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Introduction

Motivating the Research
• $82bn global parcel delivery market (McKinsey, 2016).
• Projected to double in next decade.
• Last mile ~50% of total parcel delivery costs.

Advantages and Limitations
+ Bypass congested roads.
+ Faster than trucks.
+ Significant cost reductions.
- Limited capacity (1 box @ 5 lbs).
- Limited range (10 mi @ 50 mph).
- Dependent on GPS Accuracy.

Agatz, 2015
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Problem Formulation

Problem
• Traveling Salesman Problem

Target Demographic
• Dense Urban Population

Objective
• Minimize Total Cost

Tools
• Python Programming
• Gurobi Optimizer
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Methodology

Key Assumptions
• Manhattan Distance
• One Truck, Multiple 

Drones
• Drones Serve One 

Customer per Dispatch



Methodology

Model Notation
• Indexes
• Sets
• Parameters
• Variables



Methodology
Decision Variables

• Customer served by truck, !"#
• Customer served by drone, $"#%
• Number of drones deployed, &'

Objective Function
•

Key Constraints
• Subtour Elimination
• Each node visited only one time
• Truck and drones coordinate at launch and rendezvous
• Drone flight endurance limit
• Non-negativity constraint



Methodology

Base Case
• Drone Speed
• Drone Endurance
• Number of Drones 

Available
• Truck Speed
• Customer Grid

Sensitivity Analysis
• Speed/Endurance
• Available Drones
• Truck Speed
• Grid Area
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Results & Discussion

Drone Speed/Endurance
• Savings
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Results & Discussion

Customer Grid Area
• Savings



Results & Discussion

Customer Grid Area
• Savings
• Drone Usage
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Conclusion & Future Research

Conclusion
• Savings over TSP

• Base 30%
• Worst 5%
• Best 55%

• Considerable Savings

Future Research
• Heuristics

• Genetic Algorithm
• Ant Colony Algorithm
• Simulated Annealing

• Multiple Packages per Drone
• En Route Drone Launch/Rendezvous

faa.gov
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