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This research is intended to study and collect emergency data for allocating
the emergency life support units to increase the number of emergency patients
treated by Advance Life Support Unit (ALS) within eight-minute response time. A
case study of Nakhon Ratchasima Province is selected in this research. The
mathematical model is proposed to solve the facility location problem. Two
possible solutions are recommended to improve the emergency care service, (1)
Upgrading vehicle facility from the Basic Life Support Unit (BLS) or the First
Responder Unit (FR) to ALS in order to handle more emergency patients, and (2)
Using emergency transportation transfer system by assigning nearest BLS or FR
to reach patients first and then transfer the patients to ALS along the route to
receive appropriate care using subsequent submission mathematical model.

The results show that the proposed model has increased the coverage
percentage of patients from 62.09% to 100% for upgrading the emergency vehicle

facility, and to 89.61% by using subsequent submission mathematical model.
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grid no. | $1mmgmAR Y | S1nwlszanns grid no. | $1umgnARY [ Sruduilszanns grid no. | S1urmmanmdu | Sruavlszanns
1 0 7.5 51 0 149.6 101 0 150.5
2 0 29.9 52 0 149.6 102 0 149.6
3 0 104.7 53 2 165.7 103 2 149.6
4 0 15 54 0 213.3 104 32 149.6
5 0 433 55 0 216.6 105 0 149.6
6 0 86.6 56 0 216.6 106 0 275.6
7 0 130 57 3 210.1 107 2 275.6
8 0 108.3 58 0 194.9 108 0 149.6
9 0 29.9 59 0 97.5 109 0 153
10 0 134.6 60 0 4.9 110 0 192.4
11 0 149.6 61 0 149.6 111 0 194.9
12 0 149.6 62 0 149.6 12 0 194.9
13 0 142.1 63 0 149.6 13 0 175.4
14 0 29.9 64 0 149.6 114 0 84
15 0 65 65 0 149.6 115 0 168
16 0 130 66 0 149.6 116 0 168
17 0 216.6 67 0 149.6 117 0 168
18 0 216.6 68 0 189.8 118 0 168
19 0 173.3 69 0 216.6 119 0 168
20 0 217 70 0 216.6 120 0 168
21 0 44.9 71 0 210.1 121 0 168
2 0 149.6 72 0 194.9 122 0 168
23 0 149.6 73 0 97.5 123 0 168
24 0 149.6 74 0 50.4 124 0 155.1
25 0 149.6 75 0 117.6 125 0 149.6
26 0 154.3 76 0 84 126 0 149.6
27 0 216.6 77 0 7.5 127 3 149.6
28 0 216.6 78 0 119.7 128 3 212.6
29 0 216.6 79 0 149.6 129 13 748.2
30 0 216.6 80 1 149.6 130 0 748.2
31 0 216.6 81 18 149.6 131 0 275.6
32 0 96.4 82 0 149.6 132 1 151.9
33 0 119.7 83 0 149.6 133 3 190.4
34 0 149.6 84 0 149.6 134 12 194.9
35 1 149.6 85 0 163 135 5 194.9
36 0 149.6 86 0 213.2 136 1 149.9
37 0 149.6 87 0 2123 137 0 97.5
38 0 153 88 0 194.9 138 0 75.1
39 7 213.3 89 0 194.9 139 0 175.9
40 34 216.6 90 0 155.9 140 0 168
41 0 216.6 91 0 84 141 0 168
o) 2 216.6 92 0 168 142 0 168
43 0 216.6 923 0 151.2 143 0 168
44 0 179.8 94 0 67.2 144 0 168
45 0 39 95 0 50.4 145 0 168
46 0 29.9 9 0 67.2 146 0 168
47 0 149.6 97 0 67.2 147 0 168
48 1 149.6 98 0 67.2 148 0 176.1
49 0 149.6 99 0 67.2 149 0 150.5
50 0 149.6 100 0 99 150 0 149.6
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grid no. | $1mmgmAR Y | S1nwlszanns grid no. | $1umgnARY [ Sruduilszanns grid no. | S1urmmanmdu | Sruavlszanns
151 0 149.6 201 23 779.7 251 1 914.1
152 0 275.6 202 26 779.7 252 0 987
153 0 779.7 203 13 608 253 0 1144
154 0 779.7 204 3 207.2 254 31 1144
155 2 716.7 205 13 207.2 255 5 920.2
156 1 332.9 206 1 197.4 256 1 207.2
157 6 197.4 207 9 194.9 257 0 207.2
158 2 194.9 208 0 194.9 258 0 207.2
159 0 194.9 209 4 194.9 259 0 200
160 0 194.9 210 0 9.7 260 0 194.9
161 0 136.4 211 0 15.4 261 0 194.9
162 0 74.2 212 0 197.8 262 0 194.9
163 0 239.4 213 0 247.3 263 0 78
164 0 172 214 9 239.4 264 0 123
165 0 168 215 0 172 265 0 307.5
166 0 168 216 17 168 266 0 289.4
167 8 168 217 35 168 267 0 247.3
168 11 168 218 0 168 268 0 247.3
169 0 168 219 0 285.6 269 0 251.6
170 28 168 220 0 403.1 270 0 168
171 0 191.5 21 0 478.4 271 3 177.8
172 0 591.4 222 0 760.9 272 0 316.9
173 0 748.2 223 0 779.7 273 0 428.4
174 0 748.2 224 0 779.7 274 0 416.7
175 0 653.7 225 0 779.7 275 3 403.1
176 6 748.2 226 0 816.1 276 1 455.5
177 43 779.7 227 17 798 277 1 1399.3
178 3 779.7 228 33 779.7 278 0 1415.7
179 12 779.7 229 0 379 279 1 1267.1
180 1 3217 230 4 207.2 280 9 1144
181 0 206 231 6 207.2 281 2 1144
182 197.4 232 0 197.4 282 2 488.2
183 27 194.9 233 1 194.9 283 0 207.2
184 6 194.9 234 3 194.9 284 0 207.2
185 0 175.4 235 0 194.9 285 0 207.2
186 0 123.7 236 0 78 286 1 201.1
187 0 247.3 237 0 0 287 0 194.9
188 0 199.7 238 0 184.5 288 0 207
189 0 168 239 0 271.4 289 0 292.2
190 0 168 240 0 247.3 290 0 297.7
191 0 168 241 29 247.3 291 0 184.5
192 0 168 242 0 199.7 292 8 307.5
193 0 191.5 243 0 168 293 0 289.4
194 0 309.1 244 0 168 294 0 247.3
195 0 391.3 245 0 168 295 0 247.3
196 0 666.7 246 0 356.1 296 0 309.2
197 6 779.7 247 0 403.1 297 0 377.7
198 0 779.7 248 1 421.9 298 3 344.3
199 1 779.7 249 0 912.6 299 0 363.9
200 26 779.7 250 16 1317.3 300 10 613.3
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grid no. | $1mmgmAR Y | S1nwlszanns grid no. | $1umgnARY [ Sruduilszanns grid no. | S1urmmanmdu | Sruavlszanns
301 0 622.1 351 0 403.2 401 1 1167.9
302 5 430.4 352 14 580.7 402 7 1263.5
303 2 403.1 353 6 4266.8 403 9 1263.5
304 13 1032.3 354 14 4700.5 404 19 1263.5
305 15 1451.7 355 12 4700.5 405 10 3923.1
306 14 1236.3 356 5 4700.5 406 4 4700.5
307 9 1321.8 357 35 4700.5 407 58 4700.5
308 21 2472.9 358 98 4700.5 408 64 4700.5
309 8 254 359 25 4700.5 409 26 3575.5
310 1 207.2 360 12 4320 410 23 3404.2
311 0 207.2 361 0 1138.4 411 91 3885.6
312 0 207.2 362 5 861.1 412 37 4700.5
313 0 223.8 363 3 678.4 413 3 1656.6
314 0 267.1 364 14 654.3 414 14 895.6
315 0 387.4 365 5 654.3 415 16 895.6
316 0 297.7 366 0 457.3 416 13 847.3
317 0 43.6 367 4355 417 0 609.4
318 0 92.3 368 0 345.6 418 0 385.6
319 0 307.5 369 0 228.9 419 0 319.6
320 0 304.5 370 0 185.3 420 0 274.8
321 0 250.3 371 0 20.6 41 0 205.9
322 0 250.3 372 0 30.8 422 0 205.9
323 0 310.3 373 0 292.1 423 0 205.9
324 0 368.1 374 0 307.5 424 0 20.6
325 0 363.9 375 0 307.5 425 0 157.3
326 6 363.9 376 0 594.3 426 3 1263.5
327 0 814.6 377 0 1072.3 427 0 1263.5
328 1 3493 378 0 1215.7 428 0 1263.5
329 13 3854.7 379 13 2188.5 429 11 2294.6
330 8 3841 380 14 4700.5 430 7 4356.8
331 39 3893.5 381 33 4700.5 431 47 4700.5
332 61 4375.6 382 66 4700.5 432 26 4700.5
333 5 4538.1 383 53 4700.5 433 14 4700.5
334 19 4522.7 384 115 4700.5 434 34 4107.9
335 1 2452.9 385 84 4700.5 435 6 2922.9
336 0 241.6 386 54 4700.5 436 4 1182.1
337 0 320.8 387 12 2037.1 437 2 2330.4
338 0 520.1 388 0 895.6 438 12 1629.6
339 6 564.8 389 2 895.6 439 18 895.6
340 0 298.5 390 9 750.8 440 10 895.6
341 6 435.5 391 7 654.3 441 5 904.3
342 0 435.5 392 0 654.3 442 0 913
343 4 251.8 393 0 659.6 443 0 657.7
344 0 125.9 394 0 435.5 444 0 205.9
345 0 215.3 395 0 228.6 445 0 205.9
346 0 307.5 396 0 205.9 446 0 205.9
347 0 295.5 397 0 205.9 447 0 205.9
348 1 283.5 398 0 20.6 448 1 205.9
349 1 307.5 399 0 218.6 449 0 205.9
350 2 330 400 1 689.9 450 0 20.6
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grid no. | $1mmgmAR Y | S1nwlszanns grid no. | $1umgnARY [ Sruduilszanns grid no. | S1urmmanmdu | Sruavlszanns
451 0 2.5 501 0 982.6 551 0 263.9
452 2 126.1 502 2 982.6 552 2 271.8
453 2 252.1 503 0 827.3 553 0 271.8
454 4 236.7 504 0 205.9 554 0 271.8
455 5 1065.1 505 2 205.9 555 5 271.8
456 18 569.3 506 0 205.9 556 13 336.3
457 15 2486.1 507 0 205.9 557 12 551
458 11 1164.3 508 0 205.9 558 4 989.4
459 12 2509.2 509 0 185.3 559 0 1515.6
460 2 1262.4 510 0 20.6 560 0 1515.6
461 2 1609.3 511 0 2.5 561 0 848.5
462 1 1737.9 512 9 301.7 562 3 626.2
463 1 1737.9 513 8 252.1 563 0 626.2
464 0 1180.1 514 7 252.1 564 0 626.2
465 5 653.1 515 11 252.1 565 0 666.8
466 4 868.6 516 252.1 566 0 947
467 7 868.9 517 2 252.1 567 4 982.6
468 5 956.5 518 0 258 568 12 982.6
469 2 913 519 5 271.8 569 3 438.9
470 2 982.6 520 0 271.8 570 4 205.9
471 10 982.6 521 0 271.8 571 0 205.9
472 0 361.2 522 1 271.8 572 0 205.9
473 0 205.9 523 8 317.9 573 0 205.9
474 0 205.9 524 6 483.6 574 0 205.9
475 1 205.9 525 0 1100.6 575 0 185.3
476 20 205.9 526 0 1737.9 576 1 20.6
477 0 205.9 527 0 1737.9 577 0 176.5
478 0 82.4 528 0 1182.1 578 0 252.1
479 0 5 529 2 626.2 579 0 252.1
480 1 2.5 530 0 626.2 580 0 252.1
481 0 151.3 531 0 626.2 581 0 252.1
482 0 201.7 532 0 804.4 582 0 252.1
483 0 252.1 533 2 982.6 583 5 252.1
484 8 252.1 534 0 982.6 584 0 267.9
485 3 254.1 535 0 904.9 585 0 271.8
486 3 271.8 536 0 361.2 586 0 271.8
487 3 271.8 537 0 205.9 587 0 271.8
488 6 714.6 538 0 205.9 588 0 281
489 1 1157.5 539 0 205.9 589 0 363.9
490 13 317.9 540 0 205.9 590 0 582.2
491 14 4263 541 0 205.9 591 29 1099.5
492 5 1206.8 542 0 185.3 592 4 626.2
493 0 1737.9 543 0 0 593 0 626.2
494 0 1737.9 544 0 126.1 594 0 626.2
495 0 1182.1 545 0 252.1 595 0 626.2
496 3 653.1 546 1 252.1 596 0 626.2
497 0 653.1 547 13 252.1 597 0 626.2
498 1 697.5 548 0 252.1 598 0 626.2
499 8 973.9 549 0 252.1 599 0 768.8
500 9 965.3 550 2 252.1 600 14 982.6
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grid no. | $1mmgmAR Y | S1nwlszanns grid no. | $1umgnARY [ Sruduilszanns grid no. | S1urmmanmdu | Sruavlszanns
601 1 982.6 651 0 271.8 701 0 251.1
602 0 904.9 652 3 336.3 702 0 260
603 0 205.9 653 1 363.9 703 0 271.8
604 5 205.9 654 1 644.5 704 0 271.8
605 0 185.3 655 0 1234.4 705 0 271.8
606 0 144.1 656 0 626.2 706 0 335.4
607 0 164.8 657 0 626.2 707 0 366.5
608 0 185.3 658 0 626.2 708 0 356.3
609 0 144.1 659 0 571.4 709 0 527.7
610 0 201.7 660 0 407.1 710 5 123.3
611 0 252.1 661 0 516.7 711 0 78.5
612 0 252.1 662 0 78.5 712 0 78.5
613 0 252.1 663 0 349.7 713 0 78.5
614 0 252.1 664 0 349.7 714 0 78.5
615 2 252.1 665 0 982.6 715 0 78.5
616 0 252.1 666 6 982.6 716 0 78.5
617 0 257.9 667 0 982.6 717 0 78.5
618 0 271.8 668 1 98.3 718 0 801.8
619 0 271.8 669 0 50.4 719 0 982.6
620 0 271.8 670 0 252.1 720 0 393
621 0 308.6 671 0 252.1 721 0 25
622 0 363.9 672 0 252.1 722 0 75.6
623 3 613.3 673 0 252.1 723 0 251.1
624 0 1234.4 674 0 252.1 724 0 251.1
625 0 626.2 675 0 252.1 725 0 251.1
626 2 626.2 676 0 263.9 726 0 251.1
627 0 626.2 677 0 271.8 727 0 167.9
628 0 626.2 678 1 271.8 728 0 271.8
629 0 626.2 679 3 271.8 729 0 271.8
630 0 626.2 680 0 354.7 730 0 233.1
631 0 133.2 681 0 395.1 731 5 78.5
632 0 338 682 1 675.7 732 0 78.5
633 3 892.2 683 7 675.7 733 0 78.5
634 3 982.6 684 0 5714 734 0 78.5
635 0 982.6 685 0 3524 735 0 78.5
636 0 824.2 686 0 516.7 736 0 78.5
637 1 118.9 687 0 133.3 737 0 78.5
638 0 0 688 0 78.5 738 0 78.5
639 0 0 689 0 78.5 739 0 78.5
640 0 20.6 690 0 78.5 740 0 78.5
641 0 126.1 691 0 78.5 741 0 78.5
642 0 252.1 692 0 168.9 742 0 78.5
643 0 252.1 693 0 982.6 743 0 711.4
644 0 252.1 694 0 884.2 744 0 589.6
645 0 252.1 695 0 294.8 745 0 201.6
646 2 252.1 696 0 151.3 746 0 252.1
647 0 252.1 697 0 251.1 747 0 252.1
648 0 265.9 698 0 251.1 748 0 258
649 0 271.8 699 0 251.1 749 0 271.8
650 0 271.8 700 0 251.1 750 0 271.8




grid no. | $1mmgmAR Y | S1nwlszanns grid no. | $1umgnARY [ Sruduilszanns
751 0 271.8 801 0 252.1
752 0 175.2 802 0 252.1
753 0 78.5 803 0 50.4
754 0 78.5 804 0 314
755 0 78.5 805 0 70.7
756 5 78.5 806 0 78.5
757 0 78.5 807 0 78.5
758 1 78.5 808 0 78.5
759 0 78.5 809 0 39.3
760 0 78.5 810 0 17.6
761 0 70.3 811 0 226.9
762 0 39.3 812 0 100.8
763 0 79 813 0 47.1
764 0 15.7 814 0 78.5
765 0 312.2 815 0 78.5
766 0 58.3 816 0 78.5
767 0 226.8 817 0 39.3
768 0 252.1 818 0 25
769 0 252.1 819 0 176.4
770 0 260 820 0 12.6
771 0 271.6 821 0 1
772 0 271.6 822 0 31.4
773 0 271.6 823 0 47.1
774 0 155.8 824 0 78.5
775 0 78.5 825 0 314
776 0 78.5 826 0 2.5
777 0 78.5 827 0 7.9
778 2 78.5 828 0 70.7
779 4 78.5 829 0 39.3
780 1 78.5 830 0 23.6
781 0 78.5 831 0 39.3
782 0 70.7

783 0 234

784 0 176.5

785 0 252.1

786 0 252.1

787 0 209.5

788 0 217.4

789 0 190.3

790 0 190.3

791 0 314

792 0 7.9

793 0 23.6

794 3 70.7

795 7 78.5

796 0 78.5

797 0 78.5

798 0 78.5

799 0 47.1

800 0 126.1
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sz rng i ANUTHIIY
mhsnudutiosdu siuuy
(.91 2555) (M5.0%.) | (AUAD AT.N.)

1 MALIAUATUATT BN AL 137,579 375 3,668.77
2 menasalnsnans mAYI 26,174 55.23 473.9
3 mALIaduaNINga TG 25,510 15.59 1,636.30
4 meadiuanued lndon meNa 19,157 17.89 1,070.82
5 menaguaiu v AV 17,873 19.55 914.21
6 TR AT EATRE GG 16,663 49.9 333.92
7 MALIAMUAIDND AL 16,500 9.5 1,736.84
8 | meamamuaiiodlnilanniioa | mewia 13,024 64.17 202.96
9 meuadualanga AL 9,997 30.56 327.12
10 ATTRGERTRNEL S AL 9,746 39.36 247.61
11 meraduailylvig) AL 9,526 16.63 572.82
12 mevraduariuIng mALIa 9,045 4436 203.89
13 maadva lyeuena mAYI 7,111 60.18 118.16
14 mavadalanniig AL 7,059 3 2,353
15 mevraguanied 1 AL 5,998 43.44 138.07
16 mAvIadIUanaln mAvIa 6,606 222 297.56
17 WU mal aUA. 19,041 36.61 520.1
18 W0H0 oA, 12,955 26.97 480.34
19 HNUDNIZUN 2UAN. 12,168 23.56 516.46
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20 NUDITLIBS U, 11,400 54.77 208.14
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model:

sets:

m/1..831/:demand,y; !demand ‘ﬁi}ﬂ d@);
n/1..58/:x; !G‘i’mﬂiﬁmu@@maﬂﬁj;
link(m,n):  matrix;

endsets

data:

demand = @OLE("C:\Users\user\Desktop\lingo\submission","totaldemand"); !demand ‘ﬁi]@
m(i);

matrix = @OLE("C:\Users\user\Desktop\lingo\upgrade","alsset") ;

enddata

lobjective function;

max=@sum(m(i):demand(i)*y(i));!objective function;
@for(m(i):@sum(n(j):matrix(i,) *x()>=y()): 1199 i 1231507081 [ Tuegiv v();
@for(n(j):@bin(x(j)));

@for(m(i):@bin(y(i))); !x(i),y(i)L‘]dJu binary;

x(1)=1; x(2)=1; x(3)=1; x(4)=1; x(5)=1; x(6)=1; x(7)=1;

@sum(n(j):x(})= 8; IMruUATIUIUADA q LiiAL...;

End
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model:

sets:

m/1..831/:demand,y; !demand ‘ﬁi}ﬂ 1
w/1..51/x; 'dwlsmruagaseasofe ‘ﬁi}@ i
h/1..831/:hospital,z;

link(m,n):matrix;

endsets

data:

demand = @OLE("C:\Users\user\Desktop\lingo\submission","totaldemand"); !demand ‘ﬁi]@
m(i);

hospital = @OLE("C:\Users\user\Desktop\lingo\submission","alsset");!Lc?f AUDI Wals;
matrix = @OLE("C:\Users\user\Desktop\lingo\submission","frset");!l,éff AV Wt;

enddata

lobjective function;
max=@sum(m(i):demand(i)*y(i))+@sum(m(i):demand(i) *hospital(i));
@for(m(1):@sum(n(j):matrix(i,j)*x(j))>=y(i));! ‘ﬁ 19 150 %Q 1wl ‘“'Ll%jlu ® §J: N1 y(i);
@for(n(j):@bin(x(j)));

@for(m(i):@bin(y(1)));

@for(h(k):@bin(z(k))); x(}),y(i).z()11]1 binary:

@sum(n(j):x())=1;! p = AruaTILIUIATEAT fr Nwaala);

end
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Abstract

Emergency Medical Services (EMSs) location problem aims to allocate limited emergency resources
effectively. The main purpose of this study is to develop mathematical model of EMS Locations with
subsequent submission. The objective of the model is to allocate the emergency vehicle from First
Responder (FR) location to incidents first and then refer the patient to Advanced Life Support Unit (ALS)
emergency vehicle because the ALS vehicle cannot response to the incidents within 8 minutes. LINGO
software is utilized to calculate the devised mathematical model to state that the relation of the position,
velocity and the number of the EMS locations, both ALS and FR locations directly affect the EMSs accession

of the population within 8 minutes. The simulated situations were calculated and the results showed that
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when adding up FR vehicles for subsequent submission in this case, the EMSs accession of population rate

are improved.
Keywords: Emergency Medical Services (EMSs); Subsequent submission; Location problem; Response time
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