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Introduction

The problem to develop a novel interactive display that
will facilitate access for visually impaired people to the
modern Information Technology world is quite topical
today. There are several approaches to solve this problem,
let us mention here EC Project ITACTI (Smart Interactive
Tactile Interface Effecting Graphical Display for the
Visually Impaired, 1ST-2001-32240, 2001 — 2006), in
which Kaunas University of Technology was partner,
responsible for the development of 2D screen, allowing
many thousands of moving actuators (dots) to be addressed
and moved individually. This tactile graphical display
made it possible to further integrate the visually impaired
population into the Information Society, improving their
access to many resources, including internet pages, by
offering a more natural and effective display, consisting of
an array of at least 128 x 64 individual actuators displaying
either 10 x 40 characters of Braille (2x5 pins per
character), 12 x 40 (2x4 pins per character) or tactile
graphics (www.smarttec.co.uk).

The display was based on the application of smart
materials valve design, in which a ERF valve presents a
hole in a multi-layer board, filled with ERF and controlled
by the applied voltage, the polarity of which is changing
according to every layer [1-7].

Another interesting approach is laterotactile
stimulation, a new type of tactile feedback studied and
developed by Prof. Hayward's team at McGill University's
Haptics Laboratory [8,9]. It is based on lateral skin
deformation, or laterotactile stimulation and exploits a
tactile stimulation mode by which a traveling wave of
lateral skin deformation can induce the sensation of a
moving feature under the fingertip.

The specific features of the method presented in this
paper are several: (a) the possibility to differentiate colors
or contrast by relating each color or lucidity to frequency
of stimulation in extremely wide frequency range (from 0
to approx. 150 Hz); (b) when using touch sensitive screen
it is possible to exploit the advantages of GPS, Geographic

information systems and 2D graphical information; (c)
reading text is not limited to using specific areas of screen
as in classical Braille screens [2, 3]; (d) very important
feature of the method is low cost of the device.

Generating tangential tactile stimulation

Blind operator can comprehend that visual information
(colour, contour, shadow) is varied when he feels the
variation of the tangential force which acts on his finger.
This force can be created by one or three (in case of
reading the text) miniature electromagnets, which the blind
pushes on the magnetic plate by his finger and can be
varied by varying the electromagnet excitation current.

The structural schematic of the device is presented in
Fig. 1. In this figure MP is the touch sensitive plate,
covered by thin ferromagnetic layer, on which with the help
of processor P the visual information is represented, EM —
miniature electromagnet, PM - the unit of electromagnet
position measurement, EC — the unit of electromagnet
excitation current control.
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Fig. 1. The structural schematic of the visual information
representation

The blind operator moves the miniature electromagnet
EM with his finger, and electromagnet glissades on the
plane MP. The measurement unit of the position PM fixes
the coordinates xy, yu of electromagnet EM and transmits
its position into processor P. Processor forms the control
signal ug=Uy(Xm, Ym) Of the miniature electromagnet
excitation current magnitude, which relates to the intensity
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of visual information in this point (height of relief,
darkness of shadow, intensity or change of colour) and
transmits it to the unit of electromagnet excitation current
control EC.

The output current of EC I, flows in the electromagnet
EM, which creates proportional to current I, magnetic flux
density By. The moving on the ferromagnetic plate
electromagnet is acted by force F(xy, ym), depending on the
magnetic flux density By in this point. The blind feels the
change of the force which acts to his finger. The voltage
supplied to miniature electromagnet is in the form of short
pulses with the frequency related to color or intensity of the
scanned area. Initial experiments indicate that blind
operator can feel the frequencies up to 150 Hz,
differentiating between frequencies in steps, equal to 10-15
Hz. Therefore he feels the change of visual information in
the point occupied by the electromagnet. Together with the
audio information such method of the information
representation can give the adequate information about
some object for the blind.

The forces acting on the miniature electromagnet

The cross section of miniature shown in Fig. 2.
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Fig. 2. Magnetic circuit and
electromagnet

the forces acting to the

The magnetic circuit is composed of electromagnet
magnetic core with the mean length of magnetic line equal
to I, of the part of miniature in which the magnetic lines
with the mean length of magnetic lines equal to I, are
distributed and of the gap between the ferromagnetic film
and the bottom of the electromagnet magnetic core. The
height of this gap is equal to I;. The current I, flowing in the
excitation windings EW creates the electromagnet
magnetic flux.

The force F, of the finger PR acts to electromagnet in
the direction parallel to the surface of the plate MP. It can
be expressed:

Fe = N, (1)

where N is the normal force, acting to the electromagnet in
the direction perpendicular to the surface of the plate MP, f
is the friction coefficient.

The normal force has three components: the weight
force P, the electromagnet attraction force T and the
normal component F, of the finger force:

N=P+T+F,. (2)

We suppose that finger acts only parallel to the
ferromagnetic plate surface and F,=0. The weight force P
is proportional to the electromagnet mass me:

P=meg, 3)
where g=~9,8 m/s? is the free fall acceleration.
Evaluation of the electromagnet’s attraction force T

We evaluate the electromagnet force, writing the
elementary variation dW,, of the magnetic field energy
density Wy, which arises because the elementary variation
dV; of the volume of the gap between the electromagnet
bottom and the ferromagnetic plate surface:

B(H
dWp, = tzt

dvi, (4)

where B; and H; are, correspondingly, the values of the
magnetic flux density and magnetic field strength in the
gap. Let the magnetic field lines be perpendicular to the
ferromagnetic plate. In this case B=By, H= Hy.

The total area of the both electromagnet branches
bottom is S. Let the height of the gap in the both branches
be the same and equal to I,. The elementary variation of gap
volume is dV; = Sdl;. Therefore

B, H
dw,, =WTW5d|t. )
Vice versa the variation dW, can be expressed
evaluating the value of force T as follows:

dW,, =Tdl;. (6)
We obtain of (5) and (6):

AW _ ByHy ¢

dl, 2 )

The structure of volume V; can be different. On the
electromagnet bottom can be formed special nonmagnetic
gap by polish or other nonmagnetic material. If the special
nonmagnetic gap is not formed, it is composed of the
uneven parts of the electromagnet bottom, in which
partially are intervened the air gaps. The height I, of the
volume V, depends on the quality of the electromagnet
bottom surface processing and can be very little. We
suppose, that the relative permeability of the gap uy has the
value being in the interval 1<u.<umm, where uy, is relative
permeability of the electromagnet core. The magnetic field
strength can be expressed this way:

B
Hy=%/ | 8
Y / HrtHo ( )

where p=41-107 H/m.
The expression (8) we can substitute into (7):

_(S 2
T= (Aﬂnuo)B‘V' ®)

Therefore, the dependence of electromagnet attraction
force T on the magnetic flux density By, is parabolic.



Analysis of the magnetic circuit

Magnetic circuit is composed of three parts connected
in series: the electromagnet core (magnetic resistance Rym),
ferromagnetic plate (magnetic resistance Rnp), gap with
magnetic resistance Ry, and the magneto motive force
source F,=Nl;, where N is number of the excitation
windings turns. The equivalent electric schema of this
circuit is presented in the Fig. 3.

We suppose that magnetic flux @ is distributed
uniformly in this circuit the dependence magnetic flux
density By on the magnetic field strength Hy, is linear,
therefore, the relative permeabilities of the core u;m, of the
ferromagnetic plate ., and of the gap . are constant.

Fig. 3. Equivalent electric schema of the electromagnet

We can write by Kirchhoff law:

@l
Dly b Ph _
HrmHoSm  HrpHoSp  HrtHoSt

Nl,. (10)

The height I, of gap is very little and we can write:
SS,=S. In this case magnetic flux @ can be expressed:

&= Nle/uOS i ( )
[/ #tem +(|p//1rp)(5/sp)+|t//1rt]

In the gap magnetic flux density By, is equal to

:g: N'eﬂo (12)
YUS al/uy

where a =y, /tym + (Ip/,urp)(S/Sp) = const.

Substituting (12) into (9) we obtain the expression of
the electromagnet attraction force value:

2
T-Z_Ei:ﬁﬂﬁgﬁilg. (13)
2(auy + 1)

The dependence T on I, is parabolic. To obtain the
linear dependence the force T=T(u) on the control action u

we can using the converter 1, =1,(y/h).
The strategy of the gap formation

If the height I, of the gap between the electromagnet
bottom and ferromagnetic plate is not formed specially, it
is very complicate to ensure the stability of the force T. It
depends on quality of the electromagnet core bottom
surface processing, on the ferromagnetic plate surface
baldness, on the cleanness of the both surfaces, on the

position of the finger on the electromagnet and other.
When it is not a necessity to transform the small variation
of the visual information and it is sufficient to fix the sharp
changes, the gap cannot be formed specially.

The special formation of the gap height I; allows the
visual information to transform more accurately. The gap
can be completed by the magnetic material with not big
value of the permeability ux. When the gap height is
formed exactly, the force T can be expressed this way:

2
T-= (KmN) ﬂrtﬂos IEZ’ (14)
21,2

where factor K, depends on the magnetic circuit design:

Km = 1 . @1
e e (o 34)

The value of K, diminishes importantly with I, increase
but the stability of the T is significantly better than in the
case when the gap is not formed.

5)

Modeling of the magnetic circuit

Modeling was performed the real influence |, on the T
to clear. The modeled design is showed in Fig. 4. The
program package COSMOSM was used. The 3D magnetic
problem was solved. Because the design symmetry the Y4
part of the magnetic circuit limited by planes xOy, yOz and
X0z was modeled. The design was divided into 4 areas:
core M with relative permeability s, ferromagnetic plate
P, with relative permeability s, gap TR with relative
permeability «; and nonmagnetic medium with relative
permeability u,=1.
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Fig. 4. The modeled design

For magnetic flux creation the magnetic potentials
difference was set. The some magnetic potential U, was
assigned to the plane Sy, and the magnetic potential U,=0
to the plane Syy,(see Fig. 4). The dependence of the vertical
component of the magnetic flux density mean value By, in
the gap TR on the gap height I, and the permeabilities of
different areas was investigated.

In the Fig. 5 the dependences By, on the I, when the
gap height I; was varied between 0 and 0,1h, where h is the
electromagnet height are presented for um=u,=1000 and
for m =1000, 0 1,=100. We can see that agreeably with
prediction the fastest variation of By, is for small gaps. If ur,



is diminished to 100 the variation speed decreases but the
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When blind operator is moving the electromagnet by his finger on ferromagnetic surface, he can “read” the visual information’s (height, colour,
shadow) variation in some point of the surface by the force, which acts on the electromagnet in this point. The force can be varied by varying the
electromagnet excitation current, depending on the point coordinates. The dependence of the force on the excitation current, magnetic circuit parameters
and magnetic properties is obtained. For the accurate formation of the relief height, the bottom of the electromagnet must be separated at ferromagnetic
surface by a small nonmagnetic gap. The modeling results are presented. lll. 5, bibl. 9 (in English; abstracts in English, Russian and Lithuanian).

P. BanceBuuioc, B. I'ynayckuc, A. JKBuponac, F0. A. Bup6amuc. HoBblii moaxoa K CO3IaHHIO ILIOCKOro 3KpaHa Bpaiias nis mepeaaun
rpaduyeckoii nHpopmanuu ciaenomy // DaeKTpoHuka u diexkrporexuuka. — Kaynac: Texnomnorus, 2010. — Ne 4(100). — C. 3-6.

Crnenoid, ABUrasi majiblieM 3JIEKTPOMATHUT 10 (PEPOMArHUTHOH MOBEPXHOCTH, MOXET OILYIAaTh M3MEHEHHs BH3yallbHOW MH(poOpManun (BBICOTHI,
[[BETa, TEHEH) 10 HM3MEHEHHIO CHIbl, NCICTBYIOINEH Ha OJIEKTPOMATHUT B JTOM TOYKe. OJTa CHIy MOXHO MEHSTh, MCHSS TOK BO30YXKICHHS
snekTpomarHuTa. IlomydeHa 3aBHCHMOCTB CHUIBI, JEHCTBYIOIIEH Ha 3JIEKTPOMArHWT OT TOKAa BO30OYKJICHMS, MapaMeTPOB MarHUTHOH Lienu M ee
MAarHUTHBIX CBOHCTB. MH(popManus o Tekyieil Beicote penbeda OyaeT JOCTaTOYHO TOYHOI, €CIM HIDKHSS YacTh DJIEKTPOMAarHuTta Oyaer OT[eNeHa OT
(hepOMarHNTHON ITOBEPXHOCTH HEOOJNBIINM HEMarHHUTHBIM IPOMEXYTKOM. B 3TOM citydae cuia, onrymaemast HajiblieM CIIENoro, OyaeT Majo 3aBUCETh OT
YUCTOTHI IIOBEPXHOCTEHl HIDKHEH 4YacTH OSJIEKTPOMAarHHUTa M OT IOJIOKEHMS [ajblla CJIENOro Ha sieKTpoMarHute. IIpeacTaBieHbI Pe3yJbTaThl
MozenupoBanus. Ui 5, 6u6. 9 (Ha aHDIHKCKOM s13bIKe; pedepaThl Ha AaHITIUIICKOM, PYCCKOM H JINTOBCKOM SI3.).

R. Bansevitius, M. Gudauskis, A. Zvironas, J. A. Virbalis. Naujo tipo 2D Brailio ekrano grafinei informacijai nuskaityti kiirimas ir tyrimas //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 4(100). - P. 3-6.

Neregys, stumdamas pirstu elektromagneta feromagnetine plokste, pagal jégos, veikian¢ios elektromagneta tam tikrame taske, poky¢ius gali jausti
vizualinés informacijos (auks$cio, spalvy, Seséliy) pokycius. Ta jéga galima keisti kei¢iant elektromagneto zadinimo srovg. Gauta Sios jégos
priklausomybé nuo zadinimo srovés, magnetinés grandinés parametry ir magnetiniy savybiy. Norint pakankamai tiksliai suformuoti reljefo aukst, reikia
elektromagneto apadia nuo feromagnetinés plokstés atskirti nedideliu nemagnetiniu tarpeliu. Siuo atveju neregio pirito juntama jéga daug maZiau
priklausys nuo elektromagneto apacios ir pagrindo pavirSiy §varumo ir neregio pir§to padéties. Pateikti modeliavimo rezultatai. Il. 5, bibl. 9 (angly kalba;
santraukos angly, rusy ir lietuviy k.).
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