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Impact of Speckle Noise to the Property of Coherent Lidar System
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Abstract The characteristics of beat-frequency signal (BFS) and the detection performance of the frequency-
modulated continuous-wave (FMCW) coherent lidar are influenced by speckle noise. In order to estimate the impact
and improve the system's property, the scattered field is simplified utilizing geometrical optics approximation. The
impact model of BFS affected by speckle field is derived by Monte Carlo simulation. and the optical antenna’s aperture
is optimized. The system experiment is carried out, and the results demonstrate that the BFS intensity has a negative
exponential relationship with the ratio of the surface-roughness height to the square of light wavelength. and it
decreases more rapidly with weak scattering surfaces. The experimental results are in good agreement with the
theoretical analysis and numerical simulation results. After system optimization, the BFS with speckle noise can be
detected effectively, and the system's range and velocity measurement errors are less than 1 c¢m and 0. 05 cm/s,
respectively.
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Fig. 1 Beat frequency signal’s intensity of the strong scattering-surface. (a) Phase uniformly distributed in 107;

(b) phase uniformly distributed in 10. 1%
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(b) correlated length is /=5 pm

1005001-4



RESF

FCHE IR P AR T 0 T K AR e RE R IR

& 2 1 0 LR B 0L T AR UL AL
y=A, «exp[— T /A*]+ o » (15)
A Doy S S Bbs s refa k. (1505
&) —F, Ul W5 H AR SHEIR AW & .

4 RESE
1.1 REAR

Ry 5 RS T H Ar ECBE 3 1) 4 A X FMCW A
THOCTIRE S Wsgm 58 T A R 40, L5 HAE
FEanE 3 iR .

processor

& 3 FMCW AT 06 8 5 50 5 2 5]
Fig. 3 Schematic configuration of the FMCW

coherent lidar

Toft 5~ U R I 2% 2k S8 I0O'G A% 5 38 3 IR 9K B )
HESOUE S Z e B AGEF Bk /K (M-2) T
WAL . — (55 ZM A 2% (coupler D) JF1E M ARG
(LOY . 75 — B85 5 W 2 3d D67 RER I 5 - O R
bR T B 5 9 # WO 15 508, D B vt ot oh
RO SGH B R A T B EDE L UK 4 (EDFA) .,
T3 81 S sk G U OCXHAAUE S B T, RGECRT T
Wk oy EIr % . LO 555 Efi & &% coupler 2 &
AL HDE R & (PDY RO S A 5 S . d
A 08 LA S B ARG I A 23 A RT AR AT H B A B RS R
o B s P EOE AR (LD M e &2 AR
(WDMD £ JI T 0K 58 0% - T Ot B 25 4% 2 1R B
IERCROG &R [ A7 IR Y . S5 30 & e i LA 2 8
xR,
4.2 LWHER

BEXS AN [RPRUES 10 H A gE 4T 1 LS 5 o |
i Bk F BB AN R 2 R

P 4 Sy JURDAS TR] B R 0 3 H 40 o HE b A A
Sy I A A T W TR B 5 22 L 2 AE S RRE 5 A0
I DA RN LR B 5 B A B D RLRE T B . B
SR B A B S 10 YO A F 24, S
2y IR B 1 RO i 2k UL 25 R B TR K o
ai.

#1 ZRAGHEASH

Table 1 Basic parameters of the experimental system

Key component Parameter Value
Wavelength A /nm 1550
Seed laser Power /mW 10
Spectral wide /kHz 8.3
LD Wavelength A /nm 980
EDFA Output power /mW 300

Transmitting antenna Lens diameter /mm 4

Receiving antenna Lens diameter /mm 20
PD Sensitivity /dBm —49
Modulation frequency /kHz 1

Modulation slope /(GHz/s) 500
2 SEE H b0 3 AR B

Table 2 Surface roughness of the target in the experiment

Modulation circuit

Particle Surface
Target ) Target
diameter /pm roughness /pm
P80 sandpaper 180 White paper <1
P300 sandpaper 48 Aluminium <0.5
P1000 sandpaper 18
5 Bluminium Equation y=A exp(-a/t)+y,
adj.R? 0.97281
4 Value Standard error
B Y, 8.13747X10°¢ 1.99282X10-¢
B A, 2.07262X10° 3.86973X10°¢
2 3T white \B t, 491643 1.35941
= paper
~
~
2[5 L sandpaper
\ ~
\
1r [ B
fitting of B P80
0 : : . i :
1 10 100

0? /um
4 R [R]HLEE B2 H AR 9 S 05015 5 3 B2
Fig. 4 Beat frequency signal intensity of the targets with
different surface roughnesses
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