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Case Study 17       Support System for a Bus Transportation Company

Support System for a Bus Transportation Company

Problem Description

Regional Transit System (RTS) is a company that provides bus transportation service in Gainesville, Florida. The service offered by RTS is free for students and employees of the University of Florida. Therefore, it is the most widely used mode of transportation. Increased popularity of this service has caused a few problems. When a bus is full, it does not stop at the bus station. Students complain about missing buses because of the availability of the seats. In particular Routes 16 and 20 are very busy, as they pass by residential areas populated with students.     

The managers of RTS were concerned about complaints they had received. From interviews with bus drivers, the managers found out that buses were full at about 8-9am in the morning or 4-6pm in the afternoon. However, there were time periods during the day when the buses moved almost empty. Also, in certain times during the day, some routes were much busier than others. 

The management is interested in improving the performance of RTS. They have thought of a few actions that can be taken to improve the situation. For example, they could buy new buses and/or re-organize the current bus schedule. In the case that more buses are needed, the management needs to know how many buses should be purchased. In the case that the schedule needs re-organizing, they need to figure out the new schedule. 

The aim of this project is to build a decision support system that will help the managers understand what is wrong with the current way of operating the system and identify ways to improve the service. We describe a simulation model that will help in the decision-making process. 

Simulation Model
1. Use past data to identify the distribution of the arrival of students at the bus stop during peak hours and off-peak hours.  

2. Use past data to identify the distribution of the number of students not being served at each bus stop in a particular time period.  

3. From here on we will refer to a route r (r = 1,…, R, R is the total number of routes) as a sequence of stops that starts with stop r1 and ends at stop r1. Trip s = r*t (s = 1,…,T*R, T is the total number of time periods) travels route r during time period t. For example trip 1 corresponds to the travel in route 1 that starts at 6:00am and ends 6:20am, assuming it takes 20min to travel route 1. 

4. Build a simulation model using Excel. This model does the following: (i) randomly generates the number of students who show up at a bus station during different pickup times; and (ii) for every route, it calculates the available bus capacity after every bus stop. To build the simulation, consider the following data that is available to you: the total number of bus routes, total number of trips per route, total number of buses available, total number of stops per route, travel time between two stops, distribution of student arrivals in each bus stop, and distribution of student departures in each bus stop. The bus service goes on from 6:00 in the morning to 12:00 the next morning. If the bus capacity is reached, the bus will not stop at the next bus stop.

5. Run the simulation model using the current number of buses and the current schedule. Calculate the average, minimum, and maximum student waiting time at each bus stop during peak hours and off-peak hours. Calculate the average bus utilization in each route. Give a graphical representation of the total number of students waiting at a bus stop in different hours during the day.    

6. Rerun the simulation model for the following scenarios: (a) Change the number of buses operating in a particular route. Note that the most problematic routes are routes 16 and 20. (b) Increase the number of buses operating during the peak hours. (c) Decrease the number of buses operating during off-peak hours. For each scenario, calculate the average, minimum, and maximum student waiting time at each bus stop during peak hours and off-peak hours. Calculate the average bus utilization in each route. Give a graphical representation of the total number of students waiting at a bus stop in different hours during the day.    

To learn more about simulation modeling and analysis, see Winston (1994) and Law and Kelton (2000).

Excel Spreadsheets

1. Build a spreadsheet that has as many rows as the total number of trips and as many columns as the total number of stops (over all the routes). Each cell of the table presents the time (during the day) a bus traveling a particular trip stops at a particular bus stop. This table presents the current bus schedule.

2. Build a spreadsheet that presents for each bus the corresponding capacity and the number of the route it travels. 

3. Build a spreadsheet that records historical data about the number of students who come to a bus station during peak hours.

User Interface

1. Build a welcome form.

2. Build data entry forms to add/update/delete records in the database. 

3. Build a form that allows the user to run the simulation model and report the results. The following are suggestions to help you design the form. 
a. Insert a frame labeled, “Simulation Model.” The frame includes the following:
- A text box labeled, “Number of Replications,” where the user types in the total number of replications for the simulation study.
- A text box labeled, “Warm-up Period,” where the user types in the length of the warm-up period.
- A command button that, when clicked on, runs the simulation model using the parameters defined by the user, and when the simulation terminates, opens Form 3.b, described below.
b. Build a form where the results from the simulation analysis are presented. The simulation analysis provides the following statistics: average waiting time at each bus station during peak hours and off-peak hours, capacity utilization for each bus in different hours during the day, etc. 

4. Build a form called “Sensitivity Analysis.” The following are suggestions to help you design the form.

a. Insert a frame labeled, “Additional Buses.” The frame includes a combo box listing the possible trips and a text box. The user chooses a trip and then types in the text box the total number of buses to be added on the selected trip. The user can either type in a positive or a negative number in order to increase/decrease the number of buses on a particular trip. 

b. Insert a frame titled, “Reschedule a Trip.” The frame includes a combo box that lists all the trips. Insert a command button that, when clicked on, displays a table that has one row and as many columns as the total number of stops of the trip selected by the user. The user types in the new schedule for the selected trip.    

c. Insert a command button that, when clicked on, runs the simulation, taking into account the information provided by the user about additional buses or trips rescheduled.
Design a logo for this project. Insert this logo in the forms created above. Pick a background color and a font color for the forms created. Include the following in the forms created: record navigation command buttons, record operations command buttons, and form operations command buttons as needed. 

Report:

1. Report on the result of the simulation study. The report should include the following: average, minimum, and maximum waiting time at each bus stop during peak hours and off-peak hours; total number of students waiting at a bus station; total number of students who could not take the bus because the bus capacity was reached; bus utilization in different times of the day. 

2. Report the results from the sensitivity analysis. Note that the results should not be overridden every time the simulation model runs. Instead, keep all the records from the sensitivity analysis.

3. Graph the following for each simulation run: the total number of students waiting at a bus stop in different time periods, total waiting time per bus stop, and bus capacity utilization in different time periods.  

Reference
Law, A.M., Kelton, W.D. “Simulation Modeling and Analysis,” 3rd Ed., McGraw-Hill, 2000. 

Winston L.W. “Operations Research: Applications and Algorithms.” Duxbury Press, 3rd Ed., 1994.
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