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TOM TAT: Bai bao nay gidi thiéu mgt phurong phép thiét |dp cac thong so tam tan xga
hai chiéu (vi tri, @6 |6n, pha) bang md hinh Prony va md phéng ddc trung déng may bay trong
trueong dién tie. Muc tiéu duroc md hinh ¢ day |a mgt may bay vdn tdi C-29, né duwoc quan sat
bsi mét radar chi déng cé dinh (thuc hién ca hai qua trinh thu va phat song dién tir). Cac
théng 6 vé tAm tan xa ciia may bay C-29 1& dau vao md phéng. Pau ra ciia md phong 1a cac
théng so: truong dién tan xa, dé dich tan, sai s6 goc. Két qud nghién cizu ndy |a mét trong
nhizng co' o cho viéc phan logi, nhdn dang, nén dir ligu trong ky thudt radar hién dai, dong
thoi, c6 thé 1a mgt cong cu trong nghién cizu va thire hién ky thugt tang hinh.

1. GIOI THIEU

Quan hé co ban dugc mé phong ¢ day: mot radar chii dong gan voi mot muc tiéu méy bay.
Radar duogc gia sir 1a b dinh . Céc dic trung tan xa tinh cia muc tiéu (méy bay van tai C29)
dugc yéu cau la dau vao md phong. Md phong sir dung mét md hinh don gian cho sy tan xa
tinh caa muc tiéu [a mé hinh ham mii suy giam hai chidu. M6 hinh ndy thinh thoang duoc goi
lamd hinh tén xa nhiéu diém[1, 2, 3,4]. Sau d6 mo phong md hinh dong radar-muc tiéu ma sy
chuyén dong varung lic cia myc tiéu s& anh huong dén cac dac trung cia mdy thu radar. Pau
raciagdi mé phong latruong tan xa, o dich tin vasai so goc.

2. NOI DUNG NGHIEN CUU

M6 hinh tén xa may bay

M6 hinh ham mii suy giam ciamd hinh may bay ty |é C29
Mo phéng chuyen dong varung lic ciamay bay

Céc thdng sb truong tén xa, do dich tn vasai sd goc

2.1.M 6 hinh tan xa may bay

Dé tinh dugc truong tan xa ma radar thu duoc, c&c dic trung tan xa cia may bay phai
duoc md hinh. O tan sb cao, truong tan xa tir mot muc tiéu 16n vé mat dién (méy bay) co thé
duoc xap xi bang tong tan xa caia mot sb giGi han cac tam tan xa ndi bat. Cac hé sb tan xa la
ham coa tan sb f va goc hudng muc tiéu g s8 dugc md ta véi mé hinh ham mii suy giam hai
chiéu (2-D damped Exponential Model) [4, 5] sau:

G
o m n
d(mn)=a a,p,"p, (1)
g=1
& day: p,, : cucx thir g thanh phan x caa ham mi hai chiéu; p,, : cucy thir g thanh

phan y cua ham mii hai chicu; & : h¢ s bién do thir g (sd phirc); G: SO tam tan xa (sd nguyén);
m=0,1, ..., M-1(tan sd chuan hod); n=0, 1, ... , N-1 (g6c chuan hod).
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DPay lamot mé rong 2-D caamd hinh Prony [2,4]. M6 hinh ndy gia sir rang muc tiéu radar
bao gom G tam tén xa. Hanh vi tan xa caatam tan xa thir g, véi mot phan cuc phét vathu don,
dugc mo hinh boi cuc X, cucy vabahé o bién do {Po Py, & Nhan manh thém rang, day 1a
mot md hinh mién tan sd hai chiéu. Mot phép bién doi Fourier nguoc hai chiéu caa dir liéu
trong mién nady cho radir liéu trong mién anh 1SAR (hay mién khoang céch).

trong toa do x caatruc doc (trong anh ISAR). D6 tan xa ¢ day cd nghiala mé ta mot dap ng
tam tan xa thir gmo rong nhu thé ndo trong hudng doc (down-range) ciia anh ISAR. Géc cia
ham mii suy giam thanh phan x, BPRx;,, xac dinh vi tri cia tém tan xa thir gtrong husng doc.
Tuong ty taciing ¢6 céc biéu dién nhu vy ddi véi thanh phan y nhung céc bicu dién ciathanh
phan y tng vai truc ngang (cross-range) trong anh ISAR. (Ta liéu [6,7,8] md ta viéc tao anh
radar)

Khao sat cac mau hé sb tan xa S(f,q) duoc dy tai cactan b f = fo, fy, ... , fyy VACac goc q
= 0o, 0 -~ , Gn.1. Gid Sif rang céc tan sd va cac goc dugc dit cach nhau mét khoang 1an luot 1&
df vada Néu dit liéu dugc tao thanh trong mot matran , matran dir liéu MxN duoc goi [aD

vaduogc cho bai:
&fo0y) F00) - HfoOy)

gfl’e qfl’e e dfl’eN-l)

ngl’ ngl’ ) ngl’ N-1)

Tur dir liéu radar thé ndy trong ma tran D, céc théng sb ham mii suy giam hai chiéu,
{pxg Py, ag}s duoc thiét 1ap bang viéc sir dung ky thuat 2-D TLS-Prony [1,2]. Mdi 1an c&c

)

oocoooc

théng sd nay duoc tim, ching c6 thé duoc sir dung lap di lap lai dé udc dodn sy tén xa tir muc
tiéu v6i mot day céc tan sb va céc goc.

Cha y riang, mé hinh dugc mé ta boi {pXg ' Py, ,ag}G ¥ chi cé giatri véi m, n mam, n nay
g g=!

lién quan dén dai tan sb va goc cua dit liéu ISAR thd ban dau, DF va Dg, matir ddy mé hinh
dugc phét trién. Mot quy luat tét 1a sir dung m6 hinh ham mii suy giam hai chiéu tai cAc tan sb
gitra (fo-DF) va (fu-1+DF) va cac goc giita (do-Da) va (gn-1+Da). biéu nay tusng (ng voi cac
giatri tan sd chuan hod m nam glua( M+1) va (2M 1) vacéc giatri géc chuan hoan nim glua
(-N/2) va(3N/2). Hon nira, c&c tan sb va goc chuan hoam, n lién quan dén céc bién thucté f, g
nhu sau:

mzf(_iffo
(3)
n:C]'qo E
da 2

2.2. M8 hinh ham mii suy giam ciia md hinh may bay ty 1é C29

Dix lieu C29 thd ISAR [9,10] dugc mo ta trong bang 1. May bay C29 duoc do la mot mod
hinh ty 1¢ 1:3 chat lugng cao cia may bay C29 thuc te. M6 hinh ty 1¢ nay dugc cho trong hinh
1. M6 hinh C29 ty 1¢ 1:3 duoc bao phu hoan toan véi mét chat dan dién |y tuong.
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[N i 1

Hinh 1: M6 hinh ty &€ 1:3 may bay C29

Céc mo hinh nhan dugc tir dit liéu ISAR tho khong phai duy nhét, va céc thong sb cua dir
liéu dugc sir dung d@é khai trien cac mé hinh dugc cho trong bang 2.

2.3. M6 phéng chuyén dong ciia may bay

C6 hai loai chuyén dong cua méy bay dugc md phong ¢ day. Thir nhat 1a chuyén dong
than cang va thir hai 1a chuyén dong riéng biét. Chuyén dong than cang la sy chuyen dong
rung lac toan than may bay hoac la sy di chuyén raxa mot duong bay da dinh nhu mot than
cang. Trong truong hop nay, khong co sy uon cong ciia mdy bay. Truong hop thu hai, c6 se

uén cong caa may bay vatrong truong hop nay may bay uén cong va cac phan khéc nhau caa
méy bay di chuyén dén mat vi tri khéc. Tiép theo, ting loai chuyén dong dugc mo ta.

Béang 1: Dir liéu ISAR C29 tho

Dai tan sb (GHZ), busc | Dai goc AZ (%), busc | EL (%)
26 dén 30, 0.01 -5dén5,0.04 3
26 dén 30, 0.01 -5dén5,0.04 5
26 dén 30, 0.01 -5dén5,0.04 7
26 dén 30, 0.01 19 dén 29, 0.04 3
26 dén 30, 0.01 19 dén 29, 0.04 5
26 dén 30, 0.01 19 dén 29, 0.04 7
26 dén 30, 0.01 -19 d¢én -29, 0.04 3
26 dén 30, 0.01 -19 d¢én -29, 0.04 5
26 dén 30, 0.01 -19 @én -29, 0.04 7
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Bang 2.Dix liéu m6 hinh C29, ty 1€

STT | Daitan, buéc(Hz) | AZ térg, budc El () MxN
@)
1 |867dén9.09, 0.0067 | -3.76,0.04 3 64x64
2 |867dén9.09,0.0067 | -0.08,0.04 3 64x64
3 |867dén9.09,0.0067 | 3.72 0.04 3 64x64
4 |867dn9.09 00067 | -3.76,0.04 5 64x64
5 |8.67dén9.09,0.0067 | -0.08,0.04 5 64x64
6 |8.67dén9.09,0.0067 | 3.72,0.04 5 64x64
7 |8.67dén9.09,0.0067 | -3.76,0.04 7 64x64
8 |8.67dén9.09,0.0067 | -0.08,0.04 7 64x64
9 |8.67dén9.09,0.0067 | 3.72,0.04 7 64x64
10 | 8.67 ¢én9.09, 0.0067 | 20.24,0.04 3 64x64
11 | 8.67dén9.09,0.0067 | 23.92,0.04 3 64x64
12 [ 8.67dén9.09,0.0067 | 27.72,0.04 3 64x64
13 | 8.67dén9.09,0.0067 | 20.24,0.04 5 64x64
14 | 8.67dén9.09,0.0067 | 23.92,0.04 5 64x64
15 | 8.67dén9.09,0.0067 | 27.72,0.04 5 64x64
16 | 8.67 dén9.09, 0.0067 | 20.24,0.04 7 64x64
17 | 8.67dén9.09,0.0067 | 23.92,0.04 7 64x64
18 | 8.67 ¢én9.09, 0.0067 | 27.72,0.04 7 64x64
19 | 8.67 dén9.09,0.0067 | 20.24,0.04 3 64x64
20 | 8.67 dn9.09,0.0067 | 23.92,0.04 3 64x64
21 [8.67dn9.09,0.0067 | 27.72,0.04 3 64x64
22 | 8.67dn9.09,0.0067 | 20.24,0.04 5 64x64
23 | 8.67 d&n9.09,0.0067 | 23.92,0.04 5 64x64
24 |867dn9.09,0.0067 | 27.72,0.04 5 64x64
25 | 8.67 d&n9.09,0.0067 | 20.24,0.04 7 64x64
26 | 8.67 d¢n9.09,0.0067 | 23.92,0.04 7 64x64
27 | 8.67 dn9.09,0.0067 | 27.72,0.04 7 64x64

2.3.1.Chuyén dgng than cing

C6 hai dang chuyén dong than cirng, d6 1& chuyén dong tinh tién va chuyén dong quay.
Véi chuyén dong tinh tién, toan bo méy bay tinh tién tir duong bay chuan caa né trong tat ca
ba hudng cua toa do Dé céc tai tung thoi diém tac thoi. Véi chuyén dong quay, toan bo may
bay s& quay céac huéng caa no trong ca ba hudng goc (roll, pitch vayaw).

- Chuyén dong than ciing tinh tién

Dé md phong chuyén dong nay tathay ddi cac thanh phan toa do caa vecto vi tri may bay
boi mot lugng nho bang céch: ta khao sé ba quéa trinh ngau nhién Gaussian trang phan b
ddng nhét doc 1ap, co trj trung binh 0 vadd léch chuan khoang 10cm. Tirng qua trinh duoc loc
bai bo loc théng thap FIR bac 16 véi tan s cat 2-5 Hz. Tiép theo, mot matran tuong quan 3x3
[13] dugc khai nigm:
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Cudi cuing ta nhan ma tran cia ba qué trinh ngau nhién duoc loc v6i ma tran twong quan

ndy, ta dugc mot matran mai tuong tng vai su thay déi cac thanh phan toa do caa vecto vij tri.
- Chuyén dong than cirng quay

Ta cling thyc hién tuong tv nhu trong mo phong chuyén dong than cing tinh tién. Tuy

nhién ¢ day ta thyc hién thay doi cac thanh phan goc truc giao quay quanh batrycx, y, z, nén

do lech chuan ¢ day lakhoang 2°-3°. Matran tuong quan vatan sb cit dong nhat véi matran
vatan sb trong chuyén dong tinh tién.

2.3.2.Chuyén d@gng riéng biét tam tan xa

Dé md phong sy udn cong ciu tric méy bay, ta di thuc hign md phong s di chuyén cua
C&c tam tén xa. Céc tam tan xa duoc phép di chuyén trong mit phang hai chiéu vat ly ma céc
tdm tan xa hién co trong d6. Do d6, céc vi tri theo phuong doc va phuong ngang cia céc tam
tan xa dugc thay ddi. Gia sir rang c6 Gtam tan xa va g:éc qua jtrinh ngéu nhién Gaussian dugc
tao. Cac qua trinh ndy duoc cho qua bd loc thdng thap véi tan s5 cat bd loc khoang 20 Hz.
Tiép theo c&c quatrinh ndy dugc nhan véi matran teong quan [13]:

_é08 0.2u

~&2 ogH ©

2.4.Céc théng sb dau ra géi mé phéng
Truong tan xa:
Truong tan xa don phan cuc tir mot muc tiéu phire tap duoc xap xi:

@'l—kozrd
E.(f,qg)=S(f,q)E(f, T 6
s(f.a)=s(f.q)E( q)§4pr2g ©)
Trong d6: S(f,q) 1ahé sb tan xa ciamuc tiéu va co thé dugc khéi niem:
&8 0 af o)
f.q)= fq)= "R."T (7)
gt.q) s (fa=(aaf Ry’

& day, sff,q) 1ahé sb tan xa cia tdm tan xa tha g, E4(f,g) & truong tan xa (mién tan sb) khi
dugc xem xét tai may thu radar, E«(f,q) latruong dién dugc phé tu radar var 1a khoang céch
tir radar dén tam pha muc tiéu (méy bay), P, : cucx thirg p, :cucy thir g a;: hé so bién do
thir g G s tam tén xa (sb nguyén), m: tan sd chuin hod,n: géc chuin hoa
Do dich tan Doppler

D¢ dich tan la mot thdng s6 quan trong véi cac may thu radar vi n6 lién quan dén tan so
tac th§yi cua truong tan xa tai may thu radar; Kha niém chuan vé d6 dich tan la sy khgé\c nhau
gita tan so cua truong dién tir voi sy chuyén dong radar-muc tiéu va khdng co chuyén dong
radar-muc tiéu. Biéu thirc do dich tan duoc biéu dién nhu sau:
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-1
fq = 5 X
2E,
N U U 8
¢ o, &n v dR, ¥ ©
Vo Poga e N
i=1 1 g d)
Vvoi
, F-afiRrEnl
a=E§Eco§ ° 7 I ©
o afRr: -

Sai sb goc
Sai sb goc hay tia phan xa ciing 1a mot thong s quan trong ciia radar. Sai s6 goc 1a goc
gitra vector tur tdm pha muc tiéu den may thu radar va huéng téi truong tan xa tai may thu
radar. Hudng téi truong tan xa (DOA) dugc khd niém giong nhu huéng cia vector Poynting
® ®
cua séng TEM t6i méy thu radar. Vector DOA dugc ky hiéu la d . Vector d lién quan voi
Gradient pha cia truong tan xa toi radar. Sai sd goc W, dugc tinh:

o o 2
W, = arccos‘é ST (10)
g d Rot -
7]
Dlng Matlab [12] md phong vatinh toan, ta dugc cac daura md phong trong truong hop
chuyén dong riéng biét cac tdm tan xa (truong hop anh hudéng 16n dén cac dau ramé phong).

T Doppler Frequency ve.Time
8 . T T T T . K T ; ; ;
B + A
251
4 L
v = 2
2 2f =
g 2
£0 N i
2 L
E + + L%
Z + + 5
.0 =
£ i g
o
4+
t
0.5
Bl .
A L L L L L L i \ . . . .
-2 -15 -1 04 0 0& 1 15 i] 1 ) 3 4 5 B
CrOss-range, meters time seconds
Hinh 2: Vi tri tm tan xa Hinh 4: Giatri do dich tan
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Scattered Elactric Field at Receiver vs Time
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Hinh 3: Giatri truong tan xa Hinh 5: Giatri sai sb géc

3.KET LUAN

Tém lai, muc dich caa goi mé phong ndy 1a cung cip céc giatri vé trudng tén xa, do dich
tan va sai sd goc vé mot muyc tiéu radar dong. Céc gia tri ndy gitp cho ching ta danh gia dic
tinh c&c méy thu radar va nhirng co so cho viéc nhan dang muc tiéu (may bay C29). O déy
radar laradar chu dong

Mot van dé khéng dugc thuc hién trong g6i mé phong nay |1a anh huong caa tua bin phan
luc canh quat cia mdy bay C29. Khi dong co nay hoat dong thi nd s¢ lam thay doi céc giatri
truong tan xa, do dich tn va sai sb géc. Dic biét khi méy bay bay huéng tAm radar thi anh
huong nay rat quan trong.

G6i md phong ndy cho ta thiy nhirng phan dnh vé qué trinh twong t&c dién tir voi méy bay
C29 va nhitng hanh vi caa quan hé méy bay - radar. Tir 6 mé ra cho ta viéc lap trinh diéu
khién trong céc thiét bi radar (radar trén tau, trén méy bay, trong dau tur dan tén lia, ...) trong
viéc phét hién va nhan dang muc tiéu - mot vin dé quan trong trong radar hién dai ngay nay.
Dong thoi, viéc tach cac tAm tan xa cia muc tiéu bang mé hinh Prony ciing 1 goi y cho mot
cdng cu thiét ké cac muc tiéu tang hinh —mot van dé cap béch caathyc tién nuéc ta

SCATTERING CENTERSBY USING THE PRONY MODEL AND
SIMULATESDYNAMIC AIRCRAFT SIGNATURES

Nguyen Xuan Ty®, Le Tien Thuong®
(1) Navy Institute Nha Trang
(2) University of Technology, VNU-HCM

ABSTRACT: This report estimates parameters of 2-D scattering centers (locations,
magnitude, phase) by using the Prony model and simulates dynamic aircraft signatures. The
simulated aircraft is C-29 transport aircraft. A radar is mono-static radar. The first, scattering
model and 2-D damped exponentials model are researched. Scattering parameters are then
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estimated by Prony model. Those parameters are simulation inputs. Outputs of this simulation
are the scattered electric field, the Doppler shift, and the angular tracking error, or glint, all
as seen by the radar. The purpose of this research is a recognition, identity method of target,
aswell asitisatool for testing stealthy models.
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