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CNS Systems’ Test Bed at USNO 

Tac32Plus software 
simultaneously processes data 

from four Time Interval 
Counters and four CNS Clocks, 

writing 12 logs continuously

Time Interval Counters 
compare the 1PPS from 
each CNS Clock (M12+) 

against the USNO’s 
UTC time tick.
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GPS Receiver Test Setup at USNO
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Delay Calibration Data
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Pre-Calibration Data Sample, Rx A
Average = -84.3 ns
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Rx A - Motorola M12+ V1.0 vs. USNO
Data logged by Tac32Plus, July 27-Aug 5, 2002 UTC (Days 208-217).  

Data is sawtooth corrected. Averaging Period is 100 seconds.
©2002 CNS Systems, Inc., plotted by Richard M. Hambly

Max values within 
averaging period (Blue)

Min values within 
averaging period (Green)

Mean values for  
averaging period (Red)

Average Noise (sawtooth corrected) = 1.2 nsec

COPYRIGHT 1991-2002 MOTOROLA 
INC.
SFTW P/N #     61-G10268A 
SOFTWARE VER # 1          
SOFTWARE REV # 0          
SOFTWARE DATE  JUN 28 2002
MODEL #    P283T12NR5     
HWDR P/N # 2              
SERIAL #   P030XY         
MANUFACTUR DATE 2G13     
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Individual M12 Clock Performance (A)
Average = -0.6 ns
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Rx A - Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 4 - Sep 16, 2002 UTC (Days 247 - 259).

Data is sawtooth corrected. Averaging Period is 100 seconds.
©2002 CNS Systems, Inc., plotted by Richard M. Hambly

Max values within 
averaging period (Blue)

Min values within 
averaging period (Green)

Mean values for  
averaging period (Red)

Average Noise (sawtooth corrected) = 1.2 nsec

COPYRIGHT 1991-2002 MOTOROLA INC.
SFTW P/N #     61-G10268A
SOFTWARE VER # 2
SOFTWARE REV # 0
SOFTWARE DATE  AUG 14 200
MODEL #    P283T12NR5
HWDR P/N # 2
SERIAL #   P030XY
MANUFACTUR DATE 2G13
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Individual M12 Clock Performance (B)
Average -0.2 ns
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Rx B - Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 4 - Sep 16, 2002 UTC (Days 247 - 259). 

Data is sawtooth corrected. Averaging Period is 100 seconds.
©2002 CNS Systems, Inc., plotted by Richard M. Hambly

Max values within 
averaging period (Blue)

Min values within 
averaging period (Green)

Mean values for  
averaging period (Red)

Average Noise (sawtooth corrected) = 1.7 nsec

COPYRIGHT 1991-2002 MOTOROLA INC.
SFTW P/N #     61-G10268A
SOFTWARE VER # 2
SOFTWARE REV # 0
SOFTWARE DATE  AUG 14 2002
MODEL #    P283T12NR5
HWDR P/N # 2
SERIAL #   P030X9
MANUFACTUR DATE 2G13
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Individual M12 Clock Performance (C)
Average +5.3 ns
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Rx C - Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 4 - Sep 16, 2002 UTC (Days 247 - 259).

Data is sawtooth corrected. Averaging Period is 100 seconds.
©2002 CNS Systems, Inc., plotted by Richard M. Hambly

Max values within 
averaging period (Blue)

Min values within 
averaging period (Green)

Mean values for  
averaging period (Red)

Average Noise (sawtooth corrected) = 1.4 nsec

COPYRIGHT 1991-2002 MOTOROLA INC.
SFTW P/N #     61-G10268A
SOFTWARE VER # 2
SOFTWARE REV # 0
3SOFTWARE DATE  AUG 14 2002
MODEL #    P283T12NR5
HWDR P/N # 2
SERIAL #   P030YX
MANUFACTUR DATE 2G13
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Individual M12 Clock Performance (D)
Average = +3.4 ns
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Rx D - Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 4 - Sep 16, 2002 UTC (Days 247 - 259).

Data is sawtooth corrected. Averaging Period is 100 seconds.
©2002 CNS Systems, Inc., plotted by Richard M. Hambly

Max values within 
averaging period (Blue)

Min values within 
averaging period (Green)

Mean values for  
averaging period (Red)

Average Noise (sawtooth corrected) = 1.8 nsec

COPYRIGHT 1991-2002 MOTOROLA INC.
SFTW P/N #     61-G10268A
SOFTWARE VER # 2
SOFTWARE REV # 0
SOFTWARE DATE  AUG 14 2002
MODEL #    P283T12NR5
HWDR P/N # 2
SERIAL #   P030VG
MANUFACTUR DATE 2G13
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M12+ Timing Receiver Comparison Chart
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Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 4 - Sep 16, 2002 UTC (Days 247 - 259).

Data is sawtooth corrected. Averaging Period is 100 seconds.
©2002 CNS Systems, Inc., plotted by Richard M. Hambly
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Comparisons - Reference to Rx A
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Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 4 - Sep 16, 2002 UTC (Days 247 - 259).

Data is sawtooth corrected. Averaging Period is 100 seconds.
©2002 CNS Systems, Inc., plotted by Richard M. Hambly
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Comparisons - Reference to Rx B
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Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 4 - Sep 16, 2002 UTC (Days 247 - 259).

Data is sawtooth corrected. Averaging Period is 100 seconds.
©2002 CNS Systems, Inc., plotted by Richard M. Hambly
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Comparisons - Reference to Rx C
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Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 4 - Sep 16, 2002 UTC (Days 247 - 259).

Data is sawtooth corrected. Averaging Period is 100 seconds.
©2002 CNS Systems, Inc., plotted by Richard M. Hambly
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Comparisons - Reference to Rx D
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Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 4 - Sep 16, 2002 UTC (Days 247 - 259).

Data is sawtooth corrected. Averaging Period is 100 seconds.
©2002 CNS Systems, Inc., plotted by Richard M. Hambly
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Raw Noise Charts – 1 Hour
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Rx A - Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 11, 2002 UTC (Day 254).
©2002 CNS Systems, Inc., plotted by Richard M. Hambly
RED = Raw 1PPS     BLUE = Sawtooth Corrected Data
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Rx B - Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 11, 2002 UTC (Day 254).
©2002 CNS Systems, Inc., plotted by Richard M. Hambly
RED = Raw 1PPS     BLUE = Sawtooth Corrected Data
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Rx C - Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Aug 8, 2002 UTC (Day 220).
©2002 CNS Systems, Inc., plotted by Richard M. Hambly
RED = Raw 1PPS     BLUE = Sawtooth Corrected Data
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Rx D - Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 11, 2002 UTC (Day 254).
©2002 CNS Systems, Inc., plotted by Richard M. Hambly
RED = Raw 1PPS     BLUE = Sawtooth Corrected Data
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SOFTWARE VER # 2
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MODEL #    P283T12NR5
HWDR P/N # 2
SERIAL #   P030VG
MANUFACTUR DATE 2G13
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Raw Noise Charts – 10 Minute Detail
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Rx A - Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Aug 8, 2002 UTC (Day 220).
©2002 CNS Systems, Inc., plotted by Richard M. Hambly
RED = Raw 1PPS     BLUE = Sawtooth Corrected Data
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Rx B - Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 11, 2002 UTC (Day 254).
©2002 CNS Systems, Inc., plotted by Richard M. Hambly
RED = Raw 1PPS     BLUE = Sawtooth Corrected Data
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Rx C - Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Aug 8, 2002 UTC (Day 220).
©2002 CNS Systems, Inc., plotted by Richard M. Hambly
RED = Raw 1PPS     BLUE = Sawtooth Corrected Data
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Rx D - Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 11, 2002 UTC (Day 254).
©2002 CNS Systems, Inc., plotted by Richard M. Hambly
RED = Raw 1PPS     BLUE = Sawtooth Corrected Data
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What Happened on 9/7/02 ?

September 7, 2002.

This picture is a two hour composite of 85 
different photos spanning 21:07 thru 23:10 EDT 

on Sept. 7th (01:07 thru 03:10 UTC Sep. 8). 

September 8, 2002.

This picture is a four hour composite of 140 
different photos spanning 20:00 thru 24:00 EDT 

on Sept. 8th (00:00 thru 04:00 UTC Sep. 9). 

Pictures are © Dr. Thomas A. Clark
Each picture was an 87 second exposure with 3 seconds between frames. The trails on the picture are all due to 
airplanes. The bright loop is from a plane on final approach into BWI airport. Camera = Canon D60 shooting Hi 
Resolution JPEG at ISO 100 with TC-80 timer. Lens = Sigma f/2.8 20-40 mm set to 20 mm @ f/4.5
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Short Baseline Test (USNO to NASA GGAO)
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GGAO M12+

USNO M12+ (A)

Difference, nsec

Smoothed Difference

Comparing two new Motorola M12+ GPS Timing Receivers over the 21.5 km baseline between the US Naval 
Observatory (USNO) and the NASA Goddard Geophysical & Astronomical Observatory (GGAO). 

------------------------------------------

Both data sets compare the GPS timing receiver to a local Hydrogen Maser clock. 
On both, a linear fit to remove constant clock offset and drift has been applied.

Visual Aurora in 
Wash.DC Area

Data reduction by 
Dr. Thomas A. Clark
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A Longer Term View
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Rx A - Motorola M12+ V2.0 vs. USNO
Data logged by Tac32Plus, Sep 10 - Oct 15, 2002 UTC (Days 253 - 288).

Data is sawtooth corrected. Averaging Period is 100 seconds.
©2002 CNS Systems, Inc., plotted by Richard M. Hambly

Max values within 
averaging period (Blue)

Min values within 
averaging period (Green)

Mean values for  
averaging period (Red)

Average Noise (sawtooth corrected) = 1.2 nsec
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