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Abstract

This paper presesthe communication aid softwaréric(Efficient Reduced Input Cenunication)
whichis inusefor more than 5 yearby awomansuffering from cerebral palsyrhe system has

been usedvith up tofour switches. Very recently the software has been extended to provide gaze
controlled access. The paper will present Ercsoftware and the special requirements that had to
be fulfilled to make it more gaze friendly. During a number of trials the two input methods have
been compared with respect to two criteria: speed and conveniefice results of the trds will be
presented.

Introduction

Physically handicapped pgle with severe motor impairments cannot use conventional computer input
devicesHowever,computers provide unparalleled new ways of augmentative and alternative
communication (AAC). Therefore, customized input prograave to fill the gap and provide usexith
motor impairments an easy means to enter text or even control arbitcamputerapplicationgincluding
environment control applications)

At the age of fifteen Kathrin Lemler from Koblenz, Germany asked the Computer Science department at the
Universty of Koblenz if the scientists would be interested in improving her communication device. Kathrin
was suffering from cerebral palsy and was forced to use a wheelchair. For communication she was using a
variety of communications means. She used gestunelstasic sounds, spelled words withe-scriptand a
(virtual) letter grid and produced texts with a symbol based approach (using Minspeak). All approaches had
specific advantages and disadvantages. The fasted way to communicate was using the lettavggicer,

this was only possible with people who werained indecodng her eye movements back to the words she
encoded. The number of distinct sounds she could produce and hence the vocaifulaysounds she

could producewas very limited. Using herAC device she could talk to strangers. However, also this means
of communication suffered from several drawbacks: Of course she always had to have the device with her,
the vocabulary was still limited to about 3000 word forms, she had to memorize rath@vezgsome symbol
combinations for words, and most importantly using a single switch writing sentences was prohibitively
slow.Especially the expressive limitations were a major conedran Kathrin was about to change to a

regular high school
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When Kathrimapproached the university the first idea was to extend the symbol based approach to allow for
an easier integration of new words. Soon it became clear that since Kathrin was able to spell words another
approachwhich uses conventionavord encoding with I&ers would be preferable.

With the help of a computer linguist a prototypical system has been developed [Meyreis 00]. The system
used 8 virtual keys. The 30 letters of the German alphabet where distributed on 6 keys, two other keys were
used to delete adtter or accept the word. The user could select the keys with a scanning approach. Hence,
each key is focused cyclically and the user can select thevtkidgyit is focused using a single switch.
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Figurel: UKO program developat the University of Koblenz

As the number of available keys is smaller than the number of characters that should be available several
characters have to be placed on each key. There are different strategies to resolve the aniighid in

this appoach The purest forms are charactivel disambiguation and wo#gvel disambiguation.

However, there is also the possibility to combine both methods.

The strategy that is used in tii#&icsystemis based on wordevel disambiguation, i.e. the user wri@
word letter per letter ignoring the ambiguity of the keys. Once a word is finished all words that match the
input sequenceare presented ordered by probability.

The time required to enter a word is the sum of the time needed to select all letterprassd ENTER and
the time needed to select the word from the list of all matching words.

The typing speed that can be accomplished with this approach crucially depends on the distribution of the
characters on the keys. In a diploma thesis Meyreis develapgidtribution using a set of linguistic
hypothesis. Many criteria and rules can guide the way towards an efficient character distribution. However,
many of those rules are contradictory and hard to apply. Therefore, solving the problem by hand is a
thankIS3 260N yES ESTANIKE I MR &8 (B | LUGH Ny 29 d$y/C5 kiRl LUdH Ny (KS 3 Y S

sequence; or at best on the same key (if muttiicking is permittedy; 2y (KS152021 N& &8SSy a2 oS!

perfectly reasonable rule (to increase typing speedwkler, consequent application of this rule will
ultimately yield a solution where each letter is placed on the same key. Then, of course, all words of same
length will match the same input sequence and selection of the right word will take an enormousiaofio
time. Therefore, another rule that minimizes ambiguity of input sequeceK |- 3 ESTENIK! (I NRIR S

(2 | L0 Ny & X NRyTBHE 3K2diRy2(16S L BR2Y (KS& Y $1S% ¢ has to be introduced. But which rule is
more important in which contet is not at all clear.

A further drawback of using linguistic rules is that the rulesa@anguage specific. Therefore, the manual
optimization has to be done for all languages that should be available.
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Fortunately, the ultimate performance measugavhich is how fast a typical text in a given language could

be typedc can be expressed by a simple function. The only requirement for this is a dictionary containing
the most relevant words with their respective frequency of use. For the performance medsutiene

required to type each word is calculated and multiplied by the frequency of use. The susseb#iues

28N & 2NRR A NSDLBRD £ (P (KS RiiNGd iRy @ SHOS/Qd

Since there are almog21sextillion(10%) reasonable distributions of 30 letts on 6 keys the problem

cannot be attackedby a brute force approach. A complete search would take more than 7 trillion years even
if a solution could be evaluated in a single millisecond (which is not possible for large dictionaries).

In order to valiéte or improve the results from the linguistic rule based approach the problem was applied
to a soecalled Genetic Algorithm [Garbe 00].

Optimization Problem

Given an ordered alphab&=28,X%,.,d a language L S*, a subset K L of known words, and a frequency
functionFrgK- IN assigning the frequency of use to each word in K, which partitionSRabbows for the
fastest way to enter each wondi K exactly Frqg) times?

The time neéded to enter a given word is provided by some objective function Tim&tP):N.

Time(l, l,,) = Distanc¢ 0,Kef,))
+§mz Distance Keyl, ,) .Kefi,))
+Distance Keyl,) .0+ Pdsv)

Key() returns the index of the key on which letteis placed; of course, this value is determined by the
partition P. Distance, j) calculates the cycle distancetie=en the keys with indekandj. If the input
sequence for a given word is ambigudR@sreturns its position in the frequenegorted list of natching
words, and 0 otherwise.

Optimization Results

The results of theomputer linguistre used as a perforamce measure. With the help of the optimization
methodit has been possible to increase the typing speed by 17%. For the comparison the same corpus was
used which the expert used as the basis for word prediction. As it was not at all clear if 6 keyseaiyld

be optimal the number was reduced down to five, four and three. Interestingly when using a scanning
approach three turned out to be the optimum. The best solution found increased the typing speed by 32%.
At first sight thdinguist@&2fdidRy 35Sy 4to be devastatingly bad. Treptimization algorithm comes up with

a better solution within a few second$&KSNRNEAI& (BY L3 (2 REOERAIKS SH.9NE 6 2N 2NIBY

guestion his competency. However, studying the different results carefully reveaklhbrtcomings of the
method applied by the expert. His study was based on letter amgildin probability and tried to optimize

both the number of matches and typing speed. Humans are tempted to neglect typing speed in favor of the
optimization of matchesThe rather small number of at most 13 matclies the most ambiguous input
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sequencégsupports this theory. Selection costs, however, are tiny in comparison to typing costs and account
for only 3% to 8% of the total costsra@fasonable solutiondNe alschave to keep in mind that the fithess
function (which required an explicit programming effort) was not accessible to the domain expert.
Therefore, the expert could not possibly evaluate a large humber of different partitions. An inherent
advantage of theautomatic optimizatiorapproach is that the problem can be reformulatecdé another
dictionary or language, change the number of Resasily The expert was not even aware (neither were we
before we tried it) that 3 keys might be sufficient.

Eric

Kathrn started to work with a prototypical system developed at the University of Koblenz in 2000. Since the
results of the diploma thesis suggested significant speed improventeakicsystem has been developed.
Ericwas buit from the ground up as a new ggm allowing for a flexible number of keys and different

modes for oneswitch or multiswitch operation. The confirmatiofEnter)and correctionDelete)functions

were integrated into a single menu on the first button. With the requirement of only fquuitikeys Kathrin
managed to access the keys directly with switches moutadtkr wheelchair. Being able to select the keys
directly brought further speed improvements and tlestribution has been recalculated for highest
performance with direct accesBrichas been designed to allow for a maximum of performance when
entering text. It has not been designed as a virtual keyboard providing access to arbitrary applications.

Figure 1 shows the main window BRIC It consists of 6 elements: tle@mpletionlist on the left sidea
prediction bar on the top, a menu control and 3 letter controls. To write a word the user simply types the
word letter per letter as on a normal keyboard. A letter is typed by selecting the control which is marked
with the letter. Theonly difference to a normal keyboard isateach control is marked with several letters.

| 2¢ SAANIKA F QI3K2dR0S By2NGR I I TNTNFIKS 6 2N Gl 2 ¢ 2NRE 3K2dER0S (BLIR ¢ S 33 S KS (KWK

letter control, because it is captioned with Fhe wirdow now looks likén Figure 2For the E we select the
third letter control again. The same goes for the L as it is also on the third letter control. Finally for the O we
have to select the first letter controNow the word is completed and we would haeetype a spacelo do
thiswe have toselect the menu controlNow the letter controls provide accessrt@nu items The function

we want tousenow isé{ SSdE. As the name implies it is used to select the word we want to write. Because
the input sequece 33-3-3-MBNES2 Al Y 6/02da G0 y 6S daSR BNKI2¢ @il 36 S | aRNIKAZE0S S

now have to select the word we actually had in mimdis can be done either in a sequential mode or with a
smart narrowing functionThere is also a shortcub tvords that appear in the completidist (we could

K- &5 SR KS2¢ @il TONEBLYIKS Kith 26 (K- 16KS2¢ BRY LIBBRESDY 2 2y 6 AK o 2N We

have totype the input sequence-1-2-3-2 (W and O are on the first contr®t,js on the secondL is on the

third and D is on the second® (P &3S0l yRaEXSWicw 2NRED
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Figure3: Main window after selecting the third letter control

Figure4: Main window after typing the sequenc8-3-3-3-1 and selecting the menu control

ERrIcoffers a lot of more advanced functions, including functions to enter new words, use text templates,
speak texts with a texto-speech system anegkvisetexts.

Direct AccessUsing a Gaze Tracker

As Kathrin has communicated with her mother and later on with her personal assistant using a letter
encoding scheme that relies on eye movements, the idea of usjlagetracking system to control her
communication aid was thebvious next step. In contrast to conventional virtual keybo&rlsrequires
only very few control elements. This is not only very helpful to get familiar wgdzatracker, but can also
makegazecontrolled applications accessible to people whgse accuracy would otherwise not be high
enough.

In 2005 Kathrin tried differergazeiNdQ A/AREABY ABRNKS NG S & Y K& LSNEINGI TS 6 AK 2yS 2F
the systems looked very promisiigicwas changed for the special requirementgakzecontrolled
applications.

Requirements for Gaze Friendliness

Gaze control can besed to augment other forms of human machine interaction or it candmzlas the one
and only means to interact with a computer. When used by people with severe motor impairment ntyor o
very few other means will be available. The user might possibly control a limited number of switches, but
will typically not have access to conventional input devices.

The manipulation options within applications can be brought down to three majoradipass: pointing,
clicking and text input. Gaze tracking wiitivelyonly providethe pointing operation. Clicking has to be
provided by an external switch, blinking or dwell selecti®imce intentional and unintentional blinking is
hard to distinguisidwell selection or external triggers are often preferred (&fankford 00]). If no other
input means is available text also has to be entered using point and click operations.
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