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advantages of employing 3D geo-visualizations in archaeology are
numerous and are examined within this article. Visual imaging aids
archaeologists in elucidating intricate or deficient details pertaining to a
monument, simultaneously streamlining archaeological data for easier
comprehension by the general public. The use of 3D geo-visualization to
represent data and other non-photorealistic details is expected to
dominate in the near future.
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1. Introduction

The representation of landscapes, monuments, or objects of archaeological and historical interest
with the assistance of computers and 3D graphics programs is not a novel concept. The term specific
to this emerging field was first proposed by Paul Reilly in 1990 and designated as "virtual"
archaeology [1]. What has evolved since then is the enhanced capacity of computers to generate
realistic models in significantly less time than previously required. This paper analyzes the latest
trends in 3D geo-visualization through a specific example, examining the advantages of employing
such methodologies in archaeology. The entire process is divided into two parts. The first part presents
the broader study area, showcasing archaeological finds and historical evidence conventionally. Maps
generated on a GIS platform analyze the collected data and are suitable for research purposes by
scholars. In the second part, the decision was made to visualize the same study area in a digital
environment through 3D geo-visualization. This section highlights the main aspects in which 3D geo-
visualization excels over conventional mapping through GIS in terms of visualizing the environment
and its data [2]-[4]. The study area is situated in the southwest Peloponnese in Greece (Fig. 1). The
peninsula of Coryphasium is a short distance (8 km) from the modern town of Pylos (Fig. 2). Pylos,
also known as Navarino, is a town in the prefecture of Messenia, Peloponnese region (Fig. 1). In Greek
mythology, Pylos is the home of the son of Poseidon; Neleus and his son Nestor are also mentioned
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in Homer. Beneath the ruins of the old castle (Palaiokastro), and in the wider area, lies the Ancient
city of Pylos from the Classical and Hellenistic eras [5]-[8].

Fig. 1. The location of the study area in Greece (Pylos marked by a red circle).

Pausanias, in his description of Greece, clearly delineates the location of Ancient Pylos at Cape
Coryphasium and the island of Sphacteria that extends in front of its harbor [9]. According to
Marinatos's research, the primary part of the settlement has been identified in the northern part of
Coryphasium Cape, beneath the 'Cave of Nestor.' Marinatos notes the presence of remains such as
walls, foundations of small houses, numerous shells dating from the Hellenistic and Classical eras,
and other minor artifacts [10]. He also makes reference to its Homeric history, stating, "In Pylos, there
is a temple of Athena Coryphasia and an old house that belonged to Nestor, in which there is a
representation of Nestor himself; there is also a tomb for him in the city, while another tomb at a short
distance from Pylos is said to be of his son Thrasymides. The so-called Tomb of Thrasymides is
identified as the Tholos tomb at the north end of VVoidokoilia Bay, which is in direct visual contact
with Coryphasium [10], [11]. Within the city, there is also a cave said to have served as a stable for
the cows of Nestor and before that, of Nileas [10], [12], [13]. The large cave, located in an inaccessible
position above the middle of the north slope of the Coryphasium peninsula, is known as the 'Cave of
Nestor." Findings from the interior are reported from throughout prehistory and the classical period
[11], [13], [14]. Pritchett hypothesizes that this area may have been the site of the temple of Athena
Coryphasia and the house of Nestor, as mentioned by Pausanias [14].

Fig. 2. (a) Aerial view of the wider area of Navarino Bay and (b) Palaiokastro in the peninsula of
Coryphasium (Source: Google Earth Images).

In fact, the so-called tomb of Thrasymides was identified at the end of the 19th century by the
English historian G.B. Grundy, but the first systematic excavation took place in the 1960s, conducted
by Greek archaeologist Spyros Marinatos [15], [16]. Marinatos believed it to be the burial monument
of Thrasymides, the son of the mythical king Nestor, as mentioned by Pausanias in his travels [14].
Although the tomb was only partially excavated, the remaining offerings provide insight into its
wealth, including stone arrows, two necklaces made of amethyst and sardium, four gold plates, two
small Mycenaean vases, and various other small objects [10]. All these artifacts can be mapped using
GIS and other mapping methodologies to represent life, social interactions, or trade in ancient cities
[17]. Data sets containing unique objects, such as coins or pottery, can be utilized to create different
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layers that can be combined to provide a more realistic depiction of life in Pylos or other significant
cities [18]. These layers can also be employed independently or in conjunction with 3D graphics in
museums or other settings for educational or entertainment purposes [19]. The methodology begins
with recording the most significant antiquities in the area, drawn from various literary sources [20]-
[23], and their spatial representation on maps using GIS and digital mapping, constituting the initial
step [24]. These maps will be used to illustrate the distinctions between conventional digital mapping
and the final product of the 3D geo-visualization technique. They also demonstrate how these maps
are processed to create 3D virtual worlds, offering diverse cultural applications and serving
educational purposes [25], [26]. Numerous platforms already exist that can host a 3D realistic terrain,
like the one presented here. Through the development of virtual worlds, students and other interested
parties can browse, interact, and learn about the cultural, historical, or archaeological elements of a
place in an engaging manner [27]. Conventional methods involve constructing various maps, such as
Digital Elevation Models, through the processing of satellite imagery or aerial photography (Fig. 3)
to represent details of a specific area of interest.

2. Method

Data encompass archaeological, remote sensing, various spatial data, and historical data. For
instance, archaeological data consist of objects documented during archaeological excavations, such
as tombs, walls, housing units (partial or complete), pottery, coins, statues, utensils, and tools that
provide insights into everyday activities and trade. Remote sensing data incorporate satellite images
used for generating a Digital Elevation Model (DEM) and its derivatives, including the Digital Terrain
Model (DTM) (refer to Fig. 3 and Table 1). Historical data may encompass newspapers, notes, diaries
of local or transit populations, and printed materials. The methods employed to create spatial datasets
for the aforementioned data types depend on the unique characteristics of each dataset and are
summarized below. The subsequent section provides a more detailed description of the utilization of
references in newspapers.

Table 1. Data and Methods

Data type Examples Methods Purpose

Walls, tombs, houses,

Archaeological tools, coins, jewelry,
pottery, utensils

Specialty GIS software such as
QGIS, ArcGIS,

Specialty software using
remote sensing data (e.g.

Create spatial data

Remote Sensing Satellite, drone, lidar ENVI. TerrSET/IDRISI, Create DEM (Fig. 3)
ERDAS/Imagine)
Various non-spatial and spatial
. S - methods to record these and Create data layer for
Various Historical Newspapers, notes diaries analysis or spatial data

assign geographical

coordinates when possible for spatial analysis

SATELLITE IMAGE DIGITAL TERRAIN MODEL

Fig. 3. Mapping through conventional methods (Left) Study area as captured by a satellite sensor and (right)
a DTM of the same area using GIS software.

George Malaperdas et.al (Mapping Art: 3D geo-visualization and virtual worlds....)



99 International Journal of Visual and Performing Arts ISSN 2684-9259
Vol. 5, No. 2, December 2023, pp. 96-105

L - = —S

A less conventional approach involves utilizing references from historical newspapers.
Specifically, by examining information extracted from the diaries and notes of early foreign travelers,
valuable insights are gained into Ancient Pylos, the capital of the mythical wise King Nestor. The
purpose of the presented methodology is to document historical occurrences and assess the area's
significance. The underlying idea of this methodology is that the reporting of certain information in
national vs. local newspapers could further emphasize the area's importance. With the above
considerations, an Excel spreadsheet was created featuring five columns, namely the date, the source
of the newspaper, the full title of the article, a brief description, and, finally, the full reference text

(Fig. 4).

Year Source Title Brief Description Original Test

189570 Ao, ap. i 1691, 05.08.1895: 2 [ ArOPA THZ MYAOY Apyatoloyuxai Epevvan, - Suvévreutis péRyyhov Gpxmohdyov |H ayopd tww Nukiuwv (84 tou yBuotpogeiov Ntakvi). Sty B Béon  [TYAOE, 2 Abyodotou Xdpw tiw dvayvwortiv
tpo €ttw ipd Exiv. « slpéf dyahua éx mwpivou MiBou naph yupwo, [col KAotewcy Eoyopey afpicpov
dveordiovTos T duneéy tou snootoypadudiv ouvévtevtw peté tod
napemBnuodvros kabnyntod tic
apraiohoyiag ol Navemornyiou tijc
[0£06p6ng, Mpcvn. Mokovd fito katixomog
¢ i épyasia, fiv b névee fipepiv
Bie€ayer 6 Suaxexpuaévog 0oddg,
edpevéonata g inebé@n. Mend tag
ouviiBens SeELioe APWTAOUUEV TV K.
v tév oKomdy ik &difeds tou, wic elne
& 511 AMBev évraiBa dnwg peherion
6o kal ei Suvarov bpion ov témov évb
i méhig Toll Néotopog, matedw BE bt
pyacia tou Béhe cloBau (sic) ey, b,
vopifw b dpuoe mpds tb Bopeiobutixdy
épog tob iybuotpodeiou (Nuahudvn) tiv
yopay iy Mukiwv. - Tobto ouviiBer,

b . [pévd kal ipdg
rpoyeveotépug dvaoxadds, B kat’ it
exdv eipéBn &yalya éx
rupivou hiBou Tapd ywpwod,

vaoxdmovrog Ty iunekd tov- Extdg
toutou éxelnou ebpioxouv kal orpepov ol
rwpuxol SexpuBoyoug hayrivout, Tote o x.
Fpevn i elyaplotnos Su thg
rAnpodopiac Kl g mapekdAea viTov

1896[To Ao, ap. hid. 2022, 06.07.1896: 3 [Nea THE nvAOY [Avaxdtugn apyaonity (kepap eveog onqhaiou Néotopag) AYAOZ, 4Toukiou Amb B i@ o éxalpog
i év ABrvawg yakhudig oyokig k. Pokav
wetd 0l axohouBolviog autdy k. Aipn,
npiinv Mauoparobixou ABnviv, éneoxéd@n
6¢ tiiv Earnpiav kai dha Té év aUth
apyaia @ kal t Nauapivov kai 1o eigTolg
npénoda aitel indpyov omAhaiov Tl
nepwougtdtou Broéw tii épButarog
k0w, &V i) ol dverdhuipe répapioy, nt
v yeypappva e, i
Jofi ovi

Fig. 4. Partial view of the catalog created in Excel with data collected from newspapers (content in Greek)

3. Results and Discussion

According to archival material from newspapers, the great Schliemann visited Pylos - after making
the great discoveries of Troy and Mycenae - in search of the mythical Kingdom of Nestor. This
occurred in 1888, just two years before his death. Perhaps if he had started sooner, Ancient Pylos
would have been excavated by now. Nonetheless, his detailed notes contained important information,
including observations of the Cyclopean walls on the Isle of Sphacteria. Another crucial piece of
information gathered from newspapers indicates that Pylos was frequently visited by high-profile
personalities of the time, such as the Russian ambassador in 1872 and the Prince of Hesse in 1899,
who explored the ancient ruins of Pylos. Printed materials report numerous foreign nationals traveling
through the area, revealing a strong attraction to the region. This interest was so intense that, for the
first time in 1901, a guard was appointed when antiquities theft was at its peak (Fig. 5).

Y Guard recruitment

1838 1872 1874 1888 1894 1895 1896 1898 1899 1900 1901 1902 1907

graph 1

Fig. 5. The graph highlights the most important information about the region as extracted from newspapers.
The X-axis shows the year an event was recorded and the Y -axis the number of newspaper publications.
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Visitor information and relevant details, collected from newspapers, were utilized to create a
density map and perform a more in-depth analysis of Ancient Pylos. Specifically, international
visitors' information was employed to illustrate mobility around Palaiokastro (using the Kernel density
method) and to identify areas of particular attraction (see Fig. 6). An inset map of the area was also
generated with five subdivisions. The purpose of these subdivisions was to facilitate easy
differentiation of areas with unique characteristics for future research of the area of interest. For
instance, Subsection 1 encompasses the Acropolis and its surrounding area, the largest hill where the
Franks built Palaiokastro in 1278. Palaiokastro was constructed atop the ruins of the ancient classical
Acropolis of Pylos. Subsection 2 represents the main part of the town (Pylos), while Subsection 3
covers the Southern Suburb, bordering Section 5 to the south and located at the site of the old port.
Section 4, to the east of that, designates the cemetery where the lagoon of Divari is interred (refer to
Fig. 6).

Fig. 6. Density map of collected reports extracted from archives (see text in a table in the lower right)
superimposed on the Ancient Pylos topographic map. The Inset map shows the division of the Pylos

3.1 Three Dimension (3D) Modelling

3D modeling is the process of generating graphics and images that appear to have three dimensions
[28]. Although the process is quite complex, the underlying idea is straightforward: 3D shapes (with
triangles being the simplest polygon) can be combined to create any shape. Each shape comprises
points and lines connecting those points, forming the skeleton of a model. Most illustration software
includes pre-made simple shapes such as cubes, cones, and spheres, which can be combined to
construct more complex objects. Any shape can be represented by a mosaic of polygons to create a
3D surface (e.g., TIN). A triangle is, by definition, a polygon, and DEMs can be created using triangles
(TIN). This approach is one way to create a DEM, which is vector-based. The topography of our area
of interest will be compared against our DEM, which serves as the "ground truth." The DEM used for
creating 3D models functions similarly to any other DEM used in a GIS, and the accuracy of our
model is determined based on this, while maintaining the georeference of the area. The accuracy of
the three-dimensional model depends not only on the quality of data used to create the DEM but also
on the different software and technology (see Fig. 7).

George Malaperdas et.al (Mapping Art: 3D geo-visualization and virtual worlds....)



101 International Journal of Visual and Performing Arts ISSN 2684-9259
Vol. 5, No. 2, December 2023, pp. 96-105

Fig. 7. High-Resolution Digital Elevation Model of the study area (accuracy 1 m).

A new landscape model can be generated from the DEM, representing the area of interest in space
in realistic ways [29]. The presentation of relief, whether smoother or rougher, depends on the purpose
and application of the final product. Specifically, the use of intense relief is often seen in video games
[30], where users find exaggerated relief desirable for easy visibility of mountains or flatter areas;
indeed, users are often attracted to this exaggeration (see Fig. 8). As with many applications, need and
desirability influence the end product in 3D graphics. There are many similarities in the end products
of video games, which involve the simulation of areas with cultural heritage and communication of
those in museums and other media [31].

Fig. 8. Generated Elevation Intensity using GIS tools and specialty software. Different relief exaggeration is
demonstrated in the 4 images.

Additionally, digital 3D models are easily viewable from various angles and sides, if necessary,
through 3D rotation [32]. In many cases, the creator of the model aims to emphasize the attributes
of a monument that are best observed from different viewing angles (see Fig. 9).

- -
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Fig. 9. 3D Model Rotation allows the display of each model from a different viewer perspective.

Another significant application involves the capability to select a relief that simulates the
appearance of different climate zones, coupled with the elevation profile. This feature can be valuable
in interpreting habitual characteristics of people in ancient or historical settlements and/or
understanding changes in human behavior throughout history influenced by climatic changes. In our
area of interest, we have chosen various color palettes within Adobe Photoshop software to illustrate
different climate zones, providing examples of colors and their meanings (see Fig. 10). Adobe
Photoshop offers an extensive array of reliefs to choose from, ranging from classic to specialized ones
with bold colors and vintage effects [33]. This abundance of options within the Adobe software
facilitates the construction of a variety of 3D models and maps for numerous applications [34] (refer
to Fig. 10). For instance, depending on the type of map we intend to render, we can use the most
suitable background that aligns with its theme. For a historical map, the background can be a vintage
one, while for a more modern map, we can employ a different shading technique based on our
preferences [35].

Fig. 10. Different terrain gradation to mimic the look of different climate zones, along with the elevation
profile.

3.2 The final 3d Map

Ideally, the final result of 3D geovisualization is a map of an entire region (AOI). In our case study,
we present an image that has been georeferenced (properly placed in space), while retaining the
topographic features of the area based on the primary DEM data we provided earlier (see Fig. 11).
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Fig. 11. The final 3D map.

At the same time, our digital product encompasses all the primary and secondary information
typically found on a map: (1) the map title, (2) a north arrow, (3) an inset map depicting the study
area's location in Greece; (4) a legend; (5) and potentially other graphics on the map, such as trees or
clouds in the sky; (6) additional points of interest; (7) a realistic terrain, and optionally; (8) a box with
general information related to the created map, (9) a destination description indicating the coordinates
of Ancient Pylos and specifying the projection system used; (10) a graphical map scale; and finally,
(11) a helpful model displayed in the left corner of the map. This model aids in quickly understanding
the dimensions of each feature on the map, the altitude presented both metrically and in relation to the
rest of the terrain, and provides directional information. Additionally, (12) users have the flexibility
to choose any background they prefer to use (see Fig. 12).

Legend

1. Title

gital ng 084 « Pylos - Conmphasium)
. L L nedes Tholos Tomb
@ 2North Arrow L |
p h4legend N
,1’ NR—
5. More Graphics

- 3Map of Study Area e 08

Fig. 12. Final map with explanations added as an additional text element in addition to the standard map
constructs (legend, north arrow, etc.).

4. Conclusion

To summarize, understanding the importance of three-dimensional representation in landscapes
concurrently with the ongoing development of 3D data and technology is crucial. Geoinformatics
professionals often create maps for analytical or decision-making purposes, but the focus on
enjoyment or artistic expression can sometimes be overlooked. While GIS tools are powerful for
professionals, it is also beneficial to have the opportunity to work on maps in environments that allow
for a more leisurely or creative process. The distinct advantages of 3D geo-visualization over two-
dimensional space lie in the heightened realism it offers, acknowledging that the world we live in
comprises more than two dimensions. Visual imaging aids scientists in clarifying challenging or
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fragmentary information about a monument, while also simplifying archaeological information
through visualization for the end user (public). The use of GIS tools enables the combination of
various layers and types of information (images, vector data, raster data) to create a complex model
that better represents our world and the surrounding space. Furthermore, three-dimensional geo-
imaging provides a dynamic and interactive environment, considered more flexible. This environment
assists users in managing scene elements, altering views, adjusting parameters, processing data, and
easily observing the results of these changes. With numerous useful browsing skills and the ability to
use multimedia to create a map, a virtual world can be effortlessly generated.

Acknowledgment

The author would like to thank the Department of History, Archaeology and Cultural Resources
Management, University of The Peloponnese, Kalamata, Greece, and Urban Environmental Policy
and Planning, Tufts University, Medford, Massachusetts, United States, Poland, for the granted
support.

Declarations

Author contribution : All authors contributed equally to the main contributor to this
paper. All authors read and approved the final paper.
Funding statement : None of the authors have received any funding or grants from any
institution or funding body for the research.
Conflict of interest :  The authors declare no conflict of interest.
Additional information : No additional information is available for this paper.
References

[1] P. Reilly, “Towards a virtual archaeology,” in Computer Applications in Archaeology, 1990, pp. 133—
139.

[2] E.-E.Papadopoulou, A. Papakonstantinou, N. Zouros, and N. Soulakellis, “Scale-Variant Flight Planning
for the Creation of 3D Geovisualization and Augmented Reality Maps of Geosites: The Case of Voulgaris
Gorge, Lesvos, Greece,” Appl. Sci., vol. 11, no. 22, p. 10733, Nov. 2021, doi: 10.3390/app112210733.

[3] A. B. Cahyono, Y. Budisusanto, and H. Hidayat, “Geovisualization of 3D Modeling Representation of
Topographic Relief Based on Open Source GIS,” IOP Conf. Ser. Earth Environ. Sci., vol. 731, no. 1, p.
012023, Apr. 2021, doi: 10.1088/1755-1315/731/1/012023.

[4] F. Lafrance, S. Daniel, and S. Dragievi¢, “Multidimensional Web GIS Approach for Citizen
Participation on Urban Evolution,” ISPRS Int. J. Geo-Information, vol. 8, no. 6, p. 253, May 2019, doi:
10.3390/ijgi8060253.

[5] N. Yialouris, “The Hellenistic Cemetery of Yialova-PalaioNavarino (Coryphasium) AD, vol. 221.” pp.
64-165, 1966.

[6] G.N.B. Korres, “Installation Memories from Prehistoric Era.” Messenian Flash J, pp. 48-50, 2000.

[71 R.N. Scoon, “Antiquities and Archaeological Sites of the Peloponnese and Zakynthos, Greece,” in The
Geotraveller, Cham: Springer International Publishing, 2021, pp. 219-243. doi: 10.1007/978-3-030-
54693-9 11

[8] G. Malaperdas and D. Panoskaltsis, “The Naval Base of Navarino: Mapping the Fortifications of the
Italians in Pylos,” in International Conference on Transdisciplinary Multispectral Modeling and
Cooperation for the Preservation of Cultural Heritage, 2022, pp. 149-163, doi: 10.1007/978-3-031-
20253-7_13.

[9] H. F. Tozer, Lectures on the Geography of Greece by the Rev. Henry Fanshawe Tozer: With Map. J.
Murray, 1873.

[10] S. Marinatos, “Excavation of Pylos: Korifassion, PAE 1958.” Athens, pp. 202206, 1965.

[11] W. A. McDonald and R. H. Simpson, ‘“Prehistoric Habitation in Southwestern Peloponnese,” Am. J.
Archaeol., vol. 65, no. 3, pp. 221-260, Jul. 1961, doi: 10.2307/501685.

[12] C. Habicht, Pausanias’ Guide to Ancient Greece. University of California Press, 1985. doi:
10.1525/9780520342200

George Malaperdas et.al (Mapping Art: 3D geo-visualization and virtual worlds....)


https://doi.org/10.3390/app112210733
https://doi.org/10.1088/1755-1315/731/1/012023
https://doi.org/10.3390/ijgi8060253
https://doi.org/10.1007/978-3-030-54693-9_11
https://doi.org/10.1007/978-3-030-54693-9_11
https://doi.org/10.1007/978-3-031-20253-7_13
https://doi.org/10.1007/978-3-031-20253-7_13
https://doi.org/10.2307/501685
https://doi.org/10.1525/9780520342200

105 International Journal of Visual and Performing Arts ISSN 2684-9259
Vol. 5, No. 2, December 2023, pp. 96-105

[13] J. G. Frazer, Pausanias’ Description of Greece (6 vols., London). 1898.

[14] J. F. Cherry, S. E. Alcock, and J. Elsner, Pausanias: travel and memory in Roman Greece. Oxford
University Press, 2001.

[15] G. B. Grundy, “An Investigation of the Topography of the Region of Sphacteria and Pylos,” J. Hell. Stud.,
vol. 16, pp. 1-54, Nov. 1896, doi: 10.2307/623939.

[16] R. M. Burrows, “Mr. G. B. Grundy on Pylos and Sphacteria,” J. Hell. Stud., vol. 18, pp. 345-350, Nov.
1898, doi: 10.2307/623734.

[17] G. Malaperdas and A. Sarris, “Communication networks in archaeology: The case of Mycenaean
Messenia,” J. Archaeol. Sci. Reports, vol. 51, p. 104155, Oct. 2023, doi: 10.1016/j.jasrep.2023.104155.

[18] G. Malaperdas, C. Maggidis, E. Karantzali, and N. Zacharias, “Field Surveying, Geostatistical and GIS
Methods in Archaeology. The Mycenaean Spercheios-Valley Project (MY. SPE. AR. Project 2018-
2022),” Journal of Archaeology and Anthropology. 2023, doi: 10.33552/0AJAA.2023.04.000600.

[19] D. A. Loaiza Carvajal, M. M. Morita, and G. M. Bilmes, “Virtual museums. Captured reality and 3D
modeling,” J. Cult. Herit., vol. 45, pp. 234-239, Sep. 2020, doi: 10.1016/j.culher.2020.04.013.

[20] W. A. McDonald and R. H. Simpson, “Further Exploration in Southwestern Peloponnese: 1962-1963,”
Am. J. Archaeol., vol. 68, no. 3, pp. 229-245, Jul. 1964, doi: 10.2307/502386.

[21] B. Weiss, “The decline of Late Bronze Age civilization as a possible response to climatic change,” Clim.
Change, vol. 4, no. 2, pp. 173-198, Jun. 1982, doi: 10.1007/BF02423389.

[22] J. Hooker, Mycenaean Greece (Routledge Revivals). Routledge, 2014. doi: 10.4324/9781315796666

[23] R. H. Simpson, Mycenaean Messenia and the Kingdom of Pylos. INSTAP Academic Press, 2014. doi:
10.2307/).ctt1287h0q

[24] G. Malaperdas and N. Zacharias, “The habitation Model Trend Calculation (MTC): A new effective tool
for predictive modeling in archaeology,” Geo-spatial Inf. Sci., vol. 22, no. 4, pp. 314-331, Oct. 2019, doi:
10.1080/10095020.2019.1634320.

[25] H. Cecotti, “Cultural Heritage in Fully Immersive Virtual Reality,” Virtual Worlds, vol. 1, no. 1, pp. 82—
102, Sep. 2022, doi: 10.3390/virtualworlds1010006.

[26] A. Theodoropoulos and A. Antoniou, “VR Games in Cultural Heritage: A Systematic Review of the
Emerging Fields of Virtual Reality and Culture Games,” Appl. Sci., vol. 12, no. 17, p. 8476, Aug. 2022,
doi: 10.3390/app12178476.

[27] E. Champion and H. Rahaman, “Survey of 3D digital heritage repositories and platforms,” Virtual
Archaeol. Rev., vol. 11, no. 23, pp. 1-15, Jul. 2020, doi: 10.4995/var.2020.13226.

[28] G. V. Herman et al., “3D Modeling of the Cultural Heritage: Between Opportunity and Necessity,” J.
Appl. Eng. Sci., vol. 10, no. 1, pp. 27-30, May 2020, doi: 10.2478/jaes-2020-0005.

[29] L. Polidori and M. El Hage, “Digital Elevation Model Quality Assessment Methods: A Critical Review,”
Remote Sens., vol. 12, no. 21, p. 3522, Oct. 2020, doi: 10.3390/rs12213522.

[30] A. Y. Chang, Playing nature: Ecology in video games. University of Minnesota Press, 2019. doi:
10.5749/j.ctvthhd94

[31] E. Galinet al., “A Review of Digital Terrain Modeling,” Comput. Graph. Forum, vol. 38, no. 2, pp. 553—
577, May 2019, doi: 10.1111/cgf.13657.

[32] X. Liu, “Three-Dimensional Visualized Urban Landscape Planning and Design Based on Virtual Reality
Technology,” IEEE Access, vol. 8, pp. 149510-149521, 2020, doi: 10.1109/ACCESS.2020.3016722.

[33] M. Farmakis-Serebryakova and L. Hurni, “Comparison of Relief Shading Techniques Applied to
Landforms,” ISPRS Int. J. Geo-Information, vol. 9, no. 4, p. 253, Apr. 2020, doi: 10.3390/ijgi9040253.

[34] T. Patterson, “Mountains Unseen: Developing a Relief Map of the Hawaiian Seafloor,” Cartogr.
Perspect., no. 76, pp. 5-18, Oct. 2014, doi: 10.14714/CP76.859.

[35] A. Serrano etal., “The effect of shape and illumination on material perception,” ACM Trans. Graph., vol.
40, no. 4, pp. 1-16, Aug. 2021, doi: 10.1145/3450626.3459813.

George Malaperdas et.al (Mapping Art: 3D geo-visualization and virtual worlids....)


https://doi.org/10.2307/623939
https://doi.org/10.2307/623734
https://doi.org/10.1016/j.jasrep.2023.104155
https://doi.org/10.1016/j.culher.2020.04.013
https://doi.org/10.2307/502386
https://doi.org/10.1007/BF02423389
https://doi.org/10.4324/9781315796666
https://doi.org/10.2307/j.ctt1287h0q
https://doi.org/10.1080/10095020.2019.1634320
https://doi.org/10.3390/virtualworlds1010006
https://doi.org/10.3390/app12178476
https://doi.org/10.4995/var.2020.13226
https://doi.org/10.2478/jaes-2020-0005
https://doi.org/10.3390/rs12213522
https://doi.org/10.5749/j.ctvthhd94
https://doi.org/10.1111/cgf.13657
https://doi.org/10.1109/ACCESS.2020.3016722
https://doi.org/10.3390/ijgi9040253
https://doi.org/10.14714/CP76.859
https://doi.org/10.1145/3450626.3459813

