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ABSTRACT

The exploration and categorization of Shuttle Radar Topography Mission (SRTM) data for classification and
extraction of topographic features is a challenging task. This paper presents a semi-automatic approach using
artificial neural networks -Self Organizing Map (SOM) and SRTM data for analysis and identification of land
features in Lut Desert. Lut Desert or Dasht-e Lut is among the hottest, driest desert regions in the world. This
area is characterized by homogeneous repetition of wind-eroded landforms, some of the world’s highest mega
dunes and salt flats in southeastern Iran. In this hyper area region the extremely unidirectional winds have
fluted the bedrock outcrops and old lake beds to aerodynamic forms, called yardangs. A SOM with a low average
quantization error was used for further analysis. Feature space analysis, morphometric signatures, three-
dimensional inspection and auxiliary data facilitated the assignment of semantic meaning to the output classes
in terms of geomorphometric features. Results are provided in a geographic information system as thematic
maps of landform entities based on form and slope. The results demonstrate that a SOM is an efficient tool for
analyzing and recognition of desert lands features.

Keywords: Self Organizing Map; Radar data; Neural Network; Desert

HOW  TO  CITE

Amir Houshang Ehsani (2016). Self Organizing Neural Network: A Method for Feature Analysis of Lands. In The First NZAAR
International Event Series on Natural and Built Environment, Cities, Sustainability and Advanced Engineering, Putrajaya, Malaysia,

26 June 2016 (pp. 116–119). Auckland: New Zealand Academy of Applied Research. ISSN 2463-5979 (online), 2463-5960 (print).

Reproduced from the original proceedings without change to the authors’ text, figures or pagination. This cover
page and the running archive line were added by GDI Academy in 2026. Original notice: Copyright © New Zealand

Academy of Applied Research Ltd 2016. All rights reserved.

gdiacademy.org/nzaar/GCS-16-71.html

NZAAR SERIES  · PROCEEDINGS  ARCHIVE
NZAAR JUNE 2016

PUTRAJAYA, MALAYSIA



International Conference on Geography, Climate and Sustainability (ICGCS 2016) 116

NZAAR-GCS-16-71

SELF ORGANIZING NEURAL NETWORK: A METHOD FOR FEATURE 
ANALYSIS OF LANDS

Amir Houshang Ehsani*
Faculty of Environment, University of Tehran, Iran.

*ehsani@ut.ac.ir 

www.nzaar.com
Abstract

The exploration and categorization of Shuttle Radar Topography Mission (SRTM) data for classification and 
extraction of topographic features is a challenging task. This paper presents a semi-automatic approach using 
artificial neural networks -Self Organizing Map (SOM) and SRTM data for analysis and identification of land 
features in Lut Desert. Lut Desert or Dasht-e Lut is among the hottest, driest desert regions in the world. This 
area is characterized by homogeneous repetition of wind-eroded landforms, some of the world’s highest mega 
dunes and salt flats in southeastern Iran. In this hyper area region the extremely unidirectional winds have 
fluted the bedrock outcrops and old lake beds to aerodynamic forms, called yardangs. A SOM with a low 
average quantization error was used for further analysis. Feature space analysis, morphometric signatures, 
three-dimensional inspection and auxiliary data facilitated the assignment of semantic meaning to the output 
classes in terms of geomorphometric features. Results are provided in a geographic information system as 
thematic maps of landform entities based on form and slope. The results demonstrate that a SOM is an efficient 
tool for analyzing and recognition of desert lands features.
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1. Introduction
The Lut desert or Dasht-e Lut in the south 
east of Iran is described as the “thermal 
pole of the Earth”. With an area of about 
80000 square kilometres it is regarded to 
be among the hottest, driest desert regions 
in the world [1-3].  The eastern part of Lut 
desert is characterized by a great massif of 
dunes and sand rises, while the western 
part contains Yardangs, some of the 
world’s largest desert forms separated by 
large wind-swept corridors [4]. The 
yellowish-red Pleistocene clay deposits of 
the former Lut lake are now sculptured 
into straight  bizarre shapes resembling 
buildings known as yardang (they are 
called by the Iranian Baluchis Kalut, desert 
cities) up to 80 m high and 120 km long 
running in NW-SE direction [2]. Yardangs 
a Turkmen word used by the Swedish 
explorer Sven Hedin[5] meaning ‘steep 
bank’ occur also on Mars and possibly on 
Venus . They are streamlined forms up to 
150 km long and 75 m in height resulting 
from a number of formative processes, 
including wind abrasion, deflation, fluvial 

incision, desiccation cracking, slumping, 
weathering and mass movement [6, 7].

2. Literature Review
Self-Organizing Map (SOM) is an 
unsupervised and nonparametric artificial 
neural network algorithm that clusters high 
dimensional input vectors into low 
dimensional (usually two dimensional) 
output map in such a way, that topology of 
the data is preserved.  Preserving topology 
means that the SOM mapping preserves 
the relations between input items. Points 
that are near to each other in the input 
space are mapped to nearby map units in
output space [15].

3. Research Methods
In this paper, we use 90 m DEM data, 
produced from SRTM 3 arc sec. version 3, 
and the SOM algorithm for identification 
of yardangs in the western part of Lut 
desert. For morphometric analysis [11]. 
The second order derivatives of DEM are 
affected by geomorphological processes 
[11, 14].To calculate the morphometric 
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features, a local window is passed over the 
DEM and the change in gradient of a 
central point in relation to its neighbours is 
derived by a bivariate quadratic function:

Z = ax2 
+ by2 

+ cxy + dx + ey + f          (1)

Where: x, y, Z are local coordinates and a 
to f are quadratic coefficients [11].
Yardang identification and analysis in the 
study area was performed using the data 
set proposed by Wood [14]. Slope, cross 
sectional curvature, maximum curvature 
and minimum curvature are derived by 
fitting a bivariate quadratic approximation 
surface. Kohonen’s Self Organizing Map 
(SOM) is an unsupervised artificial neural 
network for clustering and visualization of 
information, preserving the topological 
relationship in the input [15]. It converts 
the nonlinear statistical relationships of 
high dimensional input data to low 
dimensional (usually two dimensional) 
output grid [15].

The SOM characteristics like learning 
ability, abstraction with topology 
preservation and visualization can be 
utilized in complex tasks such as 
morphometric analysis and landform 
classification [16, 17]. The frequency 
histogram and average quantization error 
of the results are compared. Using feature 
space analysis, spectral signature analysis, 
three-dimensional inspection, auxiliary 
data,  Landsat ETM+ data and high 
resolution satellite imagery from Quick 
Bird, dependency of optimal map units to 
morphometric features i.e. yardangs were 
defined. 

4. Discussion and Conclusion
The thematic map of distributional pattern 
of yardangs in the entire area can be 
obtained by the SOM outlined earlier (Fig 
1). 

Figure 1. Desert land features by SOM method.

Result of this method revealed that from 
the total 6481 km2 coverage of the study 
area, about 2035 km2 (31%) are classified 
as yardang while corridors, described by 3 
classes (7, 8 and 9), in total cover 2732 
km2 (42%). Class 6 characterizes planar 
area with slope 0-1°, which is smallest 
detected area with only 18 km2. And 
external factors e.g. one-directional strong 
winds, fluvial incision and occasional 
rainfall (Gutierrez-Elorza et al [21].
Nevertheless, other non 117eolian 
processes such as cracking, weathering, 
slumping, piping, etc., are important for 
their evolution.  In this paper, a semi-
automatic method, SOM, as an 
unsupervised neural network algorithm 
was very effective and useful for 
identification and recognition of yardangs 
in the Lut desert, Iran.

5. References
[1] Alavi Panah, S.K., et al., 
Characterizing Land Cover Types and 
Surface Condition of Yardang Region in 
Lut Desert (Iran) Based upon Landsat 
Satellite Images. World Applied Sciences 
Journal, 2(3), 212-228 (2007).

GDI Academy  ·  NZAAR Series Archive  ·  NZAAR-GCS-16-71  ·  gdiacademy.org



International Conference on Geography, Climate and Sustainability (ICGCS 2016) 118

[2] Gabriel, A., The southern Lut and 
Iranian Baluchistan. Geographical Journal, 
92. 193–208(1938).

[3] Mildrexler, D.J., M. Zhao, and S.W. 
Running, Where Are the Hottest Spots on 
Earth? EOS, Transactions American 
Geophysical Union, 87(43): p. 461(2006.).

[4] Walker, A.S., Chapter 8: Plate E-19, in 
Geomorphology from Space, M. Nicholas, 
S. Short, and J. Robert W. Blair, Editors., 
NASA 
,http://daac.gsfc.nasa.gov/geomorphology/i
ndex.shtml (1986).

[5] Hedin, S., Central Asia and Tibet., New 
York: Charles Scribner and Sons. 
608(1903).

[6] McCauley, J.F., M.J. Grolier, and C.S. 
Breed, Yardangs, in Geomorphology in 
Arid Regions, D.O. Doehring, Editor., 
Allen and Unwin: London. p. 233–
269(1977).

[7] Ward, A.W. and R. Greeley, Evolution 
of the yardangs at Rogers Lake, California. 
Geol. Soc. Am. Bull., 95, 829–837(1984).

[8] Krinsley, D.B., A geomorphological 
and palaeoclimatological study of the 
playas of Iran. U.S. Geological Survey. 
U.S. Government Printing Office, contract. 
PROCP 700-800. US Air Force Cambridge 
Research. 329 pp( 1970).

[9] Berberian, M., et al., The 1998 March 
14 Fandoqa earthquake (Mw 6.6) in 
Kerman province, southeast Iran: re-
rupture of the 1981 Sirch earthquake fault, 
triggering of slip on adjacent thrusts and 
the active tectonics of the Gowk fault zone. 
Geophysical Journal International, 
146(2),371-398(2001).

[10] Jarvis, A., et al., Hole-filled SRTM 
for the globe Version 3, available from the 
CGIAR-CSI SRTM 90m Database: 
http://srtm.csi.cgiar.org( 2006).

[11] Evans, I.S., General geomorphology, 
derivatives of altitude and descriptive 

statistics., in Spatial Analysis in 
Geomorphology, R.J. Chorley, Editor., 
Methuen & Co. Ltd: London. p. 17-
90(1972).

[12] Shary, P.A., S.L. Sharaya , and A.V. 
Mitusov, Fundamental quantitative 
methods of land surface analysis. 
Geoderma,107(1-2), p. 1-32(2002).

[13] Wood, J., Scale-based characterisation 
of digital elevation models, in Innovations 
in GIS 3: Selected papers from the third 
national conference on GIS Research UK 
(GISUK), D. Parker, Editor., Taylor & 
Francis: London. p. 163-175(1996).

[14] Wood, J., The Geomorphological 
Characterization of Digital Elevation 
Models, in Department of Geography. 
University of Leicester,UK: 
Leicester(1996).

[15] Kohonen, T., Self Organizing Maps., 
Springer: New York. p. 501(2001).

[16] Ehsani, A.H. and F. Quiel. Artificial 
Neural Networks for Landscape Analysis 
of the Biosphere Reserve “Eastern 
Carpathians” with Landsat ETM+ and 
SRTM data in International conference 
“Landscape classification - theory and 
practice”. Warsaw, Poland(2007)

[17] Ehsani, A.H. and F. Quiel, 
Geomorphometric feature analysis using 
morphometric parameterization and 
artificial neural networks. Geomorphology, 
99(1-4): p. 1-12(2008).

[18] Schaale, M. and R. Furrer, Land 
surface classification by neural networks. 
International Journal of Remote Sensing, 
16: p. 3003 - 3031(1995).

[19] Richardson, A.J. and C. Risien, Using 
self-organizing maps to identify patterns in 
satellite imagery. Progress In 
Oceanography, 59: p. 223-239(2003).

[20] Sueli, A.M. and J.O. Lima, 
Comparing SOM neural network with 
Fuzzy c-means, K-means and traditional 

GDI Academy  ·  NZAAR Series Archive  ·  NZAAR-GCS-16-71  ·  gdiacademy.org



International Conference on Geography, Climate and Sustainability (ICGCS 2016) 119

hierarchical clustering algorithms. 
European Journal of Operational 
Research,. 174 p. 1742-1759(2006).

[21] Gutierrez-Elorza, M., G. Desir, and F. 
Gutierrez-Santolalla, Yardangs in the 
semiarid central sector of the Ebro 
Depression (NE Spain). Geomorphology,. 
44: p. 155–170(2002).

GDI Academy  ·  NZAAR Series Archive  ·  NZAAR-GCS-16-71  ·  gdiacademy.org


