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With the testing of rocket projectiles, is desirable to determine the flight trajectory immediately after the
projectile has left the launch tube. This is difficult to achieve in that telemetry GPS receivers require time
to acquire satellites, phase lock on satellite tracks, and generate timing and position data. Many msecs
of time can pass before PNT data is generated after the projectile has been launched. Once the PNT data
stream is received by a ground receiver, typically PNT data is good until the projectile crashes or reaches
it's target unless telemetry drop outs are experienced.

With this study, it is assumed that an on-board projectile telemetry device records the GPS IF data
stream directly from the antenna (i.e. Haigh-Farr wrap antenna on the projectile body) to internal
non-volatile memory during the projectile flight and is retrieved after the projectile flight and post-
processed for PNT information. By this method, a typical GPS software receiver would provide PNT
information immediately after the wrap antenna leaves the launch tube only to be delayed by the
time it takes for software phase tracking loops to lock. Phase tracking loops require several msecs to
lock which would delay the generation of PNT information after the projectile has launched.

To solve this time delay issue, the GPS software algorithm within the GMNSS Analysis Tool was reversed so
that the recorded GPS IF stream is processed in reverse order from trajectory end to beginning. In this
way, the software phase tracking loop lock delays are experienced at the end of the flight trajectory
resulting in good PNT information immediately after projectile launch. The following slides show this
method of “reverse” processing the GPS IF data stream to not only be doable; but, provides excellent
PNT information immediately after projectile launch.
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Acquired GPS L1 Satellites

L-El GNSS AnalysisTool — i A Last Update: Wurtz, V52019, Tuesday, 16 Febru

.‘I Process GPS L1 Satellites Process GPS L2 Sa‘le[lilesl Process Galileo E1 Satellites | Process RX Position

|| PRN Codes | Acquisition 1| Acquisition 21 Acq Plots| Track| Track Plots 1| Track Plots 2| Track Plots 3| Nav Filter| Navigation | Position| Correct Position| Plots | Spin | NMEA| Spirent | Sky Map|

| Sat23 Sat24 Sa25  Sa26  Sa27  Sa28  Sat29  Sat30  Sat3  Sa32

Sample 10 => Magnitude = 18.623, Delta Freq (Hz) = -7100, PRN Chip Pir = 248.4375
Sample 11 => Magnitude = 17.909, Delta Freq (Hz) = -8950, PRN Chip Pitr = 141.8125
Sample 12 => Magnitude = 17.722, Delta Freq (Hz) = 6200, PRN Chip Ptr = 717.25

Satellite 24 =>

Sample 1 => Magnitude = 30.349, Delta Freq (Hz) = 3150, PRN Chip Ptr = 104.75
Sample 2 => Magnitude = 25.899, Delta Freq (Hz) = 2950, PRN Chip Ptr =
Sample 3 => Magnitude = 31.972, Delta Freq (Hz) = 3100, PRN Chip Ptr = 104.8125

Sample 4 => Magnitude = 24.559, Delta Freq (Hz) = 3050, PRN Chip Ptr = 104.8125

Sample 5 => Magnitude = 27.323, Delta Freq (Hz) = 3250, PRN Chip Ptr = 104.6875

Sample 6 => Magnitude = 23.502, Delta Freq (Hz) = 3000, PRN Chip Ptr = 104.75

Sample 7 => Magnitude = 29.162, Delta Freq (Hz) = 3050, PRN Chip Ptr = 104.75

Sample 8 => Magnitude = 28.823, Delta Freq (Hz) = 3000, PRN Chip Ptr = 104.6875

Sample 9 => Magnitude = 29.084, Delta Freq (Hz) = 3050, PRN Chip Ptr = 104.8125

Sample 10 => Magnitude = 28.376, Delta Freq (Hz) = 3150, PRN Chip Ptr = 104.6875

Sample 11 => Magnitude = 27.700, Delta Freq (Hz) = 3100, PRN Chip Ptr = 104.6875

Sample 12 => Magnitude = 28.010, Delta Freq (Hz) = 3050, PRN Chip Ptr = 104.6875

Best Sample = 3, Best lock count = 12
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Satellite 25 =>

Sample 1 => Magnitude = 24.165, Delta Freq (Hz) = -2650, PRN Chip Ptr = 252

Sample 2 => Magnitude = 27.160, Delta Freq (Hz) = -2500, PRN Chip Ptr = 252

Sample 3 => Magnitude = 20.156, Delta Freq (Hz) = -2950, PRN Chip Ptr = 252.125

Sample 4 => Magnitude = 19.412, Delta Freq (Hz) = -2800, PRN Chip Pir = 252.25

Samnle 5 => Maanitude = 26 488 Delia Frea (HZ) = -2700. PRN Chin Pir = 252 1875 -




Acquired GPS L1 Satellites
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| Process GPS L1 Satellites Process GPS L2 Satellites| Process Galileo E1 Satellites | Process RX Position|

PRN Codes| Acquisition 1| Acquisition 2| Acq Plots| Track | Track Plots 1| Track Plots 2| Track Plots 3| Nav Filter| Navigation| Position| Correct Position | Plots | Spin | NMEA| Spirent || Sky Map

QGPS 2
O GPS 15

Sat 10 == Long = -115.330413870147, Lat = 53.8280007795009
Sat 13 => Long = -4.76239269514883, Lat = 30.2665507517972
Sat 15 => Long = -153.194285589524, Lat = 15.7541871604834
Sat 2 => Long = -108.801121175865, Lat = 6.31276328803046
Sat 24 => Long = -167.338849698643, Lat = 52.6740864975988
Sat 25 => Long = -1.95960381470864, Lat = 53.7956525802591
Sat 26 => Long = -139.774553771375, Lat = 27.174238876125
Sat 27 => Long = -93.6283930155309, Lat = 18.4974165806669
Sat 28 => Long = -51.8026046660532, Lat = -13.569977936898
Sat 4 => Long = -87.5100696987488, Lat = -21.3914770638099
Sat 7 => Long = -30.7566636995169, Lat = 53.8357541601857
Sat 8 => Long = -70.8643099991592, Lat = 35.2331369236531




GPS L1 Satellites 26, 10, 8, and 24 (180 deg view)

|:| Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)

Note: Each sample = 1 msec

sspzrent Start Long = -88.21243900000 degs 3D Trajectory gpu'ent Stop Long =-88.21254919300 a‘egs
szrent Start Lat = 34.96442300026 degs Spt.reﬂt Stop Lot 34.96432705733 d
T ey mul h Spitt s Feg =011 i
NSS IF Start Long = -88. 563003131 degs Input Simulated Pat \ GNSS IF Stop Long =58, S12 81550234 degs
GNSS IF Start Lat = 34.96442280392 degs GNSS IF Stop Lat = 34.96432670720 degs

GNSS IF Stop Height = -0.19443393871 meters

GNSS IF Start Height = 0.73 714134283 meters
GNSS IF Traj Length = 14.6951 meters

|
Corrected Posifion File: gps 11 saf26 satl0 sat8 sat24.cpos

‘Output Path from GNSS Analysis Tool
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£ :
: End point u = |
Latitude (degs) 33114%443;? Launch point E W B -Z?

8821243 -68.21244 -88.21245 -88.21248 -88.21247 -88.21248 -88.21248 -88.21250 -88.21251 -88.21252 -88.212583 -86.21254 -88.21265 -88.21256
Longitude (degs)




GPS L1 Satellites 26, 10, 8, and 24 (160 deg view)

|:| Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)

Note: Each sample = 1 msec

sspzrent Start Long = -88.21243900000 degs 3D Trajectory gpu'ent Stop Long =-88.21254919300 a‘egs

szrent Start Lat = 34.96442300026 degs Spt.reﬂt Stop Lat = 34.96432795733 d

Shirent EHoht He — 0.7330 secs. > merers i Shirent 1o Longth — 146118 meters metrs
NSS IF Stari Long = -88.21243903131 degs Input Simulated Path NSS IF Stop Long = -88.21254930234 degs

GNSS IF Start Lat = 34.96442280392 degs
GNSS IF Start Height = 0.73 ’14134283 n.'erers
Corrected Posifion File: gps 11 i §

GNSS IF Stop Lat = 34.96432670720 degs
GNSS IF Stop Height = -0.19443393871 meters
GNSS IF Traj Length = 14.6951 meters

End point

Height (meters)

Launch point

-88.21288
-88.21255

-88.21254 !
ge21262 8821283 ]

o150 9821261

-B8.2124%
-B8.21248
-88.21247
8821245 9921246 Longitude (degs)

8821243 0821244




GPS L1 Satellites 26, 10, 8, and 24 (140 deg view)

|:| Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)

Note: Each sample = 1 msec
sspzrent Start Long = -88.21243900000 degs 3D Trajectory gpu'ent Stop Long =-88.21254919300 a‘egs

irent Start Lat = 34.96442300026 degs irent Stop Lat 34.96432795733 d
spzrent Start Height = 0. 73538512737 meters Sptrent Stop Height = -0.1070225331 mefm

irent Flight Time = 0.7230 irent Tm Lengm = 14.6118 meters

NSS IF Start Long = -88. 2I24390313I degs NSS IF Stop Long = -88.21 254930234 degs
GNSS IF Start Lat = 34.96442280392 degs GNSS IF Stop Lal= 34.96432670720 degs
GNSS IF Start Height = 0.73714134283 meters GNSS IF Stop Height = -0.19443393871 meters
Corrected Posifion File: gps 11 saf26 satl0 sat8 sat2 GNSS IF Traj Length = 14.6951 meters

___— Input Simulated

Output Path from GNSS Analysis Tool

End point

=]
e
Height (meters)

Launch point

-88.21263

04
-88.21256
-88.21255
-88.21254
-88.21252
-88.21281

-88.21260 r
-38.21249 |

g
Latitude (degs) ﬁ?gsa 543 -88.21248

e 82124 Longitude (degs)

-33.21243




GPS L1 Satellites 26, 10, 8, and 24 (110 deg view)

|:| Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)

Note: Each sample = 1 msec

Sspzrent Start Long = -88.21243900000 degs 3D Trajectory gpu'ent Stop Long =-88.21254919300 a‘egs

Spr.rent Start Lat = 34.96442300026 degs Spt.rent Stop Lat 34.96432795733 d

spzrent Start Height = 0. 735385 12737 meters Spﬂ’e.ﬂf Stop Height = -0.1070225331 metm
irent Flight Time = 0.7230 irent T‘m Lengm =14.6118

meters
NSS IF Stop Long = -88.21 254930234 degs
GNSS IF Stop Lat = 34.96432670720 degs
GNSS IF Stop Height = -0.19443393871 meters
ength = 14.6951 meters

NSS IF Start Long = -88. 2I24390313I degs
GNSS IF Start Lat = 34.96442280392 degs
GNSS IF Start Height = 0.73 714134283 meters
Corrected Posifion File: gps 11 saf26 satl0 sat8 sat24.

Output Path from GNSS Analysis Tool

-88.21256

Height (meters)
o &
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GPS L1 Satellites 26, 10, 8, and 24 (90 deg view)

irent Start Lat = 34.96442300026 degs
spzrent Start Height = 0. 735385 12737 meters

irent Flight Time = 0.7230

NSS IF Start Long = -88. 2I24390313I degs
GNSS IF Start Lat = 34.96442280392 degs

Ssprrent Start Long = -88.21243900000 degs

|:| Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)

Note: Each sample = 1 msec

3D Trajectory

GNSS IF Start Height = 0.73 714134283 meters
Corrected Posifion File: gps 11 saf26 satl0 sat8 sd

34964325 34964330 34 864335 34 864340 34.964345 34 564350 34 954355 34 554360 34,964365 34964370 34,964375 34,554380 34 054385 34 964350 34 564355 34 964400 34964405 34564410 34,964415 34 BE4420 34 864425
Latitude (degs)

124.cpos

Input Simulated Path
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5& """""""""""" Output Path from GNSS Analysis Tool
End point

Launch point

irent Stop Lat 34.96432795733 d
Sp;rent Stop Height = -0.1070225331
irent T‘m Lengm = 14.6118 meters
NSS IF Stop Long = -88.21 254930234 degs

GNSS IF Stop Lal= 34.96432670720 degs
GNSS IF Stop Height = -0.19443393871 meters
GNSS IF Traj Length = 14.6951 meters

gpu'ent Stop Long = -88.21254919300 a‘egs
SP metm

Height (meters)

=&




GPS L1 Satellites 26, 10, 8, and 2 (180 deg view)
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5 GNSS s Program Last Update: Wartz, V52019, Saturday, 20 February 2021, 8:53 AM. lglﬂu

Main ” Process GPS L1 Satellites Process GPS L2 Salel[ﬂesl Process Galileo E1 Salellllesl Process RX Pusﬂmnl

PRN Codes| Acquisition 1| Acquisition 2| Acq Plots | Track | Track Plots 1| Track Plots 2| Track Plots 3| Nav Filter| Navigation| Position| X-Range| Correct Position || Plots  Spin | NMEA| Spirent| Sky Map |

|:| Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)
Note: Each sample = 1 msec
sspzrent Start Long = -88.21243900000 degs 3D Trajectory gpu'ent Stop Long =-88.21254919300 degs
Spr.remf Start Lat = 34.96442300026 degs Splreﬂt Stop Lat 34.96432795733 degs
spgeﬂ?%tari‘u o ht = g.;gggé]SIZ?J? meters sp?' n:‘.g_to f g.::': = }0316%7%225(;3319 meters
en me = 0. i rent Traj Length = 14.
NS TF Siari Long ~ -§5.21243958148 degs Input Simulated Path NS lop Lome =-85.21254814132 dees
GNSS IF Start Lat = 34.96442290668 degs \ '\"S‘S‘ IF Stop Lat = 34.96432837635 degs
GNSS IF Start Height = 0.8 7966711260 meters GNSS IF Stop Height = -0.30141087621 meters
Corrected Posifion File: gps 11 saf26 satl0 sat8 s t2 cpos GNSS IF Traj Length = 14.4801 meters
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. : End point dld
Ladtude (degs) oty Launch point P )
34.584375 02
564380, \ £
-86.21243  -88.21244  -86.21245  -86.21246  -88.21247 8021248  -66.21249  -88.21250  -88.21251 8621252  -38.21283  -88.21254  -88.21285  -86.21256
Longitude (degs)
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GPS L1 Satellite 2 PRN Correlation
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Process GPS L1 Satellites Process GPS L2 Satellites| Process Galileo E1 Satellites| Process RX Position
PRN Codes| Acquisition 1| Acquisition 2|| Acq Plots Track | Track Plots 1| Track Plats 2| Track Plots 3| Nav Filter| Navigation| Position| Correct Position| Plots | Spin | NMEA| Spirent | Sky Map|

Magnitude

PRN Code Shift
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ECEF Position vs Time (1 msec resolution)

Note: Each sample = 1 msec

ECEF XYZ-Axis Position

| ECEF X-axis Meters W ECEF Y-axis Meters B ECEF Z-axis Meters

12



ECEF Velocity vs Time (1 msec resolution)

|:| Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)

of¥,

ECEF X-axis (Meters/Sec)

Note: Each sample = 1 msec

B ECEF Y-axis (Meters/Sec) B ECEF Z-axis (Meters/Sec)
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ECEF Acceleration vs Time (1 msec resolution)

|:| Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)

Note: Each sample = 1 msec
ECEF XYZ-Axis Acceleration - Doppler Rate Method

0E_ECEF X-axis Acceleration (Meters/Sec*2) W ECEF Y-axis Acceleration (Meters/Sec*2) I3 ECEF Z-axis Acceleration (Meters/Sec”2)

Meters/Sec”2

R R R AR R A - B - - -

14
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87500, Display Stop =

Display Start

PRN Codes| Acquisition 1| Acquisition 2| Acq Plots | Track | Track Plots 1| Track Plats 2| Track Plots 3| Nav Filter| Navigation| Position| X-Range| Correct Position || Plots  Spin | NMEA| Spirent| Sky Map |
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Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)
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GPS L1 ECEF Delta X-Axis Position

+/- 0.5 inches
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PRN Codes| Acquisition 1| Acquisition 2| Acq Plots | Track | Track Plots 1| Track Plats 2| Track Plots 3| Nav Filter| Navigation| Position| X-Range| Correct Position || Plots  Spin | NMEA| Spirent| Sky Map |
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Last Update: Wurtz, V52018, Friday, 19 February 2021, 2:06 P.M
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GPS L1 ECEF Delta Y-Axis Position

ECEF Y

Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)

Note: Each sample = 1 msec

+/- 0.8 inches
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|| Process GPS L1 Satellites Process GPS L2 Satellites| Process Galileo E1 Satellites | Process RX Position|
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PRN Codes| Acquisition 1| Acquisition 2| Acq Plots | Track | Track Plots 1| Track Plats 2| Track Plots 3| Nav Filter| Navigation| Position| X-Range| Correct Position || Plots  Spin | NMEA| Spirent| Sky Map |
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Last Update: Wurtz, V52018, Friday, 19 February 2021, 2:06 P.M

-axis Pos

GPS L1 ECEF Delta Z-Axis Position

ECEF Z

Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)

Note: Each sample = 1 msec

+/- 1.5 inches
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e,
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ECEF X-axis Velocity Error

-

— — — e — — —
s GNSS Analysis Program _ Last Update: Wurtz, VS2019, Friday, 19 February 2021, 2:06 PM. [ESEr=x
| Process GPS L1 Satellites Process GPS L2 Satellites| Process Galileo E1 Satellites | Process RX Position|
PRN Codes| Acquisition 1| Acquisition 2| Acq Plots | Track | Track Plots 1| Track Plats 2| Track Plots 3| Nav Filter| Navigation| Position| X-Range| Correct Position || Plots  Spin | NMEA| Spirent| Sky Map |
Display Start = 87500, Display Stop = 88000
10000
Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)
Note: Each sample = 1 msec
GPS L1 ECEF X-Axis Velocity

olwa_Mewrs.‘Sec

nooms1 +/- 0.0015 Meters/Sec, same for Y and Z axes

0.00000+

0.00005 4

i -0.00010
= -0.00015

-0.00020

-0.00025 -

-0.00030+

I

o
R R R R R R L R R R R R R L R R R R TR LR R R R R R R L
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ECEF X-axis Acceleration Error

-

. — — e — — —
a/ GNSS Analysis Program Last Update: Wurtz, VS2019, Friday, 19 February 2021, 2:06 PM. [ESEr=x

| Process GPS L1 Satellites Process GPS L2 Satellites| Process Galileo E1 Satellites | Process RX Position|

PRN Codes| Acquisition 1| Acquisition 2| Acq Plots | Track | Track Plots 1| Track Plats 2| Track Plots 3| Nav Filter| Navigation| Position| X-Range| Correct Position || Plots  Spin | NMEA| Spirent| Sky Map |

Display Start = 87500, Display Stop = 88000
10000
Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)
Note: Each sample = 1 msec
GPS L1 ECEF X-Axis Acceleration
0ol‘!_Dcnr.u:vler Rate Method
+/- 0.010 Meters/Sec™2, same for Y and Z axes
0.010+
0,005
‘S w
E 0.000
=
-0.005
-0.0104
0.015
THHH :
R R R R R R A I R I R R s s s ks

19



GPS L1 Sat 2 Doppler vs Time

a.l GNSS Analysis Progrz [ = e |

LI = = = B & & = . B B W W W

Main || Process GPS L1 Satellites Process GPS L2 Satellites| Process Galileo E1 Satellites| Process RX Position|

|| PRN Codes | Acquisition 1| Acquisition 2| Acq Plots| Track | Track Plots 1| Track Plots 2| Track Plots 3| Nav Filter| Navigation| Position| X-Range | Correct Position || Plots  Spin | NMEA| Spirent| Sky Map|

Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)
Note: Each sample = 1 msec

GPS L1 Sat 2 Doppler Frequency (Hz)

| Doppler Frequency (Hz)
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LI = = = B & & = . B B W W W

5. GNSS Analysis Progra

GPS L1 Sat 10 Doppler vs Time

e E——]

Main || Process GPS L1 Satellites Process GPS L2 Satellites| Process Galileo E1 Satellites| Process RX Position|

|| PRN Codes | Acquisition 1| Acquisition 2| Acq Plots| Track | Track Plots 1| Track Plots 2| Track Plots 3| Nav Filter| Navigation| Position| X-Range | Correct Position || Plots  Spin | NMEA| Spirent| Sky Map|

Doppler Frequency (Hz)

Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)
Note: Each sample = 1 msec

GPS L1 Sat 10 Doppler Frequency (Hz)
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GPS L1 Sat 8 C/N and SNR vs Time

— — - — - - _
s GNSS Analysis Program Last Update: Wurtz, V52018, Friday, 19 February 2021, 2:06 PM. lglﬂu
[ sis Progra . Last Up , V520 y, 19 Febr 06 P :

| Process GPS L1 Satellites Process GPS L2 Satellites| Process Galileo E1 Satellites | Process RX Position|

PRN Codes| Acquisition 1| Acquisition 2| Acq Plots | Track | Track Plots 1| Track Plats 2| Track Plots 3| Nav Filter| Navigation| Position| X-Range| Correct Position || Plots  Spin | NMEA| Spirent| Sky Map |

Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)
Note: Each sample = 1 msec

GPS L1 Sat 8 C/N (dB-Hz) and SNR (dB)
B CIN(dBHz) M SNR (dB)
50
51
-—l ‘."009 42.358
.
354

Magnitude
b

65.511 secs

64.641 secs

63.771 secs

62.901 secs

62.031 secs 4

61.161 secs 4

FrETrrerTreoToe T
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GPS L1 Sat 26 BPSK 1Q Plot

s/ GNSS Analysis Program Last Update; Wurtz, V52018, Friday, 19 February 2021, 2:06 P-M. [EE—

|| Process GPS L1 Satellites Process GPS L2 Satellites| Process Galileo E1 Satellites | Process RX Position|

PRN Codes| Acquisition 1| Acquisition 2| Acq Plots | Track | Track Plots 1| Track Plats 2| Track Plots 3| Nav Filter| Navigation| Position| X-Range| Correct Position || Plots  Spin | NMEA| Spirent| Sky Map |

Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)
Note: Each sample = 1 msec

GPS L1 Sat 26 IQ Plot
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GPS L1 Sat 8 BPSK IQ Plot

s/ GNSS Analysis Program Last Update; Wurtz, V52018, Friday, 19 February 2021, 2:06 P-M. [EE—

|| Process GPS L1 Satellites Process GPS L2 Satellites| Process Galileo E1 Satellites | Process RX Position|

PRN Codes| Acquisition 1| Acquisition 2| Acq Plots | Track | Track Plots 1| Track Plats 2| Track Plots 3| Nav Filter| Navigation| Position| X-Range| Correct Position || Plots  Spin | NMEA| Spirent| Sky Map |

Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)
Note: Each sample = 1 msec

GPS L1 Sat 8 10 Plot

S . - . & = = = 5 & 5 = = . .
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GPS L1 Sat 27 BPSK 1Q Plot

—= — — — — —————

@, GNSS Analysis Program Last Update: Wurtz, V52019, Friday, 19 February 2021, 2:06 P.M.

—————

E l:l@g

|| Process GPS L1 Satellites Process GPS L2 Satellites| Process Galileo E1 Satellites | Process RX Position|

PRN Codes| Acquisition 1| Acquisition 2| Acq Plots | Track | Track Plots 1| Track Plats 2| Track Plots 3| Nav Filter| Navigation| Position| X-Range| Correct Position || Plots  Spin | NMEA| Spirent| Sky Map |

Note: Each sample = 1 msec

GPS L1 Sat 27 IQ Plot

"'\..'u:."s;.'

s
SEAN N
3

B
.

Note: Carrier phase lock from sample 0 to sample 2000 (1st 2 seconds of recording)
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