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Abstract: In modern science and technology, LIDAR plays a key role in automatic navigation, industrial mapping
and other fields, but the traditional phase ranging system has many problems such as low measurement accuracy
and complex structure. A new high-precision phase laser radar ranging system is proposed in this paper. The
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system adopts the phase difference detection method of laser control with the same frequency reference, including

the optical structure optimization of the laser transmitting and receiving modules, and the amplification filtering and

differential mixing processing of the receiving circuit, and finally produces a high-resolution phase discrimination

system based on AD8302. The experimental results show that the measurement accuracy of the system is

millimeter level, which is simple and practical and can meet the needs of a wide range of practical applications. This

research provides a feasible solution for LiDAR technology in high-precision distance measurement.

Keywords: LIiDAR; phase; precision; phase discrimination
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Table 1 List of main distance measuring instrument parameters abroad

SN
AR Velodyne LiDAR Leica ScanStation Luminar Technologies
FTER S| Fiit ESE|
&I HDL-64E Leica ScanStation C10 Luminar Iris
D 772K AHALE AHALE AHALE
Btk B/nm 700~1550 700~1550 1550
WOt Class 1 Class 3 Class 1
/M 100~200 134~300 250~500
434 % /(10°points/second) 700~1400 50 122
R BN E B (k=2) <1 mm@25 m <2.5mm@15 m <3 cm@280 m
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Fig. 1 Principle of phase laser ranging
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Table 2 Scale length and accuracy table

ik K/ HiifpE/m
100 Hz 1.5 0.001
10 Hz 15 0.01
1Hz 150 0.1

100 kHz 1500 1

10 kHz 15000 10

M AT, YR AR i, R
SRR U B CFR DN RORS A B R Ry A3 1 1
MR B = AR iR 22 . EARRG D, BEA DR BE 1Y)
BN, RSO0 R RS R SEAIREE D 0.1°, IR
K BEIR 0.001 m, WU{F 545 % W KT 83.33 MHz, HI
AL EPE 100 MHz 5545055 . SR 17 1 s R g A
BN 1.5 m, R T yRFMZI R R AR A BB, AT LA
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Fig. 2 Block diagram of phase laser ranging system
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Fig. 3 APD detection principle block diagram
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FRifE{E/m W {E/m PR 2 /mm b2 /mm
0.300 0.301 1.000 0.690
0.600 0.602 2.000 0.678
0.900 0.901 1.000 0.734
1.200 1.202 2.000 0.670
1.500 1.503 3.000 0.722
1.800 1.802 2.000 0.740
2.100 2.102 2.000 0.664
2.400 2.403 3.000 0.680
2.700 2.703 3.000 0.696
3.000 3.004 4.000 0.682
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83.000 83.010 10.000 0.692
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Design of high precision phase laser radar
ranging system

Li Anran’, Shao Guangcun?, Jin Fengyu’, Zhang Chuanhui’, Li Wei?,
Mou Yuanhui*, Cai Enlin**
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Overview: With the advent of the intelligent era, laser ranging is widely used in remote sensing, and the development
and research of radar technology has been attached to great importance in the world. Phase ranging is one of the most
favourite ranging ways at present, and the phase LiDAR ranging technology has a wide application prospect in modern
science and technology, especially in the fields of automatic driving, robot navigation, three-dimensional mapping and
so on. Compared with traditional ranging methods, phase LIDAR ranging technology can achieve higher accuracy and
resolution. However, despite significant progress in phase LiIDAR ranging technology, there are still some not solved
troubles. For example, the measurement accuracy and performance stability problems in complex environments, and
the cost of high-precision phase ranging systems is usually higher, which restricts its widespread application in certain
fields. The objective of this study is to design and develop a high-precision phase LIDAR ranging system. To improve the
measurement accuracy and stability of phase ranging and reduce the cost of the laser ranging system. Firstly, Based on
the principle of phase laser ranging, the transmitting and receiving parts of the optical system are designed and selected
to ensure the stable transmission and reception of the laser. Then the receiver circuit of the hardware system is processed
with signal amplification, filtering and mixing structure. In the case of large high-frequency phase discrimination errors,
the method of mixed-frequency phase identification is used to improve the accuracy of the system. Finally, The AD8302
module is used as a foundation to improve the measurement accuracy of the system, simplify the hardware design of the
system, and reduce the need for traditional complex signal processing algorithms. At the same instant, the technology of
multi-ruler joint measurement is adopted. The high precision advantage of high frequency is used to improve the
accuracy of the measured distance, and the wide range advantage of low frequency is used to expand the range of the
measured distance to meet the long-distance requirements of high precision. Through the performance evaluation of the
system, the system meets the design requirements. The experimental result manifests that the measurement system not
only has high measurement accuracy and strong stability, but also reduces the complexity and cost of the system and
meets the practical application requirements.
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