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Abstract—The trend of drone applications in recent years has begun to 
change. The application of Drone or UAV (Unmanned Vehicle) brings flexibility 
in those areas that are difficult to reach or manage. The use of drones enables the 
structure of a semi-autonomous system, where workers in the performance of 
many tasks can be replaced by drones, affecting time savings and flexibility at 
work. This research proposes an efficient algorithm that can be applied to drones 
to transport materials into the indoor environment. This algorithm optimizes the 
time and reduces power consumption when sharing and completing tasks be-
tween different drones. In this research, the results will be achieved based on the 
"Earliest Time Algorithm". We have modified this algorithm, where we have 
managed to get much better results in terms of saving time while performing var-
ious tasks from the drone. It achieves by changing the logic of the impact of 
weight on the lifetime of the drone battery from linear to dynamic. Also, we have 
implemented the possibility of a partial charge of the drone battery. The experi-
ments are performed in a test environment for various tasks performed by the 
drone. In this case, the impact of weight on algorithm performance as well as the 
impact of partial charging on time optimization in performing various tasks from 
the drone will be tested. The performance of the algorithm is tested and analyzed 
for three different types of drone tasks depending on the weight the drone carries. 
The results achieved with our algorithm are compared with the results of the ex-
isting algorithm. 
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1 Introduction 

In recent years, information technology has undergone rapid development in all as-
pects. Rapid evolution in the last decade in drone technology also can be seen. A drone, 
also known as unmanned aerial vehicle (UAV), is an aircraft without a human pilot on 
board [1]. Drones technology is rapidly growing while drone solutions are being pro-
posed at faster rates as various needs arise [2]. The use of drones today can be encoun-
tered in many fields, as various search-rescue missions, logistics, surveillance of critical 
areas, border surveillance, relay communications, combat purposes, etc. [3], [4], [5]. 
Also, drones are suitable and effective in intervening in surveillance of areas that may 
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be at high risk for activities by humans. Initially, drones were applied only for military 
purposes. However, recently things have changed, and now the use of drones can be 
seen in many activities [6] in real life. The application of drones for many activities is 
characterized by many problems. If drones are applied to perform indoor activities, tra-
jectory planning, drones flight time, indoor environmental barriers, etc., are required. 
Therefore, based on the fact that drones use low-cost technology, drones for indoor 
activities in offices, hospitals, schools, factories, warehouses, greenhouses, etc., can be 
used. The drones can be equipped with high-resolution cameras and various sensors to 
monitor the different [7] civilian and military environments. The use of drones for mil-
itary purposes today is an integral part of military doctrine. The application of drones 
as a part of military doctrine by the authorities in patrolling the state borderline, moni-
toring battlefields, etc., are used. In this case, images from specific areas can be taken 
by drones and sent to the military command [8], [9]. Also, drones can be very flexible 
to transport various goods and materials to indoor environments from one position to 
another. How many loads a drone can carry depends on several factors. Among the 
most impressive factors are engine size, drone weight, battery, etc. If drones for outdoor 
environments are intended, then atmospheric conditions must be considered. The at-
mospheric conditions will have a direct effect on the performance of drones. However, 
the purpose of this research is not to address the impact of atmospheric conditions on 
drone performance. One of the main factors is the drone battery which always seems to 
have enough capacity to meet the drone requirements. Without batteries, drones would 
not be able to perform the tasks assigned to them. We will propose an algorithm that 
will affect the saving of energy spent while performing tasks by drones. Other relevant 
characteristics of a drone are its size and weight [10]. However, in addition to the weight 
that must carry drones, they must also have a stable frame, which will use to hold the 
weight. Figure 1 shows a drone with a weight that transports. 

 
Fig. 1. View of a drone carrying a weight 

The application of drones in the transportation of various things would increase ef-
ficiency at work. In particular, it would shorten the time to complete a specific activity, 
as well as be able to replace workers in many activities. Thus, the use of drones would 
help people and facilitate their daily chores. However, the application of drones indoors 
is characterized by several challenges. Among the main challenges is the definition of 
the trajectory [11] or the distance between the positions inside the objects, the precision 
of controlling the movement of drones, the schedule of tasks, etc. In this paper, we will 
have addressed these challenges, and we have managed to provide concrete solutions 
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that have influenced the optimization of drone performance. To increase the efficiency 
of drones during the completion of specific tasks, we have specified the schedule be-
tween drones. However, in this case, in addition to defining the drone schedule and 
scheduling tasks, other challenges have been addressed as recharging time, the neces-
sary waiting time to start performing separate tasks, etc.  

2 Literature review  

In recent decades, drones have attracted the interest of many researchers. Also, can 
be found today some algorithms designed for application in the field of drones. Espe-
cially these algorithms are focused on addressing the problems of the application of 
drones in outdoor and indoor environments. In this section, we will present some of the 
research published by other authors, where are addressed the different problems with 
which is characterize the application of drones in the indoor environment.  

In [12], the authors have provided a comprehensive review of drone technologies in 
the indoor environments and mining industry that are applied. In this article, the authors 
present a detailed overview of the different types of drones, their technical specifica-
tions, and the specific field of their application. Also, this research addresses the chal-
lenges that characterize the application of various drones in indoor environments, such 
as underground mines. The authors have listed challenges the environment without be-
ing covered by GPS, lack of wireless signal, limited operating environment, the con-
centration of dust and gases, and harsh environment. At the end of the article, the au-
thors propose as the best solution the use of encased drones to resist environmental 
barriers in underground mining environments.  

In [13], the authors have proposed a hierarchical strategy of assigning tasks to dif-
ferent drones for carrying weights for search-and-rescue purposes. The authors propose 
an algorithm that breaks down the assignment of drone tasks into a small scale. It will 
effectively reduce the amount of computation required and the cost of communication 
with the center of communication. 

In [14], the authors present a detailed study on several UAV systems and Unmanned 
Aerial Vehicle (UAV) planning systems. In this study, the authors have concentrated 
the main focus on system planning as an essential component for the operation of mul-
tiple UAVs in the indoor environment. The authors have proposed a system for the 
application of UAVs in indoor environments as and proposed a concrete architecture 
of the operation of UAVs in an indoor environment and the schedule of their applica-
tion. The study of these authors serves as a reference guide for the use effective of 
UAVs in the indoor environment.  

In [15], the authors have proposed a system of drones for indoor application. How-
ever, the authors, to accurately control and positioning UAVs, have introduced a math-
ematical model. In this article, also the authors a heuristic algorithm for assigning UAV 
tasks have proposed. In this case, the authors have used full recharging of drones to 
complete the tasks. To find the solution within a shorter time, the authors have proposed 
that the heuristic algorithm with the PSO algorithm be combined.  
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In this paper, the authors have addressed many aspects of drones and have achieved 
impressive results. However, in this research, the authors did not address the view of 
partial recharging and the impact of weight during transport on drone battery life. In 
our research, we have addressed how partial recharge and weight influence will affect 
drone performance. The partial recharging and weight impact have been addressed and 
analyzed for the use of drones in an indoor environment. Our analysis and research are 
based on the "Earliest Available Time Algorithm" logic of the algorithm. At the same 
time, we have modified the algorithm and the results achieved are impressive. The 
achieved results, their analysis, and comparison are presented in the results section. 

3 Methodology  

In this section, we will present the methodology used to modify the "Earliest Avail-
able Time Algorithm" algorithm. The first thing we make differently from the earlier 
algorithm we add the variable gram(g) and the type of drone task variable. Next, we 
have added the impact of weight on the drone battery life and the option of partial re-
charging the drone battery, which the previous algorithm did not have. Therefore, we 
will consider three types of tasks that drones can perform. Task data used in the exper-
iment are created based on several test flights performed in an indoor environment. The 
task types will be the same for both algorithms. However, in our algorithm, we have 
added the weight of material that the drone can transport from one place to another, and 
we have analyzed the impact that weight will have on the drone battery life. Therefore, 
additional tasks have been added to our research to be completed by the drone. Then, 
the results obtained by applying our modified algorithm will be compared with the re-
sults of the unmodified algorithm. In this case, it should be noted that we have not used 
any combination of our algorithm with any PSO algorithm. The comparison of the re-
sults will be presented in the results section. The tasks to be completed by the drone are 
presented in Table 1. In Table 1 [14], there are three types of tasks: (1) simple control, 
(2) composite control, and (3) material transporting task. A simple control task includes 
flying a drone to an appointed position and capture an image of the point from a camera 
integrated into the drone. A composite control task includes several inspections, namely 
multiple points of interest, found around a fixed position and capture images from a 
camera integrated into the drone. The task of transporting the material includes picking 
up the material, flying to the point of release of the material, and releasing the material. 

Table 1.  Tasks that drones can perform 

N0. Type Drones action Description 

1 Simple control Control Control a specific position and capture image 
of point. 

2 Composite Control Controls Control some points around a fixed position 
and capture images of points. 

3 Material transporting Pickup-Flight-Release Transport material from a point to another 
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After defining the tasks that the drone will perform, in Table 2 are presented the 
experimental results. The results presented in Table 2 show how the weight transported 
by the drone affects the battery lifetime of the drone. 

Table 2.  Impact of different weights on the results of the drone experiment  

Weight(g) Battery (s) 
0 546.6 
16 514.6 
28 490.6 
36 474.6 

 
From these experimental data, it can see that the battery lifetime of the drone reduc-

ing by twice the weight that it carries. If we note with g the weight carried by the drone 
and b its battery, then the lifetime of the drone calculates by the equation (1): 

 2* ( )Lifetime b g l= −  (1) 

Based on the tasks presented in Table 1, we have calculated the time required to 
complete each task by drone. Table 3 shows the time needed to perform each task by 
drone for the unmodified algorithm. In this case, within the proportional load level, the 
drone has a constant flight speed and battery consumption rate. The maximum time a 
drone can fly in this experiment is 1200 seconds. While the full drone battery charge 
time, if the battery level is at 0 value, is 2700 seconds. In this case, it takes 2.25 seconds 
to charge the drone (if the drone battery is at zero) for 1 second of drone flight. So in 
this case it is not taken into consideration how it will affect the time efficiency if the 
drone battery is not complete at 0% of its energy. 

Table 3 shows that the drone to complete the first task (simple control) needs a time 
(20-80)s. To perform the second task time required is (100-200)s. The execution time, 
as we can see is fixed, to complete the first and second tasks by the drone. As for the 
third task, the drone must complete several steps, which affect the calculation of the 
time for the completion of the third task by the drone. The necessary steps that the drone 
takes to complete the task are picking up the material, flying to transport the material, 
and releasing the material. The time required is 30 seconds for each takeoff and landing 
of the material (30s + 30s = 60s), while the drone flight time varies according to the 
positions of origin and destination. 

Table 3.  Task types and execution time for the unmodified algorithm  

Type Execution time 
Simple control (20-80)s 
Composite Control (100-200)s 
Material transporting 60s + Flight time(s) 

 
From Table 3, we can see the time of takeoff and landing the weight for the third 

type of drone task in the old algorithm is 60s, regardless of the weight held by the drone. 
In our algorithm, we have changed this concept. We changed the algorithm, where we 
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directly calculated the impact of weight size on the time it takes the drone to take off 
and land the weight. It will directly affect the reducing time to complete the given task 
if the drone does not transport heavyweights. Table 4 shows the types of drone tasks 
and the execution time for our algorithm. 

Table 4.  Task types and execution time for the new algorithm  

Type Execution time 
Simple control (20-80)s 
Composite Control (100-200)s 
Material transporting Weight (g) + Flight time(s) 

 
From Table 4, we see that the time for the first two tasks is the same as that of the 

old algorithm, while the time required to complete the third task depends on the weight 
that the drone carries.  

Also, we have added the possibility of partially recharging the drone battery. Re-
spectively, in this case, we have checked each time the drone battery charge status. If a 
drone cannot perform a specific task due to a low battery level, in this case, we do not 
expect the drone battery to go to level 0, but we immediately send it for recharging. 
Another thing we have also changed in this research is the drone charging time. The 
drone charging time earlier for the full charge was the 2700s. Whereas if we apply 
formula (2), the drone charge time varies depending on how much battery the drone 
still has. If we denote by x the percentage of battery that the drone has and t how long 
it takes for the drone to charge that the drone can fly for 1 second, then we have: 

 
2700 %

1200
s x

t
s
−

=  (2) 

Where: 

• the 2700s is the time a drone needs to be charged to reach the time needed for the 
drone to be able to fly 1200s or 20 minutes. This time of 2700s is when the drone 
has a 0% battery value.  

• the 1200s is the maximum time that a drone can fly; 
• x is the available percentage of the drone battery when it is sent for charging. 
• t is the time required for charging that the drone needs depending on the % of the 

battery. So, t represents the time required per second. Respectively, the time it takes 
the battery to charge so that the drone can fly for 1 second. 

For example, if 5% of the drone battery is without consumption when sent to charg-
ing, the time required for full charge would be 2565 s instead of the 2700s it was before. 
It will shorten the charging time and affect the time efficiency. This result is achieved: 
if the drone battery level is only 5%, then t is 2.1375 seconds. So t is the time it takes 
to charge the drone battery that to be able to fly for a second. Therefore, to achieve the 
necessary charge that the drone needs to fly for 1200 seconds, a 2565 second charge is 
needed.  
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As we have mentioned, in our algorithm, we constantly check the charging status of 
the drone battery. If a drone cannot perform a specific task due to a low battery level, 
in this case, we never expect the drone to go to level 0, but we send it immediately for 
recharging. 

4 Pseudocode and architecture of drones operation 

In this section, we will introduce and analyze pseudocode and some of the main 
methods of our modified algorithm. However, first, we have presented the designed 
indoor environment where the drones will operate (Figure 2). In Figure 2, we can see 
multiple drones at different points performing type 1, 2, and 3 tasks, two drone recharge 
positions, multiple monitoring wireless sensors, a drone control server, and so on. Wire-
less sensor networks (WSN) consist of grouping sensor nodes together to cooperate and 
collect data from a specific environment [16], [17]. 

Then, inside the indoor environment, all the drones are projected, correct their posi-
tions, and the trajectories of the drone movement. Furthermore, to avoid collisions be-
tween drones and obstacles during operations, the structure of the environment where 
the drones will operate is covered with sensors. Sensors enable drones to avoid barriers 
during their operations through data collected from the monitoring environment. The 
information collected through a system is administered that informs all drones of any 
events that may have happened. If any sudden collision occurs, the management system 
is informed immediately. The system then sent the message to the drones and forced 
them to stop their flight immediately. The system then reschedules flight schedules for 
the drones immediately. Also, we have determined the time needed to move a drone 
from one point to another and the tasks that drones must perform. 

 
Fig. 2. Architecture of drone operation in an internal environment 
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Since we now have a better overview of the internal environment view and the cor-
responding positions, we can move on to the next step in the analysis of our algorithm. 
The pseudocode of our modified algorithm is presented in Algorithm 1. 

Algorithm 1: Pseudocode of the modified Earliest Avail-
able Time Algorithm 
Data Input: sequence of tasks, sequence of drones, se-

quence of positions and trajectory of positions 
Data Output: sequence of drones with Schedule 
1: for each task in sequence do 
2:  sp ← task.getStartPosition 
3:  ep ← task.getEndPosition 
4:  pos_at ← getPositionAvailableTime (sp,ep) 
5:  pred ←←getPredecessorsCompletionTime (task) 
6:   task_at ← max(pos_at, pred) 
7:    task_type ← task.getType() 
8:   for each uav in uavs do 
9:    uav_rt ← getUavReadyTime(uav) 
10:    cp ← getUavCurrentPosition 
11:    r ← getTimetoNearestRecharge(cp) 
12:     if uav.getBattery() = r then 
13:       uav.recharge(r) 
14:       cptosp ← trajectory(cp,sp) 
15:      if type = 3 then 
16:       sptoep ← trajectory(sp,ep) 
17:       g ← task.getg() 
18:      end if 
19:     end if 
20:     expTime ← getTempExecTime (sptoep, 

task,procTime, uav_rt, g,cptosp) 
21:     mt ← getMaxExecTime(exp, getTimeToNeare-

stRecharge(sp)) 
22:     if uav.battery <= mt then 
23:      if uav.battery < 1200 then 
24:       exp ← mt 
25:        rTime ← getEarliestRecharge(cp,sp) 
26:       uav.recharge(rTime) 
27:       exp←execAfterRecharge(exp) 
28:      endif 
29:     endif 
30:     candidates.add(uav, exp-uav_rt) 
32:   earliestdrone ← uavWithEarliestStart (candi-

dates) 
33:   putInSchedule(earliestdrone, task, exp, g) 
34:   setCP (earliestdrone, ep) 
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35:   setAvailableTime (sp, earliestdrone) 
36:   setAvailableTime (ep, earliestdrone) 
37: endfor 

As input, we have all the positions, drones, tasks, and trajectories or time we need to 
move a drone from one point to another that we have used to create the indoor environ-
ment.  

As output, we will have a sequence of drones where each will have a work schedule 
and tasks that it must complete. We first create a loop that will help us that to define all 
tasks drones. Then, the starting and ending positions of the drones for performing their 
tasks are defined. For the start and end positions for drone tasks, we look at what time 
those positions will be vacant by other drones using the getPositionAvailableTime 
method presented in Algorithm 1. The getPositionAvailableTime method tells the max-
imum time at which the start and end positions will be free and returns the required 
time to wait. Then we have the getPredecessorsCompletionTime method, which returns 
the required time to wait if drones have other preliminary tasks to be completed.  

The getPredecessorsCompletionTime method asks if the task has a predecessor. If it 
has, then it will calculate the time when the last predecessor completes its tasks.  

The getUavReadyTime method returns the working time given to the drone, after 
which the drone will be ready to start the next task we are currently thinking of per-
forming. Then, we model the time required to reach the nearest refuelling station from 
the current drone position. In this case, if the drone battery is the same as the time it 
takes to get to the nearest recharging station, we send the drone for recharging imme-
diately.  

In the 15th line of algorithm 1, we check if we have any type three task, i.e. for 
material transfer. If we have a type three task, we determine the variable g or the weight 
of material that the drone will carry and the distance from the start position to the end 
position. If it is not a type three task, we send the value 0 to the weight that will not 
affect our calculations. Also, we will send the value 0 for the distance from the start 
position to the end position. Whereas, in type one and two tasks, the time it takes the 
drone to pass this distance is added to the processing time.  

The getTempExecTime method of the modelled shows a summary of the time 
needed for all the tasks that the drone will be ready to start completing. The getMaxEx-
ecTime method returns the maximum of the execution time we found earlier and the 
shortest time from the start position to the recharge position. If this time is greater than 
the remaining battery capacity or even if the battery is smaller than 1200s, in this case, 
the drone cannot take the current task. We then calculate the time that takes the drone 
to go and return from the nearest recharge point. We have calculated this time through 
the getEarliestRecharge method. Also, through this method, we have calculated the 
waiting time of the drone if the recharge point is occupied by another. Then, once the 
recharge point is empty, it immediately sends the drone to recharge. 

The other modelled method is execAfterRecharge which requires time calculated by 
the getEarliestRecharge method and adds time to the execution time. If the drone bat-
tery level has not dropped to 0 yet, this method, which uses the formula (2), calculates 
how much time the drone needs for fully recharged. Once we have recharged the drone, 
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the drone is placed in a sequence of potential candidates to take over and complete the 
task that will be assigned to that drone according to a schedule. The selection is made 
by the uavWithEarliestStart modelled method, which selects the drone that had the 
shortest execution time. To the selected drone, we then assign the assigned task accord-
ing to the schedule through the putInSchedule modelled method. This method initiates 
the addToSchedule drone method, which sets the drone task on schedule, adds the exp 
time to work time and battery consumption based on formula (1). Drone battery con-
sumption is calculated by the removeBattery method. The following methods in Algo-
rithm 1 make the drone change position by placing it in the end position. These methods 
also calculate the time of use of the start and end positions by the drone. The time 
calculation is done after the drone completes the task.  

In both the old algorithm and the new algorithm, the number of loops in the main 
algorithm has not changed. Also, we can conclude that the time complexity in both the 
old and new algorithm is n2. 

5 Results and discussions  

In this section, we have presented the results achieved by testing our proposed algo-
rithm. 

First, we designed the indoor environment in which the drones will operate. The 
indoor environment where the drones operate is simulated using Unity 3D software. 
Unity 3D is a cross-platform game engine developed by Unity Technologies. Then the 
data regarding the tasks that drones can perform are presented in Table 5.  

Table 5.  The tasks data  

ID Start Position End Position Processing time(s) Precedents 
1 E F 243 - 
2 C C 245 - 
3 D A 719 - 
4 E B 550 1 
5 C C 235 2 
6 D D 241 2 
7 A E 478 4 
8 B E 304 4,5 
9 E E 395 7 
10 C F 344 6,8 
11 F F 270 10 
12 A D 514 3,6 

 
From Table 5, we can see that for each drone task, we have: initial position, final 

position, processing time in seconds, and precedents. Table 6 presents the trajectory 
data positions. From Table 6, we can see the time required for the drone to change its 
position. Also, in Table 6, we can see all the trajectory data positions, where 2 of them 
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are recharge positions named R1 and R2. Positions R1 and R2 are the points where 
drones can be recharged, depending on the need. 

Table 6.  The trajectories data  

From /to A B C D E F R1 R2 
A 0s 108s 131s 222s 376s 353s 40s 160s 
B 108s 0s 120s 241s 347s 371s 60s 160s 
C 131s 120s 0s 127s 228s 254s 60s 60s 
D 222s 241s 127s 0s 116s 122s 160s 40s 
E 376s 347s 228s 116s 0s 123s 260s 60s 
F 353s 371s 254s 122s 123s 0s 260s 60s 
R1 40s 60s 60s 160s 260s 260s 0s 120s 
R2 160s 160s 60s 40s 660s 60s 120s 0s 

 
To complete the information needed to design our algorithm, we assume we have 

three drones called dron1, dron2 and, dron3 with positions R1, R1, and R2 or at their 
starting points in the recharge positions. First, we assume that the drones are fully 
charged and ready to starting work with a maximum battery. Table 7 shows all the data 
related to these drones. 

Table 7.  Drone data  

ID Drone name Position Battery(s) Battery(m) 
1 drone1 R1 1200 60 
2 drone2 R1 1200 60 
3 drone3 R2 1200 60 

 
Based on the data presented in Tables 1 to 7, we have designed our algorithm affect-

ing the improvement of the performance of the existing algorithm. By modifying the 
old algorithm based on the data we presented, we have achieved significantly better 
results, saving time for tasks performed by drones. The results achieved we compared 
the new algorithm with the existing algorithm. Figure 3 shows the comparison between 
these two algorithms for performing seven different tasks.  

From Figure 3, we can see that the required time to complete all tasks by the new 
algorithm is significantly shorter if we compare it to the time of the old algorithm used. 
Also, from Figure 3, we can see that the drone to complete seven types one tasks using 
the old algorithm took a time of 4361s while using the new algorithm took a time of 
3954s. So our algorithm has impacted on saving time of 407s to complete seven tasks 
of type one. From Figure 3, we see that our algorithm is more efficient in terms of the 
time required to perform tasks from the drone if we compare it to the existing algorithm. 
Our algorithm has an average of 58 seconds for performing one of the seven given 
tasks, while the existing algorithm has an average of 623 seconds for performing a task. 
We will test the performance of our algorithm by experimenting with the number of 
tasks that we will be given to the drone to finish them. Depending on the number of 
tasks to be given to the drone, we will measure the time it takes the drone to complete 
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them and see how this time varies as the number of tasks increments. Figure 4 shows 
the time required depending on the number of tasks given for our algorithm and old 
algorithm.  

 
Fig. 3. Comparison of the performance time of 7 tasks with the old and new algorithm 

Initially, we start with seven tasks of type one, and the time required is the time that 
we have shown in Figure 3. Then we continue to increment the number of drone tasks 
per one. The number of tasks will continue to increment per one until 12 tasks. This is 
the maximum number of tasks for which we have tested the performance of drones 
through the application of our algorithm. 

From Figure 4, we can see that it may happen that the number of drone tasks does 
not affect the time to complete all tasks (Case shown in Figure 4, 8 Tasks and 9 Tasks). 
This can be because a specific drone can be free to complete a new task even though 
an old task has not yet been completed by that drone. In this case, a drone should not 
wait to complete all the given tasks to start a new task if there is a drone available that 
is willing to take on this task and if the positions are free to use from the drone. How-
ever, this does not happen in the old algorithm, where each task takes a certain amount 
of time. The time spent using our algorithm is significantly less for completing tasks 
compared to the old algorithm (Figure 4). The time improvement on type 1 and 2 tasks 
occurs because our algorithm does not need to wait for its battery to go to zero to charge. 
It affects the shortening of the time required for charging depending on the amount 
(percentage) of available battery. Respectively, it will affect the optimization of the 
time it takes the drone to complete various tasks, thus enabling the completion of tasks 
by the drone at a more optimal time. 
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Fig. 4. Change the execution time depending on the number of tasks 

In Figure 3, we present the results achieved from the experiments performed, de-
pending on the number of tasks assigned to the drone. The experiments were performed 
for type one and two tasks. We will now continue to test the efficiency of the algorithm 
depending on the weight the drone carries. We will also test how weight affects drone 
battery life. To test the impact of weight on drone battery life, we continue to increase 
the weight the drone carries. To address the effect of weight, during experimentation, 
we applied third type tasks. In other words, we have analyzed the impact of different 
weights of material to be carried by the drone on the drone battery life. Table 3 presents 
the tasks of the type 3 drone used in this research. The experiments are performed for 
different weights such as 0g, 10g, 50g, 80g, and 150g. Figure 5 presents the results 
obtained from the experiment depending on the weights carried by the drone. In this 
case, we analyze how in the same drone tasks, the change in the weight of the material 
carried by the drone effects and what effect this will have on the drone battery lifetime. 

Based on the results presented in Figure 5 and considering formula (1), we can see 
that the impact of weight on the battery lifetime reducing of the drone is about by twice 
the load that it carries. Unlike the existing algorithm, where the battery consumption 
for each weight was 60 seconds + flight time, in the case of our algorithm, this time 
varies depending on the weight carried by the drone. So, the reduction of the drone 
battery in our algorithm is the flight time without load plus the reduction of the battery 
depending on the weight that the drone carries. It affects, in this case, not to spend the 
same amount of drone battery when transporting light weights and when transporting 
heavyweights. It enables us to save drone battery in cases where we have lightweight 
transfers, unlike the existing algorithm where this was 60 seconds. From the results 
presented in Figure 5, we can see that if the weight carried by the drone is 10g, the 
battery consumption is only 23s + flight time. The battery consumption is 99s + flight 
time if the weight is 50g, the battery consumption is 162s + flight time for 80g, and the 
consumption is 303s + flight time for 150g. From this, we can see that we save drone 
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battery consumption if carrying light weights, and battery consumption varies depend-
ing on the load the drone transports. This applied method offers a quantitative improve-
ment of the time spent by the drone to complete the task depending on the load it carries, 
not implementing a linear time regardless of the payload it carries, which time was 60 
seconds. 

 

Fig. 5. Comparison of drone battery to the same tasks of the third type with the difference of 
material weight 

6 Conclusion 

Considering several different factors influencing the results, we have concluded that 
our algorithm performs way faster than the “Earliest Available Time”. The efficiency 
of our algorithm can be observed in shortening the time the drone requires to complete 
the given tasks and in the energy spent to complete these tasks. This algorithm enables 
drones to spend significantly less energy while performing tasks that directly impact 
the lifetime of the drone battery. Results are achieved, by considering the weight of the 
drone it will carry, if the task is of the transport material, and the possibility of partial 
recharge. Based on all the experiments and results we have obtained from our algo-
rithm; we can conclude that we have achieved very satisfactory results. Therefore, we 
believe that our algorithm will be necessary and helpful for application in drone tech-
nology.  
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