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A study on the DoA Estimation Prformance of Interference Signal
in W-CDMA using 3D Adaptive Array Antenna
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Abstract This paper deals with the estimation performance DoA (Direction of Arrival) using the 3D adaptive
array antenna in W-CDMA signal. For this, we proposed the 5 types of 3D array antenna, and appied for the
MUSIC in order to the estimation of DoA algorithm for that antenna, commonly, then the DoA estimation error
was used for the estimation performance. In the mobile communication and radio positioning service, performing
the spatial filtering after the DoA estimation in array antenna, the quality of receiving signal can improve by
the nulling or minimization of interfering signal which is from the undesired direction and the forming of beam
which is from the desired direction. The result of DoA estimation and the DoA estimation error by varying the
signal to noise ration and the number of interfering signal and power of each type antenna was calculated by
computer simulation. As a result of simulation, the other propose antenna has good performance excluding the
stack 3D antenna in DoA estimation and the Curved-B type antenna has more superior performance when
increasing the number of interfering signal and power in the DoA estimation error.

Key Words : DoA, MUSIC, MIMO

[u—
>
[
=
[>
1o
5
ko
R
o|\
4
I
rd
o
of
2
il
T
op
1o
oo
ol
>
)
=

H
dolelom, Eak Aol 94 4HE ol ¢
ofUel 2k & 7§k AH] 2 (LBS : Location Based Service ) 7} &t
A X3

32 o] % N ol-g3to] SR .
Pgat e vy BAANSE B FFBUA Hngi Agoin o9 olF FAS ol A

o A2 713t §1A] 71Nk AR s V)] FE A0 5
A

TR, B AR E A TS G A A Joz= W-CDMA 7|wrolgh= e, W-CDMA

- 11 -



2009 29 F=RAHYESA

WA M= 7] A]ael] &5k e AREARY] Alse Wl
A% ( interference signal ) =5 A A& ( jamming
signal ) & AgH o], T4 FIFE ARk 7R
7 7t R FAEE AT 4 d3kE XY
wo] 7125 A|l2aEe] J5S ASAIZIAY HIE 088
AstAl7)= dele] 2 4 vk whebA] thE AREARe] 5
& AgdeAY o2 e A e ( ;
Multiple Access Interference )& ¢ & J&= A=
—’F’d 71%o] FaAwo] 35G, 4G 2H-e AAY o) F
Aol A Zbgkar Q)= o] 1M A% A AE ~ntE

&
<
<t
Elu ( Smart Antenna ) o]t o]9]o &= Jotsh s}
&
El:}_-

U:

_1

SN ThF A AE AFEI91F A2l

% AN T AL BES AAAATI9E 7%
Ao ALHOR olFolWA IEE WHE W

Orthogonal Frequency Division Multiplexing )
=3 tholMAlE] 7] B W] AlA A7) Ve
Aato] A 2851 Yo 2Fo) A e oty
Ae B aE /\}%3}"4 21 /\Jioﬂfﬂ "erﬂr‘/ﬁ

A7 2 2R AU A
Azimuth ¢} Elevation Angle —Zrzé gk & o] 0

SET AW £U4 & A B 249 5
i =

o mx, o
o
rir
nE
03:
g
=
1o,
o
N
N
ﬁ
_L
o
o

%Jﬂ?}?ﬂ%lﬂn 53] 7
Signal Processing ) A< iﬂ%& A& vl ¢
A YAE A& A (DSP) gaglss

S glow 2 ALgA AENE S94 wag F43
W 4ol Psstel BT} B BES AL 5 U A
%q_[l][4]

H %oﬂ,q‘, 3D AulE otgue] Tzt =4 A%
S AN gIeke] WA 5 7] el Fe) Qe A
e T ol5 Qe A5 Fenst wel A A
48w

2
>,
ol

e
sPAZIEA ezt 4 eakE AlLbsksith o
= fste] 27t 4 daglsoEys de ARSEE
MUSIC ( MUltiple Slgnal Classification )& #-83}91

2 AolA= dRbAel AY v Srely Ela

L

W-CDMA 419 §-8 29 3 2|9k 5 714 3D 2=}
E Q2 mel7 24 gmelZolieie] 4Ed 5
3 ol el A =

o7 4 HollA= 285 gt

1. wj < <telutel W—CDMA =

Aol 5 Qv AAtEs wid FelE A vl <F
Hue 29 13 2om o7|M ¢ = B2 ( Azimuth
angle ) °]i1 o & WGl YArE = FHTke] 47 (
Elevation angle )& YElH Zolt}

WS m (X, Y e Z )

a3 1 gustel e e
Fig 1. Direction—of—Arrival of Plane wave

W oreu slM ) HAAS 9)ske] the o] 7t
ke

- W AARbe} kA o] AobA Zh Abe] AlE =
AsE 5
- AR AR Al 8l
- S A ofefrle] guskE et o glotA
EE sabke ele] e 54
- el QA AlEe] o EE Nk} Folo]
w2
(0,0) © WFo= vl <rejute] Abel Fvhe
Lol o= ke m WA Aol Ak Aleike
M

AP =BAd, Bz, cosgsind+y, singsind+z, cosd)

7b "k o714 B=

2 Wge golo Yok AHg

ﬂ_%

71918l o= 7hef gk

- 12 -



ol
)
>,
fol
lo
ki
)
=)
Bl
o
oX,
olf
2
r_t‘:]‘
2
re
-4

B axtz e Ay 57t
Equally Spaced ), ¥% %—7&7_3, e
=3hH A 4147]_ Falsl ﬂ

AD= mE;; wou ()=
=As) f6,0) 3)
7} ek 9714 K6, ¢) & oflo] AGRA 7% Ol—Eﬂ

U 2o A 24 A5 AL o tist ojge] &
N5 Z(1) ¢ ¥E DoA T (0,0) 9 4w L}E}
A RozA A AR (w,) & 24 st
= olgo] Al HQl W] Hehx| WaFo R
ARG, 28 2 = ojgo] = Sole= AEs}

N1 , .
- A ]
AdD m§: ) W /BmAx cos ¢ sin

BN

.’_F.
0> 7ML =45 ,80 Uwje] ofzle] A
Lk Aol

g 2 ofgo] AlFE o]&3g wl

DI
Fig 2. Main Beampattern using array coefficient

olglo] eHHUE

A e g

Ar g WEE Ags Helsns

w=[w, w..... w1 7 “)
2 A 9J&#} H += Hermitian Transpose ©]™ Z} oFe|L}
AAREE AEE dolel WY

U:[Ug(t) Ul(t) ..... UNfl(t)] (5)

= gAeie 4 (23 o2 ojrlo] Zele thet

2(0 = wu(d (6)
ok Alse] Bk (0,9) dluigh ool AFs
fo,9)=v" a(e,9) (7
2 & 5 AE, o714 W a(e,9) = (6,0) W
gk ~Eloja) W ( Steering Vector ) & YERATH
a7 3 & W-CDMA Al2=8loA] 3D 2ulE QteUE
o] &3t 4l Alz=dle] 5 YERH Zlolt) Bl

W QrELE B RE PPN ok NEE ST
F w7 34 QuelES Al 54 9 o
U Weights 4oz vl A5e] 3aks %43}
g 5 9= FAAE
3D wld el 27t
Y-’
W g4
> »  Rake Combiner [P
(Beam Formng
;
t 24 Y vy
DoA Estimation and Weight Generator

a8 3 W—CDMAoNA sl etete] =417] %
Fig 3. Receiver structure of array antenna in
W-CDMA

2. AR v <FEFS] HE)
witoll A= 3D FElE wixE 5 7EA] o] wjd QFEvt
Ao 2 Zole Tajzt 24 olugl2S A43 uj
ol9] 4% AAgth 5 719 wid QtElUE =

- Flat 7 Element 3D <L}

- Curved 7 Element 3D S|}

- Curved-B 7 Element 3D ¢teL}

- Cross 7 Element 3D SHH|L

- Stack 7 Element 3D ¢t
o] 5 7HAI7F lom o529 A P42t matlab O®
T3 FAES 19 4o YR

- 13 -



20099 29 QA UNHSEATVEE] =24 9@ Al

o
S
o

(d) Cross 7 Element

(c) Curved-B 7 Element

e

(e) Stack 7 Element QFEL}

9 4. A9 3D ¢tEIVe] A} mijH =
Fig 4. Element layout figure of
antenna

proposed 3D

Flat 7 Element SteIVH= w1 E SHe|Y7} 2D S wd/doll
AE FZoH, Curved 7 Element E|U+= Flat 7
Element WiQ QFevFe] 20l A Fadoll 9143 et
2AE FAORE 7 APtz %9 ofgfEo® wijdd 3
2Hdzoltl. Curved-B 7 Element SFEIU= 919
Curved 7 Element SFHWo] 220l 4 4ol 91| <F
Hu A28 FA 02 3 719 22t 1A S 1 wojA] by
dgk FxolH, Cross 3D Element ¢‘elube] Flat 7
Element ¥iQ SHEU-E AIIA el A& SHevF &
g SHOE 20 27E X, y, z FOE Wby 11
< wolA wjde 3 Ak Fxolt} mpA| YO R Stack 7
Element ¢ty 7 Element #]E SHIUE x =y
SO % Rhubg 1HAS wolA wjdd NE x5

z =5
=5 A § Fejot,

1

W T

3. MUSIC ¢arel+

MUSIC &ae]5& Alee) sehg 342 718t}
Ao mzste] wkek D 7ie] A% wjde] vk M A
o] i <rebell =4lE 4 ME = D e A% 9y

n

u(p) = ,go a(@ )s(D+n(d ®)

u(t) = lalgy)ale,) . alg,_ sy (t)s (). s, @©)]"
+n(d)=AL)+n()

714 a(p,) &= j WA 259 DoA o tgsh=
Array steering vector 0|22, o]& o]g3lo] th2-o] F
A AES e

R,, = Eluu] =4 Elss"|A"+ Elnn”| = AR, A"+ T
)
o714 El ] & 719AE YeRfe] H = Hermitian

& UeRhdth 4] (2-8) ol FalE WE u(h) = 2%
o] Agel (f) AE7} steering vector ¢ 1 2} %3]
S ¢ F 9 FEb dEe afAE
Nps Mgy enen Agpg O1BE O3 22 AS FO
W As g vk

IR,—AI|l =0 (10)

2] (2-10) & 2] (2-9) of Hsistd

|AR A"+ 02 T=N 1 |=|AR A"~ (\,— oI |=0

(11)

b Hw, ARAM ¢ Ak v, = o

v, =\;— 04 (12)
A = HAYHor =YY steering vector = T4 & o]
gom AF A g8 R © AR 589 AsE 74
¥ FEA o]t} o 7]A Full rank column rank A
¢} Nonsingular K & 21& 4~ (D) 7F vl 24 M <]
FRU ASuw BAgETh wEA M by M EQ
AR A" =D 9< 714 positive semidefinite ©]th.

N
i
T
2
o
ox
e
o2
At
=
<
<

N
N
ot
o)
i
=
o
o
e
1
i)
=

D= M- K (13)
7} AAlo|t}. 4] (2-9) = eigen decomposition 3HH
R, V.= V,A (14)

A=diagl Ny, Ny, ...

& AFAN V=lap a ooor qy] & Ry, 9

)\M—l]’ )\402)\,12....)\,/”,1

- 14 -



W—-CDMA°NA 3219 25 vig <teLE o]

el Azel welzt 4 Al

r_‘.;:](
=
r2
4

' i Wit 7 AL A A, o UK
ZHE A5 = 2] (2-13) & H g3t} o] = o] £-3
o] t}&-9] MUSIC Spectrum < T-3tt}

P yusic seecrrom (9) = 2H) V

0:17]A‘] Vn:[ql), dp+1s «ve- qul] ‘O/] 37‘:]'74]7]‘
QO™ Prvsic specrrond®) @ 7V & #H3LA] D 74
£ zlolA] DoA & FAsHAEh

. 578 AlEelolA

B e
ot
_O,L‘

14
=
=)
o
N
N
ot
Ruli)
>
ul
=R
o
o

N
M
[
fole
52
s
)

£ e

k
4 o
o
Q‘L
=
i
ko)
'
)
"
)
21N

ted 5 744
g2 A sy

2
oX,
ks
fd
AC)

IN
Lo,
o
o
Y,
=
Gl
Lot
ro,
=
N
° Lo
ofr

>4 rkﬂ
U
o
?
£
15
fu
k)
dlo
-L

\__
= 4 dacl,

ot%l 7 Element 3D ¢HeL}
0dB

H]
- GPS /\Ji 2% 2 oAl7] (0, 0), 0dB
j

: (40, 10),(-40, -20), (40, 60),
(=20, 20)
A7] : 30dB, 30dB, 30dB, 30dB

0 & 4 » 0 @ o o @ @ & 40 A 0 M N 8 0
azimuth azimih

(a) Flat 7 Element (b) Curved 7 Element

MUSIC speetrum(dB)

MUSKC spectn(eE)

g e e T

L]
ot on st
MUSIC spachuridB)

= S
b ¢

@ @ 40 M 0 N @ & W
amih

(c) Cross 7 Element (d) Stack 7 Element

a9 5. 3D Wi <tEVe] =7t 4 Ay
Fig 5. DoA estimation result of 3D array antenna

=)z =4 A3} Flat 7 Element, Curved 7 Element
9} Cross 7 Element QLS AMR-&= A4S =829
4 A7t s ZHzke] T1glo A gja o] W Est
A470E 2 5 9 oucl Bzt dzte] EAC AL o]
Aol WA & 4 vk 53] Curved 7 Element <}
Curved-B 7 Element —4 G M2 AR e 374
AE Ho|ng Jgd A& Curved-B SHeIUe] A¥e=
AeFslAt. 2eu x, y, z HFoA o= 5 ko R
v &)= Stack 7 Element Vel u}2] 7-$- =2k 4ol
M g B Etete] oA ko] g yA3E

o] &Rl o}zty} w97t o 2 ZHEE A EAH ¥
s ETF e ¢T3

=g /‘1]7] (5, 5), 0dB
s A ZEE ¢ (40,10), (-40,-20), (40,60)
A7+ 30, 30, 30dB
w7t 24 gi}q Ao e A5l 47412 39
& H3} Curved-(B) &, Cross E%5-9
Stack &< xﬂ&]f{ B= 3D Srelve] B9 Aled A
b glo] AestA FA4ES & 2
k

o]

—

usl Faa) 0% 3]
2lth. 2ol Linear Array 8< 19 4 9] Stac
3D <tHUE ofn|gitt

A
4

MUSIC DOA WMUSIC DOA

DOA Error (daes)

- 15 -



20099 2¢ = lH YIS A

ITVEs] =74 A9A A1z

MUSC DOA

(c) W3l A= 3
a9 6. Aed FeHleutE =8z 34 oAk
Fig 6. DoA estimation error by changing SNR

o] 19 7 & el Ase] A9 wstoukE 5 7t
A 3D SHeuvte] ezt 78 9 AbE vrERd Zlojth of 7]
A el 2l A7) 30dB ol ol MgE 1, 2 &
HstA 21 Atolnh Wl Alse] 7} 57}6‘ TE F4
27 SHEAS & & dom Wl s
9 Flat 33 Curved & 5 ‘ﬂ
Curved-(B) Fo] 7M¢ A& 5 dsS 7S & =+

At

MUBIC DOA MUSIC DDA

DO Error (degree)

MUSIC DOA

B

DOA Error (degree)
8 8 8

==

[ 15 F) %
Jarmmer Power(dB)

© Wl W55 3

79 7. W8 A Aeelne =g 24 ox

Fig 7. DoA estimation error by changing the
interfering signal power

o] 3D " telu FHE=E AT 5 e A5 =
#2h-s FAs7]918 MUSIC ¢iElss A43t90m,
ole] As& wol7|sfste] el Az 51, 2
ASA Al A 5ok el A3e] ol
Wzt F4 oAk ol gtk AlEdold A3t Alar)
AevofupE 4 ko] 49 Stack 8 HHUE Xﬂ?l
gk ] O}Eﬂuroﬂfﬂ

E e
i

z
}01'
ot
i
i)
T
2
[0
A
;O

o
1
=

3H §94 xdagoﬂ 7y 34 9k g W

7} 59 Flat @JJr Curved 3o

HAA R 53] Curved-(B) ol 7H¢ 5

Atk o= Y3 Element = x| 8}=

o] ElementE x, y, z % o.= vjgstAA

( Aperture ) 7} 7+4ste] Rzt FAe

x]o]] Lq.E_ Ao Z AT j{a 01—1‘1]%_%:
il

oz oA u

_\.L
1o
:|0
S~
Pl
ot
ox,
off =

o, FQL'
-{0 mﬁ

LA T =
o

2 pE
weh ox )y e @ oX H» A2 mo

_I_4
-1E ox
e
off

or
£
i
ACh
w 2

o

(1] 28t A9 g dE M3 E o]83 CDMA %
A g ~ulE obgLp Al4El A7 Telecom

-munication Review, #|9¥, 23, pp.1337144,

1999
[2] 732719 5 S“CDMA Zu}E ot} A|2ele] A
A 2 747, Telecommunication Review, A19¢, 2

<, pp.1457185, 199

[3] K]J.Lee, B.Y.Ahn et al,"Performance analysis of
beamforming algorithms for CDMA smart
antenna system”, Proc. of CIC, Seoul, Korea,
pp.2837287, Oct., 1997

[4] Seungwon Choi,"Design of an adaptive antenna
array for tracking the source of Maximum power
and Its CDMA  mobile
communication”, IEEE Trans. Ant. and Prop.,
Vol.45, No.9, Sep. 1997

(5] 52t Ao dd g <telve] DoA 74 &
1HF s l‘f_r* ” Sk Aksl7 )83 Vol9, No.2,

application  to



W-—CDMAA 329 2% g <HeEE o)&

& ) A5

L
a

Bl

zr

oxl
o,
olf
=

e

e

=
T

Pp.3957400, 2008
[6] S.G.Glisic, Advanced Wireless Communication,
John Wiley & Sons Pres., 2004
[7] S.Haykin, Adaptive Filter Theory, 2nd Edition,
Prentice Hall Pres., 1991
[8] o]+, ZPFERIHLY, AL, 2002
[9] Kaveh, M., A.JBarabell, "The statistical
of the MUSIC and the

minimum-norm algorithms in resolving plane

performa—nce

waves in noise”, IEEE Trrans. Acoust. Speech

Signal Process., Vol.LASSP-34, pp.3317341, 1986

[10] Kezys, V. S. Haykin, "Multi-frequency

angle-of—arrival estimator @ an experimental
evaluation”, Proc. SPIE, Sandiego, Calif., 1988

¥ B A= 20099 A2 AA R

A Aol olel =aw Atk

AR} o)

19854 7 8oyt
g,
199741 73]
39]
DBE-AA T
S s
LR/ YA, Ol BEAD

AApek} A

=

=

=

E

AR} wA)

<Gyl U

- 17 -

AApgstat St

+ 198 A3t

3.

+ 1902\ 7 3]t
9

AApek A

=

==

=

5, A, olFeAl>



