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Tém tit: Bai bdo dé cdp dén vin dé nang cao hiéu qua ciia cac dai ra da theo huéng
linh hoat kéo dai thoi gian quan sat. Pé xudt phuong dan st dung “thudt toan lan lwot véi
kha ndng dép vmg @6 tin cdy cia cdc quyét dinh” trong phdt hién muc tiéu ra da. Két quad
phdn tich cho thdy, phirong én nay c¢é kha ning dap g gid tri xdc sudt phdt hién ding va
bdo dong lam véi thoi gian quan sat twong dwong véi thudt toan Wald. Piém khdc biét la
phirong dn ¢ tinh dén yéu cau dam bdo dé tin cdy cia cdc quyét dinh va sir dung thém
théng tin tién nghiém vé xdc sudt c6 hodc khéng c6 muc tiéu. Ngoai ra, phwong dn dé xudt
con cho phép dam bao mikc xdc sudt bao ddng lam can thiét voi trung binh sé chu ky quan
sdt nhé hon dang ké so voi thudt todn ra quyét dinh tirc thoi (mét budc) theo tiéu chudn
Neyman—Pearson.

Tir khéa: Phat hién muc tiéu ra da; Phan tich 1an luot; Ra quyét dinh nhiéu budc.
I. PAT VAN PE

Co s6 dé giai quyét bai toan phat hién myc tiéu ra da 1 chinh 1a mo hinh théng ké cua tin hi¢u
nhén dugc (ky hiéu &), thé hién qua ham méat d§ xac suat (MDXS) co6 dicu kién trong truong

hop c6 va khong c6 myc tiéu p,(§) = p(é;/H, ) , 1=10 (H, ,H,: gia thuyét c6 hoic khong co
muc tiéu). (7)’ day, thong tin phuc vu phat hién nam & “su khac biét” cua cac ham MPXS vé dang
hoac tham s0 va thudt toan ra quyét dinh mét budc (TTMB) ¢6 dang chung [2, 5-7]:

P, (&) néu P(E) ea
po(§)>L va H =H; néu L(g)= ) <L ()

Trong d6: L(&), L - Ty sb hop ly va ngudng phat hién; H™, H,", H; - Ky hiéu ham quyét

“H"=H," néu L(&)=

dinh va cac quyét dinh co va khong c6 muc tiéu.

Chat lwong phat hién thé hién qua qua bang xac suat ra quyét dinh diing hoic sai c6 diéu kién
B, = P{H:/HI }; k,I =1,0. Trong d6, xét theo quan diém ngudi st dung, c6 nhimng chi s quan
trong sau [1, 2, 6, 7]:

- X4c suat phat hién dang (XSPHP) D =P, , bao dong 1am (XSBPL) F =P,,;

- Xac suét ra quyét dinh ding (XSQD) loai mét (cho H,") va hai (cho H;):

RB y10. @)

o] e V/—
PP,+P P,

s =P{H, /H} =

Trong do6: B = P{HI } ; 1=1,0 - X4c suét c6 hodc khong c6 muc tiéu trong ving quan sat.

Do thoi gian sir dung dé ra quyét dinh 1a khong ddi nén chat lugng cta cac bo phat hién sir
dung TTMB cho truéc hoan toan phu thudc vao yéu té khach quan 1a didu kién quan sat. Trong
cac tinh huong kho khan (muc tiéu nho, cu li 1on, nhleu tap manh,...) chat luong phat hién c6 thé
xudng rat thap va khong thé dap mg dugc yéu cau ciia ngudi sir dung thong tin. Mot trong
nhiing bién phap khic phuc vin dé nay 1a sir dung cac thuit toan theo tiéu chuén Neyman-—
Pearson [5-7]. Ban chét ciia n6 1a chon ngudng phat hién sao cho dam bao XSPHD cao nhit véi

diéu kién XSBDL khong vuot qua gia tri yéu cau F <F". D& thiy, viéc diéu chinh ngudng L
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trong (1) chi cho phép dam bao mdt trong hai chi sO chét lugng (F hoac D), chi sO con lai Van
phu thudc vao diéu kién quan sat. Chinh vi vay, cac thuat toan kiéu nhu vay khong the giai quyet
triét dé duoc cac yéu cau vé chat lugng phat hién. Van dé dap ung chét luong quyet dinh c6 thé
thuc hién theo mot cach tiép can khac “Kéo dai thoi gian quan sat dé tang lwong théng tin sir
dung dé ra quyét dinh”. Theo huéng ndy dd c6 mot sd cong trinh nghién ctru dé xay dyng thuét
toan ra quyét dinh nhiéu budc (TTNB) trén co s& 1y thuyét phan tich lan lugt [1, 3, 4, 8]. Khi can
dap ung bo chi tiéu “XSPHP-XSBDL”:

F<F vaD>D, (3)
¢6 thé sir dung thuat toan Wald [4]. Tuy nhién, trong thuit toan khéng sir dung thong tin tién
nghiém vé sy xuét hién cua muc tiéu ( P, , P, ) cling nhu viéc dap tng yéu ciu vé gia tri XSQD :

P.,>P vaPR,_,>P. 4)

Dec.l =

Trong d6: P va P, - Do tin cdy can dap tng cua cac quyét dinh H,", H, . Gia tri nay duogc
lya chon trén co sé tinh chat, méc do quan trong cua bai toan phat hién ma dai ra da thuc hién.

Dé dam bao yéu cau (4) c6 thé sir dung thuit toan nhan dang nhiéu bude dé xuit trong [1]. Do
“phat hién” la mot trudng hop riéng cta bai toan “nhan dang” nén viéc trién khai thuit toan nay
khéng c6 gi kho khan. O day, chung toi tap trung vao viéc danh gia kha nang (ng dung cua thuat
toan, thyc hién so sanh v6i thuét toan Neyman—Pearson (TTMB dang tng dung pho cép trong ra
da) va thuat toan Wald (TTNB kinh dién c6 tiém nang ung dung trong ra da). Voi muc ti€u trén,
bai bdo co cau tric nhu sau:

- Mo ta thuat toan.
- Banh gia hiéu qua cua thuat toan.
- Két luan.
II. MO TA THUAT TOAN

Thong thuong, trong cac dai ra da, qua trinh quan sat dugc thuc hién lan lugt theo tirng chu
ky. Goi &,, 1a tin hi¢u nhén dugc & chu ky quan sat (CKQS) tho “m” (m=212...), thi sau “n”

chu ky s& nhan dugc tap “n” tin higu [&™ | =€, .E,,....&, |. Do CKQS thudng Ién hon nhiéu so
v6i thoi gian thing giang cua tin hiéu nén c6 thé coi cac thanh phan cia [2‘;(”)] la doc 1ap [5, 6].

Khi d6, ham MDXS c6 diéu kién ciia [ €™ | va ty s6 hop 1y duoc viét dusi dang:

P ([&”])=p([&™ ]/H )=H PP E,); 1=01. (5.a)

M ([em
L([g(")]): LM — pln ([&-’ n ]) (5.b)
" ([e”])
Trong d6: p(&,) = p(,/H,) - Him MDXS c6 diéu kién cua tin hidu tai CKQS tha “m .
Gia sur viéc ra quyét dinh duoc thyc hién sau mdi “ N~ CKQS, viéc ra quyét dinh trong
thudt todn Neyman-Pearson dugc thyc hién theo quy tic (1) véi ty sb hop 1y L(&)=L™) tinh
theo cong thirc (5) va ngudng phat hién L = L, xac dinh bai phuong trinh:

Ney

ey
I fO(L(NOnc))dL(NOnc) -F (6)

0
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Trong do: f, (L™} - Ham MDXS ciia ty s6 hop Iy L) trong diéu kién H, .

Truong hop can dap tmg bo chi tiéu “XSPHD-XSBDL” theo yéu cau (3), quyét dinh lan luot
theo thudt toan Wald c6 dang:

*

13 H* — Hl* néu L(n) Z Ll*Wa|d :% ’ H* — HO* néu L(I"I) S L*(*)Wald zj'-_ E* ,
va H =H. néu L <™ < ;W >, ©)

Trong d6: L;, L - cdc ngudng phét hién; D°, F - Gia tri XSPHD va XSBDL can dap tng;
H - Ky higu quyét dinh chuyén CKQS tiép theo.

Truong hop can dap ung do tin cy cta cac quyét dinh theo yéu cau (4), TTNB dé xuat trong
[1] ting dung vao bai toan phdt hién cé dang (8) va dugc minh hoa trong so d6 hinh 1:

“Véi k=argmax{P{H, /[gm)]}} thi H™=H; khi P{H, /[ ]|>R va

1=0,1

H™=H khi P{H, /[E” ] <R (8)

(n) (n)
Trong do: P{H /[E_,(" ]} ([é ]) , 1=0,1 - x4c sut hau nghiém

P, p” ([5(”)])+F’1 p” ([g(m])

clia gia thuyét H, .

"y

2ol e POOTRL P = |
T 25
R RP—> §§* "
R =
R et - pry) Mg 1
m=1

Hinh 1. So' d6 minh hoa thudt todn phdt hién nhiéu budr.

O day c6 luu ¥, do bai toan phat hién chi tmg vdi hai gia thuyét “c6” hodc “khong c6” muc
tiéu nén kiéu “quyét dinh nhém” (quyét dinh vé su ton tai ciia mot trong nhom vai gia thuyét dé
xay ra nhét) trong TTNB d& xuét trong [1] khong dugc dua vao.

Kha ning dap g yéu ciu (4) cla thuat toan (8) da dugc danh gia bang giai tich trong [1] 6]
day, chiing t6i xem xét kha ning lua chon tham sd cua thuét toan nay nhiam dap mg yéu cau (3).
Do chi ¢6 hai gia thuyét (c6 va khong c6 muc tiéu) nén c6 thé sir dung gia tri ty s6 hop 1y (5.b)
va bién d6i thuit toan (8) vé& dang don gian tuong ty nhu thuét toan Wald:

“H"=H," néu LW >L* = L -, H =H; néu L <1 = " ﬂ
P 1-P R R
Vd H =H; néu L <L <%, )
Néuchon:
P _ F:lD o R (1-F) , (10)

' PD+RF " P (1-F)+R (1-D)
thi
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* D* *Wald *AP 1- D *Wald
LlAP =—= L1W ’ L0 )
F T1-F

Nhu véy, bang cach chon ngudng phit hop TTNB (8) turong duong voi thuat toan Wald va co
kha nang dap ung bd chi tiéu “XSPHP-XSBDL” theo yéu cau (3) Trudng hop khong biét xac
suat tién nghiém vé sy ton tai muc tiéu trong ving quan sat c¢6 thé coi P, =P, =0,5.

(11)

I11. PANH GIA HIEU QUA CUA THUAT TOAN

Viéc danh gia hi€u qua cuia thuat toan (8) dugc thuc hién theo cac khia canh sau:

- Khao sét timg cip chi s cht lugng phat hién (“D,F”va“P_ ., Po..,”) cung trung binh
s6 chu ky quan sat « NOyu» N1~ can thiét dé ra quyét dinh dé dam bao cac yéu cau (3) va (4)
trong cac truong hop khong c6 va c6 muc tiéu trong ving quan sat cua dai ra da “H,, H,”. Cac
chi s trén dugc khao sat trong diéu kién ty sd tin trén tap (S/N) thay doi.

- Danh gi4 trung binh tong s6 CKQS “NTB,,, =0,5(N0,,, + N1,,,)” str dung trong (8) dé
dam bao cip gia tri “XSPHD-XSBPL” ma thuat toan Neyman—Pearson c6 thé dat duoc véi sd
CKQS Ia *“ Ny, ™.

Truong hop chung, tlnh toan cac chi sb chét lugng bang giai tich 1 kho khan, dic biét 1a dbi
v6i gid tri trung binh s6 CKQS. Do d6, ¢ day chang t6i sir dung phuong phap mé phong thdng
ké. Két qua dua ra dudi day duoc thuc hién trong diéu kién mo phong cac thuat toan phat hién

muc tiéu trén nén tap Gauss cong tinh v6i mirc tin higu quy chuan o? =1 con mat d§ phd cong
sut thay doi o =var, khi d6, taco S/ N[dB]=10log(o? / o3 ) =-10log oy .
3.1. Kha niing dap ting yéu ciu vé dj tin cdy ciia cic quyét dinh

Két qua khao sat sy phu thudc do tin cdy cua cic quyét dinh, va cac tham sé vé thoi gian
quan sat vao ty so S/N dugc dua ra trén hinh 2.
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Hinh 2. Su phy thugc dé tin cdy cia cac quyét dinh va cdc tham sé vé thoi gian quan sdt vao ty
50 S/Nkhi P} =0,99; P =0,80; Py 1z =0,5(P>° + R™).

C6 thé thay, khi ty s6 S/N giam yéu cau vé do tin cy (4) duge dap ung bang cach linh hoat
kéo dai thoi gian quan sat. Tty theo gi4 tri cu thé ctia P’ va P" ma s6 chu ky quan sat sir dung
trong thuat toan ting nhiéu it khac nhau.

3.2. Kha niing dap tng yéu ciu vé xac suét phat hién ding va bao dong 1Am

Gia st cin dap tmg yéu cdu (3) voi tham sb cu thé 1a D>D =DTr=0,8 va

F<F =FTr=10°. Van dung cong thic (10) ta tinh dwoc tham sd cua TTNB
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. i P (1-F
) — I?L D _ 20,833, PODEC — O*( ) _
PD +PF P,(1-F)+P (1-D")
toan (8) voi bd tham s6 nay duoc thé hién trén hinh 3 va hinh 4.

=0,999. Két qua mo phong thuat
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Hinh 3. Su phu thudc xdc sudt phat hién diing va bdo déng lam vao ty s S/N trong thudt todn
nhiéu buéc véi “D"=0,8,F =107 "va “P; =0,999, P" =0,833 ".
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Hinh 4. S phy thugc trung binh s6 chu ky quan sat vdo ty s6 S/N trong thudt todn nhiéu budc
véi “D"=0,8,F =107 "va “P, =0,999,R =0,833 ".
Két qua khao st cho thy, khi ty sé S/N thay doi, XSPHD va XSBDL luén déap tmg yéu ciu
dat ra. Trung binh s0 CKQS khi c6 muyc tiéu kha 16n so vai truong hop khong cé6 muc ti€u
(N1, >>NO,, ). Nguyén nhan 1a do “F =10"<<1-D"=0,2” din dén
P’ =0,999 >> P" =0,833. Hay noi cich khic, do yéu ciu cao vé do tin cay ciia quyét dinh
“H" = H, ” nén viéc ra quyét dinh nay khi c6 muc tiéu s& doi hoi s6 CKQS 16n.
3.3. Kha niing dap tng yéu ciu vé xac suét phat hién diang va bio dong 1Am — so sanh véi
thuat toan Neyman-Pearson

Thyc hién khao sat thudt toan Neyman-Pearson voi s6 CKQS N,., =10 va gia tri XSBDL

Ney

can dam bao 1a F” =F,, =10, Sau d6 khdo sat TTNB (8) voi tham s

Fus <F =F,, =10°va D, >D" =D, (12)

Ney Mul —

Trong do: D,, - Gia tri XSPHD nhéan dugc khi khao sat thut toan Neyman-Pearson.

Két qua khao sat sy phuc thuoc XSPHD va XSBDL vao ty s6 S/N ddi voi thuit toan (8) va
thuat toan Neyman-Pearson dugc dua ra trén hinh 5. Trén hinh 6 1a két qua khao sat cho trung
binh XSQDP d6i voi ca hai thuat toan va cac tham so ve thoi gian quan sat “NO,,,, NI,
NTB,,,” cua riéng thudt toan (8).
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Hinh 5. S phu thudc xdc sudt phat hién diing va bdo déng lam vao ty s S/N trong thudt todn
nhiéu budc va thudt toan Neyman-Pearson.
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H‘I‘nh 6. Su phu thudc trung bink xdc sudt ra quyét dinh diing vao ty sé S/N trong thugt todn
nhiéu budc (Prg ) CUNG thudt toan Neyman-Pearson (P . ) va su phu thudc cdc tham so vé
thoi gian quan sat déi véi riéng thudt todn nhiéu budc.

Két qua khao sat cho thiy:

- Thuat toan (8) cho phép dé‘m bé‘o yéu cau (11) véi trung binh téng s6 CKQS
“NTB,,, =4.5-6.5” - nho hon c& gan 2 l1an so v¢i thuat toan Neyman-Pearson (tuy theo gia tri
S/N). Trung binh s6 CKQS “NO,,, "giam theo mirc tap khi khong c6 muc tiéu. Truong hop c6
muc tiéu, “N1,,, ” tdng theo muc tap.

- Cac chi tiéu chat luong cua thuét toan (8) t6t hon so véi thudt toan thuit toan Neyman-
Pearson trong toan dai S/N da khao sat.

IV. KET LUAN

Thuét toan nhiéu bugc d& xuit trong [1] Umg dung vao bai toan phat hién cho phép dap tng
yéu cau vé do tin cdy cua cac quyét dinh trong diéu kién ty sd S/N thay doi. Bang cach lya chon
nguo‘ng quyet dinh mét cach phi hop, thuat toan nay co thé dam bao gia tri XSPHD va XSBDL
v6i thoi gian quan sat twong dwong voi thudt toan Wald. Diém khac biét 1a trong thuat toan dé
xuét c6 thé sir dung thém thong tin tién nghiém vé xac suat ton tai muc tiéu trong ving quan sat
clia dai ra da. Ngoai ra, thuat toan con c6 thé dam bao mirc XSBPL can thiét v6i trung binh sb
chu ky quan sat nho hon dang ké so véi thuat toan Neyman—Pearson trong cliing mot diéu kién.
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ABSTRACT

APPLICATION OF THE SEQUENTIAL (MULTI-STEP) DECISION-MAKING ALGORITHM

WITH THE ABILITY TO MEET RELIABILITY OF DECISIONS
IN RADAR TARGET DETECTION

The paper presents the issue of improving the efficiency of the radar systems by flexibly
extending the observation time. In this paper, a solution to apply the sequential (multi-
step) decision-making algorithm with the ability to meet the reliability of decisions in
radar target detection is proposed. The analysis results show that this solution satisfies the
required probability of true detection and false alarm with the same observation time as
Wald's algorithm. The difference is that the solution takes into account the requirement of
ensuring the reliability of the decisions and uses posteriori information about the
probability of existence or non-existence of targets. In addition, the proposed solution
ensures the necessary false alarm probability with the average number of observation
cycles significantly smaller than the instantaneous (one-step) decision-making algorithm
according to Neyman—Pearson criteria.

Keywords: Radar target detection; Sequential analysis; Multi-step decision.
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