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1 Executive Summary
The MOMIT project proposes a rich set of innovative technical aspects related to railway
infrastructure monitoring which will generate new and effective tools to address specific monitoring
tasks. These tools will represent an improvement with respect to existing monitoring procedures,
which often require manual, cumbersome, not completely safe, time consuming and costly
operations. The improvements brought by MOMIT concern the automation and standardization of
monitoring tasks, a decrease of their cost, and an increase in the safety of the operators and of the
accuracy, precision and repeatability of the monitoring. In this regard, algorithms to fuse datasets of
different nature and to automatically or semi-automatically extract information will be developed
and implemented within software tools, which are described in this deliverable.
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2 Introduction
The MOMIT project aims at demonstrating the benefits of exploiting Earth Observation (EO) and
remote sensing technologies for the monitoring of both railway infrastructures and their
surroundings, where potential activities and phenomena putting the infrastructure at risk might be
occurring. In this regard, one of the main ambitions of MOMIT is to go beyond mere data collection
and develop new value added information supporting a real and useful understanding of the
infrastructure status. The added-value capabilities imply the development of algorithms to process
satellite and ancillary data to generate the final MOMIT products.
The evaluation and selection of the main methods and algorithms to be implemented within
MOMIT is described in deliverable D3.1. “Data processing and analysis methods”. The focus is set
on the development of algorithms for three specific tasks:
1. Geometric homogenization of the data. All the inputs must be in a common reference
system to be geometrically comparable. A Geographical Information System (GIS)
platform, either ArcGIS or QGIS, will be used to perform this task.
2. Joint visualization and fusion of the input products to be fused. Products of different nature
need to be jointly visualized to perform an interactive data analysis and interpretation. This
task is directly related to geometric homogenization and can be performed in a GIS
environment, such as QGIS or ArcGIS.
3. Information extraction algorithms. These procedures aim at the automatic or semi-automatic
extraction of information from the sets of input/intermediate products.
D3.2 “Data homogenization, fusion and information extraction algorithms” compiles the methods,
algorithms and tools developed taking into account the specific characteristics of the products to be
fused, which will be implemented to generate the added value final MOMIT products. The
information extraction algorithms developed have been integrated within automatic and semiautomatic tools. These tools have been developed in C++ or Matlab and, for some of them, both a
command line and a Graphical User Interface (GUI) are offered to the user. This document contains
the specification of the following tools:
1. ADAFinder is a tool developed to automatically identify Active Deformation Areas (ADA)
from deformation velocity and time series data estimated using the Persistent Scatterer
Interferometry (PSI) technique.
2. PSTime is a tool that automatically classify Persistent Scatterers (PS) time series.
3. ADAClassifier is a tool developed to classify the ADAs identified by ADAFinder into the
following categories: landslides, sinkholes, land subsidences, constructive or consolidation
settlements, expansive soils and thermal effects.
4. LOS2HV is a tool to compute the horizontal and vertical components of the ground
movement in areas where SAR data obtained in ascending and descending orbits is
available.
5. Discontinuity Set Extractor (DSE) is a tool that analyses 3D point clouds of rock masses to
semi-automatically extract the orientation of the discontinuities for developing further
kinematic analysis of rocky slopes.
6. Kinematic analysis of rocky slopes.
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3 Algorithm development
Algorithm development is required in order to develop new value added information to support
railway infrastructure monitoring within the MOMIT project. As explained in D3.1 “Data
processing and analysis methods”, the general overview of the processing chain proposed to
generate the final products is as follows:
1.
2.
3.

4.

5.

EO data, including data acquired by satellites and RPAS.
EO processing methods. These methods exploit EO data to create a set of EO products. For
example, the PSI technique would fall within this group of methods.
EO products. These products might be intermediate or final products depending on the
specific tasks performed within each Demonstrator. Detailed information is provided in
Section 4 of D3.1. “Data processing and analysis methods”. Deformation maps and time
series of deformation would be an example of EO products.
Added value processing methods. These methods will be exploited to generate the final
MOMIT products. The majority of algorithm development will be carried out in this step.
The description of the algorithms and tools to be developed is the focus of this deliverable.
Final MOMIT products.

The generation of the EO products is just the first step of the MOMIT development process and a
great deal of effort is dedicated to the added value post-processing phase. Algorithm development
within MOMIT focuses on automatic and semi-automatic information extraction tools for the
following reasons:
1. Well-established methodologies for EO data processing will be exploited within MOMIT and,
thus, algorithm development will not be required in this phase of the project. Besides, some of the
EO processing methods are complex procedures that require an expert operator to perform the tasks.
2. Intermediate and EO products will be used as inputs for the added value processing methods. A
common spatial reference system will be specified for all intermediate and EO products generated
within MOMIT for geometric homogenization purposes. A wide range of proven geospatial image
processing or GIS software, either proprietary or open source, with reprojection capabilities is
currently available. Those input data not generated within MOMIT and not compliant with the
common spatial reference system will be reprojected. Reprojection is a common and widely
executed task with the GIS and EO community. Therefore, it is not required to develop new tools to
carry out this task since they are already available.
3. The automatic and semi-automatic tools developed within MOMIT are able to ingest and fuse
different kinds of input data, as explained in the sections devoted to each of these tools. Therefore,
the data fusion component will be integrated within the tools. Besides, common GIS tasks will be
carried out in ArcGIS or QGIS software.
The tools ADAFinder, PSTime, ADAClassifier, LOS2HV, DSE and Kinematic analysis of rocky
slopes developed within MOMIT are described in detail in the following sections.
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4 ADAFinder tool
4.1 Introduction
The ADAFinder tool is targeted at the automatic detection of ADAs, from deformation velocity and
time series estimated using the PSI technique, implementing the methodology thoroughly described
in [RD1]. The application has been developed in C++ for efficiency reasons. Both a command line
and a GUI are offered to the user. The GUI simplifies noticeably the operational procedure; the
command line version may be used to integrate this tool in a batch production line, if necessary.
The tool accepts and produces Esri shapefiles as input and output for compatibility reasons. These
files are easily managed by a wide number of GIS software, including ArcGIS and QGIS. For a
description of the shapefile format, please see [RD2].
Some options controlling the behaviour of the application are not shown in the GUI for simplicity
reasons; normally, these extra options may be considered as project-wide ones so it would make no
sense changing each value each time the tool is executed (in the context of some given project). Not
appearing in the GUI does not mean that these options cannot be modified; these are stored in a
defaults file that the tool opens each time it is started. In fact, the default values shown in the GUI
when the tool is started (see Figure 4-1) are read from the aforementioned defaults file. This
defaults file is, at the same time, the file where all the options are specified for the batch version of
the tool.
ADAFinder is able to adapt itself to (slightly) different input shapefile formats. There is a minimal
set of data that an input PS shapefile must contain to be processed by this application. Providing
that such data is present in the shapefile, their positions in the file (“column”) may differ depending
on the origin of the data. A configuration file (“read map”) may be used therefore to define where to
find the necessary data without having to modify the application.
ADAFinder creates two output files: the first one contains the polygons defining the areas covered
by the ADAs identified by the application. The second one stores a subset of the input points, those
that meet the criteria specified.
The following sections describe ADAFinder in more detail. This encompasses the GUI, the formats
of the configuration, input and output files as well as guidelines about how to use it.

4.2 The process
As already stated, ADAFinder implements the methodology described in [RD1]; such methodology
is briefly sketched below:
•

•
•

Read the input files. These are (1) an Esri shapefile containing the PSs to analyse and
optionally (2) another Esri shapefile including one or more polygons defining the Areas of
Interest (AOI) where the actual process must take place.
Compute the standard deviation of the velocities of the PS in the point shapefile (σv).
If a shapefile containing the boundaries of the AOI has been provided, then clip the point
dataset to remove those PSs falling outside the requested limits.
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•
•
•
•
•
•
•

Remove isolated PSs. A PS is an isolated one when no other PS exist within a distance
defined by the user.
Remove stable PSs. A PS is considered as stable or not comparing its velocity with the
standard deviation of the velocities σv.
Look for clusters of PSs that are close enough (the distance is set by the user). Those
clusters with a number of PSs below a given threshold (set by the user) are discarded.
Look for ADAs. An ADA is a set of PSs that are close enough to each other. The distance
defining the meaning of “close enough”, that is, the radius of influence, is set by the user.
Compute ADA statistics.
Compute polygons representing ADA’s areas (concave hulls).
Write output ADA and PS shapefiles.

For more information about the details concerning the algorithm above, please refer to [RD1].

4.3 The GUI
Figure 4-1 depicts the graphical interface of the ADAFinder (GUI version) tool.
Note that:
•

Items 1 to 4. The names of the input and output files. These include the input PSs (raw
deformation data), the optional boundaries defining the AOI and the two output files, one
containing the ADAs and other storing the PSs.

Figure 4-1 – ADAFinder's GUI.
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•

•
•
•

•

Items 5 and 6. These are the parameters defining the meaning of “isolated PS”. The first
one, the isolation distance, defines the radius of isolation around a PS. PSs with no
neighbours within such radius are considered isolated and thus removed. The second
parameter applies when there are PSs within the previously defined area; if there are less
points that the number specified there (“Minimum size of non-isolated clusters”) then the PS
being checked is removed.
Item 7. This is a multiplier to apply to the standard deviation of the velocities of the PS. The
resulting value is used as the threshold to consider a PS as stable or non-stable.
Item 8. Velocity threshold to consider a PS as belonging to class 1 or 2.
Items 9 and 10. The radius of influence to consider the PSs surviving to the several filters
applied to the original dataset as belonging to the same cluster. That is, the PSs that, directly
or indirectly, are within the “Clustering radius” are going to be considered as members of an
ADA, but only (item 10) if the number of PSs in such ADA is greater than or equal to the
“Minimum ADA size”.
Item 11. Number of elements (dates) in the deformation time series of each PS to take into
account to compute the mean of the deformation. Given a number n, then the last n elements
in each time series are used to compute the statistics.

For more details on the meaning of the several fields described above (especially for fields 5 to 11),
please refer to [RD1].
Note that some of the options controlling the behaviour of ADAFinder are not shown in the GUI
but stored in the so-called defaults file. Please refer to section 4.4 for details about it.

4.4 The defaults file
When using the GUI version of the tool, the defaults file must reside in the same directory than the
application’s executable. The command-line tool accepts a full path and name to this defaults
(options) file as an input parameter. The defaults / options file is a plain-text file defining the values
of all the options controlling the behaviour of the application.
When working with the GUI version of the tool, only a subset of the options included in this file
may be modified by means of the graphical interface of the application. Some others are considered
either too complex to be offered to the regular used or too immutable as to be changed each time the
application is executed, so these are not shown in the GUI and may only be changed in the defaults
file. By immutable parameters the reader must understand, essentially, “project wide parameters”,
that is, those whose values will not change when the tool is used in some specific project. Not
showing these in the GUI makes it clearer and less burdensome.
When using the GUI version of the tool, the defaults file must reside in the same directory
than
the
tool’s
executable
and
its
name
must
be
exactly
ADAfinder_default_configuration.op.
The syntax of the ADAFinder defaults file is described in [RD3].
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4.4.1

The available options

The options that may be present in an ADAFinder’s defaults file are summarized in Table 4-1. Note
that ADAFinder expects to find all the options listed in the aforementioned table. Missing
parameters or incorrect values of these will make the application complain about the error.
Label

Description

Comments

ISOLATION_DISTANCE

Distance (in meters) to consider a point as
isolated due to the lack of neighbors. Usually, it
is two times the data resolution.

Floating
number.
than 0.

ISOLATION_CLUSTER_SIZE

Minimum number of points in a cluster that
makes it "not isolated". That is, even when a PS
has a certain number of PSs around it (see
ISOLATION_DISTANCE), this point will be
considered as isolated (and therefore, removed) if
the total number of PSs is not greater than or
equal to this value.

Integer
value.
Greater than 0.

STDEV_FACTOR

Multiplier that, applied to the global standard
deviation of the velocities entire set, will produce
the threshold to consider a PS as stable or non
stable.

Floating
number.
than 0.

point
Greater

THRESHOLD_FOR_VELOCITY_CLASS_1

Threshold (mm/yr) to consider a velocity as
belonging to class one.

Floating
number.
than 0.

point
Greater

(if |v| > this value) then velocity class = 1.

point
Greater

ADA_MINIMUM_CLUSTER_SIZE

Minimum number of PSs in a cluster to make it
an ADA. Clusters containing a smaller number of
PSs will be discarded.

Integer
value.
Greater than 2.

ADA_RADIUS

Radius of influence (in meters) to build the ADA
(usually, 1.3 times the longest pixel side). To be
part of an ADA, a PS must be close enough to at
least another PS. This distance sets the threshold
for this proximity criterion.

Floating
number.
than 0.

ADA_SHIFT_TO_CM

Number of decimal places to shift the decimal
point in such a way that the units of the projected
coordinates of the input PSs become, at least, cm.
This is necessary for the buffering operation
applied to the ADA polygons; the library used to
perform the buffering works with integer
coordinates only, so scaling these to finer units is
a must to avoid losing meaningful precision.

Integer
value.
Greater than or
equal to 0.

ADA_DISPLAY_MODE

Display mode. ADAs may be represented as a
series of circles whose centers are located at the
PSs making the ADA (namely, the "influence
area") or building the (buffered) concave hull
surrounding these points. For influence areas, set
the ADA_DISPLAY_MODE to 1. For concave hulls,
set it to 2. Other values are illegal.

Integer
value.
Either 1 or 2.
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Label

Description

Comments

ADA_CIRCLE_STEPS

Number of steps to approximate the circle
representing the area of influence of every PS in
an ADA cluster. The higher this number, the
better circle approximation obtained, but also the
longer the CPU time to compute it. Note that this
parameter makes sense only when the
ADA_DISPLAY_MODE is set to 1 ("influence area").
When ADA_DISPLAY_MODE is set to 2 ("concave
hull") this parameter is ignored, although it must
be present in this defaults file.

Integer
value.
Greater than 3.

N_VALUES_MEAN_DEFORMATION

Number of values (dates) in each time series that
will be used to compute the accumulated mean of
the deformation. This number may never be
greater than the actual number of values in the
time series. If n is the value of this parameter,
then only the LAST n values in each time series
are used.

Integer
value.
Greater than 1.
Less than or equal
to
the
actual
number of values
in the time series
in the input points
file.

TNITABLE_N_VALUES

Number of threshold values in the TNI
(Temporal Noise Index) table. See the
explanations in the current section for more
details about tables.

Integer
value.
Greater than 1.

TNITABLE_THRESHOLDS

The TNI threshold values themselves. Note that
there must be as many values as stated in
parameter TNITABLE_N_VALUES above. Note that
these thresholds are used to check autocorrelation
values; therefore, these must be in the range (-1,
1) and sorted in ascending order. See the
explanations in the current section for more
details about tables.

List of floating
point values. Each
value in the range
(-1, 1). List sorted
in
ascending
order.

SNITABLE_N_VALUES

Number of threshold values in the SNI (Spatial
Noise Index) table. See the explanations in the
current section for more details about tables.

Integer
value.
Greater than 1.

SNITABLE_THRESHOLDS

The SNI threshold values themselves. Note that
there must be as many values as stated in
parameter SNITABLE_N_VALUES above. Note that
these thresholds are used to check correlation
values; therefore, these must be in the range (-1,
1) and sorted in ascending order. See the
explanations in the current section for more
details about tables.

List of floating
point values. Each
value in the range
(-1, 1). List sorted
in
ascending
order.

QITABLE_CLASSES

The Quality Index (QI) class table.

List of
values.

This table must have a total of

integer

(TNITABLE_N_VALUES + 1) * (SNITABLE_N_VALUES
+ 1) values.
See the explanations in the current section for
more details about tables.
Table 4-1 – The available options in an ADAFinder defaults file.
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For a full understanding of the parameters in Table 4-1, please refer to [RD1]. The parameters
describing tables (temporal and spatial noise indices, quality index class) deserve a special
discussion. The temporal and spatial noise index tables work exactly in the same way. Therefore,
only the first case (spatial noise index table) will be described. The rationale behind the explanation
below may then be applied literally to the temporal noise index table. The temporal noise index is
based on the value of the autocorrelation of the deformation time series. The possible range for the
autocorrelation value (-1, 1) is split in several segments, each of these defined by a threshold value.
Thus, if for instance x thresholds are defined, this implies x+1 segments in the autocorrelation
range. Assuming that the threshold values are -0.4, 0.5 and 0.9 (three thresholds) then four segments
exist: [-1, -0.4], (-0.4, 0.5], (0.5, 0.9], (0.9, 1]. Each of these segments corresponds to a temporal
noise class. The identifier of these classes starts at 1 for the first segment and ends at x + 1 (the
number of segments), 4 in this example. Thus, the classes would be 1, 2, 3 and 4.
The parameters TNITABLE_N_VALUES and TNITABLE_THRESHOLDS are used to define the thresholds,
and, indirectly, the segments and classes used to classify the spatial noise. In the example above,
TNITABLE_N_VALUES should be set to 3 (there are 3 thresholds) and the list of values in
TNITABLE_THRESHOLDS should be -0.4, 0.5 and 0.9. The correct way to write this in the defaults
options file would be:
TNITABLE_N_VALUES

= 3

TNITABLE_THRESHOLDS = -0.4 0.5 0.9

The same discussion applies to SNITABLE_N_VALUES and SNITABLE_THRESHOLDS.
Finally, the quality index class (QI) table explains how the combination of the classes derived from
the spatial and temporal quality indices produce another classification. For clarity reasons, an
example will be used to describe how the QI table is built and stored in the defaults file.
The assumption is that four classes for the temporal noise index (namely, 1, 2, 3 and 4) and only
three for the spatial noise index (that is, 1, 2 and 3) exist. Then, the QI table must be arranged as
shown in Table 4-2. Note that in this table the spatial noise classes are arranged from left to right
while the temporal ones are deployed from top to bottom.
In this example, up to 3 x 4 =12 QI classes are possible. At any rate, the user of the application
decides the number of classes; however, the maximum number of these is limited by the product of
the number of spatial and temporal noise classes. Of course, it is also the user who assigns a QI
class to each combination of spatial and temporal classes.
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Spatial
Noise Class
1

2

3

Temporal
Noise Class

1
2
3
4

Table 4-2 – Arrangement of a QI table.

In this example shown in Table 2, 6 QI classes will be assumed. Table 4-3 shows how the user
decided to assign these classes depending on the temporal and spatial ones.

Temporal
Noise Class

Spatial
Noise Class
1

2

3

1

1

2

3

2

2

3

4

3

3

4

5

4

4

5

6

Table 4-3 – Example of QI classes assignment.

This table must be written in the defaults file. To do it, parameter QITABLE_CLASSES must be used.
The class data in the matrix must be written row-wise, starting at the top of the table and then going
downwards. The example below shows how Table 4-3 must be written to the defaults file:

QITABLE_CLASSES = 1 2 3 2 3 4 3 4 5 4 5 6

Note that the number of elements (12) in QITABLE_CLASSES is directly derived from the product
TNITABLE_N_VALUES x SNITABLE_N_VALUES, so there is no need for a parameter in the defaults
file specifying its size.
A full example of an ADAFinder defaults file is shown below. Note that no comment lines have
been written in this example.
ISOLATION_DISTANCE

= 25.0

ISOLATION_CLUSTER_SIZE

= 2

STDEV_FACTOR

= 0.5

THRESHOLD_FOR_VELOCITY_CLASS_1 = 1.0
ADA_MINIMUM_CLUSTER_SIZE

= 5

ADA_RADIUS

= 12.5

ADA_SHIFT_TO_CM

= 4

ADA_DISPLAY_MODE

= 2

ADA_CIRCLE_STEPS

= 40

N_VALUES_MEAN_DEFORMATION

= 4
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TNITABLE_N_VALUES

= 3

TNITABLE_THRESHOLDS

= 0.53 0.70 0.84

SNITABLE_N_VALUES

= 3

SNITABLE_THRESHOLDS

= 0.53 0.70 0.84

QITABLE_CLASSES

= 1 1 2 4 1 2 3 4 2 3 3 4 4 4 4 4

There are, however, a few more options in the defaults file that have not been discussed yet.
4.4.2

The extra, batch options

Besides the options discussed in the previous section, there are a few more that are not used 1 when
the ADAFinder application is started in interactive (GUI-based) mode. These are the batch options,
targeted at defining some extra parameters when the tool is executed in batch (command line)
mode. The extra batch options: see Table 4-4: define, essentially, the names of the several input
and output files intervening in the process. Note that these files are provided manually by the user
when using the GUI version of the application. The defaults file is the way to specify their names
when the tool is executed in batch mode.

4.5 The read / write map file
The PSs that ADAFinder will process must be stored in an Esri shapefile. Although the shapefiles
(.shp, .shx) containing points are always the same, this is not so for the attribute table (.dbf file)
accompanying the former.

Label

Description

Comments

INPUT_SHAPEFILE_POINTS

Name of the input file containing the PSs to process.

It must be an Esri
shapefile
containing points.

INPUT_SHAPEFILE_BOUNDARIES

This file is optional. It must contain either the name
of the input file defining the boundaries of the areas of
interest (AOI) or the character “-“ (quotes not
included). In the second case, the dash indicates that
there is no boundaries file to clip the input data.

It must be an Esri
shapefile
containing one or
more
polygons
(the boundaries).

OUTPUT_SHAPEFILE_ADAS

Name of the output file containing the ADAs.

Esri
shapefile
containing
one
polygon per ADA.

OUTPUT_SHAPEFILE_POINTS

Name of the output file containing the PSs.

Esri
shapefile
containing
the
filtered points.

Table 4-4 – The batch options in an ADAFinder defaults file.

1
Even if these options are not used in interactive (GUI-based) mode, they must be present in the default files for completeness reasons. Their values
may be nonsense, but they must be correctly written. For instance, an options pointing to an input file must actually point to a well-written input file
name, although this file didn’t exist.
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The set of attributes in the .dbf file may vary. ADAFinder needs a minimal set of attributes to be
present in order to carry out its work. If at least one of these attributes does not exist, ADAFinder
may not use the file. The mandatory attributes are:
•
•
•
•

X coordinate (easting).
Y coordinate (northing).
Velocity (mm/year).
Deformation time series (mm).

The X and Y coordinates must be projected coordinates. The number of values in the deformation
may vary from one file to other but must be the same for all the PSs in the same file.
Additionally, two more optional fields may be present for each point:
•
•

Lambda coordinate (deg).
Fi coordinate (deg).

Assuming that a points shapefile’s attribute table contains at least the mandatory ones (and,
eventually, the optional ones too) the positions where these appear may vary between different
datasets (because, for instance, have been produced by several providers in different projects).
Obviously, this variability poses a problem that must be solved if ADAFinder must be able to read
these different shapefiles. This is why the tool includes a mechanism to define where to find the
mandatory (and, eventually optional) fields listed above. By providing such information,
ADAfinder will be able to read many different point shapefiles with no changes in the software
itself.
The way to do this is to assign, to each field, the position in the shapefile where the field sought
may be found. For instance, assuming a shapefile whose attribute table is defined as follows:
identifier X Y lambda fi gamma row column velocity def01 def02 ... def20

Then, the positions for the X, Y, velocity and deformation time series attributes would be,
respectively, 1, 2, 8 and 9 (note that the first column, identifier in the example, uses index 0). Since
the number of values in the deformation time series is also user-definable, it is necessary to state
such number; 20 in the example at hand. The positions of the optional lambda and fi attributes
would be 3 and 4.
To define such positions, a simple options file, whose syntax is defined in [RD3], is used (in fact, it
is exactly the same kind of file used by the defaults file).
Finally, the names of the (variable) number of fields storing the values of the deformation time
series must be defined when writing the output file with points. These fields may have any name(s)
the user wish to assign, although the usual practice is to label these including the date of the
measurement.
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For instance, a series consisting of four values, 30th of April of 2010, 2011, 2012 and 2013, could
use the strings “20100430”, “20110430”, “20120430” and “20130430” to label the corresponding
deformation time series fields in the output points file, where the pattern to build these identifier
adheres to the schema “YYYYMMDD”, being YYYY the year, MM the month and DD the day.
In fact, the usual convention prepends a “D” in front of these dates to build the field names: where
the literal letter “D” stands for “deformation”; thus, the previous example would mutate to
“D20100430”, “D20110430”, “D20120430” and “D20130430”, respectively.
Note, however, that this is an accepted convention and not a rule; the user of ADAfinder may
decide to name these fields at his / her will.
What is true is that it is necessary to provide names for the deformation fields. The way to do it is
the label named OUTPUT_TS_FIELD_NAMES.
All the labels to use (for both read and write maps) are defined in Table 4-5.

Label

Description

Comments

POSITION_X

Position (column number) of the X projected
coordinate.

Mandatory, 0.based index.

POSITION_Y

Position (column number) of the Y projected
coordinate.

Mandatory, 0.based index.

POSITION_VELOCITY

Position (column number) of the velocity.

Mandatory, 0.based index.

POSITION_TIME_SERIES

Position (column number) of the first value of the
deformation time series.

Mandatory, 0.based index.

N_VALUES_TIME_SERIES

Number of values in the deformation time series.

Mandatory, 0.based index.

HAVE_LAMBDA_FI

Flag indicating whether the optional lambda and fi
coordinates are available.

Mandatory. Either 0 (no
lambda and fi exist) or 1
(lambda and fi are available).

POSITION_LAMBDA

Position (column number)
(longitude) coordinate.

lambda

Optional
if
HAVE_LAMBDA_FI is zero.
Mandatory otherwise. 0 based
index.

POSITION_FI

Position (column number) of the fi (latitude)
coordinate.

Optional
if
HAVE_LAMBDA_FI is zero.
Mandatory otherwise. 0 based
index.

OUTPUT_TS_FIELD_NAMES

Names of the fields (in the output points file)
containing the time series with the deformations.

Mandatory. List of string
values. As many values in the
list as indicated by label
N_VALUES_TIME_SERIES.

of

the

Table 4-5 – The attributes in the read map file.
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The following is an actual example of a read map file, including a few comments.
# ========================================================================
#
# This is and ADAfinder's read map file.
#
# ========================================================================
# -----------------------------------------------------------------------#
# MANDATORY attributes. Positions (0 is the origin) for:
# - X
# - Y
# - Velocity
# - First value of the deformation time series.
#
# Additionally, number of values in the deformation time series.
#
# -----------------------------------------------------------------------POSITION_X

=

5

POSITION_Y

=

6

POSITION_VELOCITY

=

9

POSITION_TIME_SERIES = 11
N_VALUES_TIME_SERIES = 26
# -----------------------------------------------------------------------#
# OPTIONAL attributes. Flag indicating the availability of the lambda and
# fi coordinates and the positions of the coordinates themselves.
#
# -----------------------------------------------------------------------HAVE_LAMBDA_FI

=

1

POSITION_LAMBDA

=

4

POSITION_FI

=

3

# -----------------------------------------------------------------------#
# The names for each of the fields containing a deformation series value.
#
# Remember that the number of values in this option must match the value
# given in label N_VALUES_TIME_SERIES.
#
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# -----------------------------------------------------------------------OUTPUT_TS_FIELD_NAMES = D20141105 D20141117 D20141129 D20141211 D20141223 \
D20150104 D20150116 D20150128 D20150209 D20150221 \
D20150305 D20150317 D20150329 D20150609 D20150703 \
D20150715 D20150727 D20150808 D20150820 D20150901 \
D20150913 D20150925 D20151007 D20151019 D20151031 \
D20151112
# End of file.

When using the GUI version of the tool, the read / write map must reside in the same
directory
than
the
tool’s
executable;
its
name
must
be
exactly
ADAfinder_points_read_write_map.op.

4.6 The input (data) files
ADAFinder’s input files are (up to) four:
1.
2.
3.
4.

The defaults file.
The read map file.
The PS (points) file.
An optional boundaries file, setting the AOI to actually process.

The first two (defaults and read map files) have been thoroughly described in sections 4.4 and 4.5
respectively. The next sections deal with the PS and boundaries files.
4.6.1

The PS (points) file

Input PS (point) files must be an Esri shapefile (see [RD2]). Its type, since it will contain points,
must be 1 (“Point”). The coordinates of the points must be projected (X and Y, that is, easting and
northing). Points in the input shapefile must have a minimum set of attributes for ADAFinder being
able to carry out its work. These attributes, stored in the attribute table (.dbf file in the shapefile file
set) are:
•
•
•
•

X coordinate (easting).
Y coordinate (northing).
Velocity (in mm/year).
Deformation time series (mm).

Additionally, the following optional attributes may also be present, but their absence will not
prevent the normal operation of the tool.
•
•

Lambda coordinate (deg).
Fi coordinate (deg).

Both the mandatory and optional attributes may appear in any order in the attribute table. The read
file map (see Section 4.5) will be used by ADAFinder to ascertain the actual position of every
attribute in the input .dbf file.
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4.6.2

The optional boundaries file

Again, the input boundaries file is an Esri shapefile (see, once more, [RD2]). In this case, however,
it must contain one or more polygons defining the AOIs where the actual process must take place.
This means that the type of the shapefile must be 5 (“Polygon”).
The coordinates defining the aforementioned polygons must be projected (that is, X or easting and
Y or northing), using the same coordinate reference frame (CRF) than the projected coordinates
used in the PS file.
No table of attributes (.dbf file) is expected. If present, ADAFinder will ignore it.

4.7 The output files
ADAFinder creates two output files: the first one will store the polygons defining the area covered
by the ADAs; the second one will include the set of PS, from the input PS file, that have passed a
set of filters. Both are shapefiles, so refer to [RD2] for details on the format of these Esri files.
4.7.1

The ADA file

The output ADA file is an Esri shapefile containing polygons, that is, its type is 5 (“Polygon”).
There are as many polygons in the file as ADAs has been detected by the tool. An example of an
output ADA file is shown in Figure 2. The coordinates used to define the polygons are projected (X
and Y, that is, easting and northing) and refer to the same CRF than the one used in the input points
file. The fields included in the attribute table (related .dbf file) are shown in Table 4-6.

Figure 4-2 – QGIS showing a map with ADAs (purple areas).
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Field

Description

ADA_ID

ADA identifier. This is a sequential number starting at 1 for the first ADA found.
Used to link PSs in the output points file with the ADAs in this one.

N_APS

Number of non-stable PSs that are included in the ADA.

X_MEAN

Mean X coordinate for the ADA. Computed as the mean of the X coordinates of the
non-stable PSs included in it.

Y_MEAN

Mean Y coordinate for the ADA. Computed as the mean of the Y coordinates of the
non-stable PSs included in it.

VEL_MIN

Absolute value of the minimum velocity of the non-stable PSs included in the ADA.

VEL_MEAN

Absolute value of the mean velocity of the non-stable PSs included in the ADA.

VEL_MAX

Absolute value of the maximum velocity of the non-stable PSs included in the ADA.

VEL_CLASS

Velocity class. See [RD1] for more information about the possible values and their
meanings.

DEF_MEAN

Mean of the last n values of the deformation time series of the non-stable PSs
included in the ADA. The value n is defined by means of the label
N_VALUES_MEAN_DEFORMATION in the tool’s defaults file (see Section 4.4.1 for
details).

TNI_CLASS

Temporal Noise Index (TNI) Class. The number (and labels) of the classes depend on
the number of temporal noise thresholds set by label TNITABLE_THRESHOLDS in the
application’s defaults file.

SNI_CLASS

Spatial Noise Index (SNI) Class. The number (and labels) of the classes depend on
the number of spatial noise thresholds set by label SNITABLE_THRESHOLDS in the
application’s defaults file.

QI_CLASS

Quality Index (QI) Class. The values of the classes are defined by label
QITABLE_CLASSES in the tool’s defaults file.
Table 4-6 – The attributes in the ADA shapefile.

4.7.2

The points file

The output points file is, as usual, an Esri shapefile (type 1, “Point”). A point included in the input
file will be saved in the output file providing that it passes the following filters:
•
•
•

It must be inside any of the clipping polygons (if a boundaries input shapefile has been
provided, otherwise no clipping takes place and all points pass this filter).
It must not be isolated (no neighbours within the isolation distance set by the user).
It cannot belong to a too small cluster (the number of points found within the isolation
distance is not big enough).

On the contrary, these points do not need to either pass the stability (standard deviation) filter or be
part of an ADA.
The coordinates of the points are projected ones (X and Y, that is, easting and northing) and refer to
the same CRF than the one used by the input points file.
The fields included in the attribute table (.dbf file) are described in Table 4-7.
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Field

Description

E

Easting (X coordinate).

N

Northing (Y coordinate)

LAMBDA

Longitude. WARNING: this field is optional, and will only appear when it is present
in the attribute table of the input points file.

FI

Latitude. WARNING: this field is optional, and will only appear when it is present in
the attribute table of the input points file.

ADA_ID

Identifier of the ADA the point belongs to. When a point belongs to no ADA, this
identifier is set to -1. On the contrary, it is set to an strict positive value (1 or greater)
when the point belongs to one of the ADAs found.

DEF_MEAN

Mean value of the deformation time series.

Deformation value X.

There are as many fields like this as values (dates) in the deformation time series.
That is, if the time series include, for instance, 20 values, then there will be 20 of
these fields. Each field contains one of the values in the deformation time series. The
names of these files are provided in the read / write map file, using label
OUTPUT_TS_FIELD_NAMES (see section 4.55 and Table 4-5)
Table 4-7– The attributes in the output points shapefile.

4.8 Installing the tools
To install the tool please refer to [RD4].

4.9 Using the tool
The ADAFinder tool has two incarnations that must be used in different ways.
To use the GUI version it is enough to start the application by whatever means at hand (start menu,
desktop shortcut…), fill the form shown by the tool (see Section 4.3 and Figure 4-1) and click on
the “Go” button. Once the process is over, a message box warning about the result (success, failure
and its reason) will show up. The process may be interrupted at any moment by closing the GUI
window.
Since some of the options may not be changed using the GUI, it is important to remember that these
may be changed editing the application’s defaults file located in the same folder than the tool’s
executable. In the same line, the read map file is located in the same place; this file must be
modified to adapt the tool to the specific characteristics of the input point shapefiles to use. See
sections 4.4 and 4.5 for details.
To use the batch version, a command line must be opened. To start it, type the following
command:
adafinder_cmd <defaults_file> <read_map_file>

where <defaults_file> stands for the full path and name of the defaults file and
<read_map_file> corresponds to the full path and name of the read map file. See again sections
4.4 and 4.5 for details.
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Note that in the case of the command line version, the configuration files (defaults and read map) do
not need to stay in the application’s directory. This is so because these are the means to control the
application and it is much more convenient to let the users manage these files at his / her will.
Note also that if the tool is not located in the current (windows) path, then it will be necessary to
prepend the path to the directory where the tool is stored (or to add the path to the tool to the
Windows PATH environment variable).
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5 PSTime
5.1 Introduction
The PSTime is a tool targeted at the automatic analysis of PSI time series. It has been developed by
Mateo Berti (Dipartimento di Scienze Biologiche, Geologiche e Ambiantali, Università di Bologna,
Italy).
The rationale and mathematical apparatus behind this tool is described in [RD5]. PSTime is a tool
that may be used freely for scientific purposes; it may be downloaded 2, together with the user’s
guide ([RD6]) and the installation instructions, at no cost from:
http://137.204.103.162/geoappl/pstime/pstime.htm
The application has been developed in Matlab and the source code is not available: the author
decided not to deliver it to avoid unfair use of his work. PSTime is released as an executable -for
Windows systems only- relying on the Matlab runtime (which is also free to download). Note that
the full-fledged Matlab application itself needs not to be installed in the computer running PSTime;
the task of the aforementioned runtime is to replace a full Matlab environment by the minimal set of
elements needed to run the application.
PSTime offers a GUI to the user where it is possible to analyse interactively each of the time series
included in the input file (see Section 5.3.1 for details on input files). Additionally, it is possible to
start a full analysis encompassing the full set of series loaded from the input file. In this case, an
output file including the statistics for every time series is saved (conversely, see Section 5.3.2 for
details on output files). Although analysing a single time series interactively is pretty fast,
processing the whole set of these is time consuming. This is due to the Matlab-based
implementation of the tool.
Size is also a limitation. As stated in the user’s guide, PSTime is implemented using an internal
array whose size is limited by the operating system (32 or 64-bit Windows). The author suggests
splitting the input file in several batches to make computation possible whenever the size of the
original one exceeds the maximum amount of available memory (see Section 5.3.4). This may be
easily performed since input files (as well as output ones) are plain text CSV (Comma Separated
Values) files.

5.2 The process
PSTime tries to ascertain automatically to which category, among a set of six, a PS time series
belong. To do it, it checks, sequentially, if the time series fall within one of these categories. This is
done according to the schema shown in Figure 5-1. The outcome of such process is a series of
statistics as described in [RD5] as well as a classification as stated above. The six categories are:
uncorrelated (time series), linear, quadratic, bilinear, discontinuous with constant velocity and
discontinuous with variable velocity.
2

At the time of writing, the versión offered at the aforementioned URL is 1.1, which contains some errors. The CTTC was able to obtain a new
version, 1.2, which solved the problems found. However, the author of PSTime has not yet updated the web page, so it is better to retrieve the tool
from the MOMIT repository.
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5.3 Input and output
Although the details defining how input files must be organized and how output ones are generated
are clearly stated in the user’s guide, these will be repeated here for clarity reasons. Some pitfalls
that must be avoided are also commented.
5.3.1

Input file

Input files are plain text CSV files. The first row must be the header, stating the names of the
different fields in the file. These are:
•
•

The code or identifier for every PS.
The measured ground displacement time series.

Figure 5-1 – Workflow of the automatic classification procedure. Source: [RD2]
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Naming the columns in the input CSV file must follow a strict set of rules. If these rules are broken,
the tool will not be able to identify the data properly. So, when writing the header (that is, the first
line of the CSV file) the code must be denoted as “code” or “ID”. The names of the columns
containing measurements must be named according to the following pattern:
dYYYYMMDD
Where “d” is the letter d, “YYYY” stands for the year, “MM” for the month and “DD” for the day
when the measurement was made. Measurement columns must be arranged chronologically (older
measurements first, newer ones then). The following is an example of header including three
measurements made, respectively, on January 1st 2016, June 15th 2016 and December 31th 2016.
Code, d20160101, d20160615, d20161231
Obviously, the number of columns for measurements depends on the actual number of
measurements to store.
The unique code or identifier is used to tell apart the different PSs. It may be any kind of string.
This identifier may be used to link these data to other tables in a GIS tool. The measured ground
displacement time series refer to the first displacement column; therefore, such first column will
always contain zeros. There may be as many columns as measurements (dates) for the PS exist.
Note that all PSs must have the same number of measurements. The following is an example that
matches the header example above. Three data lines are shown.
AB0024, 0.0, -2.3, 4.5
AB0025, 0.0, -3.3, 5.1
AB0026, 0.0, -3.4, 5.2
The first column corresponds to the code or identifier. The remaining three columns stand for the
measurements on the aforementioned dates. Note how the decimal point is represented by a dot
(“.”) and not by a comma (“,”). This is important for users whose locale implies the use of commas
to represent real numbers that must be processed with spreadsheet tools (like Excel or LibreOffice
Calc).
5.3.2

Output file

Again, the output file is a plain text CSV file. As it happens with the input file, the first row must be
the header, stating the names of the different fields in the file. Successive rows store the value of the
several statistics computed by PSTime. These are:
•
•
•

Code (Identifier). The unique code identifying each PS.
Vlin. Mean velocity by linear regression (mm/year).
R2. Coefficient of determination of the linear regression.
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•
•
•
•
•
•
•

•
•
•
•
•

•
•
•

•

RMSE. Root Mean Squared Error of the linear regression (mm).
STDS. Standard Deviation of Slope (mm/year).
AP. Annual Periodicity Index. Range: [0..1], 1 meaning strong annual periodicity, 0 none.
P1. F-statistic for the significance of the linear regression (to be compared with the selected
level of significance 𝛼𝛼1 ).
P2. F-statistic for the significance of the quadratic regression (not used in the classification
procedure).
P12. F-statistic for the significance of a quadratic term added to a linear regression (to be
compared with the selected level of significance 𝛼𝛼12 ).
BL. Result of the bilinear regression analysis. 0 = the bilinear model does not provide a
better fit to the data than the linear and quadratic models; 1 = the bilinear model provides a
better fit.
BICW. Evidence ratio for the breakpoint Bw.
Type. Time series classification: 0 = uncorrelated; 1 = linear; 2 = quadratic; 3 = bilinear; 4 =
discontinuous with constant velocity; 5 = discontinuous with variable velocity.
V1. Mean velocity before the breakpoint (V1, mm/year) computed by bilinear regression for
non-linear time series (for PSs with a Type from 2 to 5, see above).
V2. Mean velocity after the breakpoint (V2, mm/year) computed by bilinear regression for
non-linear time series (for PSs with a Type from 2 to 5, see above).
Break. Breakpoint date (mm/dd/yyyy) computed by bilinear regression for non-linear time
series (for PSs with a Type from 2 to 5, see above). When no breakpoint exists, the value of
this field is “None”.
dV. Change in velocity before and after the breakpoint (mm/year); dV = |V1: V2|
Acc. Sign of the change in velocity: -1= deceleration; 0 = constant velocity; 1 =
acceleration.
Type3. A coarser classification of the time series. Instead of 6 classes (0 to 5, see Type) only
3 are provided: 0 = uncorrelated; 1 = linear; 6 = non-linear (encompasses classes 2 to 5 in
Type).
Amp. Amplitude (mm) of the annual periodic component.

Note that two different classification indices are provided. Type offers up to six different classes,
telling apart the type of those non-linear time series. For coarser classification methods Type3 may
be used, including only three classes.
Figure 5-2 depicts an actual example of a PSTime output file. Again, it is worth to note that the
output generated by PSTime writes floating data using a dot (“.”) as a separator between the integral
and decimal components of the numbers (as for instance, 3.4). Non-English users may experience
problems when loading such files in tools like Excel, LibreOffice Calc or even some GIS tools. This
is so because of the “locale” used in non-English computers, where the comma (“,”) is used as a
decimal separator (as in 3,4). This may imply some manipulation in the output file to substitute dots
per commas.
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Figure 5-2 – An example of an output CSV file opened by LibreOffice Calc.

5.3.3

Preparing the data

Due to the variability of the data sources used to store PS data, no tool to prepare PSTime’s input
file according to the requisites stated in Section 5.3.1 has been created (see, however, Section 5.3.4
for details on the split_text_file tool).
Therefore, preparing data is a completely manual process that must end with a CSV file compliant
with the requisites stated in Section 5.3.1. It is worth to recall that, no matter the locale of the
computer being used, PSTime expects dots (“.”) as decimal separators.

5.3.4

Size-related issues. The split_text_file tool

Since the volume of data that may be processed at once with PSTime is limited, a tool to split a too
big input file in smaller fragments has been developed. This tool, name split_text_file, takes a single
CSV file as input and creates as many output files as requested by the user. Note that:
•
•

The header in the first line of the input file is replicated in each of the output files, so these
are CSV files too.
The names of the output files are derived from that of the input file, adding a numerical
suffix at the end of the base name.

Split_text_file is, essentially, format-agnostic. This means that any kind of CSV file may be
processed, no matter the columns it contains.
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5.4 Installing the tool
To install PSTime, please follow the steps below:
•
•
•

Extract the contents of the compressed file to the folder of your choice.
Create a shortcut in your desktop (or in the place of your choice) pointing to the file
PSTime_12.exe. This will make easier starting the application.
If Matlab version 9.1 or higher is already installed in your system, the process ends here.
Otherwise, please install the free Matlab runtime freely available at
https://es.mathworks.com/products/compiler/matlab-runtime.html. Please, select version
R2016b (Matlab 9.1) at least. Note that his runtime is only available for 64-bit architectures.

5.5 Using the tool
Using the tool is pretty straightforward. Although the user’s guide describes very well how to use it,
a short description is provided here.
Figure 5-3 depicts the PSTime GUI. The different panes (A to I) in there are succinctly described in
Table 5-1.

Figure 5-3 – The PSTime graphical user interface. Source: [RD2]

D3.2: Data homogenization, fusion and information extraction algorithms: v0.1

Attachme

Pane

Description

A

Load the PS input file (in CSV format).

B

List of the PS contained in the dataset.

C

Displacement time series fitted by a linear (green), quadratic (red), and bilinear (black)
regression model. The time series classification is shown on the top.

D

Mean displacement rate obtained by a linear model and, for bilinear time series, linear
velocities of the two segments.

E

Results of the statistical tests used for the time series classification and corresponding
values of the statistical thresholds.

F

Segmented regression analysis used to detect bilinear time series.

G

Statistical parameters describing the scatter of the time series.

H

Scatter plot of the residuals from linear regression.

I

Spectral analysis used to evaluate the Annual Periodicity index (AP) and the amplitude
(Amp) of the annual component.
Table 5-1 – The panes in the GUI. Source: [RD1, RD2]

The simplest way to use PSTime is to (1) open the input CSV file clicking on the “Open” button in
pane A. Once the file is loaded, it is possible to select the PS to analyse looking for its sequential
identifier in pane B. Once found, clicking on this identifier will start the computation of the several
statistics available, which will be shown in panes C to I.
Note that this “sequential identifier” does not correspond to the code described in sections 5.3.1 and
5.3.2. It is just a correlative number starting at 1 and increasing also by one with each PS in the
input file. Therefore, the first PS in the input file gets the sequential identifier 1, the second one the
identifier 2 and so on.
It is also possible to start the analysis of the whole set of PS in the input file, thus obtaining the
output file described in Section 5.3.2. To do it, the user must click on the button labelled “Analyse
all” located between panes D and C. It is worth to recall that this process may take a long time.
The user has little or no control on how the application works. In fact, it is only possible to modify
the values of the thresholds 𝛼𝛼1 , 𝛼𝛼2 and Bth in pane E. These values are set by default when starting
PSTime.

5.6 Some examples
The following sections show some screenshots for the different classes identified by PSTime. The
idea is to make the reader familiar with the aspect of the application and the typical values shown
when it detects the different kinds of time series.
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5.6.1

Uncorrelated time series

Figure 5-4 – Uncorrelated examples.
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5.6.2

Linear correlation

Figure 5-5 – Linear correlation examples.
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5.6.3

Quadratic correlation (Type: 2; Type3: 6)

Figure 5-6 – Quadratic correlation examples.
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5.6.4

Bilinear correlation (Type: 3; Type3: 6)

Figure 5-7 – Bilinear correlation examples.
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5.6.5

Discontinuous with constant velocity (Type: 4; Type3: 6)

Figure 5-8 – Discontinuous with constant velocity examples.
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5.6.6

Discontinuous with variable velocity (Type: 5; Type3: 6)

Figure 5-9 – Discontinuous with variable velocity examples.
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6 ADAClassifier tool
6.1 Introduction
The ADAClassifier (family of) tool(s) is targeted at the classification of ADAs, trying to determine
whether these fall in one or more categories, namely landslides, sinkholes, land subsidences,
constructive or consolidation settlements, expansive soils or deformation due to temperature effects.
The application has been developed in C++ for efficiency reasons. Both a command line and a GUI
are offered to the user. The GUI simplifies noticeably the operational procedure; the command line
version may be used to integrate this tool in a batch production line, if necessary.
These tools have been designed to accept the output of ADAFinder (see Section 4.7), which is a
standard Esri shapefile. Extra inputs, essentially different kind of inventories, must be also standard
(polygon) Esri shapefiles. The output of the process is also stored using this format. These files are
easily managed by a wide number of GIS software, among this, ArcGIS and QGIS. For a
description of the shapefile format, please see [RD2].
Additionally, Digital Terrain Models (DTM) are used to help the process of classification. In this
case, a slight variation in the format in which these files are stored is accepted to make the
application a bit more flexible. Nonetheless, the available options in the case of DTMs are limited.
On output, ADAClassifier creates a single shapefile containing the results of the classification.
The following sections describe ADAClassifier in more detail. This encompasses the GUI, the
formats of the configuration, input and output files as well as guidelines about how to use the two
versions of this tool.

6.2 The process
ADAClassifier attempts to classify the ADAs identified by ADAFinder, checking if these may be
tagged as belonging to one or more of the following categories: landslides, sinkholes, land
subsidences, constructive or consolidation processes, expansive soils or, finally, soils affected by
temperature effects.
All ADAs are checked against all the former categories. Therefore, the same ADA may be tagged
as belonging to one or more of these.
Table 6-1 below summarizes how these checks are performed. Note that the red codes (as for
instance Th1 or Th13(1)) are a concise way to refer to several threshold values defined in Table
7-11, where their precise meaning and allowed range of values are defined. Refer to such table for
details about the thresholds in the procedure.

ID type 1 (Landslide)
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Yes
Is the percentage of
intersection of the ADA
with the landslide inventory
> Th1?

No

Landslide
Slope > Th2

Horizontal
displacement >
Th3

Slope < Th2

Not a landslide

Yes

Potential new landslide

No

Not a landslide

ID type 2 (Sinkhole)
Yes
Is the percentage of
intersection of the ADA
with the sinkhole inventory
> Th4?

No

Sinkhole
Saline
or
carbonate
rock/soil >
Th13(1)

Horizontal
displacement >
Th5

Other
lithologies

Not a sinkhole

Yes

Not a sinkhole

No

Potential new sinkhole

ID type 3 (Land subsidence)
Is the percentage
of intersection of
the ADA with the
subsidence
inventory > Th6?

Yes

Land subsidence

No

Quaternary
unconsolidated
sediments
>
Th13(2)

Yes
No

Slope > Th7

Not land subsidence

Slope < Th7

Possible land subsidence

Not land subsidence

ID type 4 (Constructive settlements: consolidation settlements)
Is the percentage of
intersection of the ADA
with the infrastructures
(building,
embankment,
bridge, etc.) inventory >
Th8?

No

Not constructive settlements

Yes

The
Pearson
coefficient
measuring the fit of the time
series
and
an
inverse
exponential function is > Th9

Yes

Consolidation process.

No

Not consolidation process

ID type 5 (Expansive soils)
Is the percentage of
intersection of the ADA
with elements identified as
potentially
expansive
lithologies in the geologic
inventory > Th13(3)?

No

Not expansive soils

Yes

The Pearson coefficient
measuring the fit of the
time
series
and
an
sinusoidal function is >
Th10

No

Not expansive soils

Yes

Potential expansive soil

No

Not thermal effects

Yes

Potential temperature effects

ID type 6 (Temperature effects)
Is the percentage of
intersection of the ADA
with the infrastructures
(building, embankment,
bridge, etc.) inventory >
Th11?

No

Not expansive soils

Yes

The Pearson coefficient
measuring the fit of the
time series and an
sinusoidal function is >
Th12

Table 6-1 – Procedure to classify the ADAs.

In Table 6-1, slopes and horizontal displacements are mentioned. These are obtained, respectively,
from a DTM and the output of the LOS2HV tool (see Section 7) which computes the horizontal and
vertical components of the ground movement along the Line Of Sight (LOS) of the satellite. These
components are stored also in files that must be read by the application.
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√

Horizontal

√ √

components
Landslides
inventory
Sinkholes
inventory
Subsidences
inventory
Geologic
inventory
Infrastructures
inventory

Temperature effects

Expansive soils

Settlements

Subsidences

Sinkholes

Landslides
DTM

√

√
√
√
√ √

√
√

√

Table 6-2 – Data versus available classification subprocesses.

There is a noticeable amount of files involved in the classification of the ADAs. Besides the input
ADAs themselves (polygons and points) several inventories, a DTM and a file with horizontal
components of the ground movement are needed. The normal situation will be that not all these files
will be available when processing a specific area. This is why some of the input files are optional.
See Table 6-4 for details on mandatory / optional / conditional files.
Consequently, when processing incomplete data sets, not all the classification subprocesses may
take place. For instance, the landslide check may not be executed in the absence of a landslides
inventory file.
ADAClassifier is able to discard some of the classification processes according to data availability,
so having only a subset of the required files is not an obstacle for this tool to run. Table 6-2 depicts
the dependencies between the several classification subprocesses and the data needed to perform
these. Or, if the table is read by rows, it describes what are the classification subprocesses that may
or may not take place when a file is available or not.
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Figure 6-1 – ADAClassifier GUI: the thresholds in the Options tab.

6.3 The GUI
Figure 6-1 and Figure 6-2 depict the graphical interface of the ADAClassifier (GUI version) tool.
Note that Figure 6-1 depicts the “Options” tab showing the different thresholds involved in the
classification process, while Figure 6-2 shows the “Files” tab, where the (full path and) names of
the files available are typed by the user. Such separation in two figures helps to understand the
interface.
Note that in Figure 6-1 some codes written in red have been used to refer to the available fields
(such as Th1 or Th9). These are the threshold codes used in Table 6-1, codes that correspond to the
parameters included in the application’s options file, which are described in section 7.4 and Table
7-1. Refer thus to this section and table for details.
Other codes written in red are shown in Figure 6-2. Those starting with the letters FI (like FI03)
refer to the several files involved in the computation. Please refer to section 7.4 and Table 6-4 for a
full description of these fields and the corresponding files. Additionally, there are two extra types of
codes in this figure, those starting with the letter W and with the letters “BU”:
•
•
•
•

W01: This section of the interface window contains a log area, where the different messages
issued by the application are shown.
W02: Dialog window appearing only when the process is finished. It reports the status of the
process (either successful or unsuccessful).
BU01: Button to quit the application.
BU02: Button to load an existing ADAClassifier options file. Use this button to read an
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•

•

options file (see section 7.4 for a complete description of these) and set its values on the
screen instead of typing all the values in the different fields shown by the GUI.
BU03: Button to save an ADAClassifier options file. Once all the fields have been filled by
the user (both Options and Files tabs), it is possible to save their values in an options file for
later use. Use this button to do it.
BU04: Use this button to start the actual classification process.

6.4 The defaults (options) file
When using the GUI version of the tool, a defaults file residing in the same directory than the
application’s executable is loaded to provide with some initial, reasonable values for the thresholds
in the Options tab. This is not the case of the command-line tool, which must always be fed with a
full path and name to an ADAClassifier options file as an input parameter. This defaults / options
file is a plain-text file defining the values of all the options controlling the behaviour of the
application.
When the GUI version of ADAClassifier is started, the defaults file is read and only some of its
values: the thresholds in the Options tab, not the file names - are shown on the screen 3.

Figure 6-2 – ADAClassifier GUI: the files (Files tab) and other controls.

3

Changing the contents of the default options file, located in the same directory than the application’s executable, the default values shown in the
GUI will change accordingly.
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The rationale behind this decision is that while working on a project, the set of parameters
controlling the application will be more or less stable: so these are not changed frequently: while the
files to process may change more often: so their names must always be typed by the user.
At any rate, all the parameters, regardless whether they are file names or values, may be modified
by the user using the GUI.
The command-line version of ADAClassifier, on the contrary, loads the whole set of values in the
options file, ignoring none at all.
Remember that, when using the GUI version of the tool, the defaults options file must reside
in the same directory than the tool’s executable. The name of such defaults file must be
exactly ADAClassifier_default_configuration.op.
The details concerning the syntax of the ADAClassifier defaults file is described in [RD3]. The
available options that must be included in such file may be found in section 7.4.1.

6.4.1

The available options

The options that must be present in an ADAClassifier options file are summarized in Table 7-1 and
Table 6-4, containing, respectively, the description of regular parameters (the thresholds) and the
files intervening in the process. This separation into two tables just pursues simplicity.
Note that ADAClassifier expects to find all the options listed in the aforementioned tables. Missing
parameters or incorrect values will make the application complain about the error. Even in the case
of optional files (Table 6-412) a value must be provided. In these cases, the value of the file name
must be a single dash (-).
The parameters in Table 7-1 have been grouped according to the classification subprocess they
belong to (see section 6.2). Additionally, the threshold codes used in Table 6-1 and Figure 6-1 are
also included in Table 7-1 written in red, so it is possible to match the thresholds in the GUI, the
names of these parameters in the options file and their actual meaning.
Label

Description & comments

THRESHOLD_INTERSECTION_LANDSLIDE

Minimum percentage of intersection to consider that an
ADA overlaps the landslides inventory. The percentage is
compared against the percentage of intersection between
the polygon in the inventory that overlaps most with the
PSs in the ADA.
Floating point value. Range: [0..100].
Classification subprocess: landslides. Table 6-1 threshold
code: Th1.
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Label

Description & comments

THRESHOLD_SLOPE_LANDSLIDE

Minimum slope (in percentage) of the plane adjusted to
the points in the ADA to keep considering such ADA as a
landslide candidate.
Floating point value. Range: [0..∞].
Classification subprocess: landslides. Table 6-1 threshold
code: Th2.

THRESHOLD_DISP_HORIZONTAL_LANDSLIDE

Minimum value of the horizontal component of the
displacement of the ADA to keep considering such ADA
as a landslide candidate.
Floating point value. Range: [0..∞].
Classification subprocess: landslides. Table 6-1 threshold
code: Th3.

THRESHOLD_INTERSECTION_SINKHOLE

Minimum percentage of intersection to consider that an
ADA overlaps the sinkholes inventory. The percentage is
compared against the percentage of intersection between
the polygon in the inventory that overlaps most with the
PSs in the ADA.
Floating point value. Range: [0..100].
Classification subprocess: sinkholes. Table 6-1 threshold
code: Th4.

THRESHOLD_DISP_HORIZONTAL_SINKHOLE

Minimum value of the horizontal component of the
displacement of the ADA to keep considering such ADA
as a sinkhole candidate.
Floating point value. Range: [0..∞].
Classification subprocess: sinkholes. Table 6-1 threshold
code: Th5.

THRESHOLD_INTERSECTION_SUBSIDENCE

Minimum percentage of intersection to consider that an
ADA overlaps the land subsidences inventory. The
percentage is compared against the percentage of
intersection between the polygon in the inventory that
overlaps most with the PSs in the ADA.
Floating point value. Range: [0..100].
Classification subprocess:
threshold code: Th6.

THRESHOLD_SLOPE_SUBSIDENCE

subsidences.

Table

6-1

Minimum slope (in percentage) of the plane adjusted to
the points in the ADA to keep considering such ADA as a
subsidence candidate.
Floating point value. Range: [0..∞].
Classification subprocess:
threshold code: Th7.

THRESHOLD_INTERSECTION_IFS_SETTLEMENT

subsidences.

Table

6-1

Minimum percentage of intersection to consider that an
ADA overlaps the infrastructures inventory. The
percentage is compared against the percentage of
intersection between the polygon in the inventory that
overlaps most with the PSs in the ADA.
Floating point value. Range: [0..100].
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Label

Description & comments
Classification subprocess: constructive / consolidation
settlements. Table 6-1 threshold code: Th8.

THRESHOLD_EXPONENTIAL_FIT_SETTLEMENT

Minimum Pearson coefficient measuring the quality of the
match between the deformation time series for the points
in the ADA and an inverse exponential function to accept
such kind of fit.
Floating point value. Range: [-1 .. 1].
Classification subprocess: constructive / consolidation
settlements. Table 6-1 threshold code: Th9.

THRESHOLD_SINUSOIDAL_FIT_SOILS

Minimum Pearson coefficient measuring the quality of the
match between the deformation time series for the points
in the ADA and a sinusoidal function to accept such kind
of fit.
Floating point value. Range: [-1 .. 1].
Classification subprocess: expansive soils. Table 6-1
threshold code: Th10.

THRESHOLD_INTERSECTION_IFS_TEMPERATURE

Minimum percentage of intersection to consider that an
ADA overlaps with the infrastructures inventory. The
percentage is compared against the percentage of
intersection between the polygon in the inventory that
overlaps most with the PSs in the ADA.
Floating point value. Range: [0..100].
Classification subprocess: temperature effects. Table 6-1
threshold code: Th11.

THRESHOLD_SINUSOIDAL_FIT_TEMPERATURE

Minimum Pearson coefficient measuring the quality of the
match between the deformation time series for the points
in the ADA and a sinusoidal function to accept such kind
of fit.
Floating point value. Range: [-1 .. 1].
Classification subprocess: temperature effects. Table 6-1
threshold code: Th12.

THRESHOLD_INTERSECTION_GEOLOGY

Minimum percentage of intersection to consider that an
ADA overlaps some elements in the geologic inventory.
The percentage is compared against the percentage of
intersection between the polygon in the inventory that
overlaps most with the PSs in the ADA.
This parameter is, in fact, a list of three values. The first
one measures the intersection with saline or carbonate
soils; the second is used to check the intersection with
quaternary unconsolidated sediments; and the third one
measures such intersection against potentially expansive
lithologies.
Floating point values. Range: [0..100].
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Label

Description & comments
First value: Classification subprocess: sinkholes. Table
6-1 threshold code: Th13(1).
Second value: Classification subprocess: subsidences.
Table 6-1 threshold code: Th13(2).
Third value: Classification subprocess: expansive soils.
Table 6-1 threshold code: Th13(3).
Table 6-3 – The options controlling the behavior of the application: thresholds.

Table 6-4 below describe the options in the options file that refer to file names. Note that, once
more, a reference tag, written in red, has been included to help to identify the elements in Figure
6-2 and therefore complete their description.
Label

Description & comments

FILE_ADA_POLYGONS

Type 5 (polygons) Esri shapefile containing the polygons defining
the boundaries of the ADAs identified by ADAFinder.
MANDATORY INPUT.
File tag: FI01.

FILE_ADA_POINTS

Type 1 (points) Esri shapefile containing the PSs included in the
ADAs identified by ADAFinder.
MANDATORY INPUT.
File tag: FI02.

FILE_DTM

Digital terrain model (header). See section 6.5.2 for details on the
format supported.
OPTIONAL INPUT. See Table 6-2 for information about what
classification processes need this file.
File tag: FI03.

FILE_INVENTORY_LANDSLIDES

Type 5 (polygons) Esri shapefile containing the inventory of
landslides.
OPTIONAL INPUT. See Table 6-2 for information about what
classification processes need this file.
File tag: FI04.

FILE_INVENTORY_SINKHOLES

Type 5 (polygons) Esri shapefile containing the inventory of
sinkholes.
OPTIONAL INPUT. See Table 6-2 for information about what
classification processes need this file.
File tag: FI05.

FILE_INVENTORY_SUBSIDENCES

Type 5 (polygons) Esri shapefile containing the inventory of
subsidences.
OPTIONAL INPUT. See Table 6-2 for information about what
classification processes need this file.
File tag: FI06.

FILE_INVENTORY_INFRASTRUCTURES

Type 5 (polygons) Esri shapefile containing the inventory of
infrastructures.

D3.2: Data homogenization, fusion and information extraction algorithms: v0.1

Attachme

Label

Description & comments
OPTIONAL INPUT. See Table 6-2 for information about what
classification processes need this file.
File tag: FI07.

FILE_INVENTORY_GEOLOGY

Type 5 (polygons) Esri shapefile containing the geologic map or
inventory.
OPTIONAL INPUT. See Table 6-2 for information about what
classification processes need this file.
File tag: FI08.

FILE_INVENTORY_GEOLOGY_READ_MAP

File describing how to find the information related to the kind of
soils that must be identified during the classification process (saline
or carbonate rock soils / quaternary unconsolidated sediments /
potentially expansive lithologies).
CONDITIONED INPUT. The name of this file is mandatory when
the geologic inventory is present (FILE_INVENTORY_GEOLOGY).
Otherwise, it is not required. See sections 6.5.3 and 6.5.3.1 for a
detailed description about this kind of files.
File tag: FI09.

FILE_DISPLACEMENT_HORIZONTAL

File containing the horizontal component of the ground
displacemente measured along the LOS. This file is the output of the
LOS2HV tool (see Section 7 for details).
OPTIONAL INPUT. See Table 6-2 for information about what
classification processes need this file.
File tag: FI10.
The output file, result of the classification process. Its format is
described in section 6.6).

FILE_ADA_CLASSIFIED

MANDATORY OUTPUT.
File tag: FI11.
Table 6-4 – The options controlling the behavior of the application: files.

Figure 7-3 depicts a complete example of an ADAClassifier options file, where all the options
described in Table 7-1 and Table 6-4 may be found.

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

============================================================================
This is an ADACLASSIFIER options file.
----------------------------------------------------------------------------THRESHOLDS
----------------------------------------------------------------------------Thresholds to decide when the percentage of intersections between ADAs and
several inventories is enough for some purpose.
ALL THRESHOLDS MUST BE WRITTEN AS PERCENTAGES.

#
# Threshold used in the classification process finding whether an ADA may be
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# considered a landslide. This threshold stands for the minimum
# percentage of intersection between the set of points in the ADA
# and the polygon in the landslides inventory that overlaps most.
#
THRESHOLD_INTERSECTION_LANDSLIDE
#
#
#
#
#
#

70.0

=

70.0

Threshold used in the classification process finding whether an ADA may be
considered a constructive / consolidation settlement. This threshold stands
for the minimum percentage of intersection between the set of points in the
ADA and the polygon in the infrastructures inventory that overlaps most.

THRESHOLD_INTERSECTION_IFS_SETTLEMENT
#
#
#
#
#
#

=

Threshold used in the classification process finding whether an ADA may be
considered a land subsidence. This threshold stands for the minimum
percentage of intersection between the set of points in the ADA
and the polygon in the land subsidences inventory that overlaps most.

THRESHOLD_INTERSECTION_SUBSIDENCE
#
#
#
#
#
#

70.0

Threshold used in the classification process finding whether an ADA may be
considered a sinkhole. This threshold stands for the minimum
percentage of intersection between the set of points in the ADA
and the polygon in the sinkholes inventory that overlaps most.

THRESHOLD_INTERSECTION_SINKHOLE
#
#
#
#
#
#

=

= 100.0

Threshold used in the classification process finding whether an ADA may be
the subject of thermal effects. This threshold stands for the minimum
percentage of intersection between the set of points in the ADA and the
polygon in the infrastructures inventory that overlaps most.

THRESHOLD_INTERSECTION_IFS_TEMPERATURE = 100.0
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

The next threshold is a multiple one, including THREE values
written as a list. All of them represent the percentage of
intersection between the set o fpoints in the ADA and the polygon
in the geologic inventory that overlaps most.
These thresholds are used in different classification processes.
- First threshold in the list: saline or carbonate rock soils
(used when looking for sinkholes),
- second threshold: quaternary unconsolidated sediments (used
when looking for land subsidences) and
- third value: potentially expansive lithologies (looking for
expansive soils).

THRESHOLD_INTERSECTION_GEOLOGY

=

70.0 70.0 70.0

# ----------------------------------------------------------------------------#
# Thresholds for slopes. Given as a percentage. May exceed 100%
#
# Slope threshold used when looking for landslides.
THRESHOLD_SLOPE_LANDSLIDE

=

10.0

# Slope threshold used when looking for subsidences.
THRESHOLD_SLOPE_SUBSIDENCE

=

10.0

# ----------------------------------------------------------------------------#
# Thresholds to decide on the quality of curve fitting.
# The Pearson correlation coefficient value is used to accept or reject
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# the fit. The values provided in the thresholds below must be in the
# range [-1, 1].
#
# Exponential function fit threshold. Used when looking for constructive or
# consolidation settlements.
THRESHOLD_EXPONENTIAL_FIT_SETTLEMENT

=

0.80

# Sinusoidal function fit threshold. Used when looking for expansive
# soils.
THRESHOLD_SINUSOIDAL_FIT_SOILS

=

0.80

# Sinusoidal function fit threshold. Used when looking for thermal
# effects.
THRESHOLD_SINUSOIDAL_FIT_TEMPERATURE

=

0.80

# ----------------------------------------------------------------------------#
# Thresholds to decide whether a displacement is big enough as
# to consider that a point is moving in the horizontal plane.
#
# Threshold used when looking for landslides.
THRESHOLD_DISP_HORIZONTAL_LANDSLIDE

=

5.01

# Threshold used when looking for sinkholes.
THRESHOLD_DISP_HORIZONTAL_SINKHOLE
#
#
#
#
#
#
#
#

=

5.02

----------------------------------------------------------------------------FILES
----------------------------------------------------------------------------Input files.

# Digital Terrain Model (DTM) header. Optional. Write a “dash” (-) when not available.
FILE_DTM

= the_dtm_header.dtm

# ADA (Active Deformation Area) points.
FILE_ADA_POINTS

= ADA_points.shp

# Active Deformation Areas (ADAs, polygons)
FILE_ADA_POLYGONS

= ADA_polygons.shp

# Inventory: landslides. Optional. Write a “dash” when not available.
FILE_INVENTORY_LANDSLIDES

= inventory_landslides.shp

# Inventory: sinkholes. Optional. Write a “dash” when not available.
FILE_INVENTORY_SINKHOLES

= inventory_sinkholes.shp

# Inventory: subsidences. Optional. Write a “dash” when not available.
FILE_INVENTORY_SUBSIDENCES

= inventory_subsidences.shp

# Inventory: geology. Optional. Write a “dash” when not available.
FILE_INVENTORY_GEOLOGY

= inventory_geology.shp

# Geologic inventory read map. Mandatory when providing a geologic inventory.
FILE_INVENTORY_GEOLOGY_READ_MAP = inventory_geology_read_map.op
# Inventory: infrastructures. Optional. Write a “dash” when not available.
FILE_INVENTORY_INFRASTRUCTURES

= inventory_infrastructures.shp
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# Map of horizontal displacements. Optional. Write a “dash” when not available.
FILE_DISPLACEMENT_HORIZONTAL

= displacements_horizontal.shp

#
# Output files.
#
FILE_ADA_CLASSIFIED

= ADA_classified.shp

#
# End of file.

Figure 6-3 – Actual example of an ADAClassifier options (defaults) file.

6.5 The (input) data files
ADAClassifier’s input files are eleven, and may be grouped as follows:
•
•
•

•

The ADA files (polygons and points).
The DTM.
The several inventories that, in turn, should be grouped as:
o the geologic map
o all the remaining inventories
The file with the horizontal component of the ground displacement.

The defaults (options) file is another input: stating, in fact, what the actual inputs to the tools are,
but it has been thoroughly described in section 7.4 so it is not included in this section. As stated
before, full details on the syntax of option files may be found in [RD3].
6.5.1

The ADA (polygon and point) files

The files including ADA data must be the output of the ADAFinder tool. Please refer to Section 4
for a detailed description of these files.
6.5.2

The DTM

Only grid-based DTMs stored as binary (as opposed to text) files are accepted by the
ADAClassifier tool. The format of these DTMs is as follows:
•
•

•

•
•

Label

These must contain m rows x n columns, where m and n are values greater than zero.
The file is organized by rows. The first row corresponds to the northern boundary of the
DTM. The last row, corresponds to the southern boundary of the DTM. The first values in
every row are part of the western boundary of the DTM. The last values in every row are
part of the eastern boundary of the DTM. The previous statements imply that the first value
in the first row corresponds to the upper left corner of the DTM, while the last value in the
last row is located at its lower right corner.
The distance between columns (in projected coordinates) is always the same. The distance
between rows is always the same. The distances between rows and columns may be
different (the grid may be rectangular, not quadrangular).
Each of the m rows contains n values, that is, one per column.
Each value must be stored as a floating point value (4 bytes) or a double precision value (8
bytes).
Description

Comments
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Label

Description

Comments

DATA_FILE

(Optionally full path and) name of the file
containing the actual DTM data. When no full path
precedes the file name, the DTM data file must be
located in the same folder than the DTM header
file (this is the recommended option).

TOP_LEFT_CORNER_X

X coordinate of the top left corner of the bounding
box of the DTM.

Projected coodinates.

TOP_LEFT_CORNER_Y

X coordinate of the top left corner of the bounding
box of the DTM.

Projected coordinates.

DELTA_X

Distance between consecutive columns in the data
grid (X spacing).

Greater than zero.

DELTA_Y

Distance between consecutive rows in the data grid
(Y spacing).

Greater than zero.

N_ROWS

Number of rows in the data grid.

Greater than zero.

N_COLUMNS

Number of columns in the data grid.

Greater than zero.

SAMPLE_TYPE

Type of the data used to store the elevations (each
single value). Set it to one to state that 32-bit,
floating point values are used. When double
precision, 64-bit values are selected, set this
parameter to 2.

Integer value, either 1 or 2.

Table 6-5 – The options in a DTM header file.

In short, the kind of DTMs accepted by ADAClassifier are just data matrices. Such kind of
organization leaves no room for metadata describing the characteristics of the file. This is the reason
why DTM headers are required.
6.5.2.1 The DTM header file
DTM header files are used to define the characterization parameters of the “raw” DTM files just
described.
These adopt the form of an options file, that is, a series of labels and values. The syntax of options
files (and therefore, for this particular case, of the DTM header file) is fully defined in [RD3]. Table
6-5 lists and describes the different parameters found in DTM header files.
An actual example of a DTM header file is depicted in Figure 6-4.

# ========================================================================
#
# This a DTM header file, defining a Digital Terrain Model organized as a
# regular grid.
# ------------------------------------------------------------------------# Name of the file containing the actual data (the grid).
DATA_FILE

= illes_canaries_mar_0
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#
# X & Y coordinates of the top left corner of the DTM. Projected coordinates
# only!!!
TOP_LEFT_CORNER_X = 262597.500
TOP_LEFT_CORNER_Y = 3165002.500
# Spacing between samples along the x & y axis.
DELTA_X

= 5.0

DELTA_Y

= 5.0

# Number of rows and columns in the grid.
N_ROWS

= 20902

N_COLUMNS

= 40802

# Type of sample: either 1 (32-bit floating point number) or
# 2 (64-bit double precision number).
SAMPLE_TYPE

= 1

# End of file.

Figure 6-4 – Actual example of an ADAClassifier DTM header file.

6.5.3

The inventories

Up to five different inventories may be used by ADAClassifier to carry out its tasks. These are:
1.
2.
3.
4.
5.

Landslides.
Sinkholes.
Land subsidences.
Infrastructures.
Geologic inventories.

All these inventories must be implemented as Esri type 5 (polygon) shapefiles.
The shapefiles for these inventories are alike, thus, they contain the polygons defining the areas
where the features of interest (landslides, sinkholes, etc.) lie. These files (.shp) are fully
standardized so no specific comments need to be made to describe them.
Concerning the attribute files (.dbf), these do not matter in the case of inventories 1 to 4 in the list
above (landslides to infrastructures) since they are not used by ADAClassifier to perform its task.
The case of the attributes file of the geologic inventory is, however, different. See section 6.5.3.1
for details.
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6.5.3.1 The attribute (.dbf) file in the geologic inventory. The read map file
The .dbf file is crucial in the case of geologic inventories, since it is necessary to ascertain what is
the kind of soil where a feature is lying. In the case of ADAClassifier, it is necessary to tell apart
carbonate or saline soils, quaternary unconsolidated sediments and potentially expansive lithologies.
Such information, that is, the kind of lithology, must be coded in one of the attributes of the .dbf
file.
Geologic maps originating from different sources may code such information (the kind of lithology)
in a different column or attribute of the .dbf file. For example, one inventory might include these
codes in the third column of the .dbf file while another one could do the same using the first
column. Moreover, the codes themselves used to describe the different lithologies may not be the
same: that is, the code for carbonate or saline rock soils may be 23 in some geologic inventory and
532 in another one. Still worse, there may not even exist a code to describe precisely this kind of
soils; on the contrary, it could be that the aggregation of other soil subclasses would constitute the
one ADAClassifier is looking for. For instance, a geologic map could include two different
lithologies, i.e., carbonate rock soils with the code 765 plus another one, saline rock soils with the
code 799. Then, it would be the aggregation of these two classes what would constitute the
“carbonate or saline rock soils” sought by ADAClassifier.
To manage all these differences, ADAClassifier includes a read map for geologic maps ,where all
these particularities are described, thus making possible to read a wide range of geologic inventories
avoiding the need to modify the software.
Two conditions, however, must be satisfied:
1. There must exist a column in the .dbf (attributes) file where the kind of lithology is coded.
2. The kinds of lithologies sought by ADAClassifier must be present (that is, a code for these
exists) either directly (direct correspondence between the lithology sought and the one
present in the inventory) or via aggregation of classes (several kinds of lithologies in the
inventory may be considered as components making the one sought).
Then, the read map for geologic inventories file may be used to define such particularities. This file
adheres to the syntax of the simple options files defined in [RD3]. The parameters to define are
described in Table 6-1.
An actual example of a read map for geologic inventories used by ADAClassifier may be found in
Figure 6-5.
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Label

Description

Comments

POSITION_FOR_CODE

Position of the column
in the .dbf file where
the codes stating the
different
kinds
of
lithologies present in
the geologic inventory
are stored.

This is a ZERO-based
index. That is, the first
column in the .dbf file
gets the index 0; the
second one gets 1 and
so on.

CODE_LIST_FOR_SALINE_OR_CARBONATE_ROCK_SOIL

Value or list of values
containing the codes
representing
the
lithologies
in
the
geologic inventory that
may be considered
exactly
as
or
constituting carbonate
or saline rock soils.

Either a single value or
a list of these (see
[RD3] for a description
about how to write lists
of values). In all cases,
values must be integers.

CODE_LIST_FOR_QUATERNARY_UNCONSOLIDATED_SEDIMENTS

Value or list of values
containing the codes
representing
the
lithologies
in
the
geologic inventory that
may be considered
exactly
as
or
constituting quaternary
unconsolidated
sediments.

Either a single value or
a list of these (see
[RD3] for a description
about how to write lists
of values). In all cases,
values must be integers.

CODE_LIST_FOR_POTENTIALLY_EXPANSIVE_LITHOLOGIES

Value or list of values
containing the codes
representing
the
lithologies
in
the
geologic inventory that
may be considered
exactly
as
or
constituting potentially
expansive lithologies.

Either a single value or
a list of these (see
[RD3] for a description
about how to write lists
of values). In all cases,
values must be integers.

Integer value, greater
than or equal to zero.

Table 6-6 – The parameters in a read map file for geologic inventories.
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

=============================================================================
This is the ADAClassifier's file defining how the fields in the geology
inventory must be read.
READING shapefiles containing a geology map --------------------------------ADAClassifier needs a minimal set of attributes present in shapefiles
containing geology inventories to work properly. These attributes are,
for each element in the inventory,
- Code stating what kind of element it is (as for instance, water body,
bridge, saline soil, etc.)
To be able to read a wide range of shapefiles, ADAClassifier includes a
mechanism to define WHERE to find the needed fields listed above.
By providing such information, ADAClassifier will be able to read many
different shapefiles containing geology inventories with no changes in the
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#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

software itself.

#
#
#
#
#
#

-----------------------------------------------------------------------------

The way to do this is to assign, to each field, the POSITION in the
shapefile where the field sought may be found. For instance, assuming a
shapefile whose attribute table is defined as follows:
Identifier Perimeter Area Code Description ...
and assuming that the code sought is the field "Code" above, its position
would be 3 (first column uses index 0). Should it be needed, the position
of the field named "Description" would be 4. An so on.
Additionally, it is necessary to provide the list of codes defining
each geological phenomenon sought. This version of the file supports
the following phenomena:
- saline or carbonate rock soils,
- quaternary unconsolidated sediments,
- potentially expansive lithologies.
To define such positions and the lists of codes for each geological
phenomenon sought, a set of pairs of labels / values must be defined below.
The labels defining positions start with POSITION_FOR_, followed by
the specific name of the field sought. The labels for the list of
codes begin with the text CODE_LIST_FOR_, followed by a sentence
stating the kind of phenomenon for which the list is provided.
Change these values to meet the needs of the specific shapefile to read.
Note that the list of codes for geological phenomena may be long. This means
that the list of values may become pretty long consequently. It is possible
to break the label into multiple lines using the backslash at the end of
each line. The last "sub-line" must NOT include a backslash, indicating thus
that the list of values is over. See the example below:
THE_LABEL =

VALUE1
VALUE4
......
VALUEX

GENERAL COMMENTS

VALUE2
VALUE5
......
VALUEY

VALUE3 \
VALUE6 \
...... \
VALUEZ

-----------------------------------------------------------

Note that ALL the pairs label / value listed below MUST exist. Values
may be changed, but the pairs label / value themselves may not be
removed.
Work with caution!
=============================================================================

POSITIONS for:
- Code
-----------------------------------------------------------------------------

POSITION_FOR_CODE =

3

# ----------------------------------------------------------------------------#
# LISTS OF CODES for the diverse geological phenomena.
#
# -----------------------------------------------------------------------CODE_LIST_FOR_SALINE_OR_CARBONATE_ROCK_SOIL

= 9 90 91 92 93 94 \
95 96 97 98 99

CODE_LIST_FOR_QUATERNARY_UNCONSOLIDATED_SEDIMENTS = 8 80 81 82 83 84 \
85 86 87 88 89
CODE_LIST_FOR_POTENTIALLY_EXPANSIVE_LITHOLOGIES

= 7 70 71 72 73 74 \
75 76 77 78 79

# End of file.

Figure 6-5 – Actual example of an read map file for geologic inventories..
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6.5.4

The file with the horizontal component of ground displacement

This file, containing the values of the horizontal component of the ground displacement along the
LOS is described in Section 7.

6.6 The output file
The ADAClassifier tool (either the GUI-based or command-line-based version) create a single
output file. It is a type 5 (polygons) Esri shapefile, containing the ADAs and the result of the
classification process. In fact, the output file of ADAClassifier simply extends the attribute table
(.dbf file) of the input file with ADA polygons (see section 6.5.1) which, in fact, is one of the
outputs of ADAFinder: called “The ADA file” by this application.
Therefore, most of the attributes included in the ADAClassifier output file are those present in the
input one. These common attributes are described in Section 4. However, in Table 6-7, where the
full structure of the output file is described, the attributes originating (and being copied) directly
from the input file are included for the sake of completeness. Note that all these attributes are
highlighted using an italic font. Please, refer to Section 4 for any clarification needed about these.
The last six attributes, highlighted in boldface, are the contribution of this tool, ADAClassifier, and
state the results of the (up to) six classification subprocesses.
Field

Description

ADA_ID

ADA identifier. This is a sequential number starting at 1 for the first ADA found.
Used to link PSs in the output points file with the ADAs in this one.

N_APS

Number of non-stable PSs that are included in the ADA.

X_MEAN

Mean X coordinate for the ADA. Computed as the mean of the X coordinates of the
non-stable PSs included in it.

Y_MEAN

Mean Y coordinate for the ADA. Computed as the mean of the Y coordinates of the
non-stable PSs included in it.

VEL_MIN

Absolute value of the minimum velocity of the non-stable PSs included in the ADA.

VEL_MEAN

Absolute value of the mean velocity of the non-stable PSs included in the ADA.

VEL_MAX

Absolute value of the maximum velocity of the non-stable PSs included in the ADA.

VEL_CLASS

Velocity class.

DEF_MEAN

Mean of the last n values of the deformation time series of the non-stable PSs
included in the ADA. The value n is defined by means of the label
N_VALUES_MEAN_DEFORMATION in the tool’s defaults file (see Section 4.4.1 for details).

TNI_CLASS

Temporal Noise Index (TNI) Class. The number (and labels) of the classes depend on
the number of temporal noise thresholds set by label TNITABLE_THRESHOLDS in the
application’s defaults file.

SNI_CLASS

Spatial Noise Index (SNI) Class. The number (and labels) of the classes depend on
the number of spatial noise thresholds set by label SNITABLE_THRESHOLDS in the
application’s defaults file.

QI_CLASS

Quality Index (QI) Class. The values of the classes are defined by label
QITABLE_CLASSES in the tool’s defaults file.

EXPSOIL

Flag stating the result of the classification subprocess looking for expansive soils.
The results are coded as follows: -1: not classified. 0: not an expansive soil. 1:
Potential expansive soil. 2: Expansive soil.
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Field

Description

LANDSLIDE

Flag stating the result of the classification subprocess looking for landslides. The
results are coded as follows: -1: not classified. 0: not a landslide. 1: Potential
landslide. 2: Landslide.

SETTLEMENT

Flag stating the result of the classification subprocess looking for constructive or
consolidation settlements. The results are coded as follows: -1: not classified. 0: not a
settlement. 1: Potential settlement. 2: Settlement.

SINKHOLE

Flag stating the result of the classification subprocess looking for sinkholes. The
results are coded as follows: -1: not classified. 0: not a sinkhole. 1: Potential sinkhole.
2: sinkhole.

SUBSIDENCE

Flag stating the result of the classification subprocess looking for subsidences. The
results are coded as follows: -1: not classified. 0: not a subsidence. 1: Potential
subsidence. 2: subsidence.

THERMALEFF

Flag stating the result of the classification subprocess looking for temperature effects.
The results are coded as follows: -1: not classified. 0: not a temperature effect. 1:
Potential temperature effect. 2: temperature effect.
Table 6-7 – The attributes in the output, classified ADAs file.

6.7 Installing the tools
To install the tool, please refer to [RD4].

6.8 Using the tool
The tool has two incarnations that must be used in different ways.
To use the GUI version it is enough to start the application by whatever means at hand (start menu,
desktop shortcut…), fill the data in the dialog shown by the tool (see section 7.3, Figure 6-1 and
Figure 6-2) and click on the “Go” button. Once the process is over, a message box warning about
the result (success, failure and its reason) will show up. The process may be interrupted at any
moment by closing the GUI window.
Note that once all the data in the GUI has been typed, it is possible to save it as an options file
keeping these values for later use. To do it, use the button labelled “Save options file”. Any errors
related to data (as invalid values, out of range, etc.) will be reported. The options file will only be
saved once that no errors are detected.
Conversely, an existing options file may be loaded using the button “Load options file”, thus saving
the effort of retyping all the required information.
To use the batch version, a command line must be opened. To start it, type the following
command:
adaclassifier_cmd <options_file>

where <options_file> stands for the full path and name of the defaults (options) file. See section
7.4 and [RD3] for more details about ADAClassifier’s option files.
Note that in the case of the command line version, the option file does not need to stay in the
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application’s directory. This is so because options files are the means to control the application and
it is much more convenient let the users manage these files at his / her will.
Note also that if the tool is not located in the current (windows) path, then it will be necessary to
prepend the path to the directory where the tool is stored.

D3.2: Data homogenization, fusion and information extraction algorithms: v0.1

Attachme

7 LOS2HV tool
7.1 Introduction
This technical note presents LOS2HV, a tool to compute the horizontal and vertical components of
the ground displacement in areas where SAR data obtained in ascending and descending orbits is
available. The basics of the algorithm used are briefly described, as well as the kind and
characteristics of the input, output and configuration files. The GUI and batch version of the tool are
also briefly explained.
The LOS2HF (family of) tool(s) is targeted at the computation of the separate horizontal and
vertical components of the magnitude of the ground displacement measured with PSI technologies
along the satellite’s LOS.
Both ascending and descending datasets (that is, SAR images captured when the satellite is
traveling from south to north and from north to south respectively) are required. LOS2HV is not
able to compute such horizontal and vertical components when only one dataset (ascending or
descending) is available.
The application has been developed in C++ for efficiency reasons. Both a command line and a GUI
are offered to the user. The GUI simplifies noticeably the operational procedure; the command line
version may be used to integrate this tool in a batch production line, if necessary.
The tool accepts and produces Esri shapefiles as input and output for compatibility reasons. These
files are easily managed by a wide number of GIS software including ArcGIS and QGIS. For a
description of the shapefile format, please see [RD2].
LOS2HV is able to adapt itself to (slightly) different input shapefile formats. There is a minimal set
of data that an input PS shapefile must contain to be processed by this application. Providing that
such data is present in the shapefile, their positions in the file (“column”) may differ depending on
the origin of the data. A configuration file (“read map”) may be used therefore to define where to
find the necessary data without having to modify the application.
As output, LOS2HV creates two files to store, respectively, the horizontal and vertical components
of the displacement computed from the displacement estimated along the LOS with ascending and
descending datasets.
The following sections describe LOS2HV in more detail. This encompasses the GUI, the formats of
the configuration, input and output files as well as guidelines about how to use the two versions of
this tool.

7.2 The process
The process implemented by LOS2HV is briefly sketched below. Please refer to Figure 7-1 for
details.
•

LOS2HV performs a tessellation of the whole area covered by the PSs included in the two
input files. The size of the tessera (the grid spacing) is decided by the user.
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Figure 7-1 – The area covered by the ascending and descending PSs is tesellated.

•
•

•

•
•

As a consequence, each PS belongs to one of the resulting tessera.
There may be tessera where (1) there are no PSs, (2) there are only PSs from the ascending
input file, (3) there are only PSs from the descending input file and, finally (4) there are PSs
from both input files.
For those tessera of type (4), the ground displacement is averaged. The resulting amount,
measured along the LOS, is then converted to horizontal and vertical components according
to the procedure described in [RD7].
The value of the horizontal and vertical components of the ground displacement corresponds
now to the whole tessera where the points involved in the computation where located.
These values are saved to the corresponding output files. The user may select to store
(centroids of the tessera with data) or squares (boundaries of the tessera).

7.3 The GUI
Figure 7-2 depicts the graphical interface of the LOS2HV (GUI version) tool.
Note that:
•

Items 1 and 2. The names of the two input files containing PSs. The first one corresponds to
the dataset coming from an ascending orbit. Item 2, therefore, corresponds to the descending
one.
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Figure 7-2 – LOS2HV Graphical User Interface.

•
•
•

•

•
•

Item 3. The name of the input read map file that will help to read correctly both input PS
files (those provided in items 1 and 2).
Items 4 and 5. The names of the output files, first (item 4) the horizontal component, the
vertical one afterwards (item 5).
Item 6. Grid spacing (horizontal and vertical dimension of each tessera). Note that the units
used here must correspond to those in which the projected coordinates of the PSs are
written.
Item 7. The output mode. There are two options: “Points” and “Shapes”. In the first case, the
centroids of the tessera are output to the horizontal and vertical files. Polygons (squares)
materializing the bounding box of the aforementioned tessera are written instead.
Items 8 and 9. The look angles corresponding, respectively, to the ascending (8) and
descending (9) datasets (radians).
Item 10. Log area. Here, messages about the progress of the process will be shown.

Note that these items correspond to those given in the application’s options file. See section 7.4 and
Table 7-1 for details.

7.4 The defaults (options) file
When using the GUI version of the tool, the defaults file must reside in the same directory than the
application’s executable. The command-line tool accepts a full path and name to this defaults
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(options) file as an input parameter. This defaults / options file is a plain-text one defining the
values of all the options controlling the behaviour of the application.
When the GUI version of LOS2HV is started, the defaults file is read and only some of its values
are shown on the screen. More specifically, the paths and names of the input files with PSs and
those of the output files are not shown: so the user sees an empty text field 4.
The rationale behind this decision is that while working on a project, the set of parameters
controlling the application will be more or less stable: so these are not changed frequently: while the
files to process may change more often. The read map file, however, is considered to be stable too,
since the structure of the shapefiles in a project tends usually to be the same.
At any rate, all the parameters, regardless whether they are file names or values, may be modified
by the user using the GUI.
The command-line version of LOS2HV, on the contrary, loads the whole set of values in the
options file, ignoring none at all.
Remember that, when using the GUI version of the tool, the defaults file must reside in the
same directory than the tool’s executable. The name of such defaults file must be exactly
ADAfinder_default_configuration.op.
The details concerning the syntax of the LOS2HV defaults file is described in [RD3]. The available
options that must be included in such file may be found in section 7.4.1.

7.4.1

The available options

The options that may be present in a LOS2HV defaults file are summarized in Table 7-1. Note that
LOS2HV expects to find all the options listed in the aforementioned table. Missing parameters or
incorrect values of these will make the application complain about the error.

Label

Description

Comments

GRID_SPACING

Spacing of the grid used to aggregate the points in a
single cell. The units must correspond to that of the
projected coordinates used by the PSs in the input files.

Floating
number.
than 0.

OUTPUT_MODE

Select how the output shapefiles will be generated. For
point shapefiles, this value must be set to 1. Set it to 2
to produce polygon (squares) shapefiles.

Integer
value.
Either 1 or 2.

point
Greater

4
Even if these options are not used in interactive (GUI-based) mode, they must be present in the default files for completeness reasons. Their values
may be nonsense, but they must be correctly written. For instance, an options pointing to an input file must actually point to a well-written input file
name, although this file didn’t exist.
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Label

Description

Comments

LOOK_ANGLE_ASCENDING

Look angle for the PS file corresponding to the
ascending orbit.

Floating
point
number. In the
range [0.. π/2].

LOOK_ANGLE_DESCENDING

Look angle for the PS file corresponding to the
descending orbit.

Floating
point
number. In the
range [0.. π/2].

FILE_POINTS_ASCENDING

(Full path and) name of the INPUT file with the PSs to
process. Ascending orbit.

FILE_POINTS_DESCENDING

(Full path and) name of the INPUT file with the PSs to
process. Descending orbit.

FILE_POINTS_READ_MAP

(Full path and) name of the INPUT file with the read
map corresponding to the two PS (both ascending and
descending) files.

FILE_COMPONENTS_HORIZONTAL

(Full path and) name of the OUTPUT shapefile
containing the horizontal components of the
movement.

FILE_COMPONENTS_VERTICAL

(Full path and) name of the OUTPUT shapefile
containing the vertical components of the movement.
Table 7-1 – The attributes in the options file.

Figure 7-3 depicts an actual example of LOS2HV options file.

#
#
#
#
#
#
#
#
#
#
#
#

============================================================================
This is a LOS2HV options file
----------------------------------------------------------------------------OPTIONS
----------------------------------------------------------------------------Options controlling the behavior of the application -------

#
# Spacing of the grid used to group the points. Use the same units than the
# points’ projected coordinates
#
GRID_SPACING

= 500

#
# The output will consist of points centered on the squares defined by the grid (1)
# or the polygons defining the squares themselves (2).
#
OUTPUT_MODE

= 1

# The ascending look angle (in radians).
LOOK_ANGLE_ASCENDING

= 0.5

# The descending look angle (in radians).
LOOK_ANGLE_DESCENDING = 0.5
# -----------------------------------------------------------------------------
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#
# FILES
#
# ----------------------------------------------------------------------------#
# Input files ----------------------------------------------------------------#
# Shapefile with points. ASCENDING.
FILE_POINTS_ASCENDING

= points_ascending.shp

# Shapefile with points. DESCENDING.
FILE_POINTS_DESCENDING

= points_descending.shp

# Read map describing the structure of both input shapefiles with points.
FILE_POINTS_READ_MAP

= points_read_map.op

#
# Output files ---------------------------------------------------------------#
# Output shapefile with HORIZONTAL component.
FILE_COMPONENTS_HORIZONTAL

= horizontal_components.shp

# Output shapefile with VERTICAL component.
FILE_COMPONENTS_VERTICAL

= horizontal_components.shp

Figure 7-3 – Actual example of a LOS2HV options (defaults) file.

7.5 The read map file
The points that LOS2HV will process must be stored in an Esri shapefile. Although the shapefiles
(.shp, .shx) containing PSs are always the same, this is not so for the attribute table (.dbf file)
accompanying the former.
The set of attributes in the .dbf file may vary. LOS2HV needs a minimal set of attributes to be
present in order to carry out its work. If at least one of these attributes does not exist, LOS2HV may
not use the file.
The mandatory attributes are:
•
•
•
•

X coordinate (easting).
Y coordinate (northing).
Velocity (in mm/year).
Deformation time series (mm).

The X and Y coordinates must be projected coordinates. The number of values in the deformation
may vary from one file to other, but must be the same for all the points in the same file.

Additionally, two more optional fields may be present for each point:
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•
•

Lambda coordinate (deg).
Fi coordinate (deg).

Assuming that a PSs shapefile’s attribute table contains at least the mandatory ones (and,
eventually, the optional ones too) the positions where these appear may vary between different
datasets (because, for instance, have been produced by several providers in different projects).
Obviously, this variability poses a problem that must be solved if LOS2HV must be able to read
these different shapefiles.
This is why the tool includes a mechanism to define where to find the mandatory (and, eventually
optional) fields listed above. By providing such information, LOS2HV will be able to read many
different PSs shapefiles with no changes in the software itself.
The way to do this is to assign, to each field, the position in the shapefile where the field sought
may be found. For instance, assuming a shapefile whose attribute table is defined as follows:
identifier X Y lambda fi gamma row column velocity def01 def02 ... def20

then the positions for the X, Y, velocity and deformation time series attributes would be,
respectively, 1, 2, 8 and 9 (note that the first column, identifier in the example, uses index 0). Since
the number of values in the deformation time series is also user-definable, it is necessary to state
that such number; in this example, it is 20. The positions of the optional lambda and fi attributes
would be 3 and 4.
To define such positions, a simple options file, whose syntax is defined in [RD3], is used (in fact, is
exactly the same kind of file used by the defaults file).
All the labels to use in read maps files are defined in Table 7-2. A read map is a simple options file;
its syntax is defined in detail in [RD3].
Label

Description

Comments

POSITION_X

Position (column number) of the X projected
coordinate.

Mandatory, 0.based index.

POSITION_Y

Position (column number) of the Y projected
coordinate.

Mandatory, 0.based index.

POSITION_VELOCITY

Position (column number) of the velocity.

Mandatory, 0.based index.

POSITION_TIME_SERIES

Position (column number) of the first value of the
deformation time series.

Mandatory, 0.based index.

N_VALUES_TIME_SERIES

Number of values in the deformation time series.

Mandatory, 0.based index.

HAVE_LAMBDA_FI

Flag indicating whether the optional lambda and fi
coordinates are available.

Mandatory. Either 0 (no
lambda and fi exist) or 1
(lambda and fi are available).

POSITION_LAMBDA

Position (column number)
(longitude) coordinate.

Optional
if
HAVE_LAMBDA_FI is zero.
Mandatory otherwise. 0 based
index.

of

the

lambda
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Label

Description

Comments

POSITION_FI

Position (column number) of the fi (latitude)
coordinate.

Optional
if
HAVE_LAMBDA_FI is zero.
Mandatory otherwise. 0 based
index.

Table 7-2 – The attributes in the read map file.

An actual example of a LOS2HV read map file is depicted in Figure 7-4.
# ========================================================================
#
# This is a los2hv read map file defining how the input points file must
# be READ.
#
# -----------------------------------------------------------------------#
# MANDATORY attributes. POSITIONS (0 is the origin) for:
# - X
# - Y
# - Velocity
# - First value of the deformation time series.
#
# Additionally, number of values in the deformation time series.
#
# -----------------------------------------------------------------------POSITION_X

=

5

POSITION_Y

=

6

POSITION_VELOCITY

=

9

POSITION_TIME_SERIES

= 11

N_VALUES_TIME_SERIES

= 50

# -----------------------------------------------------------------------#
# OPTIONAL attributes. Positions of the lambda and fi coordinates.
# When NO lambda and fi coordinates exist, label HAVE_LAMBDA_FI must be
# set to 0 ("false") and the values of POSITION_LAMBDA and POSITION_FI
# are meaningless (but must be set). When such coordinates are available,
# HAVE_LAMBDA_FI must be set to 1 ("true") and POSITION_LAMBDA and
# POSITION_FI must hold the actual positions of these attributes in the
# points shapefile.
#
# -----------------------------------------------------------------------HAVE_LAMBDA_FI

=

1

POSITION_LAMBDA

=

4

POSITION_FI

=

3

# End of file.

Figure 7-4 – Actual example of a LOS2HV points’ read map file..
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7.6 The (input) data files
LOS2HV’s input files are four:
•
•
•
•

The defaults (options) file.
The PS file (ascending orbit).
The PS file (descending orbit).
The read map file for the PS files.

The defaults (options) and read map files have been thoroughly described in sections 7.4 and 7.5
respectively. Moreover, full details on the syntax of these may be found in [RD3]. The next sections
describe the PS files.
7.6.1

The PS files

Input PS (point) files (either from ascending or descending orbits) must be Esri shapefile (see
[RD2]). Its type, since it will contain points, must be 1 (“Point”). The coordinates of the points must
be projected (X and Y, that is, easting and northing).
Points in the input shapefiles must have a minimum set of attributes for LOS2HV being able to
carry out its work. These attributes, stored in the attribute table (.dbf file in the shapefile file set)
are:
•
•
•
•

X coordinate (easting).
Y coordinate (northing).
Velocity (in mm/year).
Deformation time series (mm).

Additionally, the following optional attributes may also be present, but their absence will not
prevent the normal operation of the tool.
•
•

Lambda coordinate (deg).
Fi coordinate (deg).

Both the mandatory and optional attributes may appear in any order in the attribute table. The read
file map (see section 7.5) will be used by LOS2HV to ascertain the actual position of every attribute
in the input .dbf file.
Field

Description

E

Easting (X coordinate) of the centroid of the tessera.

N

Northing (Y coordinate) of the centroid of the tessera.

Velocity

Horizontal or vertical (this depends on the output file) component of the mean
velocity of all the points located in the tessera. The name of this field is the same that
the one found in the input file with PSs (ascending orbit).

Deformation value X.

There are as many fields like this as values in the deformation time series. That is, if
the time series include, for instance, 20 values, then there will be 20 of these fields.
Each field contains one of the values in the deformation time series. The names of
these files are the same than those found in the input file with PSs (ascending orbit).
Table 7-3 – The attributes in the output shapefiles, either points or polygons.
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Figure 7-5 – The two kinds of outputs provided by LOS2HV.

7.7 The output files
LOS2HV creates two output files, those containing the horizontal and vertical components of the
ground displacement. Both are Esri shapefiles. These will either store points (type 1, the centroids
of the tessera defined by the algorithm) or polygons (type 5, squares defining the boundaries of
these tessera). The type of the shapefile is selectable by the user (see sections 7.3 and 7.4, Figure
7-3 and Table 7-1). Refer to [RD2] for details on the format of these Esri files.
No matter the type of the shapefile (points or polygons), their attributes (.dbf files) are always the
same. Table 7-3 describe the structure of the attributes file.
Figure 7-5 shows the simultaneous overlap of a centroid and square output for the horizontal
component of the ground movement of some PS data. Centroids are represented as green dots,
while the boundaries of the tessera are shown as blue squares.

7.8 Installing the tools
To install the tool please refer to [RD4].

7.9 Using the tool
The tool has two incarnations that must be used in different ways.
To use the GUI version it is enough to start the application by whatever means at hand (start menu,
desktop shortcut…), fill the data in the dialog shown by the tool (see section 7.3 and Figure 7-2)
and click on the “Go” button. Once the process is over, a message box warning about the result
(success, failure and its reason) will show up. The process may be interrupted at any moment by
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closing the GUI window.
To use the batch version, a command line must be opened. To start it, type the following
command:
los2hv_cmd <defaults_file>

where <defaults_file> stands for the full path and name of the defaults (options) file. Recall that
the name of the read map file is one of the options in the options file. See section 7.4.
Note that in the case of the command line version, the configuration files (defaults and read map) do
not need to stay in the application’s directory. This is so because these are the means to control the
application and it is much more convenient let the users manage these files at his / her will.
Note also that if the tool is not located in the current (windows) path, then it will be necessary to
prepend the path to the directory where the tool is stored (or to add the path to the tool to the
Windows PATH environment variable as stated in section 7.8).
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8 Discontinuity Set Extractor
8.1 Introduction
Discontinuity Set Extractor (DSE) is an open-source software originally programmed by Dr.
Riquelme from the University of Alicante for his PhD thesis to test the application of this proposed
methodology to three-dimensional point clouds (3DPC) of rocky slopes acquired through TLS
(Terrestrial Laser Scanner) or SfM (Structure from Motion) technique.
DSE was programmed in MATLAB, including a Graphic User Interface (GUI) to ease the
application of the developed method (Figure 8-1).
The software can be downloaded from:
https://personal.ua.es/en/ariquelme/discontinuity-set-extractor-software.html
A detailed description of the whole algorithm can be consulted in Riquelme et al. [RD8] although
this summary is included here for the sake of completeness.

8.2 The process
DSE software analyses 3DPC following four steps. In the first step, the available point cloud is
uploaded (Figure 8-2a) and then, for each point and its knn (number of nearest neighbours), the
Principal Component Analysis (PCA) [RD9] method is applied. This provides three principal
vectors (vi) along with three principal values (λi). These values provide information of the
distribution of the points in a direction with respect to the other two trough a tolerance threshold η.
Equation (1) presents the mathematical definition of the tolerance η. This value must be minor than
a threshold (usually a value near 0.2 is adopted) to consider a point and its surrounding points
coplanar. This test allows to remove sparse points and outliers from the point cloud.
𝜂𝜂 = (𝜆𝜆3 )/(𝜆𝜆1 + 𝜆𝜆2 + 𝜆𝜆3 )

(1)

Figure 8-1 – GUI of the DSE software.
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In this step, the principal vector 𝑣𝑣3 provides the normal direction assigned to each point of the
3DPC, allowing to calculate its dip and dip direction. Following this procedure, all normal vector’s
poles are calculated and plotted in a stereonet (Figure 8-2b).
The second step consists on the analysis of the density of poles in the stereonet. In this step, a nonparametric density function is calculated using the kde (Kernel Density Estimation) technique
[RD10] (Figure 8-2c and d). The most represented poles correspond to the principal poles, and,
therefore, the principal discontinuity sets of the rocky slope. Accordingly, the main discontinuity
sets (J1, J2 and J3 in the example shown in Figure 8-2) are extracted by identifying the existing
peaks and analysing the angular values of these vectors (i.e. their dip and dip directions).
The third stage consists on the classification of the 3DPC according to the extracted principal poles.
If the angle between a pole and a principal pole is minor than a threshold value, commonly set in
30°, the pole is assigned to the closest principal pole. Otherwise, the pole and its corresponding
point is not classified (Figure 8-2b, e and f) into a principal pole (i.e. into a discontinuity set) and is
rejected.
Fourth stage consists on the identification of clusters of points members of a discontinuity set that
define planes by means of DBSCAN (Density Based Scan) [RD11]. DSE also permits to edit the
cluster according to their size. The user can remove clusters with a minimum number of points. This
option permits to define only those planes that present a reasonable extent. As all points are
organised by clusters, the plane’s equation can be calculated according to Equation (2) through the
least-squared method. In this Equation, the coordinates of each point are (X, Y, Z).
𝐴𝐴 × 𝑋𝑋 + 𝐵𝐵 × 𝑌𝑌 + 𝐶𝐶 × 𝑍𝑍 + 𝐷𝐷 = 0

(2)

Figure 8-2 – (a) 3DPC of a cube; (b) poles of the normal vectors of each point of the 3DPC; (c) 3D view of
the density of the poles; (d) 2D view of the density of the poles; (e) poles assigned to a principal pole or set;
(f) classified 3DPC.
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Figure 8-3 – (a) Orthogonal view of two coplanar horizontal clusters of point; (b) front view of both point clusters and (c)
histogram of the elevations of both clusters.
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Additionally, the normal vector can be fixed setting the orientation of the principal pole. Therefore,
all planes of a discontinuity set are parallel. Additionally, the software permits to correct the
position of ‘almost coplanar’ clusters (Figure 8-3), considering a threshold k defined by Riquelme
et al. [RD12; RD13]
𝑘𝑘 × (𝜎𝜎1 + 𝜎𝜎2 ) ≥ |𝐷𝐷1 − 𝐷𝐷2 |

(3)

Where D1 and D2 are the parameters (Equation 3) of clusters 1 and 2, respectively, σ1 and σ2 are the
standard deviation of the normal distances of all points to the best-fit-plane, and k is the previously
mentioned parameter that controls the sensitivity of this test. Figure 3 presents an example of the
process of this test. First, two coplanar clusters of points are analysed, and their corresponding
Equations are calculated (Figure 8-3a). The normal distance of all points to the best-fit plane is
represented in a histogram (Figure 8-3c). This histogram shows that both clusters are reasonably
parallel. The proposed test permits to establish whether both clusters can be considered parallel or
not in an objective manner.

8.3 The GUI
Figure 8-1 depicts the graphical interface of the DSE (GUI version) tool. Note that:
•
•
•
•
•
•
•
•
•
•

•
•

Item 1. This button allows to upload a file containing a 3DPC.
Item 2 and 3. Search and identification of discontinuity planes with or without performing
coplanarity test, respectively.
Item 4. Statistical analysis of the density of poles by means of kernel analysis.
Item 5. Edition of recognized poles. The poles can be visualized in a stereonet and removed.
New poles can be also added.
Items 6 to 10. Parameters and thresholds for the plane definition and statistical analysis.
Item 11. Table of visualization of recognized discontinuity sets (dip and dip direction) and
their main statistic (density and %).
Item 12. Parameter of classification of the 3DPC according to the extracted principal poles.
Item 13. Cluster analysis for the identification of existing individual planes.
Item 14. Editor of clusters. It allows to remove and merge automatically identified clusters.
Item 15. Parameters of the identified clusters. The discontinuity set (DS) number, the cluster
number (cl), the number of points of the cluster (n pts), the parameters of the equation of the
plane (A, B, C and D) and the standard deviation are provided.
Item 16. Allows the visualization of the 3D data as well as the stereoplots.
Item 17. Action log window.

Note that some functionalities of the software (e.g. “Create artefacts”) are not explained in detail
since they are not of interest for the project.
Some tutorial videos about the use of Discontinuity Set Extractor software and the representation of
the outputs can be found on next links:
https://www.youtube.com/watch?v=e7qC9nKJSxs&feature=youtu.be
https://www.youtube.com/watch?v=d12aRw6oHt4&feature=youtu.be
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8.4 The input
8.4.1

3D point cloud

Input files are ASCII files. This file contains the points of the 3D point clouds ordered by rows. The
columns must contain the three coordinates of the points: easting, northing and elevation. Other
attributes can be contained from row three onwards.
8.4.2

Parameters and thresholds

The different parameters and thresholds to be used in DSE for the identification of discontinuity
sets are summarized and described in Table 8-1 and shown in Figure 8-1.
Label

Description & comments

knn

k-nearest neighbours to each point to be considered in the principal component
analysis. This parameter is usually set as 30.

tolerance

Maximum allowable deviation in a subset of points, such that the subset plane
is reasonably considered a plane. It is commonly accepted that if a set of
principal components have 80% or more of the variance, these would represent
the data properly. A value of 20% (i.e. 0.2) is usually recommended, although
sensitivity tests can be developed for setting this parameter.

Nº bins hist

Number of bins to be considered in the Kernel density estimation (KDE). This
parameter is used for the automatic calculation of the width of the kernels (i.e.
bandwidth) and the computation of their density. This parameter is a power of
2. For high density 3DPCs it is recommended to take low values for this
parameter.

Angle min v ppal

Minimum value of the angle formed by two principal vectors. A value of 10º is
usually recommended.

Max number ppal planes

Maximum number of discontinuity sets.

Cone

Angle of the cone considered for the segmentation of the point cloud. This
value is used to assign a label to each point of the point cloud according to the
closest principal families. For every single point, we look for the discontinuity
set that provides the minimum angle between the associated normal vector and
the assigned principal plane normal vector. This vector is usually set as 30º.

Fix DS orient

This option is used to fix the normal vector of the discontinuity set principal
pole, so all the clusters will exactly have the same orientation. This option is
activated by default.

K sigmas

This is a threshold value that multiplies the standard deviations of two planes
(see eq. (1)) to establish if both clusters can be considered parallel or not in an
objective manner.
Table 8-1 – Options controlling the processing of the application: thresholds.

8.5 The outputs
In MOMIT project, DSE will be used to analyse 3DPC to obtain the main discontinuity sets
affecting rock masses. The results of DSE will be:
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•

•

Clasified 3DPC according to the main orientation (dip and dip direction) of each point.
These data are provided as an ASCII file and can be downloaded for visualization in Cloud
Compare open source software (https://www.danielgm.net/cc/). These values can be also
visualized in DSE (item 11 in Figure 8-1).
Maps of discontinuities affeting the slopes (Figure 4). These maps will be created using
Cloud Compare to visualize and represent the discontinuity sets affecting the slopes.

Figure 8-4 – (a) Orthogonal view of two coplanar horizontal clusters of point; (b) front view of both point clusters and (c)
histogram of the elevations of both clusters.

•

Main orientations of the discontinuity sets affecting the slope presented in stereonets (Figure
5) and numerical values (item 11 in Figure 8-1). This type of plots are created by DSE by
pressing the button “3.1. Edit pole” (item 5 in Figure 8-1).

Figure 8-5 – Stereographic projection (stereoplot) of the main discontinuity sets identified in the slope shown in Figure 8-4

•

Maps of clusters for each discontinuity set (optional). In principle, this option will be not
used for the purposes of the project. However, if it is necessary, DSE can provide also the
classification of the 3DPC into clusters in an ASCII format that can be visualized in Cloud
Compare. The numerical values of the equations of each cluster can also be visualized and
downloaded from DSE (item 15 in Figure 8-1).

8.6 Example of application of the DSE software
This section presents the systematic process followed to analyse a 3D point cloud using
Discontinuity Set Extractor (DSE) software. Data from a real case of study of a railway slope in
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Campello, Alicante (SE Spain) is used to illustrate the methodology that will be followed in
MOMIT project.
8.6.1

Input

8.6.1.1 3D point cloud pre-processing
An image of the real slope used in this sectionas example of application of the DSE software is
shown in Figure 8-6a. The first step of the process is the pre-screening of the 3D point cloud to
identify the slope of interest (Figure 8-6b). The data can be visualised in Cloud Compare open
source software (https://www.danielgm.net/cc/). To obtain more precise results, the point cloud
should be previously cleaned of vegetation and other elements, focusing only on the rocky slope. It
is also recommended to divide the 3D point cloud of the full rocky slope into individual slope
sectors with similar and homogeneous geometrical and geomechanic characteristics. In this case,
after observing the slope, it was divided into two subsectors (Figure 8-7).

a

2
1

b

2
1

Figure 8-6 – (a) Optical image and (b) 3D point cloud of the area of study with the contours of the analysed railway rocky
slope subsectors 1 and 2.

8.6.1.2 Input (data) file
Input file for DSE (one per slope) presents an ASCII format. This file contains the points of the 3D
point clouds ordered by rows. The columns must contain the three coordinates of the points:
easting, northing and elevation. Other attributes can be contained from row three onwards. The first
row must be a point, not the headers of the columns.
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Figure 8-7 – Segmented point cloud of subsectors 2 and 1.

8.6.2

Process

As already stated, DSE implements the methodology defined in [RD8]; such methodology is
applied in order to show step by step the process that a user has to follow to analyse a real 3D point
cloud of a slope, which was described in section 8.6.1.1. This methodology is briefly sketched
below and described in detail in next sections.
1.
2.
3.
4.
5.
6.

Load data
Principal planes calculation
Analysis of the density of poles
Principal poles assignment
Cluster analysis
Export results

Data from Slope 1 segmented point cloud will be used as example to illustrate how the software
works.
8.6.2.1 Load data
Once opened the DSE Graphic User Interface (GUI), the best way to load the data is through the
menu File  Load data .txt (Figure 8-8) and selecting the file with the point cloud saved in the
previous step. The number of points loaded is also displayed, in this case 425,864 for the Slope 1.
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Figure 8-8 – Load data in the DSE.

8.6.2.2 Principal planes calculation
In this step, the program searches the knn nearest neighbours of every point. The knn number is
inserted in the box 'knn'. By default it is set to 30 neighbours (Figure 8-9,1). For each point and its
knn (number of nearest neighbours), the Principal Component Analysis (PCA) method is applied
[RD9]. This provides three principal vectors (vi) along with three principal values (λi). These values
provide information of the distribution of the points in a direction with respect to the other two
trough a tolerance threshold η. Equation (1) presents the mathematical definition of the tolerance η.
This value must be minor than a threshold (usually a value near 0.2 is adopted) to consider a point
and its surrounding points coplanar (Figure 8-9, 2). This test allows removing sparse points and
outliers from the point cloud.
Two options are available: (1) to perform a coplanarity test and, if the test is passed, to calculate the
normal vector associated to the point (Figure 8-9, 3), and (2) to calculate the normal vector without
performing the coplanarity test (Figure 8-9, 4). The first option may clean non coplanar points, and
outliers might be removed. This test may take a long time.
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Figure 8-9 – Principal planes calculation.

The principal vector 𝑣𝑣3 provides the normal direction assigned to each point of the 3DPC, allowing
to calculate its dip and dip direction. Once this step is finished, the program will assign the
associated normal vector to each point. No result is exported yet, as this info is stored in the
memory. As the normal vectors are already calculated, the program calculates the corresponding
pole in a stereonet for every point. The poles can be visualized in the plot frame pressing the button
'Stereo Poles'.

8.6.2.3 Analysis of the density of poles
The third step consists on the analysis of the density of poles in the stereonet (Figure 8-10, 1). In
this step, a non-parametric density function is calculated using the KDE (Kernel Density
Estimation) technique [RD10]. The number of bins refers to how detailed will be the estimation. A
high number would show underired results, and a low number underestimated results. By default,
this value is set to 64 (i.e. 2^6), which usually works fine (Figure 8-10, 2).
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Figure 8-10 – Analysis of the density of poles.

Two boxes must be filled before performing the statistical analysis. The first one refers to the
minimum angle that two poles can present (Figure 8-10, 3). This angle is measured as the angle
between two vectors (arcsin of the scalar product). The density function will present several peaks
or local maximums. The program extracts automatically the n maximums that present the highest
density value (i.e. the most significant poles). The second box sets the number of principal planes
that will be automatically extracted (Figure 8-10, 4). A good strategy is to set this value to 10 and
then perform an inspection and edition of the principal poles by clicking in the button ‘Edit poles’
(Figure 8-10, 5).
Once the statistical analisys is performed, the proposed principal poles are shown in the table and
the plot button is enabled. The most represented poles correspond to the principal poles, and,
therefore, the principal discontinuity sets of the rocky slope. Accordingly, the main discontinuity
sets (J1, J2 and J3 in the example shown in Figure 8-11) are extracted by identifying the existing
peaks and analysing the angular values of these vectors (i.e. their dip and dip directions).
The user can modify the aforementioned parameters and repeat the process. Additionally, a menu
allows to manually edit the principal poles. The user can edit the number or relative position of the
principal poles, remove or add a principal pole, and even edit their coordinates (Figure 8-12).
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Figure 8-11 – Poles Density Plot, Principal Poles.

In addition, the principal poles editor window has a tool that allows the user to rotate the graphic in
3D. This tool can be useful to identify and select the principal poles of the set of discontinuities
(Figure 8-13).
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Figure 8-12 – Principal poles editor window.

Figure 8-13 – Analysis of the density of poles.
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8.6.2.4 Principal poles assignment
The fourth stage consists on the classification of the 3DPC according to the extracted principal
poles (Figure 8-10, 6). If the angle between a pole and a principal pole is minor than a threshold
value, commonly set in 30°, the pole is assigned to the closest principal pole (Figure 8-14).
Otherwise, the pole and its corresponding point is not classified into a principal pole (i.e. into a
discontinuity set) and is rejected.

Figure 8-14 – Poles discontinuity set graph.

8.6.2.5 Cluster analysis
Fifth stage consists on the identification of clusters of points members of a discontinuity set that
define planes by means of DBSCAN (Density Based Scan) [RD11]. DSE also permits to edit the
cluster according to their size (Figure 8-15). The user can remove clusters with a minimum number
of points. This option permits to define only those planes that present a reasonable extent.
Additionally, the normal vector can be fixed setting the orientation of the principal pole. Therefore,
all planes of a discontinuity set are parallel.

Figure 8-15 – Cluster analysis.
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8.6.2.6 Export results
The final stage consists on exporting the results by clicking on the button ‘Save all the data to .txt’.
This will generate the outputs files described in Table 8-2. These files will be saved in the same
folder where the input file was stored. Furthermore, each step of the process can be saved using the
Save icon or through the menu File Save ddbb. This file can be opened by DSE software at any
moment to continue with the analysis process or edit the results. It worth noting that all files derived
from DSE that contain XYZ coordinates are compatible with Cloud Compare software.
Additionally, some of them have been designed to be compatible with other commercial software.
Filename

Description

InputFileName: log.txt

The log file created by DSE.

InputFileName - report.txt

A report generated by DSE with all the info of the process.

InputFileName Dipdir-Dip-Density.txt

Data of relative position of the principal poles and density.

InputFileName js-c-abcd.txt

ID of the discontinuity set-ID of the cluster-Parameters of
the plane equation.

InputFileName Poles_Dipdir-Dip.txt

Dip and dip direction of the pole of every point.
Compatible with Dips software from RocScience.

InputFileName XYZ-js-c.txt

Coordinates of the point with indication of the cluster and
discontinuity set to which the point belongs to.

InputFileName xyz-js-c-abcd.txt

Coordinates of the point with indication of the cluster,
discontinuity set and parameters of the equation of the
plane to which the point belongs to.

InputFileName XYZ-RGB-js.txt

Coordinates of the point with RGB colour to differentiate
the discontinuity sets and the ID of the discontinuity set to
which the point belongs to.

InputFileName XYZ-RGB-js-n-cl-0.txt

Coordinates of the point with RGB colour to differentiate
the cluster of the discontinuity set n. Compatible with
Polyworks software.

InputFileName XYZ-RGB-NxNyNz.txt

Coordinates of the point with RGB colour to differentiate
the discontinuity sets and the components of the normal
vector of the plane.
Table 8-2 – Outputs DSE files.

8.6.3

Outputs

In MOMIT project, DSE will be used to analyse 3DPC to obtain the main discontinuity sets
affecting rock masses to perform kynmatic analysis of the railway rocky slopes. The results of DSE
will be:
•

Clasified 3DPC according to the main orientation (dip and dip direction) of each point
(Figure 8-16 – Points of the classified 3D point cloud belonging to dataset 1.Figure 8-16).
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Figure 8-16 – Points of the classified 3D point cloud belonging to dataset 1.

•

Maps of discontinuities affecting the slopes (Figure 8-17). These maps will be created using
Cloud Compare to visualize and represent the discontinuity sets affecting the slopes. These
data are provided as an ASCII file (InputFileName XYZ-RGB-js.txt) and can be
visualizated in Cloud Compare open source software. These values can be also visualized in
DSE.

Figure 8-17 – Maps of discontinuities affecting the slopes. Every colour belongs to a different dataset.

•

Main orientations of the discontinuity sets affecting the slope presented in stereonet and
numerical values (Figure 8-18).
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Figure 8-18 – Main orientations of the discontinuity: numerical values and stereonet representation.

•

Maps of clusters for each discontinuity set (optional). In principle, this option will be not
used for the purposes of the project. However, if it is necessary, DSE can provide also the
classification of the 3DPC into clusters in an ASCII format that can be visualized in Cloud
Compare. The numerical values of the equations of each cluster can also be visualized and
downloaded from DSE.
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9 Kinematic analysis
9.1 Introduction
Kinematic analysis is a widely used method to analyse the potential of rock slope failures to
destabilize. Different types of failure can develop in structural controlled rocky slopes: plane,
wedge, toppling. These failures occur due to the presence of unfavourably oriented discontinuities.
When a discontinuity dips in the same direction (lower than 20º) as the slope face with a lower dip
angle than the slope angle but greater than the friction angle along the failure plane, planar failure
can develop (Figure 6) [RD14].
A wedge failure develops when the line of intersection of two discontinuities that define the rock
block plunges in the same direction as the slope face and the plunge angle is less than the slope
angle but greater than the friction angle along the planes of failure [RD14] (Figure 9-1).
A toppling failure results when a discontinuity is parallel to the slope face (within 10º) and dips into
it.
Therefore, this analysis will be developed to identify potential failures in railway cut slopes
excavated on rock using the data provided by DSE.

9.2 The process
Once the main discontinuity sets affecting the rock mass have been identified next step is to
perform a preliminary kinematic analysis to identify the potential failure modes compatible with the
geometry of the slope and the discontinuities.
As observed in Figure 9-1 three discontinuity-controlled failure modes can develop on rocky slopes.
To develop this task the slopes will be divided into different sectors. Then, for each sector DSE will
be used to identify the main discontinuity sets of the rock mass.
Next step is the calculation of the dip and dip direction of the rocky slope. To this aim, the best-fit
plane will be fitted to the available 3DPC of the sector using Cloud Compare software.
Subsequently, the joint analysis of discontinuity sets and the orientation of the slope will allow to
identify the potential failure modes geometrically compatible considering standard kinematic
conditions. Additionally, when available, the friction angle (Ø) of the discontinuities will be used
for a complete kinematic analysis as illustrated in Figure 9-1.
This task can be performed manually by means of a stereographic projection analysis of the data,
although some specialized software as Dips (https://www.rocscience.com/software/dips) or
Stereonet (http://www.geo.cornell.edu/geology/faculty/RWA/programs/stereonet.html) could be
used for a quicker analysis. Alternatively, an Excel spreadsheet (i.e. Kinematic analysis Tool) has
been developed to perform a more systematic processing of the data.
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Figure 9-1 – Kinematic conditions for rock slope failures: a planar; b wedge; c toppling [RD14].

9.3 The GUI
Figure 9-2 depicts the graphical interface of the Kinematic analysis (GUI version) tool. It is a
Microsoft Excel spreadsheet programmed using Visual Basic for Applications (VBA) and designed
to work with either manually-typed data or DSE discontinuity output files. The spreadsheet is
protected to avoid any modifications of the cells with formulas.
Note that:
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Figure 9-2 – Kinematic analysis’s GUI tool.

A: Input data.
•
•

Item 1: The values of the parameters related to the studied slope, Dip direction (αf) and Dip
angle of the slope (Ψf), both in degrees (º). Must be typed manually.
Item 2: The values that define the orientation of each discontinuity (Ji) (for planar and
toppling failure cases) or the intersection between two discontinuities (for wedge failures):
o Dip direction of the discontinuity (αp) or of the line of intersection between the two
planes (αi)
o Dip angle of the discontinuity (Ψp) or the intersection between the two
discontinuities (Ψi), in degrees (º).
These parameters can be typed manually or automatically loaded from a DSE file.

•
•

•

Item 3: (Optional) The value of the friction angle of the discontinuity, in degrees (º). It must
be typed manually.
Item 4: (Optional) Button to load discontinuity data from DSE. The file used as input is
named by the software DSE as “NAME_DSE Dipdir-Dip-Density”. All sets of
discontinuities are loaded and available for selection.
Item 5. (Optional) In case that a file from DSE were loaded, with this selector the user can
chose the set of discontinuity of interest for the analysis and its values are automatically
loaded into Item 2.

B: Intermediate parameters and conditions
These cells calculate the intermediate parameters needed for the development of the kinematic
analysis. The test starts with the calculation of the parallelism (A-parameter) between the
discontinuity and the slope. In the following rows the geometrical and geotechnical conditions
defined in Figure 9-1 for toppling, planar and wedge failures are individually checked.
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Label

Description & comments

Ψf

Dip angle of the slope, in degrees. This value is obtained by fitting a plane to the 3D point cloud of
the slope.

Ψp

Dip angle of the discontinuity, in degrees. This value is derived from DSE.

Ψi

Dip angle of the intersection between the two discontinuities (plunge), in degrees. This value is
obtained from the intersection of discontinuities derived from DSE.

αf

Dip direction of the slope, in degrees. This value is obtained by fitting a plane to the 3D point cloud
of the slope.

αp

Dip direction of the discontinuity, in degrees. This value is derived from DSE.

αi

Dip direction of the line of intersection between the two planes, in degrees. This value is obtained
from the intersection of discontinuities derived from DSE.

Ø

Friction angle of the discontinuity in degrees. When this geotechnical value is not available the
analysis has to be performed only using geometrical conditions.
Table 9-1 – Required parameters for the development of the kinematic analysis of the rocky slopes.

C: Results of the Kinematic analysis
Once the intermediate parameters and conditions have been calculated and checked, respectively,
the results of the kinematic analyses are shown. Firstly, the excel file indicates if the failure is
geometrically possible, according to the geometric parameters (i.e. dips and dip directions of the
discontinuities and the slope). When the friction angle value is available then, a complete kinematic
analysis is performed and the stability of the slope is evaluated. It is worth noting that this analysis
only considers the potential failures of structural-controlled slopes, i.e. those in which failure is
dominated by discontinuities, and therefore other type of failures are not evaluated.
D: Quick guide with a reminder of the steps to use the tool
E: Illustration
Illustration showing the Kinematic conditions for rock slope failures, extracted from [RD14]

9.4 Inputs
The data required for the development of this analysis are listed and described in Table 9-1.

9.5 Outputs
The results derived from the development of this analysis will be in table format. They will be
delivered as a results report including next information:
•
•
•

Slope ID
Initial and end kilometre (on the railroad) of the analysed slope.
Results of the kinematic analysis for each discontinuity set or wedge. These results will be
expressed as:
o Potentially stable: the discontinuity (or the intersection line in case of wedge
failures) does not fulfil the instability conditions.
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o Potentially unstable: the discontinuity (or the intersection line in case of wedge
failures) fulfils the instability conditions.

9.6 Example of application of the spreadsheet
The Kinematic analysis tool simplifies noticeably the operational procedure, since discontinuity
data from DSE can be loaded to analyse each set of discontinuities from the studied slope. Data can
also been typed manually. The following sections show the results for the case of study of Slope 1
(see section 8.6.1.1).
9.6.1

Inputs

The data required for this analysis are listed and described in Table 9-1 – Required parameters for
the development of the kinematic analysis of the rocky slopes.Table 9-1. The values of the
parameters related to each discontinuity or intersection can be either typed manually or are
automatically loaded from a DSE file. These values are the Dip direction of the discontinuity (αp) or
the line of intersection between the two planes (αi) and the Dip angle of the discontinuity (Ψp) or the
intersection between the two discontinuities (Ψi).
The output file from DSE that will be used as input in the Kinematic analysis tool is the one named
InputFileName Dipdir-Dip-Density.txt
9.6.2

The process

9.6.2.1 Slope data
Dip direction and dip angle of the slope, in degrees, must be entered manually. This information can
be obtained from Cloud Compare as shown in Figure 9-3, through the menu Tools  Fit  Plane.
The result is displayed in the console log. In this case, the dip direction of the slope is 141 degrees
and Dip angle 071 degrees.

Figure 9-3 – Obtaining slope dip direction and angle using Cloud Compare
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9.6.2.2 Discontinuity or intersection data
The values of the parameters related to each discontinuity (Ji) or intersection, Dip direction of the
discontinuity (αp) or the line of intersection between the two planes (αi) and Dip angle of the
discontinuity (Ψp) or the intersection between the two discontinuities (Ψi), in degrees (º). Can be
typed manually or optionally can be automatically loaded from a DSE file.
For this purpose, by clicking the button named “Optional: Load Ji from DSE. File: Dipdir-DipDensity” the user can select the file containing the data of the discontinuities sets extracted by DSE.
Using the selector each parameter of the selected set of discontinuities are loaded. In the example
shown in Figure 9-4, three sets are loaded from the DSE file of Slope 1.

9.6.2.3 Friction angle
If available, the value of the friction angle of the discontinuity, in degrees (º), must be typed
manually.When this geotechnical value is not available the analysis has to be performed only using
geometrical conditions.

Figure 9-4 – Discontinuity selection from a DSE file.
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9.6.3

Outputs

The results derived from the development of the analysis for each discontinuity set or wedge are
displayed in the tool, in terms of if there is planar or wedge failure or toppling failure and, if friction
angle of the discontinuity is available, if is kinematically stable.
Figure 9-5 shows the results for the studied slope. In this case, for discontinuity set J1 planar or
wedge failure is geometrically compatible, whereas sets J2 and J3 are stable.

a

b

c

Figure 9-5 – Results for each sets for Slope 1. (a) J1 , (b) J2 and (c) J3.
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10 Conclusions and Recommendations
Five tools to automatically or semi-automatically extract information for railway infrastructure
monitoring have been described in this document:
1. ADAFinder is a tool that computes ADAs using the methodology reported by [RD1]. It is a
fast tool: it is able to process more than 900.000 points in less than five minutes in a regular
computer (i5, 8Mb RAM).
2. PSTime is a tool that may be used to analyse PS time series. Although being slow when
processing big data sets and limited to not-so-big input files, it is convenient to use it to
avoid the need to build a tool like this from scratch. Being an executable file, it may be
integrated as a toolbox (ArcGIS) or plugin (QGIS). Moreover, the kind of inputs and outputs
managed may be obtained from GIS tools as well, being therefore no obstacle in a
“production” chain. The only obstacle is the need to adapt the inputs to match the requested
format; this obstacle may be surmounted if the precise format of the data to analyse is
known, since then it would be possible to automate the preparation of the aforementioned
input files.
3. The family of ADAClassifier tool completely automates the process of classifying the
ADAs identified by ADAFinder, according to a decision table. It is a fast tool (two or three
minutes in a regular computer: i5, 8Mb RAM, depending on the amount of data to process
and the number of classification processes to run).
4. LOS2HV is a tool that computes the horizontal and vertical components of ground
movement. It is a fast tool able to process more than 900.000 points in about one minute in a
regular computer (i5, 8Mb RAM).
5. The guidelines for the development of preliminary kinematic analysis of structural
controlled rocky slopes using 3DPC. The analysis exploits the output derived from DSE
software to perform a preliminary kinematic analysis to identify the failure modes
compatible with each slope sector and to evaluate their stability when friction angle is
available.
ADAFinder, ADAClassifier and LOS2HV may be integrated as a toolbox (ArcGIS) or plugin
(QGIS). Moreover, the kind of inputs and outputs managed may be obtained from GIS tools as
well, being therefore no obstacle in a “production” workflow based on GIS tools. The same may
be said about the outputs. The application is configurable, meaning that it may be adapted to
read different kind of inputs, providing these include the minimum set of attributes needed to
operate.
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