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Swarm drone systems require reliable real-time control to ensure smooth
coordination, stable formation transitions, and synchronized motion among
multiple unmanned aerial vehicles. However, many existing swarm control studies
focus on static formations or predefined trajectories, with limited attention to
smooth formation transitions and real-time performance, particularly for low-cost
and educational platforms. This study presents the implementation of a real-time
swarm drone formation control system using Firebase Realtime Database and an
Android-based control interface developed with MIT App Inventor, integrated with
the Robot Operating System (ROS) and the Gazebo simulation environment. To
improve motion smoothness during formation changes, an interpolation-based
motion control approach is applied to generate intermediate waypoints between
target positions. The proposed system is evaluated through simulation using five
UAVs performing line, triangle, circle, star, and dynamic formation sequences.
Simulation results indicate a real-time response delay of approximately 0.4-0.6
seconds and stable hover performance within +0.05 m at an altitude of 3.5 meters
during formation transitions. These results demonstrate that the interpolation-based
approach effectively enhances formation smoothness and synchronization in a
cloud-integrated swarm drone system, providing a practical and low-cost reference
for educational and early-stage swarm drone research.

This is an open access article under the CC-BY-SA license.

I. INTRODUCTION

The development of swarm drone systems has gained
significant attention due to their potential applications in
surveillance, environmental monitoring, and collaborative
robotic research[1], [2], [3]. Swarm drones rely on
coordinated motion among multiple agents, where each
drone must be able to maintain formation, avoid collisions,
and respond to control commands in real time[4], [5]. One
of the main challenges in swarm control lies in achieving
smooth formation transitions while maintaining system
stability and synchronization among drones[6], [7], [8].

Several previous studies have explored swarm drone
control using centralized or decentralized architectures, as
well as mobile-based interfaces and cloud communication

platforms[9], [10], [11], [12]. However, many existing
works primarily focus on static formations or predefined
paths, with limited attention given to smooth transitions
between formations[6], [13], [14]. In addition, real-time
performance issues such as response delay, synchronization
accuracy, and hover stability are often not analyzed in
detail[4], [15]. These limitations become more critical when
swarm control is implemented using low-cost platforms
intended for educational or experimental purposes.
Cloud-based control  approaches offer practical
advantages for swarm drone research, particularly in terms
of accessibility, scalability, and cost efficiency[11], [16]. By
utilizing cloud services such as Firebase Realtime Database,
control commands can be transmitted with minimal
infrastructure requirements while enabling real-time
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interaction between user interfaces and robotic systems[11],
[12]. This approach is especially suitable for educational
environments, where researchers and students require
flexible and affordable solutions without relying on
expensive ground control stations or proprietary systems.

In this research, Firebase Realtime Database is
integrated with an Android-based control interface
developed using MIT App Inventor. This combination
allows users to send formation commands intuitively
through a mobile application, which are then processed by a
ROS-based control node. Although similar combinations of
mobile interfaces, cloud communication, and ROS-based
control have been explored in previous studies, most of
these works primarily focus on basic command execution or
static formation control. In contrast, this research
emphasizes the implementation of interpolation-based
motion control to explicitly address smooth formation
transitions and motion stability during dynamic formation
changes, which are often insufficiently discussed in existing
studies.

The Gazebo simulator is used as the experimental
environment in this study due to its ability to provide a safe,
repeatable, and controlled testing platform for multi-drone
systems[17], [18]. Simulation-based testing allows the
evaluation of swarm behavior without the risks associated
with real-world flight, such as hardware damage or safety
concerns. Moreover, Gazebo enables detailed observation of
formation transitions, response delays, and hover stability
under consistent conditions, making it suitable for
validating swarm control algorithms[19], [20]. In addition,
the use of Gazebo allows controlled evaluation of formation
transition behavior and system responsiveness under
consistent conditions, making it suitable for early-stage
validation of swarm control approaches.

This study evaluates five swarm formations, namely
line, triangle, circle, star, and a dynamic formation
sequence. The dynamic formation consists of a continuous
transition through multiple sub-formations, designed to
demonstrate the effectiveness of interpolation-based control
in handling complex motion patterns. Interpolation is
applied to generate intermediate waypoints between
formations, ensuring gradual position changes and
preventing abrupt movements that could lead to instability
or collisions[6], [21], [22], [23].

Previous studies published in the Journal of Applied
Informatics and Computing (JAIC) have demonstrated
practical UAV control implementations, including gimbal
stabilization systems and gesture-based interaction
mechanisms for multi-UAV applications[24], [25].

Despite the growing use of cloud-based interfaces and
mobile applications in swarm drone research, there remains
a lack of studies that explicitly focus on smooth and stable
formation transitions under real-time control, particularly in
low-cost and educational platforms. Most existing works do
not systematically evaluate interpolation-based motion

control during dynamic formation changes, nor do they
provide detailed analysis of response delay, hover stability,
and transition consistency in multi-drone scenarios. This
research addresses these gaps by focusing on interpolation-
driven formation transitions within a cloud-integrated swarm
control framework, validated through systematic simulation-
based testing.

The main contribution of this research lies in the
implementation and evaluation of a cloud-integrated swarm
drone control framework combined with interpolation-based
motion control in a simulation environment. The proposed
system demonstrates smooth formation transitions, stable
hover performance, and consistent response behavior during
real-time operation. By focusing on motion smoothness,
system simplicity, and real-time responsiveness, this work
provides a practical and low-cost reference for educational
and early-stage swarm drone research using open-source
tools. Based on this motivation, the proposed system
architecture, control logic, interpolation method, and
evaluation scenarios are described in the following
methodology section.

I1. METHOD

This research employs a simulation-based methodology
to design and evaluate a real-time swarm drone formation
control system[17], [18]. The system integrates an Android-
based interface developed using MIT App Inventor, Firebase
Realtime Database as a cloud communication layer, and a
Python-based ROS control node within the Gazebo
simulation environment[19], [20], [26]. This approach is
designed to support low-latency command transmission,
smooth formation transitions, and stable multi-drone
coordination during simulation-based evaluation.

A. System Architecture

The proposed system architecture is designed to enable
real-time swarm drone formation control using a cloud-
based communication framework. The overall system
consists of three main components: an Android-based
control interface developed using MIT App Inventor,
Firebase Realtime Database as the cloud communication
layer, and a ROS-based swarm control system running in the
Gazebo simulation environment. The overall system
architecture is illustrated in Figure 1.

The MIT App Inventor application serves as the user
interface, allowing users to send formation commands
intuitively through predefined buttons. Each command is
transmitted to Firebase Realtime Database, which acts as a
lightweight cloud mediator between the mobile application
and the robotic system. Firebase is selected due to its real-
time data synchronization capability, low configuration
complexity, and suitability for educational and experimental
applications.

On the robotic side, a ROS node continuously monitors
changes in the Firebase database and translates incoming
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commands into swarm control instructions. These
instructions are processed using interpolation-based motion
control, where target positions for each drone are generated
gradually to ensure smooth transitions between formations.
This approach helps maintain synchronization among
drones while preventing abrupt movements that could lead
to instability or collisions.

On the robotic side, a ROS node continuously monitors
changes in the Firebase database and translates incoming
commands into swarm control instructions. These
instructions are processed using interpolation-based motion
control, where target positions for each drone are generated
gradually to ensure smooth transitions between formations.
This approach helps maintain synchronization among
drones while preventing abrupt movements that could lead
to instability or collisions.

Mabile Application
(MIT App Inventor)
Formation & Flight Commands

v

[ Firebase Realtme Database ]

Cloud-Basod Communication
Layer

'

[ ROS Control Node (Python) ]

Interpolation-Based Swarm
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Environment
FAulti-LAN Formation Fxecution

Figure 1. System architecture of the proposed real-time swarm drone
formation control using MIT App Inventor, Firebase Realtime Database,
ROS-based interpolation control, and Gazebo simulation environment.

B. System Control Logic (Pseudocode Representation)

The system control logic is designed to manage real-
time swarm drone behavior based on user commands issued
through a mobile interface. Control commands are
generated using an Android application developed with
MIT App Inventor and transmitted to the system via
Firebase Realtime Database. Firebase functions as a cloud-
based communication layer that enables low-latency data
synchronization between the user interface and the ROS-
based control system.

Each command received from Firebase is continuously
monitored by a ROS control node. The node interprets the
command value and determines the corresponding swarm
action, such as takeoff, landing, or formation change. This
event-driven mechanism ensures that control actions are

executed only when a command update is detected, thereby
reducing unnecessary computation and maintaining system
responsiveness.

The control logic separates high-level decision-making
from low-level motion execution. High-level commands
define the desired swarm state, including the selected
formation pattern, while the detailed movement of each
individual drone is handled through interpolation-based
position updates. This modular separation allows the system
to maintain stability, synchronization, and smooth transitions
during dynamic formation changes.

To ensure safe operation, the control logic enforces a
fixed hover altitude of 3.5 meters during all formation
maneuvers. Takeoff and landing commands are treated as
special cases due to their significant vertical displacement,
requiring gradual thrust adjustment and stabilization before
and after horizontal movement. This design minimizes
abrupt motion and reduces the risk of instability or inter-
drone collision.

Alrorithm 1: 8warm Drone Formation Control
BEGIN
INITIAL IFEFirsbase comection BOS node, and Gazebo
simulation envirorment
SET hover alttude=3.3m
RET firebasze_path ="/Data/formation”
LOOP contimously
EEAD command_value FROM firshasze path
IF command walpe =0 THEN
FOR =ach dron= D0
Ascend to hover_altiteda
END FOR
ELRETF command_valve =1{0 THEN
FOF zach drone D0
Descend to ground
END FOR
ELEE IF command_value==1 THEN
SET triangle targat positions
CALL interpolate_motion
ELSE IF command_value=2 THEN
SET line targat positions
CALL interpolate_motion
ELEEIF command_value=—3 THEN
COMPUTE eirevlar formation coordinates
CALL interpolate_motion
ELRETF command_value =4 THEN
DEFINE star fommation coordinates
CALL interpolatz_motion
ELSE IF command_value = 8 THEM
FOR pattern I [Amow, X, Wave, Arrow_Badc| DO
TUPDATE target positions
CALL interpolate_motion
ENDFOR
ENDIF
WAIT 0.1z
ENDLOOE
END

Figure 2. Pseudocode of the swarm drone formation control algorithm with
interpolation-based motion.
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Algorithm 2: Interpolation-Based hMotion Funetion

FUNCTION interpolate_motion(tarzet posibons)
FOFR. zach drone1 in swarm DO
SETP_start«— currant position ofdronzs1
SETP end «—targst positions[i]

FOR t=0to 13TEP At DO
COMPUTEP(D) +—(1-t)»P start+t =P _end
UPDATE drons i position to B(t)
ENDFOR
ENDFOR
END FUNCTION

Figure 3. Pseudocode of the interpolation-based motion function.

The overall control flow of the system is summarized in
the pseudocode shown in Fig. 2, which illustrates how
Firebase commands are processed in real time, how
formation targets are selected, and how interpolated motion
updates are applied to the swarm. Furthermore, Fig. 3
presents the interpolation-based motion function used to
compute smooth position transitions for each drone during
formation  changes.  Together, these pseudocode
representations provide a clear and concise description of
the event-driven control mechanism and the motion
generation strategy implemented in this study.

C. Drone Formation and Interpolation Control
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Figure 4. MIT App Inventor interface for swarm drone formation control.

The Android application developed using MIT App
Inventor provides an intuitive interface for controlling
swarm drone formations within the simulation environment.
The application functions as a mobile-based remote control,
where each button corresponds to a specific command
transmitted to the Firebase Realtime Database. The
command values stored in Firebase are continuously
monitored by a ROS-based control node, which interprets
the received data and executes the corresponding swarm
behavior in the Gazebo simulation environment.

The mobile interface includes control buttons for
takeoff, landing, and formation selection, as illustrated in

Figure 4. Through this interface, users can initiate different
swarm formation commands without direct interaction with
the simulation software, enabling real-time control through a
cloud-based communication mechanism.

Once a formation command is received, the selected
formation is executed in the Gazebo simulation
environment. The system supports several formation types,
including line, triangle, circle, star, and a dynamic formation
sequence. In the line formation, drones are positioned
horizontally with equal spacing along the X-axis to form a
straight alignment. The triangle formation arranges the
drones into a V-shaped structure, while the circle formation
distributes drones evenly along a circular trajectory
generated using polar coordinates. The star formation creates
a symmetric configuration combining horizontal and
diagonal spacing.

The dynamic formation is executed as a sequence of
multiple sub-formations, allowing the swarm to demonstrate
continuous motion while remaining airborne. This scenario
is designed to evaluate the system’s capability to handle
formation changes in real time within a simulated
environment.To ensure smooth and stable transitions
between formations, an interpolation-based motion control
method is applied. Instead of commanding drones to move
directly to their target positions, intermediate positions are
generated using linear interpolation, as expressed by:

P(t)=(1_t)'PStart+t'Pend ¢y

where P(t) represents the interpolated position at time t,
P_start denotes the initial position, and P_end denotes the
target position. This interpolation scheme enables gradual
position updates, thereby reducing abrupt motion and
supporting stable hover behavior during formation
transitions.

I11. RESULT AND DISCUSSIONS

This section presents the simulation results and analysis
of the swarm drone formation control system implemented
using Firebase, MIT App Inventor, and ROS in the Gazebo
simulator. Several formation scenarios were tested to
evaluate responsiveness, accuracy, and stability, with a
specific focus on the performance of interpolation-based
control.

The interpolation method introduced in section II-E was
experimentally validated in the simulation phase. The
evaluation focused on four key aspects: transitions
smoothness, timing consistency, positional accuracy, and
hover stability. These metrics directly measure the
effectiveness of interpolation in ensuring smooth formation
changes,  preventing  collisions, and  maintaining
synchronized movements in real-time.

JAIC Vol. 10, No. 1, February 2026: 479 — 486



JAIC

e-1SSN: 2548-6861 483

(a) Line b) Triangle

(c) Circle

(d) Star

A. Scenario Testing

In this scenario testing, formation commands were sent
through the MIT App Inventor interface, relayed to
Firebase, and executed by the ROS node in real-time.
Figure 4 illustrates all five formation patterns tested in the
Gazebo simulator. In the Line formation (Fig. 5a), the five
drones align horizontally at equal spacing along the X-axis
at an altitude of 3.5 meters. The Triangle formation (Fig.
5b) arranges the drones in a V-shape, with three drones
forming the base and two drones at the apex. For the Circle
formation (Fig. 5¢), the drones are positioned evenly along
a circular path generated through polar coordinate
calculation. In the Star formation (Fig. 5d), drones form a
symmetric five-point pattern combining horizontal and
diagonal alignment. Finally, the Dynamic formation (Fig.
5e) demonstrates a sequential transition through four sub-
patterns—Arrow, X, Wave, and Inverted Arrow—executed
continuously to showcase smooth and stable interpolation
control.

The results from all formations confirm that
interpolation-based motion control successfully ensures
smooth movement, prevents abrupt position changes, and
maintains a stable hover altitude throughout the simulation.

This scenario-based evaluation is conducted entirely
within the Gazebo simulation environment to provide a
controlled and repeatable setting for analyzing swarm
formation behavior without hardware-related risks.

A. Real-Time Response

The delay between pressing a command on the app and
drone movement in Gazebo averaged 0.4-0.6 seconds. This
range is acceptable for real-time control, enabling smooth
transitions. The delay from writing a command in Firebase
to execution in ROS was consistently around 1 second,
showing efficient integration. This response delay range is
considered acceptable for real-time swarm control in
simulation-based educational and experimental applications,
where command-level responsiveness is prioritized over
low-level flight dynamics.

Arrow X

Arrow Back
(@) Dynamic sequence
Figure. 5. Formation scenarios of swarm drones in Gazebo: (a) Line, (b) Triangle, (c) Circle, (d) Star, and (e) Dynamic sequence.

Wave

TABLE |
AVERAGE RESPONSE DELAY: 0.4-0.6 S, SUFFICIENT FOR
SMOOTH FORMATION CONTROL.

Command Formation Avg. Delay (s)
1 Triangle 0.45
2 Line 0.42
3 Circle 0.47
4 Star 0.43
8 Dynamic (4 steps) 0.58

B. Transition Duration Analysis

Most formation transitions—such as Line, Triangle,
Circle, Star, and Dynamic—were completed within a range
of 4.87 to 4.99 seconds. These relatively consistent durations
indicate that the interpolation-based motion control ensures
uniform timing across different patterns. The smooth
transition between formations minimizes abrupt movements
and maintains formation stability throughout the simulation.

Transition Duration for Each Swarm Operation
Phase

17 10,84

Duration |seconds)

Circle  Star  Arrow X

Takeof{Trizarngle Line

‘Wave Arrow Landing

Back
Swarm Operation Phase

8 Duration

Figure 6. Duration of takeoff, landing, and formation transitions.

The takeoff and landing phases recorded the highest
transition durations of 7.35 seconds and 10.84 seconds,
respectively. This occurs because both phases involve
significant vertical displacement and require stabilization
before or after horizontal movements. During takeoff, each

Implementation of Real-Time Swarm Drone Formation Using Firebase and MIT App Inventor with Interpolation-Based
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drone gradually increases thrust to reach the hover altitude
of 3.5 meters while maintaining balance, which extends the
transition time. Similarly, during landing, drones descend
slowly to avoid overshoot and ensure synchronized
touchdown, resulting in a longer completion time compared
to horizontal formation transitions. The consistency of these
transition durations across different formations indicates
that the interpolation-based  control  successfully
synchronizes multi-drone motion, independent of formation
geometry.

These consistent transition times further confirm that
the interpolation method effectively produces predictable
and stable motion profiles for all tested formations.

C. Interpolation Method Performance

To evaluate the interpolation performance, several
aspects were analyzed, including smoothness, consistency,
accuracy, and stability. The results showed that all drones
transitioned between formations without abrupt stops or
jerks, confirming that the interpolation method effectively
generated intermediate waypoints and ensured smooth
movement. The transition durations were highly consistent,
with variations of less than +0.12 seconds, which indicates
that the timing logic was stable throughout the tests.
Furthermore, the drones successfully reached their final
positions with minimal error of approximately +0.01 m,
even during the more complex dynamic sequence
transitions. In terms of stability, the drones maintained a
hover altitude of 3.5 meters with fluctuations of less than
+0.05 m, demonstrating reliable performance during both
static and dynamic maneuvers.

This confirms that the interpolation method function
effectively in all tested scenarios, ensuring reliable multi-
drone motion control. Unlike direct position command
approaches commonly reported in previous studies, the
interpolation method applied in this work ensures gradual
and predictable motion during both static and dynamic
formation transitions

D. System Stability

During all formations and transitions, drones
maintained a hover altitude of 3.5 meters with minimal
oscillation. Interpolation minimized sudden movements and
overshoot. Minor shaking occurred during rapid transitions,
especially from Star to Dynamic, but was resolved by
optimal spacing and speed adjustments.

The system successfully managed five drones
simultaneously without observable collisions in the
simulation environment or instability. The stable hovering
performance and minimal oscillations indicate that the
interpolation control approach is effective in maintaining
coordinated multi-drone stability during rapid formation
changes.

E. Interpolation Method Testing

TABLE Il
INTERPOLATION METHOD TESTING RESULTS
Transition Planned Actual Position
Duration Duration (s) | Error (m)
(s)
Line — Triangle 4.90 4.88 +0.05
Triangle — Circle 4.90 4.87 +0.05
Circle — Star 4.90 4.89 +0.05
Star — Dynamic 4.90 491 +0.05
(Arrow)
Dynamic (Arrow — 4.90 4,92 +0.05
X)
Dynamic (X — 4.90 4.93 +0.05
Wave)
Dynamic (Wave — 4.90 4.94 +0.05
Arrow Back)
Interpolation Method Testing Results
456 06
49
e — 403
a 49 0 -
40 401 E
g " ’ 004~
L 48 g
4] 438 003 “:J
E 488 48 3
2 o %
I} ; W
E 486 g
Fap 001
48 0
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Back

mm Actual Duration (5) - =mePosition Error (m)

Figure 7. Comparison between planned and actual transition durations using
interpolation-based control.

The interpolation method was evaluated by comparing
the planned transition duration with the actual measured
duration for each formation change, as presented in Table Il
and Fig. 7. Across all transitions, the planned duration was
set to 4.90 seconds, while the actual execution times ranged
from 4.87 to 4.94 seconds. The small deviation of less than
+0.03 seconds confirms that the interpolation-based control
provides consistent and predictable timing behavior.

In addition, the position error remained within £0.05 m
throughout all transitions, indicating stable and accurate
position tracking during motion execution. These results
demonstrate that the interpolation logic effectively maintains
synchronized swarm motion and stable trajectory execution,
which is essential for smooth formation transitions in multi-
drone systems.
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F. Discussion of Challenges

During the development of this system, several
challenges were encountered. One of the issues was the
delay in Firebase communication, where occasional delays
of up to 0.6 seconds were observed during peak updates.
Another challenge involved collision avoidance, as early
testing sometimes caused overlaps in dynamic transitions,
which were later resolved by adjusting the spacing between
drones.

The MIT App Inventor interface also posed limitations,
particularly because the dynamic button needed to cycle
through multiple patterns using state logic in ROS, which
added complexity to the control flow. Achieving smooth
transitions was initially difficult as well, but the
implementation of interpolation control significantly
improved performance. Finally, the system currently lacks a
feedback mechanism, meaning that telemetry data for real-
time monitoring of drone states is not yet available.Despite
these challenges, the system demonstrated stable,
responsive formation control. These challenges highlight
practical considerations for cloud-based swarm control
systems and provide valuable insights for future refinement
and real-world deployment.

G. System Evaluation

TABLE 1lI
SYSTEM PERFORMANCE EVALUATION

Evaluation Criteria Observation Result | Status
Aspect
Response < 2 s from +1 s from Firebase
Firebase to command to drone Pass
Speed .
execution movement
Position Tolerance < Final positions close Pass
Accuracy 0.1m to target
Hover Z fluctuation Stable hover at 3.49— Pass
Stability +0.05m 3.50 m
Formation All formations
Success No collisions executed without Pass
collision
Firebase— Real-time Data instantly
ROS connection received by ROS Pass
Connection node

System performance was evaluated based on
responsiveness, accuracy, stability, and formation success.
The system demonstrated reliable behavior, with all
formation maneuvers completed successfully without any
collision. Hover altitude was maintained within £0.05 m
throughout the simulation, confirming stable vertical
control. Overall, these results indicate that the implemented
control framework provides high accuracy and real-time
responsiveness, ensuring consistent performance during
continuous formation transitions. Although this evaluation
is limited to five drones in a simulated environment, the
results demonstrate the feasibility and robustness of the

proposed control framework as a foundation for future
scalability studies.

It should be noted that all experiments in this study were
conducted exclusively in a simulated environment using
Gazebo. As a result, certain real-world factors such as sensor
noise, wind disturbances, hardware latency, and network
variability are not fully represented. These factors may
introduce additional challenges in physical drone
deployments. Nevertheless, the simulation-based evaluation
provides a safe and controlled environment for validating the
proposed control framework, formation behavior, and
system responsiveness. The presented results serve as a
foundational baseline for future extensions toward real-
world implementation and hardware-based experimentation.

1VV. CONCLUSION

The interpolation method proved to be the most
effective approach for achieving smooth and stable
formation transitions in the real-time swarm drone control
system. By integrating Firebase as a cloud communication
bridge, MIT App Inventor as the user interface, and ROS-
Gazebo as the simulation platform, the system successfully
demonstrated responsive and reliable formation changes.
Five primary formation-Line, Triangle, Circle, Star, and
Dynamic  sequence-were  executed smoothly  with
interpolation ensuring stable altitude, precise positioning,
and collision-free operation even during rapid transitions.

The system testing demonstrated that the average
response delay ranged between 0.4 and 0.6 seconds, which is
considered acceptable for real-time simulation. The drones
were able to maintain hover stability within £0.05 meters at
an altitude of 3.5 meters, ensuring consistent flight
performance. Furthermore, all formation switching was
executed reliably, with every transition completed smoothly
and without any collisions.

The results confirm that interpolation-based motion
control is an effective and scalable method for maintaining
stability and accuracy in swarm drone simulation. Future
work will focus on extending this approach to physical
drones by integrating real-time telemetry feedback,
implementing Firebase authentication for secure access, and
applying PID tuning to enhance motion control precision.

A. Limitation and Future Work

This study has several limitations that should be
acknowledged. First, the proposed swarm drone control
system is evaluated solely in a Gazebo simulation
environment and has not yet been implemented on physical
UAV hardware. As a result, real-world factors such as
network instability, wind disturbances, sensor noise, and
GPS inaccuracies are not fully captured in the current
evaluation. Second, the number of UAVs used in the
simulation is limited to five units, which may not fully
represent scalability challenges that could arise in larger
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swarm deployments. Additionally, the cloud-based
communication relies on Firebase Realtime Database, and
its performance under higher communication loads and
increased numbers of UAVs has not been extensively
analyzed.

Future work will focus on extending the proposed
system toward real-world implementation using physical
UAV platforms to evaluate robustness under practical
operating conditions. Further studies may also investigate
the scalability of the system by increasing the number of
UAVs and analyzing the impact on communication latency,
synchronization accuracy, and computational load within
the ROS framework. Moreover, alternative cloud or edge-
based communication architectures could be explored to
improve real-time performance and reliability for larger-
scale swarm drone applications.
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