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Aliasing example
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Nyquist sampling theorem:
Sampling freq = 2 * highest freq of actual signal of interest
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+ Lag due to filtering

Filtering causes a phase shift in the signal - seen as a “lag’

Use recursive or forward-backward filtering to get zero-lag
(Matlab: filtfilt)
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+ MATLAB Commands

[b,a]=butter(n,wn); N‘F,’ N\/)a'uis% *(:\/-ec\uwtj
y=filtfilt(b,a,x); N fr: é ‘CS

ab = coeffiients for Butierworth fiter [ (o f freq)

n = nth order filter,
N¢

wn = cutoff freq must be btw. 0.0 <wn < 1.0, where 1.0 corresponds to 2
sampling rate

filtfilt = gives zero-lag recursive filtering

y = filtered version of signal x



+ MATLAB Commands

Example for data collected at 100 Hz:
% filter the data
% 4th order Butterworth with 6Hz cut-off frequency

% use zero-phase forward-backward filtering

[b,a]=butter(n,wn);

y=filtfilt(b,a,x); wn = cutoff freq must be btw. 0.0 <wn < 1.0,
where 1.0 corresponds to 2 sampling rate

What should be the values for n and wn?

[b,a]=butter(4,0.12):



+ How to calculate velocity if we know position?

+ Three options:

Euler's Method d(x,) _x,,—x,
(Forward Difference Method) dt At
Backward Difference Method d(x,) _ X, T X
dt At
Three-Point Formula d(x,) 1[x,—x,,
(Centered-Difference dt 2l At

Formula)



+ Euler’'s Method (Forward Difference Method)
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- 4+ Backward Difference Method
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*+ Three-Point Formula (Centered-Difference Formula)
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