
Bernhard Höfle – Heidelberg University
hoefle@uni-heidelberg.de

3D Laser Scanning
Beyond Geometry: Radiometric information

Prof. Bernhard Höfle
3D Geospatial Data Processing
Department of Geography
Heidelberg University
Germany



Bernhard Höfle – Heidelberg University
hoefle@uni-heidelberg.de

LiDAR/Laser Scanning - Platforms
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LiDAR Technology

• LiDAR = Light Detection And Ranging

• Travel time of the laser beam

Laser Source

Receiver
Photodiode

Time Measurement 
Unit

Target

Δt r2

r1

r ... range (i.e. distance)
c ... group velocity of laser light
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LiDAR Backscatter

4
Kashani et al. (2015)
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Radiometric Information

• Additional information: 

• signal intensity, signal amplitude, backscatter, etc.

• Is stored as additional attribut (x y z r i)

• Information about reflectivity of surfaces in a 
certain wavelength is derived (e.g. 900-1550nm)



Bernhard Höfle – Heidelberg University
hoefle@uni-heidelberg.de

Radiometric Information

• Complementary to geometric information
(independent)

• Active system sun shadowing effects and
illumination do not influence the results
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Reflectivity (900 nm)

Source: Riegl
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Radiometric Information

• Amplitude of the recorded signal

• depends on:
– strength of transmitted pulse

– distance (Range) 

– atmospheric conditions

– topography (incidence angle)

– surface relectivity i.e. Type, size

Höfle & Pfeifer (2007)
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Range/Distance Effect (Airborne LiDAR)

uncorrected intensity image corrected intensity image

Höfle & Pfeifer (2007)
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Range/Distance Effect (Terrestrial LiDAR)

lidar signal amplitude before (left) and after (right) the 
removal of the range-dependent effects

Eitel et al. (2016)
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Theoretical Effects on Intensity
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Kashani et al. (2015)

Range (Sensor)
Incidence
Angle (Target)
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Incidence Angle Effect

12Tan & Cheng (2017)
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Combined Range/Incidence Angle Effects
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Xu et al. (2017)
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Radiometric Correction/Calibration

• Radiometric Correction

– Correction of known dependencies: e.g. via empirical model
of range/angle effects

• Radiometric Calibration needs in situ measurements

– Spectrophotometer measurements of surfaces (e.g. roads) 

– Areas with known reflectivity

– Calibration constant can be determined to transform the
recorded intensity signal into physical units

• Position of sensors (range) and scan angle is required!!!
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Radiometric calibration - signal amplitude
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Original image Corrected image

Höfle & Pfeifer (2007)

 Transform the recorded quantities into physical units using the 
radar equation
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Radiometric calibration TLS
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Recorded amplitude vs. range for reference target

Riegl VZ-400
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Range-Intensity Relationship for TLS

17Pfeifer et al. (2008)
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Online Calibration: Automatic Removal of Range Effect

• Riegl VZ-line

18

Riegl VZ-400i Datasheet
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Radiometric Calibration TLS

19Xu et al. (2017)
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Radiometric calibration TLS

20Xu et al. (2017)

Riegl
VZ-
400
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Modeling Angle Effects

21
Tan & Cheng (2017)
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Modeling Angle Effects - State-of the-Art

22
Tan & Cheng (2017)
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Applications
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Geoinformation Extraction Workflow

24Höfle & Rutzinger (2011)
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Remote Sensor of Rock Properties
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Burton et al. (2011)
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Remote Sensor of Rock Properties
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Burton et al. (2011)
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Remote Sensor of Rock Properties
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Burton et al. (2011)

Shale Sand
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Remote Sensor of Rock Properties
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Burton et al. (2011)
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Remote Sensor of Rock Properties
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Burton et al. (2011)
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Mapping of Chert in Outcrops
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Penasa et al. (2014)
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Mapping of Chert in Outcrops

• Empirical distance correction

31

Penasa et al. (2014)
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Mapping of Chert in Outcrops
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Penasa et al. (2014)
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Correction of terrestrial LiDAR intensity : An 
application to lithological differentiation
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Carrea et al. (2016)
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Correction of terrestrial LiDAR intensity : An 
application to lithological differentiation
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Carrea et al. (2016)
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Correction of terrestrial LiDAR intensity : An 
application to lithological differentiation
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Carrea et al. (2016)
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Correction of terrestrial LiDAR intensity : An 
application to lithological differentiation
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Carrea et al. (2016)
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Correction of terrestrial LiDAR intensity : An 
application to lithological differentiation
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Carrea et al. (2016)
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Correction of terrestrial LiDAR intensity : An 
application to lithological differentiation
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Carrea et al. (2016)
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Summary

39
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Scan 1 (Before)

42



Bernhard Höfle – Heidelberg University
hoefle@uni-heidelberg.de

Scan 2 (Before)
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Scan 3 (Before)
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Two steps

1. Determine correction function (range-intensity)
calib_range_ampl_TLS.py

2. Apply correction function to remove range effects
calibrate_amplitudes.py

Python tools (< version 3) require: Numpy, Scipy, 
Matplotlib

45
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Radiometric calibration TLS
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Recorded amplitude vs. range for reference target

Riegl VZ-400
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Lab Measurements (Range)
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Lab Measurements (Amplitude)
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1) Determine Range-Intensity-Function

python calib_range_ampl_TLS.py settings_calib_VZ400.txt

49

settings_calib_VZ400.txt
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1) Determine Range-Intensity-Function

python calib_range_ampl_TLS.py settings_calib_VZ400.txt

50



Bernhard Höfle – Heidelberg University
hoefle@uni-heidelberg.de

Example Faro

python calib_range_ampl_TLS.py 

settings_calib_Faro.txt

51



Bernhard Höfle – Heidelberg University
hoefle@uni-heidelberg.de

Example Faro

python calib_range_ampl_TLS.py 

settings_calib_Faro.txt
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Example Faro Köln

53



Bernhard Höfle – Heidelberg University
hoefle@uni-heidelberg.de

Example Faro Mathias
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2) Apply correction function to remove range effects
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python calibrate_amplitudes.py settings_correct_VZ400.txt 

ScanPos1_KIP.xyz ScanPos1_KIP_corr.xyz

settings_correct_VZ400.txt
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Range
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Before Correction
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After Correction
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Before Correction
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After Correction
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Scan 1 (Before)
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Scan 2 (Before)
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Scan 3 (Before)
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Corrected (Scan 1 + 2)
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