
1

Lidar 101: Intro to Lidar
Jason Stoker

USGS EROS / SAIC

LidarLidar

•• LiLight ght DDetection etection aand nd 
RRanginganging

–– Laser altimetryLaser altimetry
–– ALTM (Airborne laser ALTM (Airborne laser 

terrain mapping)terrain mapping)
–– Airborne laser scanningAirborne laser scanning

LidarLidar
•• LaserLaser

•• IMU (INS)IMU (INS)

•• GPSGPS

•• Scanning MirrorScanning Mirror

•• On board computerOn board computer

LaserLaser

•• Pulse laserPulse laser
•• Records distance to targetRecords distance to target

–– Time * c / 2Time * c / 2
•• Laser wavelengths can Laser wavelengths can 

iffiffdifferdiffer
–– 1064 nm1064 nm

•• 100100--150 kHz systems 150 kHz systems 
available todayavailable today

Lidar LaserLidar Laser
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IMUIMU

•• Inertial Inertial 
Measurement Measurement 
UnitUnit Roll Pitch

•• Gyroscopes and Gyroscopes and 
accelerometeraccelerometer

•• Records roll, pitch, Records roll, pitch, 
yaw of aircraftyaw of aircraft

Yaw
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GPSGPS
•• Global positioning  Global positioning  

systemsystem

•• Differentially correctedDifferentially corrected

•• Provides cm accuracy Provides cm accuracy 
of aircraftof aircraft

•• Allows cm accuracy ofAllows cm accuracy of
laser pulselaser pulse

Scanning LidarScanning Lidar

Courtesy of Dodson & Associates

OnOn--board Computerboard Computer
•• Records dataRecords data

–– Photon detector Photon detector 
(intensity)(intensity)

–– Laser timingLaser timing
–– IMU infoIMU info
–– GPS infoGPS info
–– Mirror scan angleMirror scan angle

•• Converts into XYZConverts into XYZ
–– Millions of pointsMillions of points

•• OnOn--board displayboard display

Error Budget
• Detector Bias and gain

– Diff b/w electronical and mechanical sensor origin
– Fluctuations in pulse caused by atmosphere
– Variance caused by SNR, variance of pulse length and variance of 

sampling frequency

• Pointing Jitter• Pointing Jitter
– Horizontal position dependent on stability of mirror 

(tan of terrain slope- high relief, higher error)

• INS (IMU) errors
– Misalignment and time-dependent gyro-drift

Error Budget (cont)

• GPS Errors 
– Orbit Errors
– Ionospheric and tropospheric delays,
– Phase ambiguities
– Multipath returns

• Atmospheric influences
– Propagation delays
– Defraction, absorption and scattering
– Dependent on flying height, moisture

Error Budget (cont)

• Reflectivity of target
– Influences SNR and consequently point precision

• GPS and INS integration
Wh h l k i i l– When use the same clock, errors are minimal

– When don’t, asychronation in the clocks cause 
positioning errors in the order of the velocity of the 
aircraft time the sync error
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Slope and flight line effects:

dz

dz dz

Lidar DifferencesLidar Differences
•• Platform typePlatform type

•• Profile or scanningProfile or scanning

•• Single, multiple, or waveform Single, multiple, or waveform 
ttreturnsreturns

•• Footprint SizeFootprint Size

•• Posting densityPosting density
•• Atmospheric / terrestrial / bathymetricAtmospheric / terrestrial / bathymetric

PlatformsPlatforms

AirborneAirborne

SpaceSpace--
basedbased

AtmosphericAtmospheric

GroundGround

Bathymetric Lidar

Pulses vs ReturnsPulses vs Returns ReturnsReturns

•• Single ReturnSingle Return

•• Multiple returnsMultiple returns•• Multiple returnsMultiple returns

•• Waveform Waveform 
ReturnsReturns
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ReturnsReturns

•• Single ReturnSingle Return

•• Multiple returnsMultiple returns

1st return

2nd return
•• Multiple returnsMultiple returns

•• Waveform Waveform 
ReturnsReturns

3rd return

4th return

IntensityIntensity

•• Intensity = amount of Intensity = amount of 
energy reflected for energy reflected for 
each returneach return

•• Different surfaces Different surfaces 
reflect differentlyreflect differently

•• Hard to quantify DNs Hard to quantify DNs 

•• Single ReturnSingle Return

•• Multiple returnsMultiple returns
H
E
I

ReturnsReturns

•• Multiple returnsMultiple returns

•• Waveform Waveform 
ReturnsReturns

G
H
T

Energy Returned

ReturnsReturns

•• Single ReturnSingle Return

•• Multiple returnsMultiple returns
H
E
I•• Multiple returnsMultiple returns

•• Waveform Waveform 
ReturnsReturns

G
H
T

Energy Returned

Different types of systems:Different types of systems:

•• Large footprintLarge footprint

FootprintsFootprints FootprintsFootprints

Different types of systems:Different types of systems:

•• Large footprintLarge footprint

•• Small footprintSmall footprint
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Beam DivergenceBeam Divergence

•• Light tends to spread outLight tends to spread out
•• Laser is coherent light, Laser is coherent light, 

but spreads toobut spreads too
•• Beam divergenceBeam divergencegg
•• Measured in milliradiansMeasured in milliradians
•• Higher up, the larger the Higher up, the larger the 

footprint will befootprint will be

Beam DivergenceBeam Divergence

•• Light tends to spread outLight tends to spread out
•• Laser is coherent light, Laser is coherent light, 

but spreads toobut spreads too
•• Beam divergenceBeam divergencegg
•• Measured in mradsMeasured in mrads
•• Higher up, the larger the Higher up, the larger the 

footprint will befootprint will be

Posting DensityPosting Density

•• Returns called Returns called 
“postings”“postings”

•• Function of:Function of:
–– Laser pulse rateLaser pulse rate

H kHH kH
0.5m0.5m0.5m0.5m 0.5m0.5m 0.5m0.5m0.5m0.5m

0.5m0.5m0.5m0.5m 0.5m0.5m 0.5m0.5m0.5m0.5m

0.5m0.5m0.5m0.5m 0.5m0.5m 0.5m0.5m0.5m0.5m

•• Hz or kHzHz or kHz

–– Flying ht/speedFlying ht/speed
–– Scan angleScan angle
–– Not regular Not regular 

intervalinterval
0.5m0.5m 0.5m0.5m0.5m0.5m 0.5m0.5m0.5m0.5m

0.5m0.5m0.5m0.5m 0.5m0.5m 0.5m0.5m0.5m0.5m

1.5m1.5m

IntroductionIntroduction

•• Small footprintSmall footprint
•• Multiple returnMultiple return

Most commercial systems today are:Most commercial systems today are:

pp
•• Collecting imagery simultaneouslyCollecting imagery simultaneously

•• Large footprint continuous Large footprint continuous 
waveform operated by NASAwaveform operated by NASA

•• Some systems sample in the waveformSome systems sample in the waveform

Raw lidar returnsRaw lidar returns Current Lidar Representations Current Lidar Representations 
of 3D dataof 3D data

•• Point CloudPoint Cloud

•• Triangulated Triangulated gg
Irregular Network Irregular Network 
(TIN)(TIN)

•• RasterRaster
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Current Lidar Representations Current Lidar Representations 
of 3D dataof 3D data

•• Point CloudPoint Cloud

•• Triangulated Triangulated gg
Irregular Network Irregular Network 
(TIN)(TIN)

•• RasterRaster

Converting Points to TINConverting Points to TIN

TIN Without Breaklines NotTIN Without Breaklines Not
HydroHydro--EnforcedEnforced

TIN With BreaklinesTIN With Breaklines––HydroHydro--
EnforcedEnforced
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Current Lidar Representations Current Lidar Representations 
of 3D dataof 3D data

•• Point CloudPoint Cloud

•• Triangulated Triangulated gg
Irregular Network Irregular Network 
(TIN)(TIN)

•• Raster (Grid)Raster (Grid)

Interpolating a RasterInterpolating a Raster-- IDWIDW

Research and Research and 
ApplicationsApplicationsApplicationsApplications

Lidar ApplicationsLidar Applications
Vendor DataVendor Data

VisualizationVisualization DisseminationDissemination

StructuralStructural
AnalysesAnalyses

VegetativeVegetative
AnalysesAnalyses

Bare EarthBare Earth
AnalysesAnalyses

Bare Earth AnalysisBare Earth Analysis

••Primary focus of commercial sectorPrimary focus of commercial sector
•• $$$$$$$$$$

••Technology is become widelyTechnology is become widely••Technology is become widely Technology is become widely 
acceptedaccepted

•• More cost effective / accurate than More cost effective / accurate than 
photogrammetryphotogrammetry

Northern San Andreas LIDAR: fault geomorphology
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Courtesy of Arttu Soininen Courtesy of Arttu Soininen

Courtesy of Arttu Soininen Courtesy of Arttu Soininen

Courtesy of Arttu Soininen Courtesy of Arttu Soininen



9

Courtesy of Arttu Soininen Courtesy of Arttu Soininen

Courtesy of Arttu Soininen Courtesy of Arttu Soininen

Courtesy of Arttu Soininen Courtesy of Arttu Soininen
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Courtesy of Arttu Soininen Courtesy of Arttu Soininen

Courtesy of Arttu Soininen Courtesy of Arttu Soininen

Courtesy of Arttu Soininen Courtesy of Arttu Soininen
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Courtesy of Arttu Soininen Courtesy of Arttu Soininen

Courtesy of Arttu Soininen Courtesy of Arttu Soininen

1-arc-second 
resolution

1/3-arc-second 
resolution

1/9-arc-second 
resolution



12

Multi-Resolution NED

1 arc second 1/3 arc second 1/9 arc second

VegetationVegetationgg

Bare Earth FilteringBare Earth Filtering

Vegetation IdentifiedVegetation Identified Canopy HeightCanopy Height
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Canopy Height Model – Leon County, FL

CrownCrown
base base 
heightheight

Multi-temporal LIDAR

• As LIDAR collections increase, there 
will be more availability to use LIDAR 
for monitoring change detectionfor monitoring change detection 
purposes

Mount Saint Helens

Lidar point cloud of StructuresLidar point cloud of Structures
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Feature Extraction using LidarFeature Extraction using Lidar

Lidar / Spectral 
Fusions

Intensity informationIntensity information

Trees Roof types

Grass

Water

Lidar / Spectral Fusions


