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A B S T R A C T 

Finding collision-free paths and optimized path coverage over an agricultural landscape has 
been a critical research problem among scientists and researchers over the years. Key 
precision farming strategies such as seeding, spraying fertilizers, and harvesting require 
special path planning techniques for efficient operations and will directly influence reducing 
the running cost of the farm. The main objective of this research work is to generate an 
optimized sequential route in an agricultural landscape with the nominal distance. In this 
proposed work, a novel Hybrid Dragonfly – Cuckoo Search algorithm is proposed and 
implemented to generate the sequential route for achieving spraying applications in 
greenhouse environments. Here the agricultural routing problem is expressed as a Travelling 
Salesman Problem, and the simulations are performed to find the effectiveness of the 
proposed algorithm. The proposed algorithm has generated better results when compared with 
other computational techniques such as PSO in terms of both solution quality and 
computational efficiency. 
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Introduction 

Agriculture has been the backbone of the economy for 

many countries over the years. Governments and industries 

have tried to impose several engineering advancements to 

improve the productivity of the crops and simultaneously 

reduce the running costs. Though several researchers have 

worked in agricultural robotics, very few commercial 

solutions exist in the market. The technological revolution has 

assisted in implementing modern equipment and pieces of 

machinery of farming lands to automate and improve 

production quality. 
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More recently, autonomous agricultural robots with 

specific applications are being employed in rural lands to 

perform tasks like sowing seeds, spraying fertilizers, 

inspection & weed removal, cultivation, plucking fruits, etc. 

Several existing agricultural robots utilize a predefined 

waypoint in the farming fields to perform the tasks mentioned 

above. But the real world needs a much more optimized way 

of performing tasks to save time and money. 

D. Reiser et al. [1] have designed and developed a four-

wheeled agricultural robot that employs a navigation system 

by gathering data from several wireless sensor nodes 

scattered across a vineyard. To ascertain the sensor node 

location, it exploited a predetermined direction path within 

vineyard sections. The signal strength is then analyzed and 
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mapped to generate a new way for the autonomous vehicle 

using the acquired and georeferenced data. This strategy 

necessitated considering the vineyard's nodes to calculate the 

best path with the least travel time. 

W. Neungmatcha et al. [2] have proposed a PSO-based 

routing solution to the sugarcane harvester robot. The authors 

have converted the sugarcane harvesting routing problem into 

a Travelling Salesman Problem and have tried to minimize the 

travelling distance and time. Mai et al. [21] have attempted 

to utilize the Ant Colony Optimization algorithm to solve the 

potato cultivation problem. Several other searching 

techniques such as Genetic Algorithms [19][32], Artificial 

Potential Fields [27], Dijkstra search [18], Dynamic window 

approach [24], Tabu Search [3], A* [14], RRT [11], and D* [17] 

algorithms are widely used to solve the point-to-point path 

planning problems in agricultural fields. Several pieces of 

research also support the use of probabilistic-based methods 

for solving path planning problems of farming robots [16] [17]. 

Numerous modifications and hybridizations have been 

made to the conventional algorithms to improve their 

efficiency [33-39]. For solving single-objective functions, 

traditional algorithms have worked better and generated 

efficient results. But in the case of multi-objective 

optimization, hybrid optimization algorithms have developed 

high-quality products [40-49]. Though hybrid algorithms 

developed better quality solutions, they always have suffered 

from higher computational complexities and higher 

computation time when compared with conventional 

algorithms.  

Novelty 

This research work proposes implementing a hybrid DA-

CS algorithm to solve the path planning problem in 

agricultural robots. Here agricultural routing problem is 

converted into a Travelling Salesman Problem, and the 

proposed algorithm is used to minimize the total distance of 

the route to be travelled [50-58]. One key novelty of this 

approach is that the TSP routes are represented using 

directed graphs in the earlier studies. Still, in this research 

work, those directed graphs are replaced with actual ways 

generated by probabilistic roadmaps. The performance of the 

proposed algorithm is based on the parameters such as 

Distance Travelled, Computational Time, and Convergence 

Time [59-64]. An attempt is made to employ the Hybrid 

Dragonfly - Cuckoo Search algorithm for solving path planning 

in agricultural robots, which is also entirely novel. 

 

Problem Explanation 

Pesticide application is critical in farming to maintain 

crop growth, and the autonomous vehicle should reach the 

specified plant in the shortest possible distance. Generally, 

the autonomous vehicle follows the plant rows as it moves. 

On the other hand, other farm contexts split the row into 

numerous portions to locate shortcuts for the autonomous 

vehicle path. The use of such row separating to compensate 

for shortcuts can be seen in Figure 1. 

 

 
Figure 1. Sample Plants placement with shortcuts 

 

Sections 1 and 2 were separated into two portions based 

on the diagram in Figure 1. The row-based travelling strategy 

proved ineffective in reducing the path length because 

alternatives and transit within rows were accessible. The 

optimization technique is being used to address the 

autonomous vehicle routing problem for sprinkling activities 

to reduce the agricultural autonomous vehicle path length. 

The approach for solving the autonomous vehicle routing 

problem is depicted in Figure 2. In Figure 2, the procedure 

starts with the plant points being initialized, and then a 

stochastic map is used to design the course. Following that, 

the total distance travelled objective functions are 

determined, and the objective functions are optimized using 

the proposed Hybrid DA-CS algorithm. 

The planter will inspect and detect the disease-affected 

plants to start the crop point. One typical example is that 

"Camellia sinensis" is a common disease in tea plantations. If 

left untreated, the quality of the tea leaves will highly 

degrade and will lead to a considerable loss. The affected 

region should be sprayed with a pesticide to prevent the 

infection from spreading in the air.  As a result, an 

autonomous vehicle is deployed to administer the pesticide 

because the deadly quality of the compounds might pose a 

considerable hazard to the human and environment. 

Trajectory planning challenges for autonomous vehicles can 

be solved using stochastic roadmaps. 
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Figure 2. Process Flowchart 

 

Environment Modelling 

The simulation environment in this work was created by 

mimicking observations from a tea plantation. An 

environment was modelled and simulated in the Matlab & 

Simulink animation environment and is shown in Figure 3. A 

boolean occupancy grid was generated based on the aerial 

view of the model to discriminate the barriers and space 

across the landscape.  A sample occupancy grid map is shown 

in Figure 4, in which the light region represents open space, 

and the dark area describes barriers, which includes the 

plants that must be handled. Then the entire boolean 

occupancy grid will be encoded as an (x,y) coordinate pair so 

that the distance between two points can be calculated using 

Euclidean distancing. The coordinate's numbers were sorted 

and labelled according to the row succession and shown in 

Figure. The red dot indicates the goal location (node) that the 

autonomous vehicle must visit. Depending on a produced 

trajectory from the stochastic algorithm, the distance 

covered between the series of nodes is determined. As a 

result, a stochastic roadmap is employed to design a path that 

avoids any barriers. 

 

 

 

 
Figure 3. Sample Plantation Environment 

 

 
Figure 4. Boolean Occupancy Grid Map 
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A compilation of nodes and edges make up the binary 

occupancy grid map. The plant target location should be 

included in the sprinkling procedure, as indicated by the node 

in the maps. The paths generated using stochastic roadmaps 

across each destination are represented by the edges of a 

binary occupancy grid. For the optimization process, just one 

test fitness function, namely total distance travelled, was 

addressed in this research work and expressed as, 

𝑓(𝑥) = min{∑ 𝑑𝑖𝑗𝑖,𝑗∈𝐴𝑖𝑗
}                                         (1) 

The limitation is phrased as following for the sake of this 

experiment: 

𝑥(1) =  𝑥(𝑒𝑛𝑑) =  1                                             (2) 

The limitation is trailing beginning from node one and 

returning to node one after the task is completed. The end 

expression denotes the path's last sequence in the created 

route. 

 

Proposed Algorithm 

Dragonfly Algorithm 

The Dragonfly Algorithm (DA) is based on dragonflies' 

static and dynamic swarming movements, which symbolize 

the exploratory and exploitative stages of metaheuristic 

optimization. Five elementary characteristics of insect 

swarming, such as separation, alignment, cohesiveness, 

attraction to the food supply, and a distraction from 

adversaries, were used to imitate dragonfly characteristics. 

These five critical variables significantly impact dragonfly 

behaviour, and their associated equations are listed below. 

 

𝑆(𝑖) =  − ∑ 𝑌 − 𝑌(𝑗)
𝑁
𝑗=1             (3) 

𝐴(𝑖) =  
∑ 𝑌(𝑗)

𝑁
𝑗=1

𝑁
                       (4) 

𝐶(𝑖) =  
∑ 𝑌(𝑗)

𝑁
𝑗=1

𝑁
− 𝑌                  (5) 

𝐹𝑖 =  𝑌+ −  𝑌                         (6) 

𝐸𝑖 =  𝑌− +  𝑌                         (7) 

The exploratory and exploitative stages of the 

optimization are determined by s, a,c,f,e. Reduced cohesion 

and significant alignment factors are utilized during the 

exploring stage. During the exploitative stage, large 

cohesiveness and reduced alignment factors are also used. 

Levy flights are used to enhance stochastic behaviour in the 

exploration phase. These two vectors' primary formulae are 

listed here.  

∆𝑌(𝑡+1) = (𝑠 ∗ 𝑆(𝑖) + 𝑎 ∗ 𝐴(𝑖) + 𝑐 ∗ 𝐶(𝑖) + 𝑓 ∗ 𝐹(𝑖) + 𝑒 ∗ 𝐸(𝑖)) +  𝑤 ∗

∆𝑌(𝑡)          (8) 

𝑌(𝑡+1) =  𝑌(𝑡) + ∆𝑌(𝑡+1)   (9) 

The process begins by generating a random population of 

individuals. Dragonfly placements and step vectors are 

determined at random. The method repeats the following 

stages in each iteration until the termination requirement is 

met. To begin, each person in the population is assessed using 

a fitness function. The significant coefficients are then 

updated. Finally, Eqs. (3)–(7) are used to update the 

separation (S), alignment (A), and cohesion (C), as well as the 

food source (F) and enemy (E) (5). Finally, Eqs. (8) and (9) are 

used to update the step vectors and position accordingly. 

Eventually, the best solution that has been discovered thus 

far is presented. 

 

Cuckoo Search Algorithm 

The Cuckoo Search (CS) algorithm was motivated by some 

cuckoo species' reproductive habits of releasing their eggs in 

the nests of other species. If the host bird realizes that the 

eggs in their nests do not pertain to them, the foreign eggs 

are either removed from the perch or discarded. The 

survivability and production of cuckoo breeds are greatly 

improved as a result of this. The following are the rules for 

CS algorithms: 

• Every cuckoo only deposits one egg at a time in a nest 

that is picked arbitrarily. 

• The high-quality egg nests will be passed on to the 

upcoming generation. 

• With a certain degree of chance, a host bird will find 

an alien egg. The host bird will either throw the egg 

or quit the nest in such instances. 

The following equation is used to produce a new solution 

𝑋(𝑡+1), for a cuckoo I, by a levy flight: 

𝑋𝑖
𝑡+1 =  𝑋𝑖

𝑡+ ∝⊕ 𝑙𝑒𝑣𝑦 (⋋)   (10) 

where ∝ is the step size and ⊕ is the entry-wise product 

operator. 

 

Hybrid Dragonfly - Cuckoo Search Algorithm 

A new hybrid algorithm is suggested by merging the 

Dragonfly algorithm's unique traits with the cuckoo search 

method. Because it uses the Levy flight to augment the 

stochastic behaviour in the searching process, DA is good at 

exploration. DA, on the other hand, takes far too long to find 

the best option. CS, on the other hand, has a high level of 

global convergence capability. By combining the excellent 

exploration of DA with the good convergence capabilities of 

CS, the hybrid DA-CS algorithm was suggested to solve these 

challenges. 

The Dragonfly-Cuckoo Algorithm (DA-CS) integrates the 

recursive swarming actions of Dragonflies with the CS 

algorithm's worst nest replacement technique. Three 

idealized Cuckoo Search algorithm criteria are defined, and 

the last criterion of eliminating the most flawed candidates is 

then applied to the Dragonfly method. The DA-CS algorithm 

follows the steps below to get the best answer. 

1. To begin, the algorithm generates a random 

beginning population. 

2. The step and location vectors for dragonflies are 

generated at random. 

3. The algorithm repeats the four actions in each 

iteration until the end requirement is met. 

• An objective function is used to assess each 

element in the population. 

• Find the local best, global best, and worst-

performing dragonflies and rank them. 

• Update your food supply and enemy information. 

• The significant coefficients like w, s, a, c, f, and 

e are updated. 
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• Compute the separation (S), alignment (A), and 

cohesion (C), as well as the food source (F) and 

enemy (E). 

• Updating the radius of neighbours. 

1. If the dragonfly has at minimum one in adjoining 

radius, use equations to adjust step and position 

vectors; otherwise, use Levy flights to change step 

and position vectors. 

2. Depending on the variable bounds, double-check and 

correct the new placements. 

3. A fraction pa of the worst-performing particle is 

picked after each iteration in terms of the fitness 

function. The chosen particles should be discarded, 

and new ones created randomly inside the search 

space should be used in their stead.  

4. Last but not least, the best answer identified thus far 

is returned.  

5. Repeat steps 1–8 until all of the termination 

conditions have been met. 

 

Results and Discussion 

A performance comparison between the proposed Hybrid 

DA-CS and the PSO was undertaken based on convergence 

time, computational time, and solution quality. Several 

iterations between multiple nodes are simulated to identify 

the shortest path were made, and found that the proposed 

Hybrid DA-CS algorithm performs better in all parameters. 

 

Table 1. Simulation Results 

Sl. 
No 

Traversing Nodes 
(N) 

Algorithm 
Name 

Path Length 
(m)  

The iteration at Convergence 
(no's) 

Obstacle 
Avoidance 

Target 
Reached 

1.  N12 – N4 Hybrid DA-CS 39.12 35 Yes Yes 

2.  N12 – N4 PSO 42.44 43 Yes Yes 

3.  N15 – N2 Hybrid DA-CS 36.34 30 Yes Yes 

4.  N15 – N2 PSO 38.25 37 Yes Yes 

5.  N11 – N5 Hybrid DA-CS 33.64 30 Yes Yes 

6.  N11 – N5 PSO 35.28 33 Yes Yes 

7.  N9 – N8 Hybrid DA-CS 30.87 29 Yes Yes 

8.  N9 – N8 PSO 32.54 31 Yes Yes 

9.  N9 – N13 Hybrid DA-CS 42.14 42 Yes Yes 

10.  N9 – N13 PSO 45.69 48 Yes Yes 

11.  N14 – N5 Hybrid DA-CS 50.49 51 Yes Yes 

12.  N14 – N5 PSO 52.76 57 Yes Yes 

 

With a total distance of 38.26 m, the Proposed Hybrid    

DA-CS algorithm with a reinforced memory for 

exploitation produced a more excellent optimal solution than 

the conventional PSO, which had a total distance of 41.22 m, 

as shown in Fig. 5. In the perspective of convergence time 

depending on iterations, the Proposed Hybrid DA-CS 

converged faster at the 32nd iteration, while the PSO 

converged at the 44th iteration. According to numerical 

simulations, using the Proposed Hybrid DA-CS method to 

determine an agricultural autonomous vehicle navigation 

issue takes 16 seconds longer than using the PSO. But 

considering the vital objective as accuracy, the difference in 

time can be considered negligible. Here the improvement in 

the path length from the proposed hybrid DA-CS algorithm is 

due to the excellent exploration feature of the Dragonfly 

algorithm along with the exploitation features of the cuckoo 

search algorithm. 

 

 
Figure 5. Paths generated by PSO & Proposed algorithm in a Boolean Occupancy Grid Map 
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Conclusion & Future Work 

The efficiency of the proposed Hybrid                                         

DA-CS algorithm was implemented in this article to tackle a 

single-objective agricultural mobile robot routing issue. The 

travelling salesman problem, which is extensively utilized in 

combinatorial optimization, was used to create the navigation 

issue. Convergence time, solution quality, and computing 

time were all factors in the evaluation. When the Hybrid           

DA-CS was used to solve the agricultural mobile robot routing 

problem, it performed better and discovered the best solution 

for distance travelled and computing time. 

In this work, only one mobile robot with a single objective 

function was taken into consideration. In the near future, the 

result may be extended to multiple robots with multiple 

objective functions.  
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