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Abstract

:

The article deals with a comprehensive information system of the historic Vltava River valley. This system contains a number of resources, which are described. For old maps, which are the basis of the whole system, their georeferencing and potential problems in creating seamless mosaics are described. Other sources of data include old photographs, which are localized and stored in the system, along with the definition point of the place from which they were probably taken. The vectorization of data is described, not only for area features used for the analysis of land-use changes, but also for the vectorization of contours. These were vectorized from old maps and are substantial for the creation of historic DEM. Vectorized footprints of buildings and vectors of other functional areas subsequently serve as a basis for the procedural modeling of the virtual 3D landscape. The creation of such a complex and broad information system cannot be described in one article. The aim of this text is to draw attention to a possible approach to the presentation and visualization of the historic landscape, along with links to important documents.
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1. Introduction


Information about the historical landscape is a very important source for the analysis of land use and understanding of the issue of changes and development of territories over time. Traditionally, this information is obtained from old maps [1]. In addition, there are numerous of other materials on historical landscapes that can be used. These include old photographs, building plans, inventories of objects, thematic information (water management, social issues, transportation), or books (chronicles, documentary monographs) and historic film footage. All these materials form a memory of the landscape, which, as a whole, provides us with information about the area [2]. In the article, we deal with the creation of a comprehensive information system on the example of the Vltava River, which includes a number of sources. The aim is to connect all the materials with spatial information and to create a historical geographic information system (HGIS) [3]. The system of the former landscape around the river will be in the length of more than 350 km. In this context, the study of landscape or urban change is usually based on the HGIS method [4]. Maps always represent the basis of such an information system. In our case, these are old analogue maps of the river [5]. The oldest topographic maps depicting the river landscape date from the eighteenth century. Thus, our theme is limited to the period from the latter half of the eighteenth century; the greatest emphasis is aimed at the nineteenth and twentieth centuries, and for this time there already exist accurate maps based on geodetic bases.




2. Materials and Methods


2.1. Theoretical Background


Information systems focused on historical sites have become quite common. These are usually systems supporting tourism and the presentation of cultural heritage. As an example, we can cite the City of Jeddah for the promotion of its history through a web-based information system based on maps [6]. Very often we also encounter databases of historical objects that serve as inventories of cultural heritage [7]. In our project, we also focus on the inventory of interesting historical buildings around the river. These may comprise homesteads, inns, churches or chapels, but also bridges, ferries, weirs and dams. Hydrotechnic objects are thus a very interesting part of the project and represent an industrial heritage that should be included in the system. The database of hydrotechnic objects is also dealt with [8]. Among the infrequent sources focused on the study of historical rivers can be included [9,10]. Some other authors are interested in the river landscape as a specific type of terrain [11,12]. Important and famous objects of a particular period may be highlighted in a contemporary old map along with a popup information window, as in the Map of the City of Madrid from time of Cervantes [13]. A similar approach to ours is taken by the colleagues documenting the City of Granada [14]. They combine old maps with point layers of objects of interest and their photographs.



Old photographs are an integral part of our project. Due to the fact that the Vltava is the most famous Czech river, but also very important from the economic, touristic, transport, communication and geographic standpoint, there are a number of historical photographs documenting its development. For each photo, we create its reference point from where the shot was probably taken. The geolocation of photography can be found in some similar projects [15]. In addition to old photographs, it is advantageous to take current photographs, or rather use photographs of identical places from different time periods [16]. These comparative pairs are then preferably used within the information system.



A specific feature of old riverine maps of watercourses is mainly their linear character. This is also related to the more complex process of georeferencing, as the selected ground control points (GCPs) usually lie in the river line and global transformation equations fail. Then, it is necessary to use local transformation methods based on interpolation mechanisms, such as the Thin Plate Spline [17]. For photographs as well as for maps, it is advisable to georeference representatives from different time periods and allow their comparison within the application. In this case, it is appropriate to vectorize the course of the river so that the data can be easily overlapped [18]. It is advantageous to create vector layers where we deal with Land-Use Changes (LUC). In our project, we decided to create a complete vector data model, which will be used for analysis and visualization. Based on analytical calculations, it is possible to infer the stability of the landscape [19]. From the landscape-hydrology perspective, it is also possible to monitor the development of the pond network interconnected to the river, which has undergone a number of changes in history. In this case, there are not any specific hydrological maps, but usually historical military topographic mappings [20]. Driving forces for land-use and forest changes in the 19th century were studied as well [21,22]. It is also important to obtain information about the altitudinal component of the historic landscape, either from contour lines on the maps or in combination with current models acquired using LiDAR [23]. The DEM derived from them can be a suitable basis for visualizing the landscape in 3D. A way of reconstructing the historical 3D valley of the Vltava River was chosen, mainly because a large part of it was flooded after the construction of a cascade of a total of nine dams during the twentieth century. It is necessary to think about landscape concept and how the visual materials provide information for landscape reconstruction as well [24,25].



Creating virtual landscapes in 3D is currently a very popular visualization tool [26,27,28]. Extinct places, landscapes and cities can be revived in a virtual environment, as The Ancient City of Rome [29]. In addition to historic DEM, 3D objects (buildings, trees) could be added. The standard for modeling such objects is Trimble SketchUp [30]. By connecting DEM and 3D objects, a virtual landscape is created and can be rendered using a photorealistic visualization (for example the Lumion 3D software). Certainly, it is also possible to use historical aerial photographs and orthophotos. These can be used especially for endangered monuments that have been partly damaged in the last hundred years (for example, the Citadel in the City of Erbil) [31]. We also use the historical orthophoto, because the Vltava underwent a significant transformation, especially in the twentieth century. Some already extinct monuments can be modeled in great detail using a variety of spatial data. The Roman Circus in Milan was reconstructed as an example of this approach [32]. If monuments are modeled in detail, including the DEM in the vicinity, it is possible to use visualization tools to present objects in different seasons and in different weather conditions, using photorealistic landscape rendering [33]. For a larger area, it is usually not possible to use the methods of classical 3D modeling for all objects in the scene (it may represent thousands of buildings). Then, procedural modeling might be used, which offers significant improvements over a uniform visualization of all elements. Using a set of rules, objects are modeled and textured, involving even an element of randomness. The result is a virtual landscape that can be detailed for only a few key monuments; the other objects are modeled procedurally [34]. Conversely, if we want to model some objects at the level of building elements, it is possible to use the BIM approach [35]. In recent years, a visualization technique using virtual reality (VR) has become a trend. It is used mainly in computer games that use one of the game engines (Unity, Unreal Engine). A typical application area of VR is archaeology. Here, VR can be used as a virtual museum of archaeological artefacts [36]. In the case of landscape modeling in VR [28], the situation is more exacting mainly due to the complicated data transfer between GIS and VR. In our project, the use of VR is planned, but we are only at the beginning of its utilization. However, there are examples of suitable applications, such as, for a landscape that has undergone an extensive transformation due to the mining industry [37].




2.2. Data and Methods


The Vltava River is an important river crossing most of the territory of Bohemia from south to north. It flows through the Capital City of Prague and is an important national symbol and motif in the works of painters, poets and musicians. The river, which originates in the Šumava forests, flowed through a morphologically diverse landscape, from the gradual Šumava plains, through narrow valleys in the Bohemian Forest and the flat landscape around the South Bohemian metropolis of České Budějovice to markedly cut valleys closer to the center of Bohemia.



It was also an important transport route, especially for the transport of salt and wood. Equally important was the use of water-power energy and there were many mills, sawmills and other objects on the river, later, for example, hydroelectric power plants. The river was dammed by weirs, including culverts allowing uninterrupted navigation. The traffic significance of the river was the reason for causeway works and caused the creation of a number of organizationally and technically demanding works (for example the canal lock/sluice in Županovice). A towpath led along the river bank, allowing transport boats to move upstream. Although the river itself was an important transport route and economic element, the river’s surroundings, especially in hard-to-reach areas, were often very poor. Since the end of the nineteenth century, the charm of the river landscape has enchanted more and more people. Especially near Prague, the river has become a popular destination for tourists and paddlers, which triggered the development of tourism infrastructure.



The importance and ways of the economic use of the river have changed over time. Small weirs have been replaced by larger ones; mills were converted into power plants, and; from the end of the nineteenth century, there were projects for the comprehensive use of water-power and the construction of a dam system. This system of dams was built up during the second half of the twentieth century and it has significantly changed the Vltava riverine landscape and life in it, and interrupted the navigability of the river between České Budějovice and Prague. The goals of the construction and function of water works also developed over time, including the improvement of navigability, use of water energy, flood protection and providing water for the Temelín nuclear power plant. Works to make the river navigable are again, and currently, in progress.



The studied area represents a historical, cultural, organically developed landscape, the formation of which was significantly influenced by the predominant method of economic use. Due to the dominant form of use, we refer to it as the landscape of dam reservoirs [38]. It is characterized by the flooding of the original settlements connected to the riverbed and the construction of new settlements, usually with a dominant recreational function. The banks of the Vltava have suffered due to the construction of the system of reservoirs—Vltava Cascade. The swelling of the water surface in the monitored part of the river represents more than its two thirds, and it meets the above-described characteristics [39]. The level of the filled reservoirs avoided important historic towns, but rural settlements disappeared underwater. Both in the flat landscape where peat mining, flax growing, logging and floating wood were people’s livelihood, and in the valleys and gorges lined with mills, raftsmen’ inns, quarries, etc. Facilities for individual and mass recreation have sprung up on the banks. The transport of material on ships and rafts has been replaced by recreational transport [40,41].



Due to its importance, the Vltava River was the subject of interest of many engineers and cartographers. The first maps of all or a significant part of the river were created from the middle of the eighteenth century and mostly depict the most economically important part of the river from České Budějovice to Prague, or to the confluence with the Elbe River [42]. A number of these valuable and interesting maps was founded across various archival institutions. Most of them were forgotten and almost unknown. These maps vary in the scale, date and method of creation, but all of them represent important images of the Vltava river in the specific period. The overview of so-far researched maps is in Table 1. These manuscript river maps contain information important for navigation (sands, shoals, rocks, islands, weirs, rapids, and streams), crossing the river (fords, ferries, and bridges), the route of the tow-path and the economic background (mills, inns). Some maps also show measured transverse profiles or the velocity of the stream. The topographic content is limited to the river itself and narrow strips around the river, the elevation is shown by hatching (Figure 1). Due to the complexity and inaccessibility of the riverbed, older maps are not very accurate; however, since the first half of the nineteenth century, they have been based on accurate cadastral maps. Therefore, if we are writing about landscape reconstruction, we are usually focused on the first half of the nineteenth century.



For the description of the whole researched area, there are suitable map works, which cover the whole area uniformly. Due to the fact that the Vltava River and its surroundings belonged to the Habsburg Monarchy in the eighteenth and nineteenth century, it is possible to use the historical mappings of this empire [43,44]. For medium scales, it is possible to use military topographic surveys. An overview is presented in Table 2, including the time of origin of the used map sheets and suitable georeferencing methods.



Since 1918, it has been possible to work with topographic mappings of independent Czechoslovakia. Unfortunately, until 1957, no mapping was carried out to cover the entire territory of the state. For maps containing the surroundings of the Vltava River, military topographic mappings from 1953–1957 at a scale of 1:25,000 and from 1957–1971 at a scale of 1:10,000 are available. These mappings contain, in certain areas, already created dams and reservoirs built most often in the 1950s. For comparison with the current state of the landscape, it is possible to use contemporary map works, especially the Basic Map of the Czech Republic created from the ZABAGED digital model [45].



If we are interested in a larger scale, it is possible to use cadastral maps. From this perspective, the most interesting is the Stable Cadastre, the mapping of which took place on the territory of Bohemia in the years 1826–1843. The scale of cadastral maps is 1:2880, the estimated accuracy is around 2–3 m. These maps were made on the basis of the Imperial Patent of 1817, which established the Stable Cadastre. Cassini-Soldner’s projection was used as the map projection; for Bohemia, the Gusterberg datum of cadastre co-ordinates were used. Maps were created by using a method of the plane table in the fathom scale of 1:2880 directly in the field. Imperial Obligatory Imprints (original maps copies) were not used for plotting additional changes in the field, and thus depict the landscape in its original state from the mapping period (Bohemia 1826–1843). Maps were manually colored. Georeferencing these maps is relatively difficult due to mapping one cadastral unit by another on separate map sheets. Of course, it is also possible to use newer cadastral maps of the re-ambulated Stable Cadastre or the Czechoslovak cadaster of real estate (herein, already at a scale of 1:1000).



In terms of elevation, military topographic surveys of the Habsburg Monarchy are inappropriate. First and Second Military Surveys contain only hachures; Third Military Survey contains contour lines, but with a relatively large interval. For the needs of modeling, the historic Vltava valley, only first edition of State Maps derived at a scale of 1:5000 are available. The planimetric map component in the first edition was derived from cadastral maps, while the altimetry component was derived from topographic maps in the S-1952 system, or, in some cases, also from topographic profiles of the 3rd military mapping. The altimetry, which was the subject of the successive processing, was marked in brown comprising contour lines, spot elevations and, potentially, technical or topographic hachures and descriptions. The elevations are in the Baltic Vertical Datum after Adjustment. The map sheets have dimensions of 2.5 × 2 km and are in the 90-degree angle sheet line system projected in the S-JTSK coordinate system. Their first edition is dated 1950–1953, which is a period just before the construction of most dams. Contour lines in these maps have a different quality and interval of contour lines. Therefore, it is not an ideal and homogeneous map work; however, no other source covers the whole area with contour lines.



An important work covering the entire area of interest is also an orthophoto from historical images of military aerial photography from the 1950s (mostly from 1952–1956) (Military Geographical and Hydrometeorological Office, Dobruška, Czech Republic). Aerial photography took place before the construction or filling of the Vltava Cascade (with the exception of Vrané and Štěchovice Dams built in the 1930s). Therefore, it shows the original landscape and objects around the river. In the case of Slapy and Orlík Dams, it shows the landscape during the dam construction (dam construction, clearing of forests), but before filling the reservoirs.



In addition to these documents, a number of other maps and plans were created, mostly dealing with the regulation and possible use of the Vltava water-power. Most of these water structures were not built due to their complexity or were replaced by a newer project. Many regulatory works and small water structures disappeared or were hidden below the surface of large reservoirs created in the second half of the twentieth century. However, these are interesting constructions and technical solutions that are important to include within the information system. The origin and the owners of these plans and maps are different. They could be state regional archives, the archive of the Povodí Vltavy, the National Technical Museum, regional museums and private collections. Some of these documents are already digitized but, in most cases, the digitization is undertaken within the project.



For use within the river information system, it is important to properly georeference the maps. For newer maps of Czechoslovakia and the Czech Republic, the maps are created in the national JTSK system, and it is possible to transform them only with the use of the map sheets index and projective transformation using corner points. For older maps, it is usually necessary to derive a global transformation key for the transformation into one of the current reference coordinate systems. This was achieved for the Second and Third Military Surveys and the Stable Cadastre. Here, after the transformation of the map sheet index, it is possible to use a projective transformation and four corner points again. The situation is more complicated in the case of the Stable Cadastre, where it is necessary to resolve the contact of individual cadastral areas, as they were mapped separately on separate sheets.



The georeferencing of the First Military Survey maps or manuscript river maps is problematic. Here, it is necessary to use GCPs and a suitable type of transformation, which will ensure the best possible fitting for GCPs and, at the same time, the continuity of adjacent map sheets [46]. For river maps that contain only objects near the river, it is very difficult to find a suitable method. If the sections are drawn with larger errors, large image distortions occur. Many transformations also collapse due to the collinearity of GCPs. The identity of GCPs must be checked carefully. For some maps, it is necessary to accept the non-continuity of map sheets after the resulting transformation.



An excellent source of information about the historic landscape is also old photographs and postcards, or even paintings, drawings and views. In large numbers, they show already extinct or changed places and provide an easy idea of the appearance and changes of the landscape. For the needs of the information system and map applications, all photos are located and represented by one reference point (Figure 2). This allows us to view one site in different documents, on old maps, current maps, historical and current photos from different places, and attain a comprehensive view of the development of the landscape.



There are a large number of photographs and postcards, which puts great demands on their selection and also on the identification of the photographed place. Above all, significant, high-quality and unique, and not commonly known photographs were selected. We went through many important archives, museums or personal collections to attain such photographs (National Archives of the Czech Republic, Prague, Czech Republic, State Regional Archives, Prague, Třeboň, both Czech Republic, regional museums in Horní Planá, Písek, Český Krumlov, České Budějovice, Příbram, all Czech Republic). The disadvantage is the uneven distribution of photographs. Popular and easily accessible places were photographed often, hard-to-reach places not at all. A good knowledge of the Vltava landscape, as well as other historical and contemporary photographs, is essential for the correct location. The utilization of orthophotos from the 1950s, which capture the yet unflooded landscape and are also close to the time of the creation of the most interesting photographs (first half of the twentieth century), proved to be an essential tool for localization. The determination of the reference points of the photographs was carried out in an online map application using different map layers. Basic metadata are stored as reference point attributes available for each photo. The photographs were searched in the photographic collections of various archives, museums, institutions and private collectors.



One of the goals of the information system is to show particular places, buildings and structures that have either disappeared or still exist. A database of important objects connected with the river and life around the river was established. These objects are water management facilities (weirs, culverts, dams, limnigraphs), transportation (fords, ferries, bridges), economic structures (mills, sawmills, mills, power plants, paper mills, raft binding yards), sacral buildings (churches, chapels), tourist attractions (inns, restaurants and guesthouses), as well as major homesteads and hamlets. The structure of the database was designed with regard to the uniform storage of inconsistent information on different types of objects. The resources for selecting and identifying objects are diverse: literature, old maps, archival sources, existing databases (for example Available online: http://vodnimlyny.cz (accessed on 9 December 2021), and the knowledge of witnesses and researchers as well. The aim of the application is to offer basic information: location, description and purpose of the object, dating, and if there is also a photograph, reference to literature, selected plan documentation, link to archival and online resources for further research, with everything linked to one reference point.



In order to display the detailed situation in a specific locality (mill, paper mill, church), another interesting source are situational and construction floor plans of individual buildings or areas. These are very different in dating, processing, scale, and availability. They are used together with photographs and text descriptions to supplement information about selected important objects within the information system.



In addition to the possibility of viewing raster maps in the information system, the conversion into a vector data model is suitable for selected layers and elements. At a minimum, it is suitable for the water surface of the river in order to be able to observe and analyze changes in the riverbed. The vectorization of a complete land use in a corridor about six km wide was chosen for cadastral maps. The area up to a distance of three km on each side of the river banks includes the area most affected by land-use changes in connection with the river. It is an area of cadastre units that are adjacent to or affected by the river (for example, flooded by a dam reservoir).



Maps from the years 1843 (Stable Cadastre), 1953 (SMO5) and 2021 were chosen as time sections. The oldest period (1843) refers to the oldest possible high-quality, large-scale maps. We assume that here we can see the characteristics of the pre-industrial landscape. The 1950s are the second period with an important situation before creating most of the dam reservoirs. Here, we can see the state of the landscape right before its flooding. The third period refers to the current state of the landscape. The current data use the RUIAN database, which contains a drawing of cadastral boundaries. Vector data can be used for the LUC analysis. They also serve as a basis for 3D visualizations, with the footprints of buildings being used for procedural modeling [34].



To vectorize the hypsography, we described the methodology of its conversion from SMO5 raster maps to the final 3D model of the whole valley [47]. It is a workflow in which the amount of colors is reduced first; then, automatic vectorization is performed in the ArcScan software. Subsequently, automatic vector adjustments are performed and information on contour heights is manually added. These contour lines, together with elevation spots, form the basis for the creation of the DEM of the historic Vltava valley.



The resulting data (georeferenced maps, vectorized layers, DEM) can be used to model the virtual landscape in 3D. As mentioned, the footprints of buildings are used for procedural modeling (Figure 3). Various types of soil cover determine the texture of the surface (or it is possible to use the texture of the raster image of the map). The elevation used from DEM is usually exaggerated (2.5 times) to make the terrain more distinctive. The created virtual model is the basis for a potential creation of physical 3D models (3D printing technology or architectural modeling). The whole model can then be transferred to VR and presented with greater impact on users [37].



The aim is to create a comprehensive system that allows us to display and analyze cartographic, photographic, textual and other materials in the context of their geographical location and their relationships. We use the Esri platform for the entire data processing. The georeferencing and vectorization is undertaken in ArcGIS Pro, along with the database creation and their filling as well. The City Engine product is used for procedural modeling. As part of VR testing, we opted for the Unreal Engine platform. ArcGIS Server is used for publishing map layers; the basic composition is created on ArcGIS Online and the application itself uses ArcGIS API for JavaScript 4.17.



Within the information system, in addition to the introductory texts, emphasis is placed primarily on the presentation of the results through a combination of a 2D map application and 3D scenes. The 2D map application should enable basic orientation in space, search for localities, the display and comparison of each map layers, as well as the display and viewing of localized photographs and points of interest. These points contain not only basic descriptive information about the object, but, furthermore, they contain links to photographs, plan documentation and other data stored externally (website, archive fund, etc.).



The 3D scene combines the created DEM of the historical landscape, vector models of land use in different time sections as possible surface layers, and a procedurally generated model of development (buildings). The procedural modeling of buildings based on their footprints and determined building rules allows a quick creation of a 3D model of thousands of individual buildings and, thus, completes the 3D landscape. We do not create historically accurate models of individual buildings via procedural modeling. However, appropriately selected rules will enable the creation of a model of built-up areas that corresponds in the structure and style. Significant objects can be accurately modeled in CAD. The result is published as a 3WS web scene and made available to the public via ArcGIS Online. The aim of the web scene is to enable a smooth interactive movement and exploration of the now flooded Vltava River landscape in the entire area of interest.



Notably, 2D and 3D applications are complemented by other documents focused on the river landscape and its changes, aspects of life around the river, hydrotechnic objects and human use of the river during the past century.





3. Results


The georeferencing of the maps used in the information system was relatively complicated. The maps of military topographic mappings were georeferenced for the whole territory of Bohemia within research on other projects. The mean errors achieved by individual mappings in the standard alignment can be found in the literature [48]. It can be seen that the First Military Survey achieves about ten times greater errors than the Second Military Survey. Therefore, it was necessary to use another proposed method [46]. A total of 250 map sheets and almost 7000 GCPs were used. When adjusted together by a polynomial transformation using the robust IRLS method, a mean error of 280 m was achieved. A preview of the resulting mosaic can be seen in Figure 4.



Peripheral map sheets remain an unsolved problem, which could not be included in the compensation due to a small amount of GCPs. It will be necessary to add them to the mosaic manually, probably using a polynomial transformation using points on the edges of map sheets. Alternatively, the Grid Shift Binary method could be used for georeferencing of the First Military Survey, which results in similar accuracy [49].



Newer map works (SMO5, Czechoslovak topographic maps) were georeferenced relatively easily using the map sheet layouts and corner point coordinates. For the SMO5 maps, the resulting mosaic has 334 map sheets. Although a projective transformation using the corners of map sheets was used, the affine transformation was also tested in order to eliminate potential gross errors (for example subtraction of the map corner). The mean errors of these transformations for all map sheets did not exceed five meters.



A total of more than 26,000 km of contours and more than 3000 elevation spots were vectorized using the above mentioned procedure of altimetry vectorization from SMO5 maps. The territory was analyzed to find the used contour interval. Almost 60% of the territory has a contour interval of ten meters, about 24% has an interval of only twenty meters. For ideal modeling, it would be better to have an interval of five meters or less. It is, therefore, necessary to consider that the model created by us is relatively rough. For DEM modeling, the points of the longitudinal profile of the Vltava River from 1940 were also used for refinement. The shoreline is, therefore, very well assigned a height. For broader relationships, it was necessary to link the created DEM with the current quality DMR5G (Digital Terrain Model of the Czech Republic of the 5th generation). It was necessary to smooth the data at the contact between the models so that the transition of both models would be smooth. We analyzed the quality of the DEM created by us using the current flood line of the Slapy, Orlík and Lipno reservoirs.



Figure 5 shows the mismatch of the line generated from the created DEM (blue line) and the current shoreline (red line).



The georeferencing of the Stable Cadastre maps was the most difficult step in raster data processing. This is mainly because the resulting mosaic contains almost 2000 map sheets. These map sheets had to be georeferenced using both corner points and GCPs. As these are island maps, the connection of individual cadastral areas was a serious issue. These are masked on the map sheets according to cadastral boundaries so that there is no gap or overlap anywhere. Most map sheets were transformed using a projective or affine transformation. A polynomial transformation was used on fewer sheets. The mean errors of these transformations ranged in the order of units of meters, with a mean value of 2–3 m. Nevertheless, in some places it was not possible to eliminate completely the discrepancy (conflict) at the contact of the map sheets (Figure 6).



Both the mosaic of the Stable Cadastre and the SMO5 mosaic were used for the Land-Use vectorization. At the time of writing, the vectorization of the Stable Cadastre is complete, in the form of approximately 150,000 polygons. The vector data accurately follow the rasters in the form of a data model that uses the map key of the Imperial Obligatory Imprints of the Stable Cadastre. Of course, the vector data have passed through a complete topology check. The vector data will be used for standard LUC comparisons.



All raster and vector layers will be available to the user within the 2D web map application. This application will be the basis for the information system. In addition to the 2D application, we are working on the development of a 3D application that will allow a better visual perception of the historic landscape. Vector data serve here as a basis for modeling in 3D.



For our purposes, 3D modeling of buildings can be most easily divided into procedural and detailed in CAD (SketchUp). Accurate modeling of individual buildings brings a detailed graphical representation of an extinct building, but it is very time consuming. It is possible to create models of only carefully selected significant buildings by this method. An important basis for accurate modeling is the planning documentation, construction-historical survey of the building, drawings, and photographs. The model with a surrounding terrain can then be modeled using the SketchUp or another CAD software. The Lumion 3D software, for example, can be used as a possible visualization tool, which enables the rendering of a 3D scene and animations in real time. In addition to photorealistic textures, a library of other elements (tree, grass) can be used, as well as the effects of sun exposure, time of day, weather, clouds, etc. The use and combination of effects was tested to achieve the most realistic visualization of an extinct site. The disadvantage is that in a detailed form, it is possible to present only a local model with its immediate surroundings. Due to the laboriousness, only the most valuable objects can be processed in this way. In Figure 7 is an example of the visualization of the parish complex in Červená nad Vltavou. The presentation in an online environment is problematic and the possibilities are limited to sharing a non-interactive video or images.



The aim is a 3D visualization of the original landscape and buildings along the entire Vltava River, and thus it is necessary to choose a procedural modeling for the modeling of a huge number of buildings. This allows the generation of approximate models of individual buildings according to specified rules. Although the buildings themselves do not exactly correspond to the original, the overall structure style of the development does. Moreover, it is possible to create models of tens of thousands of buildings. It is essential to define the rules according to which individual buildings are drawn and, subsequently, select suitable textures for the visualization of partial parts of buildings. To determine the rules of common development, we use various sources, for example, the literature concerned with rural development in the nineteenth century [50,51]. A very valuable source is the information, drawings and floor plans of buildings that were created during the rescue survey (Figure 8) carried out by the Institute of Ethnology of the Czech Academy of Sciences before the Orlík Dam had been dammed up. During the survey, all buildings in the area to be flooded were recorded, as well as buildings in the surrounding area. This created a set of data specifying the building style around the river. Due to the fact that a less developed area was involved, a number of buildings have been preserved in a form corresponding to the middle of the nineteenth century. Significant features of buildings were statistically evaluated and rules for building modeling were defined.



Existing buildings can also be modeled using photogrammetric or laser scanning and subsequent processing.



Most of the available photographs show well-known and popular places; postcards and photographs are also described and, therefore, at least the approximate location (the nearest village, a significant landscape point) is known. The localization of some photographs, which were taken in little-known and less photographed places and are not described proved to be a problem. These photographs are often the only depiction of the landscape in an individual locality. A careful and laborious comparison of photography, landscape morphology, and old maps will allow at least an approximate localization of the photo. All photographs, as well as map plans from various sources, are provided with a watermark of its owner or administrator or the ‘Vltava’ project logo for licensing reasons. Obviously, there are tens of thousands of photographs that could be included in the application. At the moment, we have processed over 1400 photographs, which will be supplemented by others in the coming years.



The database of objects of hydrotechnic, economic, transportation, sacral or touristic character contains over 1200 entries at the moment. As the archival research is still in progress, information and related documents to these objects will be improved. Additionally, the number of entries might slightly increase.



The 2D map application uses and displays most of the data mentioned above. The basic map layers consist of maps of the Stable Cadastre from 1843, SMO5 from 1953 and their vector models. For an easy land-use comparison, a layer from the present RUIAN data is available. An equally important layer is the historical orthophoto from the 1950s and the current orthophoto as well. For a broader view of the region, the layers of three military surveys are attached as well. Manuscript river maps also provide an interesting view of the river, the riverbed and its transformations. Situation and floor plans of important buildings are added as another layer, or they are tied to the important object points.



In addition to common map tools, the map application itself is extended using ArcGIS API for JavaScript with more advanced functions. It allows filtering the content of point layers according to the type of object, comparing different map layers using user transparency settings, dividing the map window into two parts with different maps and using the swipe tool (Figure 9). The visualization of data and other image materials is solved with regard to user-friendly accessibility. This, as well as the entire map application, can be tested, evaluated and modified. Another goal is to connect the 2D and 3D content within one application, which will allow a more comprehensive view of the site and a closer understanding of all the context and changes in the transformed landscape.



The 3D view of the Vltava Valley is intended for presentation to the general public, and thus different ways of presenting the data were chosen:




	
presentation videos and scenes that use photorealistic textures;



	
user-friendly 3D application based on procedural landscape modeling;



	
physical models of areas flooded by the 3 largest reservoirs.








Detailed models of important objects rendered using Lumion 3D rendering software are visualized separately with the immediate surroundings using video animation or images. A great advantage here is the use of a library with a great number of natural and artificial surfaces and objects. Cloud movements, various daylighting, the nature of the weather and visibility, as well as movements of trees and grass when wind is blowing, are applied here. Thanks to this, there are impressive scenes that can bring inexperienced users a feeling of the modeled landscape.



Procedural modeling of landscape is used for 3D web map application. Here we use the Esri City Engine product, which allows us to present a full-fledged 3D model in the web environment, of course, with the limitations of the web environment. For example, an application must be loaded into memory at startup. This means a delay of a few seconds before viewing the landscape. Texture handling also has a big impact on the size and speed of the entire application. It is possible to use rather colored surfaces with simple effects (water ripples), but it is not possible to achieve photorealistic fidelity as in the case of Lumion 3D software. As for the detail of individual objects, it is given by the rules for their generation. For buildings, for example, it is possible to set rules for the representation of roof types, building heights, textures of their facades, etc. When modeling, it is possible to set a degree of uncertainty with which the objects are modeled. Then, based on the rules, the buildings are created as 3D objects with the appropriate textures. There are more than 20,000 buildings generated in our scene. Other elements of the landscape are visualized using colorful textures of land use. Only some important objects (castles, chateaux, churches) are inserted in the form of a detailed model created in Trimble SketchUp.



The planned output also includes three large-format physical models of the landscape around large reservoirs, popular with tourists, aimed to present the extinct landscape in local places (regional museum, information center). The models have a scale of 1:6000 (or 1:8000, respectively), consisting of several parts and show an area of six by twenty four km (or ten by thirty-two km, respectively). Analogically to the virtual model, heights are 2.5 times exaggerated. Due to their dimensions, the models are divided into parts. The terrain is milled from permanent hardened polystyrene. In critical areas (river bank, urban area), it can be modeled by hand. The original method of the translation of the topographic content to the model by applying and adhering the surface texture printed on the elastic foil proved to be non-functional due to the high fragmentation and altitude differences of the terrain. For this reason, a more laborious method of manually redrawing the surface according to the image projected on the model was chosen. Detailed areas in the urban part of municipalities are solved by a sticker with a printed texture. The original river surface is shown in deep blue. The new water level of dam reservoirs is represented by a lightly tinted transparent modeling material, so that the flooded terrain underneath remains visible. The mass is self-leveling, and during pouring, it is necessary to proceed very carefully and within the limits of a truly flooded valley. Significant objects and localities can be easily identified on the large models using interactively controlled diodes. The models are currently in production.




4. Discussion


In the article, we presented our vision of a comprehensive information system of the historic landscape, specifically the Vltava River valley. Commonly presented information systems serve mainly to promote tourism [6]. In our work, we try to comprehensively process various materials so that they can be used not only by the public, but also by other experts (geographers, historians). It turns out that there are not too many information systems focused on historical river flows. It is possible to find more applications focused on databases of specific objects [8]. We focused not only on hydrotechnic objects, but also on other important objects of economic and social importance, for which we make resources and information available for further research. Our work is based on the concept of HGIS not only in classical 2D, but also in 3D [3]. We can state that the approach in which the position of the object is the basic identifier is still not a standard. In contrast to our approach, it is more often possible to find the classic approach of an information system based on a table-oriented database, where maps and locations are only additional data with links to external map applications. We consider our method more synoptic and approachable. Various materials, while geolocated, can be presented together in the map application giving a deep view into archival and current material for the particular location (area) or period. Metadata and attributes of these materials are still table-oriented. Therefore, the searching and filtering in data is easy to contrive. The processing and geolocation of archival material can be undertaken by cooperating experts in proper fields. Our approach is complex and thereby very time-consuming.



The georeferencing of maps and geolocation of photographs, our main workflow, is limited to raster data and 2D applications [14]. It is possible to observe problematic georeferencing of riverine maps, where only the close vicinity of the watercourse is depicted. For this reason, in our approach, we combine global transformation methods and local methods based on interpolation algorithms. Our approach to georeferencing military survey maps and Stable Cadastre, where we use a joint adjustment of map sheets with robust IRLS method, is quite unique as well. Of course, it is necessary to distinguish between the achieved accuracy of georeferencing and the accuracy of used old maps. The resulting mean transformation error gives us information about the estimated accuracy. This information should be kept in mind when further interpreting the information displayed on the maps. Therefore, the oldest maps with higher errors are used only in the raster form and are not suitable for vectorising data for further geographical analysis.



The processing and localization of old photographs is used in a number of projects [16]. Unlike them, we try to capture the probable place of taking a photograph on the map, rather than the place of interest in the photograph, and thus enable a more illustrative approach. The photographs are not available in the form of a classic web gallery, but they are available directly at the places in the GIS where the objects of interest are located. The link to external sources of information is then possible thanks to the unambiguous position of the object. Using old maps, their data model, important objects, building plans and photographs, we try to restore the valuable extinct landscape and present it to the public in a 2D map application and in a 3D environment.



When processing 3D scenes, we try not only for classical modeling of 3D objects [29]; we are focused rather on a procedural approach [34]. This makes it possible to create large-scale models in the order of tens of kilometers, even with buildings. Compared to single monument online visualization a web scene with thousands of buildings using photorealistic textures of objects and surfaces seems to be slightly problematic, so far [52]. It will be important to focus on the generalization and the use of different levels of detail (LOD) [53]. For visualization, we will try to work with photorealistic scenes [33]. The disadvantage of this procedure is the creation of only fly-through videos and the inability of the user to browse the entire model. Browsing in our model is enabled not only by 3D applications, but also by the intended VR application, as is the trend today [37].



The 2D web map application, 3D scene and thus the entire information system aims to summarize, synthesize, publish and attractively visualize a wide range of information, old maps, photographs, archival documents and research results in one place. The focus of the information system is very wide, and the main common denominator is the Vltava River.



The project itself is in its middle phase. Used methods seem to be working well for our needs. The majority of important data have already been processed. Databases of objects and photographs are sufficiently filled by hundreds of entries. Moreover, archival research is still in progress, and there will be more photographs or additional data to process; even any forgotten river map might be discovered. In the future, we will focus on the analysis of land use, the addition of more maps, the refilling of data entries of individual objects, the development and evaluation of map applications and, last but not least, on the methods of 3D visualization and use of VR.



There exist some other projects focused on the virtual reconstruction of the landscape [26,33]. Their approach is usually slightly different. They are creating 2D or 3D virtual environments for landscape reconstruction, especially for visualization purposes. We are using maps as a medium for other material connections. We would like to utilize maps as a center point of the information system. This is the uniqueness of the project.




5. Conclusions


As written above, the Vltava River is an important river for many reasons, outlined above. The motivation for our project was the missing complex information system about the history of the river. There are many visual materials such as maps, plans and photographs that are not processed nor used within combined information systems. The idea of our work was to digitize and process the most interesting items and bring them together into the digital environment. Providing easier access to the information in the future was our main driving force.



Our work documents the processing of various map, and photographic and descriptive materials, which are the basis for the future information system about the historic valley of the Vltava River. The aim was to present particular data components and the methodology of their processing so that they can be used for the information system. The system is based on the spatial determination of all available data, or their link to a spatial point object. Map as well as image data are processed on the Esri platform. In addition to the classical methods of georeferencing, more complex methods were used, especially the polynomial transformation with the conditions of the linkup of map sheets, supplemented by the robust IRLS statistical method. The proposed work procedure was used to vectorize the hypsography, which leads to a high-quality vector model of contour lines.



In addition to data processing methods, the text also provides an overview of the possibilities for visualizing the historic landscape. It is obvious that traditional 2D applications must be the basis of the whole system. It is appropriate to complement this application with a 3D visualization, as a virtual historical landscape. It can be viewed either in a web browser or as a VR application. If there is a suitable exhibition space, physical models created by 3D printing or architectural modeling methods can be used.



It is very important to supplement the information system with localized photographs of the historic landscape. The photos suitably complement the maps and map outputs, which are not intuitive for every user. Maps and photographs are suitably complemented by plans of important buildings, text documents and links to external sources.



The comprehensive information system revives the extinct historical Vltava landscape, presents valuable old maps and photographs and enables their mutual comparison. The database of important objects is a detailed list of cultural, hydrotechnic, technical and economic objects. Each record contains position information, basic descriptive information and other additional data.



The aim of the application is to bring closer the historical landscape, which has largely disappeared as a result of the construction of a cascade of a total of nine dams. Our approach is very interdisciplinary. We try to connect humanities (history, archiving) with a technical approach (georeferencing of maps, web map applications, 3D modeling). We think that our system will increase awareness of the entire area under study, and that it will serve as an entry point for research into the extinct surroundings of the Vltava River.



We see the novelty of our approaches mainly in complex methods of georeferencing old maps, in the method of using reference points of photographs, in the use of procedural modeling of the historical landscape for its visualization in 3D, and in plans to use VR as an access point for a virtual walk through the landscape. The scope of our work is very wide, so the text is a selection of descriptions of the methods and techniques used and an overview of some specific implementations.
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Figure 1. Depiction of a manuscript river map derived from the Ebert’s map of the Vltava river from eighteenth century, Source: Archive of the Povodí Vltavy, State Enterprise (Prague, Czech Republic). 
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Figure 2. Visualized database of localized photographs and other places, Source: author’s elaboration. 
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Figure 3. Virtual landscape with procedurally modeled built-up areas, Source: author’s elaboration. 
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Figure 4. Complete mosaic of the First Military Survey, Source: author’s elaboration. 
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Figure 5. Mismatch between modeled and right shoreline, Source: author’s elaboration. 
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Figure 6. Visual problems at the borders of cadastral areas, Source: author’s elaboration. 
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Figure 7. Parish complex in Červená visualized using Lumion 3D, Source: author’s elaboration. 
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Figure 8. Depiction of rescue survey documentation, Source: Masaryk Institute and Archive of the CAS. 
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Figure 9. Map application comparing two map layers with the swipe tool, Source: author’s elaboration. 
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Table 1. Manuscript river maps of the Vltava River, Source: author’s elaboration.






Table 1. Manuscript river maps of the Vltava River, Source: author’s elaboration.





	Map
	Origin Date
	Approx. Scale
	Map Type
	Number of Map Sheets





	Carte Ideale de la Moldau
	1768
	1:28,800
	Concertina book
	14



	Darstellung des Moldauflusses
	1st half of 18th century
	1:48,000
	Book
	20



	Untitled
	1840s/1850s
	1:2800
	Single sheets
	94



	Situations Plan des Moldau Flußes
	unknown
	1:22,000
	Two concertina books
	16



	Moldau Charte
	1776
	1:10,500
	Single sheets
	41
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Table 2. Topographic surveys of the Habsburg Monarchy in the research area, Source: author’s elaboration.






Table 2. Topographic surveys of the Habsburg Monarchy in the research area, Source: author’s elaboration.





	Mapping
	Origin Date
	Scale
	Suitable Transformation
	Estimated

Accuracy [m]





	First Military Survey
	1764–1768
	1:28,800
	polynomial (control points)
	200–300



	Second Military Survey
	1842–1852
	1:28,800
	projective (corner points)
	20–30



	Third Military Survey
	1874–1880
	1:25,000
	projective (corner points)
	20–30
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