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Abstract : In this study, we propose a novel aerial firefighting system that aims for autonomous
firefighting missions in the body or border of water areas. In such areas, it is difficult and even
dangerous for human firefighters as well as firefighting robots to approach and put out the fire. In the
proposed system, four nozzles jet high-speed water flow for propelling and three motorized valves regulate
the flow rate among the nozzle for maneuvering. Mathematical models reveal that the system is nonlinear,
under-actuated, non-holonomic, and significantly affected by the motion of the water-conveying hose.
Moreover, conditions for stability are analyzed and simulation studies with a simple feedback controller
validate the maneuverability of the system.
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Fig. 1 Fire events in water areas
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(b) Circuit diagram of water flow
Fig. 2 Proposed firefighting system using water jet

propulsion and flow-regulating actuators
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Table 1 Specifications of the firefighting system

Parameter Value Unit
Mass : M, 3.1 kg
35 —-1—1
Inertia matrix : Jj, 10_3[—1 34 —1|| kg'm’
—3—-134
Dimensions : I, w, h 0.12,0.23-0.03 m
Incline of nozzles : o /6 rad
Cross area of hose : 4, 1962.5 mm’
Cross area of nozzles’ )
outlet : A4, 126 mm
Critical flow rate : m,, 7.5 kg/s
Hose’s stiffness : El/ L 2.865 Nm/rad
Hose’s damping : 0.287 INms/rad
Water density : p 1000 kg/m®
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Fig. 3 Schematic drawing of the implemented
controller
Table 2 Controller gains
Gain Value
0 0 2544 0 0 0
0 0 0 0 0 —0628
—1.659—-064 0 1492—-3923 0
K 1.659 —0.64 0 1.492 3.923 0
s 0 0 075 0 0 0
0 0 0 0 0 —0.064
—0.711—-0.271 0 0.056 —0.156 0O
0.711 —0.271 0 0.056 0.156 0
0 0 2113 0
K 0 0 0 —048
g —1.264—0488 0 0
1.264 —0.488 0 0
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Fig. 4 Simulation results of point-to-point tracking
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