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Now What? 

50-100 gb/county 



LiDAR Topics 

Airborne LiDAR Basics – What is it? 
Products – What do you get? 
Accuracy – How good is it? 
Applications – How do you use it? – 

Lead-in for the rest of our speakers! 



LiDAR: 
Light Detection And Ranging 
 
 

LiDAR Basics 

The process of scanning a surface with 
lasers in order to map the surface’s form. 



Aerial sensor 
Scans data using 
laser pulses 

Aerial GPS  
Based on GPS satellite triangulation, 
measures the location of the aircraft up to 
0.1 second. 

Inertial Measurement Unit 
Measures attitude (tip/tilt/roll) of 
aircraft every .002 second. 

Ground GPS 
Measures the location of the 
aircraft up to 0.1 second 
relative to a known ground 
position  

A LiDAR scan can be made of the Earth’s 
surface from an aircraft. 



Accurately knowing the x,y,z of 
the aircraft and the time it takes 
for the emitted light to return to 
the sensor allows the x,y,z of the 
targets (ground, buildings, 
vegetation) to be determined. 



LiDAR Basics 



LiDAR Basics 

Geographically referenced elevation mass 
points (X,Y,Z Point Cloud): 



LAS Classifications 

Classification Codes  Class 
  0   Created, never classified 
  1  Unclassified 
  2  Ground 
  3  Low Vegetation 
  4  Medium Vegetation 
  5  High Vegetation 
  6  Building 
  7  Low Point (noise) 
  8  Model Key-point (mass point) 
  9  Water 
  10  Reserved for ASPRS Definition 
  11  Reserved for ASPRS Definition 
  12  Overlap Points 
  13-31  Reserved for ASPRS Definition 
   
   
*Source: LAS Specification, Version 1.3  
 
http://www.asprs.org/a/society/committees/standards/LAS_1_3_r11.pdf 
 





LiDAR Products 

All Returns, Plotted as a Surface Model: 



LiDAR Products 
 

Bare Earth Returns, Plotted as a Surface Model: 



Typical Project Deliverables 
 LAS mass point files, classification of points 

to contract specifications, per tiling schema 
 

 Raster (ESRI Grid, .img or other) bare-earth 
DEMs, per tiling schema   NOTE: May become 
less common as GIS software improves on directly 
exploiting LAS files  

 Control points for independent vertical QA 
 

 Misc – tile indexes, breaklines, QA reports, 
metadata files 



Disclaimer 

 Following slides on DEM derivatives were 
made using ArcGIS 9.2 (3-D Analyst).  
Information on basic derivatives still applies, 
but an update on the ESRI ArcGIS 10.1 suite 
of tools for working with LiDAR data will come 
in the 1:45pm talk by Greg Brunner  



LiDAR Products 
Some of the products that can be made using 
the LiDAR Point Cloud: 
Elevation Models (DEMs, DTMs or TINs) 

 Relief (Hillshades) 
 Contours 
 Slope 
 Aspect 
 Cross-sections 
 Cut/fill 

Vegetation Height, Biomass 
Building Footprints 

 



LiDAR Products - Hillshades 

 





LiDAR Products – Elevation-colorized  
hillshades 







LiDAR Products - Contours 

 



Considerations for Making Contours 

 Smooth DEM using Focal Statistics – Mean 
 

 Produce contours for relatively small areas; 
algorithm prone to crashing or locking up on 
large areas 
 

 Encourage use of raster elevation tools 



 

Creates contours in feet 
Increments using vertical meters  
data 



LiDAR Products – Land Slopes 

 





1. Extract first return LiDAR points 
2. Low-pass filter to generalize 
3. Polygonize for forest/non-forest layer 

(red mask) 





Delivering/Serving data  
 Consider what derivatives are most important 

to your users and whether they should be 
pre-processed or instruct users to create their 
own.   
 If create and deliver several derivatives per 

tile, storage space can be an issue 
 If you train, can be complicated for users 

and/or a waste of their time 
 Web service – issues include clip/ship 

limitations, transfer speed, server processing 
demands, etc. 



LiDAR Accuracy 

Determined by: 
LiDAR sensor quality and calibration 
GPS and IMU accuracy 
Flying height, density of points 
Removal of above-ground features, 

noise 
Control points 
Hydro-flattening breaklines  



USGS Quadrangle 
Vertical Accuracy =  
+- 5 or 10 feet 

Accuracy 



LiDAR 
RMSE= +- 0.6 feet 
(18.5 cm) 

Accuracy 



LiDAR Accuracy, Check Points 

Asphalt Gravel Concrete 

Grass Tall Grass Trees 



LiDAR Accuracy, an example 

Accuracy required by 
contract was 0.6 feet 



Applications 

Ground Surveys 
 Level  
 Transit 
 GPS 

Remote Sensing 
Stereo Photogrammetry 
SONAR 
LIDAR 

 

Regardless of how the data 
is collected, the accuracy 
dictates how it can be used. 



LiDAR Applications 

Point 
Spacing 

 
(Meter) 

Vertical 
Accuracy 
(RMSE) 
(Meter) 

Contour 
Interval 

 
(Feet) 

Application Supported 

Base 
Mapping 

Floodplain 
Mapping 

Natural 
Resources 

Civil 
Planning 

Civil 
Design 

1 0.09 1’       
w/ Limits 

2  0.20 2’     
3 0.30 3’    
4 0.40 4’  
5 0.51 5’  

Note:  This table is for example only.  Required accuracy for a specific project must be 
defined on a case-by-case basis. 



LiDAR Applications - NRCS 

 Watershed Delineation 
 Average Watershed Slope 
 RUSLE2 Slopes 
 Pipeline Profiles 
 Terrace Layout Planning 
 Pond and Structure Stage Storage 
 Wetland Restoration Planning 
 Quantity Estimating 
 Floodplain Management Studies 
 Improving Soils Mapping 

 



Aerial Photo of 
Proposed 
Dam Site 

Example: Grade Stabilization Dam 

Proposed Dam 
Centerline 



Example: Grade Stabilization Dam 

Top of Dam 

Normal Pool 
Level 



Dam Breach Modeling  

 Identify and 
map flood 
frequencies 
 

 Identify and 
map hazard 
areas 
downstream 
of structures 



Wetland Restoration 



 

Management 
Levee 

Borrow 
Area 

Manageme  
Levee 

Spoil 
Mounds 



 

Actual elevation surface and 
planned excavate/fill surface 
are differenced to estimate costs 





LiDAR Applications 

Benefits of a Wide Area Coverage Elevation 
Model: 

 Available on demand. 

 Coverage of entire site. 

 Coverage of land adjacent to site. 

 Can complete planning activities without 
field surveys. 



Data Connect to ESRI Grid in AutoCad 
Civitl 3-D 









Working Together 

 The Missouri Geographic Information 
Systems Advisory Council 
 
 
 
 

 
 

Members include representatives from 
Federal & State Agencies, 

County & City Governments and 
Universities 

www.mgisac.org 



http://www.msdis.missouri.edu/data/lidar/index.html 
 ftp://lidar.wustl.edu 

http://www.msdis.missouri.edu/data/lidar/index.html


Downloading Tip 

 Copy/Paste the ftp address in Windows 
Explorer to download folders of data instead 
of a file at a time.  

 Grids are folders of data, and if you use IE as 
the ftp client you can only download a file at a 
time which is very cumbersome on Grids!! 



Helping People Help the Land 

 The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national 
origin, age, disability, and where applicable, sex, marital status, familial status, parental status, religion, sexual orientation, genetic 

information, political beliefs, reprisal, or because all or a part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require alternative means for communication of program 

information (Braille, large print, audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a 
complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-

9410 or call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and employer. 
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