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Performance Analysis on Wi-Fi RTT/RSSI Hybrid Localization Using Adaptive

Particle Filter Localization

Young-Su Cho'", Chul-Hyun Hwang?, Kyoung-Sic Kim?
ICity & Transportation ICT Research Department, ETRI
WATA

In this paper, a hybrid localization method combining Wi-Fi round trip time (RTT) and received signal strength indication
(RSSI) measurements using an adaptive particle filter is introduced, and the positioning performance is analyzed in
comparison with the existing fingerprint method. In 2018, Google is providing Wi-Fi RTT based distance information
based on the IEEE 802.11mc standard as an API in Android 9 (API level 29) or higher terminals (Smartphone). According
to the standard, Wi-Fi RTT based distance information can provide location accuracy of 1 to 2 meters, and it is mentioned
that it can support improved location accuracy compared to the existing RSSI. However, since distance information based
on Wi-Fi RTT may cause distance errors due to signal attenuation and multipath in an indoor environment where non line
of sight (NLOS) environments are common, it is necessary to combine Wi-Fi RTT with RSSI measurements in order to
provide robust location information to the indoor environment. We propose an adaptive particle filter that makes it easy to
combine different dimensions of measurement information and analyze horizontal and vertical location performance by
measurement type (RTT only, RSSI only, RTT/RSSI both). In addition, the effect of the number of Wi-Fi APs installed
and the NLOS environment between the Wi-Fi RTT-supported AP and the terminal (smartphone) on the positioning
performance is also analyzed.
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Fig. 2. Experimental area (Wi-Fi RTT AP layout, blue star). (1% floor (left), 2™ floor (right))

Fig. 3. Experimental area (Positioning test points layout, number 1~20). (1% floor (left), 2™ floor (right))
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Fig. 4. Experimental setup.

Table 1. Horizontal positioning error (CEP50) (RSSI only, RTT only, RSSI/RTT hybrid)
Wi-Fi RTT/RSSI Hybrid

Wi-Fi RSSI only Wi-Fi RTT only
Horizontal positioning accuracy Horizontal positioning accuracy Horizontal positioning accuracy
(CEP50)

(CEP50) (CEP50)
(Wi-Fi RTT AP only) (Wi-Fi RTT AP only) (Wi-Fi RTT AP only)
2.36m 1.I2m

4.63 m
Table 2. Horizontal positioning error (CEP50) (Wi-Fi RTT AP + Pre-installed AP, Wi-Fi RTT AP only)
Wi-Fi RTT/RSSI hybrid

Wi-Fi RTT/RSSI
Horizontal positioning accuracy (CEP50) Horizontal positioning accuracy (CEP50)
(Wi-Fi RTT AP only)
1.12m

(Wi-Fi RTT AP + Pre-installed AP)
1.2l m
=E =Xt (CEP50) &1 % HIw ot Lt
0l= 5 % AP}
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ELafol= 229 Al SFUAM Aol HEsE =RME AP EXE Sol HEEHCZ 1 m= é-?—l ds
M30l Jtsg ez HEHELCL

Table 3. Vertical (floor) positioning success rate (success criterion: estimated floor matches with true floor)
Vertical (floor) positioning success rate (%)
94.8%

2021 IPNT Conference, Nov 3-5 2021, Gangneung, Korea



452 2021 IPNT

Table 32 SZ8 AlE 3/EHI0A *’“%’-III( ) OA HZBES FHOIALE LOS/NLOSE Egol=
AU AIEXE WA & S=2% g Jl=S Sol A= 3 W0l Oiet d5/2WE
7ot Alg X&E=2 AW ASXES BJ’HIEEE ZgotEE 8= NEW sZoH & 2000=2
HEHOIRLH, 2 AEXNEE elal 3/ Rs 308 =oAL AlEg 20, HetE Wi-Fi
RTT/RSSI S&=59 212ES 220t 2= AME N8 g & oA d3E0] 94.8%Z AHLEIUCH

Hd

N
[

=2
[—

= ==20AM= Mete BSE IMEIZ2 EH JIB Wi-Fi RTT/RSSI SE59 JlssS HHELZE J|=0ot
NLOS/LOSE IZ&dt= AU SZ0AM Wi-Fi RTT E& #2280l HAIGte 9 4501 JtS8HA AMES

-
S

%SH SAGHULCEH Alg 21, JIZE Wi-Fi RSSI S0 RTT SHUS FIEEZMN SEUS 4s22H
S4d0l €50 NLOS/LOS Z& UM 1 ma =7 ds= #ClotCh E£et J|E Wi-Fi RSSI Uil 4
=2 Wi-Fi RTT APZE 0|00 1 mg =% ds0| Jtsg ez BHHED0, =Astel &X 2 22/l
s Sol AHHQ AUE? ds= Mg = Us A2=Z JIU=th

ZAE =

0l =22 20208k &EF (MYESYANER) ML=z =4ty
A& (No. P0013905, =& &K E
Wi-Fi RTT/RSSI =28 =

REFERENCES
IEEE 2016, [Internet], cited 2021 Sep. 26, available from: http://www.ieee802.org/11/

Zhang, L. 2010, Self-Adaptive Markov localization for Single-Robot and Multi-Robot Systems, PhD Dissertation,
Université Montpellier II, Montpellier, France

http://ipnt.or.kr/2021IPNT/



