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TOM TAT

Trong thoi gian gan day, véi s phdt trién ciia cdc phirong tién bay khéng nguoi ldi ¢ kha
néng hoat dong ¢ ddi toc do thap. Diéu nay gdy ra sw khé khan trong quan Iy cdc muc tiéu doi véi
cdc hé théng ra da thé hé cii, chii yéu dwoc thiét ké phat hién cac muc tiéu bay t6¢ dé cao. Bai bdo
dé xudt mot gidi phdp iing dung ky thudt khuéch dai phd trong ving vdn toc cdn khong dé phat
hién cdc muc tiéu bay chdm bang cdch g dung bién doi chirp Z dé khuéch dai pho trong ving
quan tam dé tang dé phan gidi trong qud trinh xit Iy phdt hién muc tiéu cé van toc thap.

Tir khoa: Bién dbi Chirp Z; Khuéch dai phd; Muc tiéu bay chdm; Ra da; Doppler.
1. PAT VAN PE

Cac muyc tiéu bay voi tdc d6 16m co thé dugce dé dang tach biét gitta tin hi¢u phan xa va nhiéu
dia hinh dia vat, nhiéu khi tuong trong mién tan sd. Trong nhiing nam tré lai day, cung voi su
phat trién cta cong nghé céc loai thiét bi bay ¢ tang thap, toc dd cham nhur tau lugn, cac loai may
bay khong nguoi 1ai (Unmanned Aerial Vehicle - UAV), viéc tang cuong kha nang phat hién
nhirng loai muc tiéu ndy dang trd thanh mot hudng nghién ctru quan trong trong ra da do tim anh
hudng cua né trong nhiéu linh vuc. Nhitng kho khin chinh trong qua trinh phat hién muc tiéu
bay cham, tam thap bao gom [1]:

- Khi bay & d6 cao thap, qua trinh phat hién trd nén phirc tap hon do phan xa bi anh hudng
16n béi nhidu dia hinh. Hon nita, ty 1¢ tin trén tap (Signal to Noise Ratio - SNR) ciing bi giam
dang ké d6i voi nhing loai myc tiéu nay, dién tich phan xa hiéu dung ciia chiing twong d6i nho
va khi muc tiéu bay thap, nhiing phan xa ndy thuong 1an véi nén nhifu dia vat.

- Do tbc d6 bay cham, tin hiéu phan xa gan véi viing véan toc 0 trong mién tan sé Doppler va
thuong ndm 14n v&i nhitng phan xa dia hinh manh cting véi cac nhidu khi tuong di chuyén cham.

Viéc loc nhiéu mot cach hiéu qua va phat hién muc tiéu bay cham tr& thanh mot van dé cép
thiét. Mot s nghién ciru da duoc dua ra tap trung vao qua trinh phat hién cac muyc tiéu loai nay
trén nén nhidu bién nhu thuat toan phat hién bién d6i phan sd Fourier thoi gian ngan dé xir 1y
hiéu tmg vi Doppler clia muc tiéu trén nén nhiéu bién [2]; thiét ké dong dang song thich nghi [3];
phan giai Chirplet thich nghi va bu khir ph6 [4], bién d6i Fourier-Bessel [5]. SO lugng nghién
ctru doi v6i qua trinh phat hién muyc ti€u bay chdm tam thap trén nén nhidu dia hinh van con rat
it. Hién chi méi c6 mot sd nghién ctru nhu phuong phap xu ly thich nghi khong thoi gian [6],
bién d6i Fourier roi rac 18ch dé tao ra cac mau tan s khong ddng nhit trong xir 1y loc [7]. Nhitng
thuat toan nay c6 d phic tap trong dbi cao va thuong khong tinh téi kha ning ap dung véi cac
hé théng ra da c6 do phirc tap tinh toan thip, két qua xu 1y thong tin nhanh.

Do do, nhom tac gia dé xuit mot thuat toan phat hién moi dya trén sura ddi bo tré duong
truyén 3 xung va phuong phap khuéch dai phd dua trén bién ddi chirp Z (Chirp Z Transform -
CZT) tap trung vao dic trung ctia muc tiéu bay cham tdm thap dé co thé phat hién loai muc tiéu
nay trong khi van giit dwoc kha ning phat hién muc tiéu tbc do cao. Muc 2 trinh bay co so Iy
thuyét vé bién doi Chirp Z va g dung ctia n6 trong khuéch dai phd dé tang do phan giai trong
mién tan s6. Muc 3 dua ra ing dung cua né trong cai tién cac hé thong ra da sin c6 nham phat

12 C.V.Linh, ..., D. V. TUng, “Ung dung gidi phdp khuéch dai phé ... bay chim trong ra da.”
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hién muc tiéu bay. M6 phong thuat toan dugc thuc hién trén Matlab va trinh bay trong muc 4.
Cac két luan va danh gia va phuong hudng phat trién dugc dua ra trong muc 5.

2.COSOLY THUYET

2.1. Thuét toan CZT
V61 mét tin hiéu tuong tu x(t) duoc lay mau véi chu ky 1dy mau Ts dé tao ra day N diém roi

rac X, $a0 cho X, = x(nTs) = X()|t=nT:n=0.1....N_1. Bién ddi z ciia N diém X, dugc dua ra trong [8]:
X(2)= ZX(H)Tn 1)
n=0

v6i tham s phire bién ddi z duoc xac dinh bang:
z=|z|exp(joT;) (2)
trong do, w 1a tan so goc. Cong thirc (1) bién d6i chudi rdi rac theo thot gian X, vé biéu dién mit

phang phirc X(2) cta n6 chinh la phd cua X,. Tinh (1) & mot bo L mau tan sd phan cach déu trén
mot duong cong ngau nhién trong mit phang z, tic 14 2 = { z } = {zoz1...21} duoc dua ra boi:

Xk=X(Zk)=anz;”;k:0, ,..,L-1 3)
Trong do:
z, =[r,exp(j6,)1[R, exp(jd)]* 4)

v6i N va L 1a cac sb nguyén bat ky tuong v6i sé mau roi rac dau vao X, duge bién doi va sé miu
tan sO dau ra Xy theo thuat toan xu ly CZT. Thuat toan CZT dugc md ta boi (2), (3) dugec minh
hoa trén hinh 1.

Mit phing z

0 =" exp(j6p)
27 4; 6 :k=L-1

Hinh 1. M6 ta thudt toan CZT ldy mdu tan sé theo dwong bao xodn oc (Ry < 1).

Trong (3) va hinh 1, véi k = 0, g = reexp(jfb) 1a tin sb léy mAau cta L mau tan sb trén dudng
cong trong mat phang z, trong do, ro (ro > 0) 1a ban kinh bat dau va 6o 1a goc bat dau. Véi Ry (Ro
> 0) 1a ty 1¢ xoan cua dudng cong va ¢o la phan giai goc gitra 2 mau tan s 1an can trén duong
cong. V6i Ry < 1, cac mau tan sé nam trén dudng cong tién t6i gbe 0 khi k ting 1én. V&i Ry > 1,
cac mau tan sd nam trén dudng cong md rong ra ngoai. Khi Ry =1, duong cong tré thanh duong
tron ban kinh ro. Khi Rg = ry = 1 va thuit toan CZT tré thanh blen ddi Fourier roi rac (Discrete
Fourier Transform - DFT). Tuy nhién, khi d6 CZT van c6 mot s6 vu diém so véi DFT la:

(i) N khong nhét thiét phai bang L (d6i voi DFT, N = L),
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(i)) N 1a L c6 thé 1a 1a cac s6 nguyén bat ky (d6i véi DFT, N=L=2"p=1,2,...),

(iii) 6o co thé duoc chon ngiu nhién (6, = 0 dbi voi DFT),

(iv) ¢o 1a c6 thé dugce chon bat ky théa man ¢o> 2m/N dé tranh chdng lan cac dinh phd canh
nhau trong dap trng bién do (¢o= 27/N do6i voi DFT).

Néu A 1a diém bat dau (tAn s6 ban dau trong mat phang Z), Ao Va 6y xac dinh tan s6 ciia mau
bat ddu, W 1a lién hé phirc giira cac diém thi:

A=Ag (5)
W =W,e' (6)
Thay (5), (6) vao (4), z c6 thé duogc viét lai ¢ dang:
=A-W* (7
vi Ag = rp va Wy = Ry. Thay (7) vao (3) dau ra cta chudi X, trong thudt toan CZT sé la:
X(zk)=Zx(n)zk’“=Zx(n)A’”VV"” k=0,1,...M-1 (8)
n=0 n=0
Theo Bluestein [9] c6 thé thay thé:
1
nk ==|k®+n*—(k—n)’ 9
L (k—n)’] )
Thay (9) vao (8), tao ra:
kK N4 n® _(k-n)’
X(z)=W 2> | x(n)A"™W 2 |.\W 2 (10)
n=0
Néu ta tao hai chudi f(n) va h(n) theo cong thuc
f(n) =x(n)A""W 2 n=0,1,...,N-1 (11)
h(n)=W B (12)
Thi:
j N-—
X(z,)= 2Z:f(n)-h(k—n)k=0,1,...,M—1 (13)
n=0

Nhu véy co thé thiy, Bluestein st dung thay thé (9) dé thay thé qua trinh tinh toan DFT bang
phuong phap tinh tich chap nhu trén hinh 2.

X(z,)

x(n) S gk | ® ;
n=0,12,.,N-1 % h(n) T k=012,...M -1
#

Aii W2

Hinh 2. Cdc buée thue hién tinh toan bién déi z sir dung thudt toan CZT.
Theo hinh 2, cong thirc (13) ¢6 thé dugc coi 1a qua trinh xir Iy 5 budc tuan ty bao gom:
Bl.ChonL,L>N+M - 1.
B2. Chon chudi L diém f(n) tir x(n), bing

f(ny={X(MA™W?2 0<n<N-1 (14)
0 N<n<L-1

14 C.V.Linh, ..., D. V. TUng, “Ung dung gidi phdp khuéch dai phé ... bay chim trong ra da.”
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Tinh to&n Fourier nhanh (Fast Fourier Transform - FFT) cho f(n), goi la F(k) 0 <k <L-1
B3. Xac dinh chudi L diém h(n) bang lién hé

n?

W 2 0<n<M -1
h(n)=< khéc M<n<L-N (15)
_(L-ny?
W 2 L-N+1<n<L-1
Tinh toan DFT cho L diém cua f(n) bang FFT, ki hiéu 1a H(k), 0 <k <L —1.
B4. G(k) = F(k)H(K). Tinh toan L diém ctia G(k) bang IFFT, goi la g(n)

2
BS. Lay M diém trong g(n), goi 1a g(k) nhan voi g(k) bang W 2 dé thu dugc ddy X(z) mong
muon. Cac gia tri g(k) voi k > M bi loai bé.
Nhu vay, bang thuat toan CZT chung ta di ldy miu duoc M diém X(z) trong tin higu x(n)
ban dau.
2.2. Ung dung ciia CZT trong khuéch dai pho

Trong cong thic (5), (6), Ag va 6y dugc su dung dé xéac dinh vi tri mau ban dau va ¢, dugc
dung dé xac dinh do ting goc giira cac mau. Trong truong hop Ag = Wo = 1, bién ddi s& dugc tinh
toan trén duong tron don vi nhung bi gi6i han vé mot viung phd cu thé giita 6y va (M-1)do duoc
xéac dinh boi tan s6 f = [frin frad.

Céc tham sb cua bo xu Iy CZT co thé duoc xac dinh dya trén hinh (1), khi xét toan by dudng
tron trén mit phang Z:

2r (NCZT 1)¢o

16
fs f - fmm ( )
2w 490
£t _ o 17
fs fmin ( )
trong d6, N7 la s6 diém le”iy mau mong rnuén, fs 12 tan s6 léy mau (Hz).
Tu (16), (17) suy ra:

2z fmax B fmin
¢ = U ) (18)

fs(NCZT _1)
0, - 271'ffmin (19)

S
Pé thu duoc cac tham sd CZT ta chi can quan tam tdi tan sb cuc dai, cuc tiéu va sb diém dir
liéu mong muon. Thay cac gia tri nay vao (5), (6) ta thu dugc
27 (frax— fnin)
W=wWe Nk (20)
jZ”fmin

A=Age © (21)

Céc tham s6 nay s€ dugc st dung dé khai tao ham dau vao tinh toan cho thuat toan CZT. So
v6i FFT @6 phan giai cua CZT s€ 1a bat ky vi ta c6 thé chon tham s6 bat ky:

Af = M (22)

N czT

Dé ¢6 thém nhiéu thong tin va di liéu phuc vu cho tinh toan phat hién muc ti€u, thuong st
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dung phuong phap léy mau vuot hon so véi chi tiéu Nyquist. Phuong phap nay lam tang do phan
giai xtr Iy nhung dong thot cling tang ganh nang tai nguyén cho cac bg xur ly. Khi muc tiéu quan
tam cia ching ta chi ndm trong mot ving xur ly nhat dinh, néu 14y mau qua toan dai s& chi lam
tang thém lugng dit liéu thira (cac 6 phan giai ndm ngoai ving khong ¢ dong gop gi cho dbi
tuong quan tdm). Su dung CZT cho phép ching ta lya chon ving voi cac tan s6 bat dau va két
thuc cung voi do phan gidi tang 1én, con cac vung khac van giir nguyén do phan giai nhu ban
dau. Piéu ndy lam ting d6 phan giai cia ving quan tdm nhung khong tao ra ganh ning dir liéu
dbi véi cac ving khéc.

Nhu ¢6 thé quan sat trén hinh 3, khi st dung FFT, néu hai tin Doppler roi vao cting mot 6
phan giai Doppler thi dau ra s& giéng nhu 13 mot muc tiéu 16n. Khi xur ly phat hién s€ chi coi la
c6 mot muc tiéu tai vi tri ndy. Khi st dung CZT (hinh 4), s6 6 phan giai tang Ién trong vung quan
tam. Ta c6 thé thay, tin hiéu c6 su phan tach rd rang, tir 46 c6 thé xac dinh dugc day 1a 2 muc
tiéu khac nhau. Nhu véy, bang phwong phap nay ching ta c6 thé ap dung dé loc muc tiéu di dong
¢6 van toc thp.

Ving quan
”
Phan -«
Sl
0 fmi n fmax FS

Hinh 3. D¢ phan gidi khi sir dung FFT.
CZT c¢6 uu diém 1a nguoi ding khong chi c6 thé xac dinh dugc diém dau va cudi ving tan sb
quan tdm ma con c6 thé dat dugc so lugng 6 phan giai trong bang thong do.
Phan gidi Vung quan tam
CZT |<

Phan —
‘giéi‘ 2

\

O fmin fmax FS
Hinh 4. Téing dg phan gidi bang CZT trong xik Iy FFT.

3. AP DUNG KHUECH PAI PHO TRONG PHAT HIEN
MUC TIEU BAY CHAM TAM THAP

Dua trén k¥ thuat CZT da mo ta, nhom tac gia dua ra mot so dd xu Iy méi dugce thiét ké dé

16 C.V.Linh, ..., D. V. TUng, “Ung dung gidi phdp khuéch dai phé ... bay chim trong ra da.”
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cai tién cac hé thong ra da thé hé cii st dung cac k¥ thuat xir Iy Doppler xung hay k¥ thuat phat
hién muyc ti€u di dong (Moving Target Detection). So dd nay sir dung cac dfr liducu ly — Doppler
trong cac hé thong ra da dé thu dugc thong tin phd ch1 tiét  trong dai bang tn Doppler thap nhim
phén tach phan xa myc tiéu va nhiéu dia vat trong mién tan s6 va cai thién qua trinh tich liy xir
Iy muc tiéu.

Dir liéu I/Q Dt 11A’¢u 1/9
A4v mi sau lay mau
sau lay mau

FFT
FFT
Dit liéu cy ly Dir li¢u cy ly
DFFT DFFT
: i1 do .| czT & i phd |DFFT | Ban dd _
Doppler oppler oppler
o Xir 1y phat hién X 1y phat hién
Xtr ly phat hién CFAR...
(CFAR...) (CFAR..) ( )
Phét hién muc Phit hién myc Phit hi¢n myc
tidu tc do cao tiéu toc do cao tiéu toc do thap
Xir ly bam sat Xt ly bam sat
X 1y bam sat
S Té ho ¥ dao
Quy dao Op quy dd
Hién thi Hién thi
a) b)

Hinh 5. So d6 xit 1y nguyén ban (a) va cdi tién (b).

Qua trinh x1r 1y trong dai ra da dugc biéu dién trén hinh 5(a): trudc tién thuc hién xir ly di
ligu lay mau bang FFT dé thu dugc dit li€u cy ly trong moi khung. Tiép tuc thuc hién bién doi
Fourier roi rac dé thu dugc dir liéu ban d6 cu ly — Doppler. Sau do, xu ly phat hién trén moi
khung dit li¢u. Tan s6 Doppler cua cac phan xa muc ti€u toc do cao thudong 16n hon nhicu so voi
nhicu dia vat va khi tugng. Do d0, c6 thé d¢€ dang tach biét chung trong mién tan s6. Cac k¥ thuat
xu Iy CFAR truyén thong c6 thé dugc &p dung dé tach céac loai muc ti€u. Cudi cung, cac két qua
xur Iy cia nhiéu khung thu duoc s€ dugc ti€p tuc xt Iy d€ cai thién hi€u suat phat hién va bam sat
muc tiéu.

Hinh 5(b) biéu dién so db xir Iy dé xuat thay thé cho cac hé thong ra da hién c6 bang k¥ thuat
CZT. Cac quy trinh xtt Iy nguyén ban cua dai van dugc gitt nguyén, chi b6 sung thém cac phan
doan x1t Iy dé phat hi¢n muc ti€u bay cham (cac 6 mau dam).

bé phat hién cac muyc tiéu bay cham trudc ti€n can xac dinh vung tan sb quan tam:

Thong thuong, van tdc cao nhét cua cac muc tiéu bay cham khong vugt qua Vimax = 55 m/s
[10]. Tuy nhién, tuy thudc vao tirng dai ra da cu thé gia tri nay c6 thé khac nhau. Ta str dung gia
tri nay d€ xac dinh vung tan so quan tdm theo cong thirc [11]:

Tap chi Nghién ciru KH&CN quin su, 92 (2023), 12-20 17
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fg =—> (23)

trong do, X la budc song cua tin hiu phat ra da. Cac 6 Doppler trong vung nho hon fq nay dugce
goi 14 ving tan sd Doppler thap (VTSDT). Phan con lai ctia déi tin s6 dugc goi 1a ving tan s6
Doppler cao.

Dé co thé phat hién dugc muc tiéu bay cham ta can c¢6 thém mot gia tri can dudi Vyin do héau hét
cac muyc tiéu bay cham déu c6 van toc t6i thiéu (Vimin). Trong bai bao Iya chon do phan giai van toc
AV trong ing Vi Vmin. Dua vao cac gia tri ndy ta ¢ thé xac dinh tham sb cho b xir Iy CZT:

2V
Af =—m0 24
P (24)
Nhu viy, ta quan tim t6i ving tan toc -fy t6i fy Thay vao (22) ta co:
Af:fd_(_fd)z 2fd (25)
NCZT NCZT
Thay (23) vao (25) ta co:
Af = 4'Vmax (26)
NCZT A
Twr (24) va (26) ta co
2V,
Nezr = (27)

Nhu vay, tir cong thic (27) ta co thé lga chon Nczr dya vao gia tri vén tde cuc dai, Vmayx Va
cuc tiéu, Vpin, trong vung toc d6 quan tam. Gia tri Viax thuo’ng duogc lya chon bang gia tri can
dudi trong viing van tdc phat hién dugc cia dai ra da. Con gia tri Vmin duoc lwa chon 16n hon 0 dé
¢6 thé phén tach dugc muc tiéu bay cham véi nhidu dia vit.

Sau khi xay dung dugc bd tham s6 cua thuat toan khuéch dai phé, st dung qua trinh xur 1y 5
budc trén hinh 2 dé thu duoc dit lidu tan sb trong VTSDT. Dit liéu nay dugc bién doi Fourier roi
rac dé thu dwoc ban dd cu ly — Doppler. Vi d6 phan giai tang Ién, co thé sir dung cac thudt toan
phat hién CFAR dé phan tach cac myc tiéu bay cham trén nén nhidu. Sau do, viéc to hop két qua
phat hién gitta cdc muc ti€u bay chdm va cac muyc tiéu tdc d6 cao do dai xur Iy dé dua ra hién th.

Nhu vay, so dd cai tién van gitr dugc tat ca cac hoat dong xur 1y cia hé théng ra da hién co,
dong thoi tan dung dugc toan bo thong tin phd Doppler trong vung quan tdm, phuc vu cho phat
hién. Qua trinh nay khéng tang nhiéu tai nguyén xir 1y cho hé théng hién c6 do chi tap trung
khuéch dai mot ving nho. Diéu nay giup giai phap duoc nghién ctru 1a mot phwong an kha thi
trong cai tién cc ra da thé hé cii.

4. MO PHONG VA THAO LUAN

Dé danh gia hiéu qua cua thudt toan phat hién dwa trén CZT, st dung cac tham sb thuc té hién
c¢6 ciia mot hé thong ra da xung c6 kha ning xir ly phat hién cac muc tiéu trong dai van toc tir 25
t61 520 m/s. Qua trinh xur 1y ctia ra da nay thuc hién voi bo dir liéu xur Iy gom dir liéu mdi khung
chra N = 16 xung. Chu ky lap xung T, = 18 ps va tan s6 lay mau f; = 72 MHz, s 6 phan giai
Doppler la 512. Dé danh gia kha niang phat hién ta sir dung 2 myc tiéu: myc tiéu 1 ¢ cu ly 10 km
v6i van toe 35 m/s. Muc tidu 2 & cu ly 10km voi van tbe 5 m/s. Ngoai ra, con c6 nhidu dia vat
trong cung 6 cy ly voi muc tiéu 2.

18 C.V.Linh, ..., D. V. TUng, “Ung dung gidi phdp khuéch dai phé ... bay chim trong ra da.”
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Bbp-ple (m/s)

o 5000 10000 15000
Curly (m)

Hinh 6. Phat hién muc tiéu nguyén ban cua dai.

Nhicu

Dép-ple (m/s)

Dbp-ple (mis)

Muc tiéu 2

0 5000 10000 15000
o 000 10000 15000
Cur ly (m) Cyly (m)

a) Muc tiéu khi zoom vio dai [-25, 25] (m/s) b) Két hop voi toan dai

Hinh 7. Két qua xit 1y phat hién muc tiéu bay chdm trong viing vin toc nhé (a)
va khi két hop véi toan dai (b).

Két qua mé phong dbi véi dai ra da nguyén ban dugc thé hién trén hinh 6 cho thay, muyc tiéu 1
d& dang phan biét dugc so voi phan xa nhiéu trong mién tan sb. Tuy nhién, muc tiéu 2 bi che mat.
Dé phat hién myc tiéu nay ta sé lay khuéch dai phf) bang thuat toan CZT trong vung tir -25 m/s toi
25 m/s. Bé phan tach muc tiéu bay cham v6i nhiéu dia vat ta chon van td¢ Vpin= 1 m/s. Tir (26) co
thé thiy, ta s& bo sung thém 50 6 dir liéu Doppler trong xir Iy. S6 lwong 6 chi tang 1én 9,76% so v&i
nguyén ban, khong anh huong nhiéu toi qua trinh xtr 1y nguyén ban cua dai. Két qua xur Iy phat
hién duoc dua ra trén hinh 7a. Nhu véy, khi d6 phan giai ting 1én, muyc tiéu 2 c6 thé phén tach dugc
so v6i nhiéu trong mién tan s6 va dugc phat hién boi ra da. Khi két hop véi nguyén ban cua dai
(hinh 7b), cac muc tiéu & dai van tbe thép va cao déu duge phat hién bai ra da.

5. KET LUAN

Bai béo da trinh bay thuat toan mg dung bién d6i Chirp-Z dé khuéch dai phd trong ving tin
s& Doppler thap gitip ting d6 phéan giai trong qua trinh xur 1y dir liéu ra da. Phuong phap nay cho
phép phan tach cac phan xa myc tiéu bay cham khoi cac phan xa dia hinh tir d6 giip phat hién
cac muc tiéu nay. Qua trinh tang d6 phén giai chi tap trung vao mdt ving tan s6 nho can khong,
nham khong gy ra sy qua tai tai nguyén ctia hé théng xir 1y. Do d6, day 1a phuong phéap kha thi
dé cai tién, bd sung kha nang phat hién cac muc tiéu bay cham trong cac hé thong ra da thé hé cii
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dang duoc st dung. Thir nghiém mé phong véi cac tham sb thuc té cho thiy k¥ thuat nay c6 kha
nang tang do phan giai trong vung tan so thap tr d6 phat hién dugc cac muc tiéu bay cham hon
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ap

m/s. Pay 1a diéu ma dai ra da nguyén ban khong thuc hién duoc.
Trong bai bao chi tap trung vao truong hop muc ti€u bay cham, tuy nhién, ky thuat nay co thé
dung dugc cho moi dai van toc quan tdm dé€ tap trung phat hién cic loai myc ti€u trong dai

van toc d6. Phuong phap c6 thé phét trién cho cac loai ra da chuyén dung quan 1y mot sd loai
muc tiéu nhat dinh.
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ABSTRACT
Application of spectrum enhance technique for slow flying target detection in radar

In recent times, with the development of unmanned aerial vehicles capable of operating
at low-speed ranges. This causes difficult problems in managing this type of target for
older-generation radar systems designed primarily to detect high-speed flying targets.
This article proposes a solution to apply a spectral enhancement technique in the near-
zero velocity region to detect slow-flying targets by applying the chirp Z transform to
enhance the spectrum in the region of interest to increase resolution for low-velocity
target detection processing.

Keywords: Chirp Z transform; Spectrum enhancement; Slow flying target; Radar; Doppler.
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