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Objectives

« An overview of MLS and UAV laser scanning through applications
- Understanding of the interplay of different sensors
« Application specifics and requirements

E. Vezeteu, FGI 2021 R. Kaijaluoto, 2021
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Research topics

Development and performance of multi-spectral mobile and UAV
based laser scanning systems,

Mapping solutions and automated data processes for urban and
road environments,

Mobile LIiDAR applications in automated precision forestry and
autonomous driving

Arctic environment and planetary exploration.
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Research topics

e
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To be able to automatically detect and #° "
characterize mapping objects,

Monitor changes in them, and

Investigate phenomena induced by
natural processes and human activity.

Through advanced mobile laser
scanning, Autonomous Driving,
robotics, UAV and airborne data.
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Characterization of Trees

» Tree height S0 S Pl e (s e
Stem diameter K S
Species
Foliation
Biomass

Quality

3D structure
Echo data
Reflectance

Tree map, microtopography: terrain model, small creeks etc.
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Multi-source 3D data for
individual tree level information
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Aim at improving quality of forest
inventory information

1. Stem curve; stem diameters and 3D locations (as high as possible, at least up to the live crown base height)
affecting to the log dimensions and shape

2. Branching structure; whorl-to-whorl distances, branch angles and diameters (as high as possible, at least up to
the middle of the live crown)

3. Multi-spectral features from tree crown

4. Crown dimensions; crown length, crown area, crown volume, volume distribution

5. Neighborhood information; number of trees, relative size & position, dominance

>

A. Kukko, 2021 A. Kukko, 2021
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Harvester positioning

To improve the efficiency, forest resource data and harvesting
- Detection of the trees, optimization in selection and bucking

__+ Fusion of lidar, GNSS-IMU, image data
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Drone lidar and flight automation

Data capture flying inside the forest
« Automated flight in confined spaces
« Mission planning based on a priori 3D data

Detailed and complete forest structure

p ()

: N I ) ‘ D & b 15 30 s 10 ‘
LIO-SAM with 0S0-128, testing for inside canopy flight. T. Faitli, 2021 miniVUX- 1D|— ULS. A. Kukko, 2020 ¥ () wiml =
Images: Hyyppa et al., 2021. Under-Canopy UAV Laser Scanning Providing Canopy
Height and Stem Volume Accurately, preprint
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Drone lidar and flight automation

Detailed and complete forest structure, terrain and feature objects

- Object detection and classification using deep learning and other machine
learning methods

« Robust positioning in presence GNSS disturbances

A. Kukko, 2021 A. Kukko, 2021
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Autonomous driving

System integration
Kinematic and dynamic modeling
Sensor calibration and fusion

Perception and navigation based on lidar and image data | @‘

_ Alcala et al.,
- J 2018

Steering with deep learning, road area segmentatiome»:
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P. Manninen, 2021 P. M i , 2021 .
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Terrain and environment

Mobile and hand held solutions
« Geomorphology
- Terrain analysis, vegetation, land cover (multispectral) & ‘.

« Traversability, roughness, tree map

- Navigation: harvester, UAV and other robotic systems

Antero,2017

Antero,2020

Antero,2020
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Mobile Laser Scanninc

Mobile laser scanning is a technique to
measure objects in 3D as point clouds
using multi-sensor surveying from a
moving ground vehicle.

MLS integrates various navigation and
data acquisition sensors on a rigid,
moving platform for mapping of the
surrounding objects remotely
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Akhka-R3

NovAtel Flexpak6é GNSS Receiver
NovAtel 703-GGG Antenna
NovAtel UIMU-LCI IMU

Riegl VUX-1HA + LB5+

Akhka-R4DW

NovAtel Pwrpak7 GNSS Receiver
VEXXIS GNSS-850 Antenna
NovAtel ISA-100C IMU

Riegl VUX-1THA +-MiniVUX-1UAV + LB5+

.
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Holuhraun lava field, Iceland, eruption 2014-
2015




Positioning

GNSS
Inertial navigation
Odometry

Sensor fusion
Extended Kalman, Particle filters

Complementing methods
SLAM
Lidar
Images
Control points
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Laser scanners for MLS

A range of precision, data rates and data properties

Ouster
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Laser scanners for MLS

Scan patterns

12)
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www.riegl.com www.livox.com https://www.mdpi.com/2072-4292/12/3/510/htm
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Laser scanner data

Multi-echo detection,
echo deviation:

Reveals us something
on the target surface
properties and
structure

Can be used, e.q., in
point classification
using ML and DL

FINNISH GEOSPATIAL RESEARCH INSTITUTE FGI  20.7.2022 SIVU 20



Georeferencing into a point cloud data

Trajectory Raw points |
E, N, h X, Y, Z, I : '*i Lo
Roll,
Pitch, |
Heading K
t e it
Timed points
100-1000 Hz X, Y, zZ, I, t
1017 kHz
Calibration data NMEA messaging
GPGGA PPS t, Rotationyyy_scanner between receiver and
Translationgy,. scanner
= Gl T — http://aprs.gids.nl/nmea

/

A point cloud with 3D
coordinates for each
point measured with
signal amplitude or
reflectance
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Laser scanner data

Reflectance data for object recognition:
905 nm vs. 1550 nm

dead wood, distress, forest fire risk analysis, terrain cover classification etc.
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Laser scanner data

Reflectance data for object recognition:
32 nm + 905 nm + 1550 nm
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MLS vs. UAV data

Easy access over larger areas
Topography,
Land cover

1.0

Vegetation

Morphology &
Dynamics
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MLS data vs. UAV data

MLS provides ground perspective and high level of detail
Easy to operate, no license/permits

A. Kukko, FGI, 2020 H. Kaartinen, FGI, 2021
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MLS vs. UAV data

Complementary data when used together

Ground reference and generalization over large areas in research,
methodological development and eventually for practical forestry

e 08
: b
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Harvester positioning and MLS _s&

Based on the work of UNITE Flagship

Team Luke: Kari Vaatainen, Antti Raatevaara, Perttu Anttila, Eero Holmstrém, Johanna Routa, Lauri Sikanen, Eugene
Lopatin and Robert Prinz

Team FGI-NLS: Harri Kaartinen and Antero Kukko

Team UEF: Mikko Vastaranta, Ville Kankare and Tuomas Yrttimaa

Partners involved in the testing: Metsa Group, Metallista, Geotrim, and

v @/"Wﬂﬂfd Oy PonssE
A % @ L2 €

SUOMEN Lu k Tampere

AKATEMIA UNIVERSITYOF  — ELL  LATURAL RESOURCES UnIVETSIty
EASTERN FINLAND

INSTITUTE FINLAND
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Background and motivatio

- Difficulties to detect boundary lines of harvesting areas of
forest properties and no-go objects (e.g. streams, springs,
protected biotopes)

* Snow above log assortment piles increases inefficiency during
forwarding, and loss of timber exists during snowy periods

« Accuracy improvements in machine positioning enable
v improved efficiency of cutting and forwarding
v more precise logging data (e.g. accurate surface area)
v more precise spatial stand inventory with up-to-date tree

mapping
v more precise pinpointing of processed log assortments

v more precise decision support maps for forwarder operators (i.e.
forwarder routing optimization methods)

« Precondition for the development towards autonomous
forest machines

20.7.202
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Challenge in forests with dense canopy
cover

» Higher positioning error particularly on
selective cutting and thinning stands
« Less visible satellites available

« Comparable study in 2014

« The positioning error 0.7 m at best, mean error of
few meters in real time

* Findings from the daily operations; 5 to 10 meters
mean errors

« Steady technology development of GNSS systems
and increase of orbiting satellites has occurred
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Objectives

The main objectives of the experiment were

a) to compare positioning accuracy of the
harvester by different GNSS-devices and

setups with various price and technology
levels, anc

b) to investigate factors affecting the

positioning accuracy during the thinning
operation
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Scanning of harvest site

 To permit the analysis of the
environmental factors affecting on
satellite visibility, scanning methods
of site before and after cutting:
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« GeoSLAM Zeb Horizon handheld laser

scanner
. Drone-based imaging e
H. Kaartinen,
E. Lopatin,

LUKE, NLS, 2021 |8
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Harvester positioning experiments
March 15.-17. 2021

* Spruce dominated thinning stand in Kaavi,
Eastern Finland

- Harvester Ponsse Ergo (Motoajo Ltd)

« Several positioning systems installed on a
rigid platform

- Reference position with robotic total
station

 Observations collected from six thinning paths,
combined length 350 m (back and forth 700 m)

« DYNAMIC DATA and ENVIRONMENT
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Systems

Positioning system

Base station data

Ponsse GNSS

Trimble R12 VRS-GNSS

Trimnet realtime

NovAtel CPT7 GNSS-
IMU with two NovAtel
GGG-703 antennas

Trimnet post-
processing

Reference position Leica
TS60

Ground control points
Topcon Hiper HR VRS-
GNSS

Certus EVO GNNS-IMU
with two antennas in
harvester head

Trimnet post-
processing

FINNISH GEOSPATIAL RESEARCH INSTITUTE FGI

20.7.202
2

Photos: A. Kukko, FG




Trajectory data, realtime

Trimble R12 Ponsse (with lower resolution data)
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Trajectory data, post-processing
NovAtel CPT7 ._ Certus EVO in harvester had

Reference positions in white
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First findings
- Progress in positioning accuracy can be witnessed

- GNSS system solutions with real time correction resulted in
high accuracy in the experiments

- Without Differential correction the error was increased and
unpredictable

- Data analysis continues

- The impact of stand characteristics (e.qg., tree density, canopy cover,
stem height) on positioning accuracy (i.e., visibility of satellites)

- Positioning accuracy of harvester head

FINNISH GEOSPATIAL RESEARCH INSTITUTE F6I  20:7202 40



Trajectory data, realtime

* Objective:

o Solve online SLAM problem for
an MLS system

o Steps towards autonomous
MLS system

» Constraints:
o Causality (no future data)
o Limited time for computing
o GNSS-challenged environment

20.7.202
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Mount

forest harvester
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SLAM pipeline

4' . scan |
. preprocessing

——————————————————————————————————————————————————————————————————

O  per new measurement sample (~200-500Hz) i
@ perprocessed scan (~10Hz) i
per selected keyframe (~0.5-2.0m distance traveled) !

|

raw scan ; o
frame : i)
ﬁ —)"' imu filtering }————------__'
raw imu
buffer

e e e e R e
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online pose
(position + orientation)
estimate

map: processed scans
and corresponding pose
at selected keyframes

Source: T. Faitli, FGI 2022



To improve
- Efficiency
« Accuracy
« Precision

« Completeness
 Frequency

Bark beetle
damage and
other
environmental
distress
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Methods

« Graph optimization to
correct for trajectory drift
under forest canopy

Iterative tree stem
reconstruction method

Gray points are classified
as twigs. Colored points
are classified as branches
and stems.

Image: K. Olofsson, SLU, Sweden.

20.7.202
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Graph Optimization method
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AMAD

The best person to spend an afternoon with.
Thou goofy and dimwitted at

times, Amad's are very insightful and
charming. The most irresistible hunk of a
researcher to ever walk the planet. [Urban
dictionary]
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