
Principles of LiDAR Remote Sensing

https://www.youtube.com/watch?v=EYbhNSUnIdU

How does LiDAR work?

https://www.youtube.com/watch?v=EYbhNSUnIdU


Discrete return and full-waveform 

measurement using airborne LiDAR



• A typical airborne LiDAR system is 

composed of a laser scanner, a ranging 

unit, control, monitoring and recording 

units, differential global positioning system 

(DGPS), and an inertial measurement unit 

(IMU).

• An integrated DGPS/IMU system is also 

called a position and orientation system 

(POS) that generates accurate position 

(longitude, latitude, altitude) and 

orientation (roll, pitch, heading) 

information. 



A typical airborne LiDAR system is composed 

of a laser scanner, a ranging unit, control, 

monitoring and recording units, differential 

global positioning system (DGPS), and an 

inertial measurement unit (IMU) 

A typical airborne LiDAR system



AT  – Transmitted light signals. 

AR – Received light signal.

c – Speed of light.

R – distance between the ranging 

unit and the object surface.

ts – Travelling time of a laser pulse

(Wehr and Lohr, 1999)

Physical Principles of LiDAR



The standard LiDAR equation relates the power of 

transmitted (Pt) and received (Pr) signals, and can be 

expressed as (Wagner et al. 2006):
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where t is the time, D the aperture diameter of the receiver 

optics, Pr the received power, Pt the emitted power, λ the 

wavelength, H the flying height, R the distance from the 

system to the target, ηsys and ηatm the system and 

atmospheric transmission factors respectively, νg the group 

velocity of the laser pulse, and σ(R)dR the apparent 

effective differential cross-section.

LiDAR Equation



Each point data record stores information such as the 

point's X, Y, Z, intensity, return number, number of returns 

(of a given pulse), scan direction, classification, GPS 

time, point source, etc. 

LiDAR Data Formats



LiDAR Data -- ASCII Format



ASPRS standard classes for point data 

record formats 6-10 in LAS 1.4.



LiDAR data sources:

(1)Open Topography (http://www.opentopography.org) 

(2)USGS Earth Explorer (http://earthexplorer.usgs.gov)

(3)United States Interagency Elevation Inventory 

(https://coast.noaa.gov/inventory/) 

(4)NOAA Digital Coast (https://www.coast.noaa.gov/dataviewer/#) 

(5)Wikipedia LiDAR 

https://en.wikipedia.org/wiki/National_Lidar_Dataset_(United_St

ates)

(6)LiDAR Online (http://www.lidar-online.com)

(7)National Ecological Observatory Network – NEON 

(http://www.neonscience.org/data-resources/get-data/airborne-

data) 

(8)LiDAR Data for Northern Spain 

(http://b5m.gipuzkoa.net/url5000/en/G_22485/PUBLI&consulta=

HAZLIDAR)

(9)LiDAR Data for the United Kingdom 

(http://catalogue.ceda.ac.uk/list/?return_obj=ob&id=8049,8042,8

051,8053
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http://www.lidar-online.com/
http://www.neonscience.org/data-resources/get-data/airborne-data
http://b5m.gipuzkoa.net/url5000/en/G_22485/PUBLI&consulta=HAZLIDAR
http://catalogue.ceda.ac.uk/list/?return_obj=ob&id=8049,8042,8051,8053































