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ABSTRACT:

The paper describes the survey activities of the Roman archaeological site of Umm al-Dabadib (Egyfhe interesting case-
study can be taken as an example in case of enwrgemveys, as this method allows the complete &fuiaition of a vast and
complex area in a very short time and with theadisimple instruments.

Figure 1. Panorama of Umm el Dabadib (Photo byiFags

1. INTRODUCTION
1.1 The site.

Umm al-Dabadib lies at the outskirts of the Kha@msis, one
of the five large oases of Egypt's Western Dedéris a vast
and well-preserved Roman installation consisting af
inhabited area served by an extensive agriculsystem, active
in the third and fourth centuries AD. The site vahsindoned at
the beginning of the fifth century, and apart franshort-lived
occupation dating to the early twentieth century a@eell
1909), it survived until today relatively intact darvirtually
unknown. Re-discovered in 1998 by one of the codnsth
(Rossi 2000), it is now the object of a multi-diditipry project
aiming at studying in parallel both the settlermeamd its relating
agricultural system, jointly carried out by the iRmdnico di
Milano and the MUSA Centre of the University of N&po
Federico II.

The site consists of three settlements (the FedtifSettiement,
the Northern Settlement and the Eastern Settlemarfprt, a
temple, a church, nine cemeteries, a scatter obmbnildings
and a vast agricultural installation including sewmderground
aqueducts and three cultivated areas. It covertah area of
over 10 square km and its remains are extremelypreserved.
The historical importance of this site is still ativegy a proper
evaluation: it is clearly the result of a specifiajge effort to
colonise a harsh environment along what was at tthet the
southern border of the Roman Empire. Its isolatibfigs at a
distance of over 40 km from the oasis’ main towny ats
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adverse climatic conditions (strong winds in winéad spring
and stifling heat in the summer), combined with ¢herent lack
of available water, had a double effect: on the baed, they
allowed the site to survive in excellent conditicias sixteen
centuries of abandonment; on the other hand, thekem
working there a challenging enterprise, both frologistic and
a financial point of view. Fieldworks must be compand
intense, and not all technology can make it all way to a
place that still lies at the edge of the inhabitextid.

1.2 Previous studies and surveys

Until 1998, no survey at all existed of the locatiquities. The
first cursory survey was conducted basically bychand on
foot and produced a first general sketch of thestad
antiquities (Rossi 2000). The relative position b& tmain
features was marked by GPS and the rest insertéthigy, the
main buildings were sketched on the basis of a Emsic
measurements. This first recognition allowed a hoagtimate
of the existing remains and represented the basithé birth of
the North Kharga Oasis Survey (NKOS), an archaecdbg
project that run from 2001 to 2007.

Co-directed by Dr. C. Rossi (at that time Cambridgeveksity)
and Dr. S. lkram (American University in Cairo), NKO
produced the first scientific explorations and sys/not only
of Umm al-Dabadib, but also of the other sites bging to the
chain of Late Roman military-looking installationshat
punctuate the Kharga Oasis. The 2003 season, fuihged
National Geographic, was entirely dedicated to Urafm



Dabadib: NKOS carried out the first scientific seyvof the
central core of the site, an area of 1x3 km, cdroet by means
of a theodolite, whereas the farthest featuresthadong lines
of the underground aqueducts were recorded by @BSs{ and
Ikram 2006). NKOS also experimented aerial photplgyawvith
the aid of a kite, which yielded significant resuib terms of
documentation of the nature and extent of this ather sites
nearby (Ilkram and Rossi 2002).

Looking back at the previous lack of informationese surveys
represented a fundamental step towards a bett@rstadding
of this still elusive chain of late Roman instalteits. Looking
forward in the direction of a more detailed invegation, they
represented a starting point, in need of furthéneeent: they
offer relatively precise information on the locaticof the
various archaeological features, but do not contaéndetailed
survey of the settlements’ subunits (domestic umitgroups of
houses). For instance, the position of the Fodifiettlement as
a whole was fixed thanks to a network of pointst buvas
impossible to record by theodolite the positionevéry single
wall of every single house. Such an operation wolie
required weeks of work and would have resulted inesy
expensive and tiring expedition. As the site isikaty to ever
change its condition of isolated and remote placel thus the
problems that affect each expedition are likelyrémain the
same, a different technique had to be adoptedrforpea more
detailed survey of the local antiquities.

1.3 The current project

Umm al-Dabadib is now the focus of a specific pcojeamed
OASIS (Old Agricultural Sites and Irrigation Syst&mborn as
a spin-off of NKOS. The scope of OASIS is to stumdyarallel
two sets of contemporary remains: the Fortified|Seent and
the agricultural system. Planned, designed and baiilwork
together (one could not exist without the othdwgytrepresent a
unique chance to investigate the foundation oflsséficient
installation in a harsh and semi-desert area. M@edhe study
of this site is also likely to yield significantformation on the
Late Roman policy and strategy of control and dedfeot
Egypt’s desert frontiers (Rossi 2013).
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Figure 2. The photogrammteric survey of the castieer.

The presented paper will describe the survey dietivi
conducted during the 2014 archaeological missi@megpusly
funded by National Geographic and Waitt Institutdth the
support of MUSA and Politecnico di Milano. A come
photogrammetric terrestrial survey was performecbiider to
capture the 3D complexity of the place. The besteagy would
have been to use a UAV, eventually integrated wétnestrial
acquisitions, which would have allowed a fast asitioin from
the air thus speeding up the elaboration phase. eMeny

bureaucratic difficulties made this solution unfbles the UAV

and others instruments were not allowed to thel feeld so the
survey team was left to face an emergency surveybd

conducted on foot on the ground level. The onlyrureents at
our disposal were a compact camera, a reflex canaetatal

station and two photographic tripods.

2. THE SURVEY
2.1 Some methodological general considerations

Automation: the key aspect for complex, emergencyases
For the elaboration, we used Agisoft Photoscans Tell-
known software (probably one of the best on thekataallows
completely autonomous photogrammetric process fittven
orientation to the construction of a high resolatiextured
mesh model. It is only thanks to the automatiorvigied by this
type of software, that it is possible to tackleuavsy like the
one presented in this case study.

The past. The use of manual or semi-manual methods have
until recently prevented or severely limited the a$ an image-
based approach to three-dimensional survey appliredarge
and complex objects. The main reason was the eachuire a
very high number of images and to collect manuallfjiuge
number of tie points.

A further problem was the camera calibration. Urgdently, it
was essential to use semi-metric cameras or piteratd digital
consumer camera off-site. This aspect has alwayteli "a free
photographic acquisition" forcing the operator thots at
predetermined distances and using pre-calibrated fdtal
values. Some methods of on-site pre-calibratioowat to set
and pre-calibrate the camera on the field.

Until recently the high number of images, the mamo#ection
of tie points and the need of camera pre-calibnatiave been
the main reasons why the photogrammetric techniqua®
extremely time-consuming and challenging, normadigerved
to industry experts. Some interesting case of thst,pas the
survey of Pompei Forum (Guidi G., et al., 2008) #mgl main
Spire of Milan’s Cathedral (Fassi et al., 2011), atear
examples that photogrammetric surveys of largetdges were
possible, but required a long time, a large grotipperators
and sensor integration..

Substantially close-range image-based surveys mfe land
complex areas were virtually impossible, especially
emergency cases where short elaboration time amddsts are
inalienable necessities. That has favoured the afs@LS
techniques, that are far more expensive but definillow a
simpler and fast three-dimensional real-time survef
environments, architectures and large dimensioaatd)

The automatic image based methodsThe marriage between
photogrammetry and image analysis techniques typida
computer vision have revolutionized in recent years are still
revolutionizing the way to measure objects, esfligcia the
field of Cultural Heritage. (Barazzetti L., et al.piB) The
software born from this match basically work like
photogrammetric software following the classicgbgline but
using automatic methods of point recognition. Taiews a
complete automatism in the image orientation phese the
possibility to extract dense 3D point cloud in tiela short time.
In the extreme case, particularly interesting insecaof
emergency, the process can be entirely and autoatigti
performed without any intervention by the operdimm the
beginning to the end. We no longer speak of automaif the
process but of autonomous process.

This involves the possibility to orientate in a ghtme and
without "loss of time" a substantial number of irmagthus



allowing the acquisition of images for large enwiments or
complex objects.

The identification of a high number of points allw "very
high observation redundancy" that normally leadsstable
solutions and a simultaneous camera self-calibraf®ruen,
2001). This allows to: i) avoid pre —calibratioreps, ii) to
manage different cameras in the same process)ochinge
camera settings during the acquisition. It is pguedior example
to use auto focus and different zoom levels.

Thus the acquisition camera is
photogrammetric constrains retrieving the flextgiland "ease
of acquisition" typical of photography. Aware ofetlpossible
consequences in terms of achievable measurementaage
these simplifications allow freedom of movementua the
object, multi-scale acquisition, and make possillee

acquisition of objects in difficult position.

Is equally important to consider the economic asarveying
with a photo camera is extremely low cost.

These features make image based method ideal fdur&lul
Heritage and for complex areas, especially in cabean

emergency.

The case of study here presented is the occasidescribe a
good practice to survey also with makeshift equiptnghowing
as some rules of the past and few precautions aide high

quality results in terms of accuracy and completenef the
results.

basically solid: this arrangement allowed the basttection
from the strong sun and sand-laden winds that iodtearea.

Over the centuries, the compact design of the freamti
Settlement generated a solid an undulating massiiné: the
upper portions of the houses still stand, but pestapsed and
created tall mounds and deep depressions. It sitdeso walk
among the mounds corresponding to groups of bg&liand
even to carefully climb on them, but this situatiadds to,
rather than reduces, the complexity of the objedtet surveyed.

released by the padthe uneven ground, the strong and changing ligid,the time

constrain required the team to subdivide the waith ismall
portions and to engineaad hoc solutions to solve specific
problems, as we shall see below.

2.3 The survey phase

2.3.1 The survey design. Due to extension of the
archaeological site, the natural choice was todéidll the area
in sub/areas. Each area corresponds to a speuifiting. The
subdivision is designedd hoc in order to complete the survey
with a sufficient overlap with neighbour areas. tRar
subdivision in micro-areas is done to complete‘iiieriors” of
the buildings or specific interesting object assakeilings and
pillars. An external, circular take of images arduthe
perimeter was also done in order to materializiesed external
constrain. This created photogrammetric block msdu® check
the global alignment. (View table 1)

Some practical tricks in order to avoid lack of aabr
difficulties during the bundle adjustment are:

« to use ups and downs of the terrain to acquirecbbje
from progressive raised positions. In this case the
natural mounds of rubble were very useful to aaquir
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Figure 3: The subdivision of the area in the 18awgas. The
hatched parts are the main overlap among the eiftémage
blocks.

2.2 The area to be surveyed and its issues

the upper parts of the buildings.
« to design the acquisition during the hours of noon

when the sun creates fewer shadows on the ground

and on the structures.

« to speed up the acquisition of the single areardemn
to avoid dramatic changes of light;

* to take care to framing of every shots, avoidirg, i
possible, large chunks of sand and sky on the image
that could cause problems during image orientation
phase.

2.3.2 Topographic survey.For a complex structure, it is be
very important to have a good net of GCP useful to
georeference all data together, to scale corretidy single
models and to have sufficient check points to es@énmthe
accuracy of the reconstruction. (Fassi et al., 2007
archaeological and architectonical case studiésctintinues to
be a valid paradigm even if today many procedures a
becoming more and more automatic, quite autononands
user-friendly, and seems to promise perfection auithany
intervention.

In many emergency cases, one does not necessanly &
topographic instrumentation at one’s disposal, axaybe the
accuracy and precision of the survey are secondatiye need
to take home a result as complete as possible sugdiekly as
possible. For this reason, one can follow simpieks$r which

The 2014 season of OASIS focussed on the Fortifiecllow to obtain results close to the true withooltdwing, by

Settlement. This is a compact, L-shaped, built4gaacovering
an area of about 100 square metres. It is surralbge linear
wall and crossed by long, parallel walls among Wwhibe
various domestic units were inserted. No open-a@ess have
been found (apart from a passage all around thé): Rine
settlement was served by long vaulted passages sanming
one on top of the other. This means that the setid was

necessity and compulsion, ideals procedures.

We fortunately had a total station, but without idddal
necessary instrumentation (no tripods, topograpbases,
tricuspids and prisms) in order to build a rightrigulation
network. A good photographic tripods was convededite for
topographic instrumentation and the other one vasstormed
in “target reference tripods” to materialize alletmetworks



points. In order to assure the verticality we udsubble level
tied to the tripod legs with normal tape. A distime cross mark
on the tripod was used as target point.

The initial idea was to materialize a close netwar&und the
central castle but the presence of huge amounaraf and the
understandable difficulties allowed us to matermla network
only in the southwest portion of the field thusoaling the
detection of at least three sides of the village: afitwo sides of
the main castle. The network was created as aclsangle
using two point on the same ground level and ongmoint in
a higher position. A global 3D accuracy of aboumi was

obtained. The areas covered by the network are wsed

reference block to georeference and scale all therdlocks
together.

72 N\

Figure 4. The topographic network. The red triarsgkethe tree
base station.

2.3.3 The photogrammetric acquisition. The best capture

geometry to adopt in this case is a closed circatayuisition
around every “building”. This helps, like a closedverse, to
reduce automatically image orientation errors amdef inner
orientation parameters calculation without the as&CP or
other geometric external constrains. It is howreate a closed
traverse but only made of images.

It is very important, if possible, to use targe¢sduse necessary

in the photogrammetric elaboration even if you @b mave at
disposal a topographic instrumentation. You cardboi draw
and materialize them very quickly and in many waysn using
makeshift materials. Where impossible, it
recommended the use of physic architectonical popitked
manually on the images as reference points. Thipdred in
particular in the presence of high inaccessiblacstires

Targets should be well-positioned on the structulesneans
that: i) they should be distributed quite uniformbn the
structures, ii) they should be seen by a suffici@mount of
images iii) in that areas where the geometry istiqdarly
complex and the automatic processes can fail. Tafgdp a lot

is stigng

in particularly complex areas to tie up discontishigtructures
and badly illuminated areas. If distributed uniftynin the
areas, they act as external constrains to the gsarfethe image
orientation and allow a better calculation of ledistortion
parameters in the auto-calibration process.

In total, we shot 5100 images using a Canon 5D Nilavkith
fix 35mm F2 lens and one Canon G1X. The reflex cames
mainly used for the main buildings and for the é&stgareas, due
to the high resolution (22,3 Mp), the high qualignses, and
the major configuration possibilities. The compaice was used
for the smaller building, for small details and wh& was
necessary to climb some structures or enter in soaneow
places.

Every image blocks was pre-oriented in low resolutduring
the night to verify on site the quality of the ineagrientation
and the completeness of the areas covered by theysu

Even if the elaboration software provides a resulachieve a
high-quality results in terms of accuracy, some tpgmphic
practical rules must be followed. (Nocerino et2014) These
rules were valid in the past and are even morengakéoday,
because the process is nearly completely autonzetit the
operator cannot intervene in the process of ideatibn of
points. For these reason, even more than in the th@simage
quality should be superb.

o N° of
N° of Total Total N° of aGCP
images Error Error GCP (architect
g (PiX) (m) (Target)

onical

House

o008 [ 7 | |

Bulldlng 7 123 0.229 0.001

__

Gl | g 0.483 / 2 4
ruins
10
(common
Perimeter 341 1,214 0.017 / with
other
blocks)
Total 5098

Table 1. Summary table of the diverse image blockold
characters the blocks covered by total stationesunsed as
reference for the whole area. On the right coluthesnumber
of target GCP and manually added architectonicas ¢a&CP).

During the acquisition at Umm El Dabadib all imagesre
taken in raw format. This implies to post elabortite images
but allow working on shadows areas, lightning saleiils and
in general increasing contrast and clarity of thiages. (Guidi
et al., 2014). The best choice would have beenaik with fix

focal lens, but due to the extension of the area,extremely
tight timetable and the sudden changes of lightdeeided to
speed up the acquisition. In order to avoid dramettanges of



focal and achieve a better precision, we tried @nmin the
same average distance to the object using alwagertgcal.
This is a right way to maintain greater depth efdiand limit
focal changes

Averagely the capture distance was around 10-1%nndor
building acquisition and 5-6 meters for the detdisly for the
central castle was used a largest distance, ce201m. The
choice was taken for two reason: i) to facilitate acquisition
in a single block of the high castle walls andtdiYframe in the
foreground all the surrounding structures usefut the
automatic recording of the blocks. The sensor &l and the

2.4 The automatic elaboration process.

The orientation. As already said we used Agisoft Photoscan for
all the process. All the elaboration were conduaisihg full
resolution images for orientation. Each image blogks
processed separately and optimized using GCP rezsyni
manually in a second phase. This was conductedoutith
assigning the coordinate acquired by total statiimese data
were added in a third phase to georeference anké soa
model. In this way accidental error coming fromdgpaphy did
not affect the orientation. In two cases only, doe lack of

planned capture geometry assured a medium GSD K@rou data, some GCPs were added manually before thetatian

Sample Distance) of 1mm for front objects (objett tioe
survey) and a max of 5 mm for back objects (usdul
registration with others block). The images werguaed with a
mean overlap between two consecutive normal viewabout
80% to guarantee the automated identification aghdlogous
features and assure a minimum number of intergectips for
improving reliability. The mean baseline betweenjaeent
images was about 1.5 m with a max of 5 m for mastadt
object.

Figure 5. Orthoimage of the external fagades ottstle. In
transparency the internal areas. It is clearly iptsso study the
level of internals remains and buildings techniques

The average base/distance ratio was of 0.1. Wherthén
presence of long walls, as for external wall bloctnvergent
images were also acquired assuring a B/D ratio ®f Ib. the

presence of sharp edges, the image base was rediaretiore
simple building was used a circular convergent wapt
geometry centred in the hypothetical centre of ityaof the

object and moving the camera of circa 10°.

s e :
Figure 6. An interesting “Point Cloud view” of therdral castle
from the actual entrance.

process in order to compute the incomplete oriemtat

In a fourth step all block were aligned togethegqusmtially,
starting from the southwest block and graduallyirgidne by
one all the neighbouring blocks. The alignment & blocks
was made using the "point-based" method that uskysimage
matched points to scale and rigidly align all theck together.
The final accuracy was checked step by step usiagléviation
among common GCPs and, where missing, visually ekt
small sections of point cloud to inspect any migaients.

At the end all, the internal blocks were positionegether with
the external view that runs all around the areas Was a sort
of final global check of the global alignments. Theean
georeferencing errors on the common GCPs was 15ntimawi
max error of 21 mm.

The model. The dense matching was done in high quality,
which means an image size reduction by the fadtdr Bue to
the high initial image resolution the dense poiloud have a
final resolution of circa 5 mm for a total of ciré&0 million of
points. It is a sort of very high density LIDAR pbitioud from
which it is possible to extract 3D models, orthojpisp videos
and interesting views and representations.

3. RESULTS AND FUTURE APPLICATIONS

The results are impressive. The feasibility of shevey of each
single building was quite clear from previous wlFassi at al.,
2013) and literature (Gonizzi, 2013; Forte 2013he general
accuracy achieved by the whole process, instead,not that
obvious. Following the described rules of good pcac the
general final precision is sub-centimetre and unifan all
areas.

Moreover, the survey is complete and the point rhbds very
high resolution, significantly higher than the sligal resolution
suitable for architectural representation typicathiese cases.
In the specific case of Umm al-Dabadib, a photognatnic 3D
survey represented the quickest and most effigiaytto record
the huge mass of information yielded by the Fatifi
Settlement, thus allowing the project to use inaarefficient
way the significant financial resources that woblave been
absorbed by a classic theodolite survey. The saetbad could
be adopted to survey endangered archaeological siteen a
quick and precise documentation of the visible emnak
represents the only work that archaeologists nmegkt be able
to perform.

Among future applications, there is the survey oflaor
environments. The use of fisheye lens and netsaobm@mma
images are being studied and tested to be usedheméxt
survey mission in Umm el Dabadib (25 January -5Sriraty
2015) . Fisheye survey will results very usefubpeed up and
simplify the acquisition of particularly narrow ae panoramas
could be very useful for very large environment.

Needless to say that the use of a UAV would haeditited
and speeded up the survey, even if a survey frangtbund
would still be necessary to integrate the aeriala.ddhe



impossibility to survey from a highest point of ebgation is
the only negative aspect of this experience. I, fdcwas
impossible to survey the top of the farthest buiigi from the
castle.

The collected data may represent the basis for rmbeu of
possible operations. First, the data themselvesesept a
faithful representation of the current state of énehaeological
remains in a certain moment; this can be later wsedonitor
the natural decay of the ruins or, in the worstecasf the
damages inflicted by vandals. A comparison betwibese data
with old surveyed data could be also useful to ustdad how
the place has changed in the last 10 years: by aongpthe old
village map on figure 3 and figure 4 with the oithage in the
figure 7, it is immediately clear that many areaavénh
disappeared in just a few years.

The survey can be used to study the layout of dtéements,
the alignment of the various buildings, as welttas design of

the various units. Finally, these data can alsadesl to prepare

a digital reconstruction of the original appearaatéhe site, to

and speed, as well as the collection of a largebmunof raw
data that can later be processed and reused feratif scopes.

In 2014 we performed the 3D survey of the Fortified

Settlement, and we are planning to extend the gumwethe
Eastern and Northern Settlements as well. The saetlaod,
however, could be extended to other archaeolodgedlires of
the site of completely different nature: the cutions. The
ancient fields are barely visible from the grouraahd their
layouts can only be spotted for a few minutes avrdand
sunset when the sun is low; surveying them fromgitoaind is
out of the question, and would anyway yield a pasult. An
aerial survey performed with a drone, insteadikisly to offer
precise and detailed results, that would be otlsnivnpossible
to obtain. We hope to be able to experiment onftbigt and to
report our results on a later occasion.
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