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Abstract: The detection performance of frequency modulated continuous wave (FMCW) and pulsed laser
detection systems under aerosol interference were investigated, and the detection performance comparison
between the two systems was proposed. Based on Monte Carlo method, the target detection model under aerosol
interference was established. The detection results of different distance targets were studied. The feasibility of
comparing the two systems of FMCW and pulse system was demonstrated, and the quantitative comparison of the
detection performance of the two systems was carried out. Taking the phosphorus smoke aerosol as an example,
the simulation and the distance measurement experiment in the fog chamber were carried out. The results show

that the FMCW laser detection system can improve the detection performance by increasing the modulation

W H#A:2020-02-08;  &1T H#A:2020-03-10

EEWA: FZK AAFIIES (61805284)

YEZ I RIS (1990-), 55, {14, FENE G Z BT R OGN 7 I #H5T . Email: chenpeng_7777@163.com
SmE A RART (1967-), B, BdZ, WL, FENH HARRIRSIBE S ER T TS . Email: 315302189@qq.com

20190399-1



ISk A2

%64

www.irla.cn

% 49 A

frequency. In an aerosol environment, FMCW laser detection has a higher signal-to-clutter ratio (SCR) than the

pulse system, which means better detection performance and stronger resistance to backscattering interference.

Under the condition of low aerosol visibility and the same range resolution, the detection performance of the
FMCW system with 400 MHz initial modulation frequency is about 8-10 dB higher than that of the pulse system.
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suppression;  signal-to-clutter ratio
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Fig.1 Block diagram of FMCW laser detection system
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Tab.1 Simulation parameters of laser detection

Parameter Value Parameter Value
FMCW system parameters
Laser wavelength/nm 660 Emission-receiving distance/mm 10
Laser divergence angle/mrad 5 FM cycle/ps 50
Receiver lens diameter/mm 10 Initial modulation frequency/MHz 10-400
Detector photosensitive surface/pm 250 Bandwidth/MHz 100
Pulse system parameters
Laser wavelength/nm 532 Emission-receiving distance/mm 10
Laser divergence angle/mrad 5 Receiver lens diameter/mm 10
Detector photosensitive surface/um 250 Pulse width/ns 10
Aerosol and target parameters
Complex refractive index 1.53-0.0087 Particle size parameter/pm 0.3-3
Visibility/m 40 Target distance/m 6—-10
Target reflectivity 0.5

J T HFFE TR X FMCW SOGHER I 1 B 1 5%
M), S 7 T T A IS BE L R H AR B B AR
ANFETE TR B EE R . Hrh SRR ILEE S 40 m,
HFRHE S 10 m, SRR 205 BAS 2 A4 T kA
AR A BR AT R 43 3] A 53 MHz £ 90 MHz, A 1t 43
S0 LA /IS 0 0T S L B Lk AR R Bl PR A R (10, 53,
90 MHz) 25 FMCW {14 1 8 il 351 %, 431 A [+] 98 il
SR I 2 R o A [ A R o A1 23R 1 e AR 3
] 3(b)~(d) BTz o K FMCW A il 55 [a] B 15 2 0 9%
AR K OGN AT L (RPBK rh i 10 ns), THEE T
K R AR T P S 7, 40 3(a) BT

H1 1l 3(a) AT LA, FE3E B0 B4R R, ko
AR A 1T e O T AR SR, o5 4 T Rl
B A3, T A R i) R e RS T >R S
b, DI 51 & 22, X1 3 Al AL FMCW 2 45
FEHIR, YA 10 MHz B 89 FF 3505 55 10 #
di 98 25, i 53 MHz #1 90 MHz A ¥5f5 5 5 =5,
J I HUHE 5 4 B0 s, An 5] 3(b)~(d) 7R o X 15
P 224 3080 5 0 238 K T Lk A8 R TR R B, AT DA AR
TS R . R AR K LR A SR, B

s R ) RS R A 2 v/, (E T E A 0 A
1, H BRI B GG 2K F 5 8] B0 0 B, S 1)
BTN A . BEE VAR A 4, FMCW &R 40
(A 2% EL R R, S8 3k ok i il

P E UL T 1E SRS T, FMCW SR 44 i mT
DA J55 1l 0, 24 80 A0 3k g BsF, b 1) T 41
TR ERA T TG 25 PRI 25 S A T A AT o
3.3 FMCW 5 Rk il BR i 4 B8 3 EE

WS 7 BT AN [V BE B 0 2544 T ik v 5 FMCW 1
Tl ] B 45 I B, I SCR {ELuE A7 Ak, SCHL G
P A BRI P RE A LA, 5 B R A v, RO I R 3
HUAE DL AE 40 m, H A5 E B 3 o0 % 1Y 6~10 m.
PIFPA T Y SCR B 5 HA5 R UNE 4 Frs . 7EX AR
fig WL B 45 8 T 1Y SCRE ¥ 3 221K, 4 SCREAL T
0 (K Fa@Eek), RER BN ET®RERTH
WRAE 5, BB T 4055 1 e ik H AR5 5, 76 BB TR
55 W (ARSI F LR ) BRI R K 5|

B 4 m] DL B, AR () BE 2 Ab 09 ik b 44 i 5
FMCW A il i) #8300 14 BB AN [R], I FMCW {4 il i #8
T4 i A7) o 080 400 5 1% g T AR 4 K v A

20190399-6



s Gk A2

www.irla.cn

% 49 A

Pulse width=10 ns

—_
S

o Backscattering
A Target

e e
o ©

0.7 F

S e v
S = W R oo
T T

Normalized amplitude of pulse laser

50 100 150 200
Time/ns

() okl

(a) Pulse echo

(=]

Jo=/=53 MHz

o Backscattering
A Target

£

g

g

220

Q

=]

Q

Z15¢

[

&

kS

o 10}

<

=

a 5

£ 5

<

0 1 2 3 4
Frequency/Hz

(c) TRIBRA S TR IR

(c) Modulation frequency is the cutoff frequency

5 x10°

£=10 MHz

o Backscattering
A Target

=)

E

Q

§ 25

>

220f

Q

=]

o

£ 15}

G

o

S 10t

8=

&)

g5

<

0 1 2 3 4 5 x10°
Frequency/Hz

(b) TR/ TAR BRATR I A
(b) Modulation frequency is smaller than the
limit frequency and the cutoff frequency

£i=f=90 MHz

o Backscattering
4 Target

Amplitude of frequency spectrum

0 1 2 3 4
Frequency/Hz

(d) VAT R R A
(d) Modulation frequency is the limit frequency

5 x10°

[l 3 ZFP IR TGS A FMCW S A bk o [
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