MIDSTAR-1 Telemetry Calibration Report
1. Purpose and Procedure:  The prototype of the telemetry system for Midstar-1 was measuring 5 voltages: the power supply and four battery voltages.  A voltage divider was set up to reduce the voltages coming through the A-D converter by 1/20.  The voltages were measured by applying a known voltage of 1 to 50 Volts in 1 Volt increments and then taking the A-D count value off the display screen.  These counts were tabulated in an excel file (N:\telemetry\Initial Calibration for 5 Voltages.xls) located in the ‘midstar’ directory on the CADIG server.  The counts were plotted against the input voltage and a regression analysis was performed using excel to plot a linear, 2nd order, and 3rd order regression.  Also, using the values of the resistors (1kOhm and 19kOhm), and assuming a linear relationship a theoretical value for the coefficients were obtained.
2. Results:  When the voltages were plotted against the count values they showed a linear relationship at first sight.  There are slight deviations from the linearities which can be compensated by a 2nd or 3rd order polynomial.  The following table shows the results for the calibration of the five voltages.  
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	Pow. Sup.
	-3.9633
	78.387
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	78.122
	
	
	
	
	
	
	

	#2
	-7.378
	78.263
	
	
	
	
	
	
	

	#3
	-3.622
	78.766
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	2nd Order Regression
	
	Average
	
	
	
	

	
	C0
	C1
	C2
	
	C0
	C1
	C2
	
	

	Pow. Sup.
	-16.545
	79.839
	-0.0285
	
	-13.1918
	79.3824
	-0.0178
	
	

	#1
	-12.023
	79.055
	-0.0183
	
	
	
	
	
	

	#2
	-7.6938
	78.299
	-0.0007
	
	
	
	
	
	

	#3
	-7.619
	79.227
	-0.009
	
	
	
	
	
	

	#4
	-22.078
	80.492
	-0.0325
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	3rd Order Regression
	
	
	Average
	
	
	

	
	C0
	C1
	C2
	C3
	
	C0
	C1
	C2
	C3

	Pow. Sup.
	-9.3719
	78.23
	0.0496
	-0.001
	
	-12.1074
	79.739
	0.0024
	-0.00014

	#1
	-2.5195
	79.924
	0.0852
	-0.0014
	
	
	
	
	

	#2
	-9.5566
	78.717
	0.021
	0.0003
	
	
	
	
	

	#3
	-12.255
	80.266
	-0.0595
	0.0007
	
	
	
	
	

	#4
	-26.834
	81.558
	-0.0843
	0.0007
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


The theoretical value for the linear slope was found to be 81.9 Counts per Volt (input, not A-D voltage).
3. Conclusions:  The theoretical value was not that far off from any of the first order values for each regression.  However, due to minor defects and/or differences in manufacture of the resistors, this will cause the coefficients to be slightly different for each case.  Also, since the input voltages were tuned in by hand there will be obvious differences because a human can not precisely get the exact voltage by dialing in the voltage.  It could be slightly left or right of the number and the error will not be constant.
4. Recommendations:  Obviously the theoretical values will not be able to be used for flight.  I recommend having each and every telemetry point calibrated separately.  To get a more accurate measure, I recommend having some sort of automated voltage input in order to get the exact voltages for a more accurate calibration.  For the voltage measurements I recommend using a 2nd order relationship to take care of any non-linearities that may be present in the defects/manufacture of the resistors.  This may not be the case for currents or temperatures that will later be measured.  There has recently been 5 current sensors added to the telemetry prototype and those need to be calibrated soon to figure out the relationship for current.  A follow up report will be made for those when completed.  
