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JHE RERESE M BELA
St it S P

l

2) 3= F4<= Hd Atst= BH

2 Fojde Hentaet fEntaE Afste  2pEgle]l 4Rt dHolHE
KLDA  (Kernel Linear Discriminant Analysis)= ©]8st Z2AEHH
(Clustering)skxl  =mt= Atolof] 929t = dHolHz 2pldsh= Hg2
A K-NN2Z o]gste A=E FHsk= Hde Mt AAl 12 dol
Bl 3 gAeE dolg A A, 4 @Az WA, 7 @AM #3st=
AL ot 2

- dole] 53 B
(1) 44 37 W BE wA2 322 AceEs 44
@ deld(p): ASutA] 7 =7 WSkl ol (54 A

o9& Yetfe W9)9t Wi-Fi Fingerprinting & $335t0] %,
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@) #¢ delE(n): 7 ACeAE Hx & W4 At Aol
$lo] Wi-Fi Fingerprinting <~3oto] H1%.

(4) H|AE dHolEl(n,): AWES B2 o|FohH 1=,

- dloje A A= oA
() 3%t delel(p, n,, D) AL,
(2) KLDA(Kernel Linear Discriminant Analysis)S ©]-83Fo] zjuj<d
3t D, D,D,ZE D, D, D= Ad.
(3) KLDA®] E# #7Hfeature space) WolAl Dol Z+ ZEAet D,
o] 42e= AS kT o] AF AH(valley point)S 75
@) Zr A= A Aol dHolH(D)E g A=nta Ato] HF==z et

W, AZ A Q2 delE(h)E RSk WeE e,

1) =Pt sk HolE(D,)S K-NN (K-Nearest Neighbor)& ©]

goto] shyotal HIAE dlolE(D)E 4.
2-1) Wi-Fi Hlolg £3

=

d 3-3] o A AEEE FAAE Bl 2oz Yubzo
=

o

dole 4 B2 o= 2o F 357 o8, b, D)& F=3AL,



D& AFgol AR AEHE AUEES E31 AU AAHE olgste] AHIEE
S 1A% Az HEraE Ustdls 2Py Wi-Fi Fingerprinting(RSSI,
BSSID)E 24 HEnt=olA [Td 3-2] oM 100704 3ste] & 5007H, [Z
H 3-3] oflA= 200704 F 2400709 HolE &= st 5. D=
Z4Zto] itntg Aol o]F Fhsdt RE AHRE FHa g ¥ ool ARt 2
—Fi fingerprinting= =35t AUt

pe Azt BAS A HAE dolHR, AYELEL RAR olEate] Wi-F
fingerprintinge +Hot¥al ols F sHEnpzo] LS jumirt B ARI

(time stamp)E AAslo] o]F A} BAo] A4eHES s,

2-2) Wi-Fi dlo|g Az
tole] AAe dAAE= AFEACRZ dold Augd, KLDA 2§, A= T
ole] ety AR FAEo] glom, gt SAtE A&ttt
dolel  Auid DAClA  Fote W& o Aok g dlolH
(D), D,, D,)°] BSSIDOA E74 HlES olstz 3% HolHE AlAst &

o] shte] e E Uggtth. FEglo] Udet BSSIDO| s U4EH &A<t T4
SHAl Dy, D,, 0,9 Z47+8] RSSIE e dstct. Auid & £ BSSIDe| thsh 3
g grol fle A, 7MY A2 7HAE UEiE gtol “-1007S Hix| gt

KLDA #-4& A4 Alg3sk= KLDAE H4g d4E5 o]8ste] Zb folg
Fero] BARS FHAaskely dlole ZEA 7he] AR Fdisiete EF |
El(o)o] HlolEE Fgste] dlole 9 aAgdS Fagtt FAldl dHolels 7t
2718 Uieo] dlole ZYAEYE 7 A%t KLDA A8 oA

gle dol" (D)= 54 A9 Atolol At A= dolgz 2pagsty] s

N

1w
o)

rsﬂ
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D, D, =22 KLDAE o]gsto] Aelsta At n,et p o 54 Zeix 7t
F2EE AYE ol8st D2 ZtZte]l AR dolHE ZuAEY HHPoR o
=i 2.

dlole Aujd Aol Azgt dlolE, b, D, D2 A (DE ZHZF Aot »
2 FHE Wi-Fi AP 7§42, BSSIDE FE¢glo] vt HElQ] 2pl S .
rssigy (B =1, -« n)= n7he Wi-Fi AP & 7] APollA] Q& RSSI AZezto]
1, o= ol FHA 2, HEna o A L, -, L HEFFOA A

dlolef o] Zolal, 4,02 Dy, D= 22 A HlolH Aol

7SSt 7SSt 7SSt e, 7SS
Lll’ LlZ, LL’S’ ’ Lln L
Dy = 5 erR™" (L= Tio,L)
YSSip s VSSip s VSSip s vty ¥SSip
7SSiy1s 7SSLigs ¥SSiygs -+, 7SSiy, .
. o X N
D, = : ER™
VSSiy s YSSUy 5 VSSLy s cvvs VSSIy
7SSiqys ¥SSlygs ¥SSiyg, **s ¥SSiy,
. Ly Xn
D, = : ER” (1)
YSSLy 5 VSSLy 5 VSSLy 5 s VSSiy

KLDA®] AFL 7}¢Aet A (Gaussian Kernel)& A5t oH, o= EA F
v (F, feature space)oll tigt H]AE wjg 4oty EA FIHA A ()E 3
tigtst= HE(0)7F A (9] A7 Aot 7|4, werst SE, Sh+ FO o

g9doltt. 54 3 D& KLDAZ olgste] 49g Sasy 49 7 7

(2)
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A @9 spet st 2R mPE A 3T 2k

m? :if 2 with (X=D,G, {1, 2, -, n}))
reX
SB= (= = e =)~ e =)’
L
st =Y, % (0G)-m?)(0@)-m?)" )
i=lzeX

Mika (1999)299] A4tatAo] wat 2] (3)= o]gste] 24 (2)o HASE +
ot S AAH, A (DE d2 & A, A (D dv= v FHZ d¥HEQd
154t +A(Eigenvalue problem) Parlett (1998)2009] Zo] #HO0 2 45 -6

/gl (5)9} 715}01 (Uoﬂ Dp Dz,Dg% Z‘|1-ZJI- _T[E_Ogﬁ']-of‘ Dlvbz, D3% ?:q}i]:]-

(S%)ng 0= Aw 4)

D= (0-0D))= iwi . k(D D)

i=1

Dy= (w + ®(Dy))= Z}lw e KDy D)

2

25) Mika, S., Ratsch, G., Weston, ]., Scholkopf, B., Mullers, K. R. 1999,
Fisher discriminant analysis with kernels, Neural networks for signal
processing IX: Proceedings of the 1999 IEEE Signal Processing Society
Workshop (Cat. No.98TH8468), 25 August 1999, Madison, WI, USA.
https://doi.org/10.1109/NNSP.1999.788121

26) Parlett, B. N. 1998, The symmetric eigenvalue problem (Philadelphia:
Society for industrial and Applied Mathematics).
https://doi.org/10.1137/1.9781611971163

_19_



5

A2 dol =Zhls dAME DS WEET Atole] Amz ehdldy g of
S A&stal A2 o 2

(39 3-4] & 54 FdolA Do 7+ SFeae] Hwgat Do) fE9=
A#] (Euclidean distance)& WeRH efjzolct,

(18 3-4] (@2 (23 3-2] oA A% dHlolge {29t AdE W
e [29 3-4) b2 [2¥" 3-4] @E 7FeAIS E

filter) S o] &3] 2 AFY  (smoothing)ste] UerH Tgjzolct [T
3-4] (02 [O" 3-3] ol AR dHolHY {22 AHE HEUL,
(18 3-4] (D2 [2F 3-4] ©F 7FAIE ZEHE ol8st s AF
g3 Jejmeltt, ez, [a™ 3-4] bt [TF 3-4] (Dl HZEST
4% A F(threshold) olste]l & F A (0= ARgstd A AA

(valley point)& Zro} BAISHATE 4] (6)2 54 FAANA Do 7k Seet

B (Gaussian

b7 f2UE ATE T A5 WP LAYE G g2 mE Pl

A p B, A AR HolHE Eq,2hal ARt

Ed=(Ed,, Edy - FEd))

Ed,=Ed, (when, Ed, { Ed,{ Ed,., (1<{k<{n)) (6)

v

AT AQ dolel: ngAr} shte Wcohas g 2ARS o S8
]_

doleet & 4 ek a3 A% A Aole] HelHEL uYAt T 2o
A=t Aolg o5 u) +7W doletn ¥ 4 Utk 1¥B=, 7} AZ

A4 Aole] EAlste HHolHSS § At Ao A2 dolgHz g
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. 28, 5,9l Held F 7 A% Adn QM Holes denim spue
spmegict, (19 3-5) & denka B2 A4 hol 7 Seaet DY &
Zec A verath (329 3-5] @, e 247 (29 3-2] B (29
3-3] o4 3% dolH 9] §2eE Az, F9A BHES AEH e AT
dste] Liehd e molct.

mlu o

500 A

400

300 +

200 +

100 ~

T T T
0 50 100 150 200 250 300

(@) ARty +3E 45
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(b) _,:_l_oﬂ/\ =

(19 3-5) 54 32 Wi D3 D, S~ B H2E A

2-3) Wi-Fi Hlo|]f A& >3

& A2 Wi-F HolHE oA dASS 714 Adstal, K-NN «ald&

e
|gstel AW mWATF AT Az EE AcnEs sk BHe A%

O

e
=

A (D] JeRd K-NN 218&8 olgate] p,g sh&sta Do o5 AZRE

Azgth. e shtel hEolHS BE b, Holgsle] f2alE Aelg T 1t
G wgoltt, No| S 0BAE0R AT T A4 e SnE Ads) A
e W7o GaEol dolB F Mg WEst Be dolge po] Ang

B[\
e

o,
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3. MU &4 29

71E  IMUE o83t x5 W2 dE5: HEZero  Velocity

Detection), ZH|2H(vision sensor)t 2% o] St 9&5k HE2 AFE &

of IMU AIME Faste] £7F 04 wlE #AAste] AAE FAsh= PHS

=, U= F50=r SAE FASt] eapt A3 FAH+=

s o ZHEE AAer Aeshes W2 S5t ARE F7)sket B o

Fasitte 5 8FHe 2ol udeith. 8RR, 2 =g A
=

¢

ol

1) IMU dHlolg 3

2 Rdo Q3]s Ed kg2 S dHolHe odF dHolH sidshs
IMU MM &2 dgoldof sigsts 48 o]y el #ol&<l, $14 #Hi=
FaEel Aot dF dHolHelE &9 HolHe #2 A, 2 Aol 43S
AT, g8 F 7ol 71718 o]&sto] skt
4 HlolE+, AMEE UHEQl= IMU AAE ol8stlal, HaPxrt
Ao A AntEES WP Ao o= S3 S IMU AlNEE
7F4 5% (acceleration) AlAQF Zpo]|2AF I (gyroscope) AlAQ] AAZHS
ARESERAL, 200[Hz]S] 7= dHlolHE sk 242 A2 3719
= X, Y, Z3:)= 7L A, shie] HelHE Y i, 3 ARE
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(time stamp)&= A A5, dolgE & 7719 9L 7PAr.
29 dolg, 71E20] wEN el et BAXE olgste] olFelA
GAZte R ARt Yw, AE FHE AFslE, RTK GPSE ol&styth
1[Hz]®] F71= A AHEE FHsi, 71715 E3ztet dit 7PA &
Asked, LStk dolee F7lokt SPE . AEsh Y Aime
stamp) @EZ, 3749 ALe 74

(7% 3-3-1] & AAeiddst 25 +4T o

2, °F 208 Bt £4e dHolgo|n, RTK GPSE 54

M

A

% delge A
G = A=

ARE BAG Zolth (3% 3-3-11 % A gz & 440 B2 o
olEE T5193 B Zol o 2lkm]eolti2,

O

(7% 3-6) 5 wlelel 4%

27) OxIOD: The Dataset for Deep Inertial Odometry (2018), Changhao
Chen, Peijun Zhao, Chris Xiaoxuan Lu, Wei Wang, Andrew Markham,
Niki Trigoni, https://arxiv.org/abs/1809.07491
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2) IMU dHlolg ARz 9 st

RTK GPSE ©lgste 2 &% dHeolHe A AAE 7I€Lz s Zd
FHE Ak, Az dehd qlo], Al olF doleze] wgo] HWasi.
J8B=, Y= F=E HA@MS 4 HA(EE ] JHiz HEkit

o= dolEet &9 dHolHe 47l e HAE ok #HUsAAL, #H F
71 =3 g2d. OBz, doly £ Al @A AT AE Fske] HolH
s71kstath. 718 &, RTK GPS9] o|x dlolgel thg o] Ato]o
A= IMU AlAgEe] = vha ®eet 2 ¥elo] e uwol §id #ss
IMU AlM dloleE9 #ole=z WA F3do. T2 [Id 3-7] ¥ o
dlolelE 200714 et 75t Aolz AlA HolEE 6x200 FESl Aol
B2, Welel 2t HE 447 9fste] 2211e] &9 dolHE Hesti. sid ¥

WAY AA HolEE 10 sep 2AoR Aot

it

Input data
200

T
Accel X T

 Distance | Angle T aceloya § orotiya) ] ’
0.00012 0.0025 045, 45,03 04,02, -0.1 z 6

0.00015 0.0015 55,05,0.1 01,05, -03 - Gyro X

200 . . . v

. . .
| oooo19 | oo118 | ssis01 | 1104-04 | -

output data (label)
(Sum(Distance[0:200]), Sum(Angle[0:200]))

(1" 3-7] IMU dloJg] 4

oA FAT IMU dlojge} o] AAG delHE At BY F B
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ol mdlel RNN (Recurrent Neural Network)L o)A A|He] Zeggto] the
Aol dEgter HALEE F2E 7HAAL, oler Fxe AAIE HlHE
Aot © AdstARt, AAde] ZAojdpE oA Ql=giol
of mx& dvFe] AHojA, H7] &4 ZAZ WA ot EAE Si4
st7] 93t Hdlo] LSTM (Long Short—-Term Memory)o|th, LSTM-2 ZF A]
oA M=z d8b8d od Ao E=EitE ol&sto] AM=& AEE F7t
Sk, o] ARE HAsH Bat YHE AAshs HHE Tt Hdolth

2 =eollAde IMU HlolHE dhastr] gt Rd=z, A7 &Y HEdd &
A1 AAG dHloly Ay FEo] 4%t LSTM RYls ARESH
A= Hat AlEF 4 (MSE, Mean Squared Error)E At

o]

i

3} ¥4+ Adam (Adaptive Moment Estimation)& AR&oth 181!
epoch, batch_size, learning rate ¢ mefn|HE= 52 dPstH Hds] H

Ak,

28) RoNIN: Robust Neural Inertial Navigation in the Wild: Benchmark,
Evaluations, and New Methods (2019), Hang Yan, Sachini Herath,
Yasutaka Furukawa, https://arxiv.org/abs/1905.12853
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4, o] EH

ote]Z e (Particle Filter)+= trial and errore]]l 7]8F AJ&do] A
d= 7]&9 sh=z, SMC (Sequential Monte Carlo) WHo|gtile
non-linear, non—Gaussian A|AEHAE 2 ZZ5HcH

2 =wode IMU BEE2 §sto Hgzate]l A& F4strrl, Wi-Fi 29
= &oto] HEnt=ZE AES u, oEE UHE o]&sty] fXE EAETH
(& 3-1] & =tElE2 ZH dudES Uedth -1 Wi-Fi 2do] fiznta
£ AEs7] AAE, 1= HErtaE AEdls 1o Ate dEtdt »= IMU
2eS 535lo] d2 92 HA;of| 7FEAQE (Gaussian) WY WS H3 oz,
oEZolth. we TEZ9 TFEA0l1, ;= IMU 4 2d9| nEZ3 Wi-Fi
meo] 24t flrnta mere] A9 zpojot. MERMA AR Aol 9t
Hent=o] 92 Hx=, [T7 3-2] of BARE 24| fHEnt=9] A]olt} 5

L ouhe el Yol & B WEgeo] AFS A%, 42 ThEZ] otk

ftlo
ol
rok

ol
2L
)
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E 3-1] e 2¥ <9

N

Algorithm Particle_Filter

— J J
{St— 1= <xt, 1’ Wz71>v Uy Zt}

1. S=3.,7=0

2. Fori =1, -, n

Resample (generate i new sample)

3. Sample index j(;) from the discrete distribution given by w,
4, Sample z) from p(z,lz, . u,) using 2], and «, Control

5. w = plz,|z]) Compute importance weight (reweight)
6. n =7+ w Update normalization factor

7. S =5 U{{(zhw)) Insert

IS

Fori =1, ---,n

9. w; = w,/n

Normalize weights
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1. Wi-Fi 53 7] 93} Aotsl= H vjw

2 Aolde T X AUt AHdE FdPste] Wi-Fi fingerprinting=
H

ol Z1E wEE B oRRold Adels e v B

o
tt

A oA Adddede (0 3-2) 3 Zo] ARty 4T 4%

3,400m” 9] HlwAd Pt AWgitolnt. (O™ 3-2] (+ 7€ 8 39
ATt OF 2, 7HACR FHEE AASI] YT [

3-2] b= 2 =&olA Agtste PHE F3sh7] 6, 5= w2tz Fof ¢

o2 & 5719 AentaE dAskgh ol%

HEnpa Afo] EIcof sigdstal, & 10710,

T WA dddede (19 3-3] & o] ZIAA = Bl FOo=, 119,008.8

o
o >

pto] MEd g AgEzieltt. £ WA AW T JE 24 Ee A4es
Aol Ao] Brbsel Fhe Fmel AuEztom, B oA Agksks Wel

A5t
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2) A%

il

A3}

(% 4-1] Wi-Fi &4 »nd 37t 7|&

Some of case that are considered correct S ¢
Ste; True e Ol cases
P
case 1 case 2 case 3 case 4 case 5 case 6 wrong
between 1
1 1, 3 1, 3 1, 3 1, 3 1, 3 1, 3 1,3 Q3
and 3 (1, 3)
2 1,3 1, 3) 1, 3) a, 3) a, 3) a, 3 1, 3 |Land 3| (1, 3)
3 1,3 1, 3) 1, 3) a, 3) a, 3) a, 3) 1,3 |G 4| A3
4 @, 3 Land 3 1, 3 1, 3 1, 3 Land 3 {, 3 (3, 4) |Land 3
s w3y | G |tamd3] @3 | .3 |Land3 | Land3| G @] G 4
6 1 Land 3 | (3, 4 @3, 4 Land 3 {, 3 Land 3 | Land 3 | 3, 4) |Land 3
70 64 L eo | ce | 3o [1and3|tand3| 3o |G ]G
8 ‘ @3, 4 @3, 4) @3, 4 @3, 4 @3, 4 Land 3 @3, 4 B4 | G
9 @3, 4 @3, 4) @3, 4 @3, 4 @3, 4 @3, 4 @3, 4 B4 | G

(% 4-1] & Adsts PHe olgste] 24T olF AR Hisy] T
Nz, land [@E0FE Dol Land 3, Land 4% oS¢ Ave B7}
odAlelth. Truer EIAE Hlolg %3 A A o]Fd Az, HolE %3
A, Hentas Aud ottt 44F Belawns szom Asdu, Al
denta w2k Azibe] el EAlsl7] wEe] dF b5 Fhe A4sg
. AAolgeldE 271, FAA BAME 39 Swepd A Afs Fro=
HAsAL. 2 b 77 Yol Land 3S o= Ei Ao} o=d T oo
ARE dqEge ), 27 5% Aow BB some of cases wrong

< B2 A&t A=, 945 e #F Qe HEntags ASsiAy G5

e
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sem
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() HAE dHolg A4 #A4
Sta!'t point ) :
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Start point
¢ Estimated point e -
@ Estimated order e sum

220
(384200

(27 4-1] @& AAAelH 528 HAE dHolge] A% oF A=l
o (28 4-1] 0), ©° 234 P 24 FEE WAF Ao, nd
M EaF AAL A AAR 23 HEES EAT Aol Wy sme}

H@ HEY 242 dehd ot (17 4-1] B 7E FHo
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(@) Bl2E dole] A 4

:'- ‘J -.' A




(13 4-2] = Zd2 24 4T HAE dbojge A4 olF H=E
veida, (29 4-2] e (3" 4-1) (OF Zol Adske BHe=
F4% H2E folee] F2E Al A= EAR Zold.

(& 4-2] Wi-Fi 373 7% st Agkehe Wl 49 943 27
Environment Sungshin Coex
Area(m?®) 3,400 119,008.8
Method Existing Proposed Existing Proposed
64,000
Number of data 1,780 500 ) 2,400
(presumption)
Accuracy(%) 79.7 90.2 - 81.4

(® 4-2] = A 4% 449 b A 71 FHY Agdsh= 3
(2]

o ARE gepdth (13 4-1] g Zol A

Yoz APS APstol
NoApystmald 71E WHoE FAT AR 1780749 doleE F3stol
S5t 5949l HAE dolHg 3@ Aw 474E & AZstel 79.7%

Aot EF [3Y 4-1] O Zol Hueizeystmeld A
she WMoz 5007 dloleg SAstel Shgstn SIY HAE deolHE
4% AT 4608 87 ASeld 902%e) ABEE A (1% 4-2)

1o
o,
ot
H‘]
o it
f
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b g 20709 dlolHE Sstel, 64,000718 S8R st 3 ARt
< °F 32002¢] Easta, fx AR AP 5= ESHH AR o g2 ARt
o] ad Aotk o], dds APt Akt FHe] Hls) o w2

g AIE 71disk7] ol=q BlaeAdd Hiolzta & & ok
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LSTM 2Ed=

2. IMU =dl =4 A}
A%t HAE IMU dlolg=® ghsgt

(138 4-3) & [2"8 3-2) oA %
A3t Avtoltt, LSTM Rd=z W(pis)t ZF H(Ang)

AL, A} (8)& olgste] HES oL Ao BAISHIH.

(29 4-3] IMU =& =43

x = Dis x sin (Ang)

y = Dis x cos (Ang)

z27] fAet 27 BdE AA 27 AR dger o

SRRl wapz F
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i

g & & Ak

i
<

, Ade] RMSE(Root Mean Squared Error)7}
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ABSTRACT

Indoor location estimation using IMU walking data based

on machine learning and Wi-Fi Fingerprinting

Donggyu Lee

Department of Future Convergence
Technology Engineering

Graduate School of

Sungshin University

H

Due to the COVID-19 pandemic, the need for home health care

is increasing, and the smart health care market is developing further. So
many The location estimation model using Wi—Fi Fingerprinting proposed
in this paper solved many collection costs of exsting Wi—Fi
Fingerprinting estimation methods using indoor random landmarks, dynamic
data collection, and automatic labeling technology, and experiments
showed that it is a more efficient and suitable model for convergence
with other sensor data. Furthermore, experiments demonstrated that the
location estimation accuracy is improved in convergence estimation
between IMU sensor data obtained through actual walking and th Wi-Fi
model that proposes the IMU model built through ground truth labels
using RTK GPS.
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