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Abstract
The aim of the research was to create 3D cartographic visualization based on various sources and data types of an existing 
historical topographic object. The authors will present the stages of the research for the historical windmill located in Poland. 
The most recent surveying methods, such as GNSS method, low-level aerial photogrammetry and advanced IT tools, includ-
ing computer software, will be applied for this purpose. The sequence of research procedures adopted by the authors of this 
article allowed for the creation of a 3D model of the tested windmill and its implementation into the Internet environment. 
This allowed to increase the cartographic range of spatial information. In addition, the research results allow for the exten-
sion of research in the field of history and can be the basis for their implementation.

Keywords Windmill · UAV · Creating 3D model · Multimedia visualization of spatial features · Cultural heritage

Zusammenfassung
Das Hauptziel dieser Forschung war die Erstellung einer kartographischen 3D-Visualisierung, basierend auf verschiedenen 
Quellen und Datentypen eines vorhandenen historischen topographischen, Objekts. Die Verfasser dieses Artikels stellen 
die Phasen der Forschung für eine in Polen gelegene historische Windmühle dar. Zu diesem Zweck werden die neuesten 
Vermessungsmethoden wie die GNSS-Methode, die Photogrammetrie aus den niedrigeren Flugflächen sowie die fortgeschrit-
tenen IT-Tools, inklusive der Computersoftware, angewandt. Die von den Autoren gewählte Reihenfolge des Forschungs-
verfahrens ermöglichte die Erstellung eines 3D-Modells der untersuchten Windmühle und deren Implementierung in die 
Internetumgebung. Dieser Schritt trug zur Vergrößerung der kartographischen räumlichen Informationsreichweite bei. Die 
Forschungsergebnisse bieten darüber hinaus die Möglichkeit, die Forschung auf dem Gebiet der Geschichte zu erweitern 
und sie können eine Grundlage für deren Umsetzung sein.

Schlüsselwörter Windmühle · UAV · 3D-Modell erstellen · Multimediale Visualisierung der räumlichen Objekte · das 
Kulturerbe

1 Introduction

The landscape determinants of Wielkopolska region in pre-
industrial and early industrial times were, among others, 
windmills (Lorek and Medyńska-Gulij 2019). They had a 
great influence on the agro-industrial development of these 
areas. With the technological development in the produc-
tion of flour, these facilities have lost their importance due 

to displacement in favor of modern production plants, often 
located in larger urban agglomerations. It is worth not-
ing that the remains of windmills still bear witness to the 
agro-industrial nature of this area, thus providing tangible 
evidence of the cultural heritage of Wielkopolska region. 
Bearing in mind that many objects of this type are deterio-
rating or have completely disappeared from the landscape 
of Wielkopolska region, the authors of this study would like 
to propose a compiled method of documenting an existing 
windmills. In addition, the authors point out an important 
aspect of the cartographic presentation of the obtained data 
and their further sharing to expand the group of recipients, 
which may contribute to the development of the already 
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existing ones and carrying out new multidirectional scien-
tific research in the field of cultural heritage.

The way of visualising data on maps is changing along 
with the technological advancement. Not such a long time 
ago topographic objects used to be demonstrated solely by 
means of symbols representing one style in graphics. A 
map user could only imagine how a specific object really 
looked, search for its pictures or embark on a journey. For-
tunately for many people, the introduction of Street View to 
Google Maps was a breakthrough in terms of discovering 
such places (Leberl et al. 2009; Horbiński 2019). Since then, 
watching not only different places but also maps with 3D 
buildings, Augmented Reality or Virtual Reality views has 
become possible. Most of these opportunities concerned vis-
ualisation of the landscape elements present in the modern 
world. There are also cases in which the most recent tech-
nologies are used for visualising objects that are supposed 
to interblend with the present-day landscape in the future. 
Moreover, it is to be highlighted that field mapping and basic 
surveying, traditional for cartography, are not enough to pro-
duce as advanced visualisations as 3D models. In such case, 
it is necessary to employ the most recent technologies of 
spatial data collecting. To work out 3D models for larger 
areas, i.t. cities, LiDAR (Miřijovský and Langhammer 2015) 
and photogrammetry (Rossi et al. 2018) are commonly used. 
Both technologies allow one to generate point clouds on the 
basis of which 3D models are then created. Photogrammet-
ric products obtained by unmanned aerial vehicles consti-
tute the alternative to satellite and aerial views (Zhang and 
Kovacs 2012). At present, one may observe high demand 
for surveying relatively small areas of the earth’s surface 
and the employment of a classic aerial or metric photogram-
metric camera becomes uneconomical (Pérez et al. 2013), 
thus making the UAV technology an excellent alternative 
as a tool for obtaining low-level aerial imagery. In addi-
tion, unmanned aerial vehicles allow to register the Earth’s 
surface from a new perspective, thanks to that it is possible 
to conduct innovative research in various fields and to make 
detailed measurements of the land surface (Smaczyński and 
Medyńska-Gulij 2017). One of them may be the observa-
tion of the dynamics of movement of participants of mass 
events and their analysis based on designed cartographic 
visualizations (Medyńska-Gulij et al. 2020). Furthermore, 
the most recent achievements in digital image processing 
and a dynamically developing sector of cameras (Remon-
dino et al. 2016), by offering photogrammetric products with 
high definition and accuracy, encourage one to employ UAV 
technologies for collecting spatial data.

Creation of 3D cartographic visualization based on vari-
ous sources and data types of an existing historical topo-
graphic object has become the main focus of this article. 
During the implementation of the main goal, the authors 
used low-level aerial imagery and archival topographic 

maps. An important aspect of research is the process of 
combining geohistorical and geocomputational approaches 
(Wilson 2005; Wästfelt 2020). Combining both approaches 
in research reduces the disadvantages and highlights the 
advantages of both approaches, that is why this article is 
based on combining what is old (archival maps, existing 
historical topographic object) and what is new (images from 
a low altitude, way of presenting results) (Horbiński and 
Lorek 2020).

The issues raised by the authors of this study have been 
described in the past by other researchers. The analyzed 
research presents a different approach and research goals 
from those adopted in this article. Perez-Martin et al. (2011) 
in their research attempted to systematize the methodology 
of graphic documentation of windmills in Spain. The authors 
of the study used hand-drawn sketches, photograms, photo-
grammetric studies obtained with the use of classic manned 
aircraft and data obtained through basic field measurements 
to develop a graphic presentation of the windmill. The pro-
posed research methodology allowed for the development 
of an animated visualization of the examined object with 
the use of graphic computer software. Subsequent published 
studies concerned the considerations on the most appropri-
ate methods of graphic and metric documentation of agro-
industrial objects (Arias et al. 2006). In their study, the 
authors describe the short-range photogrammetry method 
based on photos obtained from the ground level with a 
digital camera. Moreover, Medyńska-Gulij and Żuchowski 
(2018) in their research attempted to design 3D maps based 
on archival 2D topographic maps, taking into account only 
the terrain surface. This article attempts to develop the previ-
ously described research in the preparation of documentation 
and the actual 3D cartographic presentation of the tested 
windmill.

The research methodology described in this article will 
be presented on the example of a windmill selected for the 
historical research. The authors assumed that the methodol-
ogy strongly depends on the geometrical properties of the 
tested object. Hence, in this study it was assumed that the 
methodology would be considered in the aspect of a free-
standing historical topographic object with relatively small 
dimensions. Moreover, the authors of the research speci-
fied two particular goals. The first one was to generate a 
3D model of a windmill on the basis of images obtained by 
unmanned aerial vehicles and compilation with 3D model 
terrain obtained on the basis of an archival topographic map. 
The combination of these two 3D models will highlight the 
cartographic nature of the activities during the documenta-
tion of the windmills. Thanks to the 3D cartographic visu-
alization created in this way, the user can experience the 
impression that accompanied the cartographer when creating 
the former topographic map of the examined object. The 
proposed solution increases the level of interactivity of the 
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shared data, which also directly influences the greater pos-
sibilities of exploring and discovering the information con-
tained therein (Kraak and Ormeling 2010). 3D maps in rela-
tion to 2D maps are characterized by a faster orientation of 
the user (viewer) in the field because real-world objects can 
be presented in a more realistic way (Nurminen et al. 2008). 
Therefore, the authors of this study decided to use low alti-
tude imagery to create a 3D model of the research object. 
This selection ensures the acquisition of photographic docu-
mentation of the object and the construction of an accurate 
3D model thanks to dedicated software, which additionally 
enables registration of its actual geometry and size, enabling 
remote measurements This type of data is extremely valu-
able for cultural heritage researchers and national services 
for the protection of monuments. The second goal was to 
implement the model created in the Internet environment. 
Currently, many methods are offered to present 3D carto-
graphic visualizations. One of them is virtual reality (VR) 
(Halik 2018). The challenge during reconstruction work in 
VR is to keep the amount of data small, but ensuring a suf-
ficient level of texture detail (Cöltekin et al. 2019). Unfor-
tunately, the equipment needed to use such a method limits 
the audience. This problem is partially solved by the pres-
entation of 3D cartographic visualizations in the augmented 
reality (AR) system. Due to the fact that this method uses 
a smartphone with a dedicated application, it allows you 
to increase the audience. However, the AR technology has 
shortcomings related mainly to the size of the files imple-
mented into the application (Virtanen and Oulasvirta 2015). 
The traditional presentation of 3D cartographic visualiza-
tions on the Internet (Horbiński and Medyńska-Gulij 2017) 
counteracts the problems with the size of files. It eliminates 
hardware imperfections on the recipient’s side, viewing is 
possible on many devices, such as a computer, laptop, tab-
let, smartphone, and offers the largest group of recipients, 
which is why the authors of this article decided to use this 
form of presentation of the obtained research results during 
the implementation of the second specific objective. Creat-
ing a geovisualisation of an existing historical topographic 
object entails a sequence of activities. The complexity of the 
conducted study required us to devise a specially designed 
workflow of the research process, illustrating the various 
research stages and file extensions of individual work results 
(Fig. 1). The individual components of the workflow will be 
described in more detail in later parts of the paper.

2  Study Area

The study was conducted in the western part of Poland, in 
the Greater Poland Voivodeship: in the Kamionka village. 
The research area selected, with a windmill in the centre, 
was of approximately 0.55 ha (Fig. 2). The choice of this 

research area was dictated by the assumptions given in the 
introduction regarding the characteristics of the considered 
object, i.e. a free-standing historical topographic object with 
relatively small dimensions. Currently, the area neighbours 
upon a farm, a square with a playground and a junction of 

Fig. 1  Designed workflow of the research process



36 KN - Journal of Cartography and Geographic Information (2021) 71:33–43

1 3

communal roads. Furthermore, the area is surrounded by 
arable land.

Messtischblätter from 1893, made at the scale of 
1:100,000, is the oldest cartographic source confirming the 
existence of a windmill in the village of Kamionka that the 
authors could find. To prove this fact, Fig. 3 also depicts a 
part of Ürmesstischblätter from 1830 confirming that the 
windmill was created or moved in 1830–1893. Other histori-
cal publications also failed to provide a specific date. The 
windmill, gradually dilapidating over the years, was bought 
by the local authorities of the Witkowo commune, renovated 
and reopened for visitors in 2014.

Due to its large scale and lack of contour lines present-
ing relief, Messtischblätter from 1893 will not be used in 
further stages of the creation of the online 3D model, with 

a fragment of Messtischblätter from 1911 at the scale of 
1:25,000 being used instead.

3  Data Acquisition

3.1  Equipment and Software

The authors of the research decided to create a virtual 3D 
model on the basis of low-level aerial imagery. The crucial 
task was to create a cartometric 3D model that would reflect 
the geometry and actual size of the object studied and could 
thus be used for all the necessary surveys. The unmanned 
aerial vehicle DJI Phantom Advanced + , equipped with the 
camera with 1″ CMOS matrix and the 20 Mpx lens. The 
platform used is equipped with Global Navigation Satellite 
Systems (GNSS), however, it is used only to secure the cor-
rect flight of the platform, which means that the platform 
fails to use corrections collected from reference stations to 
determine the position more accurately or save precise coor-
dinates for particular images. Moreover, the authors assumed 
that the model would be defined in the selected coordinate 
system so that it would be then possible to integrate it with 
other cartographic analyses. Such assumptions determined 
the necessity to carry out aerotriangulation of the images 
obtained on the basis of ground control points (Nex and 
Remondino 2014). The GNSS Trimble R4 model 3 of the 
receiver was used for surveying. The images were then con-
verted to the 3D form in the dedicated Agisoft Metashape 
Professional software.

3.2  Preparatory Stage

The first activity was to plan the flight path. In the research, 
it was conducted on the basis of orthophotomap obtained 
from a national geoportal (Fig. 1). The aim of preparing 
the flight path was to determine the procedure of obtain-
ing images and locations of ground control points. Digital 
photogrammetry is a technique that by the use of algorithms 

Fig. 2  Location of the studied area (background layer orthophotomap 
from national geoportal www.geopo rtal.gov.pl; coordinates of the 
studied area—WGS 84)

Fig. 3  Archival topographic 
maps presenting the historical 
object analysed

http://www.geoportal.gov.pl
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allows one to reconstruct land’s topography as a 3D model 
providing spatial information from visible elements on 
two or more images obtained from different perspectives 
(Westoby 2012). On the basis of the images obtained it is 
possible to receive point clouds of a very high definition 
along with Digital Terrain Model (DTM), orthophotomaps 
and accurate 3D models of the land’s surface (Colomina and 
Molina 2014; Clapuyt et al. 2017). The process of creating 
photogrammetric visualisations is usually conducted with 
the use of software with the Structure-from-Motion (SfM) 
algorithm that can calculate a 3D model on the basis of the 
sequence of overlapping images that record the modelled 
object from different perspectives (Westoby 2012). To be 
able to use the SfM algorithm in calculations, the authors 
of the research decided to obtain the images in such a way 
as to record the modelled object from all sides. Moreover, 
as Rossi et al. (2018) point out, taking into consideration 
the time necessary to prepare the model and its low costs, 
compared to classic photogrammetric techniques, the SfM 
model can be repeated on a regular basis and thus effectively 
used for monitoring and studying changes that occur on the 
particular area in a given time. The choice of 3D modelling 
with the use of the SfM algorithm, along with the designed 
flight path, imposed the necessity to obtain oblique images. 
The use of oblique images obtained using UAV technol-
ogy is particularly effective for registering cultural heritage 
objects, due to the possibility of reproducing their details 
during 3D modeling (Aicardi et al. 2016a, b).

During the preparation process, except for the suitable 
planning of the flight path, it is of great importance to plan 
the network of ground control points carefully (Eugster and 
Nebiker 2008; Wang et al. 2008; Barazzetti et al. 2010; 
Anai et al. 2012; Nex and Remondino 2014). According to 
Gonçalves and Henriques (2015), the GNSS receiver and 
the IMU system installed on the UAV’s platform are used 
mainly for navigation, stabilising the platform’s flight or the 
external orientation of the images obtained. Furthermore, 
Gonçalves and Henriques (Gonçalves and Henriques 2015) 
indicate that for photogrammetric use it is best to employ the 
GCP network. The process of aerotriangulation, based on 
GCPs assumed, is time-consuming but allows one to adjust 
the imagery to the particular coordinate system (Aicardi 
et al. 2016a, b; Gerke and Przybilla 2016; Padró et al. 2019). 
Salvini and others (2015) indicate that surveying GCPs is 
possible through tacheometric surveying, which provides the 
best angular and linear accuracy between GCPs. Real-Time 
Kinematic (RTK) measurements ensure obtaining satisfac-
tory measurement results, hence they are often used to meas-
ure photogrammetric control points (Clapuyt et al. 2016; de 
Kock and Gallacher 2016). It should be emphasized, that 
measurements of the GCPs with the use of RTK technology 
are possible only when we have access to differential cor-
rections. It is mainly related to the area of measurements. 

They differ in terms of access to the network of permanent 
reference stations and with access to the cellular network, 
through which corrections are sent with appropriate proto-
cols. When access to differential corrections is impossible, 
it becomes necessary to perform classic tacheometric meas-
urements. It should also be noted that while it is possible to 
perform satellite measurements, currently the measurement 
of the GCPs is possible through hybrid measurements using 
two techniques: tacheometric and satellite. Such a solution 
allows to obtain overtime observations, increasing the cer-
tainty of the measurement. Having considered the necessity 
to obtain oblique images to record the windmill from each 
angle as accurately as possible, it was established that the 
points should be located around the object, which would 
secure visibility of GCPs on all the images obtained. This 
approach resulted in establishing four GCPs on the opposite 
sides of the windmill along its diagonals, which allowed one 
to receive a particular “frame” in the centre of which the 
windmill was situated. The location of GCPs in the research 
area was demonstrated by white points in Fig. 4 (1–4 points).

Surveying each point included 30 periods with the record-
ing interval of 1 s and surface corrections from the nearest 
reference station, located by the vector of 23 km from the 
research area, were used during the process. Table 1 pre-
sents the levelled coordinates of GCPs. The coordinates of 
GCPs, obtained through RTK, were defined in the rectan-
gular PL-2000 coordinate system (zone 6) that was effective 
in Poland at the time.

Fig. 4  The location of ground control points (white dots) in the stud-
ied area



38 KN - Journal of Cartography and Geographic Information (2021) 71:33–43

1 3

3.3  Conducting the Flight

Weather conditions during the flight path were favourable. 
There was no rain, the wind speed was app. 4 m/s and the 
sky was clear. The flight took place at the average altitude 
of 35 m AGL, along the flight path on different ceilings and 
lasted app. 20 min. As a result of the flight path, 51 images 
of the 5472 × 3078 definition recording the windmill from 
all sides were obtained (Fig. 5).

3.4  Aerotriangulation

Aerotriangulation, whose aim was to define the images 
obtained in the selected coordinate system, was another 
stage of the research. The first step was to reconstruct their 
mutual internal orientation (Siebert and Teizer 2014). In 
the research, the images were adjusted to the same coordi-
nate system in which GCPs were defined. Reconstructing 
mutual internal orientation is possible thanks to EXIF files 

of the images obtained that include metadata describing 
the images. It allows one to determine their approximate 
location in space. Then, the mutual orientation of images 
was reconstructed again, however, this time on the basis of 
GCPs assumed that had been previously surveyed by means 
of GNSS. The Agisoft Metashape Professional software 
was used for this purpose. According to Uysal et al. (2015), 
the software mentioned is used particularly frequently for 
working out images obtained from UAVs and allows one to 
generate Digital Terrain Model and orthophotomaps in the 
coordinate system defined by the user. As a result of aerotri-
angulation based on GCPs, the value of RMSE, describing 
deviations between tie points and the points calculated from 
the photogrammetric model generated, was calculated. On 
the basis of the results from Table 2, one can conclude that 
point no 2 had the largest error (1.5 cm), and the smallest 
error was determined for point no 4 (0.8 cm). The average 
value of RMSE calculated for all GCPs was 1.2 cm.

3.5  Creating a 3D Model

The next stage of creating a 3D model of the windmill stud-
ied was to generate 3D point clouds based on low-level aerial 
imagery. In the research, the original size of the imagery 
obtained (i.e., 5472 × 3078 pixels) was used for the pur-
pose, which allowed to get 1 cm of ground sampling dis-
tance (GSD). The point cloud hereby obtained consisted of 
17,084,208 points and its density was 2310 point/m2. Then, 

Table 1  List of ground control points [m]

Nr X Y H

11 5813936.289 6488292.644 109.703
12 5813959.063 6488302.428 110.616
13 5813971.428 6488270.257 109.894
14 5813947.212 6488259.420 109.163

Fig. 5  Location of acquired images for further analysis
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using the point cloud, the 3D model of the land’s surface, 
consisting of 1,138,925 planes connected by 576,902 ver-
tices, was generated. Figure 6 demonstrates the model with 
the texture applied.

The 3D model, calculated in Agisoft Metashape Pro-
fessional, was exported to OBJ format in the WGS 84 
(EPSG:4326) coordinate system.

3.6  3D Model of Archival Map

Next, the 3D model of the archival map was created. The 
terrain included a small area around the windmill in the vil-
lage of Kamionka. To create the model, the authors used a 
part of Messtischblätter from 1911 at the scale of 1:25,000. 
The map included a contour line drawing of the 1.25 inter-
val (Lorek et al. 2018; Lorek and Medyńska-Gulij 2019; 
Cybulski et al. 2020). Each contour line was vectorised as a 
polygon (Fig. 7a) in QGis 3.12 (tracing) and assigned height 
in tabular data (Horbiński and Medyńska-Gulij 2017).

The vectors obtained were used for generating a digital 
elevation model (DEM). The authors employed the Rasterize 
(Vector to Raster) tool (Fig. 7b).

Then, the authors moved on to creating the 3D model, 
using the qgis2threejs plugin to QGIS 3.12. The plugin 

allows one to create a 3D model for the map in Raster or 
Vector format (Horbiński and Medyńska-Gulij 2017). It 
also makes it possible to insert other 3D elements (e.g., 
simple solid figures), however, for model files there are 
still problems with loading and, particularly, exporting the 
finished project. Therefore, the authors decided to create 
the 3D model of the archival map in qgis2threejs without 
inserting the previously created 3D model of the existing 
historical topographic object, namely the windmill. During 
the creation of the 3D model of the archival map the authors 
used the generated DEM onto which the archival map was 
applied. Resampling level was set at the value of 1 (Grid 
Size: 138 × 73 px, Grid Spacing: 0.00016 × 0.00016 px) to 
tone down the transition between particular heights assigned 
during vectorisation. Hence, the 3D model presented in 
Fig. 7c, which was then exported to the gITF format and 
will be used in the next stages, was produced.

4  Virtual 3D Model

The next step of data processing and creating the virtual 3D 
model was to connect the two elements created in previous 
stages, i.e., the 3D windmill model and 3D terrain model 
obtained on the basis of the archival topographic map. As the 
authors stated in the introduction, the combination of these two 
3D models will emphasize the cartographic nature of activities 
during the documentation of windmills. Thanks to the 3D car-
tographic visualization created in this way, the user can experi-
ence the impression that accompanied the cartographer while 
creating the old map. The proposed solution increases the level 
of interactivity of the shared data, which also directly affects 
the greater possibilities of exploring and discovering the 
information contained therein (Kraak and Ormeling, 2010). 

Table 2  The calculated aerotriangulating errors of the GCPs

Label X error (m) Y error (m) Z error (m) Total (m) Image (pix)

1 − 0.011 − 0.006 − 0.007 0.014 0.227
2 0.001 0.013 0.007 0.015 0.150
3 0.009 − 0.001 − 0.006 0.011 0.086
4 0.000 − 0.006 0.006 0.008 0.077
Total 0.007 0.008 0.007 0.012 0.144

Fig. 6  The generated terrain model with the applied texture
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Connecting was carried out in Blender 2.82 and exported to 
the glTF format. Thus, the 3D model of the windmill placed 
on the archival topographic map was implemented to the code, 
using the JavaScript software and the Three.js library (and 
two extra plugins, GLTFLoader.js and OrbitControls.js). This 
is how the fully interactive 3D model, ready for being posted 
on the Internet (Fig. 7d—the last stage of the workflow), was 
created. The authors are aware of the limitations that result 
from the use of the Three.js library and the file extension.glTF, 
among others, loading files as a whole or limited loading on 
mobile devices. Nevertheless, the use of the Three.js library is 
visible primarily in research whose important element of work 
is the presentation of results (Stanton et al. 2017; Benesha 
et al. 2020). Providing 3D cartographic visualization on the 
Internet increases the audience and may result in the improve-
ment of cultural awareness of the inhabitants of this region 
and more. Figure 8 shows the tested windmill before renova-
tion (Fig. 8a), after renovation (Fig. 8b) and the view in the 
application (Fig. 8c).

5  Conclusion and Future Work

Obtaining low-level aerial images of the existing his-
torical object, namely the windmill, allows one to pre-
pare its detailed photographic documentation. However, 

aerotriangulation of the imagery, obtained on the basis of 
GCPs surveyed with the use of GNSS RTK and the SfM 
algorithm (Westoby 2012), makes it possible to generate a 
detailed 3D model of the object recorded and the surround-
ing relief with the accuracy up to several millimetres (Tab. 
2). Currently, it is possible mostly due to specialist computer 
software, thanks to which visual data, obtained by UAVs, 
can be converted to digital form. Furthermore, according 
to Halik and Smaczyński (2018), the process of aerotrian-
gulation and the lowered RMSE value may be additionally 
controlled on the basis of independent GCPs that do not 
participate in the aerotriangulation process, allowing one 
to estimate the probability of the result with the credibility 
of 68%. The point cloud calculated in the research included 
17,084,208 points, resulting in the density of points at the 
level of 2310 points per each m2. The cloud was the basis 
for the 3D model of the historical windmill (Fig. 6), thus 
achieving the first particular goal. Creating a similar 3D 
model of the windmill along with its direct surroundings 
by the employment of classic land surveying techniques 
would be highly difficult and, above all, time-consuming. 
The results achieved in the research confirm high potential 
and usefulness of the UAV technology in work connected 
with modelling relief.

The 3D windmill model combined with the archival map 
allowed the authors to move on to programming. Using 

Fig. 7  a Vectorised contour 
lines for the area analysed; b 
digital elevation model of the 
area analysed; c 3D model, a 
fragment of the archival map; 
d virtual 3D model obtained 
thanks to the Three.js library
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the Three.js library (and two plugins, GLTFLoader.js and 
OrbitControls.js), the implemented the target 3D model on 
the Internet (Fig. 7d), thus achieving the second particular 
goal. The hereby created Internet 3D windmill model placed 
on the archival map is entirely interactive. The OrbitCon-
trols.js plugin allows anyone to view the model from each 
perspective.

Having met the two particular goals adopted for the 
research, the authors can conclude that also the main aim of 
the research. In a comprehensive manner, it was primarily 
possible to combine archival data obtained from topographic 
maps (Fig. 7c) with a 3D model of the windmill obtained on 
the basis of low-level aerial imagery (Fig. 6). This confirms 
the correctness of the research conducted by the authors by 
combining geohistorical and geocomputational approches 
(Wilson 2005; Wästfelt 2020). Research conducted by the 
authors allows to increase the degree of interactivity in the 
way spatial data is presented (MacEachren 1994), and also 
by placing this data on the Internet, where the potential reach 
of geovisual recipients is increased. At this point, it should 
also be pointed out that the technical infrastructure, which, 
in accordance with the assumptions of the INSPIRE Direc-
tive, is becoming more and more dynamically developing in 
Poland and throughout Europe, is to provide access to spatial 
data (Bielecka and Medyńska-Gulij 2015). The authors of 
this article indicate that in the future, thanks to this technical 
infrastructure, the studies implemented on the Internet, i.e., 

three-dimensional cartographic visualizations will be made 
available to a wider group of users, including researchers. 
Undoubtedly, such a situation would contribute to the faster 
development of various fields of science and economy.

However, the authors of this article wish to suggest some 
issues that are worth examining and expanding on in future 
studies. The first one would be to finish the windmill model, 
i.e. perfect its level of detail. One needs to mention here all 
the works aimed at improving the point cloud that repre-
sents the historical object recorded. This issue is strictly con-
nected with the camera used for obtaining low-level aerial 
images. Moreover, the authors indicate extending research 
aimed at increasing interactivity of the virtual 3D model 
of the historical object, through additionally programmed 
events—additional information about the facility. Follow-
ing in the footsteps of Edler et al. (2019a, b), the authors 
also consider extending their research with audio-visual 
elements that enable the user to perceive information with 
other senses, e.g., sounds. In future research, the authors of 
the article aim to attempt to visualize topographic data in a 
more immersive way, for example by using the VR HMD 
(Virtual Reality Head-Mounted Display) technology (Halik 
2018; Edler et al. 2019a, b). Additionally, in future studies 
the authors of this article will make an attempt to boost the 
coverage of the research and to increase the number of 3D 
objects on the map presented by adding extra elements, such 
as buildings, trees, etc. In addition, the authors in future 

Fig. 8  a Windmill before 
renovation—july 2012 (Source: 
Google Maps); b Windmill after 
renovation—october 2020; c 
windmill view in the application
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research intend to present the methodology for objects with 
a variety of geometries.
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