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Study on Airborne Multi-Pulse Ladar Target Signal Simulator
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Abstract Airborne multi-pulse ladar target signal simulator is studied to evaluate the performance of echo signal
digital processing algorithms and hardware platform. It is pointed out that only using radar equation to establish the
echo waveform model is inadequate for the relationship between waveform and energy. Air target echo pulse
broadening is analyzed, and the waveform time broadening data are acquired under different angles, target distances
and target sizes. Because the energy remains same before and after broadening, the echo waveform mathematic
model is established through solving the characteristic parameters of Gaussian pulse function. Then the simulation
model based on target distance error and echo pulse waveform error statistic characteristics is given, and the method
to generate echo signal according to the signal-to-noise ratio (SNR) is proposed based on the standardization of echo
noise root mean square (RMS) value. The performances about echo SNR error, minimum output SNR, and
continuous working time of two laser simulators are compared.
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Fig. 1 Schematic diagram of air target in laser spot
fH D = 2Rtan(¢/2), % ¢ = 1 mrad, ] D =
R/1000, %F F R 5F2) 20 m (% HL. R = 20 km i,
BATHW.L =10 +1;R <20 kmi,L =D,
BBl ik v B b T B i ) 8] g S5 A LR
MEBLRETE N At A

2R sin «
- — = 2Ry __sina 7
At = 2(0T —OB) /e = [ Sm(m%)J
7
OBsin ¢, = BT'sin «
RSina . o .
Sin(a t gy Sn# = 0.5Lsina (8)
- sin «
b= arCtan(ZR/L* cos a)
A, = 2(0A — OT) /e = @[%— 1]
¢ Lsin(a— ¢)
9
JRsin $#, = 0.5Lsin(a — ¢,)
: . (10)
o Sin o
19 = arCtan<2R/L+ cos 01)

FTLAE . RIEaT a5 HAREE 2 R, H AR R
LA fl o K BUE BTN T -

D XTL=06=10 m, &M 1 km 30
£ 80 km, A[EMHA T At =~AL; .

2) 2 R=20 ke i o 4[] 151 A1 1) Ji& 5 Bf ] O
A AHFEABAA o AUHERIMTI /DN, 3 1 45 1 T LR
RUAR BT 1Y R SE ) [A]
F 1 R[RMBAR 1 K e FE I fE]
Table 1 At at different «

a /() Aty /ns
10 32.827
20 31.322
30 28. 866
40 25.532
50 21.422
60 16. 660
70 11. 395
80 5.783

3) 24 R<C20 km s}, A [R5 £ 119 Ji& 5 B [ Bl %
PR I M & e . B 2 BT o 157,307,
A5 ik i JR T I B AR 1 T R

4) AERMEA T S H bR R 1S K 58 B 1] 0 72 7
HR K 3 Prs

w 01
£ JHerstsasastiataste
o 60
g )
£ 50
00
.E 40 =
';é; 30 —s—angle: 15°
g a0l —a—angle: 30°
) —+—angle: 45°
ém-

0

1 4 7 10 13 16 19 22 25 28 3134 37 40
Target distance /km

2 a2 157,307, 45° M fik i R i Bifl B 45 Ak 1 il £k
Fig. 2 Az, at different target distances with
o being 15°,30°,45°

me /ns

—

®® © DN

o o O
: )

[=2]
S
T

Do
(=]
T

Pulse broadening ti
'S
(=) S

8I10I12I15‘18I20I25I30I
Half target length /m
3 o= 15 W H R R 0 B b i 56
Fig.3 At at different target lengths
2.4 BRI BK R EER
WO I8 RSG5 o 98 BT A Rb Y 2 B
SeRk bt R ST s(O W] ER Ay

N 2
s(t) = ZA”exp[—(tgiﬂ”)Ja (1D
n=1 On

0128001-3



2 i

P AL T g, 2350y e T Ik o B AN RS Lo, R K
MSE LR IE S8 N Oy 5 v 3 Bk b i S B X T
SRR N AT 3EH 3, B 2n0,/3, n=0,1,2,

H A [ 3 Jik i B B & i SRR 55 B A i . eR %
R M R L R AT A Ry 2 R B 1 e 3Tk o A
o F A R T K IR T T A e R bk B A R AE
ZH.

N 4 s . i R At 26 95. 5 00 1 1 AR AL
T O 20 WTEHIN . BRI ik 58 B2 € ol
4o, XTI BB L =1 A At = A, = 20,

1.0
0.8
0.6 Il,t=—2, 02=0.5 IuZOy 0°=0.2
0.4
u=0, 0°=1.0
0.2 AN ,u=0,?2=0 b
O i - il 7777»”- -
-5 -3 -1 1 3 5

L4 0 Bk 55 R B 2k
Fig. 4 Gaussian signal waveform

95 WO R ST A L B bR R G
P e KA i 250 55 280 B O B 38 Jr B 2 [l
WA Pro B L — )% Pe il A 28 8 58 1Y 0]
U2 1o 57 J o R B o (o A Sy v I A e Lk 98 5 R S
fE5 ML A Ary=4doo . W Bk Bl R 0, |
BB s, () FIIEAE A, BRI AT 52 50 (0) 323k
=K.

26 H A5 9 R T8 J5 i 11 i sRECRE R s, (o) 5 | R
B 1 JE G RE R RN,

2 2,
20, 20,

J%(wdt::J $(Odt = Pedtys (12)

—26 —20,

égﬁ‘@ﬁ s(l‘)>0,)”\'J

2, 2,
2

J Aoexp(—t—)dt =

2

J Arexp(— %)dt.

—2 ZGé —2
(13
Fh 25 Wk e S R 0 6 5 e 1 Bk o 9 i
0. = (2A1 +401) /4. (14)

T £R A8 0% &R (12) 3580 [0 3 Jok o g 2 AL o DTG
E B T PR s (0

W A W e B B(A, o ) IRA QD R
AT A5 3 H A 18]35 B8 1) 58 82 B AR, [l 3 ik
JE& T Xt {5 W B 1 5 M Ky

ol 4 o
Rev,  A/fews _ A. 2 o
RS\IO N AO/fRMS N Ao N Zg.f e
J exp(- 257 >dt

(15)
it':P A, j"] 5. (1) E@m%ﬁ’Ao j"j 50 (1) E/‘Jm%{ﬁaflws y‘]
[ea] g gt 75 41 7 AR

3 HirfE T HARR
3.1 BHRERB IR ES
Ot FEL PR 85 7 i — I 220 e 381 194 D' 7 5 A DA
O3 A ARG R 2 ) p b0 B RR E L AR g
FENSR N EREAIN NIV TR R Y e T
1 exp[— (I1— 2Io)2
27, 20°
PRI s Jok e gl T W P ) sl il IR AN NL T 6%
AR A (O 133 25 1 I 1 E S BOB BUF R
AL, AR 2] H R 1K b i 05 EOE s (o
3.2 HmEBHE
H s B B W0 DU 2 ol A — 2 1% 25 M 75 1 B LA
. PR X H AR R 0 0 B AT X S B A
FZ (B0 e 0T R R DA AR BE R LA . O
BRI Y H AR B R 2
R=R+n, R=R,+Vt, an
A R B B 0, & BB R 22, Ry S E VIR
PR ZI M BERS V R EHARIEE .V = 0 IS H
bR,V =V, BEEGE R,V =V, +a W AHLBY
HAr R RN NLO. of ] 2341, BRI
E[n,]=0.E[#n*] = 5. (18)
PR iE T 25 o0 5 IR I o B8 BE « AR MR L DL KO
e fFEEMF LR

[ (D) =

}, (16)

5 — cr _ D?
23 JRe 22D Ry

P Ron 25 ME L » Rox, S ) U0 BRI I 220 1) A5 R LG
R NLO, o7 1 5340 B9 n, 1T LIRS AL H
o S A UL R

SR R R T A T B AR R Sk X R H
o TR EE PR O R TP i 2R 2 A Bk o
813 1 H b 0 AR AL I A AL
3.3 EREEAMNESHEE

I 95 U {5 5 4K A5 R Lk A . Ol F 0 28 i o
NI b7 A e SR Nl S R A 1 B N R Rl = 4 ]
iop A5 T HIORE MRS 4RI B F I MR 4 SO ER TN 2

(AP

0128001-4



b 18 i 45 -

PR Z Bk b 0 5 ik B BR A5 5 NS 5T

PR 4 S R MR H e OON H bR R
TG S R TR Z
Ry = L= = L .
L, A S
S 7 FH HR L B0 A A S e e o
JEAR 5 A e b SO oA B b a0 ik e 5 119
VEAE Vo 5 [0 W 75 2 5 ARAE Z L

- jf:m Fros = %2("’_@2' 21

] 5k Mo 7 O (. 2 (o) 38 33 I BCIR A NLO,62 ]
) A E 5 W o A AR A 2 6 T A e g
a0, 1

B = |2 D) Gon ). (22)
i=1

Mg 7 UL A A 2 ol A i A s s T AR 2
BEBLAY . & o . 0F M P AR A B (22) sUREAT B IE
X B Ko/ BE (D/A) Hir g WS 3 J7 AR E
100 mVo SR - A3 {17 FORE 7 A [ 6 ok v i JE
o PR 0 E 15 R e X Mok b 35 T ) e AR 488 I A
R MR EL oA 2 JU) 5 0 E0 X B2 T 200 mV. d )i 8 [ml
P Py A TR H AR LI BE B R A A 45 2 — ot
WLIRCHE o 247 A B TR B e I 22 D/ A B it
A BRI 5
3.4 BRERESHE

HAR EWAE 5 RO HE BRI GG S E T
E I SUCIF NN N5 P S (M i L AN R VN
FRYGOC AR A IS I X F AR5 CELAE [l 0D B 4 ok o
S SEBR AR A AT RE B B R 2 B R T LA
6 [l 962 Ak B 285 4 365 7 BE 7 B ml B
3.5 BHhERENY R

R 22 Jok O AR 0 e R AR S BT R
HE AU LR AR 880 5 149 O L 2 BB R A H s [l
P e WORCHE S K3k g i B AT g A ) B 8

(20)

RSN

(FPGA) 2 1l 1 i ke 20 e 4 2w (DAC) KA PTIE
FI RS B8 AR 4 1] 5 b 38050 3 O 2 6 E ) 7 8™ 4
] ) sl R AU 2 R I T B T I L R R LA B B
ARDL . IR G 1 [ 2808 2 s XA 4 T e 40
AR PEAT [ R AUL AR SR AR Dy (] Ak B
W B2 Bt 1A 7 % 0 3 R B

4 P O AR D B R RE X L

i b 55 1 05/ T A6 5 5 M 5 £
B RO REABL I . 35 55 e R AL
P e T E AT A58 LB A7 o G M 190
Y 1064 nm P BAT 1570 nm i BN SR EOE 2
545 1000 W SRk o 28 IS ol 2R B84
thy 1 £ 5. R 1T TDS5104B 7% U 25 91 i 4 it
{08 L SR 2 o S R R R 22
OSSP P 155515900 4 A I £ B4 (1
BT TEM LIRS . 5 R PR B 2E £
W H A 22 B BRI R 22 R
e /INBEADL A7 MR LA 1 T O 2 B AL 25 L A A4
(EMELRTF 1.6 0155

s —eo-simulator based on optical model
s—simulator based on signal model

0.3
et
S
5
o 0.2
4
5]

0.1

*V\\\—\
O 1 n 1 1 1 1 1 1
2 4 6 8 10

Average SNR

Pl 5 [T 38 A £ M B 58 2 X HE it £
Fig. 5 Comparison of two echo SNR error curves
# 2 WS TARI] ) AU H AR R 45 1 L ik
IR GEARF AR ALL L T [0 G e Btk D M A% 2R M R T
YL 7 FUSAU S 7 TN HE 1 PR ADL % i) VE REFE AR

2 PIRRBLILAR 19 PR BE 45 An X L

Table 2 Performance comparison between two kinds of simulators

Performance specifications Simulator based on optical model Simulator based on signal model

Target simulation principle Optical attenuation (attenuation factor) Arbitrary waveform generator (SNR)

Continuous working time /min 1 (depending on laser radiator) 10 (depending on the file length)

Target category Static target Static and dynamic targets

Portability and ease of use Bad Good
Simulation of target pulse broadening No Yes
Simulation of fault conditions No Yes
High-power laser interference simulation No Yes
Noise simulation by classification No Yes
Playback of the field capture waveforms No Yes
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Fig. 6 Comparison of echo waveforms generated by two simulators. (a) Optical model simulator output; (b) signal model

simulator output; (c) true echo waveform
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