WA #F ngr22104_B.M.Nguyen
2023 % 11 A 27 H

2022 £ KSFME MBI MFEHmEE

_ \ HORU KSR E IkA R AL 2R BT g8 B
iR BB S B LK T2
Wk 57 7= 135 Wik B AT Bh 2
K 4 Jx vrIv
1. W5t H

Glocal motion control for multi-rotor flying vehicles:
“Development of multi-motor test-bench for motion control education and research”
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Scientific purpose: This study proposes a novel 70—/ ()
framework to design and analyze the motion * LI )

. . . * TR —RIE
control methods for multi-rotor flying vehicles o I ! ~
(Fig. 1) to simultaneously attain several global ™~ -~

and local performances, and robustly operate O—AL(FaxS) Iil O—hL(FORS)
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under strict conditions, such as unknown BN B
disturbance, actuator fault, sensor delay, and the
reduction of energy in 101’lg time operation. Fig. 1. Multi-rotor as a global/local multi-agent system.

Education purpose: This study develops a
multi-motor testbench 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. WFFEANRE K OB R
3.1. Problem setting of the theoretical framework (il FiHE D7 L — 22U —J OB R T)
We show that, although the multi-rotor flying vehicle dynamics is quite complex, it can be
generally modeled as a multi-agent system, as can be seen in Fig. 2. Especially, the local actuator
dynamics and the body dynamics physically interact via the aggregation and distribution. Thanks

to this model, we can develop various control approaches in a hierarchically decentralized way.
In addition, we can provide several methodologies to analyze and design the system.
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Fig. 2. General model of multi-rotors. Fig. 3. Test-bench. Fig. 4. Multirate altitude control system of dual-propeller testbench.

3.2. Test-bench system (T AU F AT L)

To evaluate the proposed theory and methodologies, we have utilized the dual-propeller test
bench shown in Fig. 3. The test-bench was installed with encoders to measure the rotational
speeds of the propellers, motor current sensors, inertia measurement unit, and the encoders to
obtain the attitude angles of the test-bench. By using the QUARC platform provided by Quanser,
the control system is implemented conveniently in Matlab/Simulink. Remarkably, the position
of the propeller can be adjustable. This allows the test-bench to imitate the motion of drones and
helicopters. The students can use test-bench to study various control engineering methods, such
as state observer, Kalman filter, pole-placement based controller design, linear quadratic
regulator, disturbance observer and other robust control techniques.

3.3. Research content (8 58 DN %)

(D With respect to the aggregation and distribution in the control system, we proposed a
control configuration to integrate the energy management and motion control for multi-motor
system. In addition, passivity theory was utilized to reduce the burden in system stability
analysis. The method has been applied to on-road electric vehicle to optimize the energy
consumption even if the vehicle runs on the low friction surface [1]. Its application to flying
vehicle will be examined in the future.

@ We investigated the landing control system of the flying vehicle. The control system is
very complex, as it includes the vertical speed controller, and the pitch-(yaw-, roll-)rate
controllers. To reduce the effort to guarantee system stability, we modelled the system as a multi-
agent system in Fig. 2, and utilized a theory named “generalized frequency variable” [2].

@ We recently proposed a multirate control system to improve the altitude control of the dual-
propeller test-bench. The control system includes a multirate estimator, which can provide in
real-time the estimation of the pitch and yaw angles, the inertia and damping terms of the pitch
and yaw dynamics, and the loss of effectiveness (LoE) of the propeller. Then, we established a

two-degree-of freedom control configuration with adaptive feedforward controller and LoE
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(a) Singlerate control without LoE compensation. (b) Proposed multirate control with LoE compensation.

Fig. 5. Experimental results of pitch angle control using the propeller test-bench.
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compensator, as shown in Fig. 4. As a result, attitude control performance is remarkably
improved (Fig. 5). In comparison with a conventional singlerate control system without fault
tolerance, the proposed system can reduce the pitch angle and yaw angle tracking errors by
69.3 % and 39.6 %, respectively [3].
3.4. Joint research activities (3 [A] #f 7% )

We also conducted joint-research with the colleagues from the other countries. Recently, we

worked with Dr. Thach Ngoc Dinh, who is an Associate Professor with Conservatoire National
des Arts et Métiers (France) to propose a Functional Interval Observer for Discrete-Time
Nonlinear Lipschitz Systems. The work was presented at IFAC World Congress 2023 [4]. The
application of this theoretical result in multi-motor systems will be investigated in future study.
3.5. Educational activities (5 I #))

We frequently discussed with the students at e-Mobility and Control Lab (The University of
Tokyo). The discussions range from theoretical issues to technical issues and experimental issues.

Some of the students’ works on drone control have been presented at the international
conferences [5], [6]. Besides, by using the dual-propeller test-bench, we support Master student
at Toyota Technological Institute to conduct research on fault detection for drones (59E 77 /L~
YIANBILE DR = DT a T R ).

4. S % OWZE D H s L

In the next step, we focus on the following two objectives: First, we plan to develop a drone

which is driven by six propellers (hexarotor). This experimental system is to evaluate the control
methods which have been proposed and developed using the test-bench. Second, we deal with
hierarchically decentralized configuration for disturbance-observer-based control of large-scaled
dynamical systems. In particular, we examine the systems in Fig. 2, with the aggregation in the
physical space, and the distribution in the cyber space. To reduce the complexity of system
design and analysis, our main idea is to clarify the role-sharing of the global and local controllers
via a “Global/Local Shared Model Set,” which should be taken in both the global and local sides.
We setup a fairly general framework and derive the global and local control problems based on
p-synthesis. The effectiveness of the proposed approach is demonstrated via the yaw motion
control of a dual-propeller system with experimental verification.
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