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ABSTRACT

This study aimed to investigate the technical problems and limitations of unmanned aerial vehicles
(UAVs) equipped with robotic arms for fire rescue missions in field contexts, as well as to assess the satisfaction
of field users with this technology in actual operations. A quasi-experimental qualitative research design was
employed as a pilot study. The sample consisted of 10 participants, including rescue personnel and occupational
safety officers, selected through purposive sampling. Data were collected using questionnaires, interviews, and
field trials in simulated scenarios. Quantitative data were analyzed using descriptive statistics, while qualitative
data were examined through content analysis.

The findings revealed that users expressed the highest level of overall satisfaction with the technology
(“strongly agree”; mean = 4.25+0.56), primarily because the robotic armed drone helped reduce risks to rescue
personnel, provided rapid access to hazardous areas, and enabled timely responses to emergencies. The
highest-rated dimension was “ease of use” (mean = 4.40+0.55), indicating that participants could quickly learn
and operate the system without complexity. Identified technical limitations included difficulties in maneuvering
within confined spaces, instability in grasping slippery or complex-shaped objects, limited flight duration due to
battery capacity, and environmental impacts such as strong winds or rainfall.

The results suggest that robotic arm-equipped UAVs have significant potential to support rescue

operations by enhancing efficiency, reducing risks to personnel, and enabling timely responses to emergencies.
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However, further development is recommended, such as integrating additional components (e.g., cameras
mounted on the robotic arm, stabilization systems, and automatic emergency release functions), as well as

establishing virtual training systems to strengthen effective use in real-world environments.

Keywords: Unmanned Aerial Vehicle (UAV), Robotic Arm Innovation, Fire Hazard, Rescue Personnel,
Occupational Safety Officers
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Figure 1 Gripper holding a fire extinguishing ball
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Figure 2 Actual field flight testing of the robotic arm-equipped UAV
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Table 1 Comparison of different object gripping during UAV flight

During UAV flight

Object Weight Operating time UAV

(kg) (minutes) status
Fire extinguishing ball 1.30 5 In flight
First aid kit 3 5 In flight
Life jacket 2 5 In flight
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Figure 3 Basic CAD design of the robotic arm
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Figure 5 Assembled Gripper
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General characteristics Rescue Occupational safety officers
personnel (n =5)
(n=5)
Number Percent  Number Percentage

Gender

Male 5 100.00 5 100.0
Age

Under 25 years 0 0.0 1 20.0

25-34 years 1 20.0 1 20.0

35-44 years 1 20.0 2 40.0

45-54 years 3 60.0 1 20.0
Length of service in related tasks

1-3 years 1 20.0 1 20.0

4-6 years 2 40.0 1 20.0

7-10 years 2 40.0 3 60.0
Experience in operating unmanned aerial vehicles (UAVs)

Less than 10 hours 1 20.0 1 20.0

10 — 30 hours 2 40.0 1 20.0

31 — 50 hours 1 20.0 1 20.0

More than 50 hours

1 20.0 2 40.0
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Table 3 Satisfaction levels of field personnel toward the robotic armed drone system for fire rescue operations

Category

Number of items MeantSD Level of agreement

Ease of use
Safety
Operational accuracy

Mission suitability

5 4.401£0.55 Strongly agree
5 4.10£0.60 Agree
5 4.20+£0.58 Agree
5 4.30£0.50 Strongly agree

Total

20 4.25+0.56 Strongly agree
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