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1.1 ¤ÇÒÁà»�¹ÁÒáÅÐ¤ÇÒÁÊÓ¤Ñ­¢Í§»�­ËÒ

µÑ�§áµè·Õ�Á¹ØÉÂìä´éàÃÔ�Á¾Ñ²¹ÒÃÐºº¢¹Êè§´éÇÂà¤Ã×�Í§¨Ñ¡ÃäÍ¹�Ó¢Ö�¹à»�¹¤ÃÑ�§áÃ¡ã¹ÂØâÃ»¨¹ÁÒ¶Ö§»�¨¨ØºÑ¹
áÁéÇèÒà·¤â¹âÅÂÕã¹´éÒ¹¡ÒÃÍÍ¡áºº¾ÒË¹Ð¨Ð¾Ñ²¹Òä»à¾ÕÂ§ã´áµè¡çäÁèä´é·ÓãËé»�­ËÒ·Ò§¡ÒÃ¢¹Êè§ËÃ×Í
¨ÃÒ¨ÃÅ´Å§àÅÂ áµè¡ÅÑº¨ÐÂÔ�§·ÇÕ¤ÇÒÁÃØ¹áÃ§¢Ö�¹â´Âà©¾ÒÐã¹à¢µàÁ×Í§ãË­èËÃ×ÍàÁ×Í§ËÅÇ§ «Ö�§ºÍ¡â´Â¹ÑÂ
ä´éÇèÒ¡ÒÃá¡é»�­ËÒÃÐºº¨ÃÒ¨Ã¹Ñ�¹äÁèÍÒ¨·Óä´é´éÇÂà·¤â¹âÅÂÕ·Ò§ÇÑÊ´ØÇÔÈÇ¡ÃÃÁÍÂèÒ§à´ÕÂÇ áµè¨Óà»�¹
µéÍ§ÍÒÈÑÂ¡ÒÃÇÒ§á¼¹ÃÐºº¨ÃÒ¨Ãâ´ÂÈÖ¡ÉÒ¨Ò¡áºº¨ÓÅÍ§·Ò§¤³ÔµÈÒÊµÃìà¾×�Í·ÃÒºµé¹àËµØ¢Í§»�­ËÒ
áÅÐÇÔ¸Õ¨Ñ´¡ÒÃ·Õ�ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾à¾×�ÍÅ´¤ÇÒÁÊÙ­àÊÕÂÊÔ�¹à»Å×Í§´éÒ¹·ÃÑ¾ÂÒ¡ÃàÇÅÒáÅÐáÃ§§Ò¹ «Ö�§¨ÐÁÕ 2
ÅÑ¡É³ÐãË­è æ ¤×Í

1. ¡ÒÃËÒ¤ÇÒÁµéÍ§¡ÒÃãªéàÊé¹·Ò§â´Â¾Ô¨ÒÃ³Ò¨Ò¡ÀÒ¾ÃÇÁ·Ñ�§à¤Ã×Í¢èÒÂ
2. ¡ÒÃ¤Ó¹Ç³¤Ò´¤Ðà¹ÊÀÒ¾¡ÒÃµÔ´¢Ñ´¢Í§àÊé¹·Ò§¹Ñ�¹àÁ×�Íà¡Ô´¤ÇÒÁµéÍ§¡ÒÃ·Õ�á¹è¹Í¹à¢éÒÁÒ

ã¹§Ò¹ÇÔ¨ÑÂ¹Õ� ¨Ð à¹é¹ä»ã¹¢éÍ 2 «Ö�§ à»�¹¡ÒÃÈÖ¡ÉÒ»�­ËÒã¹àÊé¹·Ò§¨ÃÒ¨ÃáÅÐÊÃéÒ§áºº¨ÓÅÍ§·Ò§
¤³ÔµÈÒÊµÃì à¾×�Í à»�¹¾×�¹°Ò¹ã¹¡ÒÃËÒÊÒàËµØáÅÐá¹Ç·Ò§¡ÒÃá¡éä¢·Õ� àËÁÒÐÊÁ ¡ÒÃá¡é»�­ËÒ¨ÃÒ¨Ã
ã¹·éÍ§¶Ô�¹ËÃ×Í»ÃÐà·Èã´¹Ñ�¹¤ÇÃãËé¼Ùé·Õ�ÍÂÙèã¹·éÍ§¶Ô�¹ËÃ×Í»ÃÐà·È¹Ñ�¹à»�¹¼Ùé·Ó¡ÒÃÈÖ¡ÉÒ»�­ËÒáÅÐËÒ
á¹Ç·Ò§á¡éä¢ à¾ÃÒÐ¤ÇÒÁ«Ñº«éÍ¹áÅÐá¡è¹á·é¢Í§»�­ËÒã¹·éÍ§¶Ô�¹ã´¤¹ã¹·éÍ§¶Ô�¹·Õ�»ÃÐÊº»�­ËÒ
¹Ñ�¹ÂèÍÁà¢éÒã¨áÅÐà¢éÒ¶Ö§ä´é´Õ¡ÇèÒ¤¹µèÒ§¶Ô�¹ÍÂèÒ§á¹è¹Í¹ àªè¹ÃÐºº¤Çº¤ØÁÊÑ­­Ò³ä¿¨ÃÒ¨ÃÍÑµâ¹ÁÑµÔ
«Ö�§»ÃÐà·Èä·Âä´é¹Óà¢éÒ¨Ò¡»ÃÐà·ÈÍÑ§¡ÄÉà»�¹à§Ô¹ËÅÒÂÅéÒ¹ºÒ·áµèäÁèÍÒ¨á¡é»�­ËÒä´é«�ÓÂÑ§·ÓãËéà¡Ô´
»�­ËÒÁÒ¡¢Ö�¹¡ÇèÒà´ÔÁ ·ÓãËé à¡Ô´¡ÒÃÊÔ�¹à»Å×Í§ÍÂèÒ§à»ÅèÒ»ÃÐâÂª¹ì ¨Ö§ÊÁ¤ÇÃ·Õ�»ÃÐà·Èä·Â¨ÐÈÖ¡ÉÒ
áÅÐá¡é»�­ËÒ¢Í§»ÃÐà·Èä·ÂàÍ§ à»�¹¡ÒÃá¡é»�­ËÒ·Õ�¶Ù¡¨Ø´áÅÐ»ÃÐËÂÑ´à§Ô¹µÃÒá¼è¹´Ô¹·Õ�¨Ð¹Óä»«×�Í
à·¤â¹âÅÂÕ¨Ò¡µèÒ§»ÃÐà·Èä´é´éÇÂ

à¤Ã×Í¢èÒÂ¨ÃÒ¨ÃÁÕÅÑ¡É³ÐÊÓ¤Ñ­»ÃÐ¡ÒÃË¹Ö�§¤×ÍáµèÅÐÊèÇ¹¨ÐÁÕ¤ÇÒÁÊÑÁ¾Ñ¹¸ìµèÍ¡Ñ¹·Ñ�§ËÁ´ ÊÀÒ¾¡ÒÃ
¨ÃÒ¨ÃµÔ´¢Ñ´·Õ�à¡Ô´¢Ö�¹ã¹à¤Ã×Í¢èÒÂ¨ÃÒ¨Ã â´Âà©¾ÒÐàÊé¹·Ò§·Õ�¤ÇÒÁµéÍ§¡ÒÃãªéÁÒ¡à¡Ô¹¤ÇÒÁ¨Ø¢Í§¶¹¹ ¨Ð
Êè§¼Å¡ÃÐ·ºµèÍÊÀÒ¾¡ÒÃ¨ÃÒ¨Ãã¹à¤Ã×Í¢èÒÂ·Ñ�§ËÁ´ â´Â¨ÐàÃÔ�ÁÊè§¼Åã¹ºÃÔàÇ³ÃÍº¢éÒ§¡èÍ¹ ¨Ò¡¹Ñ�¹
¨Ö§Êè§¼Åã¹ºÃÔàÇ³ËèÒ§ä¡ÅµèÍä» ¡ÒÃá¡éä¢ËÃ×Í¿��¹¤×¹ÊÀÒ¾¡ÒÃ¨ÃÒ¨ÃãËé¡ÅÑº¤×¹ÊÙèÊÀÒ¾»¡µÔ·Óä´éÂÒ¡
áÅÐµéÍ§ãªéàÇÅÒã¹¡ÒÃá¡éä¢ÁÒ¡ «Ö�§µÃ§¡Ñ¹¢éÒÁ¡Ñº¡ÒÃ»�Í§¡Ñ¹ÊÀÒ¾¡ÒÃµÔ´¢Ñ´·Õ�¡ÃÐ·Óä´é§èÒÂ¡ÇèÒ ¨Ö§
¨Óà»�¹µéÍ§ÁÕáºº¨ÓÅÍ§·Õ�ãªé·Ó¹ÒÂÊÀÒ¾¡ÒÃ¨ÃÒ¨ÃÅèÇ§Ë¹éÒà¾×�Í»�Í§¡Ñ¹ÊÀÒ¾¡ÒÃ¨ÃÒ¨ÃµÔ´¢Ñ´á·¹¡ÒÃ
µÃÇ¨ÊÍºÊÀÒ¾¡ÒÃ¨ÃÒ¨ÃáÅÐá¡éä¢ áµè¡ÒÃ¾Ô¨ÒÃ³ÒÊÀÒ¾¡ÒÃ¨ÃÒ¨ÃáÂ¡ÊèÇ¹¨Ð¡èÍãËé à¡Ô´»�­ËÒ¡ÒÃ
µÔ´¢Ñ´ã¹ÊèÇ¹Í×�¹·Õ�äÁèä´é¾Ô¨ÒÃ³ÒáÅÐ¡ÒÃµÔ´¢Ñ´¹Ñ�¹¨Ð·ÓãËé·Ñ�§à¤Ã×Í¢èÒÂµÔ´¢Ñ´µÒÁä»´éÇÂ ´Ñ§¹Ñ�¹¨Ö§µéÍ§ÁÕ
áºº¨ÓÅÍ§·Õ�ÊÒÁÒÃ¶¾Ô¨ÒÃ³Ò·Ñ�§à¤Ã×Í¢èÒÂà»�¹µÑÇ¤Çº¤ØÁ»�Í¹¡ÅÑºãËéÊÀÒ¾¨ÃÒ¨ÃÍÂÙèã¹ÊÀÒ¾»¡µÔ â´Â
¡ÒÃ·Ó¹ÒÂÊÀÒ¾¡ÒÃ¨ÃÒ¨Ã¢Í§à¤Ã×Í¢èÒÂÅèÇ§Ë¹éÒ ÃÇÁ¶Ö§¤Ó¹Ç³ËÒÇÔ¸Õ¡ÒÃ»�Í§¡Ñ¹ËÃ×Íá¡éä¢ÊÀÒ¾¡ÒÃ
¨ÃÒ¨ÃµÔ´¢Ñ´ ¡ÒÃ¾Ñ²¹Òáºº¨ÓÅÍ§¡ÒÃà¤Å×�Í¹·Õ�¨Ö§¨Ñ´ÇèÒà»�¹»�­ËÒË¹Ö�§·Õ�ÁÕ¤ÇÒÁÊÓ¤Ñ­µèÍ¡ÒÃ¾Ñ²¹ÒÃÐºº
¡ÒÃ¢¹Êè§ÍÑ¨©ÃÔÂÐ ITS (Intelligent Transport System)
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¹Í¡¨Ò¡¡ÒÃ»ÃÐÂØ¡µì áºº¨ÓÅÍ§¡ÒÃ à¤Å×�Í¹·Õ� ¡Ñº»�­ËÒ´éÒ¹ ¨ÃÒ¨Ã áÅéÇ áºº¨ÓÅÍ§·Õ� ä´é ÂÑ§ à»�¹
Í§¤ì»ÃÐ¡ÍºÊÓ¤Ñ­ã¹¡ÒÃÇÔà¤ÃÒÐËìáÅÐÍÍ¡áººÃÐººÊ×�ÍÊÒÃà¤Å×�Í¹·Õ�µèÒ§ æ ÍÕ¡´éÇÂ àªè¹ã¹¡ÒÃÊ×�ÍÊÒÃ
¼èÒ¹Ã¶Â¹µì ÊÀÒ¾¨ÃÒ¨Ã·Õ�ä´é¨Ò¡áºº¨ÓÅÍ§¨ÐªèÇÂ¨ÓÅÍ§¡ÒÃ·´ÊÍº»ÃÐÊÔ·¸ÔÀÒ¾¢Í§¡ÒÃÊè§¢éÍÁÙÅá·¹
¡ÒÃà¡çº¤èÒ¢éÍÁÙÅ¨ÃÔ§¨Ò¡Ã¶Â¹µìº¹¶¹¹ä´é

à¾×�ÍãËéÊÒÁÒÃ¶¨ÓÅÍ§ÃÐºº¶¹¹·Ñ�§à¤Ã×Í¢èÒÂä´é á¹Ç·Ò§ÇÔ·ÂÒ¹Ô¾¹¸ì¹Õ� àÅ×Í¡ãªéáºº¨ÓÅÍ§ÁËÀÒ¤
à¹×�Í§¨Ò¡áºº¨ÓÅÍ§¨ØÅÀÒ¤¹Ñ�¹·Ó¡ÒÃà¡çºÃÇºÃÇÁ¢éÍÁÙÅãËé¤Ãº¶éÇ¹ä´éÂÒ¡ã¹·Ò§»¯ÔºÑµÔ ·Ñ�§ÂÑ§µéÍ§¡ÒÃ
¤ÇÒÁáÁè¹ÂÓ¢Í§¢éÍÁÙÅã¹ÃÐ´ÑºÊÙ§ áÅÐàÁ×�Í¹Óä»ãªéã¹ÃÐ´Ñºà¤Ã×Í¢èÒÂáÅéÇ¤ÇÒÁ«Ñº«éÍ¹¢Í§áºº¨ÓÅÍ§
áÅÐàÇÅÒ·Õ�ãªéã¹¡ÒÃ¤Ó¹Ç³¨ÐÂÔ�§·ÇÕ¤Ù³¡ÇèÒáºº¨ÓÅÍ§ÁËÀÒ¤ÁÒ¡ áºº¨ÓÅÍ§ÁËÀÒ¤¨Ö§ÁÕ¤ÇÒÁàËÁÒÐÊÁ
ÁÒ¡¡ÇèÒã¹·Ò§»¯ÔºÑµÔâ´Âà©¾ÒÐàÁ×�ÍµéÍ§¡ÒÃ¼Å¡ÒÃ·Ó¹ÒÂÍÂèÒ§ÃÇ´àÃçÇ

áºº¨ÓÅÍ§ÁËÀÒ¤·Õ� àÅ×Í¡ãªé ã¹á¹Ç·Ò§¢Í§ÇÔ·ÂÒ¹Ô¾¹¸ì¹Õ�¤×Íáºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅì (Cell
Transmission Model) ËÃ×Í CTM à¹×�Í§¨Ò¡à»�¹áºº¨ÓÅÍ§ÁËÀÒ¤ª¹Ô´ÊÁ¡ÒÃàªÔ§Í¹Ø¾Ñ¹¸ìÍÑ¹´ÑºË¹Ö�§
·Õ�áÁé¨ÐÁÕ¤ÇÒÁáÁè¹ÂÓã¹¡ÒÃ·Ó¹ÒÂ¹éÍÂ¡ÇèÒáºº¨ÓÅÍ§ÁËÀÒ¤ª¹Ô´ÊÁ¡ÒÃàªÔ§Í¹Ø¾Ñ¹¸ìÍÑ¹´ÑºÊÙ§àÅç¡¹éÍÂ
áµèãªéàÇÅÒáÅÐ¢Ñ�¹µÍ¹¡ÒÃ¤Ó¹Ç³·Õ�¹éÍÂ¡ÇèÒÃÇÁ·Ñ�§ÁÕ¤ÇÒÁ§èÒÂã¹¡ÒÃà¡çº¢éÍÁÙÅÁÒ¡¡ÇèÒ [22] äÁè¨Óà»�¹
µéÍ§ãªéµÑÇµÃÇ¨ÊÍº·Õ�ÊÒÁÒÃ¶ÇÑ´¤ÇÒÁàÃçÇáÅÐÁÕ¡ÒÃ·´ÊÍº¤ÇÒÁ¶Ù¡µéÍ§¨Ò¡¢éÍÁÙÅà¤Ã×Í¢èÒÂ¨ÃÒ¨Ã¨ÃÔ§áÅéÇ
·Õ�ÊÓ¤Ñ­¤×Íáºº¨ÓÅÍ§ CTM ¹Ñ�¹ä´é¾Ñ²¹Òà¾Ô�ÁàµÔÁÁÒ¨Ò¡áºº¨ÓÅÍ§ LWR «Ö�§ä´éÃÑº¤ÇÒÁ¹ÔÂÁ [1, 2, 4,
5, 6, 7, 8]

ÃÙ»·Õ� 1.1 Í§¤ì»ÃÐ¡Íº¾×�¹°Ò¹¢Í§µÑÇ¤Çº¤ØÁà¤Ã×Í¢èÒÂáºº»�Í¹¡ÅÑº

1.2 á¹Ç·Ò§¢Í§§Ò¹ÇÔ¨ÑÂ

§Ò¹ÇÔ¨ÑÂ¹Õ�ÁØè§¾Ñ²¹Òáºº¨ÓÅÍ§¡ÒÃà¤Å×�Í¹·Õ�áººÁËÀÒ¤ãËéÊÒÁÒÃ¶¨Óá¹¡»ÃÐàÀ·¢Í§ÂÒ¹¾ÒË¹Ðä´é
à¹×�Í§¨Ò¡ÁÕ§Ò¹ã¹ËÅÒÂ´éÒ¹·Õ�µéÍ§¡ÒÃ¡ÒÃ¨Óá¹¡»ÃÐàÀ·¢Í§ÂÒ¹¾ÒË¹Ð àªè¹¡ÒÃÈÖ¡ÉÒ¤ÇÒÁ»ÅÍ´ÀÑÂã¹



3

¡ÒÃãªé¶¹¹¡ÑºÍÑµÃÒ¡ÒÃäËÅ¢Í§Ã¶Â¹µì [3] »�¨¨ÑÂ·Õ�ÁÕ¼ÅµèÍ¤ÇÒÁ»ÅÍ´ÀÑÂäÁèä´é¢Ö�¹¡Ñº¤ÇÒÁË¹Òá¹è¹
¢Í§ÃÐºº¨ÃÒ¨Ãà·èÒ¹Ñ�¹ áµè¢Ö�¹¡Ñºª¹Ô´¢Í§ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèã¹ÃÐºº¨ÃÒ¨Ã´éÇÂ áÅÐà¹×�Í§¨Ò¡¶¹¹áµèÅÐ
àÊé¹ÍÒ¨ÁÕ¡ÒÃ¨Ó¡Ñ´ª¹Ô´¢Í§ÂÒ¹¾ÒË¹ÐäÁèàËÁ×Í¹¡Ñ¹ ·ÓãËé¶éÒäÁè¾Ô¨ÒÃ³Òª¹Ô´¢Í§ÂÒ¹¾ÒË¹ÐáÅéÇ¨Ð·Ó
ãËéà¡Ô´¤ÇÒÁ¼Ô´à¾Õ�Â¹ä´é¤èÍ¹¢éÒ§ÊÙ§ã¹¡ÒÃÇÔà¤ÃÒÐËì¾ÄµÔ¡ÃÃÁ¡ÒÃà¤Å×�Í¹·Õ�´éÇÂáºº¨ÓÅÍ§ [10, 11, 25]

1.3 ÇÑµ¶Ø»ÃÐÊ§¤ì¢Í§§Ò¹ÇÔ·ÂÒ¹Ô¾¹¸ì

1. ÈÖ¡ÉÒáºº¨ÓÅÍ§µèÒ§ æ ·Ñ�§áººÁËÀÒ¤áÅÐáºº¨ØÅÀÒ¤

2. ¾Ñ²¹Òáºº¨ÓÅÍ§ÁËÀÒ¤ÊÓËÃÑºà¤Ã×Í¢èÒÂ¨ÃÒ¨Ã·Õ�¤Ô´áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹Ðä´é

3. ·´ÊÍºáÅÐÇÔà¤ÃÒÐËì áºº¨ÓÅÍ§·Õ� ¤Ô´¤é¹¢Ö�¹ â´Â à·ÕÂº¼Å¡ÒÃ¨ÓÅÍ§¡Ñº¢éÍÁÙÅ¨ÃÔ§¢Í§ à¤Ã×Í¢èÒÂ
¨ÃÒ¨Ãã¹»ÃÐà·Èä·ÂÇèÒÊÍ´¤ÅéÍ§¡Ñ¹ËÃ×ÍäÁè

4. ÃÇºÃÇÁ ¢éÍÁÙÅ, ÊÃØ» ¼Å áÅÐ ¨Ñ´ à¡çº ¢éÍÁÙÅ ·Ñ�§ËÁ´ à¾×�Í à»�¹ Í§¤ì ¤ÇÒÁ ÃÙé ¾×�¹°Ò¹ ã¹¡ÒÃ¾Ñ²¹Ò
áºº¨ÓÅÍ§à¤Ã×Í¢èÒÂ¨ÃÒ¨Ã¢Í§»ÃÐà·Èä·ÂµèÍä»

1.4 ¢Ñ�¹µÍ¹´Óà¹Ô¹§Ò¹

1. ÈÖ¡ÉÒáºº¨ÓÅÍ§ CTM áÅÐáºº¨ÓÅÍ§Í×�¹ æ ·Ñ�§·Õ�ÁÕ¡ÒÃáÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹ÐáÅÐäÁèÁÕ¡ÒÃ
áÂ¡»ÃÐàÀ·

2. ¾Ñ²¹Òáºº¨ÓÅÍ§ CTM à´ÔÁãËéÊÒÁÒÃ¶áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹Ðä´é

3. ·Ó¡ÒÃà¡çº¢éÍÁÙÅ¨ÃÔ§º¹à¤Ã×Í¢èÒÂ¨ÃÒ¨Ã¢Í§¡ÃØ§à·¾ÁËÒ¹¤Ã

4. ·Ó¡ÒÃ·´ÊÍºáºº¨ÓÅÍ§·Õ�ä´éÍÍ¡áºº¢Ö�¹ÁÒà·ÕÂº¡Ñº¢éÍÁÙÅ¨ÃÔ§ áÅÐ»ÃÑº»ÃØ§¤ÇÒÁ¶Ù¡µéÍ§áÁè¹ÂÓ
¢Í§áºº¨ÓÅÍ§

5. ÇÔà¤ÃÒÐËì¼Å¡ÒÃ·´ÊÍº

6. ·ÓÃÒÂ§Ò¹©ºÑºÊÁºÙÃ³ì

1.5 ¢Íºà¢µ¢Í§ÇÔ·ÂÒ¹Ô¾¹¸ì

à¹×�Í§¨Ò¡ÂÑ§ äÁè ÁÕ ¡ÒÃ¾Ñ²¹Òáºº¨ÓÅÍ§ CTM ãËé ÊÒÁÒÃ¶¤Ô´áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹Ð ä´é ã¹
ÇÔ·ÂÒ¹Ô¾¹¸ì¹Õ�¨Ðà»�¹¡ÒÃ¹ÓàÊ¹Íáºº¨ÓÅÍ§ CTM ·Õ�ÊÒÁÒÃ¶¨Óá¹¡»ÃÐàÀ·ä´éâ´Âãªé¢éÍÁÙÅ¨Ò¡¡ÒÃÇÑ´
äÁèÁÒ¡áµèÊÒÁÒÃ¶ãËé¼Å¡ÒÃ·Ó¹ÒÂ·Õ�¹èÒ¾Íã¨ä´éâ´Â¢Íºà¢µ¢Í§§Ò¹¨Ð¾Ô¨ÒÃ³ÒáÅÐ·´ÊÍºáºº¨ÓÅÍ§·Õ�
¾Ñ²¹Ò¢Ö�¹ÇèÒÊÍ´¤ÅéÍ§¡Ñº¢éÍÁÙÅ¨ÃÔ§ËÃ×ÍäÁè



4

1.6 »ÃÐâÂª¹ì·Õ�¤Ò´ÇèÒ¨Ðä´éÃÑº

à¹×�Í§¨Ò¡»�­ËÒ¡ÒÃ¨ÃÒ¨Ãà»�¹»�­ËÒÃÐ´Ñºµé¹ æ ¢Í§¡ÃØ§à·¾ÁËÒ¹¤ÃáÅÐàÁ×Í§ãË­è¢Í§·Ø¡»ÃÐà·È
·Õ�¡ÓÅÑ§¾Ñ²¹ÒáÅÐ¾Ñ²¹ÒáÅéÇ ·Ñ�§ÂÑ§à»�¹»�­ËÒ·Õ�Êè§¼Åâ´ÂµÃ§µèÍÊØ¢ÀÒ¾¢Í§»ÃÐªÒ¡Ã áºº¨ÓÅÍ§·Ò§
¤³ÔµÈÒÊµÃì¨Ðà»�¹à¤Ã×�Í§Á×ÍË¹Ö�§·Õ�ªèÇÂã¹¡ÒÃá¡é»�­ËÒ¡ÒÃ¨ÃÒ¨Ãä´éÃÇÁ·Ñ�§à»�¹à¤Ã×�Í§Á×Í·Õ�ãªéªèÇÂã¹¡ÒÃ
¾Ô¨ÒÃ³Ò¡ÒÃÊÃéÒ§µèÍàµÔÁ¶¹¹ã¹Í¹Ò¤µãËéä´éÃÑº»ÃÐâÂª¹ì¤ØéÁ¤èÒ¡Ñº·ÃÑ¾ÂÒ¡ÃÁÒ¡·Õ�ÊØ´ à¾Ô�Á»ÃÐÊÔ·¸ÔÀÒ¾
ã¹¡ÒÃá¡é»�­ËÒ¨ÃÒ¨ÃáÅÐÇÒ§¼Ñ§¶¹¹ä´é¶Ù¡µéÍ§



º··Õ� 2
áºº¨ÓÅÍ§à¤Ã×Í¢èÒÂ¨ÃÒ¨Ã

2.1 »ÃÐàÀ·¢Í§áºº¨ÓÅÍ§

áºº¨ÓÅÍ§ä´é¶Ù¡áºè§à»�¹ 3 »ÃÐàÀ·¤×Í áºº¨ÓÅÍ§¨ØÅÀÒ¤ (microscopic model), áºº¨ÓÅÍ§
ÁÑª¬ÔÁ (mesoscopic model) áÅÐ áºº¨ÓÅÍ§ÁËÀÒ¤ (macroscopic model) [9]

2.1.1 áºº¨ÓÅÍ§¨ØÅÀÒ¤

¾Ô¨ÒÃ³Ò¡ÃÐºÇ¹¡ÒÃµÑ´ÊÔ¹ã¨ÃÐËÇèÒ§¼Ùé¢Ñº¢Õ� ¡ÒÃà¤Å×�Í¹äËÇ¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ¤Ñ¹ áÅÐ»¯ÔÊÑÁ¾Ñ¹¸ì
ÃÐËÇèÒ§ÂÒ¹¾ÒË¹Ð¤Ñ¹Ë¹Ö�§¡ÑºÂÒ¹¾ÒË¹ÐÍ×�¹ æ àªè¹ áºº¨ÓÅÍ§¡ÒÃ¢ÑºÃ¶µÒÁ¡Ñ¹ (car following
model) [30, 31]

2.1.2 áºº¨ÓÅÍ§ÁÑª¬ÔÁ

¾Ô¨ÒÃ³ÒÂÒ¹¾ÒË¹Ð à»�¹¡ÅØèÁ¡éÍ¹ »¯ÔÊÑÁ¾Ñ¹¸ì ÃÐËÇèÒ§¡ÅØèÁ ¨ÐÁÕ ÃÒÂÅÐàÍÕÂ´¹éÍÂ¡ÇèÒ áºº¨ÓÅÍ§
¨ØÅÀÒ¤ àªè¹ áºº¨ÓÅÍ§¢Í§ Hoogendoorn áÅÐ Bovy [10]

2.1.3 áºº¨ÓÅÍ§ÁËÀÒ¤

¾Ô¨ÒÃ³Ò ÊÀÒ¾ ¤ÇÒÁ Ë¹Òá¹è¹ ¢Í§ ÃÐºº ¨ÃÒ¨Ã áÅÐ ¡ÒÃ äËÅ ¢Í§ ¡ÃÐáÊ ¨ÃÒ¨Ã á·¹ ¡ÒÃ ¾Ô¨ÒÃ³Ò
ÂÒ¹¾ÒË¹Ðà»�¹¤Ñ¹ æ «Ö�§ÁÍ§ÀÒ¾¡ÒÃà¤Å×�Í¹·Õ�¢Í§ÂÒ¹¾ÒË¹Ðã¹Í§¤ìÃÇÁ àªè¹ áºº¨ÓÅÍ§ LWR [12,
13], CTM [1, 2], SMM [6, 7, 8], áºº¨ÓÅÍ§ PW [14], áºº¨ÓÅÍ§¢Í§ H. J. Cho áÅÐ S. C.
Lo [11]

µÒÃÒ§·Õ� 2.1 ¤ÇÒÁáµ¡µèÒ§ÃÐËÇèÒ§áºº¨ÓÅÍ§¨ØÅÀÒ¤áÅÐáºº¨ÓÅÍ§ÁËÀÒ¤
¢éÍà»ÃÕÂºà·ÕÂº áºº¨ÓÅÍ§¨ØÅÀÒ¤ áºº¨ÓÅÍ§ÁËÀÒ¤

¡ÒÃËÒ¤èÒ¾ÒÃÒÁÔàµÍÃì¢Í§áºº¨ÓÅÍ§ ÂÒ¡ÁÒ¡ §èÒÂ
¼Åà©ÅÂ·Ñ�Çä» äÁèÁÕ ÊÒÁÒÃ¶ÁÕä´é

¡ÒÃ»ÃÑºà·ÕÂº¤èÒµÑÇá»Ã´éÇÂ ÊÒÁÒÃ¶·Óä´é ÊÒÁÒÃ¶·Óä´é
Adaptive Filter

àÇÅÒ·Õ�ãªéã¹¡ÒÃ»ÃÐÁÇÅ¼Å ÁÒ¡ ¹éÍÂ
¤ÇÒÁ¶Ù¡µéÍ§ã¹¡ÒÃ¨ÓÅÍ§ ÁÒ¡ ¹éÍÂ

¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊÃéÒ§ÃÙ»·Ñ�Çä» ·Óä´é§èÒÂ µéÍ§ÍÒÈÑÂ¡ÒÃ·Ó§Ò¹àÅç¡¹éÍÂ
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2.2 ÅÓ´Ñº¡ÒÃ¾Ñ²¹Òáºº¨ÓÅÍ§à¤Ã×Í¢èÒÂ¨ÃÒ¨ÃáººÁËÀÒ¤

2.2.1 áºº¨ÓÅÍ§ LWR
Lighthill áÅÐ Whitham [12] ¡Ñº Richards [13] à»�¹¹Ñ¡ÇÔ¨ÑÂ¡ÅØèÁáÃ¡·Õ�¹ÓàÊ¹Íáºº¨ÓÅÍ§

à¤Ã×Í¢èÒÂ¨ÃÒ¨ÃáººÁËÀÒ¤«Ö�§ÁÕª×�ÍÇèÒáºº¨ÓÅÍ§ LWR áºº¨ÓÅÍ§¹Õ�ÁÕËÅÑ¡¡ÒÃÍ¸ÔºÒÂà¤Ã×Í¢èÒÂ¨ÃÒ¨Ã
â´ÂÁÍ§¡ÅØèÁÂÒ¹¾ÒË¹Ðà»�¹¢Í§àËÅÇ·Õ�ÁÕ¡ÒÃäËÅº¹¶¹¹ÍÂèÒ§µèÍà¹×�Í§·Ø¡µÓáË¹è§â´ÂÁÕÊÁ¡ÒÃÍ¹Ø¾Ñ¹¸ì
ÍÑ¹´ÑºË¹Ö�§´Ñ§¹Õ�

∂k(x, t)

∂t
+∇ · q(x, t) = 0 (2.1)

q(x, t) = u(x, t)k(x, t) (2.2)
¶éÒ¾Ô¨ÒÃ³Òã¹ÁÔµÔà´ÕÂÇËÃ×ÍäÁè¤Ô´áÂ¡ªèÍ§·Ò§¨ÃÒ¨Ã¢Í§¶¹¹ÊÁ¡ÒÃ (2.1) ¨ÐÅ´ÃÙ»à»�¹

∂k(x, t)

∂t
+

∂q(x, t)

∂x
= 0 (2.3)

â´ÂµÑÇá»ÃµèÒ§ æ á·¹¤èÒµèÍä»¹Õ�
t = àÇÅÒ
x = µÓáË¹è§·Õ�¾Ô¨ÒÃ³Ò
k(x, t) = ¤ÇÒÁË¹Òá¹è¹·Õ�àÇÅÒáÅÐµÓáË¹è§·Õ�¾Ô¨ÒÃ³Ò
q(x, t) = ÍÑµÃÒ¡ÒÃäËÅ·Õ�àÇÅÒáÅÐµÓáË¹è§·Õ�¾Ô¨ÒÃ³Ò
u(x, t) = ¤ÇÒÁàÃçÇ·Õ�àÇÅÒáÅÐµÓáË¹è§·Õ�¾Ô¨ÒÃ³Ò
ÊÁ¡ÒÃ·Õ� (2.1) áÅÐ (2.3) áÊ´§ãËéàËç¹¶Ö§¡¯¡ÒÃÍ¹ØÃÑ¡Éì¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð
áºº¨ÓÅÍ§ LWR à»�¹áºº¨ÓÅÍ§·Õ�ÁÕËÅÑ¡¡ÒÃ§èÒÂ æ áµèà¾ÕÂ§¾Í·Õ�¨ÐÍ¸ÔºÒÂ·ÄÉ¯Õ¡ÒÃ¨ÃÒ¨Ã áµè

à¹×�Í§¨Ò¡»ÃÒ¡¯¡ÒÃ³ì·Õ�ÊÑ§à¡µä´éÁÕ¤ÇÒÁ«Ñº«éÍ¹ ¨Ö§ä´éÁÕ¡ÒÃ¾Ñ²¹Òáºº¨ÓÅÍ§¤ÇÒÁµèÍà¹×�Í§´éÇÂ¡ÒÃá·¹
·Õ�¿�§ªÑ¹¿ÅÑ¡«ì¢³ÐË¹Ö�§ æ ¢Í§¡ÒÃäËÅ¢Í§¨ÃÒ¨Ã (instantaneous) ´éÇÂ¿�§¡ìªÑ¹¾ÅÇÑµ (dynamic) á·¹
«Ö�§¡ç¤×Íáºº¨ÓÅÍ§Í¹Ø¾Ñ¹¸ìÍÑ¹´ÑºÊÙ§·Õ�ÃÙé¨Ñ¡¡Ñ¹ã¹¹ÒÁáºº¨ÓÅÍ§ PW

2.2.2 áºº¨ÓÅÍ§ PW
¨Ò¡ÊÁÁØµÔ°Ò¹¢Í§áºº¨ÓÅÍ§ LWR ¨ÐàËç¹ä´éÇèÒ¤ÇÒÁàÃçÇ¢Í§ÂÒ¹¾ÒË¹Ð u(x, t) ¨ÐÍÂÙèã¹ÊÀÒÇÐ

¤§µÑÇ (steady state) àÊÁÍ·ÓãËé u(x, t) à»ÅÕ�Â¹á»Å§·Ñ¹·ÕàÁ×�Í¤ÇÒÁË¹Òá¹è¹à»ÅÕ�Â¹ä» «Ö�§äÁè
ÊÍ´¤ÅéÍ§¡ÑººÒ§»ÃÒ¡¯¡ÒÃ³ì¢Í§ÃÐºº¨ÃÒ¨Ã à¾×�Íá¡éä¢»�­ËÒÊÁÁØµÔ°Ò¹¢Í§¤ÇÒÁàÃçÇ¢éÒ§µé¹ Payne
[14] ¨Ö§àÊ¹ÍãËé»ÃÑºÊÁ¡ÒÃ¡ÒÃà¤Å×�Í¹·Õ�µÒÁ¤ÇÒÁàÃçÇ·Õ�á»ÃµÒÁàÇÅÒ (time variant speed) à¾Ô�ÁàµÔÁ
¨Ò¡ÊÁ¡ÒÃ (2.1)-(2.3) ´Ñ§¹Õ�

∂u

∂t
+ u (∇ · u) = −1

k
∇ · (pe(k)) +

1

τ
(ue (k)− u) (2.4)

u = ¤ÇÒÁàÃçÇ
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ue(k) = ¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¤ÇÒÁË¹Òá¹è¹áÅÐ¤ÇÒÁàÃçÇ·Õ�¨Ø´ÊÁ´ØÅ (equilibrium speed den-
sity relation)

pe(k) = áÃ§¡´¨ÃÒ¨Ã·Õ�¨Ø´ÊÁ´ØÅ (equilibrium traffic pressure)
τ = ¤èÒ¤§·Õ�
¾¨¹ì − 1

k
∇ · (pe(k)) = −p′e(k)(∇·k)

k
â´Â p′e(k) = dpe(k)

dk
à»�¹¾¨¹ì·Õ�ºè§ºÍ¡¶Ö§¤ÇÒÁªÐ§Ñ¡§Ñ¹

(anticipation) ¢Í§¼Ùé¢Ñº¢Õ�¨Ò¡¡ÒÃµÃÐË¹Ñ¡¶Ö§ÊÀÒ¾¨ÃÒ¨Ãã¹ºÃÔàÇ³ÃÍº¢éÒ§ â´Â Payne ¡ÓË¹´ãËé¾¨¹ì
ªÐ§Ñ¡§Ñ¹ËÒ¤èÒä´éâ´ÂãËé p′e(k) = 1

2τ
|u′e(k)|

à¹×�Í§¨Ò¡ Whitham ä´é¹ÓàÊ¹ÍËÅÑ¡¡ÒÃ¹Ó¿�§¡ìªÑ¹Í¹Ø¾Ñ¹¸ìÍÑ¹´ÑºÊÙ§ÁÒà¾Ô�ÁàµÔÁã¹áºº¨ÓÅÍ§ LWR
¡èÍ¹·Õ� Payne ¨Ð¹ÓÊÁ¡ÒÃ¡ÒÃà¤Å×�Í¹·Õ� (ËÃ×Í·Õ�ÃÙé¨Ñ¡¡Ñ¹ã¹ª×�Í¡ÒÃÍ¹ØÃÑ¡ÉìâÁàÁ¹µÑÁ) ÁÒãªé¤Ùè¡ÑºÊÁ¡ÒÃ
¤ÇÒÁµèÍà¹×�Í§ áºº¨ÓÅÍ§¢éÒ§µé¹¨Ö§ÁÕª×�ÍÇèÒáºº¨ÓÅÍ§ PW

Papageorgiou [15] ä´éá·¹¤èÒ¾¨¹ìªÐ§Ñ¡§Ñ¹´éÇÂÃÙ»áººÇÔÂØµ¢Í§ÍÍÂàÅÍÃì (Euler-like dis-
crete form) ¨Ò¡¹Ñ�¹ Michalopoulos [16] ä´é¹ÓàÊ¹Íáºº¨ÓÅÍ§¡Ö�§Ë¹×´ (semi-viscous model)
Zhang [17] ä´éàÊ¹Íáºº¨ÓÅÍ§ãËÁè·Õ�ÁÕ¾¨¹ìÁÒ¡¢Ö�¹¨Ò¡¾¨¹ì·Õ�»ÃÒ¡¯ÁÒ¡ÁÒÂ¢Í§ÊÁ¡ÒÃÍ¹ØÃÑ¡ÉìâÁàÁ
¹µÑÁ ËÅÑ§¨Ò¡¹Ñ�¹ä´éÁÕ¼Ùé»ÃÑº»ÃØ§áºº¨ÓÅÍ§ä»ËÅÒ¡ËÅÒÂÃÙ»áºº´éÇÂ¡ÒÃµÑ�§ÊÁÁØµÔ°Ò¹¢Í§¤èÒ ue(k) áÅÐ
θe(k) ¤èÒ¤ÇÒÁá»Ã»ÃÇ¹¢Í§¤ÇÒÁàÃçÇÊÁ´ØÅ (equilibrium velocity variance) ·Õ�áµ¡µèÒ§¡Ñ¹ÍÍ¡ä»
Kühne [18], áÅÐ Kerner ¡Ñº Kohnhäuser [19, 20] ä´éàÊ¹ÍÇèÒ θe(k) ¤ÇÃÁÕ¤èÒ¤§·Õ� c2

0
ã¹

¢³Ð·Õ� Philips [21] àÊ¹ÍÇèÒ θe(k) ÁÕ¤ÇÒÁÊÑÁ¾Ñ¹¸ìàªÔ§àÊé¹´Ñ§¹Õ� θe(k) = θm

(
1− k

km

)
¿�§¡ìªÑ¹

ªÑ´á¨é§ (explicit function) ¢Í§ ue(k) áÅÐ θe(k) ÊÒÁÒÃ¶ËÒä´é¨Ò¡¿�§¡ìªÑ¹¡ÒÃ¡ÃÐ¨ÒÂ·Õ�¨Ø´ÊÁ´ØÅ
¢Í§·ÄÉ®Õ¨Å¹ìµÒÁÅÓ´Ñº

ÍÂèÒ§äÃ¡ç´Õ Daganzo [22] ä´éµÑ�§¢éÍÊÑ§à¡µÇèÒ¼Å¨Ò¡áºº¨ÓÅÍ§Í¹Ø¾Ñ¹¸ìÍÑ¹´ÑºÊÙ§¹Ñ�¹ÁÕ¤ÇÒÁáÁè¹ÂÓ
´Õ¡ÇèÒáºº¨ÓÅÍ§Í¹Ø¾Ñ¹¸ìÍÑ¹´ÑºË¹Ö�§à¾ÕÂ§àÅç¡¹éÍÂáµè¡çµéÍ§ãªé¡ÒÃ¤Ó¹Ç³·Õ�ÂØè§ÂÒ¡¢Ö�¹´éÇÂ ¹Í¡¨Ò¡¹Ñ�¹
ÂÑ§ªÕ�ãËéàËç¹ÇèÒáºº¨ÓÅÍ§Í¹Ø¾Ñ¹¸ìÍÑ¹´ÑºÊÙ§¹Óä»ÊÙè¡ÒÃ·Ó¹ÒÂ·Õ�¼Ô´¾ÅÒ´ä´éà¹×�Í§¨Ò¡¤èÒ¤ÇÒÁàÃçÇ·Õ�¤Ó¹Ç³
¨Ò¡áºº¨ÓÅÍ§Í¹Ø¾Ñ¹¸ìÍÑ¹´ÑºÊÙ§ÁÕâÍ¡ÒÊµÔ´Åºä´é «Ö�§ã¹ÃÐººà¤Ã×Í¢èÒÂ¨ÃÒ¨Ãâ´Â·Ñ�Çä»¨ÐäÁèÁÕ·Ò§·Õ�Ã¶
¨ÐÇÔ�§¶ÍÂËÅÑ§ä´é áÅÐáºº¨ÓÅÍ§Í¹Ø¾Ñ¹¸ìÍÑ¹´ÑºÊÙ§¹Ñ�¹¨Ð¹ÓÍÔ·¸Ô¾Å¨Ò¡ÂÒ¹¾ÒË¹Ð¢éÒ§ËÅÑ§ÂÒ¹¾ÒË¹Ð·Õ�
¡ÓÅÑ§¾Ô¨ÒÃ³Ò¤Ó¹Ç³¤èÒ¾ÒÃÒÁÔàµÍÃì´éÇÂ «Ö�§ã¹¤ÇÒÁà»�¹¨ÃÔ§¹Ñ�¹¼Ùé¢Ñº¢Õ�¨ÐäÁè¤èÍÂä´éÃÑº¼Å¨Ò¡ÂÒ¹¾ÒË¹Ð
·Õ�ÍÂÙè¢éÒ§ËÅÑ§à·èÒ¡ÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè¢éÒ§Ë¹éÒ «Ö�§ã¹ÅÓ´ÑºµèÍÁÒ Aw áÅÐ Rascle [23] ä´éÍ¸ÔºÒÂÇèÒ
»ÃÒ¡¯¡ÒÃ³ì¤ÇÒÁàÃçÇµÔ´Åº¹Ñ�¹à¡Ô´¨Ò¡ÊÁÁµÔ°Ò¹·Õ�¼Ô´¾ÅÒ´¢Í§áÃ§¡´¨ÃÒ¨Ã áÅÐ Günther [24] ä´é
¹ÓàÊ¹Í¡ÃÐºÇ¹¡ÒÃãËÁè¢Í§áºº¨ÓÅÍ§·Õ�·ÓãËéÁÑ�¹ã¨ä´éÇèÒáºº¨ÓÅÍ§ PW ÊÒÁÒÃ¶·Ó¹ÒÂáÅÐÍ¸ÔºÒÂ
»ÃÒ¡¯¡ÒÃ³ìµèÒ§ æ ä´é¶Ù¡µéÍ§·Ñ�§ËÁ´

2.2.3 ¡ÒÃ¢ÂÒÂáºº¨ÓÅÍ§ LWR ãËéÁÕ¼Ùé¢Ñº¢Õ�áººÇÔÇÔ¸¾Ñ¹¸ì
G. C. K. Wong, S. C. Wong [25] ä´éàÊ¹ÍÇèÒ¨Ò¡¼Å¡ÒÃà¡çº¢éÍÁÙÅº¹·Ò§ËÅÇ§¨ÃÔ§ä´éà¡Ô´

»ÃÒ¡¯¡ÒÃ³ìËÅÒÂÍÂèÒ§·Õ�áºº¨ÓÅÍ§ LWR ¹Ñ�¹äÁèÊÒÁÒÃ¶Í¸ÔºÒÂËÃ×Í·Ó¹ÒÂ¼Åä´é´Ñ§ÃÙ»·Õ� 2.1
¡ÓË¹´ãËéÁÕÂÒ¹¾ÒË¹Ð·Õ�áµ¡µèÒ§¡Ñ¹ M »ÃÐàÀ··Õ�ÁÕ¤ÇÒÁàÃçÇ·Õ�µéÍ§¡ÒÃ¢Ñº¢Õ�µèÒ§¡Ñ¹º¹¶¹¹àÊé¹

à´ÕÂÇ¡Ñ¹ ¹Ñ�¹ËÁÒÂ¤ÇÒÁÇèÒ¨Ò¡¤ÇÒÁË¹Òá¹è¹·Ñ�§ËÁ´¨Ð»ÃÐ¡Íº´éÇÂÂÒ¹¾ÒË¹Ð·Õ�ÁÕ¤ÇÒÁàÃçÇµèÒ§ æ
¡Ñ¹ áÅÐ¤Ò´¤Ðà¹ä´éÇèÒÊèÇ¹àºÕ�Â§àº¹ÁÒµÃ°Ò¹¢Í§¤èÒ¤ÇÒÁàÃçÇ¨ÐÅ´Å§àÁ×�Í¤ÇÒÁË¹Òá¹è¹à¾Ô�Á¢Ö�¹ ãËé
qm(x, t), km(x, t), áÅÐ um(t) ¤×ÍÍÑµÃÒ¡ÒÃäËÅ, ¤ÇÒÁË¹Òá¹è¹áÅÐ¤ÇÒÁàÃçÇ¢Í§ÂÒ¹¾ÒË¹Ð»ÃÐàÀ·
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ÃÙ»·Õ� 2.1 »ÃÒ¡¯¡ÒÃ³ì¢Í§à¤Ã×Í¢èÒÂ¨ÃÒ¨Ã (a) »ÃÒ¡®¡ÒÃ³ì¤èÒ¤ÇÒÁ¨Ø 2 ¤èÒ (b) »ÃÒ¡®¡ÒÃ³ìÎÔÊà·ÍÃÕ
«ÔÊáººÇ§Ç¹ 2 ÍÑ¹ (c) »ÃÒ¡¯¡ÒÃ³ìÎÔÊà·ÍÃÕ«ÔÊáººÇ§Ç¹à´Õ�ÂÇ (d) ¡ÒÃ¡ÃÐ¨ÒÂµÑÇÍÍ¡à»�¹
¡ÅØèÁ¡éÍ¹

m ·Õ�µÓáË¹è§ x ³ àÇÅÒ t ¤ÇÒÁË¹Òá¹è¹ÃÇÁ·Ñ�§ËÁ´·Õ�µÓáË¹è§ x ³ àÇÅÒ t ¨ÐËÒ¤èÒä´é´Ñ§¹Õ�

k(x, t) =
M∑

m=1

km(x, t) (2.5)

ÍÑµÃÒ¡ÒÃäËÅ, ¤ÇÒÁË¹Òá¹è¹áÅÐ¤ÇÒÁàÃçÇ¢Í§áµèÅÐ»ÃÐàÀ·¨ÐÁÕ¤ÇÒÁÊÑÁ¾Ñ¹¸ì¡Ñ¹´Ñ§¹Õ�

qm(x, t) = um(t) · km(x, t), ∀m = 1, 2, ...,M (2.6)
¨Ò¡¡®áËè§¡ÒÃÍ¹ØÃÑ¡Éì¨Ó¹Ç¹ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ·¤èÒ¢Í§ km(x, t) áÅÐ qm(x, t) ¨ÐµéÍ§

ÊÍ´¤ÅéÍ§¡ÑºÊÁ¡ÒÃ¤ÇÒÁµèÍà¹×�Í§´Ñ§¹Õ�
∂km(x, t)

∂t
+

∂qm(x, t)

∂x
= 0, ∀m = 1, 2, ..., M (2.7)

ÊÁÁØµÔÇèÒ¤ÇÒÁàÃçÇ¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ·¢Ö�¹ÍÂÙè¡Ñº·Ñ�§¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð»ÃÐàÀ·à´ÕÂÇ¡Ñ¹áÅÐ
ÂÒ¹¾ÒË¹Ð»ÃÐàÀ·Í×�¹·Ø¡»ÃÐàÀ··Õ�ãªé¶¹¹àÊé¹à´ÕÂÇ¡Ñ¹ â´ÂÁÕÃÙ»·Ñ�Çä»¢Í§¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¤ÇÒÁ
àÃçÇáÅÐ¤ÇÒÁË¹Òá¹è¹à»�¹

um(x, t) = Um(k1, k2, ..., kM), ∀m = 1, 2, ..., M (2.8)
ÊÓËÃÑº¡Ã³Õ·Õ�ÁÕ¤ÇÒÁà·èÒà·ÕÂÁ¡Ñ¹·Ø¡·ÔÈ·Ò§ (isotropic case) ¤ÇÒÁÊÑÁ¾Ñ¹¸ìã¹ÊÁ¡ÒÃ (2.8) ¨Ð

ÊÒÁÒÃ¶à¢ÕÂ¹ãËéÍÂÙèã¹ÃÙ»à©¾ÒÐÍÂèÒ§§èÒÂä´é´Ñ§¹Õ�

um(x, t) = Um(k), ∀m = 1, 2, ..., M (2.9)
â´Â k = ¤ÇÒÁË¹Òá¹è¹ÃÇÁ·Ñ�§ËÁ´
¨Ò¡ÊÁ¡ÒÃ (2.5)-(2.9) ¹ÓÁÒÃÇÁ¡Ñ¹¨Ðä´éÊÁ¡ÒÃãËÁèã¹ÃÙ»¢Í§ÊÁ¡ÒÃàªÔ§Í¹Ø¾Ñ¹¸ìÂèÍÂ
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∂km(x, t)

∂t
+

M∑
n=1

cmn(x, t)
∂kn(x, t)

∂x
= 0,∀m = 1, 2, ..., M (2.10)

â´Â·Õ�

cmn = Umδmn + km
∂Um

∂kn

, ∀m,n = 1, 2, ..., M (2.11)

¤×Í¤ÇÒÁàÃçÇ¤Å×�¹¨Å¹ì (kinetic wave speed) ¢Í§ÂÒ¹¾ÒË¹Ð»ÃÐàÀ· m ·Õ�µÍºÊ¹Í§µèÍ
ÂÒ¹¾ÒË¹Ð»ÃÐàÀ· n áÅÐ δmn = 1 àÁ×�Í m = n áÅÐ δmn = 0 àÁ×�Í m = n â´Â¨Ð
ÊÑ§à¡µä´éÇèÒÊÁ¡ÒÃ·Õ� (2.10) ÊÒÁÒÃ¶Å´ÃÙ»à»�¹áºº¨ÓÅÍ§ LWR ä´éàÁ×�Í M = 1 (ÂÒ¹¾ÒË¹ÐÁÕà¾ÕÂ§
»ÃÐàÀ·à´ÕÂÇ)

áÁéÇèÒ¡ÒÃá¡é»�­ËÒ¹Õ�¨Ð´Ù§èÒÂáµè¨Ò¡¡ÒÃ·´ÅÍ§áÊ´§ãËéàËç¹ÇèÒáºº¨ÓÅÍ§ÁËÀÒ¤¹Õ�ÊÒÁÒÃ¶Í¸ÔºÒÂ
»ÃÒ¡¯¡ÒÃ³ì«Ñº«éÍ¹µèÒ§ æ ·Õ�ä´é¡ÅèÒÇäÇé¡èÍ¹Ë¹éÒ¹Õ�ã¹ÃÙ»·Õ� 2.1 [25] àªè¹ ¤ÇÒÁäÁèµèÍà¹×�Í§¢Í§¤ÇÒÁ
ÊÑÁ¾Ñ¹¸ì¾×�¹°Ò¹¢Í§¤ÇÒÁË¹Òá¹è¹áÅÐÍÑµÃÒ¡ÒÃäËÅ, »ÃÒ¡¯¡ÒÃ³ì 2 ¤ÇÒÁ¨Ø, ¡ÒÃ¡ÃÐ¨ÒÂµÑÇÍÍ¡à»�¹
¡ÅØèÁ¡éÍ¹áÅÐÎÔÊà·ÍÃÕ«ÔÊ·Ñ�§áººÇ§Ç¹à´Õ�ÂÇáÅÐ¤Ùèä´é áµèäÁèä´é¡ÅèÒÇ¶Ö§»ÃÒ¡¯¡ÒÃ³ìÍ×�¹æ¹Í¡àË¹×Í¨Ò¡¹Õ�
àªè¹ ¡ÒÃà´Ô¹¼Ô´àÊé¹·Ò§ (¤ÇÒÁàÃçÇµÔ´Åº)

¡ÃÐºÇ¹¡ÒÃËÒ¼Åà©ÅÂ¨Ò¡ÊÁ¡ÒÃ (2.5)-(2.11) áÅÐà§×�Í¹ä¢¤èÒ¢Íºà¢µµèÒ§ æ ¹Ñ�¹ÊÒÁÒÃ¶ãªéÇÔ¸Õ
¼ÅµèÒ§¨Ó¡Ñ´¢Í§¡éÒÇàÇÅÒ (time-step finite difference method) â´Â·Õ�¶¹¹¨Ð¶Ù¡áºè§à»�¹ I »Á
(node) áÅÐáºè§ªèÇ§àÇÅÒ·Õ�ÇÔà¤ÃÒÐËìÍÍ¡à»�¹ J ªèÍ§àÇÅÒ (time slot) áÅÐãËéÂÒ¹¾ÒË¹ÐÁÕ¡ÒÃà¤Å×�Í¹·Õ�
ã¹·ÔÈ·Ò§¨Ò¡»Á·Õ� 1 ä»»Á»ÅÒÂ·Õ� I ÊÓËÃÑº»Á·Õ�äÁèä´éÍÂÙè·ÕºÃÔàÇ³¢Íºà¢µ¢Í§ÃÐºº·Õ�¡ÓÅÑ§¾Ô¨ÒÃ³Ò
áººá¼¹¢Í§ Lax�Friedrichs ¨Ðãªéã¹¡ÒÃÇÔÂØµÊÁ¡ÒÃä´é´Ñ§¹Õ�

km(i, j + 1) =
1

2
(km(i + 1, j) + km(i− 1, j))− ∆t

2∆x
(qm(i + 1, j)− qm(i− 1, j))

(2.12)
«Ö�§·ÓãËéÊÒÁÒÃ¶ËÒ¤èÒ¤ÇÒÁË¹Òá¹è¹à¹×�Í§ÁÒ¨Ò¡ÂÒ¹¾ÒË¹Ð»ÃÐàÀ· m ·Õ�»Á I ·Õ�ªèÍ§àÇÅÒ j + 1

¨Ò¡¤èÒ¾ÒÃÒÁÔàµÍÃì·Õ�·ÃÒºáÅéÇã¹ªèÍ§àÇÅÒ j ä´éâ´Â·Õ� ∆x áÅÐ ∆y ¤×Í¢¹Ò´·Õ�ãªéã¹¡ÒÃáºè§ÁÔµÔ¢Í§àÇÅÒ
áÅÐ»ÃÔÀÙÁÔ (space) µÒÁÅÓ´Ñº

ÊÓËÃÑº»Á·Õ�¢Íºà¢µ¢Í§ÃÐºº·Õ�¾Ô¨ÒÃ³Ò¹Ñ�¹ ¤èÒ¤ÇÒÁË¹Òá¹è¹·Õ�¨Ø´àÃÔ�Áµé¹¨Ðä´é¨Ò¡¡ÒÃÇÑ´¤èÒâ´ÂµÃ§
ÊèÇ¹¨Ø´ÊÔ�¹ÊØ´¢Í§¶¹¹·Õ�¡ÓÅÑ§¾Ô¨ÒÃ³Ò¨Ðãªé¡ÃÐºÇ¹¡ÒÃ backward-space «Ö�§¨Ðä´é´Ñ§ÊÁ¡ÒÃ

km(I, j + 1) = km(I, j)− ∆t

∆x
(qm (I, j)− qm (I − 1, j)) (2.13)

àÁ×�Í·ÃÒº¤èÒ¢Íºà¢µà§×�Í¹ä¢àÃÔ�Áµé¹áÅéÇ ¤èÒ¤ÇÒÁË¹Òá¹è¹¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ·¡çÊÒÁÒÃ¶ËÒ
¤èÒä´éâ´Â§èÒÂ¨Ò¡¡ÒÃ¤Ó¹Ç³ËÒ¤èÒã¹ªèÍ§àÇÅÒ·Õ�¼èÒ¹ÁÒ¨Ò¡ÊÁ¡ÒÃ (2.12)-(2.13) ¡ÃÐºÇ¹¡ÒÃËÒ¼Å
à©ÅÂÊÃØ»ä´é´Ñ§¹Õ�

1. áºè§¶¹¹ÍÍ¡à»�¹¤ÇÒÁÂÒÇ·Õ�à·èÒ æ ¡Ñ¹ (∆x) áÅÐàÅ×Í¡¤èÒªèÍ§àÇÅÒ·Õ�àËÁÒÐÊÁ (∆t)
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2. ¡ÓË¹´ãËé j = 1 (ËÃ×Í t = 0) áÅÐ¤Ó¹Ç³¤èÒ¤ÇÒÁË¹Òá¹è¹¢Í§áµèÅÐ»ÃÐàÀ·ÂÒ¹¾ÒË¹Ð·Õ�
áµèÅÐ»Á km(i, j), i = 1, 2, ..., I, ¨Ò¡¤èÒà§×�Í¹ä¢¢Íºà¢µ·Õ�ä´éÃÑºÁÒ

3. ¤Ó¹Ç³¤èÒ¤ÇÒÁË¹Òá¹è¹¢Í§áµèÅÐ»ÃÐàÀ·ÂÒ¹¾ÒË¹Ð·Õ�¢Íº¶¹¹·Õ�¾Ô¨ÒÃ³Ò àªè¹ km(1, j) ¨Ò¡
¤èÒà§×�Í¹ä¢¢Íºà¢µ·Õ�ä´éÃÑºÁÒ

4. ¤Ó¹Ç³¤èÒ¤ÇÒÁË¹Òá¹è¹¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ·ã¹ªèÇ§àÇÅÒ¶Ñ´ÁÒ km(i, j + 1), i =

2, ..., I

5. ¶éÒ j = J ÊÔ�¹ÊØ´¡ÒÃ¤Ó¹Ç³ ¶éÒäÁèãªèãËé j = j + 1, t = t + ∆t áÅéÇÇ¹¡ÅÑºä»¢éÍ 3.

µèÍÁÒ Zuojin Zhu, Gang-len Chang, áÅÐ Tongqiang Wu [26] ä´éãªé¡ÃÐºÇ¹¡ÒÃÅ´·Í¹¤ÇÒÁ
¼Ñ¹á»Ã·Ñ�§ËÁ´ (total-variation-diminishing method) «Ö�§ÁÕ»ÃÐÊÔ·¸ÔÀÒ¾´Õ¡ÇèÒÇÔ¸Õ¼ÅµèÒ§¨Ó¡Ñ´¢Í§
¡éÒÇàÇÅÒã¹¡ÒÃËÒ¼Åà©ÅÂ¢Í§ÊÁ¡ÒÃ·Õ� (2.10)-(2.11) á·¹ à¾×�ÍãËéáºº¨ÓÅÍ§¡ÒÃäËÅ¢Í§ÂÒ¹¾ÒË¹Ð
áºº¤Ô´áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹ÐÊÒÁÒÃ¶¨ÓÅÍ§»ÃÒ¡¯¡ÒÃ³ì·Õ�à¡Ô´¢Ö�¹¨ÃÔ§º¹¶¹¹·Õ�äÁè¨Ó¡Ñ´¤ÇÒÁàÃçÇ àªè¹
¡ÒÃá¡Çè§¢Í§ÍÑµÃÒ¡ÒÃäËÅáÅÐ¤ÇÒÁË¹Òá¹è¹µÒÁ¤ÇÒÁÂÒÇ¶¹¹·Õ�äÁè¨Ó¡Ñ´¤ÇÒÁàÃçÇ·Õ�àÇÅÒµèÒ§ æ â´Â
äÁèÁÕ¡ÒÃÃº¡Ç¹¨Ò¡ÍÑµÃÒ¡ÒÃäËÅº¹·Ò§ÅÒ´áÅÐÁÕÊÀÒ¾¡ÒÃ¨ÃÒ¨ÃµÑ�§áµèàÃÔ�ÁáÃ¡à»�¹¡ÒÃ¡ÃÐ¨ÒÂáºº
ÊÁ�ÓàÊÁÍä´é



º··Õ� 3
áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅì (Cell Transmission Model, CTM)

áºº¨ÓÅÍ§¹Õ�ãªéËÅÑ¡¡ÒÃ¢Í§äËÅ´éÇÂÊÁ¡ÒÃÍ¹Ø¾Ñ¹¸ìÍÑ¹´Ñº·Õ� 1 «Ö�§¾Ñ²¹ÒÁÒ¨Ò¡áºº¨ÓÅÍ§ LWR
·ÓãËé§èÒÂµèÍ¤ÇÒÁà¢éÒã¨ÁÕ¤ÇÒÁ«Ñº«éÍ¹¹éÍÂ¨Ö§ÊÒÁÒÃ¶¹Óä»ãªéáÅÐ»ÃÑº»ÃØ§ä´é§èÒÂ CTM ¹Ñ�¹ÁÍ§»ÃÔÁÒ³
ÂÒ¹¾ÒË¹Ðà»�¹áºº¨ÓÅÍ§ÁËÀÒ¤â´Â¨Ðáºè§¶¹¹ÍÍ¡à»�¹ÊèÇ¹ÂèÍÂ æ àÃÕÂ¡ÇèÒà«ÅÅìÁÒàª×�ÍÁµèÍà¢éÒ´éÇÂ
¡Ñ¹áÅÐ¾Ô¨ÒÃ³Ò¡ÒÃà»ÅÕ�Â¹Ê¶Ò¹Ð¢Í§ÃÐººã¹áµèÅÐªèÍ§àÇÅÒ (time slot) â´ÂÊÔ�§·Õ�¾Ô¨ÒÃ³ÒËÅÑ¡ÁÕ´Ñ§¹Õ�

1. ¡ÒÃáºè§à«ÅÅì¢Í§¶¹¹·Õ�ÁÕ·Ò§áÂ¡¨ÐµéÍ§¾Ô¨ÒÃ³ÒµÃ§¨Ø´·Õ�ÁÕ¡ÒÃàª×�ÍÁ·Ò§áÂ¡à»�¹¨Ø´áºè§à«ÅÅì
àÊÁÍà¾×�Í¤ÇÒÁÊÍ´¤ÅéÍ§¡ÑºÊÁ¡ÒÃ¤ÇÒÁµèÍà¹×�Í§

2. ¤ÇÒÁÂÒÇ¢Í§à«ÅÅì·Õ�áºè§µéÍ§ÊÑ�¹¾Íâ´Â·Õ�ÂÒ¹¾ÒË¹ÐáµèÅÐ¤Ñ¹â´Âà©ÅÕ�ÂáÅéÇ¨ÐµéÍ§äÁèÊÒÁÒÃ¶
à¤Å×�Í¹·Õ�¡ÃÐâ´´¢éÒÁà«ÅÅìä´é¹Ñ�¹¤×ÍËÒ¡ÁÕà«ÅÅì 3 à«ÅÅì«Ö�§ÍÂÙèµÔ´¡Ñ¹áÅÐÁÕ¡ÒÃà¤Å×�Í¹·Õ�¨Ò¡à«ÅÅì
·Õ� 1 ä»à«ÅÅì·Õ� 3 áÅéÇÂÒ¹¾ÒË¹Ð·Ø¡¤Ñ¹µéÍ§äÁèÊÒÁÒÃ¶à¤Å×�Í¹·Õ�¨Ò¡à«ÅÅì·Õ� 1 ä»ÂÑ§à«ÅÅì·Õ� 3
ä´éã¹ 1 ªèÍ§àÇÅÒáµè¨ÐµéÍ§ÁÕ¡ÒÃ¼èÒ¹à«ÅÅì·Õ� 2 ´éÇÂàÊÁÍ à¾ÃÒÐ©Ð¹Ñ�¹¤ÇÒÁÂÒÇ¢Í§à«ÅÅì¨Ö§¶Ù¡
¡ÓË¹´´éÇÂ¤ÇÒÁàÃçÇà©ÅÕ�ÂàÁ×�ÍäÁèà¡Ô´¡ÒÃµÔ´¢Ñ´¢Í§ÂÒ¹¾ÒË¹Ð·Õ�à¤Å×�Í¹·Õ�ã¹à«ÅÅì¹Ñ�¹¤Ù³´éÇÂàÇÅÒ
1 ªèÍ§àÇÅÒ¢Í§áºº¨ÓÅÍ§

3. ¡ÒÃ¡ÓË¹´¢¹Ò´ 1 ªèÍ§àÇÅÒ¢Í§áºº¨ÓÅÍ§¨Ð¾Ô¨ÒÃ³Ò¨Ò¡ÍÑµÃÒ¡ÒÃà»ÅÕ�Â¹á»Å§¢Í§ÊÀÒ¾¨ÃÒ¨Ã
àªè¹¶éÒºÃÔàÇ³áÂ¡·Õ�¾Ô¨ÒÃ³ÒÁÕ¡ÒÃà»ÅÕ�Â¹ÊÑ­­Ò³ä¿·Õ�¤èÍ¹¢éÒ§àÃçÇ¡ç¤ÇÃãËé 1 ªèÍ§àÇÅÒ¢Í§
áºº¨ÓÅÍ§ÁÕ¤èÒ¹éÍÂà¾×�Í·Õ�áºº¨ÓÅÍ§ÊÒÁÒÃ¶à»ÅÕ�Â¹á»Å§µÒÁÊÀÒ¾¢Í§à¤Ã×Í¢èÒÂ¨ÃÒ¨Ãä´é·Ñ¹

àÁ×�ÍËÒ¤ÇÒÁÂÒÇ·Õ�àËÁÒÐÊÁÊÓËÃÑºà«ÅÅìáµèÅÐà«ÅÅìáÅÐáºè§à«ÅÅìä´éàÃÕÂºÃéÍÂáÅéÇ¡ç¨Ð¹ÓÃÙ»áºº¢Í§
à«ÅÅì·Õ�ä´éÁÒ¤Ó¹Ç³µèÍä» â´Â·Ñ�§¹Õ�¡ÒÃáºè§à«ÅÅìäÁèÁÕ¤ÇÒÁ¨Óà»�¹µéÍ§ÁÕ¤ÇÒÁÂÒÇ¢Í§à«ÅÅìà·èÒ¡Ñ¹·Ø¡à«ÅÅì

3.1 ¤ÇÒÁÊÑÁ¾Ñ¹¸ì¾×�¹°Ò¹ÃÐËÇèÒ§¤ÇÒÁË¹Òá¹è¹áÅÐÍÑµÃÒ¡ÒÃäËÅ

¡èÍ¹Í×�¹¨Ð¡ÅèÒÇ¶Ö§¤ÇÒÁÊÑÁ¾Ñ¹¸ì¾×�¹°Ò¹ (fundamental diagram) ÃÐËÇèÒ§ÍÑµÃÒ¡ÒÃäËÅ (flow),
¤ÇÒÁàÃçÇàÁ×�ÍäÁèà¡Ô´¡ÒÃµÔ´¢Ñ´ (free flow speed) (v) áÅÐ ¤ÇÒÁË¹Òá¹è¹¢Í§ÂÒ¹¾ÒË¹Ðº¹¶¹¹
(density) «Ö�§à»�¹¾×�¹°Ò¹ÊÓËÃÑºÊÁ¡ÒÃ¤Ó¹Ç³¤èÒÍÑµÃÒ¡ÒÃäËÅ ´Ñ§ÃÙ»·Õ� 3.1 [1]

¨Ò¡ÃÙ»·Õ� 3.1 ã¹ªèÇ§·Õ�¤ÇÒÁË¹Òá¹è¹¢Í§ÂÒ¹¾ÒË¹Ðº¹¶¹¹ÁÕ¤èÒ¹éÍÂ ÂÒ¹¾ÒË¹Ð¨Ðà¤Å×�Í¹·Õ�
´éÇÂ¤ÇÒÁàÃçÇàÁ×�ÍäÁè à¡Ô´¡ÒÃµÔ´¢Ñ´ (v) ·ÓãËé¤ÇÒÁÊÑÁ¾Ñ¹¸ì¢Í§ÍÑµÃÒ¡ÒÃäËÅáÅÐ¤ÇÒÁË¹Òá¹è¹¢Í§
ÂÒ¹¾ÒË¹Ðº¹¶¹¹à»�¹áººàªÔ§àÊé¹·Õ�ÁÕ¤ÇÒÁªÑ¹à»�¹ v ¨Ò¡¹Ñ�¹àÁ×�ÍÍÑµÃÒ¡ÒÃäËÅà¾Ô�Áà»�¹ q(t) ¨ÐàÃÔ�Áà¢éÒ
ÊÙèªèÇ§ÍÑµÃÒ¡ÒÃäËÅ¤§·Õ�·Õ�ÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´ ¨Ò¡¹Ñ�¹¶éÒ»ÃÔÁÒ³ÂÒ¹¾ÒË¹ÐË¹Òá¹è¹¢Ö�¹ÍÕ¡¨Ðà¢éÒÊÙèªèÇ§
ÊØ´·éÒÂ·Õ�ÂÒ¹¾ÒË¹Ð¨ÐàÃÔ�Áà¡Ô´¡ÒÃµÔ´¢Ñ´ ¤èÒÍÑµÃÒ¡ÒÃäËÅ¨ÐÅ´Å§ ¨¹àÁ×�Í¤ÇÒÁË¹Òá¹è¹¢Í§ÂÒ¹¾ÒË¹Ð
ÁÕ¤èÒà·èÒ¡Ñº¤ÇÒÁ¨Ø¢Í§¶¹¹ (c) ÍÑµÃÒ¡ÒÃäËÅ¨ÐÁÕ¤èÒà·èÒ¡Ñº 0 ¹Ñ�¹¤×Íà¡Ô´¡ÒÃµÔ´¢Ñ´¨¹à¤Å×�Í¹·Õ�äÁèä´éàÅÂ

à¹×�Í§¨Ò¡¤ÇÒÁàÃçÇàÁ×�ÍäÁèà¡Ô´¡ÒÃµÔ´¢Ñ´à»�¹¤ÇÒÁàÃçÇã¹ªèÇ§·Õ�¼Ùé¢Ñº¢Õ�ËÃ×Í»ÃÐàÀ·¢Í§ÂÒ¹¾ÒË¹Ðà»�¹¼Ùé
¡ÓË¹´àÍ§ «Ö�§à»�¹ÅÑ¡É³Ðà©¾ÒÐ¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ· ã¹·Õ�¹Õ�¨Ö§¹ÓÁÒà»�¹¤èÒ·Õ�ºè§ºÍ¡¶Ö§¤ÇÒÁ
ÊÒÁÒÃ¶ã¹à¤Å×�Í¹·Õ�¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ·ä´é
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ÃÙ»·Õ� 3.1 ¤ÇÒÁÊÑÁ¾Ñ¹¸ì¾×�¹°Ò¹¢Í§áºº¨ÓÅÍ§¨ÃÒ¨Ã

3.2 ¡ÒÃ¤Ó¹Ç³¡ÒÃäËÅ¢Í§ÂÒ¹¾ÒË¹Ð

¡ÒÃ¤Ó¹Ç³¡ÒÃäËÅ¢Í§ÂÒ¹¾ÒË¹ÐÃÐËÇèÒ§à«ÅÅìµèÒ§ æ ¹Ñ�¹¨ÐµéÍ§¾Ô¨ÒÃ³ÒÅÑ¡É³Ð¡ÒÃàª×�ÍÁµèÍ¢Í§
à«ÅÅìà»�¹ÊÓ¤Ñ­ â´ÂÊÒÁÒÃ¶áºè§ÅÑ¡É³Ð¡ÒÃàª×�ÍÁµèÍ¢Í§à«ÅÅìä´éà»�¹ 3 ÅÑ¡É³Ð´Ñ§¹Õ�

� ¡ÒÃàª×�ÍÁµèÍáººµÒÁÅÓ´Ñº (cascading scenario)
� ¡ÒÃàª×�ÍÁµèÍáººÃÇÁ (merging scenario)
� ¡ÒÃàª×�ÍÁµèÍáººáÂ¡ (diverging scenario)
ã¹¡ÒÃ¤Ó¹Ç³¡ÒÃäËÅ¢Í§ÂÒ¹¾ÒË¹ÐÃÐËÇèÒ§à«ÅÅìã¹áµèÅÐÃÙ»áºº¹Ñ�¹¨ÐÁÕ¡ÒÃ¤Ó¹Ç³¾×�¹°Ò¹¨Ò¡

¤èÒ 2 ¤èÒ´éÇÂ¡Ñ¹¤×Í¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§ (sending capability) ¢Í§à«ÅÅì·Õ�ÍÂÙèµé¹·Ò§ËÃ×ÍÍØ»Ê§¤ì
áÅÐ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑº (receiving capability) ËÃ×ÍÍØ»·Ò¹¢Í§à«ÅÅì·Õ�ÍÂÙè»ÅÒÂ·Ò§

¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§¤×Í¤ÇÒÁµéÍ§¡ÒÃ¢Í§à«ÅÅìµé¹·Ò§·Õ�¨Ðà¤Å×�Í¹ÂÒ¹¾ÒË¹Ðä»ÂÑ§à«ÅÅì»ÅÒÂ·Ò§
ÊèÇ¹¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºËÁÒÂ¶Ö§¤ÇÒÁÊÒÁÒÃ¶¢Í§à«ÅÅì»ÅÒÂ·Õ�¨ÐÃÍ§ÃÑºÂÒ¹¾ÒË¹Ð·Õ� à¤Å×�Í¹ÁÒä´é
µÑÇá»Ã·Ñ�§ 2 µÑÇ¹Õ�¨Ðà»�¹µÑÇá»Ã¾×�¹°Ò¹ã¹¡ÒÃ¤Ó¹Ç³»ÃÔÁÒ³¡ÒÃäËÅ¢Í§ÂÒ¹¾ÒË¹Ðã¹·Ø¡ÃÙ»áºº «Ö�§
¡ÒÃ¤Ó¹Ç³ËÒ¤èÒ¢Í§µÑÇá»Ã·Ñ�§ 2 µÑÇ¹Ñ�¹ÁÕ´Ñ§¹Õ�

3.2.1 ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§
»�¨¨ÑÂ·Õ�¡ÓË¹´¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�à«ÅÅìÊÒÁÒÃ¶Êè§ä´éÁÕ 2 ÊèÇ¹¤×Í»ÃÔÁÒ³ÂÒ¹¾ÒË¹Ð·Ñ�§ËÁ´·Õ�ÁÕÍÂÙè

ã¹à«ÅÅì¹Ñ�¹áÅÐ»ÃÔÁÒ³ÂÒ¹¾ÒË¹ÐÊÙ§ÊØ´·Õ�ÊÒÁÒÃ¶à¤Å×�Í¹·Õ�ÍÍ¡¨Ò¡à«ÅÅìä´éã¹ 1 ªèÍ§àÇÅÒËÃ×ÍÊÒÁÒÃ¶
à¢ÕÂ¹à»�¹ÊÙµÃ¤Ó¹Ç³ä´é´Ñ§¹Õ�

sBg(t) = min {nBg(t), qBg(t)} (3.1)
sBg(t) = ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§¢Í§à«ÅÅìµé¹·Ò§ Bg (upstream cell) ÀÒÂã¹ªèÍ§àÇÅÒ t

nBg(t) = ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð¢Í§à«ÅÅìµé¹·Ò§ Bg ã¹ªèÇ§àÃÔ�Áµé¹¢Í§ªèÍ§àÇÅÒ t

qBg(t) = ¨Ó¹Ç¹ÂÒ¹¾ÒË¹ÐÊÙ§ÊØ´·Õ�ÊÒÁÒÃ¶à¤Å×�Í¹·Õ�¨Ò¡à«ÅÅìµé¹·Ò§ Bg ä»ÂÑ§à«ÅÅì»ÅÒÂ·Ò§ä´é
ÀÒÂã¹ªèÍ§àÇÅÒ t
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ã¹·Ò§»¯ÔºÑµÔ ¤èÒ¢Í§ qBg(t) ¨Ð¢Ö�¹ÍÂÙè¡Ñº»�¨¨ÑÂµèÒ§ æ àªè¹ ¨Ó¹Ç¹ªèÍ§·Ò§¨ÃÒ¨Ã¢Í§à«ÅÅì, ·ÔÈ·Ò§
¡ÒÃà¤Å×�Í¹·Õ� (µÃ§, «éÒÂ, ¢ÇÒ ËÃ×Í¡ÅÑºÃ¶) ÃÇÁ¶Ö§ÍÒ¨ãªéá·¹¡ÒÃÍ¹Ø­ÒµãËéà¤Å×�Í¹·Õ�â´ÂÊÑ­­Ò³ä¿
¨ÃÒ¨Ãä´é

3.2.2 ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑº
ã¹¡ÒÃËÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÂÒ¹¾ÒË¹Ð¢Í§à«ÅÅì ¨Ð¾Ô¨ÒÃ³Òä´é¨Ò¡¢¹Ò´¢Í§¾×�¹·Õ�ÇèÒ§ã¹à«ÅÅì

¹Ñ�¹áÅÐ¨Ó¹Ç¹ÂÒ¹¾ÒË¹ÐÊÙ§ÊØ´·Õ�à«ÅÅìÊÒÁÒÃ¶ÃÑºä´éã¹ 1 ªèÍ§àÇÅÒ ËÃ×ÍÊÒÁÒÃ¶à¢ÕÂ¹à»�¹ÊÙµÃ¤Ó¹Ç³
ä´é´Ñ§¹Õ�

rE(t) = min {qE(t), δE (cE − nE(t))} (3.2)
rE(t) = ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑº¢Í§à«ÅÅì»ÅÒÂ·Ò§ E ÀÒÂã¹ªèÍ§àÇÅÒ t

cE = ¤ÇÒÁ¨ØÊÙ§ÊØ´¢Í§à«ÅÅì»ÅÒÂ·Ò§ E

δE = ¤èÒÊÑÁ»ÃÐÊÔ·¸Ô�¡ÒÃà¾Ô�Á¢Ö�¹¢Í§ÂÒ¹¾ÒË¹Ð¢Í§à«ÅÅì»ÅÒÂ·Ò§ E

nE(t) = ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð¢Í§à«ÅÅì»ÅÒÂ·Ò§ E ã¹ªèÇ§àÃÔ�Áµé¹¢Í§ªèÍ§àÇÅÒ t

qE(t) = ¨Ó¹Ç¹ÂÒ¹¾ÒË¹ÐÊÙ§ÊØ´·Õ�ÊÒÁÒÃ¶à¤Å×�Í¹·Õ�¨Ò¡à«ÅÅìµé¹·Ò§ä»ÂÑ§à«ÅÅì»ÅÒÂ·Ò§ E ä´é
ÀÒÂã¹ªèÍ§àÇÅÒ t

ËÅÑ§¨Ò¡·Õ�ä´é¤Ó¹Ç³¤èÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºáÅÐÊè§¢Í§à«ÅÅìµèÒ§ æ áÅéÇ ¡ç¨Ð¤Ó¹Ç³¨Ó¹Ç¹
ÂÒ¹¾ÒË¹Ð·Õ�äËÅÃÐËÇèÒ§à«ÅÅìâ´Â¾Ô¨ÒÃ³Ò¨Ò¡ÅÑ¡É³Ð¡ÒÃàª×�ÍÁµèÍÃÐËÇèÒ§à«ÅÅì¹Ñ�¹ æ «Ö�§ÇÔ¸Õ¡ÒÃ¤Ó¹Ç³
¨Ðáµ¡µèÒ§¡Ñ¹ÍÍ¡ä»´Ñ§¹Õ�

3.2.3 ¡ÒÃàª×�ÍÁµèÍáººµÒÁÅÓ´Ñº

( ), ( )
E E
y t q t

Cell Elink  ECell Bg

, ( )
Bg Bg
c n t , ( )

E E
c n t

ÃÙ»·Õ� 3.2 ¡ÒÃàª×�ÍÁµèÍ¢Í§à«ÅÅìáººµÒÁÅÓ´Ñº

¡ÒÃàª×�ÍÁµèÍáºº¹Õ�¤×Í¡ÒÃàª×�ÍÁµèÍÃÐËÇèÒ§à«ÅÅì 2 à«ÅÅì«Ö�§ÍÂÙèµÔ´¡Ñ¹áÅÐÁÕ¡ÒÃàª×�ÍÁµèÍÃÐËÇèÒ§à«ÅÅì
à¾ÕÂ§ 1 ¡ÒÃàª×�ÍÁµèÍ â´Â·Õ�à«ÅÅì«Ö�§à»�¹à«ÅÅì»ÅÒÂ·Ò§¹Ñ�¹ÁÕ¡ÒÃÃÑºÂÒ¹¾ÒË¹Ð¨Ò¡à«ÅÅìµé¹·Ò§à¾ÕÂ§ 1
à«ÅÅìáÅÐà«ÅÅìµé¹·Ò§¡çÁÕà«ÅÅì»ÅÒÂ·Ò§à¾ÕÂ§ 1 à«ÅÅìàªè¹¡Ñ¹ ´Ñ§¹Ñ�¹¡ÒÃàª×�ÍÁµèÍáºº¹Õ�¤×Í¡ÒÃàª×�ÍÁµèÍ
¢Í§à«ÅÅì«Ö�§á·¹·Ò§µÃ§¢Í§¶¹¹àÊé¹Ë¹Ö�§«Ö�§äÁèÁÕ¡ÒÃáºè§ªèÍ§·Ò§¨ÃÒ¨ÃÍÍ¡ä»µÒÁàÊé¹·Ò§¡ÒÃÇÔ�§¢Í§
ÂÒ¹¾ÒË¹Ð¹Ñ�¹àÍ§

¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ� ÊÒÁÒÃ¶ à¤Å×�Í¹·Õ� ä´é ÊÓËÃÑº ¡ÒÃ àª×�ÍÁµèÍ áººµÒÁÅÓ´Ñº ¨Ð ¤Ó¹Ç³¨Ò¡¤ÇÒÁ
ÊÒÁÒÃ¶ã¹¡ÒÃÊè§áÅÐ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑº¢Í§à«ÅÅì·Ñ�§ 2 à«ÅÅìáÅéÇ¨Ö§ËÒ¤èÒ¹éÍÂ·Õ�ÊØ´ÃÐËÇèÒ§¤èÒ 2 ¤èÒ
¹Õ�áÅéÇ¨Ö§¹Ó¤èÒ·Õ�¹éÍÂ·Õ�ÊØ´ÁÒà»�¹¤èÒ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�ÊÒÁÒÃ¶à¤Å×�Í¹·Õ�ä´é«Ö�§ÊÒÁÒÃ¶à¢ÕÂ¹à»�¹ÊÙµÃ¡ÒÃ
¤Ó¹Ç³´Ñ§¹Õ�
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yE(t) = min {sBg(t), rE(t)} (3.3)
â´Â·Õ� yE(t) = ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�à¤Å×�Í¹·Õ�¨Ò¡à«ÅÅìµé¹·Ò§ Bg à¢éÒÊÙèà«ÅÅì»ÅÒÂ·Ò§ E ÀÒÂã¹

ªèÍ§àÇÅÒ t

¨Ò¡ÊÁ¡ÒÃ (3.3) ¨ÐàËç¹ä´éÇèÒÍÑµÃÒ¡ÒÃäËÅä´éÁÒ¨Ò¡¡ÒÃËÒ¤èÒ¹éÍÂ·Õ�ÊØ´¢Í§¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ðã¹
à«ÅÅìµé¹·Ò§, ¨Ó¹Ç¹ÂÒ¹¾ÒË¹ÐÊÙ§ÊØ´·Õ�ÊÒÁÒÃ¶à¤Å×�Í¹·Õ�¨Ò¡à«ÅÅìµé¹·Ò§ä»ÂÑ§à«ÅÅì»ÅÒÂ·Ò§ áÅÐ
¨Ó¹Ç¹·Õ�ÇèÒ§ã¹à«ÅÅì»ÅÒÂ·Ò§«Ö�§µÃ§¡Ñº¤ÇÒÁÊÑÁ¾Ñ¹¸ì¾×�¹°Ò¹¢Í§¤ÇÒÁË¹Òá¹è¹áÅÐÍÑµÃÒ¡ÒÃäËÅã¹ÃÙ»
·Õ� 3.1

3.2.4 ¡ÒÃàª×�ÍÁµèÍáººÃÇÁ

1 1( ), ( )
E E
y t q t

Cell E

link  1E

, ( )
E E
c n t

2 2( ), ( )
E E
y t q t

link  2E
Cell 2Bg

2 2, ( )
Bg Bg
c n t

Cell 1Bg

1 1, ( )
Bg Bg
c n t

1 1( ), ( )
E E
y t q t

Cell E

link  1E

, ( )
E E
c n t

2 2( ), ( )
E E
y t q t

link  2E
Cell 2Bg

2 2, ( )
Bg Bg
c n t

Cell 1Bg

1 1, ( )
Bg Bg
c n t

ÃÙ»·Õ� 3.3 ¡ÒÃàª×�ÍÁµèÍ¢Í§à«ÅÅìáººÃÇÁ

¡ÒÃàª×�ÍÁµèÍáºº¹Õ�¤×Í¡ÒÃàª×�ÍÁµèÍÃÐËÇèÒ§à«ÅÅì 3 à«ÅÅìâ´ÂÁÕà«ÅÅìµé¹·Ò§ 2 à«ÅÅìáÅÐà«ÅÅì»ÅÒÂ·Ò§
1 à«ÅÅì (à¹×�Í§¨Ò¡ã¹ÊÀÒ¾¤ÇÒÁà»�¹¨ÃÔ§¹Ñ�¹¡ÒÃÃÇÁ¡Ñ¹¨Ðà¡Ô´¨Ò¡à«ÅÅìà¾ÕÂ§ 2 à«ÅÅìà·èÒ¹Ñ�¹ ´Ñ§¹Ñ�¹ã¹
¡Ã³Õ¢Í§¡ÒÃÃÇÁ¡Ñ¹¨ÐÁÕà«ÅÅìµé¹·Ò§à¾ÕÂ§á¤è 2 à«ÅÅìà·èÒ¹Ñ�¹) ¨Ò¡ÅÑ¡É³Ð¡ÒÃàª×�ÍÁµèÍ´Ñ§¡ÅèÒÇ¨ÐµéÍ§
¾Ô¨ÒÃ³Ò¶Ö§¾×�¹·Õ�ÇèÒ§¢Í§à«ÅÅì»ÅÒÂ·Ò§áÅÐ¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§¡ÒÃáÂè§·Õ�ÇèÒ§¡Ñ¹¢Í§ÂÒ¹¾ÒË¹Ð´éÇÂ
¡ÒÃ¤Ó¹Ç³ÍÑµÃÒ¡ÒÃäËÅ¨ÐµéÍ§·ÃÒºÍÑµÃÒÊèÇ¹¡ÒÃÃÇÁµÑÇ p1, p2 ÃÐËÇèÒ§à«ÅÅì·Ñ�§ 2 ¡èÍ¹¨Ò¡¹Ñ�¹¨Ö§
¾Ô¨ÒÃ³Ò¶Ö§¾×�¹·Õ�ÇèÒ§ã¹à«ÅÅì»ÅÒÂ·Ò§«Ö�§ÊÒÁÒÃ¶áºè§ä´éà»�¹ 2 ¡Ã³Õ

1. à«ÅÅì»ÅÒÂ·Ò§ÁÕ¾×�¹·Õ�ÇèÒ§¹éÍÂ¡ÇèÒ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�¨ÐÊè§à¢éÒÁÒ
ã¹¡Ã³Õ¹Õ�ÂÒ¹¾ÒË¹Ð·Ñ�§ËÁ´·Õ�¨ÐÊè§ÁÒ¨Ò¡à«ÅÅìµé¹·Ò§¹Ñ�¹¨ÐäÁèÊÒÁÒÃ¶à¢éÒä»ÂÑ§à«ÅÅì»ÅÒÂ·Ò§
ä´é·Ñ�§ËÁ´¨Ö§·ÓãËé¡ÒÃ¤Ó¹Ç³¹Ñ�¹ÁÕ¤ÇÒÁ«Ñº«éÍ¹ÁÒ¡¡ÇèÒ¡Ã³Õ·Õ�ÊÍ§
ã¹¡ÒÃ¾Ô¨ÒÃ³Ò¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�à¤Å×�Í¹·Õ�à¢éÒÊÙèà«ÅÅì»ÅÒÂ·Ò§¹Ñ�¹¨Ð¤Ó¹Ö§¶Ö§ÊÁ¡ÒÃ«Ö�§¤Çº¤ØÁ
¡ÒÃà¤Å×�Í¹·Õ�¢Í§ÂÒ¹¾ÒË¹Ð 2 ÊÁ¡ÒÃ´éÇÂ¡Ñ¹¤×Í

yE1(t) + yE2(t) = rE(t) (3.4)
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yE1(t)

yE2(t)
=

p1

p2

(3.5)

«Ö�§àÁ×�Í¹ÓÊÁ¡ÒÃ (3.4)-(3.5) ÁÒà¢ÕÂ¹Å§º¹¡ÃÒ¿»ÃÐ¡Íº¡ÑºàÊé¹¨Ó¡Ñ´¢Íºà¢µ¢Í§»ÃÔÁÒ³¡ÒÃ
à¤Å×�Í¹·Õ�¢Í§ÂÒ¹¾ÒË¹Ð (yE1 = sBg1, yE2 = sBg2) ¨Ðä´éµÒÁÃÙ»·Õ� 3.4

1 2( ) ( ) ( )
E E E
y t y t r t+ =

1( )
E
y t

2 ( )
E
y t

1 1( ) ( )
E Bg
y t s t=

2 2( ) ( )
E Bg
y t s t=

Q′

Q′′

Q

R

R′

R′′

P
1 1

2 2

( )

( )

E

E

y t p

y t p

 
= 

 

(1)

(2)
(3)

ÃÙ»·Õ� 3.4 ¤ÇÒÁÊÑÁ¾Ñ¹¸ì¢Í§¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�ÊÒÁÒÃ¶à¤Å×�Í¹·Õ�ÍÍ¡¨Ò¡à«ÅÅìµé¹·Ò§·Ñ�§ 2 à«ÅÅìä´é

¨Ò¡ÃÙ»·Õ� 3.4 ¨Ð¾Ô¨ÒÃ³ÒÊÁ¡ÒÃ yE1(t) + yE2(t) = rE(t) à»�¹ 2 ¡Ã³Õ

(a) àÁ×�Í rE(t) ÁÕ¢¹Ò´¹éÍÂ¨¹äÁèÁÕÂÒ¹¾ÒË¹Ð¨Ò¡à«ÅÅìµé¹·Ò§ã´ÊÒÁÒÃ¶¼èÒ¹ä»ä´é·Ñ�§ËÁ´
(b) àÁ×�Í rE(t) ÁÕ¢¹Ò´à¾ÕÂ§¾ÍãËéÂÒ¹¾ÒË¹Ð¨Ò¡à«ÅÅìµé¹·Ò§Ë¹Ö�§ÊÒÁÒÃ¶à¢éÒÁÒä´é·Ñ�§ËÁ´

à¾ÕÂ§à«ÅÅìµé¹·Ò§à´ÕÂÇ

ÊÓËÃÑº¡Ã³Õ (a) ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�äËÅà¢éÒÊÙèà«ÅÅì»ÅÒÂ·Ò§¨Ðà¾Ô�Á¢Ö�¹µÒÁ¤ÇÒÁÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§
à«ÅÅìµé¹·Ò§·Ñ�§ 2

(
yE1(t)
yE2(t)

= p1

p2

)
¨¹ÁÒµÑ´¡ÑºÊÁ¡ÒÃ«Ö�§ºÍ¡¶Ö§¾×�¹·Õ�ÇèÒ§ã¹à«ÅÅì»ÅÒÂ·Ò§

yE1(t) + yE2(t) = rE(t) ´Ñ§àÊé¹µÃ§ (1) ã¹ÃÙ»·Õ� 3.4 ¹Ñ�¹ËÁÒÂ¶Ö§ÇèÒ¨Ø´·Õ�¨Ðºè§ºÍ¡¢¹Ò´
¢Í§ÍÑµÃÒ¡ÒÃäËÅ¨Ò¡à«ÅÅìµé¹·Ò§·Ñ�§ÊÍ§¤×Í¨Ø´ Q ¹Ñ�¹àÍ§ ÊÓËÃÑº¡Ã³Õ (b) ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð
·Õ�äËÅà¢éÒÊÙèà«ÅÅì»ÅÒÂ·Ò§¨Ð¶Ù¡¡ÓË¹´â´ÂàÊé¹µÃ§ (2) ã¹ÃÙ»·Õ� 3.4 áÅÐÊÁ¡ÒÃ¤Çº¤ØÁÍÑµÃÒ¡ÒÃ
äËÅ (yE1(t) = sBg1(t)) ·ÓãËé¨Ø´·Õ�¨Ðºè§ºÍ¡¶Ö§»ÃÔÁÒ³ÂÒ¹¾ÒË¹Ð·Õ�äËÅ¨Ò¡à«ÅÅìµé¹·Ò§·Ñ�§
ÊÍ§¤×Í¨Ø´ R

¨Ò¡¡Ã³Õ·Ñ�§ 2 ¹Ñ�¹¨Ð¾ºÇèÒ¨Ø´·Õ�µéÍ§¡ÒÃ¹Ñ�¹à»�¹¨Ø´¡ÅÒ§ ÃÐËÇèÒ§¨Ø´ 3 ¨Ø´¤×Í {R′, R, R′′} áÅÐ
{Q′, Q,Q′′} ´Ñ§¹Ñ�¹ àÃÒÊÒÁÒÃ¶à¢ÕÂ¹ÊÃØ»à»�¹ÊÁ¡ÒÃä´éÇèÒ
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yE1(t) = mid{sBg1(t), rE(t)− sBg2(t), p1rE(t)} (3.6)

yE2(t) = mid{sBg2(t), rE(t)− sBg1(t), p2rE(t)} (3.7)
â´Â·Õ� rE(t) < sBg1(t) + sBg2(t)

2. à«ÅÅì»ÅÒÂ·Ò§ÁÕ¾×�¹·Õ�ÇèÒ§ÁÒ¡¡ÇèÒËÃ×Íà·èÒ¡Ñº¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�¨ÐÊè§à¢éÒÁÒ
ÊÓËÃÑº¡Ã³Õ¹Õ�¨Ð¾ºÇèÒàÁ×�ÍÇÒ´¡ÃÒ¿ (yE1(t)+yE2(t) = rE(t)) áÅéÇ¨Ðä´éàÊé¹µÃ§ (3) ã¹ÃÙ»·Õ�
3.4 ¹Ñ�¹¤×Íà«ÅÅìµé¹·Ò§·Ñ�§ÊÍ§ÊÒÁÒÃ¶Êè§ÂÒ¹¾ÒË¹ÐãËé¡Ñºà«ÅÅì»ÅÒÂ·Ò§ä´é·Ñ�§ËÁ´â´ÂÊÒÁÒÃ¶
ÊÃØ»à»�¹ÊÙµÃ¡ÒÃ¤Ó¹Ç³ä´é´Ñ§¹Õ�

yE1(t) = sBg1(t) (3.8)

yE2(t) = sBg2(t) (3.9)
â´Â·Õ� rE(t) ≥ sBg1(t) + sBg2(t)

àÁ×�Í¹ÓÊÁ¡ÒÃ·Õ� (3.4)-(3.9) ÁÒà¢ÕÂ¹ãËÁè¨Ðä´éÊÁ¡ÒÃ·Ñ�Çä»¢Í§¡ÒÃàª×�ÍÁµèÍáººÃÇÁ´Ñ§ÊÁ¡ÒÃ·Õ�
(3.10)-(3.11)

yE1(t) = min {sBg1(t), max {rE(t)− sBg2(t), p1rE(t)}} (3.10)

yE2(t) = min {sBg2(t), max {rE(t)− sBg1(t), p2rE(t)}} (3.11)

3.2.5 ¡ÒÃàª×�ÍÁµèÍáººáÂ¡
¡ÒÃàª×�ÍÁµèÍáºº¹Õ�à»�¹¡ÒÃàª×�ÍÁµèÍ¢Í§à«ÅÅì 3 à«ÅÅì »ÃÐ¡Íº´éÇÂà«ÅÅìµé¹·Ò§ 1 à«ÅÅìáÅÐ·Õ�

àËÅ×Íà»�¹à«ÅÅì»ÅÒÂ·Ò§ 2 à«ÅÅìµèÍ¡Ñºà«ÅÅìµé¹·Ò§ ã¹ÊÀÒ¾¡ÒÃ¨ÃÒ¨Ã¨ÃÔ§¹Ñ�¹ÃÙ»áºº¡ÒÃµèÍáºº¹Õ�
¡ç¤×Í·Ò§áÂ¡¹Ñ�¹àÍ§ ã¹¡ÒÃ¤Ó¹Ç³¹Ñ�¹¨ÐµéÍ§¾Ô¨ÒÃ³ÒÍÑµÃÒÊèÇ¹¢Í§¡ÒÃáºè§¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ðä»µÒÁ
àÊé¹·Ò§µèÒ§ æ à¾Ô�Á¢Ö�¹´éÇÂ à¹×�Í§¨Ò¡¾Ô¨ÒÃ³Ò¤Ø³ÊÁºÑµÔ first-in first-out àÁ×�Íà«ÅÅì»ÅÒÂ·Ò§à«ÅÅìã´äÁè
ÊÒÁÒÃ¶ÃÑºÂÒ¹¾ÒË¹Ðà¾Ô�Áä´é ÂÒ¹¾ÒË¹Ð·Õ�¨Ò¡à«ÅÅìµé¹·Ò§·Õ�µéÍ§¡ÒÃä»ÂÑ§à«ÅÅì»ÅÒÂ·Ò§¹Ñ�¹¨Ð¢ÇÒ§äÁè
ãËéÂÒ¹¾ÒË¹Ð¨Ò¡à«ÅÅìµé¹·Ò§à´ÕÂÇ¡Ñ¹·Õ�µéÍ§¡ÒÃ¨Ðä»ÂÑ§à«ÅÅì»ÅÒÂ·Ò§à«ÅÅìÍ×�¹ä»ä´é«Ö�§àÃÕÂ¡ÇèÒ head-
line blocking ¨Ö§·ÓãËéÍÑµÃÒ¡ÒÃäËÅã¹·Ñ�§ 2 ªèÍ§·Ò§¨ÃÒ¨ÃÊÔ�¹ÊØ´Å§àÁ×�Íà«ÅÅì»ÅÒÂ·Ò§à«ÅÅìã´à«ÅÅì
Ë¹Ö�§äÁèÊÒÁÒÃ¶ÃÑºÂÒ¹¾ÒË¹Ðà¾Ô�Áä´éÍÕ¡ à¾ÃÒÐ©Ð¹Ñ�¹ÊÁ¡ÒÃã¹¡ÒÃ¤Ó¹Ç³ÊÓËÃÑº¡ÒÃàª×�ÍÁµèÍáºº¹Õ�¤×Í

yE1(t) = min

{
βE1sBg(t), rE1(t),

βE1

βE2

rE2(t)

}
(3.12)
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1 1( ), ( )
E E
y t q t

Cell Bg

link  1E

, ( )
Bg Bg
c n t

2 2( ), ( )
E E
y t q t

link  2E
Cell 2E

2 2, ( )
E E
c n t

Cell 1E

1 1, ( )
E E
c n t

ÃÙ»·Õ� 3.5 ¡ÒÃàª×�ÍÁµèÍ¢Í§à«ÅÅìáººáÂ¡

yE2(t) =
βE2

βE1

yE1(t) (3.13)
βE1 = ÍÑµÃÒÊèÇ¹ã¹¡ÒÃáºè§ÂÒ¹¾ÒË¹Ð¨Ò¡à«ÅÅìµé¹·Ò§ Bg ä»ÂÑ§à«ÅÅì»ÅÒÂ·Ò§ E1

βE2 = ÍÑµÃÒÊèÇ¹ã¹¡ÒÃáºè§ÂÒ¹¾ÒË¹Ð¨Ò¡à«ÅÅìµé¹·Ò§ Bg ä»ÂÑ§à«ÅÅì»ÅÒÂ·Ò§ E2

3.3 ¡¯¡ÒÃÍ¹ØÃÑ¡Éì¡ÒÃäËÅ¢Í§ÂÒ¹¾ÒË¹Ð

¡¯¡ÒÃÍ¹ØÃÑ¡Éì¡ÒÃäËÅ (flow conservation law) à»�¹ÊÁ¡ÒÃ·Õ�ãªé¤Ó¹Ç³¤ÇÒÁË¹Òá¹è¹¢Í§áµèÅÐ
à«ÅÅì àÁ×�Íä´é·Ó¡ÒÃ¤Ó¹Ç³¤èÒÍÑµÃÒ¡ÒÃäËÅáÅÐ·ÃÒº¤èÒ¤ÇÒÁË¹Òá¹è¹àÁ×�ÍàÇÅÒ¡èÍ¹Ë¹éÒ

ãËé i á·¹´Ñª¹Õ¢Í§à«ÅÅì áÅÐ k á·¹´Ñª¹Õ¢Í§¢èÒÂàª×�ÍÁâÂ§¢Òà¢éÒ (input link) áÅÐ¢èÒÂàª×�ÍÁâÂ§
¢ÒÍÍ¡ (output link) ¢Í§à«ÅÅì i

ni(t + 1) = ni(t) +
∑

k∈{input link of i}
yk(t)−

∑

k∈{output link of i}
yk(t) (3.14)

3.4 ¡ÒÃ¨ÓÅÍ§ÊÑ­­Ò³ä¿¨ÃÒ¨Ã

·Õ�ÊÑ­­Ò³ä¿¨ÃÒ¨ÃÊÒÁÒÃ¶¨ÓÅÍ§ä´éâ´Â»ÃÑº¤èÒ qk(t) ¢Í§¢èÒÂàª×�ÍÁâÂ§ k «Ö�§ÁÕÊÑ­­Ò³ä¿¡Ó¡ÑºÍÂÙè
´Ñ§¹Õ�

qk(t) =

{
qmax , Light Signal = green

0, Light Signal = red
(3.15)

3.5 ¡ÒÃ¤Ó¹Ç³¤èÒµÑÇá»Ã¢Í§áºº¨ÓÅÍ§

ã¹¡ÒÃ¤Ó¹Ç³¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ� à¤Å×�Í¹·Õ�ÃÐËÇèÒ§à«ÅÅì¹Ñ�¹¨ÐÁÕ¤èÒµÑÇá»ÃºÒ§¤èÒ«Ö�§à»�¹¤èÒà©¾ÒÐ
¢Í§à«ÅÅìáÅÐäÁèÊÒÁÒÃ¶ËÒä´é¨Ò¡¡ÒÃ¤Ó¹Ç³â´ÂµÃ§ áµèä´é¨Ò¡¡ÒÃÇÔà¤ÃÒÐËì¢éÍÁÙÅ´Ôº¢Í§ÊÀÒ¾¡ÒÃ
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¨ÃÒ¨Ã¢Í§ºÃÔàÇ³¹Ñ�¹ â´ÂµÑÇá»Ã·Õ�¨ÐµéÍ§¾Ô¨ÒÃ³ÒÁÕ´Ñ§¹Õ�

� ¤ÇÒÁ¨Ø¢Í§à«ÅÅì·Õ� i (ci(t)) ËÒä´é¨Ò¡¤ÇÒÁÂÒÇà«ÅÅì, ¤ÇÒÁÂÒÇÂÒ¹¾ÒË¹Ð·Õ�ãªéà»�¹»ÃÐàÀ·
ÍéÒ§ÍÔ§, áÅÐ¨Ó¹Ç¹ªèÍ§·Ò§¨ÃÒ¨Ã â´Âà·èÒ¡Ñº¤ÇÒÁÂÒÇ¢Í§à«ÅÅì¤Ù³´éÇÂ¨Ó¹Ç¹ªèÍ§·Ò§¨ÃÒ¨ÃËÒÃ
´éÇÂ¤ÇÒÁÂÒÇ¢Í§ÂÒ¹¾ÒË¹Ð

� ¨Ó¹Ç¹ÂÒ¹¾ÒË¹ÐÊÙ§ÊØ´·Õ�à¤Å×�Í¹·Õ�¼èÒ¹¢èÒÂàª×�ÍÁâÂ§ k ä´éã¹ªèÍ§àÇÅÒ t (qk(t)) ÊÒÁÒÃ¶ËÒä´é
¨Ò¡¡ÒÃà¡çº¢éÍÁÙÅÍÑµÃÒ¡ÒÃäËÅ·Õ�¼èÒ¹à¢éÒÊÙè·Ò§¢èÒÂàª×�ÍÁâÂ§áÅéÇ·Ó¡ÒÃËÒ¤èÒÊÙ§ÊØ´ ËÃ×Í¨ÐËÒ¨Ò¡
¤ÇÒÁÊÑÁ¾Ñ¹¸ì¾×�¹°Ò¹¢Í§¤ÇÒÁË¹Òá¹è¹áÅÐÍÑµÃÒ¡ÒÃäËÅ â´Â¨Ðà·èÒ¡Ñº¤èÒÍÑµÃÒ¡ÒÃäËÅã¹¡ÃÒ¿
ªèÇ§·Õ�ÍÑµÃÒ¡ÒÃäËÅÁÕ¤èÒ¤§·Õ�¡èÍ¹·Õ�¨ÐàÃÔ�ÁÅ´Å§¨¹à»�¹ 0

� ¤èÒÊÑÁ»ÃÐÊÔ·¸Ô�¡ÒÃà¾Ô�Á¢Ö�¹¢Í§ÂÒ¹¾ÒË¹Ð¢Í§à«ÅÅì i (δi) ÊÒÁÒÃ¶ËÒä´é¨Ò¡¤ÇÒÁÊÑÁ¾Ñ¹¸ì
¾×�¹°Ò¹¢Í§¤ÇÒÁË¹Òá¹è¹áÅÐÍÑµÃÒ¡ÒÃäËÅ â´Â¾Ô¨ÒÃ³Ò¨Ò¡ÍÑµÃÒÊèÇ¹¤ÇÒÁªÑ¹¢Í§àÊé¹¡Ó¡Ñº
¢Í§á¼¹ÀÒ¾·Õ�¡ÃÐ¨Ñ´¡ÃÐ¨ÒÂ¢Í§¤ÇÒÁË¹Òá¹è¹áÅÐÍÑµÃÒ¡ÒÃäËÅã¹ªèÇ§¢Ò¢Ö�¹ (free-flow traf-
fic) à·ÕÂº¡ÑºªèÇ§¢ÒÅ§ (congested traffic) µÒÁÅÓ´Ñº ã¹¡Ã³Õ·Õ�äÁèÁÕ¤ÇÒÁÊÑÁ¾Ñ¹¸ì¾×�¹°Ò¹
¢Í§¤ÇÒÁË¹Òá¹è¹áÅÐÍÑµÃÒ¡ÒÃäËÅ·Õ�ÊÁºÙÃ³ì ÍÒ¨ãªéÇÔ¸Õ¡ÒÃËÒ¤èÒàËÁÒÐ·Õ�ÊØ´ãËé¤èÒ¤ÅÒ´à¤Å×�Í¹
¡ÓÅÑ§ÊÍ§à©ÅÕ�Â¢Í§¤ÇÒÁË¹Òá¹è¹¢Í§·Ø¡à«ÅÅìÁÕ¤èÒ¹éÍÂ·Õ�ÊØ´à¾×�ÍËÒ¤èÒÊÑÁ»ÃÐÊÔ·¸Ô�¡ÒÃà¾Ô�Á¢Ö�¹¢Í§
ÂÒ¹¾ÒË¹Ð¢Í§·Ø¡à«ÅÅìá·¹ä´é

3.6 áºº¨ÓÅÍ§¡ÒÃÊÅÑºÀÒÇÐ

áºº¨ÓÅÍ§¡ÒÃÊÅÑºÀÒÇÐ (switching mode model) à»�¹áºº¨ÓÅÍ§Ë¹Ö�§«Ö�§¾Ñ²¹ÒÁÒ¨Ò¡ CTM
â´Âáºè§ÀÒÇÐ (mode) ¡ÒÃ·Ó§Ò¹¢Í§ÃÐººÊÁ¡ÒÃÍ¹Ø¾Ñ¹¸ìàªÔ§àÊé¹áµ¡µèÒ§¡Ñ¹µÒÁ¿�§ªÑ�¹¢Í§ÍÑµÃÒ¡ÒÃ
äËÅáÅÐ¤ÇÒÁË¹Òá¹è¹·Õ�áµ¡µèÒ§¡Ñ¹ «Ö�§»¡µÔáÅéÇ CTM ¨ÐäÁèà»�¹àªÔ§àÊé¹à¹×�Í§¨Ò¡»ÃÐ¡Íº´éÇÂ¿�§¡ìªÑ¹
àªÔ§àÊé¹¢Í§ÍÑµÃÒ¡ÒÃäËÅáÅÐ¤ÇÒÁË¹Òá¹è¹ËÅÒÂ¿�§¡ìªÑ¹·Õ�áµ¡µèÒ§¡Ñ¹»ÃÐ¡Íº¡Ñ¹à»�¹áºº¨ÓÅÍ§ CT-
M â´Â¢Ö�¹¡Ñºà§×�Í¹ä¢ÊÀÒ¾¨ÃÒ¨ÃÇèÒ¨Ðãªé¿�§¡ìªÑ¹ã´ã¹¡ÒÃ·Ó§Ò¹¢Í§áºº¨ÓÅÍ§ áµè¶éÒ·ÃÒºÀÒÇÐ¡ÒÃ
·Ó§Ò¹¨Ð·ÓãËéàÅ×Í¡¿�§¡ìªÑ¹àªÔ§àÊé¹à¾ÕÂ§¿�§¡ìªÑ¹à´ÕÂÇ¢Í§ÀÒÇÐ¹Ñ�¹ÁÒãªéä´é·Ñ¹·Õ·ÓãËéáºº¨ÓÅÍ§à»�¹àªÔ§
àÊé¹â´ÂµÑÇÁÑ¹àÍ§ «Ö�§ÃÐººàªÔ§àÊé¹¹Ñ�¹ÊÒÁÒÃ¶à¢ÕÂ¹ãËéÍÂÙèã¹ÃÙ»¢Í§ÊÁ¡ÒÃÊ¶Ò¹Ð (state equation)
áÅÐÊÒÁÒÃ¶ËÒ¤Ø³ÊÁºÑµÔ¡ÒÃ¤Çº¤ØÁä´é (controllability) áÅÐ¤Ø³ÊÁºÑµÔ¡ÒÃÊÑ§à¡µä´é (observability)
¢Í§áºº¨ÓÅÍ§ä´éáÅÐáºº¨ÓÅÍ§¹Õ�ä´é·´ÊÍºà·ÕÂº¡Ñº¢éÍÁÙÅ¨ÃÔ§áÅéÇ»ÃÒ¡¯ÇèÒÁÕ¤ÇÒÁ¼Ô´¾ÅÒ´¨Ò¡¢éÍÁÙÅ
¨ÃÔ§ÍÂÙè»ÃÐÁÒ³ 13% [5]

ã¹ SMM ¨ÐºÍ¡¤ÇÒÁË¹Òá¹è¹ã¹áµèÅÐà«ÅÅì i µÒÁ¤ÇÒÁÂÒÇ ρi(t) (density per length) á·¹
¤ÇÒÁË¹Òá¹è¹ (density) «Ö�§¨ÐÁÕÊÁ¡ÒÃÍ¹ØÃÑ¡Éì¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð´Ñ§¹Õ�

ρi(t + 1) = ρi(t) +
ts
li


 ∑

k∈{input link of i}
yk(t)−

∑

k∈{output link of i}
yk(t)


 (3.16)

àÁ×�Í ts = ÃÐÂÐàÇÅÒ¢Í§ªèÍ§àÇÅÒ (time slot), li = ¤ÇÒÁÂÒÇ¢Í§à«ÅÅì i



19

J
ρ

( )y ρ

Max
q

C
ρ

v
w

ρ0

ÃÙ»·Õ� 3.6 ¤ÇÒÁÊÑÁ¾Ñ¹¸ìÍÂèÒ§§èÒÂ·Õ�ãªéã¹ SMM

ã¹ÊèÇ¹·Õ�áµ¡µèÒ§¨Ò¡ CTM à´ÔÁÍÕ¡ÍÂèÒ§¹Ñ�¹¤×Í¤ÇÒÁÊÑÁ¾Ñ¹¸ì¾×�¹°Ò¹ÃÐËÇèÒ§¤ÇÒÁË¹Òá¹è¹¡ÑºÍÑµÃÒ
¡ÒÃäËÅ¨Ð»ÃÐÁÒ³´éÇÂ¿�§¡ìªÑ¹àÊé¹µÃ§ 2 ¿�§¡ìªÑ¹á·¹·Õ�¨Ðà»�¹ 3 ¿�§¡ìªÑ¹´Ñ§ÃÙ»·Õ� 3.6

v = ¤ÇÒÁàÃçÇà©ÅÕ�Â¢Í§ÂÒ¹¾ÒË¹Ð·Õ�¢Ñº¢Õ�ã¹ªèÇ§äÁèµÔ´¢Ñ´
w = ¤ÇÒÁàÃçÇà©ÅÕ�Â·Õ�Ë¹éÒ¤Å×�¹µÔ´¢Ñ´á¾Ãè¨Ò¡à«ÅÅì»ÅÒÂ·Ò§ÁÒÂÑ§à«ÅÅìµé¹·Ò§º¹·Ò§´èÇ¹ÀÒÂãµé

ÊÀÒ¾·Õ�¡ÒÃ¨ÃÒ¨Ãà¡Ô´¡ÒÃµÔ´¢Ñ´ÍÂèÒ§ÊÁºÙÃ³ì
ρC = ¤ÇÒÁË¹Òá¹è¹ÇÔ¡Äµ
qMax = ÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´«Ö�§µÃ§¡Ñº¤ÇÒÁË¹Òá¹è¹ÇÔ¡Äµ
ρJ = ¤ÇÒÁË¹Òá¹è¹àÁ×�Íà¡Ô´¡ÒÃ¨ÃÒ¨ÃµÔ´¢Ñ´ (jam density)
à¾×�Í¤ÇÒÁ§èÒÂã¹¡ÒÃÊÃéÒ§áºº¨ÓÅÍ§¨Ö§¡ÓË¹´ÊÁÁØµÔ°Ò¹´Ñ§¹Õ�

1. ¤ÇÒÁË¹Òá¹è¹áÅÐÍÑµÃÒ¡ÒÃäËÅ·Õ�µé¹·Ò§áÅÐ»ÅÒÂ·Ò§ÃÇÁ·Ñ�§ÍÑµÃÒ¡ÒÃäËÅ·Õ�·Ò§¢Ö�¹·Ò§´èÇ¹áÅÐ
·Ò§Å§·Ò§´èÇ¹ÊÒÁÒÃ¶ÇÑ´ä´é

2. ÁÕ¨Ø´à»ÅÕ�Â¹Ê¶Ò¹ÐËÃ×ÍÊÀÒ¾¢Í§¡ÒÃ¨ÃÒ¨Ã (free flow ËÃ×Í congest) à¾ÕÂ§¨Ø´à´ÕÂÇã¹¶¹¹·Õ�
¾Ô¨ÒÃ³Ò

ã¹ SMM ÊÒÁÒÃ¶áºè§ÀÒÇÐ¡ÒÃ·Ó§Ò¹ä´éà»�¹ 5 ÀÒÇÐ ´Ñ§¹Õ�

1. àºÒºÒ§-àºÒºÒ§ à¢ÕÂ¹á·¹´éÇÂ FF
2. µÔ´¢Ñ´-µÔ´¢Ñ´ à¢ÕÂ¹á·¹´éÇÂ CC
3. µÔ´¢Ñ´-àºÒºÒ§ à¢ÕÂ¹á·¹´éÇÂ CF
4. àºÒºÒ§-µÔ´¢Ñ´ 1 à¢ÕÂ¹á·¹´éÇÂ FC1
5. àºÒºÒ§-µÔ´¢Ñ´ 2 à¢ÕÂ¹á·¹´éÇÂ FC2
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u
y

1y

2y 3y 4y

5y

3r

d
y

ÃÙ»·Õ� 3.7 ÊèÇ¹Ë¹Ö�§¢Í§¶¹¹·Ò§´èÇ¹·Õ�¶Ù¡áºè§ÍÍ¡à»�¹ 4 à«ÅÅì

ÊÓËÃÑº FC1 áÅÐ FC2 ¹Ñ�¹µèÒ§¡Ñ¹µÃ§·Õ�Ë¹éÒ¤Å×�¹µÔ´¢Ñ´¡ÓÅÑ§à¤Å×�Í¹·Õ�ä»¢éÒ§ËÅÑ§ËÃ×Í¢éÒ§Ë¹éÒµÒÁ
ÅÓ´Ñº

ÃÙ»·Õ� 3.7 [5] áÊ´§¡ÒÃáºè§¶¹¹·Ò§´èÇ¹·Õ�¾Ô¨ÒÃ³ÒÍÍ¡à»�¹ 4 à«ÅÅì â´Âà«ÅÅì·Õ� 2 ¨ÐÁÕÂÒ¹¾ÒË¹Ð
¢Ö�¹¨Ò¡¶¹¹ÁÒº¹·Ò§´èÇ¹´éÇÂÍÑµÃÒ¡ÒÃäËÅ r2(t) áÅÐà«ÅÅì·Õ� 3 ÁÕÂÒ¹¾ÒË¹ÐÅ§¨Ò¡·Ò§´èÇ¹´éÇÂÍÑµÃÒ
¡ÒÃäËÅà·èÒ¡Ñº f3(t) àÁ×�Í¹ÓÊÁ¡ÒÃ¤ÇÒÁµèÍà¹×�Í§ÁÒà¢ÕÂ¹ãËéÍÂÙèã¹ÃÙ»ÊÁ¡ÒÃÊ¶Ò¹Ð¨Ðä´é´Ñ§¹Õ�

~ρ(t + 1) = As~ρ(t) + Bs~u(t) + BJ,s~ρJ + BQ,s
~QMax (3.17)

s = ÀÒÇÐ¢Í§ÃÐºº (1: FF, 2: CC, 3: CF, 4: FC1, 5: FC2)
~ρ(t) = [ρ1(t)...ρ4(t)]

T = µÑÇá»ÃÊ¶Ò¹Ð (state variable)
~u(t) = [yu(t) r2(t) r3(t) ρd(t)]

T = àÇ¡àµÍÃìµÑÇá»Ã¹Óà¢éÒ (input vector)
~ρJ = [ρJ1 ρJ2 ρJ3 ρJ4 ρJ5]

T = àÇ¡àµÍÃì¤ÇÒÁË¹Òá¹è¹µÔ´¢Ñ´ (vector of jam densities)
~QMax = [qMax1 qMax2 qMax3 qMax4]

T = àÇ¡àµÍÃìÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´ (vector of maxi-
mum flow rates)

ÊèÇ¹ As, Bs, BJ,s, áÅÐ BQ,s à»�¹àÁ·ÃÔ¡«ìÊ¶Ò¹Ð«Ö�§¨ÐÁÕ¤èÒ¢Ö�¹¡ÑºÀÒÇÐ¡ÒÃ·Ó§Ò¹
ã¹ÀÒÇÐ FF (s = 1) ·Ø¡à«ÅÅì¨ÐÍÂÙèã¹Ê¶Ò¹Ð flee flow ËÁ´áÅÐÊÒÁÒÃ¶ÃÑºÂÒ¹¾ÒË¹Ð

¨Ò¡à«ÅÅì¡èÍ¹Ë¹éÒ¹Ñ�¹ä´é·Ñ�§ËÁ´ ÍÑµÃÒ¡ÒÃäËÅ¨Ð¢Ö�¹¡Ñº¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ðã¹à«ÅÅìµé¹·Ò§à»�¹ËÅÑ¡
àÁ·ÃÔ¡«ìÊ¶Ò¹Ð¨ÐÁÕ¤èÒ´Ñ§¹Õ�

A1 =




1− v1ts
l1

0 0 0
v1ts
l2

1− v2ts
l2

0 0

0 v2ts
l3

1− v3ts
l3

0

0 0 v3ts
l4

1− v4ts
l4




B1 =




ts 0 0 0

0 ts
l2

0 0

0 0 0 − ts
l4

0 0 0 0




BJ,1 = 04×5, BQ,1 = 04×4

(3.18)

ÊÓËÃÑº¤èÒ¾ÒÃÒÁÔàµÍÃìã¹ÀÒÇÐ·Õ�àËÅ×Í¹Ñ�¹ÊÒÁÒÃ¶´Ùä´éã¹ [5]
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ã¹áµèÅÐªèÍ§àÇÅÒ SMM ¨Ð¾Ô¨ÒÃ³ÒÀÒÇÐ¢Í§ÃÐºº¨Ò¡¢éÍÁÙÅ¤èÒ¢Íºà¢µ·Õ�ä´é¨Ò¡¡ÒÃÇÑ´áÅÐÊ¶Ò¹Ð
¢Í§à«ÅÅìã¹áµèÅÐà«ÅÅì¶éÒ ρu áÅÐ ρd ÍÂÙèã¹Ê¶Ò¹ÐàºÒºÒ§ ¨ÐàÅ×Í¡ãªéÀÒÇÐ FF ¶éÒ·Ñ�§ ρu áÅÐ ρd ÍÂÙèã¹
Ê¶Ò¹ÐµÔ´¢Ñ´ ¨ÐãªéÀÒÇÐ CC ¶éÒ ρu áÅÐ ρd ÁÕÊ¶Ò¹ÐµèÒ§¡Ñ¹ SMM ¨ÐÁÍ§ä»·Õ� ρi à¾×�ÍËÒÇèÒÁÕÊ¶Ò¹Ð
à»ÅÕ�Â¹á»Å§ÍÂèÒ§äÃºéÒ§à¾×�Íãªéã¹¡ÒÃµÑ´ÊÔ¹ã¨ÇèÒ¨Ðà»�¹ÀÒÇÐã´ ¤Ø³ÊÁºÑµÔ¡ÒÃÊÑ§à¡µä´éáÅÐ¤Ø³ÊÁºÑµÔ¡ÒÃ
¤Çº¤ØÁä´éÊÒÁÒÃ¶ÊÃØ»ä´é´Ñ§µÒÃÒ§¢éÒ§ÅèÒ§

µÒÃÒ§·Õ� 3.1 ¤Ø³ÊÁºÑµÔ¡ÒÃÊÑ§à¡µä´éã¹áµèÅÐÀÒÇÐ
à«ÅÅìµé¹·Ò§ à«ÅÅì»ÅÒÂ·Ò§ ÊÒÁÒÃ¶ÊÑ§à¡µä´é¨Ò¡

àºÒºÒ§ àºÒºÒ§ ¡ÒÃÇÑ´¤èÒ·Õ�à«ÅÅì»ÅÒÂ·Ò§
µÔ´¢Ñ´ µÔ´¢Ñ´ ¡ÒÃÇÑ´¤èÒ·Õ�à«ÅÅìµé¹·Ò§
µÔ´¢Ñ´ àºÒºÒ§ ¡ÒÃÇÑ´¤èÒ·Õ�à«ÅÅìµé¹·Ò§áÅÐ»ÅÒÂ·Ò§
àºÒºÒ§ µÔ´¢Ñ´ 1 äÁèÊÒÁÒÃ¶ÊÑ§à¡µä´é
àºÒºÒ§ µÔ´¢Ñ´ 2 äÁèÊÒÁÒÃ¶ÊÑ§à¡µä´é

µÒÃÒ§·Õ� 3.2 ¤Ø³ÊÁºÑµÔ¡ÒÃ¤Çº¤ØÁä´éã¹áµèÅÐÀÒÇÐ
à«ÅÅìµé¹·Ò§ à«ÅÅì»ÅÒÂ·Ò§ ÊÒÁÒÃ¶¤Çº¤ØÁä´é¨Ò¡

àºÒºÒ§ àºÒºÒ§ ·Ò§ÅÒ´ºÃÔàÇ³à«ÅÅìµé¹·Ò§
µÔ´¢Ñ´ µÔ´¢Ñ´ ·Ò§ÅÒ´ºÃÔàÇ³à«ÅÅì»ÅÒÂ·Ò§
µÔ´¢Ñ´ àºÒºÒ§ äÁèÊÒÁÒÃ¶¤Çº¤ØÁä´é
àºÒºÒ§ µÔ´¢Ñ´ 1 ·Ò§ÅÒ´ºÃÔàÇ³à«ÅÅìµé¹·Ò§áÅÐà«ÅÅì»ÅÒÂ·Ò§
àºÒºÒ§ µÔ´¢Ñ´ 2 ·Ò§ÅÒ´ºÃÔàÇ³à«ÅÅìµé¹·Ò§áÅÐà«ÅÅì»ÅÒÂ·Ò§

¼Å¡ÒÃ·´ÊÍº¨Ò¡ÊèÇ¹¢Í§¶¹¹·Ò§´èÇ¹ I-210 West «Ö�§¶¹¹ÊèÇ¹·Õ�·´ÊÍºÁÕ¤ÇÒÁ»ÃÐÁÒ³ 2
äÁÅì ÁÕ 4 ªèÍ§·Ò§¡ÒÃ¨ÃÒ¨Ã, 3 loop detector º¹àÊé¹·Ò§ËÅÑ¡ áÅÐ detector à¾Ô�ÁàµÔÁµÃ§·Ò§¢Ö�¹-Å§
·Ò§´èÇ¹´Ñ§ÃÙ»·Õ� 3.8 [5]

ÃÙ»·Õ� 3.8 ÊèÇ¹Ë¹Ö�§¢Í§¶¹¹·Ò§´èÇ¹ I-210W ·Õ�¶Ù¡áºè§ÍÍ¡à»�¹à«ÅÅìµèÒ§ æ

ä´é¼Å¡ÒÃ·Ó¹ÒÂ´Ñ§¹Õ�
¨Ò¡ SMM ¨ÐàËç¹ä´éÇèÒ¡ÒÃ»ÃÐÁÒ³ÀÒÇÐ¢Í§ CTM ÍÍ¡à»�¹ 2 ÀÒÇÐ (àºÒºÒ§, µÔ´¢Ñ´) á·¹·Õ�¨Ð

à»�¹ 3 ÀÒÇÐ (àºÒºÒ§, ÍÔ�ÁµÑÇ, µÔ´¢Ñ´) ÂÑ§·ÓãËé¼Å¡ÒÃ¨ÓÅÍ§ÁÕ¤ÇÒÁáÁè¹ÂÓã¹ÃÐ´Ñº·Õ�ÂÍÁÃÑºä´é áµèÅ´
¤ÇÒÁ«Ñº«éÍ¹¢Í§áºº¨ÓÅÍ§Å§ä»ä´éÁÒ¡ ¨Ò¡¹Ñ�¹¨Ö§ä´éà¢ÕÂ¹ÊÁ¡ÒÃãËéÍÂÙèã¹ÃÙ»¢Í§ÊÁ¡ÒÃÊ¶Ò¹Ð«Ö�§ÍÂÙèã¹
ÃÙ»µÑÇá»ÃàÇ¡àµÍÃìáÅÐàÁ·ÃÔ¡«ì«Ö�§ÊÒÁÒÃ¶¹Óä»»ÃÐÂØ¡µìãªé»ÃÐâÂª¹ìä´éã¹ËÅÒÂá¹Ç·Ò§ ¨Ö§à»�¹á¹Ç¤Ô´
¡ÒÃ¾Ñ²¹ÒÊÁ¡ÒÃãËéÍÂÙèã¹ÃÙ»µÑÇá»ÃàÇ¡àµÍÃìáÅÐàÁ·ÃÔ¡«ìã¹ÇÔ·ÂÒ¹Ô¾¹¸ì¹Õ�
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ÃÙ»·Õ� 3.9 ¼Åà»ÃÕÂºà·ÕÂºÃÐËÇèÒ§¡ÒÃ»ÃÐÁÒ³¤èÒáÅÐ¡ÒÃÇÑ´¨ÃÔ§¨Ò¡ÊèÇ¹Ë¹Ö�§¢Í§·Ò§´èÇ¹ I-210W ã¹
ÇÑ¹·Õ� 25 April 2001

µÒÃÒ§·Õ� 3.3 ¤èÒà©ÅÕ�Â¤ÇÒÁ¼Ô´¾ÅÒ´¢Í§¡ÒÃ»ÃÐÁÒ³ ρ5 ã¹áµèÅÐÇÑ¹à»�¹à»ÍÃìà«ç¹µì
date CTM SMM

Mar. 15, 2001 0.117 0.129
Mar. 27, 2001 0.108 0.129
Apr. 02, 2001 0.109 0.125
Apr. 10, 2001 0.165 0.111
Apr. 25, 2001 0.126 0.142

mean 0.125 0.127
std. dev. 0.023 0.011



º··Õ� 4
áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅì·Õ�ÁÕ¡ÒÃà¤Å×�Í¹·Õ�áººÇÔÇÔ¸¾Ñ¹¸Øì

4.1 á¹Ç·Ò§·Õ�àÊ¹Íã¹ÇÔ·ÂÒ¹Ô¾¹¸ì

¨Ò¡·Õ�ä´é¡ÅèÒÇä»ã¹¢éÒ§µé¹áÅéÇÇèÒµéÍ§¡ÒÃ·Õ�¨Ð¾Ñ²¹ÒãËé CTM ÊÒÁÒÃ¶¤Ó¹Ç³ä´éÅÐàÍÕÂ´¢Ö�¹â´Â
¾Ô¨ÒÃ³Ò¶Ö§¼Å¡ÃÐ·º¢Í§»ÃÐàÀ· (class) ¢Í§ÂÒ¹¾ÒË¹Ð·Õ�áµ¡µèÒ§¡Ñ¹à¾×�ÍÅ´¤ÇÒÁ¼Ô´¾ÅÒ´¨Ò¡¡ÒÃ
¨ÓÅÍ§´éÇÂáºº¨ÓÅÍ§·Ò§¤³ÔµÈÒÊµÃì ãËé¹éÍÂÅ§áÅÐÊÒÁÒÃ¶¨ÓÅÍ§»ÃÒ¡¯¡ÒÃ³ì·Õ�áºº¨ÓÅÍ§·Õ� äÁè¤Ô´
áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹ÐäÁèÊÒÁÒÃ¶¨ÓÅÍ§ä´é â´Â¨ÐàÃÔ�Á¨Ò¡ÊÁÁØµÔ°Ò¹´Ñ§¹Õ�

¾Ô¨ÒÃ³Òà¤Ã×Í¢èÒÂ¶¹¹«Ö�§¶Ù¡áºè§ÍÍ¡à»�¹à«ÅÅìÂèÍÂ â´ÂÁÕÅÓ´Ñºà«ÅÅì·Õ� 1 à»�¹µé¹·Ò§ áÅÐà«ÅÅì
·Õ� 2,3,� à»�¹à«ÅÅì·Õ�ÍÂÙè»ÅÒÂ·Ò§ã¹ÅÓ´Ñº¶Ñ´¡Ñ¹ä» áÅÐ¾Ô¨ÒÃ³Òáºº¨ÓÅÍ§ã¹àÇÅÒàµçÁË¹èÇÂ¤×Íá¡¹
àÇÅÒ (t) ¶Ù¡áºè§à»�¹ªèÍ§àÇÅÒ (time slot) ã¹·Õ�¹Õ�¨Ð¾Ô¨ÒÃ³Òª¹Ô´¢Í§·ÃÒ¿¿�¡µÒÁ¤ÇÒÁàÃçÇàÁ×�ÍäÁèà¡Ô´
¡ÒÃµÔ´¢Ñ´à»�¹ËÅÑ¡ â´ÂÊÁÁØµÔÇèÒ

1. »¯ÔÊÑÁ¾Ñ¹¸ìÃÐËÇèÒ§ÂÒ¹¾ÒË¹Ðã¹»ÃÐàÀ··Õ�µèÒ§¡Ñ¹¨ÐÁÕ¤ÇÒÁ¤ÅéÒÂ¤ÅÖ§¡Ñ¹´Ñ§àªè¹¢Í§äËÅµèÒ§ª¹Ô´
¡Ñ¹·Õ�ÍÂÙè »Ð»¹¡Ñ¹áµè äÁè·Ó»¯Ô¡ÔÃÔÂÒ à¤ÁÕµèÍ¡Ñ¹ ¹Ñ�¹¤×ÍÊÒÁÒÃ¶ãªéÊÁ¡ÒÃ·Ñ�Çä»à¾ÕÂ§ªØ´ à´ÕÂÇ¡ç
ÊÒÁÒÃ¶Í¸ÔºÒÂ¡ÒÃäËÅÃèÇÁ¡Ñ¹¢Í§ÂÒ¹¾ÒË¹Ð·Ø¡»ÃÐàÀ·ä´é

2. ¨Ò¡ËÅÑ¡¡ÒÃ¤ÇÒÁ·Ñ´à·ÕÂÁ¡Ñ¹ (principle of equivalence) áÅÐ·ÄÉ®ÕÊÑÁ¾Ñ¹¸ÀÒ¾¾ÔàÈÉ
(special relativity theory) ÃÐºØÇèÒ¡®à¡³±ì·Ò§ÇÔ·ÂÒÈÒÊµÃìÊÓËÃÑº¼ÙéÊÑ§à¡µ¡ÒÃ³ì·Õ�à¤Å×�Í¹·Õ�
ÍÂèÒ§ÍÔÊÃÐ·Ø¡¤¹¨Ð´Óà¹Ô¹ä»àËÁ×Í¹¡Ñ¹äÁèÇèÒ¼ÙéÊÑ§à¡µ¡ÒÃ³ìáµèÅÐÃÒÂ¨Ðà¤Å×�Í¹·Õ�ä»´éÇÂ¤ÇÒÁàÃçÇ
à·èÒã´ ¹Ñ�¹ËÁÒÂ¤ÇÒÁÇèÒäÁè¨Óà»�¹µéÍ§ÁÕÊÁ¡ÒÃªØ´ãËÁèà¾×�ÍÍ¸ÔºÒÂáÅÐ·Ó¹ÒÂ¤Ø³ÊÁºÑµÔà©¾ÒÐ¢Í§
ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ·

3. ¤ÇÒÁàÃçÇàÁ×�ÍäÁèà¡Ô´¡ÒÃµÔ´¢Ñ´¢Í§·ÃÒ¿¿�¡ª¹Ô´·Õ�à¤Å×�Í¹àÃçÇ·Õ�ÊØ´ÁÕ¤èÒäÁèà¡Ô¹ 2 à·èÒ¢Í§¤ÇÒÁàÃçÇàÁ×�Í
äÁèà¡Ô´¡ÒÃµÔ´¢Ñ´¢Í§·ÃÒ¿¿�¡ª¹Ô´·Õ�à¤Å×�Í¹ªéÒ·Õ�ÊØ´ àªè¹ Ã¶à¤Å×�Í¹·Õ�´éÇÂ¤ÇÒÁàÃçÇ 120 ¡Á/ªÁ.
¨ÐÊÒÁÒÃ¶¨ÓÅÍ§ÃèÇÁ¡ÑºÃ¶ºÃÃ·Ø¡·Õ�ÁÕ¤ÇÒÁàÃçÇ 60 ¡Á/ªÁ. â´Âãªéáºº¨ÓÅÍ§¹Õ�ä´é ¹Í¡¨Ò¡¹Õ�
¡ÓË¹´ãËéàÇÅÒ 1 ªèÍ§àÇÅÒà»�¹àÇÅÒ·Õ�¾ÒË¹Ðª¹Ô´·Õ�à¤Å×�Í¹·Õ�àÃçÇ·Õ�ÊØ´µéÍ§ãªéã¹¡ÒÃà¤Å×�Í¹·Õ�¨Ò¡
à«ÅÅì»�¨¨ØºÑ¹ä»ÂÑ§à«ÅÅì¶Ñ´ä»·Õ�ÊÀÒ¾¡ÒÃ¨ÃÒ¨ÃäÁèµÔ´¢Ñ´ ´Ñ§¹Ñ�¹ÊÓËÃÑºÂÒ¹¾ÒË¹Ðª¹Ô´·Õ�à¤Å×�Í¹·Õ�
ªéÒ¨ÐãªéàÇÅÒÁÒ¡¡ÇèÒáµèäÁèà¡Ô¹ 2 ªèÍ§àÇÅÒã¹¡ÒÃà¤Å×�Í¹·Õ�¨Ò¡à«ÅÅì»�¨¨ØºÑ¹ä»ÂÑ§à«ÅÅì¶Ñ´ä»·Õ�ÁÕ
ÊÀÒ¾¡ÒÃ¨ÃÒ¨ÃäÁèµÔ´¢Ñ´

4. àÁ×�ÍÁÕ¡ÒÃáºè§áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹Ð ¨ÐÁÕÂÒ¹¾ÒË¹Ð·Õ�à¤Å×�Í¹·Õ�ªéÒ áÅÐäÁèÊÒÁÒÃ¶à¤Å×�Í¹·Õ�¼èÒ¹
à«ÅÅìä´éÀÒÂã¹ 1 ªèÍ§àÇÅÒ¶Ö§áÁéÇèÒ¡ÒÃ¨ÃÒ¨Ã¨ÐäÁèµÔ´¢Ñ´ ´Ñ§¹Ñ�¹à¾×�ÍãËéÊÒÁÒÃ¶·ÃÒºÇèÒÂÒ¹¾ÒË¹Ð
¹Ñ�¹ä´éà¢éÒÊÙè à«ÅÅìàÁ×�ÍªèÍ§àÇÅÒã´ ¨Ö§µéÍ§¡ÓË¹´ãËéÂÒ¹¾ÒË¹Ðã¹áµèÅÐà«ÅÅìÁÕ 2 »ÃÐàÀ·¤×Í
ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµé¹à«ÅÅì (Head-of-Cell Vehicle) áÅÐ ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂà«ÅÅì (End-
of-Cell Vehicle) â´ÂÁÕ¹ÔÂÒÁ´Ñ§¹Õ�
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� ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè µé¹ à«ÅÅì ¤×ÍÂÒ¹¾ÒË¹Ð·Õ� µ¡¤éÒ§ ã¹ à«ÅÅì àÁ×�Í ªèÍ§ àÇÅÒ·Õ�áÅéÇ ¨Ð¶×ÍÇèÒ
ÂÒ¹¾ÒË¹Ð¨Ó¾Ç¡¹Õ�ÍÂÙè·Õ�»ÅÒÂà«ÅÅìáÅÐÁÕ¤ÇÒÁ¾ÃéÍÁ·Õ� ¨Ðä»ä´é·Ñ�§ËÁ´ã¹ªèÍ§àÇÅÒ¹Õ�¶éÒ
à«ÅÅì¶Ñ´ä»ÁÕ·Õ�ÇèÒ§¾ÍÊÒÁÒÃ¶ÃÍ§ÃÑº·ÃÒ¿¿�¡ä´é

� ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂà«ÅÅì¤×ÍÂÒ¹¾ÒË¹Ð·Õ�¾Ö�§à¢éÒÁÒ¨Ò¡à«ÅÅìÍ×�¹àÁ×�ÍªèÍ§àÇÅÒ·Õ�áÅéÇ ¨ÐÁÍ§
ÇèÒÁÑ¹¡ÃÐ¨ÒÂÍÂÙèã¹à«ÅÅìáººÊÁ�ÓàÊÁÍ (Uniform) ·ÓãËéÁÕà¾ÕÂ§ºÒ§ÊèÇ¹·Õ�ÊÒÁÒÃ¶ä»ä´é
ã¹ªèÍ§àÇÅÒ¹Õ� â´Â¢Ö�¹ÍÂÙè¡Ñº¤ÇÒÁàÃçÇ¢Í§»ÃÐàÀ·ÂÒ¹¾ÒË¹Ð·Õ�¡ÓÅÑ§¾Ô¨ÒÃ³Ò áÅÐ¢Ö�¹¡ÑºÇèÒ
à«ÅÅì¶Ñ´ä»ÁÕ·Õ�ÇèÒ§àËÅ×ÍÍÂÙèÁÒ¡à¾ÕÂ§ã´

5. àÇÅÒáÅÐÍÇ¡ÒÈäÁèä´éÍÂÙèà»�¹ÍÔÊÃÐµèÍ¡Ñ¹ áµèÍÂÙèÃèÇÁ¡Ñ¹à»�¹â´àÁ¹¢Í§ÍÇ¡ÒÈáÅÐàÇÅÒ·ÓãËé·Õ�ÇèÒ§
ÊÑÁºÙÃ³ì (absolute capacity) áÅÐ¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁºÙÃ³ì (absolute occupancy)
äÁèÊÒÁÒÃ¶ãªéÍ¸ÔºÒÂã¹áºº¨ÓÅÍ§·Õ�ÁÕ¡ÒÃ¤Ô´áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹ÐáÅÐÁÕ¡ÒÃÇÔÂØµ·Ñ�§ã¹â´àÁ¹
¢Í§àÇÅÒáÅÐâ´àÁ¹¢Í§ÍÇ¡ÒÈä´é ¨Ö§µéÍ§¤Ô´¨Ò¡·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì (relative capacity) áÅÐ¡ÒÃ
¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì (relative occupancy) á·¹
ÊÓËÃÑºÊÁÁØµÔ°Ò¹¢éÍ·Õ� 5 ¹Ñ�¹ ÍÒ¨¨ÐÂÒ¡µèÍ¡ÒÃÂÍÁÃÑºáÅÐäÁèÊÒÁÒÃ¶ÁÍ§àËç¹ä´éâ´Â§èÒÂ ¨Ð¾ÔÊÙ¨¹ì
ãËéàËç¹â´ÂÂèÍ´éÇÂÇÔ¸Õ¡ÒÃàÊé¹¢¹Ò¹·Õ�¨Ð·Ó¡ÒÃÂ¡µÑÇÍÂèÒ§à»ÃÕÂºà·ÕÂºµÑÇÍÂèÒ§Ë¹Ö�§«Ö�§ã¡Åéà¤ÕÂ§¢Ö�¹
ÁÒáÅÐ¨Ð¾ÔÊÙ¨¹ìµÑÇÍÂèÒ§¹Ñ�¹á·¹´Ñ§¹Õ�
µÒÁ·ÄÉ®ÕÊÑÁ¾Ñ¹¸ÀÒ¾¾ÔàÈÉáÅÐ·Ñ�Çä» (special and general relativity theory) áÅéÇ áÊ§
¨ÐÁÕ¤ÇÒÁàÃçÇà·èÒ¡Ñ¹ËÁ´äÁèÇèÒ¼ÙéÊÑ§à¡µáÅÐáËÅè§¡Óà¹Ô´áÊ§¨Ðà¤Å×�Í¹·Õ�´éÇÂ¤ÇÒÁàÃçÇÊÑÁ¾Ñ·¸ìµèÍ¼Ùé
ÊÑ§à¡µà·èÒã´ã¹·ÔÈ·Ò§ã´¡çµÒÁ à¹×�Í§¨Ò¡¤ÇÒÁàÃçÇáÊ§¤§·Õ�áµè¼ÙéÊÑ§à¡µ¡ÅÑºàËç¹¡ÒÃà¤Å×�Í¹·Õ�¢Í§
ÊÔ�§µèÒ§ æ äÁèàËÁ×Í¹¡Ñ¹àÁ×�ÍÍÂÙèã¹¡ÃÍºÍéÒ§ÍÔ§·Õ�äÁèàËÁ×Í¹¡Ñ¹¨Ö§à»�¹ä»ä´éÍÂèÒ§à´ÕÂÇÇèÒ·Ñ�§ÊÍ§¨Ð
µéÍ§ÇÑ´ÃÐÂÐàÇÅÒ·Õ�áÊ§à´Ô¹·Ò§ä´éäÁèà·èÒ¡Ñ¹´éÇÂ ¨Ö§à»�¹µé¹¡Óà¹Ô´¢Í§¡ÒÃÂ×´Ë´¢Í§àÇÅÒ«Ö�§¡ÅèÒÇ
ä´éÇèÒàÇÅÒä´éà¤Å×�Í¹·Õ�¼èÒ¹¼ÙéÊÑ§à¡µ¢Í§áµèÅÐ¡ÃÍºÍéÒ§ÍÔ§äÁèà·èÒ¡Ñ¹¨Ö§ÊÃØ»ä´éÇèÒàÇÅÒáÅÐÍÇ¡ÒÈÍÂÙè
ÃèÇÁ¡Ñ¹à»�¹â´àÁ¹¢Í§ÍÇ¡ÒÈáÅÐàÇÅÒäÁèãªèâ´àÁ¹¢Í§ÍÇ¡ÒÈáÅÐâ´àÁ¹¢Í§àÇÅÒ·Õ�à»�¹ÍÔÊÃÐµèÍ
¡Ñ¹¡ÅÑºÁÒ·Õ�·ÄÉ®Õ CTM ä´é·ÃÒºÁÒ¡èÍ¹Ë¹éÒ¹Õ�áÅéÇÇèÒ¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§¢Í§ÂÒ¹¾ÒË¹Ð
¢Ö�¹¡Ñº¤ÇÒÁÂÒÇ¢Í§ÂÒ¹¾ÒË¹Ð·Õ�¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§¹Ñ�¹ÍÂÙèà·èÒ¹Ñ�¹áÅÐÁÍ§ÇèÒ¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§
¢Í§ÂÒ¹¾ÒË¹ÐáÅÐ¤ÇÒÁÂÒÇ¢Í§ÂÒ¹¾ÒË¹Ðà»�¹ÍÔÊÃÐ¨Ò¡¤ÇÒÁàÃçÇ¢Í§ÂÒ¹¾ÒË¹Ð áµè¤ÇÒÁ¨ÃÔ§
áÅéÇ ÁÑ¹ÍÂÙè ÃèÇÁ¡Ñ¹ à»�¹ â´ àÁ¹¢Í§ÍÇ¡ÒÈáÅÐ¤ÇÒÁ àÃçÇ ¶éÒ ÂÒ¹¾ÒË¹Ð·Õ� ¹ÓË¹éÒ ÂÒ¹¾ÒË¹Ð¼Ùé
ÊÑ§à¡µËÂØ´¹Ô�§ËÃ×ÍÁÕ¤ÇÒÁàÃçÇà·èÒ¡ÑºÈÙ¹Âì äÁèÇèÒ¨ÐÁÕ·Õ�ÇèÒ§¢éÒ§Ë¹éÒÂÒ¹¾ÒË¹Ð·Õ�ËÂØ´¹Ô�§à¾ÕÂ§ã´
ÂÒ¹¾ÒË¹Ð¼ÙéÊÑ§à¡µ¡çäÁèÊÒÁÒÃ¶ä»µèÍä´é ã¹¢³Ð·Õ�ÂÒ¹¾ÒË¹Ð¢éÒ§Ë¹éÒÂÒ¹¾ÒË¹Ð¼ÙéÊÑ§à¡µÇÔ�§àÃçÇ
¡ÇèÒÂÒ¹¾ÒË¹Ð¼ÙéÊÑ§à¡µ ÂÒ¹¾ÒË¹Ð¼ÙéÊÑ§à¡µ¨ÐÁÕ·Õ�ÇèÒ§ãËéÊÍ´á·Ã¡à¢éÒÁÒä´éàÊÁÍáÁéÇèÒ¨ÐÁÕ·Õ�ÇèÒ§
¢éÒ§Ë¹éÒÂÒ¹¾ÒË¹Ð·Õ�ÇÔ�§àÃçÇ¹Ñ�¹¹éÍÂÁÒ¡ËÃ×ÍäÁèÁÕ¡çµÒÁÅÍ§à»ÃÕÂºà·ÕÂº·ÄÉ®ÕÊÑÁ¾Ñ¹¸ÀÒ¾áÅÐ
CTM
ÊÑÁ¾Ñ¹¸ÀÒ¾

C =
x(t + ∆t)− x(t)

∆t
(4.1)

â´Â C = ¤ÇÒÁàÃçÇáÊ§ ÁÕ¤èÒ¤§·Õ�äÁè¢Ö�¹¡Ñº¡ÒÃà¤Å×�Í¹·Õ�¢Í§¼ÙéÊÑ§à¡µ
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CTM

ts =
xm(t + ∆t)− xm(t)

vm

(4.2)

â´Â ts ¤×Í ¢¹Ò´¢Í§ªèÍ§àÇÅÒ (time slot) áÅÐà»�¹¤èÒ¤§·Õ�, vm ¤×Í¤ÇÒÁàÃçÇ¢Í§ÂÒ¹¾ÒË¹Ð
»ÃÐàÀ· m

¨Ò¡¹Ñ�¹ÅÍ§à»ÃÕÂºà·ÕÂº¤ÇÒÁ¤ÅéÒÂ¤ÅÖ§¡Ñ¹¢Í§ 2 »ÃÒ¡¯¡ÒÃ³ì¹Õ�¨Ð¾ºÇèÒ·ÄÉ®ÕÊÑÁ¾Ñ¹¸ÀÒ¾
à¡Ô´¨Ò¡¡ÒÃ·Õ�¤ÇÒÁàÃçÇ¢Í§áÊ§¤§·Õ�äÁè¢Ö�¹¡Ñº¼ÙéÊÑ§à¡µ ·ÓãËéà¡Ô´¡ÒÃÂ×´Ë´¢Í§àÇÅÒáÅÐâ´àÁ¹
ÍÇ¡ÒÈ¡Ñºâ´àÁ¹àÇÅÒäÁèà»�¹ÍÔÊÃÐµèÍ¡Ñ¹ ·ÄÉ®Õ CTM ªèÍ§àÇÅÒÁÕ¤èÒ¤§·Õ� äÁè¢Ö�¹¡Ñº¤èÒã´ æ
·ÓãËé¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§¢Í§ÂÒ¹¾ÒË¹ÐÁÕ¡ÒÃÂ×´Ë´áÅÐ¢Ö�¹¡Ñº·Ñ�§¤ÇÒÁÂÒÇáÅÐ¤ÇÒÁàÃçÇáÅÐ
¤ÇÒÁàÃçÇ¢Í§ÂÒ¹¾ÒË¹Ð ËÃ×Í¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§áÅÐ¤ÇÒÁàÃçÇ¢Í§ÂÒ¹¾ÒË¹ÐäÁèä´éà»�¹ÍÔÊÃÐ
µèÍ¡Ñ¹ ¨Ö§·ÓãËé¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ··Õ�ÁÕ¤ÇÒÁàÃçÇµèÒ§¡Ñ¹¨ÐÁÕ¤èÒäÁè
à·èÒ¡Ñ¹¨Ö§ÊÃØ»ä´éÇèÒ·Õ�ÇèÒ§ÊÑÁºÙÃ³ìäÁèÊÒÁÒÃ¶ãªéÍ¸ÔºÒÂÂÒ¹¾ÒË¹Ð·Õ�ÁÕ¤ÇÒÁàÃçÇËÃ×Í¤ÇÒÁÊÒÁÒÃ¶ã¹
¡ÒÃà¤Å×�Í¹·Õ�«Ö�§äÁèà·èÒ¡Ñ¹ä´é áµè¨ÐµéÍ§ÍéÒ§ÍÔ§ÊÑÁ¾Ñ·¸ì¨Ò¡¤ÇÒÁàÃçÇ¢Í§ÂÒ¹¾ÒË¹Ð·Õ�¤ÃÍº¤ÃÍ§
·Õ�ÇèÒ§ã¹¢³Ð¹Ñ�¹à·ÕÂº¡Ñº¼Ùé·Õ�µéÍ§¡ÒÃ¨Ð¤ÃÍº¤ÃÍ§á·¹·Õ�ËÃ×Í·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ìá·¹ ¢éÍÊÃØ»¹Õ�ÍÒ¨
¤éÒ¹¡ÑºÊÒÂµÒáÅÐÊÒÁÑ­ÊÓ¹Ö¡¢Í§Á¹ØÉÂìà¹×�Í§¨Ò¡ ÊÔ�§·Õ�Á¹ØÉÂìÊÑ§à¡µä´é´Õ¹Ñ�¹¤×Í¡ÒÃà¤Å×�Í¹·Õ�áÅÐ
µÓáË¹è§¢Í§ÂÒ¹¾ÒË¹ÐáÅÐà¢éÒã¨ÇèÒ¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§¤×ÍÊÔ�§à´ÕÂÇ¡Ñº¡ÒÃà¤Å×�Í¹·Õ�áÅÐµÓáË¹è§
¢Í§ÂÒ¹¾ÒË¹Ð ¨Ö§¡ÅÒÂà»�¹ÊÒÁÑ­ÊÓ¹Ö¡·Õ�¤ÅÒ´à¤Å×�Í¹¨Ò¡¤ÇÒÁ¨ÃÔ§ µÑÇÍÂèÒ§·Õ�àËç¹ä´éªÑ´à¨¹¤×Í
µÑÇµÃÇ¨ËÒáººÇ§Ç¹ (loop detector) «Ö�§à»�¹ÍØ»¡Ã³ì½�§ãµé¶¹¹ÊÓËÃÑºÇÑ´¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§
¢Í§ÂÒ¹¾ÒË¹Ðâ´Â¨Ð·Ó¡ÒÃºÑ¹·Ö¡àÇÅÒ·Õ�ÂÒ¹¾ÒË¹Ðãªéã¹¡ÒÃà¤Å×�Í¹·Õ�¼èÒ¹µÑÇµÃÇ¨ËÒáººÇ§Ç¹
ã¹¡ÒÃ¤Ó¹Ç³¤èÒ¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§¨ÐµéÍ§·ÃÒºËÃ×Í»ÃÐÁÒ³·Ñ�§¤ÇÒÁÂÒÇ¢Í§ÂÒ¹¾ÒË¹ÐáÅÐ
¤ÇÒÁàÃçÇ¢Í§ÂÒ¹¾ÒË¹Ð¨Ö§¨Ð¤Ó¹Ç³¤èÒ¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ä´é ¨Ö§¡ÅèÒÇä´éÇèÒ¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§
¢Ö�¹¡Ñº·Ñ�§¤ÇÒÁÂÒÇáÅÐ¤ÇÒÁàÃçÇ¢Í§ÂÒ¹¾ÒË¹Ð

à¹×�Í§¨Ò¡ÁÕ¡ÒÃ¾Ô¨ÒÃ³Ò»ÃÐàÀ·¢Í§ÂÒ¹¾ÒË¹Ðà¾Ô�Á¢Ö�¹ÁÒ ·ÓãËé¾ÒÃÒÁÔàµÍÃìÁÕà¾Ô�Á¢Ö�¹¨Ò¡áºº¨ÓÅÍ§
¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ ¨Ö§µéÍ§·ÃÒº¹ÔÂÒÁ¢Í§¾ÒÃÒÁÔàµÍÃìµèÒ§ æ ¡èÍ¹

M = ¨Ó¹Ç¹»ÃÐàÀ· (class) ¢Í§ÂÒ¹¾ÒË¹Ð·Ñ�§ËÁ´ â´Â¡ÓË¹´ãËéÂÒ¹¾ÒË¹Ð»ÃÐàÀ··Õ� M ÁÕ
¤ÇÒÁàÃçÇàÁ×�ÍäÁèà¡Ô´¡ÒÃµÔ´¢Ñ´ÊÙ§·Õ�ÊØ´

ci = ¤ÇÒÁ¨Ø¢Í§à«ÅÅì i
δi = ÊÑÁ»ÃÐÊÔ·¸Ô�¡ÒÃà¾Ô�Á¢Ö�¹¢Í§ÂÒ¹¾ÒË¹Ð¢Í§à«ÅÅì i
ni,m(t) = ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð»ÃÐàÀ· m ã¹à«ÅÅì i ³ ªèÇ§àÃÔ�Áµé¹¢Í§ªèÍ§àÇÅÒ t

qi(t) = ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�à¤Å×�Í¹·Õ�à¢éÒÊÙèà«ÅÅì i ä´éÁÒ¡·Õ�ÊØ´ã¹ 1 ªèÍ§àÇÅÒ â´Â¡ÓË¹´ãËé¢Ö�¹¡Ñº
ÊÀÒ¾·Ò§¡ÒÂÀÒ¾ àªè¹ ¨Ó¹Ç¹ªèÍ§¨ÃÒ¨ÃËÃ×ÍÊÑ­­Ò³ä¿¨ÃÒ¨Ã

v = ¤ÇÒÁàÃçÇàÁ×�ÍäÁèµÔ´¢Ñ´¢Í§ÂÒ¹¾ÒË¹Ð»ÃÐàÀ··Õ�à¤Å×�Í¹àÃçÇ·Õ�ÊØ´ «Ö�§¡ÓË¹´ãËéà»�¹¤ÇÒÁàÃçÇÍéÒ§ÍÔ§
vm = ¤ÇÒÁàÃçÇàÁ×�ÍäÁèµÔ´¢Ñ´¢Í§ÂÒ¹¾ÒË¹Ð»ÃÐàÀ· m

ṽm = vm

vM
= ¤ÇÒÁàÃçÇàÁ×�ÍäÁèà¡Ô´¡ÒÃµÔ´¢Ñ´¢Í§ÂÒ¹¾ÒË¹Ð·Õ�¶Ù¡·ÓãËéà»�¹ºÃÃ·Ñ´°Ò¹ (normal-

ized free flow speed) ¢Í§ÂÒ¹¾ÒË¹Ð»ÃÐàÀ· m â´Â¤Ô´à·ÕÂº¡ÑºÂÒ¹¾ÒË¹Ð»ÃÐàÀ· M



26

l̃m = lm
lM

= ¤ÇÒÁÂÒÇ¢Í§ÂÒ¹¾ÒË¹Ð»ÃÐàÀ· m ·Õ�¶Ù¡·ÓãËéà»�¹ºÃÃ·Ñ´°Ò¹áÅéÇ (normalized
length) â´Â¤Ô´à·ÕÂº¡ÑºÂÒ¹¾ÒË¹Ð»ÃÐàÀ· M

ri(t) = ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÍ§ÃÑº¡ÒÃà¤Å×�Í¹·Õ�¢Í§ÂÒ¹¾ÒË¹Ðà¢éÒÁÒÂÑ§à«ÅÅì i ÃÐËÇèÒ§ªèÍ§àÇÅÒ t

ai,m(t) = ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð»ÃÐàÀ· m ·Õ�ÍÂÙèµÍ¹µé¹¢Í§à«ÅÅì i ³ ªèÇ§àÃÔ�Áµé¹¢Í§ªèÍ§àÇÅÒ t

bi,m(t) = ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð»ÃÐàÀ· m ·Õ�ÍÂÙèµÍ¹·éÒÂ¢Í§à«ÅÅì i ³ ªèÇ§àÃÔ�Áµé¹¢Í§ªèÍ§àÇÅÒ t

yi,m(t) = ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð»ÃÐàÀ· m ·Õ�ÇÔ�§à¢éÒÊÙèà«ÅÅì i ÃÐËÇèÒ§ªèÍ§àÇÅÒ t

ã¹¡ÒÃÊÃéÒ§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅì·Õ�áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹Ð´éÇÂ¡ÒÃà¤Å×�Í¹·Õ�áººÇÔÇÔ¸¾Ñ¹¸Øì ¨Ð
¾Ô¨ÒÃ³ÒÇèÒ M, ci, qi(t), v, vm, ai,m(t = 0) áÅÐ bi,m(t = 0) à»�¹µÑÇá»Ãµé¹·Õ�äÁèá»ÃµÒÁàÇÅÒ
¹Í¡¨Ò¡¹Õ� y0,m(t) áÅÐ yI+1,m(t) ËÃ×Í¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð¨Ò¡ÀÒÂ¹Í¡ºÃÔàÇ³¢Íºà¢µ·Õ� à¢éÒËÃ×Í
ÍÍ¡¨Ò¡ÃÐºº·Õ�¾Ô¨ÒÃ³Ò à»�¹¤èÒ¢Íºà¢µ áÅÐ yi,m(t), ni,m(t), t ∈ {1, 2, ...}, i ∈ {1, 2, ...I}
(I = ¨Ó¹Ç¹à«ÅÅìã¹ÃÐºº·Õ�¾Ô¨ÒÃ³Ò) à»�¹¾ÒÃÒÁÔàµÍÃì·Õ�¡ÓË¹´Ê¶Ò¹Ð¢Í§ÃÐºº«Ö�§ÊÒÁÒÃ¶¤Ó¹Ç³ËÒ
ä´é´Ñ§¹Õ�

ni,m(t) = ai,m(t) + bi,m(t) (4.3)

ai,m(t) = ni,m(t− 1)− yi+1,m(t− 1) (4.4)

bi,m(t) = yi,m(t− 1) (4.5)
ÊÁ¡ÒÃ·Õ� (4.3)-(4.5) ä´éÁÒâ´ÂµÃ§¨Ò¡¹ÔÂÒÁ¢Í§ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµé¹à«ÅÅìáÅÐÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂ

à«ÅÅì

4.2 ¡ÒÃ¤Ó¹Ç³¤èÒÍÑµÃÒ¡ÒÃäËÅ

¡èÍ¹¨Ð¤Ó¹Ç³¤èÒÍÑµÃÒ¡ÒÃäËÅ ¨Ð¡ÅèÒÇ¶Ö§ ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§, ÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§
ÊÑÁ¾Ñ·¸ì (relative occupancy rate), ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ì, áÅÐ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑº
ÊÑÁ¾Ñ·¸ìËÅÑ§¨Ò¡ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹µé¹¢Í§à«ÅÅìµé¹·Ò§áÅéÇ ¨Ò¡¹Ñ�¹¨ÐáÂ¡¡ÒÃ¾Ô¨ÒÃ³Ò¤èÒÍÑµÃÒ¡ÒÃ
äËÅµÒÁ¡ÒÃàª×�ÍÁµèÍÍÍ¡à»�¹ 3 ¡Ã³Õ¤×Í ¡ÒÃàª×�ÍÁµèÍáººµÒÁÅÓ´Ñº, ¡ÒÃàª×�ÍÁµèÍáººÃÇÁ, áÅÐ¡ÒÃ
àª×�ÍÁµèÍáººáÂ¡

4.2.1 ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§
ã¹ áºº¨ÓÅÍ§ ·Õ� ¹ÓàÊ¹ÍÁÕ ¡ÒÃ áÂ¡ ÂÒ¹¾ÒË¹Ð ÍÍ¡ à»�¹ ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè µÍ¹ µé¹ ¢Í§ à«ÅÅì áÅÐ

ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹·éÒÂ¢Í§à«ÅÅì ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§¨Ö§áÂ¡ÍÍ¡à»�¹ 2 »ÃÐàÀ·´Ñ§¹Õ�

si,a(t) =
M∑

m=1

[
l̃mai,m(t)

]
(4.6)
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si,b(t) =
M∑

m=1

[
ṽml̃mbi,m(t)

]
(4.7)

si(t) = min {si,a(t) + si,b(t), qi+1(t)} (4.8)
â´Â
si,a(t) = ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§¢Í§à«ÅÅì i ÃÐËÇèÒ§ªèÍ§àÇÅÒ t à¹×�Í§ÁÒ¨Ò¡ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹

µé¹¢Í§à«ÅÅì
si,b(t) = ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§¢Í§à«ÅÅì i ÃÐËÇèÒ§ªèÍ§àÇÅÒ t à¹×�Í§ÁÒ¨Ò¡ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹

·éÒÂ¢Í§à«ÅÅì
ÊÑ§à¡µä´éÇèÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§¢Í§áºº¨ÓÅÍ§·Õ�¹ÓàÊ¹Í¨ÐäÁè¤Ô´à·ÕÂº¡ÑºÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´

àËÁ×Í¹¡Ñºã¹áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ à¹×�Í§ÁÒ¨Ò¡ÂÒ¹¾ÒË¹Ð¶Ù¡áºè§ÍÍ¡à»�¹ 2 »ÃÐàÀ·
¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§¨Ö§¶Ù¡áºè§ÍÍ¡à»�¹ 2 »ÃÐàÀ·´éÇÂ ã¹¢³Ð·Õ�ÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´µéÍ§à·ÕÂº¡Ñº¤ÇÒÁ
ÊÒÁÒÃ¶ã¹¡ÒÃÊè§·Ñ�§ËÁ´´Ñ§ÊÁ¡ÒÃ (4.8)

à¹×�Í§ÁÒ¨Ò¡ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹·éÒÂ¢Í§à«ÅÅì¹Ñ�¹äÁèÊÒÁÒÃ¶ä»ÂÑ§à«ÅÅì¶Ñ´ä»ä´é·Ñ�§ËÁ´ÃÐËÇèÒ§ªèÍ§
àÇÅÒ t ¶Ö§áÁéÇèÒ à«ÅÅì»ÅÒÂ·Ò§¨ÐÁÕ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºà¾ÕÂ§¾Í ´Ñ§¹Ñ�¹¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè
µÍ¹·éÒÂ¢Í§à«ÅÅì·Õ�ÊÒÁÒÃ¶ä»ÂÑ§à«ÅÅì¶Ñ´ä»¨Ð¤Ô´à»�¹ÍÑµÃÒÊèÇ¹¡Ñº¤ÇÒÁàÃçÇàÁ×�ÍäÁèà¡Ô´¡ÒÃµÔ´¢Ñ´¢Í§
ÂÒ¹¾ÒË¹Ð·Õ�¶Ù¡·ÓãËéà»�¹ºÃÃ·Ñ´°Ò¹«Ö�§ÊÍ´¤ÅéÍ§¡ÑºÊÁÁØµÔ°Ò¹¢éÍ 4 ·Õ�¡ÅèÒÇÇèÒÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂ
à«ÅÅì¨ÐÁÕ¡ÒÃ¡ÃÐ¨ÒÂµÑÇÍÂèÒ§ÊÁ�ÓàÊÁÍã¹à«ÅÅì¨Ö§·ÓãËé¤Ó¹Ç³¤èÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§ à¹×�Í§ÁÒ¨Ò¡
ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹·éÒÂ¢Í§à«ÅÅìÃÐËÇèÒ§ªèÍ§àÇÅÒä´é´Ñ§ÊÁ¡ÒÃ (4.7)

4.2.2 ÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì
¤×Í¤èÒ¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ¤Ñ¹â´Â¤Ô´ÊÑÁ¾Ñ·¸ì¡Ñº»ÃÐàÀ·¢Í§ÂÒ¹¾ÒË¹ÐÍéÒ§ÍÔ§

(v = vM) â´ÂàÁ×�Í·Ó¡ÒÃËÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ì ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ·¨ÐÁÕ¡ÒÃ
¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§äÁèà·èÒ¡Ñ¹¨Ö§µéÍ§¾Ô¨ÒÃ³ÒÍÑµÃÒÊèÇ¹ã¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§à·ÕÂº¡ÑºÂÒ¹¾ÒË¹Ð»ÃÐàÀ·
ÍéÒ§ÍÔ§ ÂÒ¹¾ÒË¹Ð·Õ�¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹·Õ�ªéÒ¨ÐÁÕÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì (relative
occupancy ratio) ·Õ�ÊÙ§ áÅÐà¹×�Í§¨Ò¡ÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì¨Ð¤Ô´à·ÕÂº¡ÑºÂÒ¹¾ÒË¹Ð
»ÃÐàÀ·ÍéÒ§ÍÔ§«Ö�§ÁÕ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹·Õ�ÁÒ¡·Õ�ÊØ´ ¤èÒÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì¨Ö§ÁÕ
¤èÒÁÒ¡¡ÇèÒËÃ×Íà·èÒ¡Ñº 1 àÊÁÍ ¤èÒÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì¢Í§ÂÒ¹¾ÒË¹Ð»ÃÐàÀ·ÍéÒ§ÍÔ§
(m = M) ¨ÐÁÕ¤èÒà»�¹ 1 àÊÁÍà¹×�Í§¨Ò¡à»�¹¡ÒÃËÒ¤èÒÍÑµÃÒÊèÇ¹à·ÕÂº¡ÑºÂÒ¹¾ÒË¹Ð»ÃÐàÀ·à´ÕÂÇ¡Ñ¹
¤èÒÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì¨ÐÁÕÅÑ¡É³Ð¤§·Õ�ã¹ªèÇ§ÊÀÒ¾¡ÒÃ¨ÃÒ¨ÃäÁèµÔ´¢Ñ´áÅÐ¨ÐÅ´Å§ã¹
ªèÇ§µÔ´¢Ñ´¨¹ÅÙèà¢éÒÊÙè 1

à¾×�Í¤ÇÒÁ§èÒÂã¹¡ÒÃ¾Ô¨ÒÃ³Ò¨ÐµÑ�§ÊÁÁØµÔ°Ò¹ÇèÒ

1. ÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì¢Í§ÂÒ¹¾ÒË¹Ð·Ø¡»ÃÐàÀ·¨Ð¢Ö�¹¡Ñº¤ÇÒÁË¹Òá¹è¹ÃÇÁ
M∑

m=1

[
l̃mni,m(t)

]
¢Í§à«ÅÅì¹Ñ�¹à·èÒ¹Ñ�¹ «Ö�§à»�¹ÊÁÁØµÔ°Ò¹¡Ã³Õ Isotropic case [27]
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2. ÅÑ¡É³Ð¡ÒÃÅ´Å§¢Í§ÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ� ÇèÒ§ÊÑÁ¾Ñ·¸ì ã¹ªèÇ§ÊÀÒ¾¡ÒÃ¨ÃÒ¨Ã äÁèµÔ´¢Ñ´
¨¹¶Ö§µÔ´¢Ñ´ÁÕÅÑ¡É³Ðà»�¹àªÔ§àÊé¹

¨Ò¡ÊÁÁØµÔ°Ò¹¢éÒ§µé¹·ÓãËéä´éÊÁ¡ÒÃ¤Ó¹Ç³¤èÒÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì´Ñ§¹Õ�

ψi,m(t) =





1
ṽm

, 0 ≤
M∑

m=1

[
l̃mni,m(t)

]
≤ ni,J

(
1− 1

ṽm

ci−ni,J

)(
M∑

m=1

[
l̃mni,m(t)

])
+

( ci
ṽm

−ni,J

ci−ni,J

)
, ni,J <

M∑
m=1

[
l̃mni,m(t)

]
≤ ci

1 , ci <
M∑

m=1

[
l̃mni,m(t)

]

(4.9)
«Ö�§ÁÕ¡ÃÒ¿´Ñ§ÃÙ»·Õ� 4.1

ÃÙ»·Õ� 4.1 ÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì

¨ÐàËç¹ä´éÇèÒ¤èÒÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì¢Í§ÂÒ¹¾ÒË¹Ð·Ø¡»ÃÐàÀ·¨ÐÅÙèà¢éÒÊÙè 1 àÁ×�Í
¤ÇÒÁË¹Òá¹è¹ÃÇÁ¢Í§à«ÅÅìà¢éÒã¡Åé¤èÒ¤ÇÒÁ¨Ø «Ö�§à»�¹à¾ÃÒÐ¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì¢Í§ÂÒ¹¾ÒË¹Ð
»ÃÐàÀ· m à·ÕÂº¡ÑºÂÒ¹¾ÒË¹Ð·Õ�ÁÕ¤ÇÒÁàÃçÇÁÒ¡·Õ�ÊØ´ (v = vM ) ã¹ªèÇ§µé¹ÊÀÒ¾¡ÒÃ¨ÃÒ¨ÃàºÒºÒ§
ÂÒ¹¾ÒË¹Ðã¹à«ÅÅì·Ø¡»ÃÐàÀ·¨Ðà¤Å×�Í¹·Õ�´éÇÂ¤ÇÒÁàÃçÇ·Õ�à»�¹ÍÔÊÃÐ¨Ò¡¤ÇÒÁË¹Òá¹è¹¨Ö§ÁÕ¤ÇÒÁáµ¡µèÒ§
´éÒ¹¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹·Õ�ÁÒ¡·Õ�ÊØ´ËÃ×Íà¡Ô´¡ÒÃ¡ÃÐ¨ÒÂµÑÇÍÍ¡µÒÁ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹·Õ�
¨Ò¡¹Ñ�¹àÁ×�ÍÊÀÒ¾¡ÒÃ¨ÃÒ¨ÃàÃÔ�ÁµÔ´¢Ñ´ ÂÒ¹¾ÒË¹Ð·Ø¡»ÃÐàÀ·ã¹¶¹¹ ¨Ò¡·Õ�¡ÃÐ¨ÒÂµÑÇÍÍ¡ã¹ªèÇ§áÃ¡¨Ð
àÃÔ�Á¤èÍÂ æ ¨ÑºµÑÇà»�¹¡ÅØèÁ¡éÍ¹ÁÒ¡¢Ö�¹àÃ×�ÍÂ æ ·ÓãËé¤ÇÒÁáµ¡µèÒ§·Ò§´éÒ¹¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹·Õ�
Å´Å§¨¹¤ÇÒÁË¹Òá¹è¹ÃÇÁà·èÒ¡Ñº¤èÒ¤ÇÒÁ¨Ø ÂÒ¹¾ÒË¹Ð·Ø¡»ÃÐàÀ·¨ÐËÂØ´¹Ô�§àËÁ×Í¹¡Ñ¹ËÁ´ ¨Ö§ÁÕ¤èÒ
ÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ìà·èÒà·ÕÂÁ¡Ñ¹à·èÒ¡Ñº 1 ¤èÒÍÑµÃÒÊèÇ¹¡ÒÃ¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì
¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ·äÁèä´éÊÑÁ¾Ñ¹¸ì¡Ñº¤èÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹·Õ�ã¹áµèÅÐ¤ÇÒÁË¹Òá¹è¹
â´ÂµÃ§ áµèáÊ´§ÊÑÁ¾Ñ·¸ìà·ÕÂº¡ÑºÂÒ¹¾ÒË¹Ð·Õ�ÁÕ¤ÇÒÁàÃçÇÁÒ¡·Õ�ÊØ´
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ÊÁ¡ÒÃ·Õ� (4.9) ÊÒÁÒÃ¶à¢ÕÂ¹ãËéÍÂÙèã¹ÃÙ»ÍÂèÒ§§èÒÂä´é´Ñ§¹Õ�

ψi,m(t) = mid

{
1

ṽm

,

(
1− 1

ṽm

ci − ni,J

) (
M∑

m=1

[
l̃mni,m(t)

])
+

( ci

ṽm
− ni,J

ci − ni,J

)
, 1

}
(4.10)

4.2.3 ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ì
ÍÂèÒ§·Õ� ¡ÅèÒÇã¹¢éÒ§µé¹áÅéÇÇèÒ¨Ðãªé¡ÒÃ¤ÃÍº¤ÃÍ§·Õ� ÇèÒ§ÊÑÁ¾Ñ·¸ìáÅÐ·Õ� ÇèÒ§ÊÑÁ¾Ñ·¸ì ã¹¡ÒÃ¾Ô¨ÒÃ³Ò

´Ñ§¹Ñ�¹¨Ö§µéÍ§¾Ô¨ÒÃ³Ò¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ìá·¹¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁºÙÃ³ì¢Í§ CTM
´Ñ�§à´ÔÁ´Ñ§¹Õ�

r̃i+1(t) = mid

{
qi+1(t), δi+1

[
ci+1 −

M∑
m=1

(
l̃mψi+1,m(t)ni+1,m(t)

)]
, 0

}
(4.11)

r̃i+1(t) = ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ì¢Í§à«ÅÅì i + 1 ÃÐËÇèÒ§ªèÍ§àÇÅÒ t

µÃ§¹Õ�¨ÐÊÑ§à¡µä´éÇèÒ¾¨¹ì l̃mψi+1,m(t) ÁÕ¤ÇÒÁËÁÒÂã¡Åéà¤ÕÂ§¡ÑºË¹èÇÂà·ÕÂºà·èÒ¡ÑºÃ¶Â¹µì¹Ñ�§
ÊèÇ¹ºØ¤¤Å (passenger car unit, pcu) áµèµèÒ§¡Ñ¹µÃ§·Õ�ã¹áºº¨ÓÅÍ§¹Õ�ãªéÂÒ¹¾ÒË¹Ð·Õ�ÁÕ¤ÇÒÁàÃçÇ
àÁ×�ÍäÁèà¡Ô´¡ÒÃµÔ´¢Ñ´ÊÙ§ÊØ´à»�¹ÂÒ¹¾ÒË¹ÐÍéÒ§ÍÔ§ áµè pcu ãªéÃ¶Â¹µì¹Ñ�§ÊèÇ¹ºØ¤¤Åà»�¹ÂÒ¹¾ÒË¹ÐÍéÒ§ÍÔ§

ÊÁ¡ÒÃ (4.11) ¤ÅéÒÂ¡Ñº¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁºÙÃ³ì¢Í§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ
áµèµèÒ§¡Ñ¹·Õ�¤Ó¹Ç³¡ÒÃãªé·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì¢Í§áµèÅÐ»ÃÐàÀ·ÂÒ¹¾ÒË¹ÐäÁèà·èÒ¡Ñ¹ â´Â¨Ðá»Ã¼Ñ¹µÒÁ¤èÒ
ψi,m(t) áÅÐ l̃m ´Ñ§¹Ñ�¹¤èÒ ci+1 −

M∑
m=1

(
l̃mψi+1,m(t)ni+1,m(t)

)
¨Ö§¶Ù¡àÃÕÂ¡ÇèÒ·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì¢Í§

à«ÅÅì i + 1 àÁ×�Í¤Ô´¼Å¡ÃÐ·º¨Ò¡ÂÒ¹¾ÒË¹Ð·Õ�ÁÕ¤ÇÒÁÂÒÇáÅÐ¤ÇÒÁàÃçÇáµ¡µèÒ§¡Ñ¹áÅéÇ
à¹×�Í§¨Ò¡¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ì¤Ô´à·ÕÂºàªÔ§¤ÇÒÁÂÒÇ·Õ�¶Ù¡·ÓãËéà»�¹ºÃÃ·Ñ´°Ò¹áÅéÇ Ë¹èÇÂ

¢Í§¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ì ¨Ö§ à»ÅÕ�Â¹¨Ò¡áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ·Õ� ÁÍ§¤ÇÒÁ
ÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ìà»�¹¨Ó¹Ç¹¤Ñ¹ à»�¹Ë¹èÇÂà·ÕÂºà·èÒ¤ÇÒÁÂÒÇ¢Í§ÂÒ¹¾ÒË¹ÐÍéÒ§ÍÔ§á·¹ ¤èÒ
ÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´ qi(t) ¨Ö§ÁÕ¤èÒäÁèà·èÒ¡Ñºã¹áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ·Õ�ËÒä´éâ´Â¹Ñº
¨Ó¹Ç¹Ã¶ÁÒ¡·Õ�ÊØ´·Õ�à¢éÒÊÙèà«ÅÅì i ã¹ 1 ªèÍ§àÇÅÒáµè¨ÐÁÕ¤èÒÍÂÙèÃÐËÇèÒ§ [qi(t), max(l̃m)qi(t)] á·¹

4.2.4 ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ìËÅÑ§¨Ò¡ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹µé¹¢Í§à«ÅÅìµé¹·Ò§áÅéÇ
à¹×�Í§¨Ò¡¡ÒÃ¾Ô¨ÒÃ³ÒÂÒ¹¾ÒË¹Ðà»�¹ 2 ÊèÇ¹¤×ÍÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµé¹à«ÅÅìáÅÐÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂ

à«ÅÅì áÅÐ¡ÓË¹´ãËéÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµé¹à«ÅÅìÁÕÊÔ·¸Ô�·Õ�¨Ðà¤Å×�Í¹·Õ�ä»à«ÅÅì¶Ñ´ä»ä´é¡èÍ¹ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè
·éÒÂà«ÅÅì ´Ñ§¹Ñ�¹¨Ö§µéÍ§¾Ô¨ÒÃ³Ò¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ì·Õ�àËÅ×ÍÊÓËÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂà«ÅÅì
´Ñ§¹Õ�

r̃∗i+1(t) = r̃i+1(t)− si,a(t) (4.12)
r̃∗i+1(t) = ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÍ§ÃÑºÂÒ¹¾ÒË¹ÐàªÔ§ÊÑÁ¾Ñ·¸ì¢Í§à«ÅÅì»ÅÒÂ·Ò§ i+1 ÃÐËÇèÒ§ªèÍ§

àÇÅÒ t ËÅÑ§¨Ò¡ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹µé¹¢Í§à«ÅÅìµé¹·Ò§ i áÅéÇ
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4.2.5 ¡ÒÃàª×�ÍÁµèÍáººµÒÁÅÓ´Ñº

1( )
i
r t+
%

Cell i link 1i +

, ,( ), ( )
i m i m
a t b t 1, ( )

i m
y t+

Cell 1i +

1( )
i
q t+

ÃÙ»·Õ� 4.2 ¡ÒÃàª×�ÍÁµèÍáººµÒÁÅÓ´Ñº

¡ÒÃ¤Ó¹Ç³¤èÒ yi,m(t) ÁÕÅÑ¡É³Ð·Õ�äÁèµèÍà¹×�Í§â´Â¤èÒ¢Í§ yi,m(t) áµèÅÐªèÇ§¶Ù¡¡ÓË¹´´éÇÂà§×�Í¹ä¢
¢Í§¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ì¢Í§à«ÅÅì»ÅÒÂ·Ò§, ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµé¹à«ÅÅìáÅÐ¨Ó¹Ç¹
ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂà«ÅÅì ¨Ö§µéÍ§áÂ¡¡ÒÃ¾Ô¨ÒÃ³Ò yi,m(t) µÒÁà§×�Í¹ä¢¢Í§¤èÒ´Ñ§¡ÅèÒÇ¢éÒ§µé¹à»�¹ 2
¡Ã³Õ ´Ñ§¹Õ�

1. ¡Ã³Õ·Õ�à«ÅÅì»ÅÒÂ·Ò§ÁÕ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ì¹éÍÂ¡ÇèÒ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹µé¹
¢Í§à«ÅÅìµé¹·Ò§
¡Ã³Õ¹Õ�ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµé¹à«ÅÅìã¹áµèÅÐ»ÃÐàÀ·¨Ðáºè§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì¢Í§à«ÅÅì»ÅÒÂ·Ò§ã¹¡ÒÃà¢éÒ
ÊÙèà«ÅÅì»ÅÒÂ·Ò§â´Â¢Ö�¹¡Ñº¤ÇÒÁàÃçÇàÁ×�ÍäÁèà¡Ô´¡ÒÃµÔ´¢Ñ´¢Í§ÂÒ¹¾ÒË¹Ð·Õ�¶Ù¡·ÓãËéà»�¹ºÃÃ·Ñ´°Ò¹
áÅÐ¨Ó¹Ç¹ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ··Õ�ÍÂÙèµÍ¹µé¹¢Í§à«ÅÅìµé¹·Ò§ ¹Í¡¨Ò¡¹Õ�ÍÑµÃÒ¡ÒÃäËÅ¨Ò¡
ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹·éÒÂ¢Í§à«ÅÅìµé¹·Ò§¨ÐÁÕ¤èÒà»�¹ 0 à¾ÃÒÐ·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì¢Í§à«ÅÅì»ÅÒÂ·Ò§¶Ù¡
ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèËÑÇá¶Ç¢Í§à«ÅÅìµé¹·Ò§¤ÃÍº¤ÃÍ§¨¹ËÁ´ ¡Ã³Õ¹Õ�ÁÕà§×�Í¹ä¢´Ñ§¹Õ�

si,a(t) > r̃i+1(t) (4.13)
¨Ðä´é

M∑
m=1

yi+1,m(t) = r̃i+1(t) (4.14)

yi+1,m(t) =
ṽmai,m(t)r̃i+1(t)
M∑

m=1

[
ṽml̃mai,m(t)

] (4.15)

·ÄÉ®Õ CTM ÁÕÃÒ¡°Ò¹¨Ò¡·ÄÉ®ÕÍØ·¡¾ÅÈÒÊµÃì (hydrodynamics) ¶éÒÁÕ¢Í§¼ÊÁ¢Í§¢Í§äËÅ
»ÃÔÁÒ³¢Í§¢Í§äËÅáµèÅÐ»ÃÐàÀ··Õ�¨ÐäËÅä»ä´é¨Ð¢Ö�¹ÊÑ´ÊèÇ¹¢Í§¢Í§äËÅã¹¢Í§¼ÊÁ¹Ñ�¹«Ö�§ÊÁ
ÁÙÅ¡Ñº¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèËÑÇà«ÅÅì¢Í§áµèÅÐ»ÃÐàÀ·áÅÐ¤ÇÒÁË¹×´«Ö�§ÊÁÁÙÅ¡ÑºÊèÇ¹¼¡¼Ñ¹
¢Í§¤ÇÒÁàÃçÇàÁ×�ÍäÁèà¡Ô´¡ÒÃµÔ´¢Ñ´¢Í§ÂÒ¹¾ÒË¹Ð·Õ�¶Ù¡·ÓãËéà»�¹ºÃÃ·Ñ´°Ò¹áÅéÇ ÍÑµÃÒ¡ÒÃäËÅ
¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ·ã¹ÊÁ¡ÒÃ (4.15) ¨Ö§ä´é¨Ò¡¡ÒÃáºè§·Õ�ÇèÒ§ÊÓËÃÑºÂÒ¹¾ÒË¹ÐáµèÅÐ
»ÃÐàÀ·â´Â¾Ô¨ÒÃ³Ò¨Ò¡¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèËÑÇà«ÅÅì¢Í§áµèÅÐ»ÃÐàÀ·áÅÐ¤ÇÒÁàÃçÇàÁ×�ÍäÁè
à¡Ô´¡ÒÃµÔ´¢Ñ´¢Í§ÂÒ¹¾ÒË¹Ð·Õ�¶Ù¡·ÓãËéà»�¹ºÃÃ·Ñ´°Ò¹áÅéÇ
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2. ¡Ã³Õ·Õ�à«ÅÅì»ÅÒÂ·Ò§ÁÕ·Õ�ÇèÒ§¾Í¨ÐÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèËÑÇá¶Ç¨Ò¡à«ÅÅìµé¹·Ò§ä´é·Ñ�§ËÁ´
¡Ã³Õ¹Õ�ÁÕà§×�Í¹ä¢´Ñ§¹Õ�

si,a(t) ≤ r̃i+1(t) (4.16)

¨Ò¡¹Ñ�¹¨Ð¾Ô¨ÒÃ³Ò¶Ö§ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹·éÒÂ¢Í§à«ÅÅìµé¹·Ò§ â´ÂáÂ¡à»�¹ 2 ¡Ã³ÕÂèÍÂ´Ñ§¹Õ�

� ¤ÇÒÁÊÒÁÒÃ¶ ã¹¡ÒÃ ÃÑºÊÑÁ¾Ñ·¸ì ·Õ� àËÅ×Í ÊÒÁÒÃ¶ ÃÑº ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè ·éÒÂ à«ÅÅì µé¹·Ò§ ä´é
·Ñ�§ËÁ´
¶Ö§áÁéÇèÒ¨ÐÁÕ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ìËÅÑ§¨Ò¡ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµé¹à«ÅÅìàËÅ×ÍÁÒ¡
à¾ÕÂ§¾Í ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹·éÒÂ¢Í§à«ÅÅìµé¹·Ò§¡çäÁèÊÒÁÒÃ¶ä»ÂÑ§à«ÅÅì»ÅÒÂ·Ò§ä´é
·Ñ�§ËÁ´ à¹×�Í§¨Ò¡ÂÒ¹¾ÒË¹Ð»ÃÐàÀ··Õ�ÁÕ¤ÇÒÁàÃçÇàÁ×�ÍäÁèµÔ´¢Ñ´·Õ�¶Ù¡·ÓãËé à»�¹ºÃÃ·Ñ´°Ò¹
¹éÍÂ¡ÇèÒ 1 ¨ÐäÁèÊÒÁÒÃ¶ä»ÂÑ§à«ÅÅì»ÅÒÂ·Ò§ä´é·Ñ�§ËÁ´ã¹ 1 ªèÍ§àÇÅÒà¾ÃÒÐ¤ÇÒÁÂÒÇ
¢Í§à«ÅÅìÁÒ¡¡ÇèÒÃÐÂÐ·Ò§à©ÅÕ�Â·Õ�ÂÒ¹¾ÒË¹Ð¹Ñ�¹¨Ðà¤Å×�Í¹·Õ�ä´éã¹ 1 ªèÍ§àÇÅÒ à¹×�Í§¨Ò¡
àÃÒÊÁÁØµÔÇèÒÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂá¶ÇÁÕ¡ÒÃ¡ÃÐ¨ÒÂã¹à«ÅÅìÍÂèÒ§ÊÁ�ÓàÊÁÍáÅÐÃÐÂÐ·Ò§·Õ�
ÂÒ¹¾ÒË¹ÐÊÒÁÒÃ¶à¤Å×�Í¹ä´éà©ÅÕ�Âã¹ 1 ªèÍ§àÇÅÒ¤Ô´à»�¹ ṽm à·èÒ¢Í§¤ÇÒÁÂÒÇà«ÅÅì ¨Ó¹Ç¹
ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂà«ÅÅì¢Í§à«ÅÅìµé¹·Ò§·Õ�ÊÒÁÒÃ¶ä»ä´é¨Ö§ÁÕ¨Ó¹Ç¹à·èÒ¡Ñº ṽm à·èÒ¢Í§
¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂà«ÅÅìµé¹·Ò§ ¡Ã³Õ¹Õ�ÁÕà§×�Í¹ä¢´Ñ§¹Õ�

si,b(t) ≤ r̃∗i+1(t) (4.17)
¨Ðä´é

M∑
m=1

yi+1,m(t) =
M∑

m=1

ai,m(t) +
M∑

m=1

[ṽmbi,m(t)] (4.18)

yi+1,m(t) = ai,m(t) + ṽmbi,m(t) (4.19)
� ·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì·Õ�àËÅ×ÍäÁèÊÒÁÒÃ¶ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂà«ÅÅìµé¹·Ò§ä´é·Ñ�§ËÁ´

ã¹¡Ã³Õ¹Õ�ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂà«ÅÅìµé¹·Ò§·Ø¡»ÃÐàÀ·¨ÐäÁèÊÒÁÒÃ¶à¢éÒà«ÅÅì»ÅÒÂ·Ò§ä´é
·Ñ�§ËÁ´ ÍÑµÃÒÊèÇ¹ã¹¡ÒÃà¢éÒà«ÅÅì»ÅÒÂ·Ò§¢Í§áµèÅÐ»ÃÐàÀ·¨Ð¢Ö�¹¡Ñº¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð
·Õ�ÍÂÙè ·éÒÂ à«ÅÅì áÅÐ ¤ÇÒÁ àÃçÇ ¢Í§»ÃÐàÀ·¹Ñ�¹ â´Â ¤ÇÒÁ àÃçÇ ¨Ð à»�¹ µÑÇ ºè§ªÕ� ÇèÒ ÂÒ¹¾ÒË¹Ð
»ÃÐàÀ·¹Ñ�¹ÁÕÊèÇ¹·Õ�ÁÕ¤ÇÒÁ¾ÃéÍÁ·Õ�¨Ðä»ÂÑ§à«ÅÅì»ÅÒÂ·Ò§ÁÒ¡¹éÍÂá¤èäË¹ ¡Ã³Õ¹Õ�ÁÕà§×�Í¹ä¢
´Ñ§¹Õ�

si,b(t) > r̃∗i+1(t) (4.20)
¨Ðä´é
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M∑
m=1

yi+1,m(t) =
M∑

m=1

ai,m(t) + r̃∗i+1(t) (4.21)

yi+1,m(t) = ai,m(t) +
ṽmbi,m(t)r̃∗i+1(t)
M∑

m=1

[
ṽml̃mbi,m(t)

] (4.22)

4.2.6 ¡ÒÃàª×�ÍÁµèÍáººÃÇÁ
¡ÒÃ¤Ó¹Ç³¤ÇÒÁÊÒÁÒÃ¶ã¹ÃÑºÊÑÁ¾Ñ·¸ì¢Í§à«ÅÅì»ÅÒÂ·Ò§ã¹ÊÁ¡ÒÃ (4.11) ã¹¡ÒÃàª×�ÍÁµèÍáººÃÇÁ

¨Ðãªé¤èÒ qE(t) = qE1(t) + qE2(t)

( )
E
r t%

Cell 1Bg link 1E

1, 1,( ), ( )
Bg m Bg m
a t b t

1, 1( ), ( )
E m E
y t q t

Cell 2Bg
link 2E

2, 2,( ), ( )
Bg m Bg m
a t b t 2, 2( ), ( )

E m E
y t q t

Cell E

ÃÙ»·Õ� 4.3 ¡ÒÃàª×�ÍÁµèÍáººÃÇÁ

¡ÒÃ¤Ó¹Ç³ÍÑµÃÒ¡ÒÃäËÅã¹¡ÒÃàª×�ÍÁµèÍáººÃÇÁÊÒÁÒÃ¶áÂ¡¡ÒÃ¤Ó¹Ç³ÍÍ¡à»�¹¡ÒÃàª×�ÍÁµèÍáºº
µÒÁÅÓ´Ñº 2 ÊèÇ¹â´Â¾Ô¨ÒÃ³Òä´é´Ñ§¹Õ�

1. à«ÅÅì»ÅÒÂ·Ò§ÊÒÁÒÃ¶ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹µé¹áÅÐ»ÅÒÂ¢Í§à«ÅÅìµé¹·Ò§·Ñ�§ 2 à«ÅÅìä´é
·Ñ�§ËÁ´à¢ÕÂ¹à»�¹à§×�Í¹ä¢ä´é´Ñ§ÊÁ¡ÒÃ

r̃E(t) ≥ min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)}+min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)}
(4.23)

«Ö�§ à»�¹¡Ã³Õ·Õ� äÁèÁÕ¤ÇÒÁ«Ñº«éÍ¹ ÍÑµÃÒ¡ÒÃäËÅ¨Ð¢Ö�¹¡Ñº¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�¾ÃéÍÁ¨Ðä»¢Í§
à«ÅÅìµé¹·Ò§à·èÒ¹Ñ�¹¨Ö§à»ÃÕÂºàÊÁ×Í¹ÇèÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ìÊÓËÃÑºáµèÅÐà«ÅÅìµé¹·Ò§
ÁÕ¤èÒà·èÒ¡Ñº¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§¢Í§áµèÅÐà«ÅÅìµé¹·Ò§ ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ìÊÓËÃÑº
ÂÒ¹¾ÒË¹Ð¨Ò¡à«ÅÅìµé¹·Ò§áµèÅÐà«ÅÅì¨Ö§ÊÒÁÒÃ¶¤Ó¹Ç³ä´é´Ñ§¹Õ�

r̃E1(t) = min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} (4.24)
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r̃E2(t) = min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} (4.25)

2. à«ÅÅì»ÅÒÂ·Ò§äÁèÊÒÁÒÃ¶ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹µé¹áÅÐ»ÅÒÂ¢Í§à«ÅÅìµé¹·Ò§·Ñ�§ 2 à«ÅÅìä´é
·Ñ�§ËÁ´à¢ÕÂ¹à»�¹à§×�Í¹ä¢ä´é´Ñ§ÊÁ¡ÒÃ

r̃E(t) < min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)}+min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)}
(4.26)

ã¹¡Ã³Õ¹Õ�à«ÅÅì»ÅÒÂ·Ò§äÁèÁÕ·Õ�ÇèÒ§¾Í·Õ�¨ÐÃÍ§ÃÑºÂÒ¹¾ÒË¹Ðä´é·Ñ�§ËÁ´ ¡ÒÃ¾Ô¨ÒÃ³Ò·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì
¢Í§à«ÅÅì»ÅÒÂ·Ò§·Õ�¶Ù¡áºè§äÇéÃÍ§ÃÑºÂÒ¹¾ÒË¹Ð¨Ò¡à«ÅÅìµé¹·Ò§áµèÅÐà«ÅÅì¨ÐµéÍ§¾Ô¨ÒÃ³Ò¨Ò¡
ÍÑµÃÒÊèÇ¹¡ÒÃÃÇÁµÑÇ pi ´éÇÂ ¨ÐáÂ¡¾Ô¨ÒÃ³Òä´éà»�¹ÍÕ¡ 2 ¡Ã³Õ´Ñ§¹Õ�

(a) à«ÅÅì»ÅÒÂ·Ò§äÁèÊÒÁÒÃ¶ÃÑºÂÒ¹¾ÒË¹Ð¨Ò¡à«ÅÅìµé¹·Ò§ä´é·Ñ�§ËÁ´ ·Ñ�§ 2 à«ÅÅì ÁÕà§×�Í¹ä¢
´Ñ§¹Õ�

min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} ≥ p1r̃E(t) (4.27)
áÅÐ

min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} ≥ p2r̃E(t) (4.28)
¨Ðä´é

r̃Ei(t) = pir̃E(t), i = 1, 2 (4.29)
(b) à«ÅÅì»ÅÒÂ·Ò§ÊÒÁÒÃ¶ÃÑºÂÒ¹¾ÒË¹Ð·Ñ�§ËÁ´¨Ò¡à«ÅÅìµé¹·Ò§à¾ÕÂ§à«ÅÅìà´ÕÂÇ ÁÕà§×�Í¹ä¢

áºè§à»�¹ 2 ÅÑ¡É³Ð´Ñ§¹Õ�
� ÂÒ¹¾ÒË¹Ðã¹à«ÅÅìµé¹·Ò§·Õ� 1 ·Õ�ÁÕ¤ÇÒÁ¾ÃéÍÁ¨Ðä»ÊÒÁÒÃ¶ä»ÂÑ§à«ÅÅì»ÅÒÂä´é

·Ñ�§ËÁ´ áµèà«ÅÅìµé¹·Ò§·Õ� 2 äÁèÊÒÁÒÃ¶Êè§ÂÒ¹¾ÒË¹Ð·Õ�ÁÕ¤ÇÒÁ¾ÃéÍÁ¨Ðä»ä»ÂÑ§à«ÅÅì
»ÅÒÂ·Ò§ä´é·Ñ�§ËÁ´ ÁÕà§×�Í¹ä¢´Ñ§¹Õ�

min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} ≤ p1r̃E(t) (4.30)
áÅÐ

min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} > p2r̃E(t) (4.31)
¨Ðä´é
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r̃E1(t) = min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} (4.32)

r̃E2(t) = r̃E(t)−min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} (4.33)
� ÂÒ¹¾ÒË¹Ðã¹à«ÅÅìµé¹·Ò§·Õ� 1 äÁèÊÒÁÒÃ¶Êè§ÂÒ¹¾ÒË¹Ð·Õ�ÁÕ¤ÇÒÁ¾ÃéÍÁ¨Ðä»ä»ÂÑ§

à«ÅÅì»ÅÒÂ·Ò§ä´é·Ñ�§ËÁ´áµèà«ÅÅìµé¹·Ò§·Õ� 2 ·Õ�ÁÕ¤ÇÒÁ¾ÃéÍÁ¨Ðä»ÊÒÁÒÃ¶ä»ÂÑ§à«ÅÅì
»ÅÒÂä´é·Ñ�§ËÁ´ ÁÕà§×�Í¹ä¢´Ñ§¹Õ�

min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} > p1r̃E(t) (4.34)
áÅÐ

min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} ≤ p2r̃E(t) (4.35)
¨Ðä´é

r̃E1(t) = r̃E(t)−min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} (4.36)

r̃E2(t) = min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} (4.37)
ËÅÑ§¨Ò¡¡ÒÃ¤Ó¹Ç³¤èÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ì à«ÅÅì»ÅÒÂ·Ò§ÊÓËÃÑºÂÒ¹¾ÒË¹Ð¨Ò¡à«ÅÅì

µé¹·Ò§áµèÅÐà«ÅÅì¨Ò¡ÊÁ¡ÒÃ·Õ� (4.24)-(4.25), (4.29), (4.32)-(4.33), (4.36), (4.58) áÅéÇ à«ÅÅì
»ÅÒÂ·Ò§¨ÐàÊÁ×Í¹¶Ù¡áºè§à»�¹ 2 à«ÅÅìÂèÍÂáÂ¡¨Ò¡¡Ñ¹â´Âàª×�ÍÁ¡Ñºà«ÅÅìµé¹·Ò§áµèÅÐà«ÅÅì â´Â¤ÇÒÁ
ÊÒÁÒÃ¶ã¹¡ÒÃÃÑºÊÑÁ¾Ñ·¸ì¨Ð¶Ù¡áºè§ä»ã¹à«ÅÅìÂèÍÂ¹Ñ�¹ æ ´Ñ§ÃÙ»·Õ� 4.4 ¡ÒÃ¤Ó¹Ç³ÍÑµÃÒ¡ÒÃäËÅ¨Ò¡à«ÅÅì
µé¹·Ò§·Ñ�§ 2 à«ÅÅì¨Ð¾Ô¨ÒÃ³ÒáÂ¡¨Ò¡¡Ñ¹ä´éà»�¹¡ÒÃàª×�ÍÁµèÍáººµÒÁÅÓ´Ñº 2 ¡Ã³ÕµÒÁ (4.12)-(4.20)
ä´é´Ñ§¹Õ�

Cell 1E

1( )
E
r t%

Cell 1Bg link 1E

1, 1,( ), ( )
Bg m Bg m
a t b t

1, ( )
E m
y t

2 ( )
E
r t%

Cell 2Bg link 2E

2, 2,( ), ( )
Bg m Bg m
a t b t

2, ( )
E m
y t

Cell 2E

ÃÙ»·Õ� 4.4 ¡ÒÃáºè§à«ÅÅì»ÅÒÂ·Ò§ÍÍ¡à»�¹à«ÅÅì»ÅÒÂ·Ò§ÂèÍÂ 2 à«ÅÅì
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� ¶éÒ sBgi,a(t) > r̃Ei(t) ¨Ðä´é

yEi,m(t) =
ṽmaBgi,m(t)r̃Ei(t)
M∑

m=1

[
ṽml̃maBgi,m(t)

] (4.38)

ÊÁ¡ÒÃ (4.38) ÁÕ ṽm à¹×�Í§ÁÒ¨Ò¡ ·Õ� ÇèÒ§ ÊÑÁ¾Ñ·¸ì ã¹ à«ÅÅì »ÅÒÂ ·Ò§ äÁè à¾ÕÂ§¾Í ·Õ� ¨Ð
ÃÍ§ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè ËÑÇµÍ¹µé¹¢Í§ à«ÅÅì µé¹·Ò§ ä´é·Ñ�§ËÁ´ ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè µÍ¹µé¹¢Í§
à«ÅÅìµé¹·Ò§¨Ö§µéÍ§áºè§·Õ� ÇèÒ§ â´Â¾Ô¨ÒÃ³Ò¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃáºè§·Õ� ÇèÒ§¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ
»ÃÐàÀ·¨Ò¡¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹µé¹¢Í§à«ÅÅìµé¹·Ò§áÅÐ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹·Õ�
¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ·«Ö�§á»Ã¼Ñ¹â´ÂµÃ§¡Ñº ṽm ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§ã¹ÊÁ¡ÒÃ (4.6)
à¾ÕÂ§áµèºÍ¡ÇèÒà«ÅÅìµé¹·Ò§ÁÕ¤ÇÒÁÊÒÁÒÃ¶·Õ�¨ÐÊè§ÂÒ¹¾ÒË¹Ðä´éÊÙ§ÊØ´à·èÒã´ «Ö�§à»�¹¡Ã³Õ·Õ�à«ÅÅì
»ÅÒÂ·Ò§ÁÕ·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ìà¾ÕÂ§¾Í·Õ�¨ÐÃÍ§ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèµÍ¹µé¹¢Í§à«ÅÅìµé¹·Ò§ä´é·Ñ�§ËÁ´
¨Ö§äÁèÁÕ¾¨¹ì·Õ�ºè§ºÍ¡¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃáºè§·Õ�ÇèÒ§´Ñ§¾¨¹ì ṽm

� ¶éÒ sBgi,a(t) ≤ r̃Ei(t)

� ¶éÒ sBgi,b(t) ≤ r̃Ei(t)−
M∑

m=1

[
l̃maBgi,m(t)

]
¨Ðä´é

yEi,m(t) = aBgi,m(t) + ṽmbBgi,m(t) (4.39)

� ¶éÒ sBgi,b(t) > r̃Ei(t)−
M∑

m=1

[
l̃maBgi,m(t)

]
¨Ðä´é

yEi,m(t) = aBgi,m(t) +
ṽmbBgi,m(t) (r̃Ei(t)− sBgi,a(t))

sBgi,b(t)
(4.40)

4.2.7 ¡ÒÃàª×�ÍÁµèÍáººáÂ¡

1( )
E
r t%

Cell 1Elink 1E

1, 1( ), ( )
E m E
y t q t

Cell 2E
link 2E

, ,( ), ( )
Bg m Bg m
a t b t

2, 2( ), ( )
E m E
y t q t 2 ( )

E
r t%

Cell Bg

ÃÙ»·Õ� 4.5 ¡ÒÃàª×�ÍÁµèÍáººáÂ¡
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¢éÍáµ¡µèÒ§ÊÓ¤Ñ­ÃÐËÇèÒ§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹ à«ÅÅì·Õ� ÁÕ ¡ÒÃ à¤Å×�Í¹·Õ� áººÇÔÇÔ¸¾Ñ¹¸Øì áÅÐ CTM
´Ñ�§à´ÔÁ¤×ÍÍÑµÃÒÊèÇ¹¢Í§¡ÒÃáºè§»ÃÔÁÒ³ÂÒ¹¾ÒË¹Ðä»µÒÁªèÍ§·Ò§µèÒ§ æ ¨ÐáÂ¡¾Ô¨ÒÃ³ÒµÒÁ»ÃÐàÀ·
¢Í§ÂÒ¹¾ÒË¹Ð ã¹¡ÒÃàª×�ÍÁµèÍáººáÂ¡¹Ñ�¹à«ÅÅì»ÅÒÂ·Ò§·Õ�ÁÕâÍ¡ÒÊ¨ÐàµçÁ¡èÍ¹¨Ðà»�¹µÑÇ¡ÓË¹´ÍÑµÃÒ
¡ÒÃäËÅã¹·Ñ�§ 2 ªèÍ§·Ò§ à¾ÃÒÐ©Ð¹Ñ�¹¨Ö§µéÍ§ËÒà«ÅÅì»ÅÒÂ·Ò§ î ·Õ�¨ÐàµçÁ¡èÍ¹¨Ò¡¡ÒÃ¾Ô¨ÒÃ³Ò
ÍØ»Ê§¤ìáÅÐÍØ»·Ò¹ã¹áµèÅÐªèÍ§·Ò§â´ÂàÊé¹·Ò§·Õ�ÁÕÍÑµÃÒÊèÇ¹¢Í§ÍØ»·Ò¹µèÍÍØ»Ê§¤ì¹éÍÂ·Õ�ÊØ´¨ÐÁÕâÍ¡ÒÊ
àµçÁà»�¹ÍÑ¹´ÑºáÃ¡ËÒ¡ÁÕ»ÃÔÁÒ³ÂÒ¹¾ÒË¹Ð·Õ�à«ÅÅìµé¹·Ò§ÁÒ¡¾Í ¨Ò¡

î = arg min
i





r̃Ei(t)
M∑

m=1

[
βEi,ml̃m (aBg,m(t) + ṽmbBg,m(t))

]





(4.41)

βEi,m = ÍÑµÃÒÊèÇ¹¢Í§¡ÒÃáºè§ÂÒ¹¾ÒË¹Ð»ÃÐàÀ· m ä»ÂÑ§ à«ÅÅì»ÅÒÂ·Ò§ Ei â´Â·Õ�∑
i βEi,m = 1,∀m

â´ÂËÒ¡ min
i





r̃Ei(t)
MP

m=1
[βEi,m l̃m(aBg,m(t)+ṽmbBg,m(t))]



 < 1 ¨Ðä´éÇèÒ î à»�¹à«ÅÅì»ÅÒÂ·Ò§·Õ�ÁÕ

âÍ¡ÒÊàµçÁ¡èÍ¹à«ÅÅì»ÅÒÂ·Ò§Í×�¹ áµèËÒ¡ min
i





r̃Ei(t)
MP

m=1
[βEi,m l̃m(aBg,m(t)+ṽmbBg,m(t))]



 ≥ 1 ¨Ðä´é

ÇèÒà«ÅÅì»ÅÒÂ·Ò§·Ø¡à«ÅÅìÊÒÁÒÃ¶ÃÑºÂÒ¹¾ÒË¹Ð¨Ò¡à«ÅÅìµé¹·Ò§ä´é·Ñ�§ËÁ´·Ø¡à«ÅÅì
¡ÒÃ ¤Ó¹Ç³ÍÑµÃÒ ¡ÒÃ äËÅ ã¹¡ÒÃ àª×�ÍÁµèÍ áººáÂ¡ÊÒÁÒÃ¶ Å´ ÃÙ» »�­ËÒ à»�¹ ¡ÒÃ ¤Ó¹Ç³ ã¹¡ÒÃ

àª×�ÍÁµèÍáººµÒÁÅÓ´Ñºä´éâ´Â·Ó¡ÒÃ¤Ó¹Ç³ËÒÍÑµÃÒ¡ÒÃäËÅ¢Í§à«ÅÅì»ÅÒÂ·Ò§·Õ�ÁÕ âÍ¡ÒÊ¨ÐàµçÁ¡èÍ¹
ÍÑµÃÒ¡ÒÃäËÅã¹à«ÅÅì»ÅÒÂ·Ò§·Õ�àËÅ×Í¨ÐËÒä´é¨Ò¡ÍÑµÃÒÊèÇ¹¢Í§¡ÒÃáºè§ÂÒ¹¾ÒË¹Ð´Ñ§ÃÙ»·Õ� 4.6

à¾×�ÍÅ´¤ÇÒÁ«�Ó«éÍ¹ã¹¡ÒÃà¢ÕÂ¹ÊÁ¡ÒÃà»�¹¡Ã³ÕÂèÍÂ æ ã¹·Õ�¹Õ�¨ÐÊÁÁØµÔÇèÒ E1 à»�¹à«ÅÅì»ÅÒÂ·Ò§·Õ�
ÁÕâÍ¡ÒÊ¨ÐàµçÁ¡èÍ¹ «Ö�§¡Ã³Õ E2 ¨ÐÁÕ¤ÇÒÁ¤ÅéÒÂ¤ÅÖ§¡Ñ¹ã¹¡ÒÃ¤Ó¹Ç³à¾ÕÂ§áµèÊÅÑº´Ñª¹Õ¢Í§ªèÍ§·Ò§áÅÐ
à«ÅÅì»ÅÒÂ·Ò§ ¡ÒÃ¤Ó¹Ç³¤èÒÍÑµÃÒ¡ÒÃäËÅã¹ªèÍ§·Ò§ E1 áºè§ä´éà»�¹ 2 ¡Ã³Õ

ˆ ( )
Ei
r t%

ˆCell Ei
ˆlink Ei

ˆ ˆ,
( ), ( )

Ei m Ei
y t q t

ˆ ,,
( )

Bg mEi m
a tβ

Cell Bg

ˆ ,,
( )

Bg mEi m
b tβ

ÃÙ»·Õ� 4.6 ¡ÒÃàª×�ÍÁµèÍáººáÂ¡·Õ�Å´ÃÙ»à»�¹¡ÒÃàª×�ÍÁµèÍáººµÒÁÅÓ´ÑºáÅéÇ

1. à«ÅÅì»ÅÒÂ·Ò§ E1 ÊÒÁÒÃ¶ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèËÑÇá¶Ç¢Í§à«ÅÅìµé¹·Ò§ Bg ä´é·Ñ�§ËÁ´ ÁÕà§×�Í¹ä¢
´Ñ§¹Õ�

M∑
m=1

(
βE1,ml̃maBg,m(t)

)
≤ r̃E1(t) (4.42)

ã¹¡Ã³Õ¹Õ�ÂÑ§áºè§ä´éÍÕ¡à»�¹ 2 ¡Ã³ÕÂèÍÂ´Ñ§¹Õ�
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� à«ÅÅì»ÅÒÂ·Ò§ E1 ÊÒÁÒÃ¶ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂá¶Ç¨Ò¡à«ÅÅìµé¹·Ò§ Bg ä´é·Ñ�§ËÁ´
¡Ã³ÕÂèÍÂ¹Õ�ÁÕà§×�Í¹ä¢à¾Ô�ÁàµÔÁ´Ñ§¹Õ�

M∑
m=1

[
βE1,ml̃m (aBg,m(t) + ṽmbBg,m(t))

]
≤ r̃E1(t) (4.43)

«Ö�§¨Ð¤Ó¹Ç³¤èÒÍÑµÃÒ¡ÒÃäËÅà¢éÒÊÙèà«ÅÅì»ÅÒÂ·Ò§ E1 ä´é´Ñ§¹Õ�

yE1,m(t) = βE1,ml̃m (aBg,m(t) + ṽmbBg,m(t)) (4.44)

yE1(t) =
M∑

m=1

[
βE1,ml̃m (aBg,m(t) + ṽmbBg,m(t))

]
(4.45)

� à«ÅÅì»ÅÒÂ·Ò§ E1 äÁèÊÒÁÒÃ¶ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂá¶Ç¨Ò¡à«ÅÅìµé¹·Ò§ Bg ä´é·Ñ�§ËÁ´
¡Ã³ÕÂèÍÂ¹Õ�ÁÕà§×�Í¹ä¢à¾Ô�ÁàµÔÁ´Ñ§¹Õ�

M∑
m=1

[
βE1,ml̃m (aBg,m(t) + ṽmbBg,m(t))

]
> r̃E1(t) (4.46)

«Ö�§¨Ð¤Ó¹Ç³¤èÒÍÑµÃÒ¡ÒÃäËÅà¢éÒÊÙèà«ÅÅì»ÅÒÂ·Ò§ E1 ä´é´Ñ§¹Õ�

yE1,m(t) = βE1,maBg,m(t)+

ṽmβE1,mbBg,m(t)

(
r̃E1(t)−

M∑
m=1

(βE1,maBg,m(t))

)

M∑
m=1

(
ṽml̃mβE1,mbBg,m(t)

)

(4.47)

yE1(t) = r̃E1(t) (4.48)
2. à«ÅÅì»ÅÒÂ·Ò§ E1 äÁèÊÒÁÒÃ¶ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèËÑÇá¶Ç¢Í§à«ÅÅìµé¹·Ò§ Bg ä´é·Ñ�§ËÁ´ ÁÕ

à§×�Í¹ä¢´Ñ§¹Õ�
M∑

m=1

(
βE1,ml̃maBg,m(t)

)
> r̃E1(t) (4.49)

¨Ð¤Ó¹Ç³¤èÒÍÑµÃÒ¡ÒÃäËÅà¢éÒÊÙèà«ÅÅì»ÅÒÂ·Ò§ E1 ä´é´Ñ§¹Õ�

yE1,m(t) =
ṽmβE1,maBg,m(t)r̃E1(t)

M∑
m=1

(
ṽml̃mβE1,maBg,m(t)

) (4.50)
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yE1(t) = r̃E1(t) (4.51)
à¹×�Í§ÁÒ¨Ò¡·Õ� ÇèÒ§ÊÑÁ¾Ñ·¸ì ã¹ à«ÅÅì»ÅÒÂ·Ò§äÁè à¾ÕÂ§¾Í·Õ� ¨ÐÃÍ§ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè ËÑÇá¶Ç¨Ò¡
à«ÅÅìµé¹·Ò§ä´é·Ñ�§ËÁ´ ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèËÑÇá¶Ç¨Ò¡à«ÅÅìµé¹·Ò§¨Ö§µéÍ§áºè§·Õ� ÇèÒ§â´Â¾Ô¨ÒÃ³Ò
¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃáºè§·Õ�ÇèÒ§¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ·¨Ò¡¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèËÑÇá¶Ç
ã¹à«ÅÅìµé¹·Ò§áÅÐ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹·Õ�¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ·«Ö�§á»Ã¼Ñ¹â´ÂµÃ§
¡Ñº ṽm ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§ã¹ÊÁ¡ÒÃ (4.6) à¾ÕÂ§áµèºÍ¡ÇèÒà«ÅÅìµé¹·Ò§ÁÕ¤ÇÒÁÊÒÁÒÃ¶·Õ�
¨ÐÊè§ÂÒ¹¾ÒË¹Ðä´éÊÙ§ÊØ´à·èÒã´ «Ö�§à»�¹¡Ã³Õ·Õ�à«ÅÅì»ÅÒÂ·Ò§ÁÕ·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ìà¾ÕÂ§¾Í·Õ�¨ÐÃÍ§ÃÑº
ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèËÑÇá¶Ç¨Ò¡à«ÅÅìµé¹·Ò§ä´é·Ñ�§ËÁ´¨Ö§äÁèÁÕ¾¨¹ì·Õ�ºè§ºÍ¡¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃáºè§·Õ�
ÇèÒ§´Ñ§¾¨¹ì ṽm

ËÅÑ§¨Ò¡·Õ�ä´é¤èÒÍÑµÃÒ¡ÒÃäËÅà¢éÒÊÙèà«ÅÅì»ÅÒÂ·Ò§ E1 ¨Ò¡ÊÁ¡ÒÃ¢éÒ§µé¹áÅéÇ ¡çÊÒÁÒÃ¶ËÒ¤èÒÍÑµÃÒ
¡ÒÃäËÅà¢éÒÊÙèà«ÅÅì»ÅÒÂ·Ò§ E2 ä´é¨Ò¡ÍÑµÃÒÊèÇ¹¢Í§¡ÒÃáºè§»ÃÔÁÒ³ÂÒ¹¾ÒË¹Ð´Ñ§¹Õ�

yE2,m(t) =
βE2,m

βE1,m

yE1,m(t) (4.52)

yE2(t) =
M∑

m=1

(
βE2,m

βE1,m

yE1,m(t)

)
(4.53)

4.3 áºº¨ÓÅÍ§ã¹¡Ã³Õà©¾ÒÐàÁ×�Í M = 1

4.3.1 ¡ÒÃàª×�ÍÁµèÍáººµÒÁÅÓ´Ñº
¨Ò¡ÊÁ¡ÒÃ (4.13)-(4.22) ¶éÒãËé M = 1 áÅÐ l̃m = lm

lM
= 1 ¨Ðä´éÊÁ¡ÒÃµÒÁÅÓ´Ñº´Ñ§¢éÒ§ÅèÒ§

ai(t) ≥ r̃i+1(t) (4.54)

yi+1(t) = r̃i+1(t) (4.55)

ṽbi(t) ≤ r̃∗i+1(t) (4.56)

yi+1(t) = ai(t) + ṽbi(t) (4.57)

ṽbi(t) ≥ r̃∗i+1(t) (4.58)

yi+1(t) = ai(t) + r̃∗i+1(t) (4.59)
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à¹×�Í§¨Ò¡ vm = v ¨Ö§ ä´é ṽ = 1 áÅÐ ψi,m(t) = 1 á·¹¤èÒ ṽ =

1, r̃i+1(t) = min {qi+1, δi+1 [ci+1 − ni+1(t)]} áÅÐ r̃∗i+1(t) = r̃i+1(t) − ai(t) =

min {qi+1(t), δi+1 [ci+1 − ni+1(t)]} − ai(t) Å§ä»ã¹ÊÁ¡ÒÃ·Õ� (4.54)-(4.59) ¨Ðä´éÊÁ¡ÒÃ´Ñ§
¢éÒ§ÅèÒ§

ai(t) ≥ min {qi+1(t), δi+1 [ci+1 − ni+1(t)]} (4.60)

yi+1(t) = min {qi+1(t), δi+1 [ci+1 − ni+1(t)]} (4.61)

ai(t) + bi(t) ≤ min {qi+1(t), δi+1 [ci+1 − ni+1(t)]} (4.62)

yi+1(t) = ai(t) + bi(t) (4.63)

ai(t) + bi(t) ≥ min {qi+1(t), δi+1 [ci+1 − ni+1(t)]} (4.64)

yi+1(t) = min {qi+1(t), δi+1 [ci+1 − ni+1(t)]} (4.65)
¨Ò¡¹Ñ�¹á·¹¤èÒ ai(t) + bi(t) = ni(t) Å§ã¹ÊÁ¡ÒÃ·Õ� (3.11)-(3.13) ¨Ðä´é

ni(t) ≤ min {qi+1(t), δi+1 [ci+1 − ni+1(t)]} (4.66)

yi+1(t) = ni(t) (4.67)

ni(t) ≥ min {qi+1(t), δi+1 [ci+1 − ni+1(t)]} (4.68)
àÁ×�Í¾Ô¨ÒÃ³ÒÊÁ¡ÒÃ·Õ� (4.60)-(4.61), (4.65) áÅÐ (4.66)-(4.68) ¨Ðä´é

yi+1(t) = min {ni(t), qi+1(t), δi+1 [ci+1 − ni+1(t)]} (4.69)
«Ö�§µÃ§¡ÑºÊÁ¡ÒÃ¤Ó¹Ç³ÍÑµÃÒ¡ÒÃäËÅ¢Í§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ [1] ÊÁ¡ÒÃ

áºº¨ÓÅÍ§ ¡ÒÃ Êè§ ¼èÒ¹ áºº à«ÅÅì ·Õ� áÂ¡»ÃÐàÀ· ÂÒ¹¾ÒË¹Ð ´éÇÂ ¡ÒÃ à¤Å×�Í¹·Õ� áºº ÇÔÇÔ¸ ¾Ñ¹¸Øì ã¹ ¡Ã³Õ
àª×�ÍÁµèÍáººµÒÁÅÓ´Ñº¨Ö§à»�¹¡Ã³Õ·Ñ�Çä»¢Í§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹áººà«ÅÅìã¹¡Ã³Õ¡ÒÃàª×�ÍÁµèÍáºº
µÒÁÅÓ´Ñº´Ñ�§à´ÔÁ
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4.3.2 ¡ÒÃàª×�ÍÁµèÍáººÃÇÁ
àÁ×�Í àÃÒ ãËé M = 1 ¨Ð ä´é ṽm = 1, min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} =

sBg1(t), min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} = sBg2(t), ψi,m(t) = 1, l̃m = lm
lM

=

1, r̃E(t) = rE(t), r̃E1(t) = rE1(t), r̃E2(t) = rE2(t) àÁ×�Íá·¹Å§ã¹ÊÁ¡ÒÃ·Õ� (4.26)-(4.37)
¨Ðä´éÊÁ¡ÒÃ´Ñ§¢éÒ§ÅèÒ§µÒÁÅÓ´Ñº

rE(t) < sBg1(t) + sBg2(t) (4.70)

sBg1(t) ≥ p1rE(t) (4.71)

sBg2(t) ≥ p2rE(t) (4.72)

rEi(t) = pirE(t), i = 1, 2 (4.73)

sBg1(t) < p1rE(t) (4.74)

sBg2(t) ≥ p2rE(t) (4.75)

rE1(t) = sBg1(t) (4.76)

rE2(t) = rE(t)− sBg1(t) (4.77)

sBg1(t) ≥ p1rE(t) (4.78)

sBg2(t) < p2rE(t) (4.79)

rE1(t) = rE(t)− sBg2(t) (4.80)

rE2(t) = sBg2(t) (4.81)
á·¹¤èÒ p2 = 1− p1 Å§ã¹ÊÁ¡ÒÃ·Õ� (4.72) áÅÐ (4.79) áÅÐ¨Ñ´ÃÙ»ãËÁè¨Ðä´é

p1rE(t) ≥ rE(t)− sBg2(t) (4.82)
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p1rE(t) < rE(t)− sBg2(t) (4.83)
¨Ò¡ÊÁ¡ÒÃ·Õ� (4.71), (4.82) áÅÐ (4.73) ¨ÐÊÃØ»ä´éÇèÒ

rE(t)− sBg2(t) ≤ p1rE(t) ≤ sBg1(t) → rE1(t) = p1rE(t) (4.84)
ÊÑ­ÅÑ¡É³ì p → q á·¹»ÃÐ¾¨¹ì "¶éÒ p áÅéÇ q"
¨Ò¡ÊÁ¡ÒÃ·Õ� (4.70), (4.74) áÅÐ (4.76) ¨ÐÊÃØ»ä´éÇèÒ

rE(t)− sBg2(t) < sBg1(t) < p1rE(t) → rE1(t) = sBg1(t) (4.85)
¨Ò¡ÊÁ¡ÒÃ·Õ� (4.70), (4.83) áÅÐ (4.80) ¨ÐÊÃØ»ä´éÇèÒ

p1rE(t) < rE(t)− sBg2(t) < sBg1(t) → rE1(t) = rE(t)− sBg2(t) (4.86)

¨Ò¡ÊÁ¡ÒÃ·Õ� (4.70), (4.84)-(4.86) ¨ÐÊÃØ»ä´éÇèÒ

rE(t) < sBg1(t)+sBg2(t) → rE1(t) = mid {p1rE(t), sBg1(t), rE(t)− sBg2(t)} (4.87)

¨Ò¡¹Ñ�¹ á·¹ ¤èÒ min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} =

sBg1(t), min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} = sBg2(t), r̃E(t) = rE(t), r̃E1(t) =

rE1(t), r̃E2(t) = rE2(t) Å§ã¹ÊÁ¡ÒÃ·Õ� (4.23)-(4.25) ¨Ðä´éÊÁ¡ÒÃ´Ñ§¢éÒ§ÅèÒ§µÒÁÅÓ´Ñº

rE(t) ≥ sBg1(t) + sBg2(t) (4.88)

rE1(t) = sBg1(t) (4.89)

rE2(t) = sBg2(t) (4.90)
¨Ò¡ÊÁ¡ÒÃ·Õ� (4.88)-(4.89) ¨ÐÊÃØ»ä´é´Ñ§¹Õ�

rE(t) ≥ sBg1(t) + sBg2(t) → rE1(t) = sBg1(t) (4.91)
¨Ò¡ÊÁ¡ÒÃ·Õ� (4.87) áÅÐ (4.91) àÃÒ¨Ðä´éÊÁ¡ÒÃ·Õ� (4.92)

rE1(t) = min {sBg1(t), max {rE(t)− sBg2(t), p1rE(t)}} (4.92)
à¹×�Í§¨Ò¡ rE1(t) ≤ sBg1(t) àÊÁÍ¨Ö§ä´é
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yE1(t) = min {sBg1(t), rE1(t)}
= min {sBg1(t), max {rE(t)− sBg2(t), p1rE(t)}} (4.93)

ÊÁ¡ÒÃ·Õ� (4.93) µÃ§¡Ñº ÊÁ¡ÒÃ·Õ� (3.10) «Ö�§à»�¹ÊÁ¡ÒÃ¤Ó¹Ç³ÍÑµÃÒ¡ÒÃäËÅã¹¡ÒÃàª×�ÍÁµèÍáºº
ÃÇÁ¢Í§ CTM ´Ñ�§à´ÔÁ [2] ÊÁ¡ÒÃáºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹áººà«ÅÅì·Õ�áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹Ð´éÇÂ¡ÒÃ
à¤Å×�Í¹·Õ�áººÇÔÇÔ¸¾Ñ¹¸Øìã¹¡Ã³Õàª×�ÍÁµèÍáººÃÇÁ¨Ö§à»�¹¡Ã³Õ·Ñ�Çä»¢Í§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹áººà«ÅÅìã¹
¡Ã³Õ¡ÒÃàª×�ÍÁµèÍáººÃÇÁ´Ñ�§à´ÔÁ ÊèÇ¹¡ÒÃ¤Ó¹Ç³¤èÒ yE2(t) ¨ÐàËÁ×Í¹¡Ñº yE1(t) ·Õ�ä´éáÊ´§ãËé´ÙáÅéÇ
ã¹¢éÒ§µé¹áÅÐµÃ§¡ÑºÊÁ¡ÒÃ·Õ� (3.11) àªè¹à´ÕÂÇ¡Ñ¹

4.3.3 ¡ÒÃàª×�ÍÁµèÍáººáÂ¡
àÁ×�ÍàÃÒãËé M = 1 ¨Ðä´é ṽm = 1, aBg(t) + ṽm(t) = nBg(t), ψi,m(t) = 1, l̃m = lm

lM
=

1, r̃E(t) = rE(t), r̃E1(t) = rE1(t), r̃E2(t) = rE2(t) àÁ×�Íá·¹Å§ã¹ÊÁ¡ÒÃ·Õ� (4.41)-(4.53) ¨Ð
ä´éÊÁ¡ÒÃ´Ñ§¢éÒ§ÅèÒ§

arg min
i

{
rEi(t)

βEi

}
(4.94)

βE1aBg(t) ≤ rE1(t) (4.95)

βE1nBg(t) ≤ rE1(t) (4.96)

yE1(t) = βE1nBg(t) (4.97)

βE1nBg(t) > rE1(t) (4.98)

yE1(t) = rE1(t) (4.99)

βE1aBg(t) > rE1(t) (4.100)

yE1(t) = rE1(t) (4.101)

yE2(t) =
βE2

βE1

yE1(t) (4.102)
ÊÁ¡ÒÃ·Õ� (4.100) ÊÒÁÒÃ¶à¢ÕÂ¹ãËÁèä´éà»�¹

βE1nBg(t) > rE1(t) (4.103)
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¨Ò¡ÊÁ¡ÒÃ·Õ� (4.95), (4.98)-(4.101), (4.103) ¨ÐÊÃØ»ä´éÇèÒ

βE1nBg(t) > rE1(t) → yE1(t) = rE1(t) (4.104)
áÅÐ¨Ò¡ÊÁ¡ÒÃ·Õ� (4.95)-(4.97) ¨ÐÊÃØ»ä´éÇèÒ

βE1nBg(t) ≤ rE1(t) → yE1(t) = βE1nBg(t) (4.105)
ÊÁ¡ÒÃ·Õ� (4.104) áÅÐ (4.105) ¨ÐÊÃØ»ä´éÇèÒ

yE1(t) = min {βE1nBg(t), rE1(t)} (4.106)
ÊÁ¡ÒÃ·Õ� (4.106) à»�¹¤èÒ yE1(t) ¡Ã³Õà©¾ÒÐàÁ×�Í arg min

i

{
rEi(t)
βEi

}
= 1 ËÃ×Íà«ÅÅì»ÅÒÂ·Ò§

E1 à»�¹à«ÅÅì·Õ�ÁÕâÍ¡ÒÊ¨ÐàµçÁ¡èÍ¹à«ÅÅì»ÅÒÂ·Ò§ E2 µèÍä»¨Ð·Ó¡ÒÃËÒÊÁ¡ÒÃ·Ñ�Çä»
á·¹¤èÒ yE1(t) = min {βE1nBg(t), rE1(t)} Å§ã¹ÊÁ¡ÒÃ·Õ� (4.102) ¨Ðä´é

yE2(t) = min

{
βE2nBg(t),

βE2

βE1

rE1(t)

}
(4.107)

àÁ×�ÍÊÅÑº index cell ã¹ÊÁ¡ÒÃ·Õ� (4.107) ¨Ò¡ 1 à»�¹ 2 áÅÐ 2 à»�¹ 1 àÃÒ¨Ðä´é¤èÒ yE1(t) ¡Ã³Õ
à©¾ÒÐàÁ×�Í arg min

i

{
rEi(t)
βEi

}
= 2 ËÃ×Íà«ÅÅì»ÅÒÂ·Ò§ E2 à»�¹à«ÅÅì·Õ�ÁÕâÍ¡ÒÊ¨ÐàµçÁ¡èÍ¹à«ÅÅì»ÅÒÂ

·Ò§ E1 ´Ñ§ÊÁ¡ÒÃ¢éÒ§ÅèÒ§

yE1(t) = min

{
βE1nBg(t),

βE1

βE2

rE2(t)

}
(4.108)

¨ÐàËç¹ä´éÇèÒÊÁ¡ÒÃ·Õ� (4.107) áÅÐ (4.108) à»�¹ÊÁ¡ÒÃ¤Ó¹Ç³¤èÒ yE1(t) áÂ¡µÒÁà§×�Í¹ä¢
arg min

i

{
rEi(t)
βEi

}
= 1 áÅÐ 2 µÒÁÅÓ´Ñº «Ö�§¶éÒà¢ÕÂ¹ãËÁèãËé´Ù§èÒÂ¢Ö�¹¨Ðä´é´Ñ§ÊÁ¡ÒÃ¢éÒ§ÅèÒ§

rE1(t) ≤ βE1

βE2

rE2(t) → yE1(t) = min {βE1nBg(t), rE1(t)} (4.109)

rE1(t) >
βE1

βE2

rE2(t) → yE1(t) = min

{
βE1nBg(t),

βE1

βE2

rE2(t)

}
(4.110)

àÁ×�ÍÃÇÁÊÁ¡ÒÃ·Õ� (4.109) áÅÐ (4.110) à¢éÒ´éÇÂ¡Ñ¹¨Ðä´éÊÁ¡ÒÃ·Ñ�Çä»¢Í§ yE1(t) ´Ñ§ÊÁ¡ÒÃ¢éÒ§ÅèÒ§

yE1(t) = min
{

βE1nBg(t), min
{

rE1(t),
βE1

βE2
rE2(t)

}}

= min
{

βE1nBg(t), rE1(t),
βE1

βE2
rE2(t)

} (4.111)

ÊÁ¡ÒÃ·Õ� (4.111) µÃ§¡ÑºÊÁ¡ÒÃ·Õ� (3.12) «Ö�§à»�¹ÊÁ¡ÒÃ¤Ó¹Ç³ÍÑµÃÒ¡ÒÃäËÅã¹¡ÒÃàª×�ÍÁµèÍáºº
ÃÇÁ¢Í§ CTM ´Ñ�§à´ÔÁ [2] ÊÁ¡ÒÃáºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹áººà«ÅÅì·Õ�áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹Ð´éÇÂ¡ÒÃ
à¤Å×�Í¹·Õ�áººÇÔÇÔ¸¾Ñ¹¸Øìã¹¡Ã³Õàª×�ÍÁµèÍáººáÂ¡¨Ö§à»�¹¡Ã³Õ·Ñ�Çä»¢Í§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹áººà«ÅÅìã¹
¡Ã³Õ¡ÒÃàª×�ÍÁµèÍáººáÂ¡´Ñ�§à´ÔÁ



º··Õ� 5
áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìã¹ÃÙ»·Ñ�Çä»

áºº¨ÓÅÍ§·Õ�ä´é¹ÓàÊ¹Íã¹º··Õ� 3 ¹Ñ�¹áÊ´§¤ÇÒÁËÁÒÂ·Õ�ªÑ´á¨é§ã¹´éÒ¹¡ÒÂÀÒ¾ËÃ×ÍÊ¶Ò¹Ð¢Í§
¡ÒÃ¨ÃÒ¨Ãã¹¢³Ð¹Ñ�¹ áµèã¹´éÒ¹¡ÒÃ¤Ó¹Ç³áÅéÇÂÑ§ÁÕ¢Ñ�¹µÍ¹·Õ�«Ñº«éÍ¹â´ÂäÁè¨Óà»�¹ÍÂÙèÁÒ¡ ÃÇÁ·Ñ�§ÂÑ§
äÁèä´éÍÂÙèã¹ÃÙ»·Ñ�Çä» à¹×�ÍËÒã¹º·¹Õ�¨Ö§à»�¹¡ÒÃËÒÃÙ»·Ñ�Çä»¢Í§áºº¨ÓÅÍ§ã¹º··Õ� 3 ÃÇÁ·Ñ�§¾ÔÊÙ¨¹ìà»�¹
ÊÔ�§à´ÕÂÇ¡Ñ¹áÅÐãËé¼Å¡ÒÃ¨ÓÅÍ§·Õ�µÃ§¡Ñ¹ ÊØ´·éÒÂà¹×�Í§¨Ò¡áºº¨ÓÅÍ§·Õ�¹ÓàÊ¹Í¹Ñ�¹ÁÕµÑÇá»ÃÁÒ¡¢Ö�¹¡ÇèÒ
áºº¨ÓÅÍ§´Ñ�§à´ÔÁ ¨Ö§à¢ÕÂ¹áºº¨ÓÅÍ§·Ñ�Çä»ã¹ÃÙ»áºº¢Í§àÁà·ÃÔ¡«ìáÅÐµÑÇá»ÃàÇ¡àµÍÃìá·¹·Õ�ÊÁ¡ÒÃ
Êà¡ÅÅèÒÃìËÅÒÂæÊÁ¡ÒÃ à¾×�Í¤ÇÒÁÃÇ´àÃçÇáÅÐ¤ÇÒÁÊÐ´Ç¡ã¹¡ÒÃ¤Ó¹Ç³ËÃ×Í¡ÒÃ¨ÓÅÍ§¼Å

ã¹·Õ�¹Õ�¨Ðáºè§ÍÍ¡à»�¹ 3 ÊèÇ¹¤×Í ¡ÒÃàª×�ÍÁµèÍ»¡¤Ô,¡ÒÃàª×�ÍÁµèÍáººÃÇÁ áÅÐ¡ÒÃàª×�ÍÁµèÍáººáÂ¡

5.1 ¡ÒÃàª×�ÍÁµèÍáººµÒÁÅÓ´Ñº

àÃÔ�Á¡ÒÃ·ÄÉ®Õº·´Ñ§µèÍä»¹Õ�
·ÄÉ®Õº··Õ� 1 M∑

m=1

[
l̃mai,m(t)

]
≥ r̃i+1(t) ↔ ai,m(t) ≥ ṽmai,m(t)r̃i+1(t)

MP
m=1

[ṽm l̃mai,m(t)]

·ÄÉ®Õº··Õ� 2 M∑
m=1

[
l̃mai,m(t)

]
≤ r̃i+1(t) ↔ ai,m(t) ≤ ṽmai,m(t)r̃i+1(t)

MP
m=1

[ṽm l̃mai,m(t)]

↔ á·¹¡ÒÃàª×�ÍÁ»ÃÐ¾¨¹ì "¡çµèÍàÁ×�Í"
¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 1
¨ÐµéÍ§¾ÔÊÙ¨¹ìÇèÒ

1. M∑
m=1

[
l̃mai,m(t)

]
≥ r̃i+1(t) → ai,m(t) ≥ ṽmai,m(t)r̃i+1(t)

MP
m=1

[ṽm l̃mai,m(t)]

2. ai,m(t) ≥ ṽmai,m(t)r̃i+1(t)
MP

m=1
(ṽm l̃mai,m(t))

→
M∑

m=1

[
l̃mai,m(t)

]
≥ r̃i+1(t)

¨Ò¡ ai,m(t) <
ṽmai,m(t)r̃i+1(t)
MP

m=1
(ṽm l̃mai,m(t))

·Ó¡ÒÃËÒ¼ÅÃÇÁ·Ø¡¾¨¹ì¢Í§ m ¨Ðä´é M∑
m=1

(
l̃mai,m(t)

)
<

r̃i+1(t) ¨Ö§¡ÅèÒÇä´éÇèÒ»ÃÐ¾¨¹ì ai,m(t) <
ṽmai,m(t)r̃i+1(t)
MP

m=1
(ṽm l̃mai,m(t))

→
M∑

m=1

(
l̃mai,m(t)

)
< r̃i+1(t)

à»�¹¨ÃÔ§áÅÐà¹×�Í§¨Ò¡»ÃÐ¾¨¹ì¹Õ�ÊÁÁÙÅ¡Ñº»ÃÐ¾¨¹ìã¹¢éÍ 1. (p → q ≡∼ q →∼ p) »ÃÐ¾¨¹ìã¹¢éÍ 1.
¨Ö§à»�¹¨ÃÔ§´éÇÂ

¨Ò¡ ai,m(t) ≥ ṽmai,m(t)r̃i+1(t)
MP

m=1
(ṽm l̃mai,m(t))

·Ó ¡ÒÃ ËÒ ¼ÅÃÇÁ ·Ø¡ ¾¨¹ì ¢Í§ m ¨Ð ä´é
M∑

m=1

(
l̃mai,m(t)

)
≥r̃i+1(t) ´Ñ§¹Ñ�¹¢éÍ 2. ¨Ö§à»�¹¢éÍ¤ÇÒÁ·Õ�à»�¹¨ÃÔ§
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¢éÍ1. áÅÐ 2. à»�¹¨ÃÔ§¨Ö§ÊÃØ»ä´éÇèÒ M∑
m=1

(
l̃mai,m(t)

)
≥r̃i+1(t) ↔ ai,m(t) ≥

ṽmai,m(t)r̃i+1(t)
MP

m=1
(ṽm l̃mai,m(t))

à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§

¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 2
¨ÐµéÍ§¾ÔÊÙ¨¹ìÇèÒ

1. M∑
m=1

(
l̃mai,m(t)

)
≤ r̃i+1(t) → ai,m(t) ≤ ṽmai,m(t)r̃i+1(t)

MP
m=1

(ṽm l̃mai,m(t))

2. ai,m(t) ≤ ṽmai,m(t)r̃i+1(t)
MP

m=1
(ṽm l̃mai,m(t))

→
M∑

m=1

(
l̃mai,m(t)

)
≤ r̃i+1(t)

¨Ò¡ ai,m(t) >
ṽmai,m(t)r̃i+1(t)
MP

m=1
(ṽm l̃mai,m(t))

·Ó¡ÒÃ¤Ù³µÅÍ´·Ñ�§ÍÊÁ¡ÒÃ´éÇÂ l̃m ËÒ¼ÅÃÇÁ·Ø¡

¾¨¹ì ¢Í§ m ¨Ð ä´é M∑
m=1

(
l̃mai,m(t)

)
> r̃i+1(t) ¨Ö§ ¡ÅèÒÇ ä´é ÇèÒ »ÃÐ¾¨¹ì ai,m(t) >

ṽmai,m(t)r̃i+1(t)
MP

m=1
(ṽm l̃mai,m(t))

→
M∑

m=1

[
l̃mai,m(t)

]
> r̃i+1(t) à»�¹¨ÃÔ§áÅÐà¹×�Í§¨Ò¡»ÃÐ¾¨¹ì¹Õ�ÊÁÁÙÅ¡Ñº

»ÃÐ¾¨¹ìã¹¢éÍ 1. (p → q ≡∼ q →∼ p) »ÃÐ¾¨¹ìã¹¢éÍ 1. ¨Ö§à»�¹¨ÃÔ§´éÇÂ
¨Ò¡ ai,m(t) ≤ ṽmai,m(t)r̃i+1(t)

MP
m=1

(ṽm l̃mai,m(t))
·Ó¡ÒÃ¤Ù³µÅÍ´·Ñ�§ÍÊÁ¡ÒÃ´éÇÂ l̃m ËÒ¼ÅÃÇÁ·Ø¡¾¨¹ì¢Í§ m

¨Ðä´é M∑
m=1

(
l̃mai,m(t)

)
≤ r̃i+1(t) ´Ñ§¹Ñ�¹¢éÍ 2. ¨Ö§à»�¹¢éÍ¤ÇÒÁ·Õ�à»�¹¨ÃÔ§

¢éÍ1. áÅÐ 2. à»�¹¨ÃÔ§¨Ö§ÊÃØ»ä´éÇèÒ M∑
m=1

[
l̃mai,m(t)

]
≤ r̃i+1(t) ↔ ai,m(t) ≤

ṽmai,m(t)r̃i+1(t)
MP

m=1
(ṽm l̃mai,m(t))

à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§

ãËé yi+1,m,a(t) = ÍÑµÃÒ¡ÒÃäËÅà¢éÒÊÙèà«ÅÅì»ÅÒÂ·Ò§ i + 1 à¹×�Í§ÁÒ¨Ò¡ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèËÑÇá¶Ç
»ÃÐàÀ· m ¢Í§à«ÅÅìµé¹·Ò§ i ÃÐËÇèÒ§ªèÍ§àÇÅÒ t áÅÐ t + 1

yi+1,m,b(t) = ÍÑµÃÒ¡ÒÃäËÅà¢éÒÊÙèà«ÅÅì»ÅÒÂ·Ò§ i+1 à¹×�Í§ÁÒ¨Ò¡ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂá¶Ç»ÃÐàÀ·
m ¢Í§à«ÅÅìµé¹·Ò§ i ÃÐËÇèÒ§ªèÍ§àÇÅÒ t áÅÐ t + 1

¨Ò¡·ÄÉ®Õº··Õ� 1 áÅÐ ÊÁ¡ÒÃ (4.16), (4.19) áÅÐ (4.22) ¨Ðä´é
·ÄÉ®Õº··Õ� 3 ai,m(t) ≤ ṽmai,m(t)r̃i+1(t)

MP
m=1

(ṽm l̃mai,m(t))
→ yi+1,m(t) = ai,m(t)

¨Ò¡·ÄÉ®Õº··Õ� 2 áÅÐ ÊÁ¡ÒÃ (4.13) áÅÐ (4.15) ¨Ðä´é
·ÄÉ®Õº··Õ� 4 ai,m(t) ≥ ṽmai,m(t)r̃i+1(t)

MP
m=1

[ṽm l̃mai,m(t)]
→ yi+1,m(t) =

ṽmai,m(t)r̃i+1(t)
MP

m=1
[ṽmlmai,m(t)]

àÁ×�Í¾Ô¨ÒÃ³Ò·ÄÉ®Õº··Õ� 3 áÅÐ·ÄÉ®Õº··Õ� 4 ÃèÇÁ¡Ñ¹àÃÒ¨Ðä´éÊÁ¡ÒÃ´Ñ§¢éÒ§ÅèÒ§
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yi+1,m,a(t) = min





ai,m(t),
ṽmai,m(t)r̃i+1(t)
M∑

m=1

(
ṽml̃mai,m(t)

)





(5.1)

ÊÁ¡ÒÃ (5.1) à»�¹ÊÁ¡ÒÃ·Ñ�Çä»¢Í§ÍÑµÃÒ¡ÒÃäËÅà¢éÒÊÙèà«ÅÅì»ÅÒÂ·Ò§ i + 1 à¹×�Í§ÁÒ¨Ò¡ÂÒ¹¾ÒË¹Ð
·Õ�ÍÂÙèËÑÇá¶Ç»ÃÐàÀ· m ¢Í§à«ÅÅìµé¹·Ò§ i ã¹¡ÒÃàª×�ÍÁµèÍáººµÒÁÅÓ´Ñº µèÍä»¨Ð·Ó¡ÒÃËÒÊÁ¡ÒÃ·Ñ�Çä»
¢Í§ÍÑµÃÒ¡ÒÃäËÅà¢éÒÊÙèà«ÅÅì»ÅÒÂ·Ò§ i + 1 à¹×�Í§ÁÒ¨Ò¡ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂá¶Ç»ÃÐàÀ· m ¢Í§à«ÅÅì
µé¹·Ò§ i ã¹¡ÒÃàª×�ÍÁµèÍáººµÒÁÅÓ´Ñº

·ÄÉ®Õº··Õ� 5 r̃∗
i+1

(t) ≤ 0 ↔ ṽmbi,m(t)r̃∗
i+1

(t)

MP
m=1

(ṽm l̃mbi,m(t))
≤ 0

·ÄÉ®Õº··Õ� 6 0 ≤ r̃∗
i+1

(t) ≤
M∑

m=1

[
ṽml̃mbi,m(t)

]
↔ 0 ≤ ṽmbi,m(t)r̃∗

i+1
(t)

MP
m=1

(ṽm l̃mbi,m(t))
≤ ṽmbi,m(t)

·ÄÉ®Õº··Õ� 7 r̃∗
i+1

(t) ≥
M∑

m=1

[
ṽml̃mbi,m(t)

]
↔ ṽmbi,m(t)r̃∗

i+1
(t)

MP
m=1

[ṽm l̃mbi,m(t)]
≥ ṽmbi,m(t)

¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 5
¨Ò¡ r̃∗i+1(t) ≤ 0 à¹×�Í§¨Ò¡ ṽm > 0, bi,m ≥ 0 ·Ø¡¤èÒ i, m ¨Ö§·ÓãËé ṽmbi,m(t)r̃∗i+1(t)

MP
m=1

(ṽm l̃mbi,m(t))
≤ 0

â´Â»ÃÔÂÒÂ áÅÐã¹·Ò§¡ÅÑº¡Ñ¹ ¶éÒ ṽmbi,m(t)r̃∗i+1(t)
MP

m=1
(ṽm l̃mbi,m(t))

≤ 0 ¨Ð·ÓãËéä´é r̃∗i+1(t) ≤ 0 ´éÇÂ¨Ö§ÊÃØ»ä´éÇèÒ

·ÄÉ®Õº··Õ� 5 à»�¹¨ÃÔ§
¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 6
¨ÐµéÍ§¾ÔÊÙ¨¹ìÇèÒ

1. 0 ≤ r̃∗i+1(t) ≤
M∑

m=1

(
ṽml̃mbi,m(t)

)
→ 0 ≤ ṽmbi,m(t)r̃∗i+1(t)

MP
m=1

(ṽm l̃mbi,m(t))
≤ ṽmbi,m(t)

2. 0 ≤ ṽmbi,m(t)r̃∗i+1(t)
MP

m=1
(ṽm l̃mbi,m(t))

≤ ṽmbi,m(t) → 0 ≤ r̃∗i+1(t) ≤
M∑

m=1

(
ṽml̃mbi,m(t)

)

¨Ò¡

0 ≤ r̃∗i+1(t) ≤
M∑

m=1

(
ṽml̃mbi,m(t)

)
(5.2)

à¹×�Í§¨Ò¡ 0 < ṽmbi,m(t), ∀m = 1, .., M ·ÓãËé 0 <
ṽmbi,m(t)

MP
m=1

(ṽm l̃mbi,m(t))
,∀m = 1, .., M ¤Ù³

µÅÍ´·Ñ�§ÍÊÁ¡ÒÃ (5.2) ´éÇÂ ¾¨¹ì ṽmbi,m(t)
MP

m=1
(ṽm l̃mbi,m(t))

¨Ðä´éÍÊÁ¡ÒÃ´Ñ§¢éÒ§ÅèÒ§
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0 ≤ ṽmbi,m(t)r̃∗i+1(t)
M∑

m=1

(
ṽml̃mbi,m(t)

) ≤ ṽmbi,m(t) (5.3)

´Ñ§¹Ñ�¹¢éÍ 1. ¨Ö§à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§
¨Ò¡ 0 ≤ ṽmbi,m(t)r̃∗i+1(t)

MP
m=1

(ṽm l̃mbi,m(t))
≤ ṽmbi,m(t) ·Ó¡ÒÃËÒ¼ÅÃÇÁ·Ø¡¾¨¹ì¢Í§ m ¨Ðä´é 0 ≤ r̃∗i+1(t) ≤

M∑
m=1

(
ṽml̃mbi,m(t)

)
´Ñ§¹Ñ�¹¢éÍ 2. ¨Ö§à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§

¢éÍ1. áÅÐ 2. à»�¹¨ÃÔ§¨Ö§ÊÃØ»ä´éÇèÒ 0 ≤ r̃∗i+1(t) ≤
M∑

m=1

(
ṽml̃mbi,m(t)

)
↔ 0 ≤

ṽmbi,m(t)r̃∗i+1(t)
MP

m=1
(ṽm l̃mbi,m(t))

≤ ṽmbi,m(t) à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§

¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 7
¨ÐµéÍ§¾ÔÊÙ¨¹ìÇèÒ

1. r̃∗i+1(t) ≥
M∑

m=1

(
ṽml̃mbi,m(t)

)
→ ṽmbi,m(t)r̃∗i+1(t)

MP
m=1

(ṽm l̃mbi,m(t))
≥ ṽmbi,m(t)

2. ṽmbi,m(t)r̃∗i+1(t)
MP

m=1
(ṽm l̃mbi,m(t))

≥ ṽmbi,m(t) → r̃∗i+1(t) ≥
M∑

m=1

(
ṽml̃mbi,m(t)

)

¨Ò¡ r̃∗i+1(t) ≥
M∑

m=1

(
ṽml̃mbi,m(t)

)
¤Ù³µÅÍ´·Ñ�§ÍÊÁ¡ÒÃ´éÇÂ ṽmbi,m(t)

MP
m=1

(ṽm l̃mbi,m(t))
¨Ðä´é

ṽmbi,m(t)r̃∗i+1(t)
MP

m=1
(ṽm l̃mbi,m(t))

≥ ṽmbi,m(t) ¢éÍ 1. ¨Ö§à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§

ã¹ ·Ó¹Í§ à´ÕÂÇ¡Ñ¹ ¨Ò¡ ṽmbi,m(t)r̃∗i+1(t)
MP

m=1
(ṽm l̃mbi,m(t))

≥ ṽmbi,m(t) ¤Ù³ µÅÍ´·Ñ�§ ÍÊÁ¡ÒÃ ´éÇÂ
MP

m=1
(ṽm l̃mbi,m(t))

ṽmbi,m(t)
¨Ðä´é r̃∗i+1(t) ≥

M∑
m=1

(
ṽml̃mbi,m(t)

)
¢éÍ 2. ¨Ö§à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§

¢éÍ1. áÅÐ 2. à»�¹¨ÃÔ§¨Ö§ÊÃØ»ä´éÇèÒ r̃∗i+1(t) ≥
M∑

m=1

(
ṽml̃mbi,m(t)

)
↔ ṽmbi,m(t)r̃∗i+1(t)

MP
m=1

(ṽm l̃mbi,m(t))
≥

ṽmbi,m(t) à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§
·ÄÉ®Õº··Õ� 8 r̃∗i+1(t) ≤ 0 → yi+1,m,b(t) = 0

·ÄÉ®Õº··Õ� 9 0 ≤ r̃∗
i+1

(t) ≤
M∑

m=1

[
ṽml̃mbi,m(t)

]
→ yi+1,m,b(t) =

ṽmbi,m(t)r̃∗
i+1

(t)

MP
m=1

[ṽm l̃mbi,m(t)]

·ÄÉ®Õº··Õ� 10 r̃∗
i+1

(t) ≥
M∑

m=1

[
ṽml̃mbi,m(t)

]
→ yi+1,m,b(t) = ṽmbi,m(t)

·ÄÉ®Õº··Õ� 8 ¾ÔÊÙ¨¹ìä´é¨Ò¡¡ÒÃ·Õ�à«ÅÅì»ÅÒÂ·Ò§äÁèÁÕ·Õ�ÇèÒ§·Õ�¨ÐÃÍ§ÃÑºÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂá¶Çà¾Ô�Áä´é
ÍÑµÃÒ¡ÒÃ¡ÒÃäËÅà¹×�Í§ÁÒ¨Ò¡ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂá¶Ç¢Í§à«ÅÅìµé¹·Ò§ÂèÍÁà»�¹ÈÙ¹Âì
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·ÄÉ®Õº··Õ� 9 ä´éÁÒ¨Ò¡ÊÁ¡ÒÃ (4.17) áÅÐ (4.19)
·ÄÉ®Õº··Õ� 10 ä´éÁÒ¨Ò¡ÊÁ¡ÒÃ (4.20) áÅÐ (4.22)
ÊÑ§à¡µä´éÇèÒ·ÄÉ®Õº··Õ� 1-10 ÁÕ¢éÍÂ¡àÇé¹àÁ×�ÍµÑÇËÒÃà»�¹ÈÙ¹ÂìËÃ×ÍÍÕ¡¹ÑÂË¹Ö�§¤×ÍàÁ×�ÍäÁèÁÕÂÒ¹¾ÒË¹Ð

·Õ�ÍÂÙèËÑÇá¶ÇËÃ×Í·éÒÂá¶Çã¹à«ÅÅìµé¹·Ò§àÅÂ áµèà»�¹·Õ�ªÑ´à¨¹ÇèÒàÁ×�ÍäÁèÁÕÂÒ¹¾ÒË¹Ðã¹à«ÅÅìµé¹·Ò§ÂèÍÁ
äÁèÁÕÍÑµÃÒ¡ÒÃäËÅ¨Ò¡à«ÅÅìµé¹·Ò§á¹è¹Í¹ »�­ËÒ¹Õ�¨Ö§á¡éä¢ä´éâ´Â§èÒÂ«Ö�§¨ÐáÊ´§ãËé´Ùã¹¡ÒÃÃÇÁÊÁ¡ÒÃ
µèÍä»

¨Ò¡·ÄÉ®Õº··Õ� 8-10 àÃÒ¨Ðä´éÊÁ¡ÒÃ¤Ó¹Ç³ÍÑµÃÒ¡ÒÃäËÅà¹×�Í§¨Ò¡ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂá¶Ç´Ñ§¹Õ�

yi+1,m,b(t) = mid





0,
ṽmbi,m(t)r̃∗i+1(t)
M∑

m=1

(
ṽml̃mbi,m(t)

) , ṽmbi,m(t)





(5.4)

àÁ×�ÍÃÇÁÊÁ¡ÒÃ (5.1) áÅÐ (5.4) à¢éÒ´éÇÂ¡Ñ¹¨Ðä´éÊÁ¡ÒÃ¤Ó¹Ç³ÍÑµÃÒ¡ÒÃäËÅã¹¡ÒÃàª×�ÍÁµèÍáºº
µÒÁÅÓ´Ñº´Ñ§¢éÒ§ÅèÒ§

yi+1,m(t) = min





ai,m(t),
ṽmai,m(t)r̃i+1(t)
M∑

m=1

(
ṽml̃mai,m(t)

)





+mid





0,
ṽmbi,m(t)r̃∗i+1(t)
M∑

m=1

(
ṽml̃mbi,m(t)

) , ṽmbi,m(t)





(5.5)
ÁÕ¢éÍÊÑ§à¡µÇèÒ àÁ×�Í ai,1 = ai,2 =, ..., = ai,M = 0 ËÃ×Í bi,1 = bi,2 =, ..., = bi,M = 0 ¨Ð·Ó

ãËéµÑÇÊèÇ¹ÁÕ¤èÒà»�¹ÈÙ¹Âìà¾×�ÍËÅÕ¡àÅÕ�Â§¡Ã³Õ¹Õ�¨Ö§»ÃÑº»ÃØ§ÊÁ¡ÒÃ (5.5) ãËÁèãËé¤ÃÍº¤ÅØÁ·Ø¡¡Ã³Õä´é´Ñ§¹Õ�

yi+1,m(t) =





0, ai(t) = bi(t) = 0

min



ai,m(t),

ṽmai,m(t)r̃i+1(t)
MP

m=1
(ṽm l̃mai,m(t))



 , ai(t) 6= 0, bi(t) = 0

mid



0,

ṽmbi,m(t)r̃∗i+1(t)
MP

m=1
(ṽm l̃mbi,m(t))

, ṽmbi,m(t)



 , ai(t) = 0, bi(t) 6= 0

min



ai,m(t),

ṽmai,m(t)r̃i+1(t)
MP

m=1
(ṽm l̃mai,m(t))



 + mid



0,

ṽmbi,m(t)r̃∗i+1(t)
MP

m=1
(ṽm l̃mbi,m(t))

, ṽmbi,m(t)





, ai(t) 6= 0, bi(t) 6= 0
(5.6)

ai(t) =
M∑

m=1

ai,m(t)

bi(t) =
M∑

m=1

bi,m(t)

¨Ò¡¹Ñ�¹àÃÒ¨Ð¾ÂÒÂÒÁà¢ÕÂ¹ÊÁ¡ÒÃ (5.6) ãËéÍÂÙèã¹ÃÙ»àÁ·ÃÔ¡«ìáÅÐµÑÇá»ÃàÇ¡àµÍÃìâ´Â¡ÓË¹´µÑÇá»Ã
ãËÁè´Ñ§¹Õ�
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~Ai(t) = [ai,1(t), ..., ai,M(t)]T

~Bi(t) = [bi,1(t), ..., bi,M(t)]T

~Ni(t) = [ni,1(t), ..., ni,M(t)]T

~Yi(t) = [yi,1(t), ..., yi,M(t)]T

~̃V = [ṽ1, ..., ṽM ]T

diag(~̃V ) = diag(ṽ1, ..., ṽM) =




ṽ1 0 · · · 0

0 ṽ2 · · · 0
... ... . . . ...
0 0 · · · ṽM




~Ψi(t) = [ψi,1(t), ..., ψi,M(t)]T

diag(~Ψi(t)) = diag(ψi,1(t), ..., ψi,M(t)) =




ψi,1(t) 0 · · · 0

0 ψi,2(t) · · · 0
... ... . . . ...
0 0 · · · ψi,M(t)




~̃L =
[
l̃1, ..., l̃M

]T

r̃i+1(t) = mid
{

qi+1(t), δi+1

[
ci+1 − ~LT diag

(
~Ψi+1(t)

)
~Ni+1(t)

]
, 0

}

r̃∗i+1(t) = r̃i+1(t)− ~̃L
T

~Ai(t)

¨Ò¡ÊÁ¡ÒÃ (5.6) à¢ÕÂ¹ã¹ÃÙ»àÁ·ÃÔ¡«ìä´é´Ñ§ÊÁ¡ÒÃ¢éÒ§ÅèÒ§

~Yi+1(t) = min

{
~Ai(t),

r̃i+1(t)

~̃V
T

diag(~̃L) ~Ai(t)
diag

(
~̃V

)
~Ai(t)

}

+mid

{
~0M×1,

r̃∗i+1(t)

~̃V
T

diag(~̃L) ~Bi(t)
diag

(
~̃V

)
~Bi(t), diag

(
~̃V

)
~Bi(t)

} (5.7)

5.2 ¡ÒÃàª×�ÍÁµèÍáººÃÇÁ

·ÄÉ®Õº··Õ� 11 min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} ≤ p2r̃E(t) → r̃E(t) −
min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} ≥ p1r̃E(t)

·ÄÉ®Õº··Õ� 12 min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} ≥ p2r̃E(t) → r̃E(t) −
min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} ≤ p1r̃E(t)

·ÄÉ®Õº··Õ� 13 min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} ≤ p1r̃E(t) → r̃E(t) −
min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} ≥ p2r̃E(t)

·ÄÉ®Õº··Õ� 14 min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} ≥ p1r̃E(t) → r̃E(t) −
min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} ≤ p2r̃E(t)

¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 11
¨Ò¡ min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} ≤ p2r̃E(t) ºÇ¡·Ñ�§ 2 ¢éÒ§¢Í§ÍÊÁ¡ÒÃ´éÇÂ

p1r̃E(t) ¨Ðä´é
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min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)}+ p1r̃E(t) ≤ (p1 + p2)r̃E(t)

p1r̃E(t) ≤ r̃E(t)−min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)}
¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 12
¨Ò¡ min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} ≥ p2r̃E(t) ºÇ¡·Ñ�§ 2 ¢éÒ§¢Í§ÍÊÁ¡ÒÃ´éÇÂ

p1r̃E(t) ¨Ðä´é

min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)}+ p1r̃E(t) ≥ (p1 + p2) r̃E(t)

r̃E(t)−min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} ≤ p1r̃E(t)

¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 13
¨Ò¡ min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} ≤ p1r̃E(t) ºÇ¡·Ñ�§ 2 ¢éÒ§¢Í§ÍÊÁ¡ÒÃ´éÇÂ

p2r̃E(t) ¨Ðä´é

min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)}+ p2r̃E(t) ≤ (p1 + p2) r̃E(t)

r̃E(t)−min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} ≥ p2r̃E(t)

¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 14
¨Ò¡ min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} ≥ p1r̃E(t) ºÇ¡·Ñ�§ 2 ¢éÒ§¢Í§ÍÊÁ¡ÒÃ´éÇÂ

p2r̃E(t) ¨Ðä´é

min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)}+ p2r̃E(t) ≥ (p1 + p2) r̃E(t)

r̃E(t)−min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} ≤ p2r̃E(t)

r̃E1(t) =





r̃E(t)−min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)}
, min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} ≤ p2r̃E(t)

p1r̃E(t), min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} > p2r̃E(t)

(5.8)

r̃E2(t) =





r̃E(t)−min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)}
, min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} ≤ p1r̃E(t)

p2r̃E(t), min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} > p1r̃E(t)

(5.9)

ÊÁ¡ÒÃ (5.8)-(5.9) ä´éÁÒ¨Ò¡¡ÒÃ¾Ô¨ÒÃ³ÒÊÁ¡ÒÃ (4.23)-(4.37)
ÊÑ§à¡µä´éÇèÒ r̃E1(t)+ r̃E2(t) 6= r̃E(t) Â¡àÇé¹àÁ×�Í min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)}+

min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} ≥ r̃E(t)

ÊÒÁÒÃ¶à¢ÕÂ¹ÊÁ¡ÒÃ (5.8)-(5.9) ãËéÍÂÙèã¹ÃÙ»ÍÂèÒ§§èÒÂä´é´Ñ§¹Õ�



51

r̃E1(t) = max {r̃E(t)−min {(sBg2,a(t) + sBg2,b(t)) , qE2(t)} , p1r̃E(t)} (5.10)

r̃E2(t) = max {r̃E(t)−min {(sBg1,a(t) + sBg1,b(t)) , qE1(t)} , p2r̃E(t)} (5.11)
¨Ò¡ÊÁ¡ÒÃ (5.10)-(5.11) ¨Ðä´é¤èÒ r̃E1(t) áÅÐ r̃E2(t) »�­ËÒ¨Ð¡ÅÒÂà»�¹ Cascade 2 ÍÑ¹ ·Ó

¡ÒÃ¤Ó¹Ç³áÂ¡¡Ñ¹µèÍä»ä´é´Ñ§¹Õ�

~YE1(t) = min

{
~ABg1(t),

r̃E1(t)

~̃V
T

diag(~̃L) ~ABg1(t)
diag

(
~̃V

)
~ABg1(t)

}

+mid

{
~0M×1,

r̃∗E1(t)

~̃V
T

diag(~̃L) ~BBg1(t)
diag

(
~̃V

)
~BBg1(t), diag

(
~̃V

)
~BBg1(t)

} (5.12)

~YE2(t) = min

{
~ABg2(t),

r̃E2(t)

~̃V
T

diag(~̃L) ~ABg2(t)
diag

(
~̃V

)
~ABg2(t)

}

+mid

{
~0M×1,

r̃∗E2(t)

~̃V
T

diag(~̃L) ~BBg2(t)
diag

(
~̃V

)
~BBg2(t), diag

(
~̃V

)
~BBg2(t)

} (5.13)

â´Â·Õ�
~YE1(t) + ~YE2(t) = ~YE(t)

r̃∗E1(t) = r̃E1(t)− ~̃L
T

~ABg1(t)

r̃∗E2(t) = r̃E2(t)− ~̃L
T

~ABg2(t)

5.3 ¡ÒÃàª×�ÍÁµèÍáººáÂ¡

¡ÒÃËÒÃÙ»·Ñ�Çä»ã¹¡ÒÃàª×�ÍÁµèÍáººÃÇÁ¨Ð¤ÅéÒÂ¡Ñº¡ÒÃàª×�ÍÁµèÍáººµÒÁÅÓ´Ñº¤×ÍàÃÒ¨Ð·Ó¡ÒÃ¤Ó¹Ç³
¤èÒÍÑµÃÒ¡ÒÃÍÑµÃÒ¡ÒÃäËÅà»�¹ 2 ÊèÇ¹¤×ÍÍÑµÃÒ¡ÒÃäËÅà¹×�Í§ÁÒ¨Ò¡ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèËÑÇá¶ÇáÅÐÂÒ¹¾ÒË¹Ð
·Õ�ÍÂÙè·éÒÂá¶Ç à¹×�Í§¨Ò¡ÇèÒÍÑµÃÒ¡ÒÃäËÅ 2 ÊèÇ¹¹Õ�à»�¹ÍÔÊÃÐµèÍ¡Ñ¹ ÊÒÁÒÃ¶¤Ó¹Ç³ÍÑ¹äË¹¡èÍ¹¡çä´éáÅÐ
¹ÓÁÒÃÇÁ¡Ñ¹à»�¹ÍÑµÃÒ¡ÒÃäËÅÃÇÁã¹·éÒÂ·Õ�ÊØ´ àÃÒ¨Ð·Ó¡ÒÃ¾ÔÊÙ¨¹ìËÃ×Í¤Ó¹Ç³ÍÑµÃÒ¡ÒÃäËÅà¹×�Í§ÁÒ¨Ò¡
ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèËÑÇá¶Ç¡èÍ¹´Ñ§¹Õ�

¡ÓË¹´ãËé i = 1 à»�¹¤èÒ·Õ�ÊÍ´¤ÅéÍ§¡ÑºÊÁ¡ÒÃ (4.41) ¨Ðä´é·ÄÉ®Õº·´Ñ§µèÍä»¹Õ�
·ÄÉ¯Õº··Õ� 15 M∑

m=1

(
βE1,ml̃maBg,m(t)

)
≤ r̃E1(t) ↔ βE1,maBg,m(t) ≤

βE1,mṽmaBg,m(t)r̃E1(t)
MP

m=1
(βE1,mṽm l̃maBg,m(t))

·ÄÉ®Õº··Õ� 16 M∑
m=1

(
βE1,ml̃maBg,m(t)

)
≥ r̃E1(t) ↔ βE1,maBg,m(t) ≥

βE1,mṽmaBg,m(t)r̃E1(t)
MP

m=1
(βE1,mṽm l̃maBg,m(t))
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¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 15
àÃÒ¨ÐµéÍ§¾ÔÊÙ¨¹ìÇèÒ

1. M∑
m=1

(
βE1,ml̃maBg,m(t)

)
≤ r̃E1(t) → βE1,maBg,m(t) ≤ βE1,mṽmaBg,m(t)r̃E1(t)

MP
m=1

(βE1,mṽm l̃maBg,m(t))

2. βE1,maBg,m(t) ≤ βE1,mṽmaBg,m(t)r̃E1(t)
MP

m=1
(βE1,mṽm l̃maBg,m(t))

→
M∑

m=1

(
βE1,ml̃maBg,m(t)

)
≤ r̃E1(t)

¨Ò¡ βE1,maBg,m(t) >
βE1,mṽmaBg,m(t)r̃E1(t)

MP
m=1

(βE1,mṽm l̃maBg,m(t))
·Ó¡ÒÃËÒ ¼ÅÃÇÁ·Ø¡¾¨¹ì ¢Í§ m

¨Ð ä´é M∑
m=1

(
βE1,ml̃maBg,m(t)

)
> r̃E1(t) ¨Ö§ ¡ÅèÒÇ ä´é ÇèÒ »ÃÐ¾¨¹ì βE1,maBg,m(t) >

βE1,mṽmaBg,m(t)r̃E1(t)
MP

m=1
(βE1,mṽm l̃maBg,m(t))

→
M∑

m=1

(
βE1,ml̃maBg,m(t)

)
> r̃E1(t) à»�¹¨ÃÔ§áÅÐà¹×�Í§¨Ò¡»ÃÐ¾¨¹ì¹Õ�

ÊÁÁÙÅ¡Ñº»ÃÐ¾¨¹ìã¹¢éÍ 1. (p → q ≡∼ q →∼ p) »ÃÐ¾¨¹ìã¹¢éÍ 1. ¨Ö§à»�¹¨ÃÔ§´éÇÂ
¨Ò¡ βE1,maBg,m(t) ≤ βE1,mṽmaBg,m(t)r̃E1(t)

MP
m=1

(βE1,mṽm l̃maBg,m(t))
·Ó¡ÒÃËÒ¼ÅÃÇÁ·Ø¡¾¨¹ì¢Í§ m ¨Ðä´é

M∑
m=1

(
βE1,ml̃maBg,m(t)

)
≤ r̃E1(t) ´Ñ§¹Ñ�¹¢éÍ 2. ¨Ö§à»�¹¢éÍ¤ÇÒÁ·Õ�à»�¹¨ÃÔ§

¢éÍ1. áÅÐ 2. à»�¹¨ÃÔ§¨Ö§ÊÃØ» ä´é ÇèÒ M∑
m=1

(
βE1,ml̃maBg,m(t)

)
≤ r̃E1(t) ↔

βE1,maBg,m(t) ≤ βE1,mṽmaBg,m(t)r̃E1(t)
MP

m=1
(βE1,mṽm l̃maBg,m(t))

à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§

¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 16
àÃÒ¨ÐµéÍ§¾ÔÊÙ¨¹ìÇèÒ

1. M∑
m=1

(
βE1,ml̃maBg,m(t)

)
≥ r̃E1(t) → βE1,maBg,m(t) ≥ βE1,mṽmaBg,m(t)r̃E1(t)

MP
m=1

(βE1,mṽm l̃maBg,m(t))

2. βE1,maBg,m(t) ≥ βE1,mṽmaBg,m(t)r̃E1(t)
MP

m=1
(βE1,mṽm l̃maBg,m(t))

→
M∑

m=1

(
βE1,ml̃maBg,m(t)

)
≥ r̃E1(t)

¨Ò¡ βE1,maBg,m(t) <
βE1,mṽmaBg,m(t)r̃E1(t)

MP
m=1

(βE1,mṽm l̃maBg,m(t))
·Ó¡ÒÃËÒ ¼ÅÃÇÁ·Ø¡¾¨¹ì ¢Í§ m

¨Ð ä´é M∑
m=1

(
βE1,ml̃maBg,m(t)

)
< r̃E1(t) ¨Ö§ ¡ÅèÒÇ ä´é ÇèÒ »ÃÐ¾¨¹ì βE1,maBg,m(t) <

βE1,mṽmaBg,m(t)r̃E1(t)
MP

m=1
(βE1,mṽm l̃maBg,m(t))

→
M∑

m=1

(
βE1,ml̃maBg,m(t)

)
< r̃E1(t) à»�¹¨ÃÔ§áÅÐà¹×�Í§¨Ò¡»ÃÐ¾¨¹ì¹Õ�

ÊÁÁÙÅ¡Ñº»ÃÐ¾¨¹ìã¹¢éÍ 1. (p → q ≡∼ q →∼ p) »ÃÐ¾¨¹ìã¹¢éÍ 1. ¨Ö§à»�¹¨ÃÔ§´éÇÂ



53

¨Ò¡ βE1,maBg,m(t) ≥ βE1,mṽmaBg,m(t)r̃E1(t)
MP

m=1
(βE1,mṽm l̃maBg,m(t))

·Ó¡ÒÃËÒ¼ÅÃÇÁ·Ø¡¾¨¹ì¢Í§ m ¨Ðä´é
M∑

m=1

(
βE1,ml̃maBg,m(t)

)
≥ r̃E1(t) ´Ñ§¹Ñ�¹¢éÍ 2. ¨Ö§à»�¹¢éÍ¤ÇÒÁ·Õ�à»�¹¨ÃÔ§

¢éÍ1. áÅÐ 2. à»�¹¨ÃÔ§¨Ö§ÊÃØ» ä´é ÇèÒ M∑
m=1

(
βE1,ml̃maBg,m(t)

)
≥ r̃E1(t) ↔

βE1,maBg,m(t) ≥ βE1,mṽmaBg,m(t)r̃E1(t)
MP

m=1
(βE1,mṽm l̃maBg,m(t))

à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§

¨Ò¡ÊÁ¡ÒÃ (4.42)-(4.44), (4.46)-(4.47), (4.49)-(4.50) ¨Ðä´éÊÁ¡ÒÃ´Ñ§¢éÒ§ÅèÒ§

yE1,m,a(t) =





βE1,maBg,m(t),
M∑

m=1

(
βE1,ml̃maBg,m(t)

)
≤ r̃E1(t)

βE1,mṽmaBg,m(t)r̃E1(t)
MP

m=1
(βE1,mṽm l̃maBg,m(t))

,
M∑

m=1

(
βE1,ml̃maBg,m(t)

)
> r̃E1(t)

(5.14)

¨Ò¡ÊÁ¡ÒÃ (5.14) áÅÐ·ÄÉ®Õº··Õ� 15 áÅÐ 16 ¨Ð·ÓãËéàÃÒä´éÊÁ¡ÒÃ¤Ó¹Ç³¤èÒÍÑµÃÒ¡ÒÃäËÅ
à¹×�Í§ÁÒ¨Ò¡ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙèËÑÇá¶Çä´é´Ñ§¹Õ�

yE1,m,a(t) = min





βE1,maBg,m(t),
βE1,mṽmaBg,m(t)r̃E1(t)

M∑
m=1

(
βE1,mṽml̃maBg,m(t)

)





(5.15)

¨Ò¡¹Ñ�¹àÃÒ¨Ð·Ó¡ÒÃ¤Ó¹Ç³ÍÑµÃÒ¡ÒÃäËÅ·Õ�à¡Ô´¨Ò¡ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂá¶ÇµèÍ
·ÄÉ®Õº··Õ� 17 r̃∗E1(t) ≤ 0 ↔ βE1,mṽmbBg,m(t)r̃∗E1(t)

MP
m=1

(βE1,mṽm l̃mbBg,m(t))
≤ 0

·ÄÉ®Õº· ·Õ� 18 0 ≤ r̃∗E1(t) ≤
M∑

m=1

(
βE1,mṽml̃mbBg,m(t)

)
↔ 0 ≤

βE1,mṽmbBg,m(t)r̃∗E1(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

≤ βE1,mṽmbBg,m(t)

·ÄÉ®Õº··Õ� 19 M∑
m=1

(
βE1,mṽml̃mbBg,m(t)

)
≤ r̃∗E1(t) ↔ βE1,mṽmbBg,m(t) ≤

βE1,mṽmbBg,m(t)r̃∗E1(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 17
¨Ò¡ r̃∗E1(t) ≤ 0 à¹×�Í§¨Ò¡ ṽm > 0, bBg,m(t) áÅÐ βE1,m ≥ 0 ·Ø¡¤èÒ E1,m ¨Ö§·ÓãËé

βE1,mṽmbBg,m(t)r̃∗E1(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

≤ 0 â´Â»ÃÔÂÒÂ áÅÐã¹·Ò§¡ÅÑº¡Ñ¹ ¶éÒ βE1,mṽmbBg,m(t)r̃∗E1(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

≤ 0 ¨Ð

·ÓãËéä´é r̃∗E1(t) ≤ 0 ´éÇÂ¨Ö§ÊÃØ»ä´éÇèÒ·ÄÉ®Õº··Õ� 17 à»�¹¨ÃÔ§
¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 18
¨ÐµéÍ§¾ÔÊÙ¨¹ìÇèÒ
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1. 0 ≤ r̃∗E1(t) ≤
M∑

m=1

(
βE1,mṽml̃mbBg,m(t)

)
→ 0 ≤ βE1,mṽmbBg,m(t)r̃∗E1(t)

MP
m=1

(βE1,mṽm l̃mbBg,m(t))
≤

βE1,mṽmbBg,m(t)

2. 0 ≤ βE1,mṽmbBg,m(t)r̃∗E1(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

≤ βE1,mṽmbBg,m(t) → 0 ≤ r̃∗E1(t) ≤

M∑
m=1

(
βE1,mṽml̃mbBg,m(t)

)

¨Ò¡

0 ≤ r̃∗E1(t) ≤
M∑

m=1

(
βE1,mṽml̃mbBg,m(t)

)
(5.16)

à¹×�Í§¨Ò¡ ṽm > 0, bBg,m(t) áÅÐ βE1,m ≥ 0 ·Ø¡¤èÒ E1,m ·ÓãËé βE1,mṽmbBg,m(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

>

0,∀m = 1, ..,M ¤Ù³µÅÍ´·Ñ�§ÍÊÁ¡ÒÃ (5.16) ´éÇÂ ¾¨¹ì βE1,mṽmbBg,m(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

¨Ðä´éÍÊÁ¡ÒÃ
´Ñ§¢éÒ§ÅèÒ§

0 ≤ βE1,mṽmbBg,m(t)r̃∗E1(t)
M∑

m=1

(
βE1,mṽml̃mbBg,m(t)

) ≤ βE1,mṽmbBg,m(t) (5.17)

´Ñ§¹Ñ�¹¢éÍ 1. ¨Ö§à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§
¨Ò¡ 0 ≤ βE1,mṽmbBg,m(t)r̃∗E1(t)

MP
m=1

(βE1,mṽm l̃mbBg,m(t))
≤ βE1,mṽmbBg,m(t) ·Ó¡ÒÃËÒ¼ÅÃÇÁ·Ø¡¾¨¹ì¢Í§ m ¨Ðä´é

0 ≤ r̃∗E1(t) ≤
M∑

m=1

(
βE1,mṽml̃mbBg,m(t)

)
´Ñ§¹Ñ�¹¢éÍ 2. ¨Ö§à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§

¢éÍ1. áÅÐ 2. à»�¹¨ÃÔ§¨Ö§ÊÃØ»ä´éÇèÒ 0 ≤ r̃∗E1(t) ≤
M∑

m=1

(
βE1,mṽml̃mbBg,m(t)

)
↔ 0 ≤

βE1,mṽmbBg,m(t)r̃∗E1(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

≤ βE1,mṽmbBg,m(t) à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§

¾ÔÊÙ¨¹ì·ÄÉ®Õº··Õ� 19
¨ÐµéÍ§¾ÔÊÙ¨¹ìÇèÒ

1. M∑
m=1

(
βE1,mṽml̃mbBg,m(t)

)
≤ r̃∗E1(t) → βE1,mṽmbBg,m(t) ≤

βE1,mṽmbBg,m(t)r̃∗E1(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

2. βE1,mṽmbBg,m(t) ≤ βE1,mṽmbBg,m(t)r̃∗E1(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

→
M∑

m=1

(
βE1,mṽml̃mbBg,m(t)

)
≤

r̃∗E1(t)
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¨Ò¡ M∑
m=1

(
βE1,mṽml̃mbBg,m(t)

)
≤ r̃∗E1(t) ¤Ù³ µÅÍ´ ·Ñ�§ ÍÊÁ¡ÒÃ ´éÇÂ

βE1,mṽmbBg,m(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

¢éÍ 1. ¨Ö§à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§

ã¹·Ó¹Í§à´ÕÂÇ¡Ñ¹ ¨Ò¡ βE1,mṽmbBg,m(t) ≤ βE1,mṽmbBg,m(t)r̃∗E1(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

¤Ù³µÅÍ´·Ñ�§ÍÊÁ¡ÒÃ

´éÇÂ βE1,mṽmbBg,m(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

¨Ðä´é M∑
m=1

(
βE1,mṽml̃mbBg,m(t)

)
≤ r̃∗E1(t) ¢éÍ 2. ¨Ö§à»�¹

»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§
¢éÍ1. áÅÐ 2. à»�¹¨ÃÔ§¨Ö§ÊÃØ»ä´éÇèÒ M∑

m=1

(
βE1,mṽml̃mbBg,m(t)

)
≤ r̃∗E1(t) ↔

βE1,mṽmbBg,m(t) ≤ βE1,mṽmbBg,m(t)r̃∗E1(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

à»�¹»ÃÐ¾¨¹ì·Õ�à»�¹¨ÃÔ§

¨Ò¡ÊÁ¡ÒÃ (4.42)-(4.44), (4.46)-(4.47), (4.49)-(4.50) ¨Ðä´éÊÁ¡ÒÃ´Ñ§¢éÒ§ÅèÒ§

yE1,m,b(t) =





0, r̃∗E1(t) ≤ 0 ≤
M∑

m=1

(
βE1,mṽml̃mbBg,m(t)

)

βE1,mṽmbBg,m(t), 0 <
M∑

m=1

(
βE1,mṽml̃mbBg,m(t)

)
≤ r̃∗E1(t)

βE1,mṽmbBg,m(t)r̃∗E1(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

, 0 < r̃∗E1(t) <
M∑

m=1

(
βE1,mṽml̃mbBg,m(t)

)

(5.18)
¨Ò¡ÊÁ¡ÒÃ (5.18) áÅÐ·ÄÉ®Õº··Õ� 17-19 ¨Ðä´éÊÁ¡ÒÃ¤Ó¹Ç³ÍÑµÃÒ¡ÒÃäËÅà¹×�Í§¨Ò¡ÂÒ¹¾ÒË¹Ð

·Õ�ÍÂÙè·éÒÂá¶Ç´Ñ§¢éÒ§ÅèÒ§

yE1,m,b(t) = mid





0,
βE1,mṽmbBg,m(t)r̃∗E1(t)

M∑
m=1

(
βE1,mṽml̃mbBg,m(t)

) , βE1,mṽmbBg,m(t)





(5.19)

¨Ðä´éÊÁ¡ÒÃ¤Ó¹Ç³ÍÑµÃÒ¡ÒÃäËÅ·Ñ�§ËÁ´´Ñ§µèÍä»¹Õ�

yE1,m(t) = min



βE1,maBg,m(t),

βE1,mṽmaBg,m(t)r̃E1(t)
MP

m=1
(βE1,mṽm l̃maBg,m(t))





+mid



0,

βE1,mṽmbBg,m(t)r̃∗E1(t)
MP

m=1
(βE1,mṽm l̃mbBg,m(t))

, βE1,mṽmbBg,m(t)





(5.20)

ÊÁ¡ÒÃ (5.20) ÊÒÁÒÃ¶à¢ÕÂ¹ãËéÍÂÙèã¹ÃÙ»àÁ·ÃÔ¡«ìä´é´Ñ§¢éÒ§ÅèÒ§
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~YE1(t) = diag(~βE1)diag( ~ABg(t)) min

{
~1M×1,

r̃E1(t)

~ABg(t)T diag(~̃L)diag
�

~̃V
�

~βE1

~̃V

}

+diag
(

~̃V
)

diag
(
~βE1

)
diag

(
~BBg(t)

)
min

{
~0M×1,

r̃∗E1(t)

~BBg(t)T diag(~̃L)diag
�

~̃V
�

~βE1

,~1M×1

}

(5.21)
â´Â
~βEi = [βEi,1, ..., βEi,M ]T

ÍÑµÃÒ¡ÒÃäËÅã¹à«ÅÅì»ÅÒÂ·Ò§·Õ�ÁÕâÍ¡ÒÊ¨ÐàµçÁªéÒ¡ÇèÒ (E2) ÊÒÁÒÃ¶ËÒä´é¨Ò¡¡ÒÃá·¹¤èÒ YE1(t)

¨Ò¡ÊÁ¡ÒÃ (5.21) Å§ã¹ÊÁ¡ÒÃ (4.52) ä´é´Ñ§¹Õ�

~YE2(t) = diag(~βE2)diag( ~ABg(t)) min

{
~1M×1,

r̃E1(t)

~ABg(t)T diag(~̃L)diag
�

~̃V
�

~βE1

~̃V

}

+diag
(

~̃V
)

diag
(
~βE2

)
diag

(
~BBg(t)

)
min

{
~0M×1,

r̃∗E1(t)

~BBg(t)T diag(~̃L)diag
�

~̃V
�

~βE1

,~1M×1

}

(5.22)



º··Õ� 6
¼Å¡ÒÃ¨ÓÅÍ§à¤Ã×Í¢èÒÂ

¡ÒÃ·´ÅÍ§ÁØè§ÈÖ¡ÉÒ¤ÇÒÁ¶Ù¡µéÍ§¢Í§¡ÒÃ¨ÓÅÍ§¤ÇÒÁË¹Òá¹è¹ (density) ¶¹¹ã¹áµèÅÐÊèÇ¹ â´Â
à»ÃÕÂºà·ÕÂºÃÐËÇèÒ§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ«Ö�§ÁÕ¡ÒÃà¤Å×�Í¹·Õ�»ÃÐàÀ·à´ÕÂÇ (S-CTM) ¡Ñº
áºº¨ÓÅÍ§·Õ�¹ÓàÊ¹Í«Ö�§ÁÕ¡ÒÃà¤Å×�Í¹·Õ�ã¹ËÅÒÂÃÙ»áºº (M-CTM) ·Ñ�§¹Õ�â´Âáºè§¾Ô¨ÒÃ³ÒÍÍ¡à»�¹ 3 ¡Ã³Õ
¤×Í

1. ¡ÒÃ¨ÓÅÍ§à¤Ã×Í¢èÒÂ¨ÃÔ§à¾×�Í·´ÊÍº¤ÇÒÁ¶Ù¡µéÍ§¢Í§áºº¨ÓÅÍ§¡Ñº¢éÍÁÙÅ¨ÃÔ§º¹¶¹¹¾­Òä·
2. ¡ÒÃ¨ÓÅÍ§à¤Ã×Í¢èÒÂ¨ÃÔ§¢¹Ò´ãË­è·Õ�ÁÕÊÑ­­Ò³ä¿¨ÃÒ¨Ãº¹¶¹¹ÊÒ·Ã
3. ¡ÒÃ¨ÓÅÍ§à¤Ã×Í¢èÒÂÊÁÁØµÔà¾×�Í¾Ô¨ÒÃ³Ò¼Å¡ÃÐ·º¨Ò¡ÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹áµèÅÐ»ÃÐàÀ·
ã¹¡ÒÃ»ÃÑºà·ÕÂºáºº¨ÓÅÍ§ (calibration) ¨Ðãªé genetic algorithm ã¹¡ÒÃËÒ¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº

·Õ�àËÁÒÐÊÁ â´Â¾ÂÒÂÒÁÅ´¤èÒ normalized weight error vector norm ¢Í§¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð
ã¹áµèÅÐà«ÅÅìãËé¹éÍÂ·Õ�ÊØ´ «Ö�§ã¹¡ÒÃ·´ÊÍº¨Ðãªé¤èÒ¾ÒÃÒÁÔàµÍÃì´Ñ§µÒÃÒ§·Õ� 6.1 â´Âãªé toolbox ¢Í§
Matlab àÇÍÃìªÑ�¹ 7.1 ¢Ö�¹ä»áÅÐ¤Ó¹Ç³´éÇÂà¤Ã×�Í§¤ÍÁ¾ÔÇàµÍÃì¢¹Ò´ 3.21 GHz Ë¹èÇÂ¤ÇÒÁ¨Ó 1 GB

µÒÃÒ§·Õ� 6.1 ¤èÒ¢Í§ genetic algorithm ·Õ�ãªé
¡ÒÃ·´ÅÍ§ ¢¹Ò´¢Í§»ÃÐªÒ¡Ã ¨Ó¹Ç¹ÃØè¹ àÇÅÒã¹¡ÒÃ¤Ó¹Ç³

ã¹áµèÅÐÃØè¹ ¢Í§»ÃÐªÒ¡Ã áµèÅÐ¤ÃÑ�§ (ªÑ�ÇâÁ§)
¡ÒÃ¨ÓÅÍ§¾­Òä· 20 353 18
¡ÒÃ¨ÓÅÍ§ÊÒ·Ã 10 94 31

¡ÒÃ¨ÓÅÍ§à¤Ã×Í¢èÒÂÊÁÁØµÔ 10 335 10

6.1 ¡ÒÃÈÖ¡ÉÒ¤ÇÒÁ¶Ù¡µéÍ§¢Í§áºº¨ÓÅÍ§¡Ñº¢éÍÁÙÅ¨ÃÔ§º¹¶¹¹¾­Òä·

6.1.1 Ê¶Ò¹·Õ�áÅÐÇÔ¸Õ¡ÒÃà¡çº¢éÍÁÙÅ
¢éÍÁÙÅÊÀÒ¾¡ÒÃ¨ÃÒ¨Ãã¹¡ÒÃ¨ÓÅÍ§¹Õ�ä´é¹ÓÁÒ¨Ò¡ÃÒÂ§Ò¹ "¡ÒÃÈÖ¡ÉÒáºº¨ÓÅÍ§·Ò§¤³ÔµÈÒÊµÃì¢Í§

¢éÍÁÙÅÊ×�ÍÊÒÃº¹à¤Ã×Í¢èÒÂã¹»ÃÐà·Èä·Â" [28] â´Âã¹¡ÒÃà¡çº¢éÍÁÙÅÊÓËÃÑºáºº¨ÓÅÍ§¹Õ�ãªé¡ÒÃà¡çºÀÒ¾
¨Ò¡¡ÅéÍ§ÇÔ´ÕâÍà»�¹ËÅÑ¡ ËÅÑ§¨Ò¡¹Ñ�¹¨Ö§¹ÓÀÒ¾·Õ�ä´éÁÒÇÔà¤ÃÒÐËìà¾×�Í´Ö§¢éÍÁÙÅ·Õ�µéÍ§¡ÒÃÍÍ¡ÁÒµèÍä» â´Âã¹
¡ÒÃ¶èÒÂÀÒ¾¹Ñ�¹ ¨Ðãªé¡ÅéÍ§¨Ò¡ÁØÁÊÙ§ à¾×�Í¤ÇÒÁÊÐ´Ç¡ã¹¡ÒÃáÂ¡áÂÐ áÅÐ¡ÒÃ¹Ñº¨Ó¹Ç¹Ã¶Â¹µì â´Â¨Ð
µÑ�§¡ÅéÍ§äÇé ³ ªÑ�¹ 19 ¢Í§µÖ¡ 20 ªÑ�¹ ¤³ÐÇÔ·ÂÒÈÒÊµÃì ¨Ó¹Ç¹ 8 µÑÇ «Ö�§¨ÐÊÒÁÒÃ¶¨ÑºÀÒ¾·Ñ�§ËÁ´¢Í§
¶¹¹¾­Òä·µÑ�§áµèºÃÔàÇ³ ÊÒÁÂèÒ¹ ¶Ö§ Ë¹éÒÁÒºØ­¤ÃÍ§

·Ñ�§¹Õ� ã¹¡ÒÃà¡çº¢éÍÁÙÅ¤ÃÑ�§¹Õ� ä´éãªéÍØ»¡Ã³ì ÃÇÁ¶Ö§¢Ñ�¹µÍ¹¡ÒÃà¡çºÀÒ¾´Ñ§¹Õ�Ô
1. ¶èÒÂÀÒ¾ ³ ªÑ�¹ 19 ¢Í§ÍÒ¤ÒÃ 20 ªÑ�¹ ¤³ÐÇÔ·ÂÒÈÒÊµÃì
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2. ãªé¡ÅéÍ§ÇÔ´ÕâÍã¹¡ÒÃºÑ¹·Ö¡ÀÒ¾ ¨Ó¹Ç¹ 9 µÑÇ
3. ºØ¤ÅÒ¡Ãã¹¡ÒÃ¤Çº¤ØÁ¡ÒÃ¶èÒÂÀÒ¾ 5 ¤¹
4. ªèÇ§àÇÅÒã¹¡ÒÃºÑ¹·Ö¡ÀÒ¾ ÃÐËÇèÒ§àÇÅÒ 15.00 ¶Ö§ 16.00 ã¹ÇÑ¹·Õ� 16 ¸Ñ¹ÇÒ¤Á ¾.È. 2546

6.1.2 ¡ÒÃ¶Í´¢éÍÁÙÅ¨Ò¡à·»ÇÔ´ÕâÍ·Õ�ºÑ¹·Ö¡ä´é
à¹×�Í§¨Ò¡ áËÅè§¢éÍÁÙÅ·Õ�ºÑ¹·Ö¡ÁÒ¹Ñ�¹ ÂÑ§ÁÔãªè¢éÍÁÙÅ·Õ�µéÍ§¡ÒÃ·Õ�¨Ð¹Óä»·Ó¡ÒÃ¨ÓÅÍ§ÍÂèÒ§á·é¨ÃÔ§ ¨Ö§

µéÍ§ÁÕ¡ÒÃ´Ö§¢éÍÁÙÅ·Õ�µéÍ§¡ÒÃÍÍ¡ÁÒ¨Ò¡¢éÍÁÙÅ´Ôº (ÇÔ´ÕâÍà·») àÊÕÂ¡èÍ¹ â´ÂÁÕÃÒÂÅÐàÍÕÂ´´Ñ§¹Õ�

1. ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ðã¹áµèÅÐà«ÅÅì ³ àÇÅÒàÃÔ�Áµé¹¢Í§áµèÅÐªèÍ§àÇÅÒ¢¹Ò´ 10 ÇÔ¹Ò·Õ
2. ¤ÇÒÁàÃçÇàÁ×�ÍäÁèà¡Ô´¡ÒÃµÔ´¢Ñ´¢Í§ÂÒ¹¾ÒË¹ÐÊèÇ¹ºØ¤¤Å»ÃÐÁÒ³ 60 ¡ÔâÅàÁµÃµèÍªÑ�ÇâÁ§
3. ¤ÇÒÁÂÒÇà«ÅÅì¡ÓË¹´ãËéà·èÒ¡Ñº 160 àÁµÃËÃ×Í»ÃÐÁÒ³ÃÐÂÐËèÒ§¢Í§àÊÒä¿¿�Ò 3 ªèÇ§ «Ö�§¤Ó¹Ç³

¨Ò¡¢¹Ò´ªèÍ§àÇÅÒ 10 ÇÔ¹Ò·Õ × ¤ÇÒÁàÃçÇàÁ×�ÍäÁèà¡Ô´¡ÒÃµÔ´¢Ñ´ 60 ¡ÔâÅàÁµÃµèÍªÑ�ÇâÁ§
4. ÍÑµÃÒ¡ÒÃäËÅ¢Í§ÂÒ¹¾ÒË¹Ðà¢éÒÊÙèà«ÅÅìµèÒ§ æ (Ë¹èÇÂà»�¹¨Ó¹Ç¹¤Ñ¹) ¹Ñº¨Ó¹Ç¹Ã¶ ·Õ�à¢éÒáµèÅÐ

à«ÅÅì ã¹áµèÅÐªèÍ§àÇÅÒ 10 ÇÔ¹Ò·Õ
5. ¡ÒÃàª×�ÍÁµèÍ¢Í§à«ÅÅìµèÒ§ æ ´Ñ§áÊ´§ã¹ÃÙ»·Õ� 6.1

¡ÒÃá»Å§¢éÍÁÙÅ·Õ�¶Í´ä´é¨Ò¡ÇÔ´ÕâÍà·»à»�¹µÑÇá»ÃµèÒ§ æ ÊÒÁÒÃ¶¡ÃÐ·Óä´é´Ñ§¹Õ�

1. ÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´¢Í§¢èÒÂàª×�ÍÁâÂ§µèÒ§ æ (Ë¹èÇÂà»�¹¨Ó¹Ç¹¤Ñ¹) ÊÒÁÒÃ¶ËÒä´é¨Ò¡¡ÒÃ¾Ô¨ÒÃ³Ò
¤èÒÊÙ§ÊØ´¢Í§ÍÑµÃÒ¡ÒÃäËÅ¢Í§ÂÒ¹¾ÒË¹Ðà¢éÒÊÙèà«ÅÅìµèÒ§ æ ã¹áµèÅÐàÇÅÒ¢Í§áµèÅÐ¢èÒÂàª×�ÍÁâÂ§

2. ÃÍºàÇÅÒÊÑ­­Ò³ä¿¨ÃÒ¨ÃºÃÔàÇ³áÂ¡»ÃÐµÙÊÃÐ¹�Ó¨ØÌÒ Ï ÊÒÁÒÃ¶¾Ô¨ÒÃ³Ò¨Ò¡ÍÑµÃÒ¡ÒÃäËÅ¢Í§
ÂÒ¹¾ÒË¹Ð·Õ�ºÃÔàÇ³áÂ¡»ÃÐµÙÊÃÐ¹�Ó¨ØÌÒ Ï â´Â¾Ô¨ÒÃ³ÒÇèÒÊÑ­­Ò³ä¿¨ÃÒ¨Ã¢Í§ªèÍ§·Ò§¨ÃÒ¨Ã
¹Ñ�¹à»�¹ªèÇ§ä¿á´§àÁ×�Í¼Å¡ÒÃÇÑ´ãËé¤èÒÍÑµÃÒ¡ÒÃäËÅ¢Í§ÂÒ¹¾ÒË¹Ðà»�¹ÈÙ¹Âì

3. ÍÑµÃÒ¡ÒÃäËÅ¢Í§ÂÒ¹¾ÒË¹Ðà¢éÒÊÙèÃÐºº ÊÒÁÒÃ¶ËÒä´é¨Ò¡ÍÑµÃÒ¡ÒÃäËÅà¢éÒÊÙèà«ÅÅìµé¹·Ò§«Ö�§à»�¹
¤èÒ·Õ�ÇÑ´ÁÒ¨ÃÔ§

4. ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Ñ�§ËÁ´·Õ�äËÅã¹ªèÍ§·Ò§µèÒ§ æ µÅÍ´ÃÐÂÐàÇÅÒ·Õ�·Ó¡ÒÃ¨ÓÅÍ§ ËÒä´é¨Ò¡¼ÅÃÇÁ
·Ø¡ªèÍ§àÇÅÒ¢Í§ÍÑµÃÒ¡ÒÃäËÅ¢Í§ªèÍ§·Ò§¹Ñ�¹

5. ÍÑµÃÒÊèÇ¹¡ÒÃáºè§ÂÒ¹¾ÒË¹Ð¨Ò¡à«ÅÅìË¹Ö�§ æ ä»ÂÑ§ªèÍ§·Ò§µèÒ§ æ ÊÒÁÒÃ¶ËÒä´é¨Ò¡¨Ó¹Ç¹
ÂÒ¹¾ÒË¹Ð·Ñ�§ËÁ´·Õ�äËÅÍÍ¡¨Ò¡à«ÅÅìã¹ªèÍ§·Ò§¹Ñ�¹ËÒÃ´éÇÂ¼ÅÃÇÁ¢Í§¨Ó¹Ç¹¾ÒË¹Ð·Ñ�§ËÁ´
·Õ�äËÅÍÍ¡à«ÅÅì¹Ñ�¹ã¹·Ø¡ªèÍ§·Ò§ ã¹¡ÒÃ¨ÓÅÍ§¹Õ�»ÃÐÁÒ³ÇèÒÍÑµÃÒÊèÇ¹¡ÒÃáºè§ÂÒ¹¾ÒË¹ÐäÁèá»Ã
µÒÁàÇÅÒ
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ÃÙ»·Õ� 6.1 áºº¨ÓÅÍ§¶¹¹¾­Òä·
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6.1.3 ¼Å¡ÒÃ·´ÅÍ§
à¹×�Í§¨Ò¡µÑÇá»ÃËÅÒÂµÑÇäÁèÊÒÁÒÃ¶ËÒ¤èÒä´é´éÇÂ¡ÒÃ¶Í´¢éÍÁÙÅ´Ôº ¨Ö§ãªéÇÔ¸Õ¡ÒÃ»ÃÑºà·ÕÂº¤èÒãËé¤ÇÒÁ

µèÒ§¢Í§¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ðã¹áµèÅÐà«ÅÅì¢Í§¡ÒÃ¨ÓÅÍ§¡Ñº¢éÍÁÙÅ¨ÃÔ§ÁÕ¤èÒ¹éÍÂ·Õ�ÊØ´á·¹ ¢éÍÁÙÅ¨ÃÔ§ÁÕ
¤èÒ¢Í§¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ðã¹áµèÅÐà«ÅÅì·Õ�ËÅÒÂªèÍ§àÇÅÒà»�¹ÈÙ¹Âì µÑÇªÕ�ÇÑ´¤èÒ¤ÇÒÁ¼Ô´¾ÅÒ´·Õ�ÁÕ¡ÒÃ¶èÇ§
¹�ÓË¹Ñ¡¤ÇÒÁ¼Ô´¾ÅÒ´´éÇÂ¢¹Ò´¢Í§¢éÍÁÙÅ¨ÃÔ§ÍÂèÒ§ normalized weight error vector norm ¨Ö§
äÁèÊÒÁÒÃ¶ãªéä´éà¾ÃÒÐÁÕµÑÇËÒÃ (¢éÍÁÙÅ¨ÃÔ§) à»�¹ÈÙ¹Âì ¨Ö§àÅÕ�Â§¡ÒÃËÒÃ´éÇÂÈÙ¹Âì´éÇÂ¡ÒÃãªé¤èÒà©ÅÕ�Â·Ø¡ªèÍ§
àÇÅÒ¢Í§¢éÍÁÙÅá·¹ â´ÂµÑÇªÕ�ÇÑ´¤ÇÒÁµèÒ§·Õ�ãªéã¹¡ÒÃ»ÃÑºà·ÕÂºà¢ÕÂ¹ä´é´Ñ§¹Õ�é

Density Error =

I∑
i=1


T

TP
t=1

(x̂i(t)−xi(t))
2

TP
t=1

xi(t)




I
(6.1)

x̂i(t) = ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ðã¹¡ÅØèÁ¢Í§à«ÅÅì (segment) i ³ ªèÍ§àÇÅÒ t «Ö�§ä´é¨Ò¡¡ÒÃ¨ÓÅÍ§
à¤Ã×Í¢èÒÂ

xi(t) = ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ðã¹¡ÅØèÁ¢Í§à«ÅÅì i ³ ªèÍ§àÇÅÒ t «Ö�§ä´é¨Ò¡¡ÒÃà¡çº¢éÍÁÙÅº¹à¤Ã×Í¢èÒÂ
¨ÃÔ§

I = ¨Ó¹Ç¹¡ÅØèÁ¢Í§à«ÅÅì·Ñ�§ËÁ´¢Í§à¤Ã×Í¢èÒÂ·Õ�·Ó¡ÒÃ¨ÓÅÍ§
T = ªèÍ§àÇÅÒÊØ´·éÒÂ·Õ�·Ó¡ÒÃ¨ÓÅÍ§à¤Ã×Í¢èÒÂ
¼Å¡ÒÃ»ÃÑºà·ÕÂºâ´Âãªé genetic algorithm ãËé¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº¢Í§áºº¨ÓÅÍ§´Ñ§áÊ´§ã¹µÒÃÒ§

·Õ� 6.2 áÅÐãËé¼Å¡ÒÃ¨ÓÅÍ§à·ÕÂº¡Ñº¢éÍÁÙÅ¨ÃÔ§¢Í§¶¹¹¾­Òä·´Ñ§ÃÙ»·Õ� 6.2- 6.8
ÁÕµÑÇá»Ã»ÃÑºà·ÕÂºµèÒ§ æ ´Ñ§¹Õ�
lcar = ¤ÇÒÁÂÒÇÃ¶Â¹µìÊèÇ¹ºØ¤¤ÅÃÇÁ¡ÑºªèÍ§ÇèÒ§ÃÐËÇèÒ§¤Ñ¹ (àÁµÃ)
qi = ÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´ (¤Ñ¹*àÁµÃµèÍÇÔ¹Ò·ÕµèÍªèÍ§·Ò§¨ÃÒ¨Ã)
δi = ¤èÒÊÑÁ»ÃÐÊÔ·¸Ô�¡ÒÃà¾Ô�Á¢Ö�¹¢Í§ÂÒ¹¾ÒË¹Ð¢Í§áµèÅÐà«ÅÅì
lbus = ¤ÇÒÁÂÒÇÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§ÃÇÁ¡ÑºªèÍ§ÇèÒ§ÃÐËÇèÒ§¤Ñ¹ (àÁµÃ)
ṽbus = ¤ÇÒÁàÃçÇÊÑÁ¾Ñ·¸ì¢Í§Ã¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§
Prob (bus) = ÍÑµÃÒÊèÇ¹Ã¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§µèÍÂÒ¹¾ÒË¹Ð·Ñ�§ËÁ´â´Â δ1, ..., δ11 áÅÐ lcar à»�¹

µÑÇá»Ã»ÃÑºà·ÕÂº¢Í§·Ñ�§ S-CTM áÅÐ M-CTM ã¹¢³Ð·Õ� qi, lbus, ṽbus áÅÐ Prob (bus) à»�¹µÑÇá»Ã
»ÃÑºà·ÕÂºà©¾ÒÐ¢Í§ M-CTM

¤èÒµ�ÓÊØ´áÅÐÊÙ§ÊØ´ã¹µÒÃÒ§·Õ� 6.2 à»�¹¤èÒ¢Íºà¢µ·Õ�¡ÓË¹´ã¹¡ÒÃÊØèÁ¤èÒ¢Í§µÑÇá»Ã»ÃÑºà·ÕÂºµèÒ§ æ
ã¹ Genetic Algorithm â´Â¾Ô¨ÒÃ³Ò¢Íºà¢µ¤èÒ·Õ�à»�¹ä»ä´é¨ÃÔ§¢Í§µÑÇá»Ã»ÃÑºà·ÕÂºµèÒ§ æ
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µÒÃÒ§·Õ� 6.2 ¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº¢Í§¾­Òä·
S-CTM M-CTM

¤èÒµ�ÓÊØ´ ¤èÒÊÙ§ÊØ´ ¤èÒ·Õ�»ÃÑºà·ÕÂºä´é ¤èÒµ�ÓÊØ´ ¤èÒÊÙ§ÊØ´ ¤èÒ·Õ�»ÃÑºà·ÕÂºä´é
lcar 4.5 8 7.99964 4.5 8 4.96024
lbus - - - 12 20 17.2055

Prob (bus) - - - 0 0.2 0.19982
ṽbus - - - 0.5 1 0.57429
δ1 0.3 1 0.99597 0.3 1 0.77206
δ2 0.3 1 0.96311 0.3 1 0.30183
δ3 0.3 1 0.80601 0.3 1 0.453
δ4 0.3 1 0.35413 0.3 1 0.82499
δ5 0.3 1 0.99597 0.3 1 0.56558
δ6 0.3 1 0.76024 0.3 1 0.73347
δ7 0.3 1 0.45152 0.3 1 0.30051
δ8 0.3 1 0.56039 0.3 1 0.48789
δ9 0.3 1 0.30001 0.3 1 0.3786
δ10 0.3 1 0.3 0.3 1 0.30972
δ11 0.3 1 0.76882 0.3 1 0.71444
qi 2.3 2.3 2.3 2.3 4.6 1.71*2.3

Density Error - - 0.74576 - - 0.681704
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6.2 ¡ÒÃ¨ÓÅÍ§ÃÐººà¤Ã×Í¢èÒÂ¨ÃÔ§¢¹Ò´ãË­è·Õ�ÁÕÊÑ­­Ò³ä¿¨ÃÒ¨Ãº¹¶¹¹ÊÒ·Ã

6.2.1 Ê¶Ò¹·Õ�áÅÐÇÔ¸Õà¡çº¢éÍÁÙÅ
ãªé¢éÍÁÙÅà¤Ã×Í¢èÒÂ, (¤ÇÒÁÂÒÇ¶¹¹, ¡ÒÃàª×�ÍÁµèÍ, ¨Ó¹Ç¹àÅ¹) áÅÐÃÍºÊÑ­­Ò³ä¿¨ÃÒ¨Ã¨Ò¡ÃÒÂ§Ò¹

©ºÑºÊØ´·éÒÂ àÅèÁ·Õ� 4 ¡ÒÃá¡éä¢»�­ËÒ¨ÃÒ¨Ã¾×�¹·Õ�ÊÒ·Ã-ÊÕÅÁ [29]
¢éÍÁÙÅÊÀÒ¾¡ÒÃ¨ÃÒ¨Ãä´éÁÒ¨Ò¡¡ÒÃ¨ÓÅÍ§â´Âãªé»ÃÔÁÒ³ÂÒ¹¾ÒË¹Ð·Õ�à¢éÒÊÙèÃÐºº¨Ò¡¢éÍÁÙÅ¨ÃÔ§´éÇÂ

MITSIM «Ö�§ãªéáºº¨ÓÅÍ§¨ØÅÀÒ¤ car following model ã¹¡ÒÃ¨ÓÅÍ§ÊÀÒ¾¡ÒÃ¨ÃÒ¨Ãà¹×�Í§¨Ò¡¢éÍÁÙÅ
¨ÃÔ§·Õ�¶Í´¨Ò¡¡ÅéÍ§ÇÔ´ÕâÍä´é¹Ñ�¹äÁè¤ÃÍº¤ÅØÁ¶Ö§¨Ó¹Ç¹Ã¶º¹¶¹¹ÊÒ¸Ã«Ö�§à»�¹ÃÐºº¢¹Ò´ãË­è ·Ñ�§¹Õ�
MITSIM à»�¹â»Ãá¡ÃÁ¨ÓÅÍ§·ÃÒ¿¿�¡áºº¨ØÅÀÒ¤´éÇÂáºº¨ÓÅÍ§¡ÒÃ¢ÑºÃ¶µÒÁ¡Ñ¹«Ö�§ä´éÃÑº¡ÒÃ·´ÊÍº
áÅÐÂÍÁÃÑºÍÂèÒ§á¾ÃèËÅÒÂ [30, 31]

ÃÐºº·Õ�¾Ô¨ÒÃ³Ò¤×Í¶¹¹ÊÒ·ÃàË¹×ÍµÑ�§áµèáÂ¡ÊØÃÈÑ¡´Ô�¨¹¶Ö§áÂ¡ÇÔ·ÂØä´é¶Ù¡¨ÓÅÍ§´Ñ§ÃÙ»·Õ� 6.9-6.12
ªèÍ§àÇÅÒáÅÐ¤ÇÒÁÂÒÇà«ÅÅì·Õ�ãªéã¹áºº¨ÓÅÍ§ ÁÕ¢¹Ò´ 5 ÇÔ¹Ò·ÕáÅÐ 80 àÁµÃµÒÁÅÓ´Ñº

·ÃÒ¿¿�¡·Õ�ãªéã¹¡ÒÃ¨ÓÅÍ§à»�¹·ÃÒ¿¿�¡ÍÂèÒ§§èÒÂâ´ÂãËéÂÒ¹¾ÒË¹ÐÇÔ�§º¹¹¶¹ÊÒ¸ÃàË¹×Í¨Ò¡áÂ¡ÊÒ
¸ÃÊØÃÈÑ¡´Ô�ä»ÂÑ§áÂ¡ÇÔ·ÂØâ´ÂäÁèÁÕ¡ÒÃàÅÕ�ÂÇÍÍ¡¨Ò¡¶¹¹ÊÒ¸Ã (ÂÒ¹¾ÒË¹ÐÇÔ�§µÃ§ÍÂèÒ§à´ÕÂÇ) áºè§à»�¹
Ã¶â´ÂÊÒÃÊèÇ¹ºØ¤¤Å 80 % áÅÐÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§ 20 % â´ÂãËéÁÕÂÒ¹¾ÒË¹Ðà¢éÒÊÙèáÂ¡ÊØÃÈÑ¡´Ô�µÒÁ
àÇÅÒ´Ñ§ÃÙ»·Õ� 6.13

6.2.2 ¼Å¡ÒÃ·´ÅÍ§
¨Ò¡ÃÙ»·Õ� 6.14-6.18 ¼Å¡ÒÃ¨ÓÅÍ§·Õ� ä´é·Ñ�§¨Ò¡ S-CTM áÅÐ M-CTM ÊÒÁÒÃ¶¨ÓÅÍ§¡ÒÃ

à»ÅÕ�Â¹á»Å§¤èÒµÒÁ¼Å¡ÒÃ¨ÓÅÍ§¨Ò¡áºº¨ÓÅÍ§¨ØÅÀÒ¤¢Í§ MITSIM ä´éã¡Åéà¤ÕÂ§ÁÒ¡ áÅÐ·Ñ�§ 2
áºº¨ÓÅÍ§ÁÕ¤ÇÒÁáµ¡µèÒ§¡Ñ¹¹éÍÂÁÒ¡«Ö�§ÊÍ´¤ÅéÍ§¡Ñº¤èÒ Density Error ¨Ò¡¡ÒÃ¤Ó¹Ç³ã¹µÒÃÒ§·Õ�
6.3 ¢Í§áºº¨ÓÅÍ§·Ñ�§ÊÍ§«Ö�§ÁÕ¤èÒã¡Åéà¤ÕÂ§¡Ñ¹

¼Å¡ÒÃ»ÃÑºà·ÕÂºâ´Âãªé genetic algorithm ãËé¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº¢Í§áºº¨ÓÅÍ§´Ñ§áÊ´§ã¹µÒÃÒ§
·Õ� 6.3 áÅÐãËé¼Å¡ÒÃ¨ÓÅÍ§à·ÕÂº¡Ñº¢éÍÁÙÅ¨ÃÔ§¢Í§¶¹¹ÊÒ·Ã´Ñ§ÃÙ»·Õ� 6.14-6.18

lcar = ¤ÇÒÁÂÒÇÃ¶Â¹µìÊèÇ¹ºØ¤¤ÅÃÇÁ¡ÑºªèÍ§ÇèÒ§ÃÐËÇèÒ§¤Ñ¹ (àÁµÃ)
qi = ÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´ (¤Ñ¹*àÁµÃµèÍÇÔ¹Ò·ÕµèÍªèÍ§·Ò§¨ÃÒ¨Ã)
δi = ¤èÒÊÑÁ»ÃÐÊÔ·¸Ô�¡ÒÃà¾Ô�Á¢Ö�¹¢Í§ÂÒ¹¾ÒË¹Ð¢Í§áµèÅÐà«ÅÅì â´Â¡ÓË¹´ãËé·Ø¡à«ÅÅìÁÕ¤èÒà·èÒ¡Ñ¹
lbus = ¤ÇÒÁÂÒÇÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§ÃÇÁ¡ÑºªèÍ§ÇèÒ§ÃÐËÇèÒ§¤Ñ¹ (àÁµÃ)
ṽbus = ¤ÇÒÁàÃçÇÊÑÁ¾Ñ·¸ì¢Í§Ã¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§â´Â lcar, qi áÅÐ δi à»�¹µÑÇá»Ã»ÃÑºà·ÕÂº¢Í§·Ñ�§

S-CTM áÅÐ M-CTM ã¹¢³Ð·Õ� lbus áÅÐ ṽbus à»�¹µÑÇá»Ã»ÃÑºà·ÕÂºà©¾ÒÐ¢Í§ M-CTM
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แยกสุรศักดิ์

แยกประมวล แยกปั้น

แยกเซนต์หลุยส์

ÃÙ»·Õ�6.9
áºº¨ÓÅÍ§¶¹¹ÊÒ·ÃÊèÇ¹·Õ�1
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แยกนราธิวาสแยกศึกษาวิทยา

แยกเซนต์หลุยส์

ÃÙ»·Õ�6.10
áºº¨ÓÅÍ§¶¹¹ÊÒ·ÃÊèÇ¹·Õ�2
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แยกสวนพลู

แยกคอนแวนต์ แยกศาลาแดงแยกพิพัฒน์

ÃÙ»·Õ�6.11áºº¨ÓÅÍ§¶¹¹ÊÒ·ÃÊèÇ¹·Õ�3
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ÃÙ»·Õ� 6.12 áºº¨ÓÅÍ§¶¹¹ÊÒ·ÃÊèÇ¹·Õ� 4

µÒÃÒ§·Õ� 6.3 ¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº¢Í§ÊÒ·Ã
S-CTM M-CTM

¤èÒµ�ÓÊØ´ ¤èÒÊÙ§ÊØ´ ¤èÒ·Õ�»ÃÑºà·ÕÂºä´é ¤èÒµ�ÓÊØ´ ¤èÒÊÙ§ÊØ´ ¤èÒ·Õ�»ÃÑºà·ÕÂºä´é
lcar 5.5 7 6.99924 5.5 7 5.8522
lbus - - - 12 16 13.95893
ṽbus - - - 0.5 1 0.9733
δi 0.3 1 0.4089 0.3 1 0.44287
qi 2.3 2*2.3 1.47*2.3 2.3 2*2.3 1.76*2.3

Density Error - - 0.6293521 - - 0.6245406
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ÃÙ»·Õ� 6.13 ÍÑµÃÒÊèÇ¹·ÃÒ¿¿�¡·Õ�à¢éÒÊÙèÃÐºº¡Ã³Õ¶¹¹ÊÒ·Ã

6.3 ÊÃØ»¡ÒÃÇÔà¤ÃÒÐËì¼Å¡ÒÃ¨ÓÅÍ§¾­Òä·áÅÐÊÒ·Ã

1. àÁ×�Íà·ÕÂº¤ÇÒÁ¶Ù¡µéÍ§ ¼Å¡ÒÃ¨ÓÅÍ§¢Í§·Ñ�§ S-CTM áÅÐ M-CTM ÊÒÁÒÃ¶ãªé¨ÓÅÍ§à¤Ã×Í¢èÒÂ
¨ÃÔ§ä´é

2. S-CTM áÅÐ M-CTM ãËé¼Å·Õ�ã¡Åéà¤ÕÂ§ÁÒ¡à¹×�Í§¨Ò¡ÍÑµÃÒ¡ÒÃäËÅ¶Ù¡Ãº¡Ç¹´éÇÂÊÑ­­Ò³ä¿
áÅÐ·ÃÒ¿¿�¡·Õ�à¢éÒÁÒÁÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹ÃÐººäÁèà»ÅÕ�Â¹µÒÁàÇÅÒ ¨Ö§·ÓãËé S-CTM ÊÒÁÒÃ¶
»ÃÑºµÑÇãËéà¢éÒ¡ÑºÊèÇ¹»ÃÐ¡Íº¢Í§ÂÒ¹¾ÒË¹Ð·Õ�à¢éÒÁÒä´é ·Ñ�§¹Õ�¨ÐàËç¹ä´é¨Ò¡µÒÃÒ§ 6.3 ÇèÒ¤èÒ lcar

¢Í§áºº¨ÓÅÍ§¡ÒÃÊè§à«ÅÅì´Ñ�§à´ÔÁÁÕ¤èÒã¡Åéà¤ÕÂ§¤èÒÊÙ§ÊØ´ à¾ÃÒÐ S-CTM µéÍ§»ÃÑº¤èÒ lcar à¾×�Í
¾ÂÒÂÒÁ¨ÓÅÍ§¡ÒÃÁÕÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§ã¹ÃÐºº

3. ·ÃÒ¿¿�¡·Õ�à¢éÒÁÒÁÕ»ÃÔÁÒ³¤èÍ¹¢éÒ§ÁÒ¡ ÃÐººÍÂÙèã¹Ê¶Ò¹ÐµÔ´¢Ñ´ S-CTM áÅÐ M-CTM ¨Ö§ãËé¼Å
¡ÒÃ·Ó¹ÒÂ·Õ�ã¡Åéà¤ÕÂ§¡Ñ¹ à¾ÃÒÐÂÔ�§àÁ×�Íà¡Ô´¡ÒÃµÔ´¢Ñ´ÁÒ¡ ¤ÇÒÁáµ¡µèÒ§ÃÐËÇèÒ§¤ÇÒÁÊÒÁÒÃ¶ã¹
¡ÒÃà¤Å×�Í¹·Õ�¨ÐÁÕ¤èÒ¹éÍÂÅ§¨¹à·èÒà·ÕÂÁàÁ×�ÍÂÒ¹¾ÒË¹ÐËÂØ´¹Ô�§ S-CTM áÅÐ M-CTM ¨Ö§ãËé¼Å
¡ÒÃ¨ÓÅÍ§·Õ�ã¡Åéà¤ÕÂ§¡Ñ¹ «Ö�§ÊÒÁÒÃ¶Í¸ÔºÒÂä´éâ´Â¾Ô¨ÒÃ³Ò¡ÒÃÅÙèà¢éÒÊÙè¤èÒà´ÕÂÇ¡Ñ¹¢Í§ÍÑµÃÒÊèÇ¹¡ÒÃ
¤ÃÍº¤ÃÍ§·Õ�ÇèÒ§ÊÑÁ¾Ñ·¸ì¢Í§ÂÒ¹¾ÒË¹Ðã¹·Ø¡»ÃÐàÀ·àÁ×�Í¤èÒ¤ÇÒÁË¹Òá¹è¹ÃÇÁ¢Í§¶¹¹à¾Ô�Á¢Ö�¹
ÊÙèÊÙ§ÊØ´ (´ÙÃÙ»·Õ� 4.1)
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segmen id = 22

segmen id = 19

segmen id = 22

segmen id = 19

1500

1500
Time Slot Time Slot

Time SlotTime Slot

ÃÙ»·Õ� 6.14 ¼Å¡ÒÃ¨ÓÅÍ§ÊÒ·Ã¢Í§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ (S-CTM) áÅÐáºº¨ÓÅÍ§·Õ�
¹ÓàÊ¹Í (M-CTM) à·ÕÂº¡Ñºáºº¨ÓÅÍ§¨ØÅÀÒ¤¢Í§ MITSIM
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segment id = 24 and 25
segment id = 24 and 25

segment id = 23 segment id = 23

Time Slot

Time SlotTime Slot

Time Slot

ÃÙ»·Õ� 6.15 ¼Å¡ÒÃ¨ÓÅÍ§ÊÒ·Ã¢Í§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ (S-CTM) áÅÐáºº¨ÓÅÍ§·Õ�
¹ÓàÊ¹Í (M-CTM) à·ÕÂº¡Ñºáºº¨ÓÅÍ§¨ØÅÀÒ¤¢Í§ MITSIM
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segment id = 56 and 57segment id = 56 and 57

segment id = 59 and 60 segment id = 59 and 60

Time Slot

Time SlotTime Slot

Time Slot

ÃÙ»·Õ� 6.16 ¼Å¡ÒÃ¨ÓÅÍ§ÊÒ·Ã¢Í§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ (S-CTM) áÅÐáºº¨ÓÅÍ§·Õ�
¹ÓàÊ¹Í (M-CTM) à·ÕÂº¡Ñºáºº¨ÓÅÍ§¨ØÅÀÒ¤¢Í§ MITSIM
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segment id = 61 and 62
segment id = 61 and 62

segment id = 621 and 63segment id = 621 and 63

Time Slot

Time Slot

Time Slot

Time Slot

ÃÙ»·Õ� 6.17 ¼Å¡ÒÃ¨ÓÅÍ§ÊÒ·Ã¢Í§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ (S-CTM) áÅÐáºº¨ÓÅÍ§·Õ�
¹ÓàÊ¹Í (M-CTM) à·ÕÂº¡Ñºáºº¨ÓÅÍ§¨ØÅÀÒ¤¢Í§ MITSIM
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segment id = 101, 102, 103, 104, 105, 106,1061
segment id = 101, 102, 103, 104, 105, 106,1061

segment id = 107 and 108 segment id = 107 and 108

Time Slot

Time Slot

Time Slot

Time Slot

ÃÙ»·Õ� 6.18 ¼Å¡ÒÃ¨ÓÅÍ§ÊÒ·Ã¢Í§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ (S-CTM) áÅÐáºº¨ÓÅÍ§·Õ�
¹ÓàÊ¹Í (M-CTM) à·ÕÂº¡Ñºáºº¨ÓÅÍ§¨ØÅÀÒ¤¢Í§ MITSIM
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6.4 ¡ÒÃ¨ÓÅÍ§à¤Ã×Í¢èÒÂÊÁÁØµÔà¾×�Í¾Ô¨ÒÃ³Ò¼Å¡ÃÐ·º¨Ò¡ÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹áµèÅÐ»ÃÐàÀ·

à¹×�Í§¨Ò¡ ¢éÍ¨Ó¡Ñ´ ã¹ ¡ÒÃ à¡çº ¢éÍÁÙÅ ¨ÃÔ§ ¨Ö§ äÁè ÊÒÁÒÃ¶ ·´ÊÍº »ÃÒ¡¯¡ÒÃ³ì ¡ÃÐ¨ÒÂ µÑÇ ÍÍ¡ à»�¹
¡ÅØèÁ¡éÍ¹ (platoon dispersion) ´éÇÂáºº¨ÓÅÍ§áººäÁèáÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹Ð´Ñ§¹Ñ�¹¡ÒÃÈÖ¡ÉÒ
¤ÇÒÁáµ¡µèÒ§ÍÂèÒ§ªÑ´à¨¹¢Í§ S-CTM áÅÐ M-CTM ¨Ö§ÍÒÈÑÂ·Ó¡ÒÃÊÃéÒ§à¤Ã×Í¢èÒÂÊÁÁØµÔÍÂèÒ§§èÒÂ
áÅÐ¡ÓË¹´·ÃÒ¿¿�¡ÊÁÁØµÔà¾×�ÍãËéÊÒÁÒÃ¶àËç¹»ÃÒ¡¯¡ÒÃ³ìáÅÐ¤ÇÒÁµèÒ§¢Í§áºº¨ÓÅÍ§·Ñ�§ÊÍ§ä´éÍÂèÒ§
ªÑ´à¨¹ â´Âä´éÁÕ¡ÒÃà·ÕÂº¤ÇÒÁ¶Ù¡µéÍ§¡Ñº MITSIM á·¹¢éÍÁÙÅ¨ÃÔ§ â´ÂáÂ¡¡ÒÃ¨ÓÅÍ§ÍÍ¡à»�¹ 3 ¡Ã³Õ
ä´é´Ñ§¹Õ�

1. ¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹ÃÐººäÁèà»ÅÕ�Â¹µÒÁàÇÅÒ (stationary vehicle composition)
2. ¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹ÃÐººà»ÅÕ�Â¹µÒÁàÇÅÒ (non-stationary vehicle composition)
3. ¡ÒÃ·´ÊÍº¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¨ÓÅÍ§»ÃÒ¡¯¡ÒÃ³ì¡ÃÐ¨ÒÂµÑÇÍÍ¡à»�¹¡ÅØèÁ¡éÍ¹
¡ÒÃ¨ÓÅÍ§·Ñ�§ 3 ¡Ã³Õ¨ÐÁÕ¤èÒµÑÇá»ÃàËÁ×Í¹¡Ñ¹´Ñ§¹Õ�
� ¤ÇÒÁÂÒÇà«ÅÅì = 80 àÁµÃ
� ¤ÇÒÁÂÒÇÃ¶ÊèÇ¹ºØ¤¤ÅäÁèÃÇÁªèÍ§ÇèÒ§ÃÐËÇèÒ§¤Ñ¹ = 5.5 àÁµÃ
� ¤ÇÒÁÂÒÇÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§äÁèÃÇÁªèÍ§ÇèÒ§ÃÐËÇèÒ§¤Ñ¹ = 12 àÁµÃ
� vcar = 15 àÁµÃµèÍÇÔ¹Ò·Õ
� vbus = 10 àÁµÃµèÍÇÔ¹Ò·Õ
� ªèÍ§àÇÅÒ = 5 ÇÔ¹Ò·Õ
áºè§¡Ã³ÕÈÖ¡ÉÒä´é´Ñ§¹Õ�

6.4.1 ¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹ÃÐººäÁèà»ÅÕ�Â¹µÒÁàÇÅÒ
à¤Ã×Í¢èÒÂÁÕÅÑ¡É³Ð´Ñ§ÃÙ»·Õ� 6.19 â´ÂÁÕ ¤ÇÒÁÂÒÇà«ÅÅìà·èÒ¡Ñº 80 àÁµÃ à«ÅÅìÁÕ 4 ªèÍ§·Ò§¨ÃÒ¨ÃÂ¡àÇé¹

à«ÅÅì·Õ� 16 ¶Ö§ 25 ÁÕ 1 ªèÍ§·Ò§¨ÃÒ¨ÃÊèÇ¹à«ÅÅì·Õ� 41 ¶Ö§ 43 à»�¹à«ÅÅì¢Íºà¢µ (boundary cell) à¾×�Í
·Ó¡ÒÃ¨ÓÅÍ§¡ÒÃà¢éÒÁÒáÅÐÍÍ¡¨Ò¡à¤Ã×Í¢èÒÂ¢Í§ÂÒ¹¾ÒË¹Ð äÁèãªèà«ÅÅì·Õ�¨ÓÅÍ§à¤Ã×Í¢èÒÂàËÁ×Í¹à«ÅÅì·Õ�
1 ¶Ö§ 40

¡Ã³Õ¡ÒÃ¨ÓÅÍ§·ÃÒ¿¿�¡·Õ�à¢éÒÊÙèÃÐºº¨ÐÁÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ð¤§·Õ�äÁèá»ÃµÒÁàÇÅÒ¨Ðáºè§ÂèÍÂä´éÍÕ¡ 2
¡Ã³Õ¤×Í

1. äÁèÁÕÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§à¢éÒÊÙèà¤Ã×Í¢èÒÂ
2. ÁÕÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§à¢éÒÊÙèà¤Ã×Í¢èÒÂã¹ÍÑµÃÒÊèÇ¹ 20 % ¢Í§ÂÒ¹¾ÒË¹Ð·Ñ�§ËÁ´
â´ÂÂÒ¹¾ÒË¹Ð·Ñ�§ 2 »ÃÐàÀ·¨Ðà¢éÒÁÒ¾ÃéÍÁ¡Ñ¹à»�¹ 2 ªèÇ§ â´ÂªèÇ§áÃ¡¨Ðà¢éÒÁÒã¹ªèÇ§àÇÅÒ 15 ¹Ò·Õ

áÃ¡ ªèÇ§·Õ�ÊÍ§¨Ðà¢éÒÁÒã¹ªèÇ§àÇÅÒµÑ�§áµè¹Ò·Õ·Õ� 30 ¶Ö§ 45 áÅÐÁÕ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�à¢éÒÁÒã¹áµèÅÐªèÇ§
·Ñ�§ËÁ´¨Ðà·èÒ¡Ñº 1500 ¤Ñ¹ã¹·Ñ�§ 2 ¡Ã³ÕÂèÍÂ (¨Ó¹Ç¹ÂÒ¹¾ÒË¹ÐÃÇÁ¤§·Õ�ã¹·Ñ�§ 2 ¡Ã³Õ) ´Ñ§ÃÙ»·Õ� 6.20
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ÃÙ»·Õ� 6.19 à¤Ã×Í¢èÒÂµÑÇÍÂèÒ§¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹ÃÐººäÁèà»ÅÕ�Â¹µÒÁàÇÅÒ

ÃÙ»·Õ� 6.20 ÍÑµÃÒÊèÇ¹·ÃÒ¿¿�¡·Õ�à¢éÒÊÙèÃÐºº¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹ÃÐººäÁèà»ÅÕ�Â¹µÒÁàÇÅÒ
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6.4.1.1 ¡Ã³ÕäÁèÁÕÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§à¢éÒÁÒã¹à¤Ã×Í¢èÒÂ
¨ÐÁÕ¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº´Ñ§¹Õ�
lcar = ¤ÇÒÁÂÒÇÃ¶Â¹µìÊèÇ¹ºØ¤¤ÅÃÇÁ¡ÑºªèÍ§ÇèÒ§ÃÐËÇèÒ§¤Ñ¹ (àÁµÃ)
qi = ÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´ (¤Ñ¹*àÁµÃµèÍÇÔ¹Ò·ÕµèÍªèÍ§·Ò§¨ÃÒ¨Ã)
δ1 = ¤èÒÊÑÁ»ÃÐÊÔ·¸Ô�¡ÒÃà¾Ô�Á¢Ö�¹¢Í§ÂÒ¹¾ÒË¹Ð¢Í§à«ÅÅì·Õ�ÁÕ 4 ªèÍ§·Ò§¨ÃÒ¨Ã
δ2 = ¤èÒÊÑÁ»ÃÐÊÔ·¸Ô�¡ÒÃà¾Ô�Á¢Ö�¹¢Í§ÂÒ¹¾ÒË¹Ð¢Í§à«ÅÅì·Õ�ÁÕ 1 ªèÍ§·Ò§¨ÃÒ¨Ã
¨Ò¡¡ÒÃ»ÃÑºà·ÕÂº´éÇÂ genetic algorithm ¾ºÇèÒµÑÇá»Ã·Õ�ãËé¤ÇÒÁ¼Ô´¾ÅÒ´¢Í§¡ÒÃ¨ÓÅÍ§¹éÍÂ·Õ�ÊØ´

ÁÕ¤èÒ´Ñ§áÊ´§ã¹µÒÃÒ§·Õ� 6.4 áÅÐä´é¼Å¡ÒÃ¨ÓÅÍ§´Ñ§ã¹ÃÙ»·Õ� 6.21
µÒÃÒ§·Õ� 6.4 ¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº¢Í§¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ð¤§·Õ�àÁ×�ÍäÁèÁÕÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§

S-CTM
¤èÒµ�ÓÊØ´ ¤èÒÊÙ§ÊØ´ ¤èÒ·Õ�»ÃÑºà·ÕÂºä´é

lcar 5.5 7 5.7718
δ1 0.3 1 0.34334
δ2 0.3 1 0.45732
qi 2.3 2*2.3 1.4959*2.3

Density Error - - 0.6375491685646234

6.4.1.2 ¡Ã³ÕÁÕÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§à¢éÒÁÒà»�¹ÊÑ´ÊèÇ¹ 20 % ¢Í§ÂÒ¹¾ÒË¹Ð·Ñ�§ËÁ´·Õ�à¢éÒÊÙèÃÐºº
¨ÐÁÕ¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº´Ñ§¹Õ�
lcar = ¤ÇÒÁÂÒÇÃ¶Â¹µìÊèÇ¹ºØ¤¤ÅÃÇÁ¡ÑºªèÍ§ÇèÒ§ÃÐËÇèÒ§¤Ñ¹ (àÁµÃ)
qi = ÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´ (¤Ñ¹*àÁµÃµèÍÇÔ¹Ò·ÕµèÍªèÍ§·Ò§¨ÃÒ¨Ã)
δ1 = ¤èÒÊÑÁ»ÃÐÊÔ·¸Ô�¡ÒÃà¾Ô�Á¢Ö�¹¢Í§ÂÒ¹¾ÒË¹Ð¢Í§à«ÅÅì·Õ�ÁÕ 4 ªèÍ§·Ò§¨ÃÒ¨Ã
δ2 = ¤èÒÊÑÁ»ÃÐÊÔ·¸Ô�¡ÒÃà¾Ô�Á¢Ö�¹¢Í§ÂÒ¹¾ÒË¹Ð¢Í§à«ÅÅì·Õ�ÁÕ 1 ªèÍ§·Ò§¨ÃÒ¨Ã
lbus = ¤ÇÒÁÂÒÇÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§ÃÇÁ¡ÑºªèÍ§ÇèÒ§ÃÐËÇèÒ§¤Ñ¹ (àÁµÃ)
ṽbus = ¤ÇÒÁàÃçÇÊÑÁ¾Ñ·¸ì¢Í§Ã¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§
â´Â lcar, qi, δ1 áÅÐ δ2 à»�¹µÑÇá»Ã»ÃÑºà·ÕÂº¢Í§·Ñ�§ S-CTM áÅÐ M-CTM ã¹¢³Ð·Õ� lbus áÅÐ

ṽbus à»�¹µÑÇá»Ã»ÃÑºà·ÕÂºà©¾ÒÐ¢Í§ M-CTM
¨Ò¡¡ÒÃ»ÃÑºà·ÕÂº´éÇÂ genetic algorithm ¾ºÇèÒµÑÇá»Ã·Õ�ãËé¤ÇÒÁ¼Ô´¾ÅÒ´¢Í§¡ÒÃ¨ÓÅÍ§¹éÍÂ·Õ�ÊØ´

ÁÕ¤èÒ´Ñ§áÊ´§ã¹µÒÃÒ§·Õ� 6.5 áÅÐä´é¼Å¡ÒÃ¨ÓÅÍ§´Ñ§ã¹ÃÙ»·Õ� 6.22 áÅÐ 6.23
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Time Slot Time Slot

Time SlotTime Slot

ÃÙ»·Õ� 6.21 ¼Å ¡ÒÃ ¨ÓÅÍ§ ¡Ã³Õ ÊÑ´ÊèÇ¹ ÂÒ¹¾ÒË¹Ð ã¹ ÃÐºº äÁè à»ÅÕ�Â¹ µÒÁ àÇÅÒ àÁ×�Í äÁè ÁÕ
Ã¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§ à«ÅÅì·Õ� (a) 1 (b) 14 (c) 27 (d) 40

µÒÃÒ§·Õ� 6.5 ¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº¢Í§¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ð¤§·Õ�àÁ×�ÍÁÕÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§
S-CTM M-CTM

¤èÒµ�ÓÊØ´ ¤èÒÊÙ§ÊØ´ ¤èÒ·Õ�»ÃÑºà·ÕÂºä´é ¤èÒµ�ÓÊØ´ ¤èÒÊÙ§ÊØ´ ¤èÒ·Õ�»ÃÑºà·ÕÂºä´é
lcar 4 7 6.99998 4 7 4.49074
lbus - - - 12 16 14.62855
ṽbus - - - 0.5 1 0.67547
δ1 0.3 1 0.3 0.3 1 0.54789
δ2 0.3 1 0.36059 0.3 1 0.72837
qi 2.3 2*2.3 1.11726*2.3 2.3 2*2.3 1.63814*2.3

Density Error - - 0.55908 - - 0.52869
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Time SlotTime Slot

Time Slot Time Slot

ÃÙ»·Õ� 6.22 ¼Å¡ÒÃ¨ÓÅÍ§¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹ÃÐººäÁèà»ÅÕ�Â¹µÒÁàÇÅÒ à«ÅÅì·Õ� (a), (b) 1 (c),
(d) 27
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Time Slot

Time Slot Time Slot

Time Slot

ÃÙ»·Õ� 6.23 ¼Å¡ÒÃ¨ÓÅÍ§¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹ÃÐººäÁèà»ÅÕ�Â¹µÒÁàÇÅÒ à«ÅÅì·Õ� (a), (b) 27 (c),
(d) 40
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6.4.2 ¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹ÃÐººà»ÅÕ�Â¹µÒÁàÇÅÒ
¡Ã³Õ¹Õ�ÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹ÃÐººã¹áµèÅÐªèÇ§àÇÅÒ¨ÐäÁè¤§·Õ� à¾×�Í·´ÊÍº¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ»ÃÑº

µÑÇä´é¢Í§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁáÅÐáºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅì·Õ�¹ÓàÊ¹Í
ÂÒ¹¾ÒË¹Ð·Ñ�§ 2 »ÃÐàÀ·¨Ðà¢éÒÊÙèÃÐººäÁè¾ÃéÍÁ¡Ñ¹â´ÂÃ¶Â¹µìÊèÇ¹ºØ¤¤Å¨Ðà¢éÒÁÒã¹ªèÇ§ 15 ¹Ò·Õ

áÃ¡ áÅÐ¹Ò·Õ·Õ� 30 ¶Ö§ 45 áµèÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§¨Ðà¢éÒÁÒã¹ªèÇ§¹Ò·Õ·Õ� 7.5 ¶Ö§ 22.5 áÅÐ 45 ¶Ö§ 60
´Ñ§ÃÙ»·Õ� 6.25

¨Ó¹Ç¹ªèÍ§·Ò§¢Í§·Ø¡à«ÅÅìã¹¡Ã³Õ¹Õ�¨Ð¶Ù¡¡ÓË¹´ãËéà·èÒ¡Ñº 4 ´Ñ§ÃÙ»·Õ� 6.24 áÅÐÁÕà«ÅÅì·Õ� 41 ¶Ö§
43 à»�¹à«ÅÅì¢Íºà¢µ (boundary cell) à¾×�Í¨ÓÅÍ§¡ÒÃà¢éÒÁÒáÅÐÍÍ¡¨Ò¡à¤Ã×Í¢èÒÂ¢Í§ÂÒ¹¾ÒË¹Ð äÁè
ãªèà«ÅÅì·Õ�¨ÓÅÍ§à¤Ã×Í¢èÒÂàËÁ×Í¹à«ÅÅì·Õ� 1-40

ÃÙ»·Õ� 6.24 à¤Ã×Í¢èÒÂµÑÇÍÂèÒ§¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹ÃÐººà»ÅÕ�Â¹µÒÁàÇÅÒ

¨ÐÁÕ¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº´Ñ§¹Õ�
lcar = ¤ÇÒÁÂÒÇÃ¶Â¹µìÊèÇ¹ºØ¤¤ÅÃÇÁ¡ÑºªèÍ§ÇèÒ§ÃÐËÇèÒ§¤Ñ¹ (àÁµÃ)
qi = ÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´ (¤Ñ¹*àÁµÃµèÍÇÔ¹Ò·ÕµèÍªèÍ§·Ò§¨ÃÒ¨Ã)
δi = ¤èÒÊÑÁ»ÃÐÊÔ·¸Ô�¡ÒÃà¾Ô�Á¢Ö�¹¢Í§ÂÒ¹¾ÒË¹Ð¢Í§à«ÅÅì·Õ�ÁÕ 4 ªèÍ§·Ò§¨ÃÒ¨Ã
lbus = ¤ÇÒÁÂÒÇÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§ÃÇÁ¡ÑºªèÍ§ÇèÒ§ÃÐËÇèÒ§¤Ñ¹ (àÁµÃ)
ṽbus = ¤ÇÒÁàÃçÇÊÑÁ¾Ñ·¸ì¢Í§Ã¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§
¨Ò¡¡ÒÃ»ÃÑºà·ÕÂº´éÇÂ genetic algorithm ¾ºÇèÒµÑÇá»Ã·Õ�ãËé¤ÇÒÁ¼Ô´¾ÅÒ´¢Í§¡ÒÃ¨ÓÅÍ§¹éÍÂ·Õ�ÊØ´

ÁÕ¤èÒ´Ñ§áÊ´§ã¹µÒÃÒ§·Õ� 6.6 áÅÐä´é¼Å¡ÒÃ¨ÓÅÍ§´Ñ§ã¹ÃÙ»·Õ� 6.26 áÅÐ 6.27
¨Ò¡µÒÃÒ§·Õ� 6.6 ÊÑ§à¡µä´éÇèÒ¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº·Õ�ä´éà»�¹¤èÒµ�ÓÊØ´ã¹ªèÇ§·Õ�¡ÓË¹´·Ñ�§ËÁ´ à¹×�Í§¨Ò¡

ÊÀÒ¾·ÃÒ¿¿�¡·Õ�à¢éÒÁÒäÁèË¹Òá¹è¹ã¹ªèÇ§àÇÅÒã´àÇÅÒË¹Ö�§ÁÒ¡¹Ñ¡¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº¨Ö§äÁèÁÕ¼ÅµèÍ¡ÒÃ
¨ÓÅÍ§
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ÃÙ»·Õ� 6.25 ¨Ó¹Ç¹ÂÒ¹¾ÒË¹Ð·Õ�à¢éÒÊÙèÃÐºº·Õ�à«ÅÅì·Õ� 1

µÒÃÒ§·Õ� 6.6 ¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº¢Í§¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹ÐäÁè¤§·Õ�
S-CTM M-CTM

¤èÒµ�ÓÊØ´ ¤èÒÊÙ§ÊØ´ ¤èÒ·Õ�»ÃÑºà·ÕÂºä´é ¤èÒµ�ÓÊØ´ ¤èÒÊÙ§ÊØ´ ¤èÒ·Õ�»ÃÑºà·ÕÂºä´é
lcar 5.5 7 5.5 5.5 7 5.5
lbus - - - 12 16 12
ṽbus - - - 0.5 1 0.5
δi 0.3 1 0.3 0.3 1 0.3
qi 2.3 2*2.3 2.3 2.3 2*2.3 2.3

Density Error - - 0.57075 - - 0.51010
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Time Slot Time Slot

Time Slot Time Slot

ÃÙ»·Õ� 6.26 ¼Å¡ÒÃ¨ÓÅÍ§¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹ÐäÁè¤§·Õ�¢Í§à«ÅÅì·Õ� (a), (b) 1 (c), (d) 14
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Time Slot Time Slot

Time Slot Time Slot

ÃÙ»·Õ� 6.27 ¼Å¡ÒÃ¨ÓÅÍ§¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹ÐäÁè¤§·Õ�¢Í§à«ÅÅì·Õ� (a), (b) 27 (c), (d) 40
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6.4.3 ¡ÒÃ·´ÊÍº¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¨ÓÅÍ§»ÃÒ¡¯¡ÒÃ³ì¡ÃÐ¨ÒÂµÑÇÍÍ¡à»�¹¡ÅØèÁ¡éÍ¹
¡ÒÃ¡ÃÐ¨ÒÂµÑÇÍÍ¡à»�¹¡ÅØèÁ¡éÍ¹¢Í§ÂÒ¹¾ÒË¹Ð¨Ðà¡Ô´¢Ö�¹àÁ×�ÍÊÀÒ¾¡ÒÃ¨ÃÒ¨ÃàºÒºÒ§ÁÒ¡ áÅÐ¨Ð

àËç¹ä´éªÑ´à¨¹àÁ×�ÍÂÒ¹¾ÒË¹Ð·Õ�à¢éÒÊÙèÃÐººÁÕÅÑ¡É³ÐäÁèµèÍà¹×�Í§ ËÃ×ÍÁÕ¡ÒÃà¢éÒÁÒà»�¹ªèÇ§ æ àªè¹Ã¶·Õ�¼èÒ¹
·Ò§àÁ×�ÍÊÑ­­Ò³ä¿à¢ÕÂÇà»�¹µé¹ ¡ÒÃ¨ÓÅÍ§ã¹¡Ã³Õ¹Õ�¨Ö§ÁÕÅÑ¡É³Ð´Ñ§¹Õ�

1. ÁÕ¡ÒÃ¹ÓÊÑ­­Ò³ä¿ÁÒãªé¨ÓÅÍ§à¾×�ÍÊÑ§à¡µ»ÃÒ¡¯¡ÒÃ³ì¢éÒ§µé¹ â´ÂãËéÁÕ¤ÒºÊÑ­­Ò³ä¿à·èÒ¡Ñº 4
¹Ò·Õ à»�¹ªèÇ§ÊÑ­­Ò³ä¿á´§áÅÐä¿à¢ÕÂÇà·èÒ¡Ñº 3 ¹Ò·Õ áÅÐ 1 ¹Ò·ÕµÒÁÅÓ´Ñº´Ñ§ÃÙ»·Õ� 6.28

2. ·ÃÒ¿¿�¡·Õ�à¢éÒÊÙèÃÐºº¨ÐÁÕÅÑ¡É³Ðà»�¹ÂÒ¹¾ÒË¹Ð¨Ó¹Ç¹ÁÒ¡µèÍ¤ÔÇÃÍÊÑ­­Ò³ä¿ ´Ñ§¹Ñ�¹¨Ó¹Ç¹
ÂÒ¹¾ÒË¹Ð¨Ö§¶Ù¡¡ÓË¹´´éÇÂÊÑ­­Ò³ä¿à»�¹ËÅÑ¡

3. à¤Ã×Í¢èÒÂã¹¡Ã³Õ¹Õ� ·Ø¡à«ÅÅìÁÕ 4 ªèÍ§·Ò§¨ÃÒ¨ÃàËÁ×Í¹¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹ÃÐººà»ÅÕ�Â¹
µÒÁàÇÅÒ´Ñ§ÃÙ»·Õ� 6.24 áÅÐÁÕà«ÅÅì·Õ� 41-43 à»�¹à«ÅÅì¢Íºà¢µ (boundary cell) à¾×�Í·Ó¡ÒÃ
¨ÓÅÍ§¡ÒÃà¢éÒÁÒáÅÐÍÍ¡¨Ò¡à¤Ã×Í¢èÒÂ¢Í§ÂÒ¹¾ÒË¹Ð äÁèãªèà«ÅÅì·Õ�¨ÓÅÍ§à¤Ã×Í¢èÒÂàËÁ×Í¹à«ÅÅì·Õ�
1-40
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ÃÙ»·Õ� 6.28 ÊÑ­­Ò³ä¿·Õ�ÍÂÙèÃÐËÇèÒ§à«ÅÅì·Õ� 1 áÅÐ 2 (¤èÒ 1 = ä¿à¢ÕÂÇ, ¤èÒ 0 = ä¿á´§)

6.4.3.1 ¡Ã³ÕäÁèÁÕÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§à¢éÒÁÒã¹à¤Ã×Í¢èÒÂ
¨ÐÁÕµÑÇá»Ã»ÃÑºà·ÕÂº´Ñ§¹Õ�
lcar = ¤ÇÒÁÂÒÇÃ¶Â¹µìÊèÇ¹ºØ¤¤ÅÃÇÁ¡ÑºªèÍ§ÇèÒ§ÃÐËÇèÒ§¤Ñ¹ (àÁµÃ)
qi = ÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´ (¤Ñ¹*àÁµÃµèÍÇÔ¹Ò·ÕµèÍªèÍ§·Ò§¨ÃÒ¨Ã)
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δi = ¤èÒÊÑÁ»ÃÐÊÔ·¸Ô�¡ÒÃà¾Ô�Á¢Ö�¹¢Í§ÂÒ¹¾ÒË¹Ð¢Í§à«ÅÅì·Õ�ÁÕ 4 ªèÍ§·Ò§¨ÃÒ¨Ã
¨Ò¡¡ÒÃ»ÃÑºà·ÕÂº´éÇÂ genetic algorithm ¾ºÇèÒµÑÇá»Ã·Õ�ãËé¤ÇÒÁ¼Ô´¾ÅÒ´¢Í§¡ÒÃ¨ÓÅÍ§¹éÍÂ·Õ�ÊØ´

ÁÕ¤èÒ´Ñ§áÊ´§ã¹µÒÃÒ§·Õ� 6.7 áÅÐä´é¼Å¡ÒÃ¨ÓÅÍ§´Ñ§ã¹ÃÙ»·Õ� 6.29
µÒÃÒ§·Õ� 6.7 ¤èÒµÑÇá»Ã»ÃÑº à·ÕÂº¢Í§¡ÒÃ·´ÊÍº¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¨ÓÅÍ§»ÃÒ¡¯¡ÒÃ³ì¡ÃÐ¨ÒÂµÑÇ

ÍÍ¡à»�¹¡ÅØèÁ¡éÍ¹àÁ×�ÍäÁèÁÕÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§à¢éÒÁÒã¹ÃÐºº
S-CTM

¤èÒµ�ÓÊØ´ ¤èÒÊÙ§ÊØ´ ¤èÒ·Õ�»ÃÑºà·ÕÂºä´é
lcar 5.5 7 6.59399
δi 0.3 1 0.7246
qi 2.3 2*2.3 1.19947*2.3

Density Error - - 1.19517

6.4.3.2 ¡Ã³ÕÁÕ Ã¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§ à¢éÒÁÒ ã¹ à¤Ã×Í¢èÒÂ à»�¹ÊÑ´ÊèÇ¹ 20 à»ÍÃìà«¹µì¢Í§ÂÒ¹¾ÒË¹Ð
·Ñ�§ËÁ´·Õ�à¢éÒÊÙèÃÐºº

¨Ò¡¡ÒÃ»ÃÑºà·ÕÂº´éÇÂ genetic algorithm ¾ºÇèÒµÑÇá»Ã·Õ�ãËé¤ÇÒÁ¼Ô´¾ÅÒ´¢Í§¡ÒÃ¨ÓÅÍ§¹éÍÂ·Õ�ÊØ´
ÁÕ¤èÒ´Ñ§áÊ´§ã¹µÒÃÒ§·Õ� 6.8 áÅÐä´é¼Å¡ÒÃ¨ÓÅÍ§´Ñ§ã¹ÃÙ»·Õ� 6.30 áÅÐ 6.31

«Ö�§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅì·Õ�¹ÓàÊ¹Í¨ÐÊÒÁÒÃ¶ÊÑ§à¡µ»ÃÒ¡¯¡ÒÃ³ì¡ÃÐ¨ÒÂµÑÇÍÍ¡à»�¹¡ÅØèÁ¡éÍ¹
ä´éÍÂèÒ§ªÑ´à¨¹ ã¹¢³Ð·Õ�áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁäÁèÊÒÁÒÃ¶ÊÑ§à¡µ»ÃÒ¡¯¡ÒÃ³ì¹Õ�ä´é´Ñ§
áÊ´§ã¹ÃÙ»·Õ� 6.32

µÒÃÒ§·Õ� 6.8 ¤èÒµÑÇá»Ã»ÃÑº à·ÕÂº¢Í§¡ÒÃ·´ÊÍº¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ¨ÓÅÍ§»ÃÒ¡¯¡ÒÃ³ì¡ÃÐ¨ÒÂµÑÇ
ÍÍ¡à»�¹¡ÅØèÁ¡éÍ¹àÁ×�ÍÁÕÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§à¢éÒÁÒã¹ÃÐºº

S-CTM M-CTM
¤èÒµ�ÓÊØ´ ¤èÒÊÙ§ÊØ´ ¤èÒ·Õ�»ÃÑºà·ÕÂºä´é ¤èÒµ�ÓÊØ´ ¤èÒÊÙ§ÊØ´ ¤èÒ·Õ�»ÃÑºà·ÕÂºä´é

lcar 5.5 7 5.5001 5.5 7 7
lbus - - - 12 16 14.09759
ṽbus - - - 0.5 1 0.52083
δi 0.3 1 0.72462 0.3 1 0.49723
qi 2.3 2*2.3 2.3 2.3 2*2.3 1.31752*2.3

Density Error - - 1.5732 - - 1.36536
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Time Slot Time Slot

Time Slot Time Slot

ÃÙ»·Õ� 6.29 ¼Å¡ÒÃ¨ÓÅÍ§¡ÒÃ¡ÃÐ¨ÒÂµÑÇÍÍ¡à»�¹¡ÅØèÁ¡éÍ¹àÁ×�ÍäÁèÁÕÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§´éÇÂáºº¨ÓÅÍ§
¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ¢Í§à«ÅÅì·Õ� (a) 1 (b) 14 (c) 27 (d) 40
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Time SlotTime Slot

Time Slot Time Slot

ÃÙ»·Õ� 6.30 ¼Å ¡ÒÃ ¨ÓÅÍ§ ¡ÒÃ ¡ÃÐ¨ÒÂ µÑÇ ÍÍ¡ à»�¹ ¡ÅØèÁ¡éÍ¹ àÁ×�Í ÁÕ Ã¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§ à»ÃÕÂºà·ÕÂº
áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ¡Ñºáºº¨ÓÅÍ§·Õ�¹ÓàÊ¹Í (a) áÅÐ (b) ¼Å¡ÒÃ¨ÓÅÍ§
¢Í§à«ÅÅì·Õ� 2 (c) áÅÐ (d) ¼Å¡ÒÃ¨ÓÅÍ§¢Í§à«ÅÅì·Õ� 14
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Time SlotTime Slot

Time SlotTime Slot

ÃÙ»·Õ� 6.31 ¼Å¡ÒÃ¨ÓÅÍ§¡ÒÃ¡ÃÐ¨ÒÂµÑÇÍÍ¡ à»�¹¡ÅØèÁ¡éÍ¹ àÁ×�Í äÁè ÁÕ Ã¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§ à»ÃÕÂºà·ÕÂº
áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ¡Ñºáºº¨ÓÅÍ§·Õ�¹ÓàÊ¹Í (a) áÅÐ (b) ¼Å¡ÒÃ¨ÓÅÍ§
¢Í§à«ÅÅì·Õ� 27 (c) áÅÐ (d) ¼Å¡ÒÃ¨ÓÅÍ§¢Í§à«ÅÅì·Õ� 40
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(c) (d)

(b)(a)

ÃÙ»·Õ� 6.32 ¼Å¡ÒÃ¨ÓÅÍ§¡ÒÃ¡ÃÐ¨ÒÂµÑÇÍÍ¡à»�¹¡ÅØèÁ¡éÍ¹àÁ×�ÍÁÕÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§â´ÂáÂ¡¾Ô¨ÒÃ³Ò
¤ÇÒÁË¹Òá¹è¹ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ· ¢Í§à«ÅÅì·Õ� (a) 2 (b) 14 (c) 27 (d) 40
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6.5 ÊÃØ»¼Å¡ÒÃ·´ÅÍ§

1. M-CTM ¨ÐãËé¼Å¡ÒÃ¨ÓÅÍ§·Õ�´Õ¡ÇèÒ S-CTM ÍÂèÒ§ªÑ´à¨¹àÁ×�ÍÊÀÒ¾¡ÒÃ¨ÃÒ¨Ã¤èÍ¹¢éÒ§àºÒºÒ§
ËÃ×Í¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹Ðã¹ÃÐººà»ÅÕ�Â¹µÒÁàÇÅÒ

2. ·Ñ�§ S-CTM áÅÐ M-CTM äÁèÊÒÁÒÃ¶¨ÓÅÍ§ÊÀÒ¾¡ÒÃ¨ÃÒ¨Ã·Õ�ÁÕ¡ÒÃà»ÅÕ�Â¹á»Å§¤ÇÒÁàÃçÇºèÍÂ
ËÃ×ÍÃÇ´àÃçÇä´é´Õ¹Ñ¡à¹×�Í§¨Ò¡¢éÍ¨Ó¡Ñ´¢Í§ÊÁ¡ÒÃàªÔ§Í¹Ø¾Ñ¹¸ìÍÑ¹´Ñº 1 «Ö�§ã¹Í¹Ò¤µÍÒ¨»ÃÑºá¡éä´é
â´Â¡ÒÃ»ÃÑº·Õ�¤èÒÍÑµÃÒ¡ÒÃäËÅÊÙ§ÊØ´µÒÁ¨Ñ§ËÇÐàÃÔ�ÁáÅÐËÂØ´¢Í§ÊÑ­­Ò³ä¿à¢ÕÂÇ

3. S-CTM ÊÒÁÒÃ¶»ÃÑºµÑÇãËéã¡Åéà¤ÕÂ§¡Ñº M-CTM ä´é áµèàÁ×�ÍÍÑµÃÒÊèÇ¹ÂÒ¹¾ÒË¹Ðà»ÅÕ�Â¹ä»
¤èÒµÑÇá»Ã»ÃÑºà·ÕÂº¨Ðà»ÅÕ�Â¹µÒÁä»´éÇÂ ã¹¢³Ð·Õ� M-CTM äÁèà»ÅÕ�Â¹á»Å§µÒÁÍÑµÃÒÊèÇ¹
ÂÒ¹¾ÒË¹ÐÁÒ¡¹Ñ¡

4. M-CTM ÊÒÁÒÃ¶¨ÓÅÍ§¡ÒÃ¡ÃÐ¨ÒÂµÑÇÍÍ¡à»�¹¡ÅØèÁ¡éÍ¹ä´é áµè¤ÇÒÁ¶Ù¡µéÍ§àÁ×�Í·´ÊÍº¡Ñº
MITSIM ÂÑ§äÁè¶Ù¡µéÍ§¹Ñ¡ à¹×�Í§¨Ò¡ÂÑ§äÁèÊÒÁÒÃ¶¨ÓÅÍ§¼Å¢Í§¡ÒÃºÑ§â´ÂÂÒ¹¾ÒË¹Ð·Õ�ÁÕ¤ÇÒÁ
ÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹·Õ�¹éÍÂ¡ÇèÒä´é

5. MITSIM ÁÕ¡ÒÃÊØèÁ¤èÒã¹¡ÃÐºÇ¹¡ÒÃáºº¨ÓÅÍ§àÍ§à¾ÃÒÐà»�¹¡ÃÐºÇ¹¡ÒÃÊâ·á¤ÊµÔ¡ã¹¢³Ð·Õ�
CTM à»�¹¡ÃÐºÇ¹¡ÒÃàªÔ§¡ÓË¹´ã¹ºÒ§¤ÃÑ�§ CTM ¨Ö§äÁèÊÒÁÒÃ¶·Ó¹ÒÂãËé¼ÅµÃ§¡Ñº MITSIM
ä´éµÅÍ´ªèÇ§àÇÅÒ·Õ�·Ó¡ÒÃ¨ÓÅÍ§ ·Ñ�§¹Õ�ã¹Í¹Ò¤µÍÒ¨ÊÒÁÒÃ¶·´ÊÍº¤èÒâ´Âà·ÕÂº¡Ñº¤èÒà©ÅÕ�Â¨Ò¡¼Å
¡ÒÃ¨ÓÅÍ§´éÇÂ MITSIM ËÅÒÂ¤ÃÑ�§ áÅÐÇÔà¤ÃÒÐËì´Ù·Õ�á¹Çâ¹éÁá·¹ä´é



º··Õ� 7
º·ÊÃØ»áÅÐ¢éÍàÊ¹Íá¹Ð

7.1 º·ÊÃØ»

ÇÔ·ÂÒ¹Ô¾¹¸ì©ºÑº¹Õ� ä´é àÃÔ�Á¡ÅèÒÇ¶Ö§áºº¨ÓÅÍ§ÊÀÒ¾¨ÃÒ¨Ã 3 »ÃÐàÀ· ä´éá¡èáºº¨ÓÅÍ§ÁËÀÒ¤
áºº¨ÓÅÍ§ÁÑª¬ÔÁ áÅÐáºº¨ÓÅÍ§¨ØÅÀÒ¤ â´Âà»ÃÕÂºà·ÕÂº¤ÇÒÁáµ¡µèÒ§ÃÐËÇèÒ§áºº¨ÓÅÍ§·Ñ�§ 3 ª¹Ô´
áÅÐªÕ�ãËéàËç¹¶Ö§¤ÇÒÁÊÓ¤Ñ­áÅÐ¢éÍ´Õ¢Í§áºº¨ÓÅÍ§ÁËÀÒ¤àË¹×Íáºº¨ÓÅÍ§·Ñ�§ 2 ª¹Ô´·Õ�àËÅ×Íã¹´éÒ¹¡ÒÃ
¹Óä»¨ÓÅÍ§à¤Ã×Í¢èÒÂ¢¹Ò´ãË­è·Õ�ÁÕ¢éÍ¨Ó¡Ñ´´éÒ¹àÇÅÒã¹¡ÒÃ»ÃÐÁÇÅ¼Å¢Í§áºº¨ÓÅÍ§ ¨Ò¡¹Ñ�¹ä´é¡ÅèÒÇ
¶Ö§¤ÇÒÁ¨Óà»�¹¢Í§áºº¨ÓÅÍ§ÁËÀÒ¤áºº¤Ô´áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹Ð«Ö�§ÊÒÁÒÃ¶¨ÓÅÍ§»ÃÒ¡¯¡ÒÃ³ì·Õ�
áºº¨ÓÅÍ§ÁËÀÒ¤áººäÁè¤Ô´áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹ÐäÁèÊÒÁÒÃ¶¨ÓÅÍ§ä´é¶Ù¡µéÍ§àªè¹¡ÒÃ¡ÃÐ¨ÒÂµÑÇÍÍ¡
à»�¹¡ÅØèÁ¡éÍ¹ (platoon dispersion) «Ö�§à»�¹»ÃÒ¡¯¡ÒÃ³ì·Õ�à¡Ô´¢Ö�¹¨ÃÔ§

ÊÓËÃÑºáºº¨ÓÅÍ§ÁËÀÒ¤·Õ�ä´éàÅ×Í¡à»�¹¾×�¹°Ò¹¡ÒÃ¾Ñ²¹Òä´éá¡èáºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅì (CTM)
«Ö�§ÊÒÁÒÃ¶¨ÓÅÍ§à¤Ã×Í¢èÒÂ·Õ�ÁÕ¢èÒÂàª×�ÍÁâÂ§ËÅÒÂàÊé¹·Ò§ ÁÕ¤ÇÒÁ«Ñº«éÍ¹¹éÍÂ »ÃÑº»ÃØ§ä´é§èÒÂ ãªéàÇÅÒã¹
¡ÒÃ¨ÓÅÍ§¹éÍÂ ÊÒÁÒÃ¶áºè§à¤Ã×Í¢èÒÂãË­èà»�¹à¤Ã×Í¢èÒÂÂèÍÂáÅÐÅ´àÇÅÒã¹¡ÒÃ¨ÓÅÍ§ãËé¹éÍÂÅ§´éÇÂ¡ÒÃ
¨ÓÅÍ§áºº¢¹Ò¹ä´é ÃÇÁ·Ñ�§à»�¹ÊÁ¡ÒÃàªÔ§Í¹Ø¾Ñ¹¸ìÍÑ¹´Ñº 1 «Ö�§ÊÒÁÒÃ¶¨ÓÅÍ§ä´éã¡Åéà¤ÕÂ§à¤Ã×Í¢èÒÂ¨ÃÔ§
äÁè´éÍÂ¡ÇèÒáºº¨ÓÅÍ§·Õ�à»�¹ÊÁ¡ÒÃàªÔ§Í¹Ø¾Ñ¹¸ìÍÑ¹´Ñº 2 ÁÒ¡¹Ñ¡¨Ö§§èÒÂµèÍ¡ÒÃà¡çº¢éÍÁÙÅ¨ÃÔ§ã¹·Ò§»¯ÔºÑµÔ
ÍÂèÒ§äÃ¡çµÒÁ áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìÂÑ§äÁèÊÒÁÒÃ¶¤Ô´áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹Ðä´é

à¹×�Í§¨Ò¡¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹áÅÐ¤ÇÒÁÂÒÇ·Õ�áµ¡µèÒ§¡Ñ¹¢Í§ÂÒ¹¾ÒË¹ÐáµèÅÐ»ÃÐàÀ·ÁÕ¼Å
µèÍÊÀÒ¾¡ÒÃ¨ÃÒ¨Ãà»�¹ÍÂèÒ§ÁÒ¡ ÇÔ·ÂÒ¹Ô¾¹¸ì¹Õ�¨Ö§ä´éàÊ¹Íá¹Ç·Ò§¡ÒÃ¾Ñ²¹Òáºº¨ÓÅÍ§¡ÒÃ¼èÒ¹áºº
à«ÅÅìãËéÊÒÁÒÃ¶¤Ô´áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹Ðâ´Â¾Ô¨ÒÃ³ÒáÂ¡áÂÐ´éÇÂ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹·Õ�áÅÐ
¤ÇÒÁÂÒÇ¢Í§ÂÒ¹¾ÒË¹Ð â´Â¡ÒÃ¾Ô¨ÒÃ³Ò·Ñ�§ 3 ¡Ã³Õ ä´éá¡è ¡ÒÃ àª×�ÍÁµèÍáººµÒÁÅÓ´Ñº, ¡ÒÃ
àª×�ÍÁµèÍáººÃÇÁ áÅÐ¡ÒÃàª×�ÍÁµèÍáººáÂ¡ ¨Ò¡¹Ñ�¹ä´éáÊ´§ãËéàËç¹´éÇÂ¡ÒÃ¾ÔÊÙ¨¹ì·Ò§¤³ÔµÈÒÊµÃìÇèÒ
áºº¨ÓÅÍ§·Õ�¹ÓàÊ¹Í·Ñ�§ 3 ¡Ã³ÕÊÒÁÒÃ¶Å´ÃÙ»à»�¹áºº¨ÓÅÍ§¡ÒÃ¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁä´éàÁ×�ÍÁÕ»ÃÐàÀ·
¢Í§ÂÒ¹¾ÒË¹Ðà¾ÕÂ§ 1 »ÃÐàÀ· áºº¨ÓÅÍ§·Õ�¹ÓàÊ¹Í¨Ö§à»�¹¡Ã³Õ·Ñ�Çä»¢Í§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅì
áºº´Ñ�§à´ÔÁ â´Âáºº¨ÓÅÍ§·Õ� àÊ¹Íä´éãËé¡ÒÃ¨ÓÅÍ§à¤Ã×Í¢èÒÂ·Õ� à»�¹ÍÔÊÃÐ¨Ò¡»ÃÐàÀ·ÂÒ¹¾ÒË¹Ð·Õ� à¢éÒÊÙè
à¤Ã×Í¢èÒÂáÅÐäÁèµéÍ§»ÃÑº¤èÒªèÍ§àÇÅÒàÁ×�Í»ÃÐàÀ·ÂÒ¹¾ÒË¹Ðã¹à¤Ã×Í¢èÒÂà»ÅÕ�Â¹á»Å§ ´Ñ§¹Ñ�¹¤èÒµÑÇá»Ã·Õ�
»ÃÑºà·ÕÂºä´éã¡Åéà¤ÕÂ§¡Ñº¤èÒ¤ÇÒÁà»�¹¨ÃÔ§áÅÐ¤èÍ¹¢éÒ§¤§·Õ� ¨Ö§äÁèµéÍ§·Ó¡ÒÃ»ÃÑºà·ÕÂº·Ø¡àÇÅÒà¾×�ÍãËé¤èÒ
¤ÇÒÁ¼Ô´¾ÅÒ´¹éÍÂÊØ´

¹Í¡¨Ò¡¹Õ� à¾×�Í¤ÇÒÁàÃÕÂº§èÒÂáÅÐ»ÃÐâÂª¹ìã¹¡ÒÃ¹Óä»ãªé§Ò¹´éÒ¹Í×�¹µèÍã¹Í¹Ò¤µàªè¹ã¹·Ò§¡ÒÃ
¤Çº¤ØÁÊÑ­­Ò³ä¿ÍÂèÒ§à»�¹ÃÐºº ÇÔ·ÂÒ¹Ô¾¹¸ì¹Õ�¨Ö§ä´éàÊ¹ÍÊÁ¡ÒÃ¢Í§áºº¨ÓÅÍ§·Õ�¹ÓàÊ¹Íã¹ÃÙ»áºº
·Ñ�Çä»´éÇÂÊÁ¡ÒÃàÇ¡àµÍÃìá·¹ÊÁ¡ÒÃÊà¡ÅÒÃì¡èÍ¹Ë¹éÒ¹Õ�´éÇÂ

¡ÒÃ·´ÊÍº¤ÇÒÁ¶Ù¡µéÍ§¢Í§áºº¨ÓÅÍ§·Õ�¹ÓàÊ¹Í´éÇÂáºº¨ÓÅÍ§·Õ�¹ÓàÊ¹Íà·ÕÂº¡Ñºáºº¨ÓÅÍ§¡ÒÃ
Êè§¼èÒ¹à«ÅÅìáºº ´Ñ�§à´ÔÁáÅÐ¢éÍÁÙÅ¨ÃÔ§ã¹¡Ã³Õ¡ÒÃ¨ÓÅÍ§¾­Òä· ´éÇÂ¡ÒÃ¡ÓË¹´ãËéÁÕÂÒ¹¾ÒË¹Ð 2
»ÃÐàÀ·ä´éá¡è Ã¶Â¹µìÊèÇ¹ºØ¤¤Å áÅÐÃ¶â´ÂÊÒÃ»ÃÐ¨Ó·Ò§«Ö�§ÁÕ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹·Õ� ªéÒ¡ÇèÒ
áÅÐ¤ÇÒÁÂÒÇÁÒ¡¡ÇèÒà¢éÒÁÒã¹à¤Ã×Í¢èÒÂ áÅÐãªé¼Å¡ÒÃ¨ÓÅÍ§¨Ò¡ MITSIM á·¹¢éÍÁÙÅ¨ÃÔ§ã¹¡Ã³Õ
¡ÒÃ¨ÓÅÍ§ÊÒ·ÃáÅÐà¤Ã×Í¢èÒÂÊÁÁØµÔ «Ö�§¨Ò¡¼Å¡ÒÃ¨ÓÅÍ§¾ºÇèÒ ·Ñ�§áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº
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´Ñ�§à´ÔÁáÅÐáºº¨ÓÅÍ§·Õ�¹ÓàÊ¹ÍÊÒÁÒÃ¶¨ÓÅÍ§¡ÒÃà»ÅÕ�Â¹á»Å§µÒÁàÇÅÒ¢Í§¤ÇÒÁË¹Òá¹è¹ÂÒ¹¾ÒË¹Ð
º¹¶¹¹ã¹áµèÅÐªèÇ§ä´éÍÂèÒ§¶Ù¡µéÍ§ÊÓËÃÑºà¤Ã×Í¢èÒÂ·Õ�ÁÕÊÑ­­Ò³ä¿áÅÐäÁèÁÕÊÑ­­Ò³ä¿ «Ö�§ÁÕ¢¹Ò´
àÅç¡ àªè¹¡Ã³Õ¶¹¹¾­Òä·áÅÐÁÕ¢¹Ò´ãË­è àªè¹ ¡Ã³Õ¶¹¹ÊÒ·Ã ·Ñ�§¹Õ� ã¹¡Ã³Õ·Õ�ÊÑ­­Ò³ä¿¨ÃÒ¨Ã
àªè¹¶¹¹ã¹µÑÇàÁ×Í§ËÃ×Í¡ÒÃ¨ÃÒ¨Ã¤èÍ¹¢éÒ§Ë¹Òá¹è¹ áÅÐ¡Ã³ÕÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹ÐäÁèà»ÅÕ�Â¹µÒÁàÇÅÒ
áºº¨ÓÅÍ§·Õ�¹ÓàÊ¹ÍáÅÐáºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁãËé¼Å·Õ�äÁèáµ¡µèÒ§¡Ñ¹ÁÒ¡¹Ñ¡à¹×�Í§¨Ò¡
¤ÇÒÁáµ¡µèÒ§´éÒ¹¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ à¤Å×�Í¹·Õ� ÁÕ¹éÍÂáÅÐáºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁÂÑ§
ÊÒÁÒÃ¶»ÃÑºà·ÕÂº¤èÒµÑÇá»Ã»ÃÑºà·ÕÂºãËéã¡Åéà¤ÕÂ§¡ÑºÊÀÒ¾¡ÒÃ¨ÃÒ¨Ã¨ÃÔ§ä´é áµèàÁ×�Í·Ó¡ÒÃ¨ÓÅÍ§ã¹¡Ã³Õ
·Õ�ÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹ÐäÁè¤§·Õ�á»ÃµÒÁàÇÅÒ ¨Ò¡¼Å¡ÒÃ¨ÓÅÍ§¨ÐàËç¹ä´éÇèÒáºº¨ÓÅÍ§·Õ�¹ÓàÊ¹ÍÊÒÁÒÃ¶
ãËé¼Åã¹¡ÒÃ¨ÓÅÍ§·Õ� ã¡Åéà¤ÕÂ§ÊÀÒ¾¨ÃÒ¨Ã¨ÃÔ§ä´é´Õ¡ÇèÒÍÂèÒ§àËç¹ä´éªÑ´à¹×�Í§¨Ò¡áºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹
à«ÅÅìáºº´Ñ�§à´ÔÁäÁèÊÒÁÒÃ¶»ÃÑºà·ÕÂºãËéà¢éÒ¡ÑºÊÑ´ÊèÇ¹ÂÒ¹¾ÒË¹ÐËÅÒÂÊÑ´ÊèÇ¹ä´é ÍÂèÒ§äÃ¡çµÒÁ áÁéÇèÒ
áºº¨ÓÅÍ§·Õ�¹ÓàÊ¹Í ÊÒÁÒÃ¶¨ÓÅÍ§»ÃÒ¡¯¡ÒÃ³ìáÂ¡µÑÇà»�¹¡ÅØèÁ¡éÍ¹ä´é áµèàÁ×�Íà·ÕÂº¡Ñº¼Å¡ÒÃ¨ÓÅÍ§
¨Ò¡ MITSIM áÅéÇÂÑ§äÁè¶Ù¡µéÍ§à·èÒ·Õ�¤ÇÃà¾ÃÒÐáºº¨ÓÅÍ§·Õ�¹ÓàÊ¹ÍÂÑ§äÁèÊÒÁÒÃ¶¨ÓÅÍ§¡ÒÃ¶Ù¡ºÑ§¨Ò¡
ÂÒ¹¾ÒË¹Ð·Õ�ÁÕ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹·Õ�¹éÍÂ¡ÇèÒä´é ¨Ö§àÊ¹Íá¹ÐãËéà¾Ô�Á¡ÒÃ¾Ô¨ÒÃ³Ò¡ÒÃ¶Ù¡ºÑ§à¢éÒä»
ã¹áºº¨ÓÅÍ§ã¹Í¹Ò¤µ
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7.2 ¢éÍàÊ¹Íá¹Ð

1. »ÃÑºá¡éÊÁÁØµÔ°Ò¹¢éÍ 4 ã¹º··Õ� 4 «Ö�§¡ÅèÒÇÇèÒ ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂà«ÅÅì¨Ð¡ÃÐ¨ÒÂÍÂÙèã¹à«ÅÅì
áººÊÁ�ÓàÊÁÍ (Uniform) áÅÐà»ÅÕ�Â¹¤èÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃÊè§¢Í§ÂÒ¹¾ÒË¹Ð·Õ�ÍÂÙè·éÒÂà«ÅÅì
ãËéÊÍ´¤ÅéÍ§¡ÑºÊÀÒ¾¡ÒÃ¨ÃÒ¨Ã¨ÃÔ§ÁÒ¡ÂÔ�§¢Ö�¹

2. ¾Ô¨ÒÃ³¤èÒ ÍÑµÃÒ ¡ÒÃ äËÅÊÙ§ÊØ´ ºÃÔàÇ³·Ò§áÂ¡ ãËé »ÃÑº à»ÅÕ�Â¹µÒÁ ¨Ñ§ËÇÐ¡ÒÃ àÃÔ�Á áÅÐËÂØ´ ¢Í§
ÊÑ­­Ò³ä¿à¢ÕÂÇà¾×�Í¾Ô¨ÒÃ³Ò¼Å¢Í§¡ÒÃÍÍ¡µÑÇËÃ×ÍªÐÅÍµÑÇä´é

3. M-CTM ÂÑ§äÁèÊÒÁÒÃ¶¨ÓÅÍ§¡ÒÃ·Õ�ÂÒ¹¾ÒË¹Ð·Õ�ÇÔ�§àÃçÇ¶Ù¡ºÑ§â´ÂÂÒ¹¾ÒË¹Ð·Õ�ÇÔ�§ªéÒä´éã¹ªèÇ§
ÍÑµÃÒ¡ÒÃäËÅ¤§·Õ�ËÃ×Í¨Ó¹Ç¹ªèÍ§·Ò§¨ÃÒ¨Ã¹éÍÂ ã¹¢³Ð·Õ� S-CTM äÁèÊÒÁÒÃ¶¨ÓÅÍ§ä´éàÅÂ
à¾ÃÒÐäÁè¤Ô´áÂ¡»ÃÐàÀ·ÂÒ¹¾ÒË¹Ð ¨Ö§àÊ¹ÍãËé»ÃÑº»ÃØ§¤èÒ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃà¤Å×�Í¹·Õ�ãËéá»Ã
µÒÁÊÀÒ¾¨ÃÒ¨Ãà¾×�Í¾Ô¨ÒÃ³Ò¼Å¢Í§¡ÒÃºÑ§ä´é

4. ¨Ò¡¢éÍ 1, M-CTM ÊÒÁÒÃ¶¾Ñ²¹ÒµèÍãËé¤ÇÒÁÂÒÇ¢Í§à«ÅÅìäÁè¨Óà»�¹µéÍ§à·èÒ¡Ñ¹·Ø¡à«ÅÅìà¾×�ÍãËé
¢Íºà¢µ¤ÇÒÁÂÒÇà«ÅÅìÊÒÁÒÃ¶»ÃÑºä´éµÃ§µÒÁâ¤Ã§ÊÃéÒ§¡ÒÂÀÒ¾¢Í§¶¹¹ÁÒ¡ÂÔ�§¢Ö�¹ àªè¹ â´Âãªé
á¹Ç·Ò§¤ÅéÒÂ¡Ñº¡ÒÃ¹ÓàÊ¹Íáºº¨ÓÅÍ§¡ÒÃÊè§¼èÒ¹à«ÅÅìáºº´Ñ�§à´ÔÁ«Ö�§»ÃÑº¤ÇÒÁÂÒÇà«ÅÅìä´éã¹
[5]
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