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ABSTRACT

The existing indoor localization method using Wi-Fi fingerprinting has a high collection cost and relatively low accuracy, thus

requiring integrated correction of convergence with other technologies. This paper proposes a new method that significantly

reduces collection costs compared to existing methods using Wi-Fi fingerprinting. Furthermore, it does not require labeling of

data at collection and can estimate pedestrian travel paths even in large indoor spaces. The proposed pedestrian movement

path estimation process is as follows. Data collection is accomplished by setting up a feature area near an indoor space

intersection, moving through the set feature areas, and then collecting data without labels. The collected data are processed
using Kernel Linear Discriminant Analysis (KLDA) and the valley point of the Euclidean distance value between two data is
obtained within the feature space of the data. We build learning data by labeling data corresponding to valley points and some
nearby data by feature area numbers, and labeling data between valley points and other valley points as path data between

each corresponding feature area. Finally, for testing, data are collected randomly through indoor space, KLDA is applied as
previous data to build test data, the K-Nearest Neighbor (K-NN) algorithm is applied, and the path of movement of test data
is estimated by applying a correction algorithm to estimate only routes that can be reached from the most recently estimated

location. The estimation results verified the accuracy by comparing the true paths in indoor space with those estimated by the
proposed method and achieved approximately 90.8% and 81.4% accuracy in two experimental spaces, respectively.
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(b) Methods proposed in this paper.

Fig. 1. 4 F of Sungshin Women'’s University, Sujeong Hal.

@ tolel 44 T
D4y BT BE 2R RIS SRR 4
2) dlole] (D) EAAG +7 ET1E wjxIsle] sl (57

2| H5)} RSSI

3) 3t ElolE (D,): 7}
) o] RSSL BSSID

4) | AE dolE] (Dy): AW

BSSID
1

BSSID $-415}0] 74

@ tljojE] A X &

D) £33t dlolEl (D, D, Dy) ZH4.

2) KLDAE ©]§5}e] D, D,, D& D, D, D;2 23],

3) £ ¥t (feature space) Hell 4 D2 2+ SejA 91D, 9] &
22 & AT 3E F5HL 3k AlF 2| F (valley point) &

http://www.ipnt.or.kr



94 JPNT 12(2), 91-100 (2023)

Tam g =

= == cuzse Ony
. B P
?-._-ug -
-
@
-
-
=
@
J!E’Eﬂdﬂ!iﬁ‘u!uﬁ -E o)
-
m \4
=
-
(1) o
<
= !
LA

Fig.2. Coex mallB1F.

3.

4) 71 AT A7 Aol delel D) g S Aol A=
2 283, A% A8 e dole D)8 S
epaz epa.

® 5% v

) 2P SH elole] (D)2 K-NNg o]-§3), sHstar e

[>

ey

ole DyYE +%.

3.1GjojE| =X

H2 7t £E32]9& Let& 2hdl 3} RSSL, BSSIDE Fig. 19414
1007} & 5007}, Fig. 20| 41= 200714 & 24007} =25}
Atk D= 77t EJAAE 7Ho oF 7Hseh &

4 §hH o4} 75k gpalglo] RSSI9FBSSIDE 3
th. D2 Axt 248 st HlAE dlole &, Ay 3¢
2 o]'55}™ RSSI9} BSSIDE 4351301 o]5 5 54
2Fek wjuict ef] ARHM (time stamp)E #|7sloq o]
Ao AFESIEE STt

rin
ol on,
b

Q2

_,d
2
e, M

S S A U+ /0 of [ cta D

]

AN o
0
1S

2

w12
i)

—I0|r

3.2 HjoJE] H Xj2|
3.2.1H|OJE THEHE

4313 D, D,, D,9] BSSIDOIA 5% WE4 olstz 4748 o
oJEl S AASL FHol YES ol shke] we 2 L
o F5gle] LIgt BSSIDO chal Uadsl &40k s D,
D,, D,2] RSSIZ A3tek. Al 5 57 BSSIDe] chal 47
RS} Gl 79, 7H 2 74 9ol 100" xIgtet.

2

https://doi.org/10.11003/JPNT.2023.12.2.91

239E X200 29 Thack e [ ey

MEY gy

USUEER Mg 2

T}

2
oo
ol
o
2
&
)
L
o
il
&
[>

O
Ehs
=
o

o &

of tlo]e]E F5lo] Sparse (Aarons 1993)%t Ho]E] Q] X}
Z40Ht FAlof HlojelE 7t SelA HE Uro] glojeE &
HAEY gich 2 oA ghdo] §lE D& XA Atolof
AR A2 =2 2PRs}7] sl D, D, =62 KLDAE °]-§5}o]
g5t A5t Dot D] &4 FiA k] fEEE AE
o]g3ste D, & 7 & o8 R e AE Y5t & A&Tich
kA AH2lgt D, D, D& A VE ZHzF Holgict nd 34
Wi-Fi AP 7|2, 9] et BSSIDE S5-¢lo] LS Wef <]
214 et Atk rssiy, (k=1 n)E n7)e] Wi-Fi AP & kH#)] AP
oAl @& RSSI 27} o]l o Fea £2, 7 £7] 37kl
Ae] B feoF 231 L, -+, L= ZF EPA| oA A& Hlo]
Elo] Jlj4r0]1L 1, I;2 D, Dye 712+ 35k dlog] s g0t

7SSy, 1,SSly, 2, 7SSy 3., 7SSl n c
B - ; ewn (=Y 1)
7SSl 1, 7SSy 5, 7SSl 3, TSIy y =1
TS8Si11,TSSly, 7SSz, "+, TSSlqy
D,= : € Rl’zxn
T'SSip,1,7SSlp,2, TSSipy3,+, TSSlpyn
TS8Sl11, TSSly, TSSIy3, "+, TSSlqy
— : {3xn
D; = . . | R (1)
TSSip 1, TSSlp 5, TSSlp,3, ", TSSlp p

KLDA2] AL 7}e-AJeF AY (Gaussian Kernel)S AF-5H93
ou, o 57 1kl thek vl vl gepolnh £ 33 (F,
feature space)ollA] A ()& Zthslshe WE o7} 4] (2)9] 24
37k "k o714 we Fol §p, Sy Fol thg ygolch B4 ¥
742 D/ KLDAZ o] 85}o] X912 54513 S48 2t 21919)
£7%} 38 shke] Sl gho2 sjo] ekl 37+S it

J(w) = e 2)

wTSHw

A (2)9] Sy2 Sy AL mie A ()2 ek

x

£

FE




Donggyu Lee & Jaehyun Yoo Indoor Path Recognition Based on Wi-Fi Fingerprints 95

350 4

300 4

250 4

200 A

150 -

100 A

\0

0 50 100 150 200 250

(b) As a result of smoothing the value of (a)

700

17 | P
400 ‘ l .I \ r ‘ I " .
= , | .¢ \ if ‘v , b ,Wgt\ Al (.f
« A b 1 v . H | , ‘l ' Il’l\'[' ‘ \} ?:k 200
mo ' 1 ’i ’ ‘ ‘ ‘i |
(e} At Coex (d) As a result of smoothing the value of (c)

Fig. 3. Euclidean distance for each class of D_1 and D_2 in feature space.

m® = %zzexxk,with X = D, (i, {1 2,-,n))
Sg’=(mf>—m§p— _mc)(ml — T me )T
L
N ORI CIOE m?’) ®
i=1 xeX

Mika et al. (1999)9] Akl whet 4] (3)& o131 A (2)
o] HAs|E Fohz HFE AXA A DE DS 5 UL A @)
= Av=av SE|E dubF el 1§ ZF 4| (Eigenvalue problem)
(Parlett 1998)2] Eo] Y 0 2 wE F3lo] 4] (5)e} o] well D,
D ,D3§ Z]'Z}'E—Ogo]-l):] Dl, Dz, Dag cét .

TSP w = Aw (4

D, = (w . d)(Dl)) = Zila)i *k(Dy;, D1)

D, = (0~ ®0)) = ). wi-k(DyD;)
D; = (0) ' ‘D(Ds)) =Yt w; k(Dy;,D3) (5)

32332 HO|Ef oA

o[l & KLDAZ olg3le] Xelat D& 53 Aol

Fig 3& 57 37+ AJolA

o] 7t FeiA 0] gkt D, 1he] {22 A2 (Euclidean
distance)E LJePH ot} Fig. 3a= Fig. 194 433} ¢o]
Elo] 822t 7Ag]& Jeh} 1 Fig. 3b: Fig. 3aS 7}¢AI¢H I
E] (Gaussian filter) & o]&3)] S A%Y (smoothing)ske L}
Bl @l soc Fig. 3¢ Fig. 2014 4T HolE o] f22|=
7122 el 1, Fig. 3d= Fig 3c2 71949t BEE 0] 45}0]
Zre ATYS) Jeloct thS- 0 & Figs. 3be} 3del| A& 35] A
T+ A 2k (threshold) olste] Zhs & A (6)& AH&sto] A= A
A (valley point)& 2t} AIFSITE. 4] (6} 54 T AellA
D,o] 7} 229} D, 7te] $2E Al 13 HSO WS
SANE YD ghe EdE FOl51 nd EdO] 4, AT AF 9
glolel: Ed.2 A olgh).

Ed = (Edy, Edy, -, Ed,,)
Edv = Edk (When, Edk_1 < Edk < Edk+1 (1 <k< Tl,)) (6)

A2 A Hlolg= &
%EH-? dojejet &
30]

]

]

Se nat v
E
1=

W27t sitel 5
% gk 283 AZ A Afold] Hle]
E47 Alol g 0|5 o 248 ©l
3 B2, 7} A% A4 Apele] £4J51E D,
2 B9 Aol A2 Holelz shagech ke
o e A F7k el 54 37) 3k bz A

213 7P 23

http://www.ipnt.or.kr



96 JPNT 12(2), 91-100 (2023)

350

300

250

200

150

50

2

200 250 300

150

50 100

0 10 20 30 40 50 80
(a) At Sungshin (b) At Coex
Fig.4. Euclidean distance for each class of D, and D; in feature space.
Table 1. Answer standard for path estimation.
Some of case that are considered correct Some of cases
Step  True
casel case2 case3 cased4d caseb> case6 wrong

1 ;’relg’gﬁn;) ©L3 @3 O3 @03 O3 03 L3 13)
2 (1,3) 1,3 (1,3 (13 (3) (13) (1,3) Land3 (1,3)
3 (1,3) 1,3 1,3 @13 @13 @3 @©3) G449 03
41 (1,3) land3 (1,3) (1,3) (1,3) Land3 (1,3) (3,4) Land3
51 (1,3) (34 Land3 (1,3) (1,3) Land3 Land3 (3,4) (3,4)
6 1 Land3 1 (3,4) (3,4) Land3 (1,3) Land3 Land3 (3,4) Land3
71 (34 134 (34 (34) Land3 Land3 (3,4) (34) (34)
81 (34 134 (B4 (4 (34 Land3 (34 (34 (34
9 349 G4 (G4 B9 G499 G4 (B4 B4 649

ofo]7] whizel D,o] Hlolel % 7+ YA} QEet dlolHE
° B9 shuz Rk Fig 4= 54 7 AolH D 2t
ZejA0} D,7be] S22 A2 S Lrehdich. Figs. dabt 742t
Figs. 12} 2014 $41 8 dlolele] f 325 A, 7h9A1et Be]
2 A4 B2 ARYSle] Lk aefzolct.

3.3 K-NN2 0|8%t Z= =3

Ao 4] (7)2} o] K-NN 23252 o] §3}0] D2
Hr513 D, o5 22 53l N 51Lke] D, Hloleleh

£ D, loleisle] f-2els AelS 7o) Ldak otk Ne]
WSS QEAEO R VR F M 2 24E A3 AR
W4 K719 a5 B F b WEsh Be S Do)
CEET LTS

1o

f

M 2
Ny = Z 1(aﬁ = by) (G =12,4)
i=

N = (Ny,Ny, -+, Np,) € R*2

EQA G o|F 7Hse A=Y

F2 AHgSIgIT.

QA11, 12, am
D, = [ : € Rf2M
Ap,1, Apy2, 5 Apym
b11'b12""'b1M
D, = : € RfaxM
b£’31J b#32!""b£’3M

https://doi.org/10.11003/JPNT.2023.12.2.91

2 5 he] 5X9S sk o F F2E Fg. ol 2t
7ho] B2} A Ato] o] FZHe Wk, 5 107Ho]c}



Donggyu Lee & Jaehyun Yoo Indoor Path Recognition Based on Wi-Fi Fingerprints 97

l;
Tynew uz;u

Start point

* Estimated point o —

.9_Estimated order e
bt .

Start point
* Estimated point
.9_Estimated order

(b) Paths estimated by the proposed method

Fig. 6. Resultimage at Sungshin.

fingerprinting 7|¢F $1%] %3 4PH-E AFgS1710] A2l Brbsel

e RO A FUHOR, B ERolM Ashs Wy 27

o5 2KI5}7] S BT ABL S8l BE WA F
2

2l YSI2 3 1) (1209 SANE sl & e

o Ajols] F0E el 5 317H°l‘:} ol ol Aok
WP $7 B2 Figs. 13 2014 5

Table 1& 2 =80] 2] 5 o] §5lo] AT o 5ARE
Hrlsl7] 95t 71222, Land 1 (EA XY Dof|A] Land 3, Land
4 o|F5in] YT HIAE ol Bk Aupe] o]t
Table 12] Step2 t]o]E]2] MG 2, Step 1-2 AHA] A0Sk A
& tlolEelck. Truek BIAE Hlo]&] 45 A A4 o5 A2
olch. Bl AE Ho]e] AL eiplet k) 2
g A gsiel SRR o] BAG AL V1S9, o)k UA|
ERAY B2 A7) 037} QLo B R o & 71— 208 44
S13Ack Bt Al Land 3 AE 2 AAlojzofistao A= 27, ol
Eae= 8 1% 3749] Stepg A& 7Hs TR A5t A S
7Fs 770 o] Land 3 6% = Ao}l 5at o R
5 AISHE ™, 7 A5 A SR F7ISelet. Table 19] some
of cases wrong2 E2]|A of|&3F Alo]AQ] ofA|Z, Land 3 o
Z 7bs #7F <ol Land 35 o %6}71‘% A5 7Fs :TL7]' el A
Land 3¢ B4 0 8 &3S B S2A cl&E Ao B
7HSisic Fig 5% Fig 194 98 HlsE dolele] A4 ol
2olck. Fig 69] 284 & 43 HLS TAG Aol 7}

EJ*%* B AL B WA ST MRS BAG Holn,

$7 A, BRAAL

l

F1g 7b:= Fig. 6b2} Zto
Elo] HA2E Ay A= gx]-‘a 7101t} Figs. 6absur 7bo1m ES
gt ololele] 4Rt FAE R £7F AL o] d&4H
o 7+ 3t& 245 FFE ALy ufiolct. Table 2= 4
o S Zzte] ohE FgollA] 71 W 2 =Rl A ARt

she apg o 49 APRS we] FkE Uehdc Fig 6ast
zro] 7| w0 2 343 A}H1,7807) 2] wlojelE S5t B
&3ba 59700 HlAE &7 A &5t

2 249 A9 TAS

0% 79.7%94 @QE% A}, T3 Fig. 6be} 7ho] Aoksls Wy
o] S35l 61709] E|AE dlo]

F—i% —T—Z*'GP A3} 557H = —°—71] o Z3}0] 90.2%2] HEEE 039
o} 2F2 0 &, Fig. 7be} o] ARbsh= B o & 290719] e A
E tlolel & 34 At 236715 &A cll55to] 814%2] Hee

£ A%k

http://www.ipnt.or.kr



98 JPNT 12(2), 91-100 (2023)

- i}
e ]

(a) True path of test data
Fig. 7. Resultimage at Coex.

Table 2. Experimental environment and result.

Environment Sungshin Coex
Area (m®) 3,400 119,008.8
Method Existing Proposed Existing Proposed
Number ofdata 1,780 500 64,000 (presumption) 2,400
Accuracy (%) 79.7 90.2 - 81.4
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(b) Paths estimated by the proposed method
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