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ABSTRACT

In urban areas, signals can be blocked and reflected by buildings, reducing the reliability of global navigation satellite systems
(GNSS). To address this, the zonotope shadow matching (ZSM) algorithm has been proposed to estimate the set-valued
receiver position by calculating the GNSS shadow based on the zonotope. However, the existing study only analyzed the
performance of ZSM in dense urban areas where GNSS shadows occur frequently, and the performance analysis in various
urban environments was insufficient. Therefore, in this paper, we analyzed the performance of the ZSM algorithm in four
urban environments with different characteristics. The results showed that the receiver position estimation performance
of ZSM was relatively poor in environments where buildings were not densely populated, and the performance of ZSM was
shown to be effective in urban environments with narrow roads and tall buildings.
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1. M2 (Line-of-Sight; LOS) X157} 4415 7] &= shadow 933 o]
£5}= HRAlo|t}, YutA Q] shadow matchinge AFE2}O] %]
A 3FH A AE (Global Navigation Satellite System; GNSS)L2 SH JoS Az 5l H, o] F AFAP} QXS THsAd o] 7}
<5 oo 2 YX| 78k A(Location-Based Service; LBS)<] T =2 A JAS st YXE AHect 218y Azt 7]
718o] HE 7eR, 2T AEFH AR 5o nE] 2aE Hto] shadow matching ZA2}2] 34t =e] whE trade-off £
Z1&o] BAEHA 11 F8/d0] B& =obA| AL Qlt} (Lee et al, £ sfoF ekt SHAIZE ATt (Groves et al. 2015). Ax}2] )
2022a, Yun et el. 2022, Kim & Seo 2023). 181}, AEo] Y3 AL E =d4E ] 2R ol AU =7} S7EsHAEE 9IAE A 71|
H EA AHoflMs As7t gl a8l A= AL, AEe] 9 7k 2AI7H ARt
ofl BRAE = ThEAE R A4t o5 AL ] A4 o] o] ZAIE slAsH] Y3l Toll= A FEE o7 /9]
Z51E 4= 9ch (Jia et al. 2021, Lee et al. 2022b, Kim et al. 2023). ZAz}7) otd shLte] M E(set)2 AAs= A E 7]4HE shadow
ol2|gt £AIE A YT o2, 33k EA| HE S A matching ¥4l o] #|¢t=| It} Bhamidipati et al. (2022)-2 A}22}
slo] 92 24 A4%5& SFAA]7]E= 3D-mapping-aided (3DMA) o]z] &1 o§d3} 3D T A| 28 & shadow matching 312 S0
GNSS7} Alor= v} 2lt} (Groves & Adjrad 2019). AR E = BE QA4S zonotopegi T 35]= zonotope shadow
3DMA GNSS¢] thzA ¢l 7% = s} 2 shadow matchingo] matching (ZSM) 7|9H-& 7J5193th (Bhamidipati et al. 2022).
Atk (Groves 2011). o] 7L A& 7F=29Hs] Y49] 7FAA Zonotope2 &5 th3 e <] polytope & 2, TIFSH A8 oi+of|
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Fig. 1. Set-valued receiver position estimation process of ZSM algorithm.

Fig. 2. Simulation for estimating receiver position set using ZSM algorithm.
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Fig. 3. GPS signal collection hardware.

Fig. 5. 3D city model for each urban environment.

Table 1. Characteristics of four urban environments.

Fig. 4. Four urban environments where GPS signal collection experiments
were conducted.

Fig. 6. GPS satellite skyplot.

Environment Number of LOS satellites Number of NLOS satellites ~ Building height to street width ratio
1 Oneside building 9 0 0.63
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Fig. 7. Our AOI setting method and depiction of validation metrics (i.e.,
along-street position bound, cross-street position bound).

Fig. 8. Results of ZSM algorithm in four urban environments.
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Fig. 9. Results of SM algorithm in four urban environments.
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Fig. 10. Comparison of along-street position bound and cross-street
position bound in four urban environments for ZSM and SM.
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