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Glocal Motion Control for Multi-rotor Flying Vehicles
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Scientific purpose: This study [ Gibal performances : , - Nonlnear s charctesies

proposes a novel framework to +Safeandstablemouonofvehiclebody§
design and analyze the motion | *FExtensionoffvingtime |
control methods ~for multi-rotor | Aeme mecon e

flying vehicles to simultaneously
attain several global and local

performances, and robustly . [ ran o v D= Local portormanees |
operate under strict conditions, ' + Stable rotation of propeller

such as unknown disturbance, T G e
actuator fault, sensor delay, and P
the reduction of energy in long ’
time operation. Fig. 1. Multi-rotor as a global/local multi-agent system.

M: motor, P: propeller, MD: motor drive
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Education purpose: This study is to develop a set of several multi-rotor-systems for the motion
control education at both undergraduate and graduate levels, to promote the students’
experimental skill and their understanding on advanced control theory.
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3. WFIEAN A K Ok R
3.1. Problem statement ([ &H &% i)

This study is to examine a fairly general framework to design hierarchically decentralized disturbance observer
(HD-DOB) for multi-rotor systems. The system consists of a global DOB based controller (DOBC) which controls
the global motion of the multi-rotor body, and a bunch of local DOBCs which control the rotational motions of the
propellers [1]. It is expected that the HD-DOB effectively rejects both global and local disturbances and model
uncertainties, thereby enhancing the motion control performance. With respect to the high dimension of the multi-
rotor system, we aim at strategy that alleviates the burden of controller design.

3.2. Testbench (7 AL F)

The testbench was placed at the wind tunnel room at Hongo Campus of the University of Tokyo (Fig. 2). The
wind tunnel can blow the wind at 20 m/s. In this test, the pitch motion is locked, and we only considered the yaw
motion. The global objective is yaw angle control, and the
local objective is propeller speed control. Each propeller is Wind g
installed with a motor drive and an encoder. The yaw angle | : i \'Nl
and yaw-rate are measured by the yaw axis encoder and A | '
inertial measurement unit. Using the QUARC platform \ :
provided by Quanser, the control system is implemented in
Matlab/Simulink.

3.3. Research content (AFZE DN &)

This study presents a systematic approach to design the
HD-DOB control system in Fig. 3. The role-sharing ,
between the global controller { Cg,Qg, Fyn } and local Fig. 2. Testbench system with wind tunnel.
controller {Cy;, Q;;, Py} is introduced via a “global/local

Upper-layer Vi
u,

shared model set” which should be taken in both layers [1].
Consequently, we setup a two-stage-procedure that allows
the controllers to be designed separately via standard robust
control problem.

Stage 1: Select a nominal model P, with volume §,.
Stage 2-L: For each local subsystem, {C;;, Q;;, Py} is

designed to: (i) maximize the local performance, (ii)
guarantee that the multiplicative error between the local
subsystem and P, is norm bounded by §,.

Stage 2-G: {C(y,Qg,Fy, } is designed to maximize the

Lower-layer d, l
=

v

global performance. To perform this optimization, the
transfer function of the lower-layer from 7; to v, is
normalized to be P, with perturbation bounded by &,.

Using the above procedure, we designed the HD-DOB
to control the yaw angle of the testbench. Notably, the Fig. 3. HD-DOB control system.
design burden is independent of the number of propeller
actuators. Furthermore, the trade-off between the global performance (yaw angle control) and local performance
(propeller speed control) can be theoretically and numerically analyzed via the volume §, (Fig. 4). Increasing 6,
is to reduce the global performance but increase the local performance. Therefore, selecting a “medium” &, is an
idea to compromise the trade-off.

As shown in Fig. 5, experiments were conducted with different control methods. The wind tunnel introduced
a strong wind of 10 m/s. From 20 seconds, the system suffered software disturbances to the motor drives. Test
results showed that the HD-DOB (Method 4) successfully reduced the yaw angle tracking error. The RMSE of yaw
angle tracking was reduced by 33% in comparison with the conventional control system that only utilized DOB in
the upper-layer (Method 2).
3.4. Joint research activities (3t [ #ff %)

We conducted joint with researchers at [Imenau University of Technology (Germany) on the collaboration
between electric vehicle and drones. The result has been under review at an academic journal [2]. Other international
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Fig. 4. Trade-off between global and local control performance of the testbench.
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(a) Experimental results. (b) Root-mean-square-deviation (RMSE) comparison.

Fig. 5. Yaw angle control under strong wind (10 m/s) and software disturbance from 20 seconds.

collaborations with researchers worldwide were reported in our recent article [3].
3.5. Education activities (Z & I #))

At e-Mobility & Control Lab (The University of Tokyo), the educational activities were conducted in many
ways: theoretical discussion, technical support, experiment supervision, academic paper writing and submission [5],
[6], [9]. The testbench has been used to support a PhD student at Centre Automatique et Systém of Mines Paris
(France) to study unknown input disturbance observer. The outcome of this study will be published in 2025.

4. S B OO R EL

In the next step we consider the following objectives:

(1) Theoretical development: We extend the HD-DOBC to control both the yaw and pitch motion of the testbench.
The result will be further extended to the full motion control system of the real multi-rotors. Besides, we are pursuing
the unified glocal control framework for multi-actuator systems [4], [7], [8].

(2) Application development: We will complete the basic study on how to implement the multi-rotor control system
using Pixhawk flight controller. Especially, we focus on how to generate the control algorithm from
Matlab/Simulink to reduce the burden of system implementation. Besides, the communication between the electric
vehicle and multi-rotor will be realized.
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