Science & Technology Development, Vel 10, Ne.11 - 2007

TACH TAM TAN XA BANG MO HiINH PRONY VA DAC TRUNG DONG
MAY BAY TRONG TRUONG PIEN TU
Nguyén Xuéan Ty, Lé Tién Thuwong®
(1)Hoc vién Hai quan Nha Trang
(2)Truong Pai hoc Bach khoa, PHQG-HCM
(Bai nhan ngay 22 thang 12 ndm 20006, hoan chinh sia chita ngay 21 thang 11 nam 2007)

TOM TAT: Bai bdo nay gici thiéu mét phwong phdp thiét ldp cde théng s6 tam tén xa
hai chiéu (vi tri, dg I6m, pha) b&ng mé hinh Prony va mé phong ddc trung dong mdy bay trong
truomg dién tir. Muc tiéu duoc mé hinh ¢ ddy la mot mdy bay vdn tai C-29, né duwoc quan sat
boi mot radar chi dong ¢ dinh (thuc hién ca hai qud trinh thu va phat song dién tir). Cac
théng so Vé tdm tdn xa ciia mdy bay C- 29 la ddu vao md phong. Bdu ra ciia mé phong la cdc
thong s6: truong dién tan xa, dg dich tdn, sai s6 géc. Két qua nghién citu nay la mot trong
nhitng co s& cho viéc phdn logi, nhdn dang, nén dit liéu trong ky thudt radar hién dai, dong
thoi, ¢6 thé la mot céng cu trong nghién ciru va thuc hién ky thudt tang hinh.

1. GIOI THIEU

Quan hé co ban dugc md phéng & déy: mot radar chi dong gén vl mot muc tiéu may bay.
Radar dugc gia sir 1a ¢d dinh . Cc dic trung tin xa tinh ciia muc tiéu (méay bay van tai C29)
dugc yéu ciu 1a ddu vao mé phong. M6 phong sir dung mét mé hinh don gian cho su tin xa
tinh clia muc tiéu 14 md hinh ham mii suy gidm hai chiéu. M6 hinh nay thinh thoang duoc goi
1a mé hinh tén xa nhiéu diém [1, 2, 3,4]. Sau d6 mé phéng md hinh ddng radar-muc tiéu ma sy
chuyén dong va rung lic ciia muc tidu s& anh huong dén cdc ddc trung cua may thu radar. Pau -
ra ciia g6i mé phong 13 trudng tan xa, d6 dich tén va sai s6 goc.

2. NQI DUNG NGHIEN CUU

M6 hinh tdn xa may bay

M5 hinh ham mii suy gidm cta mé hinh may bay ty 1& C29
Mo phong chuyen dong va rung lic ciia méy bay

Céc thong s6 truong tan xa, do dich tan va sai s6 gdc

2.1.M6 hinh tan xa may bay

Pé tinh dugc truong tan xa ma radar thu dugc, cdc déc trung tin xa clia mdy bay pha1
dwoc m6 hinh. O tan $0 cao, trudng tan xa tir mdt muyc tiu 16n vé mit dién (mdy bay) c6 thé
duoc xép x1 bang tong tin xa ciia mot s giéi han cdc tdm tdn xa ndi bat. Cac hé sé tan xa la

ham ciia tin sb fva goc hudéng myc tiéu 0 s& duge md ta véi md hinh ham mil suy giam hai
chiéu (2-D damped Exponentlal Model) [4, 5] sau:

d(m,n)¥2aypxrmp_yr" (1)
r=1

& day: P, : cuc x thiry, thinh phan x clia ham mii hai chiéu; p y, - Cuc'y thiry, thanh

phan y ctia ham mil hai chleu a, : hé s6 bién d¢ thiry (sb phirc); T: s6 tAm tén xa (sb nguyén);
m=0,1,..., M-I (tin s6 chudn hoa); n =0, 1, ... , N-1 (géc chuin hoa).
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Dy 1a mot mé rong 2-D clia md hinh Prony [2,4]. M6 hinh ndy gia su ring muc tiéu radar
bao gom I tdm tan xa. Hanh vi t4n xa cua tAm tan xa thir y, véi mot phén cuc phat va thu don,

dugc md hinh bc”):i cyc X, Cuc y va ba hé sb bién do {p,g, Dy i Nhén manh thém rang, day 1a

mdt mod hinh mién tan s6 hai chiéu. Mot phép bién d6i Fourier nguoc hai chiéu cia dir liéu
trong mién nay cho ra dir liéu trong mién anh ISAR (hay mién khoang céach).

Do lém ctia ham mil suy giam thanh phén X, ler ’, x4c dinh d6 tan xa cla tam tan xa thiry
trong toa d6 x cta truc doc (trong anh ISAR). Do tin xa ¢ ddy c6 nghia la mo td mot dap (ng
tAm tan xa thi y mé rong nhu thé nao trong hudng doc (down-range) cia anh ISAR. Goc cua
ham mii suy giam thanh phan x, £Px,, xéc dinh vi tri cia tim tdn xa thir y trong hudng doc.
Tuong ty ta ciing c6 cic biéu dién nhu viy b1 v6i thanh phan y nhung céc biéu dién cta thanh
phén y ng vé1i truc ngang (cross-range) trong anh ISAR. (Tai lidu [6,7,8] md ta viéc tao anh
radar)

Khao sat cac mau hé sb tan xa S(£,0) dugc ldy tai cac tan s6 f=fy, i, ... , fm. va céc goc 6
=0, 01, ... , On.1. Gia sir réng céc tan s6 va cac goc duge dit cach nhau mot khoang 1an luot la

df va da. Néu dit liéu duge tao thanh trong mét ma-tran , ma tran dit liéu MxN dugc goi la D

va dugce cho bot:
df,.0,) SE,.0) . SE.0)

D: qfli'eﬂ) Sfl’el) gfl’eN—l)

Sfl\f‘.l-lﬂeO) E(fl\d-l’ei) qu-l’eN-l)

Tir dir lidu radar thé ndy trong ma tran D, cac thong s6 ham mii suy giam hai chiéu,

@)

{px D, 4, }r | dugc thiét lap bang viéc sir dung k¥ thuat 2-D TLS-Prony [1.2]. M3&i lan céc
X Y =

thong s6 nay duge tim, ching c6 thé duoc sir dung lip di 13p lai dé udc doan sy tan xa tir myc
tiéu voi mot diy cdc tin so va cac goc.
b A TR r s 3
Chu y rang, md hinh dugc md ta boi {pxr y }r:‘ , chi ¢ gia tri v6i m, n ma m, n nay

lién quan dén dai tin s6 va goc cta dir liéu ISAR thd ban dAu, AF va AB, ma tir ddy md hinh
duoc phat trién. Mot quy luat tot 12 str dung mé hinh ham mil suy giam hai chidu tai cac tan sé
gitra (fo-AF) va (fM_1+AF) va cac goc gitra (8p-A0) va (On.1TAB). Diéu nay tuéng mg v6i cdc
gi4 tri tan s chuan hoa m nam giita (-M+1) va (2M-1) va céc gia tri goc chuin hoa n nam gitta
(-N/2) va (3N/2). Hon nita, cac tin sd va goc chuin hoa m, n lién quan dén cac bién thuc té f, 0
nhu sau:

m:f;ffo
3
-6, N - '
= +—
da 2

2.2. M6 hinh ham mii suy gidm ciia mé hinh mdy bay ty 1¢ C29

Dit ligu C29 thd ISAR [9,10] duoc mo ta trong bang 1. May bay C29 dugc do la mft mo
hinh ty 1& 1:3 chit luong cao ciia mdy bay C29 thyc te. Mo hinh ty 1& nay duge cho trong hinh
1. M6 hinh C29 ty 1& 1:3 duoc bao phii hoan toan v&i mot chat dan dién ly tudng. /
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Hinh 1: Md hinh ty I& 1:3 may bay C29

Cac m6 hinh nhan duoc tir dir liéu ISAR tho khong phai duy nhét, va cac théng sb ciia dir
liéu duoc str dung dé khai trién cac mé hinh duge cho trong bang 2.

2.3. M6 phéng chuyén dong ciia may bay

C6 hai loai chuyén déng ciia may bay dwoc md phong & diy. Thu nhét 1a chuyen dong
than cimg va th hai 12 chuyén dong riéng biét. Chuyén dong than clig 14 sy chuyén dong
rung lic toan than mdy bay hodc 1a su di chuyen ra xa mot duong bay da dinh nhu mét thian
cimg. Trong tmO'ng hop nay, khéng co6 su uén cong ctia mdy bay. Trudng hop thir hai, c6 sy
ubn cong ctia may bay va trong truong hop nay may bay uon cong va cac phan khéc nhau cua
méy bay di chuyén dén mot vi tri khac. Tiép theo, timg loai chuyén déng duoc mé ta.

Bing 1: Dir ligu ISAR C29 thé

~ Dai tan s6 (GHz), buée | Dai goc AZ (%), buéc | EL (%)
26 dén 30, 0.01 -5 dén 5, 0.04 3
26 dén30, 0.01 -5dén 5, 0.04 5
26 dén 30, 0.01 -5 dén 5, 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 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
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Bang 2.Dir liéu md hinh C29, ty 1¢

STT | Daitan, budc (Hz) | AZ tﬁng, bude EL () MxN
)

1 | 8.67 &n 9.09,0.0067 | -3.76,0.04 3 64x64
2 | 8.67 dén 9.09, 0.0067 -0.08, 0.04 3 64x64
3 | 8.67 dén 9.09, 0.0067 3.72, 0.04 3 64x64
4 | 8.67 dn 9.09, 0.0067 | -3.76, 0.04 5 64x64
5 | 8.67 dn9.09,0.0067 | -0.08,0.04 5 64x64
6 | 8.67 dn9.09, 0.0067 3.72, 0.04 5 64x64
7 | 8.67 dn 9.09, 0.0067 | -3.76,0.04 0 64x64
8 | 8.67 dén 9.09, 0.0067 -0.08, 0.04 7 64x64
9 | 8.67 dén 9.09, 0.0067 3.72,0.04 7 64x64
10 | 8.67 @én 9.09, 0.0067 | 20.24, 0.04 3 64x64
11 | 8.67 dén 9.09, 0.0067 | 23.92,0.04 3 64x64
12 | 8.67 dén 9.09, 0.0067 | 27.72,0.04 3 64x64
13 | 8.67 dén 9.09, 0.0067 | 20.24, 0.04 5 64x64
14 | 8.67 dén 9.09, 0.0067 | 23.92,0.04 5 64x64
15 | 8.67 dén 9.09, 0.0067 | 27.72,0.04 5 64x64
16 | 8.67 dén 9.09, 0.0067 | 20.24, 0.04 7 64x64
17 | 8.67 dén 9.09, 0.0067 | 23.92,0.04 7 64x64
18 | 8.67 dén 9.09, 0.0067 | 27.72,0.04 7 64x64
19 | 8.67 dén 9.09, 0.0067 | 20.24, 0.04 3 64x64
20 | 8.67 dén 9.09, 0.0067 | 23.92,0.04 3 64x64
21 | 8.67 dén 9.09, 0.0067 | 27.72,0.04 3 64x64
22 | 8.67 dén 9.09, 0.0067 | 20.24, 0.04 5 64x64
23 | 8.67 dén 9.09, 0.0067 | 23.92,0.04 5 64x64
24 | 8.67 dén 9.09, 0.0067 | 27.72, 0.04 5 64x64
25 | 8.67 dén 9.09, 0.0067 | -20.24, 0.04 7 64x64
26 | 8.67 dén9.09,0.0067 | 23.92,0.04 7 64x64
27 | 8.67 dén 9.09, 0.0067 | 27.72,0.04 q 64x64

2.3.1.Chuyén ding thin ciing

C6 hai dang chuyén dong than cimg, do 1a: chuyén dong tinh tién va chuyén dong quay.
Vi chuyén dong tinh tién, toan bo may bay tinh tién tir duong bay chudn ciia no trong tt ca
ba huéng cia toa do P2 céc tai timg thoi diém tic thoi. Voi chuyén dong quay, toan by may
bay s& quay cac hudng ctia né trong ca ba hudng goc (roll, pitch va yaw).

- Chuyén dong than cing tinh tién

Dé md phong chuyén dong nay ta thay dbi cac thanh phan toa do cia vecto vi tri may bay
boi mot lugng nho bang each: ta khao sat ba qua trinh ngAu nhién Gaussian trang phén bb
ddng nhit doc lap, co tri trung binh 0 va d¢ 1&ch chuin khoang 10cm. Timg qué trinh duoc loc
boi bd loc thong thép FIR bac 16 véi tin sb cat 2-5 Hz. Tiép theo, mdt ma trin twong quan 3x3
[13] dugc khai niém: '

Trang 43



Science & Technology Development, Vol 10, No.11 - 2007
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Cubi cing ta nhan ma tran clia ba qua trinh ngau nhién duoc loc v6i ma trdn twong quan

ndy, ta dugc mot ma trin méi tuong ung vdi su thay doi cac thanh phan toa dd cuia vecto vi tri.
- Chuyén dong than cling quay

Ta ciling thuc hién tuong ty nhu trong mo phong chuyén dong than cing tinh tién. Tuy
nhién & day ta thuc hién thay déi cac thanh phén géc truc g1a0 quay quanh ba tryc x, y, z, nén
d6 léch chuan ¢ ddy l1a khoang 2° 3 Ma trén tuong quan va tan sé cit ddng nhit voi ma tran
va tin sb trong chuyén dong tinh tién.

2.3.2.Chuyén déng riéng bigt tdm tdan xa

Pé mb phéng su udn cong céu triic may bay, ta di thuc hién md phong sur di chuyen cua
c4c tim tan xa. Céc tim tan xa duogc phép di chuyén trong mat phang hai chiéu vit Iy ma céc
tdm tan xa hién co trong dé. Do do, cac vi tri theo phuong doc va phuong ngang cua cdc tim
tan xa duoc thay déi. Gia st ring c¢6 I' tim tan xa va cac qua trinh ngiu nhién Gaussian dugc
tao. Céc qua trinh nay dugc cho qua bd loc théng thip véi tin sé cit b loc khoang 20 Hz.
Tiép theo cac qua trinh ndy dugc nhan véi ma trén twong quan [13]:

08 02
G = ©)
02 08
2.4.Céc thong s6 diu ra géi mé phong

e Trudng tan xa:
Truong tan xa don phan cuc tir mét muc tiéu phirc tap duoc xép xi:

E,(£,0)=S(£,0)E, (1, 9{ W] ©

Trong d6: S(£,0) 14 hé s6 tan xa ciia muc tiéu va cé thé duoc khai niém:
r T
(500){ Somsey | o
7=l 7=l

& déy, s,(f,0) 1a hé sb tin xa ctia tim tan xa thir y, E(f,0) 1a trudng tin xa (mién tan sd) khi~
dugc xem xét tai may thu radar, E(f,0) la truong dién dugc phat tir radar va r 12 khoang cach
tir radar dén t4m pha muc tidu (méy bay), p, scyex thiry, p, :cuc y thiry, a,: hé sb bién do

thiry, I': s6 tAm tén xa (s6 nguyén), m: tan sé chuén hod,n: géc chuan hod.

o D5 dich tin Doppler

D6 dich tan 1a mét théng sb quan trong véi cdc may thu radar vi né lién quan dén tan sb
tire thoi clia trudong tdn xa tai may thu radar. Khai niém chuén v& do dich tan 1a su khac nhau
gifra tin sb ciia trudong dién tir véi s chuyén dong radar-muc tiéu va khéng c6 chuyén dong
radar-muyc tiéu. Biéu thirc d6 dich tin duoc bidu dién nhu sau:
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Sai s6 goc hay tia phan xa cling la mdt thong s6 quan trong cia radar. Sai s6 goc 1a goc
gifta vector tir tim pha muc tiéu dén mdy thu radar va huéng t6i trudong tan xa tai may thu
radar. Huéng t6i trudng tan xa (DOA) dugc khai ni¢m giong nhu huéng cua vector Poynting

)

— —
ctia séng TEM téi méay thu radar. Vector DOA duge ky higu 1a d. Vector d lién quan voi
Gradient pha ciia trudng tan xa téi radar. Sai s6 goc Q. duogc tinh:

- =

aRy (10)

Q, = arccos|
d||R

ot

Diing Matlab [12] mé phong va tinh todn, ta duoc céc diu ra mo phong trong truong hop
chuyén dong riéng biét cac tdm tin xa (trudng hop anh hudng 16m dén céc dau ra md phong).

Hinh 2: Vi tri tm tén xa Hinh 4: Gi4 tri d6 dich tin
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Hinh 3: Gia tri truong tan xa Hinh 5: Gia tri sai sé goc

3. KET LUAN

Tom lai, muc dich clia g01 mb phong nay 1a cung cip céc gia tri vé trudng tén xa, do dich
tAn va sai s§ géc vé mét muc tiéu radar déng. Céc gia tri ndy giip cho chiing ta danh gia déc
finh cdc may thu radar va nhitng co s6 cho viéc nhan dang muc tiéu (mdy bay C29). O day
radar la radar chi dong

Mot vin dé khong duge thuc hién trong goi mé phong nay 1a anh hudng ciia tua bin phan
luc canh quat cia may bay C29. Khi dong co ndy hoat dong thi n6 s€ lam thay dbi céac gid tri
truong tan xa, dé dich tAn va sai s6 goc. Dic biét khi may bay bay huéng tim radar thi anh
huéng nay rit quan trong.

Goi mé phéng nay cho ta thdy nhirng phan 4nh vé qué trinh twong téc dién tir véi may bay
C29 va nhitng hanh vi clia quan hé médy bay - radar. Tir d6 mé ra cho ta viéc lap trinh diéu
khién trong cac thiét bi radar (radar trén tau, trén may bay, trong dau tu dan tén lira, ...) trong
viéc phat hién va nhan dang muc tiéu - mot van dé quan trong trong radar hién dai ngay nay.
Déng thoi, viée tach céc tAm tan xa clia muc t1eu bang mé hinh Prony ciing la goi y cho mét
cong cu thiét ké cdc muyc tiéu tang hinh — mot vén dé cép bach cua thuc tién nudc ta.

SCATTERING CENTERS BY USING THE PRONY MODEL AND
SIMULATES DYNAMIC 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, scaltering
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 scaitered electric field, the Doppler shift, and the angular tracking er¥or, or glint, all
as seen by the radar. The purpose of this research is a recognition, identity method of target,
as well as it is a tool for testing stealthy models.
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