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Abstract 
The cartography does not stop its progress – it becomes more attractive, more innovative and more applicable in 
different fields of life. Using 3D and interactive maps is almost daily routine. There are big amounts of all kind of 
geospatial data and almost every place in the world is mapped. But what about if a map of a place that does not exist 
anymore should be created? 

The paper presents combination of 2D and 3D historical reconstruction of a residential district in Sofia city, Bulgaria. 
The maps present the area during the period 1927-1944 where nowadays there is nothing preserved from that time. The 
cartographic products are made using data from old cadastral maps, an old aerial photo, old photos, manual sketches, 
and live memories of people who still remember the place. 

The final cartographic products are integrated in interactive application which is developed based on web languages 
HTML, CSS and JavaScript and it runs in kiosk mode using Google Chrome background. 
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INTRODUCTION 

Three-dimensional (3D) modeling and visualization allow recreating the environment through dynamic models or 
generation of photorealistic images using a wide range of geodata: geographical, geological, architectural, botanical, 
etc., which are available or can be acquired through direct or remote measurements. 

Over the last decade, researchers discuss and offer cartographic standards, principles of design and visualization 
techniques to further increase efficiency and expressiveness of 3D modeling and production of 3D maps. The most 
basic term "3D map" as defined by Haeberling (2002, 2005) as a computer-generated perspective view (presentation) of 
a three-dimensional integrated model to map content, i.e. according to a cartographic symbol system and requirements 
for generalization. A significant number of studies have been performed in connection with the principles of 
cartographic design, acquisition and realistic visualization of 3D geodata, interactive communication and user-oriented 
maps (Bandrova et al., 2012, Dinkov, 2016, 2018, Pegg, 2016). Currently, 3D modeling and mapping are key 
components for the growing number of different applications and have a diverse range of users in areas such as urban 
planning, landscape monitoring, service and transport management, tourist maps and 3D cartographic services. Various 
studies have demonstrated the need for and benefits of 3D modeling and restorations of buildings and sites of historical 
importance. A similar project was presented by Hájek et al. (2014) for the Terezín Memorial in the period of the Second 
World War, as well as “Rebuilding Kinsale: 1601” - Historical re-creation by Cherba (2001). 

The current study aims to present a historical reconstruction of Izgrev district, Sofia for the period 1927-1944 together 
with an interactive web-based application based on cartographic products, historical documents and multimedia files. 
The final goal of the application is to illustrate the exact vision and historical information about Izgrev district, Sofia for 
the period of settlement and activity of the Master Peter Dunov and his followers in the neighborhood (then Boucher 
area on the outskirts of Sofia). The following cartographic products have been developed for the implementation in the 
application: 

• A map of the region for the period 1927-1944 
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• Thematic map of the land cover for the period 1927-1944 

• Three-dimensional panoramic map of Izgrev district, based on a real 3D model of the relief, land cover and 
infrastructure, using historical data and materials for the studied period. 

Historical documents and photos from the archives of the White Brotherhood, multimedia archival materials, as well as 
consultations with contemporaries from the considered historical period were used. 

DATA AND METHODOLOGY 

During the development of a three-dimensional project for a certain territory, initial selection and processing of source 
data is done and also compilation of geoinformation layers, generation of terrain and the process is completed with an 
interactive application based on photorealistic visualization of the entire model or selected scenes. 

Initial selection and processing of input data 

The input data for the project are collected from archival sources in the State Geodetic, Cartographic and Cadastral 
Fund (GeocartFund) - orthophotos from 1940 and 1950 (Fig. 1/a) plan for street and yard regulation from 1947 (Fig. 
1/b), Topographic map in scale 1: 5000 from 1954 (Fig. 1/c) and last but not least the approximate plan of the district 
for the considered period, compiled by Eng. Vasil Stanev1 (Fig. 1/d). 

 

Figure 1. Raster geodata sources 

All raster data sources are combined and transformed into a single coordinate system WGS84 (UTM) Zone 34N. The 
development of digital database is accomplished with specialized software for GIS - ESRI ArcGIS after vectorization of 
raster data (maps, plans, orthophoto images). A GIS project with information layers containing all vector and raster data 
for Izgrev district, Sofia (1927-1944) has been developed. 

Organization of data in geoinformation layers: 

• Relief data  

• Land cover data 

• Road infrastructure data 

• Hydrography data 

                                                           
1 Eng. Vasil Stanev - a longtime teacher of cartography in Sofia High School of Civil Engineering, Architecture and Geodesy "Hristo 
Botev" and one of the last contemporaries who lived in the Izgrev district from the historical period 
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• Data on buildings and facilities 

 
In GIS, all data is in digital form and has a geographical component, i.e. the final data (vector and raster layers) must be 
georeferenced and have attribute information about their qualitative characteristics. 

For the development of a three-dimensional model of Izgrev district, Sofia (1927-1944) the vector data were initially 
processed in ArcGIS-shape format and the necessary information was filled in the attribute tables. 

Creating the 3D Digital Terrain Model (DTM) 

The main component in the 3D model is the digital terrain model (DTM). DTM is made from vector terrain data 
(contour lines, elevation points, structural lines). DTM could be TIN (Triangulated Irregular Network), where the 
terrain is presented as a set of points with known coordinates and heights, based on which a network of non-overlapping 
triangles is formed, or DEM (Digital Elevation Model where the terrain is represented by a regular grid of identical 
squares or rectangles. An irregular digital terrain model (TIN) for the area of the current project was generated in the 
ArcGIS software. 

Preparation of land cover data for the needs of three-dimensional modeling 

Raster georeferenced images are used for texturing or making thematic images of the land cover, which are applied in 
the process of three-dimensional modeling. For the preparation of the three-dimensional map of Izgrev district, Sofia, a 
thematic georeferenced raster image of the area has been created, which combines several information layers of GIS 
data with a qualitative component - the type of land cover (Figure 2). 

Table 1 presents classified the main elements of land cover with their corresponding RGB color values, which will be 
used in the software for three-dimensional modeling through thematic georeferenced image. 

 
Figure 2. Georeferenced raster image with classification of the land cover of Izgrev district, Sofia (1927-1944) 

Table 1. Color classification of land cover 

Land cover Color R G B 
VEGETABLE GARDEN  0 132 168 
ORCHARD  197 135 243 
YARDS  246 197 103 
VINEYARDS  255 115 223 
FLOWERS (GARDENS)  226 58 63 
COMMON PASTURE  85 255 0 
CONIFEROUS FORESTS  38 115 0 
DECIDUOUS FORESTS  38 115 0 
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EXCAVATION FOR CLAY  170 110 0 
FIELDS  244 199 148 
SWAMP, WATER  0 112 255 
ROAD NETWORK  204 204 204 

 

Methodology 

Specialized software products and applications are used for creating the interactive application and 3D models. 

The software product VNS (Visual Nature Studio) (3D Nature, LLC, 2008) was used for creating the three-dimensional 
map of the Izgrev district (1927-1944). VNS is a 3D GIS for creating maps based on spatial data by providing realistic 
visual simulation. 

SketchUp software was used for creating the 3D geometry of the buildings from the Izgrev district (1927-1944). 
SketchUp is easy, intuitive and fast to use. The standard tasks of creating geometry take much less time than with 
traditional CAD software. Its rich features for import and export in various formats and intuitive modeling tools 
contribute to the choice of SketchUp for three-dimensional modeling of buildings in the Izgrev district, Sofia (1927-
1944). 

For developing the interactive application, web programming languages are used - HTML, CSS and JavaScript, as well 
as some jQuery plugins. 

THREE-DIMENSIONAL MODELING IN VNS (VISUAL NATURE STUDIO) 

VNS allows users to create realistic landscapes and simulate "flight" on the generated surface using the integrated 
animation system. Software can represent real-world objects and environment caused by human activity. Real 3D 
objects from the environment, such as trees, plants, buildings, etc., can be situated on the surface of the terrain. VNS 
also contains specialized modules that support simulation of various objects in the world around us: sky, water, 
atmosphere, clouds, sun, moon, stars, etc. 

Figure 3. shows the main structural elements for 3D modeling and visualization of the land cover in VNS as follows: 

 
Figure 3. Main structural elements for 3D modeling and visualization in VNS (Visual Nature Studio) (modified, Source: 

3D Nature, 2008) 

The land cover is managed by vector polygons or thematic color maps. To make the terrain look natural, tools are used 
to simulate the real-world effect. Then by applying tools such as Ground Effects, Ecosystems and Environments we get 
a realistic reproduction of the environment. 
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For the three-dimensional modeling of Izgrev district, Sofia (1927-1944) the terrain model made in the ArcGIS software 
was used, which was imported into VNS using Arc Grid format - cell size (X, Y) 1m / 1m. 

The developed local database, consisting of vector and thematic raster layers, is used to adjust the characteristics and to 
model different categories of 3D objects for the Izgrev district (1927-1944). 

THREE-DIMENSIONAL MODELING OF BUILDINGS AND FACILITIES 

In this study the buildings have a special weight due to the need to achieve authenticity in their vision for the specific 
historical period. Sources of data on the appearance and construction of all buildings are archival photographs (Figure 
4/a), as well as manual sketches of Eng. Vasil Stanev (Figure 4/b). 

 
Figure 4. Archival data for buildings: 

 а) photo of a house in Izgrev district (1927-1944); б) manual sketches of Eng. Vasil Stanev 

Apart from the authentic appearance of the houses, the other main task is the exact geographical location of the 
buildings in the district. In order to construct correctly the three-dimensional model of the buildings, the compiled 
digital database was used - an information layer "buildings" obtained from the digitization of the plan for street and yard 
regulation from 1947 (Fig. 5). Especially valuable to the plan from 1947 is that the contour of most buildings includes 
the year of their construction, which contributed to the correct identification of sites and compliance with the historical 
period of development. 

 
Figure 5. Part of Plan for the street and yard regulation of Stalin locality (Izgrev district), Sofia 

Scale 1:1000, 1947. 
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In the process of modeling in SketchUp the following main steps are performed (Fig. 6): 

 

 
Figure 6. Workflow diagram for three-dimensional modeling of buildings 

The vector footprints of the buildings in Izgrev district, the available photos and additional sketches for the 
constructions were used for three-dimensional modeling in the SketchUp software. 

Importing vector data for buildings from GIS layers into SketchUp 

To import vector data (ESRI shape format) in the SketchUp software, various applications have been developed as 
plugins for both SketchUp and ArcGIS. An example of such application is spirix_shapefile_importer for import into 
SketchUp. 

In this project, the ArcGIS extension - Google SketchUp 6 GIS Plugin was used to export data from a GIS environment 
to a SketchUp file. 

Development of three-dimensional models of buildings and facilities 

After importing the necessary vector data in the SketchUp software, three-dimensional models of the objects are made. 
The specifications from dimensional sketches, the photos of the buildings and the vector data for the correct 
construction of the geometric model are used. The facades of the buildings are textured with relevant materials and 
colors. Figure 7 / a) shows the initial stage of the models with input data from GIS layers, and in Figure 7 / b) - the final 
result of the modeling. 

 
Figure 7. Three-dimensional modeling in the environment of SketchUp 

Preliminary 
preparation 

• Classification of input data 

Data 
preparation 

• Digitization of plans and drawings 
• Raster georeferencing 
• Development of GIS vector layers 
• Preparing output data for SketchUp 

Three-
dimensional 
modeling in 

SketchUp 
 

• Import vector data for buildings into SketchUp 
• Creation of three-dimensional model 
• Preparation of 3D output files for VNS 

Import the 
model into 3D 
GIS software 

• Import of vector-based GIS layers 
• Import of a 3D model 
• Geolocation of the 3D model 
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Integration of buildings and facilities in the 3D model of Izgrev district, Sofia (1927-1944) 

Created 3D models in SketchUp are saved in * .obj format, grouped by neighborhoods. 

In the 3D GIS - VNS models are imported to their exact location, using GIS-vector data with the footprints of buildings 
for georeferencing. 

PREPARATION OF RASTER MAPS FOR INTEGRATION INTO THE INTERACTIVE 
APPLICATION 

2D Map of Izgrev district, Sofia (1927-1944) 

Based on the processed information layers in the GIS environment and their attribute information about the buildings 
and the occupants for the considered historical period, a 2D map in scale 1:1000 of Izgrev district, Sofia (1927-1944) 
was created. There are specific zones in the territory, through which the individual buildings are indexed (for example 
for zone №20 - the buildings are indexed with 20*1; 20*2, etc.). The 2D map created in this way represents a digital 
basis for a 2D map module in the interactive application. 

3D map for historical reconstruction of Izgrev district, Sofia (1927-1944) 

The three-dimensional map is a rendering of the real three-dimensional model, which is made after combining all the 
components in one project: terrain, land cover, buildings and facilities. Rendering is the final process for obtaining the 
photorealistic image. 

The final three-dimensional visualization of Izgrev district, Sofia (1927-1944) has a resolution of 3800 x 2636 px and is 
saved in JPG file format, which is used for the interactive application. 

INTERACTIVE WEB-BASED APPLICATION 

The purpose of the application is to collect all the historical information about this area including produced maps, text, 
photos, audio and video files and to present it easily to users, similar to a website. The difference is that the application 
should also run local-hosted without need for Internet connection. The main goal is to make the raster maps interactive 
for users. 

The application is developed using web languages HTML, CSS and JavaScript which gives a lot of advantages. Firstly, 
programming with these languages makes the developing process independently of using a special software, it is totally 
free of cost and gives unlimited functionality – everything that is need it could be coded. Second very important 
advantage is that these languages could be run on any kind of operating system and they are used especially in web 
programming so the applications can be hosted on server and visualized on any web browser connected to the Internet. 
The good thing is that the files can be hosted locally and visualized in a web browser for a background engine, so the 
Internet connection is not mandatory. 

Application Structure and Interface 

In general, the application structure contains three major parts: introduction, home screen and main pages. 

The content is divided to six main pages: Historical facts; 2D interactive map; 3D interactive map; Video library; Music 
library; Photo gallery. 

The major interface contains a header with a navigation menu to the main pages, content area and a footer area. The 
header and footer are visualized constantly, and the content area visualized the current page content. 
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Figure 8. Main application interface 

Developing 

Unlike most websites, where the different pages are separate HTML files and users switch them with the navigation 
menu, in the current project all the content is created in just one HTML file which could be interpreted as a executable 
file of the app. The using of one file achieves smooth fade-in-out transition between different “pages”. 

The HTML document is developed regarding official web standards of the language and uses semantically definition of 
all HTML elements: header, footer, headings, divides, paragraphs and so on. 

The styling of the app is controlled by the CSS (Cascading Style Sheets) file. Just like in a regular website, the CSS file 
defines all the positions, colors, fonts, background images and all the other styling. 

The interactivity is achieved through JavaScript and jQuery library. 

Interactive maps 

In the recent years the interactive maps became more popular on the Internet. Most of them use a web server for display 
and querying of raster, vector, and database formats. The current project describes a simple technology for creating 
interactive maps based on a raster image of produced and completed maps. The interactive application integrates a 2D 
map and a map based on 3D model of the Izgrev district which can also be used for printed maps. They are completed 
raster map products. Since the application will be used without a need of Internet connection, there is no need of a web 
server. The main purpose of the application is to turn the static raster images into interactive maps. In the current project 
the interactivity is achieved through integrating a several jQuery plugins and simple JS code. 

The 2D map presents a register of the buildings, their ID’s, purpose of the building and information about people who 
lived there. There are tooltip information balloons, pictures, additional pop-up information windows and a search filed 
for searching objects into the register (Fig. 9). 
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Figure 9. 2D interactive map 

The 3D map gives additional options available for the significant buildings. There is a menu available for the building 
giving options for 3D panorama of the exterior and interior of the building and links to multimedia content available for 
the current place such as photo galleries, video or audio. 

 

Figure 10. 3D interactive map. An additional menu for object is open 

As usual, both maps also contain a legend, scale bar and on overview map. 

  

Proceedings Vol. 1, 8th International Conference on Cartography and GIS, 2020, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

664



Main application functions 

Pan function 

Almost each web map has pan function. It is useful to show large image in smaller container. 

The dimensions of final raster images are 3550 x 3942 px for the 2D map and 3800 x 2636 px for the 3D map. These 
dimensions allow enough visibility of all the details, but a Full HD screen is just 1920 x 1080 px. This requires the need 
of using an interactive pan function.  

The integration of “jQuery image panning” plugin allows smooth movement of the raster image depending the mouse 
cursor position and no drag-and-drop clicks are required. The raster image moves in proportion to the cursor 
coordinates into the visualization container until the edges of the image equal to edges of the container. The image 
outside the container is hidden and the user sees only the content inside. Using this interaction, the user can easily and 
quickly observe all the map content without clicking and needing of zoom in and zoom out. A small overview map in 
the right bottom corner shows the current visible position of the map. 

Interpreting parts of the raster as vector objects 

Since the map is just a raster image, the objects such as buildings and others polygon objects are not defined in any way 
(no vector data available, no databases). The objects should be recognized through HTML so the user can interact with 
them – highlight on mouseover, click on them for information or find objects with searching. This could be possible 
with HTML elements <map> and <area>. The <map> tag defines an image-map. An image-map is an image with 
clickable areas. A clickable area is defined using an <area> element with coordinates for each vertex in pairs, one for 
the x-axis and one for the y-axis, measured in pixels. For example, the coordinates 270, 350 is located 270 pixels from 
the left margin and 350 pixels from the top of the image. 

Creating all the <area> elements with their coordinates is done with exporting the vector layer with all building 
contours from Adobe Illustrator. 

<map name="wbmap"> 

<area shape="poly" id="4-1" class="tooltip" coords="2587,643, 2664,679, 2645,718, 
2568,682, 2587,643, 2587,643" title="4*1 Сем. Христови, деца Стефанка и Здравко - ученици" 
name="4*1 Сем. Христови"> 

Figure 11. Definition of an <area> element and coordinates for a rectangle polygon 

Highlight on mouse hover 

It is important for interactive maps to get reaction between mouse and objects. Even with <area> elements, the objects 
are not visible or clickable. There is a need of JavaScript to bring them into visible vector polygons. For that purpose, a 
useful jQuery plugin named “Maphilight” is used. The plugin applies to images with a 'usemap' attribute, and outlines 
the areas defined in their <map> element on mouseover. There are several options to set border thickness, border color, 
fill color, transparency, shadow and others. The plugin is also used for highlighting the objects which are selected by 
searching. 

Searching objects 

Searching the objects is realized with simple jQuery code which finds equality between the value of chosen option from 
a dropdown list and the “name” attribute of the <area> elements. If those values are equal, then a several events are 
happened. Firstly, the coordinates of the map pan function are set to values which make the searched object visible on 
the screen. Then the highlight function of the <area> element is set to active and the object is highlighted in red. At the 
same time, the tooltip for that object is also activated so the information for it is visible. 

Tooltips 

It is common the usage of pop-up tooltips in almost every interactive map on the Internet. Thanks to them the user 
receives quickly more information about the objects on mouseover. In the current project, the tooltips are used to 
display short information and even historical pictures of important objects. Information include building ID, names of 
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the people living there, purpose of the building or some historical fact for it. Some buildings are more significant and 
there is more information for them, therefore an option for click is available and an addition pop-up information 
window appears. 

The tooltip functionality is realized with the help of jQuery plugin “Tooltipster”. This very powerful plugin includes a 
lot of functions and settings. The plugin activates tooltips on mouseover for elements with class="tooltip” which in the 
case of the map are all <area> elements. The text which is displayed in the tooltip comes from the “title” attribute of 
<area> element so no additional <div> elements are needed for the text. All <area> elements are organized beforehand 
in a simple Excel table like a database where the columns are all the attribute of the <area> element such as id, class, 
coords, title, name and others. Thereby it is easy to work with more than 200 objects and to organize the information for 
them and after that to export the text needed for the HTML document. 

3D panoramas 

Since the 3D map is not actually 3D but it is a raster image based on rendering of a 3D model, there are options 
available for certain buildings to explore them with 360º panoramas of the exterior or interior. The illusion is that the 
360º panoramas are also not a real 3D object. They are a bunch of frames rendered in advance. The result is fast 
visualization without need of real-time rendering. For that purpose, “3dEye.js” plugin is used. It creates 360-degree 3D 
panoramic view and works in all major browsers and mobile devices. 

3D panoramas of the exterior are created in Visual Nature Studio (VNS) where the camera path is set around certain 
building and the animation of camera moving is exported to separate frames. 

The exterior of the main building is created in SketchUp where the animation of camera is set inside the building. 
Again, a bunch of images is exported. 

“3dEye.js” needs a path to the folder with all the frames and creates the 360º panoramas based on them. 3D view is 
controlled by mouse dragging – forward and backward for exploring the panorama in both directions. 

Running the app in kiosk mode 

As it was mentioned before, the HTML file runs as a standalone local-hosted application. The final app contains one 
HTML file as an executive file and all the addition folders with JS libraries, Styles, Fonts, Images, Audio and Video 
files. All these files need a web browser to read their content and to render it. For that purpose, a Google Chrome 
browser is used as a background engine which is run in kiosk mode. Kiosk mode disables some regular browser 
functions such as menus, options, mouse events (right click, text select etc.) and visualize only the HTML content in 
full screen. The user does not see it as a usual web browser, only the app content is available. It is suitable for using this 
function for information kiosks used in public places. 

A shortcut to the Google Chrome EXE file must be added on the computer desktop so the app can be started in the same 
way as all other application icons on the desktop. This shortcut is important because the kiosk option is set in its target 
field. Some additional options are also added to the shortcut target such as path to the HTML file, enabling full screen 
mode and enabling sounds auto start. 

DISCUSSION AND CONCLUSION 

The current paper presents cartographic and web-based applications for organizing geospatial and multimedia data, 3D 
modeling and rendering in the case of representing historical places and events. Using a combination of different 
software products and technics for data processing, a digital geographical and multimedia archive is created – historical 
reconstruction of Izgrev district, Sofia, during the period 1927-1944. 

Various technologies for structuring geospatial data, 3D modeling and rendering are used for achieving realistic and 
accurate re-construction of the study area. 

The results and practical experience are based on application of leading practices and trends in modern geographic 
information systems, three-dimensional modeling and visualization and WEB-technologies for developing the final 
product for presenting all cartographic, multimedia and archival materials. 

The presented technology for web-based application is affordable, user-friendly and easily applicable for different 
purposes. The application can be integrated online on websites and mobile devises or can be run local hosted without 
need for an internet connection. 
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