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1.0 Executive Summary 
 
A new range of tactile display units suitable for use by visually impaired and blind 
people to use IT equipment in general and to access the internet and use computers in 
particular is developed within the ITACTI research project. 
 
The work carried out here included the development of specifications of the display 
units which believed would meet the requirements of the end users.  The main 
objective of the projects was to produce a display unit which is capable of displaying 
Braille text and simple graphics. An essential requirement was to ensure that the 
newly developed unit will be sold to the end users at an affordable price. A display 
unit was successfully developed and was demonstrated to display text and graphics.  
Estimated cost of manufacturing the unit is within the expected level 
 
The newly developed unit has touch sensitive feedback with a finger tip width 
resolution, which enable the user to “click” at any point on the tablet thus facilitating 
the ease of use of such device. 
 
Refresh rate is a challenge but tests confirmed that a refresh rate under 7 seconds is 
achievable. 
 
The performance of the display unit was evaluated and found to be acceptable. 
 
List of future development tasks are considered to improve performance and enhance 
marketing opportunities. 
 
 

 
 

 
 

 
The ITACT Device in use 



2.0    Specifications

It is believed the market would welcome a range of tactile display units. In addition to the  full page display 
unit (128 x 64 pins), a Multi Line Display unit (128 x 16 pins) and a Single Line Display unit  (128 x 4)
 can also be introduced to the market.  The following Table shows the specifications of these display units.

SLD MLD FPD
512 pin – 43 Braille characters. 2048 pin matrix can display 43 cells x 3 lines of 8 dot 

Braille or 43 x 4 cells of 6 dot Braille.
8192 pin matrix can display 43cells x 13 lines of text

Graphical output
Windows navigation mode to enhance productivity

USB connectivity USB connectivity USB connectivity
Compatible with most Screen Reader s 
software.

Can be used with all major brands of Screen reader 
software,.

Easy integration with speech synthesis software, including 
open-source solutions such as “Festival.” (Festival is 
available for free under the GNU General Public License.)

Touch sensitive feedback Touch sensitive feedback detects the position of user's 
fingers.  Click on words to navigate hyper-links or route 
cursor.

Touch sensitive feedback detects the position of user's 
fingers.  Click on words to navigate hyper-links or route 
cursor.

Optimised for reading text and HTML Fully configurable soft-keys used for extra functions such 
as scrolling and navigation.

Fully configurable soft-keys can be used for extra 
functions such as scrolling and navigation

Stand alone SmartRead software allows device to be used 
to read text files without connection to a computer.

Powered by internal battery. Powered by internal rechargeable power source or use 
external power supply/charger. ( supplied.)

Powered by internal rechargeable power source or use 
external power supply. ( supplied.)

Weight approx 2.5 Kg. Weight : 3.5kg Weight : 5.5kg
Dimensions: 400x100x60 Dimensions 450 x 130 x 60 mm. Dimensions 450 x 300 x 60 mm. 
Self diagnostic software Self-diagnosis software Self-diagnosis software 
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3.0 ITACTI Device Overview 
 
3.1 Fluid and Mechanical: 
 
The device uses a master cylinder (referred to throughout as the pump) to generate 
fluid motion and pressure.  Pressure is developed in the reservoir below the ER valve 
matrix by the pump.  The ER valves are then used to direct the flow of fluid to or 
from pins that are to be moved up or down.   A novel multiplexing technique allows 
operation of the device using the absolute minimum of electrical connections and 
within the device. (For simplicity the diagram refers to 128 x 4 device and it is 
equally applicable to 128 x 64 device) 
 

Top plate : this plate functions as a guide for 
the tactile pins and forms the upper surface 
of the device.  It is drilled with stepped holes 
to accommodate and restrict the motion of the 
pins.  Machined FR4 material 

Tactile pins – Actetyl  plastic.  These pins 
move up and down in their corresponding 
guides in the top-plate. 

Membrane – EPDM rubber.  Positive fluid 
pressure distorts the membrane lifting the pin, 
whilst maintaining a total fluid and 
environmental seal.  The membrane is 
compressed between valve plate and top-plate 
and also acts as a gasket seal. 

Valve plate contains holes whose walls are 
plated with conductive material (palladium 
activation + copper then nickel) Holes are 
connected in horizontal rows  to 4 external pin 
connections on the right.  Machined FR4 

Reservoir plate.  This functions as a fluid 
reservoir, and a retainer for the electrode pins 
that, when the device is assembled, lie 
concentrically on the axes of the holes in the 
valve plate.  These pins are connected in 
vertical  columns  of 4 to 128 external pin 
connections.  Machined FR4. 
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The void in the reservoir plate and all valves are filled with fluid.  In order to ensure 
that no air is trapped in the unit, the fluid is “degassed” by being subjected to a 
vacuum for around 30 minutes prior to filling, and filling takes place under vacuum 
and aggressive automated shaking.  Three ports are drilled into the reservoir plate to 
accept fluid communication to the pump and one port for an external pressure sensor 
that is used to control the pump motion.  The pump is designed to be as simple as 
possible, and consists of a stepper motor, lead screw and diaphragm in a suitable 
Aluminum housing.  
 
3.2 Electronics and Control : 
 
An overview of the ITACTI device is shown in the diagram bellow: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
External power can be supplied by an off-the-shelf mains adapter (similar to a laptop 
power adapter) or a high capacity battery. The High Voltage Controller board (HV-
µC) uses the 12V external power and converts this into a dual rail (positive and 
negative) high voltage of a maximum of 400V. The HV-µC board is protected by a 
resettable input fuse and by two non-resettable output fuses. 
This board also contains some logic that will indicate a fault when the pre-set voltage 
cannot be generated; for example when the current limit is active. 
 
The USB micro-controller board (USB-µC) connects to the computer via a USB cable 
that also provides power to this board. The micro-controller board contains a powerful 
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controller that can perform all control and driver functions necessary and handle bi-
directional USB requests at the same time. All the firmware required to drive the other 
ITactI boards will reside on this board in internal EEPROM and is uploaded to 
internal memory when the device is connected. The USB-µC is a generic product that 
provides 40 digital IO lines that can be used for other applications. 
 
The High Voltage Interface board (HVD-IF) uses power supplied from the HV-µC 
board and is controlled by the USB-µC board. It contains both low voltage and high 
voltage circuitry. The low voltage circuitry contains a stepper motor driver that 
actuates the stepper motor, a pressure controller that monitors the device's pressure, a 
touch-screen controller that converts the analogue signal from the capacitive touch 
screen coating to a unique digital value, and a generic Input/Output controller that can 
be used to detect button presses. The high voltage circuitry controls the High Voltage 
column and row drivers and provides an overall current limiting.  
All the driver signals supplied from the controller board are isolated. 
 
The High Voltage Shift Register boards (HVD-SR) drive either the row pins or the 
column pins. The boards are identical in every way other than different components 
are used. They can also be daisy changed (boards can be connected together to give an 
infinite number of columns or rows) due to the serial connection to the HVD-IF 
board. The HVD-SR boards convert the serial data to 64 parallel channels. 
 
 
3.3 Drivers Software  
 

 
Software support for Microsoft Windows 98, 2000, Me, XP, and any future Windows    
operating system using the Windows Driver Model (WDM) has been developed. The 
ITactI software consist out of a Tactile Driver and a User-Mode USB device driver. 
 
The developed USB device driver (left diagram) communicates directly with the USB 
controller board. Currently a Microsoft Windows user-mode device driver (right 
diagram) has been developed that utilises the default Windows kernel drivers that 
handles important features like Plug and Play (PnP) and power management (standby, 

Kernel-mode Driver

Power Management (ACPCI)

Windows Management Plug and Play (PnP)

User-mode Driver

Windows
Driver 
Model

(WDM)

Tactile Interface

USB Device 
Driver

Tactile Driver 
(DLL)

Screen 
Reader 
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API

User-Mode 
Driver (SYS)

HID Device 
Driver

User
Application
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sleep mode etc.). The user mode driver is based on the Windows driver model that 
will ensure full compatibility for existing and future Windows versions.  
The user-mode USB driver sends commands to the ITactI unit and waits until the 
operation is completed. All communication is initiated by the host computer as 
defined by the USB standard. This one way system limits the usefulness of retrieving 
touch sensitive feedback and therefore another Windows default device driver is used 
specifically designed for handling input data. 
The USB Human Interface Device (HID) standard has been implemented by 
Windows and other operating systems to collect user input. The Windows HID driver 
continuously polls any device using it for data in fixed time intervals. The ITactI unit 
will report any touch feedback here.  
 
The tactile driver is provided in Dynamic Link Library (DLL) format and interfaces 
with both the USB and HID device drivers. It synchronises the data from both 
interfaces per device, hence each device can be used by multiple programs at the same 
time. It also supports multiple ITactI devices, but only one device can be used per 
application at the time. Off course the use of one device per multiple programs can 
lead to possible conflicts.  
The programs communicate with the tactile driver via an Application Programmable 
Interface (API) that contains a set of easy to use instructions. These instructions are 
then translated by the tactile interface and send to the appropriate device. 
The set of API commands has been made publicly available on the ITactI website to 
encourage development of user end applications. 
 
For other operating systems, like Unix or Linux, a suitable USB and tactile driver has 
to be developed. For all operating systems however the described Tactile API will 
remain the same. 
 
3.4  TAWIS Software  
 
The Consortium have developed extensive package of software for displaying text and 
graphics on the ITACTI display unit.  The Software package TAWIS is fully 
described in Deliverables 5.3.  TAWIS software allows the users to navigate the 
screen and select portion of interest.  It will provide the output to the ITACTI display 
unit to display graphics and text. 
 
The following screens shows the computer screen and the TAWIS screen as would be 
displayed on the ITACTI display unit: 
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Text editor screen as displayed on the computer screen 
 
 

 
 

The equivalent TAWIS screen of the above. 
 

 

 
 

Tactile output showing the map of Switzerland as generated by TAWIS software 
package.. 
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3.5 ER Fluid for the ITACTI Device 

 
The fluid used in the ItactI devices is specifically designed for this application.  
Compared to standard fluid, its solid component is milled more finely for use in the 
small electrode gaps that are present in the device.  General purpose fluid contains 
particles that lie in the size range 0 to 45 µm, whereas fluid for the ItactI device 
contains particles that lie in the size range 0 to 25 µm. Much work has also been 
performed to ensure that the  ER fluid activity is as high as possible in order to ensure 
that power consumption is as low as possible and that the fluid will operate at the low 
( comparatively low for ER applications) voltages present in the device.   The same 
tight quality control processes that are used for fluid manufacture stated above will be 
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3.6     Comparison between ITACI Device and Piezo electric Device 
 
There is no piezo electric Full page display in the market (except a newly introduced 
unit by KGS of Japan).  This comparison points to areas of further development for 
the ITACTI device to achieve full superiority.  This comparison is made for single 
line displays of both types. 
 
Cost ItactI device offers reduced cost through mechanical simplicity. 

Power Consumption Both devices have comparable power consumption of around 1-2W 
(watts) average. 

Size and Weight Single line piezoelectric are lighter and more compactly than ERF 
devices.  This is more pronounced with the first prototype versions 
of the ItactI device, but weight reduction will be achieved through 
evolution of the design.  The current prototype design is over-
engineered to give maximum mechanical strength and to ensure 
good alignment of parts during manufacture. 

Feel The ItactI device has been design making use of extensive feedback 
from target end-users.  This includes blind students and their tutors 
at the RNIB vocational college, and blind members of ANS.  The 
result is that the Braille pitch and dot height has been designed with 
comfort and clarity in mind.   

Refresh speed ItactI device currently takes 800ms to draw a complete line.  
Piezoelectric displays can be around 150ms in some circumstances. 

Reliability The number of moving parts in the ItactI is significantly lower than 
that of the piezoelectric device.  There is one active (powered 
moving part) which is the fluid pump motor.  The other moving 
parts are the pump diaphragm, and the fluid membrane which lies 
below the pins.   All of these moving parts are operated under 
tightly controlled conditions ( monitored by the control circuitry) 
and are not accessible to the user or exposed to the environment.  
512 pins which sit on the membrane move up and down freely in 
guide channels. These pins may stick in the channels (exactly the 
same as their piezoelectric counterparts) due to ingress of dirt. 
Piezoelectric devices contain a piezoelectric bending actuator, a 
push rod and a mechanical coupling for each pin and hence have a 
significantly higher moving part count.   

Acoustic  ItactI device operates very quietly when compared with 
piezoelectric devices, the only noise is made by the Fluid-pump 
which is to be mounted on rubber bushes. 

Safety Both devices operate with internal voltages of order 200V.  ER fluid 
is not sufficiently conductive to present a hazard in the event of a 
leak.  There are no failure modes of the device that could give rise 
to a user coming into contact with high voltage parts. 
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4.0 Verification of Product Durability 
During development of the control sequence above, the device has been subject to 
near continuous operation for 8 hours per day.  This has given great confidence that 
we will be able to produce a reliable product.  However, we are guarding against the 
following failure modes, and if they occur, we plan the following remedial action.  
These faults, and remedies are described in the context of an ongoing development 
project prior to test data being available.  The following table covers possible faults 
that may occur during manufacture and/or service 
 
 

Failure Mode Preventative Design Features Further Remedial action 
to be taken in the event of 

fault 

Membrane rupture The membrane motion is tightly 
constrained by neighbouring 
mechanical parts, and cannot 
easily be subjected to any forces 
other than those during normal 
operation.  The fluid pressure that 
the membrane is exposed to is 
accurately monitored and 
controlled.  Bursting pressure has 
been measured at approx 5-10 
times greater than  the greatest 
operating pressure.  Excess 
pressure cannot be applied to the 
membrane externally without the 
use of a tool to press the tactile pin 
below the top surface of the pin-
guide plate. 

Increase membrane 
thickness in steps of 10%.  
This will however increase 
power consumption, and 
make fluid homogeneity 
control more difficult.  
This fault is guarded 
against by multiple design 
features and is deemed 
unlikely to occur. 

Stepper motor 
failure 

Stepper motor failure is most 
likely to occur as a result of axial 
load on its internal bearings due to 
misalignment during assembly, or 
manufacturing errors on the pump 
body. 

Increase positional 
tolerances of stepper motor 
lead screw bearings.  

Pump Diaphragm 
failure 

This will occur as a result of 
incorrect installation of the 
diaphragm, or misalignment of the 
stepper motor lead screw.  Such 
misalignment may prevent the 
diaphragm from folding correctly 
during its motion, giving rise to an 
increased rate of fatigue.   

Increase positional 
tolerances of stepper motor 
lead screw bearings.  
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Failure Mode Preventative Design Features Further Remedial action 
to be taken in the event of 

fault 

ER valve 
misalignment 

O-ring seal between reservoir and 
valve plate ensures accurate 
alignment of parts location is by 
locating pins inserted in holes 
produced at the same time as pins 
and valves.  Location on these pins 
has been shown to be reliable.  
Three devices have so far been 
constructed with sufficiently 
accurate alignment without 
difficulty.  Alignment testing will 
however be performed 
electronically by the subcontractor 
prior to shipping.  Electronic 
testing equipment will be built by 
Smart and supplied to them.  
(based on the devices driver 
circuitry) It will test clearances by 
ensuring that no electrical arcing 
occurs between parts in dry air. 

This error can only occur 
during manufacture and not 
during normal service.  
Even dropping the device 
is unlikely to cause 
misalignment.  Errors 
associated with this would 
be identified during device 
testing post manufacture. 

ER fluid leak Mating surfaces milled flat to 
within approx 20 micrometre 
appearing almost polished to the 
eye.  O-ring is designed to 
compress to at least 20%, meaning 
that a wide range of fixing screw 
torques can be tolerated during 
manufacture without giving rise to 
leaks.  Standard pneumatic fittings 
are used in these devices and they 
have been tested to ensure that 
they operate correctly with 
silicone oil under the small 
operating pressures used.  No 
leaks have yet been observed in 
any of the parts.  

Increase required screw 
tightening torques in 10% 
steps whilst checking for 
no distortion. 
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Failure Mode Preventative Design Features Further Remedial action 
to be taken in the event of 

fault 

ER fluid – wrong 
composition/poor 
quality 

ER fluid batches are thoroughly 
and individually tested after 
manufacture.  Poor/wrong 
composition of fluid would give 
rise to failure during individual 
device testing.  Fluid degradation 
will be checked during durability 
testing.  There is no evidence to 
suggest that the fluid will degrade 
– it is not in contact with any 
material known to partake in any 
notable chemical reaction. 

Replace fluid. 

Electrical 
Component failure, 
power supply 

Power supplies have been 
extensively tested at full output, 
and for 128x4 devices are operated 
at less than 10% of maximum 
output.  As a result, their lifespan 
is expected to be long, and all 
components will operate well 
within specification. 

Identify component, and 
failure mode.  Up-rate 
component as necessary. 

Electrical 
component failure 
USB control board 

USB boards have been tested 
extensively and no failures have 
been observed other than 
soldering/manufacturing errors.  
Faults during service are expected 
to be mainly due to faulty 
components.  These faults are 
hopefully of low probability as no 
components are operated close to 
any of their specified power limits. 

Identify component, and 
failure mode.  Uprate 
component as necessary. 
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Failure Mode Preventative Design Features Further Remedial action 
to be taken in the event of 

fault 

Electrical Driver 
circuit 

No failures unrelated to the use of 
hand-soldering have yet been 
observed.  However, but due to the 
high component count on these 
boards, extra in-house testing may 
be necessary to ensure that these 
devices do not fail during service, 
and suppliers must be scrutinised 
to ensure that their failure rates do 
not give rise to unacceptable 
failure rates in our devices.  Each 
component is current limited, 
primarily to accommodate 
occasional arcing that occurs 
within an ER valve, but this 
functionality also ensures that any 
fault “downstream” will not result 
in the subsequent destruction of 
the output transistors, and that no 
external influence will cause these 
devices to operate outside of their 
specification. 

Identify component, and 
failure mode.  Up-rate 
component as necessary.  
Identify equivalent 
components with low-
failure rates.  Employ 
additional testing to ensure 
that faulty components 
have not been incorporated 
into these boards. 

ER fluid 
contamination 

Before filling or assembly, valve 
matrix is “blown through” with 
high pressure air, and visually 
inspected to ensure that there is no 
debris present.  

Replace fluid 
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Failure Mode Preventative Design Features Further Remedial action 
to be taken in the event of 

fault 

ER fluid – 
incorporation of air 

Filling is performed over a period 
of thirty minutes under vacuum.  
The device is vigorously shaken 
during filling.  This filling 
procedure was developed 
specifically to reduce the 
incorporation of air.   Also, the 
clearances used between 
electrodes should ensure that if 
within tolerance, the electric field 
strength is not sufficient to cause 
arcing in dry air, as this is criterion 
used to check the alignment of the 
valves prior to manufacture.   
Therefore, the only impact air 
bubbles can have is to displace 
fluid from the valves reducing 
their effectiveness.  However, as 
the fluid will have been subjected 
to vacuum for a considerable 
length of time, dissolved air will 
have been removed, meaning that 
when in service, any incorporated 
air bubbles, if they are small may 
be simply redissolved by the fluid   

Air locks will be 
characterised by valves that 
do not work – pins whose 
corresponding valves 
contain air will not lock 
under ER effect.  This will 
be noted in initial device 
testing, and the device will 
be refilled. 

Dirt ingress into 
pin-guides 

This is a known failure mode of 
piezoelectric displays, to which  
the ItactI device will be equally 
vulnerable.  Dirt ingress is only 
possible into the pin guides and 
not further into the mechanism, as 
the unit is fully sealed below the 
pins.  

A slight design 
modification is already 
planned to enable cleaning 
of the pin guides without 
draining the unit of ERF. 
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5.0 ITACTI Device Performance 
 
The Single Line Display unit was exposed to extensive testing and evaluation.  The 
Full Page Display was constructed and tested.  Encouraging results were achieved.  
The display was evaluated by professional testers (see Deliverable 6.3).  However , 
the pre prototype unit which was used for testing was assembled and disassembled 
repeatedly to address some unforeseen problems.  Repeated alterations have caused 
mechanical wear of some of key components of the unit.  Within the project time 
scale and the delivery of some of these components, it was not possible to reconstruct 
another full page display unit to perform further testing and evaluation. 
 
The tests conducted on the full page unit confirmed the following: 
 

1) The unit can successfully display both graphics and text. 
2) Refresh rate was under 7 seconds 
3) Touch sensitive screen was possible with the resolution of one finger tip (5x5) 

pins. 
 
The test has also confirmed the suitability of the ER fluid which is specially designed 
to be used within small gaps.  The estimated cost of manufacturing these devices is 
expected to be within budget and will enable the unit manufacturer to sell it to end 
users under € 15,000. 
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5.1 Some examples of the displayed text and graphics  
 

 
 
 

 
Bar Chart Three circles 

 

 
Guitar Carrot 

  
Chess board Cup 

 
Examples of text and graphics as displayed by the Full Page Display 
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5.2 Touch Sensitive Feedback 
 

Touch sensitive feedback is achieved by bonding copper electrodes to substrate, 
followed by painting a conductive layer.  Substrate is then placed in an oven at 60Co 

for 1 minute. Layers of the conductive pain are re-applied until resistance between 
electrodes is approx. 5 megohm. 
 

 
 
 

 
 
 

The following diagram explains the concept which can be used to estimate the values 
for (X,Y) co-ordinate pair.  Exact relationship difficult to calculate, therefore 
interpretation through known calibration points are used. 
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Tests were conducted on the full page display unit to check the touch sensitivity of the 
unit.  A number of positions on the display were selected.  The actual and measured 
coordinates were compared. 
 
 
 
 
 
 
 
 
 
 
 
 

Points measured on the surface of the full page displayed 
 
The results are listed here: 

X Position from left (1) to right (128)   

Y Position from top (1)  to bottom (64)   
       

Physical 
Position 

Reported 
Position Position 

X Y X Y 

Total 
Deviation Resolution 

Deviation 
A 1 1 1 1 0 0 
B 128 1 128 1 0 0 
C 16 16 16 12 4 0 
D 48 16 45 14 3.605551275 0 
E 80 16 81 13 3.16227766 0 
F 112 16 115 15 3.16227766 0 
G 16 48 19 51 4.242640687 0 
H 48 48 42 46 6.32455532 0 
I 80 48 84 50 4.472135955 0 
J 112 48 110 53 5.385164807 0 
K 1 64 1 64 0 0 
L 128 64 128 64 0 0 

 
Finger 

Resolution  
Width Height  

5 5 Dots 
7.071067812  

 
All measured locations are within the resolution of 5x5 pixels (finger tip width) 
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5.3  Refresh Rate 
 
Refresh rate is expected to be important to end-users.  The time they have to wait 
between requesting information to be displayed and its appearance, or perhaps the 
time between subsequent lines of text being displayed when reading large bodies of 
text is “dead” time, and will reduce productivity.    
 
The following factors currently limit the speed of refresh: 
 
• Any line update has to include lifting all pins, followed by subsequent writing of 

the lines one-by-one.   
• Within the update sequence, there has to be a selective mechanism to ensure fluid 

stability 
• The use of standard pneumatic fittings for ease of assembly restricts the diame ters 

of the pipes connecting pump to valve unit.  Currently there is some pressure drop 
due to fluid resistance in these pipes that limits the flow rate of the fluid. 

• Currently, best use is not made of the available mechanical power from the pump 
stepper motor.  Improved motor control will allow operation of the stepper motor 
at the maximum speed possible for any given back-pressure presented by the 
system. 

• High viscosity fluid has so far been used in order to passively improve stability. 
Active stability control is now used, and so it may be possible to use low-viscosity 
fluid.  Reducing the fluid viscosity will reduce all pressure drops and the size of 
transient pressure gradients. 

• Pump pressure can be increased, but this would lead to increased power 
consumption and cost.   

 
Quantitative tests were conducted to measure the refresh rate.  Refresh rate under 7 
seconds were measured.
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6.0 Future Development Work: 

6.1 Modification of top-plate for easy cleaning/maintenance. 
This has been identified as a necessary design change to be performed prior to 
manufacture to reduce possible costs associated with product maintenance.  The upper 
plate will be split into two, whereby the top plate may be removed without further 
disassembly of the unit.  This will allow quick and easy cleaning to reduce the impact 
of dirt ingress.  As this design feature will be carried forward to the 128x64 unit, 
careful analysis of its effect on product rigidity will be undertaken prior to its 
introduction. 
 

6.2 Design modifications to reduce weight and height 
 
Currently the unit must stand at least 50mm high.  It may be possible to reduce this by 
modifying the means of electrical connection to the device.  This will include the 
design of custom length fixings and spacers to ensure mechanical rigidity.  An 
investigation into possible extra machining to remove unnecessary material weighing 
cost against benefit will be undertaken.   
 

6.3 Design modification to improve refresh rate 
 
Refresh rate can be improved further by investigating the following areas: 
  
• Improved control algorithm for the movement of pins.  For example it is possible 

to refresh only the areas where there was changes and not the whole screen. 
• Improve the fluid circuit and increase the flow.  Better design of fluid manifold 

ensuring that fluid delivery is uniformly achieved.. 
• Improved motor control of the fluid pump will allow operation of the stepper 

motor at the maximum speed possible for any given back-pressure presented by the 
system.  Also possibly using two pumps to deliver fluid from each side. 

• Reducing the ER fluid viscosity will reduce all pressure drops and the size of 
transient pressure gradients. 

• Increase Pump pressure to increase flow rate of the fluid. 
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6.4 Design of Enclosure + Identify enclosure manufacturer. 
 
An enclosure will be developed to accommodate the unit.  The enclosure design will  
take into account the relevant safety standards, and ergonomic requirements dictated 
by end-user surveys.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Proposed Single Line Display enclosure 
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Proposed Multi Line Display enclosure 

 

 

 

 

 

 

 

 

 

Proposed Full Page Display enclosure 
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6.5 Identify alternative suppliers 
 
Tactile pins:  Currently we rely on Metec to supply these pins.  We are currently 
identifying an alternative supplier to produce these pins.  We have established that 
there are several companies in the West Midlands area who are capable of making 
these parts. 
 
Autosplice, USA also offer a unique contribution.  Currently they are offering a 
complete solution for the main valve units.  Their expertise is in connectors and pin 
insertion.  They also produce machinery that is capable of inserting conducting pins 
into circuit boards with very high accuracy.  They have also invested much time into 
refining their processes for soldering their pins to the thick FR4 plates that form the 
bottom of the device, and the through-hole plating process to correctly form the 
conductive hole walls in the intermediate valve-matrix plate   
 

6.6 Formalise Quality Control procedures for all parts 
 
Following completion of the design, all of the quality control methods and their 
means of implementation will be documented.  They will particularly target weak 
points identified during product development. 
 

6.7 Certification  
6.7.1 CE Marking 
 
The product is to be certified and tested in accordance with the relevant standards, and 
a technical file is to be assembled.  EMC testing has to be carried out by an 
independent body however.  The product has been designed with the relevant EMC 
criteria in mind, but does contain high frequency switching electronics which may 
present higher than permitted emissions.  In this event, design modifications may be 
required in terms of metallising the inside of the enclosure or adding additional 
electrical filtering. 
 
As these devices are to be used by disabled people, there is a particular duty of care to 
ensure compliance with safety regulations.  Therefore, and independent body will also 
be employed to ensure that the products comply with the relevant safety standards.  
These standards are known to Smart's engineers and care has been exercised to ensure 
that where possible these standards have been taken into account.  
 
 

6.7.2 Certification – UL Marking  
 
The product will initially target Europe, but it is hoped that as soon as possible it will 
be possible to certify the products to Federal standards in order to allow the products 
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to be sold in the USA.   An external consultant will be required to assist in ensuring 
compliance with the relevant standards. 
 

6.7.3 Waste Electrical and Electronic Equipment (WEEE) regulations 
compliance. 

 
As from 2006 manufacturers may not use certain materials within their products.   
Similarly manufacturers will be liable for the safe disposal of the product at the end of 
their life.  Exact procedures and standards for doing this are currently being drawn up.  
Consortium members will anticipate these changes early and ensure compliance with 
these new regulations.  
 
6.0 Conclusion 
 
The ITACTI display product range based on the use of ER fluid as the medium for 
controlling the movements of tactile pins is fully developed.  The concept is validated.  
Prototype units were manufactured and tests are performed. 
 
Encouraging results were achieved as it was possible to display graphics and text on 
the tablet.  Refresh rate was within target.  Touch sensitive feedback was developed 
where the position of the user’s finger tip can accurately recognized. 
 
Analyses of the display units performance showed that they can perform reliably.  
Failure modes were investigated to ensure that the unit is fail safe. 
 
Future development work to improve device performance and to enhance market 
acceptance is identified. 
 
 
 




