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Abstract
Soil erosion is a problem which can be found in many parts of the world. In order to calculate
the magnitude of erosion, a broad range of erosion models is available. These models need input
parameters such as the soil surface roughness. In the course of this master thesis, an
uncomplicated, quick and cheap method was developed to obtain the data necessary for the
calculation of soil roughness indices.
The proposed method uses photogrammetry in order to get digital surface models (DSMs) from
soils. For realizing the application of a scale and enabling a horizontal alignment of the
coordinate system, an aluminium frame of 1 m x 1 m was manufactured. It is handy enough to
work with it in the field without the need for a second person. The cameras tested are all amateur
cameras, as they turned out to provide results of sufficient accuracy and are much cheaper than
professional photogrammetric cameras. The photos are taken hand-held, standing beside the
frame. For further processing of the images, the software Photomodeler Scanner (Eos Systems
Inc) is used as it deals well with close-range-photogrammetry in combination with amateur
cameras.
Various cameras, camera positions as well as settings were tested and compared under different
conditions. In addition various software settings were applied, to figure out the quickest and most
accurate way to obtain the DSMs. As one of the results, a step-by-step manual was written for the
designed method.
Additionally, scripts for Matlab (MathWorks) for the post-processing of the DSM-data obtained
from Photomodeler Scanner were written. With those scripts, the soil inclination as well as four
different roughness indices can be calculated. Also these scripts are already successfully in use at
the ‘Institute for Land & Water Management Research’.
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1. Introduction

1 Introduction
Soil erosion represents a serious problem in many parts of the world. As Wegmann et al. (2001)
or Moritani et al. (2010) describe, it decreases the agricultural productivity of soils due to
relocation of soil-material. Furthermore, the transportation of material into rivers pollutes them
with agricultural chemicals and leads to siltation.
In Austria, a research facility which deals with the investigation of soil erosion is the ‘Institute for
Land & Water Management Research’ (Institut für Kulturtechnik & Bodenwasserhaushalt), part
of the ‘Federal Agency for Water Management’ (Bundesamt für Wasserwirtschaft).
This master thesis emerged from a cooperation of the ‘Institute of Surveying, Remote Sensing
and Land Information’, part of the ‘University of Natural Resources and Life Sciences, Vienna’
and the ‘Institute for Land & Water Management Research’.
One way to estimate the amount and location of soil erosion is the use of soil erosion models.
Those models need input parameters such as soil surface roughness, which is essential for many
environmental applications (Marzahn et al. 2012a).
Numerous indices are available to describe the soil surface roughness such as the roughness
indices used by Taconet and Ciarletti (2007) or Planchon et al. (2002). An overview of several
indices is given by Kamphorst et al. (2000).
In order to calculate those indices, three-dimensional data of the surface of the examined soil is
necessary. For obtaining such data several methods are available.
Some measurements need contact to the soil such as a roller chain (Saleh 1993; Merrill et al.
2001) or a pin meter (Abd Elbasit et al. 2009; Jester, Klik 2005). Measurements which assess the
soil surface without direct contact, such as photogrammetric methods (e.g. Marzahn et al. 2012b;
Warner 1995) or laser scanning (e.g. Haubrock et al. 2009; Darboux, Huang 2003) are also
available. The latter have the advantage not to cause deformation of the soil surface during the
measurement.
For this master thesis, photogrammetry was used to obtain the three-dimensional data of soil
surfaces in an area with approximately 1 m x 1 m. The following reasons lead to the choice of the
method:
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•

Photogrammetry does not need an intensive energy supply in the field such as laser
scanning would acquire. An off-the-shelf battery supplies the amateur camera with the
required power.

•

The mobility of the photogrammetric system is high. The camera and the reference frame
are easy to transport. One person can handle all tasks of data acquisition in the field.

•

Using amateur cameras makes the method relatively cheap. Just the special software
needed increases the costs slightly. As Abd Elbasit et al. (2009) stated, laser scanning for
instance provides high accuracy, but still no laser scanner is available in the low-price
sector.

•

The use of the software Photomodeler Scanner (Eos Systems Inc) in combination with
the software Matlab (MathWorks) makes the method of data acquisition and data
processing quick and effective. To get the raw data (point cloud of the soil surface) takes
about 20 min per test site (approximately 1 m²). The post-processing of the point cloud
with scripts of Matlab takes a few minutes more, depending on the parameters derived
and the hardware available.

•

The accuracy is considerably high although amateur cameras are used. One can find the
height-accuracy in the lower sub-centimetre range.
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2 Objectives and Tasks
2.1 Objectives
The main objective of this master thesis was to develop and design a method for assessing 3Ddata of soil surfaces, meeting the following requirements - defined by the ‘Institute for Land &
Water Management Research’:
•

Acquisition of digital soil surface models with a ground resolution less than 1 cm

•

Test area of approximately 1 m²

•

Sub-centimetre accuracy (plane and height)

•

Time-effective data assessment and post processing

•

Low costs

•

Equipment easy to handle in the field (one person)

Another task was the development of Matlab-scripts to derive indices representing soil roughness
with the input of the photogrammetric assessed 3D point-cloud. The number and formulas of
the indices were predefined by the ‘Institute for Land & Water Management Research’.

2.2 Tasks of the method development
To achieve the objectives listed above, the following tasks were completed within the current
thesis:
•

Choice of an appropriate photogrammetric software
A photogrammetric program which is easy to use and is able to process pictures of
amateur cameras with accurate results had to be identified.

•

Choice of proper camera(s)
Various amateur cameras were investigated by calculating and analysing the parameters of
the interior orientation.

•

Indoor investigations with artificially shaped soil-surfaces and simple set-ups
To get a first impression whether Photomodeler in combination with the chosen cameras
can achieve satisfying results, a few first test runs were conducted. The results turned out
to be promising, permitting to continue with the next step.

•

Frame construction
A vertically adjustable frame with attached coded targets and a size of about 1 m x 1 m
had to be designed and constructed.
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•

DSM-generation
Under various conditions (different weather conditions, different soils) the DSMgeneration had to be tested. For analysing of the data, Matlab software was used.

•

Determination of the best geometry of the camera positions
Camera positions had to be varied in order to find the ones offering the best compromise
between time necessary and quality of results.

•

Calculation of roughness indices
Scripts for the calculation of roughness indices had to be written in Matlab.

•

Compiling a Manual for the developed method
A main objective of the master thesis was the compilation of a step-by-step manual for
the

method

-

based

on

the

findings

of

the

steps

described

above

(see chapter ‘7 Appendices‘).
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3 Existing methods used for assessing soil surfaces
A broad range of methods already exists for assessing soil surfaces. However, especially in recent
years technology advanced dramatically which led to a rapid development in this sector.
Generally, one can distinguish between methods which need contact with the surveyed soil and
the ones which do not.
Following an overview of methods already developed in this area will be given.

3.1 Contact methods
3.1.1 Roller chain measurements
As described by Saleh (1993) this is an uncomplicated, quick, and cheap technique. A chain with
a known length is placed on a soil. The higher the roughness, the lower the horizontal distance
covered by the chain will be.
The real surface is not known by using this method. For that reason, the change of the soil
volume after a rainfall-event cannot be measured for instance.

3.1.2 Pin-meter
Jester and Klik (2005) used pins with a diameter of 1 mm and a distance of 5 mm to each other.
Those pins were connected with an aluminium frame which enabled a vertical movement of
them. Depending on the actual height of the soil at that position, the pin could be lowered more
or less. The results were written down on a 1 mm graph paper.
This method includes the risk of manipulating the soil surface while applying it. Furthermore, the
resolution is significantly low compared to other methods.

3.2 Non-contact methods
3.2.1 Laser scanning
According to Mirzaei et al. (2012) laser scanners can achieve high spatial resolution (vertically
between ± 0.1 and 0.5 mm and horizontally between ± 0.1 and 2.0 mm). However, they are quite
unhandy for infield application. Furthermore they are fragile (Mirzaei et al. 2012). Another point
not to underestimate is the fact that still no low cost laser scanner is available (Abd Elbasit et al.
2009). Also they need sophisticated power supply.
One example is the method used by Haubrock et al. (2009). The scanning-device was mounted
in-field on a tripod at a distance between 1.5 and 2.5 m away from the scanned surface. The data
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has a resolution of 1 mm and the achieved accuracy was estimated with an average error of
± 0.19 mm.

3.2.2 Photogrammetry
The increasing performance of computers and software are main drivers which lead to a boom of
the use of photogrammetry for soil surface surveying. This reveals the amount of papers
published. One of the most important improvements is the application of digital cameras.
Furthermore the easy handling of some of the photogrammetric computer programs makes this
method also accessible for (semi) amateurs.
A measurement accuracy of about 2 mm could be achieved by Warner (1995) by using an analog
camera, but the digitalisation of the photos is not necessary using digital cameras in the first place
which makes photogrammetry quicker and more practically applicable.
Jester and Klik (2005) concluded that a measurement uncertainly of about 1 – 2 mm can be
expected. This accuracy is similar to the one achieved with the proposed method.
Marzahn et al. (2012a) describes a method based on a Canon EOS 5D camera in combination
with a Canon EF 2/35 mm lens. Two different programs were used: Aicon 3D for camera
calibration and Leica Photogrammetry Suit (LPS) for DSM-generation. The dimensions of the
frame are 1.0 m x 2.5 m.
Mirzaei et al. (2012) mounted two cameras on a system which allows taking the photos in a
height between one to four meters above soil surface. Two Nikon D100 cameras were used for
taking the pictures.
Aguilar et al. (2009) worked with an Olympus C5060 camera. The programs PhotoModeler Pro 5
for camera calibration and OrthoEngine V9.1 for DSM generation were used. The frame covers
an area of 1.2 m x 0.8 m.
Already several years earlier, Warner (1995) was working with a method for soil surface
surveying. At this time the technology was far behind the standard of nowadays. For instance a
non digital camera was used and the photos were digitized later.
Gessesse et al. (2010) worked with photogrammetry to survey rill erosion.
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Moritani et al. (2010) used a system of two cameras for monitoring soil erosion especially under
simulated wind and rainfall.
Abd Elbasit et al. (2009) describe the application of photogrammetry for soil surface assessment
under laboratory conditions using gypsum along with other materials to construct artificial soils.
Taconet and Ciarletti (2007) used photogrammetry to get the data base for further roughness
calculations.
Rieke-Zapp and Nearing (2005) worked under laboratory conditions, using natural soil.
Schneeberger and Willneff (2003) describe a method were the roughness of soils is assessed with
photogrammetry. The results were used in the course of obtaining soil hydraulic properties with
microwave radiometry as the microwave emission is strongly influenced by the soil roughness.
Several other authors also worked with photogrammetry for soil-surface assessment such as
Wegmann et al. (2001), Peter Heng et al. (2010), Jester and Klik (2005), Brasington and
Smart (2003), Zribi et al. (2000) or Helming et al. (1992).

3.2.3 Other methods
As stated by Jester and Klik (2005), infrared or ultrasonic are further possible measurement
techniques.
Shadow analysis is another technique for gathering data of soil surface roughness, presented by
García Moreno et al. (2008). The author states, that one advantage is the short time needed for
data collection. A disadvantage is the need for sufficient light which causes the shadows.
Croft et al. (2012) presents an interesting approach were Remote Sensing is used. Remote Sensing
data in combination with data from a laser scanner is processed in order to determine soil
roughness. A main advantage of this method is the possibility to assess large areas.

3.3 Differences of the proposed method to similar methods
As described above, several other authors such as Marzahn et al. (2012a) or Mirzaei et al. (2012)
already worked with similar methods. Anyhow, the method developed in this master thesis differs
from them in several points. Although some of the following points were also applied this way by
the other authors, the combination of all of them is new.
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•

Only one camera was used, which makes the method cheaper in conjunction with
sufficient accuracy.

•

Zoom-lenses have the advantage to allow a use for other applications which require a
different focal length. Although such lenses were used, the accuracy did not suffer
significantly.

•

Only one program was used which also makes the method cheaper and furthermore
saves the time to convert and transfer the data from the calibration into another program.

•

The reference frame is vertically adjustable which allows the easy application of a
coordinate system with a horizontally aligned x/y-plane in Photomodeler.

•

Taking the photos hand-held instead of using a fixed system, such as the one used by
Mirzaei et al. (2012), makes the method faster and much more applicable in the field.
Obviously, a fixed system has the advantage to eliminate the risk of holding the camera in
an instable way, but the tests did not reveal this point as a problem.

•

Furthermore, a fixed system eventually provides the possibility of raising the camera
higher than by taking the photos hand-held. This is not necessary for an area of 1 m x
1 m.
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4 Generation of 3D-pointclouds of soil surfaces
In this chapter the proposed method is described in detail as well as results are presented and
discussed. A broad range of various experiments was conducted in the course of the method
development.
In the subchapters, reasons for the respective experiment are given, the method of how the
experiment was conducted is explained as well as the results are presented. Additionally,
recommendations for the application of the method are offered.
This structure was chosen as the experiments conducted are diverse, and
and the presentation of the

results of each experiment directly after the method strongly increases the comprehensibility.

4.1 Choice of software
The requirements for the software are very similar to the ones of the whole method. This results
from the fact, that the software is a crucial part of it.
•

Acquisition of a digital soil surface model with a ground resolution less than 1 cm

•

Sub-centimetre accuracy (plane and height)

•

Low costs

•

Time - effective data processing

•

Software easy to handle

The program chosen is Photomodeler Scanner (Eos Systems Inc) (in the version 2012.0.0.586)
which is designed for semi-professional users. (Fig. 1 shows the user interface).

Fig. 1: Photomodeler Scanner – User Interface
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Software versions with and without the scanner module exist. The one containing the module
was used for this master thesis. It includes the tool ‘Dense Surface Modelling’ which turned out
to fit well the requirements for the DSM-generation of the soil surfaces.

4.1.1 Criteria for the decision for the use of this software
•

Ground resolution of DSM
Based on the chosen geometry (see chapter ‘4.6 Geometry of camera positions’)
Photomodeler enables the automatic generation of a digital surface model with
approximately 1 mm ground resolution. This is much better than the requirement of about
1 cm.

•

Low costs
Other authors such as Marzahn et al. (2012a) or Aguilar et al. (2009) used two different
programs for camera calibration and DSM-generation. Photomodeler scanner offers the
advantage to combine both applications in one program, which therefore requires only the
purchase of one instead of two programs. The price of the program is around 2000 Euros.

•

Time - effective data processing
Again, the use of just one program has great advantage. One does not have to transform and
transfer the calibration-results from one program to another which takes time.
The data processing itself takes around 20 min for the semi-automatic assessment of a digital
surface model (grid size 1 mm) for an area of approximately 1 m².

•

Software easy to handle
As already mentioned, it is a program for semi-professional users. Although it is an advanced
program for this sector, it was found to be user friendly and uncomplicated.

4.1.2 Applications of Photomodeler
•

Interior orientation - Camera calibration
For establishing the inner orientation, Photomodeler offers the possibility of performing a
‘Camera Calibration Project’.
Therefore 12 photos of a so called Calibration Grid are taken to cover every part of the
camera lens with targets. An example of such a grid is given by Fig. 2. The targets are RADs
(Ringed Automatically Detected) (Fig. 3). Each of it is unique and they are used for the
determination of the interior camera orientation as well as for determining the exterior
orientation (using the RADs on the reference frame).
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Fig. 2: Calibration Grid (source: Michael Grims)

Fig. 3: RADs (Ringed Automatically Detected)
(source: Photomodeler Scanner)

•

Exterior orientation
As already mentioned, the RADs on the reference frame are used to obtain the exterior
orientation. A set of various photos with various angles has to be taken and later processed

in Photomodeler whereas an ‘Automated Project / RAD – Coded Target Auto-project’ is
performed.
•

DSM-generation
The generation of the Digital Surface Model is the third and final step. Examples can be
found in chapter 4.5.

4.1.3 Software-Optimisation
In the course of finding the optimal work-flow for the semi-automatic assessment of parameters

of soil roughness, using Photomodeler, various investigations on software settings, camera
settings and camera geometries were run. The experimental arrangements and the results of these
studies are described in the following chapters. The optimized workflow is documented in the

step-by-step manual for the end user (see chapter 7 Appendices).
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4.2 Choice of camera and camera-settings
4.2.1 Cameras
One of the general objectives was to develop a low-cost-method. Therefore amateur cameras
were used as they cost significantly less than professional photogrammetric cameras.
Furthermore, the photogrammetric accuracy achieved with the cameras chosen for the
application is sufficiently high.
During the testing phase of the method several digital cameras of different quality were used
(see Table 1 and Fig. 4 - Fig. 7 and) in order to determine the influence of the chosen camera on
the results.
Table 1: Tested cameras and properties of photos taken

Camera

Focal length [mm]

Image-size [pixels]

Resolution [dpi]

5

4000 x 3000

180

Olympus SP-590UZ

5

3968 x 2976

72

Canon EOS 1100D

17

4272 x 2848

72

Olympus E 500

14

3264 x 2448

314

4

4320 x 3240

72

Panasonic Lumix
DMC-FS10

Sony SteadyShot
DSC-W380

All tested cameras are equipped with zoom-lenses. On the one hand this involves the risk that the
camera calibration provides less accurate results due to the lower photogrammetric quality which
comes from the higher instability of the system. On the other hand it has the advantage that the
lens can be used for other applications as well where a different zoom is necessary. Anyhow, the
results of the calibration were clearly good enough to achieve the required accuracy (see
chapter 2.1).
Concerning the photographic quality, the quality of the pictures and hence the quality of the end
results depends strongly on the quality of the camera. Especially under problematic conditions
such as strong sunshine a good camera is essential to ensure that the pictures can be processed.
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Fig. 4: Panasonic Lumix DMC-FS10

Fig. 5: Olympus SP-590UZ

Fig. 6: Canon EOS 1100D

Fig. 7: Olympus E 500

Camera calibration and photogrammetric quality
To obtain the interior orientation, Photomodeler offers the possibility to perform a ‘Camera

Calibration Project’. The process of conducting such a camera calibration is described in detail in
the Manual (chapter ‘7 Appendices‘).
Results of camera calibration:
The camera calibration tool of Photomodeler enables the calculation of the parameters of the

interior orientation (the focal length, the coordinates of the principal point and parameters
describing the radial distortion). But this program also identifies the quality and the residual
errors of the calibration parameters.
In Table 2, the ‘Total Error/Last Error’ as well as three various ‘Point Marking Residuals’ of the
cameras are listed. The first three cameras presented in this table could achieve sufficiently
accurate results. Using a geometric set up of the camera calibration as being recommended in the
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Manual (chapter ‘7 Appendices‘), a residual of ± one pixel (photo coordinate system) means
about a residual of ± 0.4 mm in the object system.
A good quality of the camera geometry as evaluated and outlined in the calibration result is
extremely important for the decision whether the camera is suitable for further use or not.
The test series with numerous different cameras showed that there exist several amateur cameras
which fulfil the requirements. But not all tested cameras could achieve the accuracy requirements
as defined by the ‘Institute for Land & Water Management Research’. Some cameras had
inadequately high residuals, probably resulting from instable interior camera geometry.
Results of the camera calibration for the cameras tested in the current study are documented in
Table 2:
Table 2: Errors and Residuals of Camera Calibration (all outlined results in pixels)

Total Error/ Point Marking Residuals [pixels]
Last Error
Overall RMS Maximum Maximum RMS
Olympus E 500
0.868
± 0.105
0.594
± 0.228
Canon EOS 1100D
2.908
± 0.351
1.551
± 0.769
Panasonic Lumix DMC-FS10
3.118
± 0.389
1.448
± 0.560
Olympus SP-590UZ
14.976
± 1.756
10.265
± 4.356
Sony SteadyShot DSC-W380
24.110
± 3.082
13.487
± 7.186
Recommendation: Many of the conventional digital cameras fulfil the accuracy requirements
for the assessment of soil rough parameters. Nevertheless, the usability of the camera has to be
checked by the outlined quality measurements of the interior orientation process.

Photographic quality
When it comes to taking the pictures of a soil and the frame, a lower quality camera can cause
problems due to the poorer resolution and reduced sharpness of the targets on the frame (see
chapter 4.3.4).
Recommendation: Not all conventional digital cameras fulfil the required photographic quality.
Therefore it is necessary to test the photographic quality of the camera by taking photographs of
specific patterns and by (visual) analysis of the results.
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4.2.2 Camera settings
Image stabilisation and post processing operations
Modern cameras provide a number of features to improve the quality of the pictures during the
capture of the photographs or during post-processing. Two popular examples are:
•

Image stabilisation

•

Sharpening

However, such operations manipulate each picture in some way, which has an impact on the
geometric accuracy of the photogrammetric process.
Recommendation: To avoid uncontrolled changes of the photo geometry, applications for
automatic photo improvements have to be switched off and no post processing operations
should be used.

Autofocus vs. manual focus
Generally one can say that auto focus has a negative influence on the accuracy of the outcome of
photogrammetric surveys. This is due to the fact that a change of focus results in a change of the
interior camera orientation. Using autofocus changes the interior orientation of each picture
when the focus lies at another distance.
Often, manual focus is used for photogrammetric cameras, using the ∞-focus. However, in this
project a ∞-focus would cause blurry pictures as the distances range within a few meters.
This leads to the question, whether it is better to use manual focus and fix it to an average
distance or to work with auto focus.
Manual focus has the advantage of a fixed interior orientation but the disadvantage, that some
pictures may contain blurry areas. This results from the fact, that it is impossible to take the
pictures hand-held and retain a constant distance to the soil.
Auto focus ensures that all pictures are sharp but on the other hand causes inaccuracies as already
described above.
In order to determine which of the two settings is preferable, the method described in chapter
‘4.5.2 Comparing different models of the same soil’ was used for pictures taken with manual
focus and the results were compared to results from pictures taken by auto-focus.
The problem coming up was that by using manual focus and fixing it, at some pictures the targets
on the frame were so blurry, that Photomodeler was not able to detect them at all. Bigger targets
cause fewer problems even when they are less sharp, as they can be detected easier.
15
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During the first trials of the method a different setting of the targets was used, specifically less
but bigger ones (see Fig. 8: Soil with bigger targets).
With these targets about 50 % bigger than the ones used on the frame, pictures with manual
focus were taken and could be used for further processing.

Fig. 8: Soil with bigger targets

Fig. 9: Model of the soil

Fig. 10: Deviation Plot

Fig. 11: Histogram of deviations

The deviations have a median of -0.3 mm and a standard deviation of 2.9 mm, the absolute values of
them a median of 1.7 mm and a standard deviation of 1.9 mm, respectively.
Those are very similar values to the ones achieved with auto focus on soils of comparable shape

as shown in chapter 4.5.2.
Recommendation: Manual focus can cause problems due to eventually blurry targets on the one
hand but does not increase the expected reliability on the other hand. This leads to the
conclusion that auto focus is recommended for this method.
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Image Size
On the one hand, the highest image resolution available for each camera should be used for
achieving the best results. On the other hand, the better the quality the more disk space and the
more time for processing is needed.
Medium or low quality jpeg-images are not recommended, as they drastically reduce the quality of
the pictures and with it the geometric quality of the digital surface model, respectively the quality
of the soil roughness parameters.
Cameras of higher quality mostly have the option to store data in a tiff-format. In comparison to
jpeg-images, the file size is much bigger, but they have a better photographic quality. The
assumption is that the quality of automatic matching processes (as used by the digital surface
generation) is higher by using the tiff-format compared to those based on compressed jpegimages.
In order to determine the possible improvements by tiff-pictures, two models of the same soil,
one time generated out of high-quality jpeg-pictures and one time out of tiff-pictures were
compared. To make them comparable, two grids were interpolated with the scattered data of the
two models coming from Photomodeler, using Matlab. Afterwards, the differences of the zcoordinates of each position were calculated. The distribution of the differences of more than
700 000 grid elements (each 1 mm x 1 mm) is following:
Median of 0.1 mm and standard deviation of 0.8 mm, absolute values: Median of 0.4 mm and standard
deviation of 0.6 mm
The points of higher deviation are located at areas where errors due to the interpolation of the
raster elements occur. All other areas show nearly the same z-coordinates.
Recommendation: As shown in the tests outlined above, the improvements in accuracy during
the DSM-generation process by taking tiff-pictures instead of jpeg-pictures are of low
significance. Therefore it is recommended to use (low-compressed) jpeg-images instead of tiffimages.
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4.3 Frame construction
For the method developed in the outlined research activities a reference frame for assessing the
scale and the levelling of the soil samples had to be designed. Such a frame has to fulfil the
following requirements:
•

easy to transport

•

sufficient size in order to obtain DSMs of an area, big enough for further processing

•

vertically adjustable

•

easy mounting of the targets

•

easy attachment of the coordinate system in Photomodeler

horizontal alignment

Before the construction of the frame a range of questions had to be considered:
•

What is the ideal sample size and therefore the resulting size of the frame?

•

How to make the frame vertically adjustable in order to be able to align it horizontally?

•

Targets:
o What size should they have?
o How should the RAD-targets be mounted on the frame?
o How many of them are necessary?
o How should they be distributed?

4.3.1 Sample size and resulting size of frame
The sample size necessary depends on the surface-shape of the soil as well as on the further
calculations one wants to perform with the photogrammetric data obtained.
This means, the higher the roughness of the soil, the bigger the sample size has to be chosen in
order to be representative. Furthermore, various roughness indices demand various sample-sizes.
Taconet and Ciarletti (2007) worked with a roughness index which is also used in the current
project. They concluded that a sample size of less than 1 m² is necessary for achieving proper
results.
Recommendation: Based on the findings of Taconet and Ciarletti (2007) the frame size of
1 m x 1 m was chosen (Fig. 12). This size makes it possible to handle the frame even when just
one person works with it.
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Fig. 12: Frame with scale

It has to be stated that the final resulting data of the soil does never extent over the whole
1 m x 1 m. This results from the fact that two various camera positions are used when the stereopairs of pictures are taken. Each of the two pictures has different areas on the edges where the

soil is covered by the frame. Of course, those areas are not too large which results in soil models
of a side length of about 800 mm to 900 mm.

4.3.2 Horizontal alignment
One specific advantage of this reference frame is the fact that horizontal alignment is possible. As

the coordinate system of Photomodeler is applied to the targets on the frame it means that a
horizontal frame allows the direct calculation of the inclination of the soil.

Fig. 13: Tools for horizontal alignment
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Recommendation: To enable the levelling of the frame in the nature, three vertically adjustable
piles are mounted on it as three points are just sufficient for horizontal adjustment. Additionally,
two bubble levels have to be attached to the frame in order to allow the horizontal adjustment of
the frame.

4.3.3 Properties of the targets
Size
The ideal width of the RADs for the frame is 8 cm. This value depends on the ‘Inner target
diameter’ and the ‘Percentage of diameter to use as border’ and results from the recommended
values of Photomodeler for these parameters.
The material of the frame is aluminium and 8 cm would result in a frame which is not very handy
for the application in the field. Due to that, the target size was decreased to 5 cm by lowering the
parameters. To ensure that the targets can still be identified, some trials with 5-cm-targets were
conducted before the frame was built.
Recommendation: As all targets in these trials could be identified, the frame can be built with a
width of 5 cm. Of course under difficult conditions such as strong sunshine, the targets are
harder to detect for Photomodeler, but when using a proper camera even then it is still possible.

Material
The targets have to be waterproof and in the form of stickers so that they can be mounted easily
on the frame.
Recommendation: Giving the job to a printing company, which is able to fulfil the
requirements named above.

Number and distribution
The more targets are used and the more they are spread over the whole frame, the better it is for
the outer orientation, as it gets more stable.
Recommendation: As the price of the targets themselves is relatively low as many targets as
possible should be distributed over the frame.
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4.3.4 Detection of the targets under various conditions
Various factors play a role wether the targets on the frame can be detected by Photomodeler or
not. The most important are:
- Quality of the camera used
- How the photo was taken
- Weather conditions
- Size of the targets
- Colour of the targets

Quality of the camera used
The quality of the pictures, the camera is capable of taking, is very important.
Image noise caused by a high ISO-setting or a low quality jpg-image setting can make it
impossible for Photomodeler to detect the targets.
Recommendation: Usage of modern cameras with high resolution (10 megapixels or more) and
good image quality.

How to take the photographs
Blurry images due to an unstable positioning of the camera while taking the picture has also quite
negative influence on the quality of the targets on the photo.
Recommendation: Taking the same photo twice in case of a possibly blurry picture.

Weather Conditions
Rainy conditions do not influence the detection of the targets. Even when the targets are covered
with raindrops, this does not seem to be a problem.
On the contrary, sunny conditions can cause heavy problems for target-detection. The reason can
be seen in the fact that the white targets show strong reflexions caused by sunshine.
Recommendation: If it is not possible to take the photos during favourable weather conditions,
shadow can be created by using a sunshade for instance.
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Size of the targets
Due to reasons already explained, the target size chosen is 5 cm. This can be seen as a
compromise between easy target-detection and handiness of the aluminium frame.
Recommendation: As trials with this target size revealed that they react in a sensitive way to
problematic conditions such as strong sunshine, a good camera with high resolution should be
used to avoid problems.

Color of the targets
Two various settings can be chosen in Photomodeler: Either the targets are black and the
surrounding is white, or the other way around.
Recommendation: As the white areas cause reflections due to sunshine, white targets with black
surroundings should be chosen. This reduces the white areas to a minimum.
The following examples of various photos of targets illustrate the facts described above.
All photos are high-angle photos, and the targets are as far away as possible on the pictures in
order to bring out the differences of the quality.
• Weather: Cloudy with rain. The target was covered
with raindrops, although this is not visible here.
• Camera: Canon EOS 1100D – good quality.
• Detection: Possible; obviously rainy weather does
not influence the detection negatively.

Fig. 14: Target covered with raindrops

• Weather: Strong sunshine.
• Camera: Panasonic Lumix DMC-FS10 – low quality.
• Detection: Not possible; the strong reflections
caused by the strong sunshine made it impossible
for Photomodeler to detect this target.

Fig. 15: Target showing strong reflections
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• Weather: Strong sunshine, similar to Fig. 15.
• Camera: Canon EOS 1100D – good quality.
• Detection: Possible; a camera of good quality
obviously deals better with the reflections.

Fig. 16: Target at sunshine, good quality

• Weather: Cloudy without rain.
• Camera: Nikon Coolpix P5000 – medium quality
• Detection: Possible; although the conditions are
perfect, one can see image noise as the camera is
just of medium quality.
Fig. 17: Target of medium quality camera

4.3.5 Accuracy of the detection of the targets
Accuracy calculated by Photomodeler
After the orientation process is completed, Photomodeler returns a value of accuracy. Namely,
this is the ‘Maximum Residual’.
In this context, the residual is the difference between the expected (marked) position of the
centre dot of the target and the one calculated in the 3D-space. The reason for the differences
here lies in the fact that the same target has to appear repeatedly on various photos for
calculations, hence inaccuracies emerge this way.
The value lies between 0.5 and 2.0 pixels in projects were the reference frame is used. To give a
rough estimation what this means, one has to calculate the distance per pixel.
The width of a photo may lie at around 1.2 m (the frame of 1 meter and additionally some
surrounding soil). The total number of pixels for this distance ranges around 3000 pixels. This
means, 1 pixel stands for around ± 0.4 mm in the object space.
This leads to an end result of around ± 0.2 to ± 0.8 mm. Of course, one has to take into account,
that this is the maximum value, the average lies significantly beneath it.
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Accuracy calculated by Photomodeler, using ‘SmartPoints’
In the case that too little targets can be detected and therefore the outer orientation cannot be
solved this way, there exists another option, the so called ‘SmartPoints’ projects.
Instead of using the targets for solving the outer orientation, points of the soil, which can be
detected as the same on various photos, are used for solving.
The big advantage of this method is that even photos where target-detection is impossible can be
used for further processing.
One disadvantage is that this method leads to higher inaccuracies of around ± 2 pixels ‘Maximum
Residual’ or even more.

4.3.6 Attachment of the coordinate system in Photomodeler
Photomodeler automatically detects the centre dots of the targets on the frame. This was used to
directly attach the coordinate system.
The scale is set as illustrated in Fig. 12. The centre of the coordinate system and the alignment of
the axis can also be easily set, using the targets.
Some inaccuracies occur using this system, as first of all, the frame is not perfectly right-angled,
but more importantly the targets are not placed exactly. Thus the centre dots are not completely
on the axis. But those errors are very small and hardly influence the end result of the surveys
negatively.
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4.4 General assessment setup
Photomodeler works with stereo-pairs of pictures as well as high-angle pictures. The stereo-pairs
are used for the generation of the DSMs and the high-angle pictures for establishing a stable
exterior orientation.
Fig. 18 shows the way, the stereo-pairs of pictures are taken, whereas a base-to-height-ratio
between 0.1 and 0.6 should be achieved. Fig. 19 is the resulting picture whereas Fig. 20 is a high-

angle picture of the same soil.
The quantity of pictures of each type which have to be taken for good results are discussed in
chapter ‘4.6 Geometry of camera positions’.

Fig. 18: Taking the stereo-pair-photos

Fig. 19: One of the two stereo-pair-photos

Fig. 20: An example of a high angle photo
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4.5 DSM-Generation
In this chapter the optimisation process of the Digital Surface Model (DSM) generation is
presented. The final method was identified by testing different soils, different cameras and
different exposure positions.
Generally, the accuracies of the DSMs obtained by the method had to be determined. The
objective was to generate models with a height-accuracy of ± 5 to 10 mm or better.
Before performing any kind of measurements, a visual interpretation was used for every model in
order to identify severe errors (Abd Elbasit et al. 2009).
As a first simple step, natural objects (stones, branches) were measured with a ruler and
compared with the results of the DSM generated objects. Of course this method is not able to
outline an all-embracing assessment of accuracies, but this procedure gives first evidence about
the usability of the method (chapter 4.5.1).
As a next step, the reliability of the method was assessed by comparing photogrammetric time
series of the same soil (chapter 4.5.2).
Finally, an accuracy assessment of volume calculations was performed (chapter 4.5.3).
Several other authors already assessed the quality of DSMs obtained in a similar way. For
instance, Aguilar et al. (2009) compared photogrammetric data with data from laser scanners.
Abd Elbasit et al. (2009) worked with photogrammetric data and with data from pin-microrelief
meters and Jester and Klik (2005) used four different techniques to assess soil surfaces, among
those photogrammetry.
In all cases, accuracies in the z-direction in the lower sub-cm range could be reached.

4.5.1 Comparing DSM-data and data obtained by measurements
with a ruler
A first examination of the possible accuracy and reliability of the method was conducted by using
objects placed on the surface. Firstly, those were measured with a ruler, than the relevant distance
in the DSM was measured and the two values were compared.
The main challenge was to find a compromise between two contrary objectives.
On the one hand, points on the items had to be easy to find, as distances between them had to be
measured with a ruler as exactly as possible.
On the other hand, painting points on the items, for instance, was no option because this would
have skewed the results due to the fact, that those points would also have been detected easily by
26

4. Generation of 3D-pointclouds of soil surfaces
Photomodeler. Further on, this would have led to more accurate results than at the soil
surrounding the items.
Finally, stones and branches with no artificial marks on them were chosen (the red points on the
photos were added later, and do not exist on the actual items). Of course, as already stated this
method is not able to outline an all-embracing assessment of accuracies, but the results are a
good first indicator for the reliability of the models created by Photomodeler.

Fig. 21: Stone 1 – Model

Fig. 22: Photo of Stone 1 with ruler

Fig. 23: Stone 2 – Model

Fig. 24: Photo of Stone 2 with ruler

Fig. 25: Stone 3 – Model

Fig. 26: Photo of Stone 3 with ruler

Fig. 27: Branch 1 – Model

Fig. 28: Photo of Branch 1 with ruler
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Fig. 29: Branch 2 – Model

Fig. 30: Photo of Branch 2 with ruler

Fig. 31: Branch 3 – Model

Fig. 32 Photo of Branch 3 with ruler
Table 3: Distances measured at model and on item by ruler

Name
Stone 1
Stone 2
Stone 3
Branch 1
Branch 2
Branch 3

Distance measured in
Photomodeler [mm]
44
72
105
86
228
375

Distance measured on the
real item with a ruler [mm]
about 45
about 73
about 103
about 89
about 227
about 376

Difference [mm]
1
1
2
3
1
1

The differences lie in the area of ± 1 to 3 mm. These results fulfil the accuracy requirements
defined in chapter 2.1. Taking into account that the outlined errors are also impacted by the
inaccuracies of the reference measurements (ruler) the results are significantly below the allowed
limit.
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4.5.2 Comparing different models of the same soil
Basically, different stereo-pair photos of the same soil were taken, DSMs were generated and
finally the models were compared.
For accomplishing this task, a Graphical User Interface (GUI) was created in Matlab (Fig. 33) to
interpolate a grid with raster elements of the size of 1 mm x 1 mm over the area, using the

Photomodeler point-mesh as a basis. An example of such a grid, illustrated as a 3D-model, is
shown in Fig. 34.
Further on, the z-coordinates (height) of the generated surfaces could be compared at the same
grid raster element (same x and y coordinate) with algorithms of Matlab (Fig. 37 e.g.). The
quantitative results are illustrated in histograms such as Fig. 38, which show the deviation values

in the area of the ± triple standard deviation. With no errors at all, the models would be the
same. As a consequence, the differences reveal the reliability but also weaker points of the
proposed method.

Fig. 33: Matlab - Graphical User Interface

Fig. 34: Interpolated Grid as 3D-Model
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Soil 1
General information and model
Soil: Dry soil with very little organic material on it; agricultural field

Light: Cloudy sky with no rain
Camera: Nikon Coolpix P5000

Fig. 35: Soil 1

Fig. 36: Soil 1 – Matlab model

Deviations
Two models compared; photo-pairs taken 90 degrees to each other.

Fig. 37: Soil 1 – Deviation Plot

Fig. 38: Soil 1 – Histogram of deviations

The deviation points have a median of 0.3 mm and a standard deviation of 3.5 mm, the absolute vales a
median of 1.8 mm and a standard deviation of 2.5 mm, respectively.
The majority of the points have a low deviation which shows that the two models fit well to each
other. The reason for this can be seen in little organic material covering the surface (see Soil 3 –

‘Reason for the inaccuracies caused by organic material’) and in the little steep parts of this
structure.
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Reason for the inaccuracies at the steeper parts of the surface
The area in the right bottom corner with higher deviations contains more steep parts. With this
method of comparing two models, such steep areas cause differences in the DEMs as these areas
cannot be seen from all camera positions. Due to that, the interpolation leads to inaccuracies.
Recommendation: These accuracies can be eliminated by combining two or more models with
Photomodeler.
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Soil 2
General information and model
Soil: Dry soil with nearly no organic material on it; agricultural field; 3 stones in the middle

Light: Cloudy sky with no rain
Camera: Nikon Coolpix P5000

Fig. 39: Soil 2

Fig. 40: Soil 2 –Matlab model

Deviations
Two models compared; photo-pairs taken 90 degrees to each other.

Fig. 41: Soil 2 – Deviation Plot

Fig. 42: Soil 2 – Histogram of deviations

The deviation points have a median of 2.4 mm and a standard deviation of 3.8 mm, the absolute vales a
median of 2.9 mm and a standard deviation of 2.8 mm, respectively.
These are very low values coming from the absence of organic material on this soil and a surface

with not too many steep areas.
On the deviation plot (Fig. 41), the steep parts can be identified easily as they are mainly located
at the sides of the stones.
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Soil 3
General information and model
Soil: Dry soil with a relatively dense cover of organic material on it; agricultural field

Light: Cloudy sky with no rain
Camera: Nikon Coolpix P5000

Fig. 43: Soil 3

Fig. 44: Soil 3 –Matlab model

Deviations
Two models compared; photo-pairs taken 90 degrees to each other.

Fig. 45: Soil 3 – Deviation Plot

Fig. 46: Soil 3 – Histogram of deviations

The deviation points have a median of -12.8 mm and a standard deviation of 6.8 mm, the absolute vales
a median of 12.8 mm and a standard deviation of 6.0 mm, respectively.
Those high values result from the dense cover of organic material which spreads all over the area.

33

4. Generation of 3D-pointclouds of soil surfaces
Reason for the inaccuracies caused by organic material
Organic material such as the one growing on this soil has complex shapes, including surfaces on
the downside as well as very steep areas. Of course those surfaces cannot be seen from all the
camera positions, some of such areas cannot be seen at all.
Recommendation: Due to those reasons, one can state that just a combined model of two or
more models of stereo-pair-photos would provide better results.
Since organic material cannot be used for further processing (such as calculating soil roughness)
it is recommended to exclusively take pictures of soils without it. Filtering could eventually be an
opportunity, but it is very difficult to perform correctly and can cause further problems.

34

4. Generation of 3D-pointclouds of soil surfaces

Soil 4
General information and model
Soil: Dry soil with organic material which rises above the surface of the soil; agricultural field

Light: Cloudy sky with no rain
Camera: Nikon Coolpix P5000

Fig. 47: Soil 4

Fig. 48: Soil 4 –Matlab model

Deviations
Two models compared; photo-pairs taken 90 degrees to each other.

Fig. 49: Soil 4 – Deviation Plot

Fig. 50: Soil 4 - Histogram of deviations

The deviation points have a median of 1.6 mm and a standard deviation of 7.1 mm, the absolute vales a
median of 2.4 mm and a standard deviation of 6.5 mm, respectively.
As one can see on the deviation-plot (Fig. 49), all the high deviations can be found at the areas
containing the organic material.
Although there exists one significant difference to the organic material of Soil 3. Since the
material rises above the surface in a very obvious way, it could be eliminated in Photomodeler by
simply selecting and deleting those points, which would not be possible at Soil 3, as the material
there is very fine and hard to grasp.
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Soil 5
General information and model
Soil: Dry soil with some organic material on it; agricultural field

Light: Cloudy sky with no rain
Camera: Nikon Coolpix P5000
Additional information: These pictures were taken from a ladder, in order to determine possible
differences when photos are taken from a higher position.

Fig. 51: Soil 5

Fig. 52: Soil 5 –Matlab model

Deviations
Two models compared; photo-pairs taken 90 degrees to each other.

Fig. 53: Soil 5 – Deviation Plot

Fig. 54: Soil 5 - Histogram of deviations

The deviation points have a median of -0.7 mm and a standard deviation of 4.3 mm, the absolute vales a
median of 1.7 mm and a standard deviation of 3.6 mm, respectively.
Photomodeler still deals well with the pictures even though they are taken from a bigger distance.
The outstanding area of around -80 mm deviation is located in a steep area were additionally

organic material can be found.
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Soil 6
General information and model
Soil: Wet Humus layer with a small puddle and some organic material on it

Light: Sun with no rain
Camera: Canon EOS 1100D

Fig. 55: Soil 6

Fig. 56: Soil 6 - Matlab model

Deviations
Two models compared; photo-pairs taken 90 degrees to each other.

Fig. 57: Soil 6 – Deviation Plot

Fig. 58: Soil 6 - Histogram of deviations

The deviation points have a median of 0.3 mm and a standard deviation of 3.0 mm, the absolute vales a
median of 1.0 mm and a standard deviation of 2.5 mm, respectively.
These good values show that also a wet surface can be modelled in a reliable way.
Sunlight does not influence the creation of the point mesh but rather has negative influence on
the detection of the targets on the frame. Since the sunlight causes shadows, it is important to
take the pictures quickly after each other, because otherwise the shadows are changing and this is
a reason for wrong measurements as Photomodeler matches wrong points at the edges of the
shadows which appear to be the same, but indeed are not.
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Soil 7
General information and model
Soil: Slightly wet with nearly no organic material on it; agricultural field
Light: Cloudy sky with light rain

Camera: Canon EOS 1100D

Fig. 59: Soil 7

Fig. 60: Soil 7 - Matlab model

Deviations
Two models compared; photo-pairs taken 180 degrees to each other.

Fig. 61: Soil 7 – Deviation Plot

Fig. 62: Soil 7 - Histogram of deviations

The deviation points have a median of 0.2 mm and a very low standard deviation of 1.7 mm, the
absolute vales a median of 0.9 mm and a standard deviation of 1.3 mm, respectively.
The main reason for the high correspondence of these two measurements can be seen in the fact,

that the two stereo-pair photo models are located 180 degrees to each other, which leads to very
similar camera positions and further on to a very similar measurement of this surface.

Other reasons are little organic material and a soil relief which can be seen completely from all
camera positions due to the absence of significantly steep areas.
The main deviations are located at the steep sides of the three stones which were placed on the
soil. Additionally one can say that light rain does not influence the modelling in a negative way.
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Discussion of achieved results
Determining the reliability of the method by comparing different stereo-pair photos of the same
soil provided good results. Typical soils which might be measured frequently are for instance Soil

1, Soil 2 or Soil 7. Such soils can be modelled with a reliability which is definitively enough for
further processing such as calculating roughness indices. Wet conditions which can be seen on

Soil 6 or Soil 7 are obviously no obstacle for a reliable measurement.
Furthermore, the sunny conditions of Soil 6 do not influence the measurement negatively. Just
the detection of the targets can get difficult as it is described in ‘4.3.4 Detection of the targets
under various conditions’.
Organic material with complex shapes and steep areas tend to cause problems.

4.5.3 Assessing the accuracy of volume measurements
One application of the method is to measure the change of volume of a soil during an erosion
event such as heavy rainfall. The following table shows an experiment conducted in a

cooperation with the ‘Institute for Land & Water Management Research’
Research’ where various soil
materials of known volume were added to a soil several times and each time the difference was

measured and calculated photogrammetrically. Subsequently the difference between the
photogrammetrically measured difference and the true difference were assessed. Altogether,

seven DSMs with four different volumes were used. The numbers in the column ‘before’ and
‘after’ in Table 4 contain the names of the DSMs.

Fig. 63: Experimental arrangement of the measurement
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Table 4: Accuracy of volume measurements

No. before
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

1906_1 to
to
to
to
to
to
to
1906_2 to
to
to
to
to
to
2806_1 to
to
to
to
to
2806_2 to
to
to
to
0207_1 to
to
to
0207_2 to
to
0507_1 to

after

measured
photogrammetric
difference [dm3]

true value of
difference
[dm3]

difference
(photog. - true
value) [dm3]

difference absolute
value [dm³]

1906_2
2806_1
2806_2
0207_1
0207_2
0507_1
0507_2
2806_1
2806_2
0207_1
0207_2
0507_1
0507_2
2806_2
0207_1
0207_2
0507_1
0507_2
0207_1
0207_2
0507_1
0507_2
0207_2
0507_1
0507_2
0507_1
0507_2
0507_2

1.6
0.8
1.8
2.1
2.8
2.8
3.8
-0.8
0.1
0.5
1.2
1.2
2.2
0.9
1.2
2.0
2.0
2.9
0.3
1.0
1.0
2.0
0.7
0.7
1.7
0.0
1.0
1.0

0.5
0.5
1.5
1.5
2.0
2.0
3.0
0.0
1.0
1.0
1.5
1.5
2.5
1.0
1.0
1.5
1.5
2.5
0.0
0.5
0.5
1.5
0.5
0.5
1.5
0.0
1.0
1.0

-1.1
-0.3
-0.3
-0.6
-0.8
-0.8
-0.8
0.8
0.9
0.5
0.3
0.3
0.3
0.1
-0.2
-0.5
-0.5
-0.4
-0.3
-0.5
-0.5
-0.5
-0.2
-0.2
-0.2
0.0
0.0
0.0

1.1
0.3
0.3
0.6
0.8
0.8
0.8
0.8
0.9
0.5
0.3
0.3
0.3
0.1
0.2
0.5
0.5
0.4
0.3
0.5
0.5
0.5
0.2
0.2
0.2
0.0
0.0
0.0
0.4
0.3
0.1

Mean
Standard Deviation
CI 95

The resulting differences have a mean of 0.4 dm³, a standard deviation of 0.3 dm³ and a
Confidence Interval (α = 0.05) of 0.1 dm³ which can be seen as accurate enough for the
application as stated by the ‘Institute for Land & Water Management Research’.
In a second experiment sand was used and volumes were removed. Again, the true value was
compared with the one measured photogrammetrically. The results were surprisingly similar to
the one of the first experiment with a mean of 0.4 dm³ and a standard deviation of 0.3 dm³ and
only differed in the second decimal place.
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4.6 Geometry of camera positions
4.6.1 Determining the need for one, two, three or four models per soil
On the one hand, a combination of more models of stereo-pair pictures creates more accurate
results due to more differing camera positions. On the other hand, taking more pictures and

processing them takes time.
In this chapter, an agricultural soil with a wheel track of a tractor is modelled. This is especially
interesting, as the wheel tracks of a tractor contain very steep areas which might be assessed
significantly different from various camera positions.

As the model which combines four different models of stereo-pair photos is the one containing
most data, it was compared with models containing one, two and three single models of stereopair photos. As the data increases, the similarity between the compared models increases as well

and one can see how additional photo pairs influence the accuracy.

Fig. 64: Soil with track of tractor wheel

Fig. 65: Matlab model (4 stereo-pair photos
combined)

Model with 4 stereo-pair photos compared with model of 1 stereo-pair photo

Fig. 66: Deviation Plot

Fig. 67: Histogram of deviations

Median: 0.1 mm; Standard Deviation: 2.0 mm; Abs.-Val: Median: 0.8 mm; Standard Deviation: 1.6 mm
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Model with 4 stereo-pair photos compared with model of 2 stereo-pair photo

Fig. 68: Deviation Plot

Fig. 69: Histogram of deviations

Median: 0.2 mm; Standard Deviation: 1.4 mm; Abs.-Val: Median: 0.3 mm; Standard Deviation: 1.1 mm

Model with 4 stereo-pair photos compared with model of 3 stereo-pair photo

Fig. 70: Deviation Plot

Fig. 71: Histogram of deviations

Median: 0.0 mm; Standard Deviation: 1.1 mm; Abs.-Val: Median: 0.1 mm; Standard Deviation: 1.0 mm
The Median of the absolute values as well as both Standard Deviations drop continuously with
the number of models combined. This is also visible in the histograms of deviations.

Considering the Deviation Plots, in Fig. 66 one can clearly see the sides of the tracks of the
tractor wheels. These are the areas, which cause inaccuracies when using too little different
models. As the amount of data increases, the deviations decrease and it is more and more
difficult to identify the sides of the tractor wheels (Fig. 68; Fig. 70).

The most improvement can be seen from one to two models combined, which have an angle of
90 degrees to each other. Combining three or four models instead of two will of course give also
better results.
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Recommendation: As taking more pictures and processing them is also a matter of time, it is
recommended to take two stereo-pair photos at least. Taking three or four might be necessary in
case of the need for extra high accuracy or in case of a very problematic soil. Such as soils with a
lot of steep areas.

4.6.2 Determining the need for high-angle photos
For creating a Point Mesh in Photomodeler it is necessary to have low-angle stereo pairs of
photos.
On the contrary, for a stable exterior orientation, additional high-angle pictures are necessary.
Table 5 shows the changes of various distances when adding further high-angle photos. Those
distances are always measured between a stable point, which does not change while adding
photos, and one that gets adjusted to the new, more stable orientation.
On the one hand, one can see that the mean changes of the distances decrease from photo to
photo. This means that probably the third or fourth high-angle picture would not be necessary
any more.
On the other hand, it is possible that Photomodeler needs three or four high-angle pictures for
the orientation. This occurs when the targets on the pictures are of low quality and not all of
them can be detected and used.
Recommendation: Due to the results achieved in this research study it is recommended to take
four high-angle pictures.
Table 5: Changes of calculated positions of targets due to adding high-angle photos

Distances - units in [mm]
without high-angle photo 1 h.-a. p. 2 h.-a. p. 3 h.-a. p. 4 h.-a. p.
Distance 1
217,41
218,06
218,31
218,33
218,37
Distance 2
990,75
991,15
992,10
992,31
992,49
Distance 3
48,46
48,43
48,44
48,45
48,53
Distance 4
954,40
953,61
953,18
953,10
953,13
Distance 5
55,59
55,50
55,37
55,31
55,29
Distance 6
915,65
915,10
914,55
914,22
913,89
Difference 1
0,65
0,25
0,02
0,04
Difference 2
0,40
0,95
0,21
0,18
Difference 3
0,03
0,01
0,01
0,08
Difference 4
0,79
0,43
0,08
0,03
Difference 5
0,09
0,13
0,06
0,02
Difference 6
0,55
0,55
0,33
0,33
Mean Diff.
0,42
0,39
0,12
0,11
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5 Deviation of soil surface parameters
In this chapter the further processing of the data obtained from Photomodeler will be described.
As a first step, Photomodeler offers the possibility to export the data in the txt-format. Such files
contain the x-, y- and z-values of the calculated points of the soil-surface. Those have a distance
of approximately 1 mm to each other.

5.1 Pre-processing – Grid generation
As a first step, a regular grid has to be calculated. This makes it possible to compare different
models of the same soil or calculate roughness indices which require defined rows in x- any ydirection.
Such grids contain one z-value for each grid-element, whereas one grid-element has the size of
1 mm x 1 mm.
The side length of such grids lies at about 800 to 900 mm. This results from the fact that the
edges of the model which are located nearby the frame cannot be used for further processing, as
they tend to be covered by the frame at one of the two pictures. Anyhow, this resulting size is
suitable for further calculations such as the roughness index used by Taconet and Ciarletti (2007).

5.2 Inclination
Subsequently, the inclination in x- and y-direction as well as the maximal inclination are
calculated. A plane of best fit is adapted, using the least squares method. Fig. 72 illustrates such a
plane whereas the plane is black and the soil surface is coloured. Further on, this plane provides
the inclinations in x- and y-direction.
The maximal inclination can be derived from the inclination in x- and y-direction, using the
following formula:
=

+

… inclination in x-direction
… inclination in y-direction
… maximal inclination

5.3 Roughness indices
A broad range of roughness indices is available. Such indices are used for instance for the
calculation of soil erosion with erosion models (e.g. Renard et al. 1997). One of the earliest
descriptions of such a roughness index was published by Allmaras et al. (1966).
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As part of this master thesis, Matlab scripts for the calculation of the indices of two various

authors were written. Namely, the roughness indices used by Taconet and Ciarletti (2007) and by
Planchon et al. (2002).

5.3.1 Taconet and Ciarletti (2007)
This author worked with three different indices.

Firstly, an index which does not take into account the differences in x- and y-direction.
Therefore, in order to eliminate a general slope effect, a plane of best fit is calculated (see Fig.
72). Further on, the standard deviation of the soil-surface to the plane of best fit is determined.
Secondly, an index for the roughness in x-direction and one in y-direction is calculated,
proceeding similar to the first index-calculation.

Fig. 72: DSM with plane of best fit

5.3.2 Planchon et al. (2002)
This author calculated a roughness-index by using the following formula:

∑

=
Where:

,

,.

.,

1

+

.,.

i and j … indices of rows and columns
,

,.

.,

.,.

… z-value of the current grid-element
… mean value of row i
… mean value of column j
… mean value of all the data
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5.4 Examples
Finally, a Matlab-script was written for combining the calculations of the inclinations and the
roughness-indices. The resulting data is then automatically written to an excelexcel-file.
Following, examples of soils and the corresponding values are given.

Table 6: Soil 1 – Results

Degrees 1 [°]
Degrees 2 [°]
Max. degrees [°]
RR Planchon [mm]
RC Taconet [mm]
RC_x Taconet [mm]
RC_y Taconet [mm]

11,93
3,42
12,41
5,32
8,44
5,12
7,90

Fig. 73: Soil 1

Table 7: Soil 2 – Results

Degrees 1 [°]
Degrees 2 [°]
Max. degrees [°]
RR Planchon [mm]
RC Taconet [mm]
RC_x Taconet [mm]
RC_y Taconet [mm]

3,45
2,30
4,15
4,55
8,62
3,87
8,37

Fig. 74: Soil 2

Table 8: Soil 3 – Results

Degrees 1 [°]
Degrees 2 [°]
Max. degrees [°]
RR Planchon [mm]
RC Taconet [mm]
RC_x Taconet [mm]
RC_y Taconet [mm]

1,03
10,75
10,79
12,09
13,48
11,11
11,08

Fig. 75: Soil 3
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Table 9: Soil 4 – Results

Degrees 1 [°]
Degrees 2 [°]
Max. degrees [°]
RR Planchon [mm]
RC Taconet [mm]
RC_x Taconet [mm]
RC_y Taconet [mm]

0,97
0,05
0,97
12,95
16,25
12,88
14,51

Fig. 76: Soil 4

Table 10: Soil 5 – Results

Degrees 1 [°]
Degrees 2 [°]
Max. degrees [°]
RR Planchon [mm]
RC Taconet [mm]
RC_x Taconet [mm]
RC_y Taconet [mm]

9,69
2,02
9,90
11,37
16,47
15,38
10,26

Fig. 77: Soil 5

Table 11: Soil 6 – Results

Degrees 1 [°]
Degrees 2 [°]
Max. degrees [°]
RR Planchon [mm]
RC Taconet [mm]
RC_x Taconet [mm]
RC_y Taconet [mm]

0,72
3,73
3,80
49,61
65,85
39,64
50,37

Fig. 78: Soil 6
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6 Conclusions and Outlook
The ‘Institute for Land & Water Management Research’ was searching for a method to obtain
3D-data of soil surfaces easily, cheaply, quickly and with sufficient accuracy. Finally one can state,
that those objectives could be achieved:
•

Due to the absence of the need for sophisticated power supply and little equipment
necessary, the method can be seen as easy to apply in the field.

•

The use of amateur cameras makes the method affordable.

•

Just about 20 min are necessary in order to get the raw data of Photomodeler for about
1 m².

•

The original objective was to develop a method which assesses the soil surface with a
height-accuracy of about ± 5 to 10 mm. The reached accuracy lies below 5 mm.

The program Photomodeler turned out to be suitable as it deals well with amateur cameras and
close-range-photogrammetric tasks. Furthermore, the duration needed for the calculation of the
DSMs lies within a suitable time-span.
Various amateur cameras were tested and the majority fulfil well the tasks. Just the ones located
in the low price-segment tend to have too little quality.
A reference frame was constructed, handy enough to be used by one person in the field.
The DSM-generation could be accomplished with satisfying accuracy and reliability. With two
stereo-pairs of photos from above and four high-angle photos, DSMs of good quality can be
obtained.
Further processing of the data is necessary to obtain roughness indices and other parameters.
This was realized by using the program Matlab. Several scripts are already completed and further
ones will be written by the ‘Institute for Land & Water Management Research’. Some possibilities
for further use of the DSM-data are:
•

Calculation of other indices. The scripts for the roughness indices used by Taconet and
Ciarletti (2007) and Planchon et al. (2002) are already realized. Examples for other indices
are presented by Hansen et al. (1999) or Allmaras et al. (1966).

•

Assessment of the possible amount of water storage due to surface depressions,
described by Borselli and Torri (2010) for instance.

•

Volume change measurement during an erosion event such as heavy rainfall.
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•

Canillas and Salokhe (2002) or Eguchi and Muro (2007) for instance already worked on
the topic of soil compaction. One possible application of close-range photogrammetry is
to search for a correlation between soil volume, assessed by photogrammetry, and soil
density.

Concerning the current scope of use of the method by the ‘Institute for Land & Water
Management Research’, one can state that first tests already proved the practical useability of the
method and currently it is tested for a bigger number of samples.
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7 Appendices
• Manual
1. Camera Calibration
2. Taking photos of the soil
3. Photomodeler
4. Matlab
5. General information
• Matlab Scripts
- Grid generation
- Inclination
- Roughness index – Planchon et al. (2002)
- Roughness indices – Taconet and Ciarletti (2007)
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Manual
Semi-automatic assessment of soil
surfaces with photogrammetric methods

Content
1. Camera Calibration
2. Taking photos of the soil
3. Photomodeler
4. Matlab
5. General information
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1. Camera Calibration
Print Calibration sheets
• Open Photomodeler/Menu Bar ‘File’/Print Calibration Sheet(s)...
Settings (see Fig. 79 Print Calibration Sheets – Settings)
- Check ‘Multi-sheet Calibration’
- Inner target diameter: 13 mm
- Sheet size: 210 by 297 millimeters
- Number of sheets: 12
Print Calibration Sheets with laser printer instead of inkjet printer to get them more plain
• Tape the sheets to the floor (about 1 m x 1 m; 4 x 3 sheets)
Take pictures (see: Fig. 80 Photos of the Calibration Grid)
• Take 12 pictures (4 sides x 3 formats)
Camera Settings
- Use best quality of the pictures
- Use Black and White monochrome setting (if available)
- Turn off sharpening, image stabilization or any other post-processing operations
Use tripod
Use good lighting
Take photos: 4 landscape format, 4 turned 90 degrees to the right, 4 turned 90 degrees to
the left
Take care, that all parts and especially edges of the lens are covered at least at one photo
with targets
Perform Calibration in Photomodeler
• Open Photomodeler/Camera Calibration Project/Add Photo(s).../Next/Run.../
Show Report...
Parameters to check (recommended maximum values for this project)
- Total Error/Last Error: 4
- Quality/Point Marking Residuals/Overall RMS: 0.5 pixels
- Quality/Point Marking Residuals/Maximum: 2.0 pixels
- Quality/Point Marking Residuals/Maximum RMS: 1.0 pixels
- radial distortion (1 to 3): ‘Deviation’ must be smaller than ‘Value’
If parameters are higher: retake pictures or accept inaccuracies
(one pixel at the point ‘Maximum’ means for instance an inaccuracy of about 0.4 mm
about 3000 pixels/1.2 m)
• Close/Close/’Add Camera To Library’ if camera will be used more often with the same
settings; otherwise click No
• Save Project/Close Photomodeler
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Camera Calibration - Illustrations

Fig. 79 Print Calibration Sheets – Settings

Landscape format

Camera turned 90 degrees to the left

Camera turned 90 degrees to the right

Fig. 80 Photos of the Calibration Grid
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2. Taking photos of the soil
• At least 8 photos per model (or more); consisting of:
2 (or more) pairs of photos
4 high-angle photos
• Pairs of Photos are used in Photomodeler for the generation of the model
On one photo of the pair the frame has to be placed on the left side and on the other on
the right side
At least 2 photo-pairs are recommended (turned 90 degrees to each other), as this leads to
a significantly denser point mesh in Photomodeler in comparison to just one
3 or 4 pairs can be taken when higher accuracy is necessary
• High-angle photos are used for achieving a more stable outer orientation (= calculation of
the positions of the cameras, which is necessary for further calculation of the model)
At least one high-angle photo is necessary
4 are strongly recommended as it does not take much time and guarantees an outer
orientation of more quality. Additionally, when 4 pictures are available for further
processing, it is not a problem, if 1 or 2 pictures cannot be used due to low quality
Do not take photos with an extremely high angle, as the targets would be hard to detect
for Photomodeler in this case
Example
2 stereo-pairs of photos

4 high-angle photos

Fig. 81 Full set of photos

Influence of weather conditions on the quality of the pictures
• Cloudy sky
Best weather condition possible
• Light rain
Does not have negative influence, even when the targets are covered with raindrops
• Sunshine
Can have strong negative influence due to the reflections of the white parts of the targets
- Use best quality of the camera
- Eventually, lowering the brightness of the pictures can help (leads to a higher contrast
of the black surrounding to the white targets)
Be aware of the shadow you make while taking the photos. No shadow of yourself is
allowed at all, as it changes from position to position. Due to that it would disturb the
calculation of the point-mesh in Photomodeler.
Additional information
Use 3:4 format of the camera, as it fits the shape of the frame better than the 2:3 format.
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3. Photomodeler
Before using the program for the first time
• Menu Bar ‘Options’/Preferences.../
Marking and Referencing/RAD project/Target color: 1 or 2
Exports and Output/Exports/uncheck ‘Save as XYZRGB’
Add-on Modules/Dense Surface/check ‘When point meshes are created they are put into
their own layer.’
Exterior Orientation
• Open Photomodeler/Automated Project/RAD – Coded Target Auto-project/
Add Photo(s).../Next/
• Matching the right camera calibration:
If the camera calibration was added to the library: Automated matching
If the camera was not added to the library: ‘Browse’ and then search for calibrationproject file
• Run.../Show Report.../
• Check Parameter ‘Quality/Point Marking Residuals/Maximum’
One pixel means a max. inaccuracy of about 0.4 mm about 3000 pixels/1,2 m
(exterior orientation); should be not more than 2.5 pixels for this project
• Close/Close
Determining the Coordinate System (use ‘Fig. 82 Coordinate System of the frame’)
• Menu Bar ‘Project’ / ’Scale/Rotate Viewer...’
•
• Add new empty object/Scale, Rotate and Translate/OK
• choose ‘millimeters’
• Display photo (double-click)
• Scale/’New’ with 1048.5 mm/’New’ with 1048.5 mm/’New’ with 1483.0 mm
• Assign the two 1048.5 mm – distances (use shift key when marking two points)
• measure the 1483.0 mm – distance (
)
• if deviation is no more than a few mm, assign it as well (for additional accuracy)
• Click Translate/Assign point ‘X1/Y1’ (centre of coordinate system)
• Rotate/FIRST mark point X1, THEN X2 and assign it to the x-axis
• Rotate/FIRST mark point Y1, THEN Y2 and assign it to the y-axis
• Click
and
• Quality tools/Display Axis within model
• Check, that the 3D-View looks like ‘Fig. 83 Coordinate System in 3D-Viewer’ (z-axis must
point to the sky!)
Generating the point mesh
• Display a photo you want to calculate a mesh from
• Menu Bar ‘Dense Surface’/DSM Trim Mode define the area where to calculate the points
• Menu Bar ‘Dense Surface’/Create Dense Surface…
Tick the Photo-pairs you want to generate point meshes out of
Ideally, b/h ratio should be between 0.1 and 0.6
Ideally, Angle should be under 10 degrees
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Settings:
- Sampling interval: It is recommended to leave it at the random value first and check the
result; in a second run, lower it down to 1 mm (afterwards, delete the first point mesh
with the high sampling interval
+ delete-key)
- Extents from: DSM Trims
- Depth range: depending on the soil (probably 0 mm above surface and about 300 or
400 mm below surface)
• Troubleshooting:
The point-mesh shows high noise after a certain depth increase depth range
Merge/Modify Point Mesh
•
•
•
•

Click
/PointMesh table – All
Mark the Point Meshes to match
Menu Bar ‘Dense Surface’/Modify PointMesh…
Check the following boxes ( ):
Register and Merge
- Merge only
Clean outliers (to remove noise; very important, as Matlab would use this noise otherwise
for interpolation)
Clear redundancy
Point decimation – choose appropriate Percent (is just necessary when the new point
mesh has too many points for further processing; this depends on the performance of the
computer used
(about 1 000 000 is the maximum necessary, or less when using a computer with bad
performance)

Export Model for further processing
• Just export Point Meshes without noise! Otherwise Matlab uses these points for
interpolation!
• Menu Bar ‘File’/Exports/Export Model...
Export format: ‘Text (raw XYZ) (.txt)’
Layers to export: Tick the Point Mesh you want to export
• Export…
Alternative Methods of processing the photos with Photomodeler
If the targets are of bad quality on the pictures (due to poor conditions, namely sunshine; bad
camera quality; ...) it can happen that Photomodeler is not able to detect them (see ‘Fig. 84 Target
with reflections’ for instance).
In this case it is strongly recommended to retake the pictures, or to take more pictures in first
place to be able to choose others for processing.
If for some reason the photos should be used for processing anyways, there exist two methods
without using the automated target detection. However, these methods are less accurate and can
be inconvenient as well. Due to those reasons they are just described in a few key words.
Manual Referencing
• Menu Bar ‘Referencing’/Referencing Mode
Smart Points
• Open Photomodeler/Automated Project/SmartPoints Project
• Additionally Manual Referencing for tagging the points ‘X1/Y1’, ‘X2’ and ‘Y2’
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Photomodeler - Illustrations

Fig. 82 Coordinate System of the frame

Fig. 83 Coordinate System in 3D-Viewer

Fig. 84 Target with reflections
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4. Matlab
• [notdef, Grid] = cr_grid('filename', border);

Function for generating a grid out of the exported data of Photomodeler
- ‘notdef’ returns the number of raster elements without a value (normally at the
border due to missing data for interpolation); it is strongly recommended to increase
the border until the value is 0
- ‘Grid’ the Matrix containing the z-values of the raster elements. The lowest value is 0.
- ‘filename’ exported .txt-file from Photomodeler; example 'Testfile.txt'
- ‘border’ example: border = 10 percent; extent of soil sample = 1000 mm; results in
50 mm which are not used for grid-generation each side
• [RR] = RR_Planchon(Grid)

Function for calculating the RR (Random Roughness) as it is described in Planchon et al.
(2002) on pages 145 and 146
- ‘RR’ = the returned value of the Random Roughness
- ‘Grid’ = a Grid generated earlier with the function ‘cr_grid’
• [RC, RC_x, RC_y] = RC_Taconet(Grid)

Function for calculating the RC-index as described in Taconet et al. 2006, page 66
- ‘RC’ = the returned value of the unoriented Roughness
- ‘RC_x’, ‘RC_y’ = the returned values of the oriented Roughnesses
- ‘Grid’ = a Grid generated earlier with the function ‘cr_grid’
• [degrees1, degrees2, max_degrees] = maxslope(Grid)

Function for calculating the slope angles in both directions and the max. value
- ‘degrees1’, ‘degrees2’ = slope angles in both directions
- ‘max_degrees’ = max. value
- ‘Grid’ = a Grid generated earlier with the function ‘cr_grid’
• calc_all(Grid, 'filename')

Combines functions (RR_Planchon, RC_Taconet, maxslope) and writes the results to an
excel-sheet
- ‘Grid’ = a Grid generated earlier with the function ‘cr_grid’
- ‘filename’ = name of generated excel-file; example 'Testfile'

5. General information on the quality of the data depending on the soil
• Shape
It is difficult to calculate points in steep areas (be aware wether you can see such areas
from your camera positions or not). If there are not enough points in these areas, Matlab
interpolates. Inevitably, this leads to inaccuracies.
If there exist two z-values for one position/raster element, the grid interpolation of
Matlab cannot handle this, as it generates one point per position.
• Organic material
Organic material, such as agricultural crops, has complex shapes, including surfaces on
the downside. Of course those surfaces cannot be seen from all camera positions as well
as having two z-values per position sometimes (see above).
Since organic material cannot be used for further processing (such as calculating soil
roughness) it is recommended to exclusively take pictures of soils without it.
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Matlab Scripts

Grid generation
function [notdef, Grid] = cr_grid(filename, border)
%creates a grid from the point-mesh of Photomodeler
%load Photomodeler-Pointmesh
Mesh = load(filename);
%determine max/min x/y values for Grid
if border < 1 %to avoid problems caused by rounding the float-numbers
border = 1;
end
max_x_Mesh = max(Mesh(:,1));
min_x_Mesh = min(Mesh(:,1));
max_y_Mesh = max(Mesh(:,2));
min_y_Mesh = min(Mesh(:,2));
distance_x_Mesh = abs(max_x_Mesh - min_x_Mesh);
distance_y_Mesh = abs(max_y_Mesh - min_y_Mesh);
if distance_x_Mesh < distance_y_Mesh
distance_gross = distance_x_Mesh;
else
distance_gross = distance_y_Mesh;
end
distance_net = round(distance_gross * ((100-border)/100));
min_x_Grid
max_x_Grid
min_y_Grid
max_y_Grid

=
=
=
=

round(min_x_Mesh + ((distance_x_Mesh - distance_net)/2));
min_x_Grid + distance_net;
round(min_y_Mesh + ((distance_y_Mesh - distance_net)/2));
min_y_Grid + distance_net;

%create Grid
[xq,yq] = meshgrid(min_x_Grid:1:max_x_Grid, min_y_Grid:1:max_y_Grid);
Grid = griddata(Mesh(:,1), Mesh(:,2), Mesh(:,3), xq, yq, 'cubic');
Grid = Grid - min(Grid(:)); %set lowest z-value of Grid to 0
%count nan-values to see how many raster cells of the grid are not
%filled with values
notdef = sum(isnan(Grid(:)));
%plot Grid for checking
figure;
mesh(Grid);
axis([0 length(Grid(:,1)) 0 length(Grid(1,:))]);
colorbar;
end
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Inclination
function [degrees1, degrees2, max_degrees] = maxslope(Grid)
%calculates the slope steepness of the Grid
grid_size = length(Grid(:,1));
%creating the vectors used for further calculations
[xvec,yvec] = meshgrid(1:1:grid_size, 1:1:grid_size);
xvec = xvec(:);
yvec = yvec(:);
zvec = Grid(:);
%creating the 'plane of best fit' (least squares method)
X = [ones(size(xvec)) xvec yvec];
a = X\zvec;
%returning the degrees; using the gradients created by the \ operator
degrees1 = abs(radtodeg(atan(a(2))));
degrees2 = abs(radtodeg(atan(a(3))));
max_degrees = sqrt(degrees1^2+degrees2^2);
end

Roughness index – Planchon et al. (2002)
function [RR] = RR_Planchon(Grid)
%calculates the RR (Random Roughness) as described in Planchon el al.
%(2002) on pages 145 and 146;
%cells in the Grid without a value are ignored in the calculation
%anyways, it is recommended not to have such cells at all
mean_all = nanmean(Grid(:));
grid_size = length(Grid(1,:));
sum_squ = 0;
%defining the (size of the) arrays in advance, to avoid the permanent
change of size during the following loop
mean_i = zeros(grid_size, 1);
mean_j = zeros(grid_size, 1);
for m = 1:grid_size
mean_i(m) = nanmean(Grid(:,m));
mean_j(m) = nanmean(Grid(m,:));
end

%i used for rows
%j used for columms

for i = 1:grid_size
for j = 1:grid_size
if not(isnan(Grid(j,i))) %if the raster element is not a NaN
sum_squ = sum_squ + (Grid(j,i) - mean_i(i) - mean_j(j)
+ mean_all)^2;
end
end
end
n = length(Grid(:)) - sum(isnan(Grid(:))); %not using the NaN-vaules
for the n-value as above they were also not considered
RR = sqrt(sum_squ/(n - 1));
end
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Roughness indices – Taconet and Ciarletti (2007)
function [RC, RC_x, RC_y] = RC_Taconet(Grid)
%cells in the Grid without a value are not allowed
grid_size = length(Grid(:,1));
%calculatin the overall Index without taking into account
the directions
%creating the vectors used for further calculations
[xvec,yvec] = meshgrid(1:1:grid_size, 1:1:grid_size);
xvec = xvec(:);
yvec = yvec(:);
zvec = Grid(:);
%creating the 'plane of best fit' (least squares method)
X = [ones(size(xvec)) xvec yvec];
a = X\zvec;
zplane_vec = X*a;
%converting the resulting vector in a matrix
zplane = reshape(zplane_vec, grid_size, grid_size);
%calculating the standard deviation
squ = (Grid - zplane).^2;
mean_squ = sum(squ(:))/(length(Grid(:))-1);
RC = sqrt(mean_squ);

%calculatin the indices taking into account the differences of
the two directions
position_value = 1:grid_size;
RC_x_val = zeros(grid_size, 1)';
RC_y_val = zeros(grid_size, 1)';
for i = 1:grid_size
%x-direction
fit = polyfit(position_value, Grid(i,:), 1);
line_val = polyval(fit, position_value);
squ = (line_val - Grid(i,:)).^2;
mean_squ = sum(squ)/(grid_size-1);
RC_x_val(i) = sqrt(mean_squ);
%y-direction
fit = polyfit(position_value, Grid(:,i)', 1);
line_val = polyval(fit, position_value);
squ = (line_val - Grid(:,i)').^2;
mean_squ = sum(squ)/(grid_size-1);
RC_y_val(i) = sqrt(mean_squ);
end

Continuation on next page …
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… Continuation from previous page

RC_x = mean(RC_x_val);
RC_y = mean(RC_y_val);

%plot Mesh for checking
figure;
mesh(Grid);
hold on;
surf(zplane);
end

62

8. References

8 References
Abd Elbasit, M. A. M.; Anyoji, H.; Yasuda, H.; Yamamoto, S. (2009): Potential of low cost closerange photogrammetry system in soil microtopography quantification. In Hydrol. Process. 23
(10), pp. 1408–1417.
Aguilar, M. A.; Aguilar, F. J.; Negreiros, J. (2009): Off-the-shelf laser scanning and close-range
digital photogrammetry for measuring agricultural soils microrelief. In Biosystems Engineering
103 (4), pp. 504–517.
Allmaras, R. R.; Burwell, R. E.; Larson, W. E.; Holt, R. F.; Nelson, W. W. (1966): Total porosity
and random roughness of the interrow zone as influenced by tillage. Washington: Agricultural
Research Service, U.S. Dept. of Agriculture.
Borselli, L.; Torri, D. (2010): Soil roughness, slope and surface storage relationship for
impervious areas. In Journal of Hydrology 393 (3-4), pp. 389–400.
Brasington, J.; Smart, R. M. A. (2003): Close range digital photogrammetric analysis of
experimental drainage basin evolution. In Earth Surf. Process. Landforms 28 (3), pp. 231–247.
Canillas, E. C.; Salokhe, V. M. (2002): A decision support system for compaction assessment in
agricultural soils. In Soil and Tillage Research 65 (2), pp. 221–230.
Croft, H.; Anderson, K.; Kuhn, N. J. (2012): Reflectance anisotropy for measuring soil surface
roughness of multiple soil types. In CATENA 93, pp. 87–96.
Darboux, F.; Huang, C. (2003): An instantaneous-profile laser scanner to measure soil surface
microtopography. In Soil Science Society of America Journal 67 (1), pp. 92–99.
Eguchi, T.; Muro, T. (2007): Measurement of compacted soil density in a compaction of thick
finishing layer. In Journal of Terramechanics 44 (5), pp. 347–353.
Eos Systems Inc: Photomodeler Scanner. Version 2012.0.0.586.
García Moreno, R.; Saa Requejo, A.; Tarquis Alonso, A.M; Barrington, S.; Díaz, M.C (2008):
Shadow analysis: A method for measuring soil surface roughness. In Geoderma 146 (1-2), pp.
201–208.
Gessesse, G. D.; Fuchs, H.; Mansberger, R.; Klik, A.; Rieke-Zapp, D. H. (2010): Assessment of
erosion, deposition and rill development on irregular soil surfaces using close range digital
photogrammetry. In The Photogrammetric Record 25 (131), pp. 299–318.
Hansen, B.; Schjønning, P.; Sibbesen, E. (1999): Roughness indices for estimation of depression
storage capacity of tilled soil surfaces. In Soil and Tillage Research 52 (1-2), pp. 103–111.
Haubrock, S.-N; Kuhnert, M.; Chabrillat, S.; Güntner, A.; Kaufmann, H. (2009): Spatiotemporal
variations of soil surface roughness from in-situ laser scanning. In CATENA 79 (2), pp. 128–
139.
Helming, K.; Jeschke, W.; Storl, J. (1992): SURFACE RECONSTRUCTION AND CHANGE
DETECTION FOR AGRICULTURAL PURPOSES BY CLOSE RANGE. In W. L. Fritz,
Lucas J. R. (Eds.): Int. archives for photogrammetry and remote sensing, 29, part B5. Int.
Congr. for Photogrammetry and Remote Sensing, 17th. ISPRS. Washington, DC, pp. 610–
617.
Jester, W.; Klik, A. (2005): Soil surface roughness measurement—methods, applicability, and
surface representation. In CATENA 64 (2-3), pp. 174–192.

63

8. References
Kamphorst, E. C.; Jetten, V.; Guérif, J.; Iversen, B. V.; Douglas, J. T.; Paz, A. (2000): Predicting
depressional storage from soil surface roughness. In Soil Science Society of America Journal
64 (5), pp. 1749–1758.
Marzahn, P.; Rieke-Zapp, D. H.; Ludwig, R. (2012a): Assessment of soil surface roughness
statistics for microwave remote sensing applications using a simple photogrammetric
acquisition system. In ISPRS Journal of Photogrammetry and Remote Sensing 72, pp. 80–89.
Marzahn, P.; Seidel, M.; Ludwig, R. (2012b): Decomposing Dual Scale Soil Surface Roughness
for Microwave Remote Sensing Applications. In Remote Sensing 4 (7), pp. 2016–2032.
MathWorks: Matlab.
Merrill, S. D.; Huang, C. H.; Zobeck, T. M.; Tanaka, D. L. (2001): Use of the Chain set for scalesensitive and erosion relevant measurement of soil surface roughness. In D. E. Stott, R. H.
Mohtar, Steinhardt G. C. (Eds.): Sustaining the Global Farm. Selected papers from the 10th
International Soil Conservation Organization Meeting. Purdue University and the USDA-ARS
National Soil Erosion Research Laboratory, May 24-29, 1999, pp. 594–600.
Mirzaei, M. R.; Ruy, S.; Ziarati, T.; Salehi, A. (2012): Monitoring of soilroughness caused by
rainfall using stereo-photogrammetry. In International Research Journal of Applied and Basic
Sciences. 3 (2), pp. 322–338.
Moritani, S.; Yamamoto, T.; Andry, H.; Inoue, M.; Kaneuchi, T. (2010): Using digital
photogrammetry to monitor soil erosion under conditions of simulated rainfall and wind. In
Aust. J. Soil Res. 48 (1), pp. 36–42.
Peter Heng, B. C.; Chandler, J. H.; Armstrong, A. (2010): Applying close range digital
photogrammetry in soil erosion studies. In The Photogrammetric Record 25 (131), pp. 240–
265.
Planchon, O.; Esteves, M.; Silvera, N.; Lapetite, J.-M (2002): Microrelief induced by tillage:
measurement and modelling of Surface Storage Capacity. In CATENA 46 (2-3), pp. 141–157.
Renard, K. G.; Foster, G. R.; Weesies, G. A.; McCool, D. K.; Yoder, D. C. (1997): Predicting soil
erosion by water. A guide to conservation planning with the revised universal soil loss
equation (RUSLE). Washington, D. C (Agriculture handbook, 703).
Rieke-Zapp, D. H.; Nearing, M. A. (2005): Digital close range photogrammetry for measurement
of soil erosion. In The Photogrammetric Record 20 (109), pp. 69–87.
Saleh, A. (1993): Soil roughness measurement: chain method. In Journal of Soil and Water
Conservation 48 (6), pp. 527–529.
Schneeberger, K.; Willneff, J. (2003): Digital surface models for the estimation of hydraulic
properties of soils. In S. F. El-Hakim, A. Gruen, J. S. Walton (Eds.): Videometrics VII, vol.
5013. Videometrics VII. Proc. SPIE. Santa Clara, California, USA, 21-22 January 2003.
Bellingham, Wash: Society of Photo-optical Instrumentation Engineers, pp. 209–216.
Taconet, O.; Ciarletti, V. (2007): Estimating soil roughness indices on a ridge-and-furrow surface
using stereo photogrammetry. In Soil and Tillage Research 93 (1), pp. 64–76.
Warner, W. S. (1995): Mapping a three-dimensional soil surface with hand-held 35 mm
photography. In Soil and Tillage Research 34 (3), pp. 187–197.
Wegmann, H.; Rieke-Zapp, D. H.; Santel, F. (2001): Digitale Nahbereichsphotogrammetrie zur
Erstellung von Oberflächenmodellen für Bodenerosionsversuche. In Publikationen der
Deutschen Gesellschaft für Photogrammetrie und Fernerkundung 9, pp. 165–173.

64

8. References
Zribi, M.; Ciarletti, V.; Taconet, O.; Paillé, J.; Boissard, P. (2000): Characterisation of the soil
structure and microwave backscattering based on numerical three-dimensional surface
representation: analysis with a fractional Brownian model. In Remote sensing of environment
72 (2), pp. 159–169.

65

9. Acknowledgment

9 Acknowledgment
I would like to thank my supervisors, Prof. Atzberger and Prof. Mansberger from the Institute of
Surveying, Remote Sensing and Land Information at the University of Natural Resources and
Life Sciences, Vienna.
Specifically I wanted to thank Prof. Atzberger for giving me the possibility to realize this master
thesis at the IVFL as well as Prof. Mansberger for forming the connection to the ‘Institute for
Land & Water Management Research’. Prof. Mansberger furthermore always had a quick,
concrete and competent answer for all my questions, which cannot be taken for granted and
made my work much easier and faster.
From the ‘Institute for Land & Water Management Research’ I would like to thank DI Dr. Peter
Strauß, the head of the Institute and Mag. Thomas Bauer.
DI Dr. Peter Strauß came up with the idea of using photogrammetry for soil surface surveying at
his institute and further on had the idea of the collaboration with the IFVL. Working with Mag.
Thomas Bauer was a pleasure due to the friendly and constructive working atmosphere.
Special thanks deserve my parents as they always supported me as parents as well as financially
and made my study at the BOKU and this master thesis possible. Without their permanent
support, realizing this work would not have been feasible.
Furthermore I thank all the people I was glad to meet in Austria or other parts of the world and
who influenced my life in a positive way.

66

Declaration in lieu of oath
by

Grims Michael
This is to confirm my master thesis was independently composed/authored by myself, using
solely the referred sources and support.
I additionally assert that this thesis has not been part of another examination process.

Vienna, ________________________

________________________

67

