.2

µÒÃÒ§·Õè 4.1: (a) µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑº � �

� (b) µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑº � �

�

�	�
�

NB NM NS ZO PS PM PB

NB B B B B B B B

NM S B B B B B S

NS S S B B B S S

	�
� ZO S S S B S S S

PS S S B B B S S

PM S B B B B B S

PB B B B B B B B

�	�
�

NB NM NS ZO PS PM PB

NB S S S S S S S

NM S S B B B S S

NS S B B B B B S

	�
� ZO B B B B B B B

PS S B B B B B S

PM S S B B B S S

PB S S S S S S S

(a) (b)

µÒÃÒ§·Õè 4.2: (c) µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑº �
�

� (d) µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑº �
�

�

àÁ×èÍ í̈Ò¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁà»“¹ � ¡ÅØˆÁ¢‰ÍÁÙÅ
�	�
�

NS ZO PS

NS B B B

	�
� ZO S B S

PS B B B

�	�
�

NS ZO PS

NS B B B

	�
� ZO B B B

PS B B B

(c) (d)
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4.1.3 Defuzzification â´Âãª‰ÇÔ¸Õcentroid

¡ÒÃÃÇÁ¡®à»“¹¡ÒÃËÒ¤ˆÒàÍÒ·Œ¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéãª‰ÇÔ¸Õcentroid [9]

«Öè§à»“¹ÇÔ¸Õ·ÕèÊÐ´Ç¡áÅÐá¾ÃˆËÅÒÂ ÊÁ¡ÒÃã¹¡ÒÃËÒ¤ˆÒàÍÒ·Œ¾ØµáÊ´§´Ñ§¹Õé

��� 	

�
���� � �

����
� ������

� �
����
� �����

(4.6)

�� ¤×Í à«µ¿’««ÕàÍÒ·Œ¾Øµ, �� ¤×Í ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§à«µ·Õè - ã¹à«µ¿’««Õ ��

4.2 ¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´â´Â´íÒà¹Ô¹¡ÒÃ¼̂Ò¹DCS

Feed Pump

T2

T3

T4

T5

T6

T7

T8

T1

Condenser

Valve
Reflux

Receiver
Product

Top

Tank
Feed

Receiver
Product
Bottom

Heater
Reboiler

Exchanger
Heat

Column

HIS

Vnet

FCSFCS

Process I/O

Transmitter

ÃÙ»·Õè 4.6: á¼¹ÀÒ¾¡ÒÃàª×èÍÁµˆÍÃÐËÇˆÒ§DCS¡ÑºËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁà»“¹¢Í§ºÃÔÉÑ· Amfield ÃØˆ¹
UOP3CC â´Â·Õè¡ÒÃàª×èÍÁµˆÍÃÐËÇˆÒ§DCS¡ÑºËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´áÊ´§´Ñ§ÃÙ»·Õè 4.6 â¤Ã§ÊÃ‰Ò§
¢Í§ËÍ¡ÅÑè¹»ÃÐ¡Íº´‰ÇÂËÍ¡ÅÑè¹ (Column) «Öè§ÀÒÂã¹áº̂§ÍÍ¡à»“¹ 8 ªÑé¹â´Âãª‰á¼ˆ¹µÐá¡Ã§ (Sieve tray)

ÊÒÃ¼ÊÁÃÐËÇˆÒ§àÍ·Ò¹ÍÅ¡Ñº¹íéÒ¡ÅÑè¹¶Ù¡»„Í¹à¢‰ÒËÍ¡ÅÑè¹ÃÐËÇˆÒ§ªÑé¹·Õè 4 ¡ÑºªÑé¹·Õè 5 ¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹
à»“¹â¤Ã§ÊÃ‰Ò§¡ÒÃ¤Çº¤ØÁáººÊÁ´ØÅ¾ÅÑ§§Ò¹ (LV structure) áº̂§ÍÍ¡à»“¹ 2 Ç§ÃÍº¤×Í Ç§ÃÍºÂÍ´ËÍ
ãª‰ÍÑµÃÒ¡ÒÃ»„Í¹¡ÅÑºÊÒÃ·ÕèÂÍ´ËÍ (Reflux flow rate) áÅÐÇ§ÃÍº°Ò¹ËÍãª‰¡ÒÃ¤Çº¤ØÁÍÑµÃÒ¡ÒÃ»„Í¹äÍ
ÊÒÃ (Reboiler rate) ã¹¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍµÒÁÅíÒ´Ñº ÇÑµ¶Ø»ÃÐÊ§¤Œ¢Í§¡ÒÃ¤Çº¤ØÁ
¤×Í ÃÑ¡ÉÒÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍäÇ‰·Õè¤ˆÒ¡íÒË¹´àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò
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¡ÅÒ§ËÍ ¤̂Ò¡íÒË¹´¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµÀÑ³±ŒÂÍ´ËÍ °Ò¹ËÍ áÅÐÊÒÃ¼ÊÁ·Õè¶Ù¡»„Í¹à¢‰Ò¡ÅÒ§ËÍ
¡íÒË¹´â´ÂÍØ³ËÀÙÁÔáÊ´§´Ñ§µÒÃÒ§·Õè 4.3

µÒÃÒ§·Õè 4.3: ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÅÔµÀÑ³±ŒÂÍ´ËÍ ÊÒÃ¼ÊÁ·Õè¶Ù¡»„Í¹à¢‰Ò¡ÅÒ§ËÍ áÅÐÊÒÃ¼ÅÔµÀÑ³±Œ
°Ò¹ËÍ ·ÕèÍØ³ËÀÙÁÔ·Õè¤ˆÒ¡íÒË¹´

ÊÒÃ¼ÅÔµÀÑ³±Œ ÊÒÃ¼ÊÁ·Õè¶Ù¡»„Í¹ ÊÒÃ¼ÅÔµÀÑ³±Œ
ÂÍ´ËÍ à¢‰Ò¡ÅÒ§ËÍ °Ò¹ËÍ

¤ÇÒÁà¢‰Á¢‰¹ (%â´Â»ÃÔÁÒµÃ) 91.5 40 16

ÍØ³ËÀÙÁÔ (�C) 83.4 55 87.0

¡ÒÃ·´ÅÍ§¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´â´Âãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐºº
µÃÃ¡ÈÒÊµÃŒ¿’««ÕÊÒÁÒÃ¶ÍÍ¡áººà»“¹ 4 ¡ÒÃ·´ÅÍ§´Ñ§µÒÃÒ§·Õè 4.4 ¡ÒÃ·´ÅÍ§·Õè 1 à»“¹¡ÒÃ·´ÅÍ§ã¹
¡Ã³Õ·ÕèµÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¾ÒÃÒÁÔàµÍÃŒ¤§·Õè ¼Å¡ÒÃ·´ÅÍ§·Õèä´‰¶Ù¡¹íÒä»à»ÃÕÂºà·ÕÂº¡Ñº¼Å¡ÒÃ·´
ÅÍ§ã¹¡ÒÃ·´ÅÍ§·Õè 4 «Öè§à»“¹¡ÒÃ·´ÅÍ§ã¹¡Ã³Õ·ÕèµÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’«
«Õ ã¹¡ÒÃ·´ÅÍ§·Õè 2 áÅÐ 3 ãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ·ÕèÇ§ÃÍº
ã´Ç§ÃÍºË¹Öè§à¾×èÍ·íÒ¡ÒÃËÒ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·ÕèàËÁÒÐÊÁ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ ·Ñé§¹Õéã¹
¡ÒÃ·´ÅÍ§´Ñ§¡Å̂ÒÇÁÕ¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¾ÒÃÒÁÔàµÍÃŒ¤§·Õèã¹Ç§ÃÍº·ÕèàËÅ×Íà¾ÃÒÐµ‰Í§¡ÒÃ
ãË‰ÍØ³ËÀÙÁÔ·ÕèÇ§ÃÍº´Ñ§¡Å̂ÒÇÍÂÙˆ·Õè¤ˆÒ¡íÒË¹´áÅÐà¾×èÍãË‰ä´‰¢‰ÍÁÙÅÍÔ¹¾Øµ·Õè´Õ ÊÒÁÒÃ¶¹íÒä»ãª‰ã¹¡ÒÃÃÇÁ¡ÅØˆÁ
¢‰ÍÁÙÅ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ

µÒÃÒ§·Õè 4.4: ÃÒÂÅÐàÍÕÂ´¡ÒÃ·´ÅÍ§¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂ
ÃÐºº¤Çº¤ØÁ UOP3CC

¡ÒÃ·´ÅÍ§ ¡ÒÃ¤Çº¤ØÁã¹Ç§ÃÍºÂÍ´ËÍ ¡ÒÃ¤Çº¤ØÁã¹Ç§ÃÍº°Ò¹ËÍ
1 µÑÇ¤Çº¤ØÁ PI µÑÇ¤Çº¤ØÁ PI

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

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

áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ
4 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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¢Ñé¹µÍ¹¡ÒÃ·´ÅÍ§àÃÔèÁ¨Ò¡µÑé§¤ˆÒ¡íÒË¹´¢Í§ÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍà·̂Ò¡Ñº 83.4�C áÅÐ·Õè°Ò¹ËÍà·̂Ò¡Ñº
87�C â´Â·Õè¤ÇÒÁ´Ñ¹ÀÒÂã¹ËÍ¡ÅÑè¹¤§·Õè àµÔÁÊÒÃ¼ÊÁÃÐËÇˆÒ§àÍ·Ò¹ÍÅ¡Ñº¹íéÒ¡ÅÑè¹â´ÂÁÕ¤ÇÒÁà¢‰Á¢‰¹¢Í§
ÊÒÃ¼ÊÁã¹ËÁ‰Íµ‰Á«íéÒ»ÃÐÁÒ³ 25 %â´Â»ÃÔÁÒµÃ áÅÐ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÊÁ·Õè¶Ù¡»„Í¹à¢‰Ò¡ÅÒ§ËÍ
¡ÅÑè¹»ÃÐÁÒ³ 40 %â´Â»ÃÔÁÒµÃ àÃÔèÁµ‰¹ÍÑµÃÒ¡ÒÃ»„Í¹äÍÊÒÃ·Õè°Ò¹ËÍ 40 %¢Í§ÍÑµÃÒ¡ÒÃ»„Í¹äÍÊÒÃ
·Õè°Ò¹ËÍÊÙ§ÊØ´ 1.5 ¡ÔâÅÇÑµµŒ ³.àÇÅÒ 50 ¹Ò·Õ àÁ×èÍÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍÊÙ§¢Öé¹ã¡Å‰¨Ø´·íÒ§Ò¹
ãË‰»ÃÑº¡ÒÃ·íÒ§Ò¹à¢‰ÒÊÙˆâËÁ´¤Çº¤ØÁáÅÐ·íÒ¡ÒÃ»„Í¹ÊÒÃ¼ÊÁà¢‰Ò¡ÅÒ§ËÍ¡ÅÑè¹´‰ÇÂÍÑµÃÒ 10 % (ËÃ×Í 30

ÁÔÅÅÔÅÔµÃ/¹Ò·Õ) áÅÐàÃÔèÁºÑ¹·Ö¡¼Å¡ÒÃ·´ÅÍ§·ÕèàÇÅÒ 60 ¹Ò·Õ ³.àÇÅÒ 75 ¹Ò·Õ »ÃÑºÍÑµÃÒ¡ÒÃ·Õè¶Ù¡»„Í¹
ÊÒÃ¼ÊÁà¢‰Ò¡ÅÒ§ËÍ¡ÅÑè¹à»“¹ 15 % (ËÃ×Í 50 ÁÔÅÅÔÅÔµÃ/¹Ò·Õ) áÅÐ³.àÇÅÒ 90 ¹Ò·Õ »ÃÑºÍÑµÃÒ¡ÒÃ»„Í¹
ÊÒÃ¼ÊÁà¢‰Ò¡ÅÒ§ËÍ¡ÅÑè¹¡ÅÑºÁÒ·Õè 10 % (ËÃ×Í 30 ÁÔÅÅÔÅÔµÃ/¹Ò·Õ) ÊÔé¹ÊØ´¡ÒÃºÑ¹·Ö¡¼Å¡ÒÃ·´ÅÍ§·ÕèàÇÅÒ
105 ¹Ò·Õ

ã¹¡ÒÃ·´ÅÍ§ ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáÅÐµÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ¡íÒË¹´µÒÁ [3]

¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊÒÁÒÃ¶¡íÒË¹´¨Ò¡¡ÒÃ·´
ÅÍ§´Ñ§¹Õé

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

– ¡íÒË¹´ãË‰¨íÒ¹Ç¹¿’««Õà«µ¢Í§¢‰ÍÁÙÅ·Õèà¢‰ÒÊÙˆÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õà»“¹ 3, 5, 7 à«µ áÅÐ
¨íÒ¹Ç¹à«µ¢Í§¢‰ÍÁÙÅ·ÕèÍÍ¡¨Ò¡ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤§·Õè 2 à«µ

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

	 ����


– 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¿’««Õã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍ

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

– �� � ������� ���
� áÅÐ �� � ���

�� ��

– ¡íÒË¹´ÍÑµÃÒ¡ÒÃªÑ¡µÑÇÍÂˆÒ§à¾×èÍºÑ¹·Ö¡¢‰ÍÁÙÅ·Ø¡ 10 ÇÔ¹Ò·Õ
– àÅ×Í¡ãª‰¡ÒÃá»Å§¿’««ÕáººÊÒÁàËÅÕèÂÁ
– àÅ×Í¡ãª‰¡ÒÃµÑ´ÊÔ¹ã¨¿’««Õáºº max-min

– àÅ×Í¡ãª‰¡ÒÃá»Å§¡ÅÑº¿’««Õáºº Ø̈´ÈÙ¹ÂŒ¶ˆÇ§

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍº°Ò¹ËÍ

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

– ¡íÒË¹´ÍÑµÃÒ¡ÒÃªÑ¡µÑÇÍÂˆÒ§à¾×èÍºÑ¹·Ö¡¢‰ÍÁÙÅ·Ø¡ 10 ÇÔ¹Ò·Õ
– àÅ×Í¡ãª‰¡ÒÃá»Å§¿’««ÕáººÊÒÁàËÅÕèÂÁ
– àÅ×Í¡ãª‰¡ÒÃµÑ´ÊÔ¹ã¨¿’««Õáºº max-min

– àÅ×Í¡ãª‰¡ÒÃá»Å§¡ÅÑº¿’««Õáºº Ø̈´ÈÙ¹ÂŒ¶ˆÇ§
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¡ÒÃ·´ÅÍ§·Õè 1
¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÇ§ÃÍºÂÍ´ËÍáÅÐÇ§ÃÍº°Ò¹ËÍâ´Âãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒ

ÁÔàµÍÃŒ¤§·Õè ¼Å¡ÒÃ·´ÅÍ§áÊ´§´Ñ§ÃÙ»·Õè 4.7 áÅÐ 4.8 ÊÑ--Ò³ÍÍ¡ÁÕ¡ÒÃá¡Çˆ§áµˆÊÒÁÒÃ¶¤Çº¤ØÁãË‰
ÍÂÙˆÃÍºæ ¤ˆÒ¡íÒË¹´ä´‰ ·Ñé§¹Õé¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI ËÒä´‰¨Ò¡ÇÔ¸Õ Ziegler-Nichols áººÇ§
à»”´ â´ÂµÑÇ¤Çº¤ØÁ PI ¢Í§Ç§ÃÍºÂÍ´ËÍÁÕ¤̂Ò¾ÒÃÒÁÔàµÍÃŒ �� 	 ����� áÅÐ 5� 	 ��� áÅÐµÑÇ¤Çº¤ØÁ PI

¢Í§Ç§ÃÍº°Ò¹ËÍÁÕ¤ˆÒ¾ÒÃÒÁÔàµÍÃ �� 	 ��� áÅÐ 5� 	 ��

�
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ÃÙ»·Õè 4.8: ÍØ³ËÀÙÁÔ·Õè°Ò¹ËÍáÅÐÍÑµÃÒ¡ÒÃ»„Í¹äÍÊÒÃ·Õè°Ò¹ËÍ¢Í§¡ÒÃ·´ÅÍ§·Õè 1
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¡ÒÃ·´ÅÍ§·Õè 2
ãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÇ§ÃÍºÂÍ´ËÍ

áÅÐãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õèã¹¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÇ§ÃÍº°Ò¹ËÍ ¡ÒÃ¡ÃÐ¨ÒÂ
µÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒµŒ¾ØµàÃÔèÁµ‰¹¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍáÊ´§´Ñ§ÃÙ»
·Õè 4.9 áÅÐ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµÊØ´·‰ÒÂã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍáÊ´§ Ñ́§ÃÙ»
·Õè 4.10 ¨Ò¡¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÊÒÁÒÃ¶ÃÐºØ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ 	�
�

áÅÐ �	�
� ä´‰ 3 ¡ÅØˆÁ áÅÐ¡ÅØˆÁ¢‰ÍÁÙÅàÍÒ·Œ¾Øµ �� áÅÐ �� ¡íÒË¹´ãË‰ ¤§·Õè 2 ¡ÅØˆÁ ãª‰¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ
áºº fuzzy c-means ã¹¡ÒÃ¡íÒË¹´ÃÙ»ÃˆÒ§¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·ÕèàËÁÒÐÊÁ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐ¢‰Í
ÁÙÅàÍÒ·Œ¾Øµ

¨Ò¡¡ÒÃ¾ÅŠÍµ fuzzy partition matrix ¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµä»ÂÑ§á¡¹ 	�
� áÅÐ �	�
� ÃÙ»ÃˆÒ§
¢Í§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áÊ´§´Ñ§ÃÙ»·Õè 4.11 áÅÐ 4.13 µÒÁÅíÒ´Ñº áÅÐ¾ÅŠÍµ fuzzy partition

matrix ¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾Øµä»ÂÑ§á¡¹ �� áÅÐ �� ÃÙ»ÃˆÒ§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áÊ´§´Ñ§ÃÙ»·Õè 4.15

áÅÐ 4.17 µÒÁÅíÒ´Ñº ¨Ò¡¹Ñé¹ãª‰¿’§¡ŒªÑ¹áººÊÒÁàËÅÕèÂÁã¹¡ÒÃ»ÃÐÁÒ³¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰Í
ÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµáµˆÅÐ¡ÅØˆÁáÊ´§´Ñ§ÃÙ»·Õè 4.12, 4.14, 4.16 áÅÐ 4.18 µÒÁÅíÒ´Ñº

¼Å¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÇ§ÃÍºÂÍ´ËÍáÅÐÇ§ÃÍº°Ò¹ËÍáÊ´§´Ñ§ÃÙ»·Õè 4.19 áÅÐ 4.21 µÒÁ
ÅíÒ´Ñº ÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍ¤§¤ˆÒÍÂÙˆ·Õè¤ˆÒ¡íÒË¹´ä´‰´Õ¢Öé¹áÅÐÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔ·Õè°Ò¹ËÍä´‰´Õàªˆ¹à´ÕÂÇ
¡Ñ¹ ÊíÒËÃÑº¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ¢Í§¡ÒÃ¤Çº¤ØÁã¹Ç§ÃÍºÂÍ´ËÍáÊ´§´Ñ§ÃÙ»·Õè 4.20
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ÃÙ»·Õè 4.13: ¡ÃÒ¿áÊ´§¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ Delta-Error ¡Ñº fuzzy partition matrix ¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ¢Í§
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¡ÒÃ·´ÅÍ§·Õè 3
ãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õèã¹¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÇ§ÃÍºÂÍ´ËÍ áÅÐãª‰µÑÇ

¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÇ§ÃÍº°Ò¹ËÍ ¡ÒÃ¡ÃÐ¨ÒÂ
µÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµàÃÔèÁµ‰¹¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍº°Ò¹ËÍáÊ´§ Ñ́§ÃÙ»
·Õè 4.22 áÅÐ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµÊØ´·‰ÒÂ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº
¤ØÁÇ§ÃÍº°Ò¹ËÍáÊ´§´Ñ§ÃÙ»·Õè 4.23 ã¹¡ÒÃ·´ÅÍ§ÊÒÁÒÃ¶ÃÐºØ¨íÒ¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁ¢Í§¢‰ÍÁÙÅ
ÍÔ¹¾Øµ 	�
� áÅÐ �	�
� ä´‰à»“¹ 3 ¡ÅØˆÁ áÅÐ¡ÅØˆÁ¢‰ÍÁÙÅàÍÒ·Œ¾Øµ �� áÅÐ �� ¡íÒË¹´ãË‰¤§·Õè 2 ¡ÅØˆÁ

¨Ò¡¡ÒÃ¡íÒË¹´ÃÙ»ÃˆÒ§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·ÕèàËÁÒÐÊÁ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµã¹¡ÒÃÃÇÁ
¡ÅØˆÁ¢‰ÍÁÙÅáºº fuzzy c-means áÅÐ¾ÅŠÍµ fuzzy partition matrix ¢Í§¢‰ÍÁÙÅÍÔ¹¾ØµÅ§º¹á¡¹ 	�
� áÅÐ
�	�
� ÃÙ»ÃˆÒ§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áÊ´§´Ñ§ÃÙ»·Õè 4.24 áÅÐ 4.26 µÒÁÅíÒ´Ñº áÅÐ¾ÅŠÍµ fuzzy partition

matrix ¢Í§¢‰ÍÁÙÅàÍÒ·Œ¾ØµÅ§º¹á¡¹ �� áÅÐ �� ÃÙ»ÃˆÒ§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡áÊ´§´Ñ§ÃÙ»·Õè 4.28

áÅÐ 4.30 µÒÁÅíÒ´Ñº ÊÒÁÒÃ¶»ÃÐÁÒ³ÃÙ»ÃˆÒ§¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡â´Âãª‰¿’§¡ŒªÑ¹áººÊÒÁàËÅÕèÂÁ¢Í§
¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾ØµáÊ´§´Ñ§ÃÙ»·Õè 4.25, 4.27, 4.29 áÅÐ 4.31 µÒÁÅíÒ´Ñº

¼Å¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÇ§ÃÍº°Ò¹ËÍáÅÐÇ§ÃÍºÂÍ´ËÍáÊ´§ Ñ́§ÃÙ»·Õè 4.32 áÅÐ 4.34 µÒÁ
ÅíÒ´Ñº µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔ°Ò¹ËÍ
¤§¤ˆÒ·Õè¤ˆÒ¡íÒË¹´ä´‰à»“¹ÍÂˆÒ§´Õ áÅÐµÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·ÕèÊÒÁÒÃ¶¤Çº¤ØÁ
ÍØ³ËÀÙÁÔÂÍ´ËÍä´‰áµˆÂÑ§ÁÕ¡ÒÃá¡Çˆ§¢Í§ÍØ³ËÀÙÁÔÃÍºæ¤ˆÒ¡íÒË¹´ÍÂÙˆ Ê̂Ç¹¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ ��

¢Í§Ç§ÃÍº°Ò¹ËÍáÊ´§´Ñ§ÃÙ»·Õè 4.33

¨Ò¡¡ÒÃ·´ÅÍ§ËÅÒÂæ¤ÃÑé§¾ºÇˆÒ ¶‰ÒÊÒÁÒÃ¶¤Çº¤ØÁÍØ³ËÀÙÁÔ·Õè°Ò¹ËÍãË‰µÔ´µÒÁ¤ˆÒ¡íÒË¹´ä´‰
´ÕáÅÐÍÑµÃÒ¡ÒÃ»„Í¹äÍÊÒÃäÁˆà»ÅÕèÂ¹á»Å§ÁÒ¡¨ÐÊ̂§¼ÅãË‰¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍ·íÒä´‰§̂ÒÂ ´Ñ§¹Ñé¹
¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ
ã¹¡ÒÃ·´ÅÍ§·Õè 2 áÅÐ 3 ãË‰¼Å¡ÒÃ·´ÅÍ§·Õè´Õ Ö̈§ÁÕ¤ÇÒÁà»“¹ä»ä´‰ÇˆÒ ¶‰Òãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ
´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÁÒ¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ¾Ã‰ÍÁ¡Ñ¹¹ˆÒ¨ÐãË‰¼Å¤Çº¤ØÁ·Õè´Õ
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¡ÒÃ·´ÅÍ§·Õè 4
ãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÇ§ÃÍºÂÍ´ËÍ

áÅÐÇ§ÃÍº°Ò¹ËÍâ´Âãª‰â¤Ã§ÊÃ‰Ò§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õáººà´ÕÂÇ¡Ñº¡ÒÃ·´ÅÍ§·Õè 2 áÅÐ¡ÒÃ·´ÅÍ§
·Õè 3 ¼Å¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔáÅÐ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ¢Í§Ç§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍáÊ´§
´Ñ§ÃÙ»·Õè 4.35, 4.36, 4.37 áÅÐ 4.38 µÒÁÅíÒ´Ñº ¨Ò¡¼Å¡ÒÃ·´ÅÍ§¾ºÇˆÒÍØ³ËÀÙÁÔ·ÕèÇ§ÃÍºÂÍ´
ËÍáÅÐ°Ò¹ËÍ¤§¤ˆÒ·Õè¤ˆÒ¡íÒË¹´ä´‰à»“¹ÍÂˆÒ§´Õ áÅÐàÁ×èÍà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃ¼ÊÁà¢‰Ò¡ÅÒ§ËÍ
¾ºÇˆÒÍØ³ËÀÙÁÔ·Ñé§ÂÍ´ËÍáÅÐ°Ò¹ËÍäÁˆÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ä»¨Ò¡¤ˆÒ¡íÒË¹´ÁÒ¡¹Ñ¡ áÅÐ¼Å¡ÒÃ¤Çº¤ØÁ
·Õèä´‰´Õ¡ÇˆÒ¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õèã¹¡ÒÃ·´ÅÍ§·Õè 1 áÅÐ´Õ¡ÇˆÒãª‰µÑÇ¤Çº
¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁà¾ÕÂ§Ç§ÃÍºà´ÕÂÇ (¡ÒÃ·´ÅÍ§·Õè 2

áÅÐ 3) àÁ×èÍ¾Ô¨ÒÃ³ÒÊÑ--Ò³¤Çº¤ØÁ¾ºÇˆÒÊÑ--Ò³¤Çº¤ØÁ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍ¾ºÇˆÒÁÕ¡ÒÃá¡Çˆ§¹‰ÍÂ
¡ÇˆÒ¡ÒÃ¤Çº¤ØÁâ´Âãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õèã¹¡ÒÃ·´ÅÍ§·Õè 1 ´‰ÇÂ
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¨Ò¡¼Å¡ÒÃ·´ÅÍ§·Ñé§ 4 áÊ´§ãË‰àËç¹ÇˆÒ ¡ÒÃ¤Çº¤ØÁâ´Âãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐºº
µÃÃ¡ÈÒÊµÃŒ¿’««ÕãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õè´Õ àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃ¼ÊÁà¢‰Ò¡ÅÒ§ËÍ¾ºÇˆÒ
ã¹¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹Ç§ÃÍºÂÍ´ËÍáÅÐÇ§ÃÍº°Ò¹ (¡ÒÃ
·´ÅÍ§·Õè 4) ãË‰¼Å´Õ¡ÇˆÒ¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒË¹´¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¤§·Õè (¡ÒÃ·´ÅÍ§·Õè 1) áÅÐ´Õ¡ÇˆÒ
¡ÒÃãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õà¾ÕÂ§Ç§ÃÍºã´Ç§ÃÍºË¹Öè§ (¡ÒÃ·´ÅÍ§·Õè
2 áÅÐ 3)

4.3 ÊÃØ»

ã¹º·¹Õé¹íÒàÊ¹Í¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´â´Âãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ
´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ à»“¹¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§ÍÂˆÒ§·ÕèÊÒÁã¹¡ÒÃ·´ÊÍº¡ÒÃ´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS

DCSÂÍÁãË‰¼Ù‰»¯ÔºÑµÔ¡ÒÃÊÒÁÒÃ¶»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§â´Â·íÒ¡ÒÃâ»Ãá¡ÃÁ´‰ÇÂÀÒÉÒ«ÕâºÅ (SEBOL

language) ¼ˆÒ¹¡ÅØˆÁ¿’§¡ŒªÑ¹¡ÒÃ¤Çº¤ØÁ¾×é¹°Ò¹¢Í§DCS DCSÁÕÊ̂Ç¹áÊ´§¼ÅãË‰¼Ù‰»¯ÔºÑµÔ§Ò¹ÊÒÁÒÃ¶à½„Ò
ÊÑ§à¡µáÅÐ·íÒ¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃä´‰ÊÐ´Ç¡ÂÔè§¢Öé¹ µÑÇ¤Çº¤ØÁ PI ¶Ù¡ãª‰à»“¹µÑÇ¤Çº¤ØÁËÅÑ¡ã¹¡ÒÃ¤Çº
¤ØÁ¡ÃÐºÇ¹¡ÒÃáÅÐãª‰ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ»ÃÑºÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ PI ¼Å¡ÒÃ¤Çº¤ØÁ
à»“¹·Õè¹ˆÒ¾Íã¨ÊÍ´¤Å‰Í§¡Ñº [3]



º··Õè 5

¡ÒÃ»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§â´Â í́Òà¹Ô¹¡ÒÃ¼̂Ò¹DCS

Distributed control systems (DCS) à»“¹ÃÐºº·ÕèË¹ˆÇÂ»ÃÐÁÇÅ¼Å (Field control station, FCS) áÂ¡
ÍÍ¡¨Ò¡Ë¹ˆÇÂáÊ´§¼Å (Human interface station, HIS) ·íÒãË‰DCSÊÒÁÒÃ¶¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃËÅÒÂ
¡ÃÐºÇ¹¡ÒÃ¾Ã‰ÍÁ¡Ñ¹â´Â¢Öé¹ÍÂÙˆ¡Ñº í̈Ò¹Ç¹¡ÅØˆÁ¿’§¡ŒªÑ¹ (Function block) áÅÐ í̈Ò¹Ç¹¡ÒÃàª×èÍÁµˆÍÊÑ--Ò³
à¢‰ÒáÅÐÊÑ--Ò³ÍÍ¡¢Í§DCS DCSÁÕ¿’§¡ŒªÑ¹¡ÒÃ¤Çº¤ØÁ¾×é¹°Ò¹·ÕèàÍ×éÍµˆÍ¡ÒÃ»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§
â´Ââ»Ãá¡ÃÁ´‰ÇÂÀÒÉÒ«ÕâºÅ (SEBOL language) ã¹º·¹Õé·íÒ¡ÒÃ»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§â´Â´íÒà¹Ô¹¡ÒÃ
¼ˆÒ¹DCS¡Ñº¡ÃÐºÇ¹¡ÒÃ·Ñé§ 3 ¡ÃÐºÇ¹¡ÒÃ¾Ã‰ÍÁ¡Ñ¹¤×Í ¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂãª‰¤Çº¤ØÁÃÐ´Ñºã¹¶Ñ§
¾Ñ¡ µÑÇ¤Çº¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ãª‰¤Çº¤ØÁÍØ³ËÀÙÁÔÍÍ¡à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ µÑÇ¤Çº
¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õãª‰¤Çº¤ØÁÍØ³ËÀÙÁÔÂÍ´ËÍáÅÐ°Ò¹ËÍ¢Í§ËÍ¡ÅÑè¹áÂ¡
ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ ¡ÒÃÈÖ¡ÉÒàÃÔèÁ¨Ò¡â¤Ã§ÊÃ‰Ò§áÅÐ¡ÒÃàª×èÍÁµˆÍÃÐËÇˆÒ§DCS¡Ñº¡ÃÐºÇ¹¡ÒÃ 3 ¡ÃÐºÇ¹
¡ÒÃ ¢Ñé¹µÍ¹¡ÒÃ´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS áÅÐÇÔà¤ÃÒÐËŒ¼Å¡ÒÃ¤Çº¤ØÁ·Õèä´‰

5.1 ¡ÒÃ»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§ã¹¡ÒÃ¤Çº¤ØÁ 3 ¡ÃÐºÇ¹¡ÒÃ¾Ã‰ÍÁ¡Ñ¹â´Â´íÒà¹Ô¹
¡ÒÃ¼̂Ò¹DCS

5.1.1 â¤Ã§ÊÃ‰Ò§áÅÐ¡ÒÃàª×èÍÁµ̂ÍÃÐËÇˆÒ§DCS¡Ñº¡ÃÐºÇ¹¡ÒÃ

¡ÒÃàª×èÍÁµˆÍÊÑ--Ò³ÃÐËÇˆÒ§DCS¡Ñº 3 ¡ÃÐºÇ¹¡ÒÃáÊ´§´Ñ§ÃÙ»·Õè 5.1 ÊÑ--Ò³¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´
áÅÐµÑÇ»ÃÑºµÑé§ (Actuator) ¢Í§áµˆÅÐ¡ÃÐºÇ¹¡ÒÃÁÕ¤ÇÒÁáµ¡µˆÒ§¡Ñ¹ ¡ÒÃàª×èÍÁµˆÍÊÑ--Ò³¨Ò¡ÍØ»¡Ã³Œ´Ñ§
¡Å̂ÒÇ¡ÑºDCS¶Ù¡¾Ô¨ÒÃ³Ò¡ˆÍ¹à»“¹ÍÑ¹´ÑºáÃ¡ DCS¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁÁÕÊÑ--Ò³ 3 ÃÙ»
áºº´‰ÇÂ¡Ñ¹¤×Í ÊÑ--Ò³áÍ¹ÒÅŠÍ¡ (Analog Signal) ÊÑ--Ò³´Ô¨ÔµÍÅ (Dagital signal) áÅÐÊÑ--Ò³ã¹
ÅÑ¡É³Ð¢Í§â»Ãâµ¤ÍÅ¿”ÅºÑÊ (Signal of protocol fieldbus) ÊÑ--Ò³áÍ¹ÒÅŠÍ¡ÍÔ¹¾ØµÁÕ¢¹Ò´ 1 ¶Ö§ 5 âÇÅµŒ
ÊÑ--Ò³áÍ¹ÒÅŠÍ¡àÍÒ·Œ¾ØµÁÕ¢¹Ò´ 4 ¶Ö§ 20 ÁÔÅÅÔáÍÁ»‡ áÅÐÊÑ--Ò³´Ô¨ÔµÍÅÁÕ¢¹Ò´ 1 áÅÐ 5 âÇÅµŒ

¶Ñ§¾Ñ¡ãª‰ÊÑ--Ò³ã¹ÅÑ¡É³Ð¢Í§â»Ãâµ¤ÍÅ¿”ÅºÑÊÊíÒËÃÑº¡ÒÃ»ÃÑºÇÒÅŒÇ¤Çº¤ØÁ Ê̂§¤ˆÒÍÑµÃÒ¡ÒÃäËÅ
à¢‰Ò¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÍÑµÃÒ¡ÒÃäËÅáººÍÍÃÔ¿”Ê áÅÐ¤ˆÒÃÐ´Ñº¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÃÐ´Ñºáºº´Ô¿à¿ÍàÃ¹àªÕÂÅ
ä»ÂÑ§DCS áÅÐãª‰ÊÑ--Ò³´Ô¨ÔµÍÅã¹¡ÒÃ»ÃÑºsolenoid valve à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ãª‰ÊÑ--Ò³áÍ
¹ÒÅŠÍ¡¢¹Ò´ 0 ¶Ö§ 10 âÇÅµŒ ÊíÒËÃÑº¡ÒÃ»ÃÑºä·ÃÔÊàµÍÃŒ (Thyrister) ã¹¡ÒÃ¤Çº¤ØÁà¤Ã×èÍ§·íÒ¤ÇÒÁ
Ã‰Í¹áÅÐÊ̂§¤ˆÒÍØ³ËÀÙÁÔ¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔ¡ÅÑºä»ÂÑ§DCS ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ãª‰ÊÑ--Ò³
áÍ¹ÒÅŠÍ¡¢¹Ò´ 0 ¶Ö§ 5 âÇÅµŒ ÊíÒËÃÑº»ÃÑºÍÑµÃÒ¡ÒÃ»„Í¹äÍÊÒÃ·Õè°Ò¹ËÍ »ÃÑºÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃ
¼ÊÁà¢‰Ò¡ÅÒ§ËÍ áÅÐÊ̂§¤ˆÒÍØ³ËÀÙÁÔ¨Ò¡à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍä»ÂÑ§DCS áÅÐãª‰
ÊÑ--Ò³´Ô¨ÔµÍÅã¹¡ÒÃ»ÃÑºÍÑµÃÒ¡ÒÃ»„Í¹¡ÅÑºÊÒÃ·ÕèÂÍ´ËÍ ÃÒÂÅÐàÍÕÂ´¡ÒÃàª×èÍÁµˆÍÊÑ--Ò³ã¹¡ÃÐºÇ¹
¡ÒÃ¡ÑºDCSáÊ´§´Ñ§µÒÃÒ§·Õè 5.1
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0 to 10 Vdc

HIS

Vnet

FCS FCS

Process I/O

Transmitter

Distillation column

Fuzzy supervisory PI control

Adaptive PI control

Heat exchanger

Surge tank

Averaging level control

Signal of protocol Fieldbus 

1 to 5 Vdc 4 to 20 mA

0 to 5 Vdc

0 to 10 Vdc

0 to 5 Vdc

ÃÙ»·Õè 5.1: á¼¹ÀÒ¾¡ÒÃàª×èÍÁµˆÍDCS¡Ñº¡ÃÐºÇ¹¡ÒÃ 3 ¡ÃÐºÇ¹¡ÒÃ

µÒÃÒ§·Õè 5.1: ÃÒÂÅÐàÍÕÂ´¡ÒÃàª×èÍÁµˆÍÊÑ--Ò³ã¹¡ÃÐºÇ¹¡ÒÃ¡ÑºDCS

¡ÃÐºÇ¹¡ÒÃ ÍØ»¡Ã³Œ ÊÑ--Ò³ã¹¡ÃÐºÇ¹¡ÒÃ ÊÑ--Ò³¨Ò¡DCS

¶Ñ§¾Ñ¡ Solenoid valve 1 áÅÐ 5 Vdc 1 áÅÐ 5 Vdc

à¤Ã×èÍ§Á×ÍÇÑ´ÍÑµÃÒ¡ÒÃäËÅáººÍÍÃÔ¿”Ê Protocol fieldbus Protocol fieldbus

à¤Ã×èÍ§Á×ÍÇÑ´ÃÐ´Ñºáºº´Ô¿à¿ÍàÃ¹àªÕÂÅ Protocol fieldbus Protocol fieldbus

ÇÒÅŒÇ¤Çº¤ØÁ FT-1 áÅÐ FT-2 Protocol fieldbus Protocol fieldbus

à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹ ä·ÃÔÊàµÍÃŒ 0 ¶Ö§ 10 Vdc 1 ¶Ö§ 5 Vdc

¤ÇÒÁÃ‰Í¹ à¤Ã×èÍ§Á×ÍÇÑ´ÍØ³ËÀÙÁÔ 0 ¶Ö§ 10 Vdc 4 ¶Ö§ 20 mA

ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁ »ÃÑºÍÑµÃÒ¡ÒÃ»„Í¹¡ÅÑºÊÒÃÂÍ´ËÍ 1 áÅÐ 5 Vdc 1 áÅÐ 5 Vdc

ÊÍ§ª¹Ô´ »ÃÑºÍÑµÃÒ¡ÒÃ»„Í¹äÍÊÒÃ°Ò¹ËÍ 0 ¶Ö§ 5 Vdc 1 ¶Ö§ 5 Vdc

»ÃÑºÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃ¼ÊÁà¢‰Ò¡ÅÒ§ËÍ 0 ¶Ö§ 5 Vdc 4 ¶Ö§ 20 mA
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5.1.2 ¢Ñé¹µÍ¹¡ÒÃ í́Òà¹Ô¹¡ÒÃ¼ˆÒ¹DCS

ã¹¡ÒÃ·´ÅÍ§ ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§¡ÃÐºÇ¹¡ÒÃáÅÐµÑÇ¤Çº¤ØÁ¡íÒË¹´´Ñ§¹Õé

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¶Ñ§¾Ñ¡¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁáÅÐ¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ
àÊ‰¹¼ˆÒ¹ÈÙ¹ÂŒ¡ÅÒ§¢Í§¶Ñ§¾Ñ¡ � 	 ��
��� àÁµÃ, ��� 	 ��� àÁµÃ, ��� 	 ��� àÁµÃ,

��� 	 ��� àÁµÃ áÅÐÊÀÒÇÐàÃÔèÁµ‰¹¢Í§µÑÇá»ÃÊ¶Ò¹Ð¤×Í ����� 	 ��� àÁµÃ, ��� 	 �����
 ÅÙ¡ºÒÈ¡Œ
àÁµÃµˆÍÇÔ¹Ò·Õ ¡ÒÃÃº¡Ç¹ ���� � � � 

��� ÅÔµÃµˆÍ¹Ò·Õ â´ÂÊÀÒÇÐàÃÔèÁµ‰¹¢Í§¡ÒÃÃº¡Ç¹
���� 	 � áÅÐÊÀÒÇÐàÃÔèÁµ‰¹¢Í§ÊÑ--Ò³¤Çº¤ØÁ¡íÒË¹´ãË‰à»“¹ ���� 	 � àÇÅÒã¹¡ÒÃªÑ¡µÑÇÍÂˆÒ§
� 	 
 ÇÔ¹Ò·Õ ªˆÇ§¡ÒÃ¤Çº¤ØÁ �
 	 � ÇÔ¹Ò·Õ áÅÐàÇÅÒã¹¡ÒÃªÑ¡µÑÇÍÂˆÒ§à¾×èÍºÑ¹·Ö¡¤ˆÒ 
� ÇÔ¹Ò·Õ

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁáÅÐµÑÇ¤Çº¤ØÁ PI

áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰
¤ˆÒ¡íÒË¹´àÃÔèÁµ‰¹¢Í§ÍØ³ËÀÙÁÔÍÍ¡à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ÍÂÙˆ·Õè 30�C ÁˆÒ¹»ÃÑºÍÂÙˆ·Õè 40

Í§ÈÒ ÊÑ--Ò³¤Çº¤ØÁàÃÔèÁµ‰¹·ÕèãË‰¡Ñºä·ÃÔÊàµÍÃŒà·̂Ò¡Ñº 2 V ¤ˆÒàÃÔèÁµ‰¹¢Í§¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¡ÒÃ
àª×èÍÁµˆÍ ����� ÍÂÙˆ·ÕèÈÙ¹ÂŒ ¤ˆÒÊÑÁ»ÃÐÊÔ·¸Œ¢Í§¡ÒÃ»ÃÑº ( 	 �������
� àÇÅÒã¹¡ÒÃªÑ¡µÑÇÍÂˆÒ§
� 	 
 ÇÔ¹Ò·Õ áÅÐàÇÅÒã¹¡ÒÃªÑ¡µÑÇÍÂˆÒ§à¾×èÍºÑ¹·Ö¡¤ˆÒ 
 ÇÔ¹Ò·Õ

� ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁáÅÐµÑÇ¤Çº¤ØÁ PI

áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ
¤ˆÒ¡íÒË¹´¢Í§ÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍà·̂Ò¡Ñº 83.4�C áÅÐ·Õè°Ò¹ËÍà·̂Ò¡Ñº 87�C â´Â·Õè¤ÇÒÁ´Ñ¹

ÀÒÂã¹ËÍ¡ÅÑè¹¤§·Õè àµÃÕÂÁÊÒÃ¼ÊÁÃÐËÇˆÒ§àÍ·Ò¹ÍÅ¡Ñº¹íéÒ¡ÅÑè¹â´ÂÁÕ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÊÁã¹
ËÁ‰Íµ‰Á«íéÒ»ÃÐÁÒ³ 25 %â´Â»ÃÔÁÒµÃ áÅÐ¤ÇÒÁà¢‰Á¢‰¹¢Í§ÊÒÃ¼ÊÁ·Õè¶Ù¡»„Í¹à¢‰Ò¡ÅÒ§ËÍ¡ÅÑè¹
»ÃÐÁÒ³ 40 %â´Â»ÃÔÁÒµÃ àÃÔèÁµ‰¹ÍÑµÃÒ¡ÒÃ»„Í¹äÍÊÒÃ·Õè°Ò¹ËÍ 40 %¢Í§ÍÑµÃÒ¡ÒÃ»„Í¹äÍÊÒÃ·Õè
°Ò¹ËÍÊÙ§ÊØ´ 1.5 ¡ÔâÅÇÑµµŒ

– ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍºÂÍ´ËÍ
� 	�
� � ������ ���� áÅÐ �	�
� � ������ ��
��

� �� � ������� ���
� áÅÐ �� � ���

�� ��

� ¡íÒË¹´ÍÑµÃÒ¡ÒÃªÑ¡µÑÇÍÂˆÒ§à¾×èÍºÑ¹·Ö¡¢‰ÍÁÙÅ·Ø¡ 10 ÇÔ¹Ò·Õ
� àÅ×Í¡ãª‰¡ÒÃá»Å§¿’««ÕáººÊÒÁàËÅÕèÂÁ
� àÅ×Í¡ãª‰¡ÒÃµÑ´ÊÔ¹ã¨¿’««Õáºº max-min

� àÅ×Í¡ãª‰¡ÒÃá»Å§¡ÅÑº¿’««Õáºº¨Ø´ÈÙ¹ÂŒ¶ˆÇ§
– ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õã¹¡ÒÃ¤Çº¤ØÁÇ§ÃÍº°Ò¹ËÍ

� 	�
� � ������ ���� áÅÐ �	�
� � ������ ����

� �� � �������� ���
� áÅÐ �� � ����� ��
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� ¡íÒË¹´ÍÑµÃÒ¡ÒÃªÑ¡µÑÇÍÂˆÒ§à¾×èÍºÑ¹·Ö¡¢‰ÍÁÙÅ·Ø¡ 10 ÇÔ¹Ò·Õ
� àÅ×Í¡ãª‰¡ÒÃá»Å§¿’««ÕáººÊÒÁàËÅÕèÂÁ
� àÅ×Í¡ãª‰¡ÒÃµÑ´ÊÔ¹ã¨¿’««Õáºº max-min

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

¢³Ð·´ÅÍ§ÁÕ¡ÒÃà»ÅÕèÂ¹¤ˆÒ¡íÒË¹´áÅÐ»ÃÑº¡ÒÃÃº¡Ç¹ãË‰¡Ñº¡ÃÐºÇ¹¡ÒÃ·Ñé§ 3 ¡ÃÐºÇ¹¡ÒÃ´Ñ§¹Õé
� ¶Ñ§¾Ñ¡

¡ÒÃÃº¡Ç¹¶Ñ§¾Ñ¡ÁÕÊÍ§¡Ã³Õ¤×Í ¡Ã³ÕÍÑµÃÒ¡ÒÃäËÅà¢‰Òà»“¹ÊÑ--Ò³¢Ñé¹ºÑ¹ä´ áÅÐ¡Ã³ÕÍÑµÃÒ
¡ÒÃäËÅà¢‰Òà»“¹ÊÑ--Ò³ä«¹Œ ¡ÒÃà»ÅÕèÂ¹á»Å§¡ÒÃÃº¡Ç¹à»“¹´Ñ§¹Õé ³.¹Ò·Õ·Õè 60 ÇÒÅŒÇ¤Çº¤ØÁ
FT-1 áÅÐFT-2 à»“¹ 15 áÅÐ30 %¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´ µÒÁÅíÒ´Ñº ³.¹Ò·Õ·Õè 68 ÇÒÅŒÇ¤Çº¤ØÁ
FT-1 áÅÐFT-2 à»“¹ 30 áÅÐ30 %¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´ µÒÁÅíÒ´Ñº ³.¹Ò·Õ·Õè 76 ÇÒÅŒÇ¤Çº¤ØÁ
FT-1 áÅÐFT-2 à»“¹ 25 áÅÐ25 %¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´ µÒÁÅíÒ´Ñº ³.¹Ò·Õ·Õè 84 à»“¹µ‰¹ä»ÇÒÅŒÇ
¤Çº¤ØÁ FT-1 ¶Ù¡»ÃÑºµÒÁÊÑ--Ò³ä«¹Œ¢¹Ò´ 10 ¤Òº¡ÒÃá¡Çˆ§ÍÂÙˆ·Õè 840 ÇÔ¹Ò·Õ â´ÂàÃÔèÁµ‰¹ (Offset)

¢Í§ÇÒÅŒÇ¤Çº¤ØÁ·Õè FT-1 äÇ‰·Õè 25 %¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´ áÅÐÇÒÅŒÇ¤Çº¤ØÁ FT-2 ¡íÒË¹´äÇ‰·Õè
25 %¢Í§¡ÒÃà»”´ÇÒÅŒÇÊÙ§ÊØ´ ¼Å¡ÒÃÇÑ´ÍÑµÃÒ¡ÒÃäËÅà¢‰ÒáÅÐ¡ÒÃ»ÃÐÁÒ³ÍÑµÃÒ¡ÒÃäËÅÍÍ¡áÊ´§
´Ñ§ÃÙ»·Õè 5.2 áÅÐÃÐ´Ñº¢Í§àËÅÇã¹¶Ñ§¾Ñ¡áÅÐÍÑµÃÒ¡ÒÃà»”´ solenoid valve áÊ´§´Ñ§ÃÙ»·Õè 5.3

� à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹
¡ÒÃÃº¡Ç¹à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹à¡Ô´¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§¤ˆÒ¡íÒË¹´ áÅÐ¡ÒÃà»ÅÕèÂ¹

á»Å§»ÃÔÁÒµÃÍÒ¡ÒÈ¢Òà¢‰Ò ¤ˆÒ¡íÒË¹´¢Í§à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹¶Ù¡à»ÅÕèÂ¹¨Ò¡¤ˆÒ¡íÒË¹´
àÃÔèÁµ‰¹ 30�C ä»à»“¹ 40�C ³.¹Ò·Õ·Õè 69 áÅÐà»ÅÕèÂ¹à»“¹ 60�C ³.¹Ò·Õ·Õè 78 ¨Ò¡¹Ñé¹¤ˆÒ¡íÒË¹´¶Ù¡
»ÃÑºÅ´Å§à»“¹ 50�C ³.¹Ò·Õ·Õè 87 áÅÐà»ÅÕèÂ¹à»“¹ 30�C ³.¹Ò·Õ·Õè 96 áÅÐÊÔé¹ÊØ´¡ÒÃ·´ÅÍ§³.¹Ò·Õ
·Õè 105 ÃÐËÇˆÒ§·ÕèÍØ³ËÀÙÁÔ¤§¤ˆÒ·Õè¤ˆÒ¡íÒË¹´ÁÕ¡ÒÃ»ÃÑº»ÃÔÁÒµÃÍÒ¡ÒÈ·Õèà¢‰ÒÊÙˆà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁ
Ã‰Í¹â´Â¡ÒÃ»ÃÑºÁˆÒ¹»ÃÑº·Ø¡æ 3 ¹Ò·Õ ¨Ò¡µíÒáË¹ˆ§ 40 Í§ÈÒ ä»à»“¹ 60 Í§ÈÒ áÅÐ»ÃÑº¡ÅÑºÁÒ·Õè
µíÒáË¹ˆ§ 40 Í§ÈÒ ¼Å¢Í§ÍØ³ËÀÙÁÔ¢ÒÍÍ¡áÅÐÊÑ--Ò³¤Çº¤ØÁ áÅÐ¼Å¢Í§¡ÒÃ»ÃÑº¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡
¡ÒÃàª×èÍÁµˆÍã¹¡ÒÃ·´ÅÍ§áÊ´§´Ñ§ÃÙ»·Õè 5.4 áÅÐ 5.5 µÒÁÅíÒ´Ñº

� ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´
¡ÒÃÃº¡Ç¹ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ãª‰¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃ¼ÊÁà¢‰Ò¡ÅÒ§

ËÍ àÁ×èÍÍØ³ËÀÙÁÔ·ÕèÂÍ´ËÍáÅÐ°Ò¹ËÍ¤§¤ˆÒ¡íÒË¹´ ³.¹Ò·Õ·Õè 75 »ÃÑºÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃ¼ÊÁà¢‰Ò
¡ÅÒ§ËÍ¨Ò¡àÃÔèÁµ‰¹ 10 % (ËÃ×Í 30 ÁÔÅÅÔÅÔµÃ/¹Ò·Õ) à»“¹ 15 % (ËÃ×Í 50 ÁÔÅÅÔÅÔµÃ/¹Ò·Õ)
áÅÐ³.¹Ò·Õ·Õè 90 ¹Ò·Õ »ÃÑºÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃ¼ÊÁà¢‰Ò¡ÅÒ§ËÍ¡ÅÑè¹¡ÅÑºÁÒ·Õè 10 % (ËÃ×Í 30

ÁÔÅÅÔÅÔµÃ/¹Ò·Õ) ÊÔé¹ÊØ´¡ÒÃºÑ¹·Ö¡¼Å¡ÒÃ·´ÅÍ§·ÕèàÇÅÒ 105 ¹Ò·Õ ¼Å¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔáÅÐ¤ˆÒ
¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ¢Í§Ç§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍáÊ´§´Ñ§ÃÙ»·Õè 5.6, 5.7, 5.8 áÅÐ 5.9 µÒÁ
ÅíÒ´Ñº
à¾×èÍ§̂ÒÂµˆÍ¤ÇÒÁà¢‰Òã¨ÊÒÁÒÃ¶áÊ´§¢Ñé¹µÍ¹¡ÒÃ´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCSä´‰´Ñ§µÒÃÒ§·Õè 5.2
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µÒÃÒ§·Õè 5.2: ¢Ñé¹µÍ¹¡ÒÃ´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS

¡ÃÐºÇ¹¡ÒÃ/àÇÅÒ (¹Ò·Õ) 0 50 60

(àÃÔèÁµ‰¹ºÑ¹·Ö¡¤ˆÒ)
¶Ñ§¾Ñ¡ ¤ˆÒ¡íÒË¹´= 0.5 àÁµÃ - à»”´»’™Á P1 áÅÐ P2

FT-1 = 15%*

FT-2 = 30%*

à¢‰ÒâËÁ´¤Çº¤ØÁ
à¤Ã×èÍ§áÅ¡ ¤ˆÒ¡íÒË¹´ = 30�C - à»”´à¤Ã×èÍ§

à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ ÁˆÒ¹»ÃÑº 40 Í§ÈÒ à¢‰ÒâËÁ´¤Çº¤ØÁ
ÊÑ--Ò³¤Çº¤ØÁàÃÔèÁµ‰¹ 2 Vdc

ËÍ¡ÅÑè¹áÂ¡ ¤ˆÒ¡íÒË¹´ÂÍ´ËÍ = 83.4�C ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò -

ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ ¤ˆÒ¡íÒË¹´°Ò¹ËÍ = 87�C ¡ÅÒ§ËÍ = 10%

¾ÅÑ§§Ò¹ËÁ‰Íµ‰Á«íéÒ = 40% à¢‰ÒâËÁ´¤Çº¤ØÁ

¡ÃÐºÇ¹¡ÒÃ/àÇÅÒ (¹Ò·Õ) 63 66 69

¶Ñ§¾Ñ¡ - ³. ¹Ò·Õ·Õè 68 -

FT-1 = 30%*

FT-2 = 30%*

à¤Ã×èÍ§áÅ¡ ÁˆÒ¹»ÃÑº 60 Í§ÈÒ ÁˆÒ¹»ÃÑº 40 Í§ÈÒ ¤ˆÒ¡íÒË¹´ = 40�C

à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹

ËÍ¡ÅÑè¹áÂ¡ - - -

ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

¡ÃÐºÇ¹¡ÒÃ/àÇÅÒ (¹Ò·Õ) 72 75 78

¶Ñ§¾Ñ¡ - ³. ¹Ò·Õ·Õè 76 -

FT-1 = 25%*

FT-2 = 25%*

à¤Ã×èÍ§áÅ¡ ÁˆÒ¹»ÃÑº 60 Í§ÈÒ ÁˆÒ¹»ÃÑº 40 Í§ÈÒ ¤ˆÒ¡íÒË¹´ = 60�C

à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹

ËÍ¡ÅÑè¹áÂ¡ - ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò -

ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ ¡ÅÒ§ËÍ = 15%
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¡ÃÐºÇ¹¡ÒÃ/àÇÅÒ (¹Ò·Õ) 81 84 87

¶Ñ§¾Ñ¡ - ÊÑ--Ò³Ãº¡Ç¹à»“¹ -

ÊÑ--Ò³ä«¹Œ*
(¢¹Ò´ 10%¢Í§¡ÒÃà»”´
ÇÒÅŒÇÊÙ§ÊØ´, ¤Òº 840 ÇÔ¹Ò·Õ)

à¤Ã×èÍ§áÅ¡ ÁˆÒ¹»ÃÑº 60 Í§ÈÒ ÁˆÒ¹»ÃÑº 40 Í§ÈÒ ¤ˆÒ¡íÒË¹´ = 50�C

à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹

ËÍ¡ÅÑè¹áÂ¡ - - -

ÊÒÃ¼ÊÁÊÍ§ª¹Ô´

¡ÃÐºÇ¹¡ÒÃ/àÇÅÒ (¹Ò·Õ) 90 93 96

¶Ñ§¾Ñ¡ - - -

à¤Ã×èÍ§áÅ¡ ÁˆÒ¹»ÃÑº 60 Í§ÈÒ ÁˆÒ¹»ÃÑº 40 Í§ÈÒ ¤ˆÒ¡íÒË¹´ = 30�C

à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹

ËÍ¡ÅÑè¹áÂ¡ ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃà¢‰Ò - -

ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ ¡ÅÒ§ËÍ = 10%

¡ÃÐºÇ¹¡ÒÃ/àÇÅÒ (¹Ò·Õ) 99 102 105

(ÊÔé¹ÊØ´¡ÒÃºÑ¹·Ö¡¤ˆÒ)
¶Ñ§¾Ñ¡ - - -

à¤Ã×èÍ§áÅ¡ ÁˆÒ¹»ÃÑº 60 Í§ÈÒ ÁˆÒ¹»ÃÑº 40 Í§ÈÒ -

à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹

ËÍ¡ÅÑè¹áÂ¡ - - -

ÊÒÃ¼ÊÁÊÍ§ª¹Ô´
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â´Â * ËÁÒÂ¶Ö§ ¡ÒÃà»ÅÕèÂ¹á»Å§¡ÒÃÃº¡Ç¹ Ñ́§¡Å̂ÒÇ¶Ù¡â»Ãá¡ÃÁÅ§º¹DCSàÃÕÂºÃ‰ÍÂáÅ‰Çà¾ÕÂ§áµˆ
ÊÑè§ãË‰àÃÔèÁ¡ÒÃ·íÒ§Ò¹ ¢‰ÍÁÙÅ·ÕèäÁˆÁÕà¤Ã×èÍ§ËÁÒÂ (*) ã¹µÒÃÒ§à»“¹Ê̂Ç¹·Õè¼Ù‰·´ÅÍ§µ‰Í§»ÃÑºáººáÁ¹¹ÇÅ

5.1.3 ¼Å¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ

¼Å¡ÒÃ¤Çº¤ØÁÃÐ´Ñºã¹¶Ñ§¾Ñ¡â´Âãª‰¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ¾ºÇˆÒ ÃÐ´Ñº¢Í§àËÅÇã¹¶Ñ§¾Ñ¡
ÊÒÁÒÃ¶¤§¤ˆÒ¡íÒË¹´äÁˆÇˆÒ¡ÒÃÃº¡Ç¹·Õèà¡Ô´¢Öé¹à»“¹ÊÑ--Ò³¢Ñé¹ºÑ¹ä´ËÃ×ÍÊÑ--Ò³ä«¹Œ ·Ñé§¹Õé¤ˆÒ¾ÒÃÒ
ÁÔàµÍÃŒ¢Í§¡ÒÃ¤Çº¤ØÁÃÐ´Ñºà©ÅÕèÂÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§¨Ò¡ã¹º··Õè 2 ¤×Í ªˆÇ§¡ÒÃ¤Çº¤ØÁ �
 	

� ÇÔ¹Ò·Õ à¾×èÍãË‰¡ÒÃ»ÃÐÁÒ³ÍÑµÃÒ¡ÒÃäËÅÍÍ¡ÁÕ¤ˆÒã¡Å‰à¤ÕÂ§¡Ñº¤ÇÒÁà»“¹¨ÃÔ§ÁÒ¡¢Öé¹ áÅÐÊÑ--Ò³¤Çº
¤ØÁÁÕ¤ˆÒàËÁÒÐ·ÕèÊØ´

¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÍÍ¡à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI áºº»ÃÑº
ÍÑµÃÒ¢ÂÒÂä´‰ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§¤ˆÒÊÑÁ»ÃÐÊÔ·¸Œ¢Í§¡ÒÃ»ÃÑº¨Ò¡ã¹º··Õè 3 à»“¹ ( 	 �������
� à¹×èÍ§¨Ò¡
ã¹¡ÒÃ·´ÅÍ§ËÅÒÂ¤ÃÑé§¾ºÇˆÒÍØ³ËÀÙÁÔÍÍ¡à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§àÃçÇ¢Öé¹ ´Ñ§¹Ñé¹ Ö̈§
µ‰Í§Å´¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ PI à¾×èÍãË‰ÊÑ--Ò³¤Çº¤ØÁÊÍ´¤Å‰Í§¡Ñº¡ÒÃà»ÅÕèÂ¹
á»Å§áÅÐ¡ÒÃÃº¡Ç¹ÃÐºº·Õèà¡Ô´¢Öé¹ ¼Å¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÍÍ¡ÊÒÁÒÃ¶µÔ´µÒÁ¤ˆÒ¡íÒË¹´áÅÐÊÒÁÒÃ¶
Å´¼Å¡ÒÃÃº¡Ç¹·Õèà¡Ô´¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§»ÃÔÁÒµÃ¢Í§ÍÒ¡ÒÈ¢Òà¢‰Ò

¼Å¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔÇ§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ¾ºÇˆÒ µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐºº
µÃÃ¡ÈÒÊµÃŒ¿’««ÕÊÒÁÒÃ¶¤§¤ˆÒÍØ³ËÀÙÁÔÇ§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍ·Õè¤ˆÒ¡íÒË¹´ áÅÐÅ´¼Å¡ÒÃÃº¡Ç¹·Õè
à¡Ô´¨Ò¡¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃ¼ÊÁà¢‰Ò¡ÅÒ§ËÍ
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ÃÙ»·Õè 5.3: ÃÐ´Ñº¢Í§àËÅÇ áÅÐÍÑµÃÒ¡ÒÃà»”´ solenoid valve àÁ×èÍ¡ÒÃÃº¡Ç¹à»“¹ÊÑ--Ò³¢Ñé¹ºÑ¹ä´áÅÐ
ÊÑ--Ò³ä«¹Œ
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ÃÙ»·Õè 5.8: ÍØ³ËÀÙÁÔ·Õè°Ò¹ËÍáÅÐÍÑµÃÒ¡ÒÃ»„Í¹äÍÊÒÃ·Õè°Ò¹ËÍ

60 65 70 75 80 85 90 95 100 105
0.2

0.25

0.3

0.35

0.4

0.45

Time (min)

G
ai

n 
K

p

60 65 70 75 80 85 90 95 100 105

0.142

0.1425

0.143

Time (min)

G
ai

n 
K

i

ÃÙ»·Õè 5.9: ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ �� áÅÐ �� ¢Í§Ç§ÃÍº°Ò¹ËÍ



74

5.2 ÊÃØ»

ã¹º·¹Õé¹íÒàÊ¹Í¡ÒÃ»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§â´Â´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS ã¹¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ
3 ¡ÃÐºÇ¹¡ÒÃ¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ¾Ã‰ÍÁ¡Ñ¹ ¡ÒÃâ»Ãá¡ÃÁÅ§º¹DCSÍÒÈÑÂÀÒÉÒ«ÕâºÅ
(SEBOL language) à»“¹â»Ãá¡ÃÁÀÒÉÒ¢Í§ºÃÔÉÑ· Yokogawa «Öè§ÁÕÅÑ¡É³Ð¤Å‰ÒÂÀÒÉÒ«Õ (C language) ¼ˆÒ¹
¿’§¡ŒªÑ¹¡ÒÃ¤Çº¤ØÁ¾×é¹°Ò¹¢Í§DCS ¼Ù‰»¯ÔºÑµÔ¡ÒÃ·Õè·íÒ¡ÒÃ í̈ÒÅÍ§¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃº¹¤ÍÁ¾ÔÇàµÍÃŒ
´‰ÇÂÀÒÉÒ«ÕÊÒÁÒÃ¶¤Ñ´ÅÍ¡â»Ãá¡ÃÁÅ§º¹¿’§¡ŒªÑ¹¡ÒÃ¤Çº¤ØÁ¾×é¹°Ò¹¢Í§DCSä´‰â´ÂµÃ§ DCSÁÕ¡ÒÃ
àª×èÍÁµˆÍÊÑ--Ò³·Õèä´‰ÁÒµÃ°Ò¹ ´Ñ§¹Ñé¹¡ÃÐºÇ¹¡ÒÃ·ÕèÁÕÍÂÙˆà´ÔÁã¹Ë‰Í§»¯ÔºÑµÔÇÔ¨ÑÂÃÐºº¤Çº¤ØÁÊÒÁÒÃ¶
àª×èÍÁµˆÍà¢‰Ò¡ÑºDCSä´‰â´ÂµÃ§ ¼Ù‰»¯ÔºÑµÔ¡ÒÃà¾ÕÂ§àÅ×Í¡»ÃÐàÀ·¡ÒÃŒ´ÊÑ--Ò³ãË‰µÃ§¡Ñº¡ÒÃÃÑºáÅÐÊ̂§
ÊÑ--Ò³¢Í§¡ÃÐºÇ¹¡ÒÃ Ë¹ˆÇÂ»ÃÐÁÇÅ¼Å¢Í§DCS (Human interface station, HIS) ªˆÇÂ
ã¹¡ÒÃà½„ÒÊÑ§à¡µ¡ÃÐºÇ¹¡ÒÃ ÁÕ¡ÒÃá ‰̈§àµ×Í¹áÅÐÊÑ--Ò³àµ×Í¹àÁ×èÍà¡Ô´¤ÇÒÁ¼Ô´¾ÅÒ´¢³Ð·íÒ¡ÒÃ¤Çº
¤ØÁ ¡ÒÃµÃÇ¨ÊÍº¡ÒÃ·íÒ§Ò¹¢Í§ÍØ»¡Ã³Œã¹ÃÐºº¼ˆÒ¹¿’§¡ŒªÑ¹ Recipe management function áÅÐã¹
¡Ã³ÕÍØ»¡Ã³Œ¿”ÅºÑÊ (Fieldbus device) ÊÒÁÒÃ¶µÃÇ¨ÊÍº¡ÒÃ·íÒ§Ò¹áÅÐ»ÃÑºµÑé§ÍØ»¡Ã³Œ¼ˆÒ¹HISâ´ÂÍÒÈÑÂ
â»Ãá¡ÃÁ Plant Resource Manager (PRM) «Öè§ÍíÒ¹ÇÂ¤ÇÒÁÊÐ´Ç¡á¡ˆ¼Ù‰»¯ÔºÑµÔ¡ÒÃ ¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹
¡ÒÃ 3 ¡ÃÐºÇ¹¡ÒÃ¾Ã‰ÍÁ¡Ñ¹â´Â´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCSãË‰¼Å¡ÒÃ¤Çº¤ØÁàËÁ×Í¹¡Ñº¡ÒÃ¤Çº¤ØÁâ´Â´íÒà¹Ô¹
¡ÒÃ¼̂Ò¹DCSà¾ÕÂ§¡ÃÐºÇ¹¡ÒÃà´ÕÂÇ ·Ñé§¹ÕéÍÒÈÑÂ¡ÒÃ»ÃÑº¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁãË‰àËÁÒÐÊÁ



º··Õè 6

º·ÊÃØ»áÅÐ¢‰ÍàÊ¹Íá¹Ð

6.1 º·ÊÃØ»

ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé¹íÒàÊ¹Í¡ÒÃ»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§â´Â´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹Distributed control systems

(DCS) â´Â»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§·ÕèàËÁÒÐÊÁ¡Ñº¡ÃÐºÇ¹¡ÒÃ 3 ¡ÃÐºÇ¹¡ÒÃ·ÕèÁÕã¹Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂ
ÃÐºº¤Çº¤ØÁä´‰á¡̂ ¡ÒÃ¤Çº¤ØÁÃÐ´Ñºã¹¶Ñ§¾Ñ¡â´Âãª‰¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ ¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔ
ÍÍ¡à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹â´Âãª‰µÑÇ¤Çº¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ áÅÐ¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹
áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´â´Âãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ

¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁâ´Âãª‰·ÄÉ®Õ¤Çº¤ØÁ¢Ñé¹ÊÙ§à¾×èÍÈÖ¡ÉÒ¤ÇÒÁà»“¹ä»ä ‰́ã¹¡ÒÃãª‰§Ò¹¨ÃÔ§ã¹ÍØµ
ÊÒË¡ÃÃÁ ÍÒ¨àÅ×Í¡¡ÒÃÍÍ¡áººâ´ÂÍÒÈÑÂáºº¨íÒÅÍ§ã¹¡Ã³Õ·ÕèÊÒÁÒÃ¶ËÒáºº í̈ÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ
à¾×èÍãª‰ÍÍ¡áººä´‰¤ˆÍ¹¢‰Ò§áÁ̂¹ÂíÒ àªˆ¹ ¶Ñ§¾Ñ¡ ã¹¡Ã³Õ·Õè¡ÒÃËÒáºº¨íÒÅÍ§·íÒä´‰ÂÒ¡ àªˆ¹ ËÍ¡ÅÑè¹áÂ¡
ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ ¡ÒÃÍÍ¡áººµÑÇ¤Çº¤ØÁâ´ÂäÁˆãª‰áºº¨íÒÅÍ§à»“¹ÍÕ¡·Ò§àÅ×Í¡Ë¹Öè§ ·ÄÉ®Õ·ÕèàÅ×Í¡
ãª‰¤ÇÃà¢‰Òã¨§̂ÒÂáÅÐÍíÒ¹ÇÂ¤ÇÒÁÊÐ´Ç¡á¡ˆ¼Ù‰»¯ÔºÑµÔ¡ÒÃ ¡ÒÃàÅ×Í¡µÑÇ¤Çº¤ØÁ·Õèãª‰¡Ñ¹ÍÂˆÒ§á¾ÃˆËÅÒÂã¹
ÍØµÊÒË¡ÃÃÁ àª̂¹ µÑÇ¤Çº¤ØÁ PI áÅ‰Ç¹íÒ·ÄÉ®Õ¤Çº¤ØÁ¢Ñé¹ÊÙ§ÁÒãª‰à¾×èÍ·íÒ¡ÒÃ»ÃÑºÍÑµÃÒ¢ÂÒÂáººonline

áÅÐreal-time à»“¹ÍÕ¡·Ò§àÅ×Í¡Ë¹Öè§
·ÄÉ®Õ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§¶Ù¡â»Ãá¡ÃÁ¼ˆÒ¹¿’§¡ŒªÑ¹¡ÒÃ¤Çº¤ØÁ¾×é¹°Ò¹¢Í§DCS â´Âãª‰ÀÒÉÒ«ÕâºÅ

(SEBOL language) «Öè§ÁÕÅÑ¡É³Ð¤Å‰ÒÂÀÒÉÒ«Õ·Õèãª‰â»Ãá¡ÃÁã¹à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃŒ ·íÒãË‰¼Ù‰»¯ÔºÑµÔ¡ÒÃ
ÊÒÁÒÃ¶¤Ñ´ÅÍ¡â»Ãá¡ÃÁÀÒÉÒ«Õ·Õè·íÒ¡ÒÃ í̈ÒÅÍ§¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃº¹¤ÍÁ¾ÔÇàµÍÃŒÅ§º¹¿’§¡ŒªÑ¹¡ÒÃ
¤Çº¤ØÁ¾×é¹°Ò¹¢Í§DCSä´‰â´ÂµÃ§ ¡ÒÃ»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§â´Â´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCSÁÕ¤ÇÒÁáµ¡
µˆÒ§¨Ò¡¡ÒÃ»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§¼ˆÒ¹à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃŒ¤×Í à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃŒÍÒÈÑÂÍØ»¡Ã³Œá»Å§
ÊÑ--Ò³»ÃÐàÀ· A/D áÅÐ D/A ã¹¡ÒÃÃÑºáÅÐÊ̂§ÊÑ--Ò³¨Ò¡à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃŒä»ÂÑ§à¤Ã×èÍ§Á×ÍÇÑ´áÅÐ
ÍØ»¡Ã³Œ·ÕèÁÕÍÂÙˆã¹¡ÃÐºÇ¹¡ÒÃ áµˆDCSÁÕÍØ»¡Ã³Œá»Å§ÊÑ--Ò³µÔ´µÑé§ÁÒ¾Ã‰ÍÁ¡ÑºË¹ˆÇÂ»ÃÐÁÇÅ¼Å (Field

control station, FCS) ¼Ù‰»¯ÔºÑµÔ¡ÒÃà¾ÕÂ§àÅ×Í¡»ÃÐàÀ·¡ÒÃŒ´ÊÑ--Ò³ãË‰àËÁÒÐ¡Ñºà¤Ã×èÍ§Á×ÍÇÑ´áÅÐÍØ»¡Ã³Œ
·ÕèÁÕÍÂÙˆã¹¡ÃÐºÇ¹¡ÒÃ ¤ÇÒÁáµ¡µˆÒ§ÍÕ¡ÍÂ̂Ò§Ë¹Öè§¤×ÍàÁ×èÍà¡Ô´¤ÇÒÁ¼Ô´¾ÅÒ´ã¹¡ÒÃ»ÃÐÁÇÅ¼Å·íÒãË‰µ‰Í§
ËÂØ´¡ÒÃ·íÒ§Ò¹¢Í§à¤Ã×èÍ§¤ÍÁ¾ÔÇàµÍÃŒ Ê̂§¼ÅãË‰¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃÊÔé¹ÊØ´Å§ ÊÃ‰Ò§¤ÇÒÁàÊÕÂËÒÂ
ã¹¡ÒÃ¤Çº¤ØÁ µˆÒ§¨Ò¡DCS·ÕèÁÕË¹ˆÇÂ»ÃÐÁÇÅ¼ÅáÂ¡ÍÍ¡¨Ò¡Ë¹ˆÇÂáÊ´§¼Å (Human interface station,

HIS) àÁ×èÍà¡Ô´¤ÇÒÁ¼Ô´¾ÅÒ´ã¹Ë¹ˆÇÂáÊ´§¼Å¨ÐäÁˆÁÕ¼ÅµˆÍ¡ÒÃ·íÒ§Ò¹¢Í§Ë¹ˆÇÂ»ÃÐÁÇÅ¼Å«Öè§à»“¹Ê̂Ç¹
¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃ ËÃ×Íã¹¡Ã³Õ·ÕèË¹ˆÇÂ»ÃÐÁÇÅ¼Åà¡Ô´¤ÇÒÁ¼Ô´¾ÅÒ´ DCS¨Ñ´ãË‰ÁÕË¹ˆÇÂ»ÃÐÁÇÅ¼Å
ÊíÒÃÍ§·íÒ§Ò¹à»“¹dual redundant¡ÑºË¹ˆÇÂ»ÃÐÁÇÅ¼ÅËÅÑ¡à¾×èÍ»„Í§¡Ñ¹¤ÇÒÁ¼Ô´¾ÅÒ´·Õèà¡Ô´¢Öé¹

¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ«Öè§ÍÒÈÑÂáºº í̈ÒÅÍ§·Ò§¤³ÔµÈÒÊÃŒ ãË‰ÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´áÅÐ



76

¤ˆÒ¾ÒÃÒÁÔàµÍÃŒã¹ÊÁ¡ÒÃáºº¨íÒÅÍ§¤§·Õèà¾ÃÒÐ¶Ñ§¾Ñ¡ÁÕ¢¹Ò´¤§·Õè Ê̂Ç¹ÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ PI ¶Ù¡
»ÃÑºµÒÁ·ÄÉ®Õ¤Çº¤ØÁ¢Ñé¹ÊÙ§·Ñé§ÊÍ§ÇÔ¸Õ ·íÒãË‰äÁˆ¨íÒà»“¹µ‰Í§ãª‰¼Ù‰»¯ÔºÑµÔ¡ÒÃ·ÕèªíÒ¹Ò-ã¹¡ÒÃ»ÃÑºµÑé§µÑÇ¤Çº
¤ØÁ ¡ÒÃ»ÃÐÂØ¡µŒ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§¼ˆÒ¹â´Â´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCSãË‰¼Å¡ÒÃ·´ÅÍ§à»“¹ä»µÒÁÇÑµ¶Ø»ÃÐÊ§¤Œ
¡ÒÃ¤Çº¤ØÁ¢Í§áµˆÅÐ¡ÃÐºÇ¹¡ÒÃ ·Ñé§ã¹¡Ã³Õ¡ÒÃ¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃà´ÕèÂÇáÅÐ¡Ã³Õ¡ÒÃ¤Çº¤ØÁ 3

¡ÃÐºÇ¹¡ÒÃ¾Ã‰ÍÁ¡Ñ¹ à»“¹ä»ä´‰·Õè¨Ð¹íÒÇÔ¸Õ¡ÒÃ¤Çº¤ØÁ¢Ñé¹ÊÙ§ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéä»ãª‰¤Çº¤ØÁ¡ÃÐºÇ¹¡ÒÃã¹
ÍØµÊÒË¡ÃÃÁâ´Â´íÒà¹Ô¹¡ÒÃ¼ˆÒ¹DCS

6.2 ¢‰ÍàÊ¹Íá¹Ð

1. ¡ÒÃ¹íÒ¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂä»ãª‰¤Çº¤ØÁÃÐ´Ñºã¹¶Ñ§¾Ñ¡·ÕèÁÕÍÂÙˆã¹ÍØµÊÒË¡ÃÃÁ ¶Ñ§¾Ñ¡¤ÇÃÁÕ
à¤Ã×èÍ§Á×ÍÇÑ´ÍÑµÃÒ¡ÒÃäËÅà¢‰ÒáÅÐÍÑµÃÒ¡ÒÃäËÅÍÍ¡¨Ò¡¶Ñ§¾Ñ¡ áÅÐÁÕà¤Ã×èÍ§Á×ÍÇÑ´ÃÐ´Ñº·ÕèÊÒÁÒÃ¶
Ê̂§ÊÑ--Ò³µÔ´µˆÍ¡ÑºDCSä´‰ ·Ñé§¹Õéµ‰Í§·ÃÒº¢¹Ò´àÊ‰¹¼ˆÒ¹ÈÙ¹ÂŒ¡ÅÒ§¢Í§¶Ñ§¾Ñ¡à¾×èÍãª‰ã¹ÊÁ¡ÒÃ
Ê¶Ò¹Ð·Õèãª‰á·¹¶Ñ§¾Ñ¡

2. ¡ÒÃ·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹â´Âãª‰ÊÑ--Ò³¢Ñé¹ºÑ¹ä´áÅÐÊÑ--Ò³ÅÒ´ã¹¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ¢Í§¶Ñ§
¾Ñ¡ãË‰¼Å¡ÒÃ¤Çº¤ØÁ·Õè´Õ áµˆã¹¡Ã³Õ·Õè¡ÒÃÃº¡Ç¹ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§·ÕèÃØ¹áÃ§áÅÐÃÇ´àÃçÇ ¡ÒÃ»ÃÑº
»ÃØ§¡ÒÃ·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹ãË‰´Õ¢Öé¹¹ˆÒ¨Ðª̂ÇÂãË‰ÃÐ´Ñºã¹¶Ñ§¾Ñ¡äÁˆà»ÅÕèÂ¹á»Å§ÁÒ¡áÅÐ·íÒãË‰ÍÑµÃÒ¡ÒÃ
äËÅÍÍ¡ÁÕ¤ÇÒÁÃÒºÅ×è¹¢Öé¹

3. ¡ÒÃ¹íÒµÑÇ¤Çº¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰áÅÐµÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐºº
µÃÃ¡ÈÒÊµÃŒ¿’««Õä»ãª‰ã¹ÍØµÊÒË¡ÃÃÁ µÑÇ¤Çº¤ØÁ·Ñé§ÊÍ§àËÁÒÐÊíÒËÃÑºãª‰¡ÑºÃÐºº·ÕèÁÕÊÑ--Ò³à¢‰Ò
áÅÐÊÑ--Ò³ÍÍ¡ã¹áµˆÅÐÇ§ÃÍº¤Çº¤ØÁà»“¹SISO (Single input single output) µÑÇ¤Çº¤ØÁ
PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰àËÁÒÐ¡Ñº¡ÃÐºÇ¹¡ÒÃ·ÕèÁÕ¡ÒÃà»ÅÕèÂ¹¤ˆÒ¡íÒË¹´º̂ÍÂ¤ÃÑé§ µÑÇ¤Çº¤ØÁ PI

áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕàËÁÒÐ¡Ñº¡ÃÐºÇ¹¡ÒÃ·Õè¤ˆÒ¡íÒË¹´¤§·ÕèµÅÍ´ à¾×èÍäÁˆµ‰Í§
ËÒ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡ãËÁ̂àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹¤ˆÒ¡íÒË¹´

4. ¼Å¡ÒÃà»ÅÕèÂ¹á»Å§ÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ã¹¡ÒÃ¤Çº¤ØÁÍØ³ËÀÙÁÔ
ÍÍ¡à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹¾ºÇˆÒ ÍÑµÃÒ¢ÂÒÂ´Ñ§¡Å̂ÒÇÁÕá¹Çâ¹‰Á·Õèà¾ÔèÁ¢Öé¹àÁ×èÍÁÕ¡ÒÃà»ÅÕèÂ¹¤ˆÒ
¡íÒË¹´ áÁ‰ã¹·ÄÉ®Õadaptive interaction [2, 6] ¡Å̂ÒÇÇˆÒ ¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡ �
 ·Õè¶Ù¡»ÃÑºµÒÁ
ÊÁ¡ÒÃ 3.5 ÁÕ¢Íºà¢µ¡ÒÃà»ÅÕèÂ¹á»Å§¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡ áµˆàÁ×èÍ¹íÒ·ÄÉ®Õ´Ñ§¡Å̂ÒÇÁÒãª‰¡ÑºµÑÇ¤Çº¤ØÁ
PI ÂÑ§äÁˆÁÕ¢‰Í¾ÔÊÙ¨¹ŒàÃ×èÍ§¢Íºà¢µ¡ÒÃà»ÅÕèÂ¹á»Å§¤ˆÒÍÑµÃÒ¢ÂÒÂ

5. DCS·Õèãª‰ã¹¡ÒÃ´íÒà¹Ô¹¡ÒÃ (¡Ã³Õ·ÕèDCSà»“¹¢Í§ºÃÔÉÑ·Í×è¹·ÕèäÁˆãª̂¢Í§ºÃÔÉÑ· Yokogawa) µ‰Í§ÁÕ
¿’§¡ŒªÑ¹¡ÒÃ¤Çº¤ØÁ¾×é¹°Ò¹·ÕèÊÒÁÒÃ¶â»Ãá¡ÃÁÀÒÉÒ (àªˆ¹ ÀÒÉÒ«Õ à»“¹µ‰¹) à¾×èÍ»ÃÐÂØ¡µŒÊÁ¡ÒÃ
·Ò§¤³ÔµÈÒÊµÃŒ
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µÑÇÊÑ§à¡µÊíÒËÃÑº¡ÒÃ¤Çº¤ØÁÃÐ Ñ́ºáººà©ÅÕèÂ

¡ÒÃ»ÃÐÂØ¡µŒãª‰¡ÒÃ¤Çº¤ØÁÃÐ´Ñºà©ÅÕèÂ¡Ñº¶Ñ§¾Ñ¡¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁÁÕ¤ÇÒÁÂØˆ§ÂÒ¡
à¾ÃÒÐäÁˆÊÒÁÒÃ¶ÇÑ´ÍÑµÃÒ¡ÒÃäËÅÍÍ¡¢Í§¶Ñ§¾Ñ¡ä´‰ ÍÑµÃÒ¡ÒÃäËÅÍÍ¡à»“¹µÑÇá»ÃÊ¶Ò¹Ð·Õèãª‰ã¹¡ÒÃ
¤íÒ¹Ç³ËÒÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´ ÇÔ¸Õ¡ÒÃË¹Öè§·ÕèÊÒÁÒÃ¶ËÒ¤ˆÒ»ÃÐÁÒ³ÍÑµÃÒ¡ÒÃäËÅÍÍ¡¤×Í¡ÒÃ
ÊÃ‰Ò§µÑÇÊÑ§à¡µ

¡ÒÃÇÔà¤ÃÒÐËŒÇˆÒÃÐºº·Õè¾Ô¨ÒÃ³ÒÊÒÁÒÃ¶ÊÃ‰Ò§µÑÇÊÑ§à¡µä´‰ËÃ×ÍäÁˆ ÊÒÁÒÃ¶µÃÇ¨ÊÍºä´‰¨Ò¡ rank

¢Í§ observability matrix [21] ¾Ô¨ÒÃ³ÒÊÁ¡ÒÃÊ¶Ò¹Ð (¡.1)
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â´Â·Õè , ¤×Í ÁÔµÔ¢Í§µÑÇá»ÃÊ¶Ò¹Ð� ¾ºÇˆÒÊÁ¡ÒÃÊ¶Ò¹Ð (¡.1) ÁÕ rank à·̂Ò¡Ñº 2 «Öè§à·̂Ò¡ÑºÁÔµÔ¢Í§µÑÇá»Ã
Ê¶Ò¹Ð� ÊÃØ»ä´‰ÇˆÒÊÁ¡ÒÃÊ¶Ò¹Ð´Ñ§¡Å̂ÒÇÊÑ§à¡µä´‰ ¨Ò¡¹Ñé¹·íÒ¡ÒÃá»Å§ÊÁ¡ÒÃÊ¶Ò¹ÐàÇÅÒµˆÍà¹×èÍ§ãË‰
ÍÂÙˆã¹ÃÙ»ÊÁ¡ÒÃÊ¶Ò¹ÐàÇÅÒ´ÔÊ¤ÃÕµâ´ÂÂÖ´ËÅÑ¡µÒÁ [17]
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ÊÁ¡ÒÃµÑÇÊÑ§à¡µáººÅ´ÍÑ¹´Ñº [17] áÊ´§ä´‰´Ñ§ÊÁ¡ÒÃ
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�� ¤×Í ¤ˆÒ»ÃÐÁÒ³µÑÇá»ÃÊ¶Ò¹Ð
ÍÑµÃÒ¢ÂÒÂµÑÇÊÑ§à¡µ � 	 �
� 
��

� ÊÒÁÒÃ¶ÍÍ¡áººä´‰â´Â¡ÒÃÇÒ§â¾Å¢Í§µÑÇÊÑ§à¡µ à¹×èÍ§¨Ò¡
ÊÒÁÒÃ¶ÇÑ´ÃÐ´Ñº¢Í§àËÅÇ �� ä´‰ ´Ñ§¹Ñé¹ÊÒÁÒÃ¶¡íÒË¹´â¾ÅµÑÇáÃ¡äÇ‰·ÕèÈÙ¹ÂŒ (�� 	 �) áÅÐâ¾ÅµÑÇ·ÕèÊÍ§
(��) ËÒä´‰¨Ò¡ÃÒ¡·ÕèàËÅ×Í¢Í§ÊÁ¡ÒÃ

��I� ����C��� 	 � (¡.7)

ÊÁ¡ÒÃ (¡.7) à¡Ô´¨Ò¡¡ÒÃÊÃ‰Ò§ÊÁ¡ÒÃ¤ˆÒ¼Ô´¾ÅÒ´ (�) ÃÐËÇˆÒ§µÑÇá»ÃÊ¶Ò¹Ð¨ÃÔ§ (¡.1) ¡ÑºµÑÇá»ÃÊ¶Ò¹Ð
·Õèà¡Ô´¨Ò¡¡ÒÃ»ÃÐÁÒ³ (¡.6) «Öè§áÊ´§ä´‰´Ñ§ÊÁ¡ÒÃ
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áÅÐ¨Ò¡¡ÒÃÇÒ§â¾Å¢Í§µÑÇÊÑ§à¡µ¨Ðä´‰ÇˆÒ
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â´Ââ¾ÅµÑÇ·Õè 2 ¢Í§µÑÇÊÑ§à¡µ �� µ‰Í§ÍÂÙˆã¹Ç§¡ÅÁË¹Öè§Ë¹ˆÇÂ ´Ñ§¹Ñé¹µÑÇÊÑ§à¡µáººÅ´ÍÑ¹´Ñºã¹
ÊÁ¡ÒÃ (¡.6) ÊÒÁÒÃ¶à¢ÕÂ¹ä´‰à»“¹
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¡ÒÃ¹íÒÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´ä»ãª‰¡Ñº¶Ñ§¾Ñ¡

¡ÒÃ¹íÒÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´ä»ãª‰¡Ñº¶Ñ§¾Ñ¡¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁµˆÒ§¨Ò¡¡ÒÃ¹íÒ
ÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´ä»ãª‰¡Ñºáºº í̈ÒÅÍ§·Ò§¤³ÔµÈÒÊµÃŒ¢Í§¶Ñ§¾Ñ¡¤×Í ÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´
·Õèãª‰¡Ñºáºº í̈ÒÅÍ§ÍÂÙˆã¹ÃÙ»¢Í§¤ÇÒÁàÃ̂§¢Í§ÍÑµÃÒ¡ÒÃäËÅÍÍ¡«Öè§äÁˆÊÒÁÒÃ¶ãª‰ÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´
´Ñ§¡Å̂ÒÇ¡Ñº solenoid valve ¢Í§¶Ñ§¾Ñ¡¢Í§Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁä´‰â´ÂµÃ§ àÃÒ¨íÒà»“¹µ‰Í§
á»Å§ÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´à»“¹ÍÑµÃÒ¡ÒÃäËÅÍÍ¡¡̂Í¹ áÅÐá»Å§à»“¹à»ÍÃŒà«ç¹µŒPWM (Pulse width

modulator) ÊíÒËÃÑº¡ÒÃÊÑè§à»”´-»”´ solenoid valve ¼ˆÒ¹·Ò§DCS ÊÁ¡ÒÃ·Õèãª‰á»Å§ÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·Õè
ÊØ´à»“¹ÍÑµÃÒ¡ÒÃäËÅÍÍ¡áÊ´§ä ‰́´Ñ§¹Õé
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â´Â·Õè �� à»“¹ÍÑµÃÒ¡ÒÃäËÅÍÍ¡·Õèà¡Ô´¨Ò¡¡ÒÃá»Å§ÊÑ--Ò³¤Çº¤ØÁàËÁÒÐ·ÕèÊØ´ � ·Ø¡æ àÇÅÒªÑ¡µÑÇÍÂˆÒ§
� â´Âãª‰¤ˆÒ»ÃÐÁÒ³µÑÇá»ÃÊ¶Ò¹Ð ��� ÍÑµÃÒ¡ÒÃäËÅÍÍ¡´Ñ§¡Å̂ÒÇ¶Ù¡á»Å§à»“¹à»ÍÃŒà«ç¹µŒPWM ¤ÇÒÁ
ÊÑÁ¾Ñ¹¸Œ¢Í§ÍÑµÃÒ¡ÒÃäËÅÍÍ¡¡Ñºà»ÍÃŒà«ç¹µŒPWM ËÒ¨Ò¡¡ÒÃÃÐºØàÍ¡ÅÑ¡É³Œ (Identification) â´Â¾Ô¨ÒÃ³Ò
¨Ò¡ÍÑµÃÒ¡ÒÃäËÅà¢‰ÒáÅÐà»ÍÃŒà«ç¹µŒ¡ÒÃà»”´-»”´ solenoid valve ·Õè¨Ø´ÊÁ´ØÅ ��� àÁµÃ ¢‰ÍÁÙÅ·Õèä´‰áÊ´§´Ñ§
µÒÃÒ§ ¢.1

µÒÃÒ§·Õè ¢.1: ÍÑµÃÒ¡ÒÃà»”´-»”´ solenoid valve ¡ÑºÍÑµÃÒ¡ÒÃäËÅà¢‰Ò·Õè¨Ø´ÊÁ´ØÅ ��� àÁµÃ

%PWM ÍÑµÃÒ¡ÒÃäËÅà¢‰Ò
(¤Òº¢Í§PWM 	 
� ÇÔ¹Ò·Õ) (ÅÔµÃµˆÍ¹Ò·Õ)

90 11.02

80 9.79

70 8.58

60 7.41

50 6.22

40 5.04

30 3.85

·Õè¨Ø´ÊÁ´ØÅÍÑµÃÒ¡ÒÃäËÅà¢‰Òà·̂Ò¡ÑºÍÑµÃÒ¡ÒÃäËÅÍÍ¡ ¨Ò¡µÒÃÒ§¢‰Ò§µ‰¹ÊÒÁÒÃ¶¤íÒ¹Ç³ËÒÊÁ¡ÒÃ
¤ÇÒÁÊÑÁ¾Ñ¹¸ŒÃÐËÇˆÒ§ÍÑµÃÒ¡ÒÃäËÅÍÍ¡¡Ñºà»ÍÃŒà«ç¹µŒPWM ¨Ò¡¡ÒÃ»ÃÐÁÒ³¤ˆÒÃÐËÇˆÒ§ªˆÇ§ (Interpola-

tion) â´Âãª‰¿’§¡ŒªÑ¹¾ËØ¹ÒÁ¡íÒÅÑ§ÊÍ§ (Quadratic polynomial function) àÅ×Í¡¤ˆÒ¨Ò¡µÒÃÒ§ ¢.1 3 ¤ˆÒà¾×èÍ
ËÒÊÑÁ»ÃÐÊÔ·¸Œ¢Í§¿’§¡ŒªÑ¹¾ËØ¹ÒÁ

���� 	 3 ��� 
 + �� 
 . (¢.2)
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àÁ×èÍ 3� +� . ¤×Í ÊÑÁ»ÃÐÊÔ·¸Œ¢Í§¿’§¡ŒªÑ¹¾ËØ¹ÒÁ ¾Ô¨ÒÃ³Ò %PWM = ��� �� áÅÐ �� ¨Ðä´‰

�� 	 3 �

����� 
 + 

��� 
 . (¢.3)

�� 	 3 ������� 
 + ���� 
 . (¢.4)

�� 	 3 ������� 
 + ���� 
 . (¢.5)

·íÒ¡ÒÃá¡‰ÊÁ¡ÒÃ (¢.3) ¶Ö§ (¢.5) àÃÒ¨Ðä´‰ÊÁ¡ÒÃ¤ÇÒÁÊÑÁ¾Ñ¹¸Œ¢Í§ÍÑµÃÒ¡ÒÃäËÅÍÍ¡¡Ñº%PWM ´Ñ§¹Õé

���� 	 ��������
�� ����
� 
 ���
������ ���
�� ���������� (¢.6)



ÀÒ¤¼¹Ç¡ ¤

¾ÔÊÙ¨¹Œ¡ÒÃÅ´ÃÙ»¢Í§ÊÁ¡ÒÃ¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡

¨Ò¡·ÄÉ®Õadaptive interaction ã¹º··Õè 3 ¢Ñé¹µÍ¹ÇÔ¸Õ¡ÒÃ»ÃÑº¤×Í ¡ÒÃ»ÃÑº¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¡ÒÃàª×èÍÁ
µˆÍ �
 â´Â¡ÒÃËÒ¤ˆÒµíèÒÊØ´¢Í§´ÃÃª¹ÕÊÁÃÃ¶¹Ð � «Öè§à»“¹¿’§¡ŒªÑ¹¢Í§ÊÑ--Ò³ÍÍ¡ áÅÐÊÑ--Ò³à¢‰Ò¨Ò¡
ÀÒÂ¹Í¡ â´Â·Õè¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡ �
 ¶Ù¡»ÃÑºµÒÁÊÁ¡ÒÃ

��
 	 �
�

������	�

�� ���

��
�����	�

"  
�

����� ������� �

��
�����	�

"  
�

����� ������� � " ������
� #

$�

$������
� "  

�

����� ������� � " ��
�� � � � � (¤.1)

´ÃÃª¹ÕÊÁÃÃ¶¹Ð � ÁÕ¤ˆÒÅ´Å§ã¹·ÔÈ·Ò§à´ÕÂÇ (Monotonically decrease) ¡ÑºàÇÅÒ ÊÁ¡ÒÃ (¤.1) ÊÒÁÒÃ¶
Å´ÃÙ»ä´‰à»“¹

��
 	 �#
��

��

� � � � (¤.2)

¢Ñé¹µÍ¹¡ÒÃ¾ÔÊÙ¨¹Œ¤ÇÒÁÊÍ´¤Å‰Í§¡Ñ¹¢Í§ÊÁ¡ÒÃÅ´ÃÙ» (¤.2) ¡ÑºÊÁ¡ÒÃ (¤.1) [6] áÊ´§´Ñ§¹Õé
¡ˆÍ¹Í×è¹µÑé§ÊÁÁµÔ°Ò¹ÇˆÒÊÁ¡ÒÃ (¤.1) ÁÕ¼Åà©ÅÂ·Õèà»“¹ä»ä´‰ÍÂˆÒ§à´ÕÂÇ (Unique solution) áÅÐ � à»“¹
¿’§¡ŒªÑ¹¢Í§ �	� � � � ·Ø¡æ ¡ÒÃàª×èÍÁµˆÍ � � � Í¹Ø¾Ñ¹¸Œ¢Í§ � à·ÕÂº¡Ñº¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¡ÒÃàª×èÍÁµˆÍ �

¤×Í

��

��

	

��

�������
"
�������
�������

"
�������
��


(¤.3)

Í¹Ø¾Ñ¹¸Œ¢Í§ÊÁ¡ÒÃ (3.3) à·ÕÂº¡Ñº¤ˆÒ¶̂Ç§¹íéÒË¹Ñ¡¡ÒÃàª×èÍÁµˆÍ �
 áÅÐÍ¹Ø¾Ñ¹¸Œ¢Í§ÊÁ¡ÒÃ (3.4) à·ÕÂº¡Ñº
ÊÑ--Ò³à¢‰Ò ������ ¤×Í

�������
��


	 ��
�� (¤.4)

�������
�������

	  
�

����� ������� � (¤.5)

´Ñ§¹Ñé¹ÊÁ¡ÒÃ (¤.3) à¢ÕÂ¹ãËÁˆä´‰à»“¹
��

��

	

��

�������
"  

�

����� ������� � " ��
�� (¤.6)

Í¹Ø¾Ñ¹¸Œ¢Í§ � à·ÕÂº¡ÑºÊÑ--Ò³ÍÍ¡ �	 ¤×Í
��

��	
	
$�

$�	


�

���

��

�������
"
�������
��	

(¤.7)

Í¹Ø¾Ñ¹¸Œ¢Í§ÊÁ¡ÒÃ (3.3) áÅÐ (3.4) à·ÕÂºÊÑ--Ò³ÍÍ¡ �	 ¤×Í
�������
��	

	
�


�����	�

�

���
��
��	

(¤.8)
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�������
��	

	
� ����� ������� �

�������
"
�������
��	

(¤.9)

¶‰Ò � 	 �� 
 ã¹ (¤.8) ¨Ðä´‰
�������
���
��

	
�


�����	�

�


	
�


���
��

�


�������
��	

	
�

���

�
 (¤.10)

á·¹ �����	����
	 �
 

�

����� ������� � Å§ã¹ÊÁ¡ÒÃ (¤.7) ¨Ðä´‰
��

��	
	

$�

$�	


�

���

�

��

�������
"  

�

����� ������� � (¤.11)

¤Ù³·Ñé§ÊÍ§¢‰Ò§¢Í§ÊÁ¡ÒÃ (¤.6) ´‰ÇÂ
��

�����	�
� �

�

���	�
�����	� �

��
�����	�

� �
�

���	�
�����	� � � ��
��

¨Ðä´‰

��

�������
"  

�

����� ������� � 	
��

��

�

��
�����	�

"  
�

����� ������� �

��
�����	�

"  
�

����� ������� � " ��
��
(¤.12)

áÅÐá·¹ÊÁ¡ÒÃ (¤.12) Å§ã¹ÊÁ¡ÒÃ (¤.11) ¨Ò¡¹Ñé¹á·¹ ��
���

	 � ���
� ¨Ðä´‰

��

��	
	
$�

$�	
�




#

�

���

�
 ��


��
�����	�

"  
�

����� ������� �

��
�����	�

"  
�

����� ������� � " ��
��
(¤.13)

´Ñ§¹Ñé¹
��
 	 �#

��

��


	 �#
��

�������
"  

�

����� ������� � " ��
��

	 �#

�
� $�

$������
�




#

�
������	�

�� ���

��
�����	�

"  
�

����� ������� �

��
�����	�

"  
�

����� ������� � " ��
��

�
� "  

�

����� ������� � " ��
��

àÁ×èÍ ������ 	 ��
�� ¨Ðä´‰

��
 	

�
� �

������	�

�� ���

��
�����	�

"  
�

����� ������� �

��
�����	�

"  
�

����� ������� � " ������
� #

$�

$������

�
� "  

�

����� ������� � " ��
��

ÊÃØ»ä´‰ÇˆÒ ÊÁ¡ÒÃÅ´ÃÙ» (¤.2) ÊÍ´¤Å‰Í§¡ÑºÊÁ¡ÒÃ (¤.1)



ÀÒ¤¼¹Ç¡ §

¡ÒÃ·íÒ§Ò¹¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ

¢‰ÍÁÙÅÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¹Í¡¨Ò¡ãª‰ã¹¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐÊÁáÅ‰Ç
ÂÑ§ãª‰ã¹¢Ñé¹µÍ¹¡ÒÃ·íÒ§Ò¹¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ [9] «Öè§áº̂§ÍÍ¡à»“¹ 3 ¢Ñé¹µÍ¹¤×Í

1. Fuzzification

¢Ñé¹µÍ¹¹Õé·íÒ¡ÒÃËÒ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅÍÔ¹¾Øµ·Õèà¢‰ÒÊÙˆÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ â´Â
ãª‰¡ÃÒ¿·Õè¾ÅŠÍµ¨Ò¡ fuzzy partition matrix ¢Í§ÍÔ¹¾ØµáµˆÅÐµÑÇ·Õèä´‰¨Ò¡¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÁÒÐ
ÊÁ ¡ÃÒ¿¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡´Ñ§¡Å̂ÒÇ¶Ù¡»ÃÐÁÒ³à»“¹¿’§¡ŒªÑ¹áººÊÒÁàËÅÕèÂÁ´Ñ§ÊÁ¡ÒÃ (§.1)

â´ÂÊÁÁµÔÇˆÒÁÕ¿’§¡ŒªÑ¹¤ÇÒÁà»“¹ÊÁÒªÔ¡·Ñé§ËÁ´ � à«µ

��� �	� 	

����
���


 	 � ���
�����
�������

��� 
 	 
 ���

� 	 � ���

��� �	� 	

����
���

�����
�������

��� 
 	 � ���
�����
�������

��� 
 	 
 ��� () � - 	 �� ���� �

� 	 � ��� !� 	 � ���

��� �	� 	

����
���

� 	 � ���
���	�
�	���	�

��� 
 	 
 ��� () � , 	 �

� 	 � ���

(§.1)

â´Â·Õè � ¤×Í à«µ¿’««Õ¤ˆÒ¼Ô´¾ÅÒ´ áÅÐ 	 ¤×Í ¤ˆÒ¼Ô´¾ÅÒ´ ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§à«µ¿’««Õ¡ÒÃ
à»ÅÕèÂ¹á»Å§¤ˆÒ¼Ô´¾ÅÒ´ �� ÊÒÁÒÃ¶¤íÒ¹Ç³ä´‰áººà´ÕÂÇ¡Ñ¹ ¿’§¡ŒªÑ¹áººÊÒÁàËÅÕèÂÁáÊ´§´Ñ§ÃÙ»
·Õè §.1

ÃÙ»·Õè §.1: ¿’§¡ŒªÑ¹ÊÒÁàËÅÕèÂÁáÊ´§¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§à«µ¿’««Õ �

2. Fuzzy rule base

¡ÒÃ¹íÒÍÔ¹¾Øµ 	 áÅÐ �	 ä»ãª‰¡Ñº°Ò¹¡®¿’««Õ·ÕèÊÃ‰Ò§¢Öé¹áÊ´§´Ñ§¹Õé ÊÁÁµÔÇˆÒÁÕ¿’§¡ŒªÑ¹¤ÇÒÁ
à»“¹ÊÁÒªÔ¡·Ñé§ËÁ´ � à«µ ¤×Í �NB, NM, NS, ZO, PS, PM, PB 	 ¡íÒË¹´ãË‰ÍÔ¹¾Øµ 	 ÁÕ¤ˆÒ¤ÇÒÁ
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à»“¹ÊÁÒªÔ¡à·̂Ò¡Ñº ��� ã¹à«µ NM áÅÐÁÕ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡à·̂Ò¡Ñº ��� ã¹à«µ NS ¢³Ð·Õè �	 ÁÕ¤ˆÒ
¤ÇÒÁà»“¹ÊÁÒªÔ¡à·̂Ò¡Ñº ��� ã¹à«µ NS áÅÐÁÕ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡à·̂Ò¡Ñº ��� ã¹à«µ ZO ´Ñ§¹Ñé¹àÁ×èÍ
¾Ô¨ÒÃ³ÒµÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ¢Í§àÍÒ·Œ¾Øµ �� ã¹µÒÃÒ§·Õè §.1

µÒÃÒ§·Õè §.1: µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««ÕÊíÒËÃÑº ��

�	�
�

NB NM NS ZO PS PM PB

NB NB NB NB NM NS NS ZO

NM NB NM NM NS NS ZO PS

NS NB NM NM NS ZO PS PS

	�
� ZO NM NM NS ZO PS PM PM

PS NS NS ZO PS PM PM PB

PM NS ZO PS PM PM PM PB

PB ZO PS PS PM PB PB PB

¨Ò¡µÒÃÒ§·Õè §.1 ¾ºÇˆÒ¡®¿’««Õ·Õè¶Ù¡ãª‰ÁÕ·Ñé§ËÁ´ � ¡® ´Ñ§¹Ñé¹ÊÒÁÒÃ¶ËÒ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡
¢Í§à«µ¿’««ÕàÍÒ·Œ¾Øµã¹áµˆÅÐ¡®â´Â¡ÒÃËÒ¤ˆÒµíèÒÊØ´¢Í§¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§à«µ¿’««ÕÍÔ¹¾Øµ ´Ñ§
¹Õé
¡®·Õè (�� �)

* 	 -% �1 3,� �	 -% �2 56�� �� -% �1

¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§àÍÒ·Œ¾Øµã¹¡®·Õè (�� �) �� 	 �-,����� ���	 	 ��� ã¹à«µ NM

¡®·Õè (�� �)

* 	 -% �1 3,� �	 -% 9: 56�� �� -% �2

¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§àÍÒ·Œ¾Øµã¹¡®·Õè (�� �) �� 	 �-,����� ���	 	 ��� ã¹à«µ NS

¡®·Õè (�� �)

* 	 -% �2 3,� �	 -% �2 56�� �� -% �1

¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§àÍÒ·Œ¾Øµã¹¡®·Õè (�� �) �� 	 �-,����� ���	 	 ��� ã¹à«µ NM

¡®·Õè (�� �)

* 	 -% �2 3,� �	 -% 9: 56�� �� -% �2

¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§àÍÒ·Œ¾Øµã¹¡®·Õè (�� �) �� 	 �-,����� ���	 	 ��� ã¹à«µ NS

NM NS NM

�����

� 	� 	�

���� �����

ÃÙ»·Õè §.2: ¡ÒÃËÒ¤ˆÒµíèÒÊØ´¢Í§¡®·Õè (�� �)
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ÃÙ»·Õè §.2 áÊ´§¡ÒÃËÒ¤ˆÒµíèÒÊØ´¢Í§¡®·Õè (�� �) â´Â¡ÒÃ©ÒÂÍÔ¹¾Øµ 	 áÅÐ �	 Å§º¹á¡¹àÍÒ·Œ
¾Øµ �� ¡ÒÃÃÇÁ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§à«µ¿’««ÕàÍÒ·Œ¾Øµ·ÕèÍÂÙˆã¹à«µà´ÕÂÇ¡Ñ¹·íÒä´‰â´Â¡ÒÃËÒ¤ˆÒÊÙ§
ÊØ´¢Í§¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¿’§¡ŒªÑ¹àÍÒ·Œ¾Øµ ´Ñ§¹Õé

àÍÒ·Œ¾Øµã¹à«µ NM ÁÕ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡à·̂Ò¡Ñº �3������ ���	 	 ���

àÍÒ·Œ¾Øµã¹à«µ NS ÁÕ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡à·̂Ò¡Ñº �3������ ���	 	 ���

3. Defuzzification

¡ÒÃÃÇÁ¡®à»“¹¡ÒÃËÒ¤ˆÒàÍÒ·Œ¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéãª‰ÇÔ¸Õcentroid

â´ÂÁÕÊÁ¡ÒÃã¹¡ÒÃËÒ¤ˆÒàÍÒ·Œ¾Øµ´Ñ§¹Õé

��� 	

�
���� � �

����
� ������

� �
����
� �����

(§.2)

�� ¤×Í à«µ¿’««ÕàÍÒ·Œ¾Øµ áÅÐ �� ¤×Í ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§à«µ·Õè - ã¹à«µ¿’««Õ �� µÑÇÍÂˆÒ§
¡ÒÃÃÇÁ¡®â´ÂÇÔ¸Õcentroid áÊ´§´Ñ§ÃÙ»·Õè §.3

NM

Centre of Gravity

NS
	�"

	�

	�

���

���

���

	�

ÃÙ»·Õè §.3: µÑÇÍÂˆÒ§¡ÒÃÃÇÁ¡®â´ÂÇÔ¸Õcentroid



ÀÒ¤¼¹Ç¡ ¨

¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ

ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÍÒÈÑÂµÑÇá»ÃàªÔ§ÀÒÉÒ (Linguistic) á·¹à«µ¢Í§¢‰ÍÁÙÅáÅÐ¡íÒË¹´¤ˆÒ¤ÇÒÁ
à»“¹ÊÁÒªÔ¡ã¹à«µ à«µâ´Â·ÑèÇä»¨Ð¡íÒË¹´¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡à¾ÕÂ§ãª̂ËÃ×ÍäÁˆãªˆÊÁÒªÔ¡ã¹à«µ àªˆ¹ “¡ÃØ§
à·¾ÏÍÂÙˆã¡Å‰àªÕÂ§ãËÁ”̂ ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡à·̂Ò¡Ñº � à¾ÃÒÐ¡ÃØ§à·¾ÏÍÂÙˆä¡Å¨Ò¡àªÕÂ§ãËÁ̂ÁÒ¡ à«µ
»ÃÐàÀ·¹Õé¶Ù¡àÃÕÂ¡ÇˆÒ crisp set áµˆà«µ·Õèãª‰ÍÂÙˆã¹ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ (fuzzy set) ÊÒÁÒÃ¶¡íÒË¹´
¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡â´Âáº̂§à»“¹ÃÐ´Ñº àªˆ¹ “¡ÃØ§à·¾ÏÍÂÙˆã¡Å‰àªÕÂ§ãËÁ̂” ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡à·̂Ò¡Ñº ���

àÁ×èÍà·ÕÂº¡Ñº “ÂÐÅÒÍÂÙˆã¡Å‰¡ÑºàªÕÂ§ãËÁˆ” ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡à·̂Ò¡Ñº � áÅÐ¶‰Òà·ÕÂº¡Ñº “¾ÔÉ³ØâÅ¡ÍÂÙˆã¡Å‰
¡ÑºàªÕÂ§ãËÁ”̂ ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡à·̂Ò¡Ñº ��� à¾ÃÒÐ¡ÃØ§à·¾ÏÍÂÙˆµÃ§¡ÅÒ§ÃÐËÇˆÒ§àªÕÂ§ãËÁˆ¡ÑºÂÐÅÒ áÅÐ
¾ÔÉ³ØâÅ¡ÍÂÙˆã¡Å‰àªÕÂ§ãËÁˆÁÒ¡¡ÇˆÒ¡ÃØ§à·¾Ï

ÃÙ»·Õè ¨.1: ¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ � ÁÔµÔ

ÃÙ»·Õè ¨.1 áÊ´§µÑÇÍÂˆÒ§¡ÒÃ¡ÃÐ¨ÒÂµÑÇ¢Í§¢‰ÍÁÙÅ 2 ÁÔµÔ ¢‰ÍÁÙÅã¹ÅÑ¡É³Ð¹ÕéÊÒÁÒÃ¶ãª‰ã¹¡ÒÃÃÇÁ
¡ÅØˆÁ¢‰ÍÁÙÅã¹ÃÙ»áºº¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ (fuzzy set) «Öè§ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õéãª‰ÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅ
áººfuzzy c-means à¾×èÍ¤ÇÒÁà¢‰Òã¨ã¹¢Ñé¹µÍ¹¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººfuzzy c-means ã¹·Õè¹Õé¨ÐÍ¸ÔºÒÂ
¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººhard c-means ¡ˆÍ¹

¨.1 ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººhard c-means

hard c-means [10] à»“¹¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººcrisp set â´Â¢‰ÍÁÙÅáµˆÅÐ Ø̈´¨ÐÁÕ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡
à»“¹ 
 ã¹¡ÅØˆÁ¢‰ÍÁÙÅã´¡ÅØˆÁ¢‰ÍÁÙÅË¹Öè§áÅÐà»“¹ � ã¹¡ÅØˆÁ¢‰ÍÁÙÅ·ÕèàËÅ×Í áµˆÅÐ¡ÅØˆÁ¢‰ÍÁÙÅàÃÕÂ¡ÇˆÒ partition

¡íÒË¹´à«µ ��� �- 	 
� �� ���� .� à»“¹¡ÅØˆÁ¢‰ÍÁÙÅáººhard c-partition ¢Í§ � ¡ÅØˆÁ·Õè 
 ¶Ö§ . â´ÂÊÍ´¤Å‰Í§
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¡Ñºà§×èÍ¹ä¢
��
���

�
����� 	 �� �
 (¨.1)

�
����� � �

 ���� 	 �� �
 (¨.2)

� 

��
���

�
����� 
 ,� �- (¨.3)

«Öè§ÊÁ¡ÒÃ (¨.1, ¨.2) Í¸ÔºÒÂä´‰ÇˆÒ¢‰ÍÁÙÅ �� ÍÂÙˆã¹¡ÅØˆÁ¢‰ÍÁÙÅ � ¡ÅØˆÁã´¡ÅØˆÁË¹Öè§à¾ÕÂ§¡ÅØˆÁà´ÕÂÇ áÅÐ
ÊÁ¡ÒÃ (¨.3) Í¸ÔºÒÂä´‰ÇˆÒäÁˆÁÕ¡ÅØˆÁ¢‰ÍÁÙÅ �� ã´àÅÂ·Õèà»“¹à«µÇˆÒ§ áÅÐäÁˆÁÕ¡ÅØˆÁ¢‰ÍÁÙÅ �� ã´àÅÂ·ÕèÁÕ
ÊÁÒªÔ¡ã¹à«µ � ÃÇÁÍÂÙˆã¹¡ÅØˆÁ·Ñé§ËÁ´

¡íÒË¹´ãË‰universe (') »ÃÐ¡Íº´‰ÇÂ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡ ��� «Öè§ ��� 	 �
������ �- 	 
� �� ���� .

áÅÐ 
 	 
� �� ���� ,� ¨Ò¡ÊÁ¡ÒÃ (¨.1) - (¨.3) àÃÒÊÒÁÒÃ¶¡íÒË¹´àÁ·ÃÔ¡«Œ¤ÇÒÁà»“¹ÊÁÒªÔ¡ÊíÒËÃÑºhard

c-partition ¢Í§à«µ � ´Ñ§¹Õé

1�� 	 �' � ��� � ��� 
	�


�
���

��� 	 
� � 


	�
���

��� 
 �	 (¨.4)

áÅÐ¡íÒË¹´ãË‰¨íÒ¹Ç¹à«µ·Õèà»“¹ä»ä´‰¢Í§ 1�� ·Õè¨Ðà¡Ô´¢Öé¹à»“¹ ; ��
(The cardinality of any hard

c-partition)

; ��
	




.*
�

��
���

�
.

-

�
��
���� � -�	 (¨.5)

«Öè§
�

.

-

�
à»“¹binomial coefficient àªˆ¹ binomial coefficient ¢Í§¾¨¹Œ·Õè � àÁ×èÍ¡ÃÐ¨ÒÂ �3 
 +�� ¤×Í

�
�

�

�
	 
�

àÃÒ¨ÐàÅ×Í¡à«µàËÁÒÐ·ÕèÊØ´¨Ò¡à«µ·Õèà»“¹ä»ä´‰¢Í§1�� â´Â¾Ô¨ÒÃ³Ò objective function

��'� +� 	

	�
���


�
���

����,���
�

«Öè§ ' ¤×Í universe ¢Í§¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡, 0 ¤×Í àÇ¡àµÍÃŒ¨Ø´ÈÙ¹ÂŒ¡ÅÒ§¢Í§¡ÅØˆÁ¢‰ÍÁÙÅã´æ, ��� ¤×Í ÃÐÂÐ
·Ò§¨Ò¡¢‰ÍÁÙÅ �� ¶Ö§ Ø̈´ÈÙ¹ÂŒ¡ÅÒ§¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ 0� (Euclidean distance measure) ã¹ � ÁÔµÔ

��� 	 ���� � 0�� 	 
�� � 0�
 	

�

 ��
���

���� � 0���
�

�


�!�

(¨.6)

â´Â·Õè 0� 	 �0��� 0��� ���� 0��	 áÅÐ Ø̈´ÈÙ¹ÂŒ¡ÅÒ§¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ·Õè - 	 
� �� ���� . ã¹ÁÔµÔ·Õè / 	 
� �� �����

áÊ´§´Ñ§ÊÁ¡ÒÃ
0�� 	

��
��� ��� � �����
��� ���

(¨.7)
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¢Ñé¹µÍ¹ÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººhard c-means

1. ¡íÒË¹´ í̈Ò¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ . â´Â·Õè � � . 
 , áÅÐ¤ˆÒàÃÔèÁµ‰¹¢Í§ '� �1��

2. ¤íÒ¹Ç³ËÒ¨Ø´ÈÙ¹ÂŒ¡ÅÒ§ 0��� ¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ . ã¹·Ø¡ÁÔµÔ â´Âãª‰ÊÁ¡ÒÃ (¨.7) «Öè§ � 	 �� 
� �� ��� ¤×Í
ÃÍº¡ÒÃ¤íÒ¹Ç³

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

����
�� 	

�

� ���� 	 -.������	� �/ � .

�� !#) �(." 

4. à»ÃÕÂºà·ÕÂº '
 áÅÐ '
��


'
�� � '

 � � �#!/ �0�� �

¶‰Òà§×èÍ¹ä¢¢‰Ò§µ‰¹à»“¹¨ÃÔ§ ¨º¡ÒÃ¤íÒ¹Ç³ÁÔ©Ð¹Ñé¹ � 	 � 
 
 ¡ÅÑºä»·íÒã¹¢Ñé¹µÍ¹·Õè �

¨.2 ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººfuzzy c-means

fuzzy c-means [10, 22, 23] à»“¹¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººfuzzy set ¤×Í ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅ
� 	 ���� ��� ��� ���� ��	 ã¹à«µ¿’««Õ ���� - 	 
� �� ���� .	 ÁÕ¤ˆÒÍÂÙˆã¹ªˆÇ§ � ¶Ö§ 
 â´Â¤ÇÒÁÊÑÁ¾Ñ¹¸Œ¢Í§¤ˆÒ
¤ÇÒÁà»“¹ÊÁÒªÔ¡¢Í§¢‰ÍÁÙÅ·Õè 
 ã¹¡ÅØˆÁ¢‰ÍÁÙÅ·Õè - ¤×Í

��� 	 �
����� � ��� 
� (¨.8)
��
���

��� 	 
� �
 	 
� � �� ���� , (¨.9)

� 


��
���

��� 
 , (¨.10)

¢‰ÍÁÙÅà¾ÕÂ§¨Ø´à´ÕÂÇÊÒÁÒÃ¶à»“¹ÊÁÒªÔ¡ä´‰ÁÒ¡¡ÇˆÒ 
 à«µ¿’««Õ â´Â¼ÅÃÇÁ¢Í§¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡·Ñé§
ËÁ´¢Í§¢‰ÍÁÙÅ Ø̈´¹Ñé¹µ‰Í§ÁÕ¤ˆÒà»“¹ 
 äÁˆÁÕ¡ÅØˆÁ¢‰ÍÁÙÅã´à»“¹à«µÇˆÒ§áÅÐäÁˆÁÕ¡ÅØˆÁ¢‰ÍÁÙÅã´àÅÂ·ÕèÁÕÊÁÒªÔ¡ã¹
à«µ � ÍÂÙˆ·Ñé§ËÁ´

à¹×èÍ§¨Ò¡¢‰ÍÁÙÅáµˆÅÐµÑÇÊÒÁÒÃ¶ÁÕ¤ˆÒ¤ÇÒÁà»“¹ÊÁÒªÔ¡ä´‰ÁÒ¡¡ÇˆÒ 
 ¡ÅØˆÁ ´Ñ§¹Ñé¹à§×èÍ¹ä¢¢Í§¤ˆÒ
¤ÇÒÁà»“¹ÊÁÒªÔ¡à»“¹´Ñ§¹Õé

��� � ��� �	 � (¨.11)
��
���

�
����� 	 
 �
 (¨.12)

� 


��
���

�
����� 
 , �- (¨.13)

ÊÒÁÒÃ¶¡íÒË¹´àÁ·ÃÔ¡«Œ¤ÇÒÁà»“¹ÊÁÒªÔ¡ÊíÒËÃÑºfuzzy c-partition ¢Í§à«µ � ´Ñ§¹Õé

1
� 	 �' � ��� � ��� 
��


�
���

��� 	 
� � 


	�
���

��� 
 �	 (¨.14)
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àªˆ¹à´ÕÂÇ¡Ñºhard c-partition ÊÒÁÒÃ¶àÅ×Í¡à«µàËÁÒÐ·ÕèÊØ´¨Ò¡à«µ·Õèà»“¹ä»ä´‰¢Í§ 1
� â´Â¾Ô¨ÒÃ³Ò
objective function

��'� +� 	
	�

���


�
���

��
�

�� �,���
�

�
�

� ����� ¤×Í weighting parameter áÅÐ ��� ¤×Í ÃÐÂÐ·Ò§¨Ò¡¢‰ÍÁÙÅ �� ¶Ö§ Ø̈´ÈÙ¹ÂŒ¡ÅÒ§¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ
0� (Euclidean distance measure) ã¹ � ÁÔµÔ

��� 	 ���� � 0�� 	

�

 ��
���

���� � 0���
�

�


�!�

(¨.15)

0�� ¤×Í Ø̈´ÈÙ¹ÂŒ¡ÅÒ§¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ·Õè - 	 
� �� ���� . ã¹ÁÔµÔ·Õè / 	 
� �� ����� áÊ´§´Ñ§ÊÁ¡ÒÃ

0�� 	

��
��� �

�
�

�� � �����
��� �

��

��

(¨.16)

¢Ñé¹µÍ¹ÇÔ¸Õ¡ÒÃÃÇÁ¡ÅØˆÁ¢‰ÍÁÙÅáººfuzzy c-means

1. ¡íÒË¹´ í̈Ò¹Ç¹¡ÅØˆÁ¢‰ÍÁÙÅ . â´Â·Õè � � . 
 , ¤ˆÒ¢Í§ weighting parameter �
�

� ����� áÅÐ¤ˆÒàÃÔèÁ
µ‰¹¢Í§ '� �1
� â´Âãª‰¡ÒÃÊØˆÁ

2. ¤íÒ¹Ç³ËÒ¨Ø´ÈÙ¹ÂŒ¡ÅÒ§ 0��� ¢Í§¡ÅØˆÁ¢‰ÍÁÙÅ . ã¹·Ø¡ÁÔµÔ â´Âãª‰ÊÁ¡ÒÃ (¨.16) � 	 �� 
� �� ��� ¤×Í
ÃÍº¡ÒÃ¤íÒ¹Ç³

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

����
�� 	

�

 ��
���

�
����
����

��!��
�

���

�


��

� 
 � - � .� 
 � 
 � ,

4. à»ÃÕÂºà·ÕÂº '
 áÅÐ '
��


'
�� � '

 � � �#!/ �0�� �

¶‰Òà§×èÍ¹ä¢¢‰Ò§µ‰¹à»“¹¨ÃÔ§ ¨º¡ÒÃ¤íÒ¹Ç³ÁÔ©Ð¹Ñé¹ � 	 � 
 
 ¡ÅÑºä»·íÒã¹¢Ñé¹µÍ¹·Õè �



ÀÒ¤¼¹Ç¡ ©

µÒÃÒ§¤ˆÒÍÑµÃÒ¢ÂÒÂ¿’««Õ

Zhao [20] àÊ¹ÍÇÔ¸Õ¡ÒÃÊÃ‰Ò§°Ò¹¡®¿’««ÕÊíÒËÃÑºÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ·Õèãª‰»ÃÑº¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ
¢Í§µÑÇ¤Çº¤ØÁ PID ã¹ÊÀÒÇÐË¹Öè§æ áÅÐ¶Ù¡»ÃÐÂØ¡µŒãª‰ã¹¡ÒÃ»ÃÑº¤ˆÒ¾ÒÃÒÁÔàµÍÃŒÊíÒËÃÑºµÑÇ¤Çº¤ØÁ PI

â´Â [3] ´Ñ§¹Õé¤×Í ¡íÒË¹´ãË‰ �� � ��������������� � � áÅÐ �� � ��������������� � � ¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ
��������������������������� ËÒä´‰¨Ò¡

������ 	 �����"� ������ 	 ����" (©.1)

������ 	
������
5�

� ������ 	
������
5�

(©.2)

�" ¤×Í ¤ˆÒÍÑµÃÒ¢ÂÒÂàÁ×èÍÊÑ--Ò³ÍÍ¡ÍÂÙˆã¹ÀÒÇÐoscillate áÅÐ 5� ¤×Í integral time ¤íÒ¹Ç³¨Ò¡¡ÒÃ»ÃÑº
¨Ù¹ PI â´ÂÇÔ¸ÕZiegler-Nichols áººÇ§»”´ ¡ÒÃÊÃ‰Ò§°Ò¹¡®¿’««Õà»“¹¡ÒÃÍ¸ÔºÒÂ¡ÒÃ»ÃÑº¤ˆÒÍÑµÃÒ¢ÂÒÂ¢Í§
µÑÇ¤Çº¤ØÁ PI â´Â¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ¢Í§µÑÇ¤Çº¤ØÁ PI ÊÒÁÒÃ¶ËÒä´‰¨Ò¡

� �

� 	
�� �������

������ �������
(©.3)

� �

� 	
�� �������

������ �������
(©.4)

¤ˆÒ¾ÒÃÒÁÔàµÍÃŒ·Õè¶Ù¡»ÃÑº Ù̈¹â´ÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ¤×Í �
�

� áÅÐ �
�

� â´ÂÁÕÍÔ¹¾Øµ¢Í§ÃÐºº
µÃÃ¡ÈÒÊµÃŒ¿’««Õà»“¹¤ˆÒ¼Ô´¾ÅÒ´ 	�
� áÅÐ¡ÒÃà»ÅÕèÂ¹á»Å§ÊÑ--Ò³¤ˆÒ¼Ô´¾ÅÒ´ �	�
� ¤ÇÒÁÊÑÁ¾Ñ¹¸Œ
ÃÐËÇˆÒ§ÍÔ¹¾Øµ¡ÑºàÍÒ·Œ¾ØµÊÒÁÒÃ¶à¢ÕÂ¹ÍÂÙˆã¹ÃÙ»¡®¿’««Õ IF-THEN ä´‰´Ñ§¹Õé

* 	�
� -% �� 3,� � 	�
� -% 4�� 56�� �
�

� -% 7
� �

�

� -% 8
�

��� 4�� 7� áÅÐ 8� ¤×Í à«µ¿’««Õ â´Â - 	 
� �� ���� � áÅÐ / 	 
� � µÑÇá»ÃàªÔ§ÀÒÉÒÊíÒËÃÑº 	�
� áÅÐ
�	�
� ¹ÔÂÒÁäÇ‰ � à«µ ä´‰á¡̂ ¤ˆÒÅºÁÒ¡ (NB) ¤ˆÒÅº»Ò¹¡ÅÒ§ (NM) ¤ˆÒÅº¹‰ÍÂ (NS) ¤ˆÒÈÙ¹ÂŒ (ZO) ¤ˆÒ
ºÇ¡¹‰ÍÂ (PS) ¤ˆÒºÇ¡»Ò¹¡ÅÒ§ (PM) ¤ˆÒºÇ¡ÁÒ¡ (PB) áÊ´§´Ñ§ÃÙ»·Õè ©.1 áÅÐµÑÇá»ÃàªÔ§ÀÒÉÒÊíÒËÃÑº
�

�

� áÅÐ � �

� ¹ÔÂÒÁäÇ‰ � à«µä´‰á¡̂ àÅç¡ (S) ãË-̂ (B) áÊ´§´Ñ§ÃÙ»·Õè ©.2

à«µ¿’««ÕÍÔ¹¾ØµáÅÐàÍÒ·Œ¾Øµ¢Í§ÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««ÕÊÒÁÒÃ¶ËÒä´‰¨Ò¡¼ÅµÍº·ÕèÁÕàÊ¶ÕÂÃÀÒ¾¢Í§
¡ÃÐºÇ¹¡ÒÃµˆÍÊÑ--Ò³¢Ñé¹ºÑ¹ä´ ¡ÒÃÊÃ‰Ò§¡®¿’««Õ IF-THEN ·íÒä´‰â´Â¾Ô¨ÒÃ³ÒÃÙ»·Õè ©.3

ªˆÇ§ 3� ÊÑ--Ò³¤ˆÒ¼Ô´¾ÅÒ´ÁÕ¤ˆÒÁÒ¡ ã¹¢³Ð·Õè¡ÒÃà»ÅÕèÂ¹á»Å§ÊÑ--Ò³¤ˆÒ¼Ô´¾ÅÒ´ÁÕ¤ˆÒ¹‰ÍÂ
à¾ÃÒÐà¾Ôè§àÃÔèÁÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§¨Ò¡ÊÑ--Ò³Í‰Ò§ÍÔ§ ³.¨Ø´¹Õé¡ÒÃ¤Çº¤ØÁáººÊÑ´Ê̂Ç¹ÁÕ¼ÅµˆÍÃÐººÁÒ¡
à¾×èÍãË‰ÊÑ--Ò³¤Çº¤ØÁÁÕ¤ˆÒÊÙ§«Öè§ÁÕ¼ÅãË‰ÊÑ--Ò³àÍÒ·Œ¾ØµÁÕ¤ˆÒ¶Ö§¤ˆÒÍ‰Ò§ÍÔ§â´ÂàÃçÇ

ªˆÇ§ 3� ¶Ö§ +� ÊÑ--Ò³¤ˆÒ¼Ô´¾ÅÒ´àÃÔèÁÁÕ¤ˆÒÅ´Å§ ã¹¢³Ð·Õè¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§ÊÑ--Ò³¤ˆÒ¼Ô´
¾ÅÒ´àÃÔèÁÁÕ¤ˆÒÅºÁÒ¡¢Öé¹ ³.¨Ø´¹Õéµ‰Í§¡ÒÃãË‰ÊÑ--Ò³ÍÍ¡ÁÕ¤ˆÒà¾ÔèÁ¢Öé¹ÍÕ¡¨Ö§¤ÇÃ»ÃÑº¤ˆÒÍÑµÃÒ¢ÂÒÂÊÑ´Ê̂Ç¹
áÅÐÍÔ¹·Ô¡ÃÑÅãË‰ÁÕ¤ˆÒÁÒ¡¾ÍàËÁÒÐÊíÒËÃÑº·íÒãË‰ÊÑ--Ò³ÍÍ¡ÁÕ¤ˆÒà¾ÔèÁ¢Öé¹µˆÍä»
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�

���� or�����

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

BS

�

� �

� or� �

�

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

� áÅÐ � �

�

output

t


�

��

��


�

��

��

ÃÙ»·Õè ©.3: ¼ÅµÍºµˆÍÊÑ--Ò³¢Ñé¹ºÑ¹ä´

ªˆÇ§ +� ÊÑ--Ò³¤ˆÒ¼Ô´¾ÅÒ´ÁÕ¤ˆÒ¹‰ÍÂÁÒ¡ ¡ÒÃ¤Çº¤ØÁáººÊÑ´Ê̂Ç¹äÁˆÁÕ¼ÅµˆÍÊÑ--Ò³àÍÒ·Œ¾Øµ
ÁÒ¡¹Ñ¡ ³.¨Ø´¹ÕéÁÕà¾ÕÂ§¡ÒÃ¤Çº¤ØÁáººÍÔ¹·Ô¡ÃÑÅà·̂Ò¹Ñé¹·ÕèÁÕ¼ÅµˆÍÃÐºº à¾×èÍãË‰ÃÐººäÁ̂ÁÕ¤ˆÒ¼Ô´¾ÅÒ´ã¹
Ê¶Ò¹ÐÍÂÙˆµÑÇ

¨Ò¡¡ÒÃÇÔà¤ÃÒÐËŒ¼ÅµÍº¢Í§¡ÃÐºÇ¹¡ÒÃµˆÍÊÑ--Ò³¢Ñé¹ºÑ¹ä´ã¹ªˆÇ§ 3� ¶Ö§ +� ÊÒÁÒÃ¶ÊÃ‰Ò§¡®
¡ÒÃ¤Çº¤ØÁ´Ñ§¹Õé
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ÀÒ¤¼¹Ç¡ ª

Human Interface Station

Distributed Control Systems (DCS) ¢Í§ºÃÔÉÑ· Yokogawa ÃØˆ¹ CENTUM CS3000 à»“¹ÃÐºº·ÕèË¹ˆÇÂ
»ÃÐÁÇÅ¼Å (Field control station, FCS) áÂ¡ÍÍ¡¨Ò¡Ë¹ˆÇÂáÊ´§¼Å (Human interface station, HIS)

ÊÒÁÒÃ¶¤Çº¤ØÁËÅÒÂ¡ÃÐºÇ¹¡ÒÃ¾Ã‰ÍÁ¡Ñ¹ â¤Ã§ÊÃ‰Ò§áÅÐ¡ÒÃ·íÒ§Ò¹¢Í§DCSáÊ´§ã¹ [24] ã¹·Õè¹Õé¡Å̂ÒÇ
¶Ö§Ë¹ˆÇÂáÊ´§¼ÅHIS·ÕèÊÃ‰Ò§¢Öé¹ÊíÒËÃÑºãª‰ã¹ÇÔ·ÂÒ¹Ô¾¹¸Œ¹Õé à¾×èÍÍíÒ¹ÇÂ¤ÇÒÁÊÐ´Ç¡á¡ˆ¼Ù‰»¯ÔºÑµÔ¡ÒÃã¹¡ÒÃ
´íÒà¹Ô¹¡ÒÃ (Operate) áÅÐà½„Ò´Ù¡ÒÃ·íÒ§Ò¹ (Monitor)

Ë¹‰ÒµˆÒ§ HIS áÊ´§´Ñ§ÃÙ»·Õè ª.1 Ë¹‰ÒµˆÒ§¹Õéãª‰ÊíÒËÃÑºàÅ×Í¡¡ÃÐºÇ¹¡ÒÃ·Õè·íÒ¡ÒÃ¤Çº¤ØÁâ´Â´íÒà¹Ô¹
¡ÒÃ¼̂Ò¹DCSâ´Âáº̂§ÍÍ¡à»“¹ 4 ¡ÒÃ¤Çº¤ØÁ¤×Í ¡ÒÃ¤Çº¤ØÁà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹â´Âãª‰µÑÇ¤Çº
¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ («‰ÒÂ) ¡ÒÃ¤Çº¤ØÁÃÐ´Ñºã¹¶Ñ§¾Ñ¡â´Âãª‰¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ (¡ÅÒ§)
¡ÒÃ¤Çº¤ØÁËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´â´Âãª‰µÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ
(¢ÇÒ) áÅÐ¡ÒÃ¤Çº¤ØÁ 3 ¡ÃÐºÇ¹¡ÒÃ¾Ã‰ÍÁ¡Ñ¹ (Å̂Ò§)

ÃÙ»·Õè ª.1: Ë¹‰ÒµˆÒ§ HIS
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Ë¹‰ÒµˆÒ§ HEAT GRAPHIC áÊ´§´Ñ§ÃÙ»·Õè ª.2 Ë¹‰ÒµˆÒ§¹ÕéÁÕ¡ÒÃ¤Çº¤ØÁ 2 Ê̂Ç¹¤×Í µÑÇ¤Çº¤ØÁ PID

áºº¡íÒË¹´¾ÒÃÒÁÔàµÍÃŒ¤§·Õè ¼Ù‰»¯ÔºÑµÔ¡ÒÃÊÒÁÒÃ¶»ÃÑºÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ PID áÅÐÊÑè§ãË‰µÑÇ¤Çº
¤ØÁ PID ·íÒ§Ò¹ ¡ÒÃ¤Çº¤ØÁ·Õè 2 ¤×ÍµÑÇ¤Çº¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ ¼Ù‰»¯ÔºÑµÔ¡ÒÃÊÒÁÒÃ¶¡íÒË¹´
¤ˆÒàÃÔèÁµ‰¹¢Í§ÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ PI áÅÐÊÑè§ãË‰µÑÇ¤Çº¤ØÁ PI ·íÒ§Ò¹ ·Ò§´‰Ò¹Å̂Ò§¢ÇÒ PV áÊ´§
¤ˆÒÍØ³ËÀÙÁÔÍÍ¡à¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ ¡ÃÒ¿¢Í§ÍØ³ËÀÙÁÔÍÍ¡áÊ´§â´Â¤ÅÔ¡¢ÇÒ·Õè PV áÅ‰ÇàÅ×Í¡
tunning ¼Ù‰»¯ÔºÑµÔ¡ÒÃÊÒÁÒÃ¶¡íÒË¹´¤ˆÒ¡íÒË¹´ã¹ªˆÍ§ SV áÅÐÊÒÁÒÃ¶¡íÒË¹´ÊÑ--Ò³¤Çº¤ØÁàÃÔèÁµ‰¹ã¹
ªˆÍ§ MV â´Â·ÕèªˆÍ§ MV ¹ÕéÊÒÁÒÃ¶áÊ´§¤ˆÒÊÑ--Ò³¤Çº¤ØÁ·ÕèãË‰¡Ñºà¤Ã×èÍ§áÅ¡à»ÅÕèÂ¹¤ÇÒÁÃ‰Í¹ ¼Ù‰»¯ÔºÑµÔ
¡ÒÃÊÒÁÒÃ¶ä»ÂÑ§Ë¹‰ÒµˆÒ§ HIS Ë¹‰ÒµˆÒ§ TANK GRAPHIC ËÃ×ÍË¹‰ÒµˆÒ§ DISTILL GRAPHIC ¼ˆÒ¹·Ò§
»ØƒÁàÅ×Í¡´‰Ò¹º¹¢ÇÒ

ÃÙ»·Õè ª.2: Ë¹‰ÒµˆÒ§ HEAT GRAPHIC
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Ë¹‰ÒµˆÒ§ TANK GRAPHIC áÊ´§´Ñ§ÃÙ»·Õè ª.3 ¼Ù‰»¯ÔºÑµÔ¡ÒÃµ‰Í§ÊÑè§ãË‰ÇÒÅŒÇ¤Çº¤ØÁ FT-1 áÅÐFT-2

ÃÑºÊÑ--Ò³¨Ò¡Ë¹‰ÒµˆÒ§¹Õéâ´Â¤ÅÔ¡·Õè»ØƒÁ ENABLE ¼Ù‰»¯ÔºÑµÔ¡ÒÃÊÒÁÒÃ¶ÊÑè§ãË‰¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ
·íÒ§Ò¹áÅÐàÅ×Í¡¡ÒÃÃº¡Ç¹áººÊÑ--Ò³¢Ñé¹ºÑ¹ä´ËÃ×ÍÊÑ--Ò³ä«¹Œ¨Ò¡»ØƒÁàÅ×Í¡·Ò§´‰Ò¹Å̂Ò§¢ÇÒ ÍÑµÃÒ
¡ÒÃäËÅà¢‰ÒÊÒÁÒÃ¶ÍˆÒ¹¤ˆÒä´‰¨Ò¡ PV ´‰Ò¹º¹ª̂Í§¡ÅÒ§«Öè§à»“¹¼ÅÃÇÁ¢Í§ÍÑµÃÒ¡ÒÃäËÅà¢‰Ò·Õè 1 áÅÐ 2

µíÒáË¹ˆ§ÇÒÅŒÇ¤Çº¤ØÁ FT-1 ÊÒÁÒÃ¶¡íÒË¹´ä´‰ã¹ªˆÍ§ MV ´‰Ò¹¢ÇÒ áÅÐFT-2 ã¹ªˆÍ§ MV ´‰Ò¹«‰ÒÂ ¼Ù‰
»¯ÔºÑµÔ¡ÒÃÊÒÁÒÃ¶à½„Ò´ÙÃÐ´Ñºã¹¶Ñ§¾Ñ¡áÅÐ¡íÒË¹´¤ˆÒ¡íÒË¹´ä´‰ã¹ªˆÍ§ PV áÅÐSV ´‰Ò¹Å̂Ò§«‰ÒÂµÒÁÅíÒ´Ñº
¤ˆÒ»ÃÐÁÒ³ÍÑµÃÒ¡ÒÃäËÅÍÍ¡áÊ´§ã¹ª̂Í§ PV µÃ§¡ÅÒ§¢Í§Ë¹‰ÒµˆÒ§¹Õé ¼Ù‰»¯ÔºÑµÔ¡ÒÃÊÒÁÒÃ¶ä»ÂÑ§Ë¹‰Ò
µˆÒ§ HIS Ë¹‰ÒµˆÒ§ HEAT GRAPHIC ËÃ×ÍË¹‰ÒµˆÒ§ DISTILL GRAPHIC ¼ˆÒ¹·Ò§»ØƒÁàÅ×Í¡´‰Ò¹º¹¢ÇÒ

ÃÙ»·Õè ª.3: Ë¹‰ÒµˆÒ§ TANK GRAPHIC
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Ë¹‰ÒµˆÒ§ DISTILL GRAPHIC áÊ´§´Ñ§ÃÙ»·Õè ª.4 ËÍ¡ÅÑè¹áÂ¡ÊÒÃ¼ÊÁÊÍ§ª¹Ô´ÁÕÇ§ÃÍº¤Çº¤ØÁ
2 Ç§ÃÍº¤×Í Ç§ÃÍºÂÍ´ËÍáÅÐÇ§ÃÍº°Ò¹ËÍ «Öè§áµˆÅÐÇ§ÃÍº¡íÒË¹´ãË‰ÁÕ¡ÒÃ¤Çº¤ØÁ 2 áºº¤×Í µÑÇ
¤Çº¤ØÁ PI áºº¡íÒË¹´¾ÒÃÒÁÔàµÍÃŒ¤§·ÕèáÅÐµÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ¼Ù‰
»¯ÔºÑµÔ¡ÒÃµ‰Í§àÅ×Í¡¡ÒÃ¤Çº¤ØÁáººã´áººË¹Öè§ã¹áµˆÅÐÇ§ÃÍº ¤ˆÒÍÑµÃÒ¢ÂÒÂ¢Í§µÑÇ¤Çº¤ØÁ PI ã¹¡ÒÃ
¤Çº¤ØÁ·Ñé§ 2 áººÊÒÁÒÃ¶¡íÒË¹´ä´‰ã¹ªˆÍ§´‰Ò¹«‰ÒÂ ÍØ³ËÀÙÁÔÇ§ÃÍºÂÍ´ËÍ (T1) áÊ´§ã¹ªˆÍ§ PV µÃ§
¡ÅÒ§´‰Ò¹º¹áÅÐÍØ³ËÀÙÁÔÇ§ÃÍº°Ò¹ËÍ (T8) áÊ´§ã¹ªˆÍ§ PV µÃ§¡ÅÒ§´‰Ò¹Å̂Ò§ ¼Ù‰»¯ÔºÑµÔ¡ÒÃÊÒÁÒÃ¶
¡íÒË¹´¤ˆÒ¡íÒË¹´¢Í§ÍØ³ËÀÙÁÔÇ§ÃÍºÂÍ´ËÍáÅÐ°Ò¹ËÍã¹ªˆÍ§ SV áÅÐ¡íÒË¹´¤ˆÒàÃÔèÁµ‰¹¢Í§ÍÑµÃÒ¡ÒÃ
»„Í¹äÍÊÒÃ·Õè°Ò¹ËÍã¹ª̂Í§ MV ´‰Ò¹Å̂Ò§ Ê̂Ç¹¤ˆÒàÃÔèÁµ‰¹¢Í§ÍÑµÃÒ¡ÒÃ»„Í¹¡ÅÑºÊÒÃ·ÕèÂÍ´ËÍ¡íÒË¹´·Õè
ÍØ»¡Ã³Œàª×èÍÁµˆÍ¡ÑºËÍ¡ÅÑè¹ ÍÑµÃÒ¡ÒÃ»„Í¹ÊÒÃ¼ÊÁà¢‰Ò¡ÅÒ§ËÍ¡íÒË¹´ã¹ªˆÍ§ MV ´‰Ò¹Å̂Ò§¢ÇÒ ¼Ù‰
»¯ÔºÑµÔ¡ÒÃÊÒÁÒÃ¶ä»ÂÑ§Ë¹‰ÒµˆÒ§ HIS Ë¹‰ÒµˆÒ§ HEAT GRAPHIC ËÃ×ÍË¹‰ÒµˆÒ§ TANK GRAPHIC ¼ˆÒ¹
·Ò§»ØƒÁàÅ×Í¡´‰Ò¹º¹¢ÇÒ

ÃÙ»·Õè ª.4: Ë¹‰ÒµˆÒ§ DISTILL GRAPHIC



100

Ë¹‰ÒµˆÒ§ THREE PLANTS TEST áÊ´§´Ñ§ÃÙ»·Õè ª.5 Ë¹‰ÒµˆÒ§¹ÕéÃÇºÃÇÁÊ̂Ç¹áÊ´§¼ÅáÅÐ»ØƒÁ
àÅ×Í¡¡ÒÃ·íÒ§Ò¹¢Í§Ë¹‰ÒµˆÒ§ HEAT GRAPHIC Ë¹‰ÒµˆÒ§ TANK GRAPHIC áÅÐË¹‰ÒµˆÒ§ DISTILL

GRAPHIC à¢‰ÒäÇ‰´‰ÇÂ¡Ñ¹ â´ÂÊ̂Ç¹¢Í§Ë¹‰ÒµˆÒ§ HEAT GRAPHIC ÍÂÙˆ´‰Ò¹º¹«‰ÒÂ Ê̂Ç¹¢Í§Ë¹‰ÒµˆÒ§
TANK GRAPHIC ÍÂÙˆ´‰Ò¹Å̂Ò§«‰ÒÂ Ê̂Ç¹¢Í§Ë¹‰ÒµˆÒ§ DISTILL GRAPHIC ÍÂÙˆ´‰Ò¹¢ÇÒ ·Ñé§¹Õé¡ÒÃ¤Çº¤ØÁ
áµˆÅÐ¡ÃÐºÇ¹¡ÒÃã¹Ë¹‰ÒµˆÒ§¹Õéà»“¹ãª‰µÑÇ¤Çº¤ØÁ¢Ñé¹ÊÙ§ä´‰á¡̂ µÑÇ¤Çº¤ØÁ PI áºº»ÃÑºÍÑµÃÒ¢ÂÒÂä´‰ ¡ÒÃ
¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂ áÅÐµÑÇ¤Çº¤ØÁ PI áºº¡íÒ¡Ñº´ÙáÅ´‰ÇÂÃÐººµÃÃ¡ÈÒÊµÃŒ¿’««Õ ¼Ù‰»¯ÔºÑµÔ¡ÒÃ
ÊÒÁÒÃ¶ä»ÂÑ§Ë¹‰ÒµˆÒ§ HIS Ë¹‰ÒµˆÒ§ HEAT GRAPHIC Ë¹‰ÒµˆÒ§ TANK GRAPHIC ËÃ×ÍË¹‰ÒµˆÒ§
DISTILL GRAPHIC ¼ˆÒ¹·Ò§»ØƒÁàÅ×Í¡´‰Ò¹º¹¢ÇÒ

ÃÙ»·Õè ª.5: Ë¹‰ÒµˆÒ§ THREE PLANTS TEST
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»ÃÐÇÑµÔ¼Ù‰à¢ÕÂ¹ÇÔ·ÂÒ¹Ô¾¹ Œ̧

¹ÒÂ»ÃàÁÉ àªÕÂ§¨§ à¡Ô´àÁ×èÍÇÑ¹·Õè 26 ¡Ñ¹ÂÒÂ¹ ¾.È. 2527 ¨Ñ§ËÇÑ´ÊÁØ·ÃÒ»ÃÒ¡ÒÃ à»“¹ºØµÃ¢Í§
¹ÒÂ¹Ô¾¹¸Œ áÅÐ¹Ò§ÁÒÅÔ àªÕÂ§¨§ ÊíÒàÃç¨¡ÒÃÈÖ¡ÉÒÃÐ´Ñº»ÃÔ--ÒµÃÕ ËÅÑ¡ÊÙµÃÇÔÈÇ¡ÃÃÁÈÒÊµÃŒºÑ³±Ôµ
ÊÒ¢ÒÇÔÈÇ¡ÃÃÁä¿¿„Ò ¨Ò¡ÁËÒÇÔ·ÂÒÅÑÂà¡ÉµÃÈÒÊµÃŒ àÁ×èÍ»•¡ÒÃÈÖ¡ÉÒ 2548 áÅÐà¢‰ÒÈÖ¡ÉÒµˆÍã¹ËÅÑ¡
ÊÙµÃÇÔÈÇ¡ÃÃÁÈÒµÃŒÁËÒºÑ³±Ôµ ã¹»•¡ÒÃÈÖ¡ÉÒ¶Ñ´ÁÒ ³ ÀÒ¤ÇÔªÒÇÔÈÇ¡ÃÃÁä¿¿„Ò ¤³ÐÇÔÈÇ¡ÃÃÁÈÒÊµÃŒ
¨ØÌÒÅ§¡Ã³ŒÁËÒÇÔ·ÂÒÅÑÂ ÊÑ§¡Ñ´Ë‰Í§»¯ÔºÑµÔ¡ÒÃÇÔ¨ÑÂÃÐºº¤Çº¤ØÁ â´Âä´‰ÃÑº·Ø¹ÍØ´Ë¹Ø¹¡ÒÃÈÖ¡ÉÒ¨Ò¡¼Ù‰ªˆÇÂ
ÈÒÊµÃÒ¨ÒÃÂŒ ´Ã. ÁÒ¹¾ Ç§ÈŒÊÒÂÊØÇÃÃ³

¼Å§Ò¹ÇÔ Ñ̈Â·Õèä ‰́ÃÑº¡ÒÃµÕ¾ÔÁ¾Œ
»ÃàÁÉ àªÕÂ§¨§ áÅÐ Ç·Ñ-�Ù ¤Å‰ÒÂÊ§¤ÃÒÁ. ¡ÒÃ¤Çº¤ØÁÃÐ´Ñºáººà©ÅÕèÂàËÁÒÐ·ÕèÊØ´àªÔ§·íÒ¹ÒÂáºº¨íÒÅÍ§
·ÕèÁÕ¡ÒÃµÔ´µÒÁÃÐ´Ñºâ´Âãª‰¡ÒÃ·íÒ¹ÒÂ¡ÒÃÃº¡Ç¹áººÅÒ´. ¡ÒÃ»ÃÐªØÁÇÔªÒ¡ÒÃ·Ò§ÇÔÈÇ¡ÃÃÁä¿¿„Ò¤ÃÑé§·Õè
30. Ë¹‰Ò 1141-1144, µØÅÒ¤Á 2550.

P. Cheingjong and M. Wongsaisuwan. Adaptive PI Control Application of a Heat Exchanger via

Distributed Control System. IEEE Internationl Conference on Industrial Technology. (ICIT2008). April

2008, Sichuan, Chengdu, China.
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