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ABSTRACT

We propose a method of estimating the position of a signal source using an unmanned aerial vehicle equipped
with an antenna array and analyzed its performance through simulation. The angle of arrival of the signal by
using the mounted antenna array is measured while the UAV is flying according to a flight path, and the
location is estimated based on the collected arrival angles and the posture and position of UAV. We consider a
linear, circular, and planar antenna array for the mounted antenna array. We show that the linear array antenna
array that only measures the azimuth angle can effectively estimate three dimensional position of signal source

when the UAV flies on a curved path with a change of UAV posture.
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Fig. 1. Direction of arrival at antenna array
a(¢,0) = (ay,az,., ay)” 1)

91 AJelA
a;(¢,8) = exp(j ZTHkTrI-) fori=1,2,.. M )
k=(singcos® cospcos® sing)T 3)
=0 Vi Z) fori=1,2,..,M )

olx, A= shaoleh
x% Aol HEuE wiAsks A

(ULA: Uniform Linear Array)®] 73-%- HOL]} e 2]

[
s ghe

a2 (¢,0) = exp(j %xi sin ¢ cos §) )

o], x-y HwAlel] o7 oteE ux|s= 93
vjd <teLHUCA: Uniform Circular Array)®] 73-%-

alC(¢,0) = exp(j % (x;singp cos 8 + y;cospeos 8))  (6)

2, xz FAg Az Fe R <keldE wiHs= F
W vl QFe|VHUPA: Uniform Planar Array)2] 7-%-

a’PA(p,8) = exp(j (xI singcosf + z;5in 9)) )

7} ek
Sk} o]0 S o83l me|t =2 o g &
g2zl MUSIC 7]H& 1 Alse]  FE4b

www.dbpia.co.kr



B 7] §A <L ool S o] 87 Aludde] #1A 4

(covariance) @z} olzjo]e] WpepHEl S o]-§5}o]
(8)3}F o] mazhe Akl

_~ 1
(0,6) = argmas s 9)U, 12 ®

714 U, = A1 Alse] g4t e disled A
& Aol == e (eigen vecto)ER ©|F
o]#= Yot

A3 wid 2 FHe wjd glEL ool
wake] 2218 wljdo| B R Mkt of 7o EH
A e HEelE o] £3le] Ao mElzhs
= ek "bHel, A3 wid qhelte] 735 =4
1214 wljede]r] wiiel (5)9] Wk H“Eii Az

wlo|zt 1) okzt mE= Ex] 28 4 ¢l

A7 i el ool & F1l7] %ZH skl
Q171) ey H) ol e A9, e o
q. {5].?‘50 op loﬂ r,].]o]] 1;].]71240 1 v}sk mlHE 7L7] Lq]
o) B3I 42k PEp) efsiek £k olel 2

hL
3314

. opo
i}i

J‘Lﬁ i

2
S|

e}

\

o

N
-

1

P
>

Hﬂ Iy 4n

% Ao 4719 A A3k refopd 3
o o 0 ke s olel sl 4
s il 3 A e ERN

Fel71e] A R(x-z
°é kel ofze]e]

719l =Z719k Al wka} Q7] &9 _F_% wjj o]
2 e QLS v |3 dle] Aleke- wke- 4= ¢

i vl Qb ol gk A9 @)el

Fe Aol Fgslof st A1 )
2 <lellal wlal Shafslok 2 epztel wigt 2] vl
S Aol FA43) Sk mah oAl o
5, 28] A8 ARG 24 71l 22041 vl b

Blvel 12 918 41 A S whaleks AL Aok A}
ool & % gleh

59l
e, A U el A5 91 2

a4 (¢'ura) = eXPU x[ sin ¢'yra) &)

5] 13} o] A3 vl ket ofgloellA ek
HE] (9)F o]83le] SA3 mallhd Alsle] 42
A H-3) 3 vkl vHe S4E = gk whdel),
1] 29} 3ro] 1719 AMAlE WSHAFIH, F17]e
s A el ke 71E HAR2EGS, v5, 2
2ol sl s = 3HE oz Moﬂﬂ A5k
W7 718 Sl ek W)zt 2 oke] 23
o2 vehdl ZtEE A3 Zlo] ik

FA71 1A (0, w1, 2ol Syaw) a, | (pitch)
B, Eroll) ¥ Zt=ell 23l 3|H= of#ee]| 3] &4
g kel Alssle] 91x19) vk A (10)9] IS

71—‘;. ],

rﬂ _1

(%]
: — -1 11 10
a9 =™ o (10)
4714
x=(x—-x,y—yz—z) (11)

cosfeosa —cosysine +sinysinfcosa  sinysina +cosysinfcosa
(=|cospsina cosycose+sinysinfsing -sinycosa +cosysinfsina| (12)
—sinf sinycosf c0sy cosp

|3, [AlyE H™ AcllA ige] jA] ghe ofvldtct
TFel719] 23 F ol $F|eA Fel7]e] AHAE
HEA7IRA g e (9)F ol8ste] SARE v
o W14 A (1005 o188k Alesle] 324

a8 2. 3R AY ofdoeldl| oJsle] A= =izt
Fig. 2. Direction of arrival at rotated array

1913

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-11 Vol.43 No.11

JAE F4% 5 ook

sl A1 Wl Qe ofelolelA W e (9)
ol 2J8l 24T Eel7 pua A AEANA AL
9] A 417 g 2 ) o3 (13)9] WA 2

=tk
sing' = sin@' cos &' (13)

ad 32 A1 e sk oflelellx] SA ==
ezt A el }°l AolE HAHE el
. © 23¥] 20~30 km Gl
A elA wstar el7]eh Alsgle] = Ajo]r} 2
km e]ael 7 4zt 271i= 30 Bk 2o weizt -
60°~60° Hielellx] Weztst 4] mefrte] Aol
0.25° ofsk= zfrk e} o]2f’k Ajol= 3 4]

A &4 j}ﬂow o] 00] ohd HEe(biased) £
AR JeE 57 el 912 F4 2AE ST
= ;1°J°1 ok wbe 2 %—Eoﬂﬂ% g eAs
Z017] f13 AT 5 A ERNE Fel7] A

&JULA= sin_l(sin QBFULA /cos8'hom) (14)

Lt [ Eevation
=-10

e i Elevation

- - —Hevation

- = —Hevation

— —Hevation

Difference (degree)

Elevation
=0

- 0
Azimuth (degree)

a8l 3. A8 wid <kl ofgelellx] A vkl ma
Zsle] 743 Aol

Fig. 3. Angle difference between azimuth and DoA for a
linear antenna array

. Tzl Qs 91X =4

r2£

ofefle] reltE AMgsle] L N9 w)zhe SAs)
AL w), 23 w2 215 9)x|9ke] wAl= o
+ (15)%} #o] vjepd 4 9lrk

1914

®'uyra = P'yra(x) +n (15)
91 Aol
&'ura=(d'vLas 'uraz ---.¢3’ULA,L)T (16)

d'uLa (X):(Qb’ULA,l(X)J P'uraz(X), -~ P'uLaL (X))T (7
n=(n,,n,, .., n)7’ (18)

°|3L, n= FA LAfelch
As1e] 912 A2 L e v A4 (15)
oA F4H A5 #A438Fsl= NLS(Nonlinear Least
Square)®] 3l (19)ll <Ja] & 5 iyl
% = argmin(¢'yra — 'ura (X))z (19)

%1 A19] 3= Gauss-Newton HHs 719l 23 c}
Qo) 7ol A £ gl

Xp+1 — X + F(Xk)(ai’ULA —0'ura (Xk)) (20)
o714

F(xi) = [T (d'vra (x:))G(d'yra (x0))] e (@'uiaxw) (21)

aﬁb’um,ﬂx) aﬁb’um,ﬂ") afl”uu\n(")
dx ay dz
G(d'yalxy)) = ; ; ; (22)
' uiaL®) 3¢ uaL®) 99 uLanx)
dx ay dz
olck.
ols} 7k MM e 2] gholl WIZE}H, 27|
Zroll wel 2] # Ax(local minima)ell WA} &
7] 913 W 8157 2K S Qi) A AlE

o] 9116l AT 27] 917 AL Sla) el
£ 3290 A AN (152 1Y AR 2719
A A @3)e] oI5 xS 27] AAE (o,
Yo, 20=0) 2 ATk, SR Thee] ezt 2
@3)el I3 2ol 2348 2] §1A4E A7, (20)]
R CIEEIESEEEERES L e,

www.dbpia.co.kr



f it

S e} ofelolE ol g4 A5 914 34

(%o ¥0)" =(ATA) *A"b (23)

3] Aol

Sin(‘f”lumﬂ _COS(E:I_’?ULA.J.W

a=| : 4
Sin(@FULA‘L) _COS(¢FULA.L)
Sin((ﬁau]_‘&l) Xy — COS(&“ULA.J.) M
b= . : ~ (25)
sin{@yras)xs — cos(@'yras) vz

\:1} o]q/]]:/']_ o}z gk /\]_9.1_}
o 517 % A 295 B Gy,
(5)s} 21 2L 7He] wlAla B Qe 5 9

3, ALY el bt A9k fARE PO R A5
o 34 % 29T+ ok

27gella] eols Qel} ofellolol o3k welzt 4
3} 32l AR $1A] S ] Ae, 419, 9
%, 9w el 37ke] <t ofelelel clste]

she me] AgE sl

[o5

r*

J

4.1 Zo| Ay A
T 21 49} 2] S A2 91| (-5 km, 0
km, 1.5 km)elld] =4 £2 914 (5 km, 0 km, 1.5
km)7}A] xZ WO R 10 km ABE E£E v, = 60
km/hZ H]3ah, 10 5 0.1% A=
6,000 3 Ej7te A5k
Uﬂ*‘tﬁ; 28] c++lo]e olgslo] F-17]9|
23} Alsgle] Als whAY qlEu) ofdlo] = wlisk

I'

ofy
]

Y.

S0, 20, 0.1+ §(15, 20,0.1)  §(30, 20,0.1)
. [ ]

H
: K
O o

UAV(-5, 0,1.5) 1 UAV(+5, 0,1.5)

...............................................

TR 4. weARE 917 Fal] vld AHT AsKe) 917
Fig. 4. UAV flight path and signal source location for
simulation

El, MUSIC WAel] 9J3h ezt 54
A, 7H2 7R Ak 7 el o3k Alss] 91A] 4
A& %%4 shoick

AlF 2 (x km, 20 km, 0.5 km)ell $1x]] gl.e
x =0, 5, .., 30 kmel Z}7tel] tisje] mejAlgs

st sz’l e o)l Z 100 kHzS! FM A3 5
O&E}. Mgz 2TA] $I|elA] Fel7]€] gl o
#lolol| Al A-3H] SNR = 10 dBE FAE 7, F
A $1A]elA] HolAeE A7t A B o}
2} Zhaf =,

Alsgde] A A= F]17] ' ofHe]e] 4l
52, Tz Falv)e] gl ZEA20)4] 0.1 0t
c} 1,000 7§¢] A*J*L AEE o] 83l 23]
MUSIC w4 o]sfl A=} Alsd] 7 AE v
Heze [7]04 ZM?‘{ S ARESksich 17
T A FAE 2z Felr)e] 994 2 A}
Az 37k 912 A Aol wel Alsele] ¢
22 =3,

Qret of#o]e] gkelv} == M=5 7H l A1
wijed qrelt ofolellA] ket A}OH P A2,
48 i gkl ofglolo] g Xty =N WE3}
55 QHIE wixElodc)k S wied QL o o]
o] 7% 07%14 nkelzke] Gt s golv] sl 5
g Wk 7 4 9] okeluE A2 7L R wiA|sl,
A ke g 42 ZbA e 1 /he QS wiA|s}
oﬂr/].

Pr° 719] =41 wlefel] whE 17| A&, FA],

WA 7)7] s, Azkel| w=) Fel7] HAE
(26)01] o8| Wzt Zck

Ax Uyt
(ﬂ}’) = <_Ym sin(wt) /2) (26)
Az Zm sin(wt) /2

1714 wie 108 B39t 2 3] )5 == 43
3}, Y, = Z, = 0, 50, 100, 200m 2 3}ict F-417]
o] F|x|o} B2 747t vl AHL] 257 y5e] 7|87]
2 3k Yo = Zn = Om 2 735+ F7)7F g
A4 Bl ks 79olal, Yu = Zs = 50, 100,
200m ¢l 739 ehakel A} ele] 4 wigial
A5-=2, 242t tisle] 1719 & 2 A= -3.6°~
3.6°, -7.2°~7.2°, -14.1°~14.1°2] HS= 71X ®
3lghcl,

T & AlAel os) 2Rl A9t AAE
ZAgc) AgellA $1x] AR g 22 e

? % Hr E

o

»

b4

1915

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-11 Vol.43 No.11

FAxZol ) EH-o| HF 0 Y 32} 2.5m
& 7P 7R $Eolek 7] A Al o)
g oak= Qo) sl 1°, I ol tal 0.5°, 2o sl
0.5°9] ZZAAE 7IR= 7199k Bx 2 ubgAlA

=

4.2 29| A Zu}

3] 594 23 102 A1 i qtepE A8t
= S Azt upeyz), o7t x AE y HAE 2 FE,
$1x]ell HgF RMS(root-mean-sqaure) x5 el
Heolck W17t Ao ALl W5 oMzl el E
= 0°, -1°, -2°%1 37}A] 73l ehste] wlasiode) A
3 e gleule] A% Aoz ofrhs 236)A|
o), a7 69 o7t 3= 1l7] Al wet 3
A% W5 2 Gont HRE AA G 2lolE

Azimuth estimation error = liAline
04 flight E=0

-+ —UlAwave
+ 50m E=0

==+==-ULA wave
100m E=0

Ed —s—ULA line
flight E=-1

— & - ULA wave
50m E=1

==8--ULA wave
100m E=-1

RMS error {degree)

<o ULA wave
200m E=-1

—— ULA line
flight E=-2

— & — ULA wave
50m E=2

==&=-ULA wave

100m E=-2
<o ULA wave
Signal x coordinate (km) 200m E=-2

a2l 5. 419wl b} ofelele] olak sl 24 ox
Fig. 5. Azimuth estimation error for linear antenna array

—+— ULA line
flight E=0
- + —ULA wave
50m E=D
-—+=-ULA wave
100m E=0
weertens ULA wave
200m E=0
—e—ULA line
flight E=-1
T — & —ULAwave
50m E=1

Elevation estimation error

-=&--ULA wave
100m E=-1
we9ee ULA wave
200m E=-1
—&— ULA line
flight E=-2
— & —ULA wave
50m E=-2

RMS error (degree)

==&=-ULA wave
100m E=-2
1] 10 20 30 ..se ULA wave

Signal x coordinate (km) 200m E=-2

38 6. 419 vl e} ofelelel o3k 7 4 oA
Fig. 6. Elevation estimation error for the linear antenna
array

1916

X coordinate error —+—ULA line
0.6 flight E=0

- + —UlA wave
50m E=0
-—+--ULA wave
100m E=0
<o ULA wave
200m E=0
—e—ULAline
flight E=-1
- & —UlAwave
50m E=1

13
=

e
w

RMS error {km)

==8--ULA wave
100m E=-1
«+9 - ULA wave
200m E=-1
—=—ULA line
flight E=-2
= #& —ULA wave
50m E=2
== —-ULA wave
100m E=-2

0.2

0.1

/] 10 20 30
Signal x coordinate (km) 200m E=-2

T2l 7. A uld oket ofdlo]ol] o3k xFHE A oA
Fig. 7. X-coordinate estimation error for linear antenna
array

Y coordinate error = AIA e
0.6 flight E=0

+ - + = ULA wave
J 50m E=0
——+=- ULA wave
100m E=0
B ] e
200m E=0

0.5

o
IS

7 : —e— ULA line
£ £ flight E=-1
— © — ULA wave
50m E=1
==6== ULA wave
100m E=-1

e
w

RMS error (km)

<eage ULA wave
200m E=-1

—&— ULA line
flight E=-2

- & —ULA wave
50m E=2

—=#=-ULA wave

o 10 20
Signal x coordinate (km) 200m E=-2

22 8. 493wl el ofelolel ol y=E 24 23
Fig. 8. Y-coordinate estimation error for linear antenna
array

7Z coordinate error —+—ULAline
0.6 flight E=0

= + = ULA wave
50m E=0

==+=-ULA wave
100m E=0

0.5

o
kS

—e—ULA line
flight E=-1
| — & —ULA wave
50m E=1

=3
w

RMS error (km)

--&--ULA wave
100m E=-1
«©e ULA wave
200m E=-1
—a— ULA line
flight E=-2
- & —ULA wave
50m E=-2
~-a-- ULA wave
100m E=-2
0 10 20 304 ULA wave

Signal x coordinate (km) 200m E=-2

T2l 9. A i okelt ofdlo]ol] 3t 2 E FH oA
Fig. 9. Z-coordinate estimation error for linear antenna
array

I
[

Py

2T -8===

Ll -4
" A

www.dbpia.co.kr



) R17] SR <k ofele]E ol 48 A1549] 914 F4

Estimation distance —+—ULA line
0.6 flight E=0
] { = + = ULA wave
50m E=0
b -—+--ULA wave
100m E=0
weecfeees ULA wave
200m E=0
—e—UlA line
flight E=-1
= & = ULA wave
50m E=1

0.5

14
=

RMS error (km}

--9--ULA wave
100m E=-1
w90 ULA wave
200m E=-1
—a— ULA line
flight E=-2
- & —ULA wave
50m E=2
-=&--ULA wave
100m E=-2
0 10 20 30 s ULA wave
Signal x coordinate (km) 200m E=-2

O 10, A% wid kel ofdle]el 2Jgt oA 4 24k
Fig 10. Distance error for linear antenna array

vrehdl Zlolet. 21581 x F3E 0~30 km W1l sk
715 A gt AR 7R -2.9°~ -1.6° W91

#he zherh
73] 59} T3] 60llA] W ke A el
HIFE = 2°2 AL A5 HOL_?,] 23} o}7ke] @A}

Zra=]a, 341 B)3ge] o
Ho]e] 3]xle] AR =R i‘}% =7kl
ek A 8RS A1 AT ool &4
=l W17k Aol ule) x, y a1 ohg) z 2
xRS iﬂs}ﬂ Hﬂﬂﬂ 1% 904 ZEe] 24w
= 9z 7o) 18] 1004 &
T AuRe] A 4 Adse] siAde] o] Felxl). me
AlddellA z x4 32 0~1 kme] HA=E fﬂﬂs}

11
T
-
m

M
4
s
Z

3
-

A7k ARA #3 wA) ofelleliz o] bl el v
& 0 B ZU AT S % )

y 2 22} Sk ek

W o}z A;g_xﬂ olﬂoﬂ AP AR A =
Al vjdle] Wyl S5 tiokgl gk} ofdle]e] =}
Aol w917he SAslnR b 90 A5e B
olt}, Higdol W5 ofzto] AlA| o4} o}& A9, B
o} 2 weke e 34 B(Y,=Z,=200m) Hrhs B
of 22 wWske 2 FA H(Y,=Z,m50m Ee
100m)°] £3]e] 1434 Aol §53}ct.

23 el 27 162 A, 9%, 9 v 3
74 wld okelutel] whal wkelzh b7k 912 4 o
A5 wlaste] =AIRE Aolek A% wied ket 4

Azimuth estimation error
0.3 flight

--+-- UPA wave
0.25 100m
ceepens UPA wave
200m
—e— ULA line
flight E=-2
7 —®—ULAwave
50m E=-2

0.2

0.15

--8-- ULA wave

i 100m E=-2

L e ULA wave
200m E=-2

—é— UCA line
flight

— & —UCAwave
50m

--&--UCAwave
100m

o 10 20 30 .ope UCAwave

Signal x coordinate (km) 200m

RMS error (degree)

01

0.05 e &

a3 11, A%, 49, FW wjd <kt ofele] gt W
317 24 24 vl
Fig 11. Azimuth estimation error for linear, circular, and
plane antenna arrays

Elevation estimation error S line
5 flight
; — + —uPA wave
3 50m

45 y
5 -—+--UPA wave
4 % 100m
S cverees UPA wave
35 3 200m

—s— ULAline
3 : flight E=-2
k — & —ULA wave
25 X g 50m E=2
h i --e-- ULA wave
2 X E 100m E=-2

RMS error (degree)

. . ceeediens ULA wave
15 ~ 200m E=-2
- , —i— UCAline
flight

b — = —UCAwave
50m

homs £ = T3 ===

0.5

Signal x coordinate (km)

a8 12, A, 43, F9 el e ofHele] gk <k
75 o) ni

Fig. 12. Elevation estimation error for linear, circular,
and plane antenna arrays

X coordinate error ——upAline
0.6 flight
: — + —UPAwave
50m

- —+-- UPA wave
100m

wveterns UPA wave
200m

—&— ULA line
flight E=-2

0.5

0.4

! : — © = ULA wave
0.3 = £ 50m E=-2
F H /| —-8--ULA wave
100m E=-2
g ULA wave
200m E=-2
—=—UCAline
flight
— & —UCAwave
50m
-=a--UCAwave

RMS error (km)

0 10 20 30....40+ UCAwave
Signal x coordinate (km) 200m

a7 13 418,
F4 27 Wl
Fig. 13. X-coordinate estimation error for linear, circular,
and plane antenna arrays

<18, 9 vjed akel} ofelolol] dg xHE

1917

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-11 Vol.43 No.11

¥ coordinate error —F— UPAline
0.6 flight
: H — + —UPA wave
50m
-~+-- UPA wave
100m
reenpes UPA wave
Y i 200m
o4 —e— ULA line
i i flight E=-2
3 H — ® —ULA wave
03 i i 50m E=-2
; i --8--ULA wave
H H 100m E=-2
0.2 S ceeBee ULA wave
E H 200m E=-2
—a— ucAline
flight
— & —UCAwave
50m
--&--UCAwave
100m
0 10 20 30..80 UCAWave

Signal x coordinate (km) 200m

0.5

RMS error (km)

0.1 >

O3 14, A, 43, 9 wjd <k ofde]e] gt yF
E SR

Fig. 14. Y-coordinate estimation error for linear, circular,
and plane antenna arrays

Z coordinate error

0.6

0.5 4 Y 100m

0.4

RMS error {km)
1
]
1
c
5
H
5

0.3 Y LY 50mE=2

Signal x coordinate (km)

a2l 15, A, 48, I el <k ofglo]o] what 2=}
S TR
Fig. 15. Z-coordinate estimation error for linear, circular,

and plane antenna arrays

Estimation distance —+—UPAline
0.6 flight
i H — + —UPA wave
50m
- —+-- UPA wave
100m
wveferes UPA wave
200m
—e— ULA line
flight E=-2
— & = ULA wave
50m E=-2

0.5

0.4

0.3

RMS error (km)}

o E——ﬂ—-ULAwave
100m E=-2

s ULA wave
200m E=-2

—=— UCA line
flight

— & —UCAwave

0.2

0.1

o] 10 20

Signal x coordinate (km) 200m

a8 16. A3, 48, I wid
2 34 24 v

Fig. 16. Distance error comparison for linear, circular,
and plane antenna arrays

1918

ket ofefolol] Wit ¢

- W5 G E =20 A5l HE Aot

25 113 23 12004 43w <Feut A5 <k
27ellx] IRk mie} o], 4 WA = <laje]
el e 4 Asel T4 S el v
T ¢ 4 Aol v wid sheluel] vlE)
T AdeS Helek Hwl wjd <kt g R
2 <ty 7 Y el dElke] 7-9-mt 47
ol Wl 4 e AdY vl qkelvirc =
u, Aes qkEuE A7) wiitel o 34
Ao Hrh stk a8 130X 23 169] HX]

Sellx], gl wid <reute] A9t -

719 mjs) FHefob AAQle] A= 7t *é‘s

[} =2
waleh e} Fel)e] Wl S 5 2
4 g 913 Jefe] uslolof ek U wjal

elltel 75 49w Aol sl was o7 oAt
3 AsFeF okzt JrHo] ojEly] e A B|3)Y
W7k ARSE Aol dshEa, & 2 o)A +3.6°
o]3}ke)(Y,=Z,=50m) F-¢17]2] 24| ®M3pr} 79] =
nla)e] Aol et 917 =/ A%o] sPsslct
- s

A8 wed oteuke] Ao =41 u)s)e] wo]

il
[
X

ghoms tloat ahet ofelolelxe] wislzt S0
2 I g ghevle] Asel 2HES 2 4 itk
B el sleell 2T A% 2] sl o
5 ofzlel] ot JuE Baw shl, Al WA A
o] djepel awe} Felvle] 93 wwEeyE 7
1%1.3] Ué% 001-7_1]—0 A-];(—]t;l O]T;]—
v.2d g

A2 915 sk QoA A%, 9, I

wjed ofelle] ake g BhiR el ¥elr)E o4

o) Azde) mehte Sk olF /e A%
9] 91718 Fske Wl diste] Eelsisick
9 49 A9 uld el deiiel A

w Ako] o)zt 1) okt =X Ao] AR I3
AsheF pzke FEY S Q] uhel, Falle) A
W7k A2) gl A v SalAat 913 o)
Pesieh £ 9 5 WAe ERT F9 WL 2
Bk A5 b 9k A Bal7) mw
i Sl 274102 Qele] WA sejelol
gk

A3 uled oflo] <kete] A9, Ad mid=
7] SR folstan, bk AlelRh el nke
ap7] wiieell Hate SwellA fefsich wgh

I‘

www.dbpia.co.kr



R3] A Sk ofdlo] S o] g AlEgle] 914 4

o 541 wlalel 9|3k A kg o) gkl A1 wjod
ofelo] Qete] oJgt WeI7} nle] SHORE A5
K9] 3390 14 TR FF 5 ek

References

[1] T. E. Tuncer and B. Friedlander, Classical
and Modern Direction-of-Arrival Estimation,
Elsevier Academic Press, 2009.

[2] S. A. Zekavat and R. M. Buehrer, Handbook
of Position Location - Theory, Practice, and
Advances, 1EEE Press, 2012.

[31 H. L. Van Trees, Optimum Array Processing,
John Wiley & Sons Inc., 2002.

[4] Y. Lee, et. al., “A BLUE estimator for passive
localization by TDOA method,” J. KICIS, vol.
36, no. 11, pp. 702-711, Nov. 2011.

[51 S. Lee, S. R. Lee, and S.-C. Kim, “Ship
positioning estimation using phased array
antenna in FMCW radar system for
small-sized ships,” J. KICIS, vol. 40, no. 06,
pp- 1130-1141, Jun. 2015.

[6] S. Yun, et. al, “Averaging methods for
enhancing the performance of DOA estimation
under the rotor effect,” J. KICIS, vol. 37C, no.
12, pp. 1245-1255, Dec. 2012.

[717 M. Wax and T. Kailath, “Detection of signals
by information theoretic criteria,” IEEE Trans.
on Acoustics, Speech, and Sign. Process., vol.
ASSP-33, no. 2, Apr. 1995.

Ql & Xl (Kwangjae Lim)

199211 29 : alseeta A} F
g} £

199413 244 : 913
st} At

19994 29 : ols|listw A}

gk WAt
1999 24~ A : F=xdAkEAl
7 1‘%
<Rl 7 olF FAl, 7] ICT

2l & == (Hyoungsoo Lim)

1992+ 24 : E3bgajosta A
2755k} shat

199413 294 : F3EY 3t
2375wkt AaL

1999 24 : E3bgajlgta A
213758k} what

199913 34~2000 9 : 3=
ARl T 25

20004 9¥4~20019 124 : DXO9HZE =5

2002 19~8A : =AIAFEAld T 5

Il A H olF BAlL &9, AT 2 o]

el
& WS

rzi

M A Al (Cheon Sig Sin)

1990 24 : gheistw Az}
Tt &4

20001 8 : gkt Az}
FAlFE AAL

20131 249 : gkl zx}
BAFE) uha s

19901 2~ A : g=AAkE
Al 45

<FEol> 91484l ¢4 2 GPS Zlulwst

1919

www.dbpia.co.kr



	무인기 탑재 안테나 어레이를 이용한 신호원의 위치 추정
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 안테나 어레이에 의한 도래각 추정
	Ⅲ. 도래각에 의한 위치 추정
	Ⅳ. 모의 실험
	Ⅴ. 결론
	References


