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2.1 A2 e

Psaudo labels' prediction
for generated fake data

Offline Phase

Triaining of Gaussian
process regression

Most realistic-fake data

Fingerprint Filtering using
selection

Rssi Data / a Kalman fiiter

Trainad mixed GFR Training of a mixed GPR

model maode!

Fake data ger

Estimating the final
4 location using
Pradicting the e  Naareet 7 izafi
surrounding search Walgiiad y ’j“f?*' Estimated location Zoning Visualizahon
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= method
Online Phase
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reconstruction
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Pssudo labels' prediction
for generated fake data

Offline Phase

Triaining of Gaussian
Process regression

Most realistic-fake data

Fingerprint Filtering using A
selection

Rssi Data a Kaiman filter

Fake data generation

Trained mied GPR ixed GPR
mode| model

Estimating the final
location using
weighted 5
Neighbor:

method

Predicting the
surrounding search
area

Input Rssi vector

Estimated location

Online Phase

a2 2 model

AEsts D@ MM Al 2E2IQ1 CHA (Offline Phase), 22F2! EHAH|(Online
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<2 =219l CHA|-Offline Phase>

Pseudo labels' prediction
for generated fake data

Offiine Phase

Triaining of Gaussian
process regression

Filtering using Most realistic-fake data
a Kalman filter selection

Fake data gensration

Trained mixed GPR Training of a mixed GPR
model madeal

% 3 offline phase
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Trained mixed GFR
model

Online Phase

Estimating the final
location using

| weighted k-Nearest

" Meighbors (wkNN)

method

Predicting the
surrounding search
area

Estimated location

input Rssi vector

g 4 online phase
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2.3 H{AX| Al

2.3.1 BLE

Bluetooth Low Energy(BLE) &
Al =[ACE HZ0= X s s
X Mu[20f gt =8 7+ ol
51 ATt O[A| BLE Ol= o &
UAe 7150| Zet&|0] ACE

0% 0
o

L olaL A
2Holgt &=

- Bluetooth Low Energy (LE) Bluetooth Classic
ency

Band

Channels

Channel Usage

Modulation

Data Rate

Tx Pawer*

Rx Sensitivity.

Data Transports

ymunication

Positiening

Features

2.4GHz ISM Band (2402 - 2.480 GHz Utilized)

(3 advertising channels/37 data channels)

Frequency-Hopping Spread Spectrum (FHSS)
GFSK

LE2M PHY: 2 Mb/s

LEIM PHY: TH

LE Coded PH b/s

LE Coded PHY (S=B): 1

<100 MW (+20 dBm)

Point-to-Point (including piconet)

Presence: Advertising

2.4GHz ISM Band (2.402 —2.480 GHz Utilized)

79 channels with | MHz spacing

Frequency-Hopping Spread Spectrum (FHSS)

GFSK, /4 DQPSK, BDPSK

<T00'MmW (+20 dBm]

<70 dBm

Asynchranou

Synchronous Connec

Point-to-Point (including p

None

3 5 Bluetooth Low Energy vs Bluetooth Classic

1 Bluetooth Technology Overview

. (2023, Oct 13).

https://www.bluetooth.com/learn—-about—bluetooth/tech-overview/
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Weighted k-Nearest Neighbors (WKNN)& k-
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2.3.6 Kalman filter
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<0|Z THA|(Prediction Step)>

SOl MEf FHAE J|BoE AAHO| OfEA W MK o5
- AlAEO| SN RHO| ABE

<AUH0|E THA|(Update Step)>

M 58K 7tel XO|E 0830 AAECl X JEfE YHOIE

= | 2
- iOIESEf =2dds 12510 JEE =3

2T ZE= 2AIZF HIOIHS EPEH'—P LO|=7F QU= 5._ JOIA ALEE
55| RESILE OE S0, A& Fd AsAtel /X FF, 29| MM =3, &
B OAILE, M= N2 § CHeet 2OrofM EEEICh

2.3.7 Kernel Fuction

e ge= ol 21 RN HolH Zte] RAL=S Autstes okt
T2 MZE HHE Y ESVM)IE 7t2AIRE Z2 M AGP)RE #2 2SO A A
gElCh AHE £ HOHE 1Ad 58 Sz OjE5t0] 5y A S
22g ot= o =88 F= 9gS ot

7t A9 Z 2 M|A(Gaussian Process) - 82 4 &

<Gaussian Radial Basis Function Kernel>

lz—y |2
20°
=4 1 RBF kernel
O] &2 O|O|E Zto| AzZ|of 7|85t FALEE A ASHTH, 7+ A2t
JEIE 2ottt HO|HE 1Ate Stz OjE50] Hidd 2t

=
o =
= ULk o= 7H2AIRH AES| HEHQ Oi/iH+2, HEo| =& =E 0L

K(z,y) = exp|—




<Matern Kernel>

J— v —
Kz y) = 21)_11F(U) Non Il 2 : y ) Bq;( Non Iz : y |l
4l 2 Matern kernel
o7|M ve 83 £ Bt™¥40|1, & modified Bessel &%=0|Ct O] HLE2
BE2 R S84 7HH, v ¢tof| et MR E 0 HAd™®7HA| Crgeor oif &
= DAY & 5+ At

<Quadratic Kernel>

Quadratic Kernel2 FO{Zl O|O|EQ| HIMY A E ZE-ESHY| o] AHE=
Ct.

K(z,y) = (x » y+c)

#=4l 3 Quadratic Kernel

Of 22 FOIT F HO|H ZQIEQ| LA} | HES M85 A Atstct,
o7|IM xt y= &3 OOl ZQIEO|LL Ab2=0|Ct. Quadratic Kernel2
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2.3.9 GAN(Generative Adversarial Network) 1} H|O|E] 5Z (Data
augmentation)

GAN(Generative Adversarial Network)2 Deep Learning®| 3t £0fZ, 4
B H(Generative Model)2 ot&ote O AFRE= 215 AMEY #XO0|CH GAN

2 = ol MAEY = MMXHGenerator)2t EHHX}(Discriminaton)2 A EILCE.
O & AMZAAU2 M2 ZHWHEQl 1HE Sof SH&5EICH GANS A8 HO|H &
Z2 AH OOl 2Zt QAT fake datas M-S0 7|= H|O|EHAlS =Hxtst
= 7|&0|Ct o] 7[&2 FO 7 EX|of Cit HIO|Y &S S7tAI7|, Rl &
giot 452 22|7] fIsi AHEEICH GANS AtE% HO|E 342 CH3at 22
Ao FIBWSICE
<4 X}(Generator) &>

AR HEYI= FE LOo|= HEE oz 2ot A IOt FASH

E
HOIHE 4ottt
<THHX}(Discriminator) &H& >

|3

r|r

TR Y EYaE A el
et BARE MK O[S MNE HOEHE He) SR 4 UES
S g}

BN 5>

dgxtet HEAE M2 Y A0 o] dgit=s HEAE HO0[=5F, T
A= S GRAM 2 fake dataS F=HA FE2O=F h5ElCf Ol2et &
g of52 Y8R0 O 2 HolEet gAtet MES ddotn, HEAE
gt EHESHAE O|ELt

2HE d9i=s FHR 0|25 YH2=Z @Ot A HO|HLE FAlSH fake
dataE & & ULt O|2{Tt fake data= 7|E2| A CIO|HLQL Aetstof O
= 2o oy Ms JddHe2ZM HolH & S7HAI7I= Hl AHEEICh

Ol &l 222 O B2 Ci&di ttst s8HE 437 =0 MZ2 HolH
of tiet o= 90| 2 = ULt
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a3 6 HIE, 2714 {IX| HiX|-HEH&E"

MEBHLS Jh2 10m, MZ 5mel ALj B2Ho| sm HHO=Z 5 672l AL

—_ 11— o
ARSI 2 A E CHE fIX[0] HiXI=[RLC (0,0), (5,0), (10,0), (0,5),
(5,5), (10,5). O] A7fH{=2 BeaconOA| &4 E|= BLE 1= RSSI 2f2 &5t

HAZ2 T H

Of §2& HIO|EH0o|AZ S4IotCt HHOM ALEE £A7)LH2F Beacon2 EF

o - —

Lolin d32 2E& 0|83, O] 22 2U SoA TAZ[RALY.
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2.5 geA

[

2.5.1 7|0

Arduino C/C++ ZEE Llolin d32 EE0| YZESIC} HO|E{H| 0| AL A
= g ML EE 7Ht£01|5 Python2 O|&%tCt

252 /L=

Arduino IDEE AF83}0] Lolin d32 2E0] Tigt RES Zdotet. HOJE =
B H MNE[E 8 Python2| 2I0|EZ{2[E ALESIA2D, HIO|EHH|0] AL
AS0|= HeidiSQLE AFSICE ML 23 7HE0f= Python| F82

2to|E2{2|Ql scikit-learnE AM83t0] Gaussian Process Regression =

Feisict

mjo

2.5.3 O|O|E{H| 0| A (db)
MariaDB H|O|E{H|O|AE ALESHZ| 23 HeidiSQLE &3l A7|0tE
MASID Ho|EHE XMESICH HOlHE WiFi 928 Sdll A7 (Lolin d32
[~

BE)M =& %[0 MariaDB Ci|O|E{H|O| A0 X & EILCE

254 2AMZH X FE A M=

_’IA_



3. M| A AAM|
3.1 GIOo|E{ Al
3.1.1 H|O|§{ %=Z

o B 12170 XH

(7F8 11+ M2 11)
A #™ 5020 HolE
Ay
=
0% 0% 0s
5m¢ ® ® e ® ° e ° L] o °
[} ° ° ) ° ° ° ° . ° ®
[ ] L] L] ® L] L] L] [ ] L] L] °
© L ] L ] L] L] o - L L o L ]
(] ° ] ® ° ° ° ° ° . L]
L ] L] L ] L] - L] L] ° L L] L ]
L ] L L] L] ] [ ] L] L ] L L ]
[} ° ® ® ° ® . ° ° . ®
(] ° ° ) ® ) . ® . ° °
® L] e [ e (] L] ® L] L] L
& - 2 ~
- * ¢ “ f)-[n © M ¢ « 1(ﬂll

a8 9 fIXE =7|H0|E +F point

HO|E 222 7IZ 10m, M2 5mo| AL} 27t 5m ZtZHo =2 = 679 A
HHE HIX|SH $=TstCE ZF A4 QX|=(x, y)= (0,0), (5,0), (10,0), (0,5),
(5 5), (10,5)0|Ct. O] AFHHEL Lolin d32 EEZ 0|23}0] BeaconO|A| Al

= BLE A=2| RSSI €42 +=TTICE =&t RSSI 242 ZHIAS AN =T}

m

T 121702 XIHAAM 22 672l AIHHZRE /E RSSI ¢tS 7[ =St
AHAM =8 CIOlE= xety ZHEEZ 6702 2740 =Tt RSSI &k
2ot MiE 2 RO ATt mMEtM F 121712 X[l thal 6712 A1
Ol Al ==&ict RSSI 22| HEE 5070 &St
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value_1 value_2 value_3 value_4 value_5 value_6 b y

-63.67 -43.91 -50.71 -43.91 -26.45 10 5
-43.91 -65.80 -64.79 -65.89 -60.93 -31.42 10 5
-43.01 -65.80 -64.79 -70.16 -60.93 315 10 5
43,01 -65.80 64.79 713 -60.93 31.32 10 5
-43.91 -65.89 -68.17 71.3 -60.93 31.18 10 =
-43.91 -66.91 -66.64 -72.23 -62.50 -31.67 10 5
-43.01 -66.91 -66.26 -73.62 -62.59 -32.28 10 5
-58.23 -67.02 -66.98 -73.62 -64.78 -31.95 10 5
-63.89 -67.02 68.33 -73.62 -65.31 32.02 10 5
-63.89 -67.76 68.23 73.02 -65.31 -32.46 10 5
-65.57 -67.76 -67.88 74,16 -65.31 -32.92 10 5
-65.57 -67.76 -68.92 -74.16 -68.8 -32.87 10 5
-66.62 -67.95 -68.92 -74,35 -68.62 -32.69 10 5
-68.48 -68.59 -69.28 -74.35 -68.62 -32.65 10 5
-68.48 -68.59 -70.14 -74.35 -68.62 -32.94 10 5
-68.84 -68.69 -70.14 -75.47 -70.6 -32.81 10 5
-68.84 -68.69 -69.6 7547 70.6 -33.07 10 5
-69.99 -68.65 -69.84 -75.68 70.6 -32.95 10 5
-69.99 -68.65 -60.84 -76.14 -70.25 -33.14 10 5
-70.89 -69.05 -69.45 -76.14 -70.25 -33.35 10 5

70.9 -69.05 -69.11 76.2 -69.89 -33.3 10 5
-70.92 -69.05 -68.8 -76.25 -69.75 -33.19 10 5

2 10 H|2 HSQ ZH Qx| & RsS| HE{ H|O|E{Al

o =& &l HIOJE = HIOIEHO|A0 MYSIH, O|F 2MH2z &&st7| ¢

o =
off CIOIHE TA2|ot Csv = BetotCh FAZ| & Ho|H= MAoA Z
s wMstn ZES ohgdts O AHEEILE

3.1.2 RSSI filtering

27| RSSI HIO|H & O|=Qt SQHdd0| Zetk|0] R0l st 245 2l
ZE2lo] EQdict Raw HIO|E{2t Kalman FilterS &%t &, 3m X|HQ| =%
El 2420l 5078 ME HIO|HE BFEHAE AMSICE BEHXIE 0|88 F O
O[B4l 7to| obg-dut MZ|d-& Hl ottt oA A E Ho|E= d™ol Az
HdE =0\ O Fesh 48 8 5= UA T}

_’Ié_



32 REqd

3.2.1 GPR & kernal H|12} H|O|X|Qt X|X3}(Bayesian Optimization)

H|O| X| ot X|XN3tE &30 2t 7{d9| &0 Ltetd|leE Zestn XX
de2 & = U= ool mt2toje E£gtE Aot W =, Gaussian Process

Regression(GPR) O Al At&% kernal2 H|uwstn X[Ao| HEZS MFTICE
RBF(Radial Basis Function) kernal, Matern kernal, White kernal, Quadratic
kernal® Zt 7HE Y Z 0f2{2| Root Mean Square Error (RMSE)S A 4Atsto] 4
s= grretot

O|E Sdlf Z 7{20| FO{Tl HIOIE 0| oA HfetA| Huastn, XFH=
P

3 we A2g Meoto) X0l BYS ZHILL

0
r

3.2.2 GANZ &% OJ0|E FZ(data augmentation with GAN)

Scatter Plot of x and y

5 L ] L L ] L] L |
4@ L L L L L |
3% L L ] L * L |
E
>
2% L L ] * ® L |
1 L ® ® ® L
op ! * * * ! ) <
0 1 2 3 4 5 6 7 8 9 10

17104, *'HI E1|0|E1 =80 B HI
IEf = A= & HO[Eet
= Ar80ot0] S8 & HOHE 83t GPR &2

|IE.E>-J
o



HA, & HO|Eet Hotel HOIHEREH =% =
O TZ M A 3|7 (GPR) RH S Z#TICH CH2 22, GAN
£ et o|2{3t fake datas 2T E GPR

fake data MM =, SHE GPR REE 2510 fake datalf CHSH O|FE <
X S8 E 01|55“:f 1 Cte, MMEl fake data ZOIA AH CHO|EQt SAM

Hes 7522 UEE LM Pl fake datas 1 ETHC)

Oxgez, MEE fake data?t A HOIHE &SN K| 2FS I
=22 7hRAIe Z2MA 2 (GPR) 22 2HICL O|F/ 28 222 o
M oM Zetet /K| F8s Y + U Ut ol S *2l= L
ot HIOIHE &&0tY RE:ol 55 SdAIZ|, A CIoIH =Tof B
HIE1 AlZtE 29fE &= A= 20H @S FoistA ot

<dd 2 4>

M 7HA 2 82 ISt
( Limited Data, Extensive Data, Limited Data+GAN.)

-Limited Data 1&2 #ef =& Aot Ho|HTH AFESHY 2ES TS
Hototrt,
-Extensive Data &2 &AM HO|H =& #HIE &5t HO|HE =8t
QU Sa{sio}
-Limited Data+GAN &

=

Metel HOIEO| GANS HE0ot0] dd&l fake
datag Z&oI0 ZES ol

—"EEWF t.

M

<7t X|E ME>

Ald 08 719| M5 H|IE QI8 MSER} 90% CDFE MEHSIRICH MSE= Mzt
T E 90% CDF= 29| 0|F HPE LtEILH= X|EZ ALEEICH
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3.3.1 Zoning system

Zoning Visualization 2 AFEXIO|A X fIX[E 02 S E= "Zone"'2Z2
Tt AlZ4He=z HMIHLE. OlF Ioh Pythono| Flask 2t0|E2{2|2f
pymysqgl 2t0|E2{2|E Af%a@ HAIZE RSSI 22 7tH1, st5E Gaussian

Process Regression (GPR) L Z0f mﬁ'é'f@ A2 XY ZIHEE Weighted
k-Nearest Neighbors (WkNN) An2|E2 0|88l FFoICt O, Zoning2 ¢

o X|™st HY= X =0|A [0, 3.3, 6.6, 10], Y =O0|A [0, 2.5 5|2 AL U
Cl. Ol= = 6709 Zonel 2 L}E ZRICY

MA|ZEO 2 £ZBk RSSI 22 Flask MH{E S3ff 201, 0|2 pymysql 2
O|EZZ|E 0|&83l0] HIO|HH|O|AAM HAES HACRE JHH 2L} 0|=F, 7t

—

2 HOolHz= 2ol 23 dAo XA M ECh
<$IX| =H1t Zoning>
MAE|=l HolHEs &&= GPR ZEO| 2HOZ NS0 XY ZHE
Ct O|=, BSHEl Xy ZtHEE WKNN €12|52 Soff HAl X
~
o

XIS LIEtLHA ECh FEE XY ZE=
A ANAHez HEElt
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<Zoning Accuracy>

® GPR + WKNN

XY Coordinate Visualization

Y-axis

X-axis

18! 12 zone inner/fedge A4

= FEE 67)o] 2202 Liof 2 220 28X Folstn Hatw

£ ALt & 2147102 X|HOM, HX ZtESR} zoningS HIWSHH M| 7HX|
g E AUSHH, WEeF MRl = zonel| & EHOIE 7IE2E 50%7t ==
A8 4242 ottt of= o=t ZCk

MM HEE(Total Accuracy)

=2
A%
rn
ica}
H
N
|l

M Zonezt LX|St= HlE= TA HlO[E Mo Cioh E=te,

Zone W5 HE & (Inner Accuracy)

=2
I
rn
_l-ﬁ
H
N
>

IX| Zone LHEO| £3t=X| 201510 HEE A4t
Zone 7}EX}2| d=E (Edge Accuracy)

o=se ze7t 28 =52 7FgAE[of Soh=A =Hl5to] Feke

_

mujn
=
e
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Y Coordinate

zoning A|AEC| 452 BII5tA, zonel| AR

ofz{gh g= g 2t
=it 2tF BEo H=kEg Fa2g + U

A Zsts FEE XY ZHES} 3iE0l= ZoneS OHESHA & HO|X| HOM S
0 C MEAE 2 HOoA OlSH | /X7t O Zonel| &

Zoning Visualization

5.0

2.5

0.0
0.0 3.3 6.6 10.0

X Coordinate
3 13 6709 Zone / Visualization

3.3.2 Trajectory reconstruction

CHS 37tX|9] HZE D50 X El RSSIZS HIEHCOZ O|FE XIS 7|8
2 ZE2E =YL} Estimated Path (FHE AZ), Reconstructed Path J(H—_rL
HEl 4E)E A|AEo=E Hlugho}
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Y Coordinate

Y Coordinate

Y Coordinate

Actual Path

tal

—e— Actual Path

En

T T T T T T
4 5 6 7 8 9
X Coordinate

% 14 B2 1

Actual Path

5.0- —®— Actual Path

4.5

4.0

351

3.0 1

Starjg

2.54 ?

2.01

1.01EN

w4

6 7 8 9
X Coordinate

a3 15 2 2

Actual Path

5| —& Actual Path

ptarfe.
L

En

3 4 5 6 7 8
X Coordinate

a3 16 W2 3
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Estimated Path= FO{Zl RSSI 442 7|EtC 2 O|2| at&5El ZEZ ALESHY
O|ZE HZE LIEIHCE O] ZE &= Thad| RSSI 2t K| Z2to| BHAIE 7|EtS
2 0 F= AolH, =X Go|HE J=stA Btdstn JyZ = QUCH

Reconstructed Path (X} T+ =l AZ)= RSSI ZHEQ| AM2|de HItstD, FHE
| K| 15 Woe Sl xAM3tsict Ol CHEol S HAM Mo =ct

<H|ojE| M=’ "It (Reliability Assessment)>

X, FO{Zl RSSI efE1 OF = K| 7+ FAFYZ HIISIH AEE Jes =
IESZ MYETLICE threshold2 Ho|El YA ZHZ AHESHO, RSSI Zf1t o=
fIX| Z2te] AHelE A LSt of YA IZr OI5te] He|of U= ZEE AMElY U
= EQEZ MEHTHL|C}

<7}3% 20 9 7I5"a A& (Weighted Averaging)>
MEE MElY = ZRAESE 7|8tz F=H o|FE YX[Z0| Cist 7FEX[E
AAste ZF mOIEQ| JHE XK= AHe|of| B[St A MElH, § 747t =0l
EQYxE O 75X E Y0t O|Z2A AME 7IE5XE AFESIY o529
K=ol 7I58r2 Aitotot

<42 H7 (Path Interpolation)>

e Br2 8ol g2 fIKES 7IHeE ZEE HIISICH O] EZt2 My H
S AFESHY O|FO{RICH HA, ME|E U= ZQEF A0 M J2E M
dsta, Ol & Sdll &l d2&8 X dotct BEZtE ZE2E= 2ol 5= ¢
X=S 2O REEA O|01F0, ZEE [ HSHA LIEHHCE
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4. ¥ =& L 3 ZEut

4.1 Data filtering

Comparison of RSSI Values Before and After Filtering

=3

| I

; ‘ \7\_1/\\_/\ [Z\ f/\ \J\_/_\/J\ nJ state R ZHXR}
e U \ \ Before | 5.9889722374
B filtering 99391

o After 2.6609723585
8 filtering 136873

H 1 BEHXL (before vs
after filtering)
O3 17 Before vs After filtering

Ztat =E{(kalman filter)® X3t Znf, X7(0] 599 EH HEFHXI7}
2.66 L= XS ZAA5IRALE O|F S3l HIO|HLl 2280l A 220 &
Ren, O|F AlAH2= LIEIY| 28 'Rl #E ALESIRILC 7|EQ
Raw O|O|E{&= L O|=7} Ot AFEO| ORI X2 ATt HHEZ S35 HO[H
£ SHgcEN Bt Fotot 240 7tsoth o|EA EHEE HO|HE

Hto =2 of At Aol MEMEZ =01, ECf d=sta Mg

= [=]
A [ = XSE A
= Az 2AE 22 7 UL

N
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42 g MEH

T M=ol AHelof mE Ha dys nejg I, o 2] BoT x ZtEUAM
O LO|= +=F0| O =& & Utt= BN HHH RMSEZO| x ZHEOM HF
3A LiERH QUCH

RMSE X by Model

1.0212

White Kernel Quadratic
Models

RMSE Y by Model

0.9390

Error

White Kernel Quadratic

Models

a3 18 xtEE 72 HSH| 2 (RMSE)
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4.2.1 Model x

DEO|ME Matern HE0| 10m E20AC| HO|E I{HS SEEEA
F] 7HE 22 RMSE ZH(RMSE: 0.7407)8 = SICt Ol= Matern 7{&0|
of SE0ME OHEXOl 0|52 M3&sS LtEFHCH D s =ICt

y ZE 2E0|M= Quadratic 71'20| 5m Yetoil Mol B4 CIOJE THEES &
nfersted 7hd A2 RMSE g2 2R O] Quadratic 7 20| HMEXQ! G
|8 S8 2 ZRTHM L0|=8 2MHO =2 Ne|WSS LIEL D Ut

AAO =2 S

43 O|0|E| ZZ(data augmentation)

4.3.1 Generated fake data/ Limited data + selected pseudo
-labeled data scatter plot

Scatter Plot of x and y

x {m)

A2l 19 Generated fake data
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Scatter Plot of x and y

%2l 20 Limited data + selected pseudo -labeled data scatter plot

432 "2t Hln

Smoothed CDF of Euclidean Distance Errors for Different Models

= |imited Data
1.0 4 ! : E— —
= Extensive Data
= Limited Data+GAN
0.8 1
0.6 1
=y
=
@
2
£
0.4 1
0.2 4
0.0 T T

0 1 2 =5 4
Euclidean Error(m)

%! 21 Smoothed CDF of Euclidean Distance Errors for Different Models

_27_



.. . Limited
Limited Data Extensive Data
Data+GAN
MSE 1.4576 1.6611 1.2061
90% CDF 1.6569 1.7148 1.5534

H# 2 MSE, 90% CDF (limited vs extensive vs limited+GAN)

<Mean Squared Error (MSE)>

MSEE BEO| 0| ZZta AN 3t Zto] WOl HF XS LIEPCE MSE 2t
Ol W24 BUO| 0|50 MKl M JHACID B 4 SICK Limited Data+GAN
ZHOM 7HE 22 MSE 242l 1.20612 EO|EZ, fake dataE &%t 220
DYo| oj% HeEJ 7MY EUCHD T & U,

-1 O™/

<90% Cumulative Distribution Function (90% CDF)>

90% CDF= Of= 2t0| A 2t2f 90%E #HH{5t= ¢S LtEFHLE O] 2t0]
=275 ZE0| H "2 #oM F=Hot o5= sdoick= 2D|olLt.

Limited Data+GAN Z=Z10{|AM 90% CDF %f0| 1.5534%, & 0|

£ 7ot 8ot 7tE o & = U

I Zrel 90%

=]
>

=2
= O
Fot 2ot 2R Ol GANS ARESHY H[O|H

=
2o| 455 & Al7lE O 2atHO|UCt of e

o -
Ho
A%
rg
2
>
N
g o2
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4.4 Zoning System

44.1 Zoning visualization & accuracy

XY Coordinate Visualization

-70.19999694824219 -78.80000305175781 -79.19999694824219

-72.0 -74.4000015258789 -66.5999984741211

13 22 Zonina Visualization

Zoning Visualization2 #A|Zte= =& & RSSI 4{E 7|

QXIE 03] ¥Y L "Zone"QE TFEBI0] A|ZAXMOoE FZBICL
ARz @ HO|X| HOoIM O|sH 2l X7} O Zoned| &3t=X|

QUL
Category Accuracy (%)
Total 71.96%
Inner 100.00%
Edge 55.00%

# 3 Accuracy
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Inner Accuracy vs Edge Accuracy vs Total Accuracy

100.00%

100

80

71.96%
g
> 90 55.00%
[0}
5
g
40
20
0
Inner Accuracy Edge Accuracy Total Accuracy
3 23 accuracy of zoning
OZE HEES 6740 SROR Lp0| 2 20| £3H=X| Folstn FEE
£ ALetth & 214702 XIHo|M, HX ZtELE zoningS B 25t M| ZHX|
g E ALY, Rt 7HEAZ|= zonel| & HOIE 7|ELE 50%7/t &=
AEE dA=2 ot

Total Accuracy (BH| H2E): 71.96%
A &= AXHOl oEst AX|7F HH fIX|Qb HOtLt YX|SH=X|E LIEt
ot Of 232 0T Ho[HAOAM oF 72%2| =2 K|S o5
ALCE F, A|AHO| o &8t 21X 5 &F 72%7t &M X YX|oCty =
Ct.

AL O]
T AX
A Ol

AN

Inner Accuracy (Zone {5 H=tE): 100.00%
Zone LHE etz = A|AHIO| OF% fIX7F X S5 LHEO £5t= 422
Qe E LIEHEE O] EE2 AX| Zone RO £3k= 420 CHsiA 10
o ML E HRULCL F, AAHO| S5 R0 fX|et Ho|H ZIEE F=td}

A ose = AUCL
Edge Accuracy (Zone 7}EX}2| HEtr): 55.00%

Zone 7FEAtE| =& A|AHEO| oSt /AX|ZF ZH EF2| 7FSAE 0 £5¢
= B8R29 = E LIEtHCE O RE:2 X Zone 7tEAtZ] £Z 0| CHoiAM
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55%2| S=EE 2R &, A[LH-O] 25§ HEAE £l /KE HFst=s
Hol= 55%2 g=t=g 7t QALY

XY Coordinate Visualization

a3 24 edae/ inner boundary
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4.4.2 Trajectory reconstruction

Comparison of wKNN and wKNN + Reconstruction

5 Starjy —8— Actual Path
—»~- Estimated Path {wkKNN)
—%- Reconstructed Path (WKNN + Reconstruction)

—_';ji-.-f_-_;t_-::e ——

¥ Coordinate
;,"
]
L]
]
L]
?k
I
vi'g

0 Endy

T T T T
] 1 2 3 4 pi 6 T
X Coordinate

[~
-]

%2l 25 Comparison of wKNN & wKNN+Reconstruction £ 1

Comparison of wKNN and wKNN + Reconstruction

Y Coordinate

51 —e— Actual Path | | Sta

—»- Estimated Path (WKNN)

== Reconstructed Path (WKNN + Reconstruction)
4 4 1 1 1 1 1 1

e
3] | | | | . - *)/h
He==="T
I .
7 ®

T
0 1 2 3 4 5 6 T 8 9
X Coordinate

12l 26 Comparison of wKNN & wKNN+Reconstruction A& 2
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Comparison of wKNN and wKNN + Reconstruction

54 —8— Actual Path | Endy
—»- Estimated Path (wKNN)
—»- Reconstructed Path (wKNN + Reconstruction)

¥
¥

Y Coordinate
o
) w

=

o
18
\k\

S
3
N

i
14 1*—*
0
0 1 2 3 4 5 6 7 8 9

X Coordinate

2l 27 Comparison of wWKNN & wKNN+Reconstruction 42 3
N dzo| 8% AdEc= econstructed Path= A X ZZ2} Of

= R
T FAPSHA LIEtHE 2EE2 SHo= AALY U0 A|A4Ho= AAAH
Ch. a2t getot 42 FH0| A0M= AlAdHez F=tert BEoHT
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(2023, Oct 13).

[1]Bluetooth Technology Overview .

Available:

"Indoor

[2]W. Njima, M. Chafii, A. Chorti, R. M. Shubair and H. V. Poor,
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