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Improving Distance Measurement Accuracy
for Indoor Positioning using Bluetooth Low Energy Beacon

AZUMA OKAMOTO" MITSUYOSHI HORIKAWA !

Abstract: In indoor positioning using radio waves, the multipoint positioning based on distance measurement result using
Received Signal Strength Indicator (RSSI) from multiple points is the most basic idea. However, it is generally known that the
position accuracy by this method is insufficient due to multipath fading and shadowing. Additionally, periodic changes in RSSI
are observed when using Bluetooth Low Energy (BLE) advertising messages. In this research, we propose an improvement
method of distance measurement accuracy using signal intensity by using BLE advertising characteristics. In particular, the
distance between beacon and receiver is calculated from the frequency difference between three channels used for the advertising
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messages.
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Link Layer packet format for the LE Uncoded PHYs

Preamble Access Address PDU CRC

(1-2 octets) (4 octets) (2-257 octets) (3 octets)

Advertising channel PDU

Header Payload

(16 bits) (1-255 octets)

ADV_NONCONN_IND PDU Payload

PDU Length

AdvA AdvData
Type

(4its)| (4 bits)| (8 bits) (6 octets) (0-31 octets)

ADV_NONCONN_IND T
(e010b) T

Proximity Beacon (iBeacon) Advertising Packet

Data | Data | Flags | Data | Data | Company | Beacon Proximity UUID Major Minor  Measure
Length| Type Length| Type 1D Type Power
(1byte)|(1byte)|(1byte)|(1byte)|(1byte)| (2 bytes) | (2 bytes)

0x02 | 0x01 | 0x06 | Ox1A | OxFF |0x4C, 0x00| 0x02, 0x15 (16 bytes) (2 bytes) | (2 bytes)| (1 byte)

1 E—aroyry MEER6]

Figure 1 Example of packet structure from beacons.

# 1| BLE#ZRCTHWON A B

Table 1 Frequencies used for BLE devices.

RF RF Center Channel Type: Wave
Channel Frequency Index Primary Length
(f [MHz]) Advertising | (1 [m])

0 2402 37 . 0.1248

1 2404 0 0.1247

2 2406 1 0.1246

11 2424 10 0.1237

12 2426 38 . 0.1236

13 2428 11 0.1235

14 2430 12 0.1234

38 2478 36 0.1210

39 2480 39 o 0.1209

BLE 7 FARZ A P27 D95 L, Z ZTIE Primary
Advertising DA %W 5. & 1ITRTHEY, T Channel
Index 37 (2,402 MHz), 38 (2,426 MHz), 39 (2,480 MHz) ® 3
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Figure 2  Relationship between distance and RSSI
(outdoor, Nexus 5X).
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Figure 3 Relationship between distance and RSSI

(outdoor, SGP612).
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Figure 6 Change in RSSI over time (Nexus 5X).
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Figure 7 Change in RSSI over time (SGP612).
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5.2 RAEIZHITHRER

ENBREIZEIT D RSSIOERE (1K 10) Zeic, 5.1 Hi
ERBEOBIERBREITo 72, ZEME L TA~Y— T 5
AW, 22T, TRRNEA P T OZEOHRELTD
Scanner Z{ERKT D7D APl BNIEEL, T &FIHA LT
RSSI L ATFT B2 ENTES. LML, EOFvrxAnd
ZELIEDEIATTAIERNTE o le. ZDH, T
¥ ARVARIZ R D EREFET DR e —a 2L,
ZENFIZE > TTF ¥y 3V E BT A% ED Z &I
Lo TEBREIT-T-.

51 HiE RO FETHEONTEREK 11 IRT. BH
72N BT B ERIE & O T, RMS O/ S WIIEICFE R
iﬁ@mmyWMIﬁ(um-ﬁﬁi&mzn@m_,E
B &+ HERMEIGIVVERSE O TE Y, RETFENED
ThHDLIEIEAR. FEL, ZZCRERECAT7E Y
N RRMEIZ CTE DS A TRE LR, Zhn
EBEOEFHACHENLRO LN L EERE L —F L TV
LEEFMRLT, 7y FOBREICL > TERALE 5
7280, FIEMOENRGEVRNVEFZ5H.

Fio, BEFEL, BREOVHEOHHAZOAEEIC X -
TUETZLAREERH S, Rz RkDD ET, k=1»
BIEIZRET D, b\b@éi@?@t?ﬁ%‘fﬂ%b\fb\f:ﬁi, L0
U kibEITH I Lo THETHAREELH 5.



AL A 2 e
IPSJ SIG Technical Report

g
&
%
BERE [m]
B 10 RPN RSSI HIER R
Figure 10 Measured indoor RSSIs.
-30 T T T
1 ZE R i
MR ——
35 FFE ——
RRTE ——
g
&

-60 -

270 1 1 1 1 1 1 1

FEHE (m]

X 11 [EEEE O RSSI OHEERE R (2)
Figure 11 Estimated RSSIs of direct wave (2).

6. BHYIC

BLE b — =2 v & W IFEOR M ED 7201, 7 KN
ATV BN D EEO BT OZAG1E 5RE &
FHTEFHEEZRE L. £, BREEROZERE TR
EERBDIBFDIZDORKRe e —a U EERL, ERICH
AVl

WBETIEIIMRBIBE ChH o208, S X v Hid
RAIER DR RWFER PG b, BEFIEL, R
FHOMMEOF 2 —=> 7 IC L > CTHICKEEM L TE %
AREMER S B —J7, EARTRE L CHRHEE THIMEY
2% 5.

FHREL, HRETOEREZIILD, < OHEHMM
W I DEDRERIC/D., L, Ry 7 o T
BRICHWA AL v E 7 2 —A0BE 5% RSSI [dBm] @
EEZOFEEFH2IT FHIMELHTL) B, £<o0

(©2018 Information Processing Society of Japan

Vol.2018-DPS-175 No.8
Vol.2018-MBL-87 No.8
Vol.2018-ITS-73 No.8
2018/5/24

B, EEIRLERICRS.
FICKHEEDOm L2175 ik LT, &Efk713) XA
OWRLHAT AREEE AT IENELLND. #
#1%, Wi-Fi @ 6ch, 11ch O] (2,452 [MHz] 72 &) 2MEM

LLTETLND.

S ATZ2I3 TSPS Bl 16K01246 DB 252 1T 7= %
DT .

SE XM

(11 drfEeeth, Y8)1 =4, TREERAY, WA 3R, fH4AF13E: Bluetooth
Low Energy &'— =1 U & W72 BT RN FIEDORRZEE, 51519
BT 7 + —F & (FIT2016), M-028 (2016)

[2] Bluetooth SIG Proprietary: Bluetooth Core Specification v5.0,
Vol.6 (2016)

[3] BkX&t:A —7T —/ 7 A : BLUETUS, http://www.bluetus.jp/,

[4] Apple: What's New in Core Location,
https://developer.apple.com/videos/play/wwdc2013/307/

[5] Google, Google Beacons, https://developers.google.com/beacons/

[6] Apple: Proximity Beacon Specification, Release R1 (2015)



