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Laser pulse model

Laser Beam Path
\ .

1 tz rz
I(t,r)=fﬂ-exp[—5-(2 +— )]

%long Tcross

W =2:V2-In2" O,
s=2-V2-In2-0,,.« =Y"R

¥y — beam divergence in radians,
R - range value in meters.

Source:Madgor zat a Svavefdra data foFawildihg 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. ~_ / /
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VQ-820-G / VQ-580
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Laser footprint VEB20-G

VQ-820-G
Beam divergence: 1mrad
footprint@600m: 60cm




Laser footprint VEb80

VQ-580
Beam divergence: 0.2mrad
footprint@600m: 12cm




Plate experimentareal photo
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Plate experimentterrestrial photos
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Plate experimentpoint cloud
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Plate experiment Point cloud
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Plate experimentlaser beam @ step edges

Pulse 3 Pulse 2 Pulse

illuminated surface ® Echo
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Correction of step edge echoes

TU|Geo)
WIENJ]

Peak
Shift
T
% o %
£y
0} § |
7 [ 3
y | %
=l & I X
I it
; 1 I r ¥
.
——— Vertical correction - Py : \Q\
10} ‘!’ | g.
~— Horizontal correction ’,,-’ ! .
o I %
oo | L%
abi g 1 L o,
[ 5 10 15 20 25 30 3% 40

Source:Ma ggor zat a Svevefdrm data foFhwildihg roof step edge localization:
ISPRS Journal Manuscript (accepted), PHOTO-D-14-00616

G. Mandlburger: Analyse togmathymetrischer
Punktwolken

AAHMR2P Workshop, 23.02.2015

16




Reflectance [dB]

7.07

-0.37

-1.37

-3_43

=370

-5.1lg

-6 75

-5.88

-11_E4

-1a18

LN ...'-'. N e, T g B kT 5 . L
o '.: .::-... iy ; By .. g ; E s - ks . - £ x - e I:u_
- == E : ""‘:.-'. = G
. ¥ FE il . R e e - 2 13
o' ARG ToHmathynetes IR R e St .1"“‘:-. 3 ] w“ﬂa




Reflectance [dB]

APE Laser data
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Reflectance [dB]
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Reflectance [dB]
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Reflectance [dB]

T
™
—
o
AN

: L0
Q
<t
(q\|
)
]
©
| O
S
-
2
L

oot i




Reflectance [dB]
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Incidence angle dependency |
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Incidence angle dependency I
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Archaeological features observed with different
wavelengths
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Interaction of laser signal with medium water

A For obtainingcorrect water depthsaccurate knowledge of thevater surface
(air-water-interface) is mandatory.

A Modern topobathymetric small foot print laser scanners do longeruse the
primary near infrared{/IR) signal<=1064nm) but only emit and receive the
frequency doubledjreen signa(<=532nm).

A Thepoint of reflection of the green pulseon thewater surfaceis not well

known but penetration into the top layer of the water column is possible. It ig
thus, not guaranteed that the first echo is from the-asater-interface.
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Statistical Analysis: NHreen

15 15

Laser source: green Laser source: NIR Laser source: green Laser source: NIR
#Data: 79116 #Data: 26770 #Data: 369 #Data: 321891
#Used: 79116 #Used: 26770 #Used: 369 #Used: 321891
Min: 260.768 Min: 261.112 Min: 262.453 Min: 262.047

1251 Max: 261,289 Max: 261,300 12,51 Max: 262,580 Max: 262.570
Mean: 261.020 Mean: 261.241 Mean: 262.524 Mean: 262.298
Median: 261.034 Median: 261.240 Median: 262.525 Median: 262.320
Std: 0.106 Std: 0.019 Std: 0.015 Std: 0.119
Sigma_mad: 0.109 Sigma_mad: 0.020 Sigma_mad: 0.013 Sigma_mad: 0.138
RMS: 261.020 RMS: 261.241 RMS: 262.524 RMS: 262.298

density of z [%]
density of z [%]

260.7 260.8 260.9 261 261.1 261.2 261.3 261.4 262 262.1 262.2 262.3 262.4 262.5 262.6 262.7
z z

NIR PIDO2 PIDO4 PIDOe6e PIDO7 PID10 PID14 RIDO2 RIDO4

mean [m] NIR  260.13 26091 261.24 261.29 262.00 262.52 25996 260.21
O maa [M] NIR 0.01 0.02 0.02 0.02 0.02 0.01 0.03 0.02
density [pts/m?]  NIR 1.20 0.75 1.73 1.01 2.25 0.03 0.90 2.25
mean [m] green 25989 260.67 261.02 261.05 261.87 26230 259.82 260.06
median [m] green 25990 260.68 261.03 261.06 26194 26232 259.83 260.06
Tmad [M] green 0.12 0.12 0.11 0.11 0.09 0.14 0.09 0.10
density [pts/m”]  green 12.83 8.00 5.12 7.46 8.16 2274 20.55 19.00

Table 1: Statistical analysis of z-distribution of nir and green water surface echoes

G. Mandlburger: Analyse togmathymetrischer
Punktwolken AAHMR2P Workshop, 23.02.2015




Statistical Analysis: Green Signal w.r.t. NIR as referer

—

PO6
05m 10m 20m 50m 10.0m
g0.50 -0.22 -022 -021 -0.21 -0.21
q0.75  -0.18 -0.17  -0.15 -0.15 -0.15
gto0 -0.16 -0.14 -0.11 -0.10 -0.10
g9s -0.15 -0.13 -0.09 -0.08 -0.08
g099 -0.15 -0.12 -0.07 |-0.04 -0.03
ql.00 -0.15 -0.12 -0.07 |-0.02 0.00
P14
05m 10m 20m 50m 10.0m
g0.s0 021 -0.21 -020 -0.20 -0.20
q0.75  -0.15 -0.13 -0.13 -0.12 -0.13
gto0 -0.11 -0.09 -0.09 -0.08 -0.09
g09s5 -0.10 -008 -0.07 _-0.07 -0.07
g0.99 -0.09 -0.06 -0.04 |-0.04 -0.04
ql.00 -0.09 -0.05 -0.03 [-0.00 0.01
RO2
05m 10m 20m 50m 10.0m
gq0.s0 013 -0.13  -0.13  -0.13 -0.13
qd.75  -0.10 -0.09 -0.09 -0.09 -0.09
g0.90 -0.08 -0.06 -0.06 -0.05 -0.06
q09s -0.07 -0.05 -005 _-003 -0.05
q0.99 -0.06 -0.04 -0.03 |-0.01 -0.03
ql.00 -0.06 -0.03 -0.02 0.01 -0.00
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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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Interaction of green laser with medium water

2014-02-21-ao0i: Section 107.0
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Interaction of green laser with medium water
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2014-02-21-ao0i: Section 123.0
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Point density of river bed pointsFebruary 2014




Point density of water surface poingd-ebruary 2014




Comparison: Coverage of water bottom/surface return

Total area Bottom return area Surface return area

[m?] [m?] [%0] [m?] [%0]
Apr-13 37.23¢  35.45: 95,2 29.055 78,0
Oct-13  30.742  29.39C 95,6 16.860 54,8
Feb-14 32.16¢  31.64: 98,4 13.587 42,2
Jun-14 32.487  31.61¢ 97,3 21.800 67,1

A River bottom returns: constantly over 9984closeto full river bed coverage

A Water surface coverage: D% (the clearer the water, the less water surface
echoes, VEB80-G more sensitivd, more water surface echoes)
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Conclusions and outlook

A

A
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Green lasepulse isshortand (relatively)road (eye safety)
Pronouncediependencyfrom incidence angle
Consequences fafata capturing
w Flight planning considerinigrward/backward/left/right viewing angles
w VQ820-G: 50% overlap
w VQ880-G: forward/backward look within flight line (circular pattern)
Consequences farata processing
w Incidence angle: requiresser beandirection +surface normadirection
w Local point weighting based on incidence angle
w (Step)edgeproblem:A Segmentatiorof homogeneous surface parts
Interaction of laser beam withmedium water
w Reliable detection of water surface echoes
w Reliable separation of water surface / volume backscatter / river bed
w Specific analysis of full echo waveforms required

@ G. Mandlburger: Analyse togmathymetrischer Punktwolken AAHMR2P Workshop, 23.02.2015
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Test area: Otztaler Ache
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