J K I C I Journal of the Korea Institute of Information and
Communication Engineering

Efficient indoor positioning systems for indoor location-based service
provider

Chang-Pyo Yoon'" - Chi-Gon Hwang’

"Department of Computer Mobile Convergence, GyeongGi College of Science and Technology, Siheung
Gyeonggi-do 429-792, Korea
*Department of Internet Information, Kyungmin College, Gyeonggi 480-702, Korea

2 o

| AEUE 7R 2 AHES AZsto] AbEE AHE 719] R A 70| 8t AT AH|AEA Al
AE Y AH| 2oT)oll thek Il o] F7FsaL Qlek. E38] AntE 717] 2] W) v Eof A 912 7|8 A 8] 2o tfgh
o= F243] F71ekaL itk AU 93] AR =42 913l BLE(Bluetooth Low Energy) 714 2] iBeacon©| A|3-51=
RSSI 413 & o] -g-5to] H| 23} o] A R E AAilsteo] T o] 925 S91stA "t 18U RSSI 45 E o] &
Shoh= Aol A A E T 58] Yo Qs AW 913 BEE 2717 oA rhe 2AIE S 2=t 2 ==l
Al iBeacon®] A5 PR 2 HE| A= 52 AT ARE A7) A8t A4S a5t AT 4= Q= AW 9%
RBE A Fote AATES ARt

ABSTRACT

Recently, There is increasing interest in the IoT(Internet of Thing) as intelligent information service that enables
communication between people and things based on internet. In particular the demand for indoor location-based
services with the development of smart devices is rapidly increasing. Using the RSSI signal that is provide to the
BLE(Bluetooth Low Energy) for Indoor location information measurement calculates distance information between
beacon and mobile terminal. However, simply using the RSSI signal to the distance measurement has a difficult to get
the indoor location information due to the influence of the signal interference and the weather. In this paper, by
performing an operation for obtaining a reliable distance information from the signal information of iBeacon we
propose a system for providing reliable indoor location.
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double ratio = RSST*1.0/txPower;

if (ratio < 1.0) {
return Math.pow(ratio, POW_CONSTANT);

}

else {
double accuracy =
BEST SIGNAL_CONSTANT *
Math.pow(ratio, BEST POW_CONSTANT) +
BEST ADDED CONSTANT;
return accuracy;

}

38 1. RSSI 78| At dna|E
Fig. 1 RSSI distance calculation algorithm
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Table. 1 RSSI constant for distance calculates

TX Power Value Effective Range
POW_CONSTANT 10
BEST_SIGNAL_CONSTANT 0.8~0.9

BEST POW_CONSTANT 7~8

BEST ADDED CONSTANT 0.1~0.15

12 RSSIAIES 7]2] GLo A4kal7] $13 A4
Sgoln o]z 117 19] Qae]Zof A8 H grow
A At 27 A o] o 5L Fo B A
o],

H 2 HZE MY Y EH
Table. 2 iBeacon specification and test envireonment

Secification Test Value
Advertising Time 0.2 ~20Hz 20Hz
TX Power 4 ~-23dBm 4dBm
Signal Range Up to 70m Up to 70m

H 3. TX Power A& Zul 25 He|
Table. 3 Experimental results effective range of TX Power

TX Power Value Effective Range
-16dBm ~lm
-9dBm ~2m
4dBm ~3m

i 39= A5 AHe S 42 TX Power ' RSSI
FA B 8 WS e

Ag] B JHAE 8l HEZ] RSSI A% 7H4S
20HzZ A5t o ol= {41 AAtoll Bt 24t
o] AAIZE AT HlolH Heka &7] AR Aol TX

1370



Power= 3m o|U|9] &
4B 413 471 P%é}%"iﬂk

2% 1of Yehd dareES
2] He 2 wke e o
Al RSSIgko] Aol thgh 7 1.
oI}, ol el e Azl Al7\(ake7t Aele] AlEa
Hhe|g|skaL, RSSIGES o] F=S o)z AT 7]
2 70| vt xHZ T fjo]7] wjEolct 1 &
Aol BLE7|&-2 AU YA & S4shs 2 24
5l 7o) oh}7]o] RSSI g2 72 2402 1§37
= HAZE UeH2-4].

32 el 2™ et

3 3Bl RSSI gte] 241 4150 E4ow Q)
3 BtAA 41 A5 3 ofn] Qs A ghes
Sg517] 98 Bl H B AA B oo axE
o142l 74& Ay,

AR, 2 ZE(Kalman Filter) &3lg]
U1 ALS) WA ol a2
A50] e WS ALbskar 1
A5 o] A F7hE AL,
A, w23} %\3—; Aol ] AelE A% 7]
71218 Faol v g 7S Ak

[o
—l> |\
(1}{;:,-"
o

)

o 71219] 3243} 188 50 ke 5ol £
3 40] G| A3

r:; il
i}
1o
>
o2
filo
i
o
=
%2
o

I 4. &Y HIZ0 2HpY T
Table. 4 Experiment iBeacon and mobile device spec

iBeacon Device Mobile Device
Maker Dio Interactive Samsung
Model Wizturn pebBLE Galaxy S4 LTE-A
OS - Android 4.4.4
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Fig. 3 iBeacon device placement and Map configuration
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Table. 5 Environment variables of genetic algorithms

Environment Variables Values

Chromosome Length 50, 100, 200

Population Size 10 X Chromosome Length
# Generation 50

Selection Tournament Selection
Crossover 1 Point Crossover
Mutation Typical Genewise Mutation

Mutation Rate 0.005(=50/1000)
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Fig. 5 Optimization within 1m Local Area Information
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