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Motivation 

• Code observations more affected by 
multipath than phase observations 

• Curiosity: Robustness and possibility next 
generation GNSS phase-only RTK 
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Contents 

• Real-Time Kinematic Positioning 

• Phase-only versus Code and Phase 

• Phase-only RTK design computations 

• Phase-only RTK experimental results 

• Conclusions 
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Real-Time Kinematic Positioning 

• Relative positioning 

• Epoch-by-epoch solution 

• Consider short baseline 
neglecting atmosphere 

 

 
Resolving of double-differenced integer phase-
ambiguities is the key to precise GNSS RTK 
positioning 
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Integer Least Squares strategy 

1. Standard LS adjustment gives 
real-valued float estimates for 
unknown (integer) ambiguity 
and baseline parameters 

 

2. Resolve integer LS estimate 
for ambiguity parameters 

 

3. Correct float baseline 
parameter to obtain fixed 
baseline solution 
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Phase-only   Code and phase 

• Code and phase RTK model 
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Phase-only   Code and phase 

• Phase-only RTK model 

 

 

 

 

 

 

8 9/05/2010 

Phase-only design computations 

• Measure for performance: Bootstrapped 
ambiguity success-rate 
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Phase-only design computations 

• 8 satellites 

 

• Elevation dependent 
weighting 

 

 

• Data rate 1Hz 

 

• GPS L1/L2/L5 phase- 
observations 
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GPS L1/L2/L5 phase-observations 

The phase-only dual-epoch success-rate for 
different frequencies with 1 second time 
interval and    = 1 mm 
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Measurement precision 
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Phase-only Single Frequency GPS 
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Phase-only experimental results 
 

 
• 7 satellites 

 

• Elevation dependent 
weighting 

 

 

• Data rate 1Hz 

 

• GPS L1/L2 code and 
phase- observations 
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Robustness - Introducing multipath 

• Introduce vertical reflecting surface 

• Vary  
– distances to the receiver of the vertical 

reflecting surface 

–  attenuation of the reflected signal with 
respect to the direct signal 
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Introducing multipath 
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C/A and L1 multipath error for PRN3 and PRN31 
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Empirical phase-only success-rates 
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Ratio of correctly fixed coordinates provided 
the ambiguities were fixed correctly 

 

Empirical success rate (1000 samples)  
Number of epochs with correct baseline coordinates  
Number of epochs with correct ambiguities 
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Ratio of correctly fixed coordinates provided 
the ambiguities were fixed correctly 
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Integer Least Squares strategy 

1. Standard LS adjustment gives 
real-valued float estimates for 
unknown (integer) ambiguity 
and baseline parameters 

 

2. Resolve integer LS estimate 
for ambiguity parameters 

 

3. Correct float baseline 
parameter to obtain fixed 
baseline solution 
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Integer Least Squares strategy 

1. Standard LS adjustment gives 
real-valued float estimates for 
unknown (integer) ambiguity 
and baseline parameters 

 

2. Resolve integer LS estimate 
for ambiguity parameters 

 

3. Correct float baseline 
parameter to obtain fixed 
baseline solution 
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Ratio of correctly fixed coordinates provided 
the ambiguities were fixed correctly 
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Conclusions 

• Epoch-by-epoch phase-only RTK possible 
with dual and triple frequency GNSS when 
respectively 6 and 5 satellites are tracked 

 

• The phase-only RTK model is more robust 
against multipath than the code and phase 
RTK model 
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