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Abstract: In modern measurement technology, frequency modulation continuous wave LiDAR combines the
advantages of traditional radar and laser interferometry and plays an important role in the fields of the large-size
space precision measurement, micro-distance measurement, and three-dimensional imaging with its characteristics
such as non-contact, large measurement range, high resolution, and strong anti-jamming capability. However, in
practical application, the frequency modulation of the laser light source can’t be completely linear, which greatly
reduces the measurement accuracy of the frequency modulation continuous wave LiDAR technology. Therefore,
how to suppress the effects of the laser frequency modulation nonlinearity has become a hot research topic in the
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field of frequency modulation continuous wave LIiDAR measurement. This paper introduces the basic principle of

the frequency modulation continuous wave LIiDAR, and introduces four widely used nonlinear correction methods

and some special nonlinear correction methods according to the different nonlinear correction schemes of the

frequency modulation, and makes summaries and prospects.

Keywords: frequency modulation continuous wave; LiDAR; interferometry; nonlinear correction
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Fig. 1 The quantity of papers and times cited of FMCW from 2006 to 2021
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Fig. 4 Influence of FM nonlinearity on ranging results.

(a) Time-frequency graph of the FMCW signal; (b) Time-frequency graph of the fluctuant beat signal;
(c) A broadened distance spectrum obtained by FFT on the ranging signal without nonlinear calibration""
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Fig. 6

(a) Optoelectronic feedback loop for the generation of accurate broadband linear chirps; (b) Measured spectrogram of

the output of the loop photodetector when the loop is in lock, corresponding to an optical sweep rate of 100 GHz/ms;

(c) Fourier transform of the photodetector output measured over a 1 ms duration
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Fig. 11 (a) Normalized range peak in decibels obtained by different methods; (b) Comparison of MSE obtained by different methods

[32]

Circulator

Collimator . "
:  Interference signal Corner prism
Coupler ED1

L

20%

JAYAN

Optical frequency

|| T S e &)
N 2. FP interferometer /=, -2
5 \:j ' z =
FP cavity PD2_,: N \ °
' 3. M-Z interferometer ™, " signal DAQ board
[~
N
PD3/ .|-||I | '|||| |
Auxiliary interferenrce signal

IS S—

o

ECLD controller

PC

B 12 SBT3 406 FMCW #5256 2 % B 32 [

Fig. 12 Schematic of the FMCW laser ranging system with two auxiliary interferometers

[33]

210438-10


https://doi.org/10.12086/oee.2022.210438

ASHBAK, 5. 6HL T, 2022, 49(7): 210438

https://doi.org/10.12086/0ee.2022.210438

Delay

@ e

E, Ty -_.En

; FOC 1
TLS .

FUT

B 13 —AF @ AN 69 IR AR KA IE 4 FT LA LA

TLS: THREHOLR; PC: 1h#kizhE; FOC: x84 %; CIR:

PC CIR
a0 Ao e )
il Splice point
+21; Y\ E,
\ FOC 2 FOC 3 p
e M e S 1= oT )
PIRE

FUT: #mk4; BPD: B4k dgm 2P

Fig. 13 A new hardware structure for correcting FM nonlinearity with only a single detection channel.

TLS: tunable laser source; PC: polarization controller; FOC: fiber optic coupler; CIR: circulator;
FUT: fiber under test; BPD: balanced photo detector™
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Schematic of the experimental setup. CIR, circulator; CM, collimating mirror; HGR, horizontal guide rail; PC, polarization controller;
MRR, micro-ring resonator; BSF, band-stop filter; OH, optical hybrid; BD, balanced detector; PD, photodetector

Overview: In the 1980s, Skolnik from Switzerland proposed a theoretical model of frequency modulation continuous
wave (FMCW), and single-mode semiconductor lasers were also gradually used by researchers, which led to the
formation of the frequency modulated continuous wave (FMCW) LiDAR. Frequency modulation continuous wave
LiDAR is a kind of laser detection and ranging, which belongs to coherent detection. FMCW LiDAR combines the
advantages of traditional radar and laser interferometry and has the advantages of large measurement range, high
precision, high sensitivity, fast speed, high resolution, no distance blind zone, low transmission power, strong anti-
interference ability, and no need to cooperate with targets. It is widely used in various fields such as large-scale and
precision equipment manufacturing, atmospheric exploration, aerospace, and the 3D imaging because of these
advantages.

In principle, the FMCW LiDAR ranging system uses the interference of the frequency linearly modulated laser
emission signal and echo signal to form a stable beat signal, then calculate the target’s distance based on the frequency or
phase of the beat signal. Therefore, the FMCW LiDAR ranging system has very strict requirements on the linearity of
frequency modulation. However, the frequency modulation of laser light source can’t be completely linear in practical
application, seriously affecting the ranging accuracy, and resolution. This makes the nonlinearity correction of the FM
become the research focus of the FMCW LiDAR ranging systems. According to the different correction schemes, we can
summarize the methods of frequency modulation nonlinear correction into frequency sweep active linearization based
on the phase-locked loop feedback, equal optical frequency interval resampling, optical frequency comb correction
method, phase ratio method, and some other special correction methods, such as on-chip modulator-based approaches.
These nonlinear correction methods have their advantages and disadvantages. And this paper introduces and analyzes
the principles and research progress of these methods.

Although the FMCW LiDAR measurement technology has gradually matured, further exploration and research is still
needed. At present, most of the nonlinear correction methods focus on the optical system and signal processing, but we
hope to solve the problem from the design of the laser itself, and make further improvements in its mechanical structure,
circuit design, and temperature control to avoid subsequent complicated work. In order to achieve true intelligence, on
the one hand, we need to improve the efficiency of measurement (especially three-dimensional imaging). On the other
hand, we must strive to miniaturize and integrate the FMCW LiDAR measurement system to bring more convenience
and wider application scenarios.
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