u

) <

The University of Osaka
Institutional Knowledge Archive

Studies on an Actuation Module with Inter-module
Title Connection Constraints and Its Application for
Human-Llike Robot Movements

Author(s) |F, *IH

Citation | KPrRKZE, 2024, {Et:H

Version Type

URL https://hdl. handle. net/11094/96120

rights
POEBLRWERLIH D ERMABEMRRAERL
7., EXICRATEORBTOEN =L TWWE
Note T, EXDOTHAE THFLEDZEIE. <a

href="https://www. Library. osaka-
u.ac. jp/thesis/#fclosed”> KPR KZEDIETF/ITIC DL
K/DETSRCEI W,

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



k=3
wWmoOoX N ®x oo BF

kK 4 7 tm )

Studies on an Actuation Module with Inter—module Connection Constraints and Its
Application for Human-like Robot Movements
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Humanoid robots possess multiple degrees of freedom (DOFs) to facilitate human—like behavior,
essential for interaction with people. Structuring and controlling these multi-DOF robots is a
fundamental challenge in robotics engineering. As complexity and DOFs increase, controlling multiple
DOFs concurrently becomes increasingly difficult. Conversely, simplifying the robot structure often
results in reduced movement diversity, challenging the achievement of human—like movements. Recent
studies have considered robotic structures and actuation methods aimed at managing the complexity of
control while realizing desired movements.

Inspired by the coordinated constraints of movements in human joints through multiple muscles, this
dissertation introduces a novel approach of actuation in humanoid robots through the actuation modules
with incorporated fluidic pressure actuators. These combined modular structures not only form the
robot’ s physique but also create an interconnected system where force can be transferred seamlessly
between actuators without the need for complex control, thanks to the physical connections by tubes
and other means. The Actuator Network System (ANS), is designed to ensure that external forces applied
to one actuator propagate through the network, constraining the robot joint movements. By determining
the connections within the ANS, we can replicate the constrained joint movements of a human, thus
minor—-adjusting the robot’ s movements to appear more human—1like

The first part of the study introduces the actuation module as a basic design for connection
constraints. The modular structure with built—in inter—connectable actuators simplifies the design and
control of humanoid robots. Using these modules, we constructed a structure mimicking a human spine

The second part explores the response of interconnected actuation modules. A physical
interconnection mechanism for force transmission among the modules was developed, manipulable using
solenoid valves. A simple spinal structure composed of five serially connected modules was constructed
with the proposed mechanism. Experiments demonstrated the movement response to external force for all
possible connection patterns, revealing actual trace variations when switching between these patterns.

The third part extends to applying connection constraints to a whole—body humanoid robot comprised
of actuation modules. This study was conducted in simulation environment. Building on joint synergy
control methods, which reduce the control dimensions of a multi-DOF humanoid robot, we introduce a
fascia—inspired non—linear constraint. Experimental results show that our connection constraint
enables the robot to execute motions more akin to human movements and with reduced errors compared to
those relying solely on linear joint synergy

Overall, the robot modularized by actuation modules enables diverse coordinated movements through
the switching of connection patterns. Furthermore, we introduced an implementation method of the
principle of configuring these patterns to generate movements that resemble those of humans

The superiority of the modular structure and the connection constraints simplifies both construction
and control, making it easier to build multiple DOFs humanoid robots and to simplify the control
mechanisms. In the future, 3-D movements and mobile robots will be studied, along with their selective

responses toward practical applications in society scenarios.
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