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Implementation of a Stick Exercise Support System

Using IMU Sensors*

Kazuki O1

Abstract

Stick exercises have been attracting attention from the viewpoint of preventing falls
and improving the health of the elderly, and are generally performed under the guid-
ance of instructors and nursing staff at nursing homes. However, it is desirable for
individuals to be able to perform stick exercises by themselves in situations such as
the current Corona disaster, where it is recommended to refrain from going out un-
necessarily. In this study, we aim to develop a stick exercise support system that can
automatically record which type of stick exercise the elderly person performed and for
how long, and provide real-time feedback to improve the correct movement for each
type of stick exercise. Although motion recognition methods have been proposed for
body weight training, there is no method for stick exercise. In this study, we propose
a stick exercise support system that can automatically record the amount of stick ex-
ercise performed and provide real-time feedback to improve the correctness of stick
exercise. In this study, as a first step toward the realization of a stick exercise support
system, we propose a motion recognition method for stick exercise using IMU sensors.
In the proposed method, we extract time-domain and frequency-domain features from
the linear acceleration and quaternion data obtained from the IMU, and construct a
machine learning model to classify the exercise movements. As an evaluation experi-

ment, we asked 21 young subjects (in their 20s) and 14 elderly subjects (79-95 years

*Master’s Thesis, Graduate School of Science and Technology, Nara Institute of Science and Tech-
nology, March 17, 2022.
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old) to perform 3 sets (10 times per set) of 8 basic types of stick exercises (5 types for
the elderly). As a result, we developed a machine learning model based on the linear
acceleration and quaternion data obtained from the IMU, and classified the exercise
movements. As a result, we confirmed that when LightGBM was used as the learning
algorithm, it achieved an accuracy of 90.0% F-value when using the sensor data of

young people, and 86.6% F-value when using only the sensor data of elderly people.
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Function Description ‘ Formulation ‘ Type
mean (s) Arithmetic mean s=x4IN s T, F
std (s) Standard deviation o= \/ F IV (si—3)? T, F
mad (s) Median absolute deviation median;(| s; — median;(s;) |) T, F
max (s) Largest values in array max;(s;) T, F
min (s) Smallest value in array min;(s;) T, F
energy (s) Average sum of the square S SARE T, F
entropy (s) Signal Entropy YV (cilog(c)),ci= si/ley:] si| T, F
iqr (s) Interquartile range Q3(s) — Q1(s) T, F
autorregresion (s) 4th order Burg Autoregression coefficients | a = arburg(s,4),a € R* T
range (s) Range of smallest value and Largest value | max;(s;) — mix;(s;) T
rms (s) Root square means \/% (s2+55++5%) T
skewness (s) Frequency signal Skewness E[(5)3] F
kurtosis (s) Frequency signal Kurtosis E[(s—3)*Y/E[(s—5)%)? F
maxFregInd (s) Largest frequency component argmax;(s;) F
meanFreq (s) Frequency signal weighted average Y Gsi) /XYy s F
energyBand (s, a, b) | Spectral energy of a frequency band [a, b] ﬁ zﬁ’:a s? F
psd (s) Power spectral density Freg Lav157 F

3.4 FEEmMY

N : signal vector length, Q : Quartile, T : Time domain features, F : Frequency domain features.
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