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An Accuracy Assessment Scheme through Entropy Analysis in
BLE-based Indoor Positioning Systems
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Abstract Unlike the satellite-based outdoor positioning system, the indoor positioning system utilizes
various wireless technologies such as BLE, Wi-Fi, and UWB. BLE-based beacon technology can measure
the user's location by periodically broadcasting predefined device ID and location information and using
RSSI from the receiving device. Existing BLE-based indoor positioning system studies have many studies
comparing the error between the user's actual location and the estimated location at a single point. In
this paper, we propose a technique to evaluate the positioning accuracy according to the movement
path or area by applying the entropy analysis model. In addition, simulation results show that calculated

entropy results for different paths can be compared to assess which path is more accurate.
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Fig. 1. Overview of a BLE-based indoor positioning
system
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Fig. 2. Received messages of the user comparison
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Parameter Value
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Table 2. Specification of beacons

List Specification
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Chipset Nordic52832 chipset

13 32 AT} Raspberry Pi 4B Ale]9] AZE
2m Ao g AAsla RSSIQ 24 AWE HojZEo

Attt 10315 £745kaL RSSI9| Btk A& 0l
off AR5ttt
1}
-10
-20
CE -30
=
@ -40
o
-50
60
-70
Om (10cm) 2m 4m ém 8m 10m
Distance
0m (10cm) 2m 4m 6m 8m 10m
RSSI (dBm) -10.3 -35.1 -46.7 -58.8 -66.5 -68.4
Min (dBm) -10.9 -37.9 -49.2 -52.5 -62.3 -732
Max (dBm) -9.7 -337 -44.4 -54.1 -62.8 -61.7

J3 3. Ao M2 RSSIQ ™
Fig. 3. RSSI value as distance

I8 4= AEFeldS fIgt HAE AUEeE Ko
=tk B2 As ARAPE BIF R191AM R167HA] HizbAd

-120 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 22, No. 3, pp.117-123, Jun. 30, 2022. pISSN 2289-0238, elSSN 2289-0246

0= o] F3lHA 4719 ERIEC|A IEZTZHS A4kt
t}. A8 B: AR} €A RIOA R3S A85ho]
RI67HA] 1A} Bgoz o]FataA 5719 EIECA
NE=HZS ALK

O : BLE Beacon

@ : user(scanner)

Jd8 4. HAE ALI2R
Fig. 4. Test scenario

Entropy Value of Path A

Entropy Value
o
-

Point
(a) Entropy value of Path A

Entropy Value of Path B

Point

(b) Entropy value of Path B

O 5. 42 A, BOj| oigt AEZmZ} Hlw
Fig. 5. Entropy value comparison between Path A and B

19 5& HAE AYg|ed w2 F= Ae} B 7
ZRIEA AEZHZES vt ATto|t}, HE A9 7
S AEZ D] Wyl AN F2 B Bf= AE
2rjgho] Hsh}t act. Asiet A= AAof digt dE
2 v use F= AS] B9 9F 0.1126 B=Z B
9] Aol 9F 0.6782Z AZ BY Fo]l E AL L 5
Ut ol Bl AR A7l AR BEU ARANY YAE
o oA AT 4= ok BUFE = Uk

v.2 B

FZ ygAEd2A A= AofEE HElel~E &
Gto] AREAS] Ao YIS oby= AW YRS
o] "ol FHHIL Sl ol AdHow FA
T =S A" A §4 71e?l BLES E83% viAd
7IRke] Adl 915 51 9t A7t= g% 2EsA J
FE I et 71E A5 RSSIE 7[Rt g FEY, 7]
Asts, oE FA B4l 7lede] e B3 AA AN
AHo) YAt #4E A g S5 AW S92
g U B =2oAE ARAR ols FEu 2
UEE 37 U9 g 5 9L HA17F obd 9 el
A g e f3) AERT |Rte] £4 2
2 AHESIGITE ARk g F3f olF ARl whE <l
Ezu 2IghE 2450 ARARS YA A9] A=
£ B71E & 2o olg Z8d BYE Pl avE<l
H[Zo] AX|9A] i 25 AAlsk= o &8 & Slth

r

1

References

[1] Young-Doo Lee, Sana Ullah Jan, Insoo Koo,
“Application of Navigating System based on Bluetooth
Smart,” The Journal of The Institute of Internet,
Broadcasting and Communication, Vol.17, No.1,
pp.69-76, Feb. 2017.

DOI: https://doi.org/10.7236/J1IBC.2017.17.1.69

[2] Sudarshan S. Chawathe, “Indoor Localization Using
Bluetooth-LE Beacons,” in Proc. of the 9th IEEE
Annual Ubiquitous Computing, Electronics & Mobile
Communication Conference, pp.262-268, Jan. 2018.
DOL: https://doi.org/10.1109/UEMCON.2018.8796600

[3] P. Davidson and R. Piche, “A Survey of Selected
Indoor Positioning Methods for Smartphones,” IEEE
Communications Surveys & Tutorials, Vol.19, No.2,
pp.1347-1370, Apr. 2017.

DOL: https://doi.org/10.1109/COMST.2016.2637663.

-121-



An Accuracy Assessment Scheme through Entropy Analysis in BLE-based Indoor Positioning Systems

4]

(5]

9

(71

8]

9]

(10]

(11]

(12]

(13]

Adam Satan, Zsolt Toth, “Development of Bluetooth
Based Indoor Positioning Application,” in Proc. of
[EEE International Conference on Future IoT
Technologies, pp.1-6, Jan. 2018.

DOI: https://doi.org/10.1109/FIOT.2018.8325586

Ji-seong Kim, Yong-kab Kim, Geun-chang Hoang, ‘A
Study on Indoor Position-Tracking System Using RSSI
Characteristics of Beacon,” The Journal of The
Institute of Internet, Broadcasting and
Communication, Vol.17, No.5, pp.85-90, Oct. 2017.
DOI: https://doi.org/10.7236/J1IBC.2017.17.5.85

Yeo-Dong Yoon, Yeong-Hwan Jang, Kyung-Joon Pi,
Kwangsoo Jo, Junhuyuk An, Hong Min, ‘A
Beacon-based Space Partition Scheme for Patient
Location Tracking,” The Journal of The Institute of
Internet, Broadcasting and Communication, Vol.18,
No.2, pp.157-162, Apr. 2018.

DOL: https://doi.org/10.7236/J11BC.2018.18.2.157

Maja Pudnik, Mitja Galun, Bostjan Suma, “Improved
Bluetooth Low Energy Sensor Detection for Indoor
Localization Services,” Sensors, Vol.20, No.8, pp.1-27,
Apr. 2020.

DOI: https://doi.org/10.3390/s20082336

7. Meybodi, M. Salimibeni, K. N. Plataniotis, A.
Mohammadi, “Bluetooth Low Energy-based Angle of
Arrival Estimation via Switch Antenna Array for
Indoor Localization,” in Proc. of the 23rd
International Conference on Information Fusion,
pp.1-6, Jul. 2020.

DOL: https://doi.org/10.23919/FUSION45008.2020.9190573

J. Lovon-Melgarejo, M. Castillo-Cara, 0.
Huarcaya-Canal, L. Orozco-Barbosa, 1. Garcia-Varea,
“Comparative Study of Supervised Learning and
Metaheuristic Algorithms for the Development of
Bluetooth-Based Indoor Localization Mechanisms,”
IEEE Access, Vol.7, pp.26123-26135, Feb. 2019.
DOL: https://doi.org/10.1109/ACCESS.2019.2899736

K. Kotrotsios, T. Orphanoudakis, “Accurate Gridless
Indoor Localization Based on Multiple Bluetooth
Beacons and Machine Learning,” in Proc. of the 7th
International Conference on Automation, Robotics
and Application, pp.190-194, Feb. 2021.

DOI: https://doi.org/10.1109/ICARA51699.2021.9376476

Ren C. Luo, Tung-Jung Hsiao, “Indoor Localization
System Based on Hybrid Wi-Fi/BLE and Hierarchical
Topological Fingerprinting Approach,” IEEE
Transactions on Vehicular Technology, Vol.68, No.11,
pp.10791-10806, Nov. 2019.

DOI: https://doi.org/10.1109/TVT.2019.2938893

Chong Zhao, Bo Wang, “A UWB/Bluetooth Fusion
Algorithm for Indoor Localization,” in Proc. of the
7th  International Conference on Automation,
Robotics and Application, pp.190-194, Feb. 2021.
DOL: https://doi.org/10.23919/ChiCC.2019.8865457

Jianhua Lin, ‘Divergence measures based on the
Shannon entropy,” IEEE Transactions on Information

Theory, Vol.37, No.1, pp.145-151, Jan. 1991.
DOI: https://doi.org/10.1109/18.61115

[14] Dong-su Lee and Hyeong-seok Huh, “Improvement of
Indoor Positioning Accuracy using Smart LED System
Implementation,” Journal of the Korea
Academia-Industrial cooperation Society(JKAIS), Vol.
22, No. 1, pp. 786-791, 2021.

DOI: https://doi.org/10.5762/KAIS.2021.22.1.786

[15] Dae-Jin Kim, Chi-Gon Hwang, and Chang-Pyo Yoon,
“Learning data preprocessing technique for improving
indoor positioning performance based on machine
learning,” The Journal of KIIT, Vol. 24, No. 11, pp.
1528-1533, 2020.

DOI: http://doi.org/10.6109/jkiice.2020.24.11.1528

AN Xt A

o g =(HI23)

+ 19944 : FYEtn ASn8sat &
AEHAD.

+ 20164¥ 39~20214 29 @EXAERD
27 0] oA

+ 20219 24 ~ @ Seoighe T8
5 SR(AEAF SET).

20219 ~ @A =St Akt o
A

*+ 2020¢ ~ @A : ®SBSYSTEMS [oT7|&HTAIYER &
4.

« FIAECE 1 AERIFY, YA IAA oA A

[u}
[

o
d
>

Ton

ue

+ 20049 : SHEisty A4Skt
ZAEHD.

+ 20119 : A2dEt AFEZT:
ALERARE R Y £ (D).

+ 201349 ~ 20209 : ZAHStY AR
EHAHZSHEL 2w

+ 20219 ~ @A : 7P Al AT
EQJojglt Ry,

o FIAECL : 2YGAA|, AHEE AHEQIEY, FA
A3, s AAE AFs]E AL

I
>

AlA HE

-122 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 22, No. 3, pp.117-123, Jun. 30, 2022. pISSN 2289-0238, elSSN 2289-0246

+ 19829 : AE&thetn AAEsh} &
(BHAD).

+ 19849 : &gty AxE £
(AAD.

+ 199249 : Texas A&MY Elec Engr
ZAEAD.

+ 19934 ~ @A : Deoishn AR
TR ng

- ZPHIEO} 1 AFBRIEY, AR

X 0] =22 2021HE ME(FISE)O| XHYUOZ SIRGITITIO| 7|EHTLAIO| XS o} 43 317721(No.2021R1F1A1055408)

-123 -



