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A Unified Glocal Motion Control Framework for Multi-Motor Vehicles

2. BRI HEAY

Scientific purpose: This study is to propose a novel framework to design and analyze the
motion control methods for multi-motor vehicles (Fig. 1) to simultaneously attain several global
and local performances, and robustly operate under strict conditions, such as unknown
disturbance, actuator fault, sensor delay, and the limitation of energy in long time operation.

Education purpose: This study is to develop a set of multi-motor systems for the motion
control education at both undergraduate and graduate levels, to promote students’ experimental
skill and their understanding of advanced control theory.
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3. WHIENAE K O R

3.1. Research content

Problem setting: This study proposes a general motion control system as in Fig. 2. The upper-
layer and lower-layer are connected via the Aggregation and Distribution channels. The upper-
layer controller is provided with disturbance observer (DOB) to deal with the disturbance and
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uncertainty of the vehicle body. Each local

Upper-layer e
controller in the lower-layer is also provided &GN Y __,
|

with DOB to deal with the local disturbance i
and uncertainty. 3
Methodology: =[ B - Vo

A. Modelling: Using the idea of “shared
model set,” the control system in Fig. 2 will
be separately represented as some standard
robust control problems for the upper-layer
controller and lower-layer controller. This
reduces the burden of stability analysis, as
the complexity of each problem does not rely

on the number of motor actuators.

B. Design: Robust control theories, including
u-synthesis, are utilized to design the control
system and Clarify the relationShip between Fig. 2. Hierarchical DOB control system under study.

the control performance and the shared
model set.
C. Evaluation: The method will be evaluated by both simulation and experiment. Applying the
framework in Fig. 2 to flying vehicles, we have a system that controls the vehicle attitude and
propeller speeds simultaneously. Applying the framework to electric vehicles, we have a system
that controls the speed and wheel driving forces simultaneously.
3.2. Scientific achievement

Based on the aforementioned research philosophy, we focused deeply on driving force control
of electric vehicles. A comprehensive survey on driving force control will be published at IEEJ-
JIA [1]. The global-local performance analysis was presented at IEEE-IECON 2025 [2], and a
study on system stability analysis was presented at IEEE-VPPC 2024 [3].

Considering the flying vehicle applications, a study on attitude control based on propeller
speed control was published at IEEJ-JIA 2025 [4]. This study shows that under strong wind
disturbance, the hierarchical DOB can successfully improve the yaw angle tracking performance

compared to the conventional strategies.
3.3. Educational activities

Thanks to Nagamori grant, we have continuously supported the research of students at e-
Mobility and Control Lab, the University of Tokyo. A student used the dual-motor testbench
developed under the Nagamori-grant to conduct research on online estimation of drone body’s
moment of inertia [5]. A concept of active-sensing-wheel was proposed by another student for
maximizing the driving force for electric vehicles [6].

Recently, our student built up a mecanum-wheel-robot driven by four motors, and a Nvidia-
Jetson based multi-sensor network. The system was utilized by an internship student from
Eindhoven University of Technology, to study advanced driver-assistant system (Fig. 3).
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Fig. 3. Multi-sensor system based on Jetson computing board.
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3.4. Joint research activities
We have worked with researchers from University of Sherbrooke to develop the simulator of

a multi-motor electric vehicle, which is driven by both inductance motor and permanent magnet
synchronous motor. The simulator has been used to study energy management by optimal
allocation of motor torques and d-axis currents [7].

We have recently collaborated with researchers from Shanghai Jiao Tong University to
develop the yaw moment control system for electric vehicle driven by several in-wheel-motors
and steering-motors by utilizing reinforcement learning [8].

3.5. Society services
We have collaborated with researchers all over the world to promote research on multi-motor

vehicles. In 2025, we organized/co-organized the following scientific events:

V. Ivanov, B.-M. Nguyen, X. Wu and K. Nam, “Multi-actuated Motion Control in the Context of Electric Vehicles,”
Tutorial, IEEE Vehicle Power and Propulsion Conference (2025).

V. Ivanov, B.-M. Nguyen, A. Tota, and H. Vansompel, "Next-Generation Powertrains for Electric Vehicles: High-
Efficiency Machines, Intelligent Integration and Advanced Automated Control," Special Session, The 51st Annual
Conference of the IEEE Industrial Electronics Society (2025).

B-M. Nguyen, S. Nagai, and V. Ivanov, “Advanced Control Technologies for Multi-Motor Vehicles,” Special Session,
IEEE International Conference on Mechatronics (2025).

B.-M. Nguyen, “Motion Control of Multi-Motor Electric Vehicles,” Invited lecture, Shanghai Jiao Tong University,
School of Mechanical Engineering (2025) [https://me.sjtu.edu.cn/tsfx-xsbg/77183.html]

4. S B OMIEOREL
The theoretical results and methodologies developed under this research program can be further employed to

develop motion control of electric vehicles and flying vehicles. We aim to develop other experimental systems to
validate the proposal. We also utilize some results of this research program to design motion control systems for
electric dump trucks and underwater electric vehicles.
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