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Optical Character Recognition
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Examples from Google Books

Multiple scripts / languages on a page:

(w01, e02.)

ypwpdroy 88 xal oympdruy duwpolor ; Mdw plv odv.
Obzw &), olpear, xal wov momrudy ghoopey ypopara
drra Exdovwy Tiv Tegviov Toic Swdpact xal ffuxaty
Imypopariloy, abrdy odx Exalovea A’ 3 ppsiotar,
5 dore Evipow vorodrorg x shiv Myww Oeospaliot Soxaiy,
ddv te wepl oxvrovoplag g Mym dv wérpy xal fubud
xak &ppovia, vy e Soxtiv Mysadas , édv we wepl ovpa-

CIVITAS.

LIB. X. 181

[socn.) Haud secus , opinor, poetam dicemus colores quos-
dam artivio singularum nominibus verbisque exprimere,
cum ipse nihil sciat nisi imitari, adeo ut aliis similibus se-
cundum verba spectantibus bene dicere videatur, sive de
sulrina dicat versibus et numero et harmonia, sive de re
militari, sew de quibuslibet aliis : tantam patora in his
ipsis inesse delectationem. nam musice coloribus nudata

wyiagddy e mepl dhhou droualv' olvm guaet abrd varx b poemata per se sola spectata scire te arbitror qualia videan-

peydhny Tivk xfhnory fyeev. dmed yupveolévex ye tiiv g

10 povateis & to moen iy, adrd iy’ abriiv As-
ot eldévar ol palverar, tebéasa ydp mov,

“Eywy', fgn. Odxdiv, Ty 8’ iy, focxe 1oig wiv dpaleow
npoourmog, xahiy 8t wh, ofa ylyverar i3eiv, Fray
adrd o dvlog mpohinm; Mavedraow, ¥ &' &. “I0c

18 34, o8z dbper § ol eldehhow morqTie, & pipnric, pa-
ey, ToU v Svrog 0b8ly dmaien, 10D 82 garvopdvou, ody

tur, vidisti enim, nisi fallor. [c1.] Vidi, inquit. [sock.) Nonne
perinde se habent, inquam, ac facies eorom, qui in flore
atatis constituti neque palchri sunt, quales visu fiunt,
quando flos eis decedit? [cr.] Plane , inquit. [sock.] Nunc,
age, hoo considera : imitator, hoc est, simulacri auctor, veri
cognitionem nullam habet, sed visi, nonpe? [c1.] Ita est,
[soca. | Ne igitur semiperfectum id relinquamus , sed plene
perspiciamus. [cr.] Dicas, inquit. [soca.] Pictor, dicimus

alrw; Nal. M3 tolwy fulsews admd xavalimwpey ¢ habenas pinget et frenum? [61.] Ita. [soce.) Faclet autem

(e X bnlly: g Aivs; Tpv: Tuypiyes,

coriarius et faber mrarius? .[cl..] Faciel. [socs.] Num igitur



Examples from Google Books (cont.)

Per-word script and language variation:

Dieser Familie nahern sich die Slawoni-
schen Worte aana, aonacme und vorziuglich
aonama (lapa, lopast und lopata, Plote, Fligel
einer Mitze , Schaufel), mit welcher ein Blatt
durch seine Flache eine grosse Achnlichkeit hat.
Daher nennen auch wir die grossen Blatter
einiger Gewiachse aanywnury (lapuschnik, Klette).
Wie sehr sich aber auch die letztern Worte



Examples from Google Books (cont.)

§. 6. RQefezeidhen:

1. virima, ,Rubegeidhen” _, ein unten vedtd an den
Konjonanten angefester Stridh, nimmt dem Konfonanten den
a-Qaut, mit weldhem er nach § 1 und § 4 an und fiir fid
3u fprechen ift. Der Virdma findet fidh namentlich am Enbde
eine8 Worted und mandymal anftatt einer RLigatur; 3. B.

T yot, HAI asit, FETAE TAT dgamad dévi;
H ktra fann audy gejdyrieben werden /L
2. avagraha, , Apoftroph” §, fteht am Anfange eined Wor-

ted jur Bejeicdhnung eined vorn abgefallenen a: 3. B. g!
SHW dubkhitd ’bhavat.



What's a “character”?

Result Unicode Transliteration
T 0930 ra
T 0930 094d r
X
?E 0930 094d 0926 rda
éi 0930 094d 0926 094d rd
_g\ﬁ 0930 094d 0926 094d 0935 rdva
I % 0930 094d 0926 094d 0935 093f rdvi
I ‘@7’5 0930 094d 0926 094d 0935 093f 0915 rdvika




Bidirectional issues

3]

2 1]

JlJll" DI'D W'NrnﬂGorilla NI7"M12l

U+0028 - open parenthesis

U+0029 - close parenthesis




Connected scripts

Naskh style: ~ ~
as style ul: g :

Nastaliq style:

O Ul



Part 2: Approach

Google Ashok Popat, Sep 03, 2015



Optical character recognition as text-line decoding

element. A Mangin mirror consists of a thick negative meniscus lens,
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Goal: universal, accurate OCR

e Universal
o  Omni-script
o Omni-language
o  Omni-setting
e Accuracy and Speed
o Best-in-world, approaching human accuracy
o Speed comparable to commercial engines



Inspiration: Markov-model-based approaches

e Document image decoding [Kopec and Chou, 1994]
o Explicit model of typesetting process: seek to invert
o Influenced by speech recognition methods
o Extremely high accuracy when models match the data

e BBN Byblos system [Schwartz et al., 1996]
o Treat text line like a speech waveform
o  Built on existing speech recognition system
o  First successful Arabic OCR



Underlying both: noisy channel model

e Communication theory perspective

O

©)

@)

O

Source produces a message m according to P(m)
Channel (noisily) renders observed image x according to P(x|m)
OCR task: given x, produce an estimate of m

Goal: choose m’to minimize error rate: m' = argmax P(m|x)

e Challenges

(@)

O

Nobody tells us what P(m|x) is (modeling task)
Even if we knew P(m|x), how to compute arg max_?



Component models

e Language models
o Character- and Word N-grams with appropriate smoothing (ProdLM)

e Likelihood component

o Speech, BBN OCR: GMMs, DNNs for HMM state-conditional densities, optimized for held-out
likelihood

o  DID: Learned probabilistic character templates (foreground, background, “don’t-care”)

o  Ours: Sliding window / deep network / HMMs



Generalization of the noisy channel model

e Speech approach
m’ = arg max P(m)*P(x|m)
= argmaxa log P(m) + log P(x|m)
e Generalize to multiple feature functions
m' = arg m,gxzi:/\,-h;(x, m)

e Learn {A} via minimum error-rate training



Principles
e Minimize language-specific engineering
e Prefer integrated, wholistic decisions to pipelined steps

e Take advantage of data (labeled, unlabeled)

e Take advantage of advances in other areas
(MT, Speech, NLP, CV,...)



Accuracy and Speed over time

e More and more accurate
e Faster and faster

GOOQIC Ashok Popat, Sep 03, 2015



Technical advances in the past few years

e Optical model

o GMM ->DNN

o DNN->LSTM

o  Sequential discriminative training of DNN/LSTM
e Language model

o N-gram -> RNN-LM
e Decoding

o  Pruning algorithms designed for OCR
o Automatic decoding parameter optimization



Script and Language Identification

e Some parameters usefully considered piecewise stationary latent processes
o Font

Style (bold, italic,...)

Point size

Script

Language

Topic

e Most of these have low information rate — exploit!

o O O O O



Script ID approach 1: re-use OCR engine

e Script class seen as evolving as a hidden Markov process

e Pretend all letters of a given script are different glyph instances of the same
“letter” (script class label)

e Do OCR with a very small vocabulary

e Reasonably accurate, significant hit on processing time

e Details: Genzel et al., “HMM-based script identification for OCR,” 2013



Alternative approach (Li et al., 2015)

Google

Ashok Popat, Sep 03,2015

[ Arab
- Armn
Beng
' Bkgd
0 Cyrl
[0 Deva
[ Grek
[ Gujr
[ Hans
[ Hant
[ Hebr
© Jpan
~ Knda
~ Kore
. Latn
[0 Mlym
[0 Othr
 Taml
~ Telu
Thai




hlidka dne 12. 4. t. r., a svou Zddost oduvodnuje ndsledovné.
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Countries we don't cover

Google Ashok Popat, Sep 03, 2015



Part 3: Reflections and Comments

Google Ashok Popat, Sep 03, 2015



Unicode: a Godsend for OCR

e Defining the goal requires specifying representation space

e Duality
o Synthetic data
o Document Image Decoding
o Noisy Channel Formulation

e Internationalization libraries and resources, BiDi
e Corollary: OCR could not have been solved when it was most worked on



Changing styles, orthographies

2MAHIOOTED UGB DEINAUIUVFBESIGo BRMNEFVIG
MG AD)JBONOGogsS 1 MM2JAUBIEM. BREMHPM
(30QEIAUCTNINS HaIBGBROQGAUIMOE AMHYAD

afleauamyarige amaUoaHlgs Milwacdlelesm. 2MAHIDOGEAD) GEIOAIGHINTBEBIS) BRGNS
Wir boffen mit unjever " Surenberg Prefie*” jur Wicderbelebung der Jralours (T\)JO(G)(TG)Q(B«STO)OS@@:}S’] ggm”lgmmoem. @REMIOMYo
febriften = obne jedrocden politijben Nebengedanten - beizurragen. eider verbiceen
uns dic boben Produttionstojren cine Deutiche Werfion dicjes  Be- BROEIAUCIMINS HalO)AIOYAUIMISM AM)aHAM)

nugerhandbiichleing beraugiugeben, Eic werden aber den Deurjchen Text auj den
Programmdiftereen finden. Birre lefen Sic die Jiefmich™™ Darei fiir weirere
Jnjormationen. Wir frewen uns auch iiber Ibre Xommenrave und Anrequngen.
Xontaltinformartionen jind am Ende dicjes Bitchleing angeacben.

aflleaidmnarle) anguoemlw). mnilawadalclanmae.

GOOQIC Ashok Popat, Sep 03, 2015



Then and now
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Ashok Popat, Sep 03,2015



Academia and Industry

e Strengths
e Evolving roles
e (Cooperation

Google Ashok Popat, Sep 03, 2015



Can OCR finally be a “solved problem?”

Available to anyone, anywhere, ideally free-of-charge
Network / cloud not required, keep your documents
All languages, scripts, typefaces

Quasi-linguistic: math, diagrams

Regional libraries, cultural preservation efforts
Newspapers, manuscripts, magazines, books



G OCR in Google Products

Google Translate

Google books

Google Keep - notes and

) Use your camera for instant text
lists

translation

Google Drive

Keep everything. Share anything.
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