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ABSTRACT

Pedestrian Dead Reckoning (PDR) methods using initial sensors are being studied to provide the location information of smart
device users in indoor environments where satellite signals are not available. PDR can continuously estimate the location of a
pedestrian regardless of the walking environment, but has the disadvantage of accumulating errors over time. Unlike this, WiFi
signal-based wireless positioning technology does not accumulate errors over time, but can provide positioning information
only where infrastructure is installed. It also shows different positioning performance depending on the environment. In
this paper, an integrated positioning technology integrating two positioning techniques with different error characteristics
is proposed. A technique for correcting the error of PDR was designed by using the location information obtained through
WiFi Measurement-based fingerprinting as the measurement of Extended Kalman Filte (EKF). Here, a technique is used to
variably calculate the error covariance of the filter measurements using the WiFi Fingerprinting DB and apply it to the filter.
The performance of the proposed positioning technology is verified through an experiment. The error characteristics of the
PDR and WiFi Fingerprinting techniques are analyzed through the experimental results. In addition, it is confirmed that the
PDR error is effectively compensated by adaptively utilizing the WiFi signal to the environment through the EKF to which the
adaptive error covariance proposed in this paper is applied.
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et al. 2011, He & Chan 2016).
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2. STANDALONE POSITIONING
TECHNOLOGIES

2.1 PDR Positioning
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Fig. 1. Power signal and simplified signal based on continuous SWA of
accelerometer signals.
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Fig. 2. WiFi Fingerprinting architecture.
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Fig. 3. PDR/WiFi integrated positioning architecture based on adaptive Kalman filter.

3. INTEGRATED POSITIONING
TECHNOLOGY BASED ON EKF WITH
ADAPTIVE ERROR COVARIANCE

PORE Qacle] 4] HAE A5 02 2T
Tk A 7bo] Wt @27} 4 =
Fingerprinting2 9 x}-2] -"r d3IALe. =4t ¢12e} 2l DBV} -
2 SolARE AR 4 glo
ZHeth ol2A T2 ox EAS 3
Hlo 2 A} vhS it

o —

Fig. 3014 & =&ollA AAlske AE59 714
el 2 et PDRI}; WiFi Fmgerprmtmgi 7¢7t =
TS WiFi 43 =5 —’:‘—7]“ e 3z g 7pHA
Ae F712 JXH B} A E ) WiFi Algﬂs;l
PDR Z7} SHEch WiFi /}_]_9_7]- =gy I
= PDRY] H|A%/d& AL3{sto] EKF2 74]54 o,
e Eq. (0)9) 200] 913 @310} HE o}, 123 it
23}z T,

o

ox, =[0x, Oy, Il 5gok]r 9)

A4 Ato]o] A= Eq. (10)olA LebH Ao =2 Selgh

= Qlon, o] A& 7|Hto g FE ] o} FEAFFH AT
£ St AIAR Y Ao gt

Ox,,, =0x, +cosg, -Ol, +1,sing, -6¢,
Oy, =0y, +sing, -0l +1, cosg, -6¢,

10
6l =0l (10)
0Py, = 6,
EKF&] AJel] Ho] 3§82 Eq. ()} et
1 0 cosep, [sing,
o, - 0 1 sing, [ cosg, (11)
0 0 1 0
0 0 0 1
e =& 2= WIiFi Fingerprinting £34& AF&SHt}
Fingerprinting &40 sjdsl= DB Yx]of|A] sl oo &

https://doi.org/10.11003/JPNT.2023.12.3.271

FHAS 23 T4 o] HBT W 2 BAle] FEt.
1 o] A Aol $1xe] whel fingerprinting®] 4]
o7k U] wholck. & T4l ek

l

L& BAE9] &340 TelY
fo] we} 242 03 TRA AL S Aol nfet 487
3 =Rl A3, Bq. (2% 2k o]

4 |o fu
mlo hu pgh 4

K, =P H'(HP H" +7,R)" (12)
71X He 53X ¥, P& At Adeiis o4 37
ALY, el RE ZHA] 0%} FEAF PHolrk, T g
Fingerprint DatabaseS &-85}0] ZF JLodolA 23 = YXHE
o] ZEHAF QAHE UERH A o|u] Eq. (13)x} o] Al4keTE.
1 Yy s
o= Niz(Em; Ey) (13)

(i) J=1

047]/\1 T(,)—Q*]' N(l)t 21 =

i Fetelel 93 wEn
Database& WiFi & i

Solold ol 2 Aol the 1A 221k B 14 oA E
s[3het. Database 441 918 712 nlek oF 137k £33
3h, SUTE MAC o] A RSSI 2 Bislo] A4

]

t}. &, 7= Database®| @2} BFHAE L}-E]—% oz 7+ 3o
ol Al 7]& At} 43 Database g WiFi 2H x| & A}Hgs}0] £
HEch Eq. 13)9] Ej = Eq. (14)} o] Al4bg & Qlet

Ew,, = \/(xw —Fy,)" + Wy = F) (14)
AZIA [xy ol S By P ) 22 kA 7185 9] Y215 =
o kA 7ol A R A WiFi 525 o] -8ste 4
£ 914 RS olu3te).

Fingerprinting& $3) 245%4& 1) 93\ 02 B4

< ddlo| E 51+ Egs. (15), (16)3} Zro] AlAbeTt.
Sxy =KV, (15)
A\k =([-K,H)F, Klk-1 (16)
V.= PDRE &4l 4% YA B2} fingerprintings =

7149
245 91)9] exjolrt.



Eui Yeon Cho et al,

Fig. 4. Test trajectory. (a) Trajectory-1, (b) Trajectory-2.

4. EXPERIMENTAL RESULTS
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Fig. 5. Grid points for Fingerprinting DB.

Table 1. Position error standard deviation by zone in DB.

Standard deviation
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Fig. 6. PDR results. (a) Trajectory-1, (b) Trajectory-2.

Fig. 7. WiFi Fingerprinting results. (a) Trajectory-1, (b) Trajectory-2.

Fig. 8. PDR/WiFi integration results. (a) Trajectory-1, (b) Trajectory-2.
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Fig. 9. Error covariance analysis of state variables

Table 2. Results of positioning error.

Mean (m) Standard deviation (m)
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Fig. 10. Fingerprinting error in zone H.
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Fig. 11. Positioning results. (a) EKF, (b) Adaptive EKF.

Fig. 12. Distance calculation error. (a) EKF, (b) Adaptive EKF.
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