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Abstract: Modern technology has been offering 
an increasing number of tools for the digitalisation of 
monuments or works of art. 3D visualisations, which allow 
obtaining a very realistic image of the subject, are particularly 
popular. However, for many culture and science institutions, 
including museums, such tools can be unavailable, primarily 
for financial reasons. The Reflectance Transformation Imaging 
(further as: RTI) method, discussed in this article, appears to 
be a solution, which – being relatively inexpensive – offers 
a wide range of possibilities regarding the documentation 
of monuments by allowing – without the need to resort to 

high-tech equipment – to create 2.5D images out of regular 
digital photographs. The article offers a brief characteristic 
of the way in which the RTI method works, at the same time 
presenting successive stages in the procedure of obtaining 
images. In order to illustrate the results of this method the 
authors referred to their experiences with RTI Imaging; with 
this purpose in mind they described RTI images of three 
stones with petroglyphs featured at the Archaeological 
Museum in Poznań. Upon the basis of their achievements and 
pertinent literature they presented their assessment of the 
RTI method, indicating both its positive and negative aspects. 

Keywords: Reflectance Transformation Imaging method – RTI, photographic documentation, iconography, digitalisa-
tion, multimedia.
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At present digital photography constitutes a foundation 
for a wide group of myriad methods and techniques 
applied for the purpose of documenting archaeological 
sites, monuments, and museum exhibits. The usage of the 
majority of those methods and techniques (i.a. multispectral 
imaging, photogrammetry, scanning) is often associated with 
considerable financial input. This is why it is worth seeking 
ways that are not very costly and, at the same time, offer 
analytical possibilities greater than those of traditional 
photography. One such method is Reflectance Transformation 
Imaging (further as: RTI), which makes it possible to create 
an interactive digital model of the surface of an actual 
object or its part. Such interactivity consists of the option of 
a virtual illumination of the received model from all possible 
directions. Lights and shadows created on the surface of the 
model are the outcome both of differentiated topography 
and other material properties of the documented object.1

Description of the RTI method
RTI is a computational method based on digital photographs. 
The making of a model calls for a minimal set of about 24 
photographs taken with a camera placed in one place during 
the session. The location and orientation of the documented 
object also remain unchanged. The camera lens should be 
perpendicular to the surface and the camera is switched to 
a manual mode. After determining suitable parameters of 
exposure (shutter speed, aperture diameter and sensitivity) 
and focusing (for all documented surfaces) we block the last 
function and leave the exposition parameters unchanged 
in the course of taking all the photographs. The camera is 
stabilised on a tripod and remote control will be guaranteed 

by a computer or a telephone (tablet) application. This will 
prevent predominantly the undesired motion of the camera 
in the course of the session.2

In the frame we place the historical monument together with 
a measuring device (for the purpose of a later estimation of 
particular features of the monument‘s surface), a colour chart 
(in order to calibrate colours registered in the photographs) and 
two shiny calibration spheres thanks to which each photograph 
will register light reflections produced by the flash. We shift the 
lamp prior to taking each successive photograph so that all the 
points of the location of the source of light could be arranged 
during the given session evenly around the object. The distance 
between the lamp and the centre of the monument should be 
constant and no smaller than twice-thrice its diameter; light 
should be cast at an angle of 15°–65°.

The constant distance between the map and the 
monuments is the reason why photographs document 
changes of the colour of the surface, which reveal themselves 
when light falls on an object from assorted angles. Such 
changes additionally depend on the topography of the surface 
and the properties of the material out of which the object was 
made. Since we document their impact upon light (in the 
form of a phenomenon known as reflectance) information 
about those features of the monuments might be discovered 
in the course of a later analysis of the digital model.3 It is 
worth adding that numerous museums and university 
units applying RTI built special light mooting in the form of 
domes or arms with affixed sources of light. Such appliances 
considerably accelerate and facilitate measurement, i.e. the 
acquisition of photographs.4

After the completion of the entire set of photographs we 
are obliged to assess their quality and usefulness in a further 

1. Comparison of the visibility of individual surface features of the monument (stone no. 1), RTI screen capture in the Default mode of visualisation depend-
ing on the direction from which the object is illuminated; green sphere informs about the direction of the illumination



124 MUZEALNICTWO 59

phase of imaging. The focus and definition of the photographs 
are appraised together with their contents. Next, we remove 
from the collection those photographs, which had been taken 
incorrectly or which registered undesired elements, e.g. our 
shadow cast on the surface of the monument. If after their 
removal the set becomes diminished or, if as a consequence 
of an assessment, we arrive at the conclusion that the camera 
moved during the session, then the latter must be repeated.5

The successive stage is the aggregation of data and the 
creation of the RTI image. With this purpose in mind we 
should remove from the photographs distortions and 
aberrations caused by the lens and the camera and save 
transposed photographs in the JPG format. We then access 
those folders in a specialist RTIBuilder programme, which is 
semi-automatic. Having indicated parts of the frame in which 
we placed the calibration spheres the programme determines 
the direction of the source of light for each photograph. We 
can correct the results of this process if such a need arises. In 
the last step of this stage the program generates RTI folders 
containing a model of the documented object.6

The digital image of the monument can be viewed 
in one of the dedicated viewers (RTIViewer,7 Cher-
Ob,8 ISFStandaloneViewer9), choosing one of several 
implemented modes visualising the object as well as the 
direction from which we shall illuminate our model virtually 
(see: fig. 1). Virtual manipulation with chiaroscuro on the 
surface of the depicted object realistically imitates the 
process of experiencing a genuine monument and, at the 
same time, offers an extremely effective tool for analysing 
the properties of the surface. The only mode that does not 
offer interactivity is so-called normal mapping – an image in 
which the colour of every pixel was defined by the direction 
of an inclination of a fragment of the monument’s surface 
represented by this pixel.10

What purposes does RTI serve?
RTI offers us a visualisation of monuments, which, albeit not 
three-dimensional is, for all practical purposes, not greatly 
inferior. RTI images permit us to map the surface of assorted 
objects extremely precisely, and the information that we 
shall seek is partially dependent on the type of objects and 
the traces that we can observe on them.

The first and probably the most universal category of analyses 
using RTI is studying iconography. A controlled simulation of 
illuminating the surface of an object, causing changes of light 
and shadows, makes it feasible to discover details invisible 
even with the naked eye or simply difficult to notice. It is not 
surprising, therefore, that this analysis of RTI images is one 
of fundamental ways of using the method in archaeology or 
museology, and that the most often studied categories of 
monuments are rock art and graffiti, bas-reliefs, inscriptions 
on stone and timber, clay seals or their imprints on papyrus, 
parchment or paper, as well as coins, bones, and paintings.11

The second group of analyses to which RTI images are 
subjected is connected with an identification of traces of 
tools.12 An interactive change of lighting makes it possible to 
describe the manner of modifying the surface (a removal of 
its fragment or an imposition of different material), and thus 
allows to draw conclusions about the sort of tool or technique 
used for creating the object. Consequently, we achieve 
insight into the workshop of the author and the history of 
the functioning of the object in successive cultural contexts. 
After all, traces of instruments do not have to refer solely to 
the emergence of a given work.

Yet another application of RTI involves studying the 
current state of the preservation of a monument and 
discovering the damage incurred to the surface. For this 
purpose, we need two RTI images: a referential image prior 

2. Synthetic presentation of a photography session during the first stage of 
using Reflectance Transformation Imaging

3. Photography session at the Archaeological Museum in Poznań
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to the changes and an image created some time later and 
documenting the damage (if the latter took place). The 
study also consists of comparing both models and appraising 
the observed changes. Just as in the case of iconographic 
analysis so here too RTI images enable us to discover 
elements indiscernible with the naked eye.13

In view of the fact that the RTI image is also an excellent 
instrument for presenting exhibits the described method 
serves not only documentary or analytical purposes. 
Collections of digital models can be also helpful for 
expanding the offer made by galleries and museums in 
their Internet services. The interactive manner of presenting 
contents makes it possible for visitors to make their own 
discoveries, since they have a chance for more detailed 
observation either at the museum or at home. It must be 
kept in mind, however, that RTI images should be more of an 
addition to an exhibition and their purpose is not to replace 
the original monuments. We perceive their assets rather in 
the educational dimension and in the fact that they could 
encourage to directly experience the actual exhibits.

The spectrum of RTI application is, therefore, vast and 
will probably expand even more as the method continues to 

develop. Indubitably, this is a tool that could be universally 
used especially in all sorts of institutions dealing with 
cultural legacy. In order to present the practical assets of 
the method and emphasise its weaker and stronger sides we 
would like to demonstrate our experiences with RTI within 
the museum context.

RTI images of stones featuring rock art at 
the Archaeological Museum in Poznań
The Archaeological Museum in Poznań houses nine stones 
with petroglyphs obtained in the course of excavations 
conducted in the vicinity of the Fourth Cataract of the Nile 
in Sudan.14 Although their iconography is relatively well 
recognized they still contain numerous elements, both 
iconographic and others, whose identification is unobvious 
or unclear. For the purpose of testing the RTI method we 
chose three stones (inv. no. MAP 2010:85/1, 2010:88/1, 
2010:88/2). Below, we would like to characterise briefly 
the outcome of our work, accentuating that a copious 
presentation both of the process of creating the imaging 
and its analysis is being prepared.

The stones feature predominantly likenesses of cattle (see: 
fig. 1, 4–7), albeit executed in different techniques. The style 
of the depictions allows us to include them in the so-called 
Kerma horizon, i.e. the third and second millennium B.C. 
Stone no. 1 (see: fig. 1, 4–6) was covered with two petroglyphs 
of long-horned cattle. The same is true of stone no. 2 (see: 
fig. 7), which shows two cows and an anthropomorphic figure 
situated above them. Only stone no. 3 (see: fig. 8 and 9) poses 
an identification puzzle by defying interpretations due to its 
abstract form and damages.

The stones selected by us differ owing to the properties 
of their surfaces and petroglyphs. The surface of stone 1. is 
relatively smooth and hence the depictions distinctly stand out 
from the background, but in the case of the remaining stones 
the petroglyphs are less legible as a result of an irregular and, 
at times, rough surface. Techniques used for creating particular 
petroglyphs also differ. Depictions on stones 2. and 3. were 
executed in the picket technique and thus were produced 
by striking the stone with a hard tool. Petroglyphs on stone 
1. were carved with a very sharp tool, as evidenced by an 
extremely thin contour line. All those (and other) differences 
affect the way in which the stone surface reflects light; hence 
we expected various results of RTI imaging.

The stones were photographed with a Canon EOS 750D 
camera and a Canon 60 mm f/2.8 EF-S Macro USM lens, 
while using a tripod. The monuments were illuminated 
with Fomei Ring Flash Panther 600 mini and Quadralite 
Reporter 360, combined with a navigator. The entire session 
was conducted by using the EOS Utility programme, and 
after completing a series of photographs of each stone they 
were transposed by applying the Adobe Photoshop and RTI 
Builder programmes.

The prime goal of creating the images was to obtain 
documentation that would offer much better quality than 
the one executed with traditional methods (drawing, 
photography) and which would increase the possibility of 
presenting the stones within a museum context in view of 
the fact that visitors may find the discussed petroglyphs 
insufficiently visible. Although we did not anticipate that 

4. Comparison of RTI visualisation modes available in the RTIViewer 
program. The object of imaging is a stone with petroglyphs (no. 1) found in 
the vicinity of the Fourth Cataract in Sudan, 3000–2000 B.C.
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5. Stone No. 1, RTI screen capture in the Image Unsharp Masking mode of visualisation

6. Close-up of an unfinished (?) petroglyph of a cow (?) on stone no. 1, RTI screen capture in the Diffuse Gain mode of visualisation
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RTI images would also allow us to discover new motifs on 
stone surfaces we did not exclude such a possibility.

In the case of all three stones we managed to create ima-
ging whose level of detailed presentation is much greater than 
that of the documentation we had at our disposal until then.

In other words, RTI fulfilled expectations as regards the 
quality of documentation. RTI images of stones 2. and 3. allow 
a much more reliable description of the depictions and their 
natural stratification relations (stone 2.). In the case of stone 
1., which, it was suspected, could contain additional engravings 
barely seen with the naked eye we managed to confirm the 
existence of at least one, possibly unfinished, depiction of 
a cow. Only the application of a suitable visualisation mode 
made the contours of this petroglyph visible. Although its 
identification as an animal remains debatable the existence of 
those engraved lines is clearly distinct thanks to RTI.

RTI also helped to verify the character of numerous traces 
on stone surfaces, which until then remained uncertain. 
In the case of stone 1. these were numerous engraved 
parallel lines whose full course could be observed only 
in the RTI image (they are seen with the naked eye but 
only fragmentarily). Stone 3., in turn, displays elongated 
lines, the result of friction (?) and certainly later than the 
petroglyph. Furthermore, analyses of RTI images make it 
possible to distinguish variances in coloured traces on this 
stone more fully, suggesting that perhaps we are dealing 
with traces executed with two different tools (see: fig. 9).

Without doubt, control over virtual light cast on stone 
surfaces permits extremely detailed analyses of their selected 

fragments. In all instances we obtained dynamic images, in 
which it is much easier to perceive depictions than in natural 
or museums conditions. Our expectations were not met only 
in the case of stone 2. because the anthropomorphic figure 
was still rather difficult to see. We thus decided to apply the 
colour enhancement technique in all the photographs of this 
monument (using the ImageJ15 programme and DStretch16 
image enhancement), and then to once again create the 
RTI image by deploying these transposed photographs. 
Consequently, we achieved visualisation with an artificial 
colour composition but with perfectly visible petroglyphs.

The most important accomplishment of the entire 
experiment was the fact that we managed to obtain data that 
can be further transformed and analysed by using filters of 
other programmes. In this manner the documentation is not 
“final” and can be studied from the angle of seeking highly 
diverse information about examined objects. Our aim will, 
therefore, involve, i.a. further analysis of the stone, which, 
in our opinion, preserves traces of an earlier (?) petroglyph. 
Successive visualisations will assist identifying traces, which in 
the initial stage of analysis appear to be somewhat ambiguous.

We also notice the great potential of the imaging created 
by us in its further integration with the undertakings of 
the Archaeological Museum in Poznań. One of the ideas 
that we shall want to realise is placing RTI images on the 
Museum’s website. Hopefully, accessing them will have 
a positive impact on interest in African archaeology and 
will simultaneously offer Internet users a feeling of greater 
involvement in experiencing historical monuments.

Assessment of the RTI method
The assessment of the RTI method presented in this article 
is certainly subjective, although taking into consideration 

7. Stone No. 2, RTI screen captures in the normal version, and with the 
colour enhancement function used in the Default mode of visualisation

8. Stone No. 3, RTI screen capture in the Diffuse Gain mode of visualisation, 
illuminated from different angles
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growing interest in its use, expressed by various institutions 
all over the world, the evaluation of RTI is, as a rule, positive. 
Our experiences of applying the RTI method incline us to 
underline the fact that despite the existence of certain faults 
and limitations the method possesses many more merits. 
They include, predominantly:
• precision – the obtained virtual model of the monument 

contains information about the shape of the object, the colo-
ur of its surface, its properties and current state, and, at the 
same time, is more precise than an individual photograph;

• independence – the process of documentation is much 
more objectivised, especially in comparison with drawn 
documentation of monuments and traditional digital 
photography highly dependent (especially in the course 
of field work) on existing light conditions;

• non-invasiveness – the RTI method does not require 
persons working on the documentation to touch the 
surface of the object, and thus minimalizes the risk of 
damaging the monument;

• usefulness – the resultant model helps, first and foremost, 
to reveal information barely perceptible or outright 
invisible to the naked eye within the range of iconography, 
traces of tools used during the process of creation, and 
techniques applied at the time, as well as natural changes 
occurring within the historical substance;

• verifiability – conclusions drawn from studies on RTI 
images can be relatively easily assessed thanks to the 
possibility of accessing RTI images to other scientists;

• accessibility – this is a relatively inexpensive method 
to apply: today, numerous necessary tools are part of 
the equipment used by the majority of museums and 
archaeological expeditions; the accessibility of the method 
is also discernible in its reasonably easy operation, which 
does not call for specialist schooling;

• attractiveness – the RTI image is also a visually attractive 
product, which may be used in a museum as an element 
supplementing expositions, and on a website, which, in 
turn, can have a positive impact on activity promoting 
museum events and collections.
Reflective transformation imaging is, however, not an 

ideal method and it is worth becoming aware of its faults:
• the fundamental problem involves the limited sizes 

of documented objects; imaging an excessively large 
surface causes the loss of topographic details and hence 
difficulties or the impossibility of carrying out credible 
meticulous analyses; moreover, very large objects call 
for more sophisticated procedures in the course of 
photograph acquisition – a tripod aimed at a monument 
ceases to be a good solution;

• the next limitation is the very process of creating the RTI file 
and, more exactly, the stage of the acquisition of images; 
measurements in the form of a photograph comprise the 
foundation of modelling and thus their execution should be 
technically correct and their characteristic gestures should 
include focus and the lowest possible image noise, which 
depends on the skill of the photographer, the quality of the 
equipment, and external factors;

• despite the fact that RTI images contain information about 
the colour and shape of the surface they still remain only 
two-dimensional (described more exactly as 2D + or 2.5D) 
and deprived of direct information about the location of 
particular surface fragments along axis Z; they thus lack 
a third dimension, which characterises 3D models and 
their distinctive features include limitation to a single 
point of view (the absence of a possibility of turning the 
resultant model around)

• although it is difficult to regard this as a fault it should be 
kept in mind that imaging objects with the RTI technique 

9. Close-up of stone no. 3 showing different sizes of colored traces 
(green arrow - big traces; red arrow - smaller ones) and elongated 
scratch marks created already after the execution of the petroglyph; 
RTI screen capture in the Image Unsharp Masking mode of visualisation

(Fot. 1, 2, 4-8 – oprac. P. Witkowski; 3 – P.L. Polkowski;  
9 – oprac. P.L. Polkowski, P. Witkowski)
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is not fully objective; in other words, the RTI result 
always depends on the operator and hence images of 
the same object, obtained by assorted persons within 
separate documentation processes, will contain potential 
differences; this holds true in particular for methods 
involving a handheld flash, when it is difficult to keep 
ideally equal distances between the lamp and the object; 
whenever a frame or a dome is used differences of the 
obtained results will be probably much smaller.
Summing up, the RTI method has a great chance to 

become one of the most universally used instruments for 

the digitalisation of collections in institutions associated 
with cultural heritage. In an era of creating electronic 
databases, the transference of expositions from showrooms 
to websites, and omnipresent computer analyses RTI offers 
a great deal with relatively low financial inputs. The fact 
that it does not have to be applied exclusively by specialists 
dealing with informatics or photographers/graphic artists 
offers assorted institutions easily acquired tools with 
multiple functions. It is also a method with a constantly 
developing potential – progress in photography can render 
RTI even more effective.
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