Tutorial Sheet:  Windowed Filters
1.  Explain the implementation of a low pass filter as the addition of delayed samples of the signal.  Why might we use weights for the different samples?
2.  A moving average filter of window size 5 samples uses equal weights.  
(a)  If it receives the input signal sample stream below, calculate the output stream.
Input stream:  {35, 28, 30, 33, 28, 120, 30, 28, 35, 100, 106, 102, 98, 100, 104, 101, 99, 37} 
(b)  What is the minimum delay in received signal?
3.  Using the input stream above, calculate the output stream if a window size of 3 was used.
4.  If the system of questions 2 and 3 was a  binary data receiver, designed for binary data with thresholds of 40 for a ‘0’ and 80 for a ‘1’, oversampling the bit rate at 2x the required sample rate and synchronised to sample on the 4th and 6th received samples.  Will the received, decoded data stream contain any errors?
5.  A median filter of window size 5 is used instead.  Calculate the output stream for the same input.
6.  For the median filter, how many bits will need to be in error in the window to produce any sample output in error in the threshold (1/0) decision?


1.  Essentially, this is what averaging is – and averaging smooths rapid changes in the curve, which is removing high frequency components.  We would choose weights to tune the response of the filter (and also the length of the filter, the number of samples uses, etc.)

2 (a) Averaging filter, window size = 5
x(0) – No output
x(1) – No output
x(2) – No output
x(3) – No output
x(4) = (35+28+30+33+28)/5 = 31
x(5) = (28+30+33+28+120)/5 =48
x(6) = (30+33+28+120+30)/5 =48
x(7) = (33+28+120+30+28)/5 =48
x(8)  = (28+120+30+28+35)/5 =48
x(9) = (120+30+28+35+100)/5 = 63
x(10) = (30+28+35+100+106) = 60
x(11) = (28+35+100+106+102) = 74
x(12) = (35+100+106+102+98) = 88
x(13) – (100+106+102+98+100)/5 = 101
x(14) = (106+102+98+100+104)/5 = 102
x(15) = (102+98+100+104+101)/5 =100
x(16) = (98+100+104+101+99)/5 =100
x(17) – (100+104+101+99+37)/5 = 88

(b)  Minimum delay = four samples (can’t calculate average until the filter inputs are full).



3.  Average filter, window size 3
x(0) – No output
x(1) – No output
x(2) – (35+28+30)/3 = 31
x(3) – (28+30+33)/3 = 30
x(4) = (30+33+28)/3 = 30
x(5) = (33+28+120)/3 = 60
x(6) = (28+120+30)/3 = 59
x(7) = (120+30+28)/3 = 59
x(8) = (30+28+35)/3 = 31
etc.

Note the sharper edge on the rising bit, and the greater influence of the noise pulse, albeit over a shorter period of time.

4.  The filter of Q2. would likely miss the 0 (the sample period is in the indeterminate zone between 40 and 80).

5.  Median Filter, window size 5
x(0) – No output
x(1) – No output
x(2) – No output
x(3) – No output
x(4) =med (35,28,30,33,28) = 30
x(5) = med (28,30,33,28,120) =30
x(6) = med (30,33,28,120,30)/5 =30
x(7) = med (33,28,120,30,28)/5 =30
x(8)  = med (28,120,30,28,35)/5 =30
x(9) = med (120,30,28,35,100)/5 = 35
x(10) = med (30,28,35,100,106) = 35
x(11) = med (28,35,100,106,102) = 100
x(12) = med (35,100,106,102,98) = 100
x(13) =  med (100,106,102,98,100) = 100
x(14) = med (106,102,98,100,104) = 102
x(15) = med (102,98,100,104,101) =101
x(16) = med (98,100,104,101,99) =100
x(17) = med (100,104,101,99,37) = 100

[bookmark: _GoBack]6.  More than half the samples.  Therefore, for window size 5, 3 samples would need to be noise affected to significantly change the output of the filter (apologies – the question says bits but should say samples).
