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Introduction
Urban Air Mobility Mission Risk Analysis GNSS Rx Performance

 Emergency services * One approach: Nav filter error analysis

- re-mission prognostic services
« Urban logisti P :
Urban logistics Nav solver error analysis

 Multi-modal risk assessment: G
sensors, control, health...

need common technical currency

 New business models
(air taxis, etc.)

Background

Pseudorange
error analysis
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often modeled as Gaussian... [1]
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...but, does that hold for multipath interference
and non-line of sight (NLOS) reception? [2]

Probability Density Function

0.010 A

0.005 A

...If not, what generalizable conclusions can | .

be drawn to inform mission risk assessment? .
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See paper for details on

Multipath Error Isolation the three processing steps.
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Canyon Depth Classification

Vehicle Perspective of Canyon
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Canyon contour generated from digital elevation map data [3]
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Urban Dataset Red: Deep
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Measurement Count

Results

Histograms of pseudorange errors have different shapes and orders of
magnitude for LOS measurements compared to NLOS measurements.
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Results

The tails of the distributions of NLOS pseudorange measurements become
heavier and longer as canyon depth increases.
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The tails of the distributions of NLOS pseudorange measurements become

Results heavier and longer as canyon depth increases.
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The tails of the distributions of NLOS pseudorange measurements are

Results heavier and longer “Two-Sided” canyons compared to “One-Sided” canyons.
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Conclusions Empirical Pseudorange

Canyon Classification Methodology Error Distributions
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Questions?

Contact: Matt Peretic - mperetic@mitre.org
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Multipath Error Isolation

* For example, atmospheric, relativistic,

satellite position, and satellite clock errors.

See [4] and [5] for more on these Common-Mode
Errors and the single-differencing technique.

Subtract other modellable/cancellable error sources to study the multipath
error in pseudorange measurements from a commercial receiver.
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Canyon Depth Classification

, , TABLE I: Urban Canyon Classification
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Distributions formed from NLOS measurements change more than
distributions formed from LOS measurements as canyon depth changes.

Results
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Results

MITRE |

Tails are heavier and longer in distributions formed from canyons classified

“Deep + Two-Sided” compared to canyons classified “Deep + One-Sided”.
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Tails are heavier and longer in distributions formed from canyons classified
“Moderate + Two-Sided” vs canyons classified “Moderate + One-Sided”.

Results
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Results
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Tails are heavier and longer in distributions formed from canyons classified

Measurement Count

Measurement Count

“Shallow + Two-Sided” vs canyons classified “Shallow + One-Sided”.
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Choosing Classification Thresholds

» Thresholds for canyon depth were chosen near local minima of a plot of the
frequency of canyon elevation.

* The threshold for classifying “One-Sided” vs “Two-Sided” was chosen slightly
past a local maximum of the frequency of absolute difference of canyon heights.

0040 KDE Fit to Canyon Depth Histogram KDE Fit to Canyon Sidedness Histogram
0.06
15t Quart.: 3rd Quart.: 1st Quart.: 3rd Quart.:
Min: 15.75 44.95 68,65  Max: 83.38 4.81 19.33
Q035
0.05 A
0030
47.27 3.64
0025 0.04 - 13.64
2 f
= -
E QLo2o / % 8
s / 5 0.03 A
H] E
2 o015 ' S
8 / g
o

0.02 4

0.005 - /.\/Shllaw . 001 |
| P \

Znd Quart.
56,31 29.09
0.00 4 2nd Quart.: 60.00

o 20 a0 60 80 : 12.08 . ‘ ‘
Average Elevation of Canyon Depth on the Deeper Side 0 20 40 60 80
MITRE ‘ Abs Difference between L and R 21

© 2025 NASA AND THE MITRE CORPORATION. ALL RIGHTS RESERVED.

65.45

40.91




Conclusions

Work provides:
« Methodology for empirical study of pseudorange errors from multipath and NLOS

* Proposed classifiers for canyon depth and “sided-ness”
* Proposed scheme for segmenting city based on urban canyon features to generalize error analysis

« Empirical distributions for errors in 16 different urban canyon classes

Applications:
* Informing research and development, including:
» Tracking loop designs
» Navigation filters

* Receiver integrity techniques

 Validating analytical and modeling & simulation techniques
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