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Abstract—Current  wireless human-computer interaction sense of personal involvement and immersion, which enlsance
devices such as wireless mice and touchscreens, by-andthe user experience. In addition, it is an ideal device farsis

large, incorporate a sophisticated electronic architectte. The —\hq gre not very familiar with computers, such as the dishble
sophistication achieves wireless capabilities but carreover a cost
and elderly people [2].

overhead. In this paper we lay the foundation for developing )
a novel human-computer interaction device with reduced  Unfortunately, the advantages that these technologies pro

hardware sophistication. We developed a surface acousticave vide come at the expense of increased hardware complexity
touchscreen-type device using only two transducers, as opped and sophistication which, in turn, leads to an increasedcdev

to, typl_cally, three or more transducers in conventional suface cost. In some cases, this cost may become exorbitant to
acoustic wave touchscreens. The transducers are mounted @n . -

glass surface and connected into the line-in of a stereo sodin somt_e users. The need, theref_ore, exists for_a__dewce that
card. User-initiated taps are detected, analysed and locatl on Provides at least some of the efficiency and flexibility ofsine
the surface, and the mouse cursor is moved to the computed technologies without carrying over the hardware soptastn
screen location. or cost. Our work attempts to lay the foundation for such a
device.

We proposed the creation of a surface acoustic wave (SAW)
touchscreen-type device with reduced complexity. Whereas
conventional SAW touchscreens use a multitude of trangduce
[4] [5], we reduced this number to only two transducers.

UMAN-computer interaction has developed into a widadditionally, the surface that we used was not modified or
and sophisticated field. In order to tap into the vasipecialised in any way, except in its dimensions. Where
power that computers provide, humans have devised varigusssible, we shifted the intelligence of the device from the
devices, methods and means to pass in commands to computdware to the software so that we relied more on post-
ers in order to direct the computing process in the directigtocessing intelligence than innovative hardware design.
of a particular task. The two transducers are mounted on a glass surface in

Historically, in directing the computing process, thereswaa predetermined configuration and connected into the line-
a focus on user efficiency and flexibility [1]. The flexibilityin of a stereo sound card. The configuration shall be ex-
mentioned mostly applied to the variety of actions that thslained in subsequent sections. As an object taps on the glas
user was capable of initiating and the efficiency, to the éegrsurface, geometrical and physical identities as well as the
of ease in doing so [1]. Thus, using a keyboard and manuadlgund information collected on each of the transducers is
rewiring the computer’s electric-circuit may be compaeainl used to determine the position of the object. This posit®on i
their flexibility but the efficiency of the former far outwdig then mapped onto a corresponding location on the computer
that of the latter. The focus group has therefore been pnegramonitor. Subsequently, the mouse cursor is moved to that
mers, and the goal, increasing their efficiency and flexybili location.

[1].

But as noted in [1], the focus group has greatly shifted
to the common user and device design has adjusted itself to
satisfy this group. Flexibility and efficiency now aim towlar  In this section, we give a brief description of surface
common users as well [1]. Today, devices such as wirelemsoustic wave touchscreens but we refer the reader to [4]
mice and keyboards provide users with more mobility arehd [5] for further reading. Conventional surface acoustic
physical freedom, given there are no tightly constrainingave touchscreens are interference-based devices. Refer t
wire attachments to these devices. Other devices suchFag. 1, the surface overlay is flooded with acoustic waves of a
touchscreens allow the user to interact with the computearticular amplitude and frequency in the X and Y directions
directly, initiating clicks and other actions by directlyuching To achieve this flooding, one output transducer is mounted fo
the computer screen. This, as noted in [2] and [3], providessach direction, X and Y, which produces an acoustic wave.

Index Terms—Surface Acoustic Wave, Touchscreen, Trans-
ducer

I. INTRODUCTION

II. CONVENTIONAL SURFACE ACOUSTIC WAVE
TOUCHSCREENS
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Fig. 2. lllustration of the hardware setup.

This wave is then reflected off a series of reflectors in its
path which redirect the wave in a perpendicular direction.
In this way, the original wave is split and flooded onto the We now describe the setup and design of our device.
overlay. Fig. 1 illustrates the production, reflection offot The device has both a hardware and software component.
reflectors and collection of one such wave for the Y directioData collection is done in the hardware and data processing
Note that the splitting is also done in time so that the firstind subsequent reactions to processed data are done in the
reflector will receive the wave before the second reflectbe Tsoftware. We describe each component in the subsections
second reflector will, in turn, receive the wave before thdth below.

and so on. This is done for both output transducers and both
directions. A. The hardware component

Ill. THE DEVICE

The redirected waves, in turn, meet with reflectors line Referring to Fig. 2, the device consists of a slab of 6mm

along the bottom and right edges of the panel which agatlnICk glass, of width and height 80cm and 60cm respectively,

. . . . C onto which is mounted two murata-piezo transducers. No
redirect the wave in the perpendicular direction which isnth ophistication is employed in the mounting of the transsice
collected by the input transducers, with the X and Y inptﬁ P ploy 9

transducer positioned on the top right and bottom left of the that they are attached to the glass by means of an adhesive

panel respectively. Note, again, that the wave reflectetheff putty, but their positions need to be exactly placed. The top
first reflector will arrive first, and that reflected off the ead and bottom transducers are placed 15cm from the left edge

reflector, second, and so on. Thus, for example, the first Waﬁg]:ethe glass slab and 10cm from the top and bottom edges of

that arrives at the Y-direction input transducer corresisoto € slab, respectively. The margin between the transdacets .
. L ; slab edges reduces sound reflections off the slab edgesh whic
the horizontal line joining the first top and bottom reflector ' ; . L
. . . . cause distortions. The transducers are plugged into teedin
If an object was in contact with the surface overlay whilé ; : .
. of a stereo sound card, one into the right channel and one into
the split waves were propagated over the latter, the former . .
e left by means of a sound splitter. Based on the principle
absorbs some of the energy of those waves that made contact o .
o ; . we used, our device is only able to detect taps, and is not
with it. Other waves remain undistorted. The sound wave . : )
received at the input transducers are then analysed tovebser le to determine, after the tap, whether or not the object is
P Y still in contact with the surface. Thus, the user interactly o

any interference that may have occurred, indicating that %n means of taps and not draas or contact-dependent actions
object has touched the panel. The position of the touch c'::1¥1 P 9 b '

then be located in both directions by noting the time when th urther, for the scope of this project, only single - not deub

distorted wave arrived, indicating theandy coordinates of etaps are (_:on5|o!ered. . .
the touch. The configuration above therefore creates a system in which

the transducer that is plugged into the right and left chbohe
In order to sychronize the transducers and control tllee sound card, respectively, mark the top-left and bothefin-
operation of the hardware, some commercial versions of therner of a rectangular area of width 50cm and height 40cm.
device incorporate a separate external electronic coati@]. This is the area in which the user will be expected to tap -
This extra hardware, in addition to the specialized glagsiusthe tapping area. Again, a 15cm bracket has been left between
by the device, and the number of transducers typically usdde right edge of the tapping area and right edge of the glass
adds extra complexity and cost to the device. slab.



1 While the system is in the running state 4 ngh threshold
2 | Read the current sample window from the sound card \ .
3 | Convert the data of each channel from bytes to samples 05) -----------------------------------------------------------------------
4 | Search for peaks exceeding the noise threshold on each channel 'c_;s
5 gl :;,;:1(1) \E);algrsl ?itehg?t;?;(rll é)lr if there has been an energy % Bac_kgroun d
6 If there is no energy carry over on either channel g noise level
7 Compute the critical breakpoints 7 e -4 -\ """ o
8 Compute the total energy under the peak of either channel 0) A B C »
9 If there is no more energy carry over on Tap breakpoint
either channel Sample bin
10 Compute the time difference
1 Compute distances Fig. 4. Graphical representation of a typical tap on one efttansducers.
12 Compute the location of the object
13 Move the cursor at the correct location on the of this project, we read the 44100 samples in 5 parts, 8820
screen samples at a time, in order to provide a high level of sensitiv
to the user.
Fig. 3. The generic algorithm of the software component. Also, whilst the sound information arriving from the trans-

ducer is of an analog nature with a precise voltage valuenwhe
this is converted to digital information for use with softea
a limited level of precision can be achieved. This preciggon
The software component of the device is the equivalegpecified by the number of bits that shall be used to represent
of the electronic computer board of some surface acouséigch converted sample. For the purpose of this project, we
wave touchscreens such as the one in [6]. It is, howeveruged 16 bits - 2 bytes - to represent a single sample. We
less sophisticated and more flexible alternative to the samefound that this level of precision was high enough to provide
lower cost. Fig. 3 summarizes the general algorithm designsufficient information and, at the same time, low enough to
the software component. ensure fast processing times. [7], [8] and [9] will provide
The steps in Fig. 3 can be generalized into five stegarther information on the sample rate and bits per sample
Specifically, these steps are capturing sound data from thgiables.
sound card, processing the sound data to extract informatio 2) Extracting information to detect a tap: Fig. 4 is a
relevant to determining whether a tap occurred, using tigeaphical representation of a typical tap, as recorded &/ on
information extracted to determine the location of the tag aof the transducers. The values of the 44100 samples on
moving the mouse cursor to the correct corresponding locatithe horizontal scale - each of which shall be referred to,
on the screen. Moving the mouse to the correct corresponditgreonforth, as a sample bin - are plotted against the sample
location on the screen is a simple proportionality problewalue on the vertical scale. Note that the time between sampl
between the surface and screen-resolution dimensions, amgmber 1 - point O on the graph - and sample number 44100
for reasons of brevity, shall not be explained. We explaireot - point C on the graph - is 1 second.
steps in the subsections below. In order to determine whether a tap has occurred, a threshold
1) Capturing sound data: The user initiates taps whichsample value, which we shall hereonforth refer to as the high
generate sound waves in the glass surface. These are chpttineeshold, is set, the exceeding of which will indicate that
by the transducers which then send this information into thep has occurred. Thus, if the sample set is looped throudh an
sound card. In the software, the sound information is netde a sample value is found which exceeds the high threshold, the
by periodically probing the sound card to retrieve sourslystem will conclude that a tap has occurred on that traresduc
samples, a process known as sampling. The rate at which thélowever, in order to filter out noise and events such as
sound card is probed is known as the sampling rate, and fmmeone hitting one of the transducers by mistake, we furthe
the purpose of this project, we used a sampling rate of 4410@nstrain the criterion for a valid tap to occurrences when
samples per second. Note that the sound card allows ustie sample set of both transducers exceed the high threshold
read in these 44100 samples in parts so that, for example, Vs has been found to be highly effective for noise filtering
may read in a half of them - 22050 - in one iteration of ounaking the device highly robust to noise.
program and the other half in the next. This technique is used3) Extracting information to determine tap location: Two
to provide a high sensitivity level to the user. As long as theources of information within the sound data were used for
time to make the iteration is less th@g}W seconds, there this project: the total energy of the tap peak at each trazesdu
will be no information loss. The effects of this informatiorand the time difference between the times when the tap peak
loss shall be explained in subsequent sections. For thepearpreached each of the transducers. We shall explain how each of

B. The software component



these were extracted in this subsection and how they are uggdand E of the transducers as well as the timgsand ¢
to determine the location of the tap in subsequent subsectioat which they occurred. We, however, are only interested in

We have divided the horizontal scale of Fig. 4 into threthe time difference, as has already been explained, which is
distinct regions. Regions OA and BC are background noisétainable by taking the difference of timeés and ¢5. We
picked up by the transducer before and after the tap pestkall denote the time difference by the symbol.
occurred. The point A is the exact point at which the tap sound4) Computing the tap location: We required a physical
waves reached the transducer and a significant disturbase model that would relate the sample values in region AB to
observed by the transducer in the region AB. Region AB the location of the object. We shall explain the model that we
therefore the tap peak. developed and used.

The total energy of the tap peak is equal to the area undeThe model that we made use of makes use of the fact that
the graph in region AB. The point A is the exact time athe total energy of a sound wave travelling through a solid
which the tap peak arrived at the transducer. We developsatface is inversely proportional to the distantevhich the
an algorithm that is able to extract both the total energy ameéave has travelled, with the constant of proportionatityrhis
the arrival time at the transducer. Note that we shall label tis expressed mathematically as:
left- and right-channel transducers, respectively, as d an
from hereonforth. The algorithm is comprised of the follogi
computational steps:

1) Compute the derivative of the sample set by means of a E— @)

finite difference approximation [10]. For any two sample

values in the sample sé} and S, 1, the derivative,D; Thus, if the energy of the sound wave at a point is measured,

of these values is given by: the distance that the wave has travelled can be determimed. T

constantk needs to be determined experimentally for each
D; =841 —5; (1) transducer. This is done by plotting the graph of total eiesrg

versus the reciprocal of their corresponding distances fest
distances and determining the slope of the line fitted éo th
aph by means of a linear least squares regression teehniqu
Applying equation 2 to each of the transducers we arrive at
en energy-distance relation for the transducers:

FE x

Ql =

2) Loop through the derivative set and find the maximu
value. We shall hereonforth denote this by the symba
D,,.

3) Loop through the derivative set from bin 1 upto bi
%Dm and determine the value whose absolute valu
is highest in this region. This was done in order to

determine the highest background-noise value, which we E = ky
shall hereonforth refer to as the noise threshold. dy

4) Loop through the derivative set from bi%le +1 Ey = Ky (3)
onwards and find the first bin that just exceeds the noise da

threshold. This is the bin and exact time at which the tap Taking the ratio of the energy-distance relations for the
peak has just reached the transducer, equivalent to pdirnsducer 1 to transducer 2 yields:
A in Fig. 2. We shall refer to this point, hereonforth, as

the tap breakpoint and denote it by the time symhol E,  kide
where the subscript refers to the transducer on which By = ko k1
the observation was made.
5) Compute the cumulative sum of the sample values of do = @&dl (4)
the sample set from bi%Dm + 1 and spanning 1200 ki Ea

bins which is taken to be the total energy of the wave. Equation 4 is an equation of two unknowss andd.. We
Whilst there was no exact way of determining where thghall use the time difference to develop another equation in
tap peak ended, we found that taking an exact bin lenggrms ofd; andd, in order to be able to solve it. The time
of 1200 bins sufficed to give a reasonable approximatidaken for a sound wave of speefl to travel a distancel

of the same. through a solid is given by:

Note that in some cases the tap peak may extend over

two sample sets - a situation which we shall hereonforth d

refer to as an energy carry over - such as in cases where t= S ®)

the tap breakpoint occurs in the latter bins of a sampIeAppMng equation 5 to each of the transducers yields:
set. We accomodated for such cases by testing for

occurrence of these energy carry overs and accumulating

. d
the energy over both sample sets if necessary. t = §1
The above process is repeated for both transducers simulta- do

neously in real-time. At this point we have the total enesgie te =< (6)
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Fig. 5. The geometrical setup and coordinate system used.

Taking the difference between and ¢, yields the time-

difference equation, which we then rearrange to obtain an

equation in terms of the time difference addandd,:

tg—tlet:d2;d1
SAt=dy — d;
dy = SAt +dy @)

IV. DEVICE TESTING

The device testing aimed to evaluate the usability of the
device. Testing was therefore done from a user perspective
and focused on the user’s opinion on how well the device was
performing [11]. Five usability requirements were evahaat
The usability requirements and their evaluation were as fol
lows:

1) Test 1: System response rate. The system was expected
to respond to every tap the user initiated. To test this,
the user initiated sets of 100 taps and noted down the
number of taps the system did not respond to.

2) Test 2: System response time. The system was expected
to respond to taps in a minimal amount of time. To test
this, the user initiated sets of 100 taps and noted down,
for each tap, whether or not a lag had occurred. Taps
which received no response at all were not recorded as
part of this test, and were part of test 1.

3) Test 3: System sensitivity. The system was expected to
respond to both average and lower intensity taps so that
even light taps receive a response. To test this, the user
initiated sets of 100 taps of low intensity and sets of 100
taps of average intensity and noted down the number of
taps of each category that registered no system response.

4) Test 4: Noise robustness. The system was expected to
be robust to background noise and only respond to valid
user taps. To test this, the device was placed idly, for two

Solving equations 4 and 7 simultaneously and eliminating  hours at a time, in a high noise environment - a busy

do yields the following solution foil;:

office - and a low noise environment - a quiet computer
lab - and was configured to record the number of times

SAt it registered what it deemed to be a valid tap.
h =55 1 (8) 5) Test 5: Placement accuracy. The device was expected
o B o , to detect the location of the tap with a high accuracy.
We can solve forl; in this equation and use it in equation Having noted the limitations of the system, it was

7 to solve ford,. We now have the distance of the location  gecided that if the computed screen location fell within
where the tap occurred from each transducer. The task remain 5 3030 pixel area of the actual location, this would be

to use the distanceg andd to find the coordinates of the tap
location on the surface; andy. We represent the geometrica
setup and our choice of coordinate system in Fig. 4.

We have introduced two variables in Fig. b.denotes the

deemed a high enough accuracy. This choice was derived
I from the fact that a 30x30 pixel area maps well onto an

icon and in order to use the device, a user should at least

be able to click an icon. To test this, the user initiated

distance between the transducers which is also the height of  ais of 100 taps and noted down the number of taps that
the surface andiV denotes the width of the surface. It can be fell within the high-accuracy region of that tap.

seen in Fig. 5 that two right-angled triangles ABC and OBC,
pertaining to transducers 1 and 2 respectively, are formed. V. TEST RESULTS

Applying Pythagoras’ theorem to each of these trianglelslyie
two equations containing the required and y-coordinates,

TABLE |
RESULTS FOR TESTL - SYSTEM RESPONSE RATE

which can be solved simultaneously to yield a solution fer th

y-coorindate of the tap location as follows:

di* = 2% + (L —y)?

d22:x2+y2
do?® + L2 — d;?
= 9
Y 5T 9

Substituting the solution fog in one of the other equations
in equation set 9 then yields a solution for thecoordinate
as well. The tap location has been determined.

Observation type Percentage of taps (%
Response observed 90
No response observefl 10
TABLE Il

RESULTS FOR TEST2 - SYSTEM RESPONSE TIME

Observation type| Percentage of taps (%
Noticeable lag
No noticeable lag 97




1)

2)

3)

4)

5)

TABLE Il

RESULTS FOR TEST3 - SYSTEM SENSITIVITY materials and slab thicknesses. Tasks will involve tapging

set number of times at particular locations, such as at the

i Percentage of taps (%) midpoint between or the right next to the transducers, givin
Observation type Average intensity| Low intensity 'pd' ti f the dist 9 bet the t d ' 9 Such
Response observed 93 a8 an indication of the distance between the transducers. Suc

No response observefl 7 a2 a mechanism will allow the device to, among other things,
transform an ordinary monitor screen into a touchscrepe-ty
TABLE IV

device. Many other applications exist.

RESULTS FOR TEST4 - NOISE ROBUSTNESS Other areas worth exploring include using sound cards with

Noise category] Number of taps detectes more channels or using two stereo sound cards in a single
Low 0 computer. This, however, will be subject to cost evaluation
High 3 in order to maintain the reduced cost and complexity rat®na

of the project.
TABLE V

RESULTS FOR TESTS5 - PLACEMENT ACCURACY VIIl. CONCLUSION

Accuracy | Percentage of taps (% In this paper we have described how we set the foundations
h?":} gg for the construction of a surface acoustic wave-type device
ig

using only two transducers and a non-specific slab of glass.
We described our hardware setup which collects sound data,
as well as the software component which processes the sound
data and positions the mouse cursor at the computed location
Test 1: It was found that the device provided a higbn the screen. We described the testing done on the device
response rate and only 10% of taps were completeishich revealed that, currently, the device cannot achieve a
ignored by the system. commercially applicable accuracy. We have, however, also
Test 2: It was found that the device provided a faslescribed how we intend to increase the accuracy of the éevic
response time, with only 3% of taps displaying anin our future work, as well as making other improvements
noticeable lag to the user. that focus on device flexibility and portability. The founda
Test 3: The system was also found to have a very higlhns have been set for a powerful, low-cost touchscrepe-ty
sensitivity for average intensity taps, responding to adlevice.

but 7% of these taps, but only responded to 48% of the
low intensity taps.

Test 4: It is clear from the results that noise robustneds]
is a great strength of the device. Under low noise
conditions, the device did not pick up any noise at all2]
and under high noise conditions, it only picked up noise
three times. 3
Test 5: It was found that the system is able to achieve
a high accuracy for 36% of taps. This accuracy, while
not ideal, is acceptable for the time being given th g
time constraints that were in place for the project. We
shall discuss plans to increase this accuracy in the nelé
section. [7]

VI. DISCUSSION
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VII. [8]

The device is not, at this stage, able to perform to a usablg,
level of accuracy. The main reason for the lack of accuracy
is the simplicity of the physical model employed at thi?m]
stage. This project, being a feasibility and exploratorydgt
employed the simplest physical model to compute the positifi1]
of the tap. The model can, however, easily be improved,
improving the accuracy of the device.
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