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Abstract

The increasing threat to biodiversity and the degradation of ecosystems call for groundbreaking
methods to monitor and manage forested areas effectively. This paper presents the LIFE EL-BIOS
project, a pioneering initiative in the development of a Digital Twin for analyzing forest biodiversity
through the integration of both terrestrial and airborne Light Detection and Ranging (LiDAR)
technologies. Utilizing an extensive array of equipment, including the DJI Matrice 300 UAV with
airborne LiDAR, DJI Mavic 3E, Quantum Systems Trinity F90+ with RGB and five-channel multispectral
sensors, a GeoSLAM ZEB REVO terrestrial SLAM device, and a Leica BLK360 terrestrial laser scanner,
this research encompasses over 40 forest plots, each measuring 2000 square meters, located in two
distinctive pilot areas: the Kotychi – Strofilia Wetlands and the Northern Pindos National Parks in
Greece. The approach involved synthesizing and georeferencing point clouds from both aerial and
terrestrial sources to create a unified point cloud for each designated area. Following this, precise
biodiversity relevant parameters were extracted utilizing advanced software tools such as 3DFIN and
3DFOREST. This innovative information extraction methodology was compared with traditional in-situ
laboursome measurements to provide a comprehensive evaluation of the potential and weakness of
the DT approach. A preliminary assessment evaluated the time- and cost-effectiveness, accuracy, and
robustness of the multiscale EO based mapping framework. Initial findings indicate that the synergistic
use of terrestrial and airborne LiDAR and multispectral data, along with advanced data analysis
pipelines, not only improves the accuracy and speed of biodiversity related field measurements, but
also offer the possibility to extract additional information for biodiversity indicators development. This
study underscores the potential of multiscale and multisource earth observation data to contribute in
developing digital twins of ecologically sensitive areas, revolutionizing environmental conservation.
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In the framework of the program "LIFE EL-BIOS - HELLENIC BIODIVERSITY INFORMATION SYSTEM", 
two successful campaigns were carried out, in Kotychi – Strofilia Wetlands and the Northern Pindos 
National Parks. The research team made use of advanced modern surveying equipment. Specifically, 
the following equipment was used:
● UAV - multirotor DJI Matrice 300 with CHCNAV AlphaAir 450 LiDAR payload
● UAV - Fixed Wing Trinity F90+ with dual payload (Sony UMC R10C & MicaSense RedEdge M/MX)
● GeoSLAM ZEB REVO SLAM System
● Leica BLK360 Terrestrial Laser Scanner system
● EMLID Reach RS2 GNSS receivers

 

Methodology
Data collected from ground and aerial sources were merged with the aim of creating 
accurate 3D models of the study areas enriched with georeferenced information. This 
process involved the utilization of SLAM (Simultaneous Localization and Mapping), 
TLS (Terrestrial Laser Scanning), Photogrammetry (RGB & Multispectral), LiDAR (Light 
Detection and Ranging), and GNSS (Global Navigation Satellite System) technology.

The Global Navigation Satellite System (GNSS) Post-Processing Kinematic (PPK) 
approach is a highly accurate georeferencing method used to align models derived 
from aerial photography, terrestrial laser scanning (TLS), and Simultaneous 
Localization and Mapping (SLAM) technologies. This technique involves setting up a 
GNSS receiver at a strategic location within the study area to function as a temporary 
reference station. 

Conclusions 
Having a correct Digital Twin of the plot areas, the final stage involves the integration 
of this data into software packages capable of providing valuable forestry information. 
The next step is the comparison of the tree characteristics extracted with this method 
with those extracted with traditional equipment and methodology. o Acquiring a 
precise Digital Twin of the plot areas, the final stage involves the integration and 
manipulation of this data into selected software packages, such as 3D Forest and 3DFin 
capable of extracting valuable forestry information. Future steps involve the 
comparison of the various tree characteristics extracted using individual tree detection 
(ITD) and area-based methods with those obtained through field measurements using 
traditional equipment.
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Initially, specific plots were selected 
within two areas for data collection. 
Data is then concurrently collected 
through three main methods: aerial 
scanning, terrestrial scanning, and 
traditional in-situ measurements. The 
data from aerial and terrestrial scanning 
is then combined into georeferenced 
point cloud data. This integrated data 
undergoes segmentation and 
classification to create a 3D 
representation. From this, tree 
parameters are extracted using the 
scanning data. These parameters were 
also extracted through traditional field 
measurements. Finally, the outcomes of 
the two extraction methods were 
compared to validate the results. 

Fig.1 – The research team and the equipment at Pindos National Park

 

Fig.2 – Plot areas at Northern Pindos National Park & Kotychi Strofilia Wetlands

 

Fig.4 – Data collected from terrestrial and aerial sensors

 

Fig.5 – Data georeferencing and merging

 

Fig.6 – Classification of trees in each plot area
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Fig.3 – Methodology flowchart
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