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CONSTRUCTING THE 3D MODEL
OF A GLACIER PART ON THE GALINDEZ ISLAND

Volodymyr Hlotov, Myroslava Biala

Summary

The publication is based on the research carried out at the Ukrainian Polar Station “Academic
Vernadsky”, located in the Antarctic region at the Galindez Island. The article establishes rela-
tionships between global climate change and changes occurring in the area of Galindez Island
based on 3D models of the glacier surface. The article has two parts. The first one reviews soft-
ware products (AutoCAD, ArcGIS, SketchUp, Digitals) used for three-dimensional surface
modeling. We analyze their characteristics, and emphasize the advantages and disadvantages
of each program for the purpose of terrestrial 3D modeling. In the second, experimental part
of the research, we present 3D models of the glacier surface constructed using various software
products. The result of the research presents the obtained model of Galindez Island including all
relevant textures and buildings.
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1. Introduction

In recent decades, the issue of climate change has gained global significance, not only
causing changes in average annual temperatures but also imbalances within ecosys-
tems, changes in the atmosphere, cryosphere, and hydrosphere. Observation of the
landscape change in the Antarctic ice sheets plays an important role in exploration of
this issue [Oza et al. 2011]. The decrease in glacial masses is accompanied by the global
rise of sea level, which can lead to the flooding of large coastal areas. Furthermore, the
volume and mass of the glacier have an impact on the velocity of the Earth’s rotation,
and its gravitational field.

The most considerable warming on the Earth surface had been recorded in the
Antarctic Peninsula area in 2001-2007. According to observation data [Bakhmutov et
al. 2017] at the “Academic Vernadsky” station, located on the Galindez Island territory,
the average annual temperature increases at a rate of 0.56°C per the decade accumulat-
ing to a total of 3°C temperature rise over the last 50 years. The area of the ice shelf since
1950 decreased by 8 thousand km?.
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Monitoring of the landscape changes in the Antarctic continent allows for an assess-
ment of the anthropogenic impact on Earth’s ecosystems, as well as climatic, hydrological
and glaciological changes. Based on research carried out in the region, it is possible to
predict future trends in the global climate change [Yun et al. 2008, Hlotov et al. 2003].

Considering the peculiar features of the landscape, it is important to account for its
intrinsic dynamics of change, providing significant information about the general char-
acteristics of the object. In the scientific and technical analysis of the change [Hlotov
et al. 2003], researchers indicate historical data from previous studies of the volume
changes to glaciers, which are located near the “Academician Vernadsky” Ukrainian
Antarctic station on the Galindez Island. The methods used by scientists also made it
possible to provide ex-ante results of the accuracy assessment.

Partial 3D modeling of the glacier is an important stage of the process aimed at the
accumulation of previously collected data [Bennett et al. 2009, Fallourd et al. 2010,
Knizhnikov et al. 2009], improvement of its processing, and a better understanding of
the spatiotemporal dynamics.

2. Software products analysis in the field of 3D modeling

Three-dimensional relief models, defined as the digital and mathematical relief repre-
sentations of a certain territory on the discrete set of outbound points basis make it
possible to virtually recreate the real surface and its structure with a given accuracy.
This task can be realized using special software and technologies. A number of soft-
ware products were analyzed considering the features of the research object, including
AutoCAD, ArcGIS, SketchUp, and Digitals.

AutoCAD software enables the creation of three-dimensional models based on
two-dimensional drafting by using the 3D modeling function from the working space.
AutoCAD supports two types of surfaces: procedural and NURBS. Procedural surfaces
use the possibilities of associativity of surfaces and defining their setpoints, while
NURBS surfaces enable the use of sculptures by managing peaks.

The product applies three-dimensional print management by using the Print
Studio. However, we should take into account the program’s disadvantages: the diffi-
culty of linking information data to objects, the need for powerful PC resources for
optimal work in the program, the lack of opportunities for creating relief from the
TIN network, and specialized data needed to create a 3D model. In addition, in the
AutoCAD environment, the surface model is a thin shell that has no mass or volume.

ArcGIS is a GIS software used for land cadaster, geodesy, and land management.
Particular attention should be paid to ArcMap, 3D Analyst, and ArcScene applications.
The first application is used to create maps, to analyze and edit them. The other two
allow the user to create 3D models, to analyze surfaces, and to edit them in a variety of
ways, and to create raster data. The benefits of this software include a large number of
geolocation tools (conversion, overlay analysis, multilayer map organization), the abil-
ity to work in multiple applications at once by importing and exporting the necessary
files between applications, and support of various file formats.
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SketchUp is Trimble Navigation software released in two versions: SketchUp Pro is
a paid version, and SketchUp Make is a free version. Initially, the software was aimed
as a tool for the rapid prototyping of interiors, furniture and buildings, but over time it
has developed advanced functionality, which makes it possible to effectively work with
three-dimensional graphics. SketchUp works with texturing at the basic level, which,
combined with a simple and intuitive interface, makes it easy to master for beginners.
The program’s weaknesses include limited functionality and the initial orientation to
work with structures and interiors.

The Digitals is a software product by Geosystem, designed to solve the problems
with digital cartography and land management. The Digitals is delivered to users
in two formats: Digitals Standard and Digitals Professional. The program contains
a library of symbols (point, line, plane), which facilitate the creation of a digital
map. The graphics core of the program is used in digital photogrammetric stations
Delta. With raster image vectorization function, we can use scanned maps and single
images in .tiff and .bmp formats. There is an opportunity to automatically download
geo-linked space images from Google Maps or Microsoft Virtual Earth. There are
also functions for working with relief, which enable the creation of regular DEM
with pickets and/or isolines, to model isolines, to assign a height to all objects on
the map pickets and/or isolines and to calculate volumes. The program has some
disadvantages: slow processing of large-scale plans and “freezing” when processing
a large number of map layers.

3. Research dataset

During the XVIII seasonal Antarctic expedition, digital stereophotogrammetric survey-
ing of the western and southern outlet glacier on the Galindez Island from a stable base
on the Winter Island was carried out. In order to analyze the accuracy of the complex
method, the scientists conducted an approbation of the terrestrial laser scanner Faro
Focus 3D, applying it to scan the above-mentioned glacial outputs. The complex
methodology application enabled obtaining a complete digital elevation model, and
provided reference and control points for the digital images orientation (Fig. 1).

Based on this research, a topographic plan in the scale 1: 1000 of the Ukrainian
Antarctic station Academician Vernadsky (Galindez, Winter and Skua Islands terri-
tory) was created in the Digitals software workspace (Fig. 2). The plan was used as the
basis for creating a three-dimensional model of the given area.

4. Experimental part

Considering the specific data format of the topographic plan, the work started from
creating a 3D model of the given territory in the Digitals software.

In order to model the relief, it was necessary to analyze the layers included in the
large-scale topographical plan. In the presence of a large dataset included in the plan,
the 3D model of the territory may be incorrectly displayed (Fig. 3).
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Fig. 2. A topographic plan fragment modeled in the Digitals software environment
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Fig. 3. Preliminary display of the three-dimensional model without excluding incorrectly
displayed data (1, 3 - point symbols, 2 - regular kilometer grid, 4 - other territories)

As we can see, the constructed three-dimensional model doesn't satisfy the perfor-
mance conditions of the task. It contains inaccurate data that distorts the display of
the model, and it does not allow to clearly reflect the necessary information. In order
to solve the problem, it is necessary to classify the layers of a large-scale topographical
plan, and to hide the layers that distort the 3D model.

Concealing some of the layers allows highlighting visibility of different types of
isolines, contours of the territory, coastline, soil surface, cliffs, pickets, and several
other layers. Thus, the three-dimensional view of the large-scale topographic plan of
the glacier on Galindez Island was redesigned and displayed as realistically as possible
(Fig. 4).

As a result, the three-dimensional relief model still contains certain data that is
incorrectly displayed but impossible to exclude because it carries important informa-
tion about the surveyed area. In order to solve these problems, the data was split into
several blocks and exported in the *.shp format with the possibility to be imported to
other software products that have been analyzed. By using the ArcGIS ArcMap applica-
tion, the previously discrete layers of data were data merged and used to build DEM
(Fig. 5) into a given area.

To incorporate the surface structure, space images were superimposed on DIM in
the Surfer software environment, with the addition of three-dimensional projection of
buildings located on the island (Academic Vernadsky station). Thus, the three-dimen-
sional model of the glacier’s territory was obtained (Fig. 6).
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Fig. 4. A fragment of a three-dimensional relief model with the exclusion of data that was
displayed incorrectly

Elevation
43.427-49

37.853-43.427
I 32.28-37.853
B 26.707-32.28
B 21.133-26.707

B 15.56-21.133
I 09871556
B s413-0087
B 64413

Fig. 5. DEM of the Galindez Island created in the ArcGIS package
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Fig. 6. The final 3D model with superimposed textures and buildings

5. Conclusions

The article emphasized the significate of the relationships between global climate
change and the landscape change of the Antarctic continent, which allows predicting
the further course of global climate processes. A three-dimensional model was created
in order to visualize changes and accumulate data about the surface of the “Academician
Vernadsky” Ukrainian Antarctic station.

The research included a review of surveying methods and approaches to creating
a large-scale topographic plan of the Galindez Island, which served as the basis for the
3D model construction, and analysis of the software packages used for three-dimen-
sional modeling. As a result of the analysis, the advantages and disadvantages of each of
these programs were identified, and the optimal way to apply each of the products for
the realization of the necessary goals was suggested.

As a result of the data exclusion, a new 3D model of Galindez Island was built. This
allowed displaying isolines of the surfaces, which are covered, and those which are
not covered by ice, breaks, coastline and other layers of a large-scale plan in a three-
dimensional space. At the next stage, data were exported to ArcGIS and the digital
elevation model was constructed, with changes displayed by gradation of colors. In
order to make the model more informative, its texture was superimposed by using
space images, and three-dimensional buildings were added.

Further research is required to improve data model contents, to eliminate inaccu-
rate surface mapping, to resolve issues with data conversion, and to create dynamic 3D
models that reflect landscape changes in time and space.
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