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Fig. 1 Flowchart of Shadow Matching
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PRAGS =35 <25 [25,35)
LOS 1 0 0.5
NLOS 0 1 0.5

LOS/NLOS 0.5 0.5 0.5
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Fig. 2 Environment of Test Areas
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Fig. 3 Variation and Cumulative Distribution Function

(CDF) of SNR
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Fig. 4 Comparison of SNR CDF of Multiple GNSS Systems

22 DEW RN

A% SR e R i S R A 1 4 T i S
I 98T 3 BT, 25 45 M 1 A 190 25 0 T2 A2 0
TR 5 5 AT Wb . B 5 % T A s RE £ M
DXy 3D A5 Y [, FE o A 5 & A At SR RS il i
0 3D BEAL L L T T A R T R T AT
DA 72 M T 25 C oy R TR SV B LA 56 51, 4 15
fi it Tine,. 383 i 5 490 2% o L 04 60 5 A 0400
f AT 2 75 45 10 A 28, B TR SV 3T M T 5
Cooe AT

FI5 TR AT UL P 0 7R 2
Fig. 5 Illustration of Satellite Visibility
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Fig. 6 Sky Plots of Satellite Signals on True Position and
Wrong Position
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Fig.7 Distribution of Candidate Scores from Conventional

Shadow Matching Algorithm
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Fig. 8 Cluster Analysis on Candidates with High Scores
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Fig. 9 Test Routes and GNSS Positioning Results
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Fig. 10 Comparison of Positioning Results Using KNN-SM and Improved Cluster-SM Based on Raw SNR and Filtered
SNR, Respectively
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Fig. 11 Positioning Results and Errors in Cross Street Direction
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An Improved Shadow Matching Method for Smartphone Positioning

LUO Huan* WENG Duojie* CHEN Wu'
1 Department of Land Surveying and Geo-Informatics, The Hong Kong Polytechnic University, Hung Hum, Hong Kong, China

Abstract: Objectives: Mobile phone positioning is a widely used approach for navigation, which has broad
application prospects. The global navigation satellite system (GNSS) is widely used in smartphone position-
ing, but its performance can be degraded in urban canyons because of signal reflections or blockages. Shad-
ow matching (SM) based on the three-dimensional (3D) city model can effectively improve positioning accu-
racy in cross-street direction. However, variation of signal-to-noise ratio (SNR) is large using smartphone
for GNSS signal reception while the conventional method fails to distinguish neighboring streets, hence,
greater cross—street errors. Methods: This paper proposes an improved SM method together with SNR
smoothing implemented in smartphones to improve the positioning accuracy in urban canyons. Firstly, a
SNR smoothing method based on low -pass filter is proposed to mitigate the variation, and further to im-
prove the correctness and stability of the visibility classification based on observations. On this basis, an im-
proved SM, namely cluster shadow matching (Cluster-SM), is proposed, in which, the effective candidate
points are clustered related to their locations. Results: Experiment results showed that SNR smoothing re-
duces error rate of the SNR classification from 5% —30% to 0% —20% , while the implementation of op-
timization Cluster-SM based on SNR filtering significantly improve the GNSS positioning accuracy from
19.4 m to 2.1 m in dynamic test, compared to conventional method. Conclusions: This shows the effective-
ness of the novel approach in increasing positioning accuracy with the ability to distinguish neighboring
streets, which provides opportunities to implement the smartphones in location-based services applications,
pedestrian positioning or vehicle navigation which requires a higher positioning accuracy.
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First author: LUO Huan, PhD candidate, specializes in urban canyon positioning. E-mail: hilary.luo@connect.polyu.hk

Corresponding author: WENG Duojie, PhD, postdoctoral fellow. E-mail: duojieweng@gmail.com

Foundation support: The National Key Research and Development Program of China (2016 YFB0501803).

5| X #& X : LUO Huan, WENG Duojie, CHEN Wu.An Improved Shadow Matching Method for Smartphone Positioning[J]. Geomatics and
Information Science of Wuhan University, 2021,46(12):1907-1915.DO1:10.13203/j.whugis20210275( % ¥, Z A, BRiX . — Fp ek 19 FHL
91 82 DT I 5 437 7 95 (], BRI R 224 47 - 5 BUBHA I, 2021, 46(12):1907-1915.DO1:10.13203/§.whugis20210275)

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



