Schloß Dagstuhl 1 October 1995

Multilingual Document Recognition Erk ennung Multilingualer Dokumente Reconnaissance de Documents P olyglotes

Larry Spitz

Daimler Benz Research and Technology Center 1510 Page Mill Road Palo Alto, CA 94304 USA

spitz@rtna.daimlerbenz.com

Schloß Dagstuhl 2 October 1995

Scope

• Problem domain

documents in different languages document containing more than one language

• Roman (Latin) based

European languages Swahili, Vietnamese

• Han-based

Chinese Japanese Korean

• Partial solution

Script identification Language identification

Schloß Dagstuhl 3 October 1995

Language and Document Images

• Script or character set

character forms

• Word shapes • Writing conventions of the language

Schloß Dagstuhl 4 October 1995

Latin-based Language Classification

• Document sorting by language • Tuning of character recognition • Supporting semantic analysis

Word German Meaning was what man anyone gut good fast almost bald soon tot dead

Word French Meaning sale dirty four oven gave force feed lest ballast lice stadium love coil (rope)

Schloß Dagstuhl 5 October 1995

Script

• Roman (or Latin) script is used for many languages • Serbo-Croatian • Han script

Chinese

Japanese

Korean

Hiragana

Romaji

Katakana

Hangul

Kanji Hanja

Hanzi

Schloß Dagstuhl 6 October 1995

Character Positioning

• Proportional spacing

• Kerning

especially prevalent in italic typefaces.

• Mono-spacing

Chinese and Japanese fixed-width characters.

• Justification

Latin: either ragged-right or right justified Han: fully justified

Schloß Dagstuhl 7 October 1995

Text Orientation

• Latin-based horizontal text

• Reading sequence

intra-line: left-to-right inter-line: top-to-bottom Exceptions: Arabic and Hebrew

• Asian: either horizontal or vertical

horizontal: like Latin-based vertical

intra-line: top-to-bottom inter-line: right-to-left Exception: Mongolian

Schloß Dagstuhl 8 October 1995

Word Segmentation

• Latin-based documents

words delimited by white space words split across text lines are hyphenated

• Chinese and Japanese documents

punctuation indicates word boundary most word boundaries are unmarked semantic and syntactic process no hyphenation.

• Japanese

transition: Kana to Kanji

• Korean

word spaces no hyphenation

Schloß Dagstuhl 9 October 1995

Character Forms

• Latin-based character

diacritics connected component

• Vietnamese

lacks f, j, w and z adds seven characters to the (English) Roman character set adds tonal information 18 forms of a

• Han-based scripts

large numbers of character forms many connected components

• Japanese

Kana Furigana Simplified / traditional Chinese

• Korean

Hangul

10 basic vowel elements 14 consonantal elements 11,000 possible characters 2300 common use Hanja

parenthesized Hangul

• Arabic

multiple letter forms

Schloß Dagstuhl 10 October 1995

Capitalization

• Latin-based documents

initial words of sentences proper nouns and their associated adjectives German nouns

• Han-based scripts.

no analogous rendering

Schloß Dagstuhl 11 October 1995

Symbols

• Quotation marks

English French German Japanese

• Period, comma

Schloß Dagstuhl 12 October 1995

Relative character placement

• Character cell

rectangular / parallelogramic region containing the character

• Arabic, Mongolian, Devanagari have high connectivity • Ligatures of two or more characters: fi, fl, ffl .

• Horizontally disjoint: "

Total Italic

Schloß Dagstuhl 13 October 1995

Interpolations

• foreign language – isolated words or phrases • Latin-based documents

typeface change: italic

• Japanese

script change: Roman, Katakana

Schloß Dagstuhl 14 October 1995

Image processing Skew detection

Skew compensation

Schloß Dagstuhl 15 October 1995

Text line orientation

Schloß Dagstuhl 16 October 1995

Text line processing Line registration

Schloß Dagstuhl 17 October 1995

Script Classification V (a) (b)

Han-based: Japanese

Distance abo ve baseline

Population

Latin-based:

English

Han-based

Korean

Japanese

Chinese

French

English

German

Latin-based

Schloß Dagstuhl 18 October 1995

Han language Classification

600.0 400.0 200.0 0.0 Distance

PixelsPopulation

Chinese Korean Japanese

a_1 a3 a_2

Density

Schloß Dagstuhl 19 October 1995

Classification

Accuracy

Lines Samples Err or rate(%)

10 72 0.0 8 95 0.0 6 140 0.0 4 217 0.5 2 447 0.2 1 910 15.8

V2

V1

Chinese Korean Japanese

Schloß Dagstuhl 20 October 1995

Line Parameters

• Parameterization of corrected images

                            width

      xorig
baseline

This is text pr oviding

ascender descender
                       x-height

This T h i s

Line

Ccomp

Word
Ccell

i

Bottom

Top

Baseline x-height

Typographic

Schloß Dagstuhl 21 October 1995

.Character shape / word shape

Character

shape code^{Character}
    A^{A-Zbdfhkltß0-9#$&()/[]@{}|}
    x^{acemnorsuvwxz}
    i^{iáàâéèêîôûùñ}
    g^{gpqyç}
    j^j
    U^{äëïöüÄÖÜ}

' | A - , . g x

U~

~

! = j i :

h_u w_u

------ 3>

w_u h_u

------ 3> w_l h_l

----- 3> ∧

h_l 1.5h_u > h_l 1.5h_u ≤

Number of connected components 1 2 3 >3

lower w h --- 2.5 >

Schloß Dagstuhl 22 October 1995

Word image processing

• Line ends define word boundaries

• Wide gaps define word boundaries

0 5.0 10.0 15.0 20.0 Gap size (pixels) 0 200 400 600 800

Number of occurrences

 Confidence in the international
 monetary system was shaky enough be-
 fore last week’s action.

AxxAAxxxx ix AAx ixAxxxxAixxxA
xxxxAxxg xgxAxx xxx xAxAg xxxxgA Ax-
Axxx AxxA xxxA’x xxAixxn.

Character codes

Character shape codes

Schloß Dagstuhl 23 October 1995

Typesetting effects

• Ligatures • fi, ff, fl may be mapped to single CSC • German vs. ASCII

ü ue ß ss. ü maps to U and ue to xx

• Font dependencies

è might map to i or A

• Diacritics on capitals

Schloß Dagstuhl 24 October 1995

Classification . English French German WST Rank Word Rank Word Rank Word AAx 1 the xA 2 of 7 Ax 3 to 1 la le 6 ix 4 is 10 xxA 5 and 3 auf xx 6 2 en 2 an Axx 9 3 les 1 der das xxx 8 4 aux 5 wer gxx 5 pas Aix 4 die

-10 -5 0 5 10 -10

-5

0

5

10

English French German centroid of training data

Schloß Dagstuhl 25 October 1995

I can name that language in ...

0.0 100.0 200.0 300.0 400.0 500.0 Length of sample (tokens) 0.0

20.0

40.0

60.0

80.0

100.0

Accuracy (%)

EFG English French German

Schloß Dagstuhl 26 October 1995

Automated determination for many languages

• 755 one-page documents in 23 languages

European languages Turkish, Swahili, and Vietnamese.

• 5 most frequent WSTs from each language • Total 23 WSTs • xx appears in the top five of 22 languages • 8 WSTs in the top 5 of exactly one language

x, xx , xxx , xxxx , i, ix , xi , xix , A, AAx , Ax, AxA , AxAx , Axx , Axxx , xA, xxA , Ai, Aix , g, gx , xg , xxg , jx

Language Acc(%)

Languag e type abbr Language Acc(%)

Languag e type abb r Afrikaans 97 IE af Italian 95 IE it Croatian 100 IE cr Norwegian 95 IE no Czech/Slovak 44 IE cs Polish 100 IE po Danish 96 IE da Portuguese 96 IE pt Dutch 100 IE du Rumanian 93 IE ru English 95 IE en Spanish 95 IE sp Finnish 75 Uralic fi Swahili 97 sa French 92 IE fr Swedish 98 IE sw Gaelic 86 IE ga Turkish 93 tu German 97 IE ge Vietnamese 100 vi Hungarian 94 Uralic hu Welsh 97 IE we Icelandic 96 IE ic

Schloß Dagstuhl 27 October 1995

Accuracy

Detected Language

Error

Total en ge du af fr it sp pt ru da no se ic ga we cr cs po hu fi tu sa vi en 36 1 1 2 ge 29 1 1 du 28 0 af 1 29 1 fr 23 1 1 2 it 35 1 1 2 sp 39 2 2 pt 1 25 1 ru 3 38 3 da 1 25 1 no 39 2 2 se 40 1 1 ic 23 1 1 ga 2 2 1 31 5 we 30 1 1 cr 33 0 cs 1 6 24 16 3 5 31 po 28 0 hu 2 29 2 fi 6 2 24 8 tu 1 1 28 2 sa 1 37 1 vi 13 0 0 1 1 0 2 5 2 4 4 0 0 0 3 2 0 6 6 18 3 9 1 1 0 69

Schloß Dagstuhl 28 October 1995

Optical Character Recognition

• Research OCR tuned to specific applications

multilingual capability has not received much attention Baird English, Greek, Tibetan and Japanese (and Chess)

• OCR requires prior knowledge of language

character set post-recognition spelling checker

• Most designed for English text

other languages in Roman document granularity

• Japanese OCR

Romaji: proportional spacing causes problems

• Complexity: enemy of robustness

• Small morphological differences in character forms

• Computational efficiency

F = C - 1 binary features to resolve C classes. memory requirements O( CF) computational time O( CF + log C)

• English 90 or more symbols

• Chinese 8000 or more symbols

Schloß Dagstuhl 29 October 1995

Language Models Applied to OCR

• Improve speed / accuracy • Character n-gram frequencies

detect the most likely characters first Bigrams or trigrams recognition progresses

• Post-processing phase “spelling dictionary” • Word frequency

documents contain few distinct words frequently repeated

• Character n-grams for Chinese / Japanese OCR

Schloß Dagstuhl 30 October 1995

Character Codes

• ASCII is adequate for English

coöperate

• ISO Latin-1 (ISO-8859-1)

does not cover Polish, Czech, Hungarian, etc.

• ISO-8859-n • Unicode

Language Standard Code

Japanese JIS X0208-1983 3224 Simplified Chinese GB 2312-80 4190 Traditional Chinese CNS 11643-86 A5CD Korean KS C5601-1987 6370 All Unicode 751F

Schloß Dagstuhl 31 October 1995

Applications

• Cross-lingual information retrieval

patents business news regulatory information

• Document sorting

character recognition translation word spotting

Schloß Dagstuhl 32 October 1995

Possible Extensions

• Breadth

Cyrillic, Greek or Hebrew scripts Arabic, Devanagari

• Depth

Cross-lingual access Document understanding

Schloß Dagstuhl 33 October 1995

Acknowledgments

Joseph Becker Jean-Marie de La Beaujardière Arlene Holloway David Hull Takehiro Nakayama Masaharu Ozaki Penelope Sibun Karl Tombre