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Abstract. Drone technology is rapidly advancing in the field of robotics automa-
tion engineering. One of the main purposes of designing robots is to eliminate
the risks associated with hazardous work that requires human involvement. The
objective of this paper is to create an autonomous agricultural drone that uses
a drone guidance system to selectively fertilize, weed, plough, sow seeds, plant
saplings, water plants, and spray insecticides and pesticides. This is accomplished
using a conventional controller that search for the optimal solution in the field.
In recent years, the use of drones has become increasingly popular in the field of
agriculture due to their potential for enhancing crop management and productiv-
ity. One of the most important applications of drones in agriculture is their ability
to fertilize crops, which requires precise and accurate movements to ensure the
effective distribution of fertilizers. The results of the study demonstrate that the
automatic controller can effectively regulate the drone’s movements, leading to
more precise and efficient fertilization.The results are carried out for assessing the
effectiveness of an automatic controller for the fertilization on agriculture drones.

Keywords: Autonomous Agricultural drone · plant saplings · water the plants
and spray insecticides and fertilization

1 Introduction

A general concept for a field crops robotic machine is to selectively fertilizer easily weed
the desired drone of agriculture such as to plough the field, saw the seeds, plantsaplings,
water the plants and spray insecticides and fertilizer. It uses several particles (agents)
that constitute a swarm moving around in the search space, to perform for the best
solution [1].This proposed technology seeks to evaluate the effectiveness of an auto-
matic controller for fertilization on agriculture drones [2].The proposed controller will
be assessed using a drone guidance system and a swarm of particles, to determine its
accuracy and efficiency under different environmental conditions [3].The study’s find-
ings will provide valuable insights into the potential advantages of automatic controllers
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Fig. 1. Block diagram ofthedrone of agriculture

for agriculture drones, leading to more efficient and effective farming practices as shown
in Fig. 1[3]-[5].

2 Scope of the Research Objective

The study will focus on determining the accuracy and efficiency of the proposed con-
troller under varying environmental conditions, including wind and other factors that
may influence the drone’s movements during fertilization.

The objective concentrates on the specific domain of agricultural drone technology
and its potential to improve fertilization processes, specifically through the application of
an automatic controller. Automatic controllers can help address this issue by regulating
the drone’s movements to ensure optimal fertilization.

3 The Mathematical Model of the Desired Robot of Agriculture

The problem of designing a multi-objective agricultural drone can be formulated as
an attempt to minimize all objectives, assuming that such a formulation is generally
applicable in the formation of state model as shown in Eq. (1) as input [6]-[7]. Therefore,
Z, h, g are vector functionsis the number of objectives mn1 and mn2 are inequality and
inequality constraints, respectively.

min Z(x) =
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Differential Evolution (DE) is a type of evolutionary algorithm proposed by Storn
and Price for optimization of problems in a continuous domain. is used for solving a
problem[8]. The main motivation of this approach is to adapt the search steps as follows
and obtain the with Eq. (1).

4 Proposed Methodology

1. Generate a set of particles (agents) in a uniformly distributed manner across a given
domain X.

2. Evaluate the fitness of each particle’s position based on an objective function as
given Y, such as the one provided below as relation X and Y for Z in Eq. (2).

Z = f (x, y) + sin(x) + sin(y) + sin(x ∗ y) (2)

3. If a particle’s current position is superior to its previous best position, update the
particle’s record.

4. Determine the best particle based on the particle’s best position from previous
iterations to quickly controller.

5. Update the velocities of each gain in accordance with a set of Eq. (3) paramenters
that take into account the drone position, velocity, and best known position[9]-[12].

u(t) = Kpet(t) + Ki
∫

et(t)dt + Kddet/dt (3)

6. Move drone to their new positions by u(t).
7. Go to step 2 until the stopping criteria are satisfied.
To enhance the efficiency of a conventional controlled system, the Eq. (3) gains of

the system are modified to optimize a specific performance index based on the response
of the system, as illustrated in Fig. 2[13]. This performance index is calculated over a
specified time interval T, typically within the settling time of the system, where 0 ≤ T
≤ t. The performance indices utilized in this study are described in Fig. 3[14].

The MATLAB algorithm toolbox was used to design and simulate the system.
optimization process [15]-[20]. The optimization process utilized scattered crossover

and selection based on stochastic uniform, with migration direction of velocity
implemented in both directions of agriculture drone [21].

Fig. 2. The drone poor responsewithout controller
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Fig. 3. (a) & (b): Design of Controller to drone system

5 Experimental Results

Implementation of conventional controller for evolution algorithm using Multi—Objec-
tive Optimization is done successfully as shown in Fig. 4.

Fig. 4. Implementation of the controller with drone system
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Fig. 6. (a) & (b): Response of the controller with drone system which tuned parameters

Simulation is carried out inMATLAB software to compare the performance between
Ziegler-Nicholas method based on desired gain controller with other optimized methods
[22], System response is shown in Fig. 6. Which shows the outcome of the table below
displaysthe transient and steady state parameters in the form of motion of the drone [23].

The proposed proposes an optimized method for tuning the PID controller param-
eters, which is more efficient than the traditional Ziegler Nichols tuning method. Sim-
ulation results demonstrate that this approach results in lower overshoot, rise time, and
settling time compared to the Ziegler Nichols method as shown in Fig. 6 [25]-[30].
Moreover, the use of genetic algorithms in tuning the PID controller has been shown
to be effective in achieving desirable transient and steady-state response parameters, as
presented in Table1[31]-[32].

Table 1. Performance index of the controller response based on proposed methodology.

Tuning Method MP(%) TP(Sec) TR(Sec) TS(Sec)

ZN Method 62.87 1.21 0.40 8.39

Modified 48.87 1.65 0.63 7.13

GA-ITAE as fitness 29.6 0.6 0.265 1.63
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6 Conclusion

In order to eliminate the risks associated with dangerous work by the findings of impor-
tant insights into the potential benefits of using automatic controllers for agriculture
drones and their possible impact on farming practice.Ithas evaluated an algorithm that
adjusts the parameters of a drone-based route controller to account for changes in wind
intensity and direction, as well as other factors that can impact the controller’s per-
formance. Based on the results obtained from Fig. 2 and Fig. 6, there is a noticeable
difference between the performance of the controller with andwithout the algorithm.The
performance of an evaluate the effectiveness of an automatic controller for fertilization
on agriculture drones. The results indicate that the automatic controller can successfully
regulate the drone’s movement, resulting in more accurate and efficient fertilization.
The benefits of using automatic controllers in agriculture drones, which can enhance the
precision and efficiency of crop management processes. The use of drones in agriculture
has gained significant momentum, and the application of automatic controllers can fur-
ther improve farming practicesand contribute to the development of new technologies
for crop management and productivity improvement.
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