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Abstract:
Since 1973 archaeology and computer science have developed close
ties in Marseille. Two departments (computer science and archaeology)
from the French National Centre for Scientific Research (CNRS) in
Marseille started working together and laid the cornerstone of the
Computer Applications and Quantitative Methods in Archaeology
(CAA) community. Marseille also has the advantage of being located in
a very interesting place on the Mediterranean Sea and being the home
to several famous laboratories, such as the French Cultural Heritage
Department (DRASSM) or private companies like COMEX. In 1980 they
performed a series of explorations of a deep-sea wreck with the help of
COMEX and DRASSM. In this paper we present new advances in
underwater photogrammetry for archaeology based on forty years of
experience. The survey described in this article does not only discuss the
acquisition of 3D points in difficult conditions but also linking
archaeological knowledge to the surveyed geometry. This approach
needed to combine automatic data processing and offered the
opportunity to experts, archaeologists, to insert knowledge in the
process. After an historical introduction on computer science and
archaeology, we will present related work in underwater archaeology.
The last section is dedicated to two recent experiments in Marseille,
based on recent developments in automatic photogrammetry: a World
War II plane wreck and a ship from the beginning of the XX century,
surveyed using both acoustic and optical sensors.

376

1. Introduction
Archaeological excavations are often irreversibly destructive, so it is
important to accompany them with detailed documentation
reflecting the accumulated knowledge of the excavation site. This
documentation is usually iconographic and textual. Graphical
representations of archaeological sites such as drawings, sketches,
watercolors, photographs, topography, and photogrammetry are
indispensable for such documentation and are an intrinsic part of an
archaeological survey. However, as pointed out by Olivier
Buchsenschutz in the introduction to the symposium Images and
archaeological surveys, in Arles, France, in 2007 [47, Introduction page
5] , even a very accurate drawing only retains certain observations
that support a demonstration, just as a speech retains only some
arguments, but this choice is not usually explicit. This somewhat lays the
foundation of this work: a survey is both a metrics document and an
interpretation of the site by archaeologists.
The survey is a very important component of this documentation
and its importance is largely due to the fact that the concepts
employed by archaeologists during an excavation are closely related
to space. The structure of the excavation is based on the concept of
stratigraphic units. Inherited from geology and then formalized for
archaeology by E.-C. Harris [22] , stratigraphic units are linked by
geometric, topological and temporal relationships. They are
fundamental for the interpretation of the archaeological excavation.
Two families of objects have to be surveyed: first, the artifact that
we seek to position in space and of which we have a good a priori
knowledge; and second, the area being excavated (in this case, a
part of the seabed), often represented as a digital terrain model
(DTM). Throughout this work we deal with these two aspects, artifacts
and unstructured land, by addressing two different approaches; one
using a priori knowledge through measurements and the second
based solely on geometry.
The first approach, based on the a priori knowledge that we have
about the measured artifact, uses our knowledge of the object to
compute its size and position in space. This method can also reduce
the time required for measurements.
The second approach, used to survey land for example, uses
automatic tools coming from photogrammetry to compute a dense
cloud of 3D points.
Finally, a very important point is the link between geometry and
knowledge; a model, 3D or 2D, representing a site is a relevant
interface to access the data known about the site. 3D
representations of a site provide important added value to
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underwater archaeologists who are then able to study a threedimensional overall picture, which is otherwise difficult to obtain in
underwater environments. This offers a significant advantage in the
creation of new assumptions regarding the reconstitution of the
shipload or vessel itself [30; 32] .
Moreover, it should be noted that, by nature, archaeological data
are incomplete, heterogeneous, discontinuous and subject to possible
updates and revisions. The documentation system, linked to
archaeological data, must be able to manage these constraints

2. 40 Years of Experience in Marseille
2.1 Computer science and archaeology
Since their development, computers have been used by archeologists.
At the very beginning, this new tool was used to store (databases
remain a key element for archaeology), sort and statistically analyze
large amounts of data. As early as 1955, Jean-Claude Gardin
developed a mechanographical documentation system for
archaeology [21] . Beyond this approach, computers were used very
quickly for relative temporal ordering, classification, and artificial
intelligence, with, for example, the wide-spread use of expert systems
in the 1980s, then for visualization, measurements (photogrammetry
and laser scanning), and today, for virtual reality.
At the beginning of the 1970s, the links between archaeology and
computer science in the field of artificial intelligence and classification
were already highly developed in the scientific communities around
Marseille. The archeologist Robert Whallon, professor at the University
of Michigan, wrote the following in 1972 in article entitled “The
Computer in Archaeology: A Critical Survey” [8] :
“The growing concern in archaeology with the new methods made
possible by computers is reflected in the increasing size, frequency,
and importance of the sessions on analytical and statistical methods
at professional meetings. Indeed, each of the three years that have
passed since Chenball’s review article in this journal, a special meeting
has been held, devoted only to such problems:
1969 - Marseille: International Symposium on the Application of
Computers in Archaeology [12] .
1970 - Mamaia: Anglo-Romanian Conference on Mathematics in
the Archaeological and Historical Science [3] .
1971 - Marseille: Seminar on the Mathematical Methods of
Archaeology (from the press).
A shift away from concern with the computer per se toward
greater interest in methods of analysis can be seen in the changing
titles of these conferences.”
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These links between archaeology and computers from then on
became deeper and very quickly materialized with the creation of the
international Computer Applications and Quantitative Methods in
Archaeology (CAA) organization (http://www.leidenuniv.nl/caa/
about_caa.htm) which groups together archeologists, mathematicians
and computer scientists in order to encourage and support exchanges
between these fields of science. Since 1973 an annual conference is
held to summarize members’ activities.

2.2 Classification and artificial intelligence in archaeology
The 1972 conference in Marseille [12] followed by the creation of the
CAA were the first signs of the emerging quantitative methods in
archaeology and especially their mathematical formalization due to
truly interdisciplinary work. The first well-known advances were
related to the formalization of archeological data and followed by
the management of this data. It was classification that was the
common thread of the first applications of these databases. [4; 10;
13; 16; 18; 24; 25] .
The systematic processing and backing-up of this great amount of
data opened new doors for archaeology. Above and beyond
principal component analysis (PCA) and other statistical clustering
techniques [14; 15] , Doran suggested a knowledge-based approach
as did Jean-Claude Gardin during the same years.
The 1980s led a real boom in the use of expert or knowledge-based
systems in archaeology. [28; 29] . One can highlight, for example, the
work of Juan Barceló [33] or Vanda Vitali [31] in dealing with
classification and ceramic applications, which were in a way the
extension of the efforts made in the 70s for classification and the
beginnings of a more intensive use of artificial intelligence in
archaeology, a use which is still evolving today.
After an intensive period in the 1980s and 90s [26; 33; 35; 36; 48]
where knowledge-based systems were heavily used in archaeology, it
should be remembered that the latest developments in spatial
reasoning, for example, are having a hard time being used in the
human sciences.
Beyond the limits of expert systems, whose results are not miraculous
even if they were promising for those living at the end of the 20th
century, the appearance of 2D and 3D graphic management
applications as well as 3D optical measurement tools (laser scanner,
digital photogrammetry, virtual reality) have been a major force of
attraction for archaeology. Offering immediate and visible results, a
considerable effort was made for the use of virtual reality linked, or
not, with automatic measuring means.
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2.3 The beginning of underwater photogrammetry in
archaeology
The invention of the pressure regulator (Aqua-Lung) in the 1950s
enabled scuba divers to reach underwater archaeological sites and
gave them the possibility of studying the wrecks of sunken ships. After
the first experiments in the Fifties (of which the “excavation” of the
Grand Congloué by Jacques-Yves Cousteau and Fernand Benoit
represents a milestone; celebrated, but unfit from the scientific point of
view), archaeologists in the Sixties understood that they had to dive
themselves to ensure that the terrestrial scientific methods used for
underwater sites were correctly applied. The terrestrial methods of
excavation, based on principles coming from geology and prehistoric
archaeology (stratigraphic excavations), were applied by using tools
adapted to the sea environment, such as suction dredgers powered
by air or water, in order to remove sediment without moving the
objects constituting the load of a wreck, and by excavating layer by
layer the hull of the ship. On the other hand, the methods of terrestrial
graphic statements (horizontal planes, vertical cuts) could not be
adapted in a simple manner as they were based on optical tools,
theodolites, levels, etc. Traditional methods such as tracing right angles
or placing test cards on a horizontal plane were possible, but the
manual graphic statement was not adaptable to the excavation of
an important cargo of amphorae, ending up to be much too slow
and vague without the use of a theodolite.
The first experiments of underwater photogrammetry for
archaeology began in the Sixties [2] . In the same decade, the Naval
Oceanographic Office in Washington performed the first experiment
with underwater photogrammetry on a submarine under the direction
of Joseph Pollio [1] . Afterwards, other experiments took place
involving the basic concepts that we use today [5; 20] [6] . Since then,
the interest in photogrammetry and acoustic measurements for
archaeology has continued to grow [7; 19] .
In 1964, the submarine Asherah, with financial support from the
National Geographic Society, was inaugurated in Turkey, and by 35 m
deep took the first-ever stereoscopic photographs of the Yassi Ada 2
Byzantine wreck (Bass, 1970; Bass & Rosencrantz, 1973). A large
mechanism was needed to achieve these stereoscopic images. With
the experiences gained in 1972 from the Roman wreck of the
Madrague de Giens, one of the first photogrammetric surveys of a
shipwreck in France was performed in Marseille by the French
archaeologist J.-C. Négrel [11; 17] . While two synchronized cameras
were taken on board the submarine Asherah, the divers in Marseille
surveyed the site using fixed and sliding metal structures. Indeed, in
1972, this heavy framework was used on two Roman shipwrecks: Pointe
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de la Luque A and B, near the Pomègues island, successively by 20 and
40 m of depth, to guide the cameras shooting the stereoscopic
images. Photogrammetry was essentially used, in both cases, for the
study of the hull of ships. It was subject to strong geometric constraints;
images were to be made in accordance with human physiological
conditions required for stereo vision: parallel optical axes and no
tipping (rotation around the optical axis). But, in 1984, in the very same
waters in Marseille near Carry-le-Rouet, other French submarine
archaeologists were able to use lighter tools, in particular on an ancient
shipwreck loaded with limestone blocks by 5 m deep [27] . This Greek
ship transported blocks for the construction of the ramparts of the city
of Massalia. To avoid having to use heavy supports and the usual
cumbersome frames, two piano strings pulled taut parallel to the
longitudinal axis of the site, and leveled, were used as a basis mark for
the taking of pictures. Moving along these strings, a metallic graduated
triangle gave a metrical scale while index-marks with reference-points
indicated the vertical one. A photographic support fitted with two
Nikonos cameras (28 mm) in 1984, and two Hässelbläd cameras (50
mm corrected) in 1985, was connected by a nylon thread to this
graduated triangle. These two camera supports (the first one made of
plastic and the latter made of aluminum) have a positive buoyancy
and provided perfect stability thanks to their opposing forces. This
method happened to be speedy, inexpensive, and efficient. The fittings
of strings and the general film-shooting, as a matter of fact, needed less
than two hours. The three-dimensional plan of the cargo was made by
a stereo-plotting company (SETP, Salon-de-Provence, France), from
pairs of pictures, by means of an analytic stereoplotter called a
“Traster” manufactured by the Matra-Optique firm.
After these first experiments, numerous other missions of simplified
photogrammetry were performed by the DRASSM on deep-sea
shipwrecks. As in Turkey with the Ashera, most of them used submarines
floating above the archaeological remains. Then, similar operations
were carried out, again all around Marseille, for instance in the
Cosquer cave in 1994, and then on the Roman shipwreck SudCaveaux 1, by 65 m deep. In the Cosquer cave, a submerged
prehistoric site by 37 m deep, the problem was different because only
the entrance and a long access corridor were underwater. There, two
systems were used together, the Soisic laser sensor, developed by EDF,
and the inevitable photogrammetry, used in addition, as an
exhaustive way to record the geological forms of the cavity and to
capture the anthropological traces.
In 1996, on the Sud-Caveaux 1 wreck, thanks to logistics provided
by COMEX, the photogrammetric survey took place using the Remora
2000 submarine and a ROV Super Achille (COMEX), to obtain a threedimensional representation of the remains preserved at the surface of
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the seabed. A metric chamber (Sapho-COMEX) calibrated on a
micrometer scale was moved at constant height and regular speed
above the shipwreck. Beforehand, both submersible machines had
put index-marks and graduated rulers around the tumulus of
amphorae for the photo calibration [34] .
Similar operations continued more recently, still in waters close to
Marseille, for example during the fusioning of optical and acoustic
data on the ancient site of the bay of Catalans, in Marseille [43]; but
also on the Roman deep-sea wreck, the Pointe de la Voile, by 100 m
deep, and in 2009 on the impressive cargo of amphorae from the
shipwreck Port-Miou C, by 105 m deep, within the framework of the
European project, Venus. So, it is clear that the seabed in the region of
Marseille and the groups of different researchers always favorably lent
itself to the virtual exploration of underwater archaeological sites.

3. Underwater Photogrammetry
3.1 Operative considerations
The principle of underwater photogrammetry does not differ from that
of terrestrial or aerial photogrammetry, but it is necessary to take into
account certain elements that may cause disturbances; in particular,
the refraction of the diopter water-glass and the presence of the
camera housing [39].
The specific constraints of the underwater medium (turbidity of
water, presence of suspended particles) force the operators to work
on a large scale, close to the objects (between 0.5 and 2 to 3 meters,
depending on the water quality). This apparently constraining aspect
imposes having to produce a great quantity of stereo pairs, but on the
other hand it offers a very high degree of accuracy.
The important advantage of using photogrammetry in underwater
surveys in comparison with the use of other techniques consists in its
simplicity of implementation and the diversity of potential results (3D
measurements, 3D reconstruction, orthophotography, and vector
restitution).
The implementation only requires the use of a scale bar to
compute the scale of the model. Moreover, if two or three
synchronized cameras are used, additional equipment is not needed
at the scene as the scale is computed using the calibration of the
camera set. This approach also provides a relevant appreciation of
the uncertainty of measurements; where, in addition, the photographs
have to be taken with an important overlap. The key factor of this
method is redundancy: each point of measured space must be seen
in at least three photographs.
The operative advantage is related to the simplicity of the survey.
Moreover, a submarine pilot can drive a remotely operated
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underwater vehicle (ROV) without having to undergo a long
preliminary training period. This method requires little time and does
not require specific personnel, thus greatly reducing the expenses in a
context where time and costs of intervention are extremely high.

3.1 Camera calibration
Camera calibration in multimedia photogrammetry is a problem
identified since almost 50 years [9; 23] . The problem has no obvious
solution, since the light beam refraction through the different media
(water, glass, air) introduces a refraction error which is impossible to
express as a function of the image plane coordinates alone [37] .
Therefore the deviation due to refraction is close to that produced by
radial distortion even if radial distortion and refraction are two physical
phenomena of different nature. For this reason, the approach
described by Kwon [45] has been adopted, consisting in the use of
standard photogrammetric calibration software to perform the
calibration of the set housing + digital camera. This approach can
indeed correct in a large part the refraction perturbation; however, it is
strongly dependent on the optical characteristics of the water/glass
interface of the housing. For a more rigorous approach, we can read
the interesting developments made by Gili Telem, and Sagi Filin on
underwater camera calibration [59].

3.2 Automatic photogrammetry survey
The photogrammetric process is a very efficient procedure consisting
mainly of three phases. The first phase is data acquisition by
photographs which requires light processing. This process is nonintrusive (remote sensing), and necessitates only slightly timeconsuming (only the time necessary to take pictures), and potentially
a quite thorough practice. The second phase involves further data
processing and is carried out in a laboratory. This phase, which is
mainly automated, includes homologous point determination and
pose estimation. The last phase, data interpretation and linking with
domain knowledge (underwater archaeology for example) is always
manual, performed by experts and very time-consuming.
SIFT algorithm is often used to determine the homologous points
[39, 40] and recently the FAST [41] algorithm is applied. Then the pose
estimation process from relative orientation of stereo pair is obtained
by the Stewenius algorithm [42; 46; 60] . The SBA open source software
by Manolis Lourakis [51] and Noah Snavely [58] is applied for the
global bundle adjustment. Finally several approaches are proposed for
surface densification PMVS by Ponce and Furukawa [54; 55] . For a
good overview of these techniques it is possible to refer to these paper
[64] [40] . In our application, we chose three tools to solve this problem
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and we have developed some of them. We also develop bridge
between them in order to take benefit of the best of each of them.
Two of them are open source, PMVS (Patch-based Multi-view Stereo )
mentioned above (http://www.di.ens.fr/pmvs/) and the solution
proposed by IGN in France [61], [49] (http://www.micmac.ign.fr). The
last solution used is the software Photoscan, a commercial one
provided by Agisoft company (http://www.agisoft.ru).

3.3 Underwater 3D survey merging optic and acoustic
sensors
Optic and acoustic data fusion is an extremely promising technique for
mapping underwater objects that has been receiving increasing
attention over the past few years [53]. Generally, bathymetry obtained
using underwater sonar is performed at a certain distance from the
measured object (generally the seabed) and the obtained cloud
point density is rather low in comparison with the one obtained by
optical means.
Since photogrammetry requires working on a large scale, it
therefore makes it possible to obtain dense 3D models. The merging of
photogrammetric and acoustic models is similar to the fusion of data
gathered by a terrestrial laser and photogrammetry. The fusion of
optical and acoustic data involves the fusion of 3D models of very
different densities – a task which requires specific precautions [44; 56] .
Only a few laboratories worldwide have produced groundbreaking
work on optical/acoustic data fusion in an underwater environment.
See for example [38] and [41] where the authors describe the use of
techniques that allow the overlaying of photo mosaics on bathymetric
3D digital terrain maps [52] . In this case we have important qualitative
information coming from photos, but the geometric definition of the
digital terrain map comes from sonar measurements.
Optical and acoustic surveys can also be merged using structured
light and high frequency sonar as by Chris Roman and his team [50].
This approach is very robust and accurate in low visibility conditions
but does not carry over qualitative information.

4. Two Short Experiments
The complete workflow, from taking photographs on site to 3D point
visualization and measurements, including photo orientation, cloud
point generation, merging with acoustic survey and finally
densification, was experimented on two modern wrecks close to
Marseille. The first one on a plane wreck was done with COMEX
equipment (see Figure 1). One day was used for data acquisition from
a submarine with camera and strobes embedded. Two hours on site at
53 meters depth and completely diverless. The second experiment was
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Figure 1. COMEX equipment. ROV
super Achille with digital camera
and strobe and Remora 2000
submarine from the main ship,
Minibex.

done on a modern ship wreck, at a depth from 20 to 30 meters. As the
wreck is very big, only a part was done with 3 dive for the photograph
and two dives for the acoustic survey. The same digital camera and
strobes were used in both the case, a Nikon D700 with two Ikelite
strobes.

4.1 An experiment on the Junker 88, Marseille
The Junker 88 is a World War II plane wreck, discovered close to
Marseille in 1989 by 53 meters deep.
The photographs were taken in a single day and only one dive
from the COMEX Remora 2000 submarine. A Nikon D700 and two
strobes where used to take 1500 photographs. One survey was taken 3
meters from the object and another one at a distance of 80 cm. The
same day, a survey using an acoustic sensor and a 3D camera from
BlueView was made and was then used to scale the photogrammetric
model.
Two kind of computation were done, a large scale detail (Figure 3
and Figure 4) with the photograph taken at 80 cm, and a smaller scale
orientation with all the photograph. We can see on the small scale
model, Figure 2, that the strobes are not powerful enough and the
ambient light introduce a dominant color in the image. We are still
working on this problem [62] .
As the survey is done without any human interaction with site, no
touch, no scale bar, the final photogrammetric model is scaled and
georeferenced using the acoustic survey.
The ICP algorithm is applied to register the cloud of 3D points
obtained by photogrammetry with the one obtained by the BlueView
3D scanner. The global absolute accuracy is 0.05 meter. Nevertheless
the RMS of reprojection error of the 3D points onto the photographs is
2.1 pixel for the set of point used for computing the photograph
orientation.
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Figure 2. Overview of the wreck with
the cloud of 3D points. 25 million
points computed on 1330
photographs. Model scaled on
SONAR survey. 3D point visualization
in PLY format by Meshlab.

Figure 3. One of the photographs
taken from the ROV with a high
definition digital camera (Nikon D700
lit by two strobes).

Figure 4. High definition 3D model,
detail. Scaled on acoustic survey,
accuracy 5mm.
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The 3D platform developed in LSIS laboratory can use shaders to
provide real time post processed views of scenes. We developed a
specific shader that permits to return in real time a representation of
site, as being a hand-made drawing.
This functionality gives the ability to interpret the site perturbed by
ambient noise. Figure 5 illustrates the activation of NPR rendering on
the Junker site representation. We can easily see the aircraft above
the seabed. Such a rendering is interesting for archaeologists because
it reminds their sketch methods. However, the provided NPR view is real
time and do not need several hours to be completed.

4.2 The “Liban” wreck
The Liban is a ship built in 1882 in Glasgow (Scotland), measuring 91
meters long and 11 wide. It was equipped with a steam engine. On
June 7, 1903 at noon, the Liban left the port of Marseille and less than
one hour later sunk after a big collision with another ship.
Today, the Liban is a very attractive dive site close to Marseilles at
25 meters deep. We chose to survey the bow in order to develop and
test our approach. Three dives and almost 2000 photos were
necessary to obtain the 3D point cloud visible in the next figure.
The acoustic survey was done in one day and six stations. All survey
from these stations were merged using ICP algorithm with an RMS of
10 cm.
The photogrammetric model, with a high dense cloud of point was
scaled and georeferenced (on a local reference system) using the
acoustic survey. In this case, both of the survey see the more or less
the same part of the site, the only big difference between them is the
resolution and so, the general accuracy.

Figure 5. 3D model visualization with
the Arpenteur 3D tool. Fluent
navigation with millions of points,
merging camera and photo used for
measurement and interaction with
expert. Shown here an on-line shader
(a real-time graphic prost processor)
for Non-Photorealistic Rendering
(NPR).
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Figure 6. An acoustic survey was
done on the in order to scale the
photogrammetric model. Each scan
from its own station is represented in
a different color.

Figure 7. On the right, one of the
1221 digital photographs taken
(photo O. Bianchimani), on the left,
The “Liban” wreck: Cloud of 3D
points measured by photogrammetry
using Furukawa method.

Punti correnti: 6.207.828
Punti selezionati: 0

We are still working on merging partial photogrammetric survey on
acoustic data in an automatic way.

5. Conclusions
These one day mission on the Junker and on the Liban in Marseille was
done to demonstrate that it is now possible, in a short time, to acquire
a good set of photographs using standard equipment (Nikon D700
and two Nikon SB800 strobes). The photographs can be used as a
good support for documentation as well as processed by
photogrammetry with open source software. The final scale and
reference system fits with an acoustic survey done with the BlueView
3D camera in order to be aware of possible drifting resulting from the
processing of a huge quantity of photographs by bundle adjustment.
Two days were necessary to process the photogrammetric data and
to merge with the acoustic one. We are currently working on two
problems dealing with this kind of survey: a more accurate and
automated way to merge photogrammetry and SONAR data
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considering the difference of the two results (resolution, accuracy,
surface of survey) and a way to automatically compensate for water
turbidity [62; 63] .
The work presented here is built on many years of interdisciplinary
work between underwater archaeology and computer science. In
addition, a close collaboration between academic laboratories and
high-tech private companies was mandatory in order to achieve the
goals.
The project is now mature and close to be fully operational. We are
still working on marine integration in a small ROV and also on a real-time
process in order to have continuous feedback on-board of the survey
performed by the ROV. A draft mosaic and a 3D model can be
computed on the fly using synchronized video cameras. We are working
on a hybrid system, merging high- and low-resolution cameras in order
to be able to process results in real-time as well as to be able to process
results off-line with a high quality, as presented in section IV of this paper.
And now what should be the next step? As we see in this paper
surveying an underwater site and obtaining a dense and accurate
cloud of 3D points is now possible and do not require too much time
on field neither in lab after. We think that the main problem now is to
add semantic to this survey and offering dynamic link between
geometry and knowledge.
Archaeological surveys provide an interpretation of the real world
and not just the acquisition of a huge set of data more or less metrical.
Interpreting the real world through the archaeological survey
process is similar to the work of an artist. Knowledge will forever guide
the survey as our feelings guide our gestures.
Under these conditions, the survey is a subtle balance between
accurate measurements and archaeological knowledge.
We are working on this in two directions. The first is towards 2D/3D
pattern recognition in order to take advantage of the high-quality of
both the 2D and 3D data that we have acquired on site. The second
approach focuses on the formalization of our expertise knowledge
both for photogrammetry and, for example, underwater archaeology.
We have started to develop an ontology for managing both the
photogrammetric observations and archaeological knowledge in
order to produce more interactive and relevant surveys.
The survey we are currently developing will be driven from the start
by a set of linked ontologies dealing with photogrammetric
measurement and geometric modelisation processes as well as
archaeological knowledge. We are developing the first two processes
and are currently working with Filipe Castro’s team in Texas (Texas A&M
University) which has already started developing ontologies to
describe and manage the complexity of marine archaeology [57].
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