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The aim of this work is to try to set out how new technologies can influence the
perception of a museum exposition. The problem which will be analysed is how to
adapt an exhibition to the needs of visually impaired people. The problem will be
considered on the basis of the case studies which were the part of an agreement
between the Army museum in Bialystok and our Faculty. In traditional museums
the main principle is the prohibition of touching exhibits.The project goal was to
help blind people understand the features of the environment around them
through the sense of touch. The novelty of this work is the study of how new
digital technologies may improve the perception for the visually impaired.In the
paper the method of 3D scanning, modelling and 3D printing will be presented.
In conclusion the encountered problems and plans for further action will be
discussed.
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Research of perception of blind and partially sighted
people shows that the sense of sight is compensated
by the sense of touch to a certain extent. Fingers
can recognize shapes and geometrical relationships.
Skin reads texture, temperature and density of materials. This diﬀers from vision in many aspects. The
receptors respond to visual stimuli originating from
objects located at a distance while touch requires direct contact. The perception also is diﬀerent. We can
look at many objects simultaneously (simultaneous
impression), however, by means of touch we experience in order (successive impression). Haptic perception is characterized by learning from the general
to detailed, and visual perception - from the detailed
to the general. As a result, haptic perception is fragmented; it means remembering and then creating
the whole picture. A blind person touches the elements and then imagines the whole form.

As our disabled population increases as a percentage of the overall population, and as a percentage of our active, engaged, museum attending population, accessibility cannot be an afterthought. According the World Health Organisation estimates, in
ﬁgures from 2010, in Europe there are 2,550,000 blind
and 23,8000,000 low vision people, giving a total of
26,350,000 visually impaired individuals. The term
'visual impaired' is used to indicate blind plus partially
sighted people together. Partially sighted and low
visions are used as equal indication of limited sight.
(www.euroblind.org/resources/information)
More than six decades ago, the General Assembly of the United Nations adopted the Universal Declaration of Human Rights. Article 27 of the declaration states: Everyone has the right freely to participate in the cultural life of the community, to enjoy the arts and to share in scientiﬁc advancement
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and its beneﬁts. (www.un.org/en/documents/udhr)
But not for the blind, it would seem, as most museums allow us to appreciate art with only our eyes and
not our sense of touch. Despite the adoption of the
United Nations Convention on the Rights of Persons
with Disabilities by the European Union in late 2009,
European visually impaired citizens are still suﬀering
from social exclusion, thus making them one of the
most vulnerable groups of society. This category of
people practically never attend a museum exhibition,
as these are usually not adapted to their special requirements. Therefore, changing this situation was
the main reason for the actions undertaken by us.

MUSEUM FOR A BLIND PERSON - STATE OF
ART
Why is it necessary to provide access to museum collections for visually impaired people? Accessing museums has been diﬃcult for people who are blind or
partially sighted, often due to objects being placed in
glass cases creating a barrier to access. This limits the
exhibition accessibility and is contrary to the Convention On The Rights Of Persons With Disabilities. With
more than 1.7 million Polish people with disabilities,
museums need to improve the accessibility of facilities, exhibition, and programs for this important population.
The most well-known museums for blind people are the Typhlological Museum in Zagreb, Museo
Tiﬂologico in Madrid, Anteros Museum in Bologna,
Museo Tattile Omero in Ancona and Tactile Museum
in Athens.
Zagreb, Croatia. One of the ﬁrst museums dedicated
to people with disabilities (especially those visually
impaired), the Typhlology Museum was opened in
Zagreb in 1953. This museum has a twofold function: giving visually impaired and sighted visitors
the opportunity to enjoy art and sculpture with
all their senses. The permanent collection holds
and displays items related to the education and
rehabilitation of the visually impaired, their everyday life and artistic endeavours. The museum collection is divided into objects, art, photographs,
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ophthalmology instruments and archival materials.
(www.tiﬂoloskimuzej.hr/home_en.aspx?id=48)
Madrid, Spain. The Typhlology Museum has been
established in 1992 by National Organisation of the
Blind (ONCE - Organización Nacional De Ciegos Españoles). In this centre there are 16 reproductions
of international monuments (Coliseum of Rome, The
Eiﬀel Tower, The Taj Mahal) and 20 national monuments, such as the Alhambra of Granada, aqueduct of Segovia, the City of Avila. It is also home
to a permanent exhibition of works (textile, sculpture and painting) by blind artists and those with
a serious visual impairment. The entire museum
is designed to help access to the collections: information in Braille and large print, maps in relief,
touch and sound systems, etc. The Typhlological
Museum has been designed to promote and bring
culture closer to those with a visual impairment.
(www.spainisculture.com/en/museos/madrid/museo_tiﬂologico_once.html)
Bologna, Italy. The Tactile Museum of Ancient and
Modern Painting "Anteros" Francesco Cavazza Institute for the Blind was founded in Bologna in 1999 and
is the result of a research project started in 1995 at
the Association School of Applied Sculpture. This collection consists of translations of three-dimensional
painting masterpieces representative of the ages between classic and contemporary, designed and built
by a team made up of experts in art theory, tactile and optical psychology, history and art pedagogy, and applied typhlology. Every translation
has been created manually and has to accurately
respect the values, shapes and composition of the
original painting. The collection of the museum
currently includes forty specimens, including threedimensional reproductions of famous paintings in relief perspective, technical surveys, copies of Renaissance reliefs, panel preparatory to the concept of
historical style, functional tables to the understanding of perspective and categories of representation.
(www.cavazza.it/drupal/?q=it/node/315)
Paris, France. The Louvre opened the Tactile Gallery
in 1995. It was the ﬁrst museum in France with a

gallery speciﬁcally set up for the visually impaired.
The display of casts and sculptures in the gallery has
been renewed for the sixth time since it opened. The
Louvre's Tactile Gallery, targeted to the blind and visually impaired, is the only space in the Paris museum where visitors can touch the sculptures, with no
guards or alarms to stop them. The theme chosen for
2014-2017 is the body, both clothed and unclothed.
The exhibition entitled "Sculpting the Body" features
18 casts that show the diversity of the museum's
sculpture collection, from ancient to modern times.
The most famous of the exhibit is Venus de Milo, one
of the most copied sculptures in the world. The original sculptures were read by 3D laser and the replicas created from resin or plaster, ﬁnished to look like
either marble or bronze. (www.louvre.fr/en/tactilegallerya-new-tour-sculpting-body)
Ancona, Italy. The museum was founded in 1993 by
Ancona City Council. The aims of the Museum are
to promote the cultural growth and integration of
the visually handicapped and to widen their knowledge of reality. The museum includes multi-sensory,
technologically-advanced exhibition area, spread
over 450 square meters and presents 150 works from
the permanent collection arranged in chronological
order. In the future it is planned to expand area up
to 3000 square meters for a total of about 300 works.
(www.museoomero.it/main?lang=4)
Athens, Greece. Tactual Museum was founded in
1984. It shows all artefacts, which are displayed in
the Museums of Greece, such as the National Archaeological museum, the Acropolis, Delphi, Olympia,
Heraklion Museums and the Museum of Cycladic
Art. The main diﬀerence between the Tactual Museum and the other Museums is the opportunity for
all visitors to touch all the exhibits. Visitors may
touch and feel the statue of Aphrodite of Melos, Hermes of Praxiteles, Poseidon of Artemision, Delphi
Charioteer, Kouros of Volamandra, model of Athena
on the Acropolis from 5th century B.C. and others.
(www.tactualmuseum.gr/indexe.htm)

TRADITIONAL METHODS OF PREPARING
ARTEFACTS
In the above cases traditional methods of reproducing the artefacts were used. In this method a mould
and cast of the model is made in one of a variety of
casting mediums, such as plaster, bronze, or bonded
bronze. A mould is the negative or hollow cavity produced around a sculpted piece for use in creating
multiples of those pieces. A cast is the positive or
reproduction of the original piece of sculpture created by pouring casting material into a pre-formed
mould. Diﬀerent mould material can be used to reproduce artefacts. Some of the most popular materials used for mould making include: plaster, latex rubber, paste maker, moulage, gelatine, white
rubber and polymer or chemically activated multiple part mould rubbers. Popular casting materials
include: plaster (gypsum), resin, metal (bronze, aluminium, lead, silver and gold), and casting rubber.
These materials permit to reproduce details perfectly.
But the method of copy production is very complicated and time consuming as it mould production is
manual, and what is the most important, the durability of the mould is limited. But the main obstacle to
applying this method is that it cannot be used for all
objects.

MUSEUM 2.0 CASE STUDIES - THE ARMY
MUSEUM IN BIALYSTOK.
Is it possible to know something just by touching?
Is it useful, and indeed necessary to do so in certain cases? Touch is a modality whose function, from
a cognitive point of view, has given rise to diverse
and even contradictory appreciations. Because it is
largely redundant with vision for the acquisition of
spatial knowledge of the environment and the objects properties, it allows blind people to acquire certain autonomy in their everyday life. Therefore, it is
considered as a powerful and eﬀective tool. (Touching for Knowing, 2003)
The museum has decided to give the blind and
visually impaired, as well as children and sighted visitors who wish to experience tactile exploration, the
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opportunity to touch casts of the museum's exhibits.
The idea was: "How to touch what is untouchable?"
Our goal was to incorporate touch objects into the
exhibition and allow blind visitors to interact with the
objects.
The new media can help in this task, making
society as a whole aware of the needs of the blind
and visually impaired people. "Technology can aid
in increasing accessibility by breaking down barriers.
Haptic technology, for example, enables blind and
partially sighted individuals to touch virtual 3D objects". (Johnson et al 2013, p.10)
3D scanning provides a proven workﬂow to digitally document diﬀerent museum artefacts with dimensionally accurate, high resolution 3D data. 3D
scanning combined with Rapid Prototyping provides
fast solutions for exhibits duplication in various sizes
and materials. 3D printing can produce more complex geometries than traditional methods (Blades et
al. 2010) and enable production of replicas in a relatively short time compared to traditional systems of
production, and what is important, it produce many
identical copies of the artefacts.
For scanning the exhibits we used two types of
scanners: an optic scanner Artec Eva 3D and a laser
scanner Next Engine. Artec Eva 3D Scanner is similar to a video camera which captures in 3D. The scanner captures up to sixteen frames per second. These
frames are aligned automatically in real-time, which
makes scanning easy and fast. This optic scanner is
the ideal choice for a quick, textured and accurate
scan. Eva doesn't require markers or calibration. It
captures objects quickly in high resolution (3D resolution, up to 0.5 mm; 3D point accuracy, up to 0.1
mm) and vibrant colour, which allows for almost unlimited applications. The output formats are: OBJ,
PTX, STL, WRML, ASCII, AOP, CSV, PLY.
The Next Engine laser scanner was used for small
exhibits. The scanner parameters in the macro mode
are: resolution - 200 DPI, texture density - 400 DPI,
dimensional accuracy - 0.1 mm, acquisition speed 50,000 points/sec throughput, two minutes per scan
of each facet and typical small model datasets con-
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tain 250,000 points after processing. Scanner software exports directly in STL, OBJ, VRML, UD3 and PLY
formats.
For printing we used an Objet30 3D printer with
ultra-high resolution accuracy - 0.1 mm. This printer
produces models with smooth surfaces and ﬁne details and can be used with all types of 3D CAD software. In Objet30 the layer thickness (Z-axis - horizontal build layers) is about twenty eight microns and the
build size (X×Y×Z glossy) is 294 x 192 x 148.6 mm. For
printing Objet30 uses photopolymers as model materials and the support material is easily removed by
water. PolyJet 3D printing is similar to inkjet printing,
but instead of jetting drops of ink onto paper, PolyJet
3D Printers jet layers of curable liquid photopolymer
onto a build tray.
Generally, in order to make this type of product easy to use and taking into account that tactile
perception is not as sharp as visual perception, any
tactile-graphic device must contain synthesized information in order to make it easily legible with the
sense of touch. The process of duplicate production
starts from scanning the exhibits. The scanner uses
multiple laser/lamp stripes to cross-validate the geometrical data it collects. Individual scans capture a
set of 3D points for any object in front of the scanner.
Each captured view takes a few minutes. For complicate artefacts multiple views are needed. A typical
object can be fully captured in as little as 10 views.
Since scans can be aligned later in the software, we
can reposition the object to capture data from multiple views. In the software we ﬁnd a starting point
for alignment by placing three sets of corresponding
points between any scans. Pins placement gets the
scans close, and then geometry analysis kicks in to
automatically ﬁnd an exact match, based on the overlapping data between scans.
Optimal scanning of an object requires some
experimentation. Multiple views of the object also
provide feedback on scan density and colour. The
scanned object can be seen with textured surface,
surface, mesh and scan points.
Any 3D scanners can have diﬃculty measuring

certain types of surface. The main challenge in our
work were black and high-gloss surfaces. We used a
powder to temporarily coat dark, highly polished or
transparent objects or areas.
Another problem was that the 3D scan of complicated and detailed structures required many overlapping digital images, which have to be combined
to single 3D models. As a result, the surface data was
not clean enough and this is yielded to inevitable deformations of the replicas. That is why we cannot reproduce items such as old army shoes or torch for
which it was determined that traditional digital modelling is required. Figure 1 illustrate the process of 3D
model producing.
Figure 1
Process of torch
modelling

The printing process is simple. Firstly, in preprocessing the build-preparation software automatically calculates the placement of photopolymers and
support material from a 3D CAD ﬁle. Then in process of production the 3D printer jets and instantly
UV-cures tiny droplets of liquid photopolymer. Fine
layers accumulate on the build tray to create a precise 3D model or part. Where overhangs or complex
shapes require support, the 3D printer jets a removable gel-like support material. This material is easily
removed by hand or with water. Models and parts are
ready to handle and use right out of the 3D printer,
with no post-curing needed.
Evaluation of the printed copies showed that
some items are too thin and delicate. Therefore,
these elements had to be remodelled in Blender in
order to ﬁt the special exhibition's needs. For example, a copy of a shaving razor blade should be thicker
than the original, which was too fragile. The results
are documented in Figure 2.

CONCLUSION

We used a retopology tool provided in the dedicated
software to reduce the number of triangles to meet
a speciﬁed tolerance. Once scanning is complete
and the scans have been combined and optimized,
the software transfers the data seamlessly to SolidWorks or Blender for analysis and manipulation. In
the modelling software we checked the dimensions
and made corrections, as the mesh was too dense.

Tactile perception is a relatively new ﬁeld of study.
The ﬁrst pioneering work was written in 1925. Its
author David Katz observed that our immediate experience of the world concerns the touched surface.
(Katz 1925) Many museums have already begun to
integrate resources for blind people and oﬀering selection of pieces of their collections to explore with
sense of touch. Our experience shows that all visitors are interested in investigating touchable replicas, not just those with a visual impairment. Museums of all sizes are struggling to adapt how new technology is redeﬁning the methods of presentations.
Digital technologies have had a dramatic eﬀect on all
aspects of museums' functioning.
There is a growing interest in exploring ways in
which new technologies can enhance participation
in museums and galleries. It is increasingly recognized that carefully designed new technologies may
provide blind visitors with relevant and tailored information and serve to enhance interpretation of and
engagement with object rich collections. (Lehn and
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Heat 2005) Visually impaired people would be able to
enjoy and actively participate in heritage spaces.
It is important to keep in mind that visually impaired people are not homogenous group. Our experiment conﬁrmed that it is important to make the
distinction between blindness and partial sightedness. Many researchers emphasize the diﬀerences
between congenital and non-congenital blindness.
Voigt and Martens have written "Blind people are unable to use any "residual vision" for practical orientation purposes. "Partially sighted", on the other hand,
refers to people whose vision is limited, but who cannot be described as blind. People who are blind from
birth have no visual relationship at all with the spatial
environment they live in. People who become blind

later in life, on the other hand, do have a mental picture of visual spatial relationships, which often allows
quicker familiarization with a new spatial situation.
There are thus signiﬁcant diﬀerences among blind
and partially sighted people in terms of both spatial
perception and the orientation process." (Voigt and
Martens 2006, p.367) This is determining the familiarization with "methods of reading" and the possibility of accessing visual memory, which is necessary
for understanding of touching an object. The second problem which should be analysed is to recognise the role of haptic memory for blind people. As
Gual, Puyuelo and Lloveras claim: "A blind person explores the tactile graphics in a sequential way; in contrast, the phenomenon of visual perception is simulFigure 2
Exhibits and
duplicates
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taneous and requires less time to assimilate the same
information." (Gual et al. 2011, p.157)
In future works we plan to analyse the diﬀerence
in haptic perception between the following three
groups: blind people, people who have lost eyesight
and the visually impaired with a limited range of vision who can perceive shapes from a distance of a few
centimetres away. We plan to produce replicas in different scales and investigate which scales are better
for increasing blind people's perceptions. This study
will provide the necessary information to determine
the optimum of level of detail for printed artefacts.
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