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« 1R Fl(Character Recognition)
— FREGEIRAFTSKEG
o X5 HT(Document Analysis)
- NXHEEGREIRXXAER

- BIENXARSEL Hal. BTk
. BXERRERF

o WHESHTHIENX

- 9&1 Eéﬁ

- NEIRHE /18 X HE B
o 537K 45 #7(Text Analysis, NLP)BY X &

— Text Analysis: MEEFI AR HIR

— DA: \E1&F A
— EHF 344 (PAPDF): boundary, DAF
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Scanned/camera | printed
paper docs

Handwritten

Physical
documents

Scene text On various
images surfaces

Online Texts, graphics

handwriting
| enewrtle

. SyntheSiZEd doc Texts/graphics
Synthesized images Captions
documents e

Structured

electronic docs
| SeCHOnE Do
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Paper Documents

— Books, journals, newspapers, letter/parcel envelopes,
certificates, notes, forms, business cards, engineering
drawings, musical scores

Scene Texts

— Sign boards, license plate, street numbers

— Texts on wood, metal, cloth, oracle bones, etc.

Online Handwriting

— Texts, graphics, sighature, mathematics, sketch, gesture

Synthesized Document Images

— Web doc images

— Captions on image/video

Structured Documents

— Web pages

— Word doc, PDF, RTF, etc.
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* From Image to Semantics

Imagc? LayouF Conte.n'.cs Sem.ant!c/
Processing Analysis Recognition Application
/-Enhancement \ ﬂRegion \ eText recognition ﬂStructuraI \
C separation - Character segment nderstandin
i ontr.a'st P - Normalization understanding
- denoising *Zone - Feature extraction - Logical relation
eRectification classification - Classifier design btw zones
- Illumination *Text localization - Sequence model - Reconstruction
- Skew eText line -Linguistic/geometric eRetrieval
- Perspective segmentation contexts - Keyword spotting
eBinarization eHand/print -Graphlcs/symbol - Content-based
\OFrame removau separation - Elagrjlms _ - Structure-based
eTable/form - ENg. rawings eSemantic analysis
analysis - Musical scores - Categorization
_ y - Mathematics & -
eSignature/logo/ - Summarization

Qtamp extraction/

- Physical/chemicals
eStyle authentication
- Font identification

- Script identification
- Writer identificat

kSignatu re verificat /

&Translation /




S 3 AT 53 18] R

* From Image to Semantics

Image
Processing

—

—

Layout
Analysis

ﬂEnhancement \\n

- Contrast

) denOiSing |ztail(i)znation
eRectification e

- lllumination .

- Skew ln

- Perspective ’rm
eBinarization re/logo/

~N

—

kFrame removal  AEcion

Contents
Recognition

eText recognition

- Character segment
- Normalization

- Feature extraction

- Classifier design

- Sequence model
-Linguistic/geometric
contexts
eGraphics/symbol

- Diagrams

- Eng. drawings

- Musical scores

- Mathematics

- Physical/chemicals
oStyle authentication
- Font identification

- Script identification
- Writer identificat

—

Semantic/
Application

ﬂStructuraI

understanding

- Logical relation
btw zones

- Reconstruction
eRetrieval

- Keyword spotting
- Content-based

- Structure-based
eSemantic analysis
- Categorization

- Summarization

~

&Signature verificat /

kTransIation /
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* From Image to Semantics

Image Layout Contents Semantic/
Processing Analysis Recognition Application

(e ) ﬁ{egion separa?ion \ N/~ )

eZone classification
eText localization
eText line
segmentation

\° I ) eHand/print
separation
eTable/form analysis
eSignature/logo/stamp N\ J

wtraction /
. J :

— — —>
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* From Image to Semantics

—

Image
Processing

—

Layout
Analysis

/Text recognition
- Character segment

-

- Normalization

N (-

- Feature extraction

- Classifier design

- Sequence model
-Linguistic/geometric contexts
eGraphics/symbol

- Diagrams

- Eng. drawings

- Musical scores

- Mathematics

- Physical/chemicals
oStyle authentication
- Font identification

- Script identification

\ntic/
tion

)

- Writer identification
- Signature verification
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* From Image to Semantics

Image
Processing

—

Layout
Analysis

e

-

Contents
Recognition

—

Semantic/
Application

—

N [~

N

J

eStructural understandirh
- Logical relation btw
zones
- Reconstruction
eRetrieval
- Keyword spotting
- Content-based

- Structure-based
eSemantic analysis
- Categorization

- Summarization

kl’ranslation

/

10
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Time | Methods Target/Application Events
1920s | Optical template matching | Printed digits/letters 15t patent on OCR
1950s- | Correlated matching, Printed digits/letters 15t PR Workshop in
1960s | simple structural analysis | Printed Chinese (1966) 1966
1970s- | Feature matching Handprinted digits/letters | 1t ICPR in 1972
1980s | (normalization, feature Printed/handprinted IAPR founded in 1978
extraction), Structural words
matching, Statistical PR Handprinted
Japanese/Chinese
1990s | Research of various issues, | Practical applications in PC got popular
including layout analysis various areas (document Internet
and segmentation entry, mail sorting, forms, | 15t IWFHR/ICDAR/
business cards, text input) | DAS in 1990/91/94
2000s | Re-inventing existing Remaining hard problem Google, Baidu

methods (e.g., HMM, NN)
Borrowing from ML and
CV (e.g., SSL, BoW)

Improve existing apps
Explore new apps (e.g.,
camera-based, ink
documents)

Facebook, twitter
Weibo, smart phone
Mobile Internet
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| Conf. on Document Analysis and Recognition

(bi-ennial from 1991)

12

7

ICDAR: Int



250

200

150

100

50

SVHERENEZEE

ICFHR: Int’l Conf. on Frontiers of Handwriting Recognition
(from 1990, formerly IWFHR)

DAS: IAPR Int’l| Workshop on Document Analysis Systems
(bi-ennial from 1994)

W #submission

192

Haccepted

161 162 158

1996
1998
2000
2002

2004
2006
2008
2010
2012

2014

MW #submission
160

140

120
9] 1

100 79 78 0

80 -

60 P>

40 -

20 -

#accepted 138

115

131

13



FE{E [ (Oral Sessions)

* |ICDAR2013

e 201

Character recognition 2
Applications 2

Document image processing 2
Online handwriting recognition
Binarization

Handwriting recognition

Scene text segmentation
Keyword spotting

Video and camera-based OCR
Document analysis and classification
Handwritten text recognition 2
Layout analysis

Signature verification

Graphics recognition 2
Historical documents

1

Datasets and performance evaluation
Mathematics recognition

Document segmentation

Forensic document analysis
Document retrieval

ICDAR1995

Word recognition 2

Neural networks 2

Online recognition 2

Application systems

Handwritten character recognition
Segmentation 2

Image processing 2

Database and document retrieval
Signature verification

Model based document analysis
Map interpretation

Classification methods

Document understanding

Feature extraction
Reconstruction and interpretation
Document analysis

Symbol recognition
Postprocessing

Document structure and analysis
Modeling methods

Drawing and map reconstruction
Shape models

Iltem extraction

Document segmentation
Diagram/drawing understanding
Word and character recognition
Theoretical approach and music recognition
Learning

Layout analysis

Skew detection and processing
Storage and retrieval 14



FE{E [ (Oral Sessions)

* |IWFHR1998

* |ICFHR2014

— Word spotting

— Document image pre-processing
— Signature verification

— Applications 2

— Neural Networks for Handwriting
Recognition

— Online handwriting recognition

— Language models for handwriting
recognition

— HMMs for handwriting recognition
— Writer identification

e 2012

— Character recognition

— Flowchart recognition
— Word segmentation

— Multilingual recognition

— Bank check processing and postal
automation

— Mathematical expression
— Forensic applications
— Historical documents

200

Online handwriting recognition 2
Handwritten form processing
Handwritten word recognition
Segmentation

Oriental script processing
Numeral recognition
Emerging techniques

2

Classifier design

Online recognition

Word recognition

Learning methods

Multiple classifiers

Pen computing and document
applications

Signature verification and writer
identification

Offline recognition

15



MM ERTW

D Y 1E
— Map and engineering drawings
— Character recognition: no longer categorized into digit, oriental,

feature, classifier and so on

— Form and postal, although still challenging

A Y \ E

N By 1
— Scenetext CBDAR 2005-2013
— Camera and video-based FP7 Project IMPACT

— Historical documents

s DA FE TRy IERR

— Layout analysis: from scanned printed documents to
handwritten documents and camera-based documents

— Retrieval: from printed to handwritten/historical, keyword

spotting getting attention

— Handwriting: from word to text (including language model)
— Neural networks: from shallow to deep

16
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Hoik: FBH/ZE

BRI
Enhancement/denoising

* Morphology

* MRF

e Deblurring
Binarization

* Local/adaptive binarization

e Stroke edges

* Classification-based, MRF, CRF
Rectification

e 3D shape modeling

e Cylindrical surface reconstruction

* Polynomial curve fitting with text lines
Frame line removal

* Graph-based, heuristic rules

17



o hRTE ST

— Region/text line segmentation

* Top-down: projection, recursive X-Y cut, piecewise projection,

whitespace analysis

* Bottom-up: Hough transform, smearing, clustering, Docstrum
* Level set (active contour)

e Seam carving (path finding in energy map)
— Table item extraction

* Rule-based, model based (registration)

;: 'Ycoo\, 1'\ éﬂ\éw‘,uq AN\\HQ\AF«X’Ud WS grog A4 %f“ o

51' ﬂ;] Qué/w /Z(é 1 Léé O%‘f 2({ uoﬂw(u,og}m\ 7 {Ao}w\

‘,l\ l.» 1) |

o £IA
| ( > ~,“'l (7"'"'('

e ="
C & -
(L

e

\/ =
e 1 L€ < 2 QM \¢
-l\’\“\J OpeL B LS 'er_}«' uw D lH' & To ” 0o yusesnT€E( VOO Al DQMaw i
- DL % - ‘ X

Y \ \ a al Q) Vs

Zhang & Tan, ICFHR 2014
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R T 44T
— Online handwriting

* Text/non-text separation: HMM, MRF, CRF
e Text line segmentation: clustering, dynamic programming

— Text localization
* Region-based: sliding window
e Component-based: SWT, MSER
* Hybrid: component filtering and grouping
e End-to-end: character detection and grouping

Text region detector i Image segmentation !

,1,
B |

Proceeq
with caution
Height

when raised
115mm (4%27)

Original image Image pyrimid and corresponding Final text confidence map Binarized image
text confidence maps and text scale map

Yan, Hou & Liu, IEEE TIP 2011



Text Recognition

— Character recognition

* Normalization: linear, moment-based, nonlinear, pseudo 2D

Feature extraction: direction histogram, Gabor, structural
Dimensionality reduction: PCA, FDA, DFE (discriminative)

Classification: statistical, neural (MLP, RBF, polynomial), SVM
— Large category set: MQDF, LVQ, hierarchical

Deep learning

Deep Learning

Character Feature e L.
—> .. > ) —> Classification >
Normalization Extraction

My, e, HrJ

0.7, 0.1, 0.1

X — P(c|x)

-
F-m
& 8\
L
‘-I.
\
BENENR
\1
A= |- |~

20



Text Recognition

— Word/text line recognition
Explicit/over segmentation

Implicit segmentation: sliding window

HMM
RNN, BLSTM

(bidirectional long short-term memory)
Fusion: Bayesian, weighted fusion
Search: DP, lexicon-free, lexicon-driven

Language model: n-gram, neural

VU1 T AR A

21



* Graphics/Symbol
— Engineering drawings
* Primitive extraction

* Graph matching

— Flowchart

 Stroke labeling: MRF, CRF

* Rule-based interpretation
— Mathematics

e Symbol segmentation

* Symbol recognition

e Graph/grammar/rule-based interpretation
— Other isolated symbols

e Statistical, structural

22



e Style Authentication

— Writer identification

* Text dependent/independent
e Textural features, HOG, LBP

e Bag of features

* Nearest neighbor classification

— Signature verification

e Statistical, structural

* Distance metric (intrapersonal, extrapersonal)
— Font identification

* Global and local shape features

* Hierarchical classification
— Script identification

* Textural features

e Key graphemes, n-grams

23



Document Understanding
— Logical ordering: knowledge-based

— Summarization: word equivalence classes detection, stop
words and keywords

— Categorization: OCRed text classification, keyword spotting
based BoW

Keyword Spotting

— Query by image/string

— OCR-based

— Template matching
* Shape matching, bag-of-features

— Model based

* Character/word classifier, context models
* Need training

24



eItk : MHEERR
Handwritten numeral
— Isolated: MINIST

DNN

Error (%)

Simard et al. 2003

0.40

Liu et al. Error% | #param | Time
2003

MLP 0.60 63.31K | 0.44ms
Polynomial | 0.58 38.86K | 0.76ms
SVC-poly 0.55 913K 5.90ms
SVC-rbf 0.42 1.61M 21.9ms

— Numeral strings

T T
7,

ICFHR2014

- -

HDSRC

Ciresan et al. 2010 (IDSIA) | 0.35
Wu et al. 2014 (Fujitsu) 0.254

Submission Guesses | CAR A CARB CVL Mean

Tebessa | TOP-1 0.3705 0.2662 0.5930 | 0.4099
TOP-2 0.4559 0.3401 0.6575 | 0.4845
TOP-3 0.4720 0.3568 0.6690 | 0.4993

Tébessa II TOP-1 0.3972 0.2772 0.6123 | 0.4289
TOP-2 0.4477 0.3137 0.6527 | 0.4714
TOP-3 0.4818 0.3411 0.6824 | 0.5018

Singapore TOP-1 0.5230 0.5960 0.5040 | 0.5410
TOP-2 0.6180 0.6770 0.6060 | 0.6337
TOP-3 0.6540 0.7130 0.6540 | 0.6737

Pernambuco TOP-1 0.7830 0.7543 0.5860 | 0.7078
TOP-2 0.8916 0.8746 0.6850 | 0.8171
TOP-3 0.9199 0.9009 0.7234 | 0.8481

Beijing TOP-1 | 0.8073 0.7013 0.8529 0.?8?2|
TOP-2 0.8634 0.7638 0.9128 | 0.8467
TOP-3 0.8697 0.7779 0.9189 | 0.8555

Shanghai TOP-1 0.4950 0.2809 0.4893 | 0.4217
TOP-2 0.5378 0.3120 0.5400 | 0.4633
TOP-3 0.4950 0.2809 0.4893 | 0.4849




 Handwritten English Texts

— |AM (Univ. Bern) database

e 13,040 lines, containing 86,272 instances of 11,050 distinct words
* 6,161 lines for training, 2,781 lines for testing

Method WER % | CER %
Graves et al. | RNN BLSTM | 25.9 18.2
2009
Espana et al. | HMM/ANN | 21.14 9.1
2011
Ney et al. Tandem 13.3 5.1
2013 HMM
Ney et al. RNN-HMM | 12.2 4.7
2014

{
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AN / . ’“/ (J - ( / { (
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e Handwritten Arabic Texts
— NIST OpenHaRT’13

* Three tasks: DIR, DIT, DTT
e Given text line segmentation

e Constrained condition: given
training set

* Unconstrained condition

DIR results (1-WER )

e
) p):f;g\ %3\)") s Dig o

rmrt £ A5

Team ID Method Constr | Unconstr
A2iA (Fra) RNN 0.7990 |0.8164
RWTH (Ger) HMM 0.7624 | 0.8390
CITLAB (Ger) RNN 0.7373

UPV (Spa) HMM 0.7068

UOB-TPT (Fra) | RNN-HMM | 0.5207

LITIS (Fra) HMM 0.2241
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e Handwritten Chinese Characters
— CASIA OLHWDB/HWDB

SRR BB N 4

& W
4 &
Aop 1
iu A
R atd U
% 4k

oM VA 4t
woié 3 OW
L
SN A
b & W %
L ogh A%
T )

Moz, R
2o
R
5o %
g Mo i

% A h A k)
BN of A /’z}, >

B ok of
— ICDAR 2013 competition

WA

gg/ 7;5 ror

b n Ahop

Offline character recognition

Table 4. Results of online character recognition (%). System Error (%) | Speed (ms)
System | CR (1) | CR(10) | Ave time | Dic size Fujitsu, CNN 94.77 55 (GPU)
UWarwick | 97.39 09.88 355ms 37.8M
IDSIANN (8 94.42 | 315 (CPU
VO-3 | 96.87 | 9967 | 153ms | 87.6M* | | ICDAR2013 &) (cPL)
VO-2 96.72 | 99.61 4.1ms | 36M* Competition | IDSIANN (4) 94.24 | 197 (CPU)
= =
VO-1__| 9633 | 99.61 | 1.6ms | 10M HIT, traditional | 92.62 | 4.6 (CPU)
HIT 95.18 | 9939 | 23ms | 120M
USTC-2 | 9459 | 99.14 | 38ms | 5.25M IDSIA Tech Rep | CNN 94.47 | 3.03 (GPU)
USTC-1 | 9425 | 99.06 | 2.0ms | 3.19M 05.13 (2013) "
TUAT 0385 | 9924 | 53me | 96oM Multi-CNN (8) | 95.78 | 22.04 (GPU)
Faybee | 92.97 | 98.87 0.5ms | 4.48M Fujitsu ATR-CNN 95.04
Ref[1] [ 9531 [ —— | —— [ ——_ | | (ICFHR2014) | cNN voting 96.06
Human 95.19 | T T




e Handwritten Chinese Texts

— ICDAR2013 competition: given text line segmentation

PE KA JIREEAAY BOB 4G -4 Byt b AL b R
TR Bind .y teg @iy TEEERE BY.EA

LN ER. GhA HD?"‘*VP 192 4027 #g—qﬁ Efg ¢ FER 4)

K A3 wAd £ R sms By
SowAd, ERA% @mm,,z 7. fhé 13 1% i

A, & UD FH?EI””E)Q'éﬁL k. T RE R 03 ?’,3 e

JM%? 7. Are n»;mﬁm@w N Y s Y 2
7}: } ?f /.‘14”2/’ %@L/Z?H« #/i ruLB%, {-q)t(.'ﬁ >'m 3"/@ Fe ‘7’76”3 ‘QJHZ
AT 8 b dok G i fhA 83 B4 EE

Table 5. Results of offline text recognition (%).

Table 6. Results of online text recognition (%).

CR AR Ave time | Dic size
CR AR | Avetime | Dic size VO-3 | 95.03 | 9449 | 1.72s 56M*
HIT-2 | 88.76 | 86.73 [.2s 309M VO-2 | 9494 | 9437 [ 235 37 OM*
HIT-1 | 86.15 | 83.58 0.64s [11M VO-1 | 93.11 | 9257 | 0.72s 20.8M*
THU | 82.92 | 79.81 0.855 102M TUAT | 88.49 | 87.66 | 1.42s 246M
SCUEC | 42.05 | 35.14 0.15s 442M USTC {220 | 8157 0.255 20 IM*
Ref[6] | 90.22 | 89.28 Ref[29] | 94.62 | 94.06

*Size of executive file embedding dictionary.




* Scene Texts
— ICDAR2013 Robust Reading Competition

Text localization results Word recognition results
Method Name Recall (%) Precision (%) F-score Method Total Edit Correctly Recognisec
USTBE_TexStar H6.45 85.47 75.89 Distance Words (%)
Text Spotter [20], [21], [22] f4.84 87.51 74.49 PhotoOCR (Google) 122.7 82.83
CASIA_NLPR [23], [24] f8.24 78.89 73.18 PicRead [27] 3324 57.99
Text_Detector_CASIA [25]. [26] 62.85 84.70 72.16 NESP [19] 360.1 64.20
I2ZR_NUS_FAR 69.00 75.08 71.91 PLT [18] 392.1 62.37
[2ZR_NUS 66.17 72.54 69.21 MAPS [17] 421.8 62.74
TH-TextLoc 63.19 60.96 67.49 Feild’s Method 422.1 47.95
Text Detection [15], [16] 53.42 T74.15 62.10 PIONEER [28]. [29] 479.8 53.70
Baseline 539.0 45.30
Huo et al. 2014 85.72 87.03 86.37 TextSpotter [20]. [21]. [22] 606.3 26.85

-_ﬁ'm.“?'/ s 1 R A L ‘ A Results on Street View Text
- . - (@ \'. dataset (ICCV2013)

Word
Algorithm Recognition
Rate (%)
S 7Y PhotoOCR 90.39
\EM\E, O_hﬂfll.m- 245 Goel et al. [9] 77.28
_ ‘ Mishra et al. [13] 73.26
Novikova et al. [20] 72.9
VUL Wang et al. [26] 70.0
Verhan ' Baseline (ABBYY) [9] 35.0
|
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1990-1999 2 & & A HA
— 8631FM (XA L)

-ﬁﬁ@ﬂ¢¥haggm<mk%g E%ﬁ?‘%%%l%‘
2 PR =) A
N NI N L

2000F I ERN RS
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- BEAR (B, W& B, E&X#F, SeFiwkils
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— Camera-based: BE, tRmREFKRFE (BRZERK) , EPRFKE

(I’:’lﬂ) iR (Esm) , E'ei?\ji% (B%18) , PREBNER
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— ICPR: 20105 LR EZH L HESE—

— ICDAR: 2011 P ESEEFAHILXHHESY, HINSE—FEERK
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e EES

* Major Challenges

— Unconstrained handwriting
* Isolated characters
e Continuous handwriting
* Online handwritten notes: mixed texts with graphics

— Camera-based OCR
e Scene text: illumination, perspective, cluttered background
* Camera-based documents: illumination, perspective
— Historical documents
* Degraded image
e Large character set, many variants of same class
* Few labeled samples
— Multilingual documents
* Mixed languages, unknown a priori

32



W37

 Fundamental Theory & Methodology

— Learning for large category/scale data, structured model,
weakly labeled data (deep learning)

— Fusion of multi-level/source contexts, global optimization
— Online learning

— Cognitive mechanisms: from visual cues to high-level
knowledge

* Document Image Processing
— Image capturing paradigm/device
— Camera-captured image rectification
— Binarization of degraded image
— Complex layout analysis

33



* |solated Character Recognition

— Important for string recognition, higher accuracy always
desired, non-char rejection

— Feature extraction/learning
— Classifier learning and adaptation
— Confidence/reliability

* Text Line Recognition
— Sequence classification model and learning
— Touching character segmentation
— Contexts modeling and fusion
— Language modeling and adaptation
— Global optimization of integrated string model
— Multi-lingual documents, especially mixed languages

34



* Scene Text Recognition
— Vision computing inspired feature and detector
— Text extraction (separation from background)
— Scene text string recognition
— Principled fusion of bottom-up and top-down cues

e Application Oriented
— Fast implementation, light implementation
— Modeling of interactive transcription
— Data generation and annotation
— Document retrieval and information extraction
— Document authentication, writer identification
— Online handwritten notes

— Application to human interface, robot, archeology,
education, impaired person assistance, etc

35
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s & R TN 7

- MRAEX

— PEE M

Vi5EG: FHEEEK

- YHEAFNSIELT? KEAS
— FONAIBTRESEEHER? Z/D20FRAS
=3k : Long Tail

- R ERZFETEGF
— ZEZ R KDD2012 Keynote

The Long Tail
e

Popularity Rank

Document Image is Big Data
— 3V: volume, velocity, variety
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— NITAXE, BIRANTRYE
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