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Abstract — This paper presents the design and preliminary prototype
of the TactoBook, a novel reading assistive device for the blind that
is able to reproduce electronic books (eBooks) in portable electronic
tactile displays. The TactoBook consists of a computer-based system
that translates fast and automatically any eBook into Braille. The
Braille version of the eBook is then stored in a USB memory drive
which is later inserted and reproduced in a compact, lightweight
and highly-portable tactile display. Braille readers can access
published information immediately and store multiple eBooks in the
same device without carrying the burdensome tactile print versions.
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display.

I. INTRODUCTION

Over the last five years, the Mechatronics and Control
Systems Lab (MCS) at Panamericana University (Mexico)
has been developing systems which are able to provide blind
subjects access to visual information by means of touch
stimulation (a summary of these systems can be found in [1]).

One of these systems is the TactoBook, a novel assistive
device that allows visually disabled and blind users to read
practically any text document using a portable electronic
refreshable Braille tactile display.

Industrial fabrication of tactile print books or Braille
books is nowadays poor and their implementation is a
challenging and slow manual process: each letter has to be
translated into 6 contact points involving cutting, stapling and
gluing plastic point labels on a paper [2]. Coding even a small
5-page text becomes a titanic effort. Unfortunately, the
resulting Braille book is burdensome and uncomfortable to
hold and carry, once read it is less interesting and sometimes
it does not last very long with enthusiastic use, especially by
children.

On the other hand, the eBook publishing industry is
rapidly growing. Since the Internet revolution, the 400-year-
old publishing industry had no choice but to move to the
online space in order to satisfy their also growing audience.
In consequence, nowadays regular print books from every
major publishing house are commonly found in electronic
format and the current trend is that more and more are
digitized and uploaded to the Internet.
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eBook portable readers already exist and there is wide
variety commercially available. They consist of dedicated
hardware devices that are comfortable to hold and carry by
the user (Fig 1.). However, there is no equivalent system for
the blind.

We propose a system that exploits the popularity of
eBooks by making them accessible to the blind. Fig. 2 shows
the TactoBook concept [3]: using standard computational
resources, an eBook is translated to Braille code, encrypted as
a file and stored in a regular USB pen drive. This memory
drive is then extracted from the computer and inserted into a
compact, lightweight and highly-portable tactile display
where the file is opened, processed and reproduced in a set of
10 Braille cells at a time. By touching the pins, the user is
able to read the eBook.

The TactoBook system intends to overcome the
accessibility problems of tactile print books by offering a
simple, fast and automatic translation to Braille, possibility of
multiple use (a wide number of eBooks can be stored and
reproduced using the same device) while being robust and
portable.

This paper presents a technical overview of the TactoBook
system and introduces a preliminary prototype which
performance is currently under evaluation. The rest of the
paper is organized as follows: Section 2 details the
TactoBook main modules: translator, electronic drive and
tactile display. Section 3 presents the first prototype
developed. Finally, section 4 concludes summarizing the
main contributions and future work perspectives.

-

Fig. 1. eBook portable reading device from Continuum [4].
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Fig. 2. The TactoBook concept: eBooks in Braille displays.

II. THE TACTOBOOK SYSTEM
A. Braille translator

Braille, the most successful tool and the standard
worldwide for displaying text information among the
deaf/blind, is represented by patterns of raised dots which
can be read by touch.

Each Braille character or cell is made up of six dot
positions, arranged in a rectangle containing two columns
of three dots each (see fig. 2). A dot may be raised at any
of the six positions to form sixty-four combinations
(although some are omitted in practice because they feel
tactually the same). Each combination conveys to the
reader a letter, word, number or symbol.

There are two grades of text-to-Braille transcription.
The basic transcription is called Grade 1 Braille and it is a
direct substitution of normal print letters for letters from
the Braille alphabet. Grade 2 Braille is the advanced
transcription in which a single cell can represent a
shortened form of a word. Official Grade 2 Braille has 189
contractions. A complex system of styles, rules, and usage
has been developed for this grade to make reading and
writing Braille much faster and shorter. However, Grade 2
transcription can only be done properly by a human [5].

The TactoBook translator is a computer-based tool that
converts a text file into Braille code using Grade 1 Braille.
The resulting Braille version is encrypted as a new file and
stored in a USB pen drive.

Fig. 3 shows a snapshot of the user interface. Its
architecture and operative code, developed under a
Visual.Net environment, were conceived in order to offer
great flexibility and simplicity in data transcription:

1. File-upload function: This function allows the user to
upload any supported file to be translated into Braille.
For the moment the interface supports the most
common file-formats such as portable document files
(pdf), unformatted text files (txt) and Word document
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Fig. 3. Snapshot of the TactoBook Braille translator and its 3 main
functions: (1) file upload, (2) textbox and (3) manual mode.

files (doc). Current work focuses on Internet file-
formats, such as Extensible Markup Language (XML).

2. User-defined text entry function: This feature allows
the user to enter any text to be translated into Braille
either by taping it or just by pasting it into a textbox.

3. User-defined pin control function: This function
allows the user to manage the position status (up or
down) of any pin from the 10-cell-array so that the
user can display any desired pin-combination. This
could be helpful to display a user-customized Braille
codification.

Experimental measurements of the translator’s
computing time show a quite linear performance: using a
standard computer with 256 MB of RAM memory, a page
of 2000 characters is translated in approximately 0.8 s.
Roughly, a standard text book of 300 pages can be fully
translated to Braille in 240 s. The equivalent tactile print
book would consume approximately 1800 pages.

Braille translation is in fact a very challenging issue.
Braille software translators have to comply with three main
features: standardization, appropriate context-translation
and navigability.

Standardization: Nowadays, several Braille software
translators can be found in the market [6-7]. On one hand
this allows to choose among many different file-formats
that comply with practically any requirement, but on the
other hand it causes compatibility issues because, as

Authorized licensed use limited to: Universitaet Mannheim. Downloaded on February 10, 2009 at 10:52 from IEEE Xplore. Restrictions apply.



always, not any software is designed to work with any
hardware. This is undoubtedly a technical barrier for file
interchange and file access.

Context-translation: Most Braille translators are
intended to work properly with a few text-types, such as
novels, essays or only-text files but will have bad
performance when trying to translate, for example, a
scientific article containing images and mathematical
equations. The main reason is that the translation process is
not always straightforward, but is, in many cases, context-
specific. To avoid these problems the user would have to
choose the translation-protocol for every text-type to be
translated in advance or the software would have to
determine by itself the appropriate translation-protocol and
file-type, which, at this time, seems quite far.

Navigation: Another related problem arises when trying
to establish navigation-standards that would allow the user
to freely surf Braille-files. This could be very helpful to the
user, since it would provide him important information
about his location at the file, for instance; chapter, page,
and paragraph-number and will also permit him to move
forward, backward or jump to a specific location.

One standard that has proven moderate success is the
DAISY/NISO [8] used nowadays for audio-books. It
basically splits a file into hierarchies: chapters, pages,
paragraphs, lines, etc., adding markups at every point
which work as reference-guides for the user. Nevertheless,
it has not been totally applied to Braille. That is why we
think it could be a good solution to provide the user a
powerful tool to navigate among and along files. Of
course, the proper codification for navigation would have
to be saved in a Braille-file as well, making the file less
compatible with other hardware.

B. Tactile display

Most tactile devices commercially available are
piezoelectric Braille displays. In the standard Braille
configuration, pins are spaced 2.54 mm apart and are
capable of producing vertical strokes of 0.7 mm. Each pin
produces a 0.17 N pull force at 6 Hz. Commercially, each
cell costs around 40 USD.

A major drawback of typical Braille cells for this
application is their design: Braille cells are refreshable by
moving the pins up and down. The pins are driven by
relays and lever mechanisms. When voltage is supplied,
the relay pushes the pin up; when the power is off, the self-
weight of lever mechanism lets the pin downward to its
original position. This relay-lever system is implemented
as an additional burdensome module attached to the
contact pins that may compromise integration capacity and
portability (Fig. 4).

To overcome this problem, we have been working with
piezoelectric linear motor TULA-35 from Piezoelectric
Technology Co [9]. TULA-35 motors consist of a rod, a
mobile element or slider, and a piezoelectric ceramic

tactile pin ——»
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Fig. 4. Piezoelectric Braille cells: (a) the relay-lever mechanism
schematic and (b) physical implementation.
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Fig. 5. Piezoelectric linear miniature motor:
(a) conceptual design and (b) prototype.

transducer (Fig. 5(a)). Upon polarization of the ceramic
transducer, ultrasonic vibrations are produced in the rod.
These vibrations are converted into linear movement of the
slider pressed into frictional contact with the rod. TULA-
35 motors are miniature and ultra-lightweight: 2.4 mm
diameter, 11.6 mm length and 100 mg mass (Fig. 5(b)).
Note that the entire actuator is tightly packed in its 2.4 mm
diameter with no relay-lever mechanisms. The desired
2.54 mm Braille-like pin spacing can easily be achieved
using this micro-actuator.

When properly operated at its resonance frequency,
TULA-35 motor’s performance is quite similar to the one
obtained with traditional Braille cells: 5 Hz bandwidth,
0.17 N pull force and controllable strokes along the
11.6 mm length rod.

The design concept used to build the TactoBook’s
tactile display is based on a multi-layer approach: even
though the actuator’s diameter is that of the slider
(2.4 mm), the ceramic transducer is 4 mm diameter.
Placing the actuators one next to the other in a single layer
would result in a pin spacing of at least 4 mm. By using a
multi-layer design, the ceramic transducers can be properly
placed to achieve the 2.54 mm Braille-like pin spacing

(Fig. 6).
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Fig. 7 shows a prototype Braille cell built using the
multi-layer design concept. Compare to fig. 4(b) and note
its compactness.
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Fig. 6. Tactile display based on a multi-layer approach.

Fig. 7. Prototype Braille cell with piezoelectric linear miniature motors
and a multi-layer approach.

C. Electronic drive

The general diagram of the electronic hardware
architecture that controls the 60 piezoelectric motors is
presented in fig. 8. To move the slider upward/downward
along the rod, a 15 V square signal at 75 KHz is needed.
This signal is applied in one terminal of the ceramic
transducer while its inverse in the other. To achieve this, a
microcontroller generates a 5 V, 75 KHz square signal
which is later amplified to 15 V. Selection of the desired
motors is also performed by the microcontroller.

An important note on this actuator is that it is a stable
actuator: energy is only needed when changing the slider
from one position to another but not to sustain it. This
leads to a general better efficiency and avoids overheating,
thermal stress fatigue and a gradual degradation of the
actuator’s performance.

Tula-35 piezoelectric motors consist of a circular
ceramic base covered on each side by a metal plate. When
both 75 KHz signals pass through the plates, a differential
voltage is generated producing vibrations that cause the
movement of the rod.

In order to obtain the best performance of each motor,
they must be supplied by its own driver that generates a
15 V, 75 KHz signal. The reason to have independent
drivers is due to the motor’s capacitance that modifies the
supplied-signal by reducing its effective voltage and by
reshaping its required square wave-form.

When too many motors are connected in parallel to the
same driver-output, the total capacitance increases
considerably, making the supplied signal to be so distorted
that it can no longer comply with the 15 V, 75 KHz
requirement, causing an unreliable performance of the
motors (low speed and thrust or even no movement).

Fig. 9 illustrates the degradation of the wave as more
motors are supplied by the same output-signal.
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Fig. 8. General diagram of the electronic drive.
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Fig. 9. Reduction of the effective voltage according to the number of
motors actuated.

II. PROTOTYPE

Fig. 10 shows the preliminary prototype of the
TactoBook system. This prototype is 600 g weight and its
compact dimensions: (20 x 9.8 x 5 cm’) make it easily
carried by the user. An ergonomic enclosure has been
designed in collaboration with ergonomists and industrial
designers to ensure comfortability, easier adoption and a
higher user acceptance.

Current technical work is focused on evaluating the
performance of the entire system and integrating a portable
and lightweight power source.

The software developed at the moment is capable of
performing a linear translation of the document. However,
as we improve adapting the DAISY/NISO standard to the
translation, navigation buttons will be enabled.

Line, paragraph, page and chapter navigation is desired,
including a special function to identify the text that is
being displayed. Index-based selection is also desirable,
but will depend on the complexity of the book.

The TactoBook will provide an acoustic feedback to the
user whenever he desires to know his current location at
the file or whenever the system reports a miss-functional
behavior, for instance, when the memory-storage device is
not properly connected.

IV. CONCLUSION

This paper has presented a novel concept of reading
assistive device: the TactoBook, a system which aim is to
make accessible eBooks to the blind and visually impaired.

The TactoBook’s fundamental idea is to translate any
text book to Braille using standard computational
resources and to store them in a USB memory drive which
is later to be inserted and reproduced in a compact,

Fig. 10. The TactoBook first prototype.

lightweight and highly-portable tactile display. This way,
the user is able to read comfortably a wide number of
eBooks without carrying the burdensome tactile print
versions.

Main parts of the system such as Braille translator,
piezoelectric actuator, electronic drive and tactile display
have been introduced and technically overviewed.

A first prototype has been developed and its
performance is currently being evaluated.
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