AN OBJECT-ORIENTED CHARACTER RECOGNITION
ENGINE

B. Klauer K. Waldschmidt Tagungsband
J.W.Goethe - Universitat Frankfurt, Professur fur Technische Informatduro-ARCH 93
Robert Mayer Straf3e 11 - 15 D - 60054 Frankfurt am Main Informatik aktuell

R. Heinrich Springer 1993
INFOS GmbH

Ludwigstr. 78, D - 63067 Offenbach

Abstract

This paperintroducesthe object-orientedcharacterecognitionengineAQUIRE which was
originally designed as a general pattern-classifier under the academic aspects of object-
orientationand parallelismtogetherwith low spaceandtime complexity. Whenindustry ex-
pressednterestin usingAQUIRE to providepen-based@omputersvith a powerful character-
recognitionengine AQUIRE wasrevisedto meetthe commerciarequirementsTogethemwith
a brief discussion of some special pen-related problems, this paper contains the theoretical
backgroundor therecognitionmechanismanda descriptionof the methodsusedto performa
high quality andhigh speedecognition-proceswith a minimumof executableode.The pro-
posedmethodhasbeenimplementedn an INFOS NotePad386-SXpen-computeandon the
associativerocessoAM * developedvithin the PROMETHEUSprojectatthe Departmenfor
TechnicalComputerSciencesat J.W.Goethe-UniversityThe acceleratiorof the recognition
mechanism by using the associative type of parallelism will be shown.

1. Pen computing

Pen-computer environments offer a lot of opportunities to their users but also a lot of re-
strictionsto hardwareand softwaredesignersThe first and mostobviousopportunityof pen
computeron onehandandrestrictionon the otherhandis their physicalsizeandthe fact that
theyareintentionallyusedwith apeninsteadof a keyboardasuser-inputdevice.Fromauser’'s
point of view nothingis more familiar than processinglatausing penand paper.Pen-based
knowledge-and data-aquisitiorcan help to lower the barrierbetweennon-experiencedsers
and computersaandterminals.lt canhelp experiencedisersto entercommandsanddatain a
more natuaral way.

From a programmer’spoint of view the replacemenof the keyboardby a penrequirespen-
basediserinterfacesprovidingacompletecontrolmechanisnfior apenascentralinputdevice.
The User-Interfacénasto providecomfortablemethodso handlethe controlanddatastreams
to anapplication.Thecontrolstreancaneasilybe handledusingwindow andmenutechniques
whicharethestate-of-the-aiin modernapplicationsvenin nonpen-relategénvironmentsThe
dataentryis morecomplex.Menutechniqueslike so-calledvirtual keyboardsare usablefor
data entry but less comfortable than data input via handprinted characters or digits.
This featurerequiresa highly sophisticateadtharacterecognitionengineto be embeddednto
pen-basedpplications.The recognizercan be usedto transformdrawingslike charactersor
gesturesnto their semanticsThe semanticanthenbe usedto trigger functionsin caseof
gestures or as character or digit in case of character like entries.



Thephysicalandlogicalrestrictionsandrequirementasmentionedcaboveraisedacademi@and
commerciainterestin thedevelopemenf a powerfulrecognitionenginefor handwritensym-
bols with the following outlines:

. Small executable code
. Small database size

. High accuracy

. Directness (speed)

"Directness'meanghatusersshouldhavethefeelingof controllingthesystendirectly with the
tip of the pen.Actionsof theapplicationshouldfollow immediatlyaftera handprintedsymbol
hasbeencompleted[RHY86] containsproposalshow the completenessf handprintedsym-
bols can be decided.

1.1 Design-decisions

Dueto theabovementionedestrictionsandrequirementshefollowing designdecisionscon-
cerning the archtitecture of the recognizer and it's implementation have been made:

1.1.1 Online-Recognition vs. Offline-recognition

In comparisorto off-line recognition,on-line recognitionperformsrecognitionwhile the pat-
ternis beeingdrawnonanykind of digitizing device Directnesswhich meanghatuseractions
like gesturesareimmediatelytranslatednto machineactionis an ergonimicrequirementor
pen-related applications. The directness usually implies online-recognition systems in pen-
based applications.

1.1.2 Static recognition vs. dynamic recognition

Static characterecognitionevaluategatternswithout looking on how the patternhasbeen
created. Dynamic recognition is focussed on strokes, edges in strokes, drawing speeds and
accelerationsn the drawinghistory. AQUIRE is a heterogeneouszcognitionenginecombi-
ning a static (PATTMA) and a dynamic (MAGIC) module.

1.1.3 Source Language

Due to the portability of the source-codéhe recognizethasbeenprogrammedn C++. This
decisionseemgo be contradictoryto the sizeandspeedrequiremenbutis actuallynot. Ana-
lyzing thecodeproducedby the BorlandC++ compilerusedfor the MS-DOSversion,it canbe
observedhatit generate®fficient machine-codeThe runtime-librariesandthe startup-code
arethe mostspace-expensiv@odulesdueto their generality.Specialstartupandruntimerou-
tines have been designed to gain efficiency in size and speed.
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1.1.4 Softwar e ar chitecture

Therecognizerconsistof threemodulesapreprocessoiPREP) apattern-matcheiPATTMA)
andan ambiguityresolver(MAGIC: M Anual Gesturel nconsistancyClearance)sshownin
figure 1. The PREPmodulecontainsan Application Programmingnterface(APl) andanex-
tractor providing the PATTMA and MAGIC modules with significant information on the
symbolto berecognizedPREPworks"on-line" duringthedrawingphaselt passes boolean
patternto thePATTMA patternmatcherndstroke-informatiorto theMAGIC module PATT-
MA is averyfastpre-classifiebutis in caseof optically similar charactersuchas"B" and"8"
or"b" and"6" insufficientin recognitionaccuracyMAGIC detects andresolvesambiguities.
Theresolvingmechanisnis activatedonly in casehatanambiguougatternhasbeendetected.

2. Methods

2.1 The PREP module

PREPprovidesthe Application Programmindnterface(API) and an extractorto retrievesi-

gnificantinformationfrom theinputdata.The API for thelntel 80x86processorsonsistof an
interrupt-serviceoutine supportingone of the 80x86 processorsoftwareinterrupts.The API

for the AM® processoconsistof a setof C++ functionsto controlthe recognizerlt provides
the following functions:

1. Setup-functions for the recognition engine
2. Aquisition and storage of handdrawn symbols as defined below
3. Functions to control the recognition of patterns

2.1.1 Recording and Scaling
The following expressions be informally defined:

Def 1.0 Handdrawn Symbols
Let a handdrawn symbol be defiened as a sequence of strokes

Def 1.1 Strokes
Let a stroke be defined as a sequence of coordinates



The strokesasdefinedabovearepassedo the PREPmodulecoordinateby coordinatevia the
API. Strokesare separatedby the coordinate(ffff ney ffff hey) Which is definedto beinvalid for

coordinateswvithin a stroke.PREPconnectsadjacentcoordinatesvhit a straightline. The mi-

nimumandmaximumx andy coordinatesrerecordednline.All coordinatesrethenscaled
to fit into into a 32*32-bit booleanmatrix. Thebooleanmatrix will later be convertedinto a
1024-bit vector to provide the PATTMA module with data.

2.1.2 Extraction of significant information

A maskandasearchargumentarecomputedy theextractorandsentto the PATTMA module.
The Pattern matcher computes the semantics by retrieving the most similar pattern in it's
databaseThe ambiguity resolveris also providedwith datafrom the extractor.If envoked,
MAGIC consumeshetotal of strokes start-andend-coordinategswell asthe start-andend-
directions of the strokes, to examine ambiguous characters.

2.2 Methodsused in PATTMA

Thedescriptionof the basicclassificationmechanisnof PATTMA requiresformal definitions
of some important expressions:

Def 2.0 Patterns
Let a pattern be a boolean vector

P = [p]; 1<i<L;
L - length of the pattern

An elemenp; of avectorPis calledapixel. Thevalueof thepixel correspondsoit’s color (e.g.

blackandwhite in caseof boolearnpatterns)All pattern-dataisedin PATTMA is derivedfrom

thehandprintednputsymbolsby theextractorof the PREPmodule PREPconvertshanddrawn
symbols (Def 1.0) into images (Def 2.1) with unknown semantics.

Def 2.1 Images
Let animagebeatupell consistingof a patternP andthe symbols indicatingthe semanticof
the pattern P

I =(Rs); sOS

sis amemberof thesetS of all symbols.S mustcontaina symbolg indicatingthatthe seman-
tics of a symbolis unknown.All well knownimageshavethe semantics # ¢. The database
usedby PATTMA containsimageswith semantics2@. Unknownimagesasderivedfrom the
PREP module from handprinted symbols have a semangic s=



Def 2.2 Hamming Distance
The Hamming Distance HD(A,B) of two patterns is the total of all pixddsveith g # by.

HD(A,B) = (g, O by)
O : boolean XOR

Def 2.3 The Masked Hamming Distance
TheMaskedHammingDistanceMHD of two patternsA,B andamaskM is definedasfollows:

MHD(A,B,M) =2 ((& O bj) m)
: boolean AND
: boolean NOT

MHD behavesasHD if M = 0. In this caseMHD computeghetotal of all differentelements
a,b; with azb; which arenot hiddenby m;. HD aswell asMHD canbeusedassimilarity indi-

catorsin recognitionsystems.The following methodcanbe usedto find the semanticf an
unknown image U = (X):

Let W = {(P1,9),(P>,%), ...} be a set of well knowimages.

1. Compute the mask argument M

(A method to compute the mask will be shown in the following paragraph)
2. Compute MHD(X,RM) for all i
3. Replacep with 5 if MHD(X,P;,M) is minimal for all i

2.2.1 The mask-argument of MHD

As onemight expectthe computatiorof the mask-aguments the key to obtaingoodrecogni-
tion results using the MHD function.To classify handprinted characters using the MHD
classifier the following informal method can be used to compute the mask:

Let X be the pattern of an unknown image
Let M be the mask gument to be computed

A function BOLD(PATTERN A, INTEGER N) returning a boolean pattern, be defined as
follows:

1. if N>0 set R:=A else R:=0
2. repeat N times
for all g; with g; = 0 do
if an adjacent element of & 1 then
set fj:=1
3. return(R)



The Mask M can then be computed as follows:

1. set Bold_X :=BOLD(X,ntimes)
2. set Bold2_X := BOLD(BX,mtimes)
3. set M := Bold2_X-Bold_X

Theresultof the computations shownin figure 2. The maskhasbeenderivedfrom patternA
with the parameters ntimes=1 and mtimes=0.

2.2.2 Hamming-Distance vs. Masked Hamming- Distance

The Hamming-Distancelassifieris very popularto computea similarity indicatorfor boolean
patterns [KOH87]. The Masked Hamming-Distance distinguishes from the pure Hamming-

Distancen thesimplefactthatspecificareasf the patterndo becomparedanbehidden.The
MHD classifiercomputeshe Hamming-Distancef all bitswhich arenot maskedThis special
feature can be used for fault-tolerant classification.

Example:

HH HH

HE H F

Pattern A Pattern B Mask Pattern A Pattern C Mask

figure 2 figure 3

Figure2 showstwo "+ " symbolswhich are
similar but not equal.A recognitionsysten
holdingoneof bothsymbolsin it's databas
should classify them to be similar.The
Hamming-Distancef patternA andB is 26, UBY: [pU

parameter nimes  se—

—

3016 02 5 % 3 29 26 8 214 20 19 19

|ndlcaI|ng that both pal'terns are dlfferent 18 18 58 100 110 121 118 116 110 107 106 104 102 99 95
evenif theyare not from ahumanpoint of 13 13 18 68 117 121 124 123 116 112 109 108 105
view. The maSked—lamming-DistanC@fA U 47 93 18 124 122 120 117 113 109 105 104

0 120 10 16 5 9% 120 124 120 117 112 109 103 98
0 10 10 12 3% 5 8§ 117 113 107 104 9% 89 8 17
1220 32 5% 8 % 93 87 8 7 69 63

andB anda maskargumeniasshownin fi-
gure2is 13,indicatingthatbothpatternsare
similar. This resultis more adequateo the

parameter mtimes
—
=
—
=
—
=

humanimpression.The nextexample(figu- 5 5 5 12 16 25 3 5 66 81 8 71 63 59 55
re 3) showsthatthe MHD classifierworks 5 5 5 10 15 17 20 ¥ 4 6 72 66 5 5 4
alsoin casethatboth symbolsaredifferent. 505 5 10 16 15 17 24 3% 45 5 64 0 4 M
In this case MHD(A,C,Mask) = 24, indi- 55 510 9 13 18 20 % 43 4 8 S 4B
cating that both symbols are much more 505 5 8 111 141619 N B % & 6 L
different. Figure 4 showsastatistical evalua- R R EE
tion of 135 handdrawnsymbolsto find op- 55 5 8B 5 55 B 0w AN B B
timal valuesfor theparametersntimes™"anc 505 5 8 U U0 U B UGN

"mtimes" for 1024-bit patterns(32*32-bit).
It shows that the pure Hamming-Distance figure 4



(ntimes=mtimes=0) is not optimal for the pattern-classification of human handprinted
characterslt showsan optimum at ntimes=7and mtimes=4.The parametergslependon the
database-sizéhetype of symbols the cardinalityof the alphabetandon the dimensionof the
boolean matrix used to store the patterns.

2.3 Methodsused for MAGIC

TheambiguityresolverMAGIC consistf a setof routinesto detectandresolveambiguities.
Handprinteccharacterérom 102 Persongrom differentcountrieson differentcontinentshave
thereforebeenstatistically evaluatedto find ambiguitiesin the humanstyle of handwriting.
Ambiguities will be denoted as follows:

(ApAz...A)
Theintendedmeaningof the aboveexpressions thatsymbolA4,A,,...A, cannotproperlybe
distinguished by their optical image as represented by the 32*32 bit matrix.

Example:
(2.2)
(0,0

All ambiguitiesdetectedwithin the evalua

tion havebeenclassifiedto be hard or soft.
Softambiguitiescanin mostcasederesol-
vedby countingandtracingthe strokesasin
the (B,8) ambiguity. Hard ambiguitiescan-
not be resolved by stroke-evaluation as in
the (Z,2) ambiguity. Figure 5 shows two

symbolsof a2 anda Z andtwo exampleof

anO andaO recordedrom differentwriters.

Evenahumancannot classifythemcorrect- figure 5

ly without any context.To solve the above

mentionenegroblemsruleshavebeenstatedfor the writersto gain properrecognition.E.g.a
Z mustalwaysbe drawnwith a horizontalstrokeat it's center MAGIC containsa subroutine
for eachambiguitywhich hasbeenstatisticallydetectedThe routinesto resolvethe hardam-
biguities require that specific rules be obeyed by writers.

3. Implementations

)
class

Thefirst versionof AQUIRE hasbeenpro- CAM
grammedn C++. The threemajor modules (virtuel)
PREP, PATTMA and MAGIC have been
programmed as separate C++ classes. The
PATTMA modulehasbeenderivedfrom a class class class
modulecalledCAM (s.figure 6). CAM per- PREP PATTMA AMRES
formesaretrievalof the bestmatchingdata :

figure 6

base item using the MHD classifier.



3.1 The M S-DOS implementation

TheMS-DOSimplementatiorusesa CAM modulewhich computegshe MHD classifierfor all
databaséemssequentiallylt providesfunctionsto handlethe databaseontainingthe setof
knownimages.Theuntime-behaviouhasthenbeenanalyzedandsomecritical routineshave
beenreprogrammedh assemblyanguagePortability hasbeenlostin the optimizedassembly
languageversionbutspeedvassignificantlyincreasedT hesizeof theexecutablg@rogramwas
reducedApplication programmerfiaveaccesgo therecognizewia the softwareinterruptsof
the Intel 80x86processorsThis providesaninterfacewhichis completelyindependenof lan-
guages and developement environments. The Application Programming Interface (API)
provides the following functions:

INITIALIZE
This function presets all global variables with proper initial values

INSERT COORDINATE
This function is used to pass a coordinate of a stroke to the PREP module for preprocessing.

INSERT STROKE SEPARATOR

This function is usedto declarea stroke consistingof previously enteredcoordinatego be
completelt is envokedby insertingthe coordinatgffff hey ffff hey) With theINSERT COORDI-
NATE function. (ffffi,e, ffff hey) IS defined to be invalid within a stroke.

ENABLE/DISABLE MAGIC

The MAGIC modulehasbeendesignedo resolveambiguitiesin the recognitionprocessof
handprintedatin characterslt cannot optimizethe recognitionprocesdor arbitrarysymbol-
sets. To recognize arbitrary non-latin character sets MAGIC should be turned off.

SELECT DRAWING AREA

A drawingareais aninvisible ribbon specifiedby it's upperandlower bounds.It is usedby
MAGIC to distinguishambiguouscharacterdike (Ww). AQUIRE also supportsa so called
free-drawingmode.In this modethe screenis divided into two halfes.Characterglrawninto
the lower half of the screenare alwaysconvertednto lower-case Characterglrawninto the
upperhalf arerecognizedstheyarein upper-or lower-casavith upper-casereferencen case
of (Ww)-like ambiguities.

RECOGNIZE

This function startsthe recognitionprocesdor previouslyinsertedand preprocessedata. It

returnsanintegervaluerepresentinghe semantic®f theunknownsymbolasresult.It hasbeen
derivedfrom the most-similardatabase-itemAn importantproblemto be mentionedin this
contextis thesocalled CLOSUREPROBLEM. It discribesthe decisionof the questionls the
symbol complete now? occurringafteranarbitrarystrokehasbeendrawn. [RHY86] containsa
discriptionandsolutionsto the closureproblem.Goodresultshavebeenmadewith the follo-

wing informally discribed methods.



1. Time method
A symbol be complete if a pen-up condition for more than 500ms has been detected.

2. Space method
A visiblegrid bedefinedonthescreenCharacterareassumedio bedrawninto thegrid spaces.
A symbol be complete if the user starts a stroke in a new grid space.

3.2 The AM? implementation

The AM® processor[SCH89,SCH92DAR90] is anassociative32-bit processowith a modi-
fied Harvard-architecture. It has one bus to handle the data and instruction streams and a
separataddresslesassociativéous-systento providealink to avarity of associativanemory
componentsOnebasicfunctionwhichis supportedy all memorycomponentsvithin the AM 3
is the maskedsearchfunction. The maskedsearchfunction hasbeendescribedby Kohonen
[KOH87] asoneof the basicassociativdunctions.Theabovementionedcharacterecognition
methodwas mappedonto the AM® processoby replacingthe CAM moduleimplementedas
virtual baseclassin C++ by acompatiblemodulewhich usesdirectly the associativéunctions
of the AM® processor.

3.3 Perfor mance parameters

The mostimportantperformanceparameter®f a characterecognizerfor pen-computersire
code-sizedatabase-sizepeedandaccuracyTherecognitionspeedandthesizeof theexecuta-
ble codeare machineand operating-systendependentvhile database-sizand accuracyare
pure method-related parameters.

3.3.1 MS-DOS implementation

executable code size:18KB

recognition speed: ~ 80 s per character in the database on a 486 machine running at
33MHz

3.3.2 AM3implementation

Onegoalof the AM 3 implementatiorwasto showthatthe methodasproposeds suitableto be
computedandto be acceleratedhy associativdhardware The academiantentionwasto show
asub-linearun-timebehaviouwith agrowingdatabase-siz&ueto thememoriesusedwithin

the AM?3, alogarithmicrun-timebehaviourcould be measuredDueto the low systemclock of

themachine(4 MHz) the AM 2 is muchslowerfor reasonablelatabase-sizeéhanthe MS-DOS
implementation.



3.3.3 Machineindependent parameters

Database-sizandaccuracyaretighly relatedparameterslheydependneachotherandonthe
cardinalityof the alphabeto berecognizedThe parametersispresentedelowrequiresome
commenton how they havebeenmeasuredincerecognitionaccuracyof recognizersanin

generabevery goodwith cooperativaisersandvery badwith userantentionallytrying to fool

the system.Thefollowing reasonablexperimenhasbeenperformedio measurehe recogni-
tion quality: Thehandprintec&haractesetsupper-casdpwer-caseandnumeric)of 102people
havebeenevaluatedA charactesetof 600 characterhasthenbeenextractedrom the com-
pletesetasdatabaseTlheothercharacterfiavebeenusedastest-patternsTherecognitionrate
hasbeenmeasuredinder2 conditions.In thefirst testonly rule consistantharacter¢seeMe-

thodsusedfor MAGIC) havebeenused.In the secondestall characterfiavebeenexposedo

therecognizerThefollowing recognitionratesundertheabovementionedconditionscouldbe
measured:

97% Recognition-rate with rule consistant characters
92% With an arbitrary character set

4. Applications
4.1 Commercial application

In tight cooperatiorwith INFOS GmbHAQUIRE hasbeenoptimizedfor the INFOS NotePad
386-SX computer. It is commercially available with the INFOS Notepad computer.

4.1.1 The INFOS NotePad 386-SX computer

TheINFOS NotePadcomputeris standard386-SXmachinerunningat 20MHz underthe ope-
rating systemMS-DOS. It hasa backlit LCD screenwith a pen-digitizerandtwo PCMCIA
slots.It is providedwith 4AMB RAM andserialandparallelinterfacesVia it's keyboardnter-
faceit canbe connectedvith anoptionalphysicalkeyboard.The completemachinefits into a
28mm(H)*335mm(L)*270mm(W) package.

4.1.2 The purerecognition engine

The recognition-enginean be loadedas TSR (terminateand stay resident)moduleinto the
standarddOS memoryareaor into the high-memoryarea.Applicationscanthenaccesshe
recognizewiait’'s API. Therecognitionenginecomestogetherwith atraining-programnto im-
provetherecognition-ratdor individual stylesof handwritingor to createcustomizedsymbol
sets.



C:\PENSTAR>DIR

Datentrager in Laufwerk C ist M3-D08_5
Datentragernummer: 1063-B46C a -
Uerzeicimis von G:\PENSTAR

IR> 11.82.93 18:57
{IR> 11.82.93 18:57

PENSTAR  EXE 18816 26.81.93  16:96 e

PENSTAR PAT 111123 17.11.92 16:29

DIR PCX 23618 11.682.93 12:28 k
PRINT PO 42383 11.82.93 12:28 f

6 Datei(en) 105132 Byte
83793068 Byte frei

C:\PENSTAR>

figure 7

4.1.3 The PEN-COMMANDER for DOS

The PEN-COMMANDERIis a specialapplicationfor theINFOS 386-SXnotepadcomputer It
hasbeendesignedo replacethe keyboardn standardkeyboard-oriente®OS applicationsy
a pen. All handprinted data is converted into keyboard-like data. Therefore the PEN-
COMMANDER emulateghe standardkeyboardby recognizingand convertinghandprinted
peninputdatainto keyboarddata.Theoperating-systeraannotdistinguishinputdataprovided
by therealhardwarekeyboardor by theemulation StandardOSapplicationsanbeusedwith
the notepadcomputerevenif they arenot providedwith a pen-basediserinterface.Figure7
showsa handprintedDOS DIR command.It hasbeenconvertedinto ASCII and sentto the
operating-system. The operating system shows the command at the DOS-prompt. The """
symbolis a guesturaisedasRETURN key. After drawingthe "[I" the commands executed
andthedirectoryshowsup. The PEN-COMMANDERIs restrictedo applicationgyettingkey-
board data via DOS interrupt 21hex. Applications using their own keyboard driver are not
suitable since they are observing the physical keyboard hardware directly. The PEN-
COMMANDER cannotbeusedwith mouseorientedapplicationssinceit behavesogically like
a keyboardandnot like a digitizing device.Thereforethe PEN-COMMANDER shutsdown
and passes control to the mouse-driver if an application request mouse specific functions.

4.1.4 Scientific application

A scientificapplicationis theimplementatioron the AM % ProcessofThe recognizeis usedto
evaluateguesture®of a car-driver,drawnon a touch-paneblith a fingertip to control certain



functionsof a caranda car-co-pilot.An importantscientificresultwasthatthe CAM module
of AQUIRE canbe acceleratedisingthe associativaype of parallelism.The linear run-time
behaviouron a sequentiaprocessonf the modulebecameapproximatelylogarithmicon the
associativgrocessorThelogarithmicruntime-behaviouis dueto thelogarithmicaccess-time
of the emulated memories of the AMrocessor.

5. Futurework

We expectthatthe base-methodf PATTMA is suitableto supporta speech-recognizetlhe
opportunity of associative parallelism supports this investigation since online-speech-
recognitionrequiresfast retrievalmechanismgor large databasesA specialassociativane-
mory derivedfrom theexperiancewvith associativelysupportegatternrecognitionis currently
under developement to compute the MHD classificator in constant time.
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ABSTRACT

This paperintroduceghe objectorientedcharacterecognitionengineAQUIRE which hasoriginally
beendesignedas generalpattern-classifieunderthe academicaspectf object-orientatiorand pa-
rallellism together with low space and time complexity. When industry raised interest in using
AQUIRE to providepen-basedomputersandapplicationswith a powerfulcharacter-recognitioan-
gine,AQUIRE hasbeenreviseddueto commerciakequirementsTogethemwith a brief discussiorof
somespecificproblemsof pen-computinghe papercontaingthe theoreticabackgroundor thereco-
gnition mechanismanda descriptionof the methodsusedto performa high quality and high speed
recognition-proceswith a minimum of executablecode(~18KB on IBM-AT kompatiblemachines
underMS/DOS)an a small databas€[50KB for a completecharacter-setontainingall upper-case,
lower-casecharactergsogetherwith punctuationsymbolsand numbers).The papercontainsa brief
overviewon theimplementation®f the proposednethodon anINFOS 386 SX pen-computeandon
the associativeprocessoiAM ® (AssociativeMicroprogrammabléMultipurposeMonoprocessorjie-
velopedatthedepartmentor technicalcomputeiscience®f J.W.Goethe-Universitgscontributionto
the PROMETHEUSproject. Within PROMETHEUSAQUIRE hassuccessfullypeenusedasreco-

gnizerfor finger-printedguesture®n a touch-paneto providea comfortableuser(driver) - interface
to a car-co-pilot.
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