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(SRLs) for practical use. In recent years, there has been much research on human body
augmentation, in which robots and devices are attached to the user's body due to the miniaturization
of actuators. Among them, this study investigates SRLs, in which a robotic arm is attached to the
user and assists the user's works. SRLs have various degrees of freedom and sizes depending on their
target tasks and applications. However, the SRLs must be light enough to be attached to the user.
Safety is also important because the robot arm is attached to the user. However, if the degree of
freedom is reduced in favor of weight reduction, the range of motion of the robot arm will be
narrowed, and its dexterity will be lost. In addition, if the robot arm is minimized, the holding torque
of the actuators used for the joints is small, and the holding capacity is low, making it difficult for
the robot arm to grasp and hold an object by itself.

Therefore, the root joint, which requires the most holding torque, is physically fixed by using a
locking mechanism instead of holding by an actuator. This reduces the overall weight of the robot
arm by using a lightweight locking mechanism instead of a heavy actuator. In addition, to lose its
usefulness as a robot arm, a lightweight robot arm can be realized without reducing the degrees of
freedom by combining it with a joint whose angle is controlled by an actuator. In addition, the joints
with a locking mechanism are driven by the user directly grasping the robot arm, thus reducing the
risk of accidents due to miss-operation.

The design for combining two types of joints were studied based on the movement of the human
arm. Before human work, a person moves his/her hand to the main working area by using the
shoulder and elbow joints, which are the root joints of the arm. After that, the hand is manipulated
using the tip joints. In other words, there are two types of joints: joints that are moved before the
work and joints that are moved during the work. In this paper, we examine the practicality of SRLs
using the Hybrid Actuation System (HAS), which combines passive and active joints.

One of the purposes of SRLs is to assist users with their hands busy. Since both hands are focused

on the task, it is not easy to use a hand-operated controller. Therefore, many user interfaces (UI) that



operate SRLs using myoelectric potentials or electroencephalograms have been studied. However, it
is not easy to operate a robot arm with many degrees of freedom because of the complexity of
posture control. Therefore, to secure the range of motion and facilitate operation and control, the
joints are divided into active joints that move dynamically and passive joints that move passively,
and the degree of freedom of dynamically moving joints has been lowered. We proposed and
examined a robotic arm, the Assist Oriented Arm (AOA), which combines these two types of joints.
The degree of weight reduction by combining passive and active joints was determined based on
torque calculations. The results showed that the weight could be reduced by about 40% compared to
the case in which actuators were used for all joints. However, the use of passive joints may
especially affect the robot's operability. Therefore, we evaluated the operability of AOA through
simulations and actual operation. Then, the optimal joint configuration and link lengths were

examined, and the method and position of mounting the AOA to the user were discussed.



