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LIDAR - basic

LIDAR (ang. Light Detection And Ranging)

LiDAR - active remote sensing systems based on EM energy

Near InfraRed (NIR) or green band (Green);

Scanner LED generates pulses of radiation (or continuous

wave) and the calculation module determines the time of

photo. K. Zieba

transmission of the pulse until it returns to the device;

the measurement of the laser deviation, relative to the device and determine the
position of the scanner in 3D space (airplane, helicopter, car’s — INS (INS + GNSS) allow
to determine the coordinates (XYZ) of the target (echo /return’s) with accuracy: mm-
dm);

laser signal partly reflected from the objects (part of the laser beam) - form echo’s (eg.

First Echo, Second Echo... Last Echo) - building a 3D point cloud.



LIDAR — how it works

* Time of Flight (ToF) scanners ¢ = 299 792 458 m/s
cx Af
Al = |
2 where: Al -distance Example:
c — speed of light Distance: 2 x 400m = 800 m
At — time difference ToF = 2.64 ms
www.leica.com velodynelidar.com
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LiDAR system classification

LiDAR - classification based on the device location in the space:

= SLS — Satellite Laser Scanning; source: NASA

= ALS - Airborne Laser Scanning;

" ALH — Airborne Laser Hydrography;

* ULS — Unmanned Laser Scanning; source:RIEGL

= TLS - Terrestrial Laser Scanning or Ground Based Scanning;
* MLS - Mobile Laser Scanning;
* ILS - Industrial Laser Scanning;

* HLS — Handy Laser Scanning

www.riegl.com
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W What LIDAR can see ?

Question: Can You see the LIiDAR?

/

Blue - Yes Red - Yes

Near InfraRed
—No !l
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https://www.vektools.com.au/leica-disto-measuring-tools/leica-green-beam-laser-level-kit-roteo-35g-p-12116.html
http://www.google.pl/imgres?imgurl=http://static.comicvine.com/uploads/original/7/74477/1399631-darthvaderrotsv1.jpg&imgrefurl=http://thegrimdarkreview.com/tag/star-wars/&h=600&w=800&tbnid=O-b0HofoamAjcM:&zoom=1&docid=QdhhnBupGhcg-M&ei=g6CIVY3wFMH2sAGIkICADg&tbm=isch&ved=0CDAQMygRMBE

ALS - components
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VUX-1 (UAV)

RIEGL

LASER MEASUREMENT SYSTEMS

Zrédto: www.riegl.com

LMS-Q1560

Optech ALTM PEGASUS

ALS — modern systems

Zrédto: www.optech.com

=4

Chiroptera

Geosystems

Zrédto: www.leica.com

Leica ALS70CM

Chiroptera Il
< AHAB

Airborne Hydrography AB

Zrédto: www.airbornehydro.com

Optech ‘
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http://www.optech.com/
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ALS — technical revolution

Op"'ech Parameter Specification
Laser Configuration

Channel 1 1550 nm IR
Channel 2 1064 nm NIR
Channel 3 532 nm visible
Beam divergence Channel 1 & 2: =0.35 mrad (1/e)
Channel 3: =0.7 mrad (1/e)
Laser classification Class IV (US FDA 21 CFR 1040.10 and 1040.11; IEC/EN 60825-1)
Operating altitudes *? Topographic: 300 - 2000 m AGL, all channels
Bathymetric: 300 - 600 m AGL, 532 nm
Depth performance Dmax (m) = 1.5/K, where K is the diffuse attenuation coefficient of the water
Effective PRF Programmable; 50 - 300 kHz (per channel); 900 kHz total
Point density * Bathymetric:  >15 pts/m2
Topographic:  >45 pts/m2
Scan angle (FOV) Programmable; 0 - 60° maximum
e Three independent active imaging channels that support 532, 1064, and Effective scan frequency Programmable; 0 - 210 Hz
1550 nm wavelengths for multispectral mapping of the earth’s surface, day .
or night Swath width 0-115% of AGL
* A high-resolution “green” channel that ensures high point density for shallow Horizontal accuracy *? 1/7,500 x altitude; 1o
water mapping applications i
Elevation accuracy*? <5-10cm; 1o

e Narrow pulse widths, state-of-the-art receiver and timing electronics
guarantee the highest range precision possible for maximum data quality

e A fully programmable scanner enables huge increases in point density at
narrower FOVs for maximum target resolution and detail over competing
Sensors

® A 29 MP high-resolution, fully electronic QA camera provides passive imagery
support.

e Optional embedded 80 MP RGB orthometric camera with forward motion
compensation enhances image quality and improves classification. Also
available with imbedded multispectral, thermal or NIR sensor options

532 nm 1064 nm 1550 nm
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ALS - Full waveform

SINPLE DISCRETE FLAT SLOPING DISCRETE FLILL COMPLEX TARGET SITUATION DISCR E FLUILL
TARGET RETURMN g TARGET RETURMN RWAVEFORM CAMNOPY « GROLUMND RETURMN W WAVEFORM

www.riegl.com
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ALS — beam patern
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Palmer’s scanner T ) )
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DTM — after low point and ghost points filtration , the last
echo (or first = last) is used for generation of TIN using
active triangle method (Axelsson 2000).
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shaded relief)

nDSM + ORTHO

ALS — Height models

Information hidden in the woods....

nDSM + vector maps
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ALS — Echo / Return

Information hidden in the woods....

[ - : . -
gaps on the ground

In case of vegetation structure mapping — the returns are very important.
In case of DTM modelling the Last returns or first = last returns are used.




Complex environment - Forest

Information hidden in the woods....
- e ...

gl
I \ X
{07 mrad \ 0|.3|hrLd

1000 m

i Scanning
/
\

SCERIN- 3. Brasov, Romania July 13-17, 2015

2015-10-23

13



h - SGM
ug. 2009)

main point’s of CIR single digital aerial photos (R, G, B, NIR) from Aug. 2009;
8 bit; GSD 0.17 m, UltraCam Xp, VEXCEL

a)

Stereom
Semi-Global Matching

111_4699.tif 111_4700.tif 111 4701 4if 111_4702.tif

%m . LPIS — aerial photos campaign 2009

M A 3d point

I ULTRACAM
i 2l

Panchromatic Camera

Large Format Panchromatic Output Image

Image Format long track 67.860mm 11310pixel

cross track 103.860mm 17310pixel
Image Extent (:33.91,-51.95)mm | (33.61, 51.95)mm |
Pixel Size 6.00011m*6.000pm
Focal Length ck 100.500mm +0.002mm
Principal Point | X_ppa 0.120 mm +0.002mm
(Level 2) Y_ppa 0.180 mm +0.002mm
Lens Distortion | Remaining Distortion less than 0.002mm

generation map of disparity , ;
using Semi-Global Matching i) - Agisaft ppe Stereomatching - DSM mosaick
(SGM)
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Test area — Gorce NP
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SGM - Derrivi

rererence

DSM
minus
DTM

DSM stereo-machting

(882-1288 m a.s.l) DTM (Photo - LPIS) nDSM normalised
) (864-1273 ma.s.l.) Digital Surface Model (fom
D) stereomatching 0-42m)
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The Quallity Control was performed
using the 3D photogrammetric
workout based on the DEPHOS
SoftCopy Station and the
stereopairs.

Rel. hight Hight nDSM Differences

Id Photo 3D stereomatching Photo 3D —

[m] [m] NDSM [m]
0 6,2 3,2 3,00
1 24,6 21,81 2,79
2 20,7 20,7 0,00
3 13,4 11,32 2,08
4 14,5 11,95 2,55
5 20,2 14,48 572
6 20,7 18,74 1,96
7 14,5 11,57 2,93
8 10,5 9,02 1,48

2015-10-23 SCERIN- 3. Brasov, Romania July 13-17, 2015

mean difference = 2,51 m
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Image-based point clouds
Meadow / open area GNP
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Image-based point clouds
Forest - Decidous stands (Fagus silvatica)

AGISOFT

o,

PhotoScan

JOANNEUM \
RESEARCH)

ALS point cloud
before normalisation
and after
normalisation




Image-based point clouds
Forest - Coniferous stands (Picea abies)

Agisoft JOANNEUM
PhotoScan RESEARCH
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Image-based point clouds
Forest - ,Dead trees — dense”
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Image-based point clouds
Forest — , Dead trees — sparse”
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Image-based point clouds

Secondary forest succession
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ALS ISOK point cloud before normalisation
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RSG - overestimation
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ALS ISOK point cloud before normalisation
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RSG nDSM - clearly overestimation
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Stereo h - SGM

Difference ALS ~ PHOTO LPIS

Classification [ ]
~Classi l
Method:  [Manual = Count: 235375203
Qesses: [3 =] Minimurn: -19,49961943
- Maximum: 24,61475232
Data Exclusion Sum: -117 494 457,2
Exclusion .. Samping .. | Mean: -0,499179419
Standard Deviation: 3,266662865
Columns: | 100 = [V show std. Dev. ¥ show Mean
o Break Values %I
50000000 B 2 1
Z 5 -
& 1
&
400000004 24,61475232
30000000
20000000+
100000004
0 sl {81 [ T
-19,49961943 -8,471026492 2,557566445  13,58615938  24,6147523: ‘II

I™ Snap breaks to data values 18787934 Elements in Class Cancel |

Histogram of errors between DTM ALS and DTM PHOTO LPIS

Legend

Map of possitive and negative differences between Map of possitive and negative differences between
DTM pis and DTM py010 1pis DTM pis and DTM por0 1pis
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Stereom
Difference between aLs - DTM o710
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&

SGM

AGISOFT ALS ISOK

Legend

agisoft_2012_min

Value
High : 35,4295

Low : -31 5632

JOANNEUM ) N PhotoScan
RESEARCH ) P =
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Stere SGM

ALS ISOK

Legend

RSG_2009_minus_ISOK

Value
9,723
96,6357

6,6357
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- 55,6357

43,8357
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66357

-33643

-13,3643
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-33.3643

-43,3643
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