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Abstract

Fully accessible bus service is a critical element for a good working public transportation system.
Bus stops are a vital link to this situation. Therefore, accessibility to bus stops must be
investigated and the bus stops must be located regarding passengers’ demand and their walking
availability. In this paper, a set covering problem is studied to find the minimum number of bus
stops to be located within a walking coverage limit. A network including 30 demand points and
15 alternative bus stop locations are considered in a university campus. Our goal is to conduct
bus stop site selection problem in order to suggest new locations where reachable for passengers
within a reasonable walking distance. The proposed 0-1 integer programming model is run under
different distance limits and the results are discussed. Results demonstrates that all passengers
can reach to any bus stop under four different distance limits and bus station S1 is reachable for
whole distance limits. Finally, potential locations for bus stops are suggested.
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1. INTRODUCTION

Walking and transit are the backbone of sustainable mobility. Bus stops not only represent the
connection between the two, but are also central in dictating the attractiveness of the latter.
Accessibility of bus stops becomes, then, pivotal in increasing both attractiveness and
sustainability(Corazza & Favaretto, 2019). To increase the accessibility or usage of bus
transportation services, the locations of bus stops must be distributed in a proposer way. In
literature, although there have been some studies which investigate the accessibility of bus stops,
they usually focused on bus stop layout (Liu et al., 2017) or bus availability/accessibility for
disable passengers(Wu et al., 2011). The focus of this paper is not on design of stops or bus
shelters, but rather on evaluation of passengers’ accessibility to bus stops by walking. To do so, a
model is needed to locate the minimum number of bus stops required to ensure that no passenger
need walk more than a specified distance to reach a bus stop (Gleason, 1975) (Farahani et al.,
2012). In literature, there have been several studies on bus stop accessibility or location analysis.
Gleason (1975), which is one of the earliest studies, presented a model which enables the router
to locate a specified number of bus stops in such a manner that the total distance walked by all
boarders is minimized. Later on, Murray (2003) and Huang (2014) considered the bus stop
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location problem as a maximal covering location model. In addition to maximization of covered
passengers, minimization of walking distance to bus stop sites is also studied by Huang and Liu
(2014) and Mangla et al. (2015). Both aforementioned two papers considered the bus stop
location problem as a P-median problem. According to the reviewed papers above, it is noticed
that there is no paper about bus stop site selection problem which suggests new locations where
passengers can reach within a reasonable walking distance. To fill this gap, a mathematical
model based on set covering location problem is considered to select new locations for bus stops
in this paper. The public transportation in Gaziantep University campus is handled with 30
demand points (passengers). To establish new bus stops, 15 different locations are determined
and tested.

In the next section, the applied 0-1 integer programming model is given. The case is described
and the results are discussed in Section 3. The paper is concluded in the last section.

2. SET COVERING LOCATION MODEL

G (N, A) is a fully connected network and N is the set of nodes while A is set of edges between
these nodes (A = {(L. )i+ jand i,j € N}) N consists of nodes; P consists of the passengers with
high density and B consists of current/potential bus stop locations. There are distances identified
between all node pairs within the network. The set covering problem is identified as a bus stop
site selection problem in a way to reach every passenger at least once in a predetermined walking
distance on the network. The formulation of the set covering problem is as follows (Beasley,
1987):

Decision variable

v — { 1,if the bus stop b is selected (vb € B)
b 0, otherwise

Objective function

MinZ =},c5 Vs

(1)
Subject to
Yheppp Yy = 1 VpEP )
Y €{0.1} vbEB 3)

Decision variable is added original Beasley formulation as:

{ 1,if it is in predetermined walking distance
a —
pb 0,otherwise

The objective function (1) is to minimize the number of bus stops to be opened. Constraint. (2) is
to provide service from opened/active bus stop provide service to at least one passenger within a

predetermined walking distance. Here, #b is a parameter. It is 1, if can be reached from a bus
stop b to passengers p in a predetermined walking distance; otherwise 0. Constraint. (3) is the
binary restriction of the decision variable.
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3. STUDY AREA AND RESULTS

The mathematical model which is given in the previous section is applied to the campus network
of Gaziantep University. University campus is located in south-western part of Gaziantep and
shown in Figure 1. The road network of campus is shown with red in Figure 1. University has
almost 55,482 population including students, administrative and academic staff on an area with
3,113,084 m2 (Mete et al. , 2018).

L

Figure 1. Map of Gaziantep University Campus

15 alternative locations are determined for potential bus stops. The list of the bus stops is given
in Table 1. In addition to bus stops, 30 points are also determined in campus to represent the
highest population density. The list of demand points are given in Table 2. As can be seen from
Table 2, buildings of departments and faculties are considered mostly.

Table 1. Bus Stops

Bus Stop Name of Bus Stop

S-1 Security Point

S-2 Medicine Faculty

S-3 Atatiirk Culture Center
S-4 Kinder garden

S-5 Sport Center

S-6 Student Dormitory-A
S-7 Student Dormitory-B
S-8 Old Dormitory

S-9 Library

S-10 Architecture Faculty

S-11 Law Faculty

S-12 Textile Engineering

S-13 Foreign Languages High School
S-14 Bazaar

S-15 Industrial Engineering
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Table 2. Demand Points

Demand Sources Name of the Demand Source

R-1 Medicine Faculty

R-2 Vocational School

R-3 Health Vocational School

R-4 Central Laboratory

R-5 Campus Security Point

R-6 Sport Center

R-7 Student Dormitory-A

R-8 Student Dormitory-B

R-9 Old Dormitory

R-10 Electrical Engineering

R-11 Civil Engineering

R-12 Industrial Engineering

R-13 Mechanical Engineering

R-14 Conservatory Faculty

R-15 Library

R-16 Food Engineering

R-17 Dining Hall

R-18 Foreign Languages High School
R-19 Textile Engineering

R-20 Theology Faculty

R-21 Education Faculty

R-22 Physic Engineering

R-23 Economic and Administrative Sciences Faculty
R-24 Architecture Faculty

R-25 Law Faculty

R-26 Biology Department

R-27 Atatiirk Culture Center

R-28 Faculty of Administrative Sciences
R-29 Vocational High School

R-30 75.Year Central Classroom

The locations of potential bus stops and demand points are shown in Figure 2.
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Figure 2. Locations of Bus Stops and Demand Points

The distances (meters) between 15 bus stops and 30 demand points are calculated via ArcGIS
software. The distance matrix is given in Table 3.

Table 3. Distance Matrix (meters)

S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8
R-1 534 58 193 273 502 709 741 834
R-2 520 124 184 359 591 782 832 930
R-3 627 245 209 188 420 597 653 568
R4 376 277 127 23 248 440 485 627
R-5 31 616 376 867 1094 1286 1331 663
R-6 816 442 526 190 43 216 265 499
R-7 1133 717 792 465 238 39 327 617
R-8 1139 728 923 480 237 343 74 484
R-9 667 755 598 768 534 591 679 72
R-10 567 558 398 410 504 564 602 154
R-11 621 592 433 341 373 437 493 181
R-12 528 462 319 346 457 649 691 267
R-13 520 430 272 371 464 656 693 542
R-14 382 323 121 338 499 455 737 694
R-15 455 902 658 640 936 970 839 210
R-16 471 944 700 715 834 844 927 309
R-17 416 619 473 554 692 890 930 249
R-18 513 910 724 828 953 1003 1049 426
R-19 339 817 576 915 1014 1205 1254 544
R-20 400 874 632 1049 1204 1394 1437 684
R-21 475 1091 912 953 1102 1300 1341 666
R-22 307 970 806 863 971 1166 1208 489
R-23 549 958 754 894 921 1114 1154 405
R-24 775 1253 1010 1355 1119 1171 1203 592
R-25 542 1019 779 1660 1432 1484 1537 908
R-26 217 690 449 795 923 1121 1165 559
R-27 379 260 57 358 616 808 850 591
R-28 496 387 266 297 431 788 816 387
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Table 3. (continued) Distance Matrix (meters)

R-29 852 907 763 783 707 771 567 197
R-30 361 883 718 754 882 1071 1115 452
S-9 S-10 S-11 S-12 S-13 S-14 S-15

R-1 1008 1347 863 673 795 676 438
R-2 1084 1234 860 671 766 641 440
R-3 750 1093 879 691 795 667 248
R-4 807 1053 693 507 461 371 329
R-5 641 915 461 273 427 275 507
R-6 679 1023 1112 980 667 714 377
R-7 797 1142 1432 1312 922 1067 578
R-8 675 1015 1550 1361 791 886 624
R-9 230 588 966 778 367 488 312
R-10 340 684 797 611 338 375 139
R-11 364 704 931 744 427 464 154
R-12 452 794 864 679 336 435 23
R-13 564 587 842 678 317 433 32
R-14 692 1023 714 512 481 380 145
R-15 129 472 637 451 153 277 316
R-16 125 323 495 399 99 221 404
R-17 291 507 599 414 157 242 203
R-18 284 302 400 248 133 240 480
R-19 429 416 212 99 231 151 579
R-20 497 351 111 158 337 315 698
R-21 480 347 189 230 384 263 636
R-22 378 409 261 128 182 113 525
R-23 220 242 401 332 172 295 511
R-24 407 63 357 538 399 522 497
R-25 725 424 117 305 557 468 911
R-26 461 530 242 63 251 130 475
R-27 768 1112 714 531 611 501 265
R-28 571 914 834 645 498 445 74
R-29 273 557 957 768 484 602 481
R-30 266 379 400 211 84 123 436

Using the data given above, set covering model was solved to find the required number of bus
stops. It is noted that runs were completed on a PC with 1.8 GHz Intel Core processor and 4 GB
of RAM. The computation time required to solve the model using the GAMS-CPLEX solver is
less than 5 CPU seconds. Four different walking distance limits in the range of 250m and 400m
are examined. The results are presented in Table 4.
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Table 4. Distance Matrix (meters)

Distance limit # of bus stops Selected bus stops

250m 8 S-1; S-3; S-5; S-8; S-10; S-11; S-14; S-15
300m 7 S-1; S-3; S-5; S-9; S-10; S-12; S-15
350m 6 S-1; S-3; S-6; S-8; S-10; S-12

400m 5 S-1; S-4; S-5; S-9; S-11

The results given in Table 4 indicate that, there is no passenger who cannot reach to any bus stop
under four different distance limits. As expected, increasing the distance limit decreases the
required number of bus stops to be opened. Only the first bus stop (S-1) among others is selected
in all runs. The illustrations of four results are shown in Figures 3 to 6, respectively.

Figure 3. Results within 250 m .

-~

Figure 5. Results within 350 m
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Figure 6. Results within 400 m

With the application of set covering approach, alternative bus stop locations are determined. The
results are suggested to the University Administrative. It is hoped that shared results will help
decision makers on transportation planning within the campus.

4. CONCLUSIONS

As city centres, a good working public transportation system is also essential for a university
campus. The case (Gaziantep University) of this paper has more than 50,000 students and staff.
Therefore, the locations of bus stops in the campus must be distributed evenly. The distribution
of the bus stops depends on walking distance of passengers. To do so, a model based on set
covering problem is applied. For future studies, routing of buses should be investigated by
considering the time windows (e.g. course time, shift time). If the problem size becomes larger, a
meta-heuristic approach should be applied.
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