
UAV LIDAR IMAGING BASED FOREST MAPPING 

Marzieh Bodaghi, József Kránitz, András Jung 

Marzieh Bodaghi; PhD student 
Department of Cartography and Geoinformatics, Faculty of Informatics, Eötvös Loránd University, 
Budapest, Hungary 
H-1117 Budapest, Pázmány Péter sétány 1/A; 
E-mail: mbodaghi21@student.elte.hu 
József Kránitz  
Detectology Ltd. / founder 
Imre herceg útja 2;  
E-mail: kranitz.jozsef@detectology.hu 
András Jung; associate professor 
Department of Cartography and Geoinformatics, Faculty of Informatics, Eötvös Loránd University, 
Budapest, Hungary 
H-1117 Budapest, Pázmány Péter sétány 1/A;  
E-mail: jung@inf.elte.hu 

 

Abstract 
 Laser scanning systems have become one of the most powerful tools for measuring and modeling the earth's surface. 
With the advent of high-performance Lidar remote sensing technology, it was possible to extract information and 
parameters related to the vertical structure of features, especially trees, which was not possible with passive remote 
sensing such as optical satellite images. Point clouds obtained from airborne laser scanning (ALS) provide detailed 
information about the geometric and physical properties of the features in a vertical distribution. In the field of forestry, 
the Lidar measurements of the forested areas can provide high-quality data on three-dimensional characterizations of 
forest and canopy structures. In this study, a Zenmuse-l1 Lidar sensor that is a middle-price and new discrete return 
sensor manufactured by DJI Technology company were used to generate DEM, DTM, canopy height model, and finally 
tree’s height to show the ability of these data in forestry in the north of Hungary. This paper compares two counting and 
volume estimation techniques for trees generated by Envi Lidar 5.6 and Global Mapper 23.0 and illustrates the 
relationship between their height and the diameter at breast height (DBH) that was measured in the field. In this study, 
we experimentally demonstrated how Lidar-based methods can be applied across a gradient of vegetation and topography 
to map forests and how to calculate volumetric parameters for precision forest management. 

Keywords: Light Detection and Ranging (Lidar), Remote sensing, Tree canopy segmentation, Airborne Laser Scanning 
(ALS), Hungary, Precision forestry 

INTRODUCTION 

With the advent of remote sensing, humans are observing and understanding the world and the environment in a 
completely new way. Aerial and satellite imagery have helped the process of modeling, mapping, and understanding the 
earth’s surface greatly. Although this technology has improved many aspects of the environment, the information is only 
presented in a two-dimensional or horizontal space (Mitchum 2018). Since the advent of Light Detection and Ranging 
(Lidar) sensors and their integration with aerial or satellite platforms, they provide enriched information with the inclusion 
of 3D data processing and feature extraction in urban or forested areas (Ussyshkin and Theriault 2011). Light detection 
and ranging (Lidar) is an active remote sensing technology that transmits and receives backscattered light to create an 
image of the Earth's surface and can offer a cost-effective alternative to traditional field-based and two-dimensional 
remote sensing methods (Mitchum 2018).  

An extremely time-consuming and costly aspect of timber management is the field measurement of trees. Trees are 
typically measured for multiple parameters and the results are extrapolated to the entire harvest area. To determine how 
much wood is available, and when it is appropriate to harvest, trees must be measured. Using high-resolution, small-
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footprint Lidar, tree height, crown width, and crown depth have been measured. These measurements can be used to 
estimate the standing volume of timber for each individual tree, or at the stand level with larger footprint Lidars(Carter, 
Schmid, et al. 2012).  

The Lidar acquisition process is based on the emission and reception of laser pulses. The time of flight of the light emitted 
provides a measure of the distance between the Lidar system (which includes the transmitter, receiver, and detector 
systems) and the target. For an airborne Lidar system, the sensor position and the viewing angle are estimated through 
the coupling of a DGPS system with an inertial system that estimates the XYZ coordinates of the camera (Puech, Durrieu 
et al. 2012). By using Lidar remote sensing technology, various forestry activities can be carried out quickly and 
efficiently. Light pulses can be reflected from different levels of vegetation canopy while generating Lidar data sets for 
forested areas, including from the top of the canopy (first return), intermediate surfaces (second and following returns), 
and the ground surface (last return). Using the first and second returns, it is possible to estimate the tree’s features includes 
crown width, diameter, volume, and height (Akay, Oğuz et al. 2009). 

There are several applications of Remote Sensing and Lidar in the field of forestry. Identification of species using 
vegetation indices by hyperspectral images (Dmitriev, Kozlovsky et al. 2022). The Canadian Forestry Service reported 
the experience of using airborne Lidar for vegetation mapping, which demonstrated the effectiveness of profiling airborne 
Lidar for estimating forest canopy height and density, as well as the elevation beneath the forest canopy (Aldred and 
Bonnor 1985, Ussyshkin and Theriault 2011). Lidar measurements of vegetation canopy can be used to characterize its 
vertical structure and derive a variety of physical attributes suitable for research, environmental studies, and natural 
resources management programs (Nelson, Krabill et al. 1984, Dubayah and Drake 2000, Roberts, Dean et al. 2005, Hudak, 
Evans et al. 2009). Forests are three-dimensional systems, so Lidar point clouds can provide information such as tree 
heights and the location of individual tree tops. Analyzing and monitoring tree parameters is vital to understanding forest 
health, photosynthetic activity, and carbon cycle processes(Khosravipour, Skidmore et al. 2015, Mitchum 2018). Figure 
1 illustrates how Lidar data can be classified based on three types of forestry applications. 

 

Figure 1. Illustration of Lidar Forestry Application (Dong and Chen 2017) 

It may be possible to categorize airborne Lidar systems as discrete or as full waveforms, depending upon how the data is 
sampled. Full waveform systems record all of the reflected energy from a return, so they include a record of all vertical 
distribution information, including height. Discrete return systems, on the other hand, allow multiple returns or just one 
return to be recorded per pulse.(Mitchum 2018). Figure 2 demonstrates the differences between full waveform and 
discrete return Lidar collection. 
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Figure 2. An illustration of discrete return and full-waveform Lidar data (Lefsky, Cohen et al. 2002). 

In general, airborne discrete return systems are used for forest inventory, and the wavelength is typically 1.064 μm 
 (Evans, Hudak et al. 2009, Van Leeuwen and Nieuwenhuis 2010, Mitchum 2018). These wavelengths are used because 
they are capable of penetrating the atmosphere and vegetation reflects strongly in these wavelengths (Mitchum 2018). In 
areas where airborne Lidar was compared to plot level and/or individual tree biophysical characteristics, the regression 
models showed promising results with good R2 and RMSE (root mean squared error) values (Næsset 2014). However, 
the coarse resolution of the vertical measurements of conventional Lidar sensors has often made them ineffective for 
some 3D mapping applications, such as analyzing vegetation canopy coverage; several studies have shown that discrete 
airborne Lidar combined with field observations can provide reasonably accurate terrain models for forestry and natural 
resource management purposes and is demonstrated that advanced discrete return sensors with enhanced 3D mapping 
capabilities can produce data of high quality that can depict complex vegetation structures in some aspects similar to the 
content of full-waveform data (Ussyshkin and Theriault 2011).  

Forests are three-dimensional systems, so Lidar point clouds can provide information such as tree heights and the location 
of individual tree tops. Analyzing and monitoring tree parameters is vital to understanding forest health, photosynthetic 
activity, and carbon cycle processes.  

When estimating tree height, manual measurement and satellite remote sensing are not sufficient to meet the needs of 
forestry departments for monitoring products such as thematic maps of tree height. Traditionally, tree heights are 
measured using the ground measurement method with a laser range finder and other measuring devices, allowing for 
higher accuracy in tree height measurements, but requiring considerable manpower and material resources. 

MATERIALS AND METHODS 

In the context of this paper, we focus on the diameter at breast height (DBH) estimation of trees (stem diameter at 1.3 m 
height) using a discrete Lidar System (Zenmuse-l1 Lidar sensor). We collected data using a DJI Matrice 300 RTK using 
a DJI Pilot 2 application that is preinstalled to DJI Smart Controller Enterprise. DJI Matrice 300 RTK enterprise drone 
have a maximum flight time of 30 min, a maximum speed >70 km h−1, a pilot-controlled range of >5 km, and are 
equipped with a 20 MP camera with high definition 4 K/60 fps video capacity.  

It has been suggested that DTM accuracy has been improved by collecting data during leaf-off conditions, so pulses can 
reach the ground and be intercepted only by tree branches (Gatziolis, Fried et al. 2010). In our study, Lidar data was 
acquired on March 21, 2022. The field trip took place simultaneously with the data acquisition. The cloud has a total of 
about 148 million points, indicating that it is a high point density, as well as a mid-range Lidar sensor. Table 1 below 
illustrates the characteristics of this researh Lidar system. 
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Table 1. Characteristics of the Lidar dataset  

Product Name Zenmuse L1 

Supported Aircraft Matrice 300 RTK 

Date March,21,2022 

Lidar Sample rate 240 kHz 

Footprint  10cm 

Flying altitudes 100 m 

point cloud density 1086 p/m2 

 

Research region 

The research was performed in Jánossomorja forest located in north-western Hungary. The forest is situated near Győr. 
It is mainly surrounded by dense forest area. The whole study area is 4.5 hectares and it extends geographically from 
47°44ʹ06.85ʺN;17°11ʹ46.99ʺE to 47°43ʹ54.42ʺ; 17°11ʹ50.37ʺ while the Coordinate Reference System (CRS) is WGS84. 
It is a young forest with large deciduous, broad-leaved trees that are between 6 and 18 years old. Dominant forest species 
included  Acer pseudoplatanus, Acer platanoides, Fraxinus excelsior and etc. Its altitude varies between 153 and 158 m 
which means this forest is located in flat area. Figure 3 shows the geographical location of the study area on the map. 

  

Figure 3. Location of the study area in the north-western part of Hungary 

Research methods 

The research described here was undertaken with two primary objectives in mind. The first step is to extract tree 
parameters, such as height and canopy, using Envi Lidar 5.6 and Global Mapper 23.0. Secondly, the comparison of 
diameter at breast height (DBH) from the field trip to measurements generated by Lidar and determining their correlation 
between each other. This information will then be used to develop a model that predicts DBH using tree height 
measurements derived by Lidar. On the field trip, we measured the diameter of the trees. DBH was measured using tree 
diameter type. The area was divided into four compartments and measurements were taken randomly.To determine the 
positions of points on the perimeter of the study area, a Leica GS07 GNSS Real-Time Kinematic (RTK) with centimeter 
accuracy was used. 
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Figure 4. An illustration of the field trip and the use of GPS with RTK  

Also, we computed the CHM(Canopy HEIGHT Model), which was derived from the subtraction of the DSM from the 
DTM. Lidar DSM and DTM generated respectively of the first returns, and of points classified as ground. CHM provides 
a information of the topmost area of forest canopy. Using CHM, tree locations and heights can be derived. In addition to 
Crown diameter, which is correlated with trunk diameter, complements height information and can significantly improve 
statistical models for predicting above ground biomass and volume of timber (Puech, Durrieu et al. 2012). Figure 5 shows 
the DEM and DSM obtained by EnviLidar 5.6 and CHM derived from the difference between these two rasters in QGIS 
3.22.0 using raster calculator function. As shown in the figure, the southern part of the study area is occupied by tall trees. 
As indicated by the figure, the highest canopy is around 23.3 meters. 

     a)                     b) 

c) 

Figure 5. Illustration of a) Digital elevation model, b) digital surface model and c) canopy height model of study area 
obtained by Envi Lidar 
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RESULT 

Result of automatic classification in ENVI Lidar 5.6 and Global Mapper 23.0 is shown in Figures 6 to 9 . The graph below 
shows tree height changes according to DBH. ENVI Lidar and Global Mapper were used to create the DTM, DSM, and 
a point shapefile containing tree position and estimated height (x,y,z). ENVI Lidar determines the points that represent 
the last returns and create the DTM from these ground points. The methods in which the software calculates the DTM 
and DSM are not provided by the vendor, but is described as a combination of “crawling” and “sensitivity” algorithims 
according to online documentation (Mitchum, 2018). 

   a)               b) 

          Figure 6.Illustration of the number of trees that generated by a)Envi Lidat b)Global Mapper 

 

 

Figure 7. Correlation of the tree’s height(m) derived from Envi Lidar and DBH(cm) 
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 Figure 8. Correlation of the tree’s height(m) derived from Global Mapper 23.0 and DBH(cm) 

 

 
Figure 9. Correlation between the height of trees from Global Mapper and EnviLidar 

CONCLUSION 

On the given metrics, this study has two main outcomes. Firstly, UAV laser scanners point clouds can provide data from 
both the terrain and features under a forest canopy and it is a useful data source for this type of research. A dense point 
cloud can also be more cost-effective than terrestrial or traditional human methods. Secondly, Point cloud processing for 
laser scanning has been presented. The comparison criteria between Envi Lidar and Global Mapper involves how the 
results of point cloud processing can be applied to the forestry project.  The main advantage of these two software 
packages is their good and flexible integration with GIS. Using Global Mapper with the same settings as Envi Lidar (i.e., 
minimum height trees of 2 meters) with Automatic classification shows that Global Mapper counts more trees with more 
accurate details than Envi Lidar, thus we recommend Global Mapper as a first priority specially when it comes to assessing 
young forests. Using Envi Lidar software, we can quickly classify, extract the footprints of buildings, DEM, DSM, power 
lines, and vegetation but there is little or no post-processing involved, which makes this software extremely useful for 
visualizing data. While the automatic classification qualitative and quantitative is facing challenges, we suggest that it 
should used as a first stage of a project to gain an overview of the area of interest subsequently using different algorithms 
depending on the forest conditions to achieve the most accurate results. Finally, Regarding to this research, it is worth 
mentioning that for the first stage of the field trip, we were able to measure the small number of the DBH of trees in a 
way that allowed us to assess the usefulness of these programs for estimating tree height, however, the goal of this research 
is to use more measurements by different methods of data collection and to extract tree features using different algorithms, 
and also to compare performances of Lidar data collected at different times of the year. 
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