
Use of drone-derived products for the detection of 

Relict Charcoal Hearts in Brandenburg, Germany.  
 

 
 

Bachelor thesis Bèta Gamma with major in Earth Sciences by Marjolein Gevers  

University of Amsterdam  

 

Date: Amsterdam, June 2019 

Supervisor: Dhr. Dr. W.M. (Thijs) de Boer 

Second supervisor: Dhr. Dr. A.C. (Harry) Seijmonsbergen 

 

 

  



ABSTRACT  

This research focusses on the detection of Relic Charcoal Hearts in Brandenburg, Germany. 

The aim is to map RCH’s and to see if it is possible to use drone derived products such as 

an orthomosaic, a dense point cloud and a digital elevation model to map RCH’s differently.  

This research showed that drone-derived products can be used to map RCH’s differently. 

This was done by the use of Agisoft Metashape to process the drone pictures and ArcGIS 

10.6 to process the drone derived products. Important best practices were also found: use of 

ground control points, use of Agisoft metashape and the workflow during the drone flight.   
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Previous studies/RCH’s 

This section gives an outline of the key concepts, theories and recent research regarding 

Relict Charcoal Hearts (RCH’s), also known als Charcoal Kiln Relichts (CKR’s), and 

Unmanned Aerial Vehicles (UAV’s). In this thesis the term RCH will be used to refer to the 

remains of above-ground circular upright charcoal hearths, as suggested by Raab et al. 

(2017).  

 

Charcoal as raw material was crucial for 

production of iron in iron works and hence 

numerous charcoal hearths can be found in 

the forests near historic ironworks in Europe 

and in the eastern United States (Hirsch et al., 

2017). Burning of charcoal can reach a much 

higher temperature than burning wood, that is 

why it was useful for the ironworks (Straka, 

2014). Charcoal hearts were built from the 

16th till the 19th century (Hirsch et al., 2017). 

The construction of the charcoal hearths was 

done in several steps. First of all, the topsoil 

was removed to create a platform with a ditch 

on the downslope side. Then chopped wood 

could be stacked on the platform to fuel the 

charcoal hearth. The produced charcoal could 

be harvested downhill, see figure 1 (Raab et 

al., 2017a).  

 

The RCH’s who stay behind in the landscape 

have a characteristic circular to elliptical shape 

with usually a diameter that is larger than 10 

meters (Raab et al., 2015). RCH’s consist of 

several decimeter thick layers that contain 

charcoal fragments, ash and burnt soil (Hirsch 

et al., 2017). An example of a RCH soil profile 

with charcoal is shown in figure 10. According 

to Raab et al. (2015), the most frequent RCH 

classes have a diameter from 6-10 m and 16-18 m.  

 

A RCH can be recognized in the field by researching microrelief. RCH’s are sometimes 

connected to narrow roads coming down the hill from the forest and  are recognizable by a 

platform that has a round to elliptical form and is around 30 centimeters high. The narrow 

road mostly ends in a bigger road that was used for transport of the charcoal (Hirsch & 

Bonhage, personal communication, 13 May 2019). In this research a suspected RCH will be 

confirmed if the layer contains > 2% charcoal pieces.  

 

In the last few years, unmanned aerial vehicles (UAV’s) have become more popular for the 

usage of different projects in archaeology and earth sciences (Waagen, 2019). LiDAR and 

low-altitude UAV photogrammetry offer unique possibilities to study the morphology of the 

terrain in very high detail (Sánchez & Waagen, 2019). Visualizations of high-resolution Light 

 

Figure 1.  Sketch of the life history of a charcoal hearth. (a) 

Site before construction; (b) preparation of the platform by 

removing topsoil and excavation of a ditch on the downslope 

side (note that platform is inclined), (c) accumulation of wood 

fuel for the first charcoal hearth; (d) harvest of the charcoal in 

downslope directions and resulting wedge of charcoal-rich 

sediments; (e) charcoal-rich sediments (lower charcoal hearth 

substrate) are covered with sediments taken from the Bw 

horizons of Cambisols around the charcoal hearth (boulders 

of up to 1 m in diameter are placed around the platform to 

stabilize construction); (f) accumulation of wood to fuel the 

second charcoal hearth; (g) harvest of the charcoal, with 

downslope redistribution of upper charcoal hearth sediments; 

(h) relict charcoal hearth on modern hillslope (Raab et al, 

2017a) 



Detection and Ranging (LiDAR) data have been increasingly used to identify 

archaeologically important cultural remains (Raab et al., 2017, Hesse 2010). LiDAR (light 

detection and ranging) is an optical remote sensing technique that uses laser light to densely 

sample the surface of the earth, producing highly accurate x,y,z measurements (ESRI, 

2019).  This lead to the idea to use LiDAR and low-altitude UAV photogrammetry to 

investigate in the microrelief of RCH’s.  Several studies have shown that RCH’s can be 

reliably identified in shaded-relief maps (SRM’s) (Deforce et al., 2013).  

 

Raab et al. (2015) found some 

characteristic shapes for RCH’s on SRM’s. 

The kiln-site geometry in the study area 

(see figure 2, described further in section 

‘study area’) is typically characterized by 

the remnants of a ditch surrounding the 

charcoal kiln and by a wood stack in the 

centre, which shows that charcoal was 

produced in circular, upright kilns 

(Schneider et al., 2015) According to Raab 

et al. (2015) the charcoal kiln relicts were 

somewhat visible on SRM’s as button-like 

shapes, depending on elevations of the 

illumination source, the illumination angle, 

the contrast stretching and the viewing 

scale. Elevation cross sections can also 

help to identify RCH’s on a shaded relief 

map, see figure 3 (Raab et al., 2014).     

This is because the central mounds are 

typically flattened and have a plateau-like 

shape with elevation differences of a few decimeters compared with the surrounding terrain 

(Schneider et al., 2015).  

 

When using drone images as low altitude UAV photogrammetry for making maps it is useful 

to know the resolution of the drone images. This can be done by using the Ground Sample 

Distance (GSD), which is the the distance in real live for every pixel (Waagen, 2019 & 

Driggers, 2003). GSD is also referred to as ground-projected sample interval (GSI) or 

ground-projected instantaneous field of view (GIFOV) (Driggers, 2003). The exact 

calculations for the Ground Sampling Distance in this research can be found in appendix A.  

 

Researchers from the Brandenburg University of Technology Cottbus-Seftenberg published 

a dataset containing the locations of almost 1800 RCH’s in the southern part of 

Brandenburg, Germany. Many of the RCH’s are expected to be the remainders of pre-

industrial charcoal hearths.    

 

Research aim and research questions 

The aim of this research is to locate and map Relict Charcoal Hearts (RCH’s) on and around 

the Lange Horstberge which is located around 8 km south of Horstwalde, Brandenburg. The 

basis for this research will be the point layer dataset with suspected RCH’s published by 

researchers from the Brandenburg University of Technology Cottbus-Seftenberg. An 

 

Figure 3. Shaded-relief map (SRM) and elevation 

cross-sections through the remaining mound of a 

charcoal kiln and graphics showing the features 

detectable  (Raab et al., 2014). 



overview of the research area is given in figure 2, the study area will be further discussed 

later in this thesis. Since the use of UAV’s in scientific research is becoming more important 

(Waagen, 2019) this research focuses specifically on the use of products derived from drone 

images. These products include a dense point cloud, a digital elevation model (DEM), a 

profile graph derived from the DEM and an orthomosaic.  

 

Research question: How can drone-derived products contribute differently  to map Relict 

Charcoal Hearts compared to products derived from the LiDAR 2011 in the Land 

Brandenburg? 

 

The drone and LiDAR derived products include a Digital Elevation Model (DEM), profile 

graphs, orthomosaic and hillshade conducted with Agisoft Metashape and ArcGIS (Pro).  

 

This leads to the following sub-questions: 

 How can a drone-derived DEM contribute differently to the mapping of RCH’s in the 

Land Brandenburg than a DEM derived from the LiDAR 2011? 

How can a drone-derived profile graph contribute differently to mapping of RCH’s in 

the Land Brandenburg than a LiDAR-derived profile graph? 

How can a drone derived Orthomosaic contribute differently to mapping of RCH’s in 

Land Brandenburg? 

 

Relevance 

According to Kersting (2018) the RCH’s are potential geotopes. Geotopes are earth - 

historical formations of inanimate nature, the knowledge of the communicate development of  

the earth or life. They include outcrops of rocks, soils, minerals and fossils as well as 

individual natural creations or natural landscape parts (de Boer, 2010). According to Kersting 

(2018) these geotopes also include Germanic iron smelting furnaces. The National 

Archaeological Museum Brandenburg is interested in these potential geotopes and wants to 

update their list of geotopes with the RCH’s collected in this research (S. Pratsch, personal 

communication, May 8, 2019). Therefore this thesis and the data used will be shared with 

the National Archeological Museum Brandenburg.  

 

Research gives an insight into mapping and detection of very small landscape features using 

modern day technology as LiDAR, AcGIS (Pro), drone images and Agisoft Metashape. The 

workflow and experiences on working with these programs and data can be very useful for 

earth scientists that want to conduct similar research. More knowledge about all the 

computer programs can be useful for research and educational purposes in the GIS studio at 

the University of Amsterdam. The methods from this research can not be used for research 

on RCH’s but also on other types of microrelief.    

 

Study Area 

The study area is located near Horstwalde in Brandenburg, Germany (figure 2). The 

Horstmühle is located in the middle of the study area. From East to West in the middle of the 

study area the Lange Horstberge is located. The total study area is 2 km East to West and 

roughly 3 km North to South. The northern boundary is the small stream ‘Hammerfließ’. The 

elevation is between 55 meters above sea level at the Lange Horstberge and 50 meters 

above sea level in the meadows (Brandenburgviewer, 2019). The Brandenburg young  



moraine landscape (‘Jungmoränenland’) was formed 

during the Weichsel glacial stage (de Boer, 1998). Since 

the Late Quaternary period, the Baruth Ice-Marginal Valley 

in South Brandenburg has been subjected to 

anthropogenic agricultural and wood-land use (Raab et al., 

2016). Nowadays the land use in the area consist of mainly 

agricultural land and forest.  

 

Methods and data 

Literature study 

To understand more of origin, spatial distribution and 

dynamics of the Relict Charcoal Hearts, literature on these 

objects must be studied. Important papers on the 

properties of RCH’s were published by Hirsch et al. (2017), 

Raab et al. (2014) and Raab et al. (2017a&b). Waagen 

(2019) and Sapirstein & Murray (2017) published an article 

on the use of Unmanned Aerial Systems (UAS’s) and best 

practices in the use of UAV’s. For an overview of the data 

sources, see appendix C.   

 

Pre processing before fieldwork 

The goal of the preprocessing before the fieldwork is to extent the dataset published by 

researchers from the Brandenburg University of Technology Cottbus-Seftenberg with more 

suspected RCH’s in the study area. Suspected RCH’s around 1 km from the border will also 

be mapped. During the preprocessing also maps to use in the field were created. This will be 

done by mapping RCH’s on a Digital Elevation Model (DEM), hillshade and orthophoto 

according to previously described guidelines from Raab et al. (2015) and Schneider et al. 

(2015). The suspected RCH’s will be mapped and saved in a point data layer. The DEM and 

Hillshade will be derived with LAS tools and in ArcMap 10.6 from a LiDAR dataset from 2011 

that was available in the UvA Geoportal. The details of the data can be found in appendix B 

and C.   

 

LAS tools 

To create a DEM and hillshade from the LiDAR the program LAStools was used. Since the 

LAS dataset from 2011 consisted of 12 tiles they all had to be merged into one to make a 

complete map with the fieldwork area. A detailed description from the steps in the program 

LAStools can be found in Appendix D.  

 

 ArcGIS 

First of all, the DEM tiles derived with the LAS2dem tool from LAS tools were merged in 

ArcGIS. To improve the visual analysis of the height differences in the area, the ‘Dynamic 

Range Adjustment’ was used, for a detailed description see appendix B.  

   

Before the dataset with suspected RCH’s from the Brandenburg University of Technology 

Cottbus-Seftenberg could be extended some changes had to made, a detailed description 

can be found in Appendix B. To map new suspected RCH’s the previously described 

guidelines from Raab et al. (2015) were used. The measurement tool in ArcMap was used to 

check the suspected diameter of the suspected RCH.  

 

Figure 2. Overview map on WMS 

service of research area near 

Horstwalde in Brandenburg, 

Germany.  



 

Lastly maps were prepared to use in the field. Several maps with the suspected RCH point 

data layer and different basemaps were produced, see appendix E.  

 

Prepare ArcGIS collector app 

A detailed description from the fieldform made in ArcGIS online to use in the ArcGIS 

collector app can be found in appendix F. The produced hillshade, DEM and orthophoto 

were uploaded in the ArcGIS collector app. The bachelor thesis from Rob Burger (2019) 

focusses on the processing with the ArcGIS collector app.  

 

Fieldwork 

Locating RCH’s 

As many previously mapped suspected RCH’s as possible were visited during the fieldwork 

from the 8th till the 15th of May 2019. The ArcGIS collector app runned on a smartphone 

was used to store gathered data on the suspected RCH’s digitally. For the fieldform used in 

the ArcGIS collector app see appendix F. The fieldwork was conducted by two to four people 

per group. Once the location from the suspected RCH was found in the field with help of the 

GPS in the smartphone several borings were made with a shovel and auger at that location. 

First of all to check for any charcoal in the soil profile, als described by Hirsch et al. (2017). If 

there was more than 2% charcoal in the layer the boring location was considered an RCH. If 

any charcoal was found the diameter of the RCH could be reconstructed by looking at the 

microrelief and the presence of charcoal in the other borings.  

 

After confirmation of three RCH’s in the meadows on the north side of the Lange Horstberge 

a DJI phantom 3 Advanced drone was used to take pictures of the area.  

 

Drone flight 

The drone used was a DJI phantom 3 Advanced. A detailed description of the workflow and 

settings in DJI Station Ground, the program used to control the drone, can be found in 

Appendix G. Screen shots from the settings and layout of DJI Station Ground can be found 

in figure 4.  

 

Figure 4. Screenshots from the settings in DJI Go on the IPad Mini 4.   

 

 



To eliminate the bowl effect accurately surveyed 

ground control points and a convergent imaging 

geometry (oblique imagery) as suggested by James & 

Robson (2014) were used. The Ground Control Points 

(GCP’s) (Figure 5) can help aligning the photos Agisoft 

Metashape if the photos look very similar. The GCP’s 

will be used as detect markers by Agisoft Metashape. 

The overlap in the drone pictures was 81% in front and 

on the side. The front overlap is the percentage each 

picture overlaps on the main path (Waagen, 2019). 

The side overlap ratio is the percentage each picture 

overlaps on two parallel main paths. Reducing overlap 

in front or side can reduce mission time, but it can also 

decrease map quality (User Manual Agisoft 

Metashape, version 1.5, 2019).  

 

In this research a drone was used to make aerial images from meadows North East of 

Horstmühle (see figure 6). The drone took oblique and nadir pictures during its flight. The 

photos were made brighter with the program Lightroom by Jan van Arkel after the fieldwork.  

  

 

Figure 6. Location of taken drone images in study area.  

 

 

 

Processing after fieldwork 

The goal of the processing after the fieldwork was to create a DEM, hillshade and 

Orthophoto from the drone images and to update the point layer dataset from the 

researchers from Brandenburg University of Technology Cottbus-Seftenberg.  

 

 

Figure 5.  Ground Control Points (GCP’s) print 

targets, coded target points created by Agisoft as 

GCP’s (GIS module by Rosa Boone, 2019). 



 Confirmed and located RCH’s 

The gathered data has been uploaded to ArcGIS from ArcGIS online. A new point data layer 

was made to map all the RCH’s found during the fieldwork.  

 

 Drone images 

The drone pictures were processed with Agisoft Metashape to create a DEM and derived 

products like hillshade-, slope and aspect maps and cross sections in ArcMap. For the exact 

workflow, see appendix H. It is important to use drone photos from at least two different 

angles to overcome the ‘bowl effect’. The bowl effect can be introduced during the photo 

alignment (Tournadrea et al.,2015).  

 

Classify ground points 

For the exact workflow, see appendix H. The max distance will be set after trial and error.  

 

 

Results 

Fieldwork 

The maps used during the fieldwork can be found in appendix E. The data from the ArcGIS 

collector app can be found in appendix J. A total of 142 points was made. These points 

contain confirmed and rejected RCH’s but also other interesting objects found, such as 

remains from the second world war. 48 suspected RCH’s were confirmed. Figure 9 shows all 

the points and confirmed RCH’s. Figure 10 shows an example of a soil profile from a RCH 

found in the study area.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Some false positives were also found, see appendix J. Some suspected RCH’s turned out to 

be something completely different than expected. An example is given in figure 7, this  was 

an electricity pole but it looked like a RCH on the DEM and hillshade.  

 

 

Figure 10. Soil profile Relic Charcoal Heart on 

the Lange Horstberge with charcoal fragments 

(pictures by Rob Burger, May 2019) 

 

Figure 9. Map from the study area with all 142 
mapped points and 48 confirmed RCH’s during 
the fieldwork form the 8th to the 15th of May.  



Drone images  

The drone flight covered an area of 120 by 200 meters (figure 6). A total of 660 nadir and 

oblique photos were    taken. The drone photos were processed in Agisoft Metashape, for a 

detailed description of the workflow used see Appendix H.  

 

When aligning the photos an error occurred. After selecting the photos that failed to align 

and clicking ‘align photos’ again this problem was solved.  The photos that failed to align 

were mostly the oblique pictures with none or less GCP’s than the other (oblique) photos. It 

is visible in figure 11 that the left side of the created orthomosaic contains more RCH’s 

(visible as small white spots) than the right side of the orthomosaic.  

 

 

Figure 11. The drone-derived orthomosaic constructed with Agisoft Metashape.  

 

 

 Dense point cloud 

From the aligned photos a dense point cloud was created in Agisoft Metashape. Metashape 

builds a dense point cloud based on the estimated camera positions and pictures 

themselves (User Manual Agisoft Metashape, version 1.5, 2019). The high quality dense 

cloud consist of 53.744.903 points. The processing time was 2 days and 4 hours in software 

version 1.5.2.7838.  

 

It is possible in Agisoft Metashape to classify dense cloud points (User Manual Agisoft 

Metashape, version 1.5, 2019). The detailed description for this can be found in appendix H. 

In this research there was not enough time to find the right max distance and cell size to 

make a good classification from the dense cloud points  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEM’s 

The DEM was derived from the dense point cloud. The processing time was 1 minute and 1 

second in software version 1.5.2.7838. The coordinate system used was WGS 84. The 

resolution of the DEM is 2.16 cm/pixel.  

 

When de DEM was imported in ArcGIS a problem occured. The elevation above sea level of 

the drone-derived DEM is different from the elevation above sea level from the LiDAR-

derived DEM. This could be explained by the fact that the drone calculates its elevation 

based on the ellipsoid (NAD 83) and the elevation of the LiDAR-derived DEM is based on 

 
 

Figure 12. DEM and profile graph derived from the LiDAR 2011 

and from the drone images in May 2019. Same scale shows that 

the DEM derived from the drone images has a much higher 

resolution than the DEM derived from the LiDAR 2011. 



the geoid. This causes a difference in elevation of around 30 meters. It seems easy to solve 

this problem in ArcGIS or ArcGIS Pro but apperently it is not. The ESRI Helpdesk didn’t 

know how to solve it either (personal communication, June 2019).  

 

Profile graphs 

The profile graphs were constructed on the DEM in ArcGIS 10.6 with the 3D Analyst tool. 

Draw a line in the 3D Analyst tool and click profile graph. Figure 12 shows a RCH and profile 

graph on the LiDAR-derived DEM and the drone-derived DEM.  

 

Orthomosaic 

The orthomosaic was derived in Agisoft Metashape, for a detailed workflow description see 

Appendix H. The resolution according to Agisoft Metashape is 1.08 cm/pixel, the calculated 

resolution with help of the Pix4D Ground Sampling Distance Calculator (see appendix A for 

the exact calculations) is 0.94 cm/pixel.  

 

Discussion 

 

This research aimed to see how drone-derived products can contribute differently to the 

mapping of RCH’s in the Land Brandenburg, Germany. This was compared with the 

mapping of RCH’s on LiDAR data from 2011. This section will first discuss the results found 

and than continue with some best practices.  

 

Drone images 

The bachelor thesis from Wijkhuizen (2018) shows some fisheye-like distortion in the DEM 

derived from drone images. The drone-derived DEM in this research doesn’t show this 

fisheye-like distortion. This is because of the use of oblique and nadir drone photos in this 

research. According to Rubnik et al. (2013) only a combination of oblique and nadir drone 

photos can serve a good alternative to mobile mapping surveys or airborne LiDAR 

acquisitions. The fisheye distortion is known as the ‘bowl effect’.  This is also briefly 

discussed at the Agisoft Metashape forum.  

   

 Dense point cloud 

When creating a dense point cloud it is not completely clear on what Agisoft Metashape 

bases the exact height of the points, the z axis. The user manual of Agisoft Metashape only 

tells us that the creation of the dense point cloud is based on the estimated camera position 

and the pictures themselves. It is likely that the heights are based on the ground cover that is 

visible at the photos. That means that the DEM is also based on the ground cover, since it is 

derived from the dense point cloud. The ground cover on the photos shows soil and 

vegetation, which makes the DEM less reliable. It is neither a DEM based on the elevation 

above sea level from the soil, nor a DEM based on the height of the vegetation.  

 

It was hard to classify the dense point cloud with help of Agisoft Metashape. When the 

maximum distance was set to 0.1 meters only the small part on the bottom of the dense 

cloud with the trees was classified als non-ground points. A suggestion for further research 

could be to try to classify the dense point cloud in Cloud Compare or ArcGIS Pro.  

 

 

 



DEM 

As discussed before, the DEM is in all probability based on the ground cover. This can be a 

problem with the detection of RCH’s because Myrthe Detiger found in her bachelor thesis 

(2019) that the grass growing on an RCH is shorter than the grass in the rest of the meadow. 

This can influence the profile graph constructed on the DEM in a way that it is hard to detect 

a suspected RCH.  

 

 Profile graphs 

The constructed profile graphs in figure 12 shows two profile graphs, one of them 

constructed on the LiDAR data and the other one constructed on the drone-derived DEM. 

The profile graph from the drone-derived DEM gives more detail and a clearer indication of a 

RCH. Both profile graphs look like the graphs from Raab et al. (2014), figure 4.  

 

 Orthomosaic 

The difference between the resolution from Agisoft 

Metashape and the calculated resolution can be explained 

by small errors in the calculation. The flight height of the 

drone was set at 22 meters but the actual flight height 

during the flight differed between 21 and 23 meters above 

sea level. The drone-derived orthomosaic can be useful to 

detect false positives as shown in figure 7 more easily. 

Other false positives found were a really small hill with 

small shrubs, this would be visible on the drone-derived 

orthomosaic. These small hills with small shrubs are hard to 

detect on the DEM.  

 

Fellow bachelor thesis researchers Seda Ünver and Myrthe Detiger did research on the 

vegetation on RCH’s. Even though it might seem useful to use the orthomosaic to detect 

different types of vegetation on RCH’s it is important to take into account that the visibility of 

vegetation on photos is highly dependent on several climatic factors. During a more dry 

period the vegetation might look completely different than after a rain shower.  

 

Best practices  

For the work with the ArcGIS collector app in the field it is very useful if the maps also work 

offline. This will save you a lot of time, frustration and mobile data.    

 

Ground Control Points (GCP’s) are not essential but are recommended when high spatial 

accuracy is required from photogrammetry and should be well-distributed throughtout the 

area of interest and having a clear sky view (Osborn et al., 2017). If you look at the photo’s 

taken by the drone the ground control points are only visible as big white spots in the 

meadow (figure 13), as opposed to the expecting of being visible as ground control points 

(figure 5). Waagen (2019) suggest to take drone photos just before sunset for the best to 

avoid problems with shadows and still have good visibility.  

 

 

Figure 7. False positve found in the field.  



 
Figure 13. Picture from the drone DJI Phantom 3 Advandced   with the ground control point as white spot 

 

An explanation for this could be that the A3 size papers with ground control points were 

plasticized and therefore reflective. It could also be that the ground control points were too 

small compared to the A3 paper. A solution could be to use mat plastification material for 

control points (Jan van Arkel, personal communication, June 2019). It is also possible that 

you need bigger paper if you fly at a height of 20 meters.  Lamsters et al. (2019) used the 

same type of drone and did their flights at a height of 60-70 meters above sea level with 80-

85% overlap. Lamsters et al. (2019) used two types of ground control points. One from 

plastic material with dimensions from the other one from fabric with dimensions of 50x50 cm.  

 

Make sure that you have enough ground control points equally distributed over the whole 

flight area. Otherwise Agisoft Metashape might give an error with aligning the photos. If that 

happens, just select the photos that failed to align and click ‘Align photos’ again. 

 

If you want to build a dense point cloud in Agisoft Metashape, start with the lowest resolution 

and half of the photos to see if that works. Then scale up to a higher resolution with all 

photos, it takes a while before Agisoft Metashape creates a full dense point cloud. For a total 

660 photos (nadir and oblique) it took around three days to create a dense point cloud.  

 

Conclusion 

This research showed that drone-derived products can be used to map RCH’s differently. If 

the dense point cloud can be classified it might be possible to map RCH’s based on the 

dense point cloud by making a correct classification. The orthomosaic can help to detect 

false positives. A more detailed DEM can be produced which can lead to more accurate 

profile graphs, which define a RCH more precize. Important best practices were also found: 

use of ground control points, use of Agisoft metashape and the workflow during the drone 

flight.   
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Appendix A: Ground Sampling Distance calculator  

 

 

 
 

The values used in this research are:  

Sw = 6.17 mm 

Fr = 3.61 mm 

H = 22 m 

ImW = 4000 pixels 

ImH = 3000 pixels 

 

The values were chosen because a DIJ Phantom 3 Advanced was used and based on the 

gathered data in Agisoft Metashape and personal communication with Thijs de Boer an Jitte 

Waagen (2019).  

 

The excel document automatically calculates the GSD, Dw and DH by using the following 

formulas:  

 

𝑮𝑺𝑫 =  
𝑺𝒘 ∗  𝑯 ∗  𝟏𝟎𝟎

𝑭𝒓 ∗  𝒊𝒎𝑾
 

 

𝑫𝒘 =
𝑮𝑺𝑫 ∗ 𝒊𝒎𝑾

𝟏𝟎𝟎
   

 



𝑫𝑯 =
𝑮𝑺𝑫 ∗ 𝒊𝒎𝑯

𝟏𝟎𝟎
   

 
The full excell is availible at:https://support.pix4d.com/hc/en-us/articles/202560249-TOOLS-

GSD-calculator.  

 

  

https://support.pix4d.com/hc/en-us/articles/202560249-TOOLS-GSD-calculator
https://support.pix4d.com/hc/en-us/articles/202560249-TOOLS-GSD-calculator


Appendix B: Workflow ArcGIS 10.6 before fieldwork  

 

This appendix will give a detailed description from all steps taken in ArcGIS after importing 

the seperate DEM tiles processed with the LAS tools. 

 

The seperate DEM tiles can be merged with the Mosaic To New Raster tool. This tool 

merges mutiple raster datasets into a new raster dataset. A hillshade was created with the 

hillshade tool from ArcMap 10.6.  

 

To improve the visual analysis of the height differences in the area, the ‘Dynamic Range 

Adjustment’ (DRA) was used. The instructions are based on the of the ArcGIS guidelines by 

Dhr. Dr. W.M. (Thijs) de Boer.  

  

1. Under the Windows section, open ‘Image Analysis’ 

2. In the menu that has opened, select the DEM you are using and check the ‘DRA’ 

box. The values have been stretched to match the minimum and maximum value of 

the extent of the current view. 

  

If the option ‘DRA’ is greyed out, make sure you selected the right layer. If this does not help, 

check if you use a projected coordinate system, the units should be in meters or kilometers.   

 

 

After the shapefile from the researchers from the Brandenburg University of Technology 

Cottbus-Seftenberg was imported in ArcMap it became clear that over the years that the 

data was collected the indices for field check changed. This had to be changed to: 

0 Rejected as RCH 

1 Confirmed as RCH 

2 Not checked in the field.  

All null values for fieldcheck were changed into ‘2’ with the following procedure.  

1. In ArcMap click the Editor drop-down menu on the Editor toolbar, and select Start 

Editing 

2. In the Table of Contents, right-click the selected layer, and select Open Attribute 

Table. 

3. Right-click on the field with the null values (in this case the Field_check), and click 

Field Calculator 

4. in the field Calculator, select the Python parser and chekc the Show Codeblock 

check box.  

5. In the Prer-Logic Script Code box, copy and paste the following code: 

def updateValue(value): 

  if value == None: 

 return ‘2’ 

 else: return value 

6. Type the following code in the second box, and replace  

updateValue(!Field_check!) 

7. Click OK, and the null values are replaced with the correct value, 2, in the field. 

(Support ESRI, 2018)  

 

 



Appendix C: Data Sources 

 

 

Dataset Use  Source Date 

LiDAR data (.las 
files) 

From the total of 49 
tiles the tiles 388770 
and 388768 were 
used to create a 
hillshade and DEM 
from the fielworkarea  

Geoportal University 
of Amsterdam -  
http://geodata.scienc
e.uva.nl:8080/geopo
rtal/catalog/main/ho
me.page 

All tiles were flown in 
2011 and bought by 
the University of 
Amsterdam in 2014 
and 2016 

Blattschnitte (WMS-
BS) 

Added as WMS 
server in ArcMap to 
use as baselayer for 
fieldmaps.  

Geobasis 
Brandenburg/Brande
nburg viewer - 
http://isk.geobasis-
bb.de/ows/dnm.php? 

Up-to-date (2019) 

Digital orhtophotos To create basemaps 
for the fieldwork.  

Geobasis 
Brandenburg/Brande
nburg viewer - 
http:/isk.geobasis-
bb.de/ows/dop20_20
05_2010_wms? 
 

2005 - 2010 

  

http://geodata.science.uva.nl:8080/geoportal/catalog/main/home.page
http://geodata.science.uva.nl:8080/geoportal/catalog/main/home.page
http://geodata.science.uva.nl:8080/geoportal/catalog/main/home.page
http://geodata.science.uva.nl:8080/geoportal/catalog/main/home.page
http://isk.geobasis-bb.de/ows/dnm.php
http://isk.geobasis-bb.de/ows/dnm.php


Appendix D: Workflow LAStools 

 

To merge the 12 independent las tiles into one big lastile for the whole fieldwork area, 

lasmerge LAStools was used.  

 

After merging the complete merged LAStools can be used to create a DEM. Unfortunately it 

is, for unknown reasons, not possible to create a DEM out of the merged point cloud LiDAR 

tiles using the las2dem tool. Fortunately it is possible to create 12 seperate DEM’s by using 

the las2dem tool and merge the 12 DEM tiles in ArcGIS to one complete DEM.  

 

When using the las2dem tool, use the following settings were used: 

 Directory: Set this to the disk you are working on, then find the las tiles you want to                                                                                                               

use to create your DEM’s and add them by double clicking on them.  

 Projection: UTM (zone 33) and switch on ‘northern hemisphere’  

 Datum: ETRS89 

 Elevation units: meter 

 Vertical datum: DHHN93 

 

On the right side of the window, click on process all files, change the ‘name’, change the 

‘format’ into a ‘.tiff’ and then click on ‘run’. It important to make the DEM a tiff-flie because 

this is uncompressed, you will not lose any information.  

  



Appendix E: Maps used during fieldwork  

 

  

  



Appendix F: Fieldform in ArcGIS Collector app 

This appendix shows the different fields in the ArcGIS collector app and how they are used. 

The fieldform was constructed by Seda Ünver, Myrthe Detiger, Rob Burger and Marjolein 

Gevers in May 2019.  

 

 

Column name Meaning  

Field_chec 0: no RCH, 1: RCH, 2: not checked whether a RCH is present or not.  

Jaar In which year the point was added as suspected RCH location 

Kartierung Based on which map the suspected RCH was mapped  

Diameter Diameter of the present RCH [m] 

Radius  Radius of the present RCH [m] 

Rob 0: Rob did not identify this location, 1: Rob identified this location  

Myrthe 0: Myrthe did not identify this location, 1: Myrthe identified this location 

Seda 0: Seda did not identify this location, 1: Seda identified this location 

Marjolein 0: Marjolein did not identify this location, 1: Marjolein identified this 
location 

Date  Exact date (year, month, day, hour, minute) of the inspection/addition of 
this point. 

Location Location of the point in the fieldwork area, for example: northeast of the 
Lange Horstberge 

Land Use Land Use of the location of the point, for example: forest, or meadow 

Vegetation  Total plant abundance and abundance of each individual plant species 
[%] 

Slope  If the RCH was located on a slope, the angle of the slope was 
measured [degrees] 

Height_Cha Thickness of the charcoal layer in the soil profile of the RCH 

Relative_h Elevation of the RCH in the landscape [cm] 

General 1 General fields for RCH soil properties:  

- Texture / Structure 

- Moisture 

- Soil colour 

- Soil profile description 

Mostly for research from Rob Burger 

General 2 

General 3 

Depth_char Depth at which the charcoal layer started in the soil profile of the RCH 



Myrthe1 General column for plant data: 

- Extra space for abundance per plant [%] 

- Latin/English/Dutch/German plant name 

- Circumference of each tree [cm] 

- Height of trees and shrubs [cm] 

Mostly for research from Myrthe Detiger and Seda Ünver 

Myrthe2  

Myrthe3 

Myrthe_4 

Myrthe5 

Myrthe6 

Myrthe7 

Myrthe8 

Myrthe_Ex1 Extra fields for plant data, for example: comments of specialist in the 
field, or ‘suspected RCH point is a tree’.  

Myrthe_Ex2 

Myrthe_Ex3 

Density_h Density of the charcoal layer [%] 

Surfveg  Coverage of the soil by the vegetation [%] 

Comments  Specific comments about the location, for example: artefact of WWII 
found.  

Attachments  Photos of the soil profiles, plants, RCH location or surface coverage are 
added here 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix G: Workflow Drone Flight 

Before going into the Drone Flight 

First create flight plan in DJI ground station Pro (GSP) on the iPad Mini 4. A flight plan can 

contain a maximum of 99 waypoints where Phantom 3 Advanced Camera will take a picture.   

 

Drone Flight in the field  

A picture from the DJI Go app settings during the flight for this research can be found in 

figure X.  

 

Capture interval F: 5.5M /S: 7.4M 

 

Basic settings 

- Phantom 3 Advanced Camera 

 Is set automatically by DJI Ground Station Software by conecting the camera tot the         

DJI Phantom 3 drone  

- shooting angle - parallel to main path 

- capture mode - hover & capture at point 

- flight course mode  - inside mode 

- speed 3.0 m/s 

- height 22.9M -  

- resolution 1.0cm/px 

- End mission action - RTH 49 M 

 

Advanced settings 

Front and Side Overlap were set as 81%. The Gimbal Pitch Angle can range from -90° to 0° 

with downward represented by -90° and forward represented by 0°  (User Manual DJI). 

When taking the nadir photos the Gimbal Pitch Angle was set at -90°, while taking the 

oblique photos the Gimbal Pitch Angle was set at -60°.  

The Margin was set at 0.0M.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix H: Workflow Agisoft Metashape 

 

This appendix is based on the Agisoft Metashape User Manual 1.5 (Chapter 3, ‘General 

Workflow’) and the GIS Module: ‘Creating a DEM & Orthomosaic with an UAV derived 

dataset - Thessaly (Greece)’ by Rosa Boone (2019) and will describe all the steps taken in 

the program Agisoft Metashape to build a DEM and Orthophoto out of the pictures taken with 

the drone. 

 

Pre processing photos 

After the photos where taken, the pictures that were to dark were edited in Adobe Photoshop 

to make them oparable for Agisoft Metashape. 

 

Settings Agisoft Metashape 

Metashape preferences - Graphics Processing Unit (GPU) - check GPU device and “Use 

CPU when Performing GPY accelerated processing”  

 

Upload photos 

To upload all (oblique and straight photo’s) the edited drone photo’s click on Workflow and 

select Add Folder. Choose the right folder and click open. An Add Photos window will pop-

up. Select Single Cameras and click OK.  

 

Aligning photos 

At this stage Metashape finds the camera postion and orientation for each photo and builds 

a sparse point cloud model.  

Click on Workflow and select Align Photos. The Align Photos dialog box opens, make sure 

that the accuracy is high, and that under the advanced tab the key point limit (the number 

indicates upper limit of feature points on eveyr image to be taken into account during current 

processing stage) is 40.000 and the tie point limit (the number indicates upper limit of 

matching points for every image) is 4.000.  

 

If some pictures are failed to align, reset alignment for incorrectly aligned photos and rerun 

the photo alignment.   

 

Build Dense point Cloud 

Based on the estimated camera positions the program calculates depth information for each 

camera to be combined into a single dense point cloud.  

Click on Workflow and select Build Dense Cloud. For the first try select for Quality Low or 

Lowest. The higher quality will require more time. The progress dialog box will appear 

displaying the current processing status. A dense cloud is now present in your workspace.  

 

After successfully creating a dense point cloud at the lowest quality you can upscale to a 

higher quality. Let Agisoft Metashape run over night or several days to create a dense point 

cloud at medium/high or the highest quality. The time it takes to create a dense point cloud 

depends among other things on the amount of pictures. To generate a dense cloud from all 

660 pictures from this research at high quality took around three to four days.  

 

 

Build Digital Elevation Model (DEM) 



In Agisoft metashape it is possible to create a DEM from a dense cloud or a mesh. For the 

most accurate results it is best to create the DEM with the deze cloud.  

Click on Workflow and select Build DEM. Check if the projection is set under Geographic 

and that the right coordinate system is selected (WGS84 (EPSG::4326)). Make sure that the 

source data is dense cloud, click OK.  

 

Build orthomosaic  

An orhtomosaic is a detailed, accurate photo representation of the area, created out of all 

drone photos that will be stiched together.  

Click on workflow and select Buid Orthomosaic. Make sure that the surface is DEM and the 

blending mode is Mosaic, click OK.  

 

Exporting DEM & orthomosaic 

This step will export the dense point cloud, DEM and Orthomosaic to use them in an external 

tool for further analysis. The dense point cloud that is built by Agisoft Metashape is based on 

the estimated camera positions and pictures themselves.  

Click on File and select Export. Select on Export DEM select Export TIFF/BIL/XYZ. Check 

the coordinate system (WGS84 (EPSG::4326)). Click on Export, Save it and make sure you 

save it in the right extension (TIFF/BIL/XYZ).  

 

Click on File and select Export. In the Export window, select Export Orthomosaic, select 

Export JPEG/TIFF/PNG. Check if it is in the right coordinate system (WGS84 (EPSG::4326)) 

and save it in the right extension (JPEG/TIFF/PNG).  

 

Classifying dense point clouds 

This step will explain automatic detection of ground points. First select Classify Ground 

Points… command from the Dense Cloud submenu of the Tools Menu. The Classify Ground 

Points dialog box opens, select the right source point class for the classification procedure. 

For max angle (degrees) choose 15, since the study area is a relatively flat terrain. The max 

distance [m] determines the assumption for the maximum variation of the ground elevation at 

a time. The cell size [m] determines the size of the cells for point cloud to be divided into as 

a preparatory step in ground points classification procedure. The cell size should be 

indicated with respect to the size of the largest area within the scene that does not contain 

any ground points, e.g. building or close forest. The last two parameters depend on the 

analysis that has to be conducted. Click the OK button to run the classification procedure.  

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix I: Workflow ArcGIS (Pro) after fieldwork  

 

When importing the orthomosaic in ArcGIS or ArcGIS Pro the colours might differ from the 

original orthophoto in Agisoft Metashape.  

To change this in ArcGIS go to the Layer in your Table of Contents, right click. In Layer 

Properties choose RGB Composite and set the stretch type to ‘None’. See figure X.  

 

 
Figure I1.   Change stretch Type to None to get the correct colours in the orthomosaic  

 

 

  



Appendix J: Collected RCH’s in the field from ArcCollector App 

 

 

 

 

 

 

 

 


