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The Mission

In 2003 Sogei’'s unique shareholder (the Italian Ministry of Economy and
Finance) committed Sogei to follow the development of GNSS Advances

Sogei’'s R&D team began working in advanced GNSS technology for Institutional
Applications developments

Since 2004, Sogei is member of the Galileo Services Association
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Institutional Applications — General Requirements
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Institutional High Precision Surveying - GNSS Cadastral Surveying
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Customs Tracing and Tracking
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Sogei GNSS R&D pillars

*  GRDNet (GNSS R&D Network) Solution-
Independent GNSS High Precision
Augmentation

* High Precision Software Receivers with A/J
and A/S: Sogei GNSS SDR

* Ubiquitous Outdoor/Indoor positioning
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Sogel GNSS SDR progresses

Software Receiver on General Purpose Technology

Roberto Capua

26 September 2014

A sogel

Sogei S.p.A. - Sede Legale Via M. Carucci n. 99 - 00143 Roma 8



The SOGEI GNSS SDR Platform

* Obijective: Developing a low cost, flexible and free of license GNSS receiver for
governmental applications running on General Purpose Processors

* L1/E1l, WAAS/EGNOS, Code
* COTS Antennas and GNSS Front-End design

o Hardware
*  TCP/IP Sockets Modules COMMUNICALION ...........ocourreemmmsreseesssssseessessssssesssssssssseeee :
* Code/Carrier Look-Up Tables within Cache GNSS Signal SAMPLER
* Development Language and tools: : B
: ! Front-End | ADC L
» C/C++ ' ' | Demodulator g |
. . | H
» SIMD Instructions -________________________:
» Parallel Programming _
*  Fully Real-Time on a Notebook
» No FPGA/DSP SRR :
L Acquisition and Positioning :
: Tracking | Velocity
and Timing
Software
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GNSS Front-End and GUIs
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GNSS SDR Architecture

Acquisition Tracking
Results GUI Results GUI
F Y L
TCP/IP Socket | TCP/IP Socket __ TCP/IP Socket

GUI_PORT READER_PORT TO_GUI_PORT

- T // TCP/IP Socket

‘ TO_PVT_PORT

GHS: l;rnnl- | » GPSsocket ‘ & I;eader ‘ - » Acquisition | TRACK_PORT =
n | | erver | | TCP/IP Socket
Tracking ch 1
USB JCPIP " TCPIIP Socket ng
Socket | READER_PORT
| TCP/IP Socket
| Tracking TO_PYT_PORT
| T -
| PVT_MASK_PORT
| .
Raw .“;;mplaa ___________ y N PVT
] - A
TCP/IP Socket
NMEA messages
» NMEA Reader
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Tracking Module

* GPS/SBAS

* 32-bits word input samples parallelization

channels

¢ Early-Minus-Late Correlation
* Multiplications by XOR and pre-computed logical operations
* Loops Filters specifications:

Filter Discriminator
DLL 2"d order DLL I 1, +Q.,Q,
201" +Q)
PLL 2"d order PLL Atan(Q/I)
(3" order selectable)
FLL 1st order FLL Atan2(cross,dot)/(211T))
(Switch-On/Switch-Off)
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SDR implementation of a Loop Filter
C, (C+C,)-Cz*

F(z)=Cl+
@ 1-z 1-z7
ko2
(2) =

C++ Filter implementation

PLL OMEGA® = (double)((8*parameters.pllNoiseBw*parameters.pllDamp)/(4*pow(parameters.pllDamp, 2)+1});
PLL TAUL = (double)((parameters.pllk@*parameters.pllkd)/pow(PLL OMEGA®, 2));
PLL_TAU2 = (double)((2¥parameters.pllDamp}/PLL_OMEGAB) ;
PLL_COST1 = (double)(PLL TAU2/PLL_TAUL);
PLL_COST2 = (double)(parameters.integrationTime/PLL_TAUL);
FLL_COST1 = (double)(4*parameters.fllNoiseBw*parameters.integrationTime);
pll = outPLL; Frequency / FLL branch
1l = outFLL; error
FO
yol = pll * PLL COST2;
yo2 = pll * PLL_COST1; Phase
yo3 = f11 * FLL_COST1; error cl /R /4R
N N
yod = yol + yo3 + carrierLoopDelayl[channel];

-1
Z

output = (double){yod + yol);

PN

carrierLoopDelayl[channel] = yuﬂh | \\\
PLL branch
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PVT Module

 Unscented Kalman Filter State vector:

Clock Clock
offset drift

x:[xyz|>'<yz'|\bfi]T

PR | Pseudorange

= X) =
y g( ) D Doppler

« Carrier Phase measurements through Integrated Doppler

« UKF (Unscented Kalman Filtering) processing:
» No linearisation and Jacobian calculation needed
» Covariance matrix propagation by points (2n+1)
» Relaxed initial conditions constraints (no Bancroft needed)
» Kalman Update phase as in EKF
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Propagation by points: the centrality of the Covariance

“It is easier to approximate a Gaussian distribution, than a non-linear function’
» Assuming a Gaussian distribution with mean X and Covariance O
* We approximate the continuous distribution by a set of 2n+1 points (Sigma-

Points):
0,
it Prediction
2 o 1 M T X O
State Measurements
O 'S
o K
o W =——
Initialization n+k -
N i -
M =./(n+k)-P, W T L 5 Zk+1—iZWm Z()
N+ Bl
S=[0]-M [+M]| Y
kK=a“-(n+k)—n

x,()=%X+0
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The basic SDR Measurements challenge

* In a Software Receiver sample data have no absolute time reference
* The only timing is the progressing number of samples count

* Message are transmitted at the same time and received at different times due to
different propagation times (satellite-user distances)

1

* Pseudorange has to be calculated in a relative way from Subframe 1 starts
(supposed to be transmitted at the same time by each satellite)

Relative Pseudorange Channel j Subframe ’
A ]
4 N
Beginning of Subframe 1 Beginning of Subframe 1 Time (Number of Samples)
(PRN i) (PRN j)
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PVT SDR implementation issues

* Data exchange:
» Tracking results to be packed in blocks (e.g. 500 ms)

» Check communication failure among components (e.g.
Acquisition, Tracking, PVT)

* Pseudorange computation:
» Avoid overflows of counters with proper resetting

* Real-Time constraints

» Acquisition to be performed at a low rate (e.g. 30 s
step) or after loss of lock
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EGNOS on the GNSS SDR

{&Z= SBAS Tracking Channels

== PR§§-3D Egnos Correction Applied
=R§S-3D Egnos Correction Not Applied

== PR68-2D Egnos Correction Applied
===R8S-2D Egnos Correction Not Applied |

¥ Ground Track Egnos Correchon Applled :
x RefPos e
*  Ground Track Egnos Correchon Not Applled :

s -4 -3 2 -1 0 1 2 3 4 5 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
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GNSS SDR Criticalities and Constraints for RTK Processing

* Computational Load: GNSS SDR, fully working on a Notebook,
provides measurements affected by quantization errors due to the
maximum applicable sampling frequency

* Receiver Clock error Compensation: clock steering has to be
applied in order to compensate receiver clock errors and generate the
needed high quality phase measurements

* Pseudorange Carrier Smoothing: to be applied for reducing the
Impact of quantization errors

* Initial Carrier Phase determination: complex due to absence of time
tagged measurements (only sequences of samples) and clock
steering application

* Mixed Hardware and SDR measurements for double differencing:
SDR Measurements Alignement and Synchronization wrt time tagged
Reference Station ones

* Measurements errors modelling: as accurate as possible in order to
limit feedbacks from clock steering (SBAS corrections, Tropo)

S sogel
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RTK Processing and Test Case

* Sampling frequency: 8.184 MHz
* Geodetic Reference Station data from a Local Augmentation Network
* GNSS SDR Rover with COTS surveying antenna
* Communication Interfaces toward the LAAS Service Centre:
» Mobile Communication or internal LAN

» NTRIP protocol
» RTCM 3.1 1004 and 1006 messages
*  RTK implementation:
» Carrier-smoothed PR with SBAS corrections applied

» Double Differences determination
» LAMBDA Ambiguity Search

@GNET
‘ RTCM 3.1

LAAS Control

Front-End Centre Reference Station
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SDR RTK Test Results

[EX Prompt dei comandi - rtk_subsystexe -s 1 ‘E’I‘E‘ Xi‘ 3}‘ CONNECT 127.0.0.1:20010 i E A . == %

i tklib version % File Edit View Help

rtk server thread - Position v ALl vt

prtk server state o
i kinenatic 0.10 E-W (m)
206 |
22 06:29.9 0_05

o 0.00 s A

8.0
0bhs(7589),.nav{18),.gnav{B>,ion<{B>,.shs{B>,pos{(B).dgp|
0bs<7586>,nav (18>, gnav<B>, ion<B>,shs (B>, pos<1518>, -0.05

10082¢?7589>,1019¢1854> _0 10
ase 1084¢?7585).,10086 (586> ,1808(506>,1012(7586>,1013(?59 =
) 1@19(18) 1833(586)

solution status fix 0.10
time of receiver clock rove 2014/18/27 18: 14.999999827 s
i offset (glo—gps>{(s>: B. BBBBBBBBB
nterval (s> 0 05
lage of differential (s> o
ratio for ar validation 0 00
[t of satellites rover 2
u of satellites hase
valid satellites ? -0 05
GDOP/PDOP/HDOP/UDOP 3.08,2.6.1.4,2.2 :
1 mated states 3
all estimated states 58 '0.10
xyz single <(m)> rover 4649365.169,1029590.084,4229053.817
11h single (deg.m> rover: 41.79889559. 12 48649886 113.657
enu {m/s)> rover 0.000,.0.000.0. 060! 0 10
xyz float (m) rover 4649365.190, 1829598 0#35,4229053.845
xyz float std <(m) rover 0.015,0.007,0.018 0 05
xyz fixed <(m) rover 4649365 .169. 1329598 984,4229053.817 ®
xyz fixed std (m) rover 0.015,0.0806 . 18
xyz <m> hase 2699355005, 1629612037, 4229027.076 0.00
11h <deg.m> hase 41.79857143,12.48670516.113.808
enu (m/s> hase #.000,0.000, 0.000 _0 05
baseline length float <(m)> 4
aseline length fixed <(m)>

monitor port 5] '0.10
7777777 __| 08:15 08:30 08:45 09:00 09:15 09:30 09:45 10:00 10:15

|[R12014/10/27 10:12:59.00 GPST : E= 0.0040m N=-0.0029m U=-0.0027m Q=1

f requencies

accumulated time to run
cpu time for a cycle (ms)
missing obhs data count
byte\,'ln input buffer

& C:\Users\sdr-dev\Desktop\DEMO_TEST2\PVT\PVT_RTCM_SF8 IFLexe
————————————————————— ———GNSS SDR SOGEI—————————————————————————

[RECEIVER OPTIONS:

Clock Steering: ON fctual Sampling Frequency: 8183999.222
Doppler Bias: -149.6%Hz

[Carrier Phase Smoothing: ON Hethod Hatch(Fixed Win> Win: 3308
Tropo Correction Mode AAS

Iono Correction Mode EGNOS[pxn 1281

Win

330,330 6479 .80
3308/330 7110.58
330,330 3900.35
330/3308 426 .86
330,330 3453.58
3308/330 2149.083
3308/330 429.089

NumSats: 7 DOP: P 2.6 H 1.4 E 0.8 N 1.2 U 2.2

POSITION: Lat: 41.79889%4deg Lon: 12.48650085deg Height: 112.21m
UELOCITY: 8.83m/s
ICLOCK BIAS: 48.53m CLOCK DRIFT: -8.82mn/s

08:15 08:30 08:45 09:00 09:15 09:30 09:45 10:00 10:15

1| [R12014/10/27 10:13:15.00 GPST : E= 0.0986m N=0.4871m U=-1.4597m Q= 5:Single

. 1112
% 00 50000
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SDR vs. Hardware Geodetic Receiver performances — Ground Track

1

b

¥ CONNECT 12700510

I[File Edit View Help
u 1 2 12 |GndTrk vl ALL v|—+— [ w@ o o 127.0.0.1 X @
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GNSS SDR Rover
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SDR vs. Hardware Geodetic Receiver performances - ENU

I (o
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GNSS SDR Rover Commercial Hardware Rover
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Conclusions and Remarks

sogel

Public Administrations need reconfigurable, reliable, low cost and
open equipments

Developed a GNSS SDR based, with internally designed Front-End,
working in Real-Time on a Notebook without FPGA/DSP
preprocessing/processing

Pseudorange and Carrier Phase Measurements to be coherently
dealth with
RTK Test in a mixed environment:
» GNSS SDR Rover
» Geodetic Hardware Reference Station
» Standard Interfaces: NTRIP/RTCM 3.1
Test Results:

» 3 cm 3D accuracy
» Perfectly matching Commercial Geodetic receiver performances

UO-NN-AR-NN-Ad US0
interno/Confidenziale/Confidenziale ad uso esclusivo
interno
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