
Ivan Kristianto Singgih. Agricultural Drone Zoning and Deployment Strategy with Multiple...| 66 

 

 

 

 

 

 

 

Agricultural Drone Zoning and Deployment Strategy 

with Multiple Flights Considering Takeoff Point 

Reach Distance Minimization 

Ivan Kristianto Singgih 

Quantum Machine Learning Laboratory, School of Industrial Management Engineering, Korea University, Seoul, Republic of Korea. 

*Corresponding Email: 1ivanksinggih@gmail.com 

 

A B S T R A C T S  A R T I C L E   I N F O 

In the agricultural sector, drones are used to spray 
chemicals for the plants. A lawn mowing movement 
pattern is one of the widely used methods when 
deploying the drones because of its simplicity. A route 
planner determines some pre-set routes before making 
the drones to fly based on them. Each drone flight is 
limited by its battery level or level of spray liquids. To 
efficiently complete the spraying task, multiple drones 
need to be deployed simultaneously. In this study, we 
study a multiple drone zoning and deployment strategy 
that minimizes the cost to set up equipment at the 
takeoff points, e.g., between flights. We propose a 
method to set the flight starting points and directions 
appropriately, given various target areas to cover. This 
is the first study that discusses the spraying drone 
zoning and deployment plan while minimizing the 
number of takeoff points, which plays an important role 
in reducing the drone set up and deployment costs. The 
suggested procedure helps drone route planners to 
generate good routes within a short time. The generated 
routes could be used by the planner for their chemical 
spraying activity and could be used as initial input for 
their design, which can be improved with the planners’ 
experience. Our study shows that when generating an 
efficient route, we must consider the number of flight 
area levels, directions of the drone movements, the 
number of U-turns of the drones, and the start points of 
the drone flights.  
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1. INTRODUCTION 

Drones is one of the most emerging 
technologies in Industry 4.0 era 
(Fernández-Caramés et al., 2019). They 
are used in various fields, including post-
disaster observation (Singgih et al., 2020), 
last-mile delivery (Moadab et al., 2022), 
inspection (Nguyen et al., 2018), medical 
treatment (Pulver and Wei, 2018), etc. In 
agricultural field, drones are used for 
various purposes, including vegetation 
segmentation (Su et al., 2021), soil 
mapping, disease monitoring, estimating 
crop yield (Maddikunta et al., 2021), 
cultivation planning (Kakamoukas et al., 
2022), etc. In contrast to manual work, 
using drones allows us to perform high- 
precision work within a short time. Such 
great precision is enabled Internet of 
Things and big data technology (Patrik et 
al., 2019; Sordan et al., 2022). Although 
the drone technology must still need to be 
supported with the establishment of 
internet connectivity for farmers to 
ensure the effective implementation of 
the technology (Mehrabi et al., 2021), 
currently, there is a quick development of 
the drone technology itself (Santangeli et 
al., 2020). In this study, we focus on 
drones that are used to spray chemicals 
on a large area (Figure 1). Before using the 
drones to spray chemicals on the plants, a 
drone route plan (Figure 2) is required 
(Hobby Hangar, 2022).  

To assess the novelty of our study, we 
conducted a literature review as follows. 
We start with (Chung et al. 2020). A drone 
routing problem can be classified into 
routing through target points and routing 
through target areas. In the first 
classification, the drones must visit all 
given target points (Coutinho et al., 2018; 
Gu et al., 2020), e.g., to conduct item 
delivery or observation from such points, 
while in the latter classification, the 

drones need to cover all target areas, e.g., 
when spraying chemicals on a target 
agriculture field (Faiçal et al., 2017). Our 
studied problem is classified as the latter 
one; thus, we review studies listed in 
Table 4 (drone routing problems with 
area coverage classification) from (Chung 
et al. 2020), specifically the ones marked 
with AG (agriculture) as the application 
area. To ensure that we cover papers 
published after (Chung et al. 2020), we 
also searched for papers citing (Chung et 
al. 2020). Among a total of 24 papers from 
both sources, we found five related 
papers to be compared with ours. The 
reasons for excluding other studies are 
because they study target point visiting 
problems or focus on the non-agriculture 
fields (e.g., traffic monitoring and 
delivery system). Comparisons between 
our study and those five related papers 
are presented in Table 1. Based on our 
knowledge, our study is the first one that 
considers drone zoning and routing 
when using multiple flights for 
agricultural purposes while minimizing 
the number of takeoff points.  

The drones’ lawn moving is a 
sweeping movement (Otto et al., 2018; 
Avellar et al., 2015). Such movements 
could be differentiated into (1) 
movements parallel to the longest side of 
the area and (2) movements 
perpendicular to the longest side of the 
area, as shown in Figure 3. Such lawn 
moving is preferred when the target 
search area is large, in contrast to spiral 
movement (Cabreira et al., 2019). Having 
such a simple movement pattern allows 
the planner to route the drones easily 
while ensuring high effectiveness in the 
drones’ movement. Our study focuses on 
proposing a certain simple movement to 
assist the route planner with their manual 
routing procedure. Also, our proposed 
movement strategy could be used as a 
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built-in route suggestion from the routing 
application that would be provided to the 
route planners for editing and approval. 
Given such a simple yet effective 
movement pattern, it would be easily 
understood by the route planners 
allowing them to conduct a better route 
optimization.  

Our study differs from previous 
studies by proposing a simple lawn 
moving pattern that considers the 
distances between each end point of a 
travel with the start point of the next 
travel (take off point). Such consideration 
is important because the drones would 
need their battery and chemical container 
to be replaced before continuing their 
next travel (Kim and Lim, 2018; Qin et a., 
2021; Jorge et al., 2021). Minimizing the 
distances between take-off points 
minimizes the time required by the 
workers to pre-place the battery and 
chemical container replacements; thus, it 
significantly reduces the operational time 
and, in the end, reduces the cost and 
increases the benefit when using the 
drones. 

 

Figure 1. Chemical spraying drone 

Source: Ahmed et al. (2021) 

 

Figure 2. A pre-set drone route for 
chemical spraying on an agricultural 

area 

Source: Hobby Hangar (2022) 

Table 1. Comparison with Previous Studies 

 

 

Characteristics 

Drone 

Flight 

Routing 

Direction(s) 

Details 

on 

Routes 

Routing Objective(s) 

Moon and Shim 

(2009) 
Multiple Complex Exist Completion time 

Barrientos et al. 

(2011) 
Multiple Complex Exist Completion time 

Avellar et al. 

(2015) 
Multiple 

Lawn mowing 

(1 direction) 
Exist Completion time 

Barna et al. (2019) Single 
Lawn mowing 

(1 direction) 
Exist 

Captured photo 

quality 
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Tu et al. (2020) Multiple 

Lawn mowing 

(1 direction), 

grid 

Not 

exist 

Captured photo 

quality 

Our study Multiple 
Lawn mowing 

(2 directions) 
Exist 

Completion time, 

number of takeoff 

points 

 

 

 

            (a) parallel to the longest side                     (b) perpendicular to the longest side  
Figure 3. Two types of lawn moving patterns of the drones 

 

When solving routing problems, 
various solution approaches could be 
used, e.g., mathematical models, exact 
heuristics, metaheuristics, simulation, 
and rule-based methods (Amarat and 
Zong, 2019; Erdelić and Carić, 2019; 
Moghdani et al., 2021). Lately, machine 
learning-based methods are also 
proposed by Arnold and (Sörensen, 2019) 
and Zhao, et al. 2021). Earlier methods 
(e.g., exact methods) produce better 
solution quality but require more 
computational effort. In contrast, rule-
based methods are straightforward and 
can be applied more easily. Development 
of such rule-based methods is common 
for solving various combinatorial 
optimization problems, e.g., project 
scheduling (Chakrabortty et al., 2020), job 
dispatching (Ðurasević and Jakobović, 
2020), and machine scheduling (Gil-Gala 
et al., 2019). Related to our problem, we 
develop a rule-based approach to provide 
drone route planners with the necessary 

insights for manually designing the 
routes. 

The structure of the whole paper is 
presented as follows: Section 2 explains 
the proposed routing procedure. Section 
3 presents the numerical experiments and 
discussions. Finally, Section 4 concludes 
the study. 

2. METHOD 

When operating the drones, we need 

to ensure real drone characteristics, e.g., 

the limitations on flight range (Otto et al., 

2018) and limitations on weight to carry 

(Macrina et al., 2020). To ensure each 

drone to completes its tasks, we need to 

set up some locations within the working 

area of the drone with the equipment 

necessary to conduct the battery charging 

and chemical refuelling or replacement. 

When any drone requires a temporary 

landing, the required equipment must be 
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ready. Please note that after the landing, 

the drones would take off again after the 

landing to continue the spraying process. 

Therefore, we call the temporary landing 

points as take-off points as well. To 

ensure the readiness of the equipment, it 

is straightforward to minimize the 

distances between the take-off points. 

Such a distance minimization can also be 

found in truck routing problems in a 

truck-drone collaborative parcel delivery 

system (Wang et al., 2019). Such a take-off 

point distance minimization is equivalent 

to reducing the number of take-off points, 

which reduces the effort to transport and 

prepare the equipment for the landing 

drones.  

Our proposed drone zoning and 

deployment procedure is described in 

Algorithm 1. 

 

Algorithm 1. Drone zoning and 

deployment procedure 

1: Calculate the number of required drone 

flights:  

" #_of_drone_flights=" ⌊"total grid area/max 

covered grid area per drone" ⌋ 

2: Determine alternatives of identical 

drone flight area dimensions (length and 

width), which cover the whole spraying 

area 

3: Define the possible drone flight start 

and end positions simultaneously while 

minimizing the total distances from the 

drone take-off points 

4: Finalize the best drone deployment 

plan 

The end points for each drone 

movement are determined based on the 

size of the target area and the movement 

direction of the drones, as shown in 

Figure 3. As shown in Figure 3(a), when 

the number of U-turns of a drone is even, 

the drone travel will end at on the exact 

opposite side of the starting point. 

Meanwhile, when the number of U-turns 

of the drone is odd (Figure 3(b)), the 

drone travel will end at on the same side 

with as the starting point. Considering 

such a movement rule, we need to 

determine the movement direction of the 

drones based on the size of the target 

area. It will significantly affect the 

positions of the take-off points and 

determine the number of the take-off 

points. In general, minimizing the 

number of U-turns is preferred because 

travelling through the U-turn area causes 

a longer movement time due to the 

required deceleration and acceleration 

movements. However, allowing a decent 

number of U-turns should be acceptable, 

considering that making such decisions 

could reduce the number of take-off 

points. Please refer to the next section for 

examples and further analysis. 

 

3. RESULT AND DISSCUSION 
For the numerical experiment, we 

consider two problem instances. Instance 
1 considers a 200-grid area with 10 grid x 
20 grid dimensions, while Instance 2 
considers a 180-grid area with 15 grid x 12 
grid dimensions. For Instances 1 and 2, 
the max grid area covered by a drone 
flight are 20 and 30 grid area, 
respectively. Considering various 
movement rules, we generate five and 
three drone deployment plans for 
Instances 1 and 2, as shown in Figures 4 
and 5, respectively. We observe the drone 
flight area/drone movements on 
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horizontal and vertical 
locations/directions for simplicity. Please 
note that we refer to the horizontal or 
vertical directions when observing the 
target area from the top view. The results 
are produced using Algorithm 1. In Step 
1, it is straightforward to determine the 
number of flights based on the drone’s 
limited flight time, which is determined 
by the limited battery or carried chemical. 
In Step 2, we define the same-shaped 
flight area for the drones. Currently, we 
consider the same shape to extract basic 
drone deployment and routing rules 
easily. To observe various routing 
alternatives in Steps 3 and 4, we test 
various drone movement strategies, e.g., 
(1) horizontal or vertical-directed 
movements and (2) starting points at the 
outer side or inner side of the target area. 

For a drone flight, the start point, and 
end point are labeled as “S” and “E”, 
respectively. A “takeoff point” consists of 

a maximum of 4 landing and takeoff 
points that are placed adjacently because 
we can place the equipment (recharged 
battery and refuel chemical tanks) in the 
center of those points. From this part of 
the manuscript, we will call each location 
as “a takeoff point”. We exclude the first 
start point and the last end point from the 
calculation for the number of takeoff 
points because we assume that each 
drone is ready with all required 
equipment when starting its first flight 
and at the end of its last flight, we do not 
need to rush with the drone last pickup 
process. As an example, in Figure 4(a), 
there are five takeoff points as follows: 
takeoff point 1 (E1, S2, E9, S10), takeoff 
point 2 (E2, S3, E8, S9), takeoff point 3 (E3, 
S4, E7, S8), takeoff point 4 (E4, S5, E6, S7), 
and takeoff point 5 (E5, S6). Different 
background colors for each takeoff point 
group are used to clearly present the 
results.

 

 

(a) even horizontal flight area, vertical flight, odd U-turns, 5 takeoff points (BEST) 
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(b) even horizontal flight area, vertical flight, odd U-turns, 9 takeoff points 

 
(c) even horizontal flight area, horizontal flight, even U-turns, 7 takeoff points 

 
(d) odd horizontal flight area, horizontal flight, odd U-turns, 5 takeoff points 
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(e) even horizontal flight area, horizontal flight, no U-turns, 9 takeoff points 

Figure 4. Drone deployment alternatives for Instances 1 

 

 

(a) odd horizontal flight area, vertical flight, odd U-turns, 5 takeoff points 
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(b) odd horizontal flight area, vertical flight, odd U-turns, 5 takeoff points 
 

 

(c) odd horizontal flight area, horizontal flight, even U-turns, 4 takeoff points (BEST) 
Figure 5. Drone deployment alternatives for Instances 2 

 

The best routing alternatives (that 

reduces the number of take-off points) for 

Instances 1 and 2 are shown in Figures 

4(a) and 5(c), respectively. Based on our 

observation, we conclude that a 

minimum number of take-off points can 

be produced by: 

(1) Generating an even number of flight 

area levels, then ensuring that the 

take-off points are grouped in the 
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middle of each adjacent two levels, as 

shown by Figure 4(a), which has two 

horizontal flight area levels. The take-

off points can be accumulated in the 

middle of both horizontal levels 

because the number of U-turns is odd 

(which makes the drones return to 

the same middle side of the target 

area). 

(2) Generating an odd number of flight 

area levels, then setting the drones’ 

perpendicular movements from 

those levels, as shown by Figure 5(c), 

which has three horizontal flight area 

levels and a horizontal drone flight 

movement. In this example, the 

number of U-turns is even. If the 

number of U-turns is odd, then we 

would follow the same routing 

solution structure shown in Figure 

4(a) by starting the drone movements 

from the middle part of two adjacent 

vertical flight area.  

In addition to the findings above, we 

also conclude that no U-turns do not 

minimize the number of take-off points 

because the start and end points are not 

adjacently placed. The findings in this 

study can be used as a good reference for 

drone flight planners when they 

predefine the flight routes (Ma et al., 

2019).  

4. CONCLUSION 

We study a multiple drone zoning and 

deployment problem. Our proposed 

method includes dividing the target area 

into zones, then determining detailed 

drone movement directions to minimize 

the effort of preparing battery and 

refueling chemicals for drones at the end 

of each flight. Some useful insights are 

listed to be used as recommendations for 

drone flight planners. For future research 

topics, we suggest allowing different 

drone flight area sizes to increase the 

flexibility of the drone movements and 

the effort for the equipment preparation.
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