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Abstract

This research focuses on the development of a control algorithm for drones to
improve response time in maritime Search and Rescue (SAR) operations. The study
evaluates the effectiveness of Proportional-Integral-Derivative (PID) control in
stabilizing the quadcopter’s position and reducing positional error relative to the
setpoint. Initial tests indicated an average position error of 0.055% without PID
control. With the first PID tuning, this error reduced to 0.031% with a stabilization
time of 20 seconds. A second PID tuning further minimized the error to 0.024%,
achieving stability within 10 seconds. These results demonstrate that PID control
can significantly enhance the drone's responsiveness and accuracy in reaching the
target position. The findings provide valuable insights for optimizing drone
algorithms in dynamic maritime conditions, making them more effective for SAR
operations. Future recommendations include exploring adaptive control strategies
to better address environmental variables, such as wind and sea currents, for further
improvements in operational efficiency and stability.
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1.Introduction

Maritime search and rescue (SAR) missions are one of the most challenging and
complex operations, especially in terms of response time, which is very important
for saving lives. The unpredictable marine environment and rapidly changing
weather conditions often slow down the rescue process, which has a significant
impact on the safety of victims at sea. In some cases, delays in rescue operations
result in victims not being saved because the SAR team is late in reaching the scene.
Therefore, innovation is needed to accelerate response time in marine SAR
operations to increase the chances of victim safety.

Previous research shows that drones have great potential to accelerate response
time in SAR operations. Drones offer advantages in monitoring large areas faster
than traditional methods such as ships or helicopters, especially in accessing areas
that are difficult to reach or dangerous for SAR personnel. Another study found
that drones equipped with thermal sensors can detect signs of life at sea, even in
low visibility conditions. However, the use of drones in SAR operations still faces
obstacles such as battery life and limited range, which affect their effectiveness in
extreme weather conditions. To support faster and more accurate deployment of
drones in search and rescue operations, it is essential to develop reliable flight
control systems. In this regard, control algorithms particularly the Proportional-
Integral-Derivative (PID) controller play a vital role in stabilizing drone movement
and minimizing positional error, especially under unpredictable maritime
conditions. In maritime SAR operations, drones are frequently deployed in highly
dynamic and unstable environments where wind gusts, wave motion, and the
absence of stable landing platforms can compromise positioning and
responsiveness. In such settings, reliable control systems are critical to ensure that
the drone can maintain accurate trajectories, hover with minimal drift, and respond
quickly to setpoint changes, all of which are vital for timely victim detection and
resource delivery.

Research on the use of drones in SAR at sea has increasing urgency, especially
in an effort to cut response time for the safety of human lives. In SAR operations,
every second counts, because the chances of survival of victims in extreme
environments such as the open sea decrease as time goes by. This condition requires
technological solutions that are able to detect the location of victims faster than
conventional methods such as ships or helicopters, which are often limited by the
terrain and require a long travel time to the search point. Drone technology offers
unparalleled flexibility and speed in monitoring large areas, especially in locations
that are difficult to access with traditional means of transportation. Drones
equipped with high-resolution cameras, infrared sensors, or thermal imaging can
map and identify signs of life at sea even in low-visibility conditions, such as thick
fog or bad weather. The response speed generated by drone technology can improve
the effectiveness of SAR operations, allowing rescue teams to immediately focus
their efforts on an accurate location without wasting time on lengthy initial surveys.
The urgency of this research is also increasingly felt considering the increasing
number of maritime accidents due to extreme weather changes and dense marine
activities. As a cost-effective technology compared to the operation of helicopters
or large ships, drones can be an efficient solution for wider and routine SAR
operations in the future. This research not only has the potential to save more lives
but also helps SAR agencies strengthen preparedness and efficiency in handling
incidents at sea quickly and accurately.
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This study aims to examine the effectiveness of using drones in transportation
in SAR operations at sea, especially in accelerating response time and overcoming
environmental constraints faced at sea. By providing various parameters such as
detection speed, search range, and cost efficiency, this study is expected to provide
significant contributions to technology-based SAR optimization strategies.

2.Literature Review

The following relevant research studies strengthen the position of researchers
researching the role of drones in the disaster realm. The study evaluates monitoring
using drones in real-time in the disaster area, accelerating the identification of danger
points for rescue priorities [1]. Thermal imaging on drones improves the ability to
detect victims at night or in low visibility conditions, speeding up response time [2].
The integration of drones in urban emergency response has been shown to reduce
response times in SAR operations, especially for the initial mapping of disaster areas
[3]. This study shows the effectiveness of flood mapping using drones to speed up
the identification of affected areas and help rescue teams [4].

In another study, an evaluation process of using drones to assess post-
earthquake damage was used to speed up the rescue process by mapping critical
areas [5]. Drones are used for medical distribution in disaster areas, improving the
efficiency of drug distribution to affected areas [6]. The drone provides a temporary
communication network in the disaster zone, which speeds up the coordination of
rescue teams in areas without signals [7]. Unmanned aerial networks have proven
to be very effective in critical missions, reaching hard-to-reach areas to provide
critical assistance [8]. Poledrone can be used as learning aid in order to obtain
accurate point more precision landing system without any damage [9]. Using
drones for emergency resource allocation in flooded areas accelerates response and
assists SARs in targeted distribution [10].

Drones help assess building damage after disasters, accelerate identification of
risk areas and improve the effectiveness of SAR teams [10]. The use of drones
demonstrates the effectiveness of UAVs in avalanche rescue operations, speeding
up the detection and rescue time of victims [11]. By bridging the gap between
cutting-edge technology and life-saving applications, Drone and IoT technologies
have the potential to redefine the search and rescue mission landscape, ushering in
an era of increased efficiency, precision, and impact [12]. The use of drones for
post-tsunami monitoring helps the SAR team in detecting victims in coastal areas
quickly [13]. Mapping oil spills using drones is a quick and accurate identification
stage of the stage to reduce economic losses and environmental pollution [14]. The
use of drones can increase the flexibility of unmanned aerial vehicles (UAVs), new
and dynamic communication and sensing solutions can be used in at-risk areas in a
limited time on earthquake recovery, forest fire detection, and biological disease
management are discussed in depth [15]. Image processing also can recognize the
arUco ID and its location coordinates on a Master of Multi-Quadcopter for
Optimizing Area Boundary Monitoring System [16].

3.Platform Architecture and Design

The software on this side uses the Robot Operating System (ROS), which is installed
with the MAVLink, MAVROS and Rosbridge suite packages. The data signal sent
by the Quadcopter controller via ESP8266 telemetry is received by the computer
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operator via Wi-Fi on UDP port 14557 and IP address 192.168.2.1. Data received by
the operator's computer with the installed MAVLink protocol, translated into data
that can be understood by ROS using MAVROS, then stored in the ROS database.
The data is then used in the quadcopter mission according to the movement program
that has been created. The system of drone can be seen in Fig. 1.
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Fig. 1. System of Drone.

4. Result and Discussion

Figure 2 shows the prototype of maritime SAR operations.

Fig. 2. Prototype of maritime SAR operations.

Testing is done by inputting offboard, arm, then giving movement commands
on each axis. The parameters seen in this test are changes in input to the interface
control display, Quadcopter connection to ROS and connectivity between each
package and nodes on the ROS used, Quadcopter movement and the accuracy of
speed, altitude, position and orientation of the Quadcopter. These parameters can
be seen through rqt which is a default node from ROS to display each data that
comes out and enters the ROS database. The data presented through rqt can be in
the form of graphs, diagrams or real-time data sent and received via ROS.

Connectivity on each ROS package and ROS Node that exchanges ROS Topics
can be seen in Fig. 3. as in the image that shows connectivity in the ROS workspace
functioning as desired. While in the motion primitive program that is run on the
terminal console too, as long as there is no movement command or after the
Quadcopter position has reached the target position, it will display ROS Info which
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shows the current target position value. On the terminal console, as well as physical
observations of drone movements, there were no errors or warnings during testing.
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Fig. 3. The algorithm of drone diagram.

4.1.Distance

The final result of the testing on the Quadcopter is the statistical value of changes
in altitude, position and speed on the Quadcopter which is shown in Figs. 4-8.

[mavros/altitude/iocal /mavros/altitude/iocal |

(@) (b)
Fig. 4. (a) Setpoint increased, (b) Setpoint decreased.

In testing the program with the height parameter command on the IMU based
on the graph in the image, the height approaching the target can be achieved in less
than 1 second with an error value of 10%. On the up and down setpoint graphs,
both show relatively the same time even though when descending there is a
gravitational pull that accelerates the descent of the Quadcopter. This happens
because the acceleration settings in ROS have been made the same between the up
and down setpoints.
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4.2. Orientation

The final test results listed in the orientation graph (Fig. 5) show stable results. Each
orientation movement, the four axes x, y, z and w show rapid value changes, and
the errors are also only slightly visible.
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Fig. 5. Orientation graph.

4.3.PID for control position

Figure 6 shows the position output graph without using PID. The response of each
X, Y or Z axis to changes in the setpoint looks unstable or the quadcopter is never
still because there is continuous movement on each axis.
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Fig. 6. Position without PID.

After the first PID tuning on the controller, the position of the quadcopter on
each axis is seen to be more stable, but the response speed to its setpoint until stable
is seen at an average of 20 seconds. It can also be seen from the graph that the
position on the Z axis has a large error. This value is not yet optimal, so PID tuning
can still be done once more to maximize it.
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Fig. 7. First tuning position.
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Fig. 8. Second tuning position.

In the final test of the position on each axis, after PID tuning was done once
again, the position value on each axis only had a small error. Then the response
speed to the average setpoint was only around 10 seconds. This proves that the use
of PID in quadcopter control in this final project produces better output. The test
results on the input, seen on the web interface, each button function and command
can be operated and connected properly with the quadcopter. Likewise with the
connectivity between each package, it can be seen from the terminal which shows
that the package used has no warnings or errors.

Finally, the position graph shows that the position value when not using PID
control has an average error of 0.055% which can be seen in the table. The position
value at the time of the first PID tuning has an average error of 0.031% which can be
seen in the table, with an initial time to stability of 20 seconds. The position value at
the time of the first PID tuning has an average error of 0.024% which can be seen in
the table, with an initial time to stability of 10 seconds. So, it is concluded that the
use of PID can accelerate the response of the quadcopter to reach the position
according to the setpoint, also reducing the error from the position based on it.
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5. Conclusion

Based on the test results, implementing PID control on the quadcopter has proven
effective in accelerating its response to reach the setpoint position while
significantly reducing positional error. Compared to the non-PID condition, the
first and second PID tunings reduced the average error to 0.031% and 0.024%,
respectively, and shortened the stabilization time from 20 seconds to 10 seconds.
These results indicate that a more precise control algorithm can improve the drone's
accuracy and efficiency in reaching a designated point.

In the context of maritime SAR operations, where environmental instability and
rapid deployment are key concerns, the ability of drones to respond quickly and
maintain stable positioning is critical. Enhanced control precision enables drones
to carry out specific rescue tasks more effectively, such as hovering precisely over
a victim’s location, maintaining visual lock for thermal imaging, or navigating to
drop-off points for emergency supplies.

For developing drone algorithms in maritime SAR (Search and Rescue)
operations, it is recommended to continue refining PID tuning or other control
algorithms to achieve faster and more accurate response times in dynamic maritime
environments. Utilizing adaptive control algorithms that can adjust parameters
according to weather and sea wind conditions, along with integrating more
advanced sensors, could also be considered to enhance the drone’s stability and
effectiveness in SAR emergency situations.
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