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Abstract

This paper presents an overview of the integrated
spatial simulation tool SAMT. SAMT was designed
to integrate models from different sciences such as
economic and ecology, necessary for the evalua-
tion of sustainability of landscapes. Traditional ge-
ographic information and modeling systems have
specific limitations. To overcome such limitations, a
new tool was developed to focus specifically on in-
teractive spatial simulation. Of particular interest are
methods for incorporating expert knowledge (fuzzy
models) and for extracting models from examples
(e.g., using neural networks).

Structure and Main Functions

Modern GIS tools like ARGGIS (ARCGIS },2008) and
GRASS (GRASS | 2008) are designed to perform the

following functions:
e Store spatial information
e Perform spatial analyses

e Present spatial information (view maps, print
maps, 3D-view etc.)

These software packages are large, and in the case
of ARGGIS, expensive. Tools like MATLAB (MAT-
LAB | 2008) or its free counterpart OCTAVE (OC-
TAVE | 2008) seem better-suited for numerical sim-
ulations; using an extra toolbox with commensurate
expense and programmer skill, MATLAB also han-
dles spatial data sets. SAMT fills the gap between
GIS and MATLAB. As a small, grid-based simula-
tion system, SAMT was designed to be interactive
and fast. Among its strengths, SAMT can

¢ Read and write ASCII grids from ARGGIS and
efficiently store the grids using HDF (HDF |,
2008). Compared to an ASCII grid, map 1/0
is about 15 times faster using HDF.

e Apply modern algorithms to grid data sets
(fuzzy, neural networks, wavelets, etc.).
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o Integrate different models into a system.

e Run under the Linux operating system.

Figure |1| shows the structure of SAMT. At its
core are general functions like simple grid operations
(generate a random grid, normalize a grid, exchange
one selected value of a grid with another, etc.) and
analytical functions (statistics, histograms, etc.) Ad-
ditional modules have been implemented for fuzzy
modeling, neural networks and dynamic simulation;
there is also a module designed to link user-defined
(C++) models to SAMT. Each of these modules is
called as a separate process, which allows for rapid
model development; an error in a given module has
no influence on the core. Data transfer between core
and modules is based on the fast HDF technology.
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Figure 1: The SAMT structure consisting of the core
and different modules

SAMT is implemented as a graphical user inter-
face using the Qt library (QT | [2008). Menu options
include:

e 1/0O Operations - Transfer ASCII Grid files be-
tween SAMT and ARCGIS, access HDF tech-
nology, export grids as a .png image, import
point themes stored in CSV (comma separated
value) format, import fuzzy models and neural
networks

e Project Management - Create, open and store
projects (which are essentially an aggregation
of grids, points and models)

e Model Operations - The fuzzy development
system, the neural network development tool,
and some export functions to the statistical
computing software R (R, 2008)
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o Analysis - Elementary analysis functions (e.g.,
histogram of the values in a selected map,
charts of a freely-positioned transect like eleva-
tion, or power spectra over this transect), statis-
tics (min, max mean, standard deviation of a
selected map), and enhanced methods such as
the analysis of a fuzzy model using grid data

e SGRID - Simple operations over one grid
(normalization of a grid, different cut func-
tion, etc.), as well as two more demanding
functions: the multiple subarray algorithm
(Takaokal, 2002) (used to find changes between
simulation results) and a tree algorithm that ag-
gregates integer-coded grid cells according to
neighborhood statistics (used, for example, to
find soil communities)

o AGRID - Operations over two grids (add, mul-
tiply, etc.), as well as more complicated opera-
tions such as moving window-based functions

e Special Operations - Some operations from im-
age processing (wavelets, Fourier transforma-
tion, etc.), functions to transform point themes
in grids (Voronoi maps, spatial interpolation,
etc.), and some preliminary watershed algo-
rithms including flood fill

e AddON-View - Provides options for control-
ling the view (black and white vs. color, grid
lines, etc.)

o 3D - Three-dimensional elevation and splatter
views (Schroeder et al., [1998) to visualize four
input grids (one per dimension plus color). The
splatter view can be used as an analytical tool
before training a neural network. SAMT devel-
opers intend to enhance 3-d functionality in fu-
ture.

e TABLE - Read and store tabular information
using either CSV or database tables (MySQL |
2008)

Figure[2|shows a screenshot of SAMT:
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Figure 2: Screenshot of SAMT

From the toolbar, the user can copy or remove
a grid, start a view, delete a grid, etc. To the right
of the toolbar are three line inputs used as parame-
ters for the models. Parameter usage is explained in
the status line. This is also available for user-defined
models imported into SAMT, and can be used as a
reference when calling the models. Help is provided
by the help system.

SAMT extends its selection of mathematical grid
functions with the mathematical parser muParser
(muParser ,2006). This parser supports the applica-
tion, on up to three grids, of mathematical operations
like sin, cos, tan, shinh, cosh, tanh, sqrt, log, exp, etc.
After parsing, a virtual machine does the calculation.
For example, two grids (a and b) will be combined
cell by cell using resultgrid; = +/a; * a; + b; * b; Vi.
For two grids with 5000*3651 cells on an Intel core, 2
cpu 6400@2.13GHz processor with 2 GB main mem-
ory, this takes about 1 s. Figure |shows a screenshot
of the mathematical parser:
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Figure 3: Screenshot of the parser
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Fuzzy Modelling

One of the main reasons for developing SAMT was
the need to apply fuzzy models to maps for calculat-
ing habitat quality [Wieland et al.| (2002). Such mod-
eling was used, for example, to optimize the location
of wind power stations with respect to the habitat
of protected birds. The expert (a biologist, in this
case) wanted to apply his knowledge to the maps
in a natural way. SAMT provides a separate de-
velopment toolbox SAMT_FUZZY to help the mod-
eler transform expert knowledge into fuzzy sets and
fuzzy rules. This toolbox can be used to evaluate the
fuzzy model using data sets provided by the mod-
eler, as well as to train fuzzy rules using such data
sets. A graphical user interface allows the input and
the adaptation of the fuzzy sets and makes it easy for
the modeler to optimize his or her model. The fol-
lowing Figure [] shows the analysis window of the
SAMT_FUZZY:
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Figure 4: Analysis window of SAMT_FUZZY

The modeler can click in the graphic and get a ta-
ble with all information about the selected point: The
values of the inputs, the rule number, the rule text,
the strength of the rules, the output of the rules and
the calculated combined output of the active rules.
This allows for a fast check of the rules and a pos-
sible adaptation. The fuzzy sets of all inputs can be
adapted in another window using the mouse or key-
board. During development, this procedure of rule
checking and adaptation is quite reasonable, but it is
not sufficient for evaluating fuzzy models with real
spatial data sets. To perform such an analysis SAMT
has included two additional tools, one for fuzzy rule
checking as described (but now with the real spatial
data sets) and a second for sorting the rules accord-
ing to their frequency of use, with provision for se-
lected rule modification. This last tool can be used to
check the region of influence of selected rules in the
real spatial data set.
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Neural Networks

An artificial neural network (ANN) is used to create
a nonlinear regression or classification model using
a set of data provided by the user. As an alterna-
tive to user-provided training data, SAMT can gen-
erate training data from maps. Up to three maps
may be used as inputs; another map is generated as
output. SAMT provides a variety of ANNs: Self-
organizing maps (SOM) (Kohonen, 2001) that clas-
sify data using unsupervised training, radial basis
function (RBF) (Korn, 2004), and the feed forward
networks (Principe et al., 2000). The feed forward
networks are the most common ANNs, inspiring the
development of a separate toolbox SAMT_NN with
the following features:

e Up to three inputs within SAMT (if used stand-
alone, up to 30 inputs)

e One hidden layer (maximum 50 nodes), one
output

e Training algorithm: Back-propagation (Free-
mann), 1992), Levenberg-Marquardt (Gershen-
feld} 2002) and Levenberg-Marquardt with reg-
ularization (Bishop} {1995)

Regularization is useful to avoid overtraining,
where an ANN can reproduce the training results
quite well but has lost its ability to generalize (e.g.,
it cannot be used with data sets from different loca-
tions or time frames).

For input, SAMT_NN supports comma-
separated values (CSV), a compromise with respect
to the variety of common data formats. The input
data can be used as a training set, or can be ran-
domly split into training and validation data sets.
The user can select the number of hidden nodes,
the training algorithm, the number of training steps,
etc. After training, SAMT_NN provides some tools
for evaluating the results. A plot of model output
versus target values provides initial feedback about
the trained ANN. A functional plot of one selected
input with respect to as many as 10 classes of an-
other input is important for comparing the behavior
of the trained ANN with the experience of the mod-
eler. This is important in order to find errors in the
trained ANN (an ANN starts training with random
weights and can get caught in a local optimum, so
sometimes retraining with different starting weights
can be helpful). An example of such a functional plot
is given in Figure[5]
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Figure 5: Functional plot of an ANN for
yield=f(soil fertilizer,climate) = with  soil €
(32,35.5,39,42.5,46,49.5) soil classes and climate
representing the potential climate water balance of
one year (-32 mm in this example)

The ANNSs trained with SAMT_NN can be ex-
ported to SAMT and used as models (SAMT in-
cludes a library that provides the methods to open
and execute a trained ANN). Alternatively, trained
ANNSs from SAMT_NN can be used in C++ outside
of SAMT.

SAMT_DESIRE

SAMT_DESIRE (Korn| [2007) is a dynamic simu-
lation system like MATLAB’s Simulink (MATLAB
, 2008). SAMT_DESIRE can read typed or pro-
grammed equations and differential equations in a
natural mathematical notation. On a “drun” com-
mand, SAMT_DESIRE then immediately compiles
and solves the problem with a choice of integra-
tion rules, producing time-history graphs or listings.
Similar programs have long been used for simulat-
ing dynamic systems like aerospace vehicles, but
SAMT_DESIRE is particularly convenient for inter-
active modeling. Fast code for time-history solutions

is compiled at runtime, but interpreted commands
like

reset
gain=gain + 0.2
drun

let you modify your model on the fly and then
try a new simulation run. Such interpreted com-
mands can also be combined into useful experiment-
protocol programs (scripts) that control “multirun
simulation studies”, e.g. for statistics evaluation
(Monte Carlo simulation), and for parameter opti-
mization or model identification.
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The dynamic simulation module SAMT_DESIRE
opens up a new set of possibilities within SAMT:

e Provides a sophisticated modeling system for
dynamic models

e The included vector compiler can be used for
model replication and for Monte Carlo simula-
tion.

e Using an interface between SAMT and
SAMT_DESIRE allows the user to copy results
of a dynamic simulation to maps at any point
during a simulation. time. [Korn et.al. |(2005)

e SAMT_DESIRE supports rapid prototyping of
models; its outputs can be used to check those
of simulation modules coded in C++.

Additionally, SAMT_DESIRE allows the use of
fuzzy models or ANNSs produced by SAMT_FUZZY
or SAMT_NN in a dynamic simulation. As such,
SAMT_DESIRE is the dynamic counterpart to SAMT.

Conclusions and Future Work

SAMT is an open source software package using
open source libraries (gnu scientific library (GSL |
2008), Qwt (QWT | [2008), etc.) and is implemented
under the Linux operating system. A test CD is avail-
able at the project home page (SAMT | 2008), and
contains a copy of SAMT, all the libraries, and the
SAMT source code. This CD can be used as a live
system, with data accessed from a USB stick or via a
network connection. Another option is to copy the
live CD on the hard disk (this can damage your file
system - please be careful). Another way to install
SAMT on your computer is to compile and install all
libraries before installing SAMT. This is not difficult,
but requires good Linux skills. A Windows version
is also planned.

SAMT and its components are used by small
groups of modelers in a variety of different coun-
tries. The graphical user interface helps beginners
use this software (SAMT was developed as an inter-
face around a spatial library). It is still a simulation
system, as opposed to a GIS package. SAMT includes
some GIS methods in order to facilitate working with
spatial data sets, but is limited in its presentation of
spatial data sets and handling of vector data sets.

Plans for the near future include implementa-
tion of a new neural network toolbox based on
the Fast Artificial Neural Network library (FANN)
(FANN | [2008) and inclusion of a support vector
machine (SVM) (Chang and Lin | 2007) as an alter-
native method for modeling. The SAMT_NN and
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the new neural network toolbox will exist indepen-
dently. Subsequently, fuzzy training will be im-
proved and new three-dimensional views will be
added.

Many thanks to all the developers of the open
source software upon which SAMT is constructed,
and to the developers of the open source soft-
ware that was used during SAMT development (gcc,
emacs, Linux etc.)

This contribution was supported by the German
Federal Ministry of Consumer Protection, Food and
Agriculture, and by the Ministry of Agriculture, En-
vironmental Protection and Regional Planning of the
Federal State of Brandenburg (Germany).
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