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Bai bao nghién cuu viéc ap dung thuat toan CBSL (Combine Filter - Broadband -
Simultaneous Orthogonal Matching Pursuit - Least Squares) cho bai toan dinh hudng tin
hiéu (DOA) trong s6 na thu dong sir dung méang ang ten 16ng ghép (Nested). Thudt toan nay
két hop biéu dién thua va loc rang lugc thich nghi, dugc nhom tac gia dé xuét trude do. Bai
b4o tap trung phan tich mé hinh tin hiéu cho méang Nested va danh gia hiéu sudt cua
phuong phéap d& xuit thong qua mé phong. Két qua chi ra ring phuong phép nay cai thién
d6 phan giai phd, giam sb lwong dinh phu va nang cao do chinh xac dinh huéng, dong thoi
phuong phap wdc luong DOA st dung thuét toan CBSL cho mang Nested wu diém hon so
v6i phuong phap truyén thong sir dung mang thang cach déu (ULA) vé sb lugng ngudn tin
hiéu khi c6 ciing s6 lwong cam bién vat 1y véi mang ULA.

Tir khoa: S6 na; nested; thu dong; dinh huong; thua.

1. Diit van dé

Trong hé théng s6 na thu dong, xac dinh hudng tin hiéu dén (Direction of Arrival -
DOA) dong vai trd quan trong trong cac rng dung quan sy, an ninh, giam sat moi truong
va canh bao. Tuy nhién, bai toan DOA d6i mit v6i nhiéu thach thirc do nhifu, phan xa,
phan tan tin hiéu va yéu té moi truong, 1am giam d6 chinh x4c ctia cac phuong phéap dinh
hudng truyén thong. Mot trong nhitng giai phap phd bién nhit dé giai quyét bai toan
DOA 1 sir dung wru diém vuot troi ciia loai mang ang ten. Cac mang ang ten gitip thu tin
hiéu tir nhiéu cam bién khac nhau, tir 46 s dung cac ky thuat xur 1y tin hiéu dé wdc
lwong DOA ctia cac ngudn tin hiéu.

Chung ta da biét rang, trong mot mang thang cach déu (ULA) v6i N cam bién c6
thé phat hién t6i da téi N-1 ngudn tin hiéu. Néu can phat hién nhiéu ngudén hon, nhirng
phurong phap nay yéu cau nhiéu cam bién hon, din dén tiang chi phi phan cting va ganh
ning tinh toan. Noi cach khac, ddi voi cac phuong phap ude lugng DOA truyén théng
tap trung vao mang hinh hoc ULA, s ngudn tin hiéu ma hé théng c6 thé phat hién bj
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han ché bai s6 luong cam bién trong mang. Cac mang thua c6 thé ting s ngudn, diéu
ndy da thu hit sy chd y clia nhiéu nha nghién ctu trong [1], [2]. Gan ddy, cdc mang
10ng ghép (Nested) [3], [4] di dugc nghién ctru. Ca hai loai mang déu c6 hinh hoc thua.
Mang Nested bao gdm mdt cip ULA ndi tiép nhau.

Trong nhirng nim gan ddy, cic phuwong phap udc luong huéng dén cho mang
Nested dd dugc phat trién nham giai quyét cac vin dé vé phan tan goc va tuong tac giira
cac cam bién. Ban dau, cac giai phap dua trén mang hiéu (difference co-array) két hop
v6i bd loc va xdp xi hang thip c6 ciu trac (SLRA) dé cai thién do phan giai [5].
Tuy nhién, phuong phap niay van con han ché do khong thé loai bo hoan toan anh hudng
cua sy ghép ndi gilra cdc cam bién. Dé khic phuc han ché d6, mot bude tién duoc thuc
hién bang cach két hgp mang Nested thua véi mang nguyén té dong dang, st dung céac
k¥ thuat nhu SS-MUSIC, ANM-GL va DFT-OC nhiam giam thiéu tac dong ctia ghép
ndi va tang khéau d6 ao [6]. Mdc du giam dugc dd phuc tap tinh todn, nhung cac phuong
phap nay van chua dat hidu suat tdi uu trong moi truong c¢6 yéu cau chinh xéc cao.

Céc hudng nghién ciru tiép theo nhu xay dung ho céu hinh mang Nested tong quat
(GNA) két hop v6i cam bién nén (CS) [7] va Gng dung mang cam bién vecto 4m thanh
(AVS) véi quaternion thong qua ANQ-MUSIC (QDCA) [8] d4 nd luc can bang giita d6
chinh xac va chi phi tinh toan. Tuy nhién, trong diéu kién thuc té voi cac nguén tin hiéu
c6 do twong quan cao, hiéu suat cia cac giai phap ndy van con han ché.

Céc cai tién gan day nhu mang Nested thua song song kép (DS-PNA) cho udc
luong DOA hai chiéu [9], cac ciu tric RSNA-I/II cho tin hiéu khéng tron [10] va mang
Nested ba chiéu [11] dd giup giam tuong tac giita cam bién, nhung van gip kho khin
trong viéc xtr 1y cac ngudn tin hidu phic tap. Bén canh do, cic cdu tric ning cao nhu
EEAS-NA-CPA [12] va mang Nested mo rong thua (SENA) cho thay tiém ning ting
khau d6 va sb ngudn phat hién, nhung van dé sai sé ghép ndi van ton tai [13].

Trong [14], nhém tac gia dé xuat mot giai phap dinh hudng 1a sy két hop gitra thuat
toan CBSL ban chit 1a su két hop giita biéu dién thua va bo loc ring lugc thich nghi va
mang ULA. Trong bai bdo nay, nhém tac gid s€ ap dung phuong phdp d6 cho mang
Nested v6i muc tiéu 13 cai thién hiéu suét dinh hudng trong cac tinh huéng phuc tap, dac
biét 14 khi ap dung cho cac muc tidu bién cé chan vit, von 1a ngudn tin hiéu c6 do twong
quan cao. Thong qua cac két qua mo phong, nghién ctru ndy danh gia hiéu qua cta thuat
toan CBSL khi 4p dung cho mang Nested. Cac két qua cho thdy, thuét toan nay khong chi
giam thiéu sai s6 dinh huéng ma con cai thién do phan giai phd va giam sb lwong dinh
phu, kha ning phat hién t6t ngudn tuong quan va ting sd luong ngudn phat hién (so voi
cac giai phap truyén théng ap dung cho mang ULA c6 cing sb cam bién).
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Trén co cac phén tich d6, phan con lai cta bai bao duoc td chirc nhur sau: Phan 2
md hinh dir liéu s& phan tich vé mé hinh toan hoc cua dit liéu thu trén co so hé thong
mang ang ten Nested; Phan 3 trinh bay vé md hinh tiéng 6n tir cac muyc tiéu bién co
chan vit; Phan 4 mo ta Thuat toan CBSL; Phan 5 két qua mo phong va thao luan; Cubi
cung 1a Phan 6 két luan.

Ky hiéu: Céc ky tuy in ddm chir thuong, chit hoa dugc sir dung dé dai dién cho céc
vecto (ma tran).
2. M6 hinh dir liéu mang Nested

Trong phan nay, mé hinh tin hiéu ctia mang Nested tong quat dugc gidi thidu, két
hop v6i cau tric mang bao gdm mang vat 1y va mang ULA ao.
2.1. Mang vt ly

Céu hinh cta mang Nested tong quat dugc minh hoa trong Hinh 1, gia sir 0, 1a
hudng dén DOA cua ngudn thir k. Mang Nested tong quat bao gdbm hai mang ULA ndi
tiép nhau: Mang ULA tha nhat c6 M, cam bién v6i khoang cach giita cac phan tir 1
d =oal/2. Mang ULA thtr hai c6 M, cam bién v6i khoang cach giira cdc phan tir la
(M1 + 1)05/1 /2. Khoang céch gitra hai mang ULA 1a d =aA /2, trong d6 A 1a budc séng

cua song mang, a lah¢ sotile o >0.

(M1+1)d
) ) >
N N/
2 M2 X
MANG ULA 1 MANG ULA 2

Hinh 1. Céu hinh mang Nested.
Gia sir c6 K ngudn biang hep khong twong quan tir viing xa tac dong dén mang
tuyén tinh, tin hiéu thu duoc duogc biéu dién nhu sau:

x(7)=As(t)+n(7), (1)
trong d6: A - ma trdn hu6ng (steering matrix); s(¢)=[s, (¢),s,(¢),....s, (¢)]" - vecto tin
hiéu; n(¢) - nhi€u Gauss cong c6 ky vong bang 0 va phuong sai o,>. Trong méng
Nested, ma tran huéng A duogc biéu dién nhu sau:
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A
A=, (2)
AZ
v6i A, va A, lan luot 1a cic ma tran con tuong ting v6éi ULA thir nhat va ULA thir hai.
A, =[2,(60).2,(0,).....a,(6;)], (3)
trong do, a, (6, ) - vecto huéng cua ngudn thtr £ d6i véi ULA thtr nhét:
0 ‘(M 1) ing 4
— joursi —Jj(M—1ljamsin
al(Qk)z[l,e Jomsm6 o ’f} : (4)
Az=[a2(91),a2(92),...,a2(9,<)], (5)

trong do, a, (6, ) - vecto huéng cta ngudn thir k doi véi ULA thir hai:

(6)

, T
| —jMansing, —j(M+])arsing, —Jj(M+M,—l)arsing,
32(9]{)—[6 1 ke (M) yeens@ ( ) .

Két qua, ma tran huéng cua mang Nested dugc bi€u dién nhu sau:

I(a(6) a (6,)
A= , , X (7)
a, (6,) a, (6,)
2.2. Xdy dung mdang ULA do tir mdang Nested (Virtual ULA)
Tir tin hi¢u thu dugc x(¢) trong (1), ma trén hiép phuong sai dugc tinh nhu sau:
R=E|x(1)x" (1) |= ARgA" 471, ®)
v6i o la cong suat nhiéu. Sau khi vecto héa R, ta co:
vec(R)=Bp+e,, 9)
trong d6, p=[o.,0%,...,0.]" - cong suat tin hidu clia cic nguon tir 1 dén K,
e,=[e] .e;.....e} ., 1" 1a nhiéu. D& md ta ma trin huéng B, sir dung tich Kronecker
gitra vecto hudng ctia mang vat Iy va phép bién ddi lién hop ctia nd. Cu thé, ta co:
b(0,)=a,®a,, k=1,2,... K. (10)
b(6,) - vecto huéng twong tmg v6i ngudn thi k trong ma tran B. Véi cach bicu dién
nay, B dai dién cho mang ULA do dugc tao ra tu tich Kronecker cua vecto huéng cua
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méng vat 1y va phép bién d6i lién hop ciia nd.
Mang ULA 4o ctia mang tuyén tinh c6 cac vi tri phan tir dugc biéu dién nhu sau:
P={p=p,—p,| p.p,€P}, (11)
trong d6, P 1a tap hop céc vi tri ciia cam bién vat 1y.

Theo cac phuong trinh (4), (6), (7), vi tri vat Iy cta cac cam bién trong mang
Nested duge biéu dién nhu sau:

P'={amA/2Im=0,1,....M, -1}
u{an/l/zln:M]+0(M]+1),M1+1(M]+1),...,M]+(M2—1)(M1+1)} (12
Nhu d3 biét, vi tri cia mang ULA 4o trong mang Nested thong thuong véi o =1
duoc cho bdi [18].
P, = {mA/2lm=—(M,(M,+1)-1),~(M, (M, +1)-2),..., 03
0,....M, (M, +1)-1}

Theo cac phuong trinh (11)-(13), ¢ thé suy ra rang cac vi tri ciia mang ULA 4o
trong mang Nested duoc biéu dién nhu sau:

P, ={amﬂ,/2 lm=—(M, (M, +1)-1),—(M, (M, +1)-2),...,0,....M, (M, +1)-1] } (14)

Diéu ndy tuong tng véi mot mang ULA, trong d6 khoang cach gitra cac phan tir
lién tiép 16n hon mot hé sd a so voi ULA thong thudng. Nhin chung, viée wdc lugng
huéng dén DOA sir dung mang Nested c6 thé duogc chuyén d6i thanh wdc lugng véi
méang ULA theo phuong trinh (9). Hinh 2 minh hoa ciu trtic hinh hoc ciia mang ULA ao

cua mang Nested.

ylk

Ok

[
>

oMy (M) +1)-1)d ot n2d o oM My - 1)-D)d <

Hinh 2. Cau triic hinh hoc ciia mang ULA do trong mang Nested, trong d6 d = A/2.
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3. M6 hinh tin hi¢u tiéng on ctia cac muc tiéu bién c6 chan vit
Phé tan s6 do tdc d6 quay canh quat chan vit, gay ra boi su va ddp cla canh quat
chan vit va sy tiép xtic ctia canh quat, c6 cac thanh phan pho roi rac. Tan s cua dy céac
thanh phan tan sé cta canh quat duoc cho boi cong thic:
|, =mxsxn, (15)
trong do: f - tan sb (Hz) ctia hai bac m trong diy tan s clia canh quat cta chan vit; s - s6

canh quat trén chan vit; n - toc d6 quay ctia chan vit, tinh bing sb vong quay mdi gidy.

=7 =1
e ] <
w0 [ =
= ! —
o 1 S
= 1 i
i 1 o
1
1l
10 100 1.000 10 100 1.000
Tan so6, Hz Tan so, Hz
a) Toc do thap b) Toc dd cao

Hinh 3. Biéu do phé ciia tiéng on tu ngam 6 hai toc dé khdac nhau.

Phd tan s6 do tbc do canh quat cua chin vit chiém wu thé trong ving tan sb tir
1 Hz d&n 100 Hz cua biéu do phd tiéng on tau ngam (Hinh 3) va thudng dugc sir dung
bdi hé théng s6 na dé uée lugng va nhan dang muc ti€u. M6 hinh toan hoc cua tin hi¢u

tiéng On tir muc tiéu bién c6 chan vit trén mién thoi gian c¢6 dang:
s(t)=sp(t)+s.()+n(t)=s, (t)+(1+a(t))c(t)+n(t), (16)
trong do: s, (t) - thanh phan tin hiéu chtra cac vach phd rdi rac giy ra boi cac co ciu co
khi, may moc, chan vit trén muc ti€u; s, (t) - thanh phan tin hiéu lién tuc giy ra boi
nhiu thity dong va céc bot khi v& trong qua trinh chan vit quay; n(¢) - tong cac thanh
phan tap 4m tac dong 1én hé théng; a(f) - ham diéu ché bién do; c(¢) - tiéng 6n co tan

sO cao; thanh phan tiéng On roirac s, (t) c6 thé bi€u dién dudi dang:

J
sp(t)= ]'Z=:1 Agsin2zfit+¢)), (17)
trong d6: j - tong s6 cac vach pho; Aj , fj , ¢j lan luot 1a bién do, tan s6 va pha ctia vach pho
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thitj; s, (¢) dai dién cho phan tin hiéu rdi rac gy ra boi chu triic co khi ctia chéan vit (nhu céc
canh quat ctia chan vit, 6 truc) va cac dao dong co hoc dinh ky ctia muc tiéu, cung cap thong
tin quan trong vé cu tric co hoc clia muc tiéu. Phéan tich cac tan s6 fva bién do 4 c6 thé gitp
xac dinh cac dic tinh cia chan vit, nhu téc do quay, so canh quat, hodc tinh trang vin hanh.
Trong cac tmg dung nhu hé théng sO na hodc ra da, s, (l‘) la mot dac trung quan trong dé
nhan dang muc tiéu va phan biét ching véi cac nguén tin hi€u khac.

Céc vach pho ¢6 tan s6 nho hon 100 Hz 1a cac vach phd tao ra béi truc va canh
chan vit. Nang luong cua cac vach phd nay khong phu thudc vao van tdc ma chi phu
thudc vao ciu trac va dic diém cua timg loai tau. Tuy theo ddc diém cau tric va thiét ké
ctia ting loai tdu ma pho tiéng on téng hop cua muc tiéu co dic trung khac nhau. Tuy
nhién, chiing c6 mdt sé diém chung nhu sau:

Thir nhdt, nhitng thanh phan pho roi rac ving ha 4m thudng ¢6 mic phd 16n hon trung
binh, ndm trong khoang tir 10 dB dén 25 dB tiy theo loai muc tiéu va diéu kién van hanh;

Thir hai, 46 v6i phd lién tuc ¢ ving tan s thap, mirc phé ting +6 dB/octave, con &
ving tan sd cao, mic phd lai giam -6 dB/octave. Nhitng dic tinh ndy gitp ich rat nhiéu
cho viéc phat hién tin hiéu yéu trén nén nhidu va phéan loai cac muc tiéu. Pic biét, viéc
diéu ché bién do tin hiéu tiéng on dai rong gy ra boi chan vit tao ra mot sé thanh phan
phd vach dai ha am. Céac vach pho tao ra boi (17) trong ving ha 4m duoc sir dung dé giai
mdt s6 bai toan quan trong trong xtr 1y tin hiéu, dic biét 1a bai toan udc lwong hudng.

4. Thuat toan CBSL

Cho mét hé thong thu tin hiéu véi M kénh, tin hiéu thu duoc tai kénh thi m c6
dang y, (p,l‘), m=1,2,...,M. Trong 6, p biéu dién chi s6 khung thoi gian hodc sb
hi¢u tin hi¢u va ¢ 14 thoi gian thu. Hinh 4 mo ta so d6 khdi chirc ning thuat todn CBSL.
4.1. Tién xir Iy tin hiéu

O mdi kénh tin hidu c6 bd phan tich, ghi két hop loc ring luoc thich nghi (Low
Frequency Analysis, Recording and Adaptive Comb Filter - LOF&CMBAR) két n6i voi
dau ra ctia chin tir dng ten. Mot trong nhitng k¥ thuat phd bién dé tach duoc cac thanh
phan don tan, tan s6 thip nay 1a LOFAR (Low Frequency Analysis and Recording). Cac
bd loc rang lugce thich nghi dugc thém vao LOFAR, nam sau bd loc thong thép FIR va

nam trudc FFT, vaoi muc dich chon loc céc tan so co ban xac dinh déc trung cua chan vit.
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for, fo2 e o
QE&LFE
Q
x v
A
yi(p.t) ; [
—>[ SH &A/D]—b[ FLTWF‘;Z H CMBF » FFT >
P L yi(p.D) wn N
. 4 b
OF&CMBAR 1 0
H ,— O
v A 5
ym(p,t) i 1 Q
hasiad Y &A/DH FLTWF‘;Z: H CMBF » FFT A
b l—J ym(p,)
LOF&CMBAR M

Hinh 4. So' d6 khoi chire ndng thudt todn CBSL.

4.2. Trich xudt déc trung

Tir phd tin hiéu ., ( p.f ) , khdi QuantiZation Estimation & Line Frequency
Extraction (QE & LFE) thyc hién trich xuat cdc thanh phan tan s6 chinh twong Gng véi
cac nguodn tin hiéu, thu dugc tap hop cac tan so dic trung: f,, f,..., Jo trong d6 O 1a sO

luong ngudn can udc lugng. Pong thoi, bd nay ciing sir dung thuat toan tich liy khong
tuong can dé xac dinh s6 lwong muc tiéu trong ving quan sat, day 1a budc quan trong
trong viéc phén tich tin hiéu dé quyét dinh c6 bao nhiéu muc tiéu trong ving quan sat va
phan héi nguoc cac tan s6 co ban udc lugng duge dén khau CMBF dé diéu chinh tan sb
cua cac khau cong hudng (thich nghi) CMBF.

4.3. Bo woc lwong hwong ddi rong

Bo u6c luong hudng dai rong sir dung thuat toan SOMP-LS (BB-SOMP-LS) dé
ude lugng géc hudng cua cac muc ti€u co tin hi¢u dai rong. Bo nay la sy mo rong cua
thuat toan SOMP-LS cho tin hi¢u dai rong. Bo BB-SOMP-LS dong vai tro quan trong
trong thuat toan dé xuét, dam nhiém nhiém vu ude lwrong chinh xac hudng dén cua cac
ngudn tin hiéu tir dir liéu quan sat thu dugc. Thuat toan két hop hai thanh phan chinh:
Simultaneous Orthogonal Matching Pursuit (SOMP) dé xir 1y tin hiéu dai rong va Least
Squares (LS) nham téi wu hoa trong qua trinh lira chon nguyén tir (cot trong ma tran tir
dién), gitip nang cao do chinh xac ciia thuat toan. Sau khi hoan thanh qua trinh lap, thuat
toan cung cap dau ra 13 tap hop cac huéng dén udc lugng kém theo bién do tin hiéu
tuong Ung.

5. Két qua mo phéng va thio luin

Thuat toan CBSL ap dung cho mé hinh biéu dién thua trong s6 na giam giat ngdm
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thu dong cho mang thang cach déu ULA d3 mang dén hiéu qua duoc thé hién trong [14]
va trong phan nay, chiing t6i mé phong dé chirng minh tinh vu viét ctia thuat toan CBSL
ap dung cho mé hinh biéu dién thua cho mang Nested c6 cung s6 lwong cam bién va
khau d6 dng ten.

Pau vao cho 3 bai md phong: Tin hidu sau LOF&CMBAR (cac phd vach) cia 2
ngudn twong quan voi cac théng sé nhu sau: Van tdc truyén Am trong nude: 1512 mys;
Tan s6 tin hidu 12 Hz; SNR = 10 dB (sir dung cho bai mé phong 1, 2); Hudng -10°; +10°
(str dung cho bai mé phong 2, 3); Loai tin hiéu hinh Sin; Hé s6 twong quan 0,85; Do dai 1
khung dir lidu: 1024; S6 khung dit liéu: 256; Tan sb lay mau: 2100 Hz; Do phan giai goc:
0,5°; Bo dai doan dir li¢u xur Iy cia SOMP-LS: 64.

Bai mé phéng 1: Panh gia kha ning phat hién s ngudn tin hiéu sir dung thuat
toan CBSL cho mang Nested c6 M1 = 4 va M> = 3, cac ngudn gia dinh {-40°; -30°;
-20°; -10°; 0°; 20°; 30°}.

Ciu hinh mdng Nested: SO lugng cam bién ctia mang ULA thir nhat va tht hai
lan luot 1a My = 4 va M> = 3, hé s6 ti 16 a=1 d& ciu thanh ming Nested, bao gdom
M, +M, =7 cam bién vt ly; Pic tinh dinh hudng: vo hudng. Vi tri cam bién ctia mang
ULA 1: {0, 1d, 2d, 3d}. Vi tri cam bién ctia mang ULA 2: {4d, 9d, 14d}. Nhu vay, vi tri
cam bién cta mang ULA 4o s€ 1a {-14d, -13d, -12d, -11d,... ,0, ..., 11d, 12d, 13d, 14d)
void=1/2.
x10*  UGC LUQNG DOA sU DUNG MANG‘NESTED(4? 3)

X-42 | X-10
Y 126577 Y 125258
.

14

[
(5]
T

X 19
X 185 Y 923824
Y 86693.3 A

[
=l
T

=]
T

X-29
Y 651559 X0.5
" Y 613826

BIEN DO (uv)

X325
Y 31598.2

-60 -40 -20 0 20 40 60
GOC (PO)

Hinh 5. Kha néng phdt hién s6 nguon tin hiéu cia thudt toan CBSL cho mdng Nested.
Nhdn xét: Nhu chiing ta da biét, cac phuong phap ude lugng DOA truyén thong
khi 4p dung cho mang ULA ¢6 N cam bién chi c6 thé phat hién ti da N-1 ngudn tin
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hiéu, v6i N = 7, t6i da chi co thé phat hién t6i da 6 ngudn. Hinh 5 thé hién kha ning
phat hién s6 ngudn cta thudt toan, c6 thé nhan thidy phuong phap udc luong DOA sir
dung thuat toan CBSL cho mang Nested ciing chi c6 7 cam bién vat 1y nhung co thé
phat hién 7 ngudn, cac ngudn duoc phat hién twong ddi chinh xac lan luot 1a {-42°;
-29°; -18,5°; -10°; 0,5°; 19°; 32,5°}. Nhu vay, phuong phap udc lugng DOA st dung
thuat toan CBSL cho mang Nested wu diém hon so v&i phuong phap truyén thong sir
dung mang ULA vé s6 luong ngudn tin hiéu khi c¢6 cing s6 luong cam bién vat 1y.

Bai mo phéng 2: So sanh hi¢u niang hoat dong cua thuat toan CBSL cho mang
ULA va mang Nested, dai rong, két qua thé hién nhu Hinh 6.

Ciu hinh mding ULA: S6 cam bién (M): 9; Khoang cach giita cac cam bién
d=A/2=63 (m); Pac tinh dinh hudng: vd hudng.

Ciu hinh mdng Nested: SO lugng cam bién ctia mang ULA thir nhat va tht hai
lan lugt 14 My = 5 va My = 4, hé sb ti 16 a =1 dé cau thanh mang Nested, bao gém
M,+M, =9 cam bién vat ly; Pic tinh dinh hudng: vo hudng. Vi tri cam bién cia
mang ULA 1: {0, 1d, 2d, 3d, 4d}. Vi tri cam bién cua mang ULA 2: {5d, 11d, 17d, 23d}.
Nhu vay, vi tri cam bién cta mang ULA 4o s€ 1a {-23d, -22d, -21d, -204d, ..., 0, ..., 20d,
21d, 22d, 23d), v6i d =1 /2 =63 (m).

UO'C LUONG DOA SU’ DUNG MANG NESTED VA ULA
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Hinh 6. Ham phé khong gian wéc lwong DOA khi dp dung thudt todn CBSL
cho mang Nested va mang ULA.

Nhdn xét: Myc dich ctia mo phong la so sanh hi¢u suét dinh hudng cua thuat toan
CBSL trong truong hop sir dung mang Nested va mang ULA khi ¢6 cing s6 cam bién
vat ly. Két qua cho thay:
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Vé kha néng dinh hwéng chinh xdc: Ca hai truong hop déu xac dinh ding hudng
ctia hai ngudn tin hiéu twrong quan tai goc -10° va 10°.

Vé hién twong dinh phu: Truong hop st dung Nested xuat hién it dinh phu hon
(1 dinh tai goc 0° véi phd cong suat chuin hoa rat thip). Truong hop 2 ULA xuét hién
4 dinh phu tai cac goc -11°, -1°, 0° va 14,5°, trong d6 mot s6 dinh phu c6 phd cong suat
chuin hoa kha cao, 1am giam d9 tin cay ctua két qua dinh hudng.

Vé mirc suy gidm coéng sudt phé chudan héa giita hai nguon: Trudng hop 2 (ULA)
cho thiy muc suy giam 10n gitra hai ngudn chinh. Pho cong sudt chuan hoa tai ngudn th
nhét (-10°) chi dat 56,98% so v&i gid tri cuc dai tai ngudn thir hai (10°). Trudng hop 1
(Nested) thé hién phd cong suit chuan hoa dong déu hon, v&i phd tai ngudn thir hai dat
98,4% so Vi gia tri cuc dai tai ngudn thir nhat.

Nhu vy, thuat toan CBSL khi 4p dung trén mang Nested cho hiéu suét t6t hon so
v6i mang ULA, dic biét trong viéc duy tri mirc suy giam nho gitra hai dinh phd chinh va
giam thiéu s6 luong va cuong do dinh phu. Két qua nay khing dinh uu diém cua thuat
toan CBSL st dung mang Nested.

Bai mé phéng 3: Panh gia sai s6 chuin RMSE theo SNR (Vi cac tham s mang
ULA va mang Nested nhu bai mé phong 2). Két qua thé hién trén Hinh 7.

RMSE theo SNR
T

NESTED
- = +ULA

20

RMSE (d6)
3

o

SNR (dB)
Hinh 7. Sai sé thudt todn khi dp dung cho mdang ULA va mdng Nested.
Nhdn xét: Muc dich ctia moé phong nay 13 danh gia va so sanh hiéu suit uéc lugng
ctia thuat toan CBSL khi 4p dung cho hai cau hinh mang khic nhau, bao gom mang

ULA va mang Nested, thong qua tiéu chi sai s6 trung binh (RMSE). Phan tich RMSE
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gitip 1am rd sy anh huong ciia cac dicu kién SNR khéac nhau dén d6 chinh xac cia thuat
toan. Két qua cho thiy céac thuét toan déu hoat dong hiéu qua va 6n dinh trong ving
SNR cao (SNR>10dB), sai s6 RMSE ¢& 2°. Tuy nhién, khi mtrc nhidu ting déng ké
(twong ung véi sy suy gidm nhanh cia SNR), thuat toan CBSL ap dung cho mang ULA
ghi nhan sai sb 16n. Nguoc lai, khi ap dung thuat toan nay trén mang Nested, sai s6 udc
lugng duogc duy tri & mirc nhé va 6n dinh trong toan bd dai SNR duoc khao sat. Do do,
mang Nested khong chi gitp thuét toan duy tri d§ chinh xac cao hon ma con dam bao
hiéu sudt 6n dinh, 1am ndi bat loi thé vuot troi so véi mang ULA. Tuy nhién, c6 thé thiy
rang khi 4p dung thuat toan cho mang Nested chi hiéu qua trong ving SNR c&
SNR > 0dB, nguogc lai thuat toan cho sai sb rat 16n; thuat toan CBSL kha phic tap khi
két hop cung mang Nested con phai tinh toan ngoai suy phan tir nén thoi gian tinh toan

kha 1au, tiéu ton phan cing khi mo phong va ké ca khi trién khai trén thuc té.
6. Két luan

Bai bao da dé xuat va phan tich mot phwong phap mé rong cua thuat toan CBSL cho
mang ang ten 16ng ghép trong bai toan dinh hudng ngudn tin hidu cho hé théng s6 na thy
dong. Phuong phap, dua trén su két hop gitra biéu dién thua va loc rang luoc thich nghi, da
chimg minh hiéu qua vuot troi so véi mang thang cach déu (ULA), thé hién qua nhiéu vu
diém: cai thién do phan giai phd, giam khoang cach giita cac dinh chinh, han ché dinh phuy,
giam sai s6 dinh hudng va ning cao tinh 6n dinh trong dai lam viéc. Nhitng két qua nay
khang dinh tiém ning tmg dung cta thuat toan CBSL-Nested trong viéc nang cao do chinh
xac va do tin cdy cua cac h¢ théng sO na hién dai.

Tuy nhién, cac két qua md phdng hién tai méi chi dugce thyc hién trong moi truong
nhiéu Gauss va dudi mot s6 gia dinh 1y tuong. Ngoai ra, do chinh xac c¢6 xu hudng giam &
mién SNR thép (< 0 dB), thoi gian tinh toan con 16n va yéu cau phan ctng phire tap. Do do,
cac nghién ciru tiép theo s& tap trung mé rong mod hinh sang cac loai nhiu phi Gauss
thuong gip trong moi trudng bién (nhu K va Weibull), dong thoi phat trién cac ki thuét t6i
wu nham giam chi phi tinh toan va ting kha ning tmg dung thuc té.
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EXTENDING THE CBSL ALGORITHM FOR DIRECTION OF ARRIVAL
ESTIMATION WITH A NESTED ARRAY IN PASSIVE SONAR

Abstract: This paper investigates the application of the CBSL (Combine Filter -
Broadband - Simultaneous Orthogonal Matching Pursuit - Least Squares) algorithm for
Direction of Arrival (DOA) estimation in passive sonar using a Nested Array. The algorithm
integrates sparse representation and adaptive comb filtering, which was previously proposed by
the authors. The paper focuses on analyzing the signal model for the Nested Array and
evaluating the performance of the proposed method through simulations. The results
demonstrate that this approach improves spectral resolution, reduces the number of sidelobes,
and enhances DOA accuracy compared to the Uniform Linear Array (ULA).

Keywords: Sonar; nested; passive; direction finding; sparse.

Nhdn bai: 05/06/2025; Hoan thién: 03/09/2025; Chép nhén dang: 15/10/2025
a

40



