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Abstract :

In last decades, several linearization methods for the AOA measurements have been proposed, for example,

Gauss-Newton method and Closed-Form solution. Gauss-Newton method can achieve high accuracy, but the convergence of the
iterative process is not always ensured if the initial guess is not accurate enough. Closed-Form solution provides a
non-iterative solution and it is less computational. It does not suffer from convergence problem, but estimation error is
somewhat larger. This paper proposes a Self-Tuning Weighted Least Square AOA algorithm that is a modified version of the
conventional Closed-Form solution. In order to estimate the error covariance matrix as a weight, a two-step estimation
technique is used. Simulation results show that the proposed method has smaller positioning error compared to the existing

methods.
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Fig. 1. Array antenna and AOA measurement.

O T +aiff )
T3 A7) o, & 7IEFHBA NN T 22 dAAE e
tH1,2).
¥y
tan(a,;) = po @

273 28 1T 2% ok WAt a7 4
59| AA 1,9 e 2o BANE 2.

doos (a; +v,,) = L, +v, 3)

ai

2ollA de SHY Aleld] AZE vERdTh v, & A%

A Zeola v, 2 F N9 gEYelA FA"E S A

EgE Fgolth v 7t ol AR Ze

and identically distributed) WA AFEIE zle=tin 713

o}‘ﬂ iR AAMolM dolx)E ACA ZH A3 ZABHE &
< o3 2tk

i.i.d.(independent

Zai T Qg +vm' (4)

2

AelA v, & Ftol 00]a Eate] <l iid WA

Psin® o
Aotk
2. Gauss—Newton 2HH3} Closed-Form Solution HHH

GN o= )2k @l oJstd AOA &34 =, &
tha3} o] ¥ egitH3]

bz, =H, dz+w,

62(11 aznl
Za1 T o1 ox By
bz, = : H=| 1 )
Zam ~ Orom azam aznm
oz By =Ty
v
z—1x, al
2= yyy) e
0 Vam

}‘]Oﬂ/\'] Zy= (7307 :'/0) = }\\jﬁgi} 7"’_;\(:1 aozl—- 7]"’_""]'—&-7‘.”
SISl A AAst 483 A1ZUste] Peidelth OGN
el YXFAHL O 2oz Foixe rHEHAAEH
o2 3% & Yk

=
X
Pia
]
=
>
oZ
0
n
fir

2X M 13 A, W7 & 2007. 7

Se=(H"Q 'H) 'H'Q 'z,
é=.@0+5£ ©)

2

l/sm2 (0‘1) 0
Q= Ju : . :

0 l/sin2 (am)

GN W2 () 78 FHAE 433 7IEdez of
Aot a7k +HE W7kA He] AL wrEHT APst
71EHe A FHagh(local minima)ys ¥3}7] fl8f A AL
A X 2ok k. AR s Ve AAH
retA] gdom wiEste] e ok FHAAA s
FEE EAT 5 glrke @xe] Aok =F wEske o
vt AL HE ARSSlo slEE B AN
< FaE gt

CFsrel d¥she 29 B¥AYE o83t thast 2
o] JAEAAE THETHS]

rlo

tans,, = S0le) _ V70 %

at oS (Zai )

msin(zm)—ycos(zai) =:1:Z.sm( ) cos (z m)
AolA 2, =a, 2 AESLCR (NS BB} HE P
2 Bdsid va3 2ok

z,sinz,, ) —y, cos(z,,) }

h= ®

zm Sin( ozm ) ym ( am )

z}qu
y z

sin(z,,) —oos(z,,)

sin(.z“m ) —ocos kzam )

AT )M @Y o, F =z, 2 7HFEsl Ae K2
71 Wl SRS FE 54E AhE 2sA] Ko
B CFS Rle] 9A FAA= o 2o] HaAsH
(least square)& AR5t T-3ict.

2=(G"G,) "Gk ©

3. RIS THSAIAKKSE(STILS) 2D2IS

CFS WL (98 olg3td walx) 9kx & el 93]
g 78 5 ol AAsirt Baske BAL Qo A
g WolA AFS v} o) AEHA ] FSARE A
Wz s 2r) e ANEPA 244 Be
o] MZHkT, 2Hox}e) FEAbo] Acke WAl ok

=EOA AQteHs STWLSE olgiah CFs ) BAHNS
ARe7) ekl REHA e BRAG ol 8d TR
HaASEE AT ©)9 AR e TR
Pl W4l A8 fRlo] Je o, 1 A 1A
2RSS 9B AFHLL T 5 ol olid EAY
2 Ay A5k 2 FAol AT 2
Mol EAE wel A7) E(selftuningy’ 2T FHSAT
B =RdA gkt el 192 slEe) CFs
2 o8l J1EN YRS 2T AR AEHaA
s9e Aestel Aext NG 2B



Journal of Control, Automation and Systems Engineering Vol. 13, No. 7, July 2007 685

& S48l Fe4Ee 2P INEIAE O
43 2,

_ Y~y _ ta‘nzai_ta‘nvui

tan(z,, —v,;) = T— 1, N 1+tanz,  tanv,, (10)
(10)¢ B8} WEe) Yo TP chedt ok
z,8inz,; —y, 0082,
h= :
I'ﬂl Sinzﬂm _ym coszﬂnl
sinz,, —oosz,,
=] : m (11
Sinz{l"l - (Ds z(l"t y
—tanv,,; (y—yl )sinzu] +(z—m1 )ooszu1
+ :
- tanv(l”l (y_ y"l )Sinzﬂm + (I - zl" )ms‘z(ym
=Gz+tn,
(D} GAESHFS n, 9 WA AES oA Fy s
e B,
n,; =tanv,,sinv,, [(z —z,)sina,, — (y—y, )oosa”.] (12)

—sinv,,; [(z —=,) cose,; +(y—y,)sina,,;|

vt B2 ATk AP (9% thest Qo) 248
2 % sl

n,, = —v,l(x—=;) s, +(y—y,)sina,,;] (13)

o

@2FE (139 2488 MEARee duFL e
iid WARFERIN, Thev e FEY YYL 7

covln,)="=

Al? 0 0 \
O 0 A'zl/olz'"l
o)A 4, =(z—z,;)eosa,; +(y—y,)sina,

2
2 _ %

“ d'sine;

(198 FEIPE v= 7l 7EEXE AN
ok 28y (1499 ARARIA (@ )9 o0 BIR
Foltk Aot duE|Ee WA 1GAE vg 34357] 9
3 71Ee] CFS W& o83l AR 9x] F3X
g, =z, y]"& Tl AR AAE DAEYE 2
00 AOA ZRAXE ol&3l A2t 2,2, —a,, 2 T
AstHek. webx] QrEAFEe] FEAEE FYAE o
S 2t

e

A%2,0 0
Do (15)

2o A4, =(z—1,)awsz,, +(y—y,)sinz,,

1

2

T i

a
d'sin’ (z,, — o ;7))

AAFE STWLSS] HFHA FHXE (159 7HEXP=2

< olgst] thed Zo] rieHaeHe R 7t

2, =(GNU'G) G 'k (16)

. mof AlgZn}

MATLABS ©]&3t ZAFE AlE# oS B3l Aokt
STWLS W} 7|2 GN W 2 CFS e 4%L vl
w3gok AQgAe] ArlE 12xI2m2 AR AHER}
9] A= X, YEL Z}7F SmollA Sm7bR] Im H3kA)7)
A 21709 &9 7IEHNA AlEE oS A8
Axe] e 19 29 Zo] AL A gt 4
Y Afele id8e F3r] st 18 20 ol
2L Bko R AME WjAEAT, A ATt 34Y
AL E AR HIXE A9 GN W] Wike] Al
ettt Hmzh ofgr] o] GN el d@ite] wm3
A LA E AAME Ay rdoz WAtk AOA
Z3A 9 &2 89S A8t @9 0,2 lem, MY A
de 10cm= A3} ALgate] fix|ol] W 3712 why
o] A& vlusty] st 121719 F9 HelA 24zt 100
3] Algdelds Bt 37kA WY 34 oAty uF
ARY, LAREEE HWEHLh oWl GNIRolAM Y] F7e
78S AR 0,8 1HF o)d FAXY e 3
A Atele] Azt lem o7} He= AOE ST

O% 3 AAMe AETt 3L Aol 371 Bl
FoAtel AFEUAE vl Rolw, Hie T8 59 Yo
Ao EERAE $XZ vwd RAejck 27 3ol B
€ 2T} Zo] GN He ARgRIe] X7} (-5, -5), (-5, 5)
A F29 o ek A o § Utk X 1994 GN
o) 40%9] &9 HA 1 £ H5S
I 99 AFAME WA A R AT
Ag & F JoH, olE GNEHol AlAe wx]e] 7
A& oudich A" WHe CFS Wi Blwsly
A-AA 2 Geg YERY, 121709 &9 N
Mo 43 dAE £ o HYTHoZ oF 8% % I
< Bk

a9 4 AN AlgTL Y Bgel F8 R HeA e
37kA) e eAHEREE vehd Aolch 2aleldA|e] =
71E o9& el vlis) CrsHgel 78 29 Ak WA
I G\l QAterAl] Av)e FARIEE ERAIRE At

o

- g
® 6 5 & & 2 & 8 P ¢ @ 5 & 4 8 & 5 P e s ¥ s
$ % & 2 8 5 8 5 0 € * ¥ & B & A B & ¢ &5 &
* & & & 5 & 2 4 & & @ H ® 8 » ¢ P B & ¢ % ¢ 3
LA A L L A ) N * % & B & & B * * ¥
® B 5 2 B 2 2 B N & 1 2 % & & 8 B & & & »
L A e ] - L2 N I AL I I N S Y
A T I L A T R I R I Y
I A R T R T S HEE AN L RN Y I
i LI B N 1 L2 I I O I 2 Y
4 2 & & & 3 2 & F " ° 3 B3 ® ®# B & 5 3 & & 3 0 s
& * & &5 ¥ 2 2 ¥ & 8 & L3 > & & & ¢ 4 5 P T 2 s
O TR I I SRR
(@ 370 A (b 47 A
19 2. A1 HfA).
Fig. 2. Sensor geometry.
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