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Abstract: Among the existing LIDAR technologies, the LIDAR with frequency modulation continuous wave (FMCW)
format has the advantages of high resolution, high measurement accuracy, light weight, low power consumption
compared with the conventional time-of-flight LIDAR. Benefitting from adopting continuous lightwave for measure-
ment, the FMCW LIiDAR also has unique performances such as high sensitivity, rich information, and easy
processing and demodulation. It is highly competitive for high-resolution, high-accuracy detection needs, and has the
potential for very good integration, miniaturization, and low energy consumption. This paper introduces the basic
principles of different LIDAR systems, especially focusing on the important parameters of FMCW LiDAR, and classi-
fies the research work of FMCW LiDAR in the past ten years into different types based on the light source scheme,
and discusses the features of various schemes.
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Fig. 1 Frequency modulation pattern of the FMCW
lidar source, representing the relationship between the
frequency of optical carrier wave and the time. (a) Time
frequency relationship of FMCW with the triangular
modulation; (b) Time frequency relationship of FMCW

with the sawtooth modulation; (c) Time frequency rela-
tionship of FMCW with the sine modulation
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Fig. 2 (a) Time frequency domain diagram of transmitted
signal and received echo signal under the trianglar modulation;
(b) Time frequency domain diagram of the beat signal after

coherent detection; (c) Time domain waveform of the received
beat signall'”
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Fig. 7 3D images over depths ranging from less than a millimeter to meters. (a) Surface map of a (b) quarter at 25 cm (400 pixelsx
420 pixels); (c) Surface map of a (d) 15 cm diameter medallion at 1.1 m (700 pixelsx740 pixels); (e) Volume depth map of a (f) potted
plant placed at 2.5 m (408 pixelsx490 pixels). Volume shown = 33.5/ cmx 30d cmx 40h cm; (g) Reflectivity profile of the plant with a
(h) rotated view; (i) 3D mesh of a (j) six-foot ladder starting at 2.5 m (408 pixelsx370 pixels); (k) 3D point cloud of a (I) room with a

variety of objects ( 884 pixelsx900 pixels)?2.
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Table 1 Specification comparison of mentioned FMCW LiDAR source

2002 2005!"! 20091 2018224 2016241 20127 2008"2 20188 201888
1.25THz 3.73 THz 100 GHz 5.56 THz 122 GHz 3 THz 600 MHz 6 GHz 200 GHz
120 um 40 ym 1.5 mm 27 uym 2.45 mm 49.8 ym 25cm 2.5¢cm 750 pm
* - 100 kHz 1 MHz 3 MHz - - 10 kHz 13.9 kHz 50 kHz
* --- 1 km 100 m 32m - --- 10 km 7 km 2 km
1s 0.36s 1ms 3ms 5.6 us 600 ms 3.3ms 60 ps 5.5 s
5mwW 6.3 mW 40 mW 12.7 mW 10 mW 200 mwW - 15 W 1 mw

1.25 GHz/ms 10.5 GHz/ms 100 GHz/ms 1.8 THz/ms 44 THz/ms 5 GHz/ms 182 MHz/ms 100 GHz/ms 36.4 THz/ms

A TR IR SR A 5 th £ 58T S B TR
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Overview: LiDAR (Laser detection and ranging) is an active remote sensing technology that uses laser for imaging,
detecting and ranging. It has the advantages of high resolution, high precision, light weight and strong anti-interference.
Following the invention of the laser in 1960, Radar's working bands and techniques were quickly convert by researchers
from the microwave band to the optical band. Compared with the traditional microwave radar technology, the LIDAR
works in a shorter wavelength band, which makes the laser beam can achieve smaller divergence angle and better direc-
tionality. As LiDAR working in the optical band, the distance resolution and angular resolution that can be achieved
during detection are greatly improved. LIDAR detection can obtain complex information such as target distance, veloc-
ity, reflectivity, etc. The acquired 3D point cloud data is usually used to generate high-resolution 3D maps or 3D models,
and is widely used in surveying, topography, forestry, areas of atmospheric physics, laser guidance, aerospace, deep
space exploration and unmanned driving.

At present, the detection mechanism of LiDAR is mainly divided into two types, non-coherent detection and cohe-
rent detection. Non-coherent detection is also called direct detection since it directly detects the change of the amplitude
of the reflected light signal. It is widely used in time-of-flight (TOF) LiDAR or amplitude-modulated continuous-wave
LiDAR. Coherent detection uses heterodyne detection to detect by measuring the frequency or phase difference between
the echo signal and the local oscillator signal. The current mainstream coherent detection LiDARs include frequency
modulated continuous wave (FMCW) LiDAR and Doppler speed LiIDAR. The heterodyne detection method has higher
sensitivity than the direct detection method, which makes the coherent detection type LiDAR can work at a lower
transmission power.

In view of the advantages of LiDAR, especially the coherent detection FMCW LiDAR, this paper will introduce the
basic working principle of FMCW LiDAR and the recent developments. The second part introduces the working prin-
ciple of FMCW LiDAR and the relationship between the basic performance of FMCW LiDAR and the parameters of the
transmitting system. The third part and the fourth part introduce the generation of FMCW light by different modula-
tion methods in the past decade and discuss the characteristics of various schemes. Methods and experiments of cavity
tuning, current injection tuning and external modulation are briefly present in these two parts as well as the technique
and algorithm of synthesis aperture. Finally, we compared and summarized the FMCW LiDAR systems mentioned in
this review.
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