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Abstract: The purpose of this paper is to review the validation on the application of low frequency IMU(Inertial Mea-
surement Unit) sensors by replacing high frequency motion analysis systems. Using an infrared-based 3D motion
analysis system and IMU sensors (22 Hz) simultaneously, the gait cycle and knee flexion angle were measured. And
the accuracy of each gait parameter was compared according to the statistical analysis method. The Bland-Altman
plot analysis method was used to verify whether proper accuracy can be obtained when extracting gait parameters
with low frequency sensors. As a result of the study, the use of the new gait assessment system was able to identify
adequate accuracy in the measurement of cadence and stance phase. In addition, if the number of gait cycles is increased
and the results of body anthropometric measurements are reflected in the gait analysis algorithm, is expected to
improve accuracy in step length, walking speed, and range of motion measurements. The suggested gait assessment
system is expected to make gait analysis more convenient. Furthermore, it will provide patients more accurate
assessment and customized rehabilitation program through the quantitative data driven results.
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Table 1. Body anthropometric measures of the subjects
Max Min Mean SD
Age (years) 32 20 23.8 2.5
Height (cm) 184 160 173.4 5.8
Weight (kg) 98 50 72.4 10
Foot size (mm) 280 245 262.7 7.5
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Fig. 1. Experimental setup of measurement of movements with sensors and 3D motion analysis system. (a) a subject with
attached marker sets and IMU sensors; (b) experimental setup
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Fig. 2. Gait analysis algorithm
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Fig. 3. Box plots of the gait parameters obtained with the eCEN Care compared with the motion analysis in the subjects.
(a) Cadence; (b) Stride length; (c) Gait speed; (d) ROM; (e) Stance phase
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Table 2. Results of difference between mean value two methods

Gait parameters Motion analysis eCEN Care RMSE Error(%)
Cadence (steps/min) 113.87+7.33 111.54+7.45 3.55 2.48
Stride length (cm) 133.27+10.65 132.59+7.21 12.72 8.32
Gait speed (m/s) 1.27+0.13 1.23+0.06 0.13 8.61
ROM (degree) 62.55+3.96 65.54+4.29 5.02 6.44
Stance phase (%) 62.13+1.92 61.75+£1.74 2.48 2.84
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Table 3. Correlation between body anthropometric measures and gait parameters

Height (mm)

Weight (kg) Foot size (mm)

Cadence (steps/min) -0.10
Stride length (cm) 0.42
Gait speed (m/s) 0.21
ROM (degree) 0.29
Stance phase (%) 0.40

0.08 -0.03
0.27 0.36
0.23 0.21
0.41 -0.00
0.39 0.36
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