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Abstract

Since the introduction of direction detection technology in the Bluetooth 5.1 standard that use array antennas and radio frequency
(RF) switches, various location-based services have emerged. Bluetooth 5.1 direction finding technology can be categorized into two
types: Angle of Arrival (AoA), which uses an array antenna for the receiver, and Angle of Departure (AoD), which uses an array
antenna for the transmitter. Particularly, AoD has been attracting attention, on account of its easy implementation in indoor
location-based services, using a Bluetooth 5.1 beacon transmitter and an existing smartphone. However, theoretical studies on the
performance of AoD systems and studies on their actual implementation methods are insufficient. Therefore, in this study, we
theoretically examine the characteristics of the Bluetooth 5.1 standard, to examine the limitations of its performance, and subsequently
propose a method to effortlessly implement a Bluetooth 5.1 AoD system, using a commercial Software-Defined Radio (SDR), and a
two-element switch array antenna fabricated by us. The results of this study are expected to be used for performance analysis and system
design of various Bluetooth 5.1 AoD application services in the future.

Key words: Bluetooth, Switched Array Antenna, Direction Finding, Angle of Arrival, Angle of Departure, Localization

644

Fo] A= 20199 % AR mle)71&S5A e AFH](SRFCITIS01-06)S] AYSE ATEUe,

=Rl e A 2438 I Department of Electrical Engineering, Kookmin University)

- Manuscript received April 20, 2021 ; Revised May 11, 2021 ; Accepted May 31, 2021. (ID No. 20210420-042)
+ Corresponding Author: Byung-Jun Jang (e-mail: bjjang@kookmin.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial

License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



I.M &

HA AdFAleIYG i Fof FelA FE AMEHY
QLS ol §8 WYRA s1o] Aol E}Okﬂ
TOoFE g HY Utk AE 5] olFFAY A L
719F 4G o] FFAMA = ey | 540 1235401 3
ovt SGREE AHgAe] Wale] FEHo2 el
S v Al HAL, o) E Hdl ohgst WA 7]so]

AREEIDL Stk B A=
FH o] WA 7)eS AT 4 gl loT(internet of
things) 71l = WA 7]Eo] ZYHIT JH, JoT
Z1El HFEA leol =9E A AA AR 20199
W E EF5F2(Bluetooth) 5.1 72 ©] T Bluetooth 5.1
ZIgol M AHEEE WA VleEe S]] waet
BU-E AH-8l= Angle of Arrival(AoA)St 44179l vl
Ot LS AHE-8l= Angle of Departure(AoD)Z Y 4= 9L
t}. o] FoA AoD® 7%, Bluetooth 5.1 H]Z(beacon) %
2716 WG QrElUE ARS-SE7I R BHE 7)E AREES
Bluetooth +417]1¢] W7 §le] theFet A} 91X 7]k |

£ 78T 5 sl #el FFHL AP

%—?—-Eri 5.1 WA ZleolMe A7k AdY 8

ZZZ_T% ‘35"3}7] -‘?]‘3}04 R0l 718 o] A7}
A S8 Bl e <t

U= RF’“’]X] 29t dAu = A9 g Qe U(swit-
ched antenna array) 38 ARSI o] H g 2914 Wi g
SHell ko] 7%, T2l Wo] FAAT ks A4
o= FE¥ 779 °}Eﬂur° Ll "—i."é% Z9ste] 714
el A Fa71u #2719 BEks
Fﬂi“ 316} /5]3 71E8 bA" BE
CIRE DA RS
ot} whebA ”11] T8 ’\] ol 7@ A A5
o]=A & 4 gtk o] & =Fol| 4= Bluetooth 5.1 7
A Bdg o|2HLE Ay WIEA Ae % AeY
SHAE AuEy AL g

S+, Bluetooth 5.1 AoA/AoD Al 2~H 9] AA| -8 HH
o et A= wff- FE55 Fejolth thels] H A4
SDR(software defined radio)®] 57422 54 Bluetooth IC
&AMk YYEte SDR3} PCE 23t HA Wk

lr>

g, A7, Xi;ﬂé’ol L

I-

ol

3hte] SDRE ©] 43 Bluetooth 5.1 AoD W&HA| AJ2~H

A A2EE FHE $ TP o)d] B =R = A
£ SDR3} A A\ 2hek 2444 2994 0l Q| UE o] &
&l Bluetooth AcAS} AoD A|AE S Fd3te], +d Al F
S YA 9A] AR R g,

B =8| AL 220 A Bluetooth 510141 Ab&ate=
Ak 71N EEA o] A E AT EL, 30 A AR
Bluetooth 5.1014 AAZ 914Fa; 71uk whekehz] A7)
ofBA THHAJSAE AFHEL 4% A= SDRE ©|
£-3 Bluetooth 5.1 AoA/AoD A€ 9] & w3} A
ARE BHAFI, 54X AES Pt £ AFE F
3 Bluetooth 5.19 that o]&| 7} =olx] 3, §-AFSH IoT Al
2eo] wheketA] g0l 2EEI|E 71141?%}

A

o

I. ISR 718 LS SR 2e
241 QE|LE ko] |IYRL S

TI9 12 QHElU 78] RS o] &3 ke A9
2|5 HojEth 19 19 993 o] shte] $417]
CW(continuous wave) 2l && 5 2719
271194 oHlU7 99 A (far field)o 91x13Hcy

T eIl YALE = Aubes FA7 2t
¢°ﬂ wel 97dAE wAge) F ‘L}Eﬂ we] 7hA o] wrabg
(A2)% A5 7 <ty A 239 94 0=
2 () 2o,

. _dcosgp
Af =21 i\ =7TCoS¢p (1)

BLE beacon

o

BLE beacon

Far ﬁe}d \\\

~ ~ ‘\\ \““
< . N
N Ny
AN
dcos‘ti’ e LT
. <
"4 "
—

da=N2
8 1. QEE 78] S17Akell 813 AoA/AoD B BA
Fig. 1. AoA/AoD direction finding by phase difference

between antennas.

645



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 32, no. 7, July. 2021.

oAl A (1) o]&3to] £41719] WaKp)= 4 QF
Fo) 7tk

2)

QEW o] F AN wIE F4
717V AsE $AsE B95 AoDERAL 8HE, AoDOlA
shtel QHEIVE A=
ZA&ol wEh ST A
A el vk (A/2)%1 B, 4719 WH o) A ()
o= FojFith

o=sin ! 7] )

ox
%4_1,
K3
£

i

2 =ei7e) WakE uol
I5ol, mehzto] w450 oel Aol AR
bl wish Qe W, 1 olge. 2
gRre) W3t Aok LA Z7HE %

;O

&
N

N,
9
k=)
rl
fu
i3
N 2 1o
2

¥ bt Hi
lo 4

e

>

¥

i)

1>
L ® bt dlo
S = Lo
ﬂllo _]\l
N
=)
Sy
iz
— [‘E
o
>, _
1> o
E b
fo 1o
m B
o b
do,
rg
o
bl
i
1o
N
Ao
:Oé

dAd  \/x?— Ag? (@)

50

Angle of Arrival [deg]
o

-50 |-

-150 -100 -50 0 50 100 150
Phase difference (A6) [deg]

-40 20

Sensigivity (d¢/dAg)

0 26 46 60

Angle of Arrival [deg]

g 2. <helt A B2t 5

Fig. 2. Characteristics of phase difference between antennas
and angle of arrival.

646

2 3. 427 29A U o433 Lzt 28X
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