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ABSTRACT

Purpose: Generally, since the population density is lower in suburban areas, the distance to school is inevitably
long. Therefore, schools in suburban areas often operate school buses to improve student welfare. However,
since school buses are usually used only during going to and from school, the utilization rates are relatively
low. Therefore, this study aims to establish integrated operation plan of public school bus covering all schools.
Methods: It is necessary to decide which school buses will serve the specific demand node which want to
go to certain school in order to design an integrated operation plan for school buses. Therefore, a mathematical
model is developed for minimizing the total number of vehicles and the distance of transportation by reflecting
the characteristics of school buses and students as constraints. To solve the proposed mathematical model,
CPLEX, a commercial solver, is applied.

Results: To validate and to confirm the proposed process, numerical example is designed with the comparison
between before and after integrated operations of school buses in terms of total operation cost. The result
shows that the integrated operation can lead the reduction of the number of school buses as well as the
decreasing of the fuel cost.

Conclusion: This study provides the quantitative method to perform the integrated operation of school buses
in suburban areas. The optimal operation strategy is required because there are more complex decision—-mak-—
ing elements considering the integrated operation. It is expected to apply this research result at real situation

to expand this services based on an optimal operation.
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Figure 1. Transportation distances to the school in city area and suburban area(Korea Educational
Development Institute)
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Table 1. Location coordinates for each school and belonging students
horizontal | vertical horizontal | vertical horizontal | vertical
school 01 | 13,187 8,187 school 02 | 19,493 9,316 school 03 | 19,729 19,896
student 04| 18,937 25,367 student 19| 25,243 16,496 student 34| 25,479 27,076
student 05| 9,027 23,952 student 20| 15,333 15,081 student 35| 15,569 25,661
student 06| 9,098 13,052 student 21| 15,404 4,181 student 36| 15,640 14,761
student 07| 16,309 12,613 student 22| 22,615 3,742 student 37| 22,851 14,322
student 08| 11,634 10,981 student 23| 17,940 2,110 student 38| 18,176 12,690
student 09| 7,523 24,252 student 24| 13,829 15,381 student 39| 14,065 25,961
student 10| 18,228 19,948 student 25| 24,534 11,077 student 40| 24,770 21,657
student 11| 11,761 14,142 student 26| 18,067 5,271 student 41| 18,303 15,851
student 12| 16,006 21,752 student 27| 22,312 12,881 student 42| 22,548 23,461
student 13| 22,037 18,868 student 28| 28,343 9,997 student 43| 28,579 20,577
student 14| 12,651 12,290 student 29| 18,957 3,419 student 44| 19,193 13,999
student 15| 3,933 14,205 student 30| 10,239 5,334 student 45| 10,475 15,914
student 16| 5,906 17,281 student 31| 12,212 8,410 student 46| 12,448 18,990
student 17| 12,704 15,200 student 32| 19,010 6,329 student 47| 19,246 16,909
student 18| 11,005 16,860 student 33| 17,311 7,989 student 48| 17,547 18,569
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Table 2. Results comparison of before/after integrated operation of school buses
before integrated operation
covered .
bus # school # operation route fuel cost
1 1 01-18-17-11-07-14-08-06-15-16-09-05-12-04-13-10-01 65,850
2 2 02-33-32-26-22-29-23-21-30-31-24-20-27-19-28-25-02 65, 850
3 3 03-48-47-41-37-44-38-36—45-46-39-35-42-34-43-40-03 65,850
Total cost (¥500,000 x 3) + (65,850 x 3) = W1,697,550
after integrated operation
bus # ;gzi;ei# operation route fuel cost
1 1,3 03-10-48-12-04-35-39-05-09-16-15-06-11-45-18-46-01-03 55,780
02-33-32-26-29-23-21-30-31-08-14-17-24-20-36-07-38-44
2 12,3 —41-47-13-40-42-34-43-19-37-27-25-28-22-02-01-03-02 ¥123,840
3 - not operated -

Total cost (¥500,000 x 2) + (¥55,780 + #123,840) = #1,179,620
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