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* Galileo and GPS modernization will soon provide
new signals which will enable performance
enhancements

e MBOC will provide a improvement in terms of
precision and multipath robustness when
compared with the current GPS L1 C/A and L2 C
signals with a relatively low increase In receiver

complexity
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* Development of a low-cost experimental
Galileo and GPS receiver for the L1/E1 band

* |nitially targeted for space missions as non-critical
redundant sensor

* Also applicable for terrestrial navigation and positioning
applications (e.g. georeferencing and UAV navigation).

* As flexible as possible to allow trade-off analysis of receiver
parameters and performances.

(in the scope of the REAGE Project, in cooperation with ISEL)
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Receilver Architecture

* Two main modules: the RF Core and the Rx Core

REAGE Receiver

FPGA (w/ bltstraam)

Antenna

Satellite
External I/F

Micro-Processor

I/F wi other =
External Modules _ _ -
(e.q. Sensors, Test | :j.
Equipment, etc.)

EURCOW 2014 © DEIMOS Engenharia, All Rights Reserved 7


Moderador
Notas de la presentación
 

 




=

deim s REAGE Receiver Prototype E|eCan

EMGEHMHARIA

......

®* RF signal conditioning,
down-conversion, and
sampling ... Active |

¥ Antena |

Digital

* Based on Maxim’s Passive |

. | . . IF/
MAX2769 ? Antene{\ | —H Fllter}{ MI‘XEI' HFllterH ADC}—b Baseband
Loy Filter ?{LNAJ—T

Signal
* Dual-input LNA, mixer, @
(programmable) filters, | | |
 Inside | Inside
ADC, frequency maxeres MAX2769

synthesizer, and
programmable gain
amplifier.
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* Includes a CAN Bus I/F for communication with
external system (e.g. a satellite)

* RF Core board
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* |F/BB signal processing, measurement generation,
and PVT solution computation

* Main modules:

* FPGA (programmable HW in which the DSP Core and
processor were implemented)

* (Redundant) memory modules (RAM, PROM)

* A CPLD-based system controller (in charge of receiver
reconfiguration and external communication via the CAN

iInterface on the RF Core);

* Different internal (RF Core) and external (CAN Bus,
Ethernet, UART, FMC, PCle, and GPIO pins) interfaces.
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* FPGA (Xilinx’s Virtex-6)
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® Supports current and modernized GPS civil signals
(C/A,C) and Galileo E1 Open Service signals (B,C)

* RF Core features:
®* Dual-input LNA (supporting active and passive antennas)

* CAN Bus interface (for connection with satellite’s OBC or
other external systems)
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Supported Signals  and Outstanding Features



The REAGE receiver supports current (legacy) and modernized GPS L1 civil signals (i.e. C/A and C) and Galileo E1 open service signals (i.e. B and C (European Union, 2010)).

 

Rx Core  features:

programmable digital input filters

16 independent and slavable HW channels

with code and carrier NCOs, mixers, primary and secondary code generators and 5 complex correlators each, for a total of 80 complex correlators –,

and an embedded microprocessor (in charge of overall receiver control, acquisition, tracking loop closure, measurement generation, and navigation solution computation).



The slavable and flexible GNSS channel design allows, for example, both pilot and data channels (when available, as is the case for GPS L1 C and Galileo E1 signals) to be processed coherently, or the extension of the delay line used to process each (or a particular) satellite (i.e. assigning more than 5 correlators to a satellite).

 

Redundancy for some critical components and the ability of self-programming (in case the FPGA’s bitstream becomes corrupted – due to radiation or any other reason – or if remote reconfiguration and/or updates are required).
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®* RX Core features:

EURCOW 2014

Input module with (up to) 4-bit inputs and programmable
digital filters

16 Independent and slavable HW channels w/ code and
carrier NCOs, mixers, primary and secondary code
generators and 5 complex correlators each, for a total of
80 complex correlators;

Embedded microprocessor (in charge of overall receiver
control and navigation solution computation);

Simultaneous tracking of both pilot and data channels.

Redundancy for some critical components and the ability of
self-programming

Additional external interfaces (as Ethernet and GPIO)
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* E1 steeper ACFs boost tracking performance

* Higher bandwidths are required to take advantage
of this characteristic
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As expected, higher bandwidths are associated with lower code measurement noise (on average).

It can be seen that the average code tracking noise drops from 3.3 m, for 2.5 MHz bandwidth, to 2.1 m, for 4.2 MHz, and 1.75 m, for 8 MHz. It can also be seen that the improvement from increasing the front-end bandwidth from 4.2 MHz to 8 MHz is less evident than when the bandwidth changes from 2.5 MHz to 4.2 MHz. This is also expected since the bandwidth of the GPS L1 C/A signal is only around 2 MHz. This could also be expected from the analysis of Figure 6, which shows that the shape of the ACF is similar for both 4.2 MHz and 8 MHz of bandwidth.  However, for the case of GPS L1 C or Galileo E1 signals, whose bandwidth is around 16 MHz (although most of the power is concentrated in a bandwidth of 4 MHz), the improvement is expected to be more evident than for GPS L1 C/A signals, which is also suggested by Figure 6.

 

Based on the results presented above and on the Galileo E1 signal characteristics (CBOC(6,1,1/11) modulation), it is expected (to be confirmed in future tests) that Galileo performances, in terms of code measurements noise, outperform the ones for GPS L1 C/A by a factor of, at least, 3, corresponding to measurement noise below 1 m, as confirmed in other studies as the ENCORE project (Silva, P, et al., 2011).
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* Laboratory test results confirm benefit of higher
BW for GPS L1 C/A
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¢ Effect shoud be even more visible for Galileo E1
due to the higher bandwidth of this signal
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As expected, higher bandwidths are associated with lower code measurement noise (on average).

It can be seen that the average code tracking noise drops from 3.3 m, for 2.5 MHz bandwidth, to 2.1 m, for 4.2 MHz, and 1.75 m, for 8 MHz. It can also be seen that the improvement from increasing the front-end bandwidth from 4.2 MHz to 8 MHz is less evident than when the bandwidth changes from 2.5 MHz to 4.2 MHz. This is also expected since the bandwidth of the GPS L1 C/A signal is only around 2 MHz. This could also be expected from the analysis of Figure 6, which shows that the shape of the ACF is similar for both 4.2 MHz and 8 MHz of bandwidth.  However, for the case of GPS L1 C or Galileo E1 signals, whose bandwidth is around 16 MHz (although most of the power is concentrated in a bandwidth of 4 MHz), the improvement is expected to be more evident than for GPS L1 C/A signals, which is also suggested by Figure 6.

 

Based on the results presented above and on the Galileo E1 signal characteristics (CBOC(6,1,1/11) modulation), it is expected (to be confirmed in future tests) that Galileo performances, in terms of code measurements noise, outperform the ones for GPS L1 C/A by a factor of, at least, 3, corresponding to measurement noise below 1 m, as confirmed in other studies as the ENCORE project (Silva, P, et al., 2011).

 Remove?
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* Flight trials with Portuguese Airforce’s Alfa
Extended UAV at GATE facility (Galileo test range)
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Before take-off, the receiver does an initial search for all visible satellites. Since L1 SVID 21 was not found in the initial search (nearby there were trees which could obstruct the signal), this satellite was excluded from the acquisition search grid.



During the take-off preparation, the GNSS antenna was several times obstructed and, because of this, some signals needed to be re-acquired (this was the case of L1 SVID 6 which was re-acquired after take-off).



For L1 SVID 16 and E1 SVID 11 signals, tracking is lost during flight. This behaviour is probably due to the UAV roll angle, which causes the signal to be obstructed by the wings.



The UAV’s dynamics affects simultaneous the Doppler of all signals. The Doppler oscillations can go up to 200Hz changes in about 10 seconds for the case of E1 SVID 11 (see next slide).
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Before take-off, the receiver does an initial search for all visible satellites. Since L1 SVID 21 was not found in the initial search (nearby there were trees which could obstruct the signal), this satellite was excluded from the acquisition search grid.



During the take-off preparation, the GNSS antenna was several times obstructed and, because of this, some signals needed to be re-acquired (this was the case of L1 SVID 6 which was re-acquired after take-off).



For L1 SVID 16 and E1 SVID 11 signals, tracking is lost during flight. This behaviour is probably due to the UAV roll angle, which causes the signal to be obstructed by the wings.



The UAV’s dynamics affects simultaneous the Doppler of all signals. The Doppler oscillations can go up to 200Hz changes in about 10 seconds for the case of E1 SVID 11 (see next slide).
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This figure allow us:



To see better the Doppler evolution for E1 SVID 11. Doppler changes go up to 200 Hz in about 10 seconds due to the UAV dynamics.



Simultaneous with the changes in Doppler, we can also see decreases in the C/N0 also due to the stress the dynamics “puts” in the tracking loops, also due to the roll there are antenna gain changes.



Finally, the code error is estimated by subtracting the carrier phase from the code phase. 
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®* Code Error vs. C/Ng for GPS L1 and Galileo E1
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Figure shows the estimated code error versus the estimated C/N0.



As expected, the higher the C/N0, the lower the code error.



The code error for the Galileo signal is also lower than the code error for GPS signals (with similar elevation angles and C/N0).



However, the observed performance gain when using Galileo E1 was not so high as initially expected (the code error for L1 SVID 19 is roughly 20% worse than the code error for E1 SVID 11), which could be explained by:



The low pre-correlation bandwidth (4 MHz), which does not enable the full potential E1 signals;



For this flight campaign, some modification were made to the receiver (larger PLL bandwidth, use of a 2nd order DLL, and different correlator spacing), which may explain the degradation in the code error when compared with the results obtain in (Silva, P, et al., 2011) for a static environment.
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* As expected, the higher the C/N,, the lower the
code error.

® Code error for Galileo E1

* Lower than for GPS L1 C/A signals (for similar elevation
angles and C/No) but...

* Not as low as expected, possibly due to

* The low pre-correlation bandwidth (4 MHz), which does not
enable the full potential E1 signals;

®* Sub-optimal receiver parameters due to last minute
modifications (larger PLL bandwidth, use of a 2nd order DLL,
and different correlator spacing)
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GRIP Center user interface which was used to record the receiver’s observables, where it is possible to see the position solution obtained for several measurement epochs
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* DEIMOS and ISEL developed a low-cost
experimental GNSS receiver for L1/E1 signals

® Targeted for use as a non-critical redundant sensor for
space missions

* Also applicable to terrestrial applications

* Field test campaign (including the processing of
GPS L1 C/A and Galileo E1 signals in static and
airborne scenarios) produced promising results

* Although indicating that further tuning is required for
Galileo E1 signal processing (to be done in future activities)
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Tiago.Peres@DEIMOS.com.pt

Thank you for your attention
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