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1. Introduction

• Over the past few decades, the logistics industry has experienced rapid development.

• With the growth of the logistics industry, companies face the challenge of efficiently and 
effectively meeting increasing customer demands.

• To address this issue, new technologies have been introduced.

• The implementation of these new technologies has resulted in cost reductions, shorter delivery 
times, and improved customer satisfaction.

• Drones have the advantage of reducing delivery delays as they do not face traffic congestion.

Using 
Drone
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1. Introduction

VRP (Vehicle Routing Problem)
• One of the important issues in logistics management.

• Traditional VRP means providing delivery services to customers using trucks located at warehouses.

• However, it is not well-suited for cases where parking conditions are poor or vehicle accessibility is limited.

VRPD (Vehicle Routing Problem with Drone)
• Vehicle Routing Problem (VRP) with the use of drones.

• The VRPD problem is addressed using the ACO algorithm to propose two new methods.

• The research is conducted by dividing it into small-scale instances and large-scale instances.
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2. Problem description

a) stationary
• When the drone moves from node A to node B while conserving its battery, 

it means not making another delivery.

b) in-flight

• When the truck moves from node A to node B, and the drone makes a delivery 
to a customer ‘x’ before moving to node B, it means.

Flying Sidekick mode
(FS mode)
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2. Problem description

1. All vehicles must start their routes from the depot and end at the depot before the end of the work shift.

2. Both trucks and drones must complete their services within the working hours, and each node can be served 

by either a truck or a drone, but not both.

3. Trucks have a capacity constraint, while drones can deliver only one item at a time.

4. There is a one-to-one matching between trucks and drones.
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2. Problem description

5. Drones in stationary mode do not incur travel costs.

6. Drones require a recovery time before departing to the next location, but this recovery time can be neglected 

due to the one-item delivery.

7. After completing a delivery, the drone must immediately move to the next node of the truck, and the truck 

should be at the next node before the drone's arrival.
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2. Problem description

• If the drone arrives at location j before the truck:

▪ Departure time = Truck's delivery time + Drone's recovery time

• If the drone arrives at location j after the truck:

▪ Departure time = Drone's arrival time + Drone's recovery time
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3. Methodology

ACO (Ant Colony Optimization) algorithm

• An algorithm inspired by the foraging behavior of ants to 

solve path-finding problems.

ACS (Ant Colony System)

• Dorigo and Gambardella proposed it.

• ACS consists of three main procedures: the selection method, local pheromone update, 

and global pheromone update.

• VRPD is based on ACS.
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• Delivery is possible for only one customer.

𝑭𝑺 mode

𝑭𝑺+ mode

𝑭𝑺+𝟏 mode

• While traveling with the truck, it is possible to make 

deliveries to customers.

• It is possible to make deliveries to multiple customers, 

not just one.

• Have the issue of “excess halt”

• “excess halt” has been resolved.

Excess Halt

• It refers to excessive truck waiting time at one location.

3. Methodology
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𝑭𝑺 mode 𝑭𝑺+, 𝑭𝑺+𝟏 mode

• 𝑭𝑺+ mode : Adjustment of the number of drones

• 𝑭𝑺+𝟏 mode : Control of drone working hours

3. Methodology
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3. Methodology

2-opt

• A simple yet effective local search algorithm 

used in routing problems.

After

• The truck now visits customers in the order of d, c, b, a, 

and the drone provides services in the order of z, y, x.

• The 2-opt method is used to reduce the total distance of 

the route and to increase delivery efficiency.

• The 2-opt method is repeatedly applied until the best 

route is obtained.
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4. Computational tasks

Comprised of three subsets with customers located in Clusters (C), 

Randomly (R), and a combination of Random and Clusters (RC).

30 hours

480 hours

500 units

Dataset

Maximum working time of a drone

Maximum working time of the truck

Maximum truckload capacity
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4. Computational tasks

4.1 Comparison between ACO and optimal solutions for small instances
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4. Computational tasks

4.2 ACO results with large instances
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4. Computational tasks

4.2 ACO results with large instances
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4. Computational tasks

4.3 Comparison results using 𝑭𝑺, 𝑭𝑺+, and 𝑭𝑺+𝟏 modes
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4. Computational tasks

4.3 Comparison results using 𝑭𝑺, 𝑭𝑺+, and 𝑭𝑺+𝟏 modes
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4. Computational tasks

4.3 Comparison results using 𝑭𝑺, 𝑭𝑺+, and 𝑭𝑺+𝟏 modes
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4. Computational tasks

4.4 Comparison of VRPD with VRP
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4. Computational tasks

4.4 Comparison of VRPD with VRP



22

5. Conclusions

• The 𝑭𝑺+𝟏 mode performs better with instances from the C group, 𝑭𝑺+ mode 

excels with instances from the R group, and the 𝑭𝑺 mode is more effective with 

instances from the RC group.

• Overall, the VRPD demonstrates cost savings of over 30% for large-scale 

instances when compared to the VRP, thus showing superior results.
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Thank you




