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Kalman filter result by measure noise(R) - Zoom
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Kalman filter as estimate displacement - Zoom

Kalman filter as estimate displacement
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Relationship of displacement and load
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£ 3. FRFAee Rab] e &R A3
5 Hz(PW - 11) 10 Hz(PWM - 58)
Raw Kalman Raw Kalman

mean std mean std mean std mean std

0.0961 | 0.0395 | 0.0969 | 0.0059 | 0.4914 | 0.0206 | 0.4915 | 0.0041
40 0.0942 | 0.0371 | 0.0940 | 0.0055 | 0.4867 | 0.0196 | 0.4870 | 0.0040
kg 0.0883 | 0.0360 | 0.0890 | 0.0055 | 0.4829 | 0.0190 | 0.4831 | 0.0024

0.0929 0.0933 0.4870 0.4872

0.1761 | 0.0493 | 0.1768 | 0.0059 | 0.3113 | 0.0186 | 0.3112 | 0.0029
60 0.1700 | 0.0403 | 0.1695 | 0.0050 | 0.3092 | 0.0195 | 0.3091 | 0.0029
kg 0.1739 | 0.0349 | 0.1748 | 0.0076 | 0.3111 | 0.0185 | 0.3113 | 0.0030

0.1733 0.1737 0.3106 0.3105

0.5094 | 0.0149 | 0.5097 | 0.0031 | 0.2160 | 0.0178 | 0.2161 | 0.0029
30 0.5064 | 0.0181 | 0.5064 | 0.0048 | 0.2181 | 0.0167 | 0.2180 | 0.0025
kg 0.5049 | 0.0452 | 0.5061 | 0.0100 | 0.2189 | 0.0158 | 0.2191 | 0.0024

0.5069 0.5074 0.2177 0.2177

0.2524 | 0.0283 | 0.2526 | 0.0060 | 0.1779 | 0.0186 | 0.1779 | 0.0027
100 0.2563 | 0.0189 | 0.2563 | 0.0028 | 0.1786 | 0.0157 | 0.1786 | 0.0023
kg 0.2582 | 0.0166 | 0.2584 | 0.0031 | 0.1787 | 0.0156 | 0.1787 | 0.0025

0.2556 0.2558 0.1784 0.1784

15 Hz (PWM - 90) 20 Hz (PWM - 120)
Raw Kalman Raw Kalman

mean std mean std mean std mean std

0.4832 | 0.0197 | 0.4834 | 0.0030 | 0.5035 | 0.0240 | 0.5037 | 0.0053
40 0.4776 | 0.0204 | 0.4778 | 0.0040 | 0.4924 | 0.0245 | 0.4924 | 0.0043
kg 0.4743 | 0.0194 | 0.4744 | 0.0035 | 0.4879 | 0.0254 | 0.4881 | 0.0041

0.4783 0.4785 0.4946 0.4947

0.3389 | 0.0195 | 0.3390 | 0.0039 | 0.3599 | 0.0233 | 0.3596 | 0.0057
60 0.3359 | 0.0194 | 0.3359 | 0.0027 | 0.3523 | 0.0217 | 0.3523 | 0.0037
kg 0.3321 | 0.0198 | 0.3322 | 0.0031 | 0.3504 | 0.0213 | 0.3505 | 0.0037

0.3356 0.3357 0.3542 0.3541

0.2412 | 0.0169 | 0.2411 | 0.0026 | 0.2689 | 0.0205 | 0.2689 | 0.0035
80 0.2413 | 0.0174 | 0.2412 | 0.0026 | 0.2649 | 0.0189 | 0.2650 | 0.0030
kg 0.2427 | 0.0194 | 0.2429 | 0.0036 | 0.2633 | 0.0176 | 0.2633 | 0.0025

0.2417 0.2418 0.2657 0.2657

0.2021 | 0.0194 | 0.2016 | 0.0053 | 0.2144 | 0.0190 | 0.2144 | 0.0031
100 0.1998 | 0.0185 | 0.1997 | 0.0029 | 0.2123 | 0.0191 | 0.2123 | 0.0028
kg 0.1991 | 0.0186 | 0.1992 | 0.0029 | 0.2167 | 0.0194 | 0.2168 | 0.0031

0.2003 0.2002 0.2145 0.2145
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ABSTRACT

Research of sonic whole body vibrator control system
using kalman filter and fuzzy logic control based on

acceleration sensor

Chulhee Park
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

Humans are always exposed to vibration, and a variety of influences.
Particular wvibration frequency and constant vibration Iintensity give
positive effect in human as muscle Strength, hormone rate increases,
improved bone density, etc. Developed for this purpose Whole body
vibrator(WBV) has three mode as ellipse, seesaw, vertical. Vertical
vibration is comfortable. Because of vibration axis coincides with the
direction of the gravitational acceleration. WBV has the advantage of being
able to change the vibration intensity in fixed frequency. Therefore, sonic
whole body vibrator(SWBV) is the way that is most suitable for the human
body. But the SWBV has hysteresis and non-linear characteristics. So SWBV
has a problem with changing operating characteristics depending on the load
applied to the vibrating plate.

The purpose of this study is resolving SWBV problem and maintaining

certain vibration stimulation. Through implementation is SWBV control



system using Kalman filter(KF) and Fuzzy logic control(FLC). Analyze
vibration strength using acceleration sensors and smoothing is analysis
result by KF. KF Output is used as input to FLC. learning algorithm
identify the characteristics of the current operation. So update FLC
memebership function. And FLC decide Optimal Control Value.

As a result of this study, the implementation of a system can adjust the
vibration intensity to 0.01 G and can be controlled the operating frequency
of 0.1 Hz units. Experiments using a weight more than 95% were operating
within the allowable range. When applied to the human body, vibration

strength up to 18.93 % from outside the allowable range.

Key words : Fuzzy Logic Control, SWBV(Sonic Whole Body Vibrator), Kalman Filter,

Acceleration sensor, Learning algorithm



