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Why??  
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2-Theoretical Limits: Cramér-Rao Bound 

Signal Models: 
 

• Conditional signal model (CSM) 
• Unconditional signal model  (USM) 

Unknown deterministic parameter vector: 

Single Source CSM 
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2-Theoretical Limits: Cramér-Rao Bound 

Single Source CSM 

Re-parametrization  
 

Goal: compact CRB formula for the joint estimation 
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2-Theoretical Limits: Cramér-Rao Bound 

“Compact CRB for Delay, Doppler and Phase Estimation – Application to GNSS SPP & RTK Performance 
Characterization”, IET Radar, Sonar & Navigation, vol. 14, no. 10, pp. 1537-1549, September 2020. 



19 

2-Theoretical Limits: Cramér-Rao Bound 
Cramér-Rao Bound for Band-limited Signals/ Narrowband approx 

“Compact CRB for Delay, Doppler and Phase Estimation – Application to 

GNSS SPP & RTK Performance Characterization”, IET Radar, Sonar & 
Navigation, vol. 14, no. 10, pp. 1537-1549, September 2020. 

𝑠(𝑡) = 𝑐(𝑡) 
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2-Theoretical Limits: GPS C/A signal 

 
Time-Delay Estimation of the GPS C/A signal  

The PRN correlation is assume ideal !! 
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2-Theoretical Limits: GPS C/A signal 

 

ITSC 2020 

Time-Delay Estimation of the GPS C/A signal  
Extra of energy around  15%  

“On the Time-Delay Estimation Performance Limit of New GNSS Acquisition Codes”, in the Proceedings of the International 
Conference on Localization and GNSS (ICL-GNSS ’20), 2-4 June 2020, Tampere, Finland 
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2-Theoretical Limits: GNSS Signals 

ITSC 2020 
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2-Theoretical Limits: GNSS Signals 

Maximum Likelihood Estimation Maximum Likelihood Estimation 

“Performance Limits of GNSS Code-based Precise Positioning : GPS, 

Galileo & Meta-Signals”, Sensors, 20 (8), 2196, April 2020. 
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Maximum Likelihood Estimation Maximum Likelihood Estimation 

“Compact CRB for Delay, Doppler and Phase Estimation – Application to GNSS 

SPP & RTK Performance Characterization”, IET Radar, Sonar & Navigation, 
vol. 14, no. 10, pp. 1537-1549, September 2020. 
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2-Theoretical Limits: GNSS to GNSS Meta-Signals 

“Performance Limits of GNSS Code-based Precise Positioning : GPS, 

Galileo & Meta-Signals”, Sensors, 20 (8), 2196, April 2020. 
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2-Theoretical Limits: GNSS Meta-Signals 

“Positioning Performance Limits of GNSS Meta-Signals and HO-BOC 

Signals”, Sensors, 20 (12), 3586, June 2020. 
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2-Theoretical Limits: GNSS SPP Solution 

“Compact CRB for Delay, Doppler and Phase Estimation – Application to GNSS 

SPP & RTK Performance Characterization”, IET Radar, Sonar & Navigation, 
vol. 14, no. 10, pp. 1537-1549, September 2020. 
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2-Theoretical Limits: GNSS SPP Solution 

“Positioning Performance Limits of GNSS Meta-Signals and HO-BOC 

Signals”, Sensors, 20 (12), 3586, June 2020. 
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Conclusions of Section 2. 
• Derivation of CRB for Band limited signals. The latter CRB is 

particularly useful because it is expressed only from the signal 
samples. 
 

• Evaluation of the time-delay  and phases estimation of the GNSS 
Signals and GNSS Meta-signals. 
 

• Evaluation of the SPP solution of the GNSS Signals and GNSS Meta-
signals. 

 
• Large Bandwidth GNSS Meta-Signals can have possible false locks 

due to high secondary correlation peaks. This issue can degraded the 
time-delay estimation performance. Evaluate the threshold through 
the MLE is required. 

 
• RTK Theoretical Limits – Collaboration with the DLR (Daniel Medina)  

• “Compact CRB for Delay, Doppler and Phase Estimation – Application to GNSS SPP & RTK 
Performance Characterization”, IET Radar, Sonar & Navigation, vol. 14, no. 10, pp. 1537-
1549, September 2020. 

• “Positioning Performance Limits of GNSS Meta-Signals and HO-BOC Signals”, Sensors, 20 
(12), 3586, June 2020. 
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3-Theoretical Limits: Space Applications  
 

• Space missions: 

Launch, orbits 

 

• Orbits: LEO, GEO, 

HEO, LTO 

 

• Orbital parameters: 

Acceleration! 

 

• Receivers require a 

minimum Carrier-noise 

density ratio 𝐶/𝑵𝟎 

 
 

W.  Enderle  et  al. Space  Service  Volume  Booklet:  The  Interoperable  
Global  Navigation  Satellite  Systems  Space  Service  Volume. 2018 
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3-Theoretical Limits: Space Applications  
 

Distance of 60 𝑹𝑬 is approximately in Lunar orbit / This gives most restricting case: 15 dB-Hz 

 

 W.  Enderle  et  al. Space  Service  Volume  Booklet:  The  Interoperable  
Global  Navigation  Satellite  Systems  Space  Service  Volume. 2018 
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3-Theoretical Limits: Space Applications  
 

η = [𝜏, 𝑏, 𝑑] 

𝑑 = 𝑎/2𝑐 
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3-Theoretical Limits: Space Applications  
 

Delay Estimation 
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3-Theoretical Limits: Space Applications  
 

Doppler Estimation 
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3-Theoretical Limits: Space Applications  
 

Acceleration Estimation 
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4-Theoretical Limits: Multipath 
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