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Background and objectives of the 

project  
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Phase 1 

Testbed Definition and 
Experiments plan 

Task 1 - Definition of use 
cases and project 

requirements review 

Task 2 – Review of state-
of-the-art technologies for 

GNSS data broadcast 

Task 3 – Preliminary 
definition of testbed 

architecture 

Task 4 – Experiments plan 
definition 

Phase 2  
Testbed Integration 

Task 5 – Testbed 
Implementation  

Task 6 – Testbed 
Verification and Validation 

Phase 3  
Proof-of-Concept 

Demonstration 

Task 7 – Experiments plan 
execution 

Task 8 – Analysis of 
Results and Conclusion  
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Limits of the NTRIP protocol and RTCM 
standards 
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• Rover needs corrections 
a data stream of 8024 
bits/sec 

 

•  NTRIP server will reach 
his limitation as soon as 
125.000 requests  

 

• So for mass market 
applications new 
methods have to be set. 
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• Observation Space Representation 
OSR 

• lump sum of error 
corrections 

• bidirectional communication  

• State Space Representation SSR 

• corrections for individual 
error sources 

• intrinsically broadcastable 

OSR vs. SSR Corrections 
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Basic SSR Parameter SSR Models Comments Msg  

clock high rate clock related to BE HR 

low rate clock related to BE LR 

orbit orbit related to BE; radial, along, across LR 

velocity related to BE; radial, along, across LR 

bias code Bias LR 

phase Bias in units of cycle LR 

ionosphere global VTEC Spherical harmonics GVI 

global STEC Chebyshev Polynomials (per SV) LR 

regional STEC Chebyshev Polynomials (per SV) RSI 

gridded STEC native grids GRI 

troposphere global tropo  in preparation TBD 

regional tropo scale factor for wet, dry, total; Cheby. Poly RT 

gridded tropo native grids, scale factor for wet, dry, total GRT 

SSRZ Format – SSR models and messages  
 



Testbed Definition, Verification and 

Validation  
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State-of-the-art – DAB+ coverage  
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SSR2Obs 

10 
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*.ssz = SSRZ 
data 

NMEA GGA Source 

set offset between 
GGA and msg time 
using -re=s.s 

set offset identical 
delay for all msg 
-ro=s.s 

set indiviual delay 
[ms] for msg with ID 
-delay=ID,ms 

RTCM SSRZ msg input R
T

C
M

 S
S

R
Z

 m
sg

 o
u

tp
u

t 
gpp_msg_replayer 

ssr2obs 

Ephemeris 

RTCM MSM4 

Geo++ Message Replayer Scheme 



RTK vs PPP-RTK 

 
50 % 

Err Mean Err Max St Dev 

Ho
riz
on
tal 

SBAS/Stand. 0.40 0.44 0.02 

NRTK 0.03 0.03 0.01 

PPP-RTK 0.15 0.17 0.01 

75 % 

Err Mean Err Max St Dev 

Ho
riz
on
tal 

SBAS/Stand. 0.52 0.58 0.03 

NRTK 0.06 0.07 0.01 

PPP-RTK 0.26 0.31 0.03 

95 % 

Err Mean Err max St Dev 

Ho
riz
on
tal 

SBAS/Stand. 1.33 1.87 0.23 

NRTK 1.28 1.61 0.15 

PPP-RTK 1.34 1.65 0.18 

RING ROAD – Global - Statistics – Horizontal Errors 



Resilience of SSRZ – Correction Outage 
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Resilience of SSRZ – Correction Delay 
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DAB+ Demonstrator and 

Experimentation  
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DAB + Demonstrator  
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DAB+ Receiver : RTL-SDR 
channel 6B - 183.648 MHz 

 

GNSS Receivers : Ublox 
ZED-F9P and Septentrio 
mosaic-X5 

 

GNSS corrections : SSRz + 
Ephemeris  

 

DAB+ Emitter   

in Romainville (France) 
Broadcasting GNSS correction on 

channel 6B - 183.648 MHz, 
service called « teria » 

DAB+ Reception  



Experimentation in Paris  
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DAB+ 
Transmitter  



4 scenarios  
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210519 1A 

Peripheral Roads and 
Highway  

1B 

National Road  
2A 

Urban Environment 
near Transmitter  

2B  
Urban Environment away 

from Transmitter  

Environment 
Profiles 

RING ROAD PERI-URBAN URBAN ENVIRONMENT  

Vehicle Mini Van – Renault Scenic Mini Van – Renault Scenic 

Length 17.9km 28.2 km 5.9km 11.8 km 

Duration 48 mn 106 mn 28 mn 51 mn 

Loops 1 1 1 1 

Height 
difference 

No significant slopes No significant slopes No significant slopes No significant slopes 

Velocity 0-90 km/h; relevant 
traffic jam 

30 – 50 km/h 0-50 km/h  0 – 70 km/h 

Effects - 
Obstructions 

Bridges Bridges No  No 

Effects - 
Multipaths 

No major source Buildings on roadsides Buildings on roadsides Buildings on roadsides 

Effects - 
Diffractions 

No major source Canopies Canopies Canopies 



Scenario 1A 
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Scenario 1B 
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• Corrections are lost at about 10 km of distance.  

 



Scenario 2A 
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Scenario 2B 
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DAB+ Analysis  

• Level of accuracy quite similar to the one of NRTK - close to the transmitter  

 

• The reception of DAB+ signals, on all scenarios, was strongly impacted by different 
factors: 
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• The used hardware and software had purely a demonstrator 
scope. They were not optimized to be used in dynamic 
conditions and/or far from the transmitter. 

  

• A unique transmitter only was used for the broadcast of 
corrections. This limited the coverage of DAB+ signals and, 
the quality of data once the distance was higher than 10km 



Conclusions and Results 
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Limits of DAB +  
• The DAB+ transmitter used should be more than one 

as in operational conditions - to extend the coverage 
area of the DAB+ 

 

• Poor DAB + signal availability  

 

• Numerous outages  

 

• Limited by environment : interferences 

 

• Use of LTE  
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SSRZ resistant solution 

• Accuracy near from NRTK  

 

 

• Short convergence time 
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