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HUMANITA

Project Pilot Sites and Participatory monitoring

Within the HUMANITA project, 5 pilot sites
were selected in Central Europe where, in
addition to studying the impact of tourism,
it is planned to carry out participatory
monitoring.

The selected sites represent a significant
natural wealth in terms of uniqueness of
biodiversity, which attracts a huge number
of tourists.

The pilot sites represent National Parks and
Protected areas in Slovakia, Hungary,
Slovenia, Croatia and Italy.

The research ranges from the coastal areas
of Croatia, through forest sites in Hungary, CN

mountainous meadows and mountains in Apennines

Slovakia, Italy and Slovenia. National park

Kamenjak
National Park
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Mala Fatra
National Park

Biikk
National Park

Geopark
Karawnaken




Participatory monitoring brings new technologies and
approaches to the public, which can collect huge amounts of
data for processing and research purposes.

Within the HUMANITA project, several approaches, projects and
applications for participatory monitoring have been tested
based on specific monitoring.

iNaturalist application to monitor rare or !

invasive species in pilot sites NP Mala
Fatra, Kamenjak and Geopark Karawanken

Hulladék Radar application to monitor
and report illegal waste dumps in Biikk
National Park

UAS and LiDAR approach for the
monitoring, analysis and evaluation of
soil erosion by the University of Zilina
and the University of Parma

Direct monitoring and online forms
for data collection for spring
monitoring in Tuscan-Emilian National
Park







Mala Fatra National Park is located in the part of Mala Fatra mountains
called Krivdnska Mald Fatra (named after the heighest peak Velky Krivan
- 1709 m a. s. L.), NW Slovakia - Zilina district.

o NW Slovakia
o Zilina district

Mala Fatra NP was established in 1988 and is one of the 9 National parks
in Slovakia, with an area of 226.3 km.



Krivanska Mala Fatra is a fold mountain in terms of its
geological structure. It consists of a crystalline core and a
mantle of Mesozoic sedimentary rocks.

Situated within a landscape of limestone and dolomite ridges,
with deep gorges and canyons, as well as karst underground
corridors and caves, this national park is characterised by a

particularly varied geomorphology.

Gorges, waterfalls, rock peaks, ridges or canyons are
geomorphological structures in Mala Fatra NP that can be
visited and admired.










Construction of
tourist and other
attractions

Logging in the
protected zone

The presence of
the cable car
Vratna




Pilot Area monitoring

Selected parts of tourist trails significantly affected by tourism
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UAV flights
Total length of UAY flights: 4280 m

Crientation spots

Analyzed state of errasion




Soil erosion

Methods and approaches for soil erosion monitoring

e

Direct measurements

Remote Sensing

Geographic Information System (GIS)

Hydrological and erosion models

Photogrammetry and LiDAR

Isotopic Dating Methods

Biological and vegetation methods

World’s most destructive land
degradation hazard

Healthy soil ecosystems support life on
Earth and enhance agricultural output.
However, one of the challenges
threatening these ecosystems is soil

erosion.

Recent climate changes and improper
human activities pose a threat to the

health of soil ecosystems.




Digital Terrain Model as a result
from photogrammtery

Photogrammetry

e Photogrammetry is a set of methods to obtain cartographic or
geodetic coordinates, coordinates of dimensions of structures,
buildings, rooms and individual objects on the basis of analogue
or digital photography. The result is a 3D representation of the
imaged area in the form of a digital terrain model together with

e RS -
a realistic texture. Photogrammetry data sy,
Global Navigation Satellite System (GNSS) collection S g <
e The GNSS method of determining the spatial position of a point 21

on the Earth's surface is based on the principle of spatial
intersection from spheres defined by the position of satellites
with a known position in the global geodetic system. The result
is a 3D position of a point on the Earth's surface determined by
a special GNSS receiver with an accuracy of about 2cm in real
time.

Remote Sensing

» Utilizing satellite images for long-term monitoring of land and
soil changes, identifying areas of erosion using satellite imagery.

LiDAR

* Using laser pulses to measure distances from a sensor (usually
mounted on an aircraft or drone) to the Earth's surface. The final
Digital Terrain Model is a highly accurate, 3D representation of
the bare ground surface, showing the natural contours of the
land, including valleys, ridges, and slopes. It is used in various
applications like topographic mapping, flood risk analysis, urban
planning, and environmental monitoring.
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lidaretto

Your personal LiDAR

Why do we use LiDAR technology for
soil erosion monitoring?

LiDAR
Light Detection and Ranging

LiDAR is a remote sensing method used to
examine (not only) the surface of the
Earth. It uses light in the form of a pulsed
laser to measure ranges to the observed
surface/object to generate precise spatial

information in the form of a point cloud.

Lidaretto mobile 3D scanning system

for capturing reality combining LiDAR,

GNSSS and IMU technology to produce
highly accurate point clouds.



Lidaretto system

Installation possibilities and basic parameters

Lidaretto mobile 3D scanning system
represents a multiplatform data acquisition

for various professional applications.

UAV (drone)
topography
mapping
mining

agriculture
forestry
archaeology
environmental

IE
Car

street mapping

construction site

mapping

GIS data

collection

road

construction

virtual surveying

Backpack
city center
mapping
railways
mapping
ski slopes
modelling
environmental
architecture
cadastral

mapping

Lidaretto is an outdoor LiDAR technology.
Data acquisition process needs to be
adapted to the outdoor conditions -
temperature, rain/snow etc. Proper

choice of time and conditions for data
acquisition are essential for the required
quality of output data.

Basic parameters

LiDAR measure range: 120m/300m
Range accuracy: +1cm
LiDAR accuracy: +3cm
GNSS accuracy: PP1-2cm

[13]

Lidaretto mobile 3D scanning system is
protected against water and dust, but
such particles in the environment may

have an impact on final quality.



Lidaretto system

Professional applications in many fields

Surveying
Scan all the necessary points instead of
using RTK rovers or total stations.

Environmental assessment
Microtopography data acquisition,
biotype search, soil erosion analysis,
finding areas affected by human.

Multipurpose
application

Construction (road, railway...)
Continuous 3D mapping of the Earth
surface during the work progress to
compute volumes, surfaces.

Agriculture

Detection of areas requiring fertilisation
and creation of elevation maps for
spatial analysis.

GIS Data collection

Geospatial data collection for database
creation, spatial analysis and statistic
purposes.

Mining and Quarrying

Volume and surfaces measuring,
operational planning, slope stability
exploration. Safest with UAV.

Forestry

Forest managment, measuring the
vertical structure of the forest canopy,
its base height etc.

Powerlines
Inspection of power transmission lines
providing the outputs critical for securing

uninterrupted electricity distribution. -

Spatial data
complexity




Pros

targeting trees and vegetation
in the forest

easy to carry

possibility to collect data
directly in the city without
endangering the public

does not require a pilot licence

Lidaretto system - backpack carrier variant

Cons

slower data collection

walking (smoothness, speed,
turning) affects data accuracy
smaller data collection range
emphasis on the absence of
moving elements at a range of at

least 50 m behind the device

Lidaretto system - UAS carrier variant

Pros

fast data collection .
wide range of data collection

in good weather conditions e
without affecting the accuracy
of the data °

mapping of large areas .

Cons

measurement of forest
vegetation from height only
requires an aviation
authorisation and licence

noisy carrier equipment

cannot collect data over people
low battery life

necessity of good weather

conditions






Lidaretto system in terrain

Pre-measurement preparation - data acquisition - completion of data collection

’ Static preparation

Preparation before measurement Trajectory connection (polygon stroke):
Why and how? a static collection of satellite data using

Before the Lidaretto system starts the GNSS antennas of the measurement
collecting data, it is necessary to prepare system for 2 - 3 min.

the measuring equipment and the IMU unit

for the planned data collection. The Q Inertial Measuring Unit IMU orientation

principle of data post-processing is ) )
. . . Orientation of the polygon travers:
primarily based on the correct alignment ) ) )

) i i the carrier together with the measuring

of the flight trajectory during data )

) ) ) ) system and the IMU unit performs for 3
collection. Proper trajectory alignment is ) )
. minutes a movement in the shape of .

a necessary step and is ensured by ) ) )
o ) ) circles or so-called figure eights.
defining the trajectory as a bilaterally &

connected and oriented polygon thrust.
The docking and orientation of the

measurement system is performed in two
Data acquisition

over observed
object/ locality

Completion of data
collection - trajectory P8

steps before and after the data acquisition

(but in reverse order) to make the flight orientation and

bilaterally docked and oriented: connection







Lidaretto system in office

Data collected. What next?

Data post-processing
Correct processing of the
measured data is essential to
obtain relevant, accurate and
meaningful results. The
individual specialised software
ensures that the measured data
are processed with the required
precision, so that the subsequent
steps enable the most accurate
and highest quality results to be
obtained. Post-processing
requires several steps in
different software environments.

° Trajectory alignment in Inertial
Explorer

Precise GNSS data from RINNEX file
Boresight angles computation

Point cloud to trajectory alignment in
Lidaretto Creator

Point cloud alignment
Real texture overlap (optional)
Export to *.las format

Point cloud analysis and classification
Vector, Raster or point cloud approach

LiDAR 360
3D Survey

ArcGis Pro
ArcMap









Methods of terrain interpretation

How can be Earth surface/terrain visualised and assessed?

‘ Point cloud

A point cloud consists of a
collection of discrete data
points in space, often
representing a 3D object or
shape. Each point has a
specific location defined by its
Cartesian coordinates (X, Y,
Z). Points can store other
information such as RGB color
values, surface normals,
timestamps etc. Point clouds
are typically generated by 3D
scanners or photogrammetry
softwares, which capture
numerous points from the
outer surfaces of surrounding
objects.

6 TIN model

TIN (Triangular Irregular
Network) is a vector based
representation of continuous
spatial data (a list of X, Y, Z
nodes) connected by edges,
which is ideal for representing
3D surfaces.

TIN model is ideal for
irregularly spaced datasets
(LiDAR, UAV based
photogrammetry).

The TIN model represents a
surface as a set of continuous,
non-overlapping triangles.
Within each triangle the
surface is represented by a
plane. The triangles are made
from a set of points called
point cloud.

° Raster

Raster surface representation
consists of cells (pixels) where
each cell contain an
information on height or other
required information (slope,
hillshade etc.). Rasters
represent the height data
continuously across a
landscape (surface). With the
Raster Surface a terrain
landform represented by a
digital elevation model can be
quantified and visualized.



TIN model Raster surface interpretation

Figures illustrate surface
representation in the
form of raster coloured
according to local height
(a), (b) and slope
parameter (c) [Authors] W High: 1618,25

-
Low: 801,22

Height above sea level [m]
[ 201 - 900

[ 900 - 1 000
[11000-1100
[11100-1200
[11200-1300
[ 1300- 1400
[ 1400 - 1 500
I 1500 - 1600
I 1600-1618,25

Slope [°]
Ho-10
B10-20
B 20- 30
30-40
[140-50

Figures illustrate the connection of spatial point
information in the form of TIN with edges and colorized 50 - 60
TIN accoriding to specified height intervals Em60-70

(hypsography). W 70-80
I 30-9



Point cloud

Figures illustrate the
surface/object
representation in the
form of point cloud
coloured according to
reflection intensity (a),

real texture (b), height
remoteness in black-
white scale (c),
colorful scale (d),
elevation hypsography
scale (e) or real
texture (f) [Authors]










Lidaretto system in office

Erosion change anaylsis

Erosion analysis approach

The analysis of the erosion
condition of hiking trails in the
studied area is possible on the

basis of comparison of epoch
measurements before and after
the hiking season, or between

the summer hiking seasons
themselves.

Two approaches were chosen to
analyse, illustrate and interpret
the results of spatial analysis of

soil erosion.

‘ Vector analysis

Input data format: Point cloud
Profile line selection
Creation of longitudinal profile and cross
sections in a defined line
Comparison of the course of the hiking trail
in longitudinal and lateral direction

between epochs

G Raster analysis

Input data format: Point cloud
Point cloud to TIN model
TIN model to Raster
Raster analysis and erosion definition



-2.00 -1.00

(d)




Erosion analysis results
Raster analysis results

I -020--0,10

[-010--0,05 B

[1-0,05 - 0,00
[10,00- 0,05
E10,05- 0,10
B 0,10- 0,20

(a) TIN model from
point cloud
(b) and (c) show the

change in the course [

of the hiking trail

between the 2023 and {4

2024 seasons in the W&
form of mass loss and §
mass gain,
respectively [Authors]




Are you interested in the impact of tourism in the Mala
Fatra National Park and would you like to know the level
of impact of human activity in this area?

Do you like to visit Mala Fatra National Park and do you
perceive the impact of human activity on nature?

Do you like to record geospatial data using mobile
applications or other smart devices?

Do you like capturing the real state of nature reserves or
do you prefer to analyse, compare and interpret such and
many other data?

Do you enjoy GIS (Geographic Information System) or are
you tempted to start working with your own data in such
an environment?

Whichever option suits you better and if you
are tempted to work with an expert team
and actively contribute to participatory
monitoring, don't hesitate to do so.




Visualisation and modelling

preference?

If you enjoy visualizing your own photos or
videos into spatial models, your own mobile
phone will allow you to transform such data into
3D models!

How to do it?

Capture multiple photos of a landslide or
erosion and free photogrammetry software (e.g.
Meshroom) will create a 3D model from them. Or

split the HD video into frames and continue as

with photos.

If you have a device with implemented LiDAR
technology, you can use a huge number of
applications (Polycam, Scaniverse...) to directly
create a scan and have your own point cloud or
Mesh model!




Geographic Information System

GIS software offers the ability to not only
visualize, but more importantly analyse and
compare different types of data - from
orthophotos, to digital elevation models (DEM),
digital terrain models (DTM) or digital surface
models (DSM), to point clouds.

An indispensable advantage is the possibility of
adding and updating various attributes to the
spatial representations of the studied sites -

precipitation, vegetation changes, geolocations

of observed plant and animal species, or tourist

concentrations, and much more.

The freely available GIS software - QGIS allows
a wide variety of spatial analyses.
Analyse your own data or use huge databases of
geospatial data from aerial photogrammetry,
aerial photography, remote sensing or satellite
imagery.

[Authors, 11]
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[Authors, 11]




Online Data and Analysis

Many online platforms allow the wide public not
only to browse satellite data, but also to work
with them. However, satellite data are no
longer just images of the Earth's surface taken
from a satellite carrier. Geolocated and
georeferenced imagery is enriched and
supplemented with all sorts of data - vegetation
cover, temperature maps, smog concentration
data and much much more. Results of satellite
measurements from a wide variety of satellite
missions are available.

Where can such data be found?

@ NASA Worldview

United States Geological Survey -
aUSGS
EarthExplorer

Gpemicus Coprenicus Browser

BROWSER

@esri sk

And many others!

Do you also dare to do your own analysis
and programming?

Google Earth Engine makes just that

possible!

Choose the location you want to track over
time, change the layers and the data
available in them, get started with basic
operations through a simple programming
environment, and watch how you can reveal

changes in our natural environment and

surroundings.




There are different ways of working
together to monitor the impact of
tourism on protected areas. The
positive impact itself is in the
awareness of the individual's
contribution to changes in nature
and education in this regard. The
more active members who are
interested in participatory
monitoring can participate in the
production and analysis of GIS data
from different sources and
documents in different directions

and applications.

Feel free to give it a try and share

your results with the rest of us!
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