H20% 2 AFZBFESRFEEFR Vol.20, No.2
2022 4 2 H Journal of Terahertz Science and Electronic Information Technology Feb., 2022

XEHE: 2095-4980(2022)02-0170-06

E T8 g .03 B R B R G B
o', E H?
(L E PR HRFHE AR, W R#ES 6100365 2.3 K2 BT1F B 28, #idt i 430072)

4

W OE: IBRERBRER T RB R R TEFAERAER R s, RE—-HETE
BHHAFCEMEEN T EAATEREBERGEE. NERFRLAERAR L, FAAHLERE. 2%
BAMZEFIAHEH#TIHREE L, 2 BAEEXLEEANBERSA R, ETEEHAFOHE
A, EmM#HcEASY, WEHEREERA P OER, ERAEWNRBH RS THAFTEILE,
HHERFMEAFRH A ERES. NEA AR E TN, RIAEH R W ok 5 5%
HEHIE, BTERMEE T AMBEEANE TN RSP OHER, RERRALE LB KA R THE
FERGET, AEAAGHGEF E RN — B BGTL, EREAERGTN —Z %, AR
T A R e A A B YR AT R B4R SR R T B O G A R RO

KEWR: MAPTOER,;, EETREEKT; BB EEER; HRFE; EmEME

FESES: TN914.42 XHEARER: A doi: 10.11805/TKYDA2020186

Fast simulation of target time—domain echo based on scattering center model

FU Song', LI Xin’
(1.Southwest China Institute of Electronic Technology, Chengdu Sichuan 610036, China;
2.Electronic Information School, Wuhan University, Wuhan Hubei 430072, China)

Abstract: A forward modeling method is proposed based on attribute scattering center for target time
domain echo simulation in order to quickly obtain the electromagnetic response of the radar target in the
time domain under the excitation of Ulira-Wideband(UWB) electromagnetic pulses. Starting directly from
the target geometric model, ray tracing and diversity techniques are adopted to mark and classify all rays in
space, the strong scattering source of the target is separated and quantitatively characterized. Based on the
form of the attribute scattering center model, the model parameters are positively determined, the target
attribute scattering center model is constructed, and the simulation calculation is performed under the
excitation of the selected radiation source to quickly obtain the target time-domain echo signal. Taking a
typical target simplified tank as an example, different types of UWB electromagnetic pulse signals are
selected as the radiation source, and a simplified tank scattering center model is constructed based on the
forward modeling method to quickly obtain radar echo signals under the excitation of a given
electromagnetic pulse. Compared with the one-dimensional distance profile obtained by the high-frequency
simulation method, the results of the proposed method have good consistency, which verifies the
effectiveness of using the scattering center model to quickly perform echo simulation under the excitation
of different radiation sources.
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Fig.1 Transmit signal waveform(a) and spectrum(b)

1 BG5BT () i (b)



172 AMERZS5BEFEREFER 5520 %

1.2 i 1 75 B Bk i Y B 5504 1

e 2 FOE B SE R bk ol , PO R £ B 3 GHz, S8R R ¢ 430 2 ns Fl 4 ns,  INFEE £, B
50 ns, CKf it 2T AR T K S S AR S BRI E AT 00T, X I R I R SHE S AR R dn 8T 1 B .

2 BREMEESHROERGE

BB AE R DX R AR, AR A RS B8 38 T o AR AR R R TR Y R B B, bR A B A 1 U
AR F AR b 22 A S BOR L TR 5 B &, B B O B O 5 05 O TG B A 3 45 O G B
AL JUMTRRAE AT I Bt X e T 38 B R S 2% EL A, AT LA 3o 48 3 — 4 B 9IRS ) IS v 0 ok I R 3%
7 FBR BB R o 7 SO 5 3 s P B PO 8 114 X i) S A7 32k S B A A 5 P P il 3 o

B R A

250 BEAR o5 B AT AR TR K U S BRI R ) & R, Potter T 1995 4R T 3T LI 28 5 M Wy B2 838, DU
T BREOE A 38 45 80T w0 i X A5 R AR OC &R 19 JLAW A7 55 PR 12 (Geometrical Theory of Diffraction, GTD)#i%!;
1997 4, TELRE T GTD BRI A3 5l A i LAty 1, SR JT 46 5 ok 800 O (o f EAT A2 85 1999 4F, Potter 55 PR §2
HH TR0 57 3 1 J P HIOR hC RSE TR AR IO X T AR AR A R AN TRD K S IO 0 4 SR A RO O R R
B L . BRI R A T S B

E(f.p)= A4, {J%J sin c(kL, sin(p — ¢,)) exp(—kcy, sin @) exp{—j2k(x;cosp + y,sing)} (3)

Rebe B 0 B OB  i=1,2,p, p WD AN, (E— L R
SRR L5 I o BREC £ I TR s ¢ Wi k=2nfle WG A, O T 0 S
o 958 £ A B L B 5 S SRR R R s x5 RO TP O AEBE B R G B R BB (L) 36
AURSE ISR, R AR 0507 B RBOE R, FEb LR i DR BE SR 9, O o 0 B 26 R
TEMAR T F OB . B SE A B KIS Lm0 I, AR 0 A R s 2 6 B e 8 B
BRI TR 5 B 9, 985 50T o B 7 3 6 7 10 T 2B (O 8 AR B . 15 2 RGO, 40 A 0 B
e R A PR 2 B K AT B O B G M T 7 3 TR P B B L, R LA B F i
BT R L AT ROR AT ¢ ) A B, F3 S A ORI 0 L WLAR T (090 B B R BE . PR B sine
FRSCHAE 5 A0 T TP DA T 2 IR, i, KRR 1 7 A3 (A, R T — 45
B, T AR O O R B . — KB, 5% LR 0 B BRSO e I R SRS , B

E(f.9)=D E (f.9) Q)

i=1

UL 280 0={6,.0,.-.0,) 1 3 & 7% FUAR 09 O 0 BEAL, T 3 8 8 A FOA% (0 B0 R e, 3o
O =( 4200 %, 33 L3 ) B0 Ay T4 348 21/ O 00 19 5 OB

22 BZEBERHBMHHES P OERGE

A SC AT A 3H 5 Ay {91 380 A5 R 5 FL T Dk b B TR S el AL, S A AR S A L AT R K, T s [ A
2 oy AR BOR HEAT T7 A0 3H 5 A9 9 FOR PR BRI,z B i M S O BRE T S ) R Y 5 ik TR AL 3 g 5 HOR
Y iY iz g

PRI QE R NS ER A € DI VANE X CE NS R Al o A o v €55 8 RO R A D AR S - O B R aN U DT SR
PEAT I AN [T RAAE fhy B A S [0 3 80 R AT W50 o0 0 8 A9 A5 B8 7 125, ) 25 TR 3 2 40 B BOR E AT H b i
SHIREREC, NGRS, HAA WY HE L 2 TILe A Bie, A ERAE MO AR AL, W
FL T 90 404 9% D ) 5 0 2k B A% R D 1) R TR o DR B DG 2k ) 2 AL R E L SO S E R  AT  E , Ead EARL  [i]
PR ] 5 % A DA T S B R 2 i) R S R S R R RO R BE AT R B Y %5 I AR D S LGB R T i o AR
FI% 7 ¥k B LAl b, 2 () S 2 73 SR B R LR 18 o X 2 (8] P A [R] S R AT AR AL, KR BRIV AE AN TR D 1) s
[ B AR R R B TR, PRk A TR — 3 AR A R A S R AT I 6O 4R

FRM S i 01 3 BAREAT 0 Z 05, A AT B0 M A SRS AR SRR N 1,0, Ly YA GTHE



%2 . BT HOREE B AR E R R E G E 173

L% r HEAT RSSO, BB o, ST B0 FBR AR WT N 6, ASHSTLRAOME LR BT I 0 A 0, MHE ST X A
TR BB [ 1y o PhTLAT 25 S S TN, = T A 00 S S 6 TR FR 0 0 AP T T LA B
Ha T 7E , WFIE % T = M IEIE RS, B S A BT H AR (0 4F M TR 45 1k iT St . (B
A SR B AT AR SR 9 [Q,,0,,+, 0 ] % AR 2 432 i 2 A L O 0 L A ) I 3R 51 5
[T Lgas o, | o B F ik 7 bk 56 MU 430 5 2 O, VAT 45 360 AT S92 i 0 1 S 0 RS, OF HLWA W T 0 AR SR R R 4
A I FBR DX 35 D81 I T LA 5 5 e 0 S ], % AT SR AR AT 26 0 LA A I AR 1 S R 09— 26, JFA
=TI S, = {1,y oear oeesr, P O ORITR T IRAOG S, NIRRT S AP A e i
A 23 B PSR HEAT VI L 4 S I 7 0 5 B A P A O R B A B O ELSE B B i O e 5 A I S T
ok ——X$ B .

A6 5 005 2L T8 5 FBR (i AR 30SEEAT 40 X (RIS 25 9.5 mx 3.56 mx 2.57 m), $k530 32 K, Ak
SrIXAnPE 2 s, HRaERAE 30 e AR AE S AR, FRAE 31 R Bk 32 7EA 3 ki

y i
. \
28 / f ¥Yr ar Ly 21
27 26 2% 24 23 22
29 ) B Fig.3 Simplified tank under incidence 6=60°,9=0°

Fig.2 Simplified tank partition model &l 3 0=60°,9=0° A T K TR AL 3E
2 AL B 43 X AR

FIH ERITEEXS 6=60°,0=0"WL%5¢ f1, /=3 GHz ST B9 ] 0 38 JE 47 3R O I A $2 0, IF A A AE 1) g 4 07 12
iy g 8 A 31 5 3 Ja MO O R BT 3 S AT A I SO AE 6=60°,0=0° L5 M R S, R 1 R AL SR I A
1 KRR BB rhoe Kot BRSO R IR . R R LAE L R AR A A T A 22 MR L, AR
LB A, FEAHTR 1 HAHT 6 AU PG . R p R b 20-F R R AL IR 19-f R BT
T AT SRR T A AL 5 9-Ac B A R N Oy AR 8- 22 K8 w7 5 AR TR IR TR A B SR R A SR AR 25 R ORI
SEOTBRHESS = SR B0 7-40 5 AR B AL AL 6- 2 Je dR ALY, 32-4L B A R B A 5 AL Pl 5 6 2 4-
JEIE T BIAE S 1-HLE b2 WU ) THOWE 2548 [ B 25 A B3 PP X B2 A AR X IR EL S 4, IR MBS 4 o VL
SHYEALE S r(x,y, ) WAER | RIRG

F 1 LT HAR B DR S, 6=60°,0=0°, /=3 GHz
Tablel Simplified tank target scattering center model and parameters, 6=60°,p=0°, /=3 GHz

number source of scattering amplitude parameter 4 frequency dependent parameters a 3D position parameters r(x,y,z)

1 20-19 15.767 5 1.0 (1.949 8,1.247 3,1.269 9)

2 9-8 15.763 5 1.0 (1.949 8,-1.247 5,1.269 9)
3 7 14.793 3 0.5 (-3.4426,1.1439,1.5197)
4 6 14.748 0 0.5 (-3.442 6,-1.1399,1.5197)
5 32 12.256 6 0.5 (3.250 3,-0.004 8,0.795 4)
6 4-1 9.424 4 0.5 (0.987 2,-0.004 8,1.370 1)
7 3-4 84351 0.5 (0.3985,0.001 9,2.169 6)

8 9 23271 1.0 (3.200 0,-1.390 0,1.019 9)
9 20 23271 1.0 (3.200 0,1.390 0,1.019 9)
10 2-4 1.299 2 0.5 (0.999 5,0.000 8,1.867 0)




174 KMZMESEFEEFR 5520 3%

3 HRAWM

BRICH B LT T8 PO O AR Y Y B [ T A TR AR R SR 5 M s AR 0 G B R PR O TR R
BT 2 B0 A B v & HU G B9 RS P L 8 B AR R VR BB RO B2 S R o3 B T B RO BBk AT IR
BLRLBRANS - R IE ) 255 vk 0 8 B S, T H SR AT A RIS O A B T R AR X Rz AR s 1 R R
SPRRPE , PR AN T PO R AR P B B BRI A1) S I TR A R S R R K o R S AT B LS L, I R4S R
A PG RS RLE , fe R A B A 2 AN B P D R AT S 0, RS RS T Ik H AR AR S

TEXF H bR AT B B2 00, A e A R, B e R GO-PO(Geometrical Optics—Physical Optics)fH45 &
1 e A TR AE S . AT A B TR AT A6 2H 52 0 B 1A B #8 f AL(Radar Cross Section, RCS), FfH RCS
3 EA N H bR —4EBE 5, i 4 oo EIHARIBIREE R R 4 DA PI~P4, 7ERFZ B E M AEN T, H
20-A7 %8 P AR 19- 50 5 bar T RIE i A A5 S R 9- Ak R B AL T IRR 8-Ze ke i b ST 7 IR TE 1
THMAES, MW T 4RGP PLy WEE, P2 HEUE TG 7-A ERIEIA S 6-22 Ja MR A 7R 1 AR BT A LR
R, P3CHECR L 32-HLE TR B, P4 WIXE R T 4-40 85 N RIAE 5 1-HL S b 3R mTA B0 THUE 25 44

PEHH bR 2R 1 TR 0 8 Ak 30 s SO tho O AR, 38 v H AR AR T IR I 5 AL A 00, A A 60°, SR L
T IEAE =2 ns (98 G247 FLRE K o (5 5 T X T A IE S AT BEURE A5 30 04 1T Ak 38 v Ok AR S an &l 5 TR .

40 . 1.5
S3g
x:6.183%10™®
10k 1239 x:6.767x10°® ]
v g1 7:0.704 4
m M7.317x10°
> 05F 841:0.723 7
2 £:9.783x10"
£ = 1:0.425 2
% g" ob ----m—— - . __-H*,:.« " r_ *_r
w
Q
&
05k 1
-10F
-40 1 I 1 1 -1.5 1 1 1 1 1 1 1 1 1
-1.5 -4.5 -1.5 L5 4.5 7.5 o 01 02 03 04 05 06 07 08 09 1.0
dim #(x107s)
Fig.4 High resolution range profile of simplified tank Fig.5 UWB electromagnetic pulse radar echo signal of simplified tank, 7=2 ns
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Table2 Position verification of simplified tank echo simulation

distance from zero point in

number source of scattering . . HRRP simulated echo signal
radar detection direction
1 20-19 -2.3236 Pl S1
2 9-8 -2.3236 P1 S1
3 7 22216 P2 S2
4 6 22216 P2 S2
5 32 -3.2126 P3 S3
6 4-1 -1.540 1 P4 S4
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