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Outline 

Á Laser beam 
ω Pulse model 

ω Pulse width 

ω Beam divergence and footprint 

Á Reflectance 
ω Comparison: NiR (1064nm) ς green(532nm) 

ω Incidence angle dependency 

ÁάDǊŜŜƴ ƭŀǎŜǊέ ƛƴκŀǘ ǿŀǘŜǊ 
ω Penetration 

ω Reflection 

Á Conclusions and outlook 
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Laser pulse model 

Source: Mağgorzata SĞOTA*, Full-waveform data for building roof step edge localization:  

ISPRS Journal, PHOTO-D-14-00616 

 

Based on:Jutzi, B and Stilla, U. 2007. Simulation and analysis of full-waveform laser data of urban objects. In Proc. of 

2007 Urban Remote Sensing Joint Event. IEEE. 2007. 
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Laser pulse width 

Flying height: 600m a.g.l. 

VQ-820-G VQ-580 
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Laser footprint VQ-820-G 
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VQ-820-G 

Beam divergence: 1mrad 

footprint@600m:    60cm  
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Laser footprint VQ-580 
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VQ-580 

Beam divergence: 0.2mrad 

footprint@600m:   12cm  
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Plate experiment- areal photo  
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Plate experiment- terrestrial photos 
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d = 1.20m d = 1.40m 

d = 1.80m d = 2.25m 
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Plate experiment- point cloud 
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plan view 

section view 
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Plate experiment ς Point cloud 
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1.50m 

Elevation [m] 

Reflectance [dB] [m] 

0.25m 
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Plate experiment- laser beam @ step edges 
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Correction of step edge echoes 
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Source: Mağgorzata SĞOTA*, Full-waveform data for building roof step edge localization:  

ISPRS Journal Manuscript (accepted), PHOTO-D-14-00616 
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Reflectance [dB] 
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VQ-580 

Flight date: 24.05.2013 
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Reflectance [dB] 
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VQ-580 

Flight date: 24.05.2013 
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Reflectance [dB] 
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Reflectance [dB] 
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Flight date: 24.05.2013 

VQ-580 

G. Mandlburger: Analyse topo-bathymetrischer Punktwolken  22 



Reflectance [dB] 
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Reflectance [dB] 
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Reflectance [dB] 
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VQ-820-G 

Flight date: 24.05.2013 
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Incidence angle dependency I 
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Incidence angle dependency II 
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Archaeological features observed with different 
wavelengths 
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532nm 1064nm 

1550nm 532, 1064, 1550nm 
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Interaction of laser signal with medium water 

Á For obtaining correct water depths accurate knowledge of the water surface 
(air-water-interface) is mandatory.  

Á Modern topo-bathymetric small foot print laser scanners do no longer use the 
primary near infrared (NIR) signal (˂=1064nm) but only emit and receive the 
frequency doubled green signal ( =˂532nm).  

Á The point of reflection of the green pulse on the water surface is not well 
known but penetration into the top layer of the water column is possible. It is, 
thus, not guaranteed that the first echo is from the air-water-interface.  

AAHM-R2P Workshop, 23.02.2015 G. Mandlburger: Analyse topo-bathymetrischer Punktwolken  31 



P06 P14

Statistical Analysis: NIR - Green 
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Statistical Analysis: Green Signal w.r.t. NIR as reference 
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Interaction of green laser with medium water 
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~ 2.75m 
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Interaction of green laser with medium water 
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Interaction of green laser with medium water 
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??? 
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Point density of river bed points ς February 2014 
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Point density  

[pts/m2] 
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Point density of water surface points ς February 2014 
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Point density  

[pts/m2] 
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Comparison: Coverage of water bottom/surface returns 

Á River bottom returns:  constantly over 95% Ą close to full river bed coverage 

Á Water surface coverage: 40-80% (the clearer the water, the less water surface 
echoes, VQ-880-G more sensitive Ą more water surface echoes) 
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Total area  Bottom return area   Surface return area 

[m2] [m2] [%] [m2] [%] 

Apr-13 37.235 35.452 95,2 29.055 78,0 

Oct-13 30.742 29.390 95,6 16.860 54,8 

Feb-14 32.168 31.643 98,4 13.587 42,2 

Jun-14 32.483 31.619 97,3 21.800 67,1 
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Conclusions and outlook 

Á Green laser pulse is short and (relatively) broad (eye safety) 

Á Pronounced dependency from incidence angle  

Á  Consequences for data capturing: 

ω Flight planning considering forward/backward/left/right viewing angles 

ω VQ-820-G: 50% overlap 

ω VQ-880-G: forward/backward look within flight line (circular pattern) 

Á Consequences for data processing: 

ω Incidence angle: requires laser beam direction + surface normal direction 

ω Local point weighting based on incidence angle 

ω (Step) edge problem: Ą Segmentation of homogeneous surface parts 

Á Interaction of  laser beam with medium water 

ω Reliable detection of water surface echoes 

ω Reliable separation of water surface / volume backscatter / river bed 

ω Specific analysis of full echo waveforms required 
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Danke für ihre Aufmerksamkeit 
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Test area: Ötztaler Ache 
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Profilschnitt: 
vgl.: Abb. 4 
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