WO 2006/135252 PCT/N02006/000227 1 Pattern encoded dictionaries
The present invention is related to a method and system for providing a
pattern encoded dictionary for use in language processing in computer

- WY B4id5Kdch as Optical Character Recognition (OCR) SysREmME@1i66/000227
Automatic Speech Recognition systems (ASR), and especially to a

pattern encoded dictionary using at Igast one pattern- classifier related to
patterns of characters or phonemes representing language elements
retrieved from a specificRatigomgeedibtibdiatiorBriepresent state-of-the art
text recognition systems, often denoted as Optical Character Recognition
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poor resolution in the transmission channel and printing device, etc. These and similar
problems are described in the book by Stephen Rice et al, “Optical Character
recognition — An illustrated Guide to the Frontier”, Kluwer Academic Publishers 1999.

The current text recognition systems do only to a limited extent adapt to specific font or
deformation of the text without a guided learning phase requiring human interaction in
the process, which slows down the process considerably. Electronic document handling,
archive systems, electronic storage of printed material etc. requires scanning of
unlimited pumber of pages which makes it impossibie to use human interaction to
succeed with such tasks.

In this respect automatic speech recognition systems face problems that are very similar
to the problems encountered with deformed images in OCR processing. The starting
point of recognizing either OCR input or ASR input is to be able to recognize some
words and/or characters as reliably recognized. Based on such reliably identified items,



point of recognizing either OCR input or ASR input is to be able to

recognize some words and/or characters as reliably recognized. Based

on such reliably identified items, 2 the OCR ASR . process may continue

in an adaptive fashion or as a configuraple system. t Whenever there is a
deformation in the OCR input, or the ASR input is deformed for example
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According to a first aspect of the present invention, there s provided a method for
providing z patiemn-classifier encoded dictionary for use in language processing in
computer gysiems, such as Optical Character Recognition (OCR) systems or Automatic
Speech Recognition {ASR) systems, comprising the steps of: a) selecting at least one
pattern-ciassifier related to language elements of a specific language based on the
physical, geometrical or structural similarity of the language elements when used in 2
computer system for language processing, b} retrieving words from a dictionary

representing words of a specific language and then use at least one pattern-classifier to

cluster the words into different clusters according to the at least one pattern-classifier, ¢)



representing words of a specific language and 'then use at least one
pattern-classifier to cluster the words into different clusters according to
the at least one pattern-classifier, c) 2a creating a relationship between
each of the word clusters and the at leagt one pattern- classifier in a
manner of a dictionary, such that when at least one pattern- classifier of
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According to an embodiment of the present invention, words form repeating patterns
due to the repeating nature of letters constituting words. In prior art, this phenomena is
used for example in crypto analysis. According to an embodiment of the present
invention, at least one pattern- classifier related to such repeating aspects of letters
consﬁtuting words provided in a specific language to be processed in an OCR program
or in an ASR system., is used to encode a pattern dictionary relating said at least one
pattern-classifier with said words thereby enabling a recognition of words of text input
in said OCR or ASR system by identifving said at least one pattern-classifier from any
OCR input (digital image of scanned or digitally photographed document input) or any
input representing patterns of speech in digital form (digitized microphone input, file,

etc.), and use said pattern encoded dictionary to recognize said OCR or ASR input.



OCR input (digital image of scanned or digitally photographed document
input) or any input representing patterns of speech in digital form
(digitized microphone input, file, etc.). and use said pattern encoded
dictionary to recognize said OCR or ASR input. According to another
embodiment. of the present invention, several different:ercnt pattern..
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fo an e;'xe} nple.o’ embodiment offlic pre. eﬁ&l \%mgon Figure 4 is another .
example ot encoding ac‘:c‘:b’?%l'm@ to’5h pie’ 8F SHbodimehtof the o vention.
present invention, Figure " is another example of encoding according to an
example ofsembodimenttof thes present invention; frigike b anii example.«
gmqon F)%réqglc sound (the letter [f] in the word first.) according to an
example o embodiment of the the present invention, Figure ? is an
example of periodic sounds the letter “in in the word its : 1 according to
arrexampleahembediptent ofthé: presentdhvention ekigyre BiisraRodimert of the
xgqlple of Lran5|ent plosive sound, ,the letter (the letter [t] in the words
first met] accordlng to an example of embodiment of the present
invention, Figure C) is ' schematic 'n diagram of a preferred embodiment
ofthe presentinvention: A’ detailedy demﬁqﬁtiamo&;aa&mf@ﬂﬁe&‘emb&@&m@bf the
ghe pres %mventlon will be provided in the following sections by first
escri |ng some examples of pattern- classifiers related to patterns found
in the OCR domain and the ASR domain, respectively, followed by a
descriptionrofizy examples6bacpréferredimithad and:system futiizingsaidof the
ei%?\ld iding a pattern encoded dictionary. WO 2006/135252
Be 6p 06/000227 4 Figure 1 illustrates an example of embodiment of
the present invention. An eX|st|ng
Figure & is an exampie of non-periodic sound (the Jetter [} in the word [first}} according

o an example of embodiment of the present invention.

Figure 7 is an example of periodic sound (the letter fm} in the word [met]) according 1o

an example of embodiment of the present invention.

Figure 8 is an example of fransient plosive sound {the letter [t in the words [first met]:

according o an exampie of embodiment of the present invention.

Figure 9 ig 2 schematic flow diagram of a preferred embodiment of the present

invention.

A detailed description of a preferred embodiment of the present invention will be
provided in the following sections by first deséribing some examples of patiern-
classifiers related to patterns found in the OCR domain and the ASR domain,
respectively, followed by a description of an example of a preferred method and system

utilizing said method providing a pattern encoded dictionary.



dictionary 10 for a specific language, for example English, used in OCR or
ASR, is analyzed in section 11 to provide at least one pattern-classifier
related to patterns associated with said words comprised in said
Wiici8rat§23D. The at least one pattern- classifier identified i@ T/ &OR90F000227
used to create a relationship 12 between the patterns and words
analyzed in 11 to provide said patterps relating words from dictionary 10 in
a list 13. Binary bitmap input 14 from an OCR input (scanner, camera
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oﬁ@ﬁa?ﬁc?e?s%‘%%?%ﬂ%%%%ﬁ@{&‘?Q.COded by the letter O (over), letters

e baselin

extending below th 2 are encoded by the letter U (under) and

the remaining letters are encoded by the letter M (mid). For example, the
Ay erraming vlpation-chestier: a8:0N IMMiEandd instgesiaid§Rasystems,
QMM AMME MIMQMpR Heobfentping,. thatifitsihe nurYes Dfa text line
isReaRISRIA) SUMBIRAANT. AN AR DATREXSEY IIHAI Lhng

%Be r senst invention, an English dictionary containing about 125
UG LI5S AR E A SRR 1 AP Kb VR o Bt e oy be
ugnidfio Aagds Fedranig aatadd phoseeharpiatier pstoraif gelotiwedthach staft-
limsample of embodiment of the present invention, the encoding to words
are extended to characters that are not character segmented, where each
A@&%Hi%‘ %o an example of embodiment of the present invention, letters extending
above the x-height line 3, as shown in figure 2, are encoded by the letter O (over),
letters extending below the baseline 2 are encoded by the letter U (under) and the
remaining letters are encoded by the letter M (mid). For example, the word “funny” is
now encoded as OMMMU and “instruments” as OMMOMMMMMOM, a type of
encoding that limits the number of possible letter combinations. According to an
example of embodiment of the present invention, an English dictionary containing
about 125 000 words are encoded, as depicted in figure 1, providing a pattern encoded
dictionary according to the present invention.

According to another exampie of embodiment of the present invention, the encoding to
words are extended to characters that are not character segmented, where each fragment
of the character is encoded in a similar manner as described above. As an example, the



of the character is encoded in a similar manner as described above. As an
example, the WO 2006/135252 PCT/N02006/000227 5 fragmented word
“funny’ would be encoded as ONIAEVINIMNIUM where the "u'and 'n' are
WEOHRE BETAM due to the dual stems and the "' is coded as RSB 400227
approach a pattern-classifier encoded dictionary can be used as a tool to
solve segmentation problems withingext recognition if unique patterns

can be identified. Figure 3 illustrates an example of an unusual font
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ayl QUMMM QM MdWithauiany sethemrnigmation (hamniE seameniaienhe
oGhi: Charagte s A0d e, ARCandsHAsseeRger. patter, the method

according to the present invention is able to recognize the word as

cigarettes' using this specific dictionary and said ascender/descender
ApsEediplg. of patigse drd et dsasad ¢y Hatteepnfbritrscrrvter HaikImef disiavwin
whgisexdiphavides M vindsaitleogad M@MMMBX@OM!MI Qiﬁﬁmrﬁrﬂnple of an
EASROY BGBhISy E%EE&&Q?I?E% PINEARY UG dDCIEATERIS: IDRRAKAPICord in this
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ChonaLy el hat A s cedepcscondRT partery o SRty
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parteen tionnretod nized thetsihg lerevend iisigaieti esihih e eigbixbaractessd as
‘cigeRAkst RRROHNsedR ﬁb&w&f&m%&%ﬁ&%&@%&&%ﬁe&%yde
either templates or pattern-classitier-based recognition of the wor
“innumerable’. The part-wise recognized ascender/descender pattern for
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ufg\\{g&%?& igu%grlz?aﬂ%,r&gg QA%FS}E%EES@{i%%?Q, and treasurable) having the same

ascender/descender pattern. Since the method according to the present invention

recognized the single word “cigarettes”, the eight characters ‘acegirst’ encountered in
the word “cigarettes” may be used to provide either templates or pattern-classifier-based
recognition of the word ‘innumerable’. The part-wise recognized ascender/descender
pattern for ‘innumerable’ becomes iIMMMMeraQOOe, and there is only one alternative in
the dictionary, ‘innumerable’. Using only two words and their ascender/descender
pattern, the method according to the present invention is able to recognize the thirteen
characters ‘abcegilmnrsty’ of such an unknown font.

Figure 4 is an example of low quality archive material with a typewriter font of a very
short phrase that can be partly recognized using a pattern encoded dictionary according
to the present invention. Again no ordinary OCR is even close to recognizing the



characters "abcegilmnrstu’ of such an unknown font. Figure 4 is an
example of low quality archive material with a typewriter font of a very
short phrase that can be partly recognized using a pattern encoded

Vi eitritig2Eccording to the present invention. Again no ordiRERNOBRo 0227
even close to recognizing the WO 2006/135252 PC1/N02006/000227 6
example because of the noise level. Fhe text is monospace and character
segmentation is therefore trivial. According to an aspect of the present
ciRIng bacaseah deg/iuse tavde patextiontmethace andortmdnidigapmdntation
iwhiekraterddiMl) MMOMOMMM OMMMUMMOOMOMO, may be used in
a pattern encoded dictionary. A quick check in such a pattern encoded
dictigélar{d such as the En%fljsh dictionary used abqve, provide

AR IEA B P RE A O i By RSP R e A BT s sa RAvE R opifacee
WAy TAALEP 4itehichior Words MO MHa ARG QAEMRdEBESEaHad Datternbe
uantisreintent'dasdeq aitdonativewoiesdviidk thesusam gattern encoded
desepRfeddessender RaleH(ER48aRIzE. e ﬁ%@;ﬂﬁﬂ%&éﬁm@éﬁ‘ as a
relgglee 'é an %xéamgée QJ emb%d meﬂt O&gf pres,eﬁt |I%en IoNn Narrows it
UESWnRHE ZIEHMSAVES ForisEFeBot Ny SRR ARY Py Al RAYS tardywi
Ueaspeng aReSRRSHIEE sy BatBurad Steinsiesy ihas 0 wisrnaliveapersitaridl' thad
saolousteadaghitiondelentfont ese dwmiehaliactesibaseddratiesmdes:, an
cRARHIIES ERBOIRESE 1 3R EXRMAERISMRONIMERI 1A ARISINS further.

ced to MMIMdMMM, .and this pattern is unique for "reindeer'. _
e B b Seati gberes
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thespsadendassengebenmeddingrisehipi¢hd cpresdmsrexamplasmAnreduced to
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bows and stems as illustrated in table 1 below. Table 1: Exam le of bow

and stem encoding Encoding Typical Description symbol characters A "d'
ASTRTIE I POSBAREH BT RiEHRt B1RRtSTh go i p Bt ke enaeding
mgrehe Getbik wirgeitioh pusitiorimscbadercstemddciggeSigldiniglated in the
pfiefaensenfies) EnJngipled daseandsk IeMe present invention is using

encoding of bows and stems as illustrated in table 1 below. -

Table 1: Example of bow and stem encoding

Encoding Typical Description
symbol characters

A ‘d Single right position ascender stem
B filt’ Single mid position ascender sicm
C ‘bhk’ Single left position ascender stem
D ‘qe’ Single right descender stem
E ‘py’ Single Jeft descender stem
F ‘aceos’ Left convex bow x-height character
G r’ Single stem x-height character
H ‘mnu’ Muitiple stem x-height character

Applying the bow/stem encoding provided in table 1, the pattern FHE GFBHAFFG
BHFFEFFBBFBFA will represent the sentence ‘any reindeer incapacitated’ illustrated
in figure 4. Using an English dictionary comprising 125 000 words encoded with the
patterns from table 1, the word ‘incapacitated’ is a unique pattern, the word ‘“reindeer’ is




F "aceos' Left convex bow x-height character G 'r' Sin le stem x-height
character H ‘'mnu’ Multiple stem x-height character Applying the bow/stem
encoding provided in table 1, the pattern FHE GFBHAFFG
WBHISEEEBBFBFA will represent the sentence “any reindedfCT/NO2006/600227
incapacitated' illustrated in figure 4. Using an English dictionary '
comprising 125 000 words encoded with the patterns from table 1, the
word “incapacitated’ is a unique pattern, the word “reindeer' is WO
alspagrigpten FRig Mot eooiey afematve Hiorisdantany, AlleTnbiethe
datedegraiiehatveayartsnampe anyd Gy, sup) in the dictionary with the
same pattern as the word "any'. According to yet another aspect of the
pres nve tio topolo cal properties of a. character, e ressed fo
A T AR B B e LR e e
C%%ﬁ@ﬁfu?émffés% Ernerar iy peatheawtinab renms g thegattaber &f elsuesats and
holictibplarynstintexthmpieristpromigiebeinstableridvéding. A paheexarogid in
diabige;. e Banspisedrasritionakiniormatenakarting pesiieniehhelesave
wIRIS hRBGehLaRs.flE ATeTieneldiaal spcading, of
haracters in dictionary wor ncoding yplcal chardeers escrlptlon
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‘The text in figure 5 is acquired by a digital camera and geometric distortion makes it
difficult to recognize the text since the size and skew of the characters change along the
text line. Topological properties can however easily be computed for each individual
character, as known o a person skilled in the art.

Applying the topological pattern encoding from table 2 and encoding the text in figure
5, provides the resulting pattern IC CCE DECCECC CIDCIBCC CDCC. The word
‘midnight’ has a unique pattern and is directly recognized in a dictionary comprising
125 000 words, encoded with this example of pattern, while the word ‘darkest’ has 72
alternatives and ‘hour’ has 152 alternatives with the same paitern encoding. The word
‘in” has only six alternatives (if, in, is, it, iv, ix), all starting with the character ¥’, the
last two being roman numerals.

Combining the topological properties from table 2 with the ascender/descender
encoding described above, a unique pattern for the word ‘darkest’ is provided among
the 125 000 words in said dictionary,




125 000 words, encoded with this example of pattern, while the word

“darkest' has 72 alternatives and "hour' has 152 alternatives with the

same pattern encoding. The word “in' has only six alternatives (if, in, is, it,
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numerals. Combining the topological properties from table 2 with the

ascender/descender encoding descgbed above, a unique pattern for the
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types, for example by Fourier transformation as known to a person skilled in the art.

According to another aspect of the present invention, all vocoids sounds and some
voiced and thrilled consonants are guasi-stationary periodic sounds characterized by a
repeating sound pattern with a small number of frequencies called formant frequencies.
It is the vocal chord that decides the basic frequency and the position of the moveable
elements of the vocal tract that decides the formant frequencies. These voiced sounds
are often further classified based on the number of formants and relative frequencies of
the formants in automatic speech recognition systems. A large source for errors is the
large variation from speaker to speaker. It is however easy to distinguish quasi-
stationary periodic sounds from other sound types, for example by Fourier transform of
the sound signal as known to a person skilled in the art. Figure 7 illustrates an example
of periodic sound for the letter m in the word met.
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position of the moveable elements of the vocal tract that decides the
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sound signal, they are easily distinguished from other sound types, for

example by Fourier transform as known to a person skilled in the art.
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automatic configuration of an ASR systern.

Figure 9 depicts a flow diagram illustrating a preferred embodiment of the present
invention. The starting point for providing a pattern encoded dictionary is to analyze an
existing dictionary comprising a specific language, for example English. In figure 9, the
dictionary 20 is analyzed in section 21. The coding system to be used may be stored in
the storage location 25, which may comprise the encoding scheme as illustrated in
Table 1 and Table 2 above, for use in an OCR system, or the storage location 25 may
comprise schemes for encoding phonemes as described above when used in an ASR
system. According to an aspect of the present invention, the storage location 25 may
comprise several encoding schemes, for example both the schemes provided by table 1
and 2.



from the list 13, and the output 17 may be used to provide an adaptation

or a manual or automatic configuration of an ASR system. Figure 9

depicts a flow diagram illustrating a preferred embodiment of the present
WRVEAtIS1Y2Phe starting point for providing a pattern encodedP@ERPREPp/ 180227

to analyze an existing dictionary comprising a specific language, for

example English. In figure 9, the dicfignary 20 is analyzed in section 21.

The coding system to be used may be stored in the storage location 25,
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schemes used in the section 21 from the storage location 25. The output

from section 30 is u to perform a dictignary lopkup process in 31 by
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embodiment as depicted in figure 9. However, the selection of pattern-classifier to be

used should be different form the previously used. In this manner, more reliably
identified words may be linked to the pattern-classifier in use. According to yet another
exampie of embodiment of the present invention, a plurality of pattern classifiers may
be used in creating the pattern dictionary. Any combination of pattern-classifiers may
also be used. For example, at least a first pattern-classifier and at least a second pattern-
classifier may used in combination as a Boolean expression, or any Boolean expression
or sequence of Boolean expressions may be used in pattern-classifiers according to the
present invention.



adaptation or configuration of an OCR or ASR system. According to an
aspect of the present invention, the list of candidates 33 should be a
minimum. The ideal situation is only to have unique identifications 32.
VSRR 2 ccording to an example of embodiment of the prRESBNG2006/000227
invention, the number of candidates 33 may be reduced by repeating, for
example the steps of the preferred gmbodiment as depicted in figure 9.
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2.

Method according to claim 1, wherein said step a), b) and c) is repeated to minimize the
number of words in each clustering of said words in said step ¢) by utilizing another at
least one pattern-classifier in step a).

3.
Method according to claim 1 and 2, wherein said step a) comprises selecting a plurality
of pattern-classifiers.

4.
Method according to claim 1 and 2, wherein said step a) comprises selecting a
cormbination of at least two pattern-classifiers,



2. Method according to claim 1, wherein said step a), b) and c) is

repeated to minimize the number of words in each clustering of said

words in said step c) by utilizing another at least one pattern-classifier in
Waep0g43525Method according to claim 1 and 2, wherein saidP§tBp@3006/000227

comprises selecting a plurality of pattern-classifiers. 4. Method according

to claim 1 and 2, wherein said step a)xcomprises selecting a combination

of at least two pattern-classifiers. WO 2006/135252 PCT/N02006/000227
512 5. Method according to claim 1, wherein said language elements are
Mettersaaodiigacaiizisaidvaideast 14 éapattern cttassifieirisidhert) s otatein
sBeslienpbasEandRIa ALHRSRERIRHRnalAfb NGRS 6PIRRURIDY SAILJIEHRES: o

6 MFthOd accordingdcll im 1, wherein said instances representing
staff-hnes COD}gﬂSlﬂU 8 %e&s . .
anguage elemerits are lettérs, and wherein said at least one

pattern-classifier is bow and stem to said letters. 7. Method according
6claim 1, wherein said instances representing language elements are
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Instances representing ?anguadje lements are sound elements and said
at least one pattern-classifier is phoneme type related to said sound

Telements. 9. Method according to claim 8, wherein said phoneme type
MRfBoOEsdRRsAlsy ateralseithallsidiiaatuas AR RIRSIYESuA S IMethadare
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to said letters.

8.

Method according to claim 1, wherein instances representing language elements are
sound elements, and said at least one pattern-classifier is phoneme type related to said
sound elements.

g. . .
Method according to claim 8, wherein said phoneme type are vowels, nasals, laterals,
thrills, fricatives and plosives.

10.
Method according to claim 8, wherein said sound elements are voiced or unvoiced
sounds.

11

System for providing a pattern-classifier encoded dictionary for use in language
processing in computer systems, such as Optical Character Recognition (OCR) systems
or Automatic Speech Recognition (ASR) systems, comprising:

a) programmodule comprising instructions selecting at least one pattern-classifier
related to language elements of a

specific language based on the physical, geometrical or structural similarity of the
language elements when used in a computer system for language processing,



sounds. 11. System for providing a pattern-classifier encoded dictionary

for use in language processing in computer systems, such as Optical

Character Recognition (OCR) systems or Automatic Speech Recognition
WALy SPetéms, comprising: a) programmodule comprising PETYEROpE000227

selecting at least one pattern-classifier related to language elements of a

specific language based on the physjgal, geometrical or structural

similarity of the language elements when used in a computer system for
blanguHge SRt e IO IROBHIISHYD FEFNRBOEIH 00PPF dEgienary
rqmegmaimpneckdect ansprisiitglangtrgetions retrieving words from a dictionary
2f@REES BRI N SiSfaRtcPREEHICHRP 8GN BRRS R AHIRBRI BRisters

attern- Iqﬁsifﬁrt custe{ the words into different clusters according to
a ﬁ()l" ng 10 106 at ieas one% ternclassitier . .
the at feast one pattern-classifier, ¢) programmodule comprising

instructions creating a relationship between each of the word clusters and
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1@8ache basiekdinkipgseinvords in said list. 13. System according to claim 11
and 12, wherein said step d) comprises specifying a plurality of
pattern-classifiers. 14. System according to claim 11 and 12, wherein said
step d) comprises specifying a combination of at least two
I%attern-classifiers. 15. System according to claim 1, wherein said

Sianguagediepenibiaie lokeigeBNAiVBRIEM), ) and f) is repeated to minimize the

number of words in each of said linking of words in said list.

13.
System according to claim 11 and 12, wherein said step d) comprises specifying a
plurality of pattern-classifiers,

4.
System according to claim 11 and 12, wherein said step d) comprises specifying a
combination of at least two patiern-classifiers.

15.

System according to claim 1, wherein said language elements are letters, and wherein
said at least one pattern-classifier is the horisontal position of ascenders or descenders to
staff-lines comprising said letters.

16.
System according claim 11, wherein said instances representing langnage elements are
letters, and wherein said at least one pattern-classifier is bow and stem to said letters.



said at least one pattern-classifier is the horisontal position of ascenders

or descenders to staff-lines comprising said letters. 16. System

according claim 11, wherein said instances representing language
WHSHENPS%EPe letters, and wherein said at least one pattern-BfaEaifiefig000227

bow and stem to said letters. WO 2006/135252 PCT/N02006/000227 14

17. System according claim 11, whejgin said instances representing

language elements are letters, and wherein said at least one
1Fbattern-classifier is number of holes and elements to said letters. 18.
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. pho[ﬂe e type related to said sound elements. 19. System according to
O sa1d 1epers. . . .
claim 18, wherein said phoneme type are vowels, nasals, laterals, thrills,

fricatives and plosives. 20. Method according to claim 18, wherein said
1&ound elements are voiced or unvoiced sounds.

System according to claim 11, wherein instances representing language elements are
sound elements, and said at least one pattern-classifier is phoneme type related to said

sound elements.

19.
System according to claim 18, wherein said phoneme type are vowels, nasals, laterals,

thrills, fricatives and plosives.

20,
_ Method according to claim 18, wherein said sound elements are voiced or unvoiced

sounds.



