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Abstract 

 

Structure-from-Motion (SfM) is a photogrammetric range image technique used for high-

resolution 3D modeling, where the 3D information is obtained from sequences of overlapping 

2D optical images captured from different angles. In geoscience application, SfM is 

considered a reforming technique for surface modeling due to its effectiveness, low-cost, and 

user-friendly approach. The last decade has witnessed an extensive popularization of SfM 

photogrammetry concerning geoscience, and several studies have followed regarding SfM for 

different applications. Today, several photogrammetric software packages are available for 

performing the SfM reconstruction from 2D images to 3D modeling. This study aimed to 

investigate if SfM photogrammetry is an acceptable tool for studying changes of a 

permafrost-landform known as a palsa, over time in a challenging marshland area within a 

threshold of 10 centimeters in x, y, and z-direction. The work from this thesis was carried out 

by generating a total of eight digital terrain models and orthoimages using two 

photogrammetric software packages (Agisoft Photoscan and Inpho UASMaster) from 

Suossjavri, Finnmark, in northern Norway (69,38 N, 24,25 E) in a timeframe of four years. 

The aim was answered by analyzing the generated model’s accuracy through analytical 

methods in ArcMap and MatLab such as difference-maps, checkpoint validation, terrain 

profiles, and height accuracy assessment. The results showed that the generated digital 

elevation models' z-accuracy exceeded the threshold of 10 cm from both software packages. 

However, both software packages were able to generate digital terrain models and 

orthoimages with an acceptable accuracy of 3 – 8 cm in x and y-direction. These results 

suggest that visual interpretations and horizontal measurements from the generated 

orthoimages are the most valid approach for studying the palsa’s changes over time. Besides, 

applying SfM photogrammetry on a marshland area was found to be highly challenging due to 

variations in water-level and vegetations, and the difficulties of using tolerable reference 

points. This thesis found that both Agisoft Photoscan and Inpho UASMaster were both able to 

generate DTMs and orthoimages with similar accuracies. However, Agisoft Photoscan was 

shown to produce marginally higher accuracies in the z-direction. Further remarks concludes 

that Agisoft Photoscan is more user-friendly compared to Inpho UASMaster due to a pleasant 

user-interface, highly automated processing steps, and a straightforward workflow. 
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1 Introduction 

 

Extracting 3D information of the Earth’s topography has become increasingly sought in the 

last decades for a greater understanding of the Earth’s surface. Due to technological 

advancements and reforming software algorithms, it is now possible to take advantage of 

digital elevation models (DEMs) and geomorphological terrain analysis for geoscience 

purposes (Carrivick et al., 2016). High resolution and accuracy DEMs have contributed to 

detailed analysis of rock slope stability, snow avalanches, glaciology/geomorphological, - and 

geological processes. Today, our understanding of many of these processes would not be 

significantly achievable without the use of 3D spatial data (James & Robson, 2012). 

From traditional surveying methods such as differential GPS to more recently close-range 

remote sensing methods such as airborne and terrestrial laser scanner, these methods have 

revolutionized the accuracy and resolution of DEMs. However, these traditional methods are 

often associated as expensive due to high instrumental cost and demanding due to the 

inaccessibility of many field sites during the surveying process. Complications regarding laser 

scanning are a result of expensive instruments, high logistically cost, and the need for power 

access (Westoby et al., 2012). These are typical problems, especially in the high alpine and 

mountainous areas. Accessing demanding field sites by using an unmanned aerial vehicle 

(UAV) can solve many problems in different situations, which also lowers the cost (Lejot et 

al., 2007). Still, high alpine and distal areas are often associated with poor or no satellite 

coverage, which complicates the use of GPS ground surveying methods. 

Development within technology and computer software have resulted in new computational 

methods for DEM generation such as Structure-from-Motion (SfM) photogrammetry. SfM is 

a photogrammetric range image technique used for high-resolution 3D modeling, where the 

3D information is obtained from sequences of overlapping 2D optical images captured from 

different angles (Kääb et al., 2014; Nolan et al., 2015; Westoby et al., 2012). The scientific 

term; “photogrammetry” is defined by Snavely (2008), as the science of taking 3D 

measurements of the world through photographs. SfM photogrammetry is considered a low-

cost, user-friendly and effective method for geoscience applications. SfM photogrammetry 

was previously done by experts only, and in many situations, a third-party organization had to 

be involved in data acquisition and modeling (James & Robson, 2012; Westoby et al., 2012). 
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The inexpensiveness is one of the main advantages for SfM where a low-grade digital camera 

or even a smartphone camera is suitable for image capturing as long as the images are well 

exposed. Therefore, low-cost makes it suitable for low budget research.  

In traditional photogrammetry, also known as soft copy photogrammetry, there is a 

requirement that camera pose or 3D location of a series of GCPs are known. Camera pose 

refers to both camera position and camera orientation. In the case of known 3D location and 

camera pose, triangulation is used to reconstruct a 3D scene. Contrary, unknown 3D location 

and camera pose can be determined through a camera pose estimation, requiring a known 

position of GCPs. In contrast to traditional photogrammetry, SfM photogrammetry differs 

where neither of the above needs to be known in order to reconstruct a 3D scene. Instead, 

camera pose and scene geometry is solved simultaneously through highly redundant computer 

algorithms implemented within the photogrammetric software packages. (Snavely, 2008; 

Westoby et al., 2012). Here, GCPs are used for georeferencing of the scene, but it is not a 

requirement for scene reconstruction. By transferring more of the reconstruction process to 

the computer software, the SfM photogrammetry method is to be considered user-friendly.  

SfM  photogrammetry has been applied to several studies related to geoscience, such as 

landslide mapping e.g. (Gupta, 2017; Lucieer et al., 2014; Yu et al., 2017), glacial and 

periglacial environments e.g. (Kääb et al., 2014; Mertes et al., 2017; Mölg & Bolch, 2017; 

Ryan et al., 2015; Vargo et al., 2017; Whitehead et al., 2013), snow-related research e.g. 

(Eckerstorfer et al., 2015; Nolan et al., 2015; Peitzsch et al., 2016; Wolken et al., 2016), 

coastal regions e.g. (Brunier et al., 2016; James & Robson, 2012; Ružić et al., 2014) and 

fluvial environments e.g. (Carrivick & Smith, 2019; Fonstad et al., 2013; Javernick et al., 

2014). Where many of the mentioned articles examines the potential of SfM photogrammetry, 

the technique is still developing with expanding variety of application.  

With increasing global temperatures and the highly relevant topic: “climate change” on the 

agenda, it is expected a surge in glacial, - and permafrost related surveying. The importance 

of satellite remote sensing techniques has been significant to observe larger-scale changes 

within cryosphere research. SfM photogrammetry is still relevant due to high detailed 

mapping in smaller areas. SfM photogrammetry has been applied to permafrost environments 

by (Fraser et al., 2015) to investigate changes in geomorphology caused by the effect of 

warming permafrost. The paper also highlights the importance of filling the gap between 

limited resolution satellite imagery and field measurements by using unmanned aerial vehicle 
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(UAV) technology. According to the International Permafrost Association (IPA, 2014), 

permafrost is defined as “ground (soil or rock and included ice or organic material) that 

remains at or below 0 °C for at least two consecutive years”. Factors such as potential CO4 

and CO2 emissions along with changes in wildlife, hydrology, and vegetation reflect the 

importance of permafrost research.  

In this thesis, SfM photogrammetry is performed as a modeling tool for four years on a 

marshland area with underlying layers of permafrost in Suossjavri, Finnmark in the northern 

part of Norway. This area consists of characteristics permafrost landforms called palsas, 

which, according to Borge (2015) has massively reduced the last 60 years due to permafrost 

thawing. These permafrost landforms are an interesting objective for this thesis to see if 

changes are detectable when applying SfM photogrammetry as a time-lapse of four years. 

According to Martin et al. (2019), palsa is a permafrost landform which occurs in a sporadic 

permafrost zone, typically in areas with limited precipitation and mean annual ground 

temperature around 0° C. Furthermore, a palsa is defined as a large peat hummock with a 

frozen core, rising above the surface of a mire (Seppälä, 2006). In addition to performing SfM 

photogrammetry on a marshland, this thesis also attempts to examine three professional 

photogrammetric software packages including, Agisoft Photoscan Pro by Agisoft LLC, Inpho 

UASMaster by Trimble and ContextCapture Master by Bentley. However, an issue regarding 

the license from Bentley systems prevented a successful implementation of the 

ContextCapture software. Also, problems relating Inpho UASMaster version 8.1, which 

originally were used during this thesis was excluded for the benefit of the latest Inpho 

UASMaster version 9.1. Since there are several software packages available made for SfM 

reconstruction, an interesting investigation on how these operates will be examined including 

software convenience and result comparisons.  
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1.1 Aims and objectives 

This study aims to investigate if SfM photogrammetry is an acceptable tool for studying the 

changes of palsas over time in the marshland area within a threshold of 10 centimeters in x, y, 

and z-direction. The aim will be answered by generating digital terrain models (DTMs) and 

orthoimages from four years and analyzing the model's accuracies to relate to the changes in 

the palsas due to permafrost thawing. Two photogrammetric software packages (Agisoft 

Photoscan and Inpho UASMaster) were used to investigate differences in accuracy and to 

determine whether the choice of photogrammetric software matters in research contexts. That 

includes an extensive review of SfM technology along with both software packages. 

Analyzing the generated DTMs and orthoimage accuracy was achieved through analytical 

methods in GIS (ArcMap) and MatLab, including difference-maps, checkpoint validation, 

terrain profiles, and height accuracy assessment.  
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1.2 Structure of the thesis 

 

The work in this thesis is divided into a total of seven chapters, where each chapter contains 

subchapters, described as sections. The sections describe separate topics or subjects which is 

related to the respective chapter.  

Chapter 1. Introduction: This chapter is meant to introduce SfM photogrammetry, along with 

previous work relating to the same subject, as well as defining the thesis aims and objectives.  

Chapter 2. Area of study: This chapter describes the study area’s geographical setting, along 

with previous research in the respective area.  

Chapter 3. Theory: This chapter presents an overview of the required data and the theory 

behind SfM. Here, an introduction to SfM photogrammetry from image acquisitions to data 

processing is included along with important notations, parameters, and limitations.  

Chapter 4. Methodology: This chapter describes the methodology workflow performed in this 

thesis. That includes image acquisition, processing workflow, ground control point 

measurement and distribution, digital elevation modeling, orthoimage generation, and 

validation approaches.  

Chapter 5. Results: This chapter presents the results from the validation section in chapter 4, 

and additionlly results extracted from the software processing reports.  

Chapter 6. Discussion: This chapter discusses the results from chapter 5, including 

interpretations, data limitations, and reflectance accordingly to previous studies.  

Chapter 7. Conclusion: This chapter presents the main findings in this thesis, along with 

answering the aim of the study.  
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2 Area of study 

2.1 Geographical setting 

Suossjavri is located in Finnmark, the largest and northernmost county in Norway extending 

from 68,39 N to 71,19 N covering an area of 48,637 km2. The county borders with Russia in 

the east, Finnland in the south, Troms county in the west, and the Norwegian Sea and the 

Barents Sea to the north. (Finnmark). The geomorphology of Finnmark county is diverse with 

high alpine mountain areas in the north, several long and wide fjords at the coastal regions, 

and large, dry plateau areas in the south which dominates most of Finnmark county (Askheim, 

2018; Borge et al., 2017). 

The lake of Suossjavri is located in the center of Finnmarksvidda (69,38 N, 24,25 E), roughly 

50 km southwest from Karasjok village and 63 km northeast from Kautokeino village. The 

total area of study covering an area of approximately 1,12 km2 and is situated roughly 300-

320 m.a.s.l. Figure 1 shows the location of Finnmark county and the study area Suossjavri. 

The landscape around Suossjavri is essentially flat with frequently undulating hills and ridges, 

covered by till and moraines. The area is dominated by wet mires situated between low-lying 

plains and ridges. The vegetation of the area is poor, particularly heather and exposed 

mountains (Borge et al., 2017). The area consist of low-laying birch, which particularly is 

dominant close to the river.  

Suossjavri is relevant for research due to the sub-layers of permafrost. According to Farbrot et 

al. (2013) and Gisnås et al. (2013) permafrost underlays about one-fifth of the total land 

surface in Finnmark. Several permafrost landform conditions such as palsas, rock glaciers, 

ice-wedge polygons, and ice-core moraines are interesting objectives for permafrost research. 

In northern Norway, palsa is the most common permafrost landform (Borge, 2015; Lilleøren 

& Etzelmüller, 2011).  
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Figure 1. Study area of Suossjavri (red dot) located in Finnmark (red square) northern Norway. (Maps and the 

orthoimage is provided by the Norwegian Mapping Authority)  

 

2.2 Previous research around Suossjavri 

The latest research on permafrost in Suossjavri is initiated as part of larger-scale 

investigations of the serious ongoing threat of thawing permafrost in Fennoscandia. Palsa 

mires constitute a great threat to the ecosystem due to containing greenhouse gases such as 

carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O), which preserves within the 

sub-layers of ice. The effect of the release of these greenhouse gases is known as the 

“permafrost-carbon feedback” and is an aggravating effect of a warmer global climate (Aas et 

al., 2019; Borge et al., 2017; Schuur et al., 2015). Also, near-surface permafrost thawing can 

pose a great threat to natural resources and impair infrastructure (Hjort et al., 2018). These 

extensive threats have resulted in an ongoing research project: PERMANOR – “Permafrost 

landscapes in transformation” lead by Sebastian Westermann from the University of Oslo.  
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PERMANOR is a cooperative research project between the Department of geoscience, 

University of Oslo, the Bjerknes Centre for Climate Research, Bergen and the German 

Alfred-Wegener-Institute for Polar and Marine Research. This project aims to increase the 

knowledge of the “permafrost-carbon feedback,” which is not satisfactorily represented in 

today's Earth System Models (ESMs) including the Norwegian Earth System Model 

(norESM). This ongoing project includes extensive field observations in northern Norway, 

Svalbard, and Siberia (UiO, 2016). The PERMANOR project has led to the origin of this 

thesis due to the ongoing research and existing drone images over Suossjavri. 

The paper by Borge et al., (2017) has quantified 

the degradation of palsa mires in northern 

Norway for the last 60 years. Figure 2 shows the 

degradation of palsa mires in Suossjavri from 

1956 – 2011, which is based on aerial imagery 

along with field observations. According to Borge 

(2015) the total delineated area of palsa mires in 

Suossjavri was 739817 m2 in 1956, 648695 m2 in 

1982, 553342 m2 in 2003 and 494507 m2 in 2011. 

From 1956 to 2011 the total area of palsas in 

Suossjavri has degraded by 33%. The degradation 

rate is observed to be relatively steady, with an 

increased acceleration rate during the last decade.      

 

  

 

Figure 2. Degradation of palsa mires in Suossjavri 
from 1956 to 2011. Retrieved from (Borge, 2017) 
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3 Theory 

3.1 Image acquisition 

Image acquisition is considered to be uncomplicated without the need for special suited 

cameras. Still, there are several factors to consider for achieving desired results. Usually, the 

acquisition is done by experts to ensure correct camera settings, camera positioning, and 

image frequency. Correct image frequency is crucial to provide enough overlap between 

images, which opens up for 3D modeling, then digital elevation modeling and orthoimage 

generation. There are currently two methods for image acquisition as figure 3 are showing.  

 

Figure 3: Illustration of the two methods for image acquisition in photogrammetry. The convergent method to 
the lefts illustrates the acquisition of overlapping images around the feature of interest, and the plane method 
to the left illustrates the acquisition of overlapping images at constant flight height. 

The convergent method refers to when all images are pointing at the same point in space, 

hence moving around the feature of interest. This method is preferred when capturing specific 

objects or smaller areas. In order to provide stereoscopy, the angle between the line of view 

should approximately stay the same, within an angle of 10-15 degrees. In the case of 

capturing the mire around Suossjavri, the convergent method is not relevant due to the area’s 

shape. Here, the plane method is preferred as the area is planar and more than a square 

kilometer in size. For this approach, images are captured sequentially in a straight line with 

constant flight altitude and usually several flight lines completes the coverage of the area of 

interest. None of the images represent the whole area, but instead every image is a tile of the 

total scene (Girod, 2017).  
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The amount of images needed to reconstruct a 3D scene is dependent on area complexity and 

feature of interest. Capturing enough images with an overlap of at least 67% where all points 

on all objects are seen in a minimum of three images are sufficient for 3D reconstruction 

(Hesse, 2014). Usually, acquiring images for an 80-90% overlap is considered a safer choice 

since going back to field to acquire more may not be possible (Nolan).  

When planning a survey using the plane method, two kinds of overlap are to be considered. 

Figure 4 illustrates the intra- and inter-band overlap along with the plane method flight line 

seen from above. The intra-band overlap is the overlap between following images on the same 

flight line, while the inter-band overlap is between images of neighboring flight line. The 

inter-band overlap is important to link images together when capturing at several flight lines. 

It provides additional points of view and can help detect hidden objects and provide extra data 

to prevent holes within the scene. For security reasons and to confront the different elevation 

differences, it is advised to provide an intra-band overlap of 80 % and an inter-band overlap 

of 60 %. (Girod, 2017; Hesse, 2014). 

 

Figure 4: Intra- and inter-band overlap of images. Illustration to the left shows the plane method flight line 
from above, including flight direction and overlap scenarios. To the right, another illustration of intra- and 
inter-band overlap, with arrows indicating flight direction. 
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3.1.1 Important parameters 

In order to achieve desired results, there are several parameters needed to be taken into 

account. For most surveys, demanding a certain resolution or ground sampling distance 

(GSD) is important as it will affect the accuracy of the survey. Digital images consist of grids 

of colored square pixels, and the size of these pixels projected on the surface of the scene is 

defined as the GSD. In a simpler term; the GSD is the in-terrain distance between the center 

of a pixel, to the center of a neighboring pixel. Here, a pixel is the same as a sample (Girod, 

2017). The size of the GSD is dependent on survey purpose, as studying smaller objects 

demands a certain GSD. Calculation of GSD is dependent on the following parameters: 

 

• The camera’s sensor pixel matrix spacing 

SzPix (in mm). The relationship between 

sensor width (mm) and image width (pix). 

(SensorWidth/ImageWidth) 

• The camera’s focal length Foc (in mm) 

• The flight height, distance from the camera 

to the surface H (in m) 

 

Calculation of GSD (in m) can be done following 

this formula: GSD = 
H∗SzPix

Foc
 

 

Providing sufficient overlap between images is crucial in order for scene reconstruction, and 

needs to be considered when planning a survey. Acquiring images using the plane method, the 

intra-band and inter-band overlap can be determined to make sure the overlap is sufficient for 

the purpose. The intra- and inter-band overlap can be calculated by the following parameters: 

 

 

 

Figure 5. All the relevant factors for 

calculation of Ground Sampling 

Distance (GSD). Retrieved from: 

(PropellerAero, 2018) 
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• The distance between two consecutive images (called Base) B (in m)  

o Base (B) can be computed by the following parameters:  

- The velocity (V) of the flight (in m/s) 

- The frequency of image capturing (time between two images) Freq (in 

Hz) 

- Base can be computed following this formula: B = 
V

Freq
 

 

• The size of the sensor in the direction of the flight SzY (in pixels). 

• The distance between two lines of image capturing (inter-band base) D (in m). 

• The size of the sensor across the direction of the flight SzX (in pixels). 

• Ground sampling distance (GSD). 

 

The intra, - and inter-band overlaps can be calculated using the following formulas: 

 

- Intra-band overlap (in %) = (1 − 
B

GSD∗SzY
) ∗ 100   

- Inter-band overlap (in %) = (1 − 
D

GSD∗SzX
) ∗ 100 

  

Figure 6. Illustration of two following images and their overlap, along with all the relevant parameters in 
order for overlap calculation. Retrieved from: (Girod, 2018) 
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3.1.2 Acquisition and limitations 

 

There are several limitations to SfM photogrammetry regarding camera properties, image 

acquisition and the surface of the study area. The method itself does not apply to every 

surface type, and this is often causing problems during reconstruction of a scene. Transparent, 

shiny and reflective objects are usually causing problems during image matching due to the 

different appearances when seen from different angles. Hence, water surfaces, with 

continuously changing texture are causing problems during image matching and should 

preferably be avoided.    

The sensor of the camera is dependent on enough incoming light. Hence, the acquisition is 

often limited to daytime only. Correct exposure simplifies the image matching and should be 

achieved without the use of camera lightning. Capturing during daytime, with partial cloud 

cover is often the best circumstances to achieve a good exposure. Direct sunlight can create 

black shadows which can limit the visibility of details in shadow areas. The camera itself has 

limitations to exposure, which refers to the amount of incoming light that enters the camera 

and hits the camera sensor. The exposure, the darkness or brightness of an image are 

dependent on the camera aperture, shutter speed, and ISO settings. The aperture of the camera 

refers to the opening of the lens in which the light passes through the sensor. Larger aperture 

equals more light and vice versa. The shutter speed of the camera refers to the time the 

camera uses when taking an image. The longer the shutter speed is, the more incoming light 

hits the sensor. The ISO refers to how sensitive the camera sensor is to incoming light. Lower 

ISO settings equals less light sensitivity (Carrol, 2016). As these fundamental camera factors 

are dependent on the image exposure, they are all relative to one another. Achieving desired 

exposure requires a balanced aperture, shutter speed, and ISO settings.  
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Image enhancement or histogram manipulation can be used to verify or improve the exposure 

of the images before the reconstruction process. Usually, it is preferred to acquire images 

during suitable conditions so that manipulation of images is not necessary. In some cases, 

dark shadow areas may appear completely black and bright snowy/icy areas may appear 

completely white. This may cause problems during reconstruction where the software is not 

able to recognize features in the images and may result in holes without data. Figure 7 

illustrates different brightness and contrast values, where the balanced values are preferred 

(7c). The histogram is used to verify whether the images are suitable for processing or not. 

 

Figure 7. Image enhancement or histogram manipulation. Image (a) shows an image with too low exposure 
witch reflects on the histogram. Contrarily, image (b) shows too high exposure. Image (c) indicates a preferred, 
balanced, exposed image. The image gray values in the histogram are balanced with most values situated 
between completely black and white.  Retrieved from: (Harrington, 2015). 

 

The image acquisition has limitations other than the exposure. For instance, acquiring images 

using the plane method, usually with a UAV, the camera is in constant movement. This 

usually leads to another problem such as motion blur. Motion blur is the blurring in an image 

caused by a moving object or by a moving camera during acquisition. This effect occurs when 

the movement is significant within the timespan of the camera’s exposure time. When 

acquiring images using the plane method, the images are usually guaranteed to be affected by 

motion blur since the UAV and the camera is in constant movement. In this case, shutter 

speed of the camera should be kept short enough to minimize this effect. An acceptable 

motion blur is set to be less then half a pixel (Girod, 2017). A higher motion blur complicates 

the matching of the images and the quality of the result.  
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It is recommended to use a fixed focal length camera, meaning the focal length is not 

adjustable. That omits the camera lens to be able to zoom in and out during acquisition. A 

fixed focal length carries several advantages related to photogrammetry. For instance, the lens 

usually embraces a higher maximum aperture, meaning higher shutter speed is achievable. 

Besides, the colors tend to be more accurate due to less elements between the feature of 

interest and the image sensor. Lastly, fixed focal length cameras are also less expensive and 

lighter than camera’s with zoom and is preferred for UAV use.  Extreme wide-angle cameras, 

such as GoPro is usually not suitable for SfM photogrammetry. Too large view angle can 

complicate the camera calibration and make it harder to find matching points. It is also 

possible to end up with a warped model, due to the distortion from wide-angle cameras.  

3.2 Camera calibration 

Camera calibration is the process of estimating the intrinsic and extrinsic parameters along 

with distortion parameters in the camera. These parameters are used for image measuring in 

world units and determination of camera position, which is essential for 3D reconstruction. 

Intrinsic parameters refer to the camera's internal characteristics such as focal length, 

principal point, and image skew. Focal length is a primary description of the lens and is the 

distance between the camera's focal point and rear nodal point, as shown in figure 5 in section 

3.1.1. It affects the angle of view and determines how much of the scene is captured. Longer 

focal length equals narrower view angle, and less of the scene is captured, and vice versa. 

Principal point is the intersection between the optical axis and the plane of the sensor, also 

referred to as the optical center. The principal point is rarely perfectly centered on the sensor 

and therefore described as cx and cy as image coordinates, usually with origin at the top left 

corner of the camera sensor. Skew coefficients refer to the parameters describing possible 

shear distortion in an image. In some cases, the pixels are not perfectly 1:1 in aspect ratio, 

indicating skewing in the image axes (Ksimek, 2013).  
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The extrinsic parameters refers to the camera’s focal point position and its optical axis in a 

reference system, given with three coordinate parameters and rotation about the three 

coordinate axis. Here, the intrinsic and extrinsic parameters are used to map the 3D world 

points into 2D points within the image which refers to the camera matrix. The extrinsic 

parameters transform the 3D world coordinates to 3D camera coordinate system, while the 

intrinsic parameters transforms the 3D camera coordinates into 2D image coordinates (figure 

8) (MathWorks) 

 

Figure 8. Intrinsic and extrinsic camera parameters to transform 3D world points to 2D image points. Image to 
the right refers to the camera matrix formula. Retrieved from (MathWorks). 

 

As a camera contains a lens, distortion on the images is usually present. The camera matrix 

does not account for lens distortion and needs to be corrected by the estimated intrinsic 

parameters. The distortion parameters include radial and tangential lens distortion. The radial 

distortion refers to when straight lines appear curved as the line is further away from the 

image center. This effect occurs as incoming light rays bend more at the edges of the lens 

compared to the center. A camera such as GoPro, usually experience high radial distortion 

due to its small lens. The tangential distortion refers to when some parts of the image appear 

nearer than expected and occurs when the optical axis is not perpendicular to the image plane 

(MathWorks).  
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Figure 9. Illustration of radial distortion (barrel) and tangential distortion 
in relation to an original image without distortion. Retrieved from: 
(Davidson, 2013) 

  

 

 

 

The lens distortion is corrected in different ways, but most applied is the Brown distortion 

model (Brown, 1971; Wang et al., 2008), which is also executed in both Agisoft Photoscan 

and Inpho UASMaster. The correction for the distortion is computed by the formulas showed 

below. K0 – K4 refers to the radial distortion coefficients and P1 – P2 refers to the tangential 

distortion coefficients. The r equals the radial distance from a random point to the principal 

point, and x and y are the measured point coordinates referring to the principal point. Here, x’ 

and y’ are the coordinates corrected for lens distortion. 

 

x' = x(K0 + K1r
2 + K2r

4 + K3r
6 + K4r

8) + (P1(r
2+2x2) + 2P2xy) 

y' = y(K0 + K1r
2 + K2r

4 + K3r
6 + K4r

8) + (P2(r
2+2x2) + 2P1xy) 

  



20 

 

3.3 Processing – The SfM workflow 

From traditional photogrammetry to advancement in computer vision, automatic 

computational methods have replaced the approach for 3D reconstruction, which leads up to 

the foundation of SfM technology. Today, there are several software packages available to 

perform the SfM reconstruction approach, both commercial and open-source. The software 

differs mostly by usability, speed, and quality variations (Hesse, 2013), while some offer 

extra options and rendering opportunities. The fundamentals of the software’s are all the same 

and are based on variations of the SfM approach. This section presents the computational 

workflow from image matching to scene reconstruction based on the papers from Snavely 

(2008), Westoby et al. (2012) and Lowe (2004). 

3.3.1 Feature-point detection and image matching 

As the goal is to create a 3D model from a set of overlapping images, the first problem SfM 

addresses is that the 3D location of object features and camera pose is essentially unknown. 

The camera pose refers to both camera position and orientation. The initial step is to identify 

feature points within each image which may be used for image matching. For feature-point 

detection, the Scale-Invariant Feature Transform (SIFT) described by Lowe (2004) is applied. 

This feature-recognition algorithm identifies features within each image independently and is 

not affected by image scaling, rotation, and partially illumination and camera pose. The 

features detected are then converted into scale-invariant coordinates (feature-descriptor), 

allowing the features to match between overlapping images. The number of features points 

detected, is primarily dependent on image sharpness, density, and resolution, combined with 

the texture of the scene (Snavely, 2008; Westoby et al., 2012). Although, according to Lowe 

(2004) a typical image of 500x500 pixels generates about 2000 detectable feature points.  

Following feature detection, feature matching between images is applied by an approximate 

nearest neighbor algorithm that searches for candidates of matching features. Here, a 

matching algorithm approves which candidates are the correct match through a ratio test 

between the matching candidates. For now, this procedure has resulted in a set of assumed 

matching features. However, many of these matches are incorrect due to a not perfectly 

accurate procedure. Fortunately, a possibility to separate the correct and incorrect matches is 

available through the Random Sample Consensus (RANSAC) algorithm. RANSAC is an 

approach, designed for correcting (interpreting or smoothing) a model or a data set that 
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contains a significant percentage of errors (Fischler & Bolles, 1981). In this case, based on 

epipolar geometry (the geometry of stereo vision), there are several geometric relations 

between two distinctive perspective images of the same scene. Considering these geometric 

relations, not all sets of image matches are perfectly reasonable. RANSAC can recognize 

these geometric relations and exclude the present errors to satisfy the epipolar constraint. As 

the images are matched, the matching features are organized into tracks, working as a linking-

network between the images. Lastly, these tracks are used for scene reconstruction. 

3.3.2 Scene reconstruction 

Following the SfM workflow, the bundle adjustment is applied for camera pose estimation 

and scene geometry reconstruction. The bundle adjustment is defined by Triggs et al. (1999) 

as the problem of refining a visual reconstruction to produce jointly optimal structure and 

viewing parameter estimates. Here, a geometric relationship between the matching feature 

tracks and the camera pose is present, similar to the epipolar geometry concept. Camera pose 

is estimated using a similar approach, and the bundle adjustment minimizes the camera pose 

errors using a non-linear least-square approach, similar to RANSAC. As the camera poses are 

determined, triangulation is used to estimate the 3D point position and reconstruct the scene 

geometry (Westoby et al., 2012). Triangulation is the process of determining the position of a 

point through the intersection of rays from known points, which in this case are the camera 

poses. The bundle adjustment has reconstructed the scene into a sparse point cloud, which 

contains the set of matching feature points fixed into a relative coordinate system. By this 

means that 3D position of points are only known through distance and angles relative to each 

other. These computations from feature detection, image matching to scene reconstruction are 

the fundamental of SfM photogrammetry and assent a clear advantage as these processes is 

authorized by the computer software simultaneously.  

As the point positions within the point cloud are only known relative to each other, 

transforming the point cloud into an absolute coordinate system is necessary for DEM and 

orthoimage generation. That is achieved through georeferencing of the dense point cloud by 

manual measurements of GCPs. By measuring GCPs, a seven parameter transformation is 

established between the relative sparse point cloud and the 3D coordinate reference system 

given by the GCPs.  
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As the sparse point cloud contains a limited set of points, further approaches are needed to 

achieve a denser version of the point cloud. Here, the sparse point cloud is used as input by 

applying the Clustering View for Multi-view Stereo (CMVS) algorithm followed by the 

Patch-based Multi-view Stereo (PMVS2) algorithm (Furukawa & Ponce, 2010). CMVS uses 

camera positions to decompose the images into organized clusters at compressed size while 

PMVS2 reconstructs the clusters into 3D data. This process results in a dense point cloud, 

normally 100 times denser than the sparse point cloud (Westoby et al., 2012). 

3.4 DEM and orthoimage generation 

A digital elevation model (DEM) is a 3D digital representation of the Earth’s relief, projected 

into a 2D surface. Each grid cell contains vertical terrain height information or vertical 

distance to a reference surface (Kääb, 2005; Toutin, 2001). A DEM is not a true 3D model 

and some describe it as a 2,5D model (Weibel & Heller, 1991). For DEM generation, there 

are several approaches available. In photogrammetry, a DEM can be generated from both a 

sparse and dense point cloud, but the dense point cloud is preferred for improved accuracy 

and resolution. Here, interpolations of the surface is created from the point data into a raster 

DEM. 

 

Usually, a DEM is a generic term of both DSM (digital surface model) and DTM (digital 

terrain model). A DSM refers to the Earth’s actual boundary between Earth’s surface and 

atmosphere, including vegetation, buildings, features, etc. Contrary, a DTM refers to the 

reduction of a DSM to the terrain, meant to exclude surface features such as vegetation and 

buildings and represent the terrain only. In some situations, a DEM is described as a product 

of DSM where all surfaces feature not representing the terrain are removed. Hence, the same 

as a DTM. To avoid misconceptions, this thesis will distinguish the term DSM and DTM only 

as shown in figure 10.  
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Figure 10. Illustration of the distinction between a Digital Surface Model (DSM) and a Digital Terrain Model 
(DTM) Retrieved from (Geoimage, 2017) 

 

The generation of an orthoimage is used as a visualization tool for accurate measurements of 

horizontal distances, angles, and areas. An orthoimage is a geometrically corrected image 

with a uniform scale that is free from distortion. It is extracted as if all points and features on 

the image has been photographed from directly above.  It is an accurate representation of the 

surface corrected for topographic relief, camera tilt and lens distortion.  

 

The original images of the feature of interest with estimated camera orientation and an 

accurate DEM are used as requisites for orthoimage generation. The principle of 

orthorectification is shown in figure 11A. First, the pixel location from the original image is 

transformed into the resulting rectified image. Then the original image pixels are resampled 

into the rectified image as they contain RGB values. This procedure is done to every image 

from the feature of interest (Methakullachat et al., 2001). The accuracy of the DEM used for 

orthoimage generation is highly important due to its impact on displacements on the 

orthoimage. Any height error within the generated DEM would lead to wrongly projected 

pixel cells to the orthoimage, and projection error will be present, as shown in figure 11B. 
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Figure 11. Figure 11A illustrates the principle of orthorectification from an original image and a generated DEM. 
Retrieved from: (satimagingcorp). Figure 11B illustrates how an incorrect DEM leads to projection errors in the 
orthoimage. Retrieved from: (Jonassen, 2017) 
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4 Methodology 

 

This chapter presents how the data was acquired and how the analysis was done in this thesis. 

Firstly, an overview of the image acquisition is presented. Further, the processing workflow is 

described. Lastly, the validation approach for this thesis is presented.  

4.1 Image Acquisition 

The drone Camflight C8 Rotor Wing UAV made by the Norwegian company ByggControl 

was used for surveying in this project. The drone is owned by the University of Oslo and is 

used for several projects related to SfM photogrammetry. The drone is advertised as electric 

power-driven, weighs less than 10 kg and has a diameter of about 1,2 meters. It is also 

announced with high stability during strong winds. Instruments such as GNSS (GPS)/INS 

(inertial navigation system) and flight controller are consecutive to the drone (Sundheim & 

Andresen, 2016). 

A Nikon Coolpix A digital camera attached to the drone is used for image capturing. The 

camera has an APS-C CCD sensor with an 18,5 mm (28 mm equivalent) fixed F2.8 lens. ISO 

sensitivity settings ranging from 100 – 6400 (with 12800 and 25600 equivalent extension 

settings). Due to the fixed focal length, large sensor and the modest size of the camera makes 

it suitable for image acquisition (Butler, 2013). Table 1 shows the camera parameters and 

setting used for this study.  

 

Table 1. List of the camera parameters and camera settings for all the years. 

Year Model 
Sensor 
resolution 

Focal length Shutter speed ISO - speed 
Max 
aperture 

2015 Coolpix A 4928 x 3264 18,5 mm 1/640 sec 200 3 

2016 Coolpix A 4929 x 3264 18,5 mm 1/640 sec 200 3 

2017 Coolpix A 4930 x 3264 18,5 mm 1/640 sec 250 3 

2018 Coolpix A 4931 x 3264 18,5 mm 1/640 sec 160 3 
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The planning and the remote management of the flight was done by the computer using the 

Windows application Virtual Cockpit version 2. 5. 2. This software allows the user to 

program the flight in advance to ensure sufficient overlaps between flight lines/strips, and 

sufficient settings such as altitude, airspeed, and image frequency. The drone was 

programmed to fly at the same flight line at 120 meters above the ground. Airspeed was set to 

6 m/s with one image taken every 3 seconds. This generated an intra-band overlap of 80% and 

the distance between the flight lines generated and inter-band overlap of 30%. Details 

regarding flight summary from all the preceding years are labeled in Table 2 below. The 

increased number of images from 2016 and later is due to an extra cross strip over the study 

area. Figure 12 illustrates the flight lines the for image acquisition.  

 

Table 2. Flight summary derived from virtual cockpit data - and event logs from all the consequent years 

Flight log Takeoff Landing Flight time 
Average 
airspeed 

Average 
altitude 

Number 
of images 

2015 02.09.2015 10:20 02.09.2015 10:54 
34 minutes, 
08 seconds 

5.8 m/s 440.8 m 489 

2016 08.09.2016 14:36 08.09.2016 15:13 
36 minutes, 
58 seconds 

5.6 m/s 425,8 m 660 

2017 03.09.2017 14:44 03.09.2017 15:24 
39 minutes, 
35 seconds 

5.6 m/s 422,3 m 688 

2018 05.09.2018 17:15 05.09.2018 17:54 
38 minutes, 
32 seconds 

5,7 m/s 428,1 m 674 
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Figure 12. Flight lines for the image acquisition. The cross strip in the south was added in 2016. A generated 
orthoimage is used as a base map.  

4.2 Processing workflow 

This section presents the three software packages used, along with the processing workflow. 

Agisoft Photoscan version 1.3.4 by Agisoft LLC (http://www.agisoft.com/), Inpho 

UASMaster version 9.1 by Trimble (https://geospatial.trimble.com/) and Bentley 

ContextCapture Master (https://www.bentley.com/) was used as the SfM software in this 

thesis. However, problems relating to an expired license from the Bentley system prevented 

further completion, and therefore ContextCapture was excluded from this thesis. There are 

several similarities regarding these commercial software packages, such as high automation of 

processes, initiated within a “black-box” context, meaning that important operations are 

hidden for simplicity reasons (Griffiths & Burningham, 2018). Besides this, the software 

packages contain feasible user interfaces that reduce the need for expert knowledge. 

http://www.agisoft.com/
https://geospatial.trimble.com/
https://www.bentley.com/
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Following this section, the processing workflow from both Agisoft Photoscan (4.2.1) and 

Inpho UASMaster (4.2.2) is described, along with a description of the excluded 

ContextCapture software. A total of 8 DTMs and orthoimages were derived from Agisoft 

Photoscan and UASMaster with data from 2015, 2016, 2017 and 2018. The same input 

parameters such as images, camera parameter and GCPs were used for the corresponding 

years for comparison purposes. Figure 13 below illustrates a flowchart for the performed 

operations in both software packages. 

 

Figure 13. Flowchart of the performed operations from Agisoft Photoscan and Inpho UASMaster. 
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4.2.1 Agisoft Photoscan 

The steps listed below are the actual workflow performed in this thesis. The workflow is 

based on the user manual (Agisoft, 2018) and the beginner tutorial (Agisoft) along with 

recommendations from the supervisor. Below is a screenshot of the Agisoft Photoscan 

interface. 

 

Figure 14. Screenshot of the Agisoft Photoscan interface during processing.   

 

 

1. Reference settings. Adjusting the 

program settings to satisfy the 

project purpose is recommended 

before starting a new project. Here, 

the coordinate system is defined as 

WGS 84 / UTM zone 35N. Camera 

rotation angle, measurement 

accuracy, and ground altitude is set 

as default.  

 

 

Figure 15. Screenshot of the Agisoft Photoscan 
reference settings window.  
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2. Add photos. The images acquired are loaded to indicate what images will be used for 

further processing. Parameters such as camera position and rotation are not defined as 

Agisoft Photoscan solves this through the implemented SfM algorithms during the 

Align photos step.  

 

 

3. Align photos. Here, the SfM workflow 

approach is performed to build a sparse 

point cloud, as described in section 3.3. 

First, SIFT is applied to detect feature 

points followed by an image matching 

approach. RANSAC detects and excludes 

matching errors, and finally, bundle 

adjustment estimates the camera positions 

and orientations to build a sparse point 

cloud fixed to a relative coordinate system. In Agisoft Photoscan, this is one out of 

three steps which are considered time-consuming. In this study, the Align photos step 

takes between 30 and 50 minutes approximately.  

 

4. Measure GCPs. Georeferencing of the model is achieved through manual 

measurements of GCPs. This is done by importing the GCP coordinate file, containing 

the ID along with N, E and H coordinates and estimated accuracies. The GCP location 

is manually measured in each relevant image. Based on all measured GCPs, a set of 

transformation parameters (7-parameters) is estimated by a least-square adjustment, 

and the model is transformed from a relative coordinate system to an absolute map 

coordinate system. Manually measurement of GCPs is a time-consuming process as in 

this study, between 30 and 40 GCPs are each measured on 5-10 images. However, 

when three GCPs are measured, the Optimize camera bottom calculates an 

approximate transformation along with the position of the remaining GCPs, which 

exceedingly speeds up the process of the search for the exact position.  

 

 

 

Figure 16. Screenshot of the Align photos 
command  
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5. Optimize cameras. As Agisoft Photoscan estimates camera orientation during Align 

Photo step by using the original images alone, slight errors may occur on the 

generated sparse point cloud. Here, the sparse point clouds coordinates along with 

camera parameters are adjusted based on the measured GCPs. Agisoft Photoscan 

generates a processing report of the results from the GCP transformation with 

estimated residuals. 

 

6. Build dense point cloud. Based on the 

estimated camera positions, Agisoft 

Photoscan calculates depth information 

for each original image pair to be 

combined into a dense point cloud. 

Whether the software uses Dr. 

Furukawa’s CMVS and PMVS2 

approach is not revealed by Agisoft, but 

reasonably a similar approach is applied. However, Agisoft Photoscan tends to 

produce very dense point clouds as this study showed that the dense point cloud is 

more than 500 times denser than the sparse point cloud. A total of approximately 350 

million points. This study found that the “build dense point cloud” step is the most 

time-consuming process in Agisoft Photoscan, taking about 3 to 4 hours in this case.  

 

 

7. Classify ground points. Considering 

this thesis operates in a permafrost 

location where the surface terrain is 

within research interest, extracting a 

DTM rather than a DSM is preferred. 

Agisoft Photoscan offers an automatic 

classification of the dense point cloud 

into different classes based on the 

elevation between neighbor points, and 

manually classification of dense point 

cloud. The classification of ground 

Figure 17. Screenshot of the Build Dense Point 
Cloud command 

Figure 18. Screenshot of the point cloud classification 
process. Here, ground points only is classified.  
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points was performed automatically, where every point above 15° in regards to a 

neighboring point within a distance of one meter is removed and not considered as a 

ground point. 

 

 

8. Build DEM. The final DTM is extracted from the dense points cloud. Ground points 

only are selected for the extraction of a DTM. This step projects the dense point cloud 

into a gridded surface map with elevation information within each cell of a specific 

size. The DTM can be exported in various formats and grid sizes.  

 

 

 

 

9. Build orthomosaic. The final step is to generate an orthoimage with a given 

resolution based on the original images, the estimated camera orientations, and the 

generated DTM. The orthoimage can be exported in various formats and grid sizes.  

 

 

 

 

 

Figure 19. Screenshot of the Build DEM process. Point classes is defined as ground points only 
for extraction of a DTM. 
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4.2.2 Inpho UASMaster 

The workflow from the Inpho UASMaster software is described and listed below. The 

workflow performed in this thesis is based on UASMaster user manual (UASMaster, 2016) 

and Trimble geospatial online video tutorials. Below is a screenshot of the UASMaster 

version 9.1 interface.  

 

Figure 20. Screenshot of the UASMaster interface. A model is shown to the left and the processing workflow 
steps are shown to the right. 

 

 

1. Project setup. The first step is to define the project settings. That includes defining a 

coordinate system, camera parameters, import images, import camera 

position/orientation, and GCPs. The coordinate system is defined as WGS 84 / UTM 

zone 35N. Camera parameters, including Camera ID, sensor type, brand, sensor width, 

and height, is imported. After images are imported, preliminary orientation 

parameters, based on the GNSS positions of the drone, and its corresponding 

orientation estimate is added. Lastly, the GCPs are imported. Inpho UASMaster does 

not offer automatic estimation of preliminary camera orientation and position like 

Agisoft Photoscan. 
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2. Georeferencing Block window. Following the project setup, further processing takes 

place in a separate window called the “georeferencing block window.” Here, the 

processing steps of tie point extraction, GCP measurements, and computation of 

exterior orientation with camera calibration takes place.  

 

Figure 22. Screenshot of the UASMaster georeferencing block window.  

Figure 21. Screenshot of the Inpho UASMaster project setup 
window.  
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3. Acquire tie-point: The extraction process is dependent on the selected resolution 

settings (default settings, full-resolution, half-resolution or low-resolution). In this 

case, full-resolution were selected which extracts tie points at a pixel size of 1:1. The 

tie-point extraction is done by a SIFT operator, similar to the SIFT-algorithm followed 

by a blunder detection. The blunder detection is similar to the RANSAC algorithm 

where errors (blunders) are detected and later corrected or excluded from the model 

(traverse-pc). In contrast to Agisoft Photoscan, an image matching approach is not 

present as camera position, and orientation must be defined in the project setup. 

Lastly, a sparse point cloud is built by using referred camera position and orientation 

through the bundle adjustment. The sparse point cloud is fixed into a relative 

coordinate system containing approximately 40 000 matching feature points. In this 

study, the Acquire tie-point step was the most time-consuming process in Inpho 

UASMaster with about 2 – 4 hours. 

 

4. Measurement of GCPs. Georeferencing is done by manual measurements of GCPs. 

GCPs can either be measured before tie point extraction or after. In this case, a total of 

five GCPs were measured beforehand, to stabilize tie-point extraction as difficulties 

are expected. The rest of the GCPs were measured after tie-point extraction to speed 

up the process as the relative position of the GCPs are indicated. The sparse point 

cloud is transformed from a relative coordinate system to the absolute reference 

coordinate system. Measurements of the GCPs are a time-consuming process, similar 

to Agisoft Photoscan. UASMaster generates a processing report of the results from the 

GCP transformation with estimated residuals. 

  

5. Orientate – Compute exterior orientation. The orientate dialog includes options to 

run orientation adjustments only (optional) and adjustments including camera 

calibration such as principal point, focal length and distortion coefficient. The 

orientate settings were set as default allowing adjustments for both orientation and 

camera calibration based on the measured GCPs. This is a quick process, which takes 

about 5 – 10 minutes.  
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6. Radiometric Optimization. Inpho UASMaster offers a quick and simple approach to 

reduce differences in brightness and contrast levels between overlapping images. An 

individual image often suffers from “vignetting,” which is a term where image 

brightness reduces towards the image edges compared to the center. This effect is 

often visually present when extracting an orthoimage where darker strips following 

the flight line is evident. Radiometric Optimization corrects these brightness and 

contrast levels, resulting in a smoother and finer look of the orthoimage.  

 

7. Point cloud manager. Further processing takes place in a separate window called the 

“Point cloud manager.” Here, the further processing steps including Surface 

generation and Orthoimage generation requires completed steps within the 

“georeferencing block window.”  

 

Figure 23. Screenshot of the UASMaster Point Cloud Manager 
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8. Surface Generation. The final DTM is generated as a point cloud from the images. 

Here, “Terrain” was chosen as the model type for DTM generation. DTM is extracted 

automatically in UASMaster without the need for manual classification of the point 

cloud. UASMaster extracts the DTM as a point cloud LAS-file and is further 

converted to raster within ArcMap for analysis. In this study, the surface generation 

took about 20 – 30 minutes.  

 

Figure 24. Screenshot of UASMaster surface generation 

 

9. Orthophoto generation. Finally, an orthoimage is generated based on the original 

images with the estimated camera orientation and the generated point cloud. The 

orthoimage generation process took about 15 – 20 minutes in this study.  
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4.2.3 Processing time 

Table 3 shows the total processing time for all processes for Agisoft Photoscan and Inpho 

UASMaster in this study. Here, the time for measurement of GCPs are not included. The 

processing time is dependent on the amount of input data along with computer specifications. 

The computer specifications are listed below.  

Full computer name: PCGEO145.uio.no  

Operating system: Microsoft Windows 7 Enterprise Edition 64 – bit version 6.1.  

Processor: Intel(R) Xeon(R) CPU E5-2640@ 2.60 GHz  

RAM: 32 GB 

Graphic card: NVIDIA Quadro K4200 

Table 3. List of total processing time for Agisoft Photoscan and Inpho UASMaster.  

  2015 2016 2017 2018 

Agisoft Photoscan 5h:27m 6h:44m 6h:53m 7h:04m 

Inpho UASMaster 3h:50m 4h:36m 5h:09m 4h:56m 
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4.2.4 Bentley ContextCapture 

Like Agisoft Photoscan and Inpho UASMaster, the ContextCapture Master is a complete 

photogrammetric software for 3D modeling of overlapping images. However, this software 

was excluded due to license issues, and the following detailed workflow is not presented. 

ContextCapture is specially designed for 3D visualization of infrastructure-related aspects, so 

it is advertised to handle extremely large datasets. A standard workflow is similar to Agisoft 

Photoscan and UASMaster and typically starts by importing images with the opportunity to 

define camera positions, and orientations, etc. much like UASMaster. However, defining 

camera positions and orientations is not necessary as ContextCapture solves this 

automatically through aerotriangulation, similar to Agisoft Photoscan’s Align Photos. 

Aerotriangulation generates a sparse point cloud of matching feature points fixed into a 

relative coordinate system. Georeferencing of the sparse point cloud is achieved through GCP 

measurement to transform the model into an absolute coordinate system. Finally, 

reconstruction transforms the sparse point cloud to a DEM and orthoimage simultaneously or 

the desired 3D framework (Bentley, 2016).  

The workflow in ContextCapture is highly automated as a DEM and orthoimage can be 

generated in three stages; import photos, aerotriangulation, and reconstruction, with 

opportunities for further definitions such as camera position/orientation and GCP 

measurements. However, the workflow is similar to the previous software’s as the stages are 

initiated within a black-box content. In contrast, ContextCapture offers replacement of the 

interface by commands to a Python API. This command-line approach usually permits greater 

control on every processing step, but simultaneously requires experience and knowledge.  
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4.3 GCP measurement and distribution 

GCPs are measured for all the years and distributed in regards to both even spreading and the 

palsa locations due to the interest in palsa research. Both natural and artificial features are 

measured and used for GCPs. The artificial features are A3 papers containing a black cross, 

which are clearly visible in the images. Natural GCPs such as visible stones and tree stumps 

are measured in consideration of using the same GCPs for several years in the data 

processing. 

The GCPs are measured by using a GNSS (dGPS) receiver connected to the Norwegian 

mapping authorities CPOS service for positional correction. CPOS is a positioning service 

providing centimeter accuracy coordinate results without the need for an own reference base 

station. This service is a network real-time kinematic (RTK) system, using virtual reference 

stations (VRS) based on data from the Norwegian mapping authorities base-station network 

and the user's preliminary position. This service is allowing the GCP position to be measured 

accurately and effectively with an assumed accuracy of < 14 mm in the x-y direction and < 30 

mm in the z-direction with a 66 % probability. For 95 % probability the assumed accuracy 

equals < 28 mm in x-y direction and 60 mm in z-direction (Kartverket, 2019). 

The available GCPs are used during data processing with an intention to georeference the 

models. During georeferencing, the estimated 3D points are transformed using a seven - 

parameter transformation, also known as the Helmert transformation (Watson, 2006). The 

Helmert transformation transforms a set of points from one reference system (datum) to 

another by rotation, scaling, and translation, as shown in the formula below. Here, N,E,H are 

the transformed coordinates, x,y,z are the translation vector, s is the scale factor, r is the 

rotation matrix and X,Y,Z are the initially measured coordinates.  
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When measuring GCPs during georeferencing, the software automatically calculates a current 

residual and a root mean square error (RMSE), based on the agreement of the dGPS 

coordinates versus the transformed coordinates. The residuals and the RMSE are used to 

verify whether the GCP placement is appropriate or not. Here, residuals are the difference 

between the estimated GCP location and the actual GCP location. RMSE is the standard 

deviation of the residuals, meaning a measure of how spread out the residuals are (Knippers, 

2009; SuperGeoTek). The full list of GCP residuals and total RMSE for all the processings 

are shown in Appendix B.  

Figure 25 shows the distribution of the GCPs used for 2015 and 2016, and figure 26 shows 

the distribution of the GCPs used for 2017 and 2018. Here, the goal was to measure as many 

GCPs as possible, with even spreading to georeference and stabilize the models. However, the 

same GCPs were not used for all the years as each year contains artificial GCPs, which 

complicates the use of the same in different years. Also, some GCPs were excluded in regard 

to the implementation of checkpoint validation as part of the result analysis. In this thesis, 

checkpoints and GCPs are the same type of points but are distinguished as a GCP is used 

within the data processing, while a checkpoint is a GCP not used within the data processing. 

A total of 30 GCPs were used for 2015, 40 GCPs used for 2016, 33 GCPs used for 2017, and 

37 GCPs used for 2018. 
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Figure 25. Distribution of GCPs used 
for georeferencing of the generated 
models from 2015 and 2016. A 
generated orthoimage from 2018 is 
used as a base map 
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Figure 26. Distribution of GCPs used 
for georeferencing of the generated 
models from 2017 and 2018. A 
generated orthoimage from 2018 is 
used as a base map 
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4.4 Validation 

This section is meant to describe the methods applied to achieve the results in the following 

chapter. Validation of the generated DTMs and orthoimages were initiated in consideration of 

analyzing the accuracy in regards to SfM implementation on marshlands, as well as 

examining the two photogrammetric software packages.  

4.4.1 GCP residuals and RMSE 

The first approach to verify successful processing execution is verification of the coordinate 

transformation from the image-system to the map reference system by means of the measured 

GCPs. The transformation agreement is solved automatically by the software and is presented 

in the generated processing reports. The theory behind the transformation agreement is 

previously described in section 4.3. The results are presented in section 5.1. 

4.4.2 DTM difference-maps 

As the generated DTMs are an elevation raster data set where each cell contains elevation 

values, the DTMs are subtracted to one other to create difference-maps. Subtracting a DTM to 

another creates a gridded elevation map where each cell contains elevation differences 

between the contemporarily DTMs. Difference-maps are created between all the Agisoft 

Photoscan DTMs and the corresponding Inpho UASMaster DTMs (section 5.2.1) to 

expressively show elevation differences between the DTMs that in theory should be identical. 

Difference-maps are also created between the Agisoft Photoscan DTMs from the different 

years, and between the Inpho UASMaster DTMs from the different years (section 5.2.2), to 

indicate if an elevation trend is present. Statistical results from the difference-maps are 

included with additionally histograms to show the relation between the number of cells or 

pixels at given elevation difference. 
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4.4.3 Check-point validation 

Checkpoint validation was performed to show deviations of coordinates between the one 

measured with the dGPS and coordinates resulting from the transformation of measured 

checkpoints in images. In this study, checkpoint validation is the main and most solid 

validation approach for DTM accuracy as it is the only approach using a tolerable reference, 

which in this case is the checkpoints measured with the dGPS. A total of 10 checkpoints was 

used each year. The checkpoints are a set of natural features that are visible between all the 

years, and therefore the coordinates from the generated orthoimages and DTMs are easily 

measured. The north (y) and east (x) location are measured from the generated orthoimages, 

while the height (z) is interpolated from the generated DTMs by using the respective x and y 

coordinates. The full list of checkpoint coordinates from the dGPS, Agisoft Photoscan, and 

UASMaster are shown in Appendix A, while the results are presented in section 5.3. Figure 

27 shows the location of the checkpoints in every year. Calculating the deviations between the 

points are done by subtracting the measured coordinates with the dGPS coordinates: 

North displacement = North (Agisoft or UASMaster) – North (dGPS) 

East displacement = East (Agisoft or UASMaster) – East (dGPS) 

Height displacement = Height (Agisoft or UASMaster) – Height (dGPS) 

The 3D distance is calculated by Pythagoras theorem giving the 3D distance (d) is the 

distance between dGPS point (x1, y1, z1) and either Agisoft or UASMaster point (x2, y2, z2). 

The distance is calculated by the following formula: 

 

d = √(x2 - x1)2 + (y2 – y1)2 + (z2 – z1)2  
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Figure 27. Distribution of checkpoints used for every year. A generated orthoimage from 2018 is used as a base 
map. 
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4.4.4 Terrain profiles 

Further analysis of the generated DTMs was performed by creating two terrain profiles over 

distinctive areas from the DTMs. The results are shown in section 5.4. Terrain profiles are a 

representation of the topographic relief obtained by referring the elevation along a line to the 

DTM. Terrain profiles are used as an additional elevation difference representation along with 

extensive detail inspections such as noise detection. Terrain profile 1 stretches 186 meters 

across a palsa area while terrain profile 2 stretches 104 meters across a flat area not influenced 

by high vegetation or water as shown in figure 28. The idea behind representing two 

distinctive terrain profiles is to indicate if noticeable elevation differences are detectable 

between several years. As terrain profile 1 stretches above a palsa area, the elevations are 

expected to reduce due to the probably thawing permafrost. Terrain profile 2 is situated in a 

flat area, with minimum affection of disruption such as high vegetation, water, etc. which 

most likely influence the DTM accuracy. Here, minimum elevation differences are expected 

between the years. In general, higher elevation differences are expected in terrain profile 1 

compared to terrain profile 2.  

 

Figure 28. Location of terrain profile 1 and terrain profile 2. Profile 1 stretches 186 meters across a palsa area 
and profile 2 stretches 104 meters across an assumed flat area not influenced by high vegetation and water. A 
generated orthoimage from 2018 is used as a base map. 
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4.4.5 Height accuracy assessment 

Further validation was performed through an accuracy assessment of height values for all the 

generated DTMs. This method is meant to provide extra validation of height accuracy 

between the years and to indicate the agreement between the DTMs generated with the same 

software. For this method, no reference is available for comparison and therefore, Agisoft 

Photoscan DTM 2015 is used for Agisoft reference and UASMaster DTM 2015 is used for 

UASMaster reference. The height difference is therefore in relation to the 2015 DTMs. This 

method is meant to provide accurate height measurements for the relevant bare ground and 

therefore, 30 points were selected with even distribution and without the influence of water 

and vegetation. Figure 29 below shows the location of the points. The results are presented in 

section 5.5.  

 

  
Figure 29. Distribution of points used for height accuracy assessment 
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4.4.6 Camera calibration 

Further analysis was performed by comparing the camera calibration and distortion 

parameters estimated by the software. Camera calibration and distortion parameters are 

determined during the bundle adjustment and are presented in section 5.5 including focal 

length, principal point (cx, cy), radial distortion coefficients (k0 – k4) and tangential 

distortion coefficients (p1, p1). Comparing the estimated parameters between the software 

packages are important as it will affect the generated DTMs and orthoimages. 
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5 Results 

 

This chapter presents the results from the validation, which is described in the previous 

section. A total of eight DTMs and orthoimages were successfully generated, four from 

Agisoft Photoscan and four from Inpho UASMaster.  

5.1 GCP residuals and RMSE 

Table 4 shows the total RMSE for the estimated GCP residuals for all processing scenarios. 

The full list of GCP residuals is shown in Appendix B. The table shows primarily satisfying 

GCP residuals for all processing scenarios, with an RMSE better than 3 cm.  

 

Table 4. RMSE of the GCP residuals from all the processes performed. 

  Total RMSE for GCP residuals 

Processes X (m) Y (m) Z (m) Total (m) 

Agisoft 2015 0,012 0,013 0,012 0,021 

Agisoft 2016 0,012 0,009 0,013 0,020 

Agisoft 2017 0,011 0,012 0,012 0,020 

Agisoft 2018 0,011 0,013 0,012 0,020 

UASMaster 2015 0,019 0,017 0,025 0,025 

UASMaster 2016 0,016 0,016 0,026 0,023 

UASMaster 2017 0,026 0,015 0,030 0,030 

UASMaster 2018 0,016 0,016 0,026 0,023 
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5.2 DTM Difference-maps 

Difference-maps are extracted to visually show the elevation differences between the two 

DTMs, followed by classification statistics. In section 5.2.1, the Agisoft Photoscan DTMs are 

subtracted by the corresponding UASMaster DTMs to indicate the differences between the 

two software packages. In section 5.2.2 the Agisoft Photoscan DTMs are subtracted to one 

another, and the same for UASMaster DTMs to indicate if an elevation trend is present.  

5.2.1 DTM difference – Agisoft Photoscan - Inpho UASMaster 

Figure 30 shows the difference-maps between the corresponding Agisoft DTMs and 

UASMaster DTMs. Positive values refer to that Agisoft DTMs have a higher elevation than 

UASMaster DTMs and vice versa. The two software packages have generated highly similar 

DTMs illustrated with predominantly yellow colors referring to elevation differences between 

-1 to 1 cm. However, high elevation differences are visible in dense forest areas, illustrated 

with negative values as dark green. This indicates that UASMaster has unsuccessfully filtered 

out high vegetation during DTM extraction. Also, high elevation differences are present in the 

river which is expected as no meaningful elevation can be extracted from a water surface.  
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Figure 30. DTM difference between Agisoft Photoscan and Inpho UASMaster for 2015, 2016, 2017 and 2018.  
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Statistical results from the difference-maps between Agisoft Photoscan and Inpho UASMaster 

from figure 30 is shown in figure 32. The difference-maps contain irrelevant elevation 

differences such as water and high vegetation, which will highly influence the statistical 

results. In this case, a mask was created to exclude such irrelevant information with the intent 

to present more precise statistical results relevant to this study. Figure 31 below illustrates the 

masked area used for statistical results.  

 

Figure 31. Black square illustrates the masked area used for statistical results for the difference-maps between 
Agisoft Photoscan and Inpho UASMaster. A generated orthoimage from 2018 is used as a base map.  

 

The histograms in figure 32 show the spread of the total count of pixels at given elevation 

differences. A perfect scenario including two identical DTMs would deploy every pixel at 0 

meters elevation difference. In this case, the histograms show some spread in elevation 

difference, yet most of the pixels are close to 0 meters. According to the statistical results, the 

mean elevation difference ranges from 0,5 - 3,8 cm. However, it is worth noting that mean 

values are not perfectly reasonably as high positive values substitute for low negative values 

and are therefore not an accurate representation of DTM comparison. Standard deviation 

values show an elevation spread from 11,8 – 13,5 cm.  
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Figure 32. Histogram and statistical results from the difference-maps between Agisoft Photoscan and Inpho 
UASMaster (figure 30). Total count of pixels in y-axis ranging from 0 to 10 000 000 and elevation difference in x-
axis ranging from -2 – 2 meters.  
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5.2.2 Separately DTM difference  

Figure 33 shows the difference-maps generated between the Agisoft Photoscan DTMs and 

UASMaster DTMs separately. A first look interpretation indicates highly similar DTMs 

illustrated in yellow. Similar to the Agisoft Photoscan – UASMaster difference-maps in the 

previous section, water, and high vegetation are causing high elevation differences. The 

difference-map between Agisoft 2018 and 2017 shows slightly negative values marked with 

light green in the western part, indicating a small incident of bending of the Agisoft 2018 

DTM. Further interpretations based on these difference-maps only can be difficult as a clear 

elevation trend along the palsa area is not completely visible. Based on these observations, a 

further question arises whether the accuracy of the generated DTMs exceeds what is 

necessary to detect elevation differences due to thawing permafrost with one-year intervals.   

  

 

Figure 33. DTM difference-maps between the generated DTMs from Agisoft Photoscan and the generated 
DTMs for Inpho UASMaster separately.  
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In order to present statistical results from the separate DTM difference-maps, irrelevant 

elevation differences such as water and high vegetation are excluded by narrowing the 

difference-maps to specific areas. In this case, two areas were masked out with distinctive 

purposes shown in figure 34. Mask 1 presents a 90x70 meters area dominated by palsas, while 

mask 2 presents a 150x145 meters flat area dominated by sand and gravel. Statistical results 

from these areas may be used for comparison along with DTM accuracy, as higher elevation 

differences are expected in mask 1 compared to mask 2 where minimum elevation differences 

are expected.    

 

 

Figure 34. Illustration of the masked areas used for statistical results of the separate DTM difference. Mask 1 is 
an area dominated by palsas, while mask 2 is a flat and sandy area. A generated orthoimage from 2018 is used 
as a base map.  
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Histogram and statistical results from the difference-maps of mask 1 and mask 2 are shown in 

figure 35. In general, the statistical results, including min, max, mean, and standard deviation, 

indicating that similar elevation differences are present for every one-year interval. Meaning 

there is no evidence of a specific year showing a sudden difference in elevation. This applies 

to both masks 1 and 2. Further notations show that UASMaster difference-maps experience 

higher elevation difference compared to Agisoft, which accordingly to mean and standard 

deviation values are evident in both mask 1 and 2. Here, it is also important to note that mean 

values may not be reasonable as high values substitute for low values. Comparing the two 

masks shows that mask 1 experiences an overall higher elevation difference than mask 2 

according to the standard deviations. For mask 1, standard deviation values shows 0,065 – 

0,078 meters (Agisoft) and 0,081 – 0,107 meters (UASMaster). Mask 2 shows standard 

deviation values of 0,044 – 0,062 meters (Agisoft) and 0,063 – 0,069 meters (UASMaster). 

These values indicate what is expected, where elevation differences in the palsa area (mask 1) 

are more spread out or dispersed compared to the otherwise flat and sandy area (mask 2). As 

zero or minimum elevation differences were expected in mask 2, the differences detected can 

be an indicator of the overall DTMs accuracy.  



59 

 

 

Figure 35. Histogram and statistical results from the masked areas of the separate difference-maps from (figure 
33). Total count of pixels in y-axis ranging from 0 to 100 000 in mask 1 and 0 to 400 000 in mask 2. Elevation 
difference in x-axis ranging from -1 – 1 meter in both mask 1 and 2.  
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5.3 Checkpoint validation 

Tables 5, 6, 7, and 8 show the results from the checkpoint validation of the DTMs and 

orthoimages deviations related to the dGPS coordinates. The tables show the measured 

deviations in north, east, height and 3D distance between the measured points and the 

reference dGPS. In general, the tables show that north and east displacements are more 

accurate than height displacements, which is evident in both software. Standard deviation 

values show that north and east deviations in Agisoft Photoscan are mainly ranging from 3 - 8 

cm while height deviation ranging from 5 – 12 cm. Standard deviation values from Inpho 

UASMaster show that north and east deviation ranging from 3 – 8 cm and height deviation 

ranging from 8 – 19 cm. Mean values are indicating substantially higher accuracies on the 

DTM deviations. However these values are not reasonable as negative values substitute for 

positive values resulting in mean deviations closer to zero. Standard deviation values show 

that the overall 3D displacements from both software ranging between 5 and 7 cm. The tables 

show no indications whether one software is predominantly more accurate than the other, 

except from 2015 where UASMaster height values showed a standard deviation value of 19,1 

cm. Overall, the results indicate that the software packages have generated DTMs and 

orthoimages with similar accuracy.       

 

Table 5. Checkpoint deviations between Agisoft Photoscan/Inpho UASMaster 2015 and dGPS coordinates. All 
values are shown in meters (m). Statistical results, including mean and standard deviation, are shown at the 
bottom.   

2015         Agisoft Photoscan        Inpho UASMaster   

  North East Height 3D distance  North East Height 3D distance 

SU16_GC17 -0,051  0,035 -0,221  0,230  -0,038 -0,057 -0,296  0,304 

SU16_GC25  0,078  0,107 -0,160  0,208   0,017  0,103 -0,161  0,192 

SU16_GC26  0,002  0,022 -0,034  0,041   0,089  0,048  0,297  0,313 

SU17_GC13  0,029 -0,045  0,138  0,148   0,021 -0,063  0,203  0,213 

SU17_GC14 -0,001 -0,003 -0,093  0,093   0,013 -0,015 -0,154  0,156 

SU17_GC20 -0,002 -0,003  0,012  0,012   0,036  0,103  0,099  0,147 

SU18_GC06 -0,005 -0,011  0,126  0,127   0,022 -0,046  0,142  0,150 

SU18_GC07  0,004 -0,016  0,080  0,082   0,057 -0,091  0,123  0,163 

SU18_GC08 -0,007 -0,163  0,079  0,181   0,037 -0,172  0,076  0,191 

SU18_GC15 -0,037  0,048 -0,045  0,075   -0,222  0,055 -0,121  0,259 

MEAN (m)  0,001 -0,003 -0,012  0,120   0,003 -0,013  0,021  0,209 

SD (σ)  0,035  0,070  0,121  0,072    0,085  0,089  0,191  0,062 

Agisoft2015 – dGPS; UASMaster2015GCP – dGPS 
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Table 6. Checkpoint deviations between Agisoft Photoscan/Inpho UASMaster 2016 and dGPS coordinates. All 
values are shown in meters (m). Statistical results, including mean and standard deviation are shown at the 
bottom.   

2016         Agisoft Photoscan        Inpho UASMaster   

  North East Height 3D distance  North East Height 3D distance 

SU15_GC06  0,129 -0,158  0,174  0,268   0,026 -0,125  0,068  0,144 

SU16_GC26  0,105 -0,069  0,141  0,189   0,085 -0,090  0,168  0,208 

SU17_GC03  0,007 -0,016  0,009  0,020   0,009  0,011 -0,123  0,124 

SU17_GC14  0,016 -0,025 -0,056  0,063   0,048 -0,057 -0,147  0,165 

SU17_GC19  0,000  0,000  0,007  0,007   0,028  0,000 -0,064  0,070 

SU18_GC06  0,013 -0,031  0,081  0,087   0,009 -0,037  0,115  0,121 

SU18_GC09  0,016 -0,016  0,042  0,047   0,080 -0,017  0,069  0,106 

SU18_GC12  0,051 -0,060 -0,036  0,086   0,061  0,037 -0,035  0,079 

SU18_GC13 -0,010 -0,015 -0,037  0,041   0,029 -0,021 -0,012  0,037 

SU18_GC14  0,020 -0,033  0,066  0,077    0,014 -0,050  0,231  0,237 

MEAN (m)  0,035 -0,042  0,039  0,089   0,039 -0,035  0,027  0,129 

SD (σ)  0,046  0,046  0,077  0,080    0,028  0,048  0,124  0,062 

Agisoft2016-dGPS; UASMaster2016-dGPS 

 

 

Table 7. Checkpoint deviations between Agisoft Photoscan/Inpho UASMaster 2017 and dGPS coordinates. All 
values are shown in meters (m). Statistical results, including mean and standard deviation are shown at the 
bottom.   

2017         Agisoft Photoscan        Inpho UASMaster   

  North East Height 3D distance  North East Height 3D distance 

SU15_GC06  0,062 -0,049  0,063  0,101   0,012 -0,127 -0,176  0,218 

SU16_GC1  0,053 -0,013  0,030  0,062   0,082 -0,043  0,137  0,165 

SU16_GC11 -0,009 -0,018 -0,092  0,095   0,020 -0,012 -0,123  0,125 

SU17_GC17  0,017 -0,137  0,018  0,139   0,021 -0,013 -0,050  0,056 

SU16_GC25  0,077  0,017 -0,066  0,103   0,012 -0,013 -0,017  0,024 

SU18_GC08  0,021 -0,154 -0,007  0,155   0,055 -0,141  0,046  0,158 

SU18_GC11  0,011 -0,023 -0,049  0,055  -0,002 -0,041  0,001  0,041 

SU18_GC15 -0,151  0,118 -0,068  0,203  -0,150  0,113 -0,075  0,202 

SU18_GC36 -0,010 -0,057 -0,020  0,061   0,006 -0,024 -0,036  0,044 

SU18_GC41 -0,003 -0,028 -0,001  0,028   -0,013 -0,027 -0,041  0,051 

MEAN (m)  0,007 -0,034 -0,019  0,100   0,004 -0,033 -0,033  0,108 

SD (σ)   0,063  0,076  0,049  0,053    0,061  0,069  0,086  0,073 

Agisoft2017-dGPS; UASMaster2017-dGPS 
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Table 8. Checkpoint deviations between Agisoft Photoscan/Inpho UASMaster 2018 and dGPS coordinates. All 
values are shown in meters (m). Statistical results, including mean and standard deviation, are shown at the 
bottom.   

2018         Agisoft Photoscan        Inpho UASMaster   

  North East Height 3D distance  North East Height 3D distance 

SU15_GC07  0,029 -0,044 -0,006  0,053  -0,038  0,005 -0,110  0,116 

SU16_GC1  0,017 -0,049  0,046  0,069   0,042 -0,027  0,092  0,104 

SU16_GC2  0,083  0,176  0,017  0,195   0,046  0,180  0,053  0,193 

SU16_GC8  0,078 -0,171  0,033  0,190   0,012 -0,061  0,064  0,089 

SU16_GC25  0,000  0,000 -0,033  0,033  -0,014 -0,001  0,004  0,015 

SU17_GC08  0,000  0,000  0,057  0,057   0,004 -0,004  0,054  0,054 

SU17_GC19  0,000  0,000  0,024  0,024   0,053 -0,095 -0,146  0,182 

SU18_GC13  0,000  0,000  0,000  0,000  -0,002  0,010 -0,039  0,041 

SU17_GC25  0,005 -0,064 -0,196  0,206  -0,018 -0,004 -0,107  0,108 

SU17_GC03  0,037 -0,007  0,059  0,070    0,007  0,031  0,013  0,034 

MEAN (m)  0,025 -0,016  0,000  0,090   0,009  0,003 -0,012  0,094 

SD (σ)    0,032  0,086  0,075  0,077    0,030  0,072  0,084  0,060 

Agisoft2018-dGPS; UASMaster2018-dGPS 
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5.4 Terrain profiles 

Terrain profile 1 from the palsa area are shown in figure 36. The figure illustrates the profiles 

from the different years from both software. Interpretation from the figure shows that both 

Agisoft Photoscan and UASMaster profiles correspond well, indicating that the software 

packages can generate more or less equal DTMs. However, noticeable differences are evident 

such as a general higher noise level from the Agisoft profiles. Noise is a random 

miscorrelated occurrence that reduces the accuracy and is a typical existence on generated 

DEMs. Besides, the Agisoft profiles experience elevation peaks at 120 meters and 175 meters 

for all the years, and at 108 meters for 2017 and 2018, which none are present in either of the 

UASMaster profiles. 

 

 

Figure 36. Terrain profile 1 from the generated DTMs from Agisoft Photoscan and Inpho UASMaster. The 
profiles show high similarities between the two software packages. 
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Terrain profile 2 is shown in figure 37 with all the years from both software packages. Similar 

to the previous section, figure 37 shows that both Agisoft and UASMaster profiles correspond 

well. However, some disproportions between the profiles are visible in 2016 where 

UASMaster profile is situated for the most part above the Agisoft profile with a few 

centimeters. Besides, Agisoft profiles are influenced by a higher noise level compared to the 

UASMaster profiles.  

 

 

Figure 37. Terrain profile 2 from Agisoft Photoscan DTM and Inpho UASMaster DTM from all the years. The 
profiles show high correlation between the two software packages, except noise difference and partially 
elevation differences.  
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Figure 38 shows both profiles 1 and 2 containing every profile, where Agisoft and 

UASMaster are separated. The figure shows that profiles from both Agisoft and UASMaster 

corresponds with all the years. The figure also brings out the noise level comparisons between 

the software packages. The figure itself shows no conclusive interpretations indicating the 

expected results, where higher elevation differences were expected in profile 1 compared to 

profile 2.  

 

 

Figure 38. Terrain profile 1 and terrain profile 2 from Agisoft Photoscan and Inpho UASMaster for all the years. 
Agisoft Photoscan profiles are displayed to the left and Inpho UASMaster profiles are displayed to the right. 
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In order to compare the elevation differences between profile 1 and profile 2, statistical 

analyses, including standard deviation between the differences of one-year interval are 

included and shown in table 9. Standard deviation values from Agisoft Photoscan show that 

terrain profile 1 ranges from 0,072 - 0,091 meters and terrain profile 2 ranges from 0,044 to 

0,064 meters. This means that elevation differences in terrain profile 1 (palsa area) are more 

spread out then terrain profile 2 (flat area). Similar results are shown from UASMaster 

profiles, where terrain profile 1 ranges from 0,087 – 0,118 meters and terrain profile 2 ranges 

from 0,052 – 0,081 meters. The table shows that the highest spread in elevation is between 

2016 and 2015. This is evident in both Agisoft and UASMaster and both profiles 1 and 2.  

 

Table 9. Standard deviation for one-year interval differences. All values are shown in meters. 

  Agisoft Photoscan   Inpho UASMaster 

 
2018-2017 2017-2016 2016-2015   2018-2017 2017-2016 2016-2015 

Profile 1  0,072 0,079 0,091  0,087 0,106 0,118 

Profile 2  0,064 0,044 0,066   0,052 0,070 0,081 
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5.5 Height accuracy assessment 

Table 10 shows the results from the height accuracy assessment where height values from the 

30 evenly spread out points were retreated and related to the 2015 DTMs. Mean values from 

Agisoft Photoscan shows a difference from 4,2 to 6,7 cm related to the 2015 DTM. Standard 

deviation for Agisoft Photoscan shows values of 0,106 (2016), 0,101 (2017) and 0,131 

(2018). UASMaster height values shows mean values from 3,5 – 9,1 cm related to the 

corresponding 2015 DTM. Standard deviation shows values of 0,117 (2016), 0,112 (2017) 

and 0,147 (2018). Standard deviation values show that UASMaster height values are slightly 

more spread out compared to the Agisoft height values.  

Table 10. Height accuracy assessment for all generated DTMs. The 2015 DTM is used as a reference. Mean and 
standard deviation displayed at the bottom. All values are shown in meters.  

        Agisoft Photoscan        Inpho UASMaster 
ID     2015 (Ref)  2016 dif 2017 dif 2018 dif  2015 (Ref) 2016 dif 2017 dif 2018 dif 

1 311,439 -0,117 -0,012 -0,087  311,396 -0,109 -0,029 -0,136 

2 312,706 -0,077 -0,040 -0,011  312,719 -0,066 -0,016 -0,021 

3 313,431 -0,068 0,001 -0,002  313,414 -0,025 0,088 -0,050 

4 310,097 -0,163 -0,093 -0,155  310,135 -0,127 -0,097 -0,113 

5 309,046 -0,321 -0,167 -0,265  309,051 -0,177 -0,134 -0,165 

6 307,580 -0,181 -0,016 -0,079  307,621 -0,143 -0,011 0,008 

7 307,692 -0,222 -0,031 -0,103  307,694 -0,217 -0,010 -0,119 

8 308,635 -0,225 -0,169 -0,203  308,641 -0,204 -0,193 -0,192 

9 308,534 0,090 0,202 0,112  308,370 0,110 0,109 -0,034 

10 307,786 0,019 0,069 -0,054  307,633 0,063 0,001 -0,169 

11 307,561 -0,072 -0,015 -0,091  307,499 -0,041 -0,056 -0,104 

12 308,760 -0,008 -0,001 -0,078  308,790 0,031 0,041 -0,037 

13 308,577 -0,148 -0,137 -0,103  308,596 -0,103 -0,104 -0,100 

14 307,628 0,069 -0,021 -0,106  307,635 0,144 -0,057 -0,124 

15 307,772 -0,040 -0,017 -0,114  307,780 0,006 -0,031 -0,086 

16 307,418 -0,125 -0,094 -0,125  307,398 -0,087 -0,137 -0,154 

17 307,875 -0,083 -0,235 -0,251  307,941 -0,046 -0,128 -0,431 

18 307,813 -0,221 -0,334 -0,164  307,862 -0,365 -0,192 -0,526 

19 307,896 -0,052 -0,140 0,265  307,949 0,189 -0,042 -0,148 

20 310,519 0,007 0,034 -0,021  310,510 -0,042 0,022 0,009 

21 312,036 0,000 0,007 0,108  312,099 0,076 0,111 0,031 

22 311,007 0,009 0,021 0,154  311,074 0,056 0,099 0,140 

23 311,873 -0,008 0,019 0,230  311,918 0,103 0,129 0,112 

24 310,320 -0,051 0,002 -0,050  310,353 -0,045 0,007 -0,046 

25 311,704 -0,038 -0,059 -0,063  311,817 0,021 0,046 0,101 

26 307,987 0,207 0,010 -0,013  307,726 0,027 -0,399 -0,329 

27 308,059 -0,059 -0,079 -0,104  308,063 -0,073 -0,097 -0,123 

28 308,205 -0,071 -0,072 -0,089  308,244 -0,046 -0,065 -0,050 

29 308,358 -0,008 0,073 0,032  308,397 -0,024 0,047 0,064 

30 308,727 -0,054 -0,033 0,185  308,768 0,016 0,044 0,065 

          Mean: -0,067 -0,044 -0,042       Mean: -0,037 -0,035 -0,091 

             SD:  0,106 0,101 0,131           SD: 0,117 0,112 0,147 
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5.6 Camera calibration 

Camera calibration and distortion parameters are shown in Table 11 derived from the 

software processing reports. Skew parameters are not included as they are accessible for the 

Agisoft Photoscan processing reports only. Table 11 shows that intrinsic parameters such as 

focal length and principal point differ slightly between each processing scenario, which is 

evident from both software packages. Radial distortion correction is applied moderately 

different between Agisoft Photoscan and UASMaster. Both are using a balanced correction 

form with coefficients from k1 to k4. However, Agisoft uses a k1 value equal to 1, while 

UASMaster uses a k1 value equal to 0. This means that radial distortion coefficients may not 

be compared directly. 

Table 11. Camera calibration and distortion parameters for Agisoft Photoscan and Inpho UASMaster 8.1 and 
9.1. Principal point x, y (Cx, Cy) in pixels with origo at the top left corner of the camera sensor. Note that radial 
distortion coefficients (K0 – K4) is applied distinctively between the software and are not directly comparable. 
FL is short for focal length. P1 and P2 are tangential distortion coefficients.  

  Agisoft Photoscan   Inpho UASMaster 

  2015 2016 2017 2018   2015 2016 2017 2018 

FL (mm) 18,63 18,3 18,46 18,77   18,62 18,33   18,28   18,85 

FL (pix) 3850,5 3782,1 3813,74 3879,2   3850,04 3790,49   3779,89   3898,73 

Cx (pix) 2478,31 2478,47 2479,28 2479,9   2478,73 2482,73   2479,38   2481.43 

Cy (pix) 1638,58 1639,95 1640,67 1639,64   1636,6 1639,94   1642,48   1640,15 

k0 (pix) 1 1 1 1   0  0   0   0 

k1 (pix) -7,51E-02 -7,26E-02 -7,38E-02 -7,63E-02   -2,16E-02 -2,21E-02  -4,29E-02  -4,28E-02 

k2 (pix) 8,92E-02 7,71E-02 8,70E-02 9,19E-02   7,44E-04 7,93E-04   1,51E-04   1,50E-04 

k3 (pix) -4,24E-02 -1,74E-02 -4,28E-02 -4,41E-02   -9,85E-07 1,23E-07  -2,15E-07  -2,22E-07 

k4 (pix) 2,18E-02 0 2,22E-02 2,29E-02   1,30E-10 1,85E-10   2,94E-10   3,22E-10 

p1 (pix) -1,30E-03 -1,41E-03 -1,33E-03 -1,33E-03   -7,42E-02 -7,40E-02  -1,53E-02  -1,48E-02 

p2 (pix) -1,99E-04 -2,52E-04 -2,05E-04 -1,90E-04   7,68E-03 9,94E-03   1,56E-03   1,48E-03 
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5.7 Previously performed processes 

In the origin of this thesis, an earlier version of Inpho UASMaster was originally used 

(version 8.1). The results generated with this software version was useless in regards to 

accuracy. Figure 39 shows the Inpho UASMaster 8.1 DTM difference-maps relative to the 

Agisoft DTMs. The factors causing the vast errors are primarily unknown, but an attempt to 

solve the issue indicated poor detection of matching feature-point during the acquire tie-point 

operation. However, the advanced Inpho UASMaster version 9.1 was available for usage in 

May 2019, and therefore, version 8.1 was excluded in this thesis. 

 

Figure 39. DTM difference-maps between Agisoft Photoscan and Inpho UASMaster version 8.1 
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6 Discussion 

 

This chapter contains a discussion of the results derived from this thesis. As described in 

chapter 1, this study aims to investigate if SfM photogrammetry is an acceptable tool for 

studying the palsas over time in the marshland area within a threshold of 10 centimeters. The 

discussion divides into two sections; software convenience (6.1) and validation discussion 

(6.2). 

6.1 Software convenience 

As two photogrammetric software packages were used to investigate if the choice of 

photogrammetric software matters in this context, a following discussion of the software 

convenience is included. The photogrammetric software packages Agisoft Photoscan version 

1.3.4 and Inpho UASMaster version 9.1 were used in this thesis. As described in chapter 4, 

both Agisoft Photoscan and Inpho UASMaster undertakes the processing steps within a black-

box content, leaving the operations to the computer, which simultaneously hides the important 

operations. The over-automation of the workflow has in some cases earned a negative 

reputation, highlighted by Griffiths and Burningham (2018) as it gives the user less control 

without opportunities to influence the processing operations. This is based on a comparison 

between an automated commercial software and the open-source software, Micmac, which is 

a free photogrammetric software initiating all commands by scripts within a Python API. The 

paper highlights the importance that workflow commands should be adjusted accordingly to 

topography, which is not the case within commercial software. However, applying different 

scripts based on survey scenarios for every processing step may be impracticable and beyond 

most people's understanding of computer coding. Therefore, commercial software packages 

containing a user-friendly interface propose an exceptional offer for non-computer experts. 

Both Agisoft Photoscan and Inpho UASMaster are designed with a simple feasible workflow 

without the need for detailed knowledge of processing operations. Hence, automation of the 

processing steps is necessary. 
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The user interface and the processing workflow differs in some way between Agisoft 

Photoscan and Inpho UASMaster, and the software convenience and user-friendliness is 

arguably based on user preferences. However, Agisoft Photoscan consists of a straightforward 

user interface with a model view to the right and a workspace to the left. Here, every 

processing step takes place within the same visible window ensuring a pleasant overview of 

the processing steps. The workflow from “Align photos” to DEM and orthoimage generation 

is situated chronologically in a workflow tab providing a reasonably easy outline of the 

workflow order. There is also a minimum amount of predefined project settings required as 

Agisoft Photoscan solves camera poses (position and orientation) automatically during the 

“Align photo” step. In this case, only the coordinate system was specified before continuing 

the processing workflow. On the contrary, Inpho UASMaster requires additional project setup 

definitions such as camera position and orientation and definition of camera properties. 

Additional advanced project setup definitions are available in the same window. In some 

cases, distinguishing the required project settings from the optional advanced settings may 

seem confusing for user beginners. The following workflow such as tie point extraction, GCP 

measurements, and orientations takes place in a separate georeferencing block window which 

may further confuse the track of current progress. According to the UASMaster manual 

(UASMaster, 2016), it is recommended to measure a few GCPs before tie point extraction, 

which contradicts the natural chronological order of the processing workflow. Overall, Inpho 

UASMaster does not require expert knowledge, but confusing project setting definitions and 

workflow progress can arise for user beginners. Agisoft Photoscan is in many cases arguably 

the most convenient software for non-experts due to the straightforward workflow. It is worth 

noting that both software packages are considered user-friendly, and software convenience is 

based on user preferences. A further notation such as processing time is an important 

consideration as these operations are highly time-consuming. In this study, Inpho UASMaster 

proved to deliver approximately 30% faster processing operations compared to Agisoft 

Photoscan. Note that the processing time in section 4.2.3 is the latency for the automated 

operations, where manual operations such as GCP measurements are not included. An 

additional hour approximately should be expected when measuring 30 – 40 GCPs. In some 

cases, the processing time does not matter as both software packages offer optionally batch 

processing where selected operations run consecutively. This opens up the possibility of 

leaving the operations overnight, without the need of being present.  
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However, based on an overall review of both software packages, Agisoft Photoscan is the 

preferred software due to personal preferences as no problems relating to workflow 

processing were present during this work. In this thesis, Inpho UASMaster faced a few 

problems during processing, but a feasible workflow was sufficient once any occurring 

problems were detected.  

6.2 Validation discussion 

Validation of the 8 DTMs and orthoimages generated by Agisoft Photoscan and UASMaster 

was achieved by analytical comparisons such as DTM difference-maps, checkpoint 

validation, terrain profiles, and height accuracy assessment. 

6.2.1 GCP residuals 

GCP residuals is an important validation check as it describes the transformation between the 

actual terrain the generated models. In photogrammetry, a common rule of thumb applies 

relating expected height accuracy of 1 ‰ of flying height in smooth terrain (Ackermann & 

Scheinder, 1992; Kääb, 2005; Wind, 2008). Lower accuracy is expected in steeper terrain, as 

increasingly complex topography has been shown to generate greater height errors (Javernick 

et al., 2014; Jonassen, 2017). In this thesis, the flying height was 120 meters, indicating a 

height accuracy of 1,2 cm as the terrain is quite flat. When considering the residuals from the 

GCPs it is clear that 1,2 cm is an unrealistic number. The magnitude of the standard deviation 

in height is generally 1,2 cm or more, clearly indicating that the height precision is at least 

twice this number. A total RMSE of < 3 cm applies to every process performed with both 

software packages. It is also important to note that the measured GCPs from the RTK – dGPS 

contain inaccuracies as described in section 4.3, with usually lower accuracy in z-direction 

then x– and y-direction. However, as several GCPs are used, the overall mean accuracy of the 

dGPS deviation is close to zero.  

6.2.2 DTM difference-maps 

DTM difference-maps contribute to a first look interpretation of what to expect of the 

similarities between the DTMs. However, DTM difference accounts for height values only, 

and direct height comparison is not always appropriate. Height difference may be caused by 

horizontal displacements which is not detectable within the difference-maps. Furthermore, 
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histogram and statistical results, including minimum, maximum, mean, and standard deviation 

present a numerical pinpoint of the DTM differences. The presence of water and high 

vegetation impacts the statistical results, which is why the DTM difference-maps was masked 

out to reduce these factors. Even though the credibility of the statistical results is 

strengthened, some water surfaces and high vegetation is present, especially from the DTM 

difference-maps between Agisoft and UASMaster from section 5.2.1. Besides, mean values 

from difference-maps are not a reasonable representation of DTM difference. For instance, a 

wrongly georeferenced DTM displayed as tilted, appearing below in one corner and above in 

another corner, regarding a correctly georeferenced DTM may result in a mean elevation 

difference of zero. In this case, negative values compensate for high values. 

The results from the separate DTM difference-maps in section 5.2.2, indicates higher 

elevation differences in the palsa area (mask 1) compared to the flat area (mask 2), during 

one-year intervals. Problems regarding the mask from the palsa area are that the palsa surface 

consists of peat, heather, and in general low vegetation, which impacts the DTM accuracy. 

These vegetation types vary from year to year and also, the time of the fall season. Images 

acquired for this thesis show that vegetation varies from different years. Especially evident 

from 2015 and 2017, where these periods contained additional leaves on the threes. DTM 

difference from the flat area showed in general lower elevation differences due to the minimal 

presence of vegetation. This area consists of mostly sand and gravel with a clear definition of 

the bare ground. The surface differences between the two areas are most likely causing the 

elevation differences and not the actual effect of the permafrost thawing. In regards to DTM 

accuracy, the statistical result from the flat and sandy area is more trustworthy due to less 

vegetation. It is also important to note that it is unknown if this area also changes over time. 

These mentioned factors reflect the difficulty of comparing these models with one-year 

intervals.  

The Agisoft Photoscan DTM from 2018 indicates some influence of bending on the western 

part, also known as bowling. The bowling-effect is a common problem in photogrammetry 

when using vertical images from the plane method. Described by Tournadrea et al. (2015), 

this incident occurs when using an improper camera model and/or a poor set of vertical 

images, leading up to wrongly estimated camera orientations. Usually, a low degree of image 

overlap generates poor estimations of matching feature points leading to poor estimation of 

camera calibration. Besides, inaccurate correction of radial distortion is found to be a 
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common reason for this interference (Griffiths & Burningham, 2018; James & Robson, 2014). 

However, GCP measurements are a common solution for this problem, and according to 

figure XXX in section 4.3, this area is lacking a distribution of GCPs and is assumably a 

reason for the DTM bending. 

6.2.3 Checkpoint validation 

Checkpoint validation is, in theory, an effective method to detect DTM displacements due to 

the reference checkpoints measured with the RTK - dGPS. This approach was also the only 

method using a true reference for validating DTM accuracy. However, the natural checkpoints 

used in this accuracy validation were not used as GCPs, as these are somewhat concealed and 

complex to measure. As mentioned, the images acquired from 2015 and 2017 showed that 

these periods contained additional leaves on the trees, complicating the search for several 

checkpoints. Some of the checkpoints were hidden as a result of this. The images from 2018 

were acquired later on the day in contrast to the previous years, causing extensive shadows 

from the trees due to the descending sun. Here, some of the checkpoints were obscured in 

dark shadow areas and were complicated to measure. Furthermore, the difference in water 

level in the river complicated a few checkpoint measurements as some were located on rocks 

in the lake. Images from 2016 and 2017 showed an increase in water level, covering some of 

the rocks and omitting several checkpoints suitable for this validation approach. However, it 

is important to note that the mentioned problems regarding checkpoints did not have a major 

impact on the measured accuracy, but highlights the complications of finding suitable 

checkpoints for this method. 

6.2.4 Terrain profiles 

Terrain profiles are useful preparations for high-resolution elevation data for DTM 

comparison. These results showed that the profiles from both software packages corresponded 

well, indicating relatively equal DTM generations. Furthermore, two terrain profiles from 

distinctive areas were presented in order for comparisons between the palsa area (profile 1) 

and a flat area (profile 2). Although these results indicated a generally higher elevation 

difference in the palsa area. Here, the same problem as from section 5.2.2 applies, relating the 

presence of low vegetation on the palsas. According to figure XXX, where profiles from 

every year are presented, there is no indication of a clear reduction in the palsa area from 
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2015 – 2018. Considering this, the statistical results showing otherwise is assumably caused 

by higher vegetation on the palsa surface compared to the flat area from mask 2. Further 

interpretations from the terrain profiles showed that Agisoft profiles suffered from noise and 

some random elevation peaks. However, it is important to note that the DTM extraction from 

the software packages might operate distinctively as ground classification was an automatic 

operation. Results from the DTM difference-maps showed that UASMaster failed to filter out 

high vegetation, especially in conditions with dense vegetation close to the lake. It is therefore 

conceivably impossible to comment on the palsas vegetation from the two software packages.   

6.2.5 Height accuracy assessment 

Height accuracy assessment was applied with the purpose of presenting additional height 

accuracy data with 30 points that are not affected by water or vegetation. There was no 

reference available for this method, and therefore all height values were related to the 2015 

DTMs. Standard deviation values showed that Agisoft ranges from 10,1 – 13,1 cm and 

UASMaster ranges from 11,2 – 14,7 cm. According to Kartverket (2019) height values from 

the CPOS service provide measurements of 3 – 6 cm accuracy in z-direction. Simultaneously, 

GCP residuals from Agisoft Photoscan show a transformation agreement of < 1,3 cm in z-

direction and UASMaster shows < 3 cm in z-direction. The poor accuracy derived from the 

height accuracy assessment can be caused by poor GCP measurements during the data 

processing or actual changes on the marchland surface. In the case of the latter, this reflects 

the difficulties of studying a marchland area over time due to uncertainties of references.   

6.2.6 Camera Calibration 

The papers from Griffiths and Burningham (2018) and James & Robson (2014) highlights the 

importance of camera calibration related to the accuracy and especially correct 

parameterization of distortion correction. The problem regarding camera calibration 

comparison in this thesis was the difference in distortion parameter expression between the 

software packages. Both software packages are using the balanced Brown distortion model 

for correction (Brown, 1971). However, radial distortion coefficients are expressed 

differently, making a direct comparison impossible. The radial distortion is usually expressed 

in a graph form, using Brown distortion model for the respective radial distances. Here, the 

radial distortion graph represents the distance of radial distortion on the y-axis against the 
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radial distance on the x-axis. Here, an attempt to express the radial distortion as curves was 

unsuccessfully performed for comparison purposes. Due to the insufficient comparison 

between the distortion parameters, a suggested further investigation on this thesis regarding a 

full review of camera calibration (Brown, 1971; Fraser, 2013; Wiggenhagen, 2002) should be 

undertaken. According to the intrinsic camera calibration results from section 5.6 shows that 

focal length differs by approximately 0,5 mm, and the principal point by 3,5 pixels 

approximately. These changes can be caused by instabilities by the camera itself, or changes 

due to usage over time.  
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7 Conclusion 

This study aimed to investigate if SfM photogrammetry is an acceptable tool for studying the 

palsas over time in the marshland area within a threshold of 10 centimeters in x, y, and z-

direction, using the two photogrammetric software packages; Agisoft Photoscan and Inpho 

UASMaster. From the work of this thesis, the following conclusions have been drawn: 

• Based on the results withdrawn from this thesis concludes that SfM photogrammetry 

is an acceptable tool for studying the palsas over time within a threshold of 10 cm to a 

certain extent. Due to vegetation on the palsa surface, which affects the DTM 

accuracy, and no detection of thawing palsas from 2015 – 2018 was ascertained, this 

thesis concludes that the DTMs z-accuracy exceeded the elevation differences from 

the thawing palsas during one-year intervals. However, the DTMs and orthoimages x 

and y-accuracy was shown to be within the 10 cm threshold for every process from 

both software packages. Due to the acceptable x and y-accuracies, this concludes that 

the orthoimages are the most valid tool for studying the palsas behavior over time 

through visual interpretations and displacement measurements.  

• The work from this thesis concludes that applying SfM photogrammetry as a time-

lapse on a marshland is highly challenging due to variations in water-level and 

vegetations, and the difficulties of using tolerable reference points. Besides, the 

variation in water level can probably affect the palsa height as a result of being 

situated on a marshland.    

• According to the checkpoint validation, which is the only method using a tolerable 

dGPS reference, it showed that both software packages generated DTMs and 

orthoimages with x and y-accuracies of 3 – 8 cm. Here, Agisoft Photoscan showed a 

z-accuracy of 5 – 12 cm, while Inpho UASMaster showed z- accuracies of 8 – 19 cm. 

According to the height accuracy assessment, Agisoft Photoscan showed z-accuracies 

of 10 – 13 cm, while Inpho UASMaster showed z-accuracies of 11 – 14 cm. Here, 

Agisoft Photoscan was shown to produce marginally higher accuracies in z-direction.   
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• This thesis concludes that the choice of photogrammetric software should be based on 

user preference as both software packages were able to generate results with 

predominantly similar accuracy. However, based on personal experience with the 

work from this thesis, a concluding remark proposes that Agisoft Photoscan is more 

user-friendly compared to Inpho UASMaster due to a pleasant user-interface, highly 

automated processing steps, and a straightforward workflow.  

• Further remarks conclude that Agisoft Photoscan offers a better solution for automatic 

DTM generation, due to that Inpho UASMaster failed to filter out high vegetation in 

dense conditions. However, both software packages offer further and additional 

settings for advancement in DTM extraction, which is found to be recommended for 

precise ground classification. 

I encourage further research on improvements within the appliance of Structure-from-Motion 

photogrammetry on marshland areas over time, which this thesis has found to be highly 

challenging regarding accuracy. The reason for this encouragement is that SfM 

photogrammetry is possibly the only logical approach for high-resolution 3D reconstruction 

of a marshland, that still are budget-friendly and uncomplicated. Suggestions for further work 

should deal with tolerable reference points that with high certainty are not moving over time. 

E.g., using nails attached to solid ground if present. Further suggestions should proposedly 

deal with research on minimizing the amount of GCPs without affecting the accuracy, as 

walking around in a marshland area to measure 30 - 40 GCPs are both labor-intensive and 

time-consuming.  
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Appendix A  

Checkpoint validation coordinates 

Table A.1 GCP coordinates from dGPS, Agisoft Photoscan (2015) and Inpho UASMaster (2015). All values in 
meters.  

 2015   dGPS                  Agisoft Photoscan                 Inpho UASMaster 

GCP ID North (y) East (x) 
Height 
(z) 

  North (y) East (x) 
Height 
(z) 

  North (y) East (x) 
Height 
(z) 

SU16_GC17 7700154,03 392306,56 306,59  7700153,98 392306,59 306,37  
7700153,99 392306,50 306,30 

SU16_GC25 7700029,45 392203,14 309,17  7700029,53 392203,25 309,01  
7700029,47 392203,25 309,00 

SU16_GC26 7700034,52 392212,86 308,80  7700034,52 392212,88 308,76  
7700034,61 392212,90 309,10 

SU17_GC13 7699778,77 392382,38 309,18  7699778,80 392382,34 309,32  
7699778,79 392382,32 309,39 

SU17_GC14 7699614,83 392329,20 309,45  7699614,83 392329,20 309,36  
7699614,85 392329,18 309,30 

SU17_GC20 7700267,49 392222,30 306,59  7700267,48 392222,30 306,60  
7700267,52 392222,40 306,69 

SU18_GC06 7699375,77 392009,61 308,70  7699375,77 392009,60 308,82  
7699375,80 392009,56 308,84 

SU18_GC07 7699397,91 391991,50 308,78  7699397,91 391991,48 308,86  
7699397,97 391991,41 308,90 

SU18_GC08 7699392,99 391950,73 308,20  7699392,99 391950,57 308,28  
7699393,03 391950,56 308,28 

SU18_GC15 7699731,51 391989,82 310,50   7699731,47 391989,87 310,45   7699731,29 391989,88 310,38 

 

 

Table A.2 GCP coordinates from dGPS, Agisoft Photoscan (2016) and Inpho UASMaster (2016). All values in 
meters.   

 2016   dGPS                  Agisoft Photoscan                 Inpho UASMaster 

GCP ID North (y) East (x) Height (z)   North (y) East (x) 
Height 
(z) 

  North (y) East (x) 
Height 
(z) 

SU15_GC06 7700164,92 392313,56 306,35  7700165,05 392313,41 306,53  
7700164,94 392313,44 306,42 

SU16_GC26 7700034,52 392212,86 308,80  7700034,63 392212,79 308,94  
7700034,61 392212,77 308,97 

SU17_GC03 7699484,83 392434,73 308,93  7699484,84 392434,71 308,94  
7699484,84 392434,74 308,81 

SU17_GC14 7699614,83 392329,20 309,45  7699614,85 392329,17 309,40  
7699614,88 392329,14 309,30 

SU17_GC19 7700139,14 392426,14 306,70  7700139,14 392426,14 306,71  
7700139,16 392426,14 306,64 

SU18_GC06 7699375,77 392009,61 308,70  7699375,79 392009,58 308,78  
7699375,78 392009,57 308,81 

SU18_GC09 7699448,12 391888,41 308,39  7699448,13 391888,40 308,43  
7699448,20 391888,40 308,45 

SU18_GC12 7699611,32 391984,66 309,99  7699611,37 391984,60 309,96  
7699611,38 391984,69 309,96 

SU18_GC13 7699643,56 391990,94 310,52  7699643,55 391990,93 310,48  
7699643,59 391990,92 310,51 

SU18_GC14 7699674,82 392022,64 309,62   7699674,84 392022,60 309,69   7699674,83 392022,59 309,85 
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Table A.3 GCP coordinates from dGPS, Agisoft Photoscan (2017) and Inpho UASMaster (2017). All values in 
meters. 

 2017   dGPS                  Agisoft Photoscan                 Inpho UASMaster 

GCP ID North (y) East (x) 
Height 
(z) 

  North (y) East (x) 
Height 
(z) 

  North (y) East (x) 
Height 
(z) 

SU15_GC06 7700164,92 392313,56 306,35  7700164,98 392313,52 306,42  
7700164,93 392313,44 306,18 

SU16_GC1 7699301,13 391981,50 307,92  7699301,19 391981,49 307,95  
7699301,21 391981,46 308,06 

SU16_GC11 7699741,52 392213,17 312,26  7699741,51 392213,15 312,16  
7699741,54 392213,16 312,13 

SU17_GC17 7700077,22 392488,92 307,79  7700077,24 392488,78 307,81  
7700077,24 392488,91 307,74 

SU16_GC25 7700029,45 392203,14 309,17  7700029,53 392203,16 309,10  
7700029,46 392203,13 309,15 

SU18_GC08 7699392,99 391950,73 308,20  7699393,01 391950,58 308,19  
7699393,05 391950,59 308,25 

SU18_GC11 7699586,35 391991,60 309,31  7699586,36 391991,58 309,26  
7699586,35 391991,56 309,31 

SU18_GC15 7699731,51 391989,82 310,50  7699731,36 391989,94 310,43  
7699731,36 391989,93 310,42 

SU18_GC36 7699559,88 392162,47 309,14  7699559,87 392162,42 309,12  
7699559,89 392162,45 309,11 

SU18_GC41 7699480,97 392438,58 308,44   7699480,96 392438,56 308,44   7699480,95 392438,56 308,40 

 

 

Table A.4 GCP coordinates from dGPS, Agisoft Photoscan (2018) and Inpho UASMaster (2018). All values in 
meters. 

2018   dGPS                  Agisoft Photoscan                 Inpho UASMaster 

GCP ID North (y) East (x) 
Height 
(z) 

  North (y) East (x) 
Height 
(z) 

  North (y) East (x) 
Height 
(z) 

SU15_GC07 7700077,10 392489,34 307,92  7700077,13 392489,30 307,91  
7700077,06 392489,35 307,816 

SU16_GC1 7699301,13 391981,50 307,92  7699301,14 391981,45 307,96  
7699301,17 391981,47 308,015 

SU16_GC2 7699219,71 392007,96 307,61  7699219,79 392008,13 307,63  
7699219,76 392008,14 307,668 

SU16_GC8 7699556,98 392255,63 309,08  7699557,06 392255,46 309,11  
7699556,99 392255,57 309,146 

SU16_GC25 7700029,44 392203,14 309,16  7700029,44 392203,14 309,13  
7700029,43 392203,14 309,169 

SU17_GC08 7699705,87 392253,63 310,22  7699705,87 392253,63 310,28  
7699705,87 392253,60 310,278 

SU17_GC19 7700139,16 392426,13 306,70  7700139,13 392426,13 306,72  
7700139,18 392426,04 306,559 

SU18_GC13 7699643,55 391990,94 310,52  7699643,55 391990,94 310,52  
7699643,55 391990,95 310,482 

SU17_GC25 7699442,85 391723,81 308,82  7699442,86 391723,75 308,63  
7699442,83 391723,81 308,722 

SU17_GC03 7699484,83 392434,72 308,93   7699484,86 392434,71 308,99   7699484,83 392434,75 308,946 
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Appendix B  

GCP residuals 

Table B.1 GCP residuals and total RMSE for Agisoft Photoscan 2018. All values in meters.  

Agisoft Photoscan 

2018 

ID X [m] Y [m] Z [m] Total [m] 

SU18_GC02 0,011 0,011 0,002 0,015 
SU18_GC04 0,003 -0,010 0,005 0,012 
SU18_GC05     
SU18_GC06 -0,014 0,003 0,001 0,014 
SU18_GC10 0,012 0,002 -0,018 0,021 
SU18_GC12 0,020 0,009 0,006 0,023 
SU18_GC14 -0,002 -0,002 0,014 0,014 
SU18_GC15 -0,003 0,012 0,007 0,014 
SU18_GC16 0,007 -0,029 -0,003 0,030 
SU18_GC17 0,003 -0,003 -0,004 0,006 
SU18_GC18 -0,014 0,020 0,011 0,027 
SU18_GC20 0,002 0,004 -0,002 0,004 
SU18_GC21 -0,012 -0,024 0,011 0,029 
SU18_GC22 0,001 0,007 -0,008 0,010 
SU18_GC23 -0,009 0,028 -0,022 0,037 
SU18_GC24 0,006 0,010 0,027 0,030 
SU18_GC25 -0,020 -0,036 -0,006 0,042 
SU18_GC26 0,000 0,008 -0,002 0,008 
SU18_GC28 0,029 0,003 -0,010 0,030 
SU18_GC30 0,014 0,005 -0,001 0,014 
SU18_GC31 -0,004 -0,019 0,009 0,021 
SU18_GC32 -0,020 0,023 0,002 0,031 
SU18_GC33 -0,002 0,009 -0,006 0,011 
SU18_GC34 -0,013 -0,010 -0,001 0,016 
SU18_GC35 0,005 0,006 0,009 0,012 
SU18_GC36 -0,020 -0,003 -0,039 0,044 
SU18_GC38 0,000 -0,007 0,011 0,013 
SU18_GC39     
SU18_GC40 -0,010 0,003 0,013 0,017 
SU18_GC42 -0,007 -0,011 -0,004 0,014 
SU17_GC16 0,007 -0,004 -0,004 0,009 
SU16_GC23 -0,014 0,000 0,007 0,015 
SU17_GC04 0,007 0,008 0,002 0,011 
SU17_GC06 0,004 -0,003 -0,001 0,005 
SU17_GC13 0,004 0,001 0,000 0,004 
SU17_GC15 -0,003 0,001 0,008 0,008 
SU17_GC22 -0,007 0,002 0,000 0,007 
SU17_GC24 -0,010 0,001 0,008 0,013 

RMSE: 0,011 0,013 0,012 0,020 
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Table B.2. GCP residuals and total RMSE for Agisoft Photoscan 2017. All values in meters.   

Agisoft Photoscan 

2017 
ID X [m] Y [m] Z [m] Total [m] 

SU17_GC03 0,013 0,007 -0,025 0,029 

SU17_GC04 -0,009 -0,008 0,023 0,026 

SU17_GC05 -0,001 -0,004 0,001 0,004 

SU17_GC06 0,001 -0,017 0,017 0,024 

SU17_GC07 0,017 -0,010 -0,022 0,029 

SU17_GC08 -0,006 -0,009 -0,003 0,011 

SU17_GC09 0,017 -0,004 0,027 0,033 

SU17_GC10 0,011 0,000 0,003 0,011 

SU17_GC11 0,017 0,013 0,000 0,021 

SU17_GC12 0,010 0,000 0,011 0,015 

SU17_GC13 -0,002 0,003 0,002 0,004 

SU17_GC14 0,001 0,026 -0,025 0,036 

SU17_GC15 -0,009 -0,010 -0,006 0,015 

SU17_GC16 -0,004 0,008 0,005 0,010 

SU17_GC17 0,010 0,005 0,000 0,012 

SU17_GC18 -0,002 -0,008 -0,002 0,008 

SU17_GC19 0,001 0,005 0,006 0,008 

SU17_GC20 0,005 0,011 -0,011 0,016 

SU17_GC21 -0,001 0,001 0,004 0,005 

SU17_GC22 0,011 -0,018 -0,007 0,022 

SU17_GC23 -0,001 -0,002 0,009 0,010 

SU17_GC24 0,000 -0,001 0,002 0,002 

SU17_GC25 -0,003 -0,003 0,004 0,006 

SU17_GC26 0,008 -0,007 -0,016 0,019 

SU17_GC27 0,005 0,015 -0,006 0,017 

SU17_GC28 0,007 -0,020 0,002 0,021 

SU18_GC07 0,025 0,010 -0,014 0,030 

SU18_GC18 -0,012 0,021 -0,003 0,024 

SU18_GC25 -0,015 -0,017 -0,007 0,024 

SU18_GC27 -0,003 -0,004 -0,010 0,012 

SU18_GC32 -0,025 0,013 -0,015 0,032 

SU18_GC33 -0,003 0,015 -0,015 0,021 

SU18_GC34 -0,022 -0,021 0,008 0,031 

RMSE 0,011 0,012 0,012 0,020 
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Table B.3. GCP residuals and total RMSE for Agisoft Photoscan 2016. All values in meters.   

Agisoft Photoscan 

2016 
ID X [m] Y [m] Z [m] Total [m] 

SU16_GC10 -0,002 -0,005 -0,013 0,014 

SU16_GC12 -0,001 0,007 -0,006 0,009 

SU16_GC14 -0,014 0,016 -0,020 0,030 

SU16_GC15 -0,004 -0,006 0,010 0,012 

SU16_GC16     
SU16_GC17     

SU16_GC18     
SU16_GC19     

SU16_GC21     

SU16_GC22 0,013 0,006 -0,004 0,015 

SU16_GC24 -0,003 0,003 -0,028 0,029 

SU16_GC25 0,014 -0,001 -0,003 0,015 

SU16_GC26     

SU16_GC3 0,002 -0,023 -0,002 0,023 

SU16_GC4 0,001 0,006 0,001 0,006 

SU16_GC5 -0,005 0,011 -0,023 0,026 

SU16_GC6 0,013 -0,011 0,008 0,019 

SU16_GC7 -0,009 0,010 0,006 0,015 

SU16_GC8 -0,015 0,009 0,005 0,018 

SU16_GC9 0,014 -0,013 -0,004 0,020 

SU17_GC04 -0,008 -0,006 0,008 0,012 

SU17_GC08 -0,021 0,006 0,007 0,023 

SU17_GC09 0,015 -0,008 0,015 0,023 

SU17_GC10 0,007 0,003 0,010 0,012 

SU17_GC11 0,003 0,010 0,002 0,011 

SU17_GC12 0,004 -0,014 0,039 0,041 

SU17_GC13 -0,002 0,004 0,007 0,009 

SU17_GC15 -0,010 -0,010 -0,033 0,036 

SU17_GC16 0,000 0,003 0,003 0,004 

SU17_GC17 -0,035 0,000 0,007 0,036 

SU17_GC22 0,001 0,000 0,001 0,002 

SU17_GC24 -0,002 0,007 -0,001 0,007 

SU17_GC25 -0,002 0,002 0,000 0,003 

SU18_GC07 0,030 -0,008 0,008 0,032 

SU18_GC11 -0,021 0,002 -0,001 0,021 

SU18_GC15 0,003 -0,011 0,002 0,012 

SU18_GC16 0,009 -0,009 -0,003 0,013 

SU18_GC25 0,001 0,005 -0,001 0,005 

SU18_GC33 0,004 -0,004 -0,009 0,010 

RMSE: 0,012 0,009 0,013 0,020 
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Table B.4. GCP residuals and total RMSE for Agisoft Photoscan 2015. All values in meters. 

  

 

 

 

 

 

 

 

 

 

 

 

 

Agisoft Photoscan 

2015 
ID X [m] Y [m] Z [m] Total [m] 

SU15_GC01 -0,015 -0,004 0,010 0,019 

SU15_GC02 -0,011 0,000 0,013 0,017 

SU15_GC03 -0,035 0,014 0,004 0,038 

SU15_GC04 -0,006 -0,007 0,010 0,014 

SU15_GC06 -0,010 0,009 0,009 0,016 

SU15_GC07 0,005 -0,012 -0,011 0,017 

SU16_GC2 0,000 -0,008 -0,007 0,010 

SU17_GC03 -0,001 0,006 0,005 0,008 

SU17_GC09 0,004 -0,010 0,017 0,021 

SU17_GC10 0,011 0,009 -0,017 0,022 

SU17_GC11 0,007 0,025 0,003 0,026 

SU17_GC12 0,005 -0,012 0,013 0,019 

SU17_GC15 -0,010 -0,013 0,001 0,016 

SU17_GC16 0,017 -0,012 -0,003 0,021 

SU17_GC19 0,016 -0,013 -0,003 0,021 

SU17_GC21 0,007 -0,003 -0,007 0,010 

SU17_GC22 0,006 -0,003 -0,012 0,013 

SU17_GC23 -0,002 -0,009 0,012 0,015 

SU17_GC24 0,000 -0,016 0,000 0,016 

SU17_GC25 -0,016 -0,007 -0,008 0,019 

SU17_GC26 0,005 -0,011 0,027 0,029 

SU18_GC05 0,017 -0,002 -0,016 0,024 

SU18_GC09 0,017 0,027 -0,011 0,034 

SU18_GC11 0,005 0,007 -0,009 0,012 

SU18_GC13 0,005 -0,010 -0,007 0,013 

SU18_GC14 -0,004 0,021 0,010 0,024 

SU18_GC16 -0,004 -0,003 -0,002 0,006 

SU18_GC32 -0,022 0,025 -0,026 0,042 

SU18_GC33 0,007 0,014 -0,006 0,017 

RMSE 0,012 0,013 0,012 0,021 
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Table B.5. GCP residuals and total RMSE for Inpho UASMaster 2018. All values in meters.   

Inpho UASMaster 

2018 
ID X [m] Y [m] Z [m] Total [m] 

SU16_GC23 0.0104 0.0126 -0.0240 0.0291 

SU17_GC04 -0.0151 -0.0045 -0.0178 0.0237 

SU17_GC06 -0.0129 -0.0032 0.0111 0.0173 

SU17_GC13 -0.0131 0.0051 -0.0036 0.0145 

SU17_GC15 0.0014 0.0078 -0.0022 0.0082 

SU17_GC16 0.0095 -0.0040 0.0285 0.0303 

SU17_GC22 -0.0027 -0.0096 -0.0287 0.0304 

SU17_GC24 -0.0121 -0.0111 -0.0340 0.0378 

SU17_GC28 -0.0146 -0.0026 0.0197 0.0247 

SU18_GC02 -0.0145 -0.0171 -0.0094 0.0243 

SU18_GC04 0.0029 0.0070 -0.0033 0.0082 

SU18_GC06 0.0231 0.0026 -0.0164 0.0285 

SU18_GC10 -0.0102 -0.0122 0.0046 0.0166 

SU18_GC12 -0.0094 -0.0129 0.0024 0.0161 

SU18_GC14 0.0242 0.0125 0.0032 0.0274 

SU18_GC15 -0.0061 -0.0061 0.0004 0.0087 

SU18_GC16 0.0068 0.0292 0.0425 0.0520 

SU18_GC17 -0.0127 -0.0023 0.0079 0.0151 

SU18_GC18 -0.0009 -0.0210 -0.0168 0.0269 

SU18_GC20 -0.0152 0.0022 0.0088 0.0177 

SU18_GC21 0.0154 0.0181 0.0163 0.0288 

SU18_GC22 0.0121 -0.0001 0.0080 0.0144 

SU18_GC23 0.0004 -0.0144 0.0302 0.0334 

SU18_GC24 -0.0076 -0.0185 -0.0302 0.0362 

SU18_GC25 0.0357 -0.0038 0.0199 0.0411 

SU18_GC26 0.0003 0.0056 0.0024 0.0061 

SU18_GC28 -0.0186 0.0056 -0.0088 0.0213 

SU18_GC30 -0.0161 0.0071 -0.0046 0.0182 

SU18_GC31 0.0049 0.0176 0.0050 0.0190 

SU18_GC32 -0.0097 -0.0099 -0.0077 0.0159 

SU18_GC33 -0.0025 -0.0036 0.0045 0.0063 

SU18_GC34 0.0025 0.0099 0.0017 0.0104 

SU18_GC35 -0.0000 -0.0057 -0.0040 0.0069 

SU18_GC36 0.0253 -0.0003 0.0197 0.0321 

SU18_GC38 0.0142 0.0087 -0.0117 0.0204 

SU18_GC40 0.0054 -0.0008 -0.0116 0.0128 

SU18_GC42 -0.0008 0.0121 -0.0018 0.0122 

RMSE: 0,013 0,010 0,016 0,017 
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Table B.6. GCP residuals and total RMSE for Inpho UASMaster 2017. All values in meters.   

Inpho UASMaster 

2017 
ID X [m] Y [m] Z [m] Total [m] 

SU17_GC03 -0,013 -0,001 0,015 0,020 

SU17_GC04 -0,003 0,005 -0,007 0,009 

SU17_GC05 -0,006 0,006 -0,009 0,012 

SU17_GC06 0,001 0,004 -0,007 0,008 

SU17_GC07 -0,013 0,009 -0,002 0,016 

SU17_GC08 0,014 0,003 0,014 0,020 

SU17_GC09 -0,011 0,009 -0,024 0,027 

SU17_GC10 0,000 -0,004 -0,011 0,011 

SU17_GC11 -0,010 0,000 -0,009 0,013 

SU17_GC12 -0,006 0,001 -0,001 0,006 

SU17_GC13 0,004 0,003 0,002 0,006 

SU17_GC14 -0,014 0,005 -0,005 0,015 

SU17_GC15 0,001 0,009 0,005 0,011 

SU17_GC16 0,010 0,006 -0,001 0,012 

SU17_GC17 -0,007 0,000 0,010 0,012 

SU17_GC18 -0,069 0,027 -0,129 0,149 

SU17_GC19 0,057 -0,015 0,097 0,114 

SU17_GC20 0,007 -0,005 0,006 0,010 

SU17_GC21 0,011 -0,008 -0,009 0,016 

SU17_GC22 -0,006 0,003 0,011 0,013 

SU17_GC23 -0,001 -0,002 -0,021 0,021 

SU17_GC24 0,013 -0,012 0,004 0,018 

SU17_GC25 0,021 -0,016 -0,010 0,028 

SU17_GC26 -0,005 -0,013 0,016 0,022 

SU17_GC27 -0,008 -0,016 0,009 0,020 

SU17_GC28 -0,008 0,013 -0,003 0,016 

SU18_GC07 -0,032 -0,004 -0,014 0,035 

SU18_GC18 0,000 -0,020 0,001 0,020 

SU18_GC25 0,033 0,013 0,031 0,047 

SU18_GC27 0,006 0,002 0,004 0,008 

SU18_GC32 0,011 -0,010 0,012 0,019 

SU18_GC33 0,000 0,001 0,028 0,028 

SU18_GC34 0,021 0,005 -0,003 0,022 

RMSE: 0,026 0,015 0,030 0,030 
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Table B.7. GCP residuals and total RMSE for Inpho UASMaster 2016. All values in meters.   

Inpho UASMaster 

2016 
ID X [m] Y [m] Z [m] Total [m] 

SU16_GC10 0.007 0.008 0.011 0.015 

SU16_GC12 0.006 -0.003 -0.016 0.018 

SU16_GC14 0.005 -0.022 0.025 0.034 

SU16_GC15 0.005 -0.014 -0.018 0.023 

SU16_GC22 -0.008 0.003 0.008 0.012 

SU16_GC24 -0.000 0.011 0.034 0.035 

SU16_GC25 -0.006 0.022 0.046 0.051 

SU16_GC3 -0.008 0.019 -0.002 0.020 

SU16_GC4 -0.013 -0.007 0.010 0.018 

SU16_GC5 0.003 -0.002 0.013 0.014 

SU16_GC6 -0.006 0.002 -0.005 0.009 

SU16_GC7 -0.003 0.044 -0.040 0.059 

SU16_GC8 0.013 -0.017 -0.005 0.022 

SU16_GC9 -0.011 0.011 0.015 0.022 

SU17_GC04 -0.001 0.003 -0.000 0.004 

SU17_GC08 0.032 0.009 -0.027 0.043 

SU17_GC09 -0.013 0.022 -0.007 0.027 

SU17_GC10 -0.018 -0.011 -0.022 0.031 

SU17_GC11 -0.006 -0.001 -0.013 0.015 

SU17_GC12 -0.010 0.019 -0.053 0.057 

SU17_GC13 0.010 0.017 -0.001 0.020 

SU17_GC15 0.001 0.013 0.036 0.038 

SU17_GC17 0.034 -0.012 -0.038 0.053 

SU17_GC22 0.021 -0.019 -0.038 0.047 

SU17_GC24 0.018 -0.029 0.007 0.035 

SU17_GC25 -0.008 -0.022 0.022 0.032 

SU18_GC07 -0.057 -0.022 -0.042 0.075 

SU18_GC11 0.013 -0.019 0.002 0.023 

SU18_GC15 -0.008 -0.006 0.007 0.013 

SU18_GC16 0.008 -0.005 0.008 0.013 

SU18_GC25 0.012 -0.002 0.046 0.048 

SU18_GC33 -0.010 0.010 0.037 0.040 

RMSE: 0,016 0,016 0,026 0,023 
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Table B.8. GCP residuals and total RMSE for Inpho UASMaster 2015. All values in meters.   

Inpho UASMaster 

2015 
ID X [m] Y [m] Z [m] Total [m] 

SU15_GC01 0.023 0.008 -0.027 0.037 

SU15_GC02 0.016 -0.012 -0.016 0.026 

SU15_GC03 0.013 -0.024 -0.023 0.036 

SU15_GC04 -0.005 -0.004 -0.029 0.030 

SU15_GC06 -0.003 -0.019 0.028 0.034 

SU15_GC07 0.005 0.021 0.022 0.031 

SU16_GC02 -0.008 -0.003 0.019 0.021 

SU17_GC03 0.004 -0.014 0.000 0.014 

SU17_GC09 -0.008 0.005 -0.007 0.012 

SU17_GC10 -0.024 -0.026 -0.001 0.035 

SU17_GC11 -0.006 -0.019 0.007 0.022 

SU17_GC12 -0.015 0.001 -0.038 0.041 

SU17_GC15 0.004 0.006 0.020 0.022 

SU17_GC16 -0.015 0.011 0.008 0.020 

SU17_GC19 0.019 0.000 -0.002 0.019 

SU17_GC21 -0.021 -0.008 -0.000 0.023 

SU17_GC22 -0.013 0.003 0.009 0.017 

SU17_GC23 -0.000 0.014 -0.030 0.034 

SU17_GC24 -0.068 0.051 0.082 0.119 

SU17_GC25 0.007 0.017 0.007 0.020 

SU17_GC26 -0.004 0.023 -0.043 0.049 

SU18_GC05 0.013 -0.001 0.034 0.037 

SU18_GC09 0.004 -0.014 -0.015 0.021 

SU18_GC11 0.033 -0.006 0.011 0.035 

SU18_GC13 0.014 -0.004 0.008 0.017 

SU18_GC14 0.010 0.008 -0.003 0.013 

SU18_GC16 0.003 0.020 -0.026 0.033 

SU18_GC32 0.027 -0.028 0.011 0.041 

SU15_GC01 0.023 0.008 -0.027 0.037 

RMSE: 0,019 0,017 0,025 0,025 

 

  


