
 
 

  

 
Abstract—In this paper, we propose a methodology for 

marine archeological survey, which aims at enhancing 
productivity and safety during on-field missions. A primary 
interest of the archaeological investigation is to extract, in a non 
invasive way, as much information as possible from a site with 
minimal  expenditure of time and of expensive resources. In 
general, this is done by taking photos and measurements of 
objects and terrain, which are then used to construct 
representations of the site in form of maps. In the proposed 
approach, standard manual procedures for structuring the site 
and for gathering data of the above mentioned type have been 
redesigned in order to exploit beneficially the potential of 
cooperation between human operators and robotics devices, 
such as ROVs.  In this way, augmented, informative maps of 
underwater archaeological sites can be constructed by 
associating, integrating and fusing data gathered by 
heterogeneous sensors. The analysis of data gathered employing 
the proposed methodology shows that satisfactory level of 
efficiency, efficacy and quality can be obtained and, what is 
more important, these advantages can be obtained without the 
use of extremely expensive equipments.  
 
Key words: Underwater Archaeology, Marine Technology, Data 
Gathering, Submarine Robotics. 

I. INTRODUCTION 

 
he exploration of submerged sites is a challenging and 
difficult task that represents a primary interest in 

underwater archeology. In the past decades, advanced 
submarine technologies have been applied to investigate 
wreck located at high depth (see [1], [10], [11]), in situations 
that did not allowed the use of traditional diving techniques. 
In general, the use of such technologies may be very 
expensive and not always the archeological importance of a 
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site and its value give sufficiently good reasons for their use. 
Nevertheless, investigation of minor sites is not deprived of 
interest and it can produce useful information. Therefore, 
there is an interest in developing techniques and procedures 
that can combine advanced and traditional technologies in 
order to maximize the efficacy of both, while limiting costs.  

In the present paper, we present the formalization of a 
procedural methodology for the cooperation, at various 
levels, of UUV and human operators, aimed at obtaining 
proper information for constructing augmented maps of 
underwater archaeological sites. In the proposed approach, 
standard manual procedures for structuring the site and for 
data gathering have been redesigned, following the principle 
of what can be called a “Design to Automation”, so to 
exploit fully the potential offered by the utilization of 
robotics devices such as ROVs and of automatic data 
processing.  

In particular, the experience carried on by the team of the 
Interuniversity Centre for Integrated Systems for the Marine 
Environment (ISME) on various archeological sites located 
in Europe at a depth up to 60 m is illustrated. The work is 
part of the European project VENUS -Virtual ExploratioN of 
Underwater Sites. In its first part, the project aims at 
defining a set of best practices and procedures for collecting, 
storing and processing data in an efficient, economic and 
safe way from underwater archaeological sites, using state-
of-the-art underwater robotics tools. Efficiency refers to the 
automatic collection of enough data, of sufficient good 
quality for allowing a satisfactory understanding of the 
essential characteristics of the site from the archeologist’s 
point of view. The economic aspect relates to the possibility 
of using, with suitable adaptations, off-the-shelf equipments, 
that archaeologists can easily obtain and employ, while 
safety has to do with the reduction of risks and 
inconvenience for divers, when operating at great depths 
and/or in an hostile environment. 

The paper is organized as follows. In Section II, the 
general problem concerning the collection of data in 
underwater archaeological surveys is discussed. In Section 
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III, the survey activity is described in greater details, 
pointing out the relevant aspects that may benefit by an 
increase of automation in the process. In Section IV, the 
activities related to the preparation of the sites for facilitating 
data gathering and interpretation are illustrated and recent 
experimental activity is reported. In Section V, the proposed 
procedures for automatic data collection and processing are 
illustrated with reference to experimental work. In Section 
VI, conclusions are presented. 

II. PROBLEM SETTING 
 

In traditional marine archaeological surveys, data 
gathering procedures involve divers for taking photos and 
measures, whose correlation and interpretation is facilitated 
by structuring the area of interest by means of frames and 
landmarks. Structuring the area is a hard and invasive work, 
that put divers and equipment at risk, as well as the manual 
collection of data. In order to accomplish the job in a 
satisfactory and exhaustive way, investigators have to return 
repeatedly to the same location and the whole process is 
cumbersome and time consuming.  

The problem considered in the present work concerns the 
design, testing and development of a set of procedures and 
best practices for collecting data from underwater 
archaeological sites by employing robotic vehicles and 
automatic devices under the supervision of archaeologists 
and engineers, possibly in cooperation, under some 
circumstances, with divers. Essentially, robotic vehicles are 
used to carry cameras, video-cameras and acoustic sensors in 
order to collect optical and acoustic images of the site. These 
are transmitted to a supply vessel and, together with 
navigation data, can be automatically processed in real time 
or post-processed by means of suitable software tools. 

In the proposed methodology, the introduction of one or 
more robotic vehicles in substitutions of divers is intended to 
speed up the exploration of the site, while allowing for 
possible on-line rescheduling of the mission or parameters 
adjusting (see [9], [12]). This is obtained by implementing a 
sort of logic feedback loop, based on the possibility of  
constructing in real time, with respect to the whole process, a 
map of the explored site by means of photomosaicing 
techniques. The fact of making the output of the survey 
process, namely the map, available - although in a 
preliminary form - in real time is one of the key advantages 
gained by collecting data (in this case, photos and video 
frames) in automatic way by means of sensors installed on 
robotic vehicles like ROVs. This characteristic is crucial for 
implementing a feedback loop and it cannot be obtained 
using traditional techniques based on manual data 
acquisition. The feedback mechanism allows the 
archeologists to modify some of the survey parameters (e.g. 
area coverage, point of sight, data density and so on) during 
operation, saving time and reducing costs.  

Other important advantages of using robotic vehicles for 
collecting data are, obviously, the fact of avoiding the risks 
of diving  and  the  possibility  of  working at  high  depth  

Figure 1. Activities flow diagram characterizing the exploration of an 
underwater site with the synergistic cooperation of archeologists and 
engineers 

 
for long time. At the same time, the quantity and the 

density of data are greatly increased. Navigation data, in 
addition, allow to obtain strong correlation between photos 
and to construct geo-referenced maps of photogrammetric 
quality, augmented by information acquired by means of 
sonar, sub-bottom profiler and magnetometer, if available. 
Maps obtained in this way can be accurate enough to allow a 
satisfactory virtual reconstruction of the site at specified 
levels of precision.  

III. MARINE SITE EXPLORATION ACTIVITIES 
 

Roughly, the major activities that define the work in 
marine archeological surveys include: pre-analysis of the 
area, definition of a restricted search area, mission design, 
local survey, documentation, excavation, post-analysis and 
final documentation. Our interest in the present research is 
concentrated on the phases which precede the excavation.  
Figure 1 depicts the activities flow diagram in case ROVs 
and automatic data gathering are involved in the process.  

The pre-analysis is meant for the specification of the 
search area. Generally, information about archeological 
remains is as vague about the objects to be identified as 
about their localization, so that a broad area must be covered 
in this initial phase. In many situations, this is done 
employing acoustic devices of various kinds (multibeam and 
sidescan sonar) for scanning the sea bottom. The output of 
this activity is a preliminary map of the area, whose scale is 
large or very large in comparison to the objects of (possible) 
interest, which appear as anomalies. From the analysis of the 
preliminary map, archeologists define a more restricted 
search area and possibly identify waypoints and targets that 
deserve special attention.  

The following phase is devoted to design the survey 
mission,  keeping into account the above information and the 
equipment’s features (ROV/AUV maneuverability, payload 
capability, support vessel/boat characteristics and so on) as 
well as possible environmental constraints (depth, visibility, 
presence of current, tides and so on). In this phase, in 
particular, different solutions for structuring the area of 
interest are considered. 

Then, local survey takes place, according to the data 



 
 

gathering modalities and to the navigation specifications 
defined in the previous phase. It is at this level that, by 
providing on-line a sufficiently detailed documentation of 
the site, the logic feedback loop described in the previous 
Section is implemented.  

Finally, a documentation of the marine site is produced 
from the post analysis of the data gathered during the 
(various) surveys. The analysis may reveal some deficiency 
in the data and a consequential need for the re-execution of 
some of the previous activities. 

The organization of the sequence of activities just 
described is schematically outlined in Figure 1, where all the 
activities are represented pictorially, their outcomes are 
described between bracket and blue/red arrows describe the 
flow of information. The logic feedback loop taking place 
during the survey is clearly pointed out. Off-line with respect 
to the survey, a second feedback loop closes after the post-
analysis is performed and the documentation is produced. 

IV. STRUCTURING THE SITE  
 
In the mission design phase, standard and consolidated 

procedures derived from the acquired practice of traditional 
marine archaeological surveys represent an obvious starting 
point. However, as better described below, in conducting a 
series of specific experiments, it became clear that, for an 
efficient automation of the process, traditional techniques, 
e.g. for structuring the site, are not suitable. As in many 
other situations, e.g. in manufacturing, re-engineering the 
whole process turned out to be a winning option for 
facilitating the adoption of advanced automation techniques, 
improving functionality and efficiency and taking full 
benefit of innovation. 

Experiments were first performed on an underwater site 
located near the Island of Pianosa, Italy, in October 2006.  
The average depth of 30 meters of the site allowed divers to 
operate normally, so that both manual survey procedures and 
automatic ones could take place. Standard archeological and 
photogrammetric techniques, currently used in marine 
archeology, were adopted. In particular, the site was 
structured by positioning on the seabed metric poles and a 
set of 15 artificial landmarks in form of concrete blocks 
(25cm x 25cm x 10cm). These marked the nodes of a grid 
whose meshes have sides of 2,5m. The metric poles and the 
grid were used to define paths along which photos have been 
taken and to evaluate, by comparison, the dimensions of 
photographed objects. 

The zone delimited by the landmarks has been surveyed 
by a small work-class ROV (a DOE Phantom S2 operated by 
the LabMacs Laboratory of the Università Politecnica delle 
Marche, Italy), that executed many transects, parallel to the 
rows or to the columns of the grid. Figure 2 shows a picture 
of the structured area.  

The activity done for structuring the site, i.e. for placing 
the landmarks in the right positions, was comparatively the 
most demanding one, both in terms of time and manpower. 

 
Figure 2. A picture of the structured area of the archeological site in 
Pianosa. 

 
Although the presence of landmarks in known positions 

facilitates the guidance of the ROV and helped in geo-
referencing the maps, it was possible to verify that 
navigation data and data from an acoustic positioning 
system, consisting of a USBL and a transponder on the 
ROV, allowed to obtain the same results with acceptable 
errors. 

A second series of experiments was carried on at Island of 
San Nicola, Italy, in the spring of 2007. The geography of 
the site, its depth (up to 60 m) and logistic limitations, made 
the deployment of concrete blocks not practicable. On the 
other hand, since divers were not employed in surveying the 
site, the use of large, visible landmarks for locating and geo-
referencing was unnecessary and, therefore, it was 
abandoned. In transecting the area, the ROV that was used 
for gathering the data relied only on navigation data acquired 
by internal and external sensors. 

In order to facilitate guidance and geo-referencing, the site 
was very lightly structured: a number of survey paths were 
marked by ropes deployed on the sea bed and a spot in the 
site was marked by mooring to it a small acoustic 
transponder. Structuring the site in this way required very 
little work that was performed mainly with the assistance of 
non-professional divers. However, in terms of results, it 
turned out to be efficient as the one experienced previously 
in Pianosa, both in guiding the ROV and in geo-referencing 
the data.  

In a third series of experiments carried on in front of 
Sesimbra, Portugal, in October 2007, on the basis of the 
experience gained in the previous missions, a transponder 
was moored at the center of the site (characterized by an 
oblong heap of tiles, as shown in Figure 4) and a rope was 
deployed following the orientation of the tiles’ heap. The 
ROV’s supply vessel could not be permanently moored on 
the spot and current, very scarce visibility and depth (about 
65m) made difficult to retrieve the site at any launch. The 
vehicle was guided by exploiting the possibility to track at 
the same time the fixed transponder (on the site) and a 
second one mounted on board (on the ROV). The ROV 
worked at a distance from the supply vessel of about 150m, 
greater than in the previous situations, and this caused the 
error in geo-referencing to increase. Nevertheless, without 
using divers at all, it was possible to take a large amount of 
geo-referenced data (in particular photos and videos) of the  



 
 

 
Figure 3. Relevant features, waypoints, and structuring scheme for the 
archeological site in San Nicola. 

 
site, so to provide archaeologists with new evidence of its 
characteristics. 

V. DATA FROM THE ARCHEOLOGICAL SITE 
 
For what concerns data gathered on the sites, each one of 

the mentioned missions was different from the others. The 
reason for these differences is partially due to diversity in the 
available equipment, partially to the environment and 
partially to the improvements of the methodology.  

A. Pre-analysis data 
The large scale maps (preliminary maps) produced in the 

preliminary broad search differed greatly on each mission.  
In Pianosa, a geo-referenced sonar map was obtained by 
merging multi-beam sonar data taken from a surface vessel 
with DGPS information. The reduced depth of the site (about 
30m) allowed to obtain a sufficiently detailed maps, where 
archaeological remains were identified by anomalies in the 
acoustic response, from the surface. Data manually collected 
by divers added information about kind and location of 
several remains (amphora and fragments).  

At San Nicola, due to budgetary constraint and to the 
considerable depth (about 60 m), only a rough map without 
precise geographical references, produced by merging data 
collected in a series of dives, was available.  Essentially, the 
information reduced to the indication of some points of 
interest on a nautical map (see Figure 3).  

Finally, in Sesimbra, the situation was very similar to the 
one experienced in San Nicola. Due to depth, acoustic map 
constructed from data taken from the surface were not 
sufficiently detailed to be useful and technical problems 
caused geo-referencing to be scarcely reliable. Also in this 
case, the indication of some points of interest on a nautical 
map was available.  

Figure 4. Structuring scheme for the archeological site in Sesimbra. 
 

A. Data Acquisition 
In Pianosa, the ROV was equipped with a CCD video 

camera, a high quality still camera (Nikon DH2 with 14 mm  
Sigma lens) and two flashes (Nikon SB800). 

During each launch, the ROV executed a number of 
transects at the speed of about 1 knot, at an average distance 
from the sea bottom of about 3m. In this condition, each 
video frame covers an area of about 3m2 and video stream 
provides a complete coverage of a 3m wide corridor when 
the ROV moves along a linear path, assuring an overlap of 
about 60% between consecutive frames. The video camera 
takes 25 frames per second and, in order to have a complete 
documentation, the video stream was recorded by a VCR. 
The video stream was sampled at a frequency of 5 Hz 
(getting one frame over 5) by the NGC system of the ROV 
(implemented on a PXI/PC station) and sampled images 
were digitally recorded. Pictures taken by the still camera 
covered more or less the same area framed by the video 
camera (difference was less than 5%) and were recorded on 
the camera own flash memory. Two different procedures 
were adopted for the camera operation. In the first one, 
shooting is manually commanded by an operator, under the 
supervision of an archaeologist, from the ROV’s supply 
vessel. Operator and archaeologist can observe the scene 
framed by the video camera (almost coincident with that 
framed by the camera) on the ROV’s M/M interface. Each 
command to shoot was recorded as an event by the NGC 
system of the ROV. In the second procedures, shooting is 
automatic, with a fixed frequency, chosen according to the 
flashes’ recharging time, to the ROV’s speed and to the 
distance from the sea bottom.  

In San Nicola, the still camera was not available, but the 
video camera was substituted by a new DV digital one of 
better quality. Only video frames were therefore available 
for documenting the site, but, in spite of the limitation due to 
their (comparatively) low resolution, this was enough for 
obtaining useful information about the characteristics of the 
site.  

Both the still camera and the digital video camera were 
available in Sesimbra and, although reduced in quantity due 
to the shorter duration of the mission, collected data were of  
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Fig. 8.  3D photo mosaic reconstruction of the site. 
 
incomplete coverage of site’s area. Made aware of this 
situation, the operators may decide to complete the coverage 
by scheduling additional transects for the ROV. 
The mosaic gives a preliminary, flat, pictorial image of the 
explored area. The 3D shape of the area can then be re-
created by adding relief on the basis of bathymetry and of 
depth and sonar measurements taken by the ROV on-board 
instruments. In this phase, the result of the mosaicing helps 
in fusing the bathymetric information obtained in the broad 
search phase (e.g. by a side scan sonar) together with that  
gathered by the ROV’s on-board instruments. The result of 
this process, shown in Figure 8, is a virtual model of the 
explored area, consisting of an augmented surface in a 3D 
space, on which the mosaic is pasted (see also [7]). 

Depending on the mission’s scope and in relation to the 
availability of good quality pictures, the dimensions of 
visible objects can be evaluated off-line by means of 
photogrammetric processing. (see [8]). 

VI. CONCLUSION 
 

In order to facilitate the adoption of viable and efficient 
robotics technologies in underwater archaeology, some 
phases in the process of inspecting underwater archeological 
sites have been revised and redesigned, following what 
could be depicted as a sort of “design for automation” 
(DFA).  

Various missions have been performed on different sites 
and new procedures have been tested, according to the 
specific characteristics of the site and to the availability of 
preliminary data and of equipment. The experimental work 
has produced a valuable know-how about the use of UUV in 
gathering data from submerged sites of archaeological 
interest, establishing first results in the design of a system 
for data gathering automation in underwater archeology. 
 The main content of this work is the definition and 
validation of a coherent methodology, which, exploiting 
available basic techniques, represents an innovative, efficient 
way of investigating archaeological, submerged sites.  

In terms of quantity and quality of documentation, the use 
of the described procedure may give a valuable answer to the 
archaeologists’ need to enhance efficiency in their activity, 
avoiding problems and limitations connected with the use of 
divers. As a result, an increased number of underwater sites 
could be made accessible for exploration, choosing to 

employ technologies which are adequate to the financial 
resources and the importance of the site.  

Further improvements will go in the direction of 
enhancing the autonomy of the devices (vehicles, sensory 
systems, data processors) involved in the process, in order to 
increase automation while assuring reliability and reducing 
costs.  
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