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Array Antenna Calibration Method with Rectangular Weighting for
High-Resolution DOA Estimation Using SAGE Algorithm
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Fig.1 K-element linear array.
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Fig.4 RMSE vs. DOA of 1st wave (Comparison of
calibration methods, Table 3).
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Fig.7 RMSE vs. DOA of 1st wave with rw =7 ~ 13
in proposed method (angular difference 30°,
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05 0000O00O0O0ODOOO0ODOOO0OOOO0°0

Table 5 Radio environment (DOAs are varied with
angular difference of 10°).
oooo 2
oooo 0, = —80° ~ 70°
02 = 61 + 10°
00 SNR (20dB, 20dB)
001000 200

— rw=7 See-1
—-—-- See-2
——— w/o Cal

——— w=9

——-=rw=11

RMSE of both waves[deg.]

._.
<
S

80 60 40 20 0 20 40 60
DOA of the 1st wave[deg.]
08 D1000000000 RMSEOODOODDO
rw="7~130000010°00 50

Fig.8 RMSE vs. DOA of 1st wave with rw =7 ~ 13
in proposed method (angular difference 10°,

Table 5).

oooooo200000000000000D0AO
oooooooooooooDo0ooooDOD 6000
ooooooooo0o 9ooooooooooono 2



O0O0OSAGEOOOOOOOOOOOOODOODOODOODOODOOOOOOODOODOODODODODODO

06 ODO0OO0OO0O010000000000000
Table 6 Radio environment (DOA of 1st wave is

varied).
oooo 2
goooo 0, = —80° ~ 80°
0> = 30°
00 SNR (20dB, 20dB)
001000 200

102 } : :

—_— w=7 See-1
—-—- See-2

—-—- 1w=11 ——— w/o Cal

——rw=9

RMSE of both waves[deg.]

80 60 40 20 0 20 40 60 80
DOA of the 1st wave[deg.]

09 01000000000 RMSEOOODOOOOO
rw =7~ 13062 = 30°00 60
Fig.9 RMSE vs. DOA of 1st wave with rw =7 ~ 13
in proposed method (62 = 30°, Table 6).

T T

102 T T T T

case 1
——— case2
101 —-—-= case 3 |

—— case 4

RMSE of both waves[deg.]

102 ‘ ‘ ‘ ‘ ‘ ‘
1 3 5 7 9 n 1315

010 rwlORMSEOOOOOOOOO 40
Fig.10 RMSE vs. rw in proposed method (Table 4).

ooooooooooooOooo3coooooooo
ooo0ooooOO0O0oooO00000rw=7~110

gooooooooooooo
ooooo eOoOOO 40000000000

w=1~15000000000000000 100
0000000rw=1500000See-1 00000
oooooDooo0o00o0oDoO00 rw=T7T~11

07 00000200 SNROOOO
Table 7 Radio environment (SNRs of both waves are

varied).
oooo 2
oooo (—5°, 25°) (case 1)
00 1000 200 | (35°, 65°) (case 2)
00 SNR ~10 ~30[dB]
g2000000

102 r .
— —_— W=7 See-1
) ———rw=9 ——- See-2
3 B\ —— tw=ll ——— w/oCal
T 10T PN 13 e
O
>
<
B 0
g 10 _
o ______________________
o
Gy
© oo TR
m 10k
%
102 ‘ ‘ ‘ :

10 50 5 10 15 20 25 30
SNR of both waves[dB]

011 000 SNRO RMSEOOOOOOOOrw =7~
1300 7 0Ocase 10
Fig.11 RMSE vs. SNR of both waves with rw =7 ~
13 in proposed method (Table 7, case 1).

102 . . ;
—_— W=7 See-1
) S ! | ——— rw=9  ——- See2
3 o BN ——m rw=ll ——— wio Cal
7 10
)
>
o
2 0
S 10
9]
)
G
©
m 107§
<
m N B
102 ‘ ‘ ‘ ‘ ‘

20 5 0 s 10 15 20 25 30
SNR of both waves[dB]

0 12 0O0O0O0 SNRO RMSEOOOODOOO
rw =7~ 1300 7 0 case 20
Fig.12 RMSE vs. SNR of both waves with rw =7 ~
13 in proposed method (Table 7, case 2).

gobooooooooooooobooo0o rw=900
gobooooooooooooosbooboooooboo
gooooooooooooobooooooobooo
oooooo 7~1100000000000
5.3 OO SNROOOOOOOOOOO
O700000000SNROOOOODOOOO

309



00000000000 2010/2 Vol. J93-B No. 2

goooooooooooooboooooooboo
0000000D0000000 200 (case 1~ 2)
000000 2000000 30000000000
0000w=7~13000000000000 110
0120000

obooooooobooooooooobocooood
rw=9000000000000000000000
OO0 SNROODOOOOOOOODODOOOOODOO
goboooooooooooooOoob0oO0 rw=90
gooooooooooo

6. JOOOOO

goooooooboOooobobOoOOoOoosooon
O00000o0o000ooo0O0ooUOOdOSAGEDOO
0000000 o0oo0oo0o0o00o0oooooMUSIC
O ESPRITOO0OODOOOO[JO00DDOOOO
gooooooooooooobooOooooobooo
000o00Oo0ooo3e0°00o0ooooooooo
gboooooooooobooooboooobobooooboo
oooooooooooooooooooobooboo
gooooooooooooooooooooDooDo
000oooopooooOo SAGEODOOOOOOOoo
O0O0O0O0O0OOSAGEDOOOOOO E-stepO 10
gooooooooooooool1ooo0o00000
goooooooooooboobobooboooooo1oo
goocooooocoooooboooooboboooboo
MUSICO ESPRITOODOOOODOOODOOOOO
gooooooooooooobooOooooobooo
ooooooboo

oooooooooooooooboooooooo
0000000 20000000000000 LAN
goooooooooooooooooooDooobooo
gooooooooooooobooooooobod
gooooooooooooobooOoooooobooo
goooooooooooooboooooooobooboo
goooooooooooooboooooooboo
goooooooooooooboooooooboo
0000oo0ooooooooMUSICO ESPRITO
ooooooooooooobooobooo

7. 0 0O O

oooooooooooooooboooooooo
goooooooooooooboOooooooboo
00000000000 SAGEODOODOoOoOoOoO

310

go0o0o0o0OobOO0o0obOOo0obOoooOobooobDoo
OSAGEOODODOO0ODOODOO0OO0ODOOOOOO0n
odoooooooooooboooooooooa
ooooooo
J0doooOo0000oooo0oooo 20000
00000o0oou0oD2000000000 SNROO
gooopooobobobbObOOoOooooooooooo
gobooobobooobOoobooboobooboo
goooooobOoobD rwODOODOO «OD00ODO
0g00O0DO00DbOo0bOOb0O00OwO «O00000O
Ood0oooooooooooooboooooooa
godooooooooooooobooooobooa

Oooddoooooooooooooooooono

Oo0d000o0odooooooooooooobooa
gobooobobooobooboobooboooboo
gobooboboooboobooooboooboo
00000o0000SAGEOOOOOODOOOOOg
goooobOo0oboobbOoobooboboboo
goo0Oopoooooooo

0 O

[1] OO00OO000O00O0D00D00000D000000O2003.

[2] ODOOOO«C0000000000OO0O0OO0OOO0OO0
00000000 000ooo0o0ooooooo 3300
pp.77-84, 2006.

[3] P.J. Chung and J.F. Bohmex, “DOA estimation us-
ing fast EM and SAGE algorithms,” Signal Process.,
vol.82, pp.1753-1762, Nov. 2002.

[4) DODOOO«C00000O0ODOOO0OO0O0OOO0OO0O0O0
0000000000 0oO000A-P2002-218, March
2003.

[5] Y. Wang and S. Xu, “Mutual coupling calibra-
tion of DBF array with combined optimization
method,” IEEE Trans. Antennas Propag., vol.51,
no.10, pp.2947-2952, Oct. 2003.

[6] C.M.S. See, “Sensor array calibration in the pres-
ence of mutual coupling and unknown sensor gains
and phases,” Electron. Lett., vol.30, no.5, pp.373—
374, March 1994.

[7] C.M.S. See and B.K. Poh, “Parametric sensor array
calibration using measured steering vectors of uncer-
tain locations,” IEEE Trans. Signal Process., vol.47,
no.4, pp.1133-1137, April 1999.

[8] N. Inagaki, “An improved cirtuit theory of a mul-
tielement antenna,” IEEE Trans. Antennas Propag.,
vol.AP-17, no.2, pp.120-124, March 1969.

[9] P. Stoica, E.G. Larsson, and A.B. Gershman, “The
stochastic CRB for array processing: A textbook
derivation,” IEEE Signal Process. Lett., vol.8, no.5,
pp.148-150, May 2001.

Oo0o0 210 50 27000090 2100000



OO0O0SAGEOOOOO0OOO0O0OOO0O0OO0OO0O0OO0O0O0O000O0O000OOO0O0DOOO0ODOOO0O0O

oo 00 0Oo0OoOoo

O190000000000000 210
o0o0o00o00000o0000o000o00
go0oo0oooooooooooooo
ooooooooooooooooood
ooooooooon

oo 00 oOoodd

0Os5700000000000 62000
0o0ooDoO0o0oooooooon 630
000000 200000 4000000
13000000000000000000
ooo0ooooooooooooooooo
O0o0oo0o0oo0oo0oo00 400000
goo0oDo000O000000D0O0O00O0O0000000D0
00000000000000000IEEEOOOOOO

od O 0000

Oilo000000000b000o0o00
12000000000000 15000
o0ooo0o0oo00o0oO0oo0ooOoo0o0ooo
go0ooO0oooooooooooooo
O000000O000IEEEODOO

goooo oooo

030000000000000 800
- goooooooooooooboooooo

.\ oooobO0o0o 40000000 i1e00
oo0o0oo0o0o0o0000 12~130000
O0oo0oo0o0o0o0oo0ooO0o0oooo
0000000000000 dOOIEEE

oooooo

311



