Position measurements in the MI using HP602 show a large difference in the position error of up to 1 mm when using a transition module vs using only a 53 MHz bandpass filter before feeding the BPM signal to the digital down-converter. 

To measure improvements in the electronic transition module a test setup was put together on the bench.

Setup: A six batch waveform of various amplitudes was connected through channels 1 and 2 of a transition module. Then 200 positions were recorded by performing a background flash triggered periodically at 20 Hz. The BPM scale factor used corresponds to an 8 GeV style BPM (76 mm of effective radius) which is  2.1 type more sensitive than a MI BPM (36 mm effective radius). 

P = (A – B) / ( A + B)  * effective radius factor

The electronics were modified for each measurement to improve the noise, using the position noise for the 53 MHz bandpass filter as a figure of merit. ( on the plot above they are represented by the yellow triangles).

	Board changes
	Old 
	New 
	Newnf
	Newnop

	 Series 50 Ω at output 
	No
	Yes
	Yes
	Yes

	39 pF cap at output
	No
	yes
	No
	Yes

	2nd Stage Opamp 
	yes
	yes
	yes
	no

	
	
	
	
	

	
	
	
	
	



[image: image1.wmf]Comparison Old, New with LPF w/o LPF and 

BPF using 76 Effective radius

0

0.05

0.1

0.15

0.01

0.1

1

Signal In Vpp

Std Deviation

new

old

filter

newnf

newnop


Conclusion:  The bench test show that significant improvements can be achieved in the transition board by limiting the bandwidth of the output stage and by removing the second stage amplifier (buffer). The expected position error will be very nearly the same as the position error seen with the bandpass filter alone.
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		-20.07		162.1				-20.07		116				-20.07		58.07				-20.02		41.15				-20.14		29.02				-20.15		20.4				-20.12		14.41				-20.89		64.17				-20.95		31.65				-20.99		15.98

		-20.06		162.1				-20.05		116				-20.08		58.08				-20.06		41.07				-19.94		29.01				-20.17		20.44				-19.96		14.48				-20.87		64.22				-20.65		31.69				-21.01		15.99

		-20.06		162.1				-20.07		116.3				-20.16		58.03				-20.12		41.04				-20.11		29.01				-20.19		20.34				-20		14.45				-20.86		63.95				-20.71		31.69				-20.99		16.03

		-20.06		162.1				-20.06		116.5				-20.11		58.05				-20.13		41.04				-20.07		28.93				-19.98		20.47				-20.15		14.49				-20.83		64.1				-20.85		31.51				-20.93		15.99

		-20.07		161.9				-20.07		116.6				-20.06		58.1				-20.14		41.06				-20.11		29.03				-20.1		20.46				-20.12		14.41				-20.85		64.22				-20.85		31.6				-21.22		15.97

		-20.07		161.8				-20.08		115.9				-20.09		58.24				-20.1		41.01				-20.02		29.05				-20.17		20.42				-20.41		14.46				-20.86		64.36				-20.83		31.55				-21.03		16.03

		-20.08		161.6				-20.09		116				-20.12		58.17				-20.17		41.02				-20.02		28.99				-20.11		20.37				-20.35		14.44				-20.84		64.07				-20.89		31.55				-20.98		16.02

		-20.08		161.6				-20.08		116.2				-20.07		58.15				-20.08		40.93				-20.15		29.06				-20.04		20.47				-20.14		14.43				-20.88		64.13				-20.79		31.76				-20.93		16.01

		-20.08		161.6				-20.09		116.5				-20.03		58.2				-20.08		40.93				-19.99		29.05				-20.09		20.36				-20.14		14.43				-20.9		64.24				-20.85		31.9				-20.7		16.08

		-20.07		162.5				-20.09		116.1				-20.07		58.21				-20.07		40.98				-20.16		29.01				-20.01		20.44				-20.08		14.5				-20.92		63.91				-20.91		31.86				-20.86		16.01

		-20.07		162.2				-20.09		116.1				-20.14		58.28				-20.07		41.19				-19.97		28.98				-20.04		20.32				-20.14		14.48				-20.84		64.05				-20.81		31.87				-20.94		16.06

		-20.08		162.1				-20.08		116.3				-20.08		58.34				-20.1		41.11				-20.24		29.07				-20.06		20.5				-20.16		14.4				-20.88		64.2				-20.85		31.87				-20.74		16.02

		-20.06		161.8				-20.1		116.3				-20.1		58.29				-20.17		41.2				-20.08		29.01				-20.05		20.39				-20.32		14.42				-20.89		64.28				-20.76		31.88				-20.84		16.06

		-20.07		161.6				-20.06		116.6				-20.14		58.36				-20.08		41.11				-20.07		28.97				-20.17		20.43				-20.13		14.43				-20.89		63.98				-20.85		31.82				-20.83		16.04

		-20.09		161.6				-20.1		116				-20.11		57.96				-20.17		41.14				-20		28.92				-20.12		20.41				-20.28		14.51				-20.85		64.08				-20.73		31.9				-21.01		15.98

		-20.08		161.5				-20.09		116.1				-20.13		57.96				-20.12		41.12				-20.16		29.1				-20.12		20.42				-20.09		14.46				-20.84		64.13				-20.85		31.76				-20.77		15.95

		-20.1		162.4				-20.07		116.2				-20.14		58				-20.06		41.07				-20.05		29.05				-20.26		20.36				-20.11		14.43				-20.9		64.29				-20.88		31.71				-20.9		15.96

		-20.09		162.2				-20.07		116.5				-20.15		58.06				-20.16		41.23				-20.09		28.93				-20.06		20.45				-20.07		14.39				-20.84		64.03				-20.8		31.73				-20.94		16.03

		-20.09		162				-20.1		115.8				-20.07		58.06				-20.05		41.09				-20.23		28.91				-20.12		20.4				-19.92		14.49				-20.89		64.08				-20.95		31.74				-20.82		16.01

		-20.06		161.9				-20.07		116.2				-20.12		58.12				-20.15		41.14				-20.1		29.1				-20.13		20.51				-20.29		14.41				-20.87		64.21				-20.92		31.73				-20.82		15.98

		-20.08		161.9				-20.1		116.4				-20.08		58.11				-20.12		41.18				-20.1		29.04				-20.17		20.34				-20.06		14.41				-20.86		64.3				-20.87		31.69				-21.06		16.04

		-20.08		161.6				-20.12		116.6				-20.15		58.12				-20.08		41.16				-20.15		28.94				-19.89		20.44				-19.98		14.44				-20.83		64.01				-20.86		31.69				-20.93		15.98

		-20.08		161.4				-20.06		116.1				-20.18		58.12				-20.07		41.1				-20.08		28.91				-19.98		20.42				-20.12		14.45				-20.84		64.11				-20.86		31.69				-20.91		16.05

		-20.06		161.3				-20.06		116.2				-20.06		58.2				-20.22		41.1				-20.14		29.07				-20.19		20.46				-20.14		14.56				-20.89		64.21				-20.81		31.78				-20.65		16.05

		-20.08		162.4				-20.1		116.5				-20.08		58.2				-20.18		41.13				-20.06		29.05				-20.07		20.34				-20.19		14.45				-20.84		64.01				-20.8		31.82				-20.97		16.08

		-20.07		162.2				-20.07		115.9				-20.07		58.23				-20.09		41.16				-20.17		28.91				-20.23		20.36				-20.22		14.45				-20.84		64.05				-20.88		31.9				-20.76		15.99

		-20.06		162.1				-20.09		116.1				-20.06		58.22				-20.11		41.1				-20		28.87				-20.13		20.46				-20.05		14.43				-20.85		64.2				-20.78		31.83				-20.95		16.02

		-20.08		162				-20.07		116.3				-20.07		58.23				-20.11		41.12				-19.9		29.05				-19.85		20.33				-20.2		14.41				-20.91		64.34				-20.84		31.83				-20.96		16.09

		-20.09		162				-20.07		116.7				-20.07		58.37				-20.15		41.11				-20.12		29.01				-19.83		20.48				-20.04		14.42				-20.84		64.05				-20.94		31.84				-20.86		16.08

		-20.06		161.9				-20.11		115.9				-20.09		57.96				-20.09		41.11				-20.01		28.91				-20.15		20.42				-19.94		14.51				-20.89		64.11				-20.78		31.86				-20.87		16.04

		-20.06		161.7				-20.08		116.3				-20.17		57.92				-20.07		41.07				-20.11		29.01				-20.11		20.42				-20.32		14.53				-20.88		64.27				-20.86		31.86				-20.99		16.08

		-20.08		161.7				-20.11		116.4				-20.1		58.06				-20.16		41.11				-20.18		29.01				-19.95		20.37				-20.17		14.45				-20.86		63.96				-20.82		31.88				-21.12		16.07

		-20.04		161.6				-20.07		116				-20.09		58.08				-20.04		41.06				-20.16		28.92				-20.06		20.45				-20.11		14.48				-20.84		64.07				-20.81		31.83				-20.75		16.04

		-20.09		161.5				-20.09		116.2				-20.2		58.05				-20.17		41.08				-20.08		28.89				-20.2		20.34				-19.88		14.41				-20.87		64.13				-20.81		31.84				-20.88		16.03

		-20.09		162.3				-20.07		116.4				-20.11		58.05				-20.09		41.06				-20.22		29.03				-20.04		20.42				-20.3		14.42				-20.91		64.32				-20.93		31.86				-20.96		16.11

		-20.07		162.1				-20.07		115.9				-20.17		58.2				-20.15		41.09				-20.16		28.97				-20.15		20.31				-20.25		14.39				-20.81		64.03				-20.9		31.84				-20.96		15.99

		-20.08		162				-20.08		116.2				-20.1		58.21				-20.14		41.01				-20.1		28.94				-20.13		20.38				-20.44		14.39				-20.86		64.08				-20.8		31.88				-20.88		16.06

		-20.07		161.8				-20.07		116.5				-20.13		58.2				-20.04		41				-20.12		28.82				-20.24		20.3				-20.26		14.45				-20.87		64.25				-20.88		31.85				-20.7		16.13

		-20.08		161.7				-20.08		115.9				-20.11		58.26				-20.25		40.97				-20.14		28.99				-20.13		20.36				-20.26		14.49				-20.88		64.37				-20.85		31.84				-20.8		16.06

		-20.07		161.6				-20.1		116.3				-20.13		58.32				-20.16		41				-20.21		28.95				-20.05		20.43				-20.03		14.5				-20.83		64.01				-20.89		31.85				-20.69		16.08

		-20.08		161.5				-20.08		116.6				-20.12		57.91				-20.11		41.21				-20.07		28.87				-20.11		20.38				-19.8		14.49				-20.86		64.07				-20.85		31.87				-20.88		16.04

		-20.08		161.3				-20.09		116.1				-20.06		58				-20.09		41.18				-20.1		28.86				-20.14		20.42				-20.14		14.51				-20.85		64.24				-20.79		31.87				-21.2		16.04

		-20.07		162				-20.08		116.4				-20.08		58.02				-20.03		41.13				-20.18		28.99				-20.01		20.32				-20.22		14.47				-20.86		63.95				-20.76		31.89				-21.06		16.09

		-20.06		161.9				-20.12		116.6				-20.12		58.09				-20.16		41.14				-20.11		28.97				-20.05		20.38				-20.03		14.43				-20.8		64.06				-20.8		31.86				-20.78		16.04

		-20.07		161.8				-20.1		116				-20.12		58.13				-20.15		41.08				-20.1		28.92				-20.03		20.26				-20.12		14.43				-20.87		64.17				-20.74		31.88				-20.75		16.11

		-20.08		161.6				-20.09		116.1				-20.06		58.19				-20.15		41.05				-19.99		28.96				-20.34		20.39				-20		14.39				-20.86		64.29				-20.86		31.96				-21.07		16.09

		-20.05		161.6				-20.09		115.5				-20.13		58.2				-20.09		41.08				-20.07		28.98				-20.26		20.3				-20.1		14.34				-20.88		63.99				-20.83		32.01				-21.14		16.04

		-20.08		161.3				-20.06		115.9				-20.09		58.28				-20.09		41.06				-20.17		28.89				-20.17		20.39				-20.38		14.49				-20.87		64.1				-20.89		31.77				-20.96		16.1

		-20.07		162.2				-20.09		116.3				-20.1		57.96				-20.03		41.04				-20.06		28.84				-20.01		20.27				-20.27		14.46				-20.83		64.22				-20.87		31.81				-20.85		16.07

		-20.06		162				-20.06		115.9				-20.14		57.99				-20.06		40.95				-20.05		28.99				-20.1		20.38				-20.11		14.43				-20.89		64.34				-20.83		31.85				-20.89		16.07

		-20.09		161.8				-20.05		116.2				-20.03		58.07				-20.13		40.89				-19.98		28.87				-20.19		20.4				-20.24		14.44				-20.86		63.97				-20.91		31.86				-20.87		16.02

		-20.09		161.6				-20.1		116.4				-20.12		58.07				-20.16		41.17				-20.08		28.85				-20.21		20.31				-20.15		14.48				-20.86		64.15				-20.81		31.91				-20.85		16.04

		-20.09		161.6				-20.09		115.9				-20.12		58.09				-19.96		41.1				-20.09		28.87				-20		20.44				-20.39		14.42				-20.89		64.21				-20.86		31.99				-20.87		16.05

		-20.09		161.4				-20.08		116.1				-20.09		58.2				-20.15		41.07				-19.96		28.98				-20.22		20.31				-20.49		14.41				-20.83		64.32				-20.91		31.75				-21.07		16.08

		-20.09		162.3				-20.09		116.4				-20.1		58.21				-20.06		41.05				-20.06		28.88				-20.09		20.38				-20.22		14.42				-20.88		64.04				-20.82		31.85				-20.88		16.03

		-20.08		161.9				-20.08		115.9				-20.12		58.28				-20.09		41.04				-20.05		28.87				-20.05		20.32				-20.34		14.48				-20.85		64.13				-20.86		31.89				-20.91		15.95

		-20.07		162				-20.08		116.2				-20.12		57.95				-20.15		41				-20.16		28.75				-20.04		20.41				-20.02		14.47				-20.82		64.17				-20.9		31.84				-20.81		15.96

		-20.08		161.9				-20.11		116.4				-20.07		58				-20.1		40.94				-20.14		28.83				-20.22		20.29				-19.95		14.49				-20.85		64.3				-20.95		31.91				-21.25		15.98

		-20.07		161.6				-20.07		115.9				-20.08		58.09				-20.13		41.2				-20.25		28.86				-20.12		20.4				-20.09		14.43				-20.87		63.98				-20.79		31.74				-20.73		16.01

		-20.06		161.6				-20.11		116.2				-20.09		58.17				-20.13		41.16				-20.13		28.76				-20.01		20.28				-19.97		14.42				-20.89		64.08				-20.89		31.77				-20.77		15.99

		-20.05		161.4				-20.13		116.5				-20.14		58.13				-20.07		41.07				-20.02		28.94				-20.23		20.32				-20.28		14.41				-20.84		64.2				-20.75		31.85				-20.96		16.02

		-20.09		161.2				-20.13		115.9				-20.12		58.16				-20.14		41.06				-20.14		28.88				-20.02		20.37				-20.47		14.42				-20.81		64.26				-20.81		31.89				-20.94		16.02

		-20.1		162.2				-20.09		116.2				-20.11		58.2				-20.13		41.07				-20.17		28.83				-19.97		20.28				-20.11		14.44				-20.84		63.93				-20.78		31.89				-21.05		15.99

		-20.08		162				-20.09		116.5				-20.11		58.21				-20.15		41.03				-20.19		28.78				-20.18		20.32				-20.18		14.51				-20.85		64.06				-20.89		31.92				-20.9		15.99

		-20.05		162				-20.11		116				-20.09		58.22				-20.04		40.97				-20.03		28.99				-20.14		20.21				-20.17		14.41				-20.84		64.17				-20.87		31.77				-20.87		16.01

		-20.08		161.7				-20.08		116.3				-20.16		58.21				-20.14		40.95				-20.1		28.89				-19.92		20.27				-20.1		14.44				-20.9		64.27				-20.75		31.8				-21.24		16.01

		-20.07		161.5				-20.08		116.5				-20.13		58.26				-20.03		41.18				-19.94		28.77				-19.99		20.38				-20.14		14.47				-20.91		63.93				-20.85		31.88				-21.05		16.04

		-20.09		161.5				-20.07		116				-20.13		57.92				-20.11		41.19				-20.03		28.76				-20.28		20.26				-20.1		14.41				-20.85		64.06				-20.78		31.91				-20.86		16.1

		-20.09		161.3				-20.1		116.3				-20.16		57.99				-20.06		41.23				-20.19		28.9				-20.1		20.35				-20.32		14.53				-20.91		64.19				-20.9		31.95				-20.9		15.99

		-20.09		184.8				-20.08		116.5				-20.06		57.96				-20.08		41.16				-20.13		28.88				-20.09		20.35				-20.13		14.5				-20.82		64.25				-20.81		31.94				-20.89		16.03

		-20.08		184.6				-20.07		116.1				-20.08		58.08				-20.04		41.16				-20.21		28.78				-19.98		20.28				-20.15		14.42				-20.88		64.38				-20.96		31.77				-20.97		16.04

		-20.09		161.7				-20.09		116.4				-20.07		58.15				-20.16		41.11				-20.03		28.79				-20.08		20.29				-20.22		14.46				-20.87		63.96				-20.85		31.8				-20.93		16.06

		-20.07		161.5				-20.09		116.6				-20.08		58.07				-20.01		41.04				-20.18		28.85				-20.03		20.38				-20.21		14.39				-20.84		64.14				-20.85		31.81				-21		16.03

		-20.1		161.3				-20.1		116.2				-20.06		58.11				-20.1		41.07				-20.12		28.87				-19.98		20.25				-20.33		14.39				-20.91		64.18				-20.91		31.84				-20.97		16.07

		-20.1		184.6				-20.07		116.3				-20.13		58.21				-20.14		41.12				-20.15		28.83				-20		20.31				-19.91		14.42				-20.89		64.22				-20.82		31.87				-20.81		15.96

		-20.09		184.6				-20.1		116.5				-20.11		58.18				-20.15		41.05				-20.07		28.76				-20.03		20.26				-20.1		14.46				-20.87		63.94				-20.82		31.83				-20.86		15.92

		-20.08		184.7				-20.08		116.1				-20.1		58.18				-20.1		41.04				-20.18		28.85				-20.15		20.22				-20.22		14.49				-20.85		63.95				-20.71		31.92				-20.96		16

		-20.09		184.7				-20.08		116.3				-20.11		58.24				-20.06		41.07				-20.14		28.83				-20.21		20.35				-20.1		14.47				-20.91		64.12				-20.9		31.93				-20.95		15.98

		-20.08		184.5				-20.09		116.4				-20.09		57.92				-20.09		41.06				-20.15		28.68				-20.14		20.22				-20.12		14.38				-20.9		64.2				-20.86		31.72				-20.94		15.94

		-20.06		161.3				-20.1		116				-20.08		57.97				-20.08		41				-20.19		28.83				-19.96		20.3				-20.24		14.42				-20.87		64.28				-20.94		31.79				-20.9		15.99

		-20.09		184.7				-20.08		116.2				-20.15		58.01				-20.08		41.04				-20.08		28.82				-20.01		20.35				-20.19		14.4				-20.84		63.97				-20.9		31.79				-20.91		16.04

		-20.1		184.8				-20.1		116.4				-20.08		58.03				-20.19		40.98				-20.15		28.76				-19.96		20.28				-20.01		14.36				-20.81		64.02				-20.94		31.86				-20.81		16

		-20.08		184.7				-20.07		116.6				-20.1		58.08				-20.12		40.98				-20.02		28.93				-20.01		20.31				-20.12		14.47				-20.94		64.07				-20.79		31.88				-20.84		16.07

		-20.09		184.7				-20.11		116.1				-20.12		58.11				-19.99		41.04				-19.98		28.78				-20.29		20.19				-20.19		14.47				-20.86		64.19				-20.96		31.86				-20.94		15.98

		-20.07		184.7				-20.08		116.2				-20.11		58.16				-20.13		41				-20.04		28.73				-20.03		20.21				-19.87		14.45				-20.86		64.26				-20.79		31.92				-20.78		16.06

		-20.1		184.7				-20.08		116.4				-20.13		58.15				-20.16		40.88				-20.16		28.88				-20.07		20.26				-20.07		14.42				-20.83		63.95				-20.72		31.94				-20.86		16.02

		-20.1		184.7				-20.09		115.8				-20.12		58.26				-20.11		41.24				-20.15		28.84				-20.16		20.2				-20.1		14.46				-20.86		64.06				-20.84		31.71				-20.94		16.06

		-20.1		161.6				-20.13		116.1				-20.14		57.87				-19.99		41.17				-20.13		28.69				-20.16		20.25				-20.13		14.44				-20.94		64.14				-20.9		31.7				-21.03		16.04

		-20.09		161.5				-20.1		116.3				-20.13		57.91				-20.18		41.16				-20.02		28.93				-20.28		23.2				-19.9		14.54				-20.91		64.21				-20.91		31.8				-21.03		15.94

		-20.08		161.3				-20.08		116.4				-20.07		57.94				-20.14		41.2				-20.15		28.68				-20.14		20.25				-20.15		14.43				-20.86		64.28				-20.92		31.8				-20.93		15.97

		-20.08		184.7				-20.1		115.8				-20.06		58.01				-20.16		41.09				-20.02		28.77				-20.1		20.28				-20.29		14.4				-20.84		63.96				-20.84		31.84				-20.71		15.96

		-20.1		184.7				-20.07		116.2				-20.11		58.04				-20.04		41.12				-19.94		28.85				-19.97		23.17				-19.98		14.43				-20.85		64.1				-20.85		31.87				-20.85		15.99

		-20.08		162.3				-20.09		116.3				-20.14		58.06				-20.04		41.04				-20.07		28.73				-20.18		20.15				-19.95		14.45				-20.9		64.09				-20.76		31.96				-20.81		15.97

		-20.07		161.9				-20.07		116.4				-20.12		58.02				-20.1		41.02				-20.11		28.7				-20.13		23.15				-20.3		14.39				-20.88		64.18				-20.79		31.78				-21.07		15.96

		-20.09		161.7				-20.09		115.9				-20.09		58.06				-20.09		41.03				-20.14		28.87				-20.17		23.15				-20.2		14.53				-20.83		64.37				-20.84		31.85				-20.97		15.94

		-20.09		162.7				-20.08		116				-20.11		58.06				-20.19		40.94				-19.97		28.81				-20.21		20.22				-19.95		14.46				-20.83		64.03				-20.88		31.85				-20.88		15.94

		-20.07		162.4				-20.08		116.2				-20.15		58.11				-20.17		40.95				-20.01		32.84				-20.3		23.13				-20.3		14.42				-20.9		64.08				-20.84		31.84				-20.92		15.93

		-20.08		161.8				-20.11		116.3				-20.09		58.19				-20.05		41.13				-20.12		28.77				-20.02		23.15				-19.99		14.43				-20.84		64.24				-20.92		31.91				-20.95		15.92

		-20.11		162.5				-20.09		116.5				-20.16		58.16				-20.09		41.06				-20.21		28.7				-20.14		23.12				-20.21		14.4				-20.88		64.28				-20.91		31.91				-20.75		15.91

		-20.09		162.1				-20.11		116				-20.09		57.92				-20.13		41.08				-20.08		32.78				-19.99		23.17				-20.3		14.37				-20.86		63.96				-20.85		31.87				-21.04		15.94

		-20.07		162.1				-20.11		116.1				-20.06		57.9				-20.08		41.06				-20.23		28.72				-20.27		23.12				-20.05		14.52				-20.87		64.1				-20.88		31.75				-20.58		16.01

		-20.09		162.9				-20.15		116.3				-20.1		57.97				-20.11		41.03				-20.03		28.68				-20		23.13				-20.24		14.42				-20.85		64.17				-20.87		31.78				-21.1		15.95

		-20.07		162.6				-20.09		116.6				-20.09		57.95				-20.02		40.92				-20.05		28.78				-20.19		23.19				-20.38		14.4				-20.85		64.24				-20.88		31.81				-21.09		15.9

		-20.09		162.3				-20.08		115.9				-20.1		58.02				-20.17		40.94				-20.11		28.75				-20.07		23.17				-20.12		14.42				-20.86		63.96				-20.97		31.79				-20.92		15.97

		-20.09		162.4				-20.08		116.2				-20.08		58				-20.12		41.15				-20.19		28.7				-20.08		23.13				-19.99		14.39				-20.86		64.05				-20.89		31.88				-20.73		16.05

		-20.1		162				-20.07		116.3				-20.08		58.07				-20.13		41.17				-20.08		28.77				-20.09		23.14				-20.1		14.49				-20.88		64.15				-20.73		31.88				-20.94		16.03

		-20.07		162.9				-20.09		116.5				-20.1		58.11				-20.13		41.1				-20.1		28.68				-20.05		23.18				-20.09		14.5				-20.87		64.18				-20.81		31.91				-20.87		16

		-20.08		162.9				-20.12		115.9				-20.11		58.22				-20.18		41.1				-20.11		28.76				-20.13		23.16				-20.18		14.47				-20.85		63.93				-20.83		31.98				-21.02		16.03

		-20.08		162.4				-20.07		116.2				-20.15		57.8				-20.12		41.09				-20.01		28.7				-20.09		23.13				-20.19		14.45				-20.83		63.98				-20.83		31.76				-20.98		16

		-20.09		162.3				-20.06		116.2				-20.09		57.88				-20.21		41.03				-20.03		32.84				-20.04		23.09				-20.03		14.49				-20.89		64.07				-20.94		31.79				-21.03		15.98

		-20.11		163.2				-20.08		116.5				-20.15		57.91				-20.15		40.96				-20.2		28.71				-20.21		20.19				-20.38		14.42				-20.87		64.19				-20.87		31.81				-20.82		15.99

		-20.1		162.9				-20.09		115.9				-20.02		57.98				-20.12		40.96				-20.11		28.73				-20.01		23.17				-20.16		14.43				-20.87		64.21				-20.79		31.83				-20.94		15.94

		-20.09		162.7				-20.08		116.2				-20.08		57.91				-20.09		41.16				-20.08		28.76				-19.93		20.28				-19.92		14.5				-20.85		63.93				-20.83		31.85				-20.64		16.02

		-20.09		162.4				-20.08		116.4				-20.08		58.06				-20.16		41.13				-20.05		28.69				-20.24		23.11				-20.29		14.49				-20.87		63.93				-20.84		31.85				-21.05		15.99

		-20.07		163.3				-20.05		116.4				-20.1		58.12				-20.16		41.09				-20.2		28.66				-20.04		20.33				-20.1		14.49				-20.88		64.05				-20.84		31.85				-20.94		15.96

		-20.07		163				-20.1		116				-20.1		58.1				-20.12		41				-20.1		28.62				-20.12		20.31				-20.24		14.46				-20.87		64.16				-20.84		31.86				-20.8		16.01

		-20.09		162.9				-20.1		116.2				-20.14		57.79				-20.22		41.06				-20.19		32.79				-19.93		20.29				-20.12		14.43				-20.79		64.2				-20.91		31.85				-21.13		16

		-20.09		162.6				-20.11		116.3				-20.06		57.88				-20.09		41.03				-20.02		28.67				-20.08		20.37				-20.04		14.4				-20.87		64.13				-20.87		31.87				-21.01		15.98

		-20.08		163.5				-20.1		116.5				-20.05		57.9				-20.1		41.05				-20.09		32.79				-20.17		20.28				-20.16		14.43				-20.8		63.84				-20.87		31.96				-20.94		15.96

		-20.05		163.3				-20.07		116.1				-20.19		57.88				-20.06		41				-20.18		32.79				-19.88		20.39				-20.09		14.44				-20.8		64.07				-20.96		31.92				-20.93		15.96

		-20.06		163				-20.1		116.1				-20.03		58.05				-20.15		40.95				-20.08		32.81				-20.11		20.2				-20.25		14.44				-20.82		64.13				-20.85		31.98				-20.89		15.98

		-20.08		162.9				-20.09		116.3				-20.01		58.01				-20.11		41.2				-20.05		32.78				-20.17		20.39				-19.95		14.48				-20.9		64.2				-20.85		31.98				-20.77		15.96

		-20.09		162.6				-20.12		115.8				-20.09		57.71				-20.11		41.2				-20.1		32.8				-20		20.38				-20.21		14.48				-20.9		64.26				-20.75		31.75				-21		15.97

		-20.08		163.5				-20.09		116				-20.13		57.83				-20.05		41.18				-20.18		32.75				-20.18		20.29				-20.21		14.4				-20.88		63.9				-20.73		31.86				-20.88		15.99

		-20.08		163.1				-20.11		116.4				-20.13		57.76				-20.12		41.13				-20.08		32.79				-19.93		20.3				-20.06		14.42				-20.9		63.96				-20.95		31.8				-21.1		15.96

		-20.07		162.9				-20.09		116.6				-20.07		57.83				-20.13		41.04				-20.06		32.86				-20.09		20.29				-20.05		14.42				-20.84		64.11				-20.84		31.84				-20.91		15.98

		-20.09		162.6				-20.09		116.1				-20.07		57.93				-20		41.13				-20.13		32.76				-20.12		20.42				-20.32		14.52				-20.83		64.11				-20.8		31.81				-20.92		16.02

		-20.09		163.5				-20.08		116.4				-20.16		58				-20.07		41.1				-20.09		32.81				-20.13		20.35				-20.31		14.5				-20.9		64.24				-20.81		31.89				-20.8		16.02

		-20.07		163.2				-20.08		116.5				-20.13		57.64				-20.08		41.02				-20.01		32.77				-20.15		20.34				-20.23		14.46				-20.87		63.88				-20.78		31.93				-20.93		16

		-20.08		163				-20.1		116				-20.16		57.64				-20.15		41.01				-20.21		32.81				-20.13		20.36				-20.27		14.42				-20.89		64				-20.86		31.93				-20.99		16.03

		-20.06		162.7				-20.1		116.2				-20.13		57.68				-20.1		40.98				-19.94		28.64				-20.26		20.28				-19.93		14.41				-20.91		64.05				-20.79		31.96				-20.66		16.03

		-20.08		163.5				-20.08		116.5				-20.13		57.67				-20.12		40.93				-20.07		32.75				-20.13		20.41				-20.21		14.44				-20.93		64.12				-20.9		31.76				-21		16.02

		-20.09		163.5				-20.09		116				-20.08		57.81				-20.04		41.01				-20.03		32.84				-20.01		20.39				-20.18		14.51				-20.91		64.29				-20.79		31.8				-20.97		15.86

		-20.07		163.3				-20.07		116.1				-20.15		57.74				-20.14		41.16				-20.03		28.83				-19.89		20.39				-20.15		14.48				-20.91		64.35				-20.92		31.86				-20.87		15.84

		-20.09		162.9				-20.07		116.4				-20.13		57.6				-20.09		41.21				-20.13		28.73				-19.81		20.39				-20.32		14.43				-20.88		63.99				-20.76		31.87				-21.17		15.88

		-20.08		162.7				-20.07		116				-20.09		57.83				-20.13		41.15				-20.14		28.87				-19.95		20.3				-20.17		14.4				-20.87		63.97				-20.9		31.84				-20.82		15.95

		-20.12		163.6				-20.08		116.2				-20.11		57.89				-20.1		41.14				-20.04		28.86				-20.02		20.35				-20.27		14.42				-20.87		64.16				-20.77		31.91				-21.01		15.91

		-20.08		163.4				-20.12		116.4				-20.1		57.88				-20.15		41.14				-20.22		28.71				-20.06		20.41				-20.34		14.36				-20.92		64.29				-20.81		31.91				-20.91		15.9

		-20.09		163.3				-20.09		115.9				-20.13		57.88				-20.11		41.1				-20.17		28.76				-19.98		20.42				-19.91		14.49				-20.91		64.33				-20.82		31.92				-21		15.95

		-20.09		163.1				-20.1		116.2				-20.09		57.56				-20.14		41.05				-20.15		28.85				-20.03		20.4				-20.34		14.48				-20.86		63.96				-20.87		31.91				-20.8		15.98

		-20.07		162.9				-20.07		116.4				-20.08		57.6				-20.08		40.93				-20.06		28.82				-20.02		20.48				-20.14		14.5				-20.89		64.06				-20.72		31.96				-20.72		15.96

		-20.08		163.8				-20.09		116.1				-20.06		57.6				-20.17		40.95				-20.08		28.97				-19.82		20.37				-20.03		14.41				-20.88		64.16				-20.77		32.01				-20.87		15.93

		-20.09		163.5				-20.09		116.1				-20.13		57.63				-20.13		41.23				-20.09		28.81				-20.23		20.39				-20.03		14.41				-20.87		64.21				-20.82		31.76				-20.83		15.94

		-20.07		163.3				-20.11		116.5				-20.04		57.7				-20.15		41.17				-20.11		28.78				-20.01		20.31				-20.11		14.39				-20.85		63.89				-20.78		31.77				-20.94		15.88

		-20.11		163.1				-20.11		115.9				-20.12		57.51				-20.06		41.11				-20.15		28.94				-20.08		20.41				-20.4		14.55				-20.84		64.13				-20.75		31.73				-20.78		15.96

		-20.08		163.2				-20.08		116.2				-20.15		65.74				-20.18		41.05				-20.12		28.9				-20.12		20.48				-19.97		14.52				-20.85		64.12				-20.86		31.72				-20.81		15.94

		-20.1		163.1				-20.09		116.4				-20.08		65.73				-20.06		41.04				-20.26		28.79				-20		20.4				-20.08		14.46				-20.91		64.18				-20.81		31.77				-20.99		15.93

		-20.1		163.8				-20.08		115.8				-20.18		65.7				-20.18		40.98				-20.1		28.94				-20.03		20.41				-20.21		14.42				-20.81		64.36				-20.77		31.74				-20.9		15.93

		-20.09		163.7				-20.1		116.1				-20.11		57.35				-20.07		40.98				-20.06		28.88				-20.02		20.35				-20.36		14.47				-20.88		64.06				-20.83		31.82				-20.9		15.92

		-20.07		163.5				-20.07		116.4				-20.08		65.75				-20.17		41.18				-20.05		28.84				-20.16		20.44				-20.33		14.43				-20.89		64.03				-20.84		31.88				-20.89		15.92

		-20.1		163.2				-20.11		115.9				-20.14		57.38				-20.12		41.15				-20		28.98				-20.13		20.41				-20.11		14.37				-20.89		64.19				-20.92		31.93				-21.02		15.89

		-20.1		163.1				-20.1		116.1				-20.11		57.33				-20.11		41.13				-19.95		28.94				-20.23		20.38				-20.17		14.53				-20.91		64.32				-20.78		31.92				-20.63		15.92

		-20.09		162.9				-20.07		116.4				-20.06		57.4				-20.12		41.04				-20.14		28.92				-20.19		20.37				-20.13		14.44				-20.84		63.94				-20.82		31.89				-21.13		15.91

		-20.08		162.9				-20.09		115.9				-20.12		65.8				-20.09		40.94				-20.25		29				-20.13		20.44				-20.03		14.42				-20.88		64.03				-20.84		31.89				-21.03		15.9

		-20.07		163.8				-20.11		116.2				-20.13		65.72				-20.01		40.95				-20.03		28.91				-20.3		20.38				-19.98		14.37				-20.87		64.18				-20.76		31.67				-20.77		15.91

		-20.07		163.5				-20.09		116.4				-20.14		65.71				-20.12		41.17				-20.22		28.83				-20.12		20.44				-20.05		14.4				-20.87		64.21				-20.78		31.68				-20.72		15.91

		-20.07		163.4				-20.1		115.8				-20.08		65.68				-20.18		41.13				-19.93		29.04				-20.1		20.51				-19.96		14.45				-20.89		64.34				-20.81		31.62				-20.97		15.91

		-20.09		163.3				-20.11		116.1				-20.09		65.76				-20.08		41.06				-20		28.92				-20.04		20.4				-20.24		14.46				-20.9		63.95				-20.99		31.69				-21.04		15.93

		-20.11		163.2				-20.08		116.4				-20.11		65.76				-20.05		41.01				-20.09		28.86				-20.24		20.43				-20.17		14.48				-20.89		64.09				-20.82		31.7				-20.75		15.93

		-20.06		163.1				-20.12		116.7				-20.1		65.75				-20.04		41.06				-19.97		28.97				-20.05		20.5				-20.05		14.46				-20.9		64.17				-20.82		31.77				-21.03		15.91

		-20.11		162.8				-20.11		116.1				-20.07		65.76				-20.08		40.96				-20.12		28.93				-20.07		20.44				-20.16		14.42				-20.84		64.27				-20.92		31.84				-20.88		15.92

		-20.1		163.8				-20.09		116.3				-20.15		65.66				-20		40.94				-20.22		28.81				-20.04		20.45				-20.15		14.39				-20.83		64.38				-20.77		31.89				-21.08		15.92

		-20.09		163.6				-20.1		116.6				-20.13		65.73				-20.16		41.15				-20.15		28.99				-20.02		20.38				-19.84		14.52				-20.91		64.02				-20.78		31.88				-21.05		15.97

		-20.1		163.6				-20.1		116				-20.06		65.72				-20.17		41.11				-20.1		29.03				-20.12		20.38				-20		14.49				-20.85		64.12				-20.7		31.93				-20.63		15.96

		-20.1		163.5				-20.08		116.2				-20.14		65.73				-20.06		41.07				-20.03		28.88				-20.11		20.52				-20.29		14.49				-20.91		64.18				-20.73		31.74				-20.9		15.9

		-20.09		163.3				-20.08		116.5				-20.09		65.76				-20.04		41.04				-20.14		28.97				-20.18		20.39				-20.14		14.4				-20.84		64.29				-20.82		31.73				-20.86		15.91

		-20.07		163.1				-20.11		115.9				-20.1		65.72				-20.1		41.02				-20.11		28.98				-20.14		20.48				-20.35		14.41				-20.83		64				-20.79		31.76				-20.79		15.93

		-20.08		163				-20.1		116.2				-20.13		65.8				-20.08		41.03				-20.04		28.92				-19.95		20.42				-20.21		14.43				-20.83		64.07				-20.79		31.76				-20.82		15.86

		-20.1		162.9				-20.1		116.4				-20.12		65.77				-20.14		40.95				-20.16		29.02				-20.29		20.38				-20.33		14.48				-20.86		64.13				-20.78		31.76				-21.1		15.85

		-20.06		163.8				-20.09		115.9				-20.1		65.66				-20.21		40.95				-20.1		29				-20.13		20.5				-20.21		14.51				-20.86		64.23				-20.87		31.81				-20.92		15.88

		-20.08		163.7				-20.06		116.2				-20.17		65.72				-20.15		41.19				-20.12		28.92				-19.72		20.38				-20.01		14.47				-20.89		64.32				-20.78		31.86				-20.79		15.94

		-20.07		163.6				-20.09		116.3				-20.12		65.72				-20.09		41.15				-20.24		28.94				-20.04		20.42				-20.06		14.43				-20.81		63.97				-20.89		31.81				-20.8		15.89

		-20.09		163.4				-20.07		116.5				-20.11		65.78				-20.11		41.13				-20.18		29.06				-19.93		20.47				-19.96		14.39				-20.85		64.04				-20.76		31.81				-21.09		15.9

		-20.06		163.2				-20.1		115.9				-20.11		65.73				-20.15		41.09				-20.02		28.97				-20.11		20.38				-20.12		14.42				-20.87		64.11				-20.82		31.83				-20.93		15.86

		-20.07		163				-20.09		116.3				-20.16		65.68				-20.08		40.98				-20.06		28.9				-20.08		20.4				-20.17		14.46				-20.87		64.27				-20.82		31.9				-20.93		15.88

		-20.06		162.9				-20.07		116.4				-20.11		65.77				-20.22		41.06				-20.12		29.05				-20.04		20.46				-20.48		14.47				-20.87		63.94				-20.82		31.84				-21.1		15.91

		-20.08		163.8				-20.1		115.8				-20.14		65.75				-20.17		40.93				-20.23		28.98				-19.99		20.58				-20.17		14.49				-20.86		64				-20.84		31.85				-20.75		15.85

		-20.09		163.5				-20.07		116				-20.08		65.76				-20.11		40.89				-20.12		28.96				-20.07		20.39				-19.99		14.46				-20.92		64.03				-20.78		31.91				-20.68		15.85

		-20.08		163.4				-20.08		116.3				-20.06		57.41				-20.11		41.23				-19.98		29.11				-20.13		20.45				-20.25		14.39				-20.86		64.13				-20.91		31.71				-20.89		15.87

		-20.07		163.1				-20.08		116.4				-20.12		57.49				-20.09		41.1				-20.04		29.04				-20.27		20.48				-20.04		14.43				-20.83		64.27				-20.83		31.76				-20.79		15.87

		-20.08		162.9				-20.1		116				-20.17		57.48				-20.09		41.15				-20.11		29				-20.08		20.42				-20.05		14.45				-20.86		63.97				-20.85		31.76				-20.92		15.88

		-20.08		163.7				-20.09		116				-20.1		57.59				-20.07		40.99				-20.07		28.93				-20.14		20.43				-20.16		14.4				-20.92		64.05				-20.89		31.77				-20.87		15.86

		-20.08		163.6				-20.09		116.4				-20.08		57.54				-20.02		41.01				-20.13		29.09				-19.98		20.52				-20.15		14.44				-20.81		64.14				-20.82		31.73				-20.85		15.81

		-20.09		163.2				-20.07		116.5				-20.19		57.63				-20.08		40.98				-20.16		29.02				-20.12		20.52				-20.32		14.38				-20.84		64.14				-20.78		31.78				-20.83		15.85

		-20.1		163.2				-20.1		116				-20.17		65.72				-20.15		40.97				-20.05		28.95				-20.03		20.46				-20.19		14.49				-20.83		64.32				-20.88		31.75				-21.02		15.84

		-20.08		163				-20.08		116.1				-20.16		65.74				-20.09		40.96				-20.13		29.12				-20.25		20.48				-20.36		14.42				-20.88		63.99				-20.72		31.78				-20.78		15.83

		-20.06		163.8				-20.06		116.3				-20.08		65.8				-20.08		40.92				-20.14		29.06				-20.01		20.52				-20.39		14.45				-20.86		64.03				-20.85		31.79				-21.32		15.85

		-20.08		163.6				-20.14		116.6				-20.17		57.38				-20.16		41.15				-20.16		28.9				-20.42		20.4				-19.75		14.38				-20.88		64.1				-20.84		31.8				-20.91		15.87

		-20.09		163.4				-20.1		116				-20.13		57.34				-20.1		41.19				-20.09		29.03				-20.15		20.43				-20.18		14.41				-20.9		64.15				-20.74		31.85				-20.9		15.78

		-20.08		163.2				-20.08		116.1				-20.12		57.45				-20.13		41.11				-20		29.03				-19.95		20.47				-20.36		14.42				-20.82		64.26				-20.76		31.86				-20.66		15.86

		-20.11		162.9				-20.12		116.4				-20.11		57.48				-20.15		41.12				-20.04		28.96				-20.18		20.37				-20.28		14.5				-20.83		63.87				-20.8		31.87				-20.75		15.85

		-20.11		163.7				-20.1		116.5				-20.1		57.56				-20.2		41.03				-20.13		29.07				-20.05		20.46				-20.42		14.46				-20.87		63.98				-20.9		31.79				-20.68		15.87

		-20.1		163.6				-20.08		115.9				-20.04		57.55				-20.06		40.96				-20.05		29.02				-19.93		20.5				-20.03		14.44				-20.83		64.05				-20.86		31.87				-20.96		15.87

		-20.08		163				-20.09		116.1				-20.06		57.58				-20.11		40.93				-20.07		28.98				-20.04		20.4				-19.87		14.47				-20.86		64.15				-20.97		31.88				-21.18		15.87

		-20.08		162.8				-20.08		116.4				-20.07		57.62				-20.01		41.19				-20.18		28.84				-20.02		20.47				-20.13		14.47				-20.92		64.19				-20.84		31.96				-20.88		15.81

		-20.08		163.6				-20.09		116.4				-20.14		57.61				-20.02		41.16				-20.09		29.07				-20.01		20.53				-20.21		14.5				-20.85		63.89				-20.81		31.95				-20.72		15.81

		-20.09		163.4				-20.1		116.6				-20.11		65.72				-20.16		41.14				-20.08		29.01				-20.09		20.38				-19.98		14.44				-20.85		63.94				-20.94		31.9				-20.8		15.74

		-20.09		163.1				-20.09		116				-20.1		57.44				-20.1		41.12				-20.21		28.91				-20.2		20.51				-20.09		14.41				-20.88		63.94				-20.71		31.92				-20.83		15.79

		-20.06		162.9				-20.06		116.1				-20.04		57.41				-20		41.07				-20.15		29.03				-20.02		20.54				-19.85		14.43				-20.93		64.01				-20.88		31.89				-20.87		15.76

		-20.07		163.7				-20.08		116.4				-20.1		57.47				-20.09		41.05				-20.12		29				-20.07		20.45				-20.34		14.46				-20.86		64.08				-20.8		31.84				-20.99		15.82

		-20.12

		-20.04																																										0.0302						0.0626						0.129

		0.0136						0.017						0.0332																														-20.79						-20.65						-20.58

																																												-20.94						-20.99						-21.32

																																												0.15						0.34						0.26

												vin		new		old		filter		newnf		newnop

												0.203						0.0066

												0.145

												0.132				0.0302

												0.105		0.0154						0.0177

												0.101						0.0086

												0.098										0.01

												0.071

												0.066				0.0626

												0.053		0.0277						0.0389

												0.051						0.0182

												0.049										0.0185

												0.036

												0.035

												0.033				0.129

												0.027		0.059						0.0748

												0.026

												0.025						0.035				0.0315

												0.014								0.136

												0.0126										0.0679





oldbrdpos

		



new

old

filter

newnf

newnop

Signal In Vpp

Std Deviation

Comparison Old, New with LPF w/o LPF and BPF using 76 Effective radius




