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Introduction
• Nominal signal deformations lead to range biases.
• GNSS augmentation systems rely on assumptions about the magnitudes and stability of these bias errors to guarantee safe navigation for aviation users.
• These assumptions are often based on relatively limited or static observations.
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Objective

Validate current nominal range bias integrity assumptions for augmentation systems using data from the WAAS signal deformation monitor.
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Outline
• What is Signal Deformation?  

• Dish Data (“snapshots”)
• How the WAAS Monitor Measures Signal Deformation

• Correlator Data (continuous)
• How User Receivers Experience Signal Deformation

• Range Errors and Integrity Assumptions
• Historical Trends and Statistics

• Integrity Validation
• Conclusions
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What is Signal Deformation?
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SVN 34 (PRN 04) “snapshot”
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Ideal C/A Code
SVN 34 looks deformed relative to the ideal.
Cannot yet tell how deformed it is relative to the other (actual) signals.



What is Signal Deformation?
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All four SV signals deformed relative to the ideal, but less deformed relative to each other.
Nominal signal deformations are the subtle distortions of the actual signals relative to each other.
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Using high-resolution signal data from all SVs, we can define the “best” (reference) signal as the median across all the others.  

All GPS SVNsMedian Signal
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Measuring Signal Deformation: 
Dish Data (“Snapshots”)

Ideal C/A Code
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These high-res representations of the signals are best for offline analyses.
Signal deformation monitors are better suited to measure signal deformation in real time.
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Measuring Signal Deformation: 
Dish Data (“Snapshots”)

Ideal C/A Code

SVN 34 (PRN 04)SVN 39 (PRN 09)SVN 47 (PRN 22)SVN 61 (PRN 02)All GPS SVNsMedian Signal
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Measuring Signal Deformations: 
WAAS Monitor Receivers
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Ideal C/A Code Autocorrelation Peak

SVN 34 (PRN 04)SVN 39 (PRN 09)SVN 47 (PRN 22)SVN 61 (PRN 02)All GPS SVNsMedian Signal
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The deformation magnitude is computed from a linear combination of 8 correlator samples from SV (referenced to median, normalized by a threshold).



Dish Data vs. WAAS Monitor Data

• High-gain Dish (“Snapshots”)
– Best noise, multipath removal 
– Full code sequences directly sampled
– One SV at a time, not real time
– Short datasets
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• WAAS Monitor (130+ Receivers)
– Good noise, multipath removal
– Limited samples per code (correlation peak)
– All-in-view, real-time operation
– Long datasets



Measuring Signal Deformation:
WAAS Monitor Metric “Snapshots” Using Dish Data
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Signal Deformation Biases
User Range Error vs. WAAS Monitor Metric
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SVN 34 (PRN 04)SVN 39 (PRN 09)SVN 47 (PRN 22)SVN 61 (PRN 02)All GPS SVNs

Monitor Threshold

Max User Error

• WAAS assumes the largest nominal bias measured may exist on any/all SVs.
• Largest nominal range bias is set by the largest monitor metric  (given the user receiver 

model, and the signal model)
• Monitor metric trends can be used to validate WAAS (and ARAIM) assumptions



Signal Deformation Biases
User Range Error vs. WAAS Monitor Metric
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• WAAS assumes the largest nominal bias measured may exist on any/all SVs.
• Largest nominal range bias error is set by the largest monitor metric  (given the user receiver 

model, and the signal model)
• Monitor metric trends can be used to validate WAAS (and ARAIM) assumptions

(~12 cm)

SVN 34 (PRN 04)SVN 39 (PRN 09)SVN 47 (PRN 22)SVN 61 (PRN 02)All GPS SVNs



Signal Deformation Biases
User Range Error vs. WAAS Monitor Metric
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• WAAS assumes the largest nominal bias measured may exist on any/all SVs.
• Largest nominal range bias error is set by the largest monitor metric  (given the user receiver 

model, and the signal model)
• Monitor metric trends can be used to validate WAAS (and ARAIM) assumptions

ARAIM Bias Error Limit (~27 cm) 
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WAAS Monitor Data Collection
• Dates: Jul 2010-Feb 2015

• Snapshot data (Aug 1, 2010)

• 130+ receivers averaged
• 1-Hz Monitor Data
• Trend statistics: 

• Mean (over 24-hour periods)
• Max (over 24-hour periods) 
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WAAS Monitor Historical Data
SVN 34 (PRN 04)
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Bias has remained small and stable over time.



WAAS Monitor Historical Data
SVN 39 (PRN 09)
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WAAS Monitor Historical Data 
SVN 47 (PRN 22)
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Bias has remained small but has changed (unpredictably) over time.



WAAS Monitor Historical Data 
SVN 61 (PRN 02)
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Due to anomaly event (and resolution) bias has changed over time.



WAAS Monitor Metric Historical DataSummary Statistics
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• Dish data “snapshots” are generally between the Mean and Max values of the WAAS monitor data. 
• Largest nominal monitor metric measured is 0.55 (SVN 40).
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Signal Deformation Biases
User Range Error vs. WAAS Monitor Metric
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Current WAAS Bias Error Limit (35 cm) • Nominal region is likely larger than previously assumed. (~0.55T)
• More dish data would be needed to estimate error here more accurately.  

Current WAAS Bias Error Limit (35 cm) 



Summary and Conclusions
• 4.5 Years of WAAS Signal Monitoring data was collected and analyzed

• Signal Deformation Monitor
• Code-Carrier Coherence Monitor (See paper)

• The dish data collected (August of 2010) agrees with the WAAS monitor data
• The biases are relatively stable, however, unpredictable changes can occur

• Faults or anomalies (e.g., SVNs 47 and 61)
• SV hardware changes (e.g., SVN 61)

• The max nominal deformation is likely 55-60% of monitor threshold
• Augmentation error limits are valid, but largest signal deformation error may be very close to the 15 cm limit for future (dual-frequency) WAAS users.

• Dish data needed to verify this 
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