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ABSTRACT

In the Pedestrian Dead Reckoning (PDR)/Global Positioning System (GPS)/Wi-Fi-integrated navigation system for indoor/

outdoor continuous positioning of pedestrians, the process of detecting outliers in measurements is very important. When

accurate location information from measurements is used, reliable correction data can be generated during the fusion filtering

process. However, abnormal measurements may occur in certain situations, such as indoor/outdoor transitions, which can

degrade filter performance and lead to significant errors in the estimated position. To address this issue, this paper proposes

a method for detecting outliers in measurements based on Rényi Divergence (RD). When the deviation of the RD value is

large, the measurements are considered outliers, and positioning is performed using only pure PDR. Based on experiments

conducted with real data, it was confirmed that outliers were effectively detected for abnormal measurements, leading to an

improvement in the performance of pedestrian navigation.
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1. INTRODUCTION
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Fig. 1. Structure of PDR using smartphone.
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Ae g 2AE sEs17] $1sl Rényi Divergence (RD)E 28
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2. PEDESTRIAN POSITIONING

TECHNOLOGY USING SMARTPHONES
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2.1 Pedestrian Dead Reckoning
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Fig. 2. The principle of WiFi fingerprinting.
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(Kwon et al. 2023).
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Fig. 3. Structure of PDR/GPS/Wi-Fi-integrated pedestrian navigation system applying RD-based measurement outlier detection technique.
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3. INTEGRATED PEDESTRIAN
NAVIGATION SYSTEM APPLYING OUTLIER
DETECTION TECHNIQUE
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3.1 Rényi Divergence
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D+ Kullback-Leibler
Divergence (KLD) ®}H =
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2022).
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+& 7}xof §ct (van Erven & Harremos 2014).
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749, RDE F 237} 54T o log & 43P Eq. 10)2
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o171A [P0l £21E WSS 1, T3 o 0o

. 5, X P97 z 2
2 2k Fs ik o £ 29 Ao} Sk RDE 0
2 55 ek,

Lol 7+ EAJ o 2 9015 RDE=
FAPIS Wtk o 48T AR
A dlelelel YTt 25 el
2 2ot o] 49 4 Jlon), $AF EAdNE ol g

2] 2 o] o] sl woﬂ A8 4 9lek (Makkawi et al. 2021).
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3.2 Rényi Divergence Based Outlier Detection
Algorithm
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4. EXPERIMENTAL RESULTS
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4.2 Experimental Analysis
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Fig. 4. The true movement route and locations of reference points.
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(b) ©
Fig. 5. GPS measurements acquired while walking from outdoors to indoors (Moving from A to B). (a) location, (b) HDOP, (c) RD.

(b)

Fig. 6. Continuous positioning results when walking from outdoors to indoors. (a) before outlier removal, (b) after outlier removal.
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(b)

(@

Fig. 7. Measurements acquired while walking from indoors to outdoors (Moving from B to A). (a) GPS location and HDOP, (b) Wi-Fi Fingerprinting, (c) RD of Wi-

Fi Fingerprinting.
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Fig. 8. Continuous positioning results when walking from indoors to outdoors. (a) before outlier removal, (b) after outlier removal.

Table 1. Outlier detection performance using RD.

The number of detected outliers according to walking scenarios

Num. From outdoors to indoors From indoors to outdoors
True number Detected number | True number Detected number
1 15 13 17 16
2 9 9 17 16
3 12 10 13 11
Sum 36 32 47 43

5. CONCLUSIONS
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