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Â�ÃtÄqÅ;ÆWÇ�ÈÉÈqÊWË6ÄÌÄqÊKÆµÅ�Ë¨Í�ÎÏÍ�Ð�ÑLÒ¨ÓuÊ�Ô�ÈÉÊÕÆKÔ�Ö¨Ô�×�ÎxÊ�Í�Ø2×�Ç�ÃÏÎÚÙsÃxË¨Ð�ÊWÛ6Ü
ÄÉÈqÊWÝÞÊWÎÏÑ­ÎÏÔ�ÈÉÐLÊ(Ô�Ë¨Ù�ÆWÍ�ÝÞÖ�ÎÏÊ�Û­ßÉÑsß®ÄqÊWÝ�ßKà�áâÄ�ÃÏß�×_ÊdÆ�ÍLÝwÃÏË�Ð.ÃÏËsÜ
Æ�ÈqÊKÔLßÁÃÏË�ÐÕÙsÃxã(Æ�Ç�ÎxÄªÄqÍ�ÙsÊdßÁÃÏÐ�Ë(ÆWÍ�Ë6ÄÉÈqÍ�ÎÏÎÏÊWÈµß8ÄÉÅ¨Ô�ÄªÐLÇ¨Ô�ÈµÔ�Ë6ÄÉÊKÊ¯ÄÉÅ�Ê
Ö�ÈqÍ�Ö=ÊWÈ(ÍLÖ_ÊKÈqÔ�ÄÉÃÏÍ�ËoÍ�Ø[ßÁÇ¨ÆµÅ?ßÉÑsß®ÄqÊWÝ�ßKà�ä�ÍLÈæågÃÏßqÆ�ÈqÊ�ÄqÊ.çAè�ÊKË6Ä
é Ñsß®ÄqÊWÝ�ßKÒ0ÄqÅ�ÊNÄÉÅ�ÊKÍ�ÈqÑ�ÙsÊWèLÊWÎÏÍ�Ö=ÊKÙê×^Ñ�ëÌÔ�Ý�ÔLÙsÐ�ÊVÔ�Ë¨ÙêÂ­Í�ËsÜ
Å¨Ô�Ý�ìÉí î�ïAÔ�Ë¨Ù�íñðdï�òÌÜ¯ÈqÊ�Ø�ÊKÈÉÈqÊKÙNÄqÍNÔLßgóLë¥ÂôßÉÇ�Ö=ÊWÈqè^ÃÏßÉÍ�ÈqÑNÆWÍ�ËsÜ
ÄÉÈqÍ�Î_ÄÉÅ�ÊKÍ�ÈqÑsó[Ü8ÊWË¨Ô�×�ÎxÊdßuÇ¨ßAÄqÍwÙ�ÊKßÉÃxÐLËæÆ�ÍLËLÄqÈÉÍLÎxÎÏÊWÈµß2Ø�ÍLÈuÔ�Ð�ÃÏè�ÊKË
ßÁÑsßÁÄÉÊKÝ*ÄqÅ¨Ô�Ä¯Ô�ÈqÊÌÝ�Ô�ÄÉÅ¨ÊWÝ�Ô�ÄqÃÏÆKÔ�ÎÏÎxÑwÐ�Ç¨Ô�ÈqÔ�Ë6ÄÉÊWÊdÙ�ÄÉÍÕ×=ÊgÔ�ÎxÓ¯ÔPÑsß
Æ�ÍLËLÄqÈÉÍLÎxÎÚÔ�×¨ÎxÊ[Ô�Ë_ÙæÄqÍ�Ë�ÊWèLÊWÈÌÙsÊdÔ�ÙsÎÏÍsÆµõCà0ö¯Å�ÃÚß4ÃÏßÌÅ�ÃxÐLÅ�ÎÏÑ�ÙsÊdßÁÃÏÈÁÜ
Ô�×�ÎÏÊ§ÃxË�ßÉÑsß®ÄqÊWÝ�ßuÄÉÅ¨Ô�ÄSÔ�ÈqÊ[ßÉÔ�Ø�Ê�Ä®Ñ6Ü\ÃÏË6ÄÉÊKË¨ßÁÃÏè�ÊLà
÷ Ç�È�ÆWÇ�ÈqÈÉÊKËLÄ�ÓªÍLÈÉõ­Ô�Ù�ÙsÈqÊKßqßÉÊKß§ÄqÅ�Ê�ÆWÍ�Ë^è�ÊKÈqßÉÃxÍLË�Í�ØSÔVÄqÅ�Ê�Ü
Í�ÈqÊ�ÄqÃÏÆKÔ�ÎÕßÉÇ�Ö_ÊKÈÉè^ÃÚßÁÍLÈNÄÉÍ?Ô²Ö�Å^ÑsßÁÃÚÆWÔ�Î[ÃxÝÞÖ�ÎÏÊWÝÞÊKËLÄµÔ�ÄqÃxÍLË�ÍLË�Ô
øAÈqÍ�ÐLÈqÔ�ÝwÝ�Ô�×�ÎxÊ�ùHÍ�Ð�ÃÚÆ;úªÍLËLÄqÈÉÍLÎxÎÏÊWÈ;ìcø0ù8ú¯òeà¯ö¯Å�ÃÚß(Å¨ÔLßæ×=ÊWÊKË
ÃxË^èLÊKßÁÄÉÃÏÐLÔ�ÄqÊKÙæÖ�ÈÉÊKè^ÃxÍLÇ¨ßÁÎÏÑ(×^ÑæûuÈµÔ�Ë¨ÙsÃÏË�ìÁí üPï�Ô�Ë¨Ù;íxý�ï�òeàAö�ÍÞÄÉÅ¨ÃÏß
ÊWË¨Ù�Ô�ÄÉÊKßÁÄÉ×=ÊKÙ�ÄÉÅ¨Ô�ÄæÖ�Å^ÑsßÁÃÚÆWÔ�ÎxÎÏÑêßÉÃxÝ�Ç�ÎÚÔ�ÄÉÊdß(Ô�Ý�Ô�Ë^ÇsØcÔLÆeÄqÇ�ÈÁÜ
ÃxË¨Ð�ÓªÍLÈÉõ6Æ�ÊWÎÏÎ=ÓuÔLß¯×�Ç�ÃÏÎtÄgÔ�ÈÉÍLÇ�Ë¨ÙNÔ�ËVþÌÎÏÎxÊKËsÜÿûªÈµÔ�Ù�ÎxÊKÑæø0ù8úgàsáÿË
ÄÉÅ�Ê[ÈqÊWÝ�Ô�ÃxË¨Ù�ÊWÈ4Í�Ø�ÄÉÅ¨ÃÏßSÖ¨Ô�Ö=ÊWÈ4ÓuÊÕÙsÊKßqÆ�ÈqÃÏ×_Ê§ÄqÅ�Ê[ÝÞÍ^Ù�ÊWÎÏÃxË�Ð�Í�Ø
ÄÉÅ�ÊgÄÉÊdß®Äq×_ÊdÙ�ÒsÔ�Ë¨Ù�ÄÉÅ�Ê§ÙsÊKßÉÃÏÐ�Ë(Í�Ø¥ÃtÄµßuÆWÍ�Ë6ÄÉÈqÍ�ÎÏÎÏÊWÈµßWà�ä�ÃÏË¨Ô�ÎxÎÏÑ�Ò6ÓªÊ
Ö�ÈqÊKßÉÊWË6Ä8ßÉÊWèLÊWÈµÔ�ÎLÈÉÊdßÁÇ�ÎxÄqß�ÄqÅ¨Ô�Ä2ÃÚÙsÊWË6ÄÉÃxØ�ÑÕÈqÊKÙsÇ_Æ�ÊKÙ�Ö�ÎÚÔ�Ë6Ä�ÝÞÍsÙsÊKÎÏß
Ø�Í�È4èLÊWÈqÃtØ�Ñ^ÃÏË�Ð�Æ�Í�Ë6ÄqÈÉÍLÎxÎÚÔ�×�ÃÏÎÏÃtÄ®Ñ(Ô�Ë¨ÙæË¨Í�Ë^×�ÎÏÍ^Æµõ^ÃÏË�Ð¨à
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ö¯Å�Ê8ÄÉÊdß®Äq×_ÊdÙ[ÃÚß¥ÙsÊKßÉÃÏÐ�Ë�ÊdÙSÄqÍÌßÁÃÏÝ�Ç¨ÎÏÔ�ÄÉÊAÔ¯Ý�Ô�Ë^ÇsØcÔLÆeÄÉÇ¨ÈÉÃÏË�Ð¯ÓªÍLÈÉõ6Ü
Æ�ÊKÎxÎ\Ò�ÃÏË�Ö¨Ô�ÈÉÄÉÃÚÆ�Ç¨ÎÏÔ�ÈKÒ�Ö�ÈqÍ�×¨ÎxÊKÝÞßAÍ�ØCÈÉÍLÇsÄÉÃÏË�Ð[Ô�Ë¨ÙÞÆWÍ�ÎÏÎxÃÚßÁÃÏÍ�ËHà�ö¯Å�Ê
Æ�ÍLË
�¨Ð�Ç¨ÈqÔ�ÄÉÃÏÍ�Ë�Í�Ø�ÄqÅ�ÊÌÄqÊKßÁÄÉ×=ÊKÙæÃÏßußÁÃÏÝÞÃxÎÚÔ�ÈªÄÉÍwÔÕÖ=Í�ÈÉÄÉÃÏÍ�Ë(Í�Ø�ÄÉÅ�Ê
Ö�ÈqÍ^Ù�Ç¨ÆeÄ�ÈqÍ�Ç�ÄÉÃÏË�Ð ÙsÊdßÁÃÏÐ�Ë�Í�ØuÄqÅ�Ê
�.Í�ÄÉÍLÈÉÍLÎÏÔ�ä¨Ç¨ßÉÃxÍLË�ä¨Ô�Æ�ÄÉÍLÈÉÑ
í ��ï\àAä�ÃÏÐ�Ç�ÈqÊÞý[ßÁÅ�Í�ÓÌß¯Ôw×�ÎÏÍsÆµõæÙsÃÚÔ�Ð�ÈµÔ�Ý$Í�ØHÄqÅ�Ê§ÄÉÊdß®Äq×_ÊdÙ�à
ö¯Å�Ê�ÄÉÊKßÁÄÉ×=ÊKÙ;ÃÚßZÆWÍ�ÝÞÖ=ÍLßÉÊKÙ.Ö¨ÈÉÃÏÝ�Ô�ÈqÃxÎÏÑVÍ�ØªÝÞÍsÙsÊKÎ�ÈµÔ�ÃÏÎÏÈÉÍ6Ô�Ù
Æ�ÍLÝwÖ=Í�Ë¨ÊWË6ÄqßKà.ö¯Å�Ê�ÄqÈqÔLÆµõ^ß�Ô�ÈqÊ(ÎÏÔ�ÃÏÙ�ÍLÇsÄÕÄqÍ ÈqÊKßÉÊWÝ�×¨ÎxÊ(Ô.ßÉÊ�Ä
Í�Ø�ÄÉÅ�ÈqÊWÊ[ÃÏË6ÄÉÊKÈqÔLÆeÄÉÃÏË�ÐÞÓuÍ�Èqõ(Ç�Ë�ÃxÄqßKàªö¯Å�ÊÕÄ®ÓªÍwÄÉÈµÔ�ÃÏË¨ß4ßÉÃxÝ�Ç�ÎÚÔ�ÄÉÊ
þÌÇsÄqÍ�Ý�Ô�ÄqÊKÙ��ZÇ¨ÃÏÙsÊdÙ��2ÊKÅ�ÃÏÆWÎxÊdßgì�þ����Zò2ÄÉÅ¨Ô�ÄuÖ�ÈqÍ�è^ÃÏÙ�ÊÌÔ�Ë¨Ù�ÈqÊ�Ü
ÝÞÍ�è�Ê(Ý�Ô�ÄqÊWÈqÃÏÔ�ÎAÄqÍ��dØ�ÈqÍ�Ý�ÊKÔLÆµÅ�Ý�Ô�Ë^ÇsØcÔ�Æ�ÄÉÇ�ÈqÃÏË�Ð.Ç�Ë�ÃxÄKà�ç0ÔLÆµÅ

Crane 2

1

Crane 1

Crane 3

2

3

A-B PLC

Train1

Train 2

MPU 1

MPU 2

ä�ÃÏÐ�Ç�ÈqÊÞý��2ùHÔPÑLÍ�ÇsÄ¯Í�Ø2ö�ÊKßÁÄÉ×=ÊKÙ

Ç�Ë�ÃxÄ�Å¨ÔLßÕÔ.ßÉÝÞÔ�ÎxÎ0ÊWÎÏÊKÆeÄqÈÉÃÚÆ�Æ�ÈµÔ�Ë¨ÊÞÄÉÍ.ßÉÃxÝ�Ç�ÎÏÔ�ÄÉÊ�ÈqÍ�×=Í�Äµß[ÎxÍ6Ô�Ù^Ü
ÃxË¨Ð§Ô�Ë¨ÙwÇ�Ë�ÎÏÍLÔLÙsÃxË¨ÐgÄqÅ�ÊÌþ�����àLä�ÃÏË¨Ô�ÎxÎÏÑ�Ò�ÄÉÅ�ÊÌßÉÑsß®ÄqÊWÝ*ÆWÍ�Ë6ÄqÔ�ÃxË¨ß
ßÁÊKè�ÊKÈqÔ�Î=ÈqÊWÝÞÍ�ÄÉÊZÄÉÈµÔ�Æµõ(ßÉÓ4ÃtÄµÆµÅ�ÊKß�ì��LòªÄqÍ�Æ�Í�Ë6ÄqÈÉÍLÎ_ÄqÅ�ÊÕÖ¨Ô�ÄÉÅ¨ß¯Í�Ø
ÄÉÅ�ÊÌÄÉÈµÔ�ÃÏË¨ßWÒLÖ�ÎÏÇ¨ß0ßÉÊWË¨ßÉÍ�Èµß4ì�ü��Lò�ÄqÅ¨Ô�ÄªÙ�Ê�ÄÉÊdÆeÄAÄqÅ�ÊÌÖ�ÈqÊKßÉÊWË_Æ�ÊÌÔ�Ë_Ù
ÃÏÙ�ÊWË6ÄÉÃxÄ®ÑæÍ�Ø�ÊKÔLÆµÅæÄqÈqÔ�ÃxËHà
ö¯Å�ÊZÄÉÊdß®Äq×_ÊdÙVÃÏß4ÆWÍ�Ë6ÄÉÈqÍ�ÎÏÎxÊdÙ(×^Ñ(Ä®ÓuÍwÊWÝ�×=ÊKÙ¨ÙsÊKÙ��;ú�� ��!�!6ü
Ö�ÈqÍ^ÆWÊKßqßÁÍLÈqß0Ô�Ë¨Ù�Ô�ËæþSÎxÎÏÊWËsÜÿûuÈqÔLÙsÎÏÊWÑÞø0ù�úgà^ö¯Å�ÊZÝÞÃÏÆWÈÉÍLÖ�ÈÉÍsÆWÊKßÁÜ
ßÁÍLÈqß8ÆWÍ�Ë6ÄÉÈqÍ�Î6ÄÉÅ¨Ê¯ÄÉÈµÔ�ÃÏË¨ß2Ô�Ë¨ÙwÆ�ÈµÔ�Ë¨ÊKß8ÙsÃÏÈÉÊdÆeÄÉÎÏÑ�Ò�Ö�ÎxÇ_ß8ÄÉÅ�ÊKÑÕÅ¨ÔPèLÊ
Ô4ÙsÃÚßÉÆWÈÉÊWÄÉÊ2ÃÏËLÄqÊWÈÉØcÔ�ÆWÊ8Ø�Í�È�ÆWÍ�ÝÞÝ�Ç¨Ë�ÃÏÆKÔ�ÄqÃxÍLËZÓ4ÃxÄÉÅ§ÄqÅ�Ê0øªù�úgàWö¯Å�Ê
ø0ù8ú�ÃÚßÌÈqÊKßÉÖ_ÍLË¨ßÉÃx×�ÎÏÊ§Ø�Í�ÈÌÄÉÅ�Ê�ÆWÍ�Ë6ÄÉÈqÍ�Î�Í�Ø8ÄÉÅ�ÊÕÍ�èLÊWÈµÔ�ÎÏÎ�ßÁÑsßÁÄÉÊWÝVà
ä�ÍLÈ4ÝwÍLÈÉÊ§ÃÏËsØ�Í�ÈqÝ�Ô�ÄqÃxÍLË�ÍLËNøªù�úgÒsÈqÊ�Ø�ÊWÈ¯ÄqÍ�í !�ï�Ô�Ë¨Ù­í "Pïâà

·s·s·_¸ #%$'&2¹0º)(�¼¯½*��$

ö¯Å�Ê(Ö�ÎÚÔ�Ë6ÄwÝwÍsÙsÊKÎAØ�ÍLÈÕÄÉÅ¨Ê(ÄÉÊdß®Äq×_ÊdÙ�Æ�ÍLË¨ßÉÃÏßÁÄqß�Í�Ø¯ÄÉÅ�ÊæØ�Í�ÎÏÎxÍ�Ó¯Ü
ÃxË¨Ðæ×¨ÔLßÁÃÚÆ[ÊWÎÏÊWÝÞÊKËLÄµß+�uÄqÈqÔ�ÃxË¨ßKÒCÆ�ÈµÔ�Ë�ÊdßWÒCßÁÊKË¨ßÉÍ�ÈµßÌÔ�Ë¨Ù ßÁÓ4ÃxÄqÆµÅ�ÊdßWà
ö¯Å�ÊWÑ�Ô�ÈqÊ­ßÉÅ�Í�Ó4Ë�ÃÏËlä�ÃxÐLÇ�ÈÉÊ�üsà%ö¯Å�ÊdßÁÊ�ÝÞÍsÙsÊWÎÚß�Ô�ÈqÊ­Ô�Ç�Ð�Ü
ÝÞÊWË6ÄÉÊdÙ ×^Ñ.Ô�Ù¨ÙsÃtÄqÃxÍLË¨Ô�Î8ßÉÖ_ÊdÆ�Ã,�_ÆWÔ�ÄÉÃÏÍ�Ë¨ßgÄÉÅ_Ô�ÄÕÙsÊ-�_Ë�Ê�Å¨Í�ÓlÄÉÅ�Ê
ÊWÎÏÊWÝÞÊWË6ÄµßÕÃÏËLÄqÊWÈµÔ�Æ�ÄÕÓ4ÃtÄqÅ�Í�Ë�Ê�Ô�Ë�Í�ÄÉÅ�ÊKÈKàNáÿË�ÄÉÍ�ÄqÔ�Î�Ò�ÄÉÅ�ÊKÈÉÊ�Ô�ÈqÊ
ý/. ��ÝÞÍsÙsÇ�ÎÚÔ�ÈÌßÉÖ_ÊdÆ�Ã,�_ÆWÔ�ÄÉÃÏÍ�Ë¨ßKà
ö¯Å�ÊSÃÏË6ÄÉÊKÈqÔLÆeÄÉÃÏÍ�ËæÝwÍsÙsÊKÎÏßußÉÅ�Í�Ó²ÄÉÅ�ÊZÃÏËLÄqÊWÈµÙsÊWÖ=ÊWË_ÙsÊWË¨ÆWÃxÊdß0Í�Ø



Trains Cranes

for i = 1,2 for j = 1, 2, 3

Sensors Switches

0

nt_atk

for k = 0, 1, ....  ,27

t2_atk

en_traini

umv_train1

turn_l,
str_l

turnR_m

cplR_m

turnL_m

cplL_m
2

0 1

0 1

0 1

0 1

st_loadj

fin_loadj

t1_atk,
for l = 4, .. ,7 for m = 3,8

sw_l

sw_m

crane_j

nt_atk

sensor_k

train_i

ä�ÃxÐLÇ�ÈqÊ[ü �2ä�Ç�Ë¨Ù¨Ô�ÝÞÊWË6ÄqÔ�ÎHøAÎÚÔ�Ë6Ä���ÍsÙsÊKÎÏß

ÄÉÅ�Ê¯×¨ÔLßÁÃÚÆªÝwÍsÙsÊKÎÏßKà8ö¯Å�Ê��¨ÈqßÁÄ2ßÁÊKÈÉÃÏÊKß�Í�Ø_ÝwÍsÙsÊKÎÏß2ßÉÅ�Í�Ó�Å¨Í�Ó�ÄÉÅ�Ê
ßÁÊKË¨ßÉÍ�Èµß�Ô�ÈqÊ8Ù�ÊWÖ=ÊWË¨ÙsÊKË6Ä�Í�ËZÄqÈqÔ�ÃxË§ÝÞÍ�è�ÊKÝwÊKË6ÄKà¥áâØ�Ô�ÎÏÎ�ÄqÈqÔ�ÃxË¨ßHÔ�ÈqÊ
ß®ÄµÔ�ÄqÃxÍLË¨Ô�ÈqÑ�ÒdÄÉÅ¨ÊWËwÊWè�ÊKÈÉÑ§ßÉÊWË¨ßÉÍ�È�ÃÏß8ÙsÃÚßqÔ�×�ÎÏÊKÙ�à8ö¯Å�ÃÚß�ÃÏß8ÙsÊKÖ�ÃÏÆ�ÄÉÊdÙ
ÃxË�ä�ÃÏÐ�Ç�ÈqÊ !�à?ö¯Å�ÊVË�ÊWÛ6ÄæßÉÊWÈqÃÏÊKßÞÍ�ØZÝÞÍ^Ù�ÊWÎÚß�ÃÏß�ÄÉÅ�Ê.ßÉÊWË¨ßÉÍ�È � ß
ÃxË6ÄqÊWÈµÙsÊWÖ=ÊWË¨Ù�ÊWË¨ÆWÃxÊdßWà2Â�ÃxÄÉÅNÈÉÊdßÁÖ=ÊKÆ�Ä¯ÄÉÍwÄÉÅ�Ê[ßÁÄqÔ�ÈÁÄqÃxË�ÐwÖ=ÍLßÉÃtÄqÃxÍLË
Í�Ø§Ô Ö¨Ô�ÈÁÄqÃÏÆWÇ�ÎÚÔ�ÈwÄÉÈµÔ�ÃÏË¥ÒªßÉÊWË_ßÁÍLÈqßwÆWÔ�ËêÍLË�ÎxÑ�×=Ê�ÈqÊKÔ�ÆµÅ¨ÊKÙ�ÃÏËoÔ
Ö¨Ô�ÈÉÄÉÃÚÆ�Ç¨ÎÏÔ�È�Í�ÈµÙsÊKÈKÒ2ÙsÃÚÆeÄµÔ�ÄÉÊdÙ�×^Ñ­ÄÉÅ�ÊKÃxÈÞÖ�Å^ÑsßÉÃÏÆKÔ�ÎuÎxÍsÆWÔ�ÄÉÃÏÍ�Ë�ÍLË
ÄÉÅ�Ê§ÄqÊKßÁÄÉ×=ÊKÙ�à

for i =1,2

nt_atj en_traini

umv_traini

10

ti_atj
nt_atj,

traini_sensorj

for j = 0,1, ..,16,19, ..,27

ä�ÃÏÐ�Ç¨ÈÉÊ�! � é ÊKË¨ßÉÍ�ÈÌågÊWÖ=ÊWË¨ÙsÊKË¨Æ�ÑæØ�Í�ÈÌö�ÈqÔ�ÃxË_ß

ö¯Å�ÊæË¨Ê�Û^ÄÞßÉÊWÈqÃÏÊKß�Í�ØÌÝÞÍsÙsÊWÎÚßÞÙsÊ�ÄµÔ�ÃÏÎªÄqÅ�ÊVßÁÊKË¨ßÁÍLÈ � ß�Ù�ÊWÖ=ÊWËsÜ
ÙsÊWË_Æ�Ñ.ÍLË;ÄqÅ�Ê(ßÉÓ4ÃtÄµÆµÅ�ÊKßKà�åSÊKÖ_ÊKË¨ÙsÃÏË�Ð�Í�Ë;ÄÉÅ�Ê(ÆWÇ�ÈqÈÉÊKËLÄ[ÎÏÍsÆWÔ�Ü
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