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Al kinematic studies utilize data obtained from some type of measurement and data reduction system, which

inherently introduces noise into the displacement signal. This noise causes large inaccuracies when velocities

and accelerations are determined by direct differentiation. Therefore, some form of additional data treatment,

such as digital filtering, is essential.

Though digital filtering is superior to reduce the noise, there occur serious problems in using this method.

These are 1) difficulty to determine the cut off frequency of the filter objectively and 2) generation of terminal

distortion on both ends of data by filtering.

Utilizing a simulation and actual data analysis, methods to solve these problems were investigated.

Results are as follows :

(1) A spectrum analysis of the velocity or acceleration data derived from direct differentiation of non-

filtered spatial data was helpful to decide the suitable cut off frequency of the filter.

(2) A technique of “finite difference followed by filtering” decreased the terminal distortion, while other

conventional techniques, such as often utilized “filtering followed by finite defference” method, were clearly in-

ferior.
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Fig. 2. Comparison of several harmonic components of the movement of a hammer

head during hitting motion.

Sum of the power up to 30th harmonic number is normalized as 100%.
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Fig. 3. Vertical displacement, velocity and accel-
eration of the hammer head during hitting motion.
Solid line shows the data based on non filtered
“raw” displacement data.

Line with dots showed the data calculated after data
are filtered twice with a second order low-pass digit-
al filter whose cut off frequency is 25Hz.
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