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1. Background and Motivation

Problem in urban

dlreas

= Multipath effect

" | None-line-of-sight (NLOS)
reception

Sky-plot with building boundary
information in an urban area in HK
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1. Background and I\/Iotlvatlon

TABLE I Techniques Dealing With NLOS Reception

Category TECHNIQUES

Mitigation Antenna design, e.g., choke-ring antenna
Consistency checking, e.g., pseudorange residual, navigation solution
Kalman filter-based innovation filtering

Detection Hardware-based techniques, e.g., array antenna, dual-polarization antenna, sky-
pointing camera, 3-dimentional light detection and ranging (3D LiDAR)

Machine learning technique, e.g., elevation angle
3D building model

Correction Ray tracing-based 3D mapping-aided (3DMA) GNSS positioning, Vector
tracking loops (VTL)
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2. VVTL-based NLOS Detection and Correction

Why 1s VTL capable of detecting and correcting the NLOS
reception?
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2. VVTL-based NLOS Detection and Correction
@
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2. VVTL-based NLOS Detection and Correction
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3. Experimental Results and Analysis

\ .Goagig‘Earth
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Pre-detection
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NLOS detection mode:
25, 0.05
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[1] B. Xu and L.-T. Hsu, "Open-source MATLAB code for GPS vector tracking on a software-defined receiver,"

GPS Solutions, vol. 23, no. 2, 2019.
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3. Experimental Results ar;a TA\naIysis

(@) (b)
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3. Experimental Results and Analysis
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3. Experimental Results and Analysis
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3. Experimental Results and Analysis

=  Multi-corrector outputs:
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3. Experimental Results and Analysis
= Extracted NLOS delay:

Detected NLOS delay
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= NLOS pseudorange delay model [2]:

y=asecl, (1 + COS 292@) — 06.8 m

[2] L.-T. Hsu, "Analysis and modeling GPS NLOS effect in highly urbanized area," GPS Solutions, vol.
22, no. 1, 2018.
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3. Experimental Results and Analysis

= NLOS correction results:

Horizontal positioning error
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m 1~1800 |1800~3400 | 3400~3600 | 3600~5200

6.43 8.39 13.64 8.47

12.14 16.22 45.41 14.67
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3. Experimental Results and Analysis

= PRN 22:

Chip

Code discriminator output - PRN 22
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[3] Wang L., Groves, P. D., and Ziebart, M. K., “GNSS shadow matching: improving urban positioning accuracy using a 3D
city model with optimized visibility scoring scheme,” NAVIGATION, Vol. 60, No. 3, 2013, pp. 195-207. :
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4. Conclusion and Future Work

=  (Conclusion:

» Vector tracking is capable of detecting and correcting the NLOS
reception at the signal processing level without any additional
aiding.

=  Future work:

» Give the principle of the proposed method mathematically
» Multipath detection and correction
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