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LiDAR Fundamentals 

LiDAR, Light Detection And Ranging, is a remote sensing technique that uses a pulsating laser 
sensor to scan the surface. The reflected light pulses are detected by instruments that record the 
location of each return pulse in three dimensions. After processing, LiDAR point cloud data 
provide a detailed 3-D elevation model of the landscape. 
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LiDAR Fundamentals 

 The “first return” recorded by an airborne LiDAR sensor is the first 
object contacted by a laser pulse, which may be a building rooftop, a 
tree, or the ground surface. 
 

 When a laser pulse encounters a soft target such as a tree, a portion of 
the laser beam continues downward and reflects from the underlying 
branches and trunk providing a “second return” back to the laser sensor. 

 
 If conditions are ideal, the last returns represent the ground surface. To 

maximize the probability of acquiring sufficient ground returns  in 
vegetated terrain, LiDAR is collected in the Midwest during the leaf-off 
portion of the year when deciduous tree canopies are barren, crops are 
absent, and other vegetation types are dormant. However, wherever 
filtered daylight can pass through vegetated canopy, a portion of the 
laser pulses will likely reach the surface and produce ground returns 
(see photos below). 

Photo: TimothyEhat.com 

www.coastalwiki.org 

lidar.cr.usgs.gov 



 When the individual returns are 
viewed as a 3-D model, the 
result is an all returns LiDAR 
point cloud. 
 

 The individual returns of a LiDAR 
point cloud appear to float at 
various levels, from the highest 
elevations (shown here in red) 
successively down to the lowest 
elevations, which are typically 
ground returns (shown here in 
blue). 
 

 The point cloud data are 
interpreted by an analyst using 
specialized algorithms and 
classified into standardized 
categories according to the 
ASPRS LAS Data Exchange 
Format Standard established in 
2003, e.g. Class 2=Ground. 
 

 “A majority of LiDAR point cloud 
data describe vegetation and 
structures, not the ground 
surface .“The Oregon Geological 
Surveys’ analysis of ~20 billion 
pulses show that only 14% of the 
pulses produced returns from 
the ground surface. 
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LiDAR Status 
The U.S. Interagency Elevation Inventory is an online comprehensive, nationwide listing of known high-
accuracy topographic data, including topographic and bathymetric LiDAR, as well as IfSAR. The USIEI is 
a collaborative effort between NOAA and the U.S. Geological Survey, with contributions from the Federal 
Emergency Management Agency…it is updated annually. 

http://www.csc.noaa.gov/inventory/ 



LiDAR Status 
The U.S. Interagency Elevation Inventory – ILLINOIS 

 



http://crystal.isgs.uiuc.edu/nsdihome/webdocs/ilhmp/ 



http://crystal.isgs.uiuc.edu/nsdihome/webdocs/ilhmp/county/dsm-dtm.html 

Online LiDAR Data Derivatives 



Ice Walled Lakes 
Kane County, IL 

2008 LiDAR DEM 
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