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Summary

This research aims to be an interdisciplinary one, dealing with the usage of digital image in
archaeology. Such an approach is recommended for at least two reasons: one is due to the
destructive nature of the archaeological research (there is the no possibility to recover lost
information); the other one is given by the advantages of using photo digital technology in
archacology; though, at present, in our country there is a lack of multi and interdisciplinary
specialists and this makes more difficult the development of this segment in archacology.

The interdisciplinary research is highly recommended given the development of the different
areas that can contribute to solving specific archaeological problems and given the time distance
till the results are published in traditional means, like books or journals. Moreover, using Internet
facilities, a photo taken from a shuttle appears on the Web in a few hours or, at most, a few days.
Following this idea, this paper also includes a large Weblibrary.

This type of work is not intended to launch its own historical interpretations, but to present the
modern methods and techniques in interdisciplinary research, as well as some of the results that
can be obtained by using such methods and techniques. Likewise, this paper is intended to
discuss problems and solutions, applicable to present and future sites.

One example of interdisciplinarity is, without doubt, the usage of image in archaeology. An
image can be the graphic rendering of an archaeological site in its various conventional forms
(just like a radar image), as well as an aerial photo.

This thesis mainly deals with the applications of photography in archaeology, but also
approaches other sources of image, which can serve archaeology. I try to I prove that image is
now available to any researcher, but in order to understand and use image at its best, a foray into
its origins and history is needed.

But image is a study object and a source of information in the history field, too. On the other side,
the photo itself may be the subject of an archaeological study. In such a context, the photography
is today a very efficient way of communication. Sometimes it is more appreciated than the
written language. The image does not aim to replace writing, but to complete it and to be
completed by it. We can reconstruct a barely visible hand-written or we can highlight a wall hidden
beneath a land wave, wall which is impossible to see on the ground. Old archive pictures can be

processed and reinterpreted. Thus, the possibilities offered by the digital image and its processing



are enormous. In such a context, finding and implementing working methods in shooting and
processing the digital image can be a research theme by itself.

This PhD thesis is completed with some practical methods of obtaining digital image and by
examples of how to process it. In order to list them, we researched methods and information
resources dealing with computer usage. Afterwards, we dealt with the creation and management of
data resulted after the field researches and the processing of land-, air- or satellite-resulted
information.

CHAPTER 1 deals with this research objectives and their importance, with the definitions and the
terminology necessary in order to understand the specific tools of this research; the first chapter also
approaches the image origins, its importance as a historic resource and as a tool in archaeological
researches; in the end, I straighten the importance of using image as a tool in archaeological
researches.

The introductory part of CHAPTER 2 deals with the history and evolution of image, in general,
and of photo, in particular. In the field of history, image itself is a research subject and a source
of information. On the other hand, image is also a tool in the archaeological research and
documentation.

CHAPTER 3 presents the necessary steps in order to get results usable in research; the first step
is choosing a camera. In order to facilitate this selection, we present the general working
principles of any type of camera, be it common, be it camera lens or the accessories needed in
order to get performing results; everything is presented in a language accessible to both
professionals and non-professionals.

CHAPTER 4 presents the first proofs of documented usage of a camera. It also deals with
focusing and exposure times, depending on the conditions and specific features of the best
moment to shoot the image of an object, be it in the archaeological field, in a museum or in any
other not necessarily favorable environment.

We considered necessary a complex approach to the modern technology, as it has greatly
evolved in the recent years; moreover, in some Romanians books there are many terms that no
longer correspond to their correct or new sense (I refer here to some books translated into
Romanian language and some others books - written by Romanian authors). In the context of the

technological jump of the last decade, a problem arouse: the editorial field failed to keep up with



all of these innovations. So, there sometimes appear confusions and we deal with concepts,
which were considered to be true 5 years ago, but they are not valid anymore.

CHAPTER 6 deals with the composition of the image. We approached the compositional rules,
the philosophical side of image composition, underlying the pros and cons of using "the golden
mean", a concept used in painting, sculpture, photography and other arts.

CHAPTER 7

Photography can be obtained only if there is light; the only exceptions are given by infrared or
other range of radiation. Thus, I have dedicated a separate chapter to the problem of light in
archaeological photography. Here I discussed the effects of light on image and the light
importance in choosing the best angle when shooting an archaeological subject; here there is
discussed the best moment of the day in shooting. I also approached and exemplified the
technical solutions for the situation when light is little or non-existent.

CHAPTER 8 is dedicated to the archaeological image: methods for shooting the excavation
works and the importance of photos scaling are highlighted. It is recommended using photo
studio in order to shoot the artifacts, after their sampling in order to archive, inventory and
exhibit them. This section advances various shooting techniques and lighting schemes in a studio
so that artifact is best highlighted. All these situations are presented through practical examples
and graphics.

CHAPTER 9 deals with aspects of digital image processing and some practical applications of
the various effects that are obtained by such processing in digital image and in shooting
archaeological objects. This section also approaches another important matter: the chromatic
difference between a printed image and its appearance on the computer screen. Differences are
also to be observed when an image is projected on two different monitors. My solution in order
to remove these problems is to use the so-called "color management".

This solution involves the use of tools for measurement and control, the creation of chromatic
profiles for each device and their implementation in the working way. These adjustments allow
us to increase the contrast in order to highlight certain features in an image, to increase details, or
to increase the clarity of an image. We can also correct the color temperature and the exposure
after the photo was taken. Such adjustments have some limits and if the image is completely

wrong, it is sometimes technically impossible to recover it.



In order to exemplify all these we dealt with processing like: the correction of the circular effect
on Trajan's Column, the gradations of a sundial located inside the Alba Iulia Cathedral,
combined effects in a darkened room in Pompeii, the inscription on the backside of an Olmec
statue in Mexico. The results have been made available to Prof. Dr. Florin Stanescu, director of
the Mesoamerican Research Center of the “1 Decembrie 1918 University of Alba Iulia.
CHAPTER 10 continues the series of practical applications with some aerial photos taken over
the archaeological sites of Costesti-Blidaru, Sarmizegetusa Regia, Comesti-larcuri in Banat, and
the Cistercian Abbey in Carta. In order to take these photos I used ultra light aircrafts that offered
the possibility of shooting through a special window or the removed door. Before the flight, I
took a ground trip of each archaeological site; I recorded GPS data and visual clues, in order to
recognize the site while flying.

Even if an archaeological site is known, the aerial images, taken in different time moments, can
emphasize some relief characteristics that were not visible originally. Vegetation, weather-
climatic factors contribute to the visibility of the relief shapes that can be of an archeological
nature. Regular archaeological flights are taken in the Western countries, in order to observe and
monitor the known vestiges and to discover new ones. In archaeology, an aerial image can give
us information on the size and purpose of a site, an aerial image can give us information on the
area to be protected and relieved of agricultural works.

The aerial photos taken on the archacological sites of Sarmizegetusa Regia, Piatra Rosie,
Costesti and the Carta Abbey, aim to monitor these sites, to identify possible changes and new
areas of interest. Looking ahead, it is possible that the information brought by these images to be
the reason to open new archaeological excavations. A series of "shadows" highlighted by aerial
photos, shadows to be observed inside the small rectangular destroyed sanctuary of
Sarmizegetusa Regia for e.g., can suggest possible traces of underground walls, and thus can lead
to new excavations.

On the other hand these pictures carry a touch of novelty as, for a relatively long time, there were
no more flights over these sites. And I say its novelty keeping also in mind the current
technology and its extra quality. The photos are taken in one raw graphic file called RAW, that
contains a maximum of details and information. RAW is a file that can be edited at any time with

new and improved programs.



Aerial photos taken in the Orastie Mountains were sent to Professor Doctor Ioan Glodariu from
"Babes Bolyai" University of Cluj Napoca, head of research in the area of the Dacian citadels.
Another point of great importance within my researches was the archaeological site near the
village of Cornesti, in Banat area. This site is located 18 km north of Timisoara. The Cornesti
fortification was known since the nineteenth century as it was shown on Austrian military maps.
The site is composed of concentric rings spread over a land area of 1700 hectares.
Archaeological researches were carried out over the decades, and in 2007, the investigations
were resumed by an interdisciplinary team formed by specialists coming from Timisoara
University, Cluj-Napoca, Arad, Frankfurt pe Main, Berlin, Wurzburg Exeter and Timisoara
Museum.

In the late autumn of 2009, a weather anomaly proved to be good for shooting so, in
collaboration with some specialists of the Banat Museum, I took a series of aerial images.
Favorable conditions were due to completely dry vegetation; still stand agricultural lands,
frequent and heavy rains - all these revealing land fortifications. In the rings area, the soil
retained more water giving it a different tone. The images clearly show the 3 known land waves.
At the moment of shooting, the existence of a 4™ ground wave was expected and the aerial
images revealed segments of the 4™ ground wave, confirming thus its existence.

The resulting images were available for the Ph. D. coordinator and for Professor Doctor
Alexandru Szentmiklosi, researcher of the Banat Museum. These photos also proved that the
archaeological site is actual larger than it was initially estimated. They also bring new
information as they provide more data on the general degradation of the site. One of my photos
was published in the prestigious journal ANTIQUITY, no. 85/2011, pp. 821.

My thesis describes every stage of the practical applications in this research, till the GPS data to

the image processing and results.

The practical applications series continues with stereoscopic (3D) photos of artifacts and with an
aerial perspective over the archaeological sites of Costesti Blidaru and the Cistercian Abbey of
Carta. These stereoscopic images allow us to perceive the effect of space and three-dimensional
space in a flat photo. This is possible with the aid of some special glasses. The advantage is the
following: these images give us a more fair and real image of the shot subject. An aerial photo
shot in order to be rendered in stereo will provide much more information about the possible

unevenness of the image surface than a flat image. The processes vary widely and some are very



expensive. The process that I suggest is very simple and cheap, compared to other methods

which lead to the same results.

CHAPTERS 11 deals with some aspects of teledection, satellite and radar images, GPS and GIS.
Applications of these facilities are summarized in the next chapter, which describes the
possibilities to organize and manage huge databases, like spatial databases, and databases
resulted after multidisciplinary researches in archaeology; all of them are widely presented in
this paper.

Chapter 14 describes how to create and use a database of archaeological images on the internet.
The database presented is functional can be accessed on the internet at the following address:

http://imageart.ro/arheosit/

This database is intended to be used as easy as a website. You can upload images of high quality,
you can access and download them from anywhere in the world, as long as you are Internet
connected. Access to information is provided after registration, which is subsequently approved
by the site administrator. After approval, the user may download or upload photos. The images
are placed after the well-established criteria such as site name, county and location in
geographical coordinates. After you enter this information, the location is displayed and viewed
through maps.google.com. Localization is done through the service offered free of charge (under
certain conditions) by Google. Source images are satellites as Cnes/Spot Image, DigitalGlobe,

GeoEye.

The satellite location of an archaeological site offers the advantage of an overall perspective
about the geographic position of the target-object. So the geographical coordinates, listed in the
database, are very useful when you want to reach an archaeological site for the first time. We
believe that this database is very useful to researchers - historians, archaeologists, and
museographers - because it can be a tool of communication and of information storage. All these
specialists have access to information entered by other users and they can complete it with both

text and images.

Though the information is restricted and displayed only to persons registered and approved by
the administrator. In other words, not anyone can have access to important information about a
particular archaeological site. This restriction is a solid safety measure when operating a database.

This database, although on-line and functional, can be implemented under the supervision of a



university or research institution. In this respect there is the opportunity and the desire of the
University "l Decembrie 1918" Alba Iulia, through the Institute of Systemic Archaeology, to

implement this database in the University’s official website.

PROSPECTS FOR RESEARCH

At least four important resources contribute at the research progress in the approached filed, and

these resources are:

1) Human Resources and by this we mean preparing students and researchers in history,
archacology and museology, to use the IT technologies; unfortunately, this training is not
ensured at an appropriate level in high school or even less in the humanist faculties. Afterwards,
at master programs one can have students who do not know the basic programs of Microsoft
Office. So instead of teaching computer applications specific to the master program, they teach
basic knowledge on computers. This is the present situation, although all the Romanian
universities have computer networks, including the electronic devices and software. We believe
that the reintroduction of computer courses in the humanist faculties is a prerequisite for the
development of research with modern means, means which are in a rapid evolution.

2) Technical Resources

In April 2012, Nikon Company launched on the market a camera that has a resolution of 36 mpix.
This is a resolution three times greater than the resolution of the equipment produced only a year
ago. The optical side has also greatly improved, in order to face these new resolutions. Thus, we
have objectives/camera lens which are able to replicate the details for photocells (fotosit) with a
size of 1, 5 microns! These innovations are translated by tripling the details of photo, and this is a
very important fact in archaeological aerial image.

Slowly but surely, GPS systems are to be coupled to cameras. There are modules that can be
connected to the camera and while you shoot, they also save the geographic coordinates in the
image file (EXIF data). Cameras’ future trend is to include a GPS module, another fact
extremely useful in archaeology.

Another technological leap is recorded in increasing the sensitivity of the image sensor to light.
This means that we can take quality photos in bad light. For the moment the most powerful
camera has a light sensitivity much higher than the human eye. The trend is to lift this sensitivity;

this trend is due to the stiff competition between producers, but the user is the winner.



Some rumors coming from the photographic equipment manufacturers say that it is quite
possible to have a normal photographic equipment, but sensitive in infrared. This is a very
plausible fact because the image sensor is also sensitive to the electromagnetic waves coming
from invisible specters. Up to now, producers used to place barriers to these electromagnetic
waves in order to prevent the passing of infrared and ultraviolet rays. The opportunity to take
photos with a normal camera, but in infrared, would be another very useful tool for archaeology.
Actually, photographing in infrared (IR) is not a novelty. It is possible by removing the filters of
a digital camera; [ mean the digital sensor that prevents the passing of IR rays. But when doing
this, the camera will no longer shoot in the normal way, buy only in IR. The novelty will be
shooting with both visible light and IR, just as we want. Ten years ago, Sony conducted tests of
this kind, but they were not very successful. Perhaps this will be possible tomorrow.

3) The software resources evolve in parallel and closely related to the technical side of industry.
Thus, up to now there have been launched editing programs which enlarge the borders of photo
processing; likewise, image editing made a big leap forward. Adobe Company, through the
Photoshop program launched software of an unimaginable performance. Until recently a moved,
unclear photos suddenly reached the Recycle Bin, but the Adobe team promises a program to
correct this failure. Their tests, displayed on the internet, look very promising.

4) Financial Resources

In present, there is a serious gap between the technique price and our wages. The prices are
Western-style, but the income is Balcanic type; for this reason, it is very difficult to keep pace
with the evolution of techniques and to use them. This also happens in the editorial domain,
which should guide us in using these new technologies to their maximum potential. Sometimes,
this technology is totally absent.

On the other hand, the youth is attracted more to the commercial side of things, with a quick
profit, and they pay less and less attention to the historical research. This situation can be
translated into a lack: that of a new generation ready to use the latest technologies (to progress)

and to teach from the old scholars, sometimes slightly conservative.

The Internet is also to be mentioned in this context: although it is a much-discussed tool because
of the easiness with which anyone can add unchecked information, there still is a solid scientific
side. The rapidity and ease of information exchange among researchers must be taken into

consideration.



We also must recognize the effort of companies to provide, free of charge, satellite imagery of
Terra. Probably all the archaeologists know the "Google Maps". The tendency of these suppliers
is to improve the quality of their services, but their services are grouped in “packages* made

available to users.

BIBLIOGRAPHY

A Guide to Understanding Color Communication, e-book creat de X-Rite, http://www.xrite.com

Arnheim, Rudolf, “Arta si perceptia vizuala”, Editura Meridiane, Bucuresti, 1979.

Barthes, Roland“Camera Luminoasa- insemnari despre fotografie”, Editura Ideea, Cluj , 2009.

Bauret Gabriel “Abordarea fotografiei”, Editura ALL, Bucuresti , 1998,

Beech, Michael, “Super Stereo 3D” ,2007.
Beech, Michael, “Digital 3D Stereo Guide Book,” 2008.

Bejenaru, Matei, “Introducere in fotografie” lasi: Editura Polirom, 2007.
Brian si Jante Stoppee, “Stoppees Guide to Photography & Light’, Editura Elsevier, SUA,

2009.

Burgess, K, “Practical Photographer Of Chemicals For The Art”, New York, 1962.

Calvey Taylor-Haw, “The Studio Photographer's Lighting Bible”, Editura RotoVision, Mies,
Switzerland, 2007.

Carlson, J. B., “Olmec Concave Iron Ore Mirrors: The Aesthetic of a Litic Technology and the
Lord of the Mirror”, in “The Olmec and their neighbours”, E.P. Benson ed. Washington, 1981.

Child, John, Mark Galer “Photographic Lighting”, Ed.III, Focal Press, Burlington , 2005,



Chris Rutter, “The essential Color Manual for photographers”, Editura Roto Vision, UK, 2006
Colectiv: Florin Gogaltan — responsabil (IAIA Cluj), Alexandru Szentmiklosi (MB Timisoara),
Bemhard Heeb, Manfred Woidich (Freie Universitit, Berlin), Julia M. Wiecken (Universitatea
Exeter), Kopany Darida, Cristian Dumbrava, Adrian lonascu, Andra Popescu, Roxana Preda
(studenti UV Timisoara), 2008, CIMEC, Raport arheologic/ 2008

Ciutd, Marius, “Metode si tehnici traditionale si moderne de cercetare in arheologie - Note de
curs-", Alba Iulia, 2006.

Complete Guide to Color Management, e-book creat de X-Rite, http://www .xrite.com

Enczi Zoltan, Richard Keatin, “Secretele fotografiei digitale”. Editura Casa, Oradea, 2010.

Foto-Video, “500 de sfaturi de fotografiere” Brasov, ISSN 1453-7079.,2010.

Freeman, Michael, “101 ponturi de baza in fotografia digitala”, Editura Litera, Bucuresti. , 2010.
Freeman, Michael, “Manual de fotografie digitala”, Editura Litera, Bucuresti, 2011 a.

Freeman, Michael, “Ochiul Fotografului’, Editura Litera, Bucuresti. , 2011 b.

Galer, Mark, Les Horvat, “Imaginea digitala”, Editura Ad Libri, Bucursti, 2004.

Garcilaso de la Vega, el Inca, “Regestile cronici ale Incasilo”r, Ed. Univers, Bucuresti, 1974.
Google Maps API, https://developers.google.com/maps/

Heather Burke and Claire Smith “The Archaeologist’s Field Handbook”, Editura Allen & Unwin,
Australia. , 2004.

Hedgecoe, John, “The new manual of Photography”, Editura DK, Londra, 2003.



Heeb, Bernhard S.; Szentmiklosi, Alexandru; Wiecken, Julia, ,, Zu den Wallringen von Cornesti

larcuri, Jud. Timis, Rumdnien — Forschungsgeschichte und neueste Untersuchungen”, 2011.

Heizer, R., F., J.E.Gullberg, “Concave Mirrors from the Site of La Venta, Tabasco,: Their
Occurrence, Mineralogy, Optical Description and Function” in “The Olmec and their
neighbours”, Ed. E.P. Benson, Washington, 1981.

I’Anson, Richard “Travel Photography”, Editura Lonely Planet Publication Pty Ltd. , 2009.
larovici, Eugen, “Maiestriea in fotografie”, Editura Tehnica, Bucuresti, 1977.

[lluminant Types, e-book creat de X-Rite, http://www.xrite.com

[lluminant Types, e-book creat de X-Rite, http://www.xrite.com

Imbroane A.M., Moore D., ,,Initiere in GIS si teledetectie”, Editura Presa
Universitara Clujana, 1999.

Instructiuni utilizare program Capture NX2: http://www.capturenx.com/en/support/index.html
Instructiuni utilizare program Capture NX2: http://www.capturenx.com/en/support/index.html
JavaScript Guide, https://developer.mozilla.org/en/JavaScript/Guide

JavaScript Tutorial, http://www.w3schools.com/js/

Jorge Lira “Sistema Radar de Imagenes ” , Monografias de Instituto de Geofizicas/5 UNAM,

Mexico City, 2002

Lunazzi, Jose, J. “On the quality of the Olmec mirrors and its utilization”, Universidade Estudial
de Campinas, Campinas, Brasil.

Manual PHP, http://php.net/manual/ro/index.php

Mario Livio, “Sectiunea de aur”, Editura Humanitas, Bucuresti, 2005.

MySQL 5.5 Reference Manual, http://dev.mysql.com/doc/refman/5.5/en/
Negrea loan, “Lectia de fotografie” Bucuresti: Editura Albatros, 1984

Novac, Mircea, “Fotografia de la A la Z”, Editura Tehnica, Bucuresti, 1973.



PHP and HTML, http://php.net/manual/en/faq.html.php
Popol Vuh, ,,Cartea Maya a zorilor vietii’, Editura ~ Humanitas, Bucuresti, 2000.
Prikel, David, “Exposure”, editura AV APublishing SA, Switzerland. , 2009.

Revista GEO nr6 /2008, 24 mai, cod ean: 5948367000170

Rog Palmer, Oberlander-Tarnoveanu, Irina, Bem, Carmen, “Arheologie aeriana in Romania §i
Europa” Editura CIMEC, 2009.

Ron White, “How Digital Photography Works”, 2nd Edition, Editura QUE, Indianpolis, 2007.
Saunders, N., J., “Chatoyer, Anthropological Reflections on Archaeological Mirrors”, in “Recent
Studies in Pre-Columbian Archaeology” Vol. I, BAR International Series 313, Oxford, 1988.
Stanescu Florin, ,,Archacometry and Arheaeoastronomy in the Dacian Sanctuaries” , 1997.
Stanescu Florin, “Aplicatiile calculatoarelor in arheologie”, Seria Arheologie, Colectia
Arheometrie, Ed. Ulise, Alba Iulia, 2002.

Stanescu, Florin, ,,Civilizatia Olmecilor” Seria Arheologie, Ed. Ulise, Alba Iulia, 2003.

Starting JavaScript, http://www.comptechdoc.org/independent/web/cgi/javamanual/
Szentmiklosi, Alexandru, Bemhard S. Heeb, Julia Heeb,Anthony Harding, Rudiger Krause,
Becker Antiquity: “Cornesti-larcuri — a Bronze Age town in the Romanian Banat?” 2011.
Tennant, John, “The Photo-Miniature. A Magazine of Photographic Information” din colectia
bibliotecii Universitatii din Toronto, Pag. 207-217 Stereoscopic Photography, 1899.

Tutorial, Html, http://www.w3schools.com/html/

The Color Guide and Glossary, e-book creat de X-Rite, http://www .xrite.com.

Understanding [lluminants, e-book creat de X-Rite, http://www .xrite.com.



WEBGRAPHY
http://ads.ahds.ac.uk/project/goodguides/apandrs/

http://archaero.com/
http://cimec.ro/Arheologie/cronicaCA2008/rapoarte/052.html
http://dexonline.ro/definitie/joule
http://dexonline.ro/definitie/watt
http://en.wikipedia.org/wiki/File:Anaglyph _example graph.png

http://en.wikipedia.org/wiki/SPOT _%?28satellite%29#The SPOT orbit

http://ro.wikipedia.org/wiki/Pixel
http://www.deepdyve.com/Ip/de-gruyter/zu-den-wallringen-von-corne-ti-iarcuri-jud-timi-rum-
nien-nyzkhxjx5o

http://www.dex.ro/tiristor

http://www.foto-magazin.ro/despre-fotografie open.php?art=despre-fotografie stereoscopic.php

http://www.foto-magazin.ro/dictionar

http://www.foto-magazin.ro/termen.php 7n=690
http://www.grafikatom.ro/blog/2011/04/04/scaderea-intensitatii-luminii-in-raport-cu-distanta/
http://www.hensel.eu/en/products/compact-flash-devices/integra-plus.html
http://www.rpm.or.jp/home/h-kouno/3dphotose.htm
http://www.scribd.com/doc/47800472/39162472-Iluminat-Artificial



