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ABSTRACT

In urban areas it can be difficult to utilize global navigation satellite systems (GNSS) due to signal reflections and blockages.
It is thus crucial to detect reflected or blocked signals because they lead to significant degradation of GNSS positioning
accuracy. In a previous study, a classifier for global positioning system (GPS) signal reception conditions was developed using

three features and the support vector machine (SVM) algorithm. However, this classifier had limitations in its classification

performance. Therefore, in this study, we developed an improved machine learning based method of classifying GPS signal

reception conditions by including an additional feature with the existing features. Furthermore, we applied various machine

learning classification algorithms. As a result, when tested with datasets collected in different environments than the training

environment, the classification accuracy improved by nine percentage points compared to the existing method, reaching up to

58%.
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2+ &4 3 2Y2]E] (Urban Air Mobility; UAM)2} 7+
o AZe EA LE 4Tl SAT] wek, £41 2ol )
Positioning Navigation Timing (PNT) A B & Al g2} sh= 4
Q7} £7)5k2 Qo) (Causa & Fasano 2021, Lee et al. 2022a). o]
o] A WS PNT FHE A58 4= )&= u]=+2] Global Positioning
System (GPS)E H|E3l YAJsHH A AE] (Global Navigation
Satellite System; GNSS)2] & QAlo] oz 1 I}t (Kim et al.
2020, Yoon et al. 2020). 11}, & AEET} ol FoflEo] 3
£ =4 Aol 45 Attolt tEAR BAoR s 9
AR x| A o] Bhgo] of2go] Qltt (Jia et al. 2021, Lee et al.
2022b, Kim et al. 2022a, Kim et al. 2022b). o|= =1 n]g] oAk
o $17] A8 o7 4= Q7] TR E4loA tHEAR £
A& s Ads}r] €5 =82 P4 ot} (MacGougan et al. 2002,
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Shen et al. 2020).

U5 2 7oA 43 NS AHEAF Yol o
=9 Al 742 He=2 #41E 4 ATt 7FAlA (Line-of-Sight;
LOS) A1 51k A% = LOS-only 7, B]7}A]A] (Non-Line-of-
Sight; NLOS) 4159+ 4:41%]= NLOS-only 37, 18] 31 7}Al4l
3} H]7pA1 0] EAJo] 4415 = LOSHNLOS 81730] ofol] s
3t} o] 7} NLOS-only 2 LOS+NLOS &0 TAlo)A]¢]
2 93] 0AE Yol Yelolng 0|2 k|3 3 9% At
oA AlLlEo 2R 9] AL E = 4 It} (Misra & Enge
2001, Kubo et al. 2020). o]o] t}5H 2 A5 (NLOS-only =
= LOSHNLOS)E 91517 $18 chafgh W ol Agheigict
(Closas & Fernandez-Prades 2011, Xu & Rife 2019, Lee & Seo

2020).
oA 72 41S FEI‘Z] WS 5 sHUE, fish-eye 7iH2t &
AFgsH= v o] A|¢kE vl 9Jh (Bai et al. 2020). o]+= fish-eye

7HHEtE F5l 4 Sky plotoll A Zgef sigsh= FHoll YA
3 $143S NLOS-only 1402 A5k wholch. 3k 3D &
Al B ol §5}o] 21 B2] HAE et sky plotg 4345}
= HH (Wang et al. 2012) 5 #|¢HE] 91 =1, o] fish-eye 7}
glol= NLOS-only $14& APEE 4 9lek Aol glek. 1
2L}, o]2]3t P EL LHx 0 2 LOS+NLOS 415 L &2]5]|
akche A7) olck. 3D ] mlah Al #4 (ray tracing) &
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(Mlura et al. 2013). 1L} ol= =& 7:]]/,‘_1-%3: ] Q= 3
SdS 15310 Eu07] sliMe AFet Aol B ast
£ ojggo] o3 5] AU} (Zhu et al. 2018).
T THE TR A4S wA PoR, AT A5

49l olg 24X ARE o] 83l FAH B4

] o}t jE& o2 GPS LI L2, L5 A9 vtdu} o 3
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S E =5 v o] OHL} (Strode & Groves 2016). ESF o]
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Fig. 1. GPS signal collection hardware (reproduction of Fig. 1 of Kim & Seo
(2022)).

Fig. 2. Five static locations where GPS signals were collected.
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Table 1. The number of NLOS-only/LOS-only/LOS+NLOS data samples for
each dataset.

Training dataset ~ Test dataset 1 Test dataset 2
GPS dataset (,[50) (1) (T2)
Total samples 7500 7500 7500
NLOS-only samples 2500 2500 2500
LOS-only samples 2500 2500 2500
LOS+NLOS samples 2500 2500 2500

o, A, B, C Aol 243 dlole HZS shi2 mot 3y
2 WY o] F 0] F WHHK TARZ hiro] B Yol
ATO) FAE Holell (TDE FAsIE o, L) = 2|4
(D, )l 4333k dlo]8] AEE HAE Holedl 2T2)2 74
Shick. ol Fal, Sherell ALSE Aol A elolelslat o
Groll AHEEA] ke Aol A e Blo]EiAle] Thik HlAE At

43 4 919l

o
A §

%

=
e

3. DfAI2{d 7|4t GPS AlS 41 §H 23 7|

3.1 MY B3 &5
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2 o3 At
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Fig. 4. The relationships between the features and signal reception types
of T1 dataset.
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I Cveral classfication accuracy
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Fig. 6. Classification accuracy of each classification algorithm for T1
dataset, which was collected at the same location with the training dataset.

(Safavian & Landgrebe 1991), random forest (RF) (Liu et al.
2012), gradient boosted decision tree (GBDT) (Friedman 2001),
k-nearest neighbor (KNN) (Bezdek et al. 1986) & g]Zo|c}.
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Fig. 7. Classification accuracy of each classification algorithm for T2
dataset, which was collected at different locations with the training dataset.
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Fig. 8. The positioning result of the GPS receiver and the positioning result
after eliminating NLOS-only signal (PRN 5) using RF in location D.
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