depends on the number of detectable features. The added fragment of the orthophotomap was given 5 stars, which
means that it will be very well detectable by the camera of the tracking device. The developed model was loaded into
the Unity program and placed on the plane of the test image, thus making the orientation of the model relative to the

orthophotomap (Fig. 7).

Figure 7. 3D model orientation on the present ortophotomap (source: own work)

It was assumed that the application would be dedicated for devices equipped with the Android system from version 4.4
upwards. After determining the necessary parameters, the application was tested. For this purpose, it has been saved on
a mobile device running Android 6.0. The camera of the mobile device tracks the position and orientation of the
reference image (code) in real time, and when the perspective of the viewer on the camera corresponds to the
perspective that was created in the program, a virtual object is displayed, which looks as a part of the real world. When
the camera of the device detected in its field of view a fragment of the printed orthophotomap of Warsaw, the model of
the Station appeared on the device's screen in the place of its location (Fig. 8).

Figure 8. 3D model view in mobile application (source: own work)

The application was also checked by directing the camera of the device to the laptop screen, on which the target fragment
of the Warsaw orthophotomap was displayed on a scale of 1:2000 in the map service of the City of Warsaw. The test was
carried out with a satisfactory effect. When the laptop screen appeared in the field of view, the model of the Warsaw-
Vienna Railway Station appeared on the screen of the phone. The operation of the application was also checked for the



size of the orthophotomap recorded by the camera of the device by changing the scale on the map service and changing
the scale of the printout. Changing the print scale to a larger scale yields satisfactory results. If the scale is decreased a lot,
it depends on the camera’s distance from the marker, so here the results are not synonymous with both print tests and
using the map service on the laptop screen. When a distance of 10 cm between the mobile device and the marker was
kept, the application worked when using the scale 1:4000 and larger, both by registering the marker on the printout and
on the map service. The "DworzecWiedenski3D" application has been made available on the web at:
https://drive.google.com/file/d/1SN-KCYWAQB36ZsgBM_QMjkD3n4X_hB31/view.

On the basis of previously developed products, a coherent integrated application was created in the form of Story Map.
From among the ready-made templates, the "Map Journal" project was selected. 9 scrolling sections have been
developed in the application. Each of them refers to a different issue concerning a station. Each section consists of a
main window and a panel. The main window is the place where the illustrations, the interactive map and the
application are displayed, while the pivotable panel contains text that refers to the content of the main window, as well
as the story map control tools-buttons for section switching.

The first section contains a short introduction to the topic and the presentation of a historical object, and the next is a short
calendar of the most important events in the history of the Railway Station. The third section contains a developed
interactive map that displays the vector layer "Station Building" on the background of the base map. In this way, the
location of the object was shown in relation to the current surrounding. The user navigating in the main window has the
ability to change the scale, move the map, view the content of the database in the pop-up window, and access the legend.
In the next section there is a reference to the layer showing the layout of the premises of the Railway Station and the
building itself against the background of the base map. The fifth section in the main window contains layers referring to
the nearest station space against the background of the base map, while the sixth is a reference to the application
"Warsaw-Vienna Railway Station on the 19" Century Plan of Warsaw". The next section is a reference to the developed
3D model of the Vienna Railway Station (Fig. 9). The panel contains a link that will allow the user to open the Clock
Tower model in the CityEngine Web Viewer application. The 3D scene was not placed in the main window due to the
long initialization time. After clicking on the link, the scene is loaded in a separate window, and the user can still browse
the Story Map application, waiting for the selected 3D model to be displayed. In addition, there are references to
illustrations that show selected elements of the Warsaw-Vienna Railway Station model. The next Story Map section was
devoted to the developed AR application. The user can look through the reference to the video showing how the
application works. In addition, there are references to links, through which the application "DworzecWiedenski3D" and
instructions for its installation can be downloaded. The section also contains a reference to the target image, which is a
fragment of the orthophotomap of Warsaw. The application is publicly available on ArcGIS Online at the address:
https://arcg.is/0zXPSL.

Figure 9. Scene with 3D station model in Story Map (source: own work)



DISCUSSION AND CONCLUSION

The main question that can arise when developing the 3D model in the way described above is to ask about its accuracy.
The accuracy of the vector layers developed was undoubtedly affected by the calibration error of the Lindley plan and
the vectorization process. The accuracy of the polygon layers, which show the building of the Railway Station with the
division into parts and the arrangement of rooms inside it, is additionally influenced by measurement error and error
resulting from the method of rounding up the results. All these factors make it impossible to calculate a numerical
value, which would explicitly indicate the degree of compatibility of the developed database with the source material.
For this purpose, the law of error propagation in relation to the calibration process can be used, but it should be noted
that the overall error is additionally burdened with a number of errors referring to archival material that we do not
know, such as the error of map deformation or error of map scanning.

The criterion for the accuracy of the 3D model development determines the degree of compliance of the dimensions of
the building and its individual elements between the actual object and its model. The degree of compliance in the case
of a non-existent object can be estimated based on the analysis of source materials. It should be noted that only the
dimensions of the horizontal plane of the Warsaw-Vienna Railway Station come from a cartometrical source, i.e. from
the Lindley plan. The remaining dimensions, which were developed on the basis of figures included in the Great
Illustrated Encyclopaedia, are subject to errors in scanning, printing, measuring and estimating the scale. The adopted
dimensions very often did not result unambiguously from the measurement, but only constituted the author's
interpretation. The dimensions of the smallest decorative elements also constituted a subjective interpretation of the
authors based on materials that do not refer directly to the object being reproduced; however, they were adopted in order
to improve the aesthetic values of the modelled elements. It is therefore reasonable to assume that the accuracy analysis
could only be carried out on the dimensions of the horizontal plane of the model, which are the length and width of the
building. Other dimensions of the model, including the height of the station, the dimensions of the window recesses,
cavities of the entrance doors, balustrades, pillars, cornices and those decorative elements whose only purpose is to raise
the aesthetic value of the model should not be subject to analysis of accuracy because their dimensions were obtained by
estimation and interpretation in the course of the author’s own work.

This work attempted to reconstruct the 3D model of the Warsaw-Vienna Railway Station. Many elements were
unknown, due to the fact that the existing source materials made it impossible to unequivocally estimate the
dimensions of facade elements and their exact appearance. Nevertheless, it should be stated that it was possible to
develop a 3D model of the Railway Station, even with such limited source materials. It should be noted that the
developed 3D model contains a lot of decorative elements: pillars, balustrades, and window facade. The complexity of
the model undoubtedly influenced the size of the processed files, which encountered certain problems during
processing formats, importing into CityEngine software, creating 3D Scenes and creating AR applications, which can
be eliminated through the use of commercial, more efficient solutions

The paper also proposes a method of geovisualization of historical objects using AR technology. The AR application is
not devoid of errors. The quality of the displayed simplified 3D model should be improved, which would improve its
visual values. The advantage of the created application is the fact that it shows a non-existent object in relation to the
current space, which stimulates the user's imagination and can increase the interest in the issue.
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