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Abstract 
The article presents a test version of the Integrated Information Environment for Polar Research (IIEPR), developed 
under the Bulgarian Antarctic Institute’s "Polar Research - 2018" project. IIEPR is a web-based information system in 
Bulgarian designed to consolidate structured data from all polar expeditions conducted at BAB. It combines several 
components: i) a database of research projects implemented during the Bulgarian Antarctic expeditions, results, 
published articles and participation in conferences; (ii) a database of geological surveys, soil and vegetation cover, 
geochemistry and geodetic measurements; iii) developed software modules that ensure the integration of components 
and functionality of the web-based platform. The database is implemented with PostgreSQL, spatial data is entered with 
PostGIS geometry, and information is published with the Map server. All software products used are of the general 
public license type. In addition, a relatively independent module of the GIS interface of the web-based system of IIEPR 
has been developed, which is available at http://anta.nat.bg and is available after registration. 

Keywords: Integrated Information Environment, web portal, interdisciplinary research, Antarctica, Livingston Island, 
BAB "St. Kliment Ohridski" 

INTRODUCTION 

The visible signs of climate change in the Polar Regions have been particularly noticeable in recent decades. The 6th 
IPCC Report places particular emphasis on the cryosphere to better understand the extent and scope of the changes that 
have taken place and their impact on global social, economic and environmental systems (IPCC, 2021). Observations 
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show a clear warming trend beginning in the 1950s on the Antarctic continent, with some parts expected to be warmer 
than global warming. The massive losses of the melting ice shelf outpaced the increase in mass from the increased 
accumulation of snow in the 20th century. At warming levels between 2° C and 3° C, the West Antarctic ice cover is 
expected to be lost almost entirely and irreversibly in a few millennia. The scientific estimates for Antarctica show that: 
i) the average annual surface air and rainfall temperatures will continue to increase in the 21st century, with average 
rainfall and intensity rising above the coastal areas; ii) glaciers have lost mass since 2000 and will continue to lose mass 
for at least several decades, even if global temperatures stabilize; iii) Antarctica ice sheet has been losing weight since 
at least 1990, with the highest loss in 2010-2019, and this trend is expected to continue. 

The Bulgarian Antarctic Base, “St. Kliment Ohridski” at the Bulgarian Antarctic Institute (http://www.bai-bg.net/), is 
located in the eastern part of Livingston Island - South Shetland Islands. Polar research carried out since its construction 
in the late 90th contributes to acquiring new knowledge in various scientific disciplines. Building scientific 
infrastructure and conducting long-term observations in this polar region is vital to accumulating scientific evidence and 
assessing the anthropogenic impact on the global Earth systems. The research projects implemented over the last three 
decades aim to contribute to achieving the goals of the international research program in the polar regions. The 
activities that are carried out include building and maintaining research infrastructure, conducting campaign 
measurements of various environmental parameters used to analyze different parameters and their relation to the climate 
change, the interrelationships between other physical systems and human impact on different spatial and temporal 
scales, simulations of climate models and many more. 

A research project titled “Digital modelling and monitoring of the ice cover in the area of the BAB "St. Kliment 
Ohridski ” has been implemented under the BAI program "Polar Research - 2018" for one year (Dechev et al., 2019). 
One of the primary purposes is to systematize the data, scientific information and results of the implemented research 
projects in the area of BAB. This article presents a test version of the Integrated Information Environment for Polar 
Research (IIEPR). IIEPR is a web-based information system in the Bulgarian language designed to consolidate 
structured data from all polar expeditions conducted at the BAB. It promotes the research results and provides search 
services by various criteria, obtaining metadata for projects, specific measurements or results from their processing, 
design of new research, 3D visualization, use and provision of access to other similar systems for Livingston Island. 
The first version of IIEPR combines several components: i) a database of the research projects implemented during 
Bulgarian Antarctic expeditions, results, published articles and participation in conferences; ii) a database of geological 
surveys, soil and vegetation cover, geochemistry and geodetic measurements; iii) developed software modules that 
ensure the integration of components and functionality of the web-based platform. The database is implemented with 
PostgreSQL, spatial data is entered with PostGIS geometry, and information is published with the Map server. All 
software products used are of the General public license type. The platform allows using resources divided into four 
categories - PROJECTS, CATALOG, GIS, and REGISTRATION. In addition, a relatively independent module of the 
GIS interface of the IIEPR web-based system has been developed, which is available at http://anta.nat.bg and is 
accessible after registration. 

A CONCEPTUAL FRAMEWORK FOR CREATING AN INTEGRATED INFORMATION 
ENVIRONMENT FOR POLAR RESEARCH 

The concept of IIEPR as an Internet platform combines several components: 

• A database in which data and materials from the projects of the Bulgarian Antarctic expeditions are structured. 
The database is implemented with PostgreSQL. Preliminary questionnaires provided data and materials from 
some of the last Antarctic expedition projects. Data from some past expeditions have also been introduced. 
Data from geological surveys, soil and vegetation cover, geochemistry and geodetic measurements and 
processing are provided. Spatial data is entered with PostGIS geometry. An administrative scheme for the 
database is to be developed, which will allow control of access and provision of data. 

• The data is published with MapServer. All software products used are of the GPL (general public license). 

• Additional developed modules - software that ensures the integration of components and functionality of the 
platform.  

The platform allows using resources divided into four categories: "PROJECTS", "CATALOG", "GIS", and 
"REGISTRATION".  
The "PROJECTS" category allows searching by keywords for IBA projects. This part provides information about the 
project and shows the project's location on a map, the team, the date of the field research, methods used, etc. Specific 
project results can be selected, such as reports, articles and other results displayed on the screen or downloaded in an 
appropriate file format. This functionality applies to both spatial and non-spatial data. Registered users will be able to 
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create projects, enter data about them, mark which of the data are publicly available and which are not, to mark the 
locations of the measurements on a map.  
The "CATALOG" category has been created for quick search and access to specific information in the database. All 
system users, spatial data, projects, articles and reports are catalogued. Detailed information can be accessed very 
quickly through the catalogue. In this part, the user can connect to other similar systems of other polar explorers in the 
area if these systems use standard, affordable web services. 
"GIS" is an environment that can be used alone but is integrated into the other two components - "PROJECTS" and 
"CATALOG". The integration illustrates all the found results by showing the places and the research results on a map. 
The functions allow to load various base maps, satellite images, photos from drones, data from random projects, take 
measurements, obtain spatial data in appropriate file formats, etc. In addition, system users will be able to enter project 
data through the interface. 
The "REGISTRATION" category allows users to create their profiles on the platform. This category is related to the 
administrative part of the platform to be developed. User registration can be done in person or by an administrator. This 
part of the system will also control data access and receipt. 
Data collection for implemented projects 

The completion of the database was done by filling out surveys by research teams working on various projects in the 
database. The primary data are related to the project's name, manager, contract, participants, and meetings were 
organized with some of the participants in expeditions. As a result, three files were obtained with results from scientists' 
samples in the field of Biology and Ecology, results from the processing of geodetic measurements by a scientist in 
the field of Geodesy, Cartography and GIS and many articles from projects in various areas. Questionnaires provided 
by some participants were also used. A Google form survey was also created to facilitate participants in multiple 
expeditions and data structuring. The questions in the first part of the survey are asked so that a profile of each of the 
participants can be created (three names, short biography and participation in conferences), and the second part is 
responsible for participation in a specific project and the results achieved, published articles and participation in the 
conferences. Files in different file formats can be attached to the survey, distributed by e-mail, and the answers are 
received in the repository of the account that created the survey. There is an appendix to the questionnaire survey, 
which contains additional information about each research project, for example, name, expedition, data collected 
from field measurements, publications, conference participation, etc. Table 1 presents some projects included in the 
IIEPR platform. 

Table 1. Basic information about projects carried out at the BAB “St. Kl. Ohridski”  

N  Title Project Manager Years 

1 

Geochemical studies of soils from Livingston Island, 
Antarctica. Determination of toxic elements and compounds in 
the organic and inorganic matter of the soil cover and their 
impact on the various aspects of the environment 

 2015-2016 

2 Biomonitoring of the state of components of polar ecosystems 
on Livingston Island in conditions of global change 

Assos. Prof. 
Miglena Zhiansky 

2018-2019 

3 Study of toxic elements and nematode diversity in soils from 
different habitats on Livingston Island, Antarctica Prof. Vlada Peneva 

2018-2019 

4 Digital modelling and monitoring of the ice cover in the area 
of the Bulgarian Antarctic base "St. Kliment Ohridski" 

Assos. Prof. Hristo 
Dechev 

2018-2019 

5 
Creation of a large-scale topographic map of the region of the 
Bulgarian Antarctic Base "St. Kliment Ohridski ”and part of 
the water area in front of the base 

 
2015-2016 

Structuring polar data and results 

The data from the survey contain information about the projects that have been conducted at BAB "St. Kliment 
Ohridski”. After the analysis of the content of the information, the following structures are created: 

Project structure. The structure contains primary data on the projects presented in the table below. 
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Table Project 
prjid(integer) Project ID. The identifier is a numeric type internal to the system that is unique 

and is the primary key for the table. It is used to connect to the other tables in the 
database. 

Projectid(text) Project identifier approved by the commission - official project code. The 
identifier is a text; for example, "70-25-55" is a project code approved under the 
program "Polar Research - 2018". 

Projectname(text) Name of the project approved under the respective program 
Begindate(date) Start date of the project in YYYY-MM-DD format. The project’s starting date is 

entered according to data from a survey or the respective date under the contract. 
Enddate(date) End date of the project in YYYY-MM-DD format. The final date of the project is 

entered according to data from a survey or the respective date under the contract. 
Category(text) Project category. Each project falls into one of the following seven categories: 

            1. Earth sciences; 
            2. Biology and ecology; 
            3. Medicine; 
            4. Geodesy, cartography and GIS; 
            5. Oceanographic sciences; 
            6. Engineering sciences; 
            7. Humanities 

Programid(text) Code of the scientific program according to which the project was developed. 
Currently, data are provided under the Polar Research Programs 2018 and the 
Polar Research Programs 2015 

Leader(text) Data for the project manager - name, title, position, etc. 
Description(text) Text containing a short description of the project, conducted experiments, used 

methodology, etc. 

Table Location contains data on where field measurements were performed, data on the results, dates of measurements, 
methods, etc. Project sites are defined as a polygon spanning the Bounding Box (BBOX). When the locations are points 
determined by the observer's coordinates, the BBOX geometry is a rectangle measuring several meters, indicating the 
location of the observation. Example of determining BBOX is: 

          a rectangle measuring 4 x 4 m around the point indicated by the observer. One example from the project 
"Biomonitoring the state of components of polar ecosystems on Livingston Island in the context of global change" is 
shown in fig.1. The places of observations and their results for larger areas, such as surveying by UAV and creating 
orthophoto plans, geodetic measurements, mapping, etc. 

Table Location: 
 Results of project observations and data on their locations. 
prjid(integer) Project ID. The field is not unique - in one project, there can be many places of 

observation and many results. Each observation/result is a row of the table 
associated with a specific project in this field. 

Id(integer) Primary key, internal, system field, unique identifier of observations. 
Geom(geometry) Geometry, polygon (BBOX), showing the range of observation. 
Aloid(integer) Identifier / number of observation. Introduced by the observer. In structuring, the 

data were obtained from a survey.  
Aloname(text) Name of the place of observation. The observer introduced it. In structuring, the 

data were obtained from a survey. 
Date(date) Date of the observation. The observer introduced it. In structuring, the data were 

obtained from a survey. 
Result (JSON/text) Description of the project results in JSON format. The data and the results of the 

field measurements are heterogeneous, depending on the measurement methods, 
the project topic, tools and many other factors.  

Record format in the Result field of the table (JSON format). The records are text with the following content: 

{"result":{"resultid":"number/identifier of result", 
                      "gps":{"B":...,"L":...., "Elevation": ...},                                        
                  "values":[{"valuename":“…“",“value":“…“, „dimension“:”…”}], 
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                      "description":"short description of result, methods, instruments, etc. ",  
            "URI":{"mapfile": "path to MAP file","products": 
                    [{"product_name":"product’s name", 
                      "url":"path to file","product_type":"... PDF/TXT/JPG/TIFF ..."}]} 
            } 
} 

 

Figure 1. Locations where measurements have been made 

Each object consists of pairs of values "key": "value"}, which describe the type of result (key) and the resulting value 
"value". With more results, the value pairs are listed. The name of the study, as well as the result of it, can be varied 
depending on the type, methodology, tools, quantitative characteristics, research environment, purpose and others. Each 
measurement result is an object in the sense of JSON. The format allows recording of the following results: 

• Results in text form. They are written with three values "valuename": type of measurement, "value": specific 
value, "dimension": dimension of the result. For example: 

{"valuename": "Total organic content", "value": "4.55", "dimension": "%"} 

• Results are spatial objects defined in a coordinate system and saved in the database or as files outside the 
database. In this case, the “mapfile” attribute records the name of a file that links the spatial data and the result 
of the object. 

 

MAP file is a text file with a description that meets the specification of MapServer (https://mapserver.org/). Using the 
description in the MAP file, the server publishes the data on the Internet. 

• Results that are not spatial - tables, charts, scanned copies of documents and others in various file formats JPG, 
TEXT, TIFF, PDF. In these cases, in the attribute "product_name" the name of the result is written; in the 
attribute "URL" - the path and name of the result file, and in the "product_type" - type/format of the data. 

The other data structures concerning the table of Contracts concluded under the polar research programs, the 
Participants in the individual projects and the Publications related to the projects are presented similarly, as the tables' 
content is given in (Dechev et al., 2019). A full description of the JSON results format is shown in the table below: 
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Result - main object in the form. There is one object for each allocation record entry „result“  
„resultid“ Identification number of the result given at the time of measurement or after processing 

the results. 
“gps” Coordinates in WGS’84 were obtained by GNSS measuring the observation site and the 

ellipsoidal height. The "gps" object has three attributes - latitude B in degrees, longitude 
L in degrees and elevation height in m for measurement objects 
Example:"gps":{"B":"62°38‘07.8‘‘","L":"060°21‘22.5‘‘","Elevation":"13m"} 

„Values“ List of values for monitoring results presented in text form:  
“valuename”, “value”, “dimension”. Allows entering more than one measurement result 
per location. 

„description“ Short description of the measurement and the result. 
„URI“ Attributes: 

„mapfile“; 
 “products” list of “product_name”,„url“ and „product_type“. Allows entering more than 
one result / product with the specified 3 attributes: 
[{"product_name":"…","url":"…","product_type":"…"}] 

CREATION OF THE IIEPR’S DATABASE 

The PostgreSQL, an open-source product with a license similar to a BSD license, was used to implement the IIEPR 
database (Berkeley Software Distribution) https://www.postgresql.org/about/licence/. Open-source software allows the 
use of the server on different machines without increasing the cost of implementing and using the system. The current 
version of the installed database server is PostgreSQL 11. A database extension provides the geometry of the objects 
with POSGIS 2.5.1, open-source software with the General Public License type (GPLv2 https://postgis.net/). Two 
schemes have been developed in the database; one (public) corresponds to the described structuring of the data in the 
system, and the other represents a catalogue of the data. All spatial data have coordinates in a projection coordinate 
system WGS’84 UTM 20S EPSG:32720. A summary diagram of the public scheme is shown in fig. 2. 

 

Figure 2. Summary diagram of the IIEPR database, scheme public 

Data catalogue 

The "catalog" scheme provides a search of data in the database by various criteria (fig. 3). The arrangement of the 
information is hierarchical, based on a specific polar expedition. According to the year they were conducted, the polar 
expeditions are in order. In each expedition, several projects are implemented, which are the next level in the hierarchy. 
The choice of a specific project makes it possible to review detailed data about the project and reach each of its results. 
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To perform a quick search for individual keywords in the database, an interface has been created that allows searching 
in the result field of the Allocation table. Finding records that match the search criteria leads to specific projects. 

ProjectCatalog

+ PolarExpedition: int

Allocation

+ geom: Geometry
+ Result: JSON

«interface»
Search

Търсене в записите в 
Allocation, поле 
result

1..*

polarexpedition_prjid

0..*

1

prjid

1..*

 

Figure 3. Diagram of scheme „catalog“ in the database 

Initial loading of the data in the database and their updating 

In the current version of IIEPR, all data is entered into the database manually using SQL procedures, QGIS, ArcGIS or 
other auxiliary software. No user interface for data entry and validation has been developed. The restructuring of project 
data is done in a text file in JSON format, which details are given in (Dechev et al., 2019). In the catalogue, it is 
possible to enter categories in which the projects are divided; Basic data about the project: name of the project, 
category, start and end date of the project, scientific program under which the project is implemented, number of the 
project contract, short description, link to the project annotation and tags, coordinates of the project location, design and 
epsg code, the project team - manager and members, for each team member - name, photo, CV, publications – the 
publication title, authors and where it is published, project results - data from the processing of samples/measurements, 
maps with coordinates of the places where measurements were made, publications, to store a gallery of photos. The 
database version contains data on five projects implemented in recent years. 

Basic map 

The high-resolution satellite image of the Airbus satellite from February 2019 is used as the basic map. The satellite 
image with production data 2019-05-15T06:46:15.345 covers an area of 25 sq. km, shown in fig. 4. The orthophoto 
image DS_PHR1A_201902281350023_FR1_PX_W061S63_0811_00777 created by satellite image is a 4-band TIFF 
format image in Projected Coordinate System EPSG(6.3):32720; Geoposition: Upper - Left Map X Coordinate 
632305.25;  Upper - Left Map Y Coordinate 3056163.75 with image sampling 0.5 x 0.5. 

 

Figure 4. Orthophoto range of the satellite image 
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REALIZATION OF INTEGRATED INFORMATION ENVIRONMENT FOR POLAR RESEARCH 

The IIEPR is a web-based information system (fig. 5) designed to: 

• Consolidation of structured data from all polar expeditions conducted by IBA. Determining the location of the 
results and displaying them on a base map so that it is possible to illustrate the places with conducted research 
and design the sites for new research; 

• Promotion of the results of the conducted research - raw data from measurements, results of their processing, 
articles and publications related to the projects; 

• Provide services: 
- Search by different criteria and access/visualization to the found results, regardless of their format and 

type; 
- Obtaining data from raw measurements and/or processed results (download); 
- Obtaining metadata for the projects - year, type of research, type of result, coordinates of the field in 

which they were performed, the accuracy of the results, etc.;  
- Design of new surveys and their territorial scope, measurement of lengths, areas and volumes, as well as 

loading of new data; 
- 3D visualization of objects and measurement results. 

• Use and provision standard web services to and from similar operating systems in Livingston’s island area. 

• To provide access to the IIEPR, a website has been created that allows access to the services described above 
through the following methods/sections: 

"CATALOG" provides customers of the system access to IBA expeditions, sorted by year, as well as projects for them, 
"GIS" is the primary environment for illustrating the results, data sharing, measurement, etc., and "PROJECTS allows 
to search for projects, developments, measurements and metadata about them. The unique ways of accessing data and 
services in IIEPR are integrated, allowing access to each section (CATALOG, GIS and PROJECTS) from any interface 
point. For example, when choosing an expedition for a specific year, you can go from the CATALOG to the 
PROJECTS section. If a particular project is specified, view the data or display the project results on a map in the GIS 
section. The transition between the individual sections allows the user quick and efficient access to the data structures in 
the database. 
 

 

Figure 5. The main page of the IIEPR site, from which one of the sections "CATALOG", "GIS", "PROJECTS" is 
selected 
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IIEPR GIS module interface 

GIS is a relatively standalone module of ISIS, which has its user interface. Below are some of the main GIS moduls of 
the developed IIEPR.  

At the entrance to the GIS module of IIEPR, a base map and the project scope layer (in red) are loaded. On the left is 
a panel that gives the user information about the legend of the layer, information about selected objects, and more, 
depending on the specified functions. In this case, the information panel shows the legend of the "projects" layer. 
The default base map is the orthophoto map from the satellite image with a pixel of 50x50 cm. 
Base maps can be changed by selecting some of the possible ones listed on the right.  

 
When selecting another base map, in the example below, a satellite image from an ESRI provider, it is necessary to 
change the scale of the image.  

 
When selecting the "Information" button and specifying an internal point in one of the project ranges in the left 
panel, the name of the chosen project is loaded. Information about the result/name is displayed under the project 
name. In this case, the name is "Iris", a development of the project "Digital modelling and monitoring of the ice 
cover in the area of the Bulgarian Antarctic base" St. Kliment Ohridski ”and elaboration of an integrated information 
environment for polar research”. The scope of the selected project is highlighted in yellow. 

 

Basic map selection 

Legend of layer  

Selecting a satellite image (ESRI) 
for a base map requires scaling 

Name of selected 
project and its result 
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By specifying the name of the result, the user can view the metadata about it and load it on the map. In this case, the 
orthophoto map will be added to the map, resulting from a UAV (drone) shooting at the Iris Glacier. 

 
When more than one range, multiple selected projects are selected, the names of each of them are visible in the 
information panel. When the user selects a specific project, the results are loaded, and it is possible to add the result 
to the map. In this case, the project "Creating a digital topographic map" was selected. 

 
The results of this project are vector data for the horizontals in the specified range. The next slide shows the added 
data on the map. 

 

Metadata for the result and 
the ability to add it to the map 
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Ability to measure distances and areas. When selecting "Measurement", the information panel shows the possibility 
to choose a measurement method. The next two slides show the results of measuring length and area. 

 
Area of measurement 

 
When the selected projects do not have a geometric expression, and the result does not need to be added to the map, 
the information panel shows the results of the measurements. The slide below shows the results of the measurement 
of toxic elements at a selected measurement point. 

 

Measurement 
button 

Method of 
measurement 

Location of 
measurement 
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CONCLUSION 

The current version of IIEPR can be viewed at http://anta.nat.bg. The environment is a test version and was created for 
project purposes. It is assumed that the whole project should be transferred to the server/servers of the Bulgarian 
Antarctic Institute. In the IIEPR database, only one Postgres user is entered. When deciding to install in a productive 
environment, it is necessary to specify users' rights. At present, the user registration module has not been developed. 
The future development of IIEPR is envisaged, in which other functionalities of the platform can be added. 
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