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Following is an updated status report on work regarding the GNSS IF recorder pelican
case. The objective since the first status report dated 2 July 2020 was to complete the
GPS L1 satellite acquisition algorithm and develop an initial algorithm to track satellites
after acquisition. There are many books and journal papers describing GNSS satellite
tracking. Many of them were tried and were found to be non-functional with real IQ

data. Tracking in the presence of noise revealed that GNSS satellite tracking is more than
science and has some art involved.

The GNSS IQ recorder mounted in a pelican case uses two RF front-ends for GNSS 1Q
data capture. One RF front-end consists of a MAX2769C for down conversion for GPS
L1. AMAX2771 RF front-end will be used to capture all other GPS and Galileo bands.
To date, the GNSS 1Q recorder has been used to collect a one second sampling of 2-bit
IQ data for GPS L1 ata 16.368 MHz sample rate with an input 2.5 MHz notch filter. As
construction of the GNSS IQ recorder continues, much longer record times for up to two
simultaneous GNSS bands will be performed. For now, algorithms are being developed
using a one second collection of GPS L1.

The satellite acquisition algorithm was implemented with a fast parallel FFT / IFFT
method typical of most GPS receivers. The number of acquisitions was increased from
two to four per satellite to overcome navigation bit transitions during a sampling period.
The delta frequency search was reduced from a common 500 Hz to 50 Hz for improved
track lock time. PRN code acquisition accuracy is to 0.0625 chips. From the four
acquisitions for each satellite, a voting scheme based on PRN code variance, rather than
signal power level, was implemented to determine if a satellite is present and strong
enough to track. Figures 1, 2, and 3 show the acquisition metrics for satellites 2, 6, and
19; all of which were determined to be acceptable for submission to the tracking
algorithm.
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GPS L1 Parallel PRN Code Cross Correlation Processing . . .
Satellite 1 =>
Sample 1 => Magnitude = 19.368, Delta Freq (Hz) = 2050, PRN Chip Ptr = 530.4375
agnitude = 17.388, Delta Freq (Hz) = -9600, PRN Chip Ptr = 645.4375
itude = 17.388, Delta Freq (Hz) = -6200, PRN Chip Ptr = 746.25
= 16.631, Delta Freq (Hz) = 4250, PRN Chip Ptr = 24.1875

21559, Delta Freq (Hz) = 1950, PRN Chip Ptr = 501.4375
Sample 3 => Magnitude = 19.807, Delta Freq (Hz) = 1350, PRN Chip Ptr = 501.375
Sample 4 => Magnitude = 18.202, Delta Freq (Hz) = 3300, PRN Chip Ptr = 885.5
Best Sample = 2

Satellite 3 =>

Sample 1 => Magnitude = 16.580, Delta Freq (Hz) = 2050, PRN Chip Ptr = 190.25
Sample 2 => Magnitude = 17.059, Delta Freq (Hz) = -9750, PRN Chip Ptr = 30.5625
Sample 3 => Magnitude = 17.469, Delta Freq (Hz) = -7150, PRN Chip Ptr = 425.25

16.027, Delta Freq (Hz) = -7800, PRN Chip Ptr = 724.125

Figure 1. GPS L1 satellite 2 acquisition metrics
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7.683, Delta Freq (Hz) = 6950, PRN Chip Ptr = 954.5
9.373, Delta Freq (Hz) = -6450, PRN Chip Ptr = 977.6875

3.305, Delta Freq (Hz) = 300, PRN Chip Ptr = 487.4375

1.976, Delta Freq (Hz) = 150, PRN Chip Ptr = 488.25

8.431, Delta Freq (Hz) = 50, PRN Chip Ptr = 487.1875
.295, Delta Freq (Hz) = -100, PRN Chip Ptr = 488.25

= 15.916, Delta Freq (Hz) = 9550, PRN Chip Ptr =
8.304, Delta Freq (Hz) = 7200, PRN Chip Pt E
7.345, Delta Freq (Hz) = 8900, PRN Chip Ptr = 239.3125
8.808, Delta Freq (Hz) = -3050, PRN Chip Ptr = 107.25

= 17.292, Delta Freq (Hz) = 7800, PRN Chip Ptr = 742.0625
7.217, Delta Freq (Hz) = -2750, PRN Chip Ptr = 493.25
6.758, Delta Freq (Hz) = -8750, PRN Chip Ptr = 79.6875

= 18.048, Delta Freq (Hz) = 2300, PRN Chip Ptr = 440.125

6.550, Delta Freq (Hz) = -3600, PRN Chip Ptr = 728.3125
6.531, Delta Freq (Hz) = -9550, PRN Chip Ptr = 636.6875
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Sample 4 => Magnitude = 16.529, Delta Freq (Hz) = 5700, PRN Chip Ptr = 113.3125
Satellite 18 =>
Sample 1=> Magnitude = 16.127, Delta Freq (Hz) = 1200, PRN Chip Ptr = 908.3125
38.375
. Delta Freq (Hz) = 8950, PRN Chip Pir = 267.125
. Delta Freq (Hz) = 2650, PRN Chip Ptr = 551.625

. Delta Freq (Hz) = -200, PRN Chip Ptr = 274

, Delta Freq (Hz) = -50, PRN Chip Ptr = 274

, Delta Freq (Hz) = 50, PRN Chip Ptr = 274.0625
. Delta Freq (Hz) = -100, PRN Chip Ptr = 274.125

. Delta Freq (Hz) = 5300, PRN Chip Ptr = 653.1875
, Delta Freq (Hz) = -4800, PRN Chip Pir = 913.4375
= 17.425, Delta Freq (Hz) = -4500, PRN Chip Ptr = 742
Sample 4 => Magnitude = 17.583, Delta Freq (Hz) = 1800, PRN Chip Ptr = 6.75
Satellite 21 =>
, Delta Freq (Hz) = 7200, PRN Chip Ptr = 885.3125
, Delta Freq (Hz) = -2600, PRN Chip Ptr = 861.5
, Delta Freq (Hz) = 7850, PRN Chip Ptr = 408.3125
Sample 4 => Magnitude = 18.749, Delta Freq (Hz) = 2150, PRN Chip Ptr = 101.125
Satellite 22 =>
Sample 1 => Magnitude = 16.186, Delta Freq (Hz) = 8300, PRN Chip Ptr = 670.375
Sample 2 => Maanitude 8.130_Delta Frea (H7) = _6500. PRN Chin Pir = 288 3125

Figure 3. GPS L1 satellite 19 acquisition metrics

Figures 4, 5, and 6 show the PRN code correlation 3D plots commonly reported in many
books and papers. Other than looking impressive, these plots do show that cross and auto
correlations of satellite PRN codes, or "Golden Codes", are extremely effective for
satellite identification and spectrum spreading.
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Figure 4. GPS L1 satellite 2 PRN code correlation

(=] s
3D Plot GPS L1 Tracking| GPS L1 1Q Tracking Plots| GPS L1 Phas « ‘ >

82l Multi Band GNSS IF Recorder / Analysis GUI ‘i o e e

|| GPS L1 PRN Codes| Unused_Tab2| Unused GPS L1 2-bit 1Q Analysis| GPS L1 Parallel PRN Cc i I:GPS L1 PRN C
I

nused_Tab3'
\Dynet

Satellite 6 Sample 3 GPS L1 PRN Correlation

Magnitude

1000
Q

Frequency Offset (KHz)

GPS L1 Parallel PRN Cc i ion 3D Plot GPS L1 Tracking| GPS L1 1Q Tracking Plots| GPS L1 Phas « ‘ »

s\sat19_prn_correlation_output_24.July2020_206PM.dat

Satellite 19 Sample 3 GPS L1 PRN Correlation

1000
Q

Frequency Offset (KHz)

Figure 6. GPS L1 satellite 19 PRN code correlation



The first version of tracking algorithm is based on an early-late code tracking loop for
PRN code alignment with non-coherent discriminator. The carrier phase tracking loop is
based on a costa-loop controlling phase error to a NCO. The phase tracking loop uses an
arc-tangent discriminator with 2nd order loop filter. The 2nd order carrier loop filter
supports an adjustable damping coefficient, 0.7 for this case, and adjustable loop
bandwidth. During the initial phase of tracking, the carrier loop bandwidth is set to 50
Hz and tightens to 5 Hz for improved noise rejection when tracking has full lock. Future
versions of the carrier tracking algorithm will involve higher order loop filters and
perhaps a Kalman filter. It would also be very good to have input from an external IMU
for improved lock performance. Future versions of the tracking algorithm will wipe-off
the 50 Hz navigation BPSK modulation from the carrier phase tracking loop.

Figures 7, 8, and 9 report performance of the initial tracking algorithm. Full lock is
completed within 60 msecs from data start. At full lock, carrier loop bandwidth drops
from 50 Hz to 5 Hz for improved noise rejection. Carrier phase offset is within +/- 1
degrees. The reader will have to zoom in to see the details. Because IQ data is recorded
and post-processed, the software can be modified to essentially operate in reverse to
recover full lock metrics back to the beginning of recorded data.

Because the initial tracking algorithm implements an early-late PRN code tracking loop,
many papers provide in-phase and quadrature-phase performance plots. If the code
tracking loop and carrier tracking loop are in lock, the remaining 50 Hz BPSK navigation
modulation is shifted to the in-phase leg of the tracking loop. Figures 10, 11, and 12 do
indeed show most energy in the in-phase arm of tracking and that lock has been
established. It's from processing the in-phase and quadrature-phase energy levels that
lock decisions are made.
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GPS L1 Satellite 2 Phase Offset (Carrier Loop Bandwidth = 5 Hz)
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Figure 7. GPS L1 satellite 2 carrier offset and delta frequency offset



4l Multi_Band GNSS IF Recorder / Analysis GUI Jao= C— TR v — el &

Unused_Tab2| Unused_Tab3| GPS L1 2-bit IQ Analysis| GPS L1 Parallel PRN C ion| GPS L1 PRN C ion 3D Plot| GPS L1 Tracking| GPS L1 1Q Tracking Plots [(ﬂ’s L1 Phase Tracking Plots; <«[»

Time (msecs)

GPS L1 Satellite 6 Frequency Offset (Carrier Loop Bandwidth = 5 Hz)

ELHE
Figure 8. GPS L1 satellite 6 carrier offset and delta frequency offset
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Figure 9. GPS L1 satellite 19 carrier offset and delta frequency offset
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GPS L1 Satellite 2 PRN Code In-Phase Tracking Performance
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Figure 10. GPS L1 satellite 2 in-phase and quadrature-phase signal levels
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GPS L1 Satellite 6 PRN Code In-Phase Tracking Performance
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Figure 11. GPS L1 satellite 6 in-phase and quadrature-phase signal levels
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GPS L1 Satellite 19 PRN Code In-Phase Tracking Performance
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Figure 12. GPS L1 satellite 19 in-phase and quadrature-phase signal levels

The next phase of this work is to extract and process the 50 Hz navigation data for
ephemeris metrics. First, the GNSS IF recorder pelican case will take it's next evolution
to enable the recording of very long GPS L1 data streams via gigabit Ethernet to a host
PC. Much more than the current one second recording will be needed to process
navigation data. Eventually, this work will include to the recording and analysis of other
GPS and Galileo bands. All of the developed GNSS processing algorithms can be
implemented on a Xilinx Zync platform.

Figures 13 and 14 show the next evolution of GNSS IF recorder antenna. With this
antenna setup, we will avoid the loss of signal due to blockage from buildings and trees
that hindered the first one second recording of GPS L1.



Figure 13. Next GNSS IF recorder antenna






