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Motor Current Based Attitude Estimation Considering Ground Effect

for In-flight Inductive Power Transfer of Drones: Basic Concept and Test-Bench Evaluation

Kota Fujimoto®, Sakahisa Nagai, Nguyen Binh Minh, Hiroshi Fujimoto (The University of Tokyo)

To overcome the short flight duration of drones, research on in-flight inductive power transfer has been recognized as an essential

solution. Thus, it is important to accurately estimate and control the attitude of the drones which operate close to the charging

surface. To this end, this paper proposes an attitude estimation method based solely on the motor current for precision flight control

in the ground effect region. The model for the estimation is derived based on the motor equation when it rotates at a constant

rotational speed. The proposed method is verified on the experiments. It allows simultaneous estimation of altitude and pitch angle

with the accuracy of 3.91 cm and 0.0130rad, respectively.
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Fig.1: Security mission with in-flight inductive power transfer sys-

tem.
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Fig.2: Identification result of the proposed motor current model.
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Fig.3: Two-degree-of-freedom drone model.
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Fig.4: Drone bench system for experimental validation.
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Fig.5: Block diagram of the two propeller test-bench under study.
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Tablel: Parameters utilized for experiments.

Parameter Value

Torque Coefficient 1 K7 66.4mNm/A
Torque Coefficient 2 Kr» 65.1 mNm/A
Inertia of Motor with Propeller 1 J,, 0.4 kgm2

Inertia of Motor with Propeller 2 J,,» 0.392 kgm2
Motor Viscosity 1 D, 4.6 ums/rad
Motor Viscosity 2 D,,» 4.51 ums/rad
Counter Torque Coefficient 1 Cg; 9.56 p.Nms2 /rad?
Counter Torque Coefficient 2 Ca 9.88 |.A.Nmsz/ré:1d2
Coulomb Torque 1 Ty 2.4mNm
Coulomb Torque 2 T'ca 2.35mNm

Total Mass of Body, Motor, and Propellerm 7.0kg
Drag Coefficient of Body ¢ 1.0mNs/m
Inertia of Body J 2.34kgm?

Rotational Viscosity of Body D 0.1 uNms/rad

Pitch Moment Arm / 0.63m

Rotor Radius R 0.34m

Thrust Coeflicient Cr 0.399 mNs2/rad2
Ground Effect Coefficient 1 Cyp; / Cup2 3.11/2.20
Ground Effect Coefficient 2 Cpp; / Cpp2 3.56/2.97
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Fig.6: Experimental results for altitude and pitch angle estimation. (a) Altitude z (b) Altitude estimation error e, (c) Pitch angle 8 (d) Pitch

Angle estimation error ey () Angular velocity of motor w (f) Thrust F (g) Motor current /,, (h) Receiving power P,
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