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Abstract. The Traveling Salesman Problem (TSP) involves optimizing a route to find the most 

efficient path. In agricultural scenarios, a practical example of TSP arises when Unmanned 

Aerial Vehicles (UAVs) are required to traverse multiple locations (nodes) to execute specific 

tasks such as monitoring or fertilization.  One of the algorithms employed for solving TSP is 

Ant-Colony Optimization (ACO). The ACO algorithm operates by utilizing the “ants” as the 

virtual agents exploring the potential routes and storing the information in memory to determine 

the optimal route. This research aims to address the TSP problem using the ACO algorithm and 

subsequently apply it to the Crazyflie quadcopter. The developed ACO algorithm is designed to 

identify the most efficient route, guiding the UAV along the obtained path. Test results 

demonstrate the successful navigation of the Crazyflie quadcopter to the specified points, with 

mean error of 0.02 meters, 0.02 meters, and 0.01 meters on the x-, y- and z-axes respectively. 

Keywords. Ant-colony, Crazyflie, Traveling-salesman, UAV, quadcopter.  

1. Introduction  

The fourth agricultural revolution, also known as Agriculture 4.0, means the growth of agricultural 

innovation by adopting information and communication technology (ICT) [1], [2]. The use of ICT in 

Agriculture 4.0 has enabled the precision farming, as all agricultural activities are based on more 

accurate data analysis. Unmanned aerial vehicles (UAVs) are one of the technologies employed to 

support the agricultural revolution 4.0. UAVs can be equipped with various additional devices according 

to the specific needs of the application. In pest control, UAVs are equipped with sprayers that are 

arranged in such a way as to achieve optimal spray coverage [3], [4]. Meanwhile, a camera can be 

mounted on a UAV to monitor land [5] – [7]. The application of UAVs in the field of agriculture will 

continue to develop for various uses such as land surveys [8], plant monitoring [9], [10], transportation 

[11], and others.  

One of the challenges in implementing unmanned aerial vehicle (UAV) to fly over large areas such 

as agricultural land is the need to determine the optimal flight path [12]–[14]. Therefore, path planning 

is required to minimize the required costs such as travel time, travel distance, energy consumption, and 

https://creativecommons.org/licenses/by/4.0/
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other external factors such as collisions and strong wind [15]–[17]. One problem that aims to minimize 

the travel distance is the Travelling Salesman Problem (TSP) [18]. In particular, TSP is a problem to 

find the minimum distance to visit all predetermined points or nodes, in which each node must be visited 

exactly once and return to the starting node [19]. As TSP is considered as an NP-hard problem, the  

solution for this problem should be approached heuristically [20]–[22]. One heuristic method for solving 

the TSP problem is Swarm Intelligence.  

Swarm intelligence (SI) is a population-based search strategy (swarm) that tries to find optimal 

solutions based on inspiration from the behaviour of animal herds such as ants, bees, and termites [23]. 

This approach performs by searching for the most optimal path.  One SI algorithm that is widely used 

is the Ant Colony Optimization (ACO) algorithm, which is inspired by the foraging behaviour of ant 

colonies. Generally, the algorithm is used to solve large problems and complex combinatorial 

optimization problems to achieve optimal solutions [23], [24], and . In solving the TSP, the ACO 

algorithm has shown good performance as reported in [25], comparing the ACO, Genetic Algorithm 

(GA), and Simulated Annealing (SA) algorithms. The study in [25] concluded that the ACO algorithm 

performs better than GA and SA for solving TSP. Another research  in [26] has compared ACO, PSO, 

ABC, FA, and GA to solve the TSP. Simulation results show that the ACO and GA algorithms perform 

better in solving the TSP. 

In addition to its widespread use in solving path planning problems in UAV flight, ACO has also 

been implemented extensively. The study in [27] employed the ACO algorithm to address the problem 

of unmanned aerial vehicle (UAV) path planning, using an approach similar to that of solving the 

Travelling Salesman Problem (TSP). The study in [27] implemented the flight path route obtained with 

ACO under ideal conditions (simulation). In contrast, this research aims to directly implement the ACO 

algorithm into the Crazyflie nano-quadcopter through real experiments in the laboratory. 

In this research, we aim to identify the most efficient route, guiding the UAV along the obtained 

path from ACO algorithm using a nano-quadcopter called as Crazyflie. Several researches on swarm 

intelligent are utilizing a nano-quadcopter called Crazyflie due to its capability [28]. Position and 

trajectory control algorithms, such as Gazebo, Crazyswarm [29], CrazyS [30], and the Crazyflie client 

[28], have been widely applied to this type of quadcopter. The small size of the Crazyflie makes it ideal 

for use in research experiments [31]. The research environment of the Crazyflie was set up in the 

Robotics Laboratory, in Computer Science Department, Bogor, Indonesia. The experimental 

environment was conducted in a 4x4 meter-sized room. Upon completion of the experiment, the 

discrepancy between the simulation data and the actual flight data obtained from the experiment will be 

analysed. 

The paper is structured as follows. Section 2 explains the research method conducted in this 

research. Section 3 explains the results and analysis of the experiments, while Section 4 describes the 

brief conclusion as well as identifies future study directions. 

2. Research Methods 

This research aims to assess the ACO algorithm's output for determining the shortest path, with its 

application on the Crazyflie platform. To attain this objective, the research was conducted in multiple 

stages as shown in Figure 1. Detailed description of each stage is described in the following subsections. 

 

 

Figure 1 Research method 

2.1. Preparation of tools and materials 

The tools and materials necessary for this research include two Lighthouse V2 base stations, nine 

Lighthouse positioning decks, nine Crazyflie 2.1 kits, three Crazyradio PAs, twenty 240mAh LiPo 

batteries, and 500mA USB chargers. The quadcopter environment for the Crazyflie was established in 
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the Robotics Laboratory of the Computer Science Department at IPB University in Bogor, Indonesia. 

The experimental setting took place within a 4x4 meter-sized room, with six pink-colored boxes 

strategically positioned as destination points for the Crazyflie to visit (see Figure 2). 

2.2. Research environment set up 

To determine the position of the Crazyflie, we utilized two Lighthouse V2 base stations. These base 

stations were strategically positioned on opposite sides in one of the upper corners of the room, precisely 

4 meters above the ground, as depicted in Figure 3. The Lighthouse V2 base stations were installed at a 

45-degree downward angle and operated to capture the movements of the Crazyflie, which emitted 

signals detected by the Lighthouse positioning deck. 

 

  

Figure 2 Research environment Figure 3 Lighthouse V2 base station set up 

 

Having set up the testing environment, this research necessitates an appropriate computer 

development environment. The Ubuntu 20.04 operating system was chosen, utilizing the Crazyflie 

control system development platform that incorporates the Crazyflie client and Crazyswarm. The ACO 

algorithm was developed using the Python 3.0 programming language. The assembly of Crazyflie 

follows the preparation of the development environment, with detailed instructions provided on the 

Crazyflie developer website [28]. 

Once assembled, a preliminary test is conducted to ensure the proper functioning of Crazyflie. 

Control of Crazyflie is facilitated through the Crazyflie client developed by Bitcraze and Crazyswarm 

[29]. To establish a wireless connection between the computer and Crazyflie, Crazyradio PA is 

employed. Determining the ID on the Crazyflie is a prerequisite for connecting to Crazyradio PA, and 

this can be accomplished using the Crazyflie client. 

2.3. Quadcopter positioning testing 

The next stage involves testing the Lighthouse positioning system, an optical-based method for 

precise position determination, enabling objects to accurately ascertain their location. The Crazyflie's 

position is determined through sensors integrated into the Lighthouse positioning deck, which is affixed 

to the Crazyflie's frame. The Lighthouse V2 base station, connected to the computer via the Crazyflie 

client, reads the sensors on the Lighthouse positioning deck. The monitoring of the Crazyflie's position 

is conducted through the Lighthouse positioning section on the Crazyflie client. Prior to conducting the 

test, the initial coordinates of the Crazyflie are determined on the x, y, and z axes to establish a reference 

starting point. 

2.4. Implementation of Ant Colony Optimization (ACO) Algorithm 

The development of the ACO algorithm took place once all research environments were confirmed 

to be suitable and operational. Implemented in the Python 3.0 programming language, the algorithm was 

designed to determine the shortest path between predefined points or nodes, focusing on solving the 

Traveling Salesman Problem (TSP) optimization problem. As shown in Figure 4, the research area 

spanned a 4 x 4-meter space, corresponding to the dimensions of the test room. A total of six node points 

were selected for experimentation, with three different sets of initial node points (excluding six nodes) 

tested during the research process. 
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Figure 4 Illustration of testing area 

2.5. Testing and analysis of results 

The testing stage was executed through simulation using Crazyswarm and in real-world conditions 

with Crazyflie. Crazyflie was guided to navigate through all predetermined nodes based on the shortest 

path determined by the ACO algorithm. The evaluation was carried out with several considerations, 

ensuring the UAV's normal operation, confirming its adherence to designated coordinate points, and 

verifying whether the UAV followed the shortest path as determined by the ACO algorithm.  

Upon completion of testing in both the simulation environment using Crazyswarm and real-world 

conditions using Crazyflie, a comparative analysis of the results will be conducted. The performance 

metrics to be analysed include the time taken from takeoff to landing, the percentage of mission 

completion, and the accuracy of the UAV with respect to designated coordinate points. 

3. Result and Analysis 

In this section, we will first explain the development of the ACO algorithm for solving the path planning 

problem for UAVs. We will then describe the results obtained by testing the algorithm in a simulation 

environment. Subsequently, this section will also describe the results obtained by testing the ACO 

algorithm with Crazyflie UAVs in a real world environment.  

3.1. The development of Ant Colony Optimization Algorithm 

The ACO algorithm was developed using the Python 3.0 programming language. The parameters 

of the ACO algorithm used in this study are shown in Table 1. In this study, we first implement the ACO 

algorithm in a simulation environment.  

In the ACO algorithms, ants are agents that are used to selects the next node to be visited using a 

probabilistic function as defined in Equation (1) [32]. Each ant constructs a tour by visiting one node to 

the other node until all nodes have been visited. After all ants have completed a tour, the pheromones 

are updated based on Equation (2) [30]. Edges which are traversed by many ants, will receive more 

pheromone, and thus the paths with shorter distances will be more likely to be chosen by the ants in the 

next iteration.  
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Table 1 Ant Colony Optimization (ACO) algorithm parameters 

Parameters Description Value 

colony_size Number of ants 5 

alpha Pheromone importance value 1.0 

beta Heuristic value importance value 3.0 

Rho Pheromone evaporation coefficient 0.1 

Pheromone_deposit_weight Pheromone weight 1.0 

Initial_pheromone Initial pheromone value 1.0 

Steps Number of iteration 100 

 

 

𝑝𝑖𝑗
𝑘 (𝑡) =  {

 
[ 𝜏𝑖𝑗(𝑡)]

𝛼
[𝜂𝑖𝑗]

𝛽

∑ [ 𝜏𝑖𝑠(𝑡)]𝛼[𝜂𝑖𝑠(𝑡)]𝛽
𝑠 ∈ 𝒩𝑖

𝑘
           ; 𝑖𝑓 𝑗 𝜖 𝒩𝑖

𝑘  

   0                                             ; 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

            (1) 

 

 

 

In Equation (1), 𝜏𝑖𝑗 is the amount of pheromone on edge i,j; 𝜂𝑖𝑗 =  1 𝑑𝑖𝑗⁄  where 𝑑𝑖𝑗 is the distance 

between node i and j; 𝛼 and 𝛽 are the parameters to control the influence of 𝜏𝑖𝑗 and 𝜂𝑖𝑗 respectively; 

𝒩𝑖
𝑘 denotes the feasible neighbourhood of ant k, i.e., the set of nodes which ant k has not yet visited.  

△ 𝜏𝑖𝑗(𝑡) = {

 𝑄

𝐿𝑘
 (𝑡)      ; 𝑖𝑓 𝑒𝑑𝑔𝑒 (𝑖, 𝑗) 𝑖𝑠 𝑢𝑠𝑒𝑑 𝑏𝑦 𝑎𝑛𝑡 𝑘

0  ;     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
      (2) 

In Equation (2), Q is a constant and Lk  indicates the cost of the tour constructed by ant k. 

The output of the ACO algorithm in our UAV path planning problem is the route with the total 

shortest distance.  To evaluate the effectiveness of the algorithm, we tested the ACO algorithm in the 

simulation environment by using Crazyswarm platform. The UAVs are initially located in three different 

points followed the designed map in Figure 4 as follows: Route A with the starting point (0, 0, 0), route 

B with the starting point (120, 150, 0), and route C (-120, -120, 0). The optimal routes obtained from 

the ACO algorithms are shown in Figure 5.  

In order to evaluate how robust is the algorithm is when tested in different dimensions, we also 

evaluate the performance of the algorithm in 2 and 3 dimensional spaces (2D and 3D).  Table 2 shows 

that the routes chosen by the UAVs using the ACO algorithms for routes A in both 2D and 3D are the 

same, despite the difference in the length of the route in different dimensions. The same condition 

applies for Route B. However, on Route C, there is a difference in the path to be taken in 2D and 3D. 

This is likely due to the significance difference between the total distance between the two dimensions. 

The shortest route with a length of 998.33 cm is obtained by Route C in the two-dimensional route, 

while in the three-dimensional route, route B has the shortest route with a total distance route of 1133.66 

cm. 
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Figure 5 Illustration of flight routes 

 

 

Table 2 Flight route of the Unmanned Aerial Vehicles (UAVs) 

Initial 

point 
Route 

Distance route in 

2D (cm) 
Route 

Distance route in 

3D (cm) 

A <0 - 6 - 1 - 2 - 3 - 5 

- 4 - 0> 

1082.11 <0 - 6 - 1 - 2 - 3 - 5 

- 4 - 0> 

1136.85 

B <0 - 3 - 5 - 4 - 6 - 1 

- 2 - 0> 

1046.97 <0 - 3 - 5 - 4 - 6 - 1 

- 2 - 0> 

1110.14 

C <0 - 6 - 4 - 5 - 3 - 2 

- 1 - 0> 

998.33 <0 - 4 - 5 - 3 - 2 - 1 

- 6 - 0> 

1133.66 

3.2. Ant Colony Optimization algorithm implementation on Crazyflie  

In order to further evaluate the performance of the ACO algorithm in the real world, we tested the 

ACO algorithm in a real experimentation environment. Figure 6 shows the specified area used for testing 

the UAVs in the Robotic Laboratory. The size of the area is 4 x 4 meters and the position of the nodes 

(points) to be visited by the UAV is adjusted based on the simulation setup as depicted in Figure 4. Each 

node that needs to be traversed by the UAV is marked with a pink coloured paper and a specific number 

in the experiment area (see Figure 6). 

Route A 

Route B 

Route C 
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Figure 6 Experimental setup for UAVs and algorithm testing 

 

Based on the optimal routes that we have obtained from the simulation results as described in 

Section 1.6, we tested the ACO algorithm with real Crazyflie UAVs. The Crazyflie UAV is programmed 

to traverse between nodes according to the three routes in Table 2. Each experiment was conducted by 

using the same Crazyflie. The experiment considered several factors as follows: (1) the travel time of 

the UAVs, (2) the difference between the position in the simulation and the actual position (we further 

refer this to position error). The parameters used to set up the Crazyswarm simulation environment are 

listed in Table 3.  

 

Table 3 Crazyswarm parameters 

Parameter Description Value 

CF_ID ID of the Crazyflie used [1] 

TAKEOFF_DURATION Length of time during which UAV performs command 3.0 

HOVER_DURATION Long UAV timeout after performing command 2.0 

MONITORING_DURATION The length of time UAVs monitor damaged sensors 3.0 

Z_pos Initial flying altitude target 0.5 

SCALE Size scale (meters) 1.0 

 

Table 4 shows the differences in the total tour distance that we have observed in 2D and 3D. We 

have also recorded the flight time in the experiment (see Table 4). For Route C, as there are two routes 

obtained, we take one sample route as a representative to record the flight time.  During the experiment, 

Route A spanned a total distance of 1136.85 cm and took 33.16 seconds to traverse, Route B spanned a 

distance of 1,10.14 cm and took 34.83 seconds to traverse, and Route C spanned a distance of 1133.66 

cm and took 32.20 seconds to traverse (see Table 4). It can be seen from Table 4 that the shortest total 

distance and the shortest fight time were obtained by employing Route C.  

Table 5 shows the error between the simulation data and the real flight data obtained from the 

experiment. It can be seen from Table 5 that the Crazyflie has successfully visited all nodes according 

to the given coordinates generated by the ACO algorithm.  On average, the position of the Crazyflie on 

the x-, y-, and z-axes has average error values of 0.02 meters, 0.03 meters, and 0.01 meters respectively. 

It is known that the accuracy of the Lighthouse localization system is within 2 to 4 cm range [33]. This 

aligns with our findings, where the observed error in the actual location compared to the expected 

setpoint falls within the 0.02 m range. Thus, we consider that the major influence for the error in our 

experiment is from the influence of the localization system. An alternative to improve the performance 

is to replace the localization system with higher accuracy, e.g., motion capture system. 
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Table 4 Distance differences in 2D and 3D 

Crazyflie Edge 
Distance in 2D 

(cm) 

Z-axis 

difference 

(cm) 

Distance in 3D 

(cm) 

Flight time 

(seconds) 

Route A 06 150.00 100.00 180.28 

33.16 

 61 161.55 0.00 161.55 

 12 192.09 70.00 204.45 

 23 150.00 40.00 155.24 

 35 212.13 20.00 213.07 

 54 108.17 20.00 110.00 

 40 108.17 30.00 112.25 

Total 1082.11  1136.85  

Route B 03 67.08 70.00 96.95 

34.83 

 35 212.13 20.00 213.07 

 54 108.17 20.00 110.00 

 46 152.97 70.00 168.23 

 61 161.55 0.00 161.55 

 12 192.09 70.00 204.45 

 20 152.97 30.00 155.88 

Total 1046.97  1110.14  

Route C 06 30.00 100.00 104.40 

Not tested 

 64 152.97 70.00 168.23 

 45 108.17 20.00 110.00 

 53 212.13 20.00 213.07 

 32 150.00 40.00 155.24 

 21 192.09 70.00 204.45 

 10 152.97 100.00 182.76 

Total 998.33  1138.15  

Route C 04 182.48 30.00 184.93 

32.20 

 45 108.17 20.00 110.00 

 53 212.13 20.00 213.07 

 32 150.00 40.00 155.24 

 21 192.09 70.00 204.45 

 16 161.55 0.00 161.55 

 60 30.00 100.00 104.40 

Total 1036.43  1133.66  
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Table 5 Testing result  

Route Coordinate 
Simulation Data Real Flight Data Error (in meter) 

x y z x Y z x y z 

Route A 

start 0.00 0.00 0.00 0.01 -0.01 0.00 -0.01 0.01 0.00 

hover 0.00 0.00 0.50 0.01 -0.01 0.47 -0.01 0.01 0.03 

6 -1.20 -0.90 1.00 -1.20 -0.91 1.03 0.00 0.01 -0.03 

1 0.30 -1.50 1.00 0.32 -1.53 1.00 -0.02 0.03 0.00 

2 1.50 0.00 0.30 1.50 -0.02 0.32 0.00 0.02 -0.02 

3 0.60 1.20 0.70 0.55 1.22 0.70 0.05 -0.02 0.00 

5 -1.50 1.50 0.50 -1.52 1.53 0.50 0.02 -0.03 0.00 

4 -0.90 0.60 0.30 -0.88 0.65 0.31 -0.02 -0.05 -0.01 

end 0.00 0.00 0.50 0.03 -0.02 0.50 -0.03 0.02 0.00 

landing 0.00 0.00 0.00 0.02 -0.03 0.00 -0.02 0.03 0.00 

Route B 

start 1.20 1.50 0.00 1.19 1.53 0.00 0.01 -0.03 0.00 

hover 1.20 1.50 0.50 1.21 1.50 0.52 -0.01 0.00 -0.02 

3 0.60 1.20 0.70 0.63 1.22 0.67 -0.03 -0.02 0.03 

5 -1.50 1.50 0.50 -1.48 1.50 0.54 -0.02 0.00 -0.04 

4 -0.90 0.60 0.30 -0.90 0.62 0.29 0.00 -0.02 0.01 

6 -1.20 -0.90 1.00 -1.16 -0.93 1.01 -0.04 0.03 -0.01 

1 0.30 -1.50 1.00 0.32 -1.49 1.00 -0.02 -0.01 0.00 

2 1.50 0.00 0.30 1.48 -0.02 0.31 0.02 0.02 -0.01 

end 1.20 1.50 0.50 1.21 1.50 0.50 -0.01 0.00 0.00 

landing 1.20 1.50 0.00 1.20 1.53 0.00 0.00 -0.03 0.00 

Route C 

start -1.20 -1.20 0.00 -1.21 -1.19 0.00 0.01 -0.01 0.00 

hover -1.20 -1.20 0.50 -1.20 -1.21 0.52 0.00 0.01 -0.02 

4 -0.90 0.60 0.30 -0.92 0.61 0.32 0.02 -0.01 -0.02 

5 -1.50 1.50 0.50 -1.48 1.52 0.53 -0.02 -0.02 -0.03 

3 0.60 1.20 0.70 0.63 1.20 0.69 -0.03 0.00 0.01 

2 1.50 0.00 0.30 1.51 0.02 0.30 -0.01 -0.02 0.00 

1 0.30 -1.50 1.00 0.30 -1.51 1.01 0.00 0.01 -0.01 

6 -1.20 -0.90 1.00 -1.21 -0.92 1.00 0.01 0.02 0.00 

end -1.20 -1.20 0.50 -1.20 -1.18 0.51 0.00 -0.02 -0.01 

landing -1.20 -1.20 0.00 -1.23 -1.15 0.00 0.03 -0.05 0.00 

 Error Average 0.02 0.02 0.01 
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4. Conclusion 

The research has achieved successful simulation of the Ant-Colony Optimization (ACO) algorithm, 

yielding optimal solutions for the Traveling Salesman Problem (TSP). The coordinate points, or 

waypoints, derived from this ACO simulation have been effectively implemented on the Crazyflie in a 

controlled environment. The implementation and subsequent flight tests of the Crazyflie were conducted 

utilizing Crazyswarm software and Crazyradio hardware. Experimental results showed that the 

Crazyflie quadcopter successfully flew to the coordinate points determined by the ACO algorithm, with 

mean error of 0.02 meters, 0.02 meters, and 0.01 meters on the x-, y- and z-axes respectively. These 

results implied that the configured UAV system can perform well within a low margin of error. 
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