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Estimation of Gait Parameters to Support a Healthy Life of a Resident

Thesis Summary

The condition of physical ability affects the healthy life expectancy. Particularly, the gait parameters are widely
used for the evaluation of the physical ability. However, the parameters that can be measured are limited.
Moreover, it is difficult to measure gait in a natural state as gaits in the gait measurement tests are different from
these during daily life activities. In the case of elderly people who especially need to keep their physical abilities,
it is effective to measure their gaits in living spaces, because they stay in their houses quite long time in a day and
the distance they walked in their houses is long. Therefore, | suggested the methods to estimate the gait
parameters using a markerless sensor mounted on a robot aiming to support the healthy life of the resident by the
daily gait measurement in the living space. The usability of the methods was tested by the experiments for level
walking on the straight path, stair walking, and the walking in the freely selected routes which are assumed in
living spaces. The estimation includes not only the spatiotemporal gait parameters which are normally measured
but also the kinematic and Kinetic gait parameters in this study.

Chapter 1 describes the introduction of this thesis. The purpose of this study is explained after the brief
explanations of the research background, the important gait parameters for physical ability evaluation, and the
tasks of the previous methods.

Chapter 2 explains the gait measurement method using a robot.

Chapter 3 presents the method to estimate kinematic gait parameters which are substituted for
three-dimensional positions of knee joint, hip joint, and ankle joint. It is also explained that the flexion angles of
these joints are calculated by the estimated joint positions.

Chapter 4 shows the evaluation of the usefulness of the method described in Chapter 2 and Chapter 3. The
accuracy verification experiments with three-dimensional motion analysis as the reference standard in the level
walking and the stair walking were carried out. As the results, it was shown that the proposed method was able to
estimate each joint position and joint angle with higher accuracy than the skeleton tracking function of Kinect v2
which was used as the conventional method. Furthermore, the usefulness of the proposed method for the
screening of the knee osteoarthritis (knee OA) was indicated, since the average of the difference between
estimated knee joint angle by the proposed method and the reference standard during level walking was lower
than the significant difference between patients with knee OA and controls. Also, knee joint position estimation by
the proposed method was performed for free path walking measurement in an actual living space. As a result, it
was indicated that the proposed method was available in the real living space.

Chapter 5 explains the method to estimate the kinetic parameters and the evaluation of it. The proposed method
estimates the knee joint moment using deflection angle method with the angles of hip, knee and ankle joints as
input. The verification experiment was held to evaluate the accuracy of estimation of the proposed method for
knee joint moment during steady-stage gait using the three-dimensional motion analysis as a reference standard.
As a result, Pearson's correlation coefficient showed a moderate to high correlation. Quantitative evaluation of the
load on the knee joint in steady-state walking was realized.

Chapter 6 is the summary of this thesis.
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