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Tém tit—Bai bao xem xét tong quan vé cac thuat
toan dinh hudng trén co s& biéu dién khong gian thoi gian
tan s6 (spatial time frequency distribution: STFD) tin hiéu,
bao g6m lich str phat trién, co s& toan hoc va mé hinh hé
thong. Pdng thoi, bai bao ciing xem xét mot sd loai md
hinh muc tiéu va cac phuong phéap u6e lwong huéng ngudn
tin hiéu trén co s STED dién hinh. Tir d6 dé xuit mot giai
phap méi ap dung cho wéc lugng hudng cac muc tiéu bién
¢ chan vit, d6 1a su két hop cua su chon loc cac dac tinh
dac trung (character specifies selection: CSS) cua tin hiéu
muc ti€u véi sy dinh hudng trén co s& STFD, gidi phap
CSS-STFD-DOA. Giai phap nay ting cuong tién xir 1y tin
hiéu dé loai boé nhilu va chi chon loc cac thanh phﬁn phé
1di rac dic trung cia chan vit & ving tin s6 thdp. Mot sb
truong hop mé phong duge thuc hién dé danh gia chét
lwong cua giai phap sir dung dit liéu md phong dau vao xay
dung trén co so cac tin hi¢u thyc. Két qua md phong cho
thiy, giai phap CSS-STFD-DOA c6 kha ning lam viéc on
dinh, dinh hudng chinh xac va c¢6 hiéu ning tét hon cac
thuat toan STFD-DOA, dac biét 1a trong cac tinh huéng
nhiéu manh.

Tir khéa— Sonar, dinh huéng (DOA), biu dién thoi
gian tan s6 (TFD), muc ti€u bié€n, chan vit.

l. MO DPAU

Biéu dién thoi gian tan s6 (time-frequency distribution:
TFD) dugc sir dung rat nhiéu trong céc linh vuc cua doi
song x4 hoi ciing nhu trong qubc phong an ninh, bao gdm:
xu ly giong ndi, xur ly cac tin hi¢u y sinh, ung dung trong
xu ly tin hi¢u sonar, radar va cac hé théng dinh vi toan ciu.
Trong nhitng ndm gan day, hiu hét cac nghién ctru vé TFD
béc hai di tap trung vao cac cdu trac tin hiéu thoi gian don
thanh phan va da thanh phén va cac biéu dién tan sb thoi
glan (t-f) twong tmg. Céc két qua nghién ctru nay cho nhung
tién bo 16n trong phan tich va xtr 1y tin hidu, dic biét dbi
v6i céc tin hi¢u khong dung khong dung. Trong bai toan
dinh hudng, TFD dugc xem xét trén co s& mdt mang cac
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cam bién sap dat theo mot trat tu nao do trong khong gian,
viée bd tri cac cac cau tric khong gian cac cam blen nay
hinh thanh biéu didn khong gian thoi gian tan sb (spatial
time-frequency distribution: STFD). Bai toan dinh hudng
(direction of arrival: DOA) trén co s¢ STFD ngay cang
duogc quan tdm vi nhitng loi thé vuot tréi cia phuong phép
nay.

Két qua cong b [1] da dé xuat mot phuong phép méi dé
udc luong DOA trong truong hop s6 lwong cam blen nho
hon s6 ngudn tin hiéu, st dung két hop theo ddi nén tleng
on xung quanh két hop phat hién ngudn tin hiéu dé xac
dinh t6t ngudn chiém wu thé trong cac 6 phan biét t-f. Tiép
theo, cac véc to riéng riéng quan trong nhit ciia ma tran
hiép phuong sai twong Gng véi cac 6 phan biét nay duoc
nhom lai thanh cum va viéc udc luogng hudng duoc thuc
hién trén co s& trong tim cum. Dey va cong su [2] ciing dé
xudt mot img dung ciia tai nghe thong minh cho phép thu
ngudn am thanh 14 giong néi cé chon loc trong mdi truong.
Thuat toan ung dung trong thiét bi ndy duoc chia thanh hai
phan: phan dau tién 1a ap dung thudt toan phat hién giong
noi ¢ Vung truorng xa cong suét 1on tren nén moi truong
tiéng 6n 16n; phan thir hai 1a dinh vi ngudn am. Ung dung
ctia ky thuét nay 1a mot hé thong tai nghe thong minh, trong
d6 ngudi dung c6 thé nghe tdt c6 chon loc 4m thanh tir mot
huéng xéac dinh.

Nam 2021, Feng va cong su da dé xuét thuat toan udc
lugng DOA cho tin hiéu dai rong [3]. Thuét toan nay da sir
dung quy trinh phén t&ch thich nghi nhanh tin hiéu dya trén
céc phép bién dbi chudi ngin (chirplet) dé xay dyng ma
tran hi¢p phuong sai t-f. Viéc phan chia khéng gian con
dugc tién hanh twong ty nhu cach lam cua thuat toan
MUSIC (multiple signal classification) va ESPRIT
(estimation of signal parameters via rotational invariant
techniques) truyén thong [3]. Viéc chong chap di dugc
thuc hién cho khdng gian con tin hiéu dai hep va dai rong
dé xay dung mot ma tran t-f chung. Thuét toan DOA tin
hiéu dai rong trén co so chirplet da dugc dé xuit va danh
gid. Uu diém cua viéc sir dung thudt toan nay la khong co
han ché dbi véi cac cdu trac mang, khong qué phic tap va
hiéu suét cao.

Bén canh do, trudc khi thuc hién thuat toan DOA, mot
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s6 k¥ thuat tién xtr 1y tin hiu dugc 4p dung dé nang cao
chat lwong tin hiéu dau vao. Mot s ky thuat nhu ting
cuong giong no6i dua trén phuong phap khong gian con [4],
tach ngudn mu [5], phan cum dua trén bang con [6] va biéu
dién thoi gian - tan s6 thich nghi (adaptive spatial time-
frequency distribution: ASTFD) [7]. Trong [7], Khan va
cong sy da chimg minh rang ASTFD lam t6t viéc phén tich
céc tin hi¢u gan nhau hon so véi cac phuong phap tién xir
ly khac. ASTFD trién khai t6i wu hoa hudng céc truc chinh
ctia d0 thi va d6 mé cia ham 18i tai mdi diém trong mién t-
f dé c6 duge su biéu dién t-f rd rang hon (ban chét 1a chon
d6 rong va hudng cua bd loc hai chiéu), sau d6 dugc khai
thac dé wéc lwong DOA [8]. Nam 2018, Haiyan va nhom
nghién ctru da dé xuat mot phuong phap uéc luong STFD
DOA trén co sé mang cam bién véc to (Vector-sensor
Array) [8], tac gia dé cap dén cac phép do thu dugc bang
mang cam bién véc to 4m thanh va phat trién mot phuong
phap mdi, khai thac thong tin STFD cua tin hiéu mang cam
bién vecto co ban dé dat dugc hiéu suit udce lvong DOA
tdt hon ngay ca trong mdi truong nhiéu tiéng dn 16m va cac
ngudn tin hiéu két hop. Nam 2022, Pranav va Buket d3 xem
xét tong quan vé cac thuat toan DOA da duoc nghién ctru
[9]. Thyc hién danh gia va so sanh hiéu suét cta ba thuat
toan ndi tiéng, bao gdbm MUSIC, ESPRIT va phan tich gia
tri riéng (EVD), c6 va khong sir dung ASTFD ¢ giai doan
tién xir 1y tin hiéu. Két qua mo6 phong cho thiy thuat toan
ASTFD DOA di cai thién dang ké hiéu suat caa MUSIC.
Tuy nhién, thoi gian tinh toan da ting 1én do trién khai thuat
toan ASTFD nhu mét bude tién xir 1y tin higu.

Dic biét, nam 2021 Xueyan va cac cong sy da cong bd
mot thuat toan STFD DOA dung cho sonar thu dong khi c6
lan truyén da duong bang cach thiét 1dp mo hinh tin hiéu
da duong va st dung phuong phap phan tich t-f dung bién
d6i bac hai de giam céc yéu t6 biéu dién chéo (cross-term)
trong khi van giir dugc do phan giai tot [10]. Sau do, thuat
todn woc lugng hudng cua tit ca cac dudng truyén trong
tinh huéng da duong va thuc hién mét ki thuét dé nhom
céc dudng truyén thude cing mot nguf”)n vao voi nhau. Ky
thudt nhom nay dung ¥ tudng la phang tinh tién, l0i va tiéu
chuan phat hién diém bién t-f. Cubi cing, thuat toan DOA
dugc ap dung cho timg nhom dudng truyén va cho ra két
qua huéng ciia cac duong truyén truc tiép. Thudt toan ciing
c6 thé su dung cho céc sonar chi dong va cod thé dugc mé
rong ap dung dé dinh hudéng cac ngudn tin higu dai rong,
phuec tap hon.

Céc nghién ciru ké trén da tan dung hiéu qua tai nguyén
va loi thé cﬂa biéu dién STFD, d6 1a viéc co lap ving t-f
clia timg ngudn trén mit phang t-f. Mac du vay, cac ngh1en
clru nay tap trung xem xét cac ngudn tin hiéu diéu tan
(frequency modulation: FM) dang tuyén tinh hodc phi
tuyén [11-15]. Dic tinh ciia cac ngudn FM 1a c¢6 biéu dién
rd rang trén mat phang t-f khi str dung cac phan tich STFD,
thuong 1a mot duong thiang hodc dudng cong lién tuc. Biéu
hién d6 gitp cho viéc phan tach cic ngudn kha thuan lgi.
Dbi véi bai toan dinh hudng cac muc tidu bién co chan vit
trong c4c hé théng sonar thu dong thi tin hiéu c6 ich 1a tiéng
on ciia cic muyc tidu sinh ra khi chuyén dong c6 cac dic
trung riéng, khac véi cac loai muc ti€u khac va khac nhau
ddi véi cac muc ti€u ¢6 chan vit khac nhau, d6 chinh la cac
phé thanh phan pho cua tin higu tiéng 6n chan vit trong
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ving tan s thdp (nho hon 100 Hz) [16, 17]. Cac dic trung
cua tin hiéu nay hau hét chua duogc khai thac trong cac
nghién ctru, mg dung STFD-DOA. Bai bao nay dé xuét
gidi phap méi trén co so STFD-DOA két hop véi tién xir
ly chon loc cac dic trung cua tiéng 6n chan vit va ding
thudt toan MUSIC cho ma tran STFD tuong duong cta hé
thong, giai phap CSS-STFD-DOA nham ting do chinh xac
dinh hudéng muc tiéu bién cho cac hé théng sonar thu dong.

Trén co so do, phﬁn con lai cia bai béo ¢6 chu trac nhu
sau: ph?m 11, m6 hinh dit liéu s& x4c dinh biéu dién toan hoc
ctia dir liéu mang ang-ten ciing nhur mo hinh toén cua tiéng
on tir cac ngudn c6 chan vit. Phan 11 s& xem xét vé co s&
toan hoc cua céac thuét toan dinh hudng trén co s TFD va
thuét toan dé xuét. Phan IV dua ra mot s6 bai mo phong va
thao luan, cudi ciing 1 phan két luan.

. MOHINHDLIEU

Dé thdng nhat trong tinh toan va cac minh hoa, bai bao
sir dung cac gia thiét nhu sau: Mang ang-ten tuyén tinh
cach déu (ULA) ¢6 m chan tir, khoang cach gitra hai chan
tir lién tiép 1a d, tmh theo mét. Trong do vung quan sét, co
tong cong Q ngudn tin hiéu, tin hiéu thir q nam & cac goe
huéng 6, . Boan dit liéu c6 do daiN ; ()71 toan tir chuyén

vi va (.)™1a toan tir chuyén vi lién hop phtec.
A. Mo hinh dir liéu mang

Trong xt 1y dai hep, khi Q tin hiéu thu dugc nhan boi
mang m chan tir, m6 hinh dir li€u tuyen tinh la:

x(t) = As(t) +n(t), 1)
trong do, X(t) :[xl(t),...,xm(t)]T la ma trén dit liéu thu
duogc tr m chin to, kich thuéc mxN;

T .
Sq (t)} 14 ma trdn c4c nguodn tin hiéu, kich

st) = 5,(t),...,
thudc Qx N ;A:A(G)):[a(é’l)...a(é’q)] 1a ma trin hudéng
c6 mang thong tin vé& géc huéng cua cac ngudn tin hiéu,
a(g,) =[1, g Jsn@e | gimdsin)re ]T la véc to hudng
tmg véi ngudn tin hidu thér g; n(t)1a ma tran nhidu
Gaussian cdng tinh.

B. M6 hinh todn hoc ciia nguon tiéng on tir cdc muc tiéu
bién 6 chan vit.

Céc muyc tiéu bién nhu tau mit nudc, tau ngdm hodc
phucmg tién dudi mmc khac di chuyén trong méi tm(mg
nudce déu tao ra tiéng on do co su btic xa cta cac nguon am
khac nhau. Tty thudc vao ngudn tao ra tiéng On, phd tleng
dn o thé 1a roi rac hodc lién tuc, ndm trong mot dai tan
nhét dinh, hodc ciing c¢6 thé 1a phd hdn hop, bao gdm tdng
cac thanh phan phd rdi rac va pho lién tuc. Tiéng 6n cua
mdi loai muc tiéu co6 dic trung riéng, duoc thé hién trong
cac dic trung ciia phd phat xa, nhung nhin chung, phé phat
xa ctia mot muc tiéu bién chiém mot dai tan rong tu ha am
dén siéu 4m [16], va chung bao gdm céc thanh phan sau
(minh hoa trén Hinh 1):

1 - Céc thanh phé phan rdi rac do phat xa do céc truc va
canh chan vit gay ra trong qua trinh quay;

2 - Phé tiéng on phat xa do than muc tiéu gay ra khi dong
nudc chay xung quanh nd;

3 - Pho tiéng On phat xa gay ra do cac canh chan vit khi
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¢ dong nude chay xung quanh (tiéng dn xo4y canh quat);
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Hinh 1. Phé ndng lwong dién hinh tiéng on ciia tdu

4 - Phé cta tiéng On xam thue cua chan vit;

5 - Pho roi rac va pho lién tuc cua tiéng on do cac may
moéc va co cdu co khi trén muc tiéu khi hoat dong tao ra;

Trén hinh 1, duong s6 6 1a pho chung cia tiéng 6n do
tau tao ra (chong chit cua tat ca cac thanh phan tiéng on
cua truong am thanh).

Cuong d6 pho tiéng dn phat xa boi cac muc tiéu trén bién
khéng déng déu trén toan bd déi tan va dugc xac dinh boi
nhiéu yéu t6, trong d6 cac yeu t6 chinh 1a: may chinh va
cac co cau ciia may chinh, so lugng va chung loai co cu
phu tro, cdu trac va cach thirc di chuyén, téc d6 quay cia
dong co, toc do ciia vat mang, didu kién lan truyen song am
trong khu vuc hoat dong [17]. Vi thé, kho c¢6 thé xac dinh
chinh xac chéan dung phé ciia mdt muc tiéu nhét dinh do
céc diéu kién thu khac nhau. Tuy nhién, & ddy ching ta
quan tdm chi yéu dén cac thanh phan phd roi rac thudce
viing tan s6 thap (nho hon 100 Hz) do chén vit gdy ra mang
nhiéu dic trung ciia muc tiéu khac nhau. Trong nhirng tinh
hudng tac chién phirc tap hodc & cac didu kién thuy van
khong thuat 1gi, viéc phat hién dugc muc tiéu ngém la
nhiém vu dugc uu tién hang dau.

Gia sir trong viing quan sat c6 nhiéu muc tiéu quan tdm
& cac huong khac nhau, mdi muc tiéu co thé coi 12 mot
ngudn sinh ra tiéng dn. M6 hinh toan hoc ciia tin hiéu trén
mién thoi gian ciia ngudn tiéng on thir q ¢6 dang [16]:

S5 (1) = Syp (1) + 5, (1) + (1)

=5 (1) + (1+ EL: A cos(ZnIfbt)jc(t) +n(t),

trong do: s, - 1a thanh phan tin hiéu chtra cac thanh phan
phé roi rac tin hiéu tiéng dn gy ra boi cac co cdu co khi,
may moc, chan vit trén muc tiéu cling nhu nhleu thiy dong
hoc; s, (t) - la thanh phan tin hi¢u tiéng on lién tuc, co
dang 14 tin hiéu tan s6 cao, dai dong c(t) (gdy ra do bot khi
v trong qua trinh chan vit quay) va bi diéu ché boi tan sb
quay cua truc va canh chan vit; A - bién do cua thanh
phan pho thir I; n(t) - tap Am nén.

Nhu vdy, s, s& chira cac thanh phan pho f, 1a hai cua
tan s truc chan vit f, :

fy =If,.. (3)

Cac thanh phan pho roi rac nay c6 thé dugc tach ra boi
ky thuat LOFAR (ghi lai cac phan tich tan s6 thap) hoac
DEMON (phat hién sy diéu ché dudng bao trén nhiéu) [16]
dé 1am vai tro cta tin hiéu c6 ich trong xir 1y tin hi¢u. Giai
phap dé xuat CSS-STFD-DOA sir dung co s& biéu dién
WVD (Winger-Ville distribution) dé tich cac vung t-f cua
thanh phan Sip Phuc vu cho bai toan DOA.
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lll. THUAT TOAN PINH HUONG TREN CO' SO
BIEU DIEN THO'I GIAN TAN SO

A. Cac thuat toan dinh huwong kinh dién

Trong khoang thoi gian dai, cac thudt toan DOA trén co
s& biéu dién khong gian-thoi gian dwgc nghién ctru, phét
trién va thu dugc nhiig két qua tich cuc. Céc thuét toan
tiéu biéu trén co s& ndy la tao bup séng kinh dién
(Conventional Beamformlng CB), dap tng phuong sai
khong méo cuc tiéu (Minimum Varlance Distortion
Respone - MVDR), phén tach da nguon (Multiple SIgnal
Classification — MUSIC), chuan cyc tiéu (Minimum
Normal - MIN-NORM), udc lugng thong sb tin hi¢u bang
phuong phép quay bat bién ( ESPRIT), hop 1y cuc dai
(Maximum Likely Hood — MLE),...Mac du dat dugc thanh
cong o nhiing mic d§ khac nhau, nhung nhin chung, cac
thuét toan nay déu khai thac théng tin c6 ich chira trong ma
tran hiép phuong sai Rxx. Ban chat ctia ma trén nay 1a khai
thac thong tin vé su sai khac thoi gian cua tin hidu trén cac
cam bién cua mang. Ma tran A 1a ma trdn du hang cot,
nghia 13 cac véc to huéng twong tmg v6i Q gbe hudng dén
khéc nhau 1a doc 1ap tuyén tinh. R dugc xac dinh boi [3]:

R, =E[(x®)x" (1)) |=ARA" +0l, (4)
trong d6 R, = EI:S(’[)SH (t):l la ma tran ty twong quan cla
tin hiéu.

Udc luong Ry theo biéu thire sau:

R, ~Rx = %ix(n)x” (n). 5)

Thuat toan CB sir dung ngay ma tran nay dé udc luong
phd khong gian, trong khi d6 thuat toan MVDR can phai

tinh ma tran nghich déo in . Céac thuat toan DOA trén co
sO phan tich khong gian con lai tiép can theo cach khac.
Ma tran hiép phuong sai duoc phan tich tri riéng dé tim ra
mdt ma tran c6 cac cot 1a cac véc to riéng va ma tran duong
chéo chira céc tri riéng cia R . Néu sip xép cac gia tri
riéng theo thir ty tang hodc giam va cac véc to riéng cling
sap xép theo cach tuong tu thi cac véc to riéng tmg voi cac
gia tri riéng 16n tao thanh mot khong gian con Ug goi la
khong gian con tin hiéu. Cac véc to riéng con lai tao thanh
mot khong gian con khac goi 1a khong gian con nhidu V, .
Néu c6 mét véc to nao dé thude vé tin hiéu, thi khi chiéu
véc to do 1én khong gian con nhidu s& c6 két qua rat nho,
ly twong 1a bang 0. Ham pho khong gian ti 1¢ nghich véi
két qua cua phép chiéu trén, tirc 1a ham phd khi d6 sé cuc
dai tai cac goc 6 ngudn tin hidu.
B. Biéu dién thoi gian tan sé va bai todn dinh hieong

Biéu dién thoi gian tan sb 1a biéu din dya trén sy phan
tich ddc tinh cua tin hidu trén ca hai mién, mién thoi gian
va mién tan s6. Cac biéu dién nay co6 thé 1a tuyén tinh, bac
hai, hoac mét quy luat khac. Ngh1a la, tin hleu duoc xem
xét dong thoi trén ca hai mién, mién tan s6 va mién thoi
gian. Cach tiép cén nay khic phuc dugc nhuge diém cua
cac phuong phap trude ddy, khic phuc duoc sy “phién
dién” trong phan tich tin hi¢u.

Mot trong nhimg nghién ctru ndi bat vé viéc phén tich tin
hi¢u dong thoi theo thoi gian tan s6 13 10p cac biéu dién Cohen

74



DE XUAT GIAI PHAP NANG CAO CHAT LUONG BINH HPONG TREN CO SO BIEU DIEN KHONG GIAN ...

[9] ma biéu dién I6i 1a WVD, TFD trén co sé 16p Cohen cia
tin hiéu dai hep x(t) duge dinh nghia nhu sau:

D, (t. f)=[[ 4t —u,o)x(u +%)x*(u —g)e’jz”“dudr, (6)

trong d6, t va f thé hién cac bién vé thoi gian, ham ¢(t,u)
1a ham 18i t-f, 7 1a bién dich thoi gian va (.)* 14 toan tir lién
hop phtc. Tich phan dugc 1dy tir —o dén +w . Biéu thirc (6)
cling dugc goi 1a tu biéu dién t-f (auto-term) cia tin hiéu
X(t). Twong tuy nhu vy, biéu dién chéo t-f (cross-term) gitra
hai tin hi¢u ciing duoc dinh nghia theo (7). Néu str dung
thoi gian giit cham 1a s6 nguyén 7 , thi (6) c6 thé dugc viét
lai thanh (8).

Dang roi rac 16p Cohen ctia biéu dién thoi gian tan s6
ctia tin hiéu X(t) dwoc cho béi biéu thic (9) [9]:

Dxixk (t' f) = _U¢(t —-u, T)Xi (u +%)xk *(u _g)e*ihﬁdudf

%
D, (t ) =2[[ 4(t-u,2)x(u +r)x*(u-r)e **"dudz

8)
Dot )= 3 S gu, D)Xt +U+2)x*(t+u—r)e "

9)
Dt )= 3 3 gk Ox(t+k+ ) (t+k—r)e 171"

K=o 7=
(10)
trong d6 ¢(u,7) 12 ham 16i (kernel) thoi gian-tan sd. Thyc
té, cac tin hiéu thu dugc c6 d6 dai hiru han va duogc roi rac
hoa dé thuan tién cho xu ly béng cac thiét bi ky thuat $0,
ma tran biéu dién khong gian-thoi gian-tin s6 (ma trén
STFD) ¢6 dugc bang cach thay x(t) boi véc to cac mau dit
liéu X(t), ma trén nay co kich thuéc mxm va dugc xac dinh
nhu biéu thirc(10).
Thay (1) vao (10) va luu ¥ ring ky vong clia ma tran biéu
di&n chéo t-f giita tin hiéu va nhidu bang 0, dan d&én:
E[Dxx(t, f)] =Dt f)+ E[Dnn (t, f)]

= ADg (t, f)A"+E[D,, (¢, )]

Biéu thirc (11) twong ty nhu biéu thirc (4) thuong duoc
sir dung trong udc lugng DOA lién quan dén ma trén twong
quan tin hiéu véi ma tran twong quan khong gian dir ligu.
Tuy nhién, trong (11) cac ma tran twong quan dugc thay
thé bang cac ma tran STED. Cé nghia 1a cac biéu dién
khong gian thoi gian tan sé c6 thé dugc sir dung dé giai bai
toan dinh huéng. Didu quan trong 1a mdi quan hé (11) dung
v6i moi diém (t, f) trong két qua biéu dién ddi véi tin hiéu
thu dugc. Tuy nhién, c6 nhimg diém c6 cudng do 16m
nhung khong phai 14 tin higu c6 ich khi c6 nhiéu tac dong,
dan dén cac két qua sai ctia hé théng xir Iy. Dé giam anh
huong cua nhiéu va dam bao thudc tinh du hang cdt cho
ma tran STFD, nhiéu diém t-f dwoc xem xét ddng thoi sir
dung cac k¥ thuat do 1a chéo héa khdi dong thoi (joint
block diagonalization: JBD) hodc trung binh biéu dién t-f
[18].

Cac thuat toan STFD DOA chi yéu tap trung vao qua
trinh xir Iy dé duwa ra dugc ma tran STFD tuong duong cho
nhiéu diém t-f, sau d6 ma trin nay lai dwoc xir ly bé“lng cac
thudt toan DOA trén co sé khong gian con quen thudc,

(11)
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chéng han thuét toan MUSIC. Thut toan dugc két hop nhu
vy dugc dat tén l1a t-f MUSIC.

Mot dic diém vuot troi khac ciua phuong phap STFD
DOA 14 néu Q ngudn tin hiéu duoc chon thay vi Q ngudn
trén co so cac diu hidu thoi gian-tin s6 cua chung
(Q <Q) thi biéu thirc (11) trd thanh:

E[D5 (t f) [=ADq (t F)A)'+E[ D (¢, F) ], (12)

trong 46 A° va D?DOQO (t, f) 1dn luot 1a ma tran tron va ma

tran STFD cua Q, ngudn tin hiéu.

Biéu thuc (12) rit quan trong trong tng dung STFD
DOA vi n6 cho phép: thay vi phai xtr Iy tit ca cac ngudn
tin hiéu trong ving quan sat tai mdt thoi diém nao do, hé
thong c6 thé xir Iy mot sé ngudn trong d6 bang cach lap ma
tran STFD riéng ciia cac ngudn d6 theo (12). C6 nghia 13,
ké ca sb ngudn nhiéu hon s6 lwong chén tir cia mang ang-
ten thi viéc xtr Iy van dugc thuc hién ding khi mdi 1an xir
1y chon s lugng ngudn nhé hon sd chan tir.

C. Gidi phdp dé xuat, CSS-STFD-DOA

Giai phap dé xudt dwa trén co so sir dung k§/ thuat
DEMON dé tach cac thanh phan phd rdi rac tan sé thap (3)
cua tin hiéu tleng on trén cac myc tiéu bién co trén vit, sau
d6 sir dung biéu dién WVD dé biéu dién tin hiéu trén mién
t-f, tiép theo s& 1ap ma tran STFD trén co s ldy tat ca cac
diém co phd dac trung tach duge (CSS). Sau do, ap dung
thuat toan MUSIC dé thuc hién bai toan DOA. Cac budc
thuat toan nhu sau:

Dau vao: Tin higu thu x(1), L: sé diém lan cdn, N: s6
lwong mau.

Buwdérc 1. Su dung ky thuat DEMON tach duong bao tleng
on, chira cac phé roi tan so thap va udc lwong sé ngudn tin
hiéu.

Budrc 2. Bién dbi thoi gian tan s6 va biéu dién trén mat
phing t-f bang biéu dién WVD.

Buée 3. Voit, f khac 0, tim diém Mo ¢o cong suét cuc
dai, diém nay co toa d6 (tomax, fomax).

Budre 5. Tim c&c M; 1a ho ciia Mo, ¢6 toa d6 twong tng
la t f,+i*df, ie—L+L.

Buwdére 6. Xac dinh ma trdn STFD trung binh cho cac diém
Mo va Mi.

Bude 7. Ap dung thuat toan MUSIC cho 1 ngudn, tim
hudng ngudn nay.

Bude 8. Gan cong suét cho ving t-f thudc ngudn thir q
(d3 x4c dinh trong budc 7) bang 0.

Buée 9. Lip lai budc 2 dén khi dat s lugng ngudn da
woc lugng hodc dén khi hét dai tan s6 quan tam.

Omax * "0Omax

Déu ra: Cic goc [6’1, &,,.., HQ] cén wéc luong.

Giai phap nay c6 mot sé wu diém so véi cac thuat toan
kinh dién va cac thuat toan cing co s& (STFD DOA) nhu
sau: thir nhét, so véi cac thuat toan kinh dién, CSS-STFD-
DOA c6 kha nang dinh hudng khi tin hiéu khong dung va
khi sb lwong myc tiéu nhiéu hon s lugng chén tir dng-ten.
Thém vao do, ti s6 tin/tap (signal-to-noise: SNR) ciing duoc
tang cuong [11]. Thir hai, so thuét toan STFD DOA, thay vi
tinh trung binh ham biéu dién cua tat ca cac diém c6 ning
lugng cao, CSS-STFD-DOA chi chon cac diém c6 mdi quan
hé ho hang (budc 5) 1am tang kha nang phan biét ddi véi cac
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ngudn tin hidu chira phd dang (3). phap dé xuét.
IV. KET QUA MO PHONG VA THAO LUAN

Bai mé phong sb 1: Khao sat TFD cua tin hiéu diéu tin
tuyén tinh (linear frequency modunlation: LFM) véi cac

Bai bao sir dl.}ng cong cy Matlab R2022b dé tao dit liéu cong cu TFD: STFT (short time Furrier transform), WVD,
va md phong biéu dién STFD ciing nhu hoat dong ctia gidi ~ SPWVD (smooth pseudo WVD). Két qua mé phong thé

STFT: biéu dién 3D WVD: biéu dién 3D SPWVD: biéu dién 3D
40 600 60
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200 20
0 0 0
500 500 500
-500 @
STFT mit phing tf WVD: mit phing t-f SPWVD: mit phing t-f
20 500 500 500
-40 g 400 400 400
60 = 300
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80 g 200
‘F 400 400 B 200 200
= = 100
120
E 100 0 100
-140
0 =100 0
1000 0 0.5 1 0 0.5 1

Thcﬂ gian (ms)
Hinh 2. TFD ciia tin hiéu LFM thé hién trén mdt phéng t-f va hinh danh 3D.

STFT: mat phang t-f WVD: méat phang t-f SPWVD: mat phang tf
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Hinh 3. TFD ciia tin hiéu hai thanh phan don tan trén mat phang t-f va hinh anh 3D.
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hién trén hinh 2.

Két qua cho thy tin hiéu LFM cho biéu hién 15 1a mot
duong thing dam trén nén nhidu va tach biét khi st dung
cong cu TFD. Biéu dién WVD cho d6 phan giai tt nhat,
biéu dién STFT cho d6 phan giai kém nhét.

Bai m6 phong s6 2: Khao sat TFD ciia tin hiéu gom hai
thanh phan don tan, tan s6 45 Hz va 90 Hz. Két qua thé
hién trén hinh 3.

Két qua khao sat cho thay: Biéu dién STFT c¢6 d6 phan
giai thap, khé phén biét trong trudng hop tin hiéu c6 nhiéu
thanh phéan, ving t-f chong 14n nhau. Thém vao d6, biéu
dién SPWVD mic du c¢6 hiéu qua rat tot vdi cac tin higu
FM nhung hiéu qua ddi véi tin hiéu loai nay kém hon, ving
t-f cross-term 16m, chong 14n voi ving t-f auto-term. Nguoc
lai, biéu dién WVD c6 d phan giai t6t nhat, mac du ving
t-f cross-term c6 xuét hién v6i cudng do 16n, nhung van
tach biét, co thé co 1ap khoi ving t-f auto-term.

Nhu vay, dbi véi cac tin hiéu co nhiéu thanh phan dang
tiéng on chan vit, st dung WVD sé& tdt hon STFT va
SPWVD.

Bai mé phéng sé 3: Panh gia lam viéc cua thuat toan
CSS-STFD-DOA véi tin hiéu thuc.

Str dung 02 file am thanh tiéng dn cua céac loai muc tiéu:

01 file trong co s& dit 1iéu &m ShipEar [19] va 01 file
lay tir mau am thu tai ving bién Viét Nam. MAu thtr nhét

Theo hinh 4, c4c thanh phan phd roi rac ¢6 tan s6 bang
sO nguyén 1an tan s quay cua truc chan vit va cic canh
chan vit tao ra chiém wu thé vuot troi, phan biét han véi
muc nén, ¢ thé st dung k¥ thuat chon loc dé tach riéng
phan tin hiéu c6 ich phuc vu cho viéc xir Iy tiép theo. Bén
canh do, khi st dung biéu dién STFD, cac thanh phé”ln auto-
term phan biét hin v&i nén, 1a cac vach biéu dién nang
lrong dam mau, song song véi truc thoi gian (Hinh 5).
Thuat toan CSS-STFD-DOA thuc hién chon cac vach nay
dé tinh ma tran STFD phuc vu cho bai toan dinh hudng.

Khi sir dung cac tin hiéu nay c¢6 dic tinh phd DEMON
va biéu dién STFT nhu trén lam dau vao md phong, cac
thuat toan déu c6 kha niang lam viéc tot va cho két qua
chinh x4c véi cc thong sé mé phong di dat va miu 4m
thanh du vao di chon. Piém dang chu y la, thuat toan
CSS-STFD-DOA di thé hién kha nang lam viéc vuogt trdi

210" Phé DEMON cuia tép am thir nhat

2
o

Bién d6 pho
»~
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Hinh 4. Phé DEMO cia cac file am thanh dau vdo.
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SPWVD cua cac tin hiéu da x ly DEMON

120

Tan sb, Hz

0 2 4 6 8 10
Thoi gian,s

Hinh 5. Biéu dién STFD ciia tin hiéu tron dau ra ang-ten.

dugc thiét 1ap mé phong véi goc hudng 1a -10°, mau thir 2
voi goc hudng 1a +30°.

Phé DEMON tin hiéu tiéng 6n tir cac loai muc tiéu thé hién
trén Hinh 4, hinh anh biéu dién STFD cua tin hiéu tron dau
ra mang ang-ten thé hién trén Hinh 5. Két qua kiém tra hoat
dong cua thuat toan STFD-DOA va CSS-STFD-DOA thé
hién trén Hinh 6.

0 Giai db phd cac thuat toan STFD-DOA

~—--CSS STFD-DOA
:: STFD-DOA

Phé khéng gian, dB

-20 -

-25 4 \ ! \
N N

.30 I I I I I I I I |
-100 -80 -60 -40 -20 0 20 40 60 80 100

Hinh 6. Két qua thudt toan CSS-STFD-DOA va
STFD-DOA véi cac nguon tin hiéu tieng on
thuc dia.

khi cho ra mirc chénh léch dinh - nén khoang 26 dB va dinh
phé kha hep, mic chénh 1éch dinh - nén chi khoang 10 dB
d6i v6i thuat toan STFD-DOA théng thuong. Pinh phd
ciing hep hon, thé hién do phan gidi cao hon khi sir dung
thuat toan CSS-STFD-DOA (Hinh 6).

Bai md phéng sb 4: Panh gia do 1éch chudn RMSE (root
mean square error) dinh hudéng cua thuat toan STFD-DOA
va CSS-STFD-DOA véi céac gia tri SNR khac nhau.

Str dung tin hiéu mé phong c6 8 thanh phan phd rdi rac,
tan sb quay cua tryc chan vit 1a 5,4 Hz; nguén tin hiéu nam
& goc hudng +20° va muc twong quan ning lugng céc vach
twong ty nhu cu trac file 4m thanh s6 2. Két qua mo phong
danh gia RMSE thé hién trén hinh 7.

Két qua cho thdy: ¢ trong ving nhiéu yéu, SNR >0 dB

hai thuat toan c6 hiéu qua lam viéc nhu nhau. Diéu nay cé
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PO LECH CHUAN (RMSE) CUA CAC THUAT TOAN DOA

1.4

\ —-e—-STFD-DOA
ol —+—CSS-STFD-DOA
2\ 1

D6 léch chuan (RMSE), do

L I L I I L I
-10 -8 -6 -4 -2 0 2 4 6 8 10

Hinh 7. Bé léch chudn ciia cdc thudt toan

thé duogc giai thich 1a muc néng lugng cua tin hiéu vuot trdi
hon hén so v6i mirc niang luong ciia nhidu, nén khi chon
muc nang lugng cia riéng tin hiéu hodc ca tin hi¢u va
nhiéu, thi mirc niang lugng ciia tin hiéu van vuot troi hon.
Tuy nhién, khi nhiéu manh (SNR <0 dB) viéc chon loc
c4c diém t-f cia ding ngudn tin hiéu c¢6 ich lam ting hiéu
qua déng ké so véi viée tin trung binh toan bo cac diém trén
mit phang t-f. Nhiéu manh lam cho RMSE ting theo cac
muic d0 khac nhau cia cac thuat toan. Tai gia tri
SNR < —10 dB, véi giai phap dé xuat CSS-STFD-DOA c¢6
d6 léch chuan khoang 0,419, trong khi d6, gia tri nay cua
thuat toan STFD-DOA 14 1,4°.

V. KETLUAN

Bai bao da phan tich tong quan vé bai toan DOA trong
céc hé thong sonar, danh gia cac vu diém va han ché cua
nhing phuong phap da dugc cong bd. Pong thoi, bai bao
cling xem xét mo hinh toan hoc cua tin hiéu tiéng dn tir cac
muc tiéu bién c6 chan vit, co ché phat xa va céc dac trung
tiéng n. Trén co s& xem xét biéu dién STFD dé hinh thanh
cac ma tran STFD phuc vu cho bai toan DOA, bai bao da
chon biéu dién WVD két hop véi chon loc vung t-f cac dac
trung cua tiéng On chén vit, dé xuat giai phap dinh hudng
CSS-STFD-DOA. Cac bai m6 phong da dugce thuc hién dé
xem xét, danh gia va so sanh cac biéu dién STFD d6i véi
hai loai nguodn tin hiéu: don thanh phan va da thanh phan.
Kha ning hoat dong cia giai phap dé xuét CSS-STFD-
DOA dugc danh gia bang viéc dinh huéng cac mau tin hi¢u
xay dung tr cac file &m thanh thuc va khao sat so sanh do
léch chuin dinh hudng cta thuat toan co ban va giai phéap
md&i duoc dé xuat. Co sé toan hoc va cac két qua mod phong
khing dinh CSS-STFD-DOA la giai phap c6 nhiéu vu diém
so véi cac thudt toan trude do, phu hop cho bai toan dinh
hudng trong sonar.
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PROPOSAL FOR ENHANCING QUALITY OF
DIRECTIONAL OF ARRIVAL ALGORITHM
BASED ON SPATIAL-TIME-FREQUENCY
DISTRIBUTION FOR PASSIVE SONAR SYSTEMS

Abstract : The article provides an overview of direction
finding algorithms based on the spatial-time-frequency
distribution ~ (STFD), including system  models,
mathematical foundations, and developmental history.
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Additionally, it reviews various target models and typical
estimation methods for direction finding based on STFD.
A novel solution proposed for maritime propeller-equipped
targets is the combination of character specifies selection
(CSS) of target features with STFD-based direction
finding, termed the CSS-STFD-DOA solution. This
solution enhances preprocessing to eliminate noise and
selectively picks out characteristic spectral components of
the lines spectrum in the low-frequency region. Simulation
scenarios are conducted to assess the algorithm's
performance using input simulation data constructed based
on real-world signals. Simulation results demonstrate that
the CSS-STFD-DOA solution exhibits stable operation,
accuracy, and superior performance compared to STFD-
DOA algorithms, particularly in noisy situation.

Keywords: Sonar, direction of arival (DOA), time-
frequency distribution (TFD), marine target, propeller.
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