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Development of a method and a device for safety evaluation test (Ergonomic mismatch (Posture),
Caretaker)(Akiyama translated)

To evaluate the risk of causing the low back pain of nursing care workers based on the risk

2



curve, we made a design of experiment with relevant endpoints estimating the configuration
where the lumbar spine runs at the back of a worker during his/her extension/flection motion of
nursing care. The designed method can estimate the position of spine without taking such
quasi-invasive images as MRIs. The configuration of the spine is assumed to be estimated from
the observation of the motion of the subject using a motion capture system. Furthermore, we
start a collaborative work with a team in AIST in the following manner: We dispatched a
doctoral candidate to AIST where a cutting-edge human simulator Dhaibaworks is under
development by setting an assignment to him to implement the algorithm of estimating CS load
computed from the bending moment of a non-rigid beam which represents a human spine. In
addition, the issue that incorporating an elastic beam into a part of spine may deteriorate a
decrease in the estimation accuracy of the CS load is under examination and a method for
improving the accuracy of spine configuration estimation was initiated with the coordinate

frames carefully introduced.

Development of method and device for safety evaluation test (Ergonomic mismatch (Skin),
Caretaker)

To estimate the risk of tissue injuries around the contact area of a wearable robot, an
instrumented cuff, which can measure the interaction force and slippage at the contact surface,
was developed. Because of the unevenness of the stress observed previously, the cuff was
improved to measure the contact condition of the area, where the stress concentration appears,
separately from the other part of the cuff. Furthermore, interaction force, slippage and relative
motion of the contact area when a subject using a wearable robot was measured using developed
cuff. The result of this observation and analysis was not only reported in a conference but also
many constructive opinions and suggestions were obtained through discussion.

Then, to estimate the risk of injuries when the robot is used long time or with larger torque
without endangers the wearer, a method which can reproduce the motion and force applied by
the cuff when using the wearable robot on the human dummy was developed. The device consists
of a 6-DOF manipulator, which reproduces cuff motion, end effecter, which the cuff is attached to,
dummy, and artificial tissue fixed on the dummy. The human dummy was re-designed to
represent an average shape, which was extracted from a human database. The algorithm of
manipulator was also improved to reproduce the shear force and friction force.

Furthermore, a dummy, which can change the shape and elasticity by using inflatable
structure, was developed to evaluate the difference of the risk of injury caused by individual
difference. In this year, the degree of freedom of shape and elasticity was tested and the method
to reproduce a specific shape and elasticity was developed. As a result, it was certified that our
device potentially reproduced the curvature and elasticity of estimated range of shape. In
addition, a simulator of membrane deformation, which calculate surface shape from the tension
and pressure of membrane, was developed. Then, the method was validated by comparing to the
shape of device. The developed method and device were introduced in the conferences and the

efficiency was reported.
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