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Tom tiit: Bai béo ndy dé xuat mot phuong phap sir dung
Iy thuyét copula dé giai bai toan phat hién cho hé thong ra
da nhiéu vi tri xir 1y phan tan (Distributed-Processing
Multistatic Radar System — DPMRS) véi cac quyét dinh
thanh phan phy thudc thong ké. Bang viéc mo hinh hoa su
phu thudc dwa vao cac copula dién hinh thudc hai ho
copula: Elliptical va Archimedean, hai phuong phap hop
nhat sir dung tich phan xac suét va copula da bién da duoc
dé xuit va bai toan phat hién trong DPMRS c6 thé duoc
khao sat dudi anh hudng cua sy phu thudce théng ké tuyén
tinh, phy thudc dudi va phu thude phi tuyén Do tin cay cua
phuong phap dé xuit dugc ching minh bang viéc S0 sénh
cac két qua thu dugc boi phuong phap dé xut va mot
phuong phép truyén théng khac d6i véi mot bai toan phat
hién trudc do. Cudi cung, viéc giai bai toan phat hién muyc
tiéu thang gidng trén nén nhidu phan bb K trong DPMRS
da khang dinh tinh hiéu qua va tiém nang cua phuong phap
dé xuat khong chi d6i v6i bai toan tua t6i ru ma con mé ra
mdt hudng nghién ciru mai cho bai toan lya chon cac muc
ngudng phat hién ti wu.

Tir khéa: Ra da; Ra da nhiéu vi tri; Phat hién phén tan;
Copula; M6 hinh phu thudc.

l. GIOITHIEU

Mot DPMRS 1a mot hé thong ra da nhiéu vi tri chii dong,
khong tuong can khong gian va hop nhét dit liéu mirc do
diém diu [1]. CAu hinh mét DPMRS bao g@)m mot tram
phét va n tram thu dwoc dat tai cac vi tri phan tan trong
khong gian cting quan sat muyc tiéu chung. Dit lidu (quyét
dinh nhi phan) tir cac tram thu dugc truyén téi trung tim
hop nhét dir lidu va sau d6 quyét dinh cudi cliing vé su c6
mat cia myc tiéu dugc dua ra [2-4]. Loi thé cua hé théng
xir 1y phan tan 14 & cu trac hé thong don gian, bang thong
duong truyén dir liéu hep trong khi chat lugng suy giam
khong dang ké [3].

Bai toan phat hién trong hé thong ra da nhiéu vi tri da
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som dugc quan tam. CAu trac hé théng tdi wu dya trén tidu
chuan Neyman-Pearson di duoc dua ra vé6i gia thiét cac
quyét dinh thanh phan doc 1ap théng ké [1]. Tuy nhién, ciu
trac nay 1a toi wu ddi voi hé thong xtr 1y tap trung véi bang
thong duo’ng truyén du liéu 16n. Céac hé théng xir 1y phan
tan huong dén mot cau trac twa tdi wu véi nhidu quy luat
hop nhat O trung tam [5-7].

Mot s6 nghién ciru [8-10] da chira rang gia thiét doc lap
thdng keé trong cac quyét dinh thanh phan 1a chua thuc su
hop 1y béi su quan sat dong thoi mot myc tiéu (6 phan bi§t)
s€ 1am cho cac tin hi¢u phan xa vé cac may thu thanh phan
phu thudc théng ké 1an nhau. Céc tac gia trong [8-9] da
budc dau khao sat anh hudng cua su twong quan ndy dén
hé thdng cam bién phan tan trong tap Gauss va Laplace.
Bai todn trd nén khé khan hon nhiéu khi tang s6 lugng cam
bién va khao sat cac quy tic hop nhat khac AND va OR.
Tac gia trong [10] da dinh nghia lai h¢ s6 twong quan co
diéu kién va ap dung khai trién ham mat do Bahadur-
Lazarsfeld. Giai thuat di truyén [11-12] v6i tiéu chuén
Minimax hay kiém dinh phi tham s Wilcoxon [13] ciing
dugc str dung dé khao sat bai toan nay. Tuy nhién, cac
nghién ctru nay [8-13] déu tap trung giai quyét bai toan
trong mang cam bién phan tan, do do cac tac gia déu chua
quan tim dén sy phirc tap von ¢6 cua tin hi¢u phan xa tir
muc tiéu va nhiéu.

Trong cac nghién ctru trude [14-15], chung t6i da giai
quyét bai toan phat hién trong DPMRS véi timg truong horp
riéng 1¢ ctia md hinh phu thudc thong ké trong cac quyet
dinh thanh phan. Trong bai bao nay, chling toi dé xut mot
phuong phap téng hop dwa vao 1y thuyét copula cho phép
giai cac bai toan khac nhau trong DPMRS. Hai phuong
phap hop nhat st dung tich phan x4c suét va copula da bién
s& dugc téng hop dua vao cac copula dién hinh duoc xay
dung tir hai ho copula Elliptical va Archimedean, va tir d6
bai toan phat hién DPMRS c6 kha ning dugc giai quyét
trong nhiéu trudong hop bao gdm ca su phu thudc dudi va
phu thudc phi tuyén. D¢ tin cay, tinh hiéu qua va tiém nang
ctia phuong phap d& xuat s& dugc phan tich mét cach cu
thé.

Céu tric ctia bai bdo nhu sau: Phan I gidi thidu tong quan
vé cac phuong phap tiép can bai toan phat hién trong
DPMRS, Phan II trinh bay ciu trac cia DPMRS. Phuong
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phap dé xuat dugc tong hop chi tiét trong phan I11. Mot sb
két qua, phén tich va thao luan duoc trinh bay trong Phan
1V va két luan bai bdo dugc trinh bay trong Phan V.

Il. CAU TRUC HE THONG
Céu trac hé thdng cia DPMRS dugc cho trén Hinh 1.
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Hinh 1. Céu triic hé thong ra da nhiéu vi tri xit Iy phan tdn.

Tin hiéu ddu vao mdi may thu thanh phan Z; sau khi
qua cac khau xur 1y thanh phan duoc dwa dén bo quyét dinh
ngudng dé cung cép mot quyét dinh nhi phan g; . Cac quyét
dinh nay tir tit ca cac may thu duogc truyén t6i trung tAm xir
Iy boi mot dudng truyén dir lidu biang théng hep va duoc
hop nhat bang cac quy ludt logic dé tao ra quyét dinh cudi
cing a, phan 4nh sy c6 mit (a, =1) hodc vang mit
(8, =0) ciia muc tiéu. Mot vi du déi véi cac quy tic hop
nhat thuong duoc sir dung 14 quy tic hop nhat K/N twong
ng voi cau triac cua mdt bo cong duoc gan theo sau boi
mot b so sanh ma ngudng K cta né thdoa man O<k <n,
nhu duogc chi ra trén Hinh 2.

Gia thiét rang sy phu thudc thong ké cta cac quyét dinh
thanh phan cht yéu dya trén sy phu thudc thong ké cua cac
tin hidu dau vao cac bo phat hién thanh phan ;. Xem xét
bai toan phat hién tham sé, su phu thudc nay cung véi cac

Trung tim xirly

Hinh 2. Quy tdc hop nhdt K/N.

tham s6 ctia hé thong va nhidu duoc gia thiét 1a da biét hoan
toan. Nhiém vu cua bai toan phat hién trong DPMRS dang
quan tam 13 xac dinh cac dic trung chat lugng phat hién
ctia hé thdng tmg véi cac quy luat hop nhét khac nhau.

. PHUWONG PHAP DE XUAT

Trong phan nay, chiing toi tong hop chi tiét phuong phap
giai bai toan phat hién trong DPMRS dya trén 1y thuyét
copula. Hai ‘g dung riéng biét cia phuong phap nay da
dugc gioi thiéu trong [14-15]. Trudce tién, cac khai niém co
ban cua ly thuyét copula s& dwoc giéi thiéu mot cach ngin
gon.

A. Ly thuyét copula

Copula 14 cac ham tham s6 két hop cac phan bd bién don
bién thanh mot phan b6 da bién hop 1¢. Ching mo hinh mot
cach tuong minh sy phu thudc giita cac bién ngau nhién
trong khi cac ham phan b bién c6 thé tiy y. Ly thuyét
copula 1a mot két qua quan trong khi nghién ctru vé khong
gian metric xac suit [16]. Theo d6, mot copula ban dau
dugc xac dinh nhu mot phan bd xéac suat lién két co cac
bién phan b6 déu trén khoang don vi. Céc tmg dung cua Iy
thuyét nay ddi voi suy luan thong ké phan 16n 1a nho Dinh
ly Sklar dwoc phat biéu dudi day [17].
Pinh Iy 1 (Pinh 1y Sklar). Xét mét ham phdn bé n chiéu F
voi cdc ham phin bé bién F,..,F,.
Xpyeeny Xy €[ —00,00], ton tai mot copula C sao cho:

F(Xee %) =C(R (%), By (X4)) Q)
Néu F, la lién tuc véi 1<i<n thi C la duy nhat, véi cac

Voi moi

truong hop con lai thi C duoc xdc dinh duy nhat trén

RanF x---xRank, véi Rank; la tdp xdc dinh cia ham

_ BANGI
Mot s6 ham copula dién hinh.

Copula Dang ham Tham s6 Kendall = Heé s6 phu thude dudi
Gaussian @, (q)’l(vl), . (D’l(vn)) _
P=[pgL i,j=1...,n .
Elliptical [/TJ] =1 7 :Earcsm(pij) 5
Student-t (90 (o (A By (M) v :bac ty do, v>3 % dgL =2t N1 fﬁ
n 7% r= ¢ 4 =
Clayton 1_n+zvi-5’ O e[-1, ©)\{0} 9+2 L
i=1
1
— n — ¢ g — 1 _ 1/60
Gumbel expi—| D (=Inv;) el \{0} 1_1—5 A =2-2
Archimedean i=1
T ov 4
1 [1[2-expt-ov)] e=1+2(D,(0)-D),
Frank -=hj1-=2—— fell, ») _
0 1-exp(-6) D,(6) = 10 t "
e -1

SO 01 (CS.01) 2022

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 112



Pham V&n Hung, Nguyén Tuén Hung, Nguyén Pirc Minh

Copula Gaussian

Copula Student-t (v=10)

Copula Student-t (v=3)

Z4

Copula Clayton

0.01

LN B |
-3 -2 -1 0 1 2

T T T
-3 -2 -1
Z4

0
Z4

e
n
w -

T T T T T
3 -2 -1 0 1
Z4

Hinh 3. Ldt cdt PDF ctia sdu phdn b hai bién diea trén cac copula dién hinh, v6i t=05 va cdc phdn bé bién chudn chudn tic [15].

phan bé tich liy (CDF) F,. Nguwoc lai, néu cho truée mot
copula C va cac CDF don bién F,..., F,,
dinh béi (1) la mgt CDF da bién hop 1é véi cdc phdan bo
bién F,...,F,.

Mot hé qua cia Pinh 1y Sklar di véi cac phan b lién
tuc 1a ham mat do xac suat (PDF) lién két f(x,... X,)

thi F dwoc xdc

duogc dan ra bang cach dao ham ca hai vé cua (1):
f(Xl,---,Xn)=(Hfi(xi))C(F1(X1),---,Fn(Xn)) 2
i=1

trong do, f;(-) la cdc PDF bién va c ky hiéu cho ham mét
d6 copula dugc xac dinh boi:
0"C(Vyyee V)
oN...0V,
véi V; = F (%) . Cac ho copula dién hinh dic trung cho hau

c(v) =

®)

hét cac ciu triic phu thudc dugc trinh bay trong nhiéu tai
li¢u [17-20]. Bang I tong hop mot so copula, thudc hai ho
Elliptical va Archimedean, dac trung cho mot so cau tric
phu thudc dién hinh. O day, hai tham so ddc trung cho cau
triic phu thudc giita cac bién ngau nhién dya trén hai ho
copula nay twong Gmg 1a pj; (ma tran tuong quan P) va 6
da dugc chi 16 trong bang.

Goi P, 1a ma trén déc trung cho cAu tric phu thudc bét
ky gitra cac bién ngiu nhién, c6 dang:

1 o TIn
po| 1 T @
T Tn2 1

v6i 7 =7; 1a hé s6 phu thuge cua cip bién nghu nhién X
va Xj, vi,j=1..,n. Déi voi ho copula Elliptical, ma tran

P c6 thé nhan dugc tur P, nho vao moi quan h¢ gitra h¢ so
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turong quan va hé s phu thuoc Kendall z dugc cho trong
Bang 1. Trong khi d6, P, phan anh mét ma trdn phu thudec
ddng nhat v6i hé sd ¢ (rj =7,Vi=]) dbi voi cac copula
thudc ho Archimedean.

Cau tric phuy thudc con duge duoc phan anh bdi murc do
phu thudc dudi trong cac copula. Sy phu thudc dudi gitta
cac bién ngau nhién 1a mot thude do quan trong cuia mirc
d6 phu thudc tai cac dudi trén va dudi dudi cuia mot phan
bd da bién [18]. Poi v6i cac copula trong Bang I, ngoai
Gaussian va Frank thi cac copula con lai déu thé hién cac
cau truc phu thudc dudi dién hinh. Hinh 3 biéu dién mét s
vi du vé cac ki€u phu thudc nay dugc thé hién dudi cac lat
cat PDF cuia sdu phén bo da bién tng vdi hé s6 phu thude
7=0.5 va cac phan bd bién déu 1a phan bd chuan chuan
tic. Trong khi copula Gaussian va Frank khong co phu
thudc dudi, thi copula Clayton va Gumbel tuwong ung chi
¢6 su phu thudc dudi dudi hodc dudi trén. Copula Student-
t biéu dién su phu thudc dudi doi xung va mic do khac
nhau dua vao tham so v cua mo hinh.

B. Xdy dung phin bé da bién cia cdc tin hiéu dau vao
cdc bo phat hién thanh phan

Gia sit Y =(Y,,...,Y,) la vector ngau nhién céc tin hiéu
d4u vao cac bo phat hién thanh phin véi cac PDF va CDF
cua hai gia thuyét Hy, tuwong umg la f;(y; |Hp,) va
F(Yi |Hoy), i=1..,n. Dua vao Ly thuyét copula trinh

bay trong Phan A, PDF lién két va CDF lién két ctia Y dugc
xac dinh nhu sau:

fp, (y| Hyy) = fP.r A | Hy,)
= H fi(yi | Ho4)
i=1

xCp, (Fu(y1 [ Hog)soos By (Vi | H0,1)|H0,1)

®)
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Fe, (¥|Hpy) = Fo, (Yoo Yn|Hoy)
=Cp (R(Yr [Hop)s Fy(Yn | Ho,1)|H0,1)

Trong d6, P, 13 ma trdn phan anh mac d6 phu thudc c6

(6)

dang nhu trong (4) v6i 7;; 1a hé s6 phu thudc gitra cap tin
hi¢u Y; va Y;; ¢ (0Hoy) va Cp (JHyy) tuong tmg la

ham mat do copula va ham copula phéan anh (;'Qiu tric phy
thudc gifrya cac bién Y, QHQC lya chon trong s0 cac copula
Bang I d¢ ung vai cac cau truc phu thudc dieén hinh.
C. Hop nhit cic quyét dinh sir dung tich phdn xdc sudt

Goi a=(a,,...,a,) 1a mdt vector quyét dinh bét ky véi
8 ={01, y=(¥;,--Y,) la vector ngudng phat hién
thanh phan va u=(u,..,U,) 1a vector CDF bién, tic la
U =F (Y [Hgy), véi i=1..,n. Xéac suat nhan duoc
quyét dinh a voi hai gia thuyét Hy; duoc tinh theo:
P(a|H,, ) = P(ay,....a,|Hoy)

=J, T, o (e Yo g ),

:jlj C, (Fl(yl | Ho1)s-ees P (Vi |H011)|H0‘1)

n

XH fi (y; | Ho 1 )dy,..dy, (7

i1
- .[aln..[an Cr, (Fl(Y1 | Ho), - By (Yn |H011)|H0,1)

X dFl(yl | HO,l)"'an(yn | HO,l)
:Ll...Ln Cp (U, Uy | Ho ) duy...du,

Chu ¥ rang, biéu thic cubi cung trong (7) 1a tich phan
xdc suat cua ham mat do copula Cp_ . Dbi véi copula

Gaussian va Student-t [17], x4c sut nhan dugc quyét dinh
a co thé dat duoc nhu sau:

P, (y|Ho1)

=g, (47 W), 67 (U,)| Hos ®
= bp, 4 (67 (RO | Hop),e.s 67 (Fy (Yo | Hop)| Hoy )

P, (y|Ho1)

S (t;l(ul),...,t;l(un) Hoyl) ©)
=T, v (G (RO Hon), oo 6 (R (Y [ Ho )| oy )-

O day, &, ,(1H,,) V& T, (1H,,) 1a uoc lugng cia

cac tich phan xac suat phan bd Gaussian va Student-t da
bién véi cac gidi han tich phan dugc xac dinh dya vao
vector quyét dinh a twong tng. Cu thé, giéi han [y, +0)
khi a =1 va [0, y;] khi a =0. Sy xuit hién cua Hyy

trong cac ham nay ham chitra ¥ nghia ring cu tric phu
thudc ¢ thé khac nhau giita hai gia thuyét H, va H,, va
nguyén nhéan ¢ thé boi sy thing giang ctia tin hiéu phan xa
va nhidu 1a khac nhau. Chu y rang, phuong phap nay chi ap
dung duogc véi cac copula Gaussian va Student-t vi céc tich
phan xéc suit ciia chung c6 thé duge ude luong tir ham mat
d6 tuong g bang phwong phap s6 [21].

SO 01 (CS.01) 2022

) BANGII ‘
Tap hop quyét dinh A cua mot hé thong 3 dai thanh phan.
Quy tic 1/3 Quy tic 2/3 Quy tic 3/3
{1,00}{0,1,0},{0,0,1},  {1,1,0}{1,0.1}, {111}

{1,1,0},{1,0,1},{0,1,1},
{111}

{0,1,1},{1,1,1}

Goi A 1a tap hop cac vector quyét dinh a dé tao nén mot
quy ludt hop nhat bat ky, thi xac suat P, va P, ddi voi
cac quy luat hop nhét nay dugc xac dinh tuong ung theo
(10) va (11):

Poaly) =D R.(y|Hy) (10)
acA

P(y)=Y_R(y|H) (11)
aeA

Dé minh hoa, Bang II biéu dién cac tap quyét dinh A g
véi cac quy tac hop nhat K/N cua mét hé thong gom 3 tram
thu thanh phan.

D. Hop nhdt cdc quyét dinh sir dung copula da bién

Céc cong thirc P, va P, dbi véi cac quy tic phat hién
K/N (xem Hinh 2) ¢ thé duoc xac dinh chi dya vao cac
ham CDF lién ket ma khong can quan tdm dén cac ham mat
d6 ctia n6. Goi F,,(y) la xac suit nhan dugc it nhat m
quyét dinh thanh phan c6 murc logic 0 (quyét dinh khong
c6 muc tiéu), biéu thuc (12) dudi day 1a mot hé qua cua
Dinh 1y 23 trong [22]:

I:m:n (y| HO,l) = I:m:n (y1! e yn|H0,1)

n (12)
= [a(l,m) > CP,(Vll""Vn|HO,1)J'
I=m V(Uy,...,uy)eR(n-1,n,1)
Trong d6
I (1
albm=2 (D" [qj (13)
Q(n,n,e)
(14)

= {V € [0,1]”|Vi e{u, e}, Y 1y ()= nl}
va Cp () 1a cac copula phdn dnh cAu trac phu thudc giita
cac quyét dinh thanh phan. Nhu ta thiy trong (12), F,,,,(Y)
chi phu thue vao cac Cp_ () ma khong yéu cAu ham mét
do copula ¢p_(0) hodic ham mét do da bién fo (). Y nghia
clia sy xuét hién Hy,; trong cac ham C, (JH,,) la tuong
tu nhu da trinh bay & Phan D. Ta dé y rang, x4c suat nhan
dugc it nhat k quyét dinh c6 muc tiéu bang véi xac suat
nhan duogc nhiéu nhat n—k quyét dinh khong c6 muyc tiéu.
Do d6, P, va Py trong trudng hop nay co thé dugc xac
dinh nho F,(Y) nhu sau:
PFA (y) =1- Fn—k+]_'n (y | HO)
P (y) =1-F (y | Hl)
v6i K 1a ngudng phat hién ciia quy tac hop nhat K/N.
E. Xdc dinh cdc phdn bé bién
Ca hai phuong phap hop nhit trén déu yéu cau phai xac
dinh cac CDF bién U; = K (y; [Hy,), 1=1...,n thay vi cac

(15)
(16)
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ham mat d¢ cua n6. Cac CDF bién nay co thé duoc xac
dinh tryc tiép bang phép tich phan xac suat cac ham mat do
nhiéu (H,) hodc tin hiéu+nhidu (H,) néu chung tudng
minh va kha tich. Trong truong ho‘p phuc tap hon, nhu phat
hién muc tiéu thang glang trén nén nhidu khong Gauss, dua
vao cac phuong phap sb [23] udc luong cac xac suat thanh
phén, thi cac CDF bién c6 thé dugc xac dinh nhu sau:

F (Y [Ho) =1- PLA(Y:)
F(y; [H) =1-PF5(y;)
Trong d6, Pi,(y;) va Pi(y:) twong img la xac suat bao

VOii=1...,n.  (17)

dong 1am va xac suét phat hién cua timg dai thanh phan thir
i voi mitc ngudng thanh phan ;. Cac chi s6 i trong (17)
cho rang cac phan b bién c6 thé khac nhau gitra cac dai
thanh phan, nghia 14 cac tham sb thong ké ctia nhidu, may
thu va cac ti s6 tin/nhiéu c6 thé khac nhau & mdi dai thanh
phan.

IV. KET QUA, PHAN TiCH VA THAO LUAN
A. Ddnh gia dj tin cdy VA tinh hiéu qua ciia phuwong
phap dé xuat
Bai toan trong [8] s& duogc chiing toi giai bang phuo’ng
phap dé xuét trude khi dua ra sy so sanh trong céc két qua.
Trudce hét, mo hinh bai toan nhu sau: Xem xét mot hé thong
gdm 3 cam bién (n=3) phan tan hoat dong vdi cing mirc
ngudng dudi tac dong cia tap Gaussian ky vong 0, phuong
sai don vi. Ma tran tvong quan déu dang:
1 pop L
P=lp 1 pj| —E<pS1,
pp 1
v6i p biéu dién hé sb twong quan déu giita cac cp cam

(18)

bién. Cho trudce xac suit bao dong 1am cb dinh, sau khi tinh
toan dugc mirc ngudng dong nhét & cac cam bién thanh
phan theo (10) (g v6i mdi quy tic hop nhat, xac suat phat
hlen tuong ung dat dugc theo (11) nhu 1a mdt ham cta hé

sO twong quan. Trong truong hop nay, tap hop cac quyét
1 T

N
bd L T8 T
XN A ~a Pra= 107
0.9 ™ A “a — SNR=8dB |]
VAN " - - -SNR = 10 dB
08F e S \ ]
: R | SNR = 12 dB
L N N\, O Quy lz':ic 1/3
07 Q\ \\ A\\ ¢ Quy tac 2/3
06 \\‘*\ 'S A Quy tic 3/3
L
\ Q\
Losp A S
N R __2: N B .
04r *35{;0 -y B, I\
o Sy
03+ % oot
N Bz S0
PN .
02F TN 1
N
0196 -90--0--0--6- “3‘9--0—-&-'8":-91.4,
0 A < A4 @
0.3 0.1 0.1 03 0.5 0.7 0.9

p
Hinh 4. Xdc suat phat hién theo p.

dinh c6 thé tim thay trong Bang II véi 3 quy luat hop nhét:
1/3, 2/3 va 3/3 tuong tng véi cac quy tic OR, Majority va
3/3 AND trong [8].

Hinh 4 biéu dién két qua x4c suat phat hién ctia h¢ thong
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p
Hinh 5. Sai s6 tuyét doi giita cdc két qua ciia hai phirong phdp.

theo hé s twong quan, v4i xic sudt bao dong lam
Py =107°
10 dB va 12 dB. D@ thiy, chét luong phat hién giam vai su
gia ting ctia hé s6 twong quan, cac quy luat 2/3 va 3/3 chiu
anh huong rd rét nhét trong khi quy tic 1/3 ¢6 xu huéng on
dinh hon v&i su thay doi nay.

Tiép theo, chung toi di tién hanh thyc nghiém dé thu
dugc cac két qua cho trlI(‘mg hop nay bang phuong phép
trong [8] va Hinh 5 biéu dién mét su so sanh giita cac két
qué cudi cing gitra hai phwong phép. Sai s6 tuyét di trong

, tai cac ti sO tin/tap (SNR) tuong tng 1a 8 dB,

cac két qua cua hai phuwong phap (<107°)nho hon rat
nhiéu so v&i gia tri xac suat ma chiing ta quan tim da chimg
t6 do tin cdy ciia phuong phap dé xuit. Chung t6i ciing
nhéin manh réng, khi tap (nhiéu) dau vao cac cam bién 1a
Gaussian, nghia 1a cac phan bd bién 1a Gaussian, thi bai
toan trong [8] 1a mdt trudng hop dic biét cua bai toan
ching t6i dang xem xét. Trong trudng hop nay, sai s6 trong
céc két qua 1a do sai s6 ciia phép udc lugng tich phan xac
sudt phan bd Gauss nhiéu chiéu [21]. Va do d6, sai s nay
khong dang ké so v6i pham vi xac suét phat hién quan tam.

Pé khing dinh ning lyc cia phuong phap dé xuat, chiing
t6i m& rong bai toan nay cho trudng hop bt dong nhat
trong ma trin twong quan giita cic cam bién. Trong d6, ma
tran doc 1ap P, duoc so sanh véicac matran P, P, va Py
, Cu thé nhu sau:

100 1 p 0

P,=|0 1 0|, P=|p 1 0}

001 0 01
(19)

1 pp 1 pp

P,=lp 1 0|, Pa=|p 1 p|

p 01 pp 1

Hinh 6 biéu dién cac két qua cho cac truong hop nay voi
p =0.5. Theo do, chét lugng phét hién ciia hé thong bi suy
giam theo sy gia ting clia timg mirc tuong quan thanh phan.
Nghia 13, khi mic d¢ twong quan ctia mdi cip quyét dinh
tang 1én, thim chi mirc do twong quan ctia cac cap quyét
dinh con lai khong d6i, thi chat luong phat hién cua hé
thong bi suy giam va nguoc lai. Két qua nay da thé hién
nang luc cua phuong phap dé xuét, boi cac phuong phap
trong [8-13] khong md hinh dugc ma trin twong quan

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 115



09r P
-=--P
08 F| P,
0.7F Ps
: o Quy tic 1/3
06kl ¢ Qu tac 2/3 1
. A Quy tic 3/3

14 16

10
SNR (dB)
Hinh 6. P, theo SNR vdi cdc ma trdn tiwong quan khdc nhau.

khong ddng nhat giita cac quyét dinh thanh phan.

B. Giai bai todan phat hién trong DPMRS

Xem xét hé théng DPMRS gdm 3 tram thu thanh phan
(n=3). Dé xac dinh cic phan bd bien F(y;|Hg,)
(i=1,2,3), bai toan phat hién muc tiéu thing gidng trén
nén nhidu K [23-24] duoc ap dung cho timg tram. Ching
t6i nhdn manh rang, phuong phap d& xuit c6 kha nang giai
quyét bai toan véi cac truong hop bat dong nhit cua cac
tham s6 may thu, nhidu va do d6 cac mirc ngudng thanh
phan 13 khac nhau. Tuy nhién, @& minh hoa phuong phap,
gia sir cac tham s6 may thu va tham s6 phan bd ciia nhidu
12 nhu nhau & mdi tram, khi d6 vector ngudng la ddng nhét
Y =Yy, Yo Yo) - Cho trudc Pey =107° mic ngudng Y,
dugc xac dinh don tri tr cac phuong trinh (10) va (15)
tuong tmg. Sau d6, x4c sudt phat hién duoc tinh theo (11)
va (16). Ma tran phu thudc dong nhat (20) dwoc st dung
cho céc khao sat dudi ddy va cc tham sé cho ting copula
duogc xac dinh dya vao Bang 1.

1

09 F
0.8 F
0.7 F
0.6 F
Sosk
04
Swerling 1, Ny, =1
03F A :
/(P/ Gaussian

0.2 ¢ ¢/ QA ---K(@g=1)

4 '# O Quy tic 1/3

0.1 ,g ¢ Quy tic 2/3
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SIR (dB)

Hinh 7. B, theo SIR vdi muc tiéu Swerling 1.

1 7 ¢
P={z 1 ¢| (20)
r 7 1

Hinh 7 minh hoa két qua chat lwong phat hién cua hé
thdng voi muc tiéu Swerling 1, khong tich liy (N, =1)
trén nén nhidu Gauss va nhidu K (tham sd hinh dang

SO 01 (CS.01) 2022

v =1). O day, SIR la ti s cong sudt giita tin hiéu va nhiéu
+ tap [23-24]. Su phu thudc trong cac quyét dinh thanh
phan duogc gia thiét 1a phu thudc theo copula Gaussian. Cac
dudng cong xéac sudt cho thdy rang chét luong phat hién
clia quy tic 1/3 1a tot nhat trong c4 hai truong hgp nay. Hon
nira, chat luong phat hién cua tat ca cac quy luat déu chimg
kién su suy giam dang ké trong nhiéu K so v&i trong nhiéu
Gauss. Mot két qua khac d6i voi chit luong phat hién hé
thdng cho muc tiéu Swerling 2, tich lity khong tuong can 8
xung (N; =8) duogc cho trong Hinh 8. Ta thay rang, chat
lwong phét hién ciia cac quy luat trong nhiéu K c6 sy thay
dbi so voi trudng hop muc tiéu Swerling 1. Trong truong
hop nay, quy tic 1/3 lai cho chét lwong kém hon, trong khi

0.4
03 A Swerling 2, Ny = 8| |
' 1 " ? Gaussian
0.2 Ay ---K(g=1)
U O Quy tac 1/3
0.1 Alf’g; 0 Quytic23 ||
P A Quy tac 3/3
04 0o 0000060032 ‘ ‘
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Hinh 8. B, theo SIR véi muc tiéu Swerling 2.
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Hinh 9. B, theo SIR véi cdac mé hinh phu thugc khdc nhau.

quy tic 3/3 lai cho chét lwong t6t nhit. Cac nhan xét trong
vi du nay 1a kha thd vi va chua c6 nghién ctru ndo trudce
day cong bd do sy phirc tap cia bai toan phat hién muc tiéu
thang giang trong DPMRS khi cac quyét dinh phu thudc
thdng ké.

Hinh 9 biéu dién mot khao sat khac cho chit lugng phat
hién muc tiéu Swerling 1 trong nhiéu K v&i cac md hinh
phu thugc khac nhau. So sanh v6i truong hop cia md hinh
phu thudc theo copula Gaussian, chét lugng phat hién déi
véi mé hinh copula Student-t va copula Gumbel la kém
hon, trong khi chét lvong d6i véi mé hinh copula Clayton
va copula Frank la t6t hon. Sy trai nguoc vé ciu trac phy
thuc dudi cua copula Gumbel va Clayton dan dén mot
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nhan xét rﬁng, su suy giam trong chét luong phat hién cia
hé théng chi yéu gay ra boi su phu thuge dudi trén (copula
Gumbel) trong khi sy phu thudc duéi dudi (copula
Clayton) hodc phu thudc phi tuyén khong dudi (Frank) cai
thién chét luong phat hién h¢ thong. Mic du kho st nay
chi  mang tinh chat minh hoa kha ning cua phuong phap de
xuat song noé giup chung ta c6 nhiing nhén xét chung vé
mdi lién hé giita chat lugng phat hién muc tiéu ddi véi cac
md hinh phy thudc khac nhau.

V. KETLUAN

Trong bai bao nay, chung t6i di dé xuit mot phuong
phap dya vao 1y thuyét copula dé giai bai toan phat hién
trong DPMRS. Dua vao céc copula thudc hai ho Elliptical
va Archimedean dic trung cho céc céu triic phu thudc dién
hinh, bai bao da trinh bay hai phuong phap hop nhit sir
dung tich phan x4c suat va copula da bién. Phuong phéap dé
xuit duoc ing dung dé giai va mé rong mot bai toan phat
hién di dwoc giai truée d6 dé minh chimg cho d¢ tin cay
va tinh hi€u qua va su uu viét cia no. Cudi cung, viéc giai
bai toan phat hién muc tiéu thing giang trén nén nhidu phan
bd K trong DPMRS khi cac quyét dinh thanh phan c6 cac
céu trac phu thudc khac nhau v6i mot s6 nhan xét tha vi da
thé hién dugc nang luc cia phuong phap dé xuét. So véi
cac phuong phap trude d6 cua mot so tac g1a da cong bd,
phuong phap dé xuit c6 tiém nang giai quyét cac bai toan
phtrc tap hon nhu bai toan xac dinh ngudng ti uu hodc quy
luat hop nhét ti wu. Song, nghién ctru nay da gidi han bai
toan voi g1a thiét c4c murc ngudng dong nhét tai cac tram
thanh phan véi cac quy luat hop nhat K/N dé don gian bai
toan. Cac nghién ctru sau sé tiép tuc ing dung phwong phap
dé xudt dé giai quyét bai toan phat hién trong cac trudng
hop phtc tap nay.
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ANEW METHOD SOLVING THE DETECTION
PROBLEM IN DISTRIBUTED-PROCESSING
MULTISTATIC RADAR SYSTEM WITH
STATISTICALLY DEPENDENT LOCAL
DECISIONS

Abstract: This paper proposes a method using copula
theory to solve the detection problem for a distributed-
processing multistatic radar system  (Distributed-
Processing Multistatic Radar System — DPMRS) with
statistically dependent local decisions. By modeling the
dependence based on typical copulas belonging to two
copula families: Elliptical and Archimedean, two fusing
methods using probability integration and multivariate
copula were proposed and the detection problem in
DPMRS can be investigated under the effects of linear
statistically dependence, tail dependence, and nonlinear
dependence. The reliability of the proposed method is
proven by comparing the results obtained by the proposed
method and other traditional method for a previous
detection problem. Finally, solving the problem of
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detecting fluctuating targets on the background of K-
distributed clutter in DPMRS has confirmed the
effectiveness and potential power of the proposed method
not only for the sub-optimal problem but also for the open
a new research direction for the problem of selecting the
optimal threshold levels.

Keywords: Radar, mutistatic radar, distributed detection,
copula, dependence modelling.
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