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Case Study 33       Simulating the Check-In Process in an Airport

Simulating the Check-In Process in an Airport

Problem Description

In this project we use simulation as a decision support tool. The aim of the project is to use simulation to analyze the current status of the check-in process in an airport and identify ways to improve its performance. The following are issues faced by the managers of the airport: 

1. Most of the flights are scheduled in the morning; as a result there is large number of passengers entering the airport in the morning compared to late afternoon or evening. Scheduling working hours for employees becomes difficult, as there is a variance in the workload in different hours of the day.

2. Long queues in front of the check-in counters disturb the traffic of passengers.  

3. Long waiting times to be served by a check-in clerk frustrates passengers.

4. Long passenger waiting times delay flights.

Below we describe a model to simulate the check-in process. The student should collect data, run the simulation model, and then use the results from the simulation runs to identify ways to improve the current process. 

For details about building and analyzing a simulation model, we refer the students to Law and Kelton (2000) and Winston (1994).  

Simulation Model

The system we are simulating works as follows: passengers arrive at the check-in line. There is a maximum of ten check-in counters in the airport. All the counters are open during the peak hours. There are two different types of passengers entering the line: passengers who have luggage and passengers who don’t. It takes longer to serve passengers who have luggage. The served passengers walk to the gate. Depending on the location of the boarding gate and the amount of carry-on luggage, the time it takes to reach the gate varies. The passengers can have at most two carry-on luggage items. Passengers are required to check in at least half an hour prior to boarding time.

Step 1

Collect data about the passengers’ arrival and service time at a check-in counter and the time it takes to reach a gate from the check-in area. Use this data to identify the distribution (and the corresponding parameters) of the inter-arrival time of the passengers in the system, service time, and walking time to the gate. This information will be used to simulate the system. 

Step 2

Simulate the system. Build a model to simulate the system. To learn about building a simulation model using Excel, we refer the students to Winston (1994). Collect the following statistics: average/minimum/maximum queue length, average/minimum/ maximum waiting time in the queue, average total time in the system (t), average utilization of the check-in clerk, and average/minimum/maximum service time at a check-in counter. 

Excel Spreadsheets

Build a spreadsheet that presents the following data collected about each passenger: amount of luggage, amount of carry-on luggage, arrival time at the check-in counter, service start time, departure time from check-in counter, and arrival time at the gate.

User Interface

1. Create a welcome form.

2. Create a data analysis form. The following are suggestions to help you design this form. 
a. Insert a frame titled “Analyze the Input Data.” The frame includes a command button that, when clicked on, opens the spreadsheet where the data about inter-arrival time, service time, and walk time are recorded. The frame includes a second command button that, when clicked on, creates a histogram using the data collected and calculates the mean, standard deviation, etc. for inter-arrival, service, and walk times. This information helps the user to identify a distribution for inter-arrival, service, and walk times. 

b. Insert a frame titled “Run the Simulation.” The frame includes the following:

i. A text box where the user types in the total number of simulation runs.

ii. A text box where the user types in the length of a simulation run. 

iii. A text box where the user types in the length of the warm-up period.

iv. Three combo boxes that enable the user to select a distribution for the inter-arrival time, service time, and walk time. Upon the selection of a distribution, text boxes appear where the user types in the corresponding parameters (such as mean, standard deviation, etc.). 

v. A command button that, when clicked on, takes as input the information provided by the user; randomly generates passenger arrival, service, and walking times; and after the completion of the simulation runs, opens Form 3, described below.    

3. Create a form that summarizes the results of the simulation study and allows the user to perform a sensitivity analysis. Insert two frames in this form. The first frame, titled “Reports,” allows the user to select to open one of the reports presented below. The second frame, called “Output Analysis,” enables the user to analyze the system and identify better scenarios to manage the check-in process. This frame includes the following:

a. A text box where the user types in the total number of check-in counters. Currently there are ten check-in counters, and the user can analyze the impact of increasing (or decreasing) the number of check-in counters on the total performance of the system.

b. A table where the user types in the total number of clerks working at the check-in counters during different hours of the day. More clerks are needed during the peak hours. The management is interested in identifying a working schedule for the employees that increases system performance while minimizing the labor costs.   

c. Two option buttons that allow the user to choose whether there will be a single queue in the system where the customers wait to be served or as many queues as the number of check-in clerks working. 

Insert a command button that, when clicked on, takes as input the information submitted by the user in parts 3.a, 3.b, and 3.c, runs the simulation, and reports the corresponding statistics.

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. 

Reports

1. Report the following statistics:

a. The average/minimum/maximum number of passengers in the system.

b. The average/minimum/maximum waiting time.

c. The average/minimum/maximum serving time by passenger type.

d. The average/minimum/maximum walking time by passenger type.

e. The average/minimum/maximum queue length.

f. The average/minimum/maximum time spent in the system.

g. The probability that a customer would spend more than 20 minutes waiting in the queue. 

h. The average utilization of a clerk.

i. The average number of passengers served during the peak hours. 

j. The average number of passengers served during the non-peak hours. 

2. Report the results from the sensitivity analysis. For each scenario, present the following: the average/minimum/maximum queue length, waiting time, service time, time spent in the system, and clerk utilization.

3. Give a graphical representation of the queue length during the day.

4. Give a graphical representation of clerk utilization during the day.   

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