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PHUONG PHAP 2D-DOA CAC TIN HIEU TUONG QUAN
SU DUNG MANG ANG TEN HINH CHU L

PROPOSAL OF A METHOD 2D-DOA FOR CORRELATED SOURCES USING L SHAPE ANTENNA ARRAY

TOM TAT

Bai béo trinh bay mét phirong phap dinh hudng dong thai ca gdc ngang va
g6c phuong vi (2D-DOA) céc tin hiéu twong quan st dung mang ang ten hinh chi?
L v6i ngudn nhiéu ¢d ma tran hiép phuong sai dang Toepltiz d6i xing. Phuong
phap ndy &p dung cho cAc tin hiéu c6 SNR nhd véi s méu tin hiéu it bang cach si
dung ma tran chuyén doi dé bién doi ma trén hiép phuong sai tin hiéu thu duoc
thanh ma tran hiép phuong sai méi nham loai bd céc thanh phan nhiéu. Trong
d6, st dung thuat toan PM cho phép giam dang ké do phic tap tinh toan vi
khdng can khai trién gia tri riéng. Céc két qua duoc kiém thik, dénh gia va so sanh
voi thuat toan MUSIC thdng qua md phdng trén phan mém Matlab.

Tir khda; Dan dng ten chir L, PM, Toeplitz.

ABSTRACT

This article presents a method for identifying direction of arrival angle both
the elevation angle and the azimuth (2D-DOA) of correlated sources based on L
shape antenna array when the noise model has the symmetric Toeplitz
covariance matrix. This method applies for the small SNR signals with a few
snapshots by using a transformation matrix to transform into a new covariance
matrix to eliminate noise components. In particular, the use of the PM algorithm
allows to greatly reduce the computational complexity because there is no Eigen
Value Decomposition. The results are tested, evaluated and compared with the
MUSIC algorithm through simulation on the Matlab software.

Keywords: L shape antenna array, PM, Toeplitz.
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1.GIOI THIEU

Bai todn xac dinh hudng séng tdi da va dang dugc
nhiéu nha khoa hoc trong nuéc va trén thé gi¢i quan tam
v6i hai huéng chinh la xay dyng cau tric mang ang ten va
str dung cac phuong xt ly tin hiéu mang ang ten. Cac thuat
toan ph6 bién nhat dwvoc biét dén nhu thuat toan ESPRIT
(Estimation of Signal Parameters via Rotational Invariance
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Techniques), thuat todn MUSIC (MUItiple Signal Classification),
phuong phap Matrix Pencil, thuat toan PM (Propagation
Method), phuvong phap nira bat bién bac cao va cac thuat
toan cdi tién khac. Nhuwgc diém chll yéu cla cac thuat toan
va phuong phap trén la chat lvgng bi suy giam manh khi
cac ngudn tin hiéu cé sy twong quan Ian nhau. Dé giai
quyét van dé nay, ky thuat lam min khdng gian SS (Spatial
Smoothing) [1-5] duoc két hop véi cac thuat toan khac
nhu MUSIC, ESPRIT. Mdc du cho phép dinh huéng céc
ngudn tin hiéu twong quan c6 két qua kha tét nhwng do
phtrc tap tinh todn I&¢n. Bén canh do, thuat todn PM [9-10]
c6 do phtic tap tinh toan thap do khong can khai trién gia
tri riéng EVD (Eigen Value Decomposition) ma tran hiép
phurong sai nhung chi hiéu qua d6i véi cac ngudn tin hiéu
khéng twong quan 1an nhau va can st dung s8 lvgng 16n
mau tin hiéu. Cac phwong phap Matrix Pencil [6-7], TLS
(Total-Least-Square) [8] c6 thé sir dung mot mau tin hiéu,
tuy nhién, do chinh xac thap va chi xac dinh géc phuong
vi trong diéu kién nhiéu c6 phan bd Gaussian. Trong diéu
kién cac tin hiéu téi twong quan va ngudn nhiéu khéng
con phan bé Gaussian thi cac phwvong phap néu trén con
nhiéu van dé can phai giai quyét vi chat lvgng dinh hudng
gidm dang ké hoac that bai. Chinh vi vay, bai bao nay dé
xudt mét phuong phap 2D-DOA véi cdu tric mang ang
ten dang chi¥ L cho phép khéc phuc cac han ché trén ngay
ca khi gia tri SNR nhé véi dang ngudn nhiéu dién hinh Ia
nhiéu mau véi ma tran hiép phrong sai ¢6 dang Toeplitz
déi xtrng (trudng nhiéu xung quanh cac phan tir ang ten
¢6 dang dang huéng hinh tru hodc hinh cau [11-12]).
2. XAY DUNG MO HINH MANG ANG TEN DANG CHU L
Mang ang ten chi L dwvoc biéu dién trén hinh 1 gém hai
dan dng ten ULA (Uniform....) ddt vuéng géc nhau tai goc
toa do O. Piém O dwgc dinh nghia la phan tir tham chiéu
chung. S8 lwong cac phan tir trén moi dan &ng ten co thé
khac nhau, tuy nhién, s6 phan t&r ang ten quyét dinh dén s6
lvgng t6i da cac ngudn tin hiéu tdi ¢ thé dinh hudng duoc.
Vi vay, sO phan tir dng ten trén hai dan ang ten ULA dugc
Ia chon bang nhau (gdm M phan t&). Cac phan tir &ng ten
dugc bd tri cach déu nhau mdt khoang cach d cé gia tri
bang nira budc séng (M2).
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3. XAY DUNG MO HINH TiN HIEU VA GIAI BAI TOAN
BINH HUVONG

Cac ky hiéu vé bién d6i ma tran c6 y nghia nhuw sau: ()"
la phép chuyén vi, ()" 1a phép chuyén dai lién hop phrc, ()*
la lién hgp phtc.

Gia str c6 p nguodn tin hiéu S(t) = [s,(t) Sy(t) ... s,(t)]" toi
dan dng ten ciing mot thoi diém. Véc to tin hiéu thu duoc
b&i dan ang ten ULA trén truc z c6 dang nhu sau:

Z(t) = A(B)S(t) + Ny(t) 1)

Vi A(8) la véc to chi phrong, N,(t) véc to nhiéu tai mau
thet(t=1,2, ..., L)

A®)=[a(6,) a@,) ... a(6,)] 2

Trong do, véc to chi phuong d6i véi ngudn tin hiéu i
c6 dang:

~ZRdcos(h) -i22Tdcostd)  —i(M)Zcos(b;)
A e A ..e A

a(0,)=|1e 3)
Ma tran hiép phwong sai R, thu dugc:
R,=E[Z(t)Z"(t)] = AB)SA(B)"+ Q, (4)
Trong d6, S = E(S(t)S(t)™) 1a ma tran hiép phrong sai clia
nguon tin hiéu c6 kich thuwéc la: p x p, Q, cé kich thwéc M x
M la ma tran hiép phuong sai ctia nhiéu véi gia thiét co
dang Toeplitz d8i x(ng. V&i L s6 mau tin hiéu, ma tran hiép
phuong sai thu dugce ¢6 dang:

R, =22, 202t ©)
Goi J la ma tran chuyén doi co gia tri bang 1 trén duong
chéo va bang 0 & cac gia tri con lai.
0 0 1
J=[0 .. 0 (6)
1 00

pat Z, =JZ,. Khi d6, ma tran hiép phuong sai R,thu
duwgc co dang:
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R, =E[Z,Z}]=J[AB)SA®)" |*1+IQ;J @)

Bang céach ldy R, trr R, thu dugc ma tran hiép phuong
sai moi AR,
AR, =R, -R, g
— AB)SA®)" +Qz - A®)SA@) |+ 3+ ©)

Vi Q, la ma tran Toeplitz ddi xing nén Q,', Q," va JQ,J
cling la ma tran Toeplitz d6i xing va JQ,"J = (JQ,J)'=Q, do
do6 thu duoc:

Q,=JQ,J=JQ,J ©)

Thuc hién bién déi AR, ta dugc két qua nhu sau:

AR, = A()SA(0)" - J[ A(B)SA(0)" |*J (10)

Nhan thdy, ma tran hiép phuong sai ctia nhiéu Q, trong
phuong trinh (10) da bi loai bé hoan toan va AR, c6 bac day
da khi cac nguodn tin hiéu twvong quan theo cdp hodc twong
guan hoan toan. Mat khac, AR, ¢6 p gia tri riéng khéac khdng
nén s6 phan tr ang ten M chi can théa méan diéu kién M > p.
Ngoai ra, cac ngudn tin hiéu tdi ¢ thé tvong quan theo cap
nén s6 phan ti cling phai théa mdn M < 2p. Nhu vay, diéu
kién s6 phan t& ang ten sir dung phai dap tngla: p<M < 2p.

Ap dung thuat toan PM d6i v&i AR, phé cong suét
Po(6) dugc biéu dién nhu sau:

1 1

P.u(6)= =

l® [Esa(e)”  a(6)E.Ezal0)

(11)

O day, E, 1a ma tran nhiéu c6 kich thuéc M x (M — p) dwoc
xac dinh theo thuéat toan PM.

Da6i v6i dan dng ten ULA trén truc x, véc to tin hiéu cé
dang nhu sau:

X(t) = A®,$)S(t) +N, (t) (12)

Trong do: A(é,q)) la véc to chi phrong véi géc ngang 0
da tim duoc, N,(t) véc to nhiéu taimau thir t (t=1,2, ..., L).

AD.9)=[ a(0,,6,)a(0;.,)... a8, .9,)] (13)

Trong dé, véc to chi phwong d6i véi ngudn tin hiéu i
c6 dang:

a(0,,9,) =

21 . 21
1 e—JTdsm(Ol)cos(dq) e—JZTdsm(Ol)cos((ti) (14)

.
(W) ZZdsin(8, )cosi(d)
e A

Tuwong ty nhu trén, ma tran hiép phwong sai dugc xay
dung lai nhu sau:

AR, = AD,0)SA(0,0)" +I[ AD,4)SA(®,¢)" |*J (15)

Ciing ap dung thuat toan PM déi AR,, phé cong suét
PPM(é,cb) dugc xac dinh theo cng thirc sau:

P (0,0) = ———— = L
e EQa(é,cp)HZ a(0,0)"E,E/a(6,4)

(16)
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CAE,, E, la ma tran nhiéu c6 kich thuéc M x (M - p) dugc
xac dinh theo thuéat toan PM.

Nhan thdy, viéc xac dinh E, va E, khdng can phai thuc hién
trai khién gia tri riéng nhu thuat toan MUSIC nén do phrc tap
tinh toan clia phuong phap nay da gidm di dang ké.

4. MO PHONG VA DANH GIA

Pé kiém ching cac phan tich ly thuyét, bai bao thuc
hién mo6 phdng trén phan mém Matlab véi cac buéc thuc
hién nhuv sau:

Buwoc 1. Thiét Iap cac tham s6 vé dan ang ten bao gom:
s6 phan tt, khodng cach gilra cac phan tt.

Buwadc 2: Thiét l1ap cac tham s6 vé nguon tin hiéu téi bao
gom: s6 nguon tin hiéu, budc séng cac ngudn tin hiéu tdi,
s6 mau tin hiéu.

Budc 3: Xay dung cac ma tran tin hiéu va ma tran hiép
phuong sai AR,.

Budc 4: Ap dung thuat toan PM dé tinh toan phé cong
suat va xac dinh géc ngang 6.

Budc 5: Xay dung cac ma tran tin hiéu va ma tran hiép
phuong sai AR, véi géc ngang 0 thu duoc.

Budc 6: Ap dung thuat toan PM dé tinh toan phd céng
sudt va xac dinh géc phuwong vi ¢.

Céac tham s6 dau vao dugc trinh bay trong bang 1.

Bang 1. Bang tham s6 md phdng véi dan dng ten chir L

Tham s6 Gia tri Ynghla
P 6 56 lvong ngudn tin hiéu toi
L 100 S6 mAu tin hiéu
A 1 Bur6c séng cac ngudn tin hiéu toi
M 9 56 phan tl ang ten trén tryc zvax
d M2 Khodng cch giita c4c phan it dng ten
SAR -15dB Ti s6 tin hiéu trén tap &m

Gid thiét c6 su nguodn tin hiéu téi twong quan s, s, ...,
Sg VOI cac goéc lan luot twong ng la [(12° 10°), (65° 65°),
(20°, 85°), (75°, 30°), (125°, 90°), (95°, 150%)] trong dé s, = s,,
S3 = S, S5 = Se. Ngubn nhiéu ¢6 ma tran hiép phrong sai
twong (’ng vGi truc z va truc x la;

Q,=Toeplitz([10,950,90,85 0,8 0,750,7 0,65 0,6]) (17)

Q, =Toeplitz([10,90,80,70,6 0,504 0,30,2]) (18)

Trong d6, hang va cot thé nhat ctia Q, co6 gia tri la
[10,950,90,850,8 0,75 0,7 0,65 0,6]; hang va cot thi nhat
cliaQ,cogiatrila[109080,70605040,30,2].

Céac két qua mo6 phéng nhw hinh 2 + 5,

Hinh 2 + 5 biéu dién két qua mé phong cltia phuong
phap d& xuét va thuat toan MUSIC v6i L = 500 mau. R3 rang
rang, thuat toan MUSIC mac du st dung s luong 1én mau
tin hiéu nhitng da that bai hoan toan, trong khi phuong
phap dé xuét chi can L = 100 mau nhung van cho phép xac
dinh thanh céng c4 sau goc t¢i véi do chinh xac va phén
gidi cao.

-50

-100

-1580

Phd cong suét chudn hoa (dB)

200 -
-250 ') U K_) 4
a0 | AN N ]
-350 + 5 L 4 - - . +

u] 20 40 B0 80 100 120 140 160 180

Géc ngang (da)
Hinh 2. Két qua dinh hrdng géc ngang sau ngubn tin hidu t6i twong quan
hoan toan tai ba géc lan lwot la [(12°, 10°), (65°, 65°), (20°, 85°), (75°, 30°),
(125°,90°), (95°, 150°)] v6i phuong phap d@ xuat

Phd céing suét chudn hoa (dB)

-45

0 2113 4ll] S.D BIEI TU‘D 1 2‘0 1 t;El 1 E:D 180
Géc ngang (da)
Hinh 3. Két qua dinh hudng géc ngang sau ngubn tin hidu t6i twong quan
hoan toan tai ba géc lan luot la [(12°, 10°), (65°, 65°), (20°, 85°), (75°, 30°),
(125°,90°), (95°, 150°)] véi thuat toan MUSIC

0

50
-100
150 F
-200 F

P |

-300

Phd céng sut chuan hoa (dB)

0 2AD 46 Bl.‘.l 81.3 10.0 1 2‘0 1 ;D 16‘0 180
Goc phuong vi (dd)
Hinh 4. Két qua dinh huéng géc phuong vi sdu ngudn tin hiéu téi trong
quan hoan toan tai ba gdc Ian lugt a [(12°, 10°), (65°, 65°), (20°, 85°), (75°, 30°),
(125°,90°), (95°, 150°)] v6i phuong phap d@ xuat

S650.2019 e Tap chi KHOA HOC & CONG NGHE | 43



CONG NGHE

[7]. C. K. E. Lua, 2003. Minimum norm mutual coupling compensation with
applications in Matrix Pencil direction of arrival estimation. Ph.D. dissertation,
University of Toronto.

[8]. N. Tayem, M. Naraghi-Pour, 2016. A Fast Algorithm for Direction of
Arrival Estimation in Multipath Environments. Wireless Sensing and Processing I,
Vol. 6577 65770B-1.

[9]. Z. Xiaofei, L. Jianfeng, X. Lingyun, 2011. Novel two-dimensional DOA
estimation with L-shaped array. Journal on Advances in Signal Processing.

[10]. J. Chen, Y. Wu, H. Cao, H. Wang, 2011. Fast Algorithm for DOA
Estimation with Partial Covariance Matrix and without Eigendecomposition.
Journal of Signal and Information Processing, 266-269.

[11]. Pasad S., Williams R.T., Mahalanabis AK., Sibul LH, 1988. A
transform-based covariance differencing approach for some classes of parameter

L : : . t : . : estimation problems. IEEE Trans., ASSP-36,(5), pp. 631-641.
0 20 40 60 80 100 120 140 160 180

Géc phirong vi (d6) [12]. Talham R. J., 1981. Noise correlation functions for anisotropic noise field.
J. Acoustic. Soc. Amer., Vol. 69, pp. 213-215.

Phé céng sut chun hoa (dB)

20r

-25

Hinh 5. Két qua dinh huéng géc phuong vi sdu ngudn tin hiéu téi trong
quan hoan toan tai ba gdc lan lugt a [(12°, 10°), (65°, 65°), (20°, 85°), (75°, 30°),
(125°,90°), (95°, 150°)] voi thuat toan MUSIC
5. KETLUAN

Bai bao da dé xuat mot phuong phap 2D-DOA st dung
dan ang ten dang chii L d6i véi cac tin hiéu téi twong
quan theo cap trong diéu kién nhiéu c6 ma tran hiép
phuong sai dang Toeplitz déi xiing. Phvong phap dé xuat
sir dung ma trdn chuyén doi dé bién d6i ma tran hiép
phuong sai tin hiéu thu dwgce thanh ma trén hiép phuong
sai méi va st dung thuat toan PM dé xac dinh géc téi. Cac
két qua thu dugc cho thdy, dd phirc tap tinh todn da giam
di dang ke so véi thuat toan MUSIC trong khi chi st dung
it phan tlr ang ten (p < M < 2p). Ngoai ra, dé xuat phu hop
vGi cac iing dung véi cac tin hiéu ¢6 SNR nhé va st dung it
mau tin hiéu.

TAI LIEU THAM KHAO

[1]. T.J. Shan, M. Wax, T. Kailath, 1985. On spatial smoothing for estimate of
coherent signals. EEE Trans. Acoustic, Speech, Signal Processing, vol. 37, pp. 806-
811,

[2]. T.J. Shan, M. Wax, T. Kailath, 1985. On spatial smoothing for direction-
of-arrival estimation of coherent signals. IEEE Trans. Acoust.,Speech Signal
Processing, vol. ASSP-33, pp. 806-811.

[3]. T. Wiliams, S. Prasad, A. K. Mahalanabis, L. H. Sibul, 1989. An Improved
Spatial Smoothing Technique for Bearing Estimation in a Multipath Environment.
|EEE Transactions on Acoustics, Speech, Signal Processing, 1988.

[4]. S. U. Pillai, B. H. Kwon, 1989. Forward/backward spatial smoothing
techniques for coherent signal identification. IEEE Trans. Acoustic, Speech, Signal
Processing, vol. 37, pp. 8-15.

[5]. S. Jeng and H. Lin, G. Okamoto, G. Xu, W.J. Vogel., 1997. Multi-Path
Direction Finding with Subspace Smoothing. IEEE Transactions on ASSP, Volume 5,
Issue 21-24, pp. 3485—-3488.

[6]. Y. Hua, T. K. Sarkar, 1990. Matrix pencil method for estimating
parameters of exponentially damped/undamped sinusoids in noise. IEEE
Transactions on Acoustics, Speech, and Signal Processing, vol.38, pp. 814-824.

44 | Tap chi KHOA HOC & CONG NGHE @ S6 50.2019





