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Filtering by means of moving average

In general filtering can be done by averaging data. Here is used a moving average, done on a special way [1]. A part of the moving average (MA) is replaced by a part of a new value of the variable used.

MA(new)= MA(old) – MA(old)/k +  Data(new)/k    with k=1,2,3…..

To simplify the program
 only k= 2^n is used with n=0,1,2,3,4….. (k=1,2,4,8,16…). 

If the data changes suddenly from 0 to 1 (step function) the moving average will reach the end value depending on the damping factor k. For k=1 you see the  step function (no filtering).
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In the next table the number of steps needed to reach a particular percentage of the end value, are given for different damping factors k.

	
	
	
	k
	
	
	
	
	

	% of end value
	1
	2
	4
	8
	16
	32
	64
	Remarks

	50%
	 
	1
	2
	5
	11
	22
	44
	RC-time

	90%
	 
	3
	8
	17
	36
	71
	>100
	 

	95%
	 
	4
	10
	22
	45
	92
	>100
	Statistically often used

	99%
	 
	7
	15
	32
	66
	>100
	>100
	 

	99,9%
	 
	10
	23
	49
	>100
	>100
	>100
	 

	100%
	1
	∞
	∞
	∞
	∞
	∞
	∞
	The new value


Remark ∞ = infinite is just theoretically the number of steps needed to reach 100%.

E.g. if you require the filtering to reach the end value within 90% after maximum 8 steps, k=4 (n=2) should be chosen.

In a program moving average can be used:

1) For damping a value continuously 

2) Conditionally to get data which must be within a particular range before going on
It may be clear that the response as given above is only for a step function, that means the signal concerned steps from 0 to 1 and stays all the time at 1. In practice this will never be the case and the value will fluctuate. The moving average can still be used, but the damping needed cannot be predicted. It will depend on the magnitude of the fluctuations and on the damping factor k used. The more fluctuations the larger the damping factor.
Flowcode
Example of ADC data up to 1024.

To use the maximum accuracy the Moving average (MA) will be scaled a factor 2^5= 32 with maximum value 1024x32=32768. Scaling becomes clear in the Flowcode below.
K= as described above, Temp= temporary variable, Data= ADC value read before averaging and afterwards Data is replaced by the actual MA value

R= 5                            // scaling factor 2^R with R= 1,2,3…., see Note *)
Temp = MA>>k         // calculate part of mean

MA = MA-Temp        // subtract part of Mean

Data = Data<<R         // scale ADC from 0-1024 to 0-32768

Temp = Data>>k        // calculate part of new value, see Note *)
MA= MA+Temp        // add part of new value

Data = MA>>R          //  rescale back to values between 0-1024, see Note *)
*)Note: Because we use only integers and not real variables, you will loss accuracy in these steps if you do not scale. E.g.  with a fraction of  8 (k=8) and random numbers between 0 and 7 will give with integers MA =0 , while scaling the integers will give MA numbers closer to the real MA. Try in an Excel program and find the differences. 
In other case, the scaling factor 2^5 must be changed, depending on the maximum value of the variable concerned. If the maximum number of bits of the variable are P then the scaling factor is 2^R with R=15-P .
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-----------
� Division by the power of 2 is just a roll right, e.g. Data>>4 to divide by a factor 16. To prevent loss of data the moving average has to be scaled to highest possible integer value. See details for Flowcode [1].
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