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TOM TAT

Bai bdo trinh bay viéc xdy dung thudt todn xit Iy tin hiéu bang tan co sé vmg dung cho ra da
phat hién thiét bi bay khéng nguwoi lai (UAV) bang viéc sit dung tin hiéu diéu tan tuyén tinh lién
tuc (FMCW). Trén co so thudt toan da xdy dung, bai bao trinh bay cdc noi dung nghién ciru mo
phong trong méi truong Matlab, dong thoi tién hanh nghién ciru thue nghiém bang viéc thiét ké,
trién khai bg xit Iy tin hiéu trén nén tang cong nghé FPGA. Két qua ciia nghién civu cho thdy ¢é
thé sir dung ra da FMCW déphdn biét muc tiéu UAV voi muc tiéu thuong bc%ng ddu hiéu micro
Pop-le. BY xit Iy tin hiéu la co s¢ dé xdy dung ra da phdt hién UAV hoan chinh trong tirong lai.
Tir khoa: Ra da phat hién UAV; Tin hi¢u diéu tan tuyén tinh lién tue (FMCW); B0 xir Iy tin hi¢u béng tan co s6;
Micro Bop-le; FPGA; ZynQ Z-7045.

1. MO PAU

Trong chién tranh hién dai, cic UAV ngay cang dugc sir dung nhiéu hon trén chién truong.
Céac UAV c6 thé thuc hién cac chic nang trinh sat, giam sat, phat hién muc tiéu, chi huy, kiém
soat, thu thap thong tin tinh béo, tac chién dién tt, tin cong va phat hién cac thiét bi nd, tham chi
danh gia thiét hai trong mot trén chién. UAV la phuong tién hd tro cho hau nhu tit ca cac linh
vuc trong chién ddu. Bai toan phat hién UAV tur xa 1a viéc lam hét suc cép thiét. UAV c6 thé
dugc phat hién bang cac phuong phap 4m hoc, video, nhiét, ra da,... [1].

Phuong phap 4m hoc sir dung cac cam bién 4m thanh dé thu cac dir liéu 4m thanh tir méi
truong xung quanh, UAV thuong tao ra tiéng rit voi tan sé khoang 40 kHz tir cac rotor quay canh
quat [2]. Phuong phap am thanh chi c6 thé hoat dong tbt trong méi truong yén tinh, khong dat
hiéu qua trong moi trudng nhidu tiéng on.

Phuong phap video stir dung cac cam bién camera dé nhan dang cac vat thé chuyén dong trén
nén troi [3]. Tuy co thé phat hién dugc UAV song diém han ché 1a kho phan bi¢t UAV véi chim
chéc hodc mot sb vat thé bay khac.

Phuong phép st dung ra da ¢ thé giai quyét dugc cac han ché trén. Bang phuong phép ra da,
c4c nha nghién ctru da dé ra mot sé giai phap: phan tich, so sanh dién tich phan xa hiéu dung [4-
8]; trich xuét tan sé Pdp-le [9]; xir 1y tin hiéu vo tuyén phat ra tir UAV [10]; sir dung ra da thu
dong véi md phong Monte Carlo [11]; phén tich tin hiéu sir dung chudi nhi phén gia ngau nhién
(PRBS) dé x4c minh kha nang phat hién [12]. Viéc khai thac dac tinh vé dién tich phan xa hiéu
dung cling nhu mét s6 y twong ma cac nghién ciru trén da dé cap gip nhiéu thach thuc trong thuc
té do dién tich phan xa hiéu dung cia UAV kha nho din dén bién do tin hiéu phéan xa yéu. Hon
nita, dic diém cua UAV la chung c6 kich thudc nhd, thye hién cac chuyén bay tam th:?ip, oculy
gan, kha ning co dong cao trong cic dang dia hinh; Trong khi d6, cac ra da xung khong hoat
dong t6t & cac thang cu ly gan, khong xir 1y tot cac 6 phan giai ¢& nho.

Ra da diéu tan tuyén tinh lién tuc (FMCW) ¢6 cac uu diém nhu: phat va thu tin hiéu lién tuc,
dam bao do phu day du ma khong cé diém mu; viée xir Iy tin hiéu FMCW dua trén d6 1éch tan sb
gitra tin hi€u phat va tin hi€u thu, do d6, su suy giam bién do tin hi¢u phan xa so vdi bién do tin
hiéu phat khong gay thach thirc cho qua trinh xir 1y tin hiéu, tin hiéu thu & tan s vo tuyén duoc

18 V.H.Phlc, ..., V. C. Thanh, “Xdy dung thudt todn xit ly tin higu ... thiét bi bay khong ngwoi ldi.”



Nghién ctru khoa hoc cong nghé

xtr y sau khi dugc tron vé dai tin s thap, didu nay lam don gian hoa hé thong xir Iy nhung van
dam bao du thong tin cho phép gidi ma cac thong tin cua muc tiéu [13].

Trong bai béo nay, ching ti trinh bay viéc xay dung thuét toan phat hién muc tiéu UAV st
dung tin hiéu FMCW. Trén co so thudt toan da xac dinh, tién hanh mo phong trong méi truong
Matlab, déng thoi xay dung b xur 1y tin hiéu bang tan co s& trén nén tang FPGA, tng dung cho
ra da phat hién UAV.

2. XAY DUNG THUAT TOAN XU LY TiN HIEU BANG TAN CO SO PHAT HIEN UAV

Nguyén 1y hoat dong co ban cua ra da diéu tan lién tyc (FMCW) dua trén viée lay ra do léch
tan s6 gilta tin hiéu phat va tin hi¢u thu, tir do trich xudt cac thong tin vé muyc tiéu [13]. B¢ lay ra
d6 1éch tan sb gitra tin hiéu phat va tin hiéu thu, can phai xay dung bd tron tan sb cho hai tin hiéu
nay. Tin hiéu sau b tron dugc cho qua bg loc dé loai bé thanh phﬁn tan s6 cao, sau do duoc sd
hoa dé dua vao xtr 1y s6; sau khi xur Iy sd, thong tin trich xuat dugc dugc thé hién trén man hinh
hién thi. Nhu vay, mot ra da diéu tan lién tuc dién hinh dugc cau thanh tir cac bo phan co ban: bo
phat, bg thu, bo tron tin hidu, bd chuyén doi tuong tu-s6, bd xir 1y sb tin hiéu.

V&i myc tiéu bi phat hién 1a mot UAV, tin hiéu phat FMCW sau khi gap UAV s& bi diéu ché
boi cac tan sb: tan s beat (do léch tan sb gitra tin hi¢u phat va tin hiéu thu) mang thong tin vé cu
ly ctia muc tiéu, tan s6 DSp-le chinh mang thong tin vé van tc ciia muc tiéu, tan sé micro Dop-le
mang thong tin vé canh quat ciia UAV.

Su dung ra da FMCW, gia sur tai mot vi tri phuong vi phat M xung diéu tan tuyén tinh dang
rang cua, m01 xung dleu tan tuyén tinh dang rang cua, sau do, cho tin hiéu phan xa vé, tron
xudng trung tin duoc sé hoa thanh N miu. Ta c6 ma tran xir MxN diém.

Theo 1y thuyét ra da diéu tin tuyén tinh tin hiéu dang ring cua [14], cu ly muc tiéu 1a mot
ham phu thudc theo tan s beat:

R() =S ®

Trong do, R: Cy ly muc tiéu (m); c: Hiang s6 toc do anh sang (m/s); T: D9 rong xung tin hiéu
diéu tan dang ring cua (s); B: Do di tAn (Hz); fy: Tan s beat (d9 1éch tin s giita tin hiéu phat
va tin hiéu thu).

Nhu vay, véi chu ky lap T, do di tan B 1a céac thong s6 cua tin hiéu phat; sau khi thyc hién
“bién ddi Fourier nhanh” (FFT) ddi voi tin hiéu tai dau ra cia bo loc thong thép sau khi tron tan
tin hiéu phat va tin hiéu thu (tin hiéu trung tan IF), thu duogc trén pho tin hiéu IF tan sb f,, sé tinh
dugc cu ly cua muyc ti€u theo (1).

Tai 6 cu ly xuat hién f,, tin hiéu phan hdi c6 d6 dich pha f,.mT phu thudc tuyén tinh vao sb
xung diéu tan da dugc phat, m. Day gia tri tin hiéu phan xa tai 6 cu ly f, twong tmg véi xung diéu
tan thir m duoc phat [14] :

S'e(m)=A" .exp(i.27. f,.mT) (2)

Trong d6, fp : Tan s6 Pop-le cia muc tiéu ; M : S xung diéu tan tuyén tinh trong mot goi tin
hi€u phat, 1<m<M .

Vé ban chat, S’z (m) 12 Sz (t) = Af .exp(i2mfy. t) dugc lay mau theo chu ky T.
Phé cua S';z(t) 1a thanh phan tin s6 fp,. D& xac dinh fp thuc hién bién d6i Fourier cho diy gia
tri tin hi€u nay.

FFT[S', (t)](f)=%.5(f - £5) @)

fp lién hé véi van toc hudng tdm cuia muc tiéu theo bicu thirc:
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fo
v(fy) = c.z—fc (4)

Sau hai lan thuc hién FFT, thu dugc ban dd 2D cac diém cu ly-tén s6, voi cac gia tri bién do
cao hon tuong ung véi gia dinh muc tiéu.
Theo [15] tin hi¢u ra da phan xa tir canh quat rotor véi chiéu dai L, tin s6 quay Q:

S ()= L.sinc(%.%.cosﬂ.sin(()t +6,)).exp(i .%.%.cos p.sin(Qt+6,)) 5)

Véi B 1a goc ta giita ra da va muc tiéu; 0, 1a goc ban dau cia canh quat. Pao ham theo thoi
gian ham pha dugc ham phu thudc tan s6 micro Pop-le theo thoi gian:
L.Q.cosf.(—sinBysinQt+cosfycosQt)
fmp () = fe. ° ° ) (6)

c
Khif,=0; B=0:

LO
f.o(t) = f..——.cos(C2t) (7)
C
Nhu vay, t6n tai thanh phan tan s6 micro Dép-le trong tin hiéu phan xa vé tir muc tiéu UAV.
Vi muc tiéu 12 UAV, trén ban d6 cu ly—tﬁn sb, tai 6 cu ly xuét hién muc tiéu, ngoai vach phé
tan sO0 Dop-le chinh s€ cd thém vach phd tan s6 micro Pop-le; voi muyc tiéu thuong chi xuat hién
vach pho tan s0 Pop-le chinh. Thuat toan phat hién UAV bang ra da FMCW dugc thé hién trén
hinh 1.
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ADC 12 3 .
IF(T}W [ N |
Fi—s 2000 |
Fe—4 3OO0

T Y | [

. N-1T N fy_ain fb ..

OO

fb max
-
| -
(| -

| -

RIfb)=(cT/2)*(fb/B)

lFFT M diém theo cot

_ foain . o max
0 v o e S v
fo COCOMA | IO fy=lfel.Q/clos(21)
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muc tiéu| khéng

thuting UAv

Hinh 1. Thudt todan phat hién muc tiéu UAVbdng ra da FMCW.
KET QUA MO PHONG VA THUC NGHIEM
3.1. Nghién ciru mé phéng
Trén co s thuat toan di xay dung phan hai, tién hanh nghién ctru mé phong trong méi truong
Matlab. Hai géi dir liéu déc trung cho muyc tiéu thuong va UAV dugc xdy dung. Cac thong s6
cua hai goi dir liéu dugc trinh bay trong bang 1. Hai goi dir liéu nay lan lugt duge xur ly theo
thudt toan trén hinh 1. Cac két qua xir Iy duogc thé hién trén cac hinh 2, hinh 3.

20 V.H.Phlc, ..., V. C. Thanh, “Xdy dwng thudt todn xir ly tin hiéu ... thiét bi bay khong ngwoi ldi.”
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Bing 1. Bang tham sé khado sét.
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Hinh 2. Két qua khao sat véi muc tiéu thiong, a-Goi dir liéu sau FFT N diém theo hang;
b-G6i dit ligu sau FFT M diém theo cét;
¢c-Bdn do cur ly — tan sé sau xa ly tin hiéu phan xa tir muc tiéu thirong.

Trén hinh 2, tin hi¢u phan xa tir myc tiéu thuong sau xtr ly cho két qua hién thi trén ban dd cy
ly — van toc voi mot diém déu twong rng voi mot cdp thong s6 vé cu ly va vén tbe duy nhat. Trén

hinh 3, tin hiéu phan xa tir muc tiéu UAV sau x1t 1y cho két qua hién thj trén ban dd cu ly — van
toc voi hai diém dau van toc nam trén cung mét 6 cu ly, diém dau do vai gia tri tan s6 Pop-le
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tuong mg thé hién tdc do chuyén dong ctia UAV, diém diu xanh v&i gia tri tin sé micro Dbp-le
tuong tmg thé hién téc doc quay ctia canh quat trén UAV. Két qua mo phong trong moi truong
Matlab phu hop véi mé hinh ly thuyét da xay dung tai muc 2. Nhu véy, bang phuong phap xur ly
tin hiéu trén mién tan s, thong qua viéc phan tich phd tin hiéu thu tir ra da FMCW c6 thé phéan
biét dugc muc tiéu thuong va muc tiéu UAV.
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Hinh 3. Két qud khdo sét véi muc tiéu UAV, a-Goi di liéu sau FFT N diém theo hang;
b-G6i dir ligu sau FFT M diém theo cét;
¢c-Bdn do cur ly — tan sé sau xi ly tin hiéu phan xa tir muc tiéu UAV.
3.2. Nghién ciru thwe nghiém

D¢ kiém tra tinh kha thi cua thuat todn phat hién UAV trong thuc tién, nhom nghién ctru tién
hanh xay dung B¢ xur 1y tin hiéu bang tan co s¢ phat hién UAV, gém 3 bd phén chinh: mé dun
tao dang tin hi¢u phat bang tan co so; mé dun tao dang tin hi¢u thu bang tan co sd; mé dun xu ly
tin hiéu.

Bo xu 1y tin hiéu duoc xdy dung trén nén tang bo mach chip FPGA XC7Z045 tich hop card
AD/DA. Bo mach FPGA XC7Z045 tich hop card AD/DA c6 cau tao co ban : ADC 250MSPS 14
bit, 2 kénh; DAC 400MSPS, 14 bit, 2 kénh, chip FPGA Zynq XC7Z045, RAM 1 Gb DDR3, giao
tiép truyén dir liéu Giga Ethernet, chan nap chuong trinh JTAG,...

22 V.H.Phlc, ..., V. C. Thanh, “Xdy dwng thudt todn xir ly tin hiéu ... thiét bi bay khong ngwoi ldi.”
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Hinh 4. Bo mach FPGA chip XC7Z045 tich hop card AD/DA.

Viéc cdu hinh chip FPGA XC7Z045, bo AD/DA téc d6 cao duge thyc hién trong méi trudng
Vivado bang ngdén ngit mod ti phan cimg VHDL/Verilog HDL, IP Core, C/C++ Embedded
FPGA. Sau khi chip FPGA XC7Z045 dugc cAu hinh xong, cac mo dun tao dang tin hi€u thu, tao
dang tin hi¢u phat, xir 1y tin hiéu dugc khoi chay. Dit liéu sau xir Iy dugc truyén dén may tinh
theo chuén ethernet va duoc hién thi bﬁng cong cu Matlab.
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Hinh 6. Kiém tra kha ndng tao dang tin hiéu FMCW; a-Tin hiéu duoc tao dang trén
mién thoi gian; b-Tin hiéu dwoc tao dang trén mién tan so.
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Hinh 7. Hién thi két qua xit Iy bang Matlab.

Két qua xir 1y tin higu trén phan cimg dugc thé hién trén hinh 7. Két qua cho thay, voi dau
vao la tin hiéu thu tir myc tiéu thudong, sau xur 1y chi xuat hién mot vach phd trén man hinh hién
thi; v&i dau vao 1a tin hiéu thu tir muc tiéu UAV, sau xtr ly s€ xuét hién hai vach phé trén man
hinh hién thi. Xt Iy thuc nghiém trén bo mach FPGA cho két qua phu hop véi mé hinh Iy thuyét
va md phong trong méi truong Matlab. Viéc trién khai thuat toan di dugce xay dung & muyc 2
bang cong nghé FPGA 14 hoan toan kha thi.

4. KET LUAN

Nhu véy, bang viéc sir dung tin hiéu phat diéu tan tuyén tinh lién tuc dang ring cua va
phwong phap FFT 2D tin hiéu trung tan IF dé lap ban dd cu ly-tan sb, co thé phan biét duoc muc
ti€u thuong van dong va muc ti€u UAV van dong. Trén co s& thudt todn phat hién UAV bﬁng ra
da FMCW dugc xay dung, nhém nghién ctru da tién hanh mo phong thuat toan bang phan mém
Matlab va trién khai thanh c6ng thuat toan trén bo mach tich hgp FPGA. Trong tuwong lai, nhom
nghién ctru sé& tiép tuc cai tién, nang cip bo xur 1y tin hiéu dé thich ung voi diéu kién thyc tién va
ra da phat hién UAV hoan chinh trong tuong lai.
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ABSTRACT

Building a baseband signal processing algorithm
for unmanned aerial vehicle detection radar

In this paper, the construction of a baseband signal processing algorithm for

unmanned aerial vehicle (UAV) detection radar by using continuous linear frequency
modulation (FMCW) signal is presented. On the basis of the built algorithm, the article
presents the contents of simulation research in Matlab environment, and conducts
experimental research by designing and deploying signal processors on the technology
platform FPGA. The results of the study show that FMCW radar can be used to
distinguish UAV targets from normal targets by the micro Dopple signature. The signal
processor is the basis for building a complete UAV detection radar in the future.

Keywords: UAV detection radar; Continuous linear frequency modulation (FMCW); Baseband signal processor;
Micro Doppler signature; FPGA; ZynQ Z-7045.
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