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Moderador
Notas de la presentación
The applications of LIDAR technology is subdivided traditionally into 4 areas of applications, stating with terrestrial ….
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Environmental Monitoring



Look closer...


Moderador
Notas de la presentación
Managing forests and vegetation is crucial to sustaining development. Without wood, life becomes a daily struggle, as has been witnessed in Haiti, where there are no forests. How should a forest be managed? It would be romantic to think that every tree could be counted and monitored one by one, but the reality is it takes years to achieve an accurate survey. This creates a bottleneck in the management cycle of forests. A method for determining changes rapidly and in a repeatable manner is needed to ensure accurate metrics on growth, health and harvesting are acquired. Lidar represents an excellent match for these requirements. With its Waveform Technology, RIEGL Airborne Lidar systems are able to penetrate dense foliage and vegetation to provide rich data on these environments. 

Here’s an example of a forest which is routinely mapped. 

Scan Data in Amplitude 

Classified Vegetation

Vegetation Height

Vegetation Growth

Bare Earth Model

Let’s take a closer look…

Vegetation Change Model

Notice the two missing trees crowns… Looking under the canopy (only with Lidar) we can see the downed trees under the canopy. 

Lidar plays a crucial role in the management of nearly every large-scale construction project today. Here’s an example of the depth of information available with accurate lidar data:

What if we were planning this road… would we put it in the same location? Let’s take a closer look… That’s an unstable slope we’re driving on…How much will that cost to maintain? Imagine if we had seen that before we built the road. Now we’re beginning to see the value of lidar. It isn’t simply 3D, it is the ability to create an accurate geospatial representation of the world… to see the world with an accurate frame enables management on a massive scale. 2D GIS was the beginning with a framework based on images and vectors. 3D GIS will be based on 3D models created from lidar data. 
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Moderador
Notas de la presentación
An actual example demonstrating LIDAR‘s cost effectiveness and performance in the real-world.

Here’s an example of a river and surrounding regions which were mapped with a RIEGL VQ-820G recently by Watershed Sciences in the United States. 

Notice the details we see when the trees are removed, revealing that the path of the river is much more dynamic than one might expect from just aerial photogrammetry. LIDAR provides an in-depth assessment that isn’t possible with traditional methods. 

There may be the lingering thought that the technology is too expensive. WSI reports that the project cost 1/3 what it would have if completed with traditional surveying with RTK GPS technology. More importantly, the data was acquired in a single day compared to at least 6 months for traditional methods. 

Again, we need to keep ahead of problems to stay on top of them. 
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Survey-grade Lidar Sensor for UAS o07/02/2014

RIEGL Laser Measurement Systems has been developing their first survey-grade UAS Lidar sensor,
the VvUX-1, and the company will be presenting it later this month. The VUX-1 will be presented for the
first time at the official launch event, ILMF, which will be held in Denver, USA, from 17 to 19
February.

The innovative sensor was designed to meet the
challenges of emerging surveying solutions by UAS,
gyrocopters, and ultra-light aircraft, both in measurement
performance and in system integration. The YUX-1 is an
ultra lightweight Lidar sensor with less than 4 kilograms
(less than 9@ pounds) overall weight, that can easily be
mounted onto professional UAS/RPAS,

It has a 200 degree field of view and produces the
extremely high quality Lidar data users expect from a
RIEGL product. Internal storage offers the ability to collect
data for several hours at altitudes/ ranges up to more
than 1,000 ft. Scanner applications include, but are not
limited to: agricultural and forestry, defence, wide area
mapping, flood zone mapping, glacier and snowfield
mapping, topography and mining, and the academic markets.

By introducing the VU¥-1, RIEGL now offers a Lidar sensor that has been especially developed for the UAS
and RPAS markets. The Austrian company expects tremendous growth in these fields and is proud to
support these with the breakthrough VUX-1, said Dr. Johannes Riegl, RIEGL's CEOQ.

This VUX-1 will be on display during ILMF 2014 at the RIEGL US4 booth (booth 26).

EuroCOW 2014 Airborne Laser Scanning



Laser Scanners

System Calibration

GNSS/IMU

Platform Trajectory

scanner
coordinate systems
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orientation

from GNSS/IMU
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precise precise
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EuroCOW 2014 Kinematic Laser Scanning



GNSS/IMU trajectory error sources:

»IMU inertial measurements
~ bilases ~ noise ~ drifts

»GNSS pseudo range measurements
~ biases ~ noise

»GNSS satellite visibility condition (esp. for MLS)
» rapidly changing field of view (FOV)
» number of tracked satellites
» multipath effects

» cycle slips

www.riegl.com
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strategies for a better trajectory solution

»use measurements from additional sensors
» laser scanners
» points of point cloud
» geometrical point cloud features
» amplitude, reflectance, deviation
» cameras
» image correlation

» matching image features

EuroCOW 2014 strategies on data adjustment



measuring disparities of point clouds

» point-to-point distance
» |CP (lterative Closest Points)

» point-to-local plane distance
» modified ICP

» feature-to-feature distance
» planes, spheres, cubes, cylinders, edges, corners, ...
» requires feature extraction as pre-processing step

» additional radiometrical features as “markers” on geometrical features

EuroCOW 2014 strategies on data adjustment



time-invariant adjustment of each scan/strip

»suitable for airborne laser data

»6 DOF for every strip

» rigid shift by 3 offsets /
improvements to
trajectory positions

» 3 offsets / improvements to
trajectory orientations

EuroCOW 2014

strategies on data adjustment
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sparse locally time-invariant approach

area to area to
analyze analyze
mismatch mismatch

» determination of 6 DOF correction for minimizing
discrepancies in each local region

* interpolation in between

EuroCOW 2014 strategies on data adjustment



dense locally time-invariant adjustment approach

(semi-rigid approach)

' AR VN

» determination of 6 DOF correction for minimizing
discrepancies in overlapping local regions

» previous block serves as reference
* adding-up / integration of corrections

EuroCOW 2014 strategies on data adjustment



time variant rigorous adjustment strategy

»  thorough modeling of all system components

» appropriate error models
» propagation of raw sensor data quality to final data product
» incorporation of all available information

» statistically most rigorous

» flexible trajectory adjustment
» no rigid or semi-rigid treatment

» continuous and seamless

» adjustment strategy
» floating adjustment possible (control scans/points as reference optional)

» simultaneous adjustment (no recursive filtering)

EuroCOW 2014 strategies on data adjustment
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GNSS/IMU
trajectories

control
objects

raw laser
scan data

——{ point cloud

EuroCOW 2014 rigorous adjustment workflow



RIEGL RIPRECISION - adjustment software for kinematic LIDAR data

»embedded in kinematic data handling/processing
software product RIEGL RiPROCESS

»user tasks
» select scans
» select trajectories

» select control objects / scans

» start adjustment

»fully automatic processing

EuroCOW 2014 rigorous adjustment implementation
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example - corrections to trajectory

EuroCOW 2014

Position RMS max

along [cm] 7 33
side [cm] 6 29
up [cm] 16 80

Orientation RMS max

roll [ndeg] 54 208
pitch [mdeg] 56 220
yaw [mdeg] 83 116
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trajectory adjustment

trajectory adjustment

——

example from mobile laser scanning



12 scans
(6 passes)

.
e I
.

i
|
m.
,m
_m.
1
g
m
i

wo 09

EuroCOW 2014



» project
» number of points 670 millions
» size of project 100 GB
» up to 18 overlapping scans

» adjustment performance

» point cloud feature extraction
(5 million feature correspondences) 15 min

» RIPRECISION 4.5 min
» georeferencing, generating search tree structures 20 min
» total time 40 min

=i [€Sidual deviations down to a few cm
=i NO USEr interaction

EuroCOW 2014 example from mobile laser scanning — adjustment performance



» rigid frame translation only

control object 2 control object 3
J -

control object 1 ®

T e

» global shift only

EuroCOW 2014 absolute adjustment



» non-rigid mode

control object 2 control object 3

control object 1 ®

» local adjustments

EuroCOW 2014 absolute adjustment



before adjustment
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before adjustment
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after adjustment
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rigorous trajectory adjustment yields

» significantly better point cloud quality
» realistic modeling — very precise and consistent
» rigorous statistics — highly accurate and reliable
» time savings
» automatic processing — almost no manual labor time
» efficient processor — very short processing times

» control objects — less time for reference field setup

EuroCOW 2014 conclusions
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