
USE OF MULTISENSOR LIDAR/RGB UAS IN RESTORATION 
MONITORING OF PROTECTIVE FORESTSC52

ABSTRACT
Project SANDRO aims to develop UAS (unmanned aircraft system) remote sensing for monitoring of protective forest restoration within the 

Bavarian Alps. Here we present preliminary results and methodological approaches using the example of restoration site Fischbachkopf, 

Karwendel mountains. Tools for VLOS analysis and automated terrain following have been developed for the special demands of alpine 

terrain.  UAV based Lidar and aerial photography are combined to detect relevant forest structures with special focus on small regeneration 

trees in a semi-automatic procedure. A single tree approach is intended as a flexible basis to develop advanced aerial and aggregated remote 

sensing products to meet the demands of practical forest management. A hybrid procedure combining UAS remote sensing and current 

terrestrial monitoring is aspired.    

INTRODUCTION
In the Bavarian Alps, about 14.000 ha of protective forests are actually or foreseeable dysfunctional and under restoration as dependent 

on restoration priority. In many cases, restoration is challenging due to adverse site conditions like shallow soils, humus degradation, con-

curring ground vegetation, browsing and the lack of sheltering of old trees. As a consequence, restoration of protective forests is often a 

long lasting task of several decades. Presently restoration management is accompanied by a purely terrestrial and sample based monitoring. 

Project SANDRO aims to support and improve the monitoring of the restoration process using UAV (unmanned aerial vehicle) based remote 

sensing technology. Due to it´s high flexibility and resolution UAV surveying is expected to meet best the demands of the alpine terrain and 

environment including nature protection and flight safety. At medium-term a combined procedure of terrestrial and remote monitoring is in-

tended. In order to prevent dysfunctionality and limit further need of restoration, management of protective forests aims to strengthen forest 

resilience. To support preventive forest management, the Lidar technology will also be applied for the detection of subcanopy structures, 

especially forest regeneration, as a major factor of forest resilience and sustainable protective ecosystem services.

CASE STUDY RESTORATION SITE FISCHBACHKOPF: PRELIMINARY METHODS AND VERY FIRST RESULTS
Amongst others, restoration site Fischbachkopf (Karwendel, Bavarian Alps) has been selected as a study area. 18 subplots with recent ter-

restrial monitoring make it an especially suitable test site (figure 1).

Figure 1: Orthophoto of restoration site Fischbachkopf (GSD 2 cm) with subplots of terrestrial monitoring
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To ensure visible line of view (VLOS) during the whole flight mission, a GIS-based visibility analysis for the intended flight altitude (70 m 

AGL) is computed based on DTM and DSM to select appropriate observation points as part of flight planning (figure 2).

Figure 2: Visibility Analysis for manually selected view points and intended flight altitude above terrain based on DTM1m and DSM1m

Flight mission has been executed with quadrocopter UAV Matrice 300 and Zenmuse L1 system (Lidar and aligned RGB camera). For auto-

matic terrain following, DTM 1m has been resampled to 20 m with maximum function and an RTK base is used as an accurate local geo-

reference. With dual returns and repetitive scan mode more than 500 points per square meter are achieved. Lidar performed better in 3d 

representation of ground level structures than photogrammetry (figure 3).

Figure 3: Hillshade of Lidar and photogrammetry (PG) based DSM of a local scene with lying deadwood

A major challenge of the restoration use case is the detection and monitoring of very small trees within open but still complex forest struc-

tures. A UAS-lidar-based high resolution DTM is derived using a cloth simulation filter algorithm for ground point classification. For single 

tree detection, a semi-automatic two-stage approach has been applied on a subplot: Detection of trees above 1 m height using a point cloud 

based segmentation algorithm and complementary manual setting of seed points for segmentation of smaller trees with simultaneous views 

of Orthophoto and 3D point cloud (figure 4).
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Figure 4: Single tree segmentation on Lidar point cloud from a semi-automatic two-stage procedure

Based on the single tree inventory from UAS a broad palette of advanced products can be added to the terrestrial information, e.g. cumula-

tive percentage of canopy cover as dependent on tree height and overlayed histogram of tree height (figure 5), detection of tree mortality 

and regeneration gaps for replanting, with repeated surveys also growth rates. Detection of lying dead wood will also be addressed.

Figure 5:  Cumulative canopy cover as dependent on tree height (%, blue line) with overlayed histogram of tree height for irregular classes (orange marks, height class in meters)

To establish aerial high precision ground truth data for validation and training, a basis-rover GNSS system is used independent of mobile 

phone reception based on a PPK approach. The comparison of tree height measures from UAS-lidar based CHM to terrestrial ground truth 

for 259 trees from 20 cm to 5 m in height yielded a R square of 0,92. The non-systematic deviations are accounted partly to different ground 

reference, e.g. in case of treetops not perpendicular above the trunk base or in case of very dense ground vegetation classified as ground. 

For long-term monitoring and growth analysis the continuous use of one DTM over time is intended to ensure a constant ground reference.

Project SANDRO has been started in 2023 and is funded for 3 years by Bavarian State Ministry of Agriculture and Forestry.
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