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Case Study 4       Helicopter Flight Scheduling

Helicopter Flight Scheduling

Problem Description

Mobile Producing Nigeria (MPN) has an offshore oil field consisting of approximately 45 platforms. Each day certain platforms must be visited to regulate flow rates, and a number of technicians must be transported between specific pairs of platforms. The number of technicians to fly from one platform to another depends on the daily operations. All transportation is performed by helicopter. Because the operating costs of a helicopter are high, MPN wants to identify the daily routes of the helicopter that satisfies all the requirements, while minimizing the total distance flown. In scheduling the routes, the specialists realized that another important constraint they have to account for is the helicopter capacity. 
The helicopter routing problem is basically a Euclidean traveling salesman problem with additional (precedence and capacity) constraints. Therefore, it is natural to consider existing TSP heuristics in developing a solution for this problem. However, due to capacity constraints, all the sites may not be visited in a single trip. The inputs of this problem are a set of trips (a trip consists of a pickup platform, a drop-off platform, and a load) and a maximum helicopter capacity. The output of this problem is a set of helicopter tours that satisfies all requirements at minimum cost. Below we describe a heuristic that can be used to schedule helicopter routes.

A Heuristic Approach

The heuristic approach consists of two steps described below. The heuristic initially identifies a feasible set of helicopter trips and then improves these trips by interchanging the sequence of the nodes visited.

Step 1: Constructing a tour. 

A tour consists of an ordered set of sites visited. Because of the capacity constraints, all sites may not be visited in a single tour. Consider the sites to be visited as the nodes of a network. Pick one of the nodes of the network as the starting node. Obviously this will be the ending node of the tours as well. Check the set of trips (problem input), and among the trips that start at node s, select one. Keep count of the available space you have in the helicopter. Proceed this way until you have scheduled all the trips without violating capacity constraints.      

Step 2: Improving the tour.

Given a solution from the first step, improve its quality by considering interchanges of the nodes visited in a particular tour. Keep doing the interchanges until no better solution can be found. After every interchange, update the total cost from the trips.

For more details on developing the heuristic approach described above, see Timlin and Pulleyblank (1992). 

Given the problem and the heuristic described above, build a decision support system for MPN. This system would help the company schedule helicopter trips in a cost efficient manner.

Excel Spreadsheets

1. Build a spreadsheet that presents the following information about each helicopter: the maximum capacity and operating costs such as fuel consumption per km (in $). 
2. This spreadsheet presents a distance matrix among the 45 platforms.

User Interface

3. Build a welcome form.
4. Build a form that allows the user to do the following: 

a. Input the total number of trips to be scheduled. 

b. Identify the pickup platform, the drop-off platform, the pickup load, and the drop-off load for each trip. Here we describe one way to complete this task:    Insert a command button that, when clicked on, submits the information about the total number of trips. Upon submission, four list boxes are created. The first list box contains the names of the 45 platforms. The second and third list boxes present the pickup and drop-off platforms, respectively. The size of these list boxes depends on the total number of trips. Initially, both list boxes are empty. The user selects a platform from the first list box. Insert two command buttons, one that adds the selected platform to the list of pickup platforms and another that adds the selected platform to the list of drop-off platforms. The user manually enters the load sizes in the fourth list box.  

c. Update the information about helicopters.

d. Update the information about platforms.

e. Run the heuristic and presents the corresponding solution. Details about solution presentation are given in form number 3, which we describe below.

f. Open the reports presented below.   

Use text boxes, list boxes, command buttons, subforms, etc. as needed. 
5. Build a form that presents the following:

a. The final solution from the heuristic. For each tour, present the platforms visited and the load picked up and dropped off. 

b. A graphical representation of the final solution. 

In this form, insert a command button that, when clicked on, animates the movement (adds/deletes arcs in the network of platforms) of the helicopter based on the results from the final solution. Insert another command button that, when clicked on, performs a sensitivity analysis of the final solution with respect to the helicopter operating costs. For the purpose of this analysis allow the operating costs to vary from -20% to +20% of the current operating costs. Insert another command button that, when clicked on, performs a sensitivity analysis of the final solution with respect to the helicopter capacity. For the purpose of this analysis allow the capacity to vary from -20% to +20% of the current helicopter capacity.  

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

6. Report the final solution of the heuristic. Include the following in this report: the total number of helicopters needed and corresponding capacity; the pickup and drop off platform, load carried, and available capacity for each tour.  
7. Report the results from the sensitivity analysis.

Reference
Timlin, M., and Pulleyblank, W., “Precedence Constraints Routing and Helicopter Scheduling: Heuristic Design.” Interfaces, Vol. 22:3, pp: 100-111, 1992. 
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