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Abstract

There is a need in the humanities for a 3D WebGIS with analytical tools that allow re-

searchers to analyze 3D models linked to spatially referenced data. Geographic In-

formation Systems (GIS) allow for complex spatial analysis of 2.5D data. For exam-

ple, they offer bird’s eye views of landscapes with extruded building footprints, but 

one cannot ‘get on the ground’ and interact with true 3D models from a pedestrian 

perspective. Meanwhile, 3D models and virtual environments visualize data in 3D 

space, but analytical tools are simple rotation or lighting effects. The MayaArch3D 

Project is developing a 3D WebGIS—called QueryArch3D—to allow these two dis-

tinct approaches to ‘talk to each other’ for studies of architecture and landscapes—in 

this case, the eighth-century Maya kingdom of Copan, Honduras. With this tool, re-

searchers can search and query, in real time via a virtual reality (VR) environment, 

segmented 3D models of multiple resolutions (as well as computer-assisted design 

and reality-based) that are linked to attribute data stored in a spatial database. Beta 

tests indicate that this tool can assist researchers in expanding questions and devel-

oping new analytical methods in humanities research. This article summarizes the 

results of a pilot project that started in 2009, with an art historian and an archaeolo-

gist’s collaborative research on the ancient Maya kingdom and UNESCO World Her-

itage site of Copan in Honduras—called MayaArch3D. The project researches inno-
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1 The Gap between GIS and 3D Modeling 

Systems

1.1 3D modeling
Modern sensor and computing technologies are 

changing the practice of art history and archaeol-
ogy because they offer innovative ways to docu-
ment, reconstruct, and research the ancient world 
in 3D (El-Hakim et al., 2008; Reindel and Wagner, 
2009). State-of-the-art imaging technologies allow 
researchers to document 3D objects to the level of 
the micron (e.g. Grün, 2008), whereas Virtual Real-
ity (VR) simulation programs enable reconstructions 
of ancient buildings in their ancient environments 
and landscapes. However, as Frischer has noted 
(2008), the perception is that 3D models are purely 
illustrative—ideal for education or conservation—
whereas how 3D models can assist with compara-
tive research on architecture is an ongoing question. 
Since 1998, Jennifer von Schwerin has addressed this 
question for ancient Maya architecture when she be-
gan collaborating with Harvard University archae-
ologists to analyze the collapsed façade sculpture 
of an eighth-century temple at Copan, Honduras, 
called Temple 22 (Ahlfeldt 2004; Fash 2011b; von 
Schwerin 2011a). As an art historian, von Schwerin 
seeks to correlate political and social changes in an-
cient Maya kingdoms with developments in archi-
tectural form over space and time. But the first chal-
lenge is simply to bring together data on the temple 
that is spread around the world in various archives 

and museums and to determine how the building 
once appeared in the past. To test her reconstruc-
tions, von Schwerin turned to digital 3D tools. 

Different methods are possible for creating 3D 
models of ancient monuments—such as computer 
graphics, procedural modeling (models created from 
sets of rules), and reality-based modeling (mod-
els created from real-world data such as laser scan-
ning)—and increasingly, these are being combined 
to create multi-resolution 3D reconstructions. Al-
though this combination can expand research pos-
sibilities, it is critical to identify optional modeling 
techniques based on researcher needs and to define 
the workflow for dealing with multi-resolution mod-
els in a 3D WebGIS tool. The MayaArch3D project is 
addressing this by creating test data of multi-resolu-
tion 3D models from Copan, including various 3D 
simulations of Temple 22 (Remondino et al., 2009, 
von Schwerin et al., 2011b). The 3D models are being 
generated at different levels of detail (LoD) and reso-
lutions ranging from individual buildings to archae-
ological complexes using methodologies based on 
image data acquired with passive sensors (e.g. digi-
tal cameras), range data acquired with active sensors 
(e.g. laser scanning), classical surveying, and proce-
dural modeling using existing maps. The choice de-
pends on the required accuracy, object dimensions 
and location, the surface characteristics, the team’s 
level of experience, the project’s budget, and the final 
goal. For example, computer-assisted design (CAD) 
models such as the 3D Studio Max model of Temple 

vative approaches to integrate GIS, 3D digital models, and VR environments online 

for teaching and research on ancient architecture and landscapes. It has grown into 

an international, interdisciplinary project that brings together art historians, archae-

ologists, and cultural resource managers with experts in remote sensing, photogram-

metry, 3D modeling, and VR. The Start Up Phase was funded by two National En-

dowment for the Humanities, Digital Humanities Start-Up grants to the University 

of New Mexico (PI: Jennifer von Schwerin) and developed and beta tested a pipeline 

and prototype 3D WebGIS—called QueryArch3D. The prototype version is available 

at http://Mayaarch3d.org/project-history/). Project results indicate that it is possi-

ble to bridge the gap between 3D and GIS to create a resource for researchers of Maya 

architecture to compare and analyze 3D models and archaeological data in the con-

text of a geographically referenced, VR landscape. 
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22 depicted in Figures 1 and 2 offers the ability to test 
hypothetical reconstructions and to analyze a build-
ing from multiple perspectives (e.g. bird’s eye, exte-
rior versus interior view) with rotation or lighting 
effects (Figure 3).1 Reality-based models created us-
ing active and passive sensors allow for comparison 
against CAD reconstructions (Figs 4 and 5). VR such 
as this low-resolution SketchUp model of Copan’s 
landscape (Figure 6)—created using georeferenced 
building footprints—provides an urban context for 
high-resolution 3D models of individual structures 
and allows users to virtually navigate through an-
cient cities and landscapes and to increase their 
awareness of mass, space, and spatial relationships. 
This interaction facilitates a sense of embodiment 
and place (Forte and Bonini, 2010), and it also is use-
ful for visualizing the results of archaeological re-
search—for example, an affiliated project is working 
to display the results of archaeoastronomical studies 
at Copan (see Figure 10). 

These are just a few reasons that counter the 
common perception that 3D models are purely il-
lustrative (e.g. Frischer and Dakouri-Hild, 2008). In-
creasingly, projects are demonstrating the value of 
3D models for scientific analysis. Researchers devel-
oping tools for viewing and analyzing sophisticated 
3D architectural models include the two big VR en-
vironment re-creation laboratories—the Experimen-
tal Technology Center at University of California, 
Los Angeles and the Institute for Advanced Tech-
nology in the Humanities at the University of Vir-
ginia, who have collaborated on the project ‘Rome 
Reborn’ (romereborn.frischerconsulting.com). In Eu-
rope, 3D models of architecture are used to analyze 
building plans and phases [for instance, the proj-
ects on Roman emperor palaces in Rome and Ser-
bia (Weferling et al., 2001) and analyses of the Co-
logne cathedral (Schock-Werner et al., 2011)]. More 
recently, a few researchers have begun to explore 
how digital models might be used for comparative 
online research. One example is Stephen Murray’s 
“Mapping Gothic France” project—a collaborative 
project linking text, Quick Time VR, and 2D and 3D 
images to an interactive map of Gothic cathedrals. 
One promising opportunity—the approach taken 
by the MayaArch3D Project—is to use 3D models 
as visualization “containers” for different kinds of  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
information (Manferdini et al., 2008). These re-
cent advantages have initiated a broader interest 
in 3D modeling for archaeology and cultural heri-
tage, which is evident at conferences such as CAA  

Figure 1. The 3D low-resolution CAD model of Temple 
22 used for testing hypothetical reconstructions integrated 
with high-resolution reality-based 3D models of architec-
tural sculpture (3D model created by F. Galezzi) 

Figure 2. Preliminary high-definition model of Temple 22 
used to test the process of integrating various data sources 
into the reconstruction process. (3D model by R. Maqueda 
and J. von Schwerin) 
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(Computer Applications and Quantitative Meth-
ods in Archaeology), CIPA (International Commit-
tee for Documentation of Cultural Heritage), and 
the recently founded peer-reviewed journal Digital 
Applications in Archaeology and Cultural Heritage. 

1.2 3D models in ancient American archaeology
Most applications of 3D archaeology focus on 

archaeological sites in Europe or the Middle East; 

however, the acquisition of reality-based data for 
3D models also is increasing for the archaeology 
of the ancient Americas (e.g. Reindel and Wagner, 
2009; Lambers et al., 2007). As for current 3D proj-
ects that deal with the remains of the ancient Maya 
specifically, some are engaged with high-resolution 
scanning of individual sculptures for conservation 
and analysis and are considering ways to offer them 
online. These include Harvard University’s Cor-
pus Project (Tokovinine and Fash, 2008; Fash 2011a, 
2012), the MayaArch3D Project summarized here 
(see also Remondino et al., 2009), and the Mesoamer-
ican Three-Dimensional Imaging Database (Doering 
and Collins, 2009) (http://www.famsi.org). Other 
web-based applications, like CyArk, use Google 
Earth and make point clouds available of whole 
Maya structures (http://archive.cyark.org). Mean-
while, some archaeological projects in the Maya area 
have published static maps on the web with links 
to still views of 3D reconstructions (http://www.
papacweb.org/copan.html), whereas other proj-
ects such as the Palenque Map provide interactive 
maps with Quick Time VR panoramas as well as 
fly-throughs of 3D buildings (http://learningob-
jects.wesleyan.edu/palenque/explore/). The Maya 
Skies project has gone further to link 3D reconstruc-
tions and animations of buildings not only to a map 
but also to an archaeological database (http://Ma-
yaskies.net). The La Blanca Project in Petén, Guate-
mala, an archaeological project carried out by the 
University of València, the Polytechnical University 
of València and the University of San Carlos in Gua-
temala since 2004 (http://www.uv.es/arsMaya), 
also has linked scanned data with simulated models 
of ancient buildings created in CAD programs such 
as 3DStudioMax or SketchUp and has built proto-
types of online tools to analyze the 3D data and to 
display the results of excavations and hypothetical 
reconstructions. Such 3D visualizations obviously 
are effective ways to educate the public about Ma-
yan cultural heritage. One can even now download 
apps of reconstructions of Maya temples (http://
www.Maya-3d.com) for use on mobile devices. In 
sum, 3D documentation is becoming a new standard 
for accurate, reality-based archaeological documen-
tation, research, and visualization of results in Maya 
archaeology. 

Figure 3. Interior views of high-definition model of Tem-
ple 22 used to simulate lighting in the interior rooms. (3D 
model created by R. Maqueda) 
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1.3 Limitations of 3D models for archaeological 
and art historical inquiry

The dissemination of these 3D data or products, 
however, still is limited due to developing coun-
tries’ limited access to hardware, software, and suf-
ficient band-width. The 3D models therefore pres-
ent challenges for enabling public access and longer 
term digital use/preservation (e.g. copyright issues 
or large files sizes that make them difficult to visu-
alize via the web), and as a result they often only 
are published via 2D images in printed journals. 
Thus, most 3D models cannot be measured or com-
pared with each other in any way, and it is difficult 
to share source models between users. Moreover, 
although powerful 3D visualization tools do ex-
ist, they implement either no or only limited query 
functionalities for data retrieval. Additionally, most 
3D models themselves are not digitally linked to sci-
entific data and not contextualized in their broader 
spatial and/or temporal context. 

These limitations become problematic when an 
art historian or archaeologist, for example, wants to  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
analyze a temple within its urban context to under-
stand its relationship to other temples, and changes 
in temple and urban design through time. To re-
veal spatial and temporal patterns, scholars need to 
be able to compare structures in both quantitative 
and qualitative ways and to analyze them within 
their larger spatial and temporal context, and along 
with their associated archaeological data (Robertson  

Figure 4. Results from unmanned helicopter flights over the East Court of Copan and Temple 22 to capture images for 
aerial photogrammetry. Right: Surface model with 5 cm resolution. Left: Orthophoto with 1 cm resolution. (Graphic: H. 
Eisenbeiss) 

Figure 5. Reality-based 3D model of Temple 22 generated 
from laserscan data. (Graphic: F. Remondino)
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et al., 2006). For example, a research project com-
paring temples built >100 years at Copan and com-
missioned by three different rulers. These temples 
were part of an urban context, and surely their 
messages were intended to convey to a larger audi-
ence throughout the city; therefore, we need a tool 
that will examine the temples at multiple scales 
and perspectives and allow us to address ques-
tions such as: how did the messages change, or the 
intended audiences change, between the reigns’ of 
different rulers? How were temples, similar or dif-
ferent in their relationship to the natural landscape, 
or to the urban settlement at large? Specific meth-
ods of inquiry that such a tool could assist with 
would be: 

1. Distribution (Figure 7): How did the distribution 
of freestanding monuments such as stelae in 
space and time between the reigns’ of differ-
ent rulers? What were the spatial and temporal 
distribution of forms, symbolism, and texts? Do 
patterns exist between the content and spatial 
location (interior, exterior, lower story/upper 
stories, etc.) of motifs/glyphs on the temples 
that inform on message and audience? 

2. Accessibility (Figure 8): Which residential groups 
had the easiest access to the temples? What 
were possible ritual procession routes between 
ceremonial sites, and what was their relation-
ship to natural features in the landscape such 
as mountains or springs? What was the acces-
sibility of ceremonial sites in comparison with 
residential sites and in relation to temples in 
the civic-ceremonial center as well as the nat-
ural landscape? 

3. Visibility (Figure 9): What was the overall vis-
ibility of hypothesized civic-ceremonial sites 
(e.g. Group 8L-10), visual connections between 
civic-ceremonial sites as well as to which social 
groups they were most visible? Which temples 
were more visible from the elite residences to 
the East? How could visibility inform us about 
possible boundaries for ritual activities? 

4. Orientation to the urban and natural landscape (Fig-
ure 10): What was the spatial alignment of tem-
ples in relation to (1) other ceremonial struc-
tures in the urban landscape and (2) mountain 
peaks and horizon markers in the natural land-
scape and what might this tell us about cosmo-
logical associations of space and place in an-
cient Copan? 

1.4 Geographic information systems
For these types of approaches, Geographic In-

formation Systems (GIS)—linking map features to 
searchable databases—currently are better suited 
because they include queries as standard functions 
and allow for spatial and temporal analyses of re-
lationships, patterns, and trends that are not evi-
dent when using traditional, non-spatial, databases 
(Lock 2000; Wheatley and Gillings, 2002; Conolly 
and Lake, 2006; Bodenhamer et al., 2010; Zerneke 
et al., 2006). Archaeologists began to use GIS in the 
1980s to create, manage, and analyze geographically 
referenced information. For example, early archae-
ological research applications analyzed artifact dis-
tributions or predicted site locations. More recently, 
archaeologists have begun to perform visibility, ac-
cessibility, and network analyses in GIS to quantita-
tively explore the structure of ancient societies and 
the relationships between anthropogenic and natu-
ral phenomena. 

1.5 GIS in Maya archaeology
Maya archaeologists are using GIS in diverse 

ways. For example, to understand sites in a land-
scape context, archaeologists are combining re-
mote sensing technologies (such as satellite imag-
ery and airborne LIDAR) with GIS to discover new 
sites and offer new understandings of ancient Maya 
kingdoms such as at Caracol (Chase et al. 2011) and  

Figure 6. VR Environment—created using georeferenced 
building footprints in SketchUp—View facing northeast 
and overlooking Principal Group (SketchUp model by H. 
Richards-Rissetto) 
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San Bartolo (Saturno et al. 2007). Researchers have 
applied GIS and aerial photos to predict site loca-
tions in the Yucatan peninsula (Podobnikar and 
Sprajc 2010). GIS also has been used for visibility 
studies to reconstruct site lines and identify inter-
group connections and ancient political boundar-
ies (Hammond and Tourtellot 1999; Richards-Ris-
setto 2010; Doyle et al. 2012). The only project that 

makes GIS data on Maya archaeology available on-
line for research, however, is the Electronic Atlas on 
Ancient Maya Sites. This project uses GIS as a re-
pository to store the locations of Maya archaeolog-
ical sites and to create maps that overlay these sites 
on terrain, hydrology, or other features to illustrate 
polity size or political boundaries (http://Maya-
gis.smv.org/). One issue of concern is to what ex-
tent GIS data should be made available to the pub-
lic, given the endemic looting that is significant at 
archaeological sites in Latin America. User manage-
ment systems are useful in this way and can allow 
for password-protected access to sensitive data, par-
ticularly real-world coordinates or overlaying satel-
lite imagery. The MayaArch3D Project has planned 
to institute five levels of user access ranging from 
most restricted access for the public to open access 
for internal researchers, and in this way can address 
concerns about looting. 

Figure 7. Distribution of Stelae for Rulers 12 and 13- Copan GIS (Map by Heather Richards-Rissetto 2011)

Figure 8. Accessibility: Western sacbe leading to Copan’s 
main civic-ceremonial complex (SketchUp model by H. 
Richards-Rissetto) 
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While Maya archaeologists currently use GIS, 
the ability to link GIS data to 3D models online 
would expand research possibilities dramatically. 
For example, Heather Richards-Rissetto created a 
GIS for Copan to study the visual and spatial re-
lationships between built forms and natural land-
scape features (Figure 11). The GIS of Copan’s ar-
chaeological and topographical features covering 
over 24 km2 (Richards-Rissetto 2010, 2012) pro-
vides the data required to investigate the accessi-
bility and visibility of different types of architec-
ture at Copan and then relate these findings to 
possible levels of social interaction. Soon however, 
Richards-Rissetto realized that the 2D perspective 
of GIS maps limited her interpretations. For exam-
ple, viewsheds calculated in GIS identified what 
could be seen from fixed vantage points at Copan, 

but it is not possible to ‘get on the ground’ to view 
the results from a pedestrian perspective (see Fig-
ure 8). Because GIS software was created to handle 
mainly terrain models (i.e. 2.5D data), it falls short 
when dealing with real 3D models (e.g. a building 
with interior). 

1.6 State of the field in linking GIS and 3D models
In the humanities, Geo-browsers, or ‘virtual 

globes’ (such as Google Earth, NASA’s World Wind, 
and ESRI’s ArcGIS Explorer) are the most common 
solution to ‘link’ GIS to 3D models. For example, 
the Digital Karnak Project, which traces the devel-
opment of a temple precinct in Egypt from its or-
igins as a local shrine to a powerful center, has a 
time slider that enables users to visualize changes 
(using 2D site plans) in the temple precinct through-

Figure 9. Visibility: Viewshed of hypothesized civic-ceremonial group (8L-10) in Copan’s urban core, derived using GIS 
(Map by H. Richards-Rissetto)
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out its 3,000 year history (http://dlib.etc.ucla.edu/
projects/Karnak/google_earth). For users to track 
in 3D the construction phases of the Temple of Kar-
nak through time, the system uses Google Earth’s 
time slider. However, more complex interactive 
queries are not implemented in Google Earth be-
cause this and other existing geo-browsers can-
not query the 3D models against a database. It is 
not possible, for instance, to select all 3D models of 
structures in a city/site built between a certain time 
intervals, or planned by a certain architect/ruler. Fi-
nally, geo-browsers cannot visualize big and com-
plex polygonal models. Because of these limitations, 
GIS and geo-browsers are not ideally suited to more 
recent approaches in archaeology and art history 
that are concerned with 3D space, such as perfor-
mance studies, phenomenology and aesthetics, the 
relationship of architecture to the landscape, and 
archaeoastronomy. 

Some of the first experiments in 3D WebGIS in-
clude the Via Appia Antica Project—which devel-
oped a specific tool in Open Scene Graph (Forte et 
al., 2005) that integrated topographic landscapes 
with 3D architectural models in a VR environment 

to offer interactive virtual exploration and multi-
perspective experiences. There are some ‘3D GIS’ 
software products (such as ESRI’s CityEngine) that 
can rapidly build virtual cities, but they have two 
shortcomings: (1) they are based on procedural 
modeling; in other words, they create buildings 
with standard geometries and textures (not useful 
for studying aesthetics) (taking accurate measure-
ments) and (2) they do not perform complex 3D spa-
tial analyses. These systems cannot be used, for ex-
ample, to model the aesthetic experience of ritual 
processions while simultaneously quantifying how 
far away a certain sculpture on a temple could be 
seen as people walked in this procession. This type 
of analysis still has to be done using separate GIS 
and 3D modeling systems. 

Given the state of the field summarized earlier 
in the text, our goal for the QueryArch3D tool is to 
combine the benefits of 3D visualizations with the 
analytical capabilities of a GIS to enable online real-
time comparisons and analyses of multiple types 
of data. In other words, as one reviewer elegantly 
put it: “If these two distinct approaches to model-
ing reality could ‘talk to each other,’ one could do 

Figure 10. Orientation: View of eastern sky solar alignments in 8th Century, Copan—visualized using Stellarium Sce-
nary3D Plugin and SketchUp (3D SketchUp model by H. Richards-Rissetto and G. Zotti) 
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research inside the 3D model (or its hosting envi-
ronment).” To be able to perform interactive que-
ries on high-resolution models and change parame-
ters “on the fly” (e.g. restrict access to spaces based 
on gender or class) would significantly enhance re-
search and education on ancient architecture and 
landscapes. 

2 QueryArch3D—A 3D Web GIS for Maya 

Archaeology

To address these interdisciplinary needs, the 
MayaArch3D Project developed a new computing 
pipeline and built a prototype tool for an online, 
searchable repository—called QueryArch3D—that 
brings together GIS, 3D models, and virtual envi-
ronments for teaching and research on ancient ar-

chitecture and landscapes. Developed in 2010 in 
collaboration with Fabio Remondino and Giorgio 
Agugiaro at the Bruno Kessler Foundation (FBK) 
in Trento, Italy, and Gabrio Girardi at Graphitech, 
in Trento, Italy, the QueryArch3D tool stores CAD, 
reality-based and hybrid models and attribute data 
in an open source spatial database and then makes 
them queryable via a VR environment. What is 
unique and technologically cutting-edge about Que-
ryArch3D is that it enables users to: 

1. Integrate and visualize 2D and 3D data at “mul-
tiple resolutions”

2. Link 3D models to archaeological data and per-
form attribute and “spatial” queries

3. Visualize, compare, and analyze 3D buildings 
and artifacts—all in a single “online” naviga-
ble VR landscape

Figure 11. Copan GIS. Vector data (archaeological structures and hydrology) on Digital Elevation Model (DEM) (Map 
by H. Richards-Rissetto)
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2.1 Technical features
The development pipeline for QueryArch3D 

has been described in detail elsewhere (Agugiaro et 
al., 2011) but to summarize—the tool has two main 
components: (1) data modeling and storage in a da-
tabase management system and (2) 3D visualiza-
tion. The database management system uses the 
free and open source software PostgreSQL with the 
PostGIS extension. Dr Agugiaro determined a pipe-
line for importing and exporting standard GIS for-
mats from/to PostgreSQL (i.e. using ArcGIS and its 
Data Interoperability extension or, alternatively, by 
means of the open-source GDAL library) and a way 
to import/export the *.obj file format for triangu-
lated 3D geometries. Structural hierarchies and on-
tologies (i.e. what is a wall, roof, etc., and how do 
they relate to each other) were created. Normally, 
direct access to ‘standard’ attribute tables can be 
implemented using forms embedded into HTML; 
however, a suitable interface (i.e. QueryArch3D) 
needed to be developed for graphical access from 
a 3D viewer. 

For the interactive navigation and 3D visualiza-
tion, the tool uses Unity, a game engine develop-
ment tool (Figure 12). A PHP interface links Unity 
and PostgreSQL allowing the data retrieval from the 
database and the (on-line) visualization. Users can 
download a free web player plugin for Unity to use 
the tool online or offline. The system is organized 
into four LoD for the different geometric structures 
(Figure 13). 

The prototype tool currently contains data from 
the archaeological site of Copan. In terms of 3D 
models/visualizations, the tool contains: 

1. A virtual landscape of Copan site that covers 24 
km2

2. 3D schematic models of over 3,800 ancient 
structures

3. A 3D Studio Max model of an 8th century 
temple

4. Reality-based 3D models of sculptures and 
stelae

As users virtually navigate through Copan’s an-
cient landscape, they can click on structures, stelae, 
and even architectural features within a structure to 
query a small set of test data from the database. The 

prototype includes only a few attributes: structure 
names, group names, site type, and in which ruler’s 
reign a structure was dedicated. In the current phase 
of the project (introduced later in the text), we are 
linking the 3D models to many more attributes in-
cluding archaeological data as well as photos, and 
drawings and their metadata. 

2.2 Analyses currently possible
Currently, users of the tool can visualize and 

query a limited set of 2D and 3D archaeological 
data of different types and resolutions and perform 
simple spatial and attribute queries of data in a vir-
tual landscape context. For example, users can view 
high-resolution 3D models of sculpture and archi-
tecture, rotate and click on the models for attribute 
information and additional images. Users can per-
form line-of-sight analysis. They can also query the 
database to highlight, for example, all stelae erected 
by Ruler x or all structures belonging to a particular 
neighborhood. To segmented structures, we have 
linked photographs and text. Another tool in the 
system is a basic measurement tool that allows us-
ers to measure architectural elements and distances 
between features (Figure 14). For permitted users, 
the database can be edited online using a Graphical 
User Interface. 

2.3 Beta -testing results
Beta-testing of this prototype was carried out in 

Fall 2011 with 100 researchers, students, and edu-
cators in the humanities at five universities in Eu-
rope and the United States2. Most participants were 
anthropology and art history students (graduates 
and undergraduates) aged between 15 and 35 years, 
who had little experience with 3D models and were 
interested in the tool from an educational stand-
point. Five anthropology and archaeology profes-
sors also participated in the beta-tests. Participants 
were provided with background information about 
the MayaArch3D Project and the QueryArch3D tool 
and received instructions on how to open and navi-
gate the tool. They spent ~30 min exploring the tool 
and then filled out a survey. The survey included 
14 questions about user demographics (i.e. age, gen-
der, work area), computer specifications [e.g. plat-
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form (MAC or PC), browser, RAM], most and least 
popular features, and most important features for 
immediate development. 

Testers unanimously were enthused about the tool, 
particularly at having the ability to: 

1. enter and manage information online and to 
work in real-time using the online query and 
analysis capabilities

2. navigate online through a virtual model of an 
ancient Maya city

3. access higher resolution models of objects in 
context (of building/landscape)

4. query the archaeological database via 3Dmod-
els and vice versa

Suggestions for improvement to the tool centered 
on: 

1. initial download time

2. improving user interface (changes to navigation 
commands, adding 2D navigation map and a 
text search box)

3. adding more data to the database

4. adding textures and transparency to models

5. implementing a broader range of spatial queries

6. allowing more complex queries of the database

7. adding a time-slider

The aforementioned features are useful for pub-
lic education—in that the 3D virtual environment 

Figure 12. QueryArch3D tool showing different data visualization modes and query functions
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Figure 13. Different LoD in the QueryArch3D tool, Temple 22 models. Clockwise from top-left: LoD1 with prismatic ge-
ometries, LoD2 with more detailed models (only exterior walls), LoD3 with interior walls/rooms and some simplified 
reality-based elements, LoD4 with high-resolution reality-based models. (Graphic: Giorgio Agugiaro) 

Figure 14. Measurement Tool in QueryArch3D
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stimulates student interest and enthusiasm by 
bringing complex sets of data together in a visual 
and tangible way and allows for interactive explo-
ration. This tool is ideal for interactive museum in-
stallations and initial tests have been made into ap-
plications of QueryArch3D using Microsoft’s Kinect 
for gesture-based interaction (Richards-Rissetto et 
al., 2012, 2013). 

The research utility of the tool is focused at this 
point on visual analysis and database queries; that 
is, bringing together various 3D and GIS data of dif-
ferent types and resolutions in a single virtual envi-
ronment where researchers can query the 3D mod-
els against the database as well as execute line of 
sight queries and distance measurements. 

2.4 Discussion, current research topics, and next 
steps

What we currently have is a prototype and vari-
ous limitations and difficulties came to light during 
its development and testing. The project’s next stage 
will focus on data collection and tool development 
to permit more complex analytical functions and test 
the tool’s utility for applied research. We are consid-
ering new software and navigation tools, modifying 
and expanding the database and user-interface, im-
plementing database storage procedures for the tex-
tures contained in the *.obj files, and expanding the 
GIS functionality of the tool. For example, in addi-
tion to line of sight, which already exists in the tool, 
it should calculate visibility (field-of-view). It should 
also be possible to calculate azimuth (based on 360 
degree compass) and perform complex SQL queries 
(e.g. Ruler x OR Ruler y AND elevation z). It also is 
crucial to have the ability to visualize and analyze 
temporal data to investigate change through time, 
which is not currently in place. 

Finally, a transparency function that allows the 
viewer to compare architectural reconstructions 
with reality-based models is also necessary. To be 
transparent about the certainty of reconstructions, 
the system currently shows a photograph of the 
building when a user clicks on a model. In a fu-
ture version of QueryArch3D, we intend to have 
the ability to move back and forth between reality-
based models and CAD reconstructions as in the 
Via Flaminia project (Forte et al., 2006) as well as 

to allow users to review the data that were used 
for the reconstructions (e.g. plan views, draw-
ings, etc.) that are stored in the archaeological da-
tabase. We have selected these particular functions 
to add to QueryArch3D because they will allow for 
a multi-scalar, visual, and spatial study of Copan’s 
urban landscape, which in turn will demonstrate 
what kinds of empirical research can result from 
using 3D GIS for art historical and archaeological 
research. 

In addition, we must address some technologi-
cal problems associated with using Unity for the vi-
sualization component of QueryArch3D. Because 
Unity is a game engine, it was not conceived to han-
dle spatial and reality-based data, and thus works 
best with relatively low-resolution data. As a result, 
it was designed to load all data at start-up (i.e. a vid-
eogame level). This results in two key technologi-
cal problems. First, high-resolution 3D models must 
be split into sub-models and optimized into less 
detailed polygonal models—this is both time-con-
suming and results in data loss. To overcome this 
limitation, we need interactive streaming of data, 
depending on the position and field of view of the 
user. Second, there is some waiting-time when the 
tool is started. This can be problematic when using 
the tool online because load time depends on inter-
net speed—an issue that is relevant to users in some 
countries, we have tested like Honduras with slower 
broadband connections. 

Fortunately, because this pilot project has dem-
onstrated great potential, a research project to de-
velop a new tool in light of the prototype’s limita-
tions began in August 2012 with support from the 
eHumanities program of the German Ministry for 
Education and Research. This is a collaboration with 
the German Archaeological Institute’s Department 
for the Archaeology of Non-European Cultures in 
Bonn and the Chair of Geoinformatics at the Insti-
tute of Geography at the University of Heidelberg, 
as well as the existing partners of the University of 
New Mexico and FBK, Trento. The work will focus 
both on data collection and on re-designing the tool 
in light of the beta-testing results to allow scholars 
to analyze architecture and landscape within an in-
tegrated system to discover relationships that oth-
erwise would not be apparent. We expect that tra-
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ditional research questions and methods will be 
enhanced, and that the tool will enable new ways 
for scholars to study ancient urban environments 
using 3D WebGIS. 

3 Conclusions

Based on our experience in this project, we sum-
marize a few critical issues with regard to the possi-
bilities of 3D WebGIS for humanities research: 

1. Building a 3D WebGIS relevant for research re-
quires a team that includes humanities schol-
ars and experts in geo-informatics, database 
systems, remote sensing, and 3D modeling. 
We found that because project members came 
from diverse fields they had different interests, 
goals, and needs (e.g. research, funding, and 
publication). For these reasons, it is important 
that the project be a stimulating research effort 
for all, and everyone must keep in close contact 
throughout the project. 

2. Another challenge is that 3D technologies are 
typically expensive, but this is changing quickly 
with the development of WebGL. Everybody’s 
concern is, of course, how ‘future-proof’ the tool 
might be. QueryArch3D uses the Unity game 
engine, which is not open source, and thus we 
cannot rely on the continuance of the free pl-
ugin. To address this risk, we are considering 
open source software options and are using 
standards for data collection and storage so that 
the data can be imported to the next tool. 

3. To develop such a tool certainly requires con-
siderable funding, but we intend to build an 
open-source tool that will be useful, with some 
adjustments, for other archaeological projects 
around the world that work with both 3D mod-
els and GIS. In this way, we can help to lower 
future costs for archaeological projects, as they 
seek tools for working online with their com-
plex archaeological data. 

4. Of course, the analysis of spatio-temporal ar-
tifact distribution on an urban scale requires 
massive amounts of data collection and stan-

dardization by trained researchers. This re-
quires a multi-year data entry project, ideally 
done by students entering data that are related 
to their individual research projects. The ed-
ucational, research, and financial benefits of 
structuring data entry to overlap with student 
research projects is not to be underestimated 
and the next phase of the MayaArch3D project 
will follow this strategy. 

In conclusion, the good news is that 3D Web-
GIS has significant implications for all kinds of Dig-
ital Humanities work that requires visualizing and 
analyzing 2D and 3D data in a geo-referenced spa-
tio-temporal context. By combining the strengths of 
GIS and 3D models, QueryArch3D brings together 
strengths of both the humanities and the sciences, 
for we gain the ability both to quantitatively mea-
sure and to perform aesthetic and experiential anal-
ysis. The tool’s ability to visualize and analyze mod-
els of different types and resolutions ranging from 
reality-based to 3D Studio Max and SketchUp recon-
structions offers models of buildings as they look to-
day situated within a simulated landscape to con-
vey a sense of space (as it ‘existed’ in the past) that 
fosters visual learning. Such a tool will challenge 
researchers to develop new space-based research 
questions and methods for studying ancient urban 
environments. As one Maya archaeologist said, ‘just 
being able to walk around in ancient Copan and 
see things I had not seen before elicited new ideas 
and questions.’ In sum, tools like QueryArch3D can 
provide users with a VR experience on their laptop 
computers that links queryable 3D models to under-
lying archaeological data, thus enhancing art histori-
cal and archaeological analysis and fostering the cir-
culation and comparison of ideas. This leads to the 
most important conclusion of this start-up project—
that 3D WebGIS is poised to offer a new level of in-
ternational, collaborative work in the humanities 
and social sciences. 

Acknowledgments — Financial assistance for the proj-
ect was provided by the National Endowment for the Hu-
manities (NEH), USA [#HD 50583,#HD 5097910 to J.v.S.]; 
National Science Foundation (NSF), USA [#1064648 to 



T h e  M a y a a r c h 3D p r o j e c T :  3D W e b GIS f o r  a n c I e n T  a r c h I T e c T u r e  a n D  l a n D S c a p e S      751

H.R.R.]; Alexander von Humboldt Foundation, Germany; 
UNESCO; The University of New Mexico, USA; Umea 
University, Sweden; University of Bonn, Germany, and 
the German Academic Exchange Service (DAAD), Ger-
many. All images copyright by the MayaArch3D project, 
unless otherwise noted. 

Thanks to Maurizo Forte of the University of Califor-
nia Merced, to Markus Reindel of the German Archaeo-
logical Institute, and Armin Gruen of the Swiss Federal 
Institute of Technology in Zürich for their collaborative 
work. Thanks to anonymous reviewers of the Digital Hu-
manities 2012 conference panel. Professors Maurizo Forte, 
Keith Prufer, Margaret Jackson, Ellen Bell, and Nikolai Gr-
ube kindly hosted beta-testing sessions in their respective 
university departments. Thanks to the Honduran Institute 
of Anthropology and History for permission to work at 
Copan. 

References

Agugiaro, G., Remondino, F., Girardi, G., von Schwerin, 
J., Richards-Rissetto, H., and De Amicis, R. (2011). 
QueryArch3D: querying and visualising three-dimen-
sional archaeological models in a web-based interface. 
In Geoinformatics. Faculty of Civil Engineering, Czech 
Technical University, ISSN 1802–2669. 

Ahlfeldt, J. (2004). On Reconstructing and Performing 
Maya Architecture: Structure 10L-22 at Copan, Hon-
duras (AD 715). PhD Dissertation, Department of Art 
History and Archaeology, Columbia University. Uni-
versity Microfilms. 

Bodenhamer, D. J., Corrigan, J., and Harris, T. M. (2010). 
The Spatial Humanities: GIS and the Future of Hu-
manities Scholarship. Bloomington: Indiana Univer-
sity Press. 

Chase, A.F., Chase, D. Z., Weishampel, J. W., Drake, J. B., 
Shrestha, R. L., Slatton, K. C., Awe, J. J., and Carter, W. 
E. (2011). Airborne LiDAR, archaeology, and the an-
cient Maya landscape at Caracol, Belize. Journal of Ar-
chaeological Science, 38: 387–98. 

Conolly, J. and Lake, M. (2006). Geographical Information 
Systems in Archaeology. Cambridge: Cambridge Uni-
versity Press. 

Doering, T. and Collins, L. (2009). Mesoamerican sculp-
ture: Three-dimensional documentation to dissemina-
tion. Online Proceedings of the 37th Annual Computer 
Applications and Quantitative Methods in Archaeol-
ogy Conference. Williamsburg, Virginia, March 22–
26, 2009. http://www.caa2009.org/articles/Doering_
Contribution181_c%20%281%29.pdf  

Doyle, J.A., Garrison, T.G., and Houston, S.D. (2012). 
Watchful realms: Integrating GIS analysis and politi-
cal history in the southern Maya lowlands. Antiquity, 
86(333): 792–807. 

El-Hakim, S., Beraldin, J.-A., Remondino, F., Picard, M., 
Cournoyer, L., and Baltsavias, M. (2008). Using terres-
trial laser scanning and digital images for the 3D mod-
elling of the Erechteion, Acropolis of Athens. Proceed-
ings of the DMACH Conference, Digital Media and its 
Applications in Cultural Heritage. Amman, pp. 3–16. 

Fash, B. (2011a). Visual time machines: Nineteenth cen-
tury photographs and museum re-presentation in 
Maya archaeology. In Houston, S. (ed.), Re-Presenting 
the Past: Archaeology Through Image and Text. Rhode 
Island: Brown University. 

Fash, B. (2011b). The Copan Sculpture Museum: Ancient 
Maya Artistry in Stucco and Stone. Cambridge, MA: 
Peabody Museum. 

Fash, B. (2012). “Beyond the naked eye: Multidimensional-
ity of sculpture in archaeological illustration.” In Pills-
bury, J. (ed.), Past Presented: A Symposium on the His-
tory of Archaeological Illustration. Dumbarton Oaks: 
Pre-Columbian Studies. 

Forte, M., Kurillo, G., and Bajcsy, R. (2010). Cyberarchae-
ology and virtual collaborative environments. In Forte, 
M. (ed.), “CyberArchaeology.” Oxford: BAR Interna-
tional Series 2177. 

Forte, M., Pescarin, S., and Pietroni, E. (2005). The Appia 
antica project. In Forte, M. (ed.), The reconstruction of 
Archaeological Landscapes through Digital Technolo-
gies. Proceedings of the 2nd Italy-United States Work-
shop. Rome, Italy, November 3–5, 2003. Berkeley, USA, 
May. BAR International series 1379, pp. 79–91. 

Forte, M., Pescarin, S., Pietroni, E., and Rufa, C. (2006). 
Multiuser interaction in an archaeological landscape: 
The Flaminia Project. In Forte, M. and Campana, S. 
(eds), From Space to Place, Proceedings of the 2nd In-
ternational Conference on Remote Sensing in Archae-
ology. Oxford: BAR International Series 1568. Archaeo-
press, pp. 189–96. 

Frischer, B. and Dakouri-Hild, A. (2008). Beyond Illustra-
tion: 2d and 3d Digital Technologies as Tools for Dis-
covery in Archaeology. Oxford: Archaeopress. 

Grün, A. (2008). Image-based 3D modeling of Cultural 
and Natural Heritage objects. In Proceedings of the 
Conference EVA Vienna 2008 “Digital Cultural Heri-
tage—Essential for Tourism”, Vienna: Oesterreichische 
Computergesellschaft, August 25–28, pp. 11–35. 

Merk, S. (2010). The Hieroglyphic Stairway 1 of Sabana 
Piletas, Campeche. In The Long Silence. Sabana Piletas 



752   v o n  S c h W e r I n  e T  a l .  I n  L i t e r a r y  a n d  L i n g u i s t i c  c o m p u t i n g  28  (2013)  

and its Neighbours: An Archaeological Survey of Maya 
Puuc Ruins in Northeastern Campeche, Mexico, With 
contributions by Antonio Benavides Castillo, Daniel 
Greña-Behrens, Nikolai Grube, Karl Herbert Mayer, 
Carlos Pallán Gayol and Julie Patrois. Verlag Anton 
Saurwein, Graz, pp. 355. 

Hammond, N. and Tourtellot, G. (1999). Shifting Axes: 
Spatial Expressions of Power at La Milpa, Paper pre-
sented at the 64th Annual Meeting. Chicago, IL: Soci-
ety for American Archaeology, March 27. 

Lambers, K., Eisenbeiss, H., Sauerbier, M., Kupferschmidt, 
D., Gaisecker, Th., Sotoodeh, S., and Hanusch, T. 
(2007). Combining photogrammetry and laser scanning 
for the recording and modeling of the late intermedi-
ate period site of Pinchango Alto, Palpa, Peru. Journal 
of Archaeological Science, 34(10): 1702–12. 

Llobera, M. (2006). What you see is what you get?: Visu-
alscapes, visual genesis and hierarchy. In Daly, P. and 
Evans, T. (eds), Digital Archaeology: Bridging Method 
and Theory. New York and London: Routledge, Taylor 
and Francis, pp. 148–67. 

Llobera, M. (2001). Building past landscape perception 
With GIS: Understanding topographic prominence. 
Journal of Archaeological Science, 28: 1005–14. 

Lock, G. and Harris, T. (2000). Beyond the map: Archaeol-
ogy and spatial technologies. In Lock, G. (ed.), Beyond 
the Map: Archaeology and Spatial Technologies. Am-
sterdam: IOS Press, pp. xiii–xxv. 

Manferdini, A.M., Remondino, F., Baldissini, S., Gaiani, 
M., and Benedetti, B. (2008). 3D modeling and semantic 
classification of archaeological finds for management 
and visualization in 3D archaeological databases. Pro-
ceedings of 14th International Conference on Virtual 
Systems and MultiMedia (VSMM 2008), pp. 221–8, Li-
massol, Cyprus. 

Podobnikar, T. and Sprajc, I. (2010). Spatial analyses and 
Maya cultural landscape. In Mapping Interactivo. Re-
vista International de Ciencias de la Tierra. Instituto 
Geográfico Português, http://www.mappinginter-
activo.com/plantilla-ante.asp?id_articulo=1655  (ac-
cessed 27 September 2011). 

Posluschny, A. (2007). From landscape archaeology to so-
cial archaeology. Finding patterns to explain the devel-
opment of Early Celtic “Princely Sites” in Middle Eu-
rope. In Clark, J.T. and Hagemeister, E. (eds), Digital 
Discovery. Exploring New Frontiers in Human Heri-
tage. CAA 2006 Computer Applications and Quantita-
tive Methods in Archaeology. Proceedings of the 34th 
Conference. Fargo, USA: Budapest, April 2006, pp. 
131–41. 

Remondino, F., Gruen, A., von Schwerin, J., Eisenbeiss, 
H., Rizzi, A., Girardi, S., Sauerbier, M., and Richards-
Rissetto, H. (2009). “Multi-sensor 3D Documentation 
of the Maya Site of Copan.” In Proceedings of the 22nd 
CIPA Symposium. Kyoto, Japan, http://cipa.icomos.
org/fileadmin/template/doc/KYOTO/131-1.pdf  (ac-
cessed 11–15 October 2009). 

Reindel, M., Wagner, G. A. (eds) (2009). New Technolo-
gies for Archaeology: Multidisciplinary Investigations 
in Palpa and Nasca, Peru. In Natural Science in Ar-
chaeology. Springer-Verlag, Berlin, Heidelberg. 

Richards-Rissetto, H. (2010). Exploring Social Interaction 
at the Ancient Maya City of Copan, Honduras: A Multi 
Scalar Geographic Information Systems (GIS) Analysis 
of Access and Visibility. Albuquerque: Ph.D. Disserta-
tion, University of New Mexico. 

Richards-Rissetto, H. (2012). Studying Social Interaction at 
the ancient Maya site of Copan, Honduras: A least cost 
approach to configurational analysis. In White, D.A. 
and Surface-Evans, S. (eds), Least Cost Analysis of So-
ciocultural Landscapes: Archaeological Case Studies. 
Salt Lake City: University of Utah Press, pp. 194–231. 

Richards-Rissetto, H., Robertsson, J., Remondino, F., Agu-
giaro, G., von Schwerin, J., and Galibri, G. (2012). Ki-
nect and 3D GIS in archaeology. Proceedings of 18th 
International Virtual Systems and MultiMedia Confer-
ence. Milan, Italy, September 2–5. 

Richards-Rissetto, H., Robertsson, J., Remondino, F., Agu-
giaro, G., von Schwerin, J., and Galibri, G. (2013). Geo-
spatial virtual heritage: An interactive, gesture-based 
3D GIS to engage the public with Ancient Maya Ar-
chaeology, Southampton, UK: Proceedings of Com-
puter Applications and Quantitative Methods in Ar-
chaeology, March 26–29. 

Robertson, E., Seibert, J., Fernandez, D., and Zender, M. 
(eds), (2006). Space and Spatial Analysis in Archae-
ology. Albuquerque and Calgary: University of New 
Mexico and University of Calgary Press. 

Rome Reborn: A Digital Model of Ancient Rome, http://
romereborn.frischerconsulting.com (accessed 25 March 
2013). 

Saturno, W., Sever, T.L., Irwin, D.E., Howell, B.F., and 
Garrison, T.G. (2007). Putting us on the map: Remote 
sensing investigation of the Ancient Maya Landscape. 
In Wiseman, J. and El-Baz, F. (eds), Remote Sensing in 
Archaeology. New York: Springer, pp. 137–60. 

Schock-Werner, B., Lengyel, D., and Toulouse, C. (2011). 
Bauphasen des Kölner Domes und seiner Vorgänger-
bauten. Cologne Cathedral and Preceding Buildings. 
Köln: Verlag Kölner Dom. 



T h e  M a y a a r c h 3D p r o j e c T :  3D W e b GIS f o r  a n c I e n T  a r c h I T e c T u r e  a n D  l a n D S c a p e S      753

Tokovinine, A. and Fash, B. (2008). Scanning history: The 
corpus of Maya hieroglyphic inscriptions tests a 3-D 
scanner in the field. Symbols, Spring(2008): 17–20. 

von Schwerin, J. (2011a). The sacred mountain in social 
context: Design, history and symbolism of temple 22 
at Copán, Honduras. Ancient Mesoamerica, 22(2): 
271–300. 

von Schwerin, J., Richards-Rissetto, H., Remondino, F., 
Agugiaro, G., Forte, M., and Maqueda, R. (2011b). The 
MayaArch3D Project; Digital Technologies for Re-
search in Maya Archaeology. Final Performance Report 
and White Paper for NEH Digital Humanities Level II 
Start-Up Grant. https://securegrants.neh.gov/Public-
Query/main.aspx?f=1&gn=HD-50975-10  

Weferling, U., Heine, K., and Wulf, U. (2001). Von 
Handaufmaß bis High Tech. Aufnahmeverfahren in 
der historischen Bauforschung, Mainz. 

Wheatley, D.W. and Gillings, M. (2002). Spatial technol-
ogy and archaeology: A guide to the archaeological ap-
plications of GIS. London: Taylor & Francis. 

Zerneke, J.L., Buckland, M.K., and Carl, K. (2006). “Tem-
porally dynamic maps: the electronic cultural atlas ini-
tiative experience.” In Human IT, vol. 8.3. University of 
College of Borås, pp. 83–94. 

Notes

1. The virtual reconstruction of Temple 22 from Co-
pan (A.D. 715) was elaborated by the Virtual Her-
itage Lab at UC Merced, under the supervision of 
Maurizio Forte and Jennifer von Schwerin. The mod-
els were made by students Fabrizio Galeazzi and Raul 
Maqueda based upon a previous wireframe model 
made by Laura Ackley for the project in 2001. Follow-
ing this, Forte, Kurillo (UC Berkeley) and Maqueda 
worked on optimizing the new models for a Teleim-
mersive System created at UC Berkeley and UC Mer-
ced thanks to a grant sponsored by CITRIS. The 
Teleimmersive System for Archaeology was created 
to enable researchers at different locations to collab-
oratively, simultaneously and virtually work with 3D 
models. 

2. University of New Mexico (USA), University of Mer-
ced California (USA), California State University 
Stanislaus (USA), University of Bonn (Germany), and 
Umeå University (Sweden). 


	University of Nebraska - Lincoln
	DigitalCommons@University of Nebraska - Lincoln
	9-2013

	The MayaArch3D project: A 3D WebGIS for analyzing ancient architecture and landscapes
	Jennifer von Schwerin
	Heather Richards-Rissetto
	Fabio Remondino
	Giorgio Agugario
	Gabrio Girardi

	RichardsRissetto LLC 2013 MayaArch3D project--DC VERSION.indd

