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TOM TAT

Ngi dung bai bdo phdn tich nhitng han ché trong xir Iy tin hiéu dai rong khi tang d¢ rong dai
tan so diéu ché cua tin hiéu phat xa nham cdi thién tinh nang cua cac hé thong ra da. Trén co s¢
do dé xuat biéu thirc toan hoc ham diéu tan phi tuyén (DTPT) tin hiéu phat xa. Ket qua khado sat
ddc tinh pho va ham ty twong quan cua tin hieu DTPT voi ham diéu ché duwoc de xuat chi ra vu
diem cua tin hiéu nay so voi tin hiéu diéu tan tuyén tinh (DTTT) nhw khac phuc tinh da tri do cw
li muc tiéu, tang kha nang chong nhiéu cho cdc hé thong ra da hién dai ma khong can yéu cau
cao vé cau hinh phan cung cia hé thong xur Iy so tin hiéu.
Tw khéa: Diéu tan phi tuyén; Diéu tan tuyén tinh; Diéu pha ma-nip; Ham tu twong quan; Tin higu dai rong; Diac tinh
pho tin hiéu.

1. PAT VAN PE

Xu huéng chung nham nang cao tinh ning cia cac hé thong ra da hién dai 1a mo rong dai tan
s6 lam viéc, su dung linh hoat tin hi¢u phat xa dai rdng hodc dai si€u rong Kkét hop voi cac
phuong phap xur ly tin hiéu hién dai dya trén nén tang cong nghé sb [1, 2, 6]. O thoi diém hién
tai, cac hé thong ra da da va dang sir dung tin hiéu phtrc tap dai rong (duoc diéu pha ma-nip, diéu
tan tuyén tinh lién tuc hay roi rac) nham nang cao kha ning chdng nhidu, ting cu li phat hién va
dap tmg nhiing yéu ciu cao vé kha ning phan biét va d¢ chinh xac do toa d6 muyc tiéu.

Diém han ché khi str dung tin hiéu didu pha ma-nip, DPTTT lién tuc hodc diéu tan roi rac ma
Costas-Welch 1a sy ton tai ctia cac bip phu sau bd loc nén trong qué trinh xir Iy twong quan tin
hiéu phan xa. Diéu nay khong chi dan dén tinh da tri va sai s6 do toa d6 muc tiéu ma con dé bi
dbi phuong trinh sat tan s trong qua trinh hoat .dong cua dai ra da do dai tan diéu ché chi trong
gi61 han vai MHz [3, 4, 6]. Giai phap tang dai tan so diéu ché (dai tan siéu rong) s& dan dén yéu
cdu cao cua phan cimg thiét bi xtr Iy, ddn dén ting gia thanh san pham.

Giai phap khac nhiam giam mtrc bip phu sau bg loc nén 1a xir Iy trong lugng két hop véi thay
d6i tham sb cua ham diéu ché [6]. Phuong phéap xur 1y trong lugng s& lam ting su phirc tap cia
cac thuat toan xir 1y tin hidu. Dé khic phuc cac han ché trén, bai bao dé& xuét phuong phép sir
dung ham diéu ché tan s phi tuyén trong cu tric tin hidu phat xa ciia hé thong ra da. Noi dung
bai bao nghién ctru dic tinh phd va tinh chit ty twong quan cua tin hiéu ra da DTPT. Két qua
nghién ciru cua bai bao 1 co s dé tinh toan, sir dung tin hiéu DTPT trong cac hé thong ra da
hién dai trong tuong lai.

2. MOT SO VAN PE VE XU LY TiN HIEU RA PA DAI RONG

Nguyén ly chung xur ly tin hi¢u ra da dai rong bao gbém: Tron tan 1a loc dé chuyén tin hiéu cao
tan xudng tan s0 diéu ché trung tan va, khuéch dai bién d6 du 16n dé tiép tuc xtr Iy; k¥ thuat bién
do6i tuong tu- so (AD) tin hiéu trung tan ap dung theo nguyén 1y “undersampling” va thyc hién
giam tan s6 mau sau bo AD nham tranh qua tai tinh toan cho b loc nén; loc nén tin hiéu theo
thoi gian, phat hién va do tham s6 toa d0 muc tiéu. Trén hinh 1 dua ra so dd ciu trac thuét toan
xtr Iy tin hiéu ra da dai rong. Cac dai ra da hién nay dang str dung cdu tric tin hi¢u diéu pha ma-
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nip va didu tan tuyén tinh c6 dai tan sb trung tan tir 24-70MHz ¢ du vao bd AD, cac bd AD véi
tan sb ldy mau (24 — 64 MHz), d6 rong dai tan s diéu ché trong xung (AF) khong vuot qué 5
MHz. Van dé ting AF cho phép cai thién dugc tinh ning cta cac dai ra da nhu ting kha ning
phan biét va d6 chinh xac do toa d6 muyc tiéu, mirc d6 bi mat tan sb duogc nang cao gy kho khan
cho viéc trinh sat ciia d6i phuong. Han ché ciia giai phap tang tang AF la yéu céu cao cho thlet bi
phan ctng cua thiét bi xtr 1y nhu sir dung cac bd AD c¢6 tan sb ldy mau cao nham giam tén hao
théng tin cua tin hiéu c6 ich, thiét bi tinh toan (b6 loc nén tuong quan, bd bién ddi FFT) phai co
tbc d6 du 16n. Ngoai ra, can c6 cac giai phap khéc phuc tinh da tri do toa d6 muc tiéu do sy xuét
hién cac bup phu sau bd loc nén.

Giai phap khic phuc dugc bai bao dé xuit 1a sir dung tin hiéu DTPT. Noi dung phan 3 va
phan 4 ciia bai bao cho thay wu diém cua tin hiéu DTPT dua trén két qua khao sat dudng bao phd
bién dé va tinh chét tr trong quan cia né.

Tron )
Tin hiéu cao Loc| | Ap | JGidn] |Loc| _[Phat bo Truyén
tan thu Kb ™ > méu_» nén »hién —> t()fi —| Sf)
o n j do liéu
Tin hiéu
ngoai sai

Hinh 1. So d6 cdu triic thudt todn xit Iy tin hiéu dai réng trong ra da.
3. HAM PIEU CHE TAN SO VA CAU TRUC TiN HIEU RA PA PIEU TAN PHI TUYEN
Biéu thirc toan hoc ham diéu ché phi tuyén tan s dai siéu rong tin hiéu phat xa ctia hé thong
ra da duogc gia thiét nhu sau:

Af
f)y="f, +—2— 0<t<T (1)

et

Trong d6, T - D6 rong xung tin higu diéu tan phi tuyén, Af_- Dai tan sb diéu ché gi¢i han, f,
- Tan s6 mang thoi diém dau xung tin hiéu, b - Hang sé dic trung cho tc d6 thay ddi tan sd
trong xung tin hi¢u.

Tai thoi diém t=0 va t=T gi6i han tan s6 dudi va trén dugc xéac dinh tir biéu thic 1:

Af Af
fdcmin = fo +_mbl, fdcmax = fo + Tﬂ (2)
l+e?2 l+e?
Do rong dai tan diu ché trong xung cua tin hiéu DTPT la:
bT - -bT
Af (6?2 —e 2)

AF=f,  —f, . =

dc max dcmin bT bT (3)
(1+e 2 J(He 2 j

Biéu thirc toan hoc cua tin hiéu DTPT dai siéu rong v6i ham diéu ché tan s theo biéu thirc 1
co6 dang:

f
A mT_Tj @)

s, (t) =arect (lj.cos 27| ft+
T —b[ >
l+e

. A . t . .
Vi a— Bién d6 tin hiéu, rect(?j - Puong bao xung tin hi€u voi d6 rong xung 1a T.
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Dé so sanh danh gia dic tinh phd va tinh chat ty twong quan cia tin hiéu DTPT véi tin hiéu
DTTT, ta xét bieu thirc toan hoc doi voi tin hi€u DTTT véi dudong bao xung vudng dugc mod ta
bdi biéu thuc 5:

s, (t) =a.rect (%).cos 27(ft+at’) (5)

Vi a 1a hé s6 diéu tan tuyén tinh dic trung cho tdc d6 thay ddi tin sb trong xung.
Trén hinh 2 dwa ra dang ham diéu ché tan s6 cta tin hiéu PTTT va DTPT tuong g véi cac
gi4 tri cua hé s6 “b” (b;=8x10", b,=5x10%), Af,=1000MHz, T=100pus, gi4 tri cua o dugc tinh theo

AF
cong thirc a = T , trong d6, AF dugc xac dinh theo cong thirc 3.
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Hinh 2. Dang ham diéu ché tan sé.
4. KHAO SAT PAC TiNH PHO VA TINH CHAT TU TUONG QUAN
CUA TIN HIEU RA DA DIEU TAN PHI TUYEN

DPéc tinh ph(z)’vé tinh chat ty twong quan cua tin hiéu theo thoi gian giit chdm cho phép danh
gia kha nang chong nhi€u, tinh da tri, kha nang phan bi¢t, d6 chinh xac do cu li muc ti€u cua dai
ra da.

Mat d6 phd cua tin hiéu s(t) duoc xac dinh boi biéu thirc 6, trong d6, s(t) dwoc xac dinh
theo biéu thirc 4 va 5.

Y () = Ts(t).e’j“’tdt (6)

Ham ty twrong quan cuda tin hi¢u dugc xac dinh boi biéu thirc:

[ s@)s(t-r)e* " dt
p(t,F)=="— (7
[Isf dt

—0

Trong d6, t 1a thoi gian gitt chdm tin hi¢u. Tai gia tri F =0, ham tuong quan theo thoi gian
giit cham dugc ki hiéu boi p(z,0). Theo ndi dung dugc trinh bay trong phan 2 ctia bai bao, tinh

chat tu tuong quan cua tin hi¢u s€ dugc khdo sat sau bd bien doi AD, khi do, 7=y.7,5, voi
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1 4 x e R \ , .y . A A .y .
Tpp =— la chu ki lay mau cta bd bién doi AD, y la cac gia tri nguyén. Nhu vay, gia tri tu
AD
tuong quan p(z,0) sé phy thudc vao y voi 7,5 dugc lya chon cu thé.
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Hinh 3. Puong bao phé bién do tin hiéu DTTT va PTPT véi Afy,= 10 MHz, fap = 64 MHz.

T T ; T
i | H
0ot } 09§
|
os(f | 08
I
07 v or
|
06 f 06
05 Fos
04 04
03 03
\
02 02 «
0. fesemment - T00T — . : 01 L SRRl CITT oL
ok 1 i : N 0 o
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
(B }MHZ (i ) MHz

a b
¥

(f—fﬂ)—BMHz (F-MHz
c d
Hinh 4. Puong bao phé bién do tin hiéu PTTT va DTPT véi Afy, = 100 MHz, fap = 64 MHz.
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Két qua khao sat duong bao phd bién do tin hiéu PTPT va DTTT dau vao/ra bd AD dugc thé
hién trén hinh 3 va 4. Hinh 3.a,b va 4.a,b la duong bao bién do chuén hoa phé tin hiéu dau vao
bd AD, hinh 3.c,d va 4.c,d - duong bao bién d6 chudn hoa phd tin hiéu dau ra bo AD. Két qua
khao sat ham ty twong quan o(y,0) cua tin hiéu DTTT va tin hiéu DPTPT dugc dua ra trén hinh
c4c hinh 5+8. Cac duong do thi nét lién tuong tng 1a tham sd khao sat ctia tin higu DTPT, nét
duat — DTTT. Trong d6, hinh 5.a,c+8.a,c biéu thi dang tong thé cua ham tu twong quan p(y,0),

hinh 5.b,d+8.b,d biéu thi mot phan gia tri ctia ham ty twong quan p(,0) lan can bup chinh

(y =0). Gia trj cac tham sb khao sat duoc thé hién trong bang 1.

Bang 1. Tham s6 cdu tric cua tin hiéu PTPT va PTTT ddi siéu réng, f,g .

Tin s Do rong Dé.ik tan S;6 Do rong Héng sb diéu ché
14y mau dai tan d1.e:1.1 che | o ng tin Két qua
TT| ADf,, | diéuché gl‘jfh‘f‘“ higu ] . khio st
(MHz) | AF(MHz) M I—Tz) T (us)
1 64 9.64028 10 100 8x10* 964028x10° | Hinh 3.a.c
2 64 8.48284 10 100 5x10* 848284 x10° | Hinh 3.b.d
3 64 96.4028 100 100 8x10* 964028 x10° | Hinh 4.a,c
4 64 84.8284 100 100 5x10* 848284 x10° | Hinh 4.b,d
5 64 44.22 100 100 19x10° 4422x10° | Hinh 5.a,b
6 64 92.89 100 100 66x10° 9289x10° | Hinh 5.c,d
7 64 221.12 500 100 19x10° 22112x10° | Hinh 6.a,b
8 64 464.43 500 100 66x10° 46443x10% | Hinh 6.c,d
9 64 442.23 1000 100 19x10° 44223x10% | Hinh 7.a,b
10 64 928.86 1000 100 66x10° 92886x10° | Hinh 7.c,d
11 64 4422.30 10000 100 19x10° 442230x10% | Hinh 8.a,b
12 64 9288.58 10000 100 66x10° 928858x10° | Hinh 8.c,d
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Hinh 5. Dang ham tu twong quan cua tin hiéu DTTT va DTPT véi Afy= 100 MHz, fap = 64 MHz.
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Hinh 7. Dang ham tu twong quan cua tin hiéu DTTT va PTPT vdi Afy, = 1000 MHz, fap= 64 MHz.
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Hinh 8. Dang ham tu twong quan cua tin hiéu PTTT va BDTPT vdi Af,=10000 MHz, fAp=64 MHz.

Duya trén trén két qua khao sat trong phan 4 ctia bai bao cho phép dwa ra mot sé danh gia:

1. Khi gia tri dai tan sé didu ché Af, nho (Af, = 10 MHz), tan s 1dy mau cta bo AD 16n
(fap = 64 MHz), dudng bao pho bién d6 dau vao/ra bo AD giéng nhau. Puong bao bién do phd
ctia tin hiéu DTTT c6 tinh ddi ximg, dbi v6i tin hiéu DTPT khong c6 tinh dbi xtng (hinh 3). Tuy
nhién, sy khac nhau xay ra khi Afy, 16n hon fap nhiéu lan. Piéu nay duoc giai thich cac hai bac
€ao bi suy giam manh sau b bién d6i AD, tham sb diéu ché b, o cta tin hiéu sau bd bién d6i AD
thay d6i ddn dén sy phan b lai ciia dudng bao phd bién d6 (hinh 4).

2. Bup phu ciia ham tu twong quan theo thoi gian gitr cham tin hiéu DTTT trong dai tan sd
diéu ché (Af,, = 500MHz + 10 GHz) déu & mirc 16n hon nhiéu lan so v&i tin hidu DTPT ngoai
trr mOt vai gia tri 1an cén bup chinh ddi véi tin hiéu DTPT, v6i Afy, nhé hon S00MHz mire blp
phu 16n hon -10dB so vai bap chinh ddi v6i ca tin hiéu DPTTT va DPTPT. Su khac biét hinh
dang ciia bup chinh ciia ham ty tuong quan cho ca 2 tin hi¢u 1a khong dang ké tung véi gia tri
diéu ché b = 19x10° va Afy, 16n hon 500 MHz. Nhu vy, khi chon Afy, 16n hon 500 MHz, st
dung tin hiéu DTPT cho phép khic phuc duoc tinh da tri ma van dam bao kha ning kha ning
phan bi¢t, dd chinh xac do cyu li muyc tiéu.

5.KET LUAN

Noi dung bai bao di trinh bay phuong phap nang cao dai tan s6 diéu ché dat dén gia tri
10GHz cua tin hiéu phat xa nham cai thién tinh ning cta cac hé thong ra da nho st dung tin hiéu
DTPT. Tan s6 1§y mau bd bién ddi tuong tu-sd dugce lua chon bﬁng 64MHz. Két qua khao sat chi
13 vu diém nbi trdi cda tin hiéu PTPT la mirc bip phu nhé hon nhiéu 14n so voi tin hiéu BTTT,
cho phép va loai bo tinh da tri do cu li ma van dam bao kha nang phan biét, do chinh xac do toa
d6 muc ti€u ra da. Ngoai ra, md hinh cAu trac tin hiéu duoc dé xuit tranh dugc yéu clu cao ciu
hinh phﬁn cing xur ly tin hi¢u, dam bao dugc sy bi mat vé nang lugong, tan sb tin hiéu phat xa,
nang cao kha niang chong nhidu cua dai ra da. Két qua nghién ciru cua bai bao cho thiy trién
vong tmng dung tin hiéu DTPT trong hé thong cac dai ra da dai siéu rong trong tuong lai.
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ABSTRACT

Research of spectral characteristics and autocorrelation function
of nonlinear frequency modulated radar signal

The content of the article analyzes the limitations in wideband signal processing
when increasing the modulation frequency bandwidth of the emitted signal in order to
improve the performance of radar systems. On that basis, a mathematical expression is
proposed for the nonlinear frequency modulation (NLFM) function of the emitted signal.
The results of surveying the spectral characteristics and autocorrelation function of the
NLFM signal with the proposed modulation function show the advantages of this signal
compared to the linear frequency modulation signal (LFM) such as overcoming the
multi-value of measuring target distances, increasing anti-interference ability for
modern radar systems without high requirements on the hardware configuration of the
digital signal processing system.

Keywords: Nonlinear frequency modulation; Linear frequency modulation; Manipulator phase modulation;
Autocorrelation function; Wideband signal; Signal spectral characteristics.
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