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NANG CAO KHA NANG PHAT HIEN MUC TIEU RAPA
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Tom tdt: Do tinh chdt phirc tap ciia nhiéu trong cua $6 phdt hién nén van dé on dinh
Xéc sudt bdo dong lam (XSBDL) va ndng cao xdac suat phat hién (XSPH) muc tiéu ra da
khi nhiéu trong cita s6 phat hién khong dong nhat van con la bai toan mé va da nhi¢m.
Trong bai bdo, nhom tdc gia dé xudt thudt todn phat hién “trung binh tap c6 trong s6”
nham han ché sw gia tang ciia XSBPL, dong thoi cho phép ndng cao khd ndng phdt hién
muc tiéu ra da. Thudt toan dwoc d@é xudt dira trén nguyén ly cua bé phat hién trung binh
tap on dinh XSBPL (CA-CFAR) két hop véi thii tuc kiém duyét nhiéu. No cho phép gidm
thiéu yéu cau tinh todn va dé tré thoi gian phat hién muc tiéu. Két qua khdao sat XSPH va
XSBDL cho thdy loi ich cia thudt todn nay khi c6 sw chuyén doi cong sudt va thay doi tinh
chdt phdn bé cia nhiéu trong cira sé phat hién. Phwong phdp khdo sat dwoc thire hién
theo phwong phdp théng ké Monte Carlo.

Tir khéa: Xac sut phat hién; Hang sé bao dong 1am; Mbi truong khong dong nhit; Trung binh tap; Théng ké c6 trat ty.
1. PAT VAN PE

Trong mot sd nam tré lai ddy, co hang loat cong bd khoa hoc vé phuong phap 6n dinh
XSBDL va nang cao kha nang phat hién muc tiu ra da khi cira sO phat hi¢én khong dong nhat
(xuat hién su chuyén doi cong suat nhiu va thay dbi tinh chat phan bd nhiéu trong cira s0 phat
hién). Bé tranh sy qué tai théng tin gia (muc tiéu gia) cho cac hé thong xir 1y thong tin tiép theo,
cac bo phat hién CFAR dugc sir dung, dic biét trong nhiéu tinh hudng nhiéu phue tap, XSBDL
dé ting qua muc, XSPH giam nghiém trong. Nhimng nguyen nhan co thé ké den bao gom [5, 6]:
Sy thay d6i tinh chat phan b va cong sudt nhiu trong cira sb phat hién; Sy xuat hién nhiéu xung
hodc nhém xung tin hiéu co6 ich (nam trong cac cell tham chiéu) trong cira s6 phat hién, thanh
phan nhiu con du do sy han ché cia hé thong loc nhidu. Trong nhiing truong hop nhu véy cua
sO phat hién dugc xem Ia “khong ddng nhat”. Trén hinh 1 13 6 truong hop dién hinh cua cira sb
phat hién khong dong nhit: (a) twong ung cell kiém tra 1a sach (khéng nam trong nhleu) bién
thién cong sudt nhidu xdy ra ¢ bén trai cira sO phat hién; (b) — cell kiém tra nim trong nhiéu; (c) —
cell kiém tra sach, bién thién cong suit nhidu xay ra ca & bén phai va trai ctra s6 phat hién; (d) —
cell kiém tra ndm trong nhiu va bién thién cong suat nhidu xdy ra ca & bén trai ctra sd phat hién;
(e) — co su xuat hién ctia muyc tiéu nhidu (MTN) & vi tri cac cell tham chiéu; (f) - ¢6 sy xudt hién
ctia muc tiéu (MT) va ca mot s6 MTN trong céc cell tham chiéu.
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Hinh 1. M6 hinh vit Iy cia ciea s6 phat hién khéng dong nhat.
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Dé nang cao kha nang phat hién ma van 6n dinh duoc XSBDL khi cira s6 khong dong nhat do
su thay ddi dot ngot cong sudt nhidu va tinh chit phan bd cua nhidu trong cira s6 phat hién, cac
bd phat hién CA/OS-CFAR “cai bién” dugc st dung véi logic chon cuc dai (CAGO/OSGO-
CFAR) hodc cuc tiéu (CASO/OSSO-CFAR) muc trung binh hay theo théng ké trat tu bién do tap
clia nira cira sd bén trai hodc bén phai bo phat hién [1-12] dugc dé xuat. Tuy nhién, cic phuong
phap dugc dé xuét khong dat dugc hiéu qua cho ca 6 truong hop cira s6 khong dong nhat dugc
mo ta trén hinh 1, dong thoi yéu cau cao toc do tinh toan, ddc biét khi sir dung phwong phap
thong ké trat ty theo bién d¢ tap. Do do, bai bao dé xuét phuong phap “trung binh tap c6 trong

” tao ngudng thich nghi nhim nang cao kha nang phat hién va han ché sy gia ting cia XSBPL
muc tiéu ra da, dong thoi giam bét dugc yéu cau tinh toan cia thiét b thuc so vdi phuong phap
thong keé trét tu bién do tap wdc luong ngudng phat hlen B6 cuc bai bao gom 4 phan Phan 2 mo
ta thudt toan phat hién “trung binh tap c6 trong s&” tao ngudng thich nghi, phan 3 trinh bay
phuong phap khao sat chi tiéu chat luong phat hién cua thudt toan phat hién “trung binh tap c6
trong s0” dé tao ngudng thich nghi va phan 4 1a két qua khao sat.

2. THUAT TOAN PHAT HIEN TRUNG BINH TAP CO TRONG SO

Thuét toan phat hién “trung binh tap c6 trong s6” tao ngudng thich nghi dwoc thé hién trén
hinh 3. Cira s6 phat hién gdm N cell tham chiéu, trong d6 cell kiém tra gia dinh nam gitra cira s6
phat hién. Tha tuc thiét 1ap ngudng phat hién gdm hai bude:

Budc 1: Tinh trung binh tap c6 trong s6 mirc nhidu ctia N/2 cell bén trai va bén phai cia cira
s6 phat hién. Mirc nhidu ctia mdi cell bén trai dugc nhan véi cac hé s6 “i/(N/2)”, mdi cell bén
phai dugc nhén vdi cac hé s6 “((N/2) 5 +1D/N/2)7, 1, j 1a thir ty vi tri cua cée cell tham chiéu trong
nira ctra sO bén trai va phai cua cira sb phat hién. Gia tri cac hé s6 dugc thé hién trén hinh 2.b.
Cac cell sau khi da nhan véi cac trong so6 dugc dua dén bo tinh murc tap cho mdi nira ctra s6 theo
cong thirc sau:

N/2 N/2 1
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Sau do, muc tap U va V duge dua toi md dun ude
lugng hé s6 “o”. Nhu Vay, mirc nhidu cua cac cell
tham chiéu c6 vi tri cang gan véi cell kiém tra c6 anh
huéng cang 16n dén muc nhidu trung binh U, V cua
clra sO bén trai va phai bo phat hién. Do chinh 1a uu (@)-m6 hink yat by nhiéu N
diém noi bat cua thuat toan duge dé xuét va duge cho frong ciea 50 phat hign
1a hiéu qua ddi véi 4 trudong hop ctra s6 khong dong ~

nhat da duoc mo ta trén hinh 1.a, b, ¢, d.
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dB). Trong phan khéo sat chi tiéu chit luong phat hién
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ddc tinh nhiéu trong cira sé phat hién.

Tap chi Nghién citu KH&CN qudn su, S6 Déc san Ra da, 08 - 2021 89



K7 thudt siéu cao tin & Ra da

Néu -p. <p<p.cia s6 phit hién duwoc xem 1a dong nhit va «=0,5,
Boin < B < Bom mic nhidu cira s6 bén trai 16n hon ctra s6 bén phdi va o =[0,5+1], > S, th
a=1, -f,.. <B<-p,, mic nhidu cira s6 bén trdi nho hon cira sO bén phai va
a=[0+0,5], B< -, thi @ =0. Sy phu thudc ciia gia tri a vao B c6 thé 14 tuyén tinh hodc phi
tuyén. Trén hinh 2.c mé ta su phu thudc gia tri ciia o vao B 1a tuyén tinh khi don vi thir nguyén
cua B la dB, cac gia tri +pB,, ,%f,,1a cac gid tri t6i han, con khi f<-p  [dB]hodc
B> Brax [0B], o nhan gia tri 0 hodc 1 va viéc uéc luong nhidu gidng nhu 16lic lya chon MIN
(SO-CFAR) hoic MAX (GO-CFAR), con khi—g.. << /.. thi hé¢ sé 0=0,5 va nhiéu dugc
udc luong gidng nhu bo phat hién CA-CFAR. Ngudng cia bo phat hién “Z” dugc thiét 1ap theo
biéu thuc:

Z=Ty[aU+1-a)V] )

Vi To la h::ir}g sc”:) ty 1¢ tuong ng voi XSBDL cho trude cia bo phat hién trong trudng hop
ctra s6 tham chi€u dong nhat. B9 so sanh dua ra quyét dinh c6 muc ti€u hay khong “1/0”, gia tri
“17 - ¢6 muc tiéu twong ing khi mre tin hiéu trong cell kiém tra vuot ngudng phat hién Z, gia tri
“0” - khong c6 muc ti€u khi mure tin hi€u trong cell ki€ém tra nhé hon ngudng phat hién Z.
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Hinh 3. Thut todn phat hién trung binh tap cé trong s6 tao nguéng thich nghi.

3. PHUONG PHAP KHAO SAT CHI TIEU CHAT LUQNG PHAT HIEN CUA THUAT
TOAN PHAT HIEN TRUNG BiNH TAP CO TRONG SO

Muc tiéu khao sat: So sanh XSPH va muc tang cia XSBDL cta thuit toan phat hién dugc deé
xuét voi bo phat hién CA-CFAR trong 2 trudng hop cell kiém tra trong nhiéu hodc chi c6 nhiéu tap
(nhiéu tap trz'ing cuong do nho). Qua do, danh gia hi€u qua cta thuat toan phat hién dugc dé xuét.

Phuwrong phdp khao sat: Dbi véi bo phat hién CA-CFAR, sir dung cac cong thire tinh XSPH
va XSBDL dugc cong b trong [1]. dé khao sat su phu thudc cta ching vao ty sb tin/tap (S), sO
cell cua cira sb phat hién trong nhiu (m), cudong d6 nhidu (C). Véi thuit toan dé xuét, str dung
phwong phap thong ké Monte-Carlo theo trinh tu cic budc cia thuat toan mé ta trén hinh 3.

Trudng hop cell kiém tra chi ¢6 tap c6 trung binh bién d6 pe=0, phwong sai 6o=0,5: Néu m
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cell cla cua s6 phat hién trong nhidu, XSPH va XSBDPL cuia bd phat hién CA-CFAR duoc tinh
theo biéu thirc 3 va 4 [1]:

ol 1 TY" T\
PD :(1+C) (m'ﬁ‘m) (1+mj (3)
P.=[1+(1+C)T " @+T)™" 4)

Truong hop cell kiém tra va c6 m cell tham chiéu ctia cira s6 phat hién trong nhidu c6 trung
binh bién d6 pun=0, phuong sai on=1, bi€u thitc cho XSPH va XSBDL cua bd phat hién CA-
CFAR duogc xac dinh nhu sau [1]:

-m m-N
PD=(1+c)m( L, T ) (1+—) ()
1+C 1+C+S 1+C+S
T m-N
Po=(1+T)" |1+ — 6
=) (1 ®

S 1a ty sd tin/tap, C l1a ty sb nhidu/tap, T 1a hé sd ty 18 twong tmg v6i XSBDL cho trude, Pp 1a
XSPH, Pr 1a XSBDL cua bd phat hién CA-CFAR.

4. KET QUA KHAO SAT

Bing 1. Diéu kién khdo sat XSPH.
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Trén hinh 4 13 két qua khao sat XSPH ctia bo phat hién CA-CFAR va thuat toan dugc dé xuét

tuong tmg voi s cell tham chiéu trong nhiu 1a m = 8 cell, C = 7 dB, hinh 4.a twong tng S thay
dbi tir 820 dB, hinh 4.b — S = 9,8+10,2 dB, hinh 4.c va 4.d — S = 18+18,3 dB (hinh 4.b.c.d la
cac hinh m& rong ty 1é quan sat), Pr = 10, N = 24 cell. Diéu kién khao sat cho hinh 4 dugc chu
giai ¢ bang 1; “dudng cong 1” duoc biéu thi bai dau “-”, “dudng cong 2” — “--”, “dudng cong 3”
—“+”, “duong cong 4” — “.-.”, “duong cong 57 —“o”.

13

Tir két qua khao sat trén hinh 4 thay rang, thuét toan phat hién duoc dé xuét cho phép néng
cao kha nang phat hién myc ti€u trong didu kién ctra s6 khong dong nhat do c¢6 su chuyén doi
cong suat nhiéu trong céc cell. Vi dy, ing voi ty so t1n/tap S =10 dB va cell kiém tra chi c6 tap
thi XSPH cua thuét toan “trung binh tap c6 trong s6” 16n hon thuat toan CA-CFAR 120,17, trong
truong hop cell kiém tra nim trong nhidu thi XSPH cua thudt toan “trung binh tap c6 trong s6”
16n hon thuit toan CA-CFAR la 0,11.
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Hinh 4. XSPH cuia bé phat hién CA-CFAR va thudt toan trung binh tap co trong $0.
Két qua khao sat sy gia ting XSBDL ctia bo phat hién CA-CFAR va thuit toan “trung binh tap

c6 trong s6” twong tng véi s6 cell tham chiéu chtra nhidu m = 0-24 cell, ty s6 nhidu/tap C = 7 dB
va 10 dB, N = 24 cell dugc thé hién trén hinh 5. Bang 2 chu thich di€u kién khao sat; “dudng
cong 1”7 dugc bicu thi boi dau “-”, “duong cong 2” — “0”, “duong cong 3” — “--”, “duong cong
4” _ GG_’_”‘

-3

10

Xéc sudr béo dng lam

10 15 20 25

Sé cell tham chidu trong nhidu (m)
Hinh 5. Sw gia ting XSBPL ciia bg phat hién CA-CFAR va thudt todn trung binh tap cé trong so.
Tir két qua khdo sat hinh 5 chi ra rang, khi cura s6 tham chiéy khong dél}g nhét twong Umg véi
mo hinh vat ly theé hién trén hinh 1.a,b,c,d voi so ’cell tham chiéu 9h1'ra nhiéu tang tir 1 dén 7 thi
XSBDL cua bd phat hién CA-CFRR tang tir 10 dén 102 (tang 1 0 lan), con XSBDL cua thuat toan
duoc dé xuat ting khong 16n (tir 3 dén 5 1an) khi s6 cell tham chiéu chira nhiéu ting tir 1 dén 24.
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Bing 2. Piéu kién khdo sat XSBPL.

I:;(:)’(;]ng Phuong phap phat| Tham s6 phan b | Tham sb phan bé ciia | Ty s6 nhilu/tap C,
(XSB]gL) hién cua tap nhiéu daB
@) CACFAR 10
2 Puroe de xudt 0 ou=0.5 P 10
&) CA-CFAR Ho=0 00=5, HN=0 on= 7
4 Puroc de xudt 7
5. KET LUAN

Noi dung bai bao di trinh bay phuong phap “trung binh tap c6 trong s6” dé uéc luong
ngudng phat hién thich nghi dua trén nguyén 1y cua by phat hién CA-CFAR. De kiém duyét
nhidu trong cira s6 phat hién, phuong phap dénh gia ty s muc nhiéu cua nura cura sO bén trai va
bén phai duoc thuc hién. So sanh vi bd phat hién CA-CFAR (khi ctra s6 phat hién chi chira tap),
XSPH ciia thuat toan duoc dé xuat giam tir 5+22% khi ty sé tin/tap thay doi trong dai 20+10 dB
va s6 cell tham chiéu trong nhiéu 1a 8. Trong cung diéu kién khao sat, XSPH cua bo phat hién
CA-CFAR giam tir 16+75%, con muc tang cua XSBDL tang 16n gép 35 dén 4 1an so vé6i thuat
toan duoc dé xuat. Nhu vay, XSPH cta thuét toan phat hién duoc de xuat tang dang ke con su
gia tang cua XSBDL trong diéu kién cira s6 phat hién xuat hién sy chuyén doi cong suat nhiéu va
tinh chat phan bd cta né nhé hon nhiéu so v6i bo phat hién CA-CFAR. Ngoai ra, wu diém cia
thuat toan phat hién “trung binh tap c6 trong s6” dwoc dé xuit trong bai bao yéu cau khong cao
vé mit tinh toan va do tré vé thoi gian phat hién muc tiéu so v6i bo phat hién OS-CFAR va cac
dang cai bién cua no.
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ABSTRACT

IMPROVEMENT OF THE RADAR TARGET DETECTION PROBABILITY
FOR NON-HOMOGENEOUS ENVIRONMENTS IN THE DETECTION WINDOW

Because of the complex nature of the noise in the detection window, limiting the
increase of constant false alarm rate (CFAR) and improving the radar target detection
probability for non-homogeneous environments is still not finished and the problem of
many solutions. In the article, the authors propose a detection algorithm “Cell-coefficient-
Averaging” to limit the increase of the target false alarm constant, and improve radar
target detection. The proposed algorithm is based on the principle Cell-Averaging CFAR
(CA-CFAR) detector combined with the noise censorship procedure. The advantage of this
algorithm is to reduce the computational requirement and target detection time delay. The
survey results of detection probability and false alarm target probability demonstrate the
benefits of the proposed algorithm in terms of power level conversion and noise
distribution changes in the detection window. The survey method was carried out
according to the Monte Carlo statistical method.

Keywords: Detection probability; Constant false alarm rate; Non-homogeneous environments; Cell-averaging;
Ordered statistics.
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