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Abstract: The analog/digital acquisition module for intermediate frequency (IF) signal acquisition is the

fundamental component of frequency-modulated continuous-wave (FMCW ) lidar. Parameters such as the

Y% B #5:2022-06-06; 1&1T B #5: 2022-07-12.

HEWH : BFE AU A% B3 H (No. 2021YFF0700500) ; 7% Ak BHE & BRI B H (No. 20200501006GX,
No. 20200501007GX, No. 20200501008GX) ; [ 5 [ #& Bl 24 3k 4 ¥¢ B 5 H (No. 61934003, No. 62090054,
No. 62090052)



%18 AR 20 - R I S IO TR I BB SR A5 5 4 M S 0 B 79

signal-to-noise ratio (SNR) , signal-to-noise and distortion ratio (SINAD) , and spurious-free dynamic
range are major indicators of the alternating current characteristics of the data acquisition signal chain and
directly determine the key indicators of FMCW lidar, including the detection range and ranging accuracy.
First, this study designed an IF signal acquisition module for FMCW lidar, where the obtained SNR and
SINAD were 49. 13 dB and 48. 90 dB, respectively. Second, the study investigated the noise characteris-
tics of FMCW lidar, identified the system noise source as the phase noise of the sampling clock, and im-
proved the SNR and SINAD by 11.38 dB and 11.32 dB, respectively, by introducing digital filters,
which theoretically increased the detection range of FMCW lidar by 3.7 times. System noise can be re-
duced by using cosmetic clock chips, and the SNR can be improved by 8.65 dB. Finally, an optical
phased-array FMCW lidar system was built to verify the effectiveness of the data sampling module and to

conduct 40-m range distance detection under a maximum measurement error of 7.7 cm. The study deter-

mined that the FMCW lidar’s maximum detection range was 133. 67 m.
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LD: Laser Diode, EDFA: Optical Amplifier, SSB: Sigle-Side-Band modulator, RF:
RF source, OC: Optical Coupler, PC: Polarization Controller, OPA: Optical phased
array, COL: Colimator, BPD: Balanced Photodetector, BPF: Bandpass Filter, LNA:
Low Noise Amplifier, ADC: Analog-Digital Converter, DSP: Digital Signal Proces-

K12 FMCW #OtL®H kRS 45H
Fig. 12  Structure of FMCW lidar system
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Fig. 13 Frequency domain waveforms of targets at differ-

ent distances
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Tab.3 Comparison of FMCW lidar

R AR BIERET X S FIEEE/m PGS /GHz MERIE /em MEFEMHT B % 0k
2021  OPA WA DSO9254A 2.2 20 1.3 Z [9]
2022 JFRKEH R MEUERE R  PXle-5114 10 8.6 1.7 7 [10]
2021 FFCREF) BIAIRBEAY  DPO7354C 75 4 0.31 5 [11]
2017 OPA T R i 4% — 2 64 0.2 % [12]
2019 ML RHEUERE R PXle-5114 0.4 155 0.097 i [13]
2020  OPA T IR i — 10 2 1 7 [14]
2022  OPA ERIETES — 40 3 7.7 2 A3
*4 AEEBBRHNELER
Tab.4 Measurement results of targets at different distances
SEPREEES /m HE 5 /MHz THHEEE /m 3K BB /m HERE /em
5.139 4.517 22.583 5.104 —3.5
10. 594 5.615 28.076 10. 598 0.4
25.169 8. 545 42.726 25. 246 7.7
40. 416 11. 570 57. 849 40. 370 —4.6
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