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Abstract : This paper presents a water jet-propelled motion control system for a drone-type firefighting
device tethered to a water supply hose. Unlike propeller-driven drones, this system minimizes fire-worsening
airflow and supports operations like navigating fire zones and early suppression. The system is specifically
designed for firefighting applications, enabling critical operations such as navigating fire-prone areas and
facilitating early fire suppression. The controller design process incorporates comprehensive modeling to
address key challenges, including control input saturation, the dynamic effects of the attached water supply
hose, and backlash caused by the fire-extinguishing water jet. To ensure robust and optimal performance
under uncertain operational conditions, the controller is developed using the Linear Matrix Inequality (LMI)
method. Simulation studies validate the proposed system's basic performance and demonstrate the
effectiveness of the control method.
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Fig. 1 Design of the water-powered tethered drone
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Fig. 2 Schematic drawing of the proposed control

system
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Table 1 Pilot model specifications

Parameter Notation Value
Mass [kg] my, 2.55
. . 32 2 —1
Inelﬁia mzzitrlx J, losl 2 38 _1}
g.m —1-139
Dimensions [mm] |ly, wy, hy, d 150, %%0’ 50,
Incline of nozzles /6
[rad] g ”
Cross area of hose
and nozzles’ outlet Ap, A, 1962.5, 12.6
[mm’]
Critical flow rate " 75
[kg/s] he ’
Maximum rotation 3 n
of nozzles [rad] e T
Hose’s stiffness [Nm/rad] 2.865
Hose’s damping [Nms/rad] 0.287
Water density
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Table 2 Controllers’ parameters

Controller Parameters
PID, : K, =191, K, =1.48, K, = 0.75,
PID, : K, =1.87,K,=1.48,K,, =0.74,
Cascade | PID,: K,=3.98,K,=3.46,K,, =0.93,

PID PID, : K, =10.2,K,= 0., =0.3,
PID, : K, =11,K,=0,K,,=0.3,
PID, : K, =4.55, K, = 3.52, K, = 0.13

0 0 644 0
4.25 —4.17 0 —0.59
K, =| 425 4.17 0 —0.59],
—4.25 417 0 —0.59
—4.25—4.17 0 —0.59

0 0 699 0 0 0
4.87 —4.78 0 4.79 49 —0.64
4.87 478 0 —4.79 49 —0.64
—4.87 478 0 —4.79—-4.9—-0.64
—4.87—4.78 0 4.79 —4.9—-0.64
0 0 1.02 0 0 0
1.14 —1.11 0 0.05 0.04 —0.08

Proposed | &; =

1.14 1.11 0 —0.05 0.04 —0.08
—1.14 1.11 0 —0.05—0.04—0.08
—1.14—1.11 0 0.05 —0.04—0.08
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Fig. 4 Control Performance with step-type trajectories
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