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1. LiDAR Platforms — short definitions and Acronyms

TLS - terrestrial laser scanning (sometimes also called ground-based laser scanning, static
scanners). TLS is made from single or multiple fixed positions. LiDAR sensor is thus typically
mounted on tripod. After scanning, individual single-scans must be co-registered and merged into
common pointcloud by post-processing using either specific reflection targets as tie points or lately
faster systems based on could-to-cloud matching.

MLS - mobile laser scanning (handheld and backpack scanners). LIDAR sensor is typically
mounted on a moving vehicle, such as a car, in our case rather backpack or hand-held, allowing
it to capture large areas efficiently compared to stationary scanners. A disadvantage might be the
shorter scanning range of some sensors (not reaching top canopies from the ground), but along
with recent development this should not be an issue anymore.

ULS - unmanned (aerial) laser scanning (UAV mounted LIiDAR scanners). ULS, sometimes also
called drone LiDAR is valued for its ability to penetrate vegetation and capture ground surface
details beneath tree canopies as well as forest structure on a level of detail comparable to TLS or
MLS, while acquiring data from the largest areas in the shortest time.

2. General Scanning Guidelines

The ultimate goal of aboveground biomass scanning within the WILDCARD project is finding the
relationship between the spatial structure of the forest/ woody vegetation and its biodiversity using
the structural indicators. A secondary objective, namely in WP3, is to provide high-quality
background data for the dendrometric tree census to determine the organic carbon content in the
woody biomass on the research plot (or site).

The specific requirement is to collect high-quality data characterized by minimal occlusions and
uniform point density. To achieve this, the presence of people or unnecessary equipment on the
site during data collection should be avoided. The natural conditions of the site, particularly
vegetation density and complex topography may influence accessibility and thus an optimal
scanning approach. These guidelines are therefore intended to be flexible to optimize LiDAR data
acquisition at any HIS.

Scanning Time (Season):

Per agreement during the kick-off meeting, High Intensity Sites (HIS) of deciduous and mixed
forests (or woody vegetation) will be conducted under leaf-off conditions, preferably in winter
and/or early spring, provided there is no snow-cover. This is for several reasons: i) firstly it assures
less occlusion and thus generally significantly higher penetration of the forest stand/ woody
vegetation along with lower occlusions and more homogenous point density; ii) secondly it allows
for using different lidar platforms (TSL, MLS, ULS) and their higher substitutability, i.e. providing
LiDAR data that will be more or less comparable within the WILDCARD project framework.

The best practice for scanning coniferous / evergreen forests is to combine airborne and ground-
based LiDAR platforms to compensate for foliage occlusions. Ideally use ULS + MLS (or ULS +
TLS). This, however, will not be always possible for logistical reasons. Then again ULS remains
the best possible choice (in this case even more importantly than for deciduous forests).



Weather Conditions:

Wind conditions ranging from none to light wind are deemed acceptable.
The occurrence of precipitation should be avoided, including horizontal precipitation (fog).

Scanning Area:
In WP2:

o |deally the whole HIS should be scanned when feasible. Therefore, ULS, as the most
efficient LIDAR platform in terms of area coverage, is preferred (see also section 3);

e If the area of the site is too big, then area achievable by one drone flight mission (including
changing multiple batteries, but not re-charging = %2 day mission) is optimal. It is roughly
estimated on achieving ULS data coverage from ca 30 ha (using the setting described in
the section 6. ULS data acquisition);

e Minimal requirement is 10 ha area, unless the HIS site is smaller. Area representative for
the site should selected.

e Similar recommendations should be followed for MLS;

e Using TLS, complete scanning of HIS of tens of hectares is usually not achievable
(therefore TLS platforms is in the WP2 the least suitable). Still, if there isn’t any other
possibility use TLS and follow the scanning design described in section 4.

In WP3:

o Entire regional chronosequence should be completely scanned when feasible. As the
chronosequence usually consists of about 15 sites of 1 000 m? plots, this should be
achievable by any LIiDAR platform.

¢ Any newly established chronosequence should be regarded as potential HIS, thus should
be always scanned. As many plots (sites) as possible should be included (within the scope
of feasibility).

Coordinate System (CRS) of Point Cloud:
Employ a metric CRS for point clouds.

Local Coordinate System (TLS, MLS): For projects opting for a local CRS for the final point
cloud, the plot center should be designated as the CRS origin. Typically, the CRS of the first scan
in a bundle is utilized as the target CRS for subsequent scans to be transformed into. In such
cases, the height difference between the scanner's point of rotation (0,0,0 point) and the plot
center is considered negligible. Georeferenced pointclouds are strongly preferred though.

Georeferenced Point Cloud (TLS, MLS, ULS): For georeferenced point clouds utilize preferably
a commonly accepted WILDCARD CRS, such as ETRS89/extended LAEA Europe (EPSG:3035)
(https://epsq.io/3035). If for some reason any other CRS is used, it must be well defined for
possible transformations. Heights should be ellipsoidal related to WGS84 ellipsoid (directly
comparable to GPS measurements).

Data Format:

Aligned / co-registered and possibly georeferenced pointclouds in LAS v1.2/1.4 format will be
provided to VUKOZ for further processing — forest structure assessment and derivation of
structural indicators of biodiversity. Wildcard Project SharePoint or other cloud solution (TBD) will
be used for the data delivery.


https://epsg.io/3035

3. Selection of the appropriate LiDAR platform

WP2:

Use ULS whenever it’s possible. It provides the best performance/effort ratio for the LiDAR derived
structural indicators of biodiversity within the WILDCARD project. This is for multiple reasons:

o Data extent — ULS provides the largest coverage in the shortest time (best efficiency);

o Data completeness (low occlusions are expected in leaf-off state);

o Data homogeneity (in term of coverage and pointcloud density);

o Data comparability - using common settings (and LiDAR sensor) provides relative similarity
of data (compared to other platforms).

Other platforms may be used as a back-up solution if ULS is not possible for whatever reason.
The second best is MLS, if its effective scanning range is at least 60 m. The last choice is TLS. At
the end though all depends on the best feasibility in each particular case, including local availability
of the equipment.

WP3:

In WP3 situation is different because of different circumstances:
¢ New dendrometric data collected;
o Smaller sites (represented usually by one smaller plot);
¢ Individual sites may be variously spatially distributed within one chronosequence;
e Variable and complex woody vegetation expected.

Therefore, also the choice of optimal LIiDAR platform may be different. Use preferably TLS, if the
LiDAR data are intended to be used also as a source for dendrometric measurements (e.g.
localization/mapping of individual trees). If not, then use the platform (TLS/MLS/ULS) which is
available and the most appropriate for your particular case.

4. TLS data acquisition

Scanning design:

HIS of areas of tens of hectares or larger (applies especially to WP2) are not feasible to scan by
TLS in full-area. Dendrometrical data in such extensive sites are usually collected by statistical
inventory design, using (usually) a combination of a net of circular inventory plots and smaller
core-areas with full tree census (Fig. 1A). It is then advised to mirror the same sampling design in
TLS data acquisition —i.e. scanning at identical statistical inventory plots and core permanent plots
keeping the corresponding unique ID descriptor of the plots (Plot_ID) so that we can link the
dendrometric data and LIiDAR data. TLS sampling design within one typical circular forest
inventory plot of 500m? might follow the scheme suggested in Fig. 1B. Five scanning positions
should be regarded as minimum, add additional positions if needed for minimizing occlusions.



Fig. 1: Panel A, Forest reserve (HIS) covered by a net of circular statistical inventory plots and 2 core
‘permanent plots’ with full tree census. Panel B, circular inventory plot with radius r = 12.6 m and suggested
TLS device positions in dark yellow.

Scanner placement(s):

e Strive for a (quasi)regular distribution of scanning positions across the plot, incorporating
a scan at the plot center (ideally the first scan!) if feasible.

¢ Maintain approximately 5 — 10 m spacing between individual scanning positions. Narrower
spacing is expected in WP3 sites, while broader spacing (even 15 m) in WP2, where stand
structure may be locally more transparent and data completeness may benefit from larger
plots — additions of further scanning positions. Spacing between scanning positions
ultimately depends on local conditions, namely vegetation density and complexity of
topography. The goal is always to achieve complete coverage of the plot with only minor
occlusions.

e The outermost scanning positions should be located at plot margins or slightly
(approximately 1 — 2 meters) behind, if needed.

Scanner resolution:

The optimal resolution depends on the device; a range from 3 mm to 12 mm at a 10 meter distance
from the scanner should be adequate.

Range limit:

When limiting the scanner's range, ensure comprehensive coverage of the entire plot in both
vertical and horizontal directions.

Registration of individual scans:

For certain plots (e.g. older forests), data can be co-registered using cloud-to-cloud matching
algorithms. However, cloud-to-cloud co-registration may be challenging for plots with a high
presence of young and/or shrubby vegetation. In these instances, ensure the availability of

sufficient no. of tie points - poles with targets (e.g., spherical, black & white markers) to achieve
precise co-registration of the data.



5. MLS data acquisition

Pre-Planning the Route:

It is advisable to meticulously plan the route before data collection commences to ensure
comprehensive coverage and efficiency.

Walking Line Pattern:

Employ parallel walking lines wherever feasible. Avoid over-sampling (visiting the same place
several-times).

Line Spacing:

A suggested spacing of approximately 10 - 30 meters between lines is recommended to ensure
uniform data collection while maintaining efficiency. Optimal spacing may vary depending on local
forest structure/density, LIDAR sensor and your personal experience.

Plot Border Navigation:

Navigate around the periphery of the plot, ensuring to walk behind the plot border to minimize data
occlusions and distortion.

Georeferencing Marks:

Clearly mark the plot center and, if necessary, additional points for accurate georeferencing.

SLAM Algorithm Continuity:

Ensure that the SLAM (Simultaneous Localization and Mapping) algorithm operates uninterrupted,
particularly by preventing disruptions caused by a lack of correspondence. This is critical for
achieving consistent and accurate mapping.

Consistent Movement Speed:

Maintain a consistent speed of movement throughout the data collection process. Variations in
speed can affect the data quality and the algorithm’s ability to accurately map the environment.

6. ULS data acquisition

The density and quality of point clouds collected through Unmanned Laser Scanning (ULS)
significantly depend on various operational parameters. These include flight altitude, aircraft
velocity, the degree of overlap between flight lines, and specific scanner settings like sampling
frequency, range, and the utilization of multiple return modes. Legal flight regulations and local
environmental conditions also impose additional constraints on these variables. Consequently,
ULS data collection typically operates on a “best effort” basis, adhering to legal, safety, and
environmental considerations. The suggested settings should, therefore, be viewed as guidelines,
adaptable to optimize outcomes for each specific site. The settings were designed specifically for
drone DJI Matrice 300RTK equipped by Zenmuse L1 LiDAR camera, which is the far-most
frequent (if not the only type of) LIDAR drone within the Wildcard WP2 RS WG. For use of other
drones/lidar sensors please adjust settings leading to similar/comparable results.

Data Consistency:



Aim for uniformity by employing consistent settings across all flight missions over a given site to
maintain comparable data quality and density. If uniform settings are impractical - for instance, if
flight altitude must be adjusted due to visibility issues in certain areas - manage these as distinct
datasets (e.g., Part A, Part B) while ensuring adequate overlap between the sections.

Mission Settings:

Flight Height:

Ideally, maintain an altitude of 10 — 20 meters above the canopy. When using terrain-follow mode,
setting a consistent flight altitude based on the height of the tallest trees (e.g., 55 meters for trees
up to 40 meters tall) is advisable.

Flight Pattern:

Conduct flights along parallel lines with overlap.

Flight Line Overlap:

Ensure at least a 50% overlap between adjacent flight paths.

Flight Speed:

This parameter is flexible; adjust as needed to optimize other mission settings.
Point Density:

Strive for a high point density, balancing the need to comprehensively cover the site. |deally use
the settings leading to the nominal density of 1,000 points/m? or higher.

Plot Margin:

Adjust to ensure complete coverage, taking into account the flight altitude and scanner tilt.

Scanner Settings:

Tilt:

Aim for a tilt of approximately 20° off-nadir, if feasible.

Return Mode:

Utilize multiple return modes when available, ensuring at least two returns per laser pulse.
Scanning Mode:

Use a repetitive scanning mode for scanners like the DJI Zenmuse L1, or equivalent settings for
other devices.

Scanning Frequency:

While higher frequencies are generally preferable, they must not compromise the effectiveness of
the multiple return mode. Adjust as necessary to maintain this functionality.
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