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ABSTRACT

Beacon signals used in indoor positioning system are reflected and distorted, resulting in noise signals. KF(Kalman
Filter) has been widely used to remove this noise. In order to apply the KF, optimization process considering the signal
type, signal strength, and environmental elements of each product is required. In this paper, we propose a solution to the
optimization problem of KF Parameters using GA(Genetic Algorithm) in BLE(Bluetooth Low Energy) Beacon-based
indoor positioning system. After optimizing KF Parameters by applying the proposed technique with a certain distance
between Beacon and receiver, we compared the estimated distance passed through KF with the unfiltered distance. The
proposed technique is expected to reduce the time required and improve accuracy of KF Parameters optimization in an
indoor positioning system based on RSSI (Received Signal Strength Indication).
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A7 2hdrs] Mg Qlok A, AW S99 71sel
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Wi-Fi, X|#}7], LED light, Vision Camera, Zigbee, BLE
(Bluetooth Low Energy) Beacon 0] 8% 11 QItH1,
2].
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2.1, BLE Beacon

BLE Beacon2 A8 EFEA T2 EFS 283
7]4(BLE)& &85} 7| 7|2 M, AFEAF A3 Advertising
Interval 7ttt 2.4GHz tff & 9] Frutof| A 7] 2 0.2 4]
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2 2. RSSI Based Distance Calculation
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Table. 1 Path Loss Exponent for Different Environment[14]

Environment Path Loss Exponent
Free-space 2
Urban area cellular radio 2.7t03.5
Shadowed urban cellular radio 3to5
In building line-of-sight 1.6t0 1.8
Obstructed in building 4t06
Obstructed in factory 2t03

2.3, Kalman Filter(KF)
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Table. 2 Dynamical System Model[8]

S}lrzz;ﬁnrigzlel Description
A the state-transition model
H the observation model
Q the covariance of the process noise
R the covariance of the observation noise
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2.4, Genetic Algorithm(GA)
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31,43 8

27kx1e] 2NN A 2
Bluetooth, Wi-Fi 5-2] T}oFst F241 A&7} 32383
Ao A A(Area 1)o]A] Beacons 1L7gs}ko] 4l
(Case 1)2 H3ys}az, v|nL 2]
= %E(Area 2)01]/\-] Beacong %l—% o|E5}o] 4]
(Case )= =
Beacon}: Recelver /\]-0].4 AL E &A% 232
3 3742, 3 4= Beacon} Receiver?] A2 YERA
ot 29 12 AFof| AH8-3 BeaconS H ot

Table. 3 Test environment

Width x Depth x Height
6.8m X 6m x 2.7m
2.5m x 40m x 2.7m

Areal - Case |
Area2 - Case II

Installation height of
BLE Beacon and Receiver

1.2m

Table. 4 Beacon and Receiver specification

Specification
Maker : KongTech, Model : Beacon Tag
100 to 1000 ms

Advertising interval :

BLE Beacon
TxPower : -40 to 4 dBm
Beacon’s Signal Range : Up to about 70m
Receiver Raspberry Pi 4 Model B
: Raspberry OS : Raspbian OS ver 4.19
Pi

Language : Python ver 3.9.5

Fig. 1 Beacon used in the test

32 KF 2X3E 95t MH

Beacon?] £l &8 AYL 272l 4dBmOo.2 A
A3}t Beacon 2] Advertising Interval-2> 400ms = A
A5}k, Beacon?] UUIDL} TxPower 52| AR 7} ©H71
Packet2 400msujc}h HFE3Skcl Beacon©] Receiver2}

30m o &] A e]ol| A o Eo] ¢l ), Beacon®] 415
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3 A, uigho] FAE7|7HA 9] A1 43] A
Ade g = ATk thE Beaconito] AT 5=
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Table. 5 Setting test value

Test Value
Beacon’s advertising interval 400ms
Beacon’s TxPower 4dBm
Latency 1.6s (=400msx4)
Experiment Time gz:g E[ ;gg:
Distance between Case I :3m, 5m, 7m
BLE Beacon and Receiver Case II : 0~30m

Z}+7}+o] KF Parameter’} 24 ujf A=A z|oko] &
AL=7) 324 38] ZFAF ). Parameters 5 H7}F 12 23}6}
71U RO 82 2742 1] KFe] kg-4o] nj$- ol 2]
o, Qe 1+ 295 W KF= 0| Zof jIZHsHA 1
S5 A2 stk AR SUAS S B 1S F
aste] YeE AP on, 99 WEe Higew
Parameters ©] 1] 9]¢} Zt2}o] G4 A| Aol S 3t 69] 2]

sttt

Table. 6 Range of parameters and chromosome length

Parameters Range Chromosome Length
H 0~1 8
Q 0~1 8
R 0~38 8
n 1.6 ~ 4.7 5

3.3, KF Z/=31S 9I3t GA 71| L it
GAZE #-83 KF Parameters 2] M| Zdol= &3
290]a1, AAA| O] 4= 47H 2 HAAsH3ITh 10004 h 7
Al A YE o f-ou]gt Aufgho] Ugtens *15!33
10004 j 721t XIgshey. GAS] A8 QlAbas
B Y L EE Aestel, AT} 0&%7}
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St AAA WY A S S Ve T gAY
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S U2 GAQ sy W55 AAsto] & 70 A
Sk

Table. 7 Environment variables of genetic algorithm

Environment Variables Values
Chromosome Length 29
Population Size 4
Generation 1000
Selection Roulette wheel selection
Crossover One Point Crossover
Mutation Bit Flip Mutation
Mutation Rate 0.1

RSSIS o] 831 A7) 274 £4] 22 3171 BA12] A4S
o= F& MSE(Mean Squared Error)E ©]-835}¢]
Fitness Functiong U ERHCE Ad AI7F U] $=41 Bl-&
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SISt AhE 131.0]3]-37_ L uj, Beacon} Receiver
Kfole] 412712]} Filiered A 2jof] ot MSES o8}
o] AAAIS w2311, LatencyES ilEldle] GAL]
Fitness Function(Z &= $H5)2 41 (2)9} Zro] A& s}

f(fitness function) 2)
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i
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Result

KF Parameters Opti-
mization using GA

Fig. 2 KF Parameters Optimization Flowchart using GA
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Fig. 3 Case | - Fixed Distance : (a) 3m; (b) 5m; (c) 7m

9 3, 4= 717} Case I, Case Il &) A=7]8](Actual
Distance)?} ZEHS AA|A A2} (Unfiltered
Distance), GAE 10004t 7] A %23} Parameters &
#9351 7] 2](Filtered Dis-tance of 1000th generation)S
Upehdic

Case = A4 4157 a1 Q14 0] gl EX(Area
2)of| A A3-S P51 21, BeaconS AR5t 4241
7125 E 0~30me] A 2]E 2m @9 2 20% A X3}l 10

o]&shH 13] <= (Round-trip) sttt

Case [ 9] 7} A A4 223k A=
Ae e}k oF 1 ~ 1.5mo] 227} HhAlsh= A& gl
Stk o] A2 EQIAEE Beacon 4135.9] 3HA| 2
AR E 25 Beacon A TS oF A O 2 44
+ Receiver = HE|UE AMSSHAY Hot
£ 4135 $53h= Beacong AHERE F7F A3
sfeha ek

0} O
-

>

-0,

=
4y £ ng

r

2
2

fo |o 3o m > Jn

0
mEL

o
2

Meter(s)

Fig. 4 Case || - Round-trip Distance : 0 ~ 30m

Case [ oA KF Parameters©o]] GAS Z-8-3F 3 1000
A chol| A1 9] Parameters S 3£ 80 2] SH 4T
Table. 8 KF parameters and path loss exponent using
GA
Parameters H Q R n
Value 0.824219 | 0.046875 3.03125 33

e S AXNA g2 A9 A=t GAE 1000
AIHE AA 223k ParametersE 21-8-3F A 2] 9] &
=S 3 9] Ve Sic

Table. 9 Variation of fitness value

Actual Fitness Value
Distance Unfiltered Filtered (Using GA)
3m (5.328)°! (0.595)"*
5m (8.421)7! (0.253)"*
7m (16.298) ! (2.473)1
Qe S Fely] At vl nge o, Getel B
Mo ok ou] PAEL BT 5 9

9] Parameters & 7 23 30w, 3£ 11

512 Upehdict.

Table. 10 KF parameters and path loss exponent using GA

Parameters H Q R n
Value 0.828125 | 0.046875 3.375 33

==Actual Distance
-+Unfiltered Distance
-o-Filtered Distance of 1000th generation

1 ml ) |
{114 Rl i “, ‘
J, li! IJ}ILE‘ 1

0 40 60 80 100 120 140 160 180 200 20 240 260 280 300 320 340 360 380 400 420 44D 460 480 SO0 520 540 56D 580 600 620 640 660 680 700 720 740 760 780 800

Time(s)
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Table. 11 Variation of fitness value

Actual Fitness Value
Distance Unfiltered Filtered (Using GA)
0 ~ 30m (37.529)" ! (4.794)7 1

Case I, I 2% GAES 1000A4t] £33t KF Para-
meters9} A2 SAX|58 243 23 AL o 6.6
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7} 9l A7te) HggtoR AAS WA ¥ X 120]

Aghe 4] WSHE Urehy ol

Table. 12 Variation of fitness value

Actual Fitness Value
Distance Unfiltered Filtered (Using GA)
3m (5.328)7! (0.632)"*
5m (8.421)° ! (0.249)7!
7m (16.298)"* (2.498)7!
0 ~ 30m (37.529) "1 (4.954)" 1
v.a 2
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