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Advances in Precision Surveying LiDAR

MAO Qingzhou'® ZHOU Hao' WU Anlei' ZHOU Baoding®
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1 School of Remote Sensing and Information Engineering, Wuhan University, Wuhan 430079, China

2 Guangdong Key Laboratory of Urban Spatial Information Engineering, Shenzhen University, Shenzhen 518060, China
3 Hubei Luojia Laboratory, Wuhan 430079, China

Abstract: Surveying light detection and ranging (LiDAR) is an active electro—optical detection system
whose core mission is to acquire high—precision three-dimensional (3D) spatial information of targets and
scenes, playing an irreplaceable role in applications such as 3D real-scene reconstruction, digital twin cities,
and new fundamental surveying and mapping. Over the past decades, it has evolved from single—point
rangefinders into sophisticated multi—platform, multi-regime systems, driven by breakthroughs including
full-waveform digitization, multi-pulse resolving techniques, single-photon sensitive detection, and wave-
length diversification from 1 064 nm to eye—safe 1 550 nm, blue-green dual-wavelength, and multispectral
sources. Surveying LiDAR is fundamentally distinguished from environment perception LiDAR—widely
deployed in autonomous driving and robotics—by its mission objectives, spatial reference framework, and
performance metric priorities. While perception LiDAR emphasizes high frame rate and real-time object de-
tection, surveying LiDAR demands millimeter—to—centimeter ranging accuracy, arcsecond—level angular
precision, and full-waveform recording capability. A comprehensive performance indicator system is estab-

lished, covering geometric measurement, echo detection, time synchronization, and environmental adap-
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tability, along with the corresponding metrological infrastructure including laboratory calibration, outdoor
baseline fields, and traceability chains. The technical architecture is systematically classified along four di-
mensions: detection principle (pulsed time-of-flight, amplitude-modulated continuous wave, and frequen-
cy-modulated continuous wave), laser wavelength (centered on 1 550 nm, 1 064 nm, and 532 nm with ex-
tensions toward multispectral sources), scanning mechanism (rotating mirrors, galvanometer scanners, Ris-
ley prism pairs, and wedge mirrors), and carrying platform (space-borne, large airborne, small unmanned
aerial vehicle-borne, terrestrial static, mobile mapping, and portable systems). These platforms exhibit dis-
tinct differentiation and complementarity in ranging capability, accuracy, and coverage.Four key technology
areas are critically reviewed. Full-waveform processing covers preprocessing, single—echo ranging methods,
and multi—echo decomposition approaches including mathematical modeling, deconvolution, and deep
learning—based methods. Ranging ambiguity and multi—pulse resolving techniques address the fundamental
speed—of-light constraint through coding modulation, multiple repetition {requencies, and point cloud-
based resolving, with pulse position modulation emerging as a particularly effective approach. Scanning
mechanism and precision angle measurement involve the evolution of drive mechanisms, multi-readhead
optical encoders with electronic interpolation, and compensation of beam misalignment during high—speed
scanning. System error calibration and dynamic compensation encompass ranging error modeling, scan cali-
bration model development from theodolite—like geometric models to ray—tracing—based beam vector models,
self-calibration methods for various platforms, and environmental corrections including atmospheric refrac-
tion and refractive correction for bathymetric LIDAR.Future development will focus on the continuous ad-
vancement of core sensor technologies, including real-time online full-waveform processing, ranging—am-
biguity resolution for high-repetition-rate systems, scanning mechanisms with precision angle measurement,
and systematic error calibration with dynamic compensation. Multi-regime fusion, solid-state scanning,
photonic integration, and cost reduction enabled by mass production will further reshape the technological
landscape of surveying LiDAR.

Key words: surveying LiIDAR; full-waveform processing; ranging ambiguity; system calibration; scan-

ning mechanism; detection regime
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Table 1 Comparison of Characteristics Between Surveying LiDAR and Environment Perception LiDAR
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Fig. 1 Diagram of Typical Scanning Principles and Their Trajectories
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Fig. 2 Diagram of Multi-pulse Ranging Ambiguity problem
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