Short Paper

J KI I C SH2M HEAISHS|==2X]| Vol, 25, No, 7: 1000~1003, Jul, 2021

CES HeflLt 7(gte] 2 4" EE FH M5
M 71

A New Scheme Based On Multiple
Antennas For Tracking lllegal Small
Drones

Ryun Woo Kim' - Jong-Yeol Ryu’ - Tae Won Ban**

!Graduate Student, Department of Information and Communication
Engineering, Gyeongsang National University, Gyeongnam,
53064 Korea

" Associate Professor, Department of Information and Communication
Engineering, Gyeongsang National University, Gyeongnam,
53064 Korea

ABSTRACT

In this paper, we investigate how to track illegal drones
by using communication signal received from illegal
drones, which is a promising candidate position tracking
scheme for anti-drone systems, and is particularly effective
in tracking small illegal drones in urban areas. We propose
an enhanced tracking scheme using multiple antennas to
improve the performance of tracking by reducing the error
of position tracking. In the proposed tracking scheme, a
tracker is equipped with four receive antennas that are
evenly spaced 90 degrees apart, and received signal strength
indicators (RSSIs) received by four receive antennas are
pre-averaged before being used to calculate the distance
between tracker and target. Our numerical results show
that the proposed scheme outperforms the conventional
scheme in terms of accuracy.

Keywords : Anti-Drone, Multiple antennas, Small Drone,
Tracking.
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Fig. 1 An illustration of anti-drone tracking drone equipped
with multiple antennas

A dgm] 7ol A5 2t QheubE2 90° ZHA o =
uj%) ek 2t Qheluks Whlol wheb B, 2 570
TE{N, S, E, W}olth =279} B =2 R E A
o]o] Agl= d,[m]o]H R,Q} R, 541717} o] R A
2o A= 0,0 otk FEY] FAH FH:
(20, yy) B 715V QHelLk Ry, Ry Ry, Ry R 242}
(55(,71‘/0"‘5[1?): (5U7yo_d1?),(l' +dpyy), (JL —dB Yo
2 Foiziek. ofu, F27]9) QtElLt R, oy gyt F3E
E Aol g o] &4 g L, = vhaatk o] ALk 4= Qlrk

_N mlm

\/

l

L.[dB]=PL,+ X, (1)

Al (ol PL, 2} X, 2 7)9] Qte|L} R, 9F 3t
& Afolo] Hut F = &4 %b"’lr =% &A%k (Shadowing
Loss)& 77t vpebdich 29 £A4%F X, &= H+to] 0dB
o]al 3 AP} o[dB]Q] B ARAEE whEch A
d9] #lo|gd-2 efst] b=t QY R, 9 3
Ato] 2] ﬂal d, 2}l 31 A 284 PL, o3t 2ol

AlAHE T3
il
PL, =10 Xn Xlogy| = )
d()
2 (2)0A dy[m]= 71 ARlolH nd B2 EA A
S5 Uehich. 4] (D9] A9 £4 2 uhgro 2 ot

U R A FAEE A5 A7l (RSSL Received
Signal Strength Indicator) v, = t}-2-3} Zro] AlAHE T}

TS ol 7luhol S 28 S8 5 45 M 71

Y, [dBm] =, —L,. 3)

A7VA, = 71 A2 dyolA S ERSSE &
Ebd (6, 7.

FH71e BRES FolA A fAE olF ]

A dl A S o] §3ke] A AEelA B
BRIE MO RSSIE S2415t0] Hdghg Tt o
ehA, 7k QhE Lt R, o4 9] et RSSIE th&at 2t

1 Mo

s )

Vec{nsEW =

v, SHElL R, oA S2A1E i HA) RSSIES Lreplich

I

71 4] [5] T ”El =l A Atk WA Y
7HE] QLo A 4= ot RSSIE ThA] Hgto &2
# Th3} 2] #4714 2% RSSIZ Tl

1 5 % )

TENSEW

a8)3, 2 (5)9] 78 ol8sle] H7]ef BiEE A}
ole] 2] d, = ohew} ol 24 2 gl

d,=<{7. (6)

o714,y A ()9 RS o83t Z4H
RSSI ghol| aigsli= £A17]9k 5=417] Ato] ] o]Z A2

2 AR B2 Theat o] HelHch

*"/’*”M”
<7> =10 10n . (7)
2271 4 (6)9) d,5 ol g3ko] AFAlo] o] 53 A

D, =min(d,, d,/8). @®)

o174, &,ﬂ%—”‘rz—.ﬂﬂﬂ So& 2748k d,gholv, g
Hojat Alof wgo|ck. 22

24 7)
= ol A AT T A4S o] $4171% ol

slo] ol3 W A WA, 4 ()2 0} 85l
Ul 2] 4241 QbElLbel BEE Alo]e] o= A= 4]
9)¢} 7ro] Fgiet.

dyeinszm = Va)- ©)

1001



512 HEASHS| =2 X| Vol 25, No, 7: 1000-1003, Jul, 2021

H7)0} BEE

1

Apo] o] 7z TheT} o] o &)

iRl

=t
—d)/(2dy + d)).  (10)
2] (10014 d, = thgt o] Zk2t A o) gk,

= arccos((d?fr cif

*%>

3y = min(d, dy).

E!_]_—Q}: }\ﬂ Eﬂ (gta &fﬂ d]z) O] /\\:l]‘Zl]‘ —o—o’] —‘Z— \__'% E’_é—?—)‘]'xl

wEhE wlE4) (12)2 o] 8ald (13)3 2o] 6,2 7
ek,
d,:d,=0,: % —9,. (12)
é 7LA’7' 13
i) (13)

4 (120014 d, %= oh&a} o] Ao gk,

d, =min(dy. dy (14)
FA7) 0, ko2 D, uhE olEstn SUE
B et

Hoz pason 30010 £4% HEE Ao
1o #ﬂb<i“ﬂkﬂqiﬁn F27)9 23
iLﬂHNﬂﬂHi@ﬂﬂﬂ

%
g }ou 7—]E]7]—2m ol & §°1 ix Oﬂ 3
g
B

ﬂ@#&ﬁ}ﬁa%@ﬂ@%ﬂd*&—ﬂaQ&
7] 9Jate] 2. 22 A|2Fo] 712 WAl thu] Ak gAle
719 olZ o3 A g pl%]E ERITE D7

N
o

Error of Distance Between Dy and d; (m)
o

:t(:onv System(m)
Prop System(m) 150

=«E} - Ratio of improvement(%)

-
w

(5]

' 35
40 60 80 100

Dy (m)
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Fig. 3 The required number of tracker's movements for

successful tracking. +=14.1dB.
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Table. 1 Parameters for simulations
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Parameters Description Value
. Standard deviation of shadowing 14.1/17.1dB
loss
dy Reference distance for path loss Im
n Path loss exponent 2.6
Ya, RSSI meausred at d, -50dBm
3 Parameter to control the 5
movement of trackers
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