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Outline 

• 文档与文档分析 

• 文档分析研究问题 

• 领域发展简史 

• 研究现状 
– 主要方法 

– 性能状况 

• 国内现状 

• 趋势与展望 
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文字识别与文档分析 

• 文字识别(Character Recognition) 
– 字符图像转换为符号代码 

• 文档分析(Document Analysis) 

– 从文档图像提取文本信息 

– 包括文本分割、识别、上下文处
理、语义信息提取等 

• 文档分析的意义 
– 数据压缩 

– 内容理解/语义提取 
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• 与文本分析(Text Analysis, NLP)的关系 
– Text Analysis: 从电子文本开始 
– DA: 从图像开始 
– 电子文档(如PDF)：boundary, DA利用其结构信息 



文档的种类 
• 什么是文档 

– 载有文字符号的纸张、图像或电子文件 
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Documents 

Physical 
documents 

Synthesized 
documents 

Scanned/camera 
paper docs 

Scene text 
images 

Online 
handwriting 

Synthesized doc 
images 

Structured 
electronic  docs 

Printed 
Handwritten 

On various 
surfaces 

Texts, graphics 

Texts/graphics 
Captions 



具体种类与应用 
• 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, signature, 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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文档分析研究问题 
• From Image to Semantics 

Image 
Processing 

Layout 
Analysis 

Contents 
Recognition 

Semantic/ 
Application 

•Enhancement 
- Contrast 
- denoising 
•Rectification 
- Illumination 
- Skew 
- Perspective 
•Binarization 
•Frame removal 

•Region 
separation 
•Zone 
classification 
•Text localization 
•Text line 
segmentation 
•Hand/print 
separation 
•Table/form 
analysis 
•Signature/logo/
stamp extraction 

•Text recognition 
- Character segment 
- Normalization 
- Feature extraction 
- Classifier design 
- Sequence model 
-Linguistic/geometric 
contexts 
•Graphics/symbol 
- Diagrams 
- Eng. drawings 
- Musical scores 
- Mathematics 
- Physical/chemicals 
•Style authentication 
- Font identification 
- Script identification 
- Writer identificat 
- Signature verificat 

•Structural 
understanding 
- Logical relation 
btw zones 
- Reconstruction 
•Retrieval 
- Keyword spotting 
- Content-based 
- Structure-based 
•Semantic analysis 
- Categorization 
- Summarization 
- Translation 
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•Enhancement 
- Contrast 
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- Illumination 
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- Perspective 
•Binarization 
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•Region separation 
•Zone classification 
•Text localization 
•Text line 
segmentation 
•Hand/print 
separation 
•Table/form analysis 
•Signature/logo/stamp 
extraction 
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•Structural 
understanding 
- Logical relation 
btw zones 
- Reconstruction 
•Retrieval 
- Keyword spotting 
- Content-based 
- Structure-based 
•Semantic analysis 
- Categorization 
- Summarization 
- Translation 

•Text recognition 
- Character segment 
- Normalization 
- Feature extraction 
- Classifier design 
- Sequence model 
-Linguistic/geometric contexts 
•Graphics/symbol 
- Diagrams 
- Eng. drawings 
- Musical scores 
- Mathematics 
- Physical/chemicals 
•Style authentication 
- Font identification 
- Script identification 
- Writer identification 
- Signature verification 
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领域发展简史 
Time Methods Target/Application Events 

1920s Optical template matching Printed digits/letters 1st patent on OCR 

1950s-
1960s 

Correlated matching, 
simple structural analysis 

Printed digits/letters 
Printed Chinese (1966) 

1st PR Workshop in 
1966 

1970s- 
1980s 

Feature matching 
(normalization, feature 
extraction), Structural 
matching, Statistical PR 

Handprinted digits/letters 
Printed/handprinted 
words  
Handprinted 
Japanese/Chinese 

1st ICPR in 1972 
IAPR founded in 1978 

1990s Research of various issues, 
including layout analysis 
and segmentation 

Practical applications in 
various areas (document 
entry, mail sorting, forms, 
business cards, text input) 

PC got popular 
Internet 
1st IWFHR/ICDAR/ 
DAS in 1990/91/94 

2000s Re-inventing existing 
methods (e.g., HMM, NN) 
Borrowing from ML and 
CV (e.g., SSL, BoW) 

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

Google, Baidu 
Facebook, twitter 
Weibo, smart phone 
Mobile Internet 



会议规模 

• ICDAR: Int’l Conf. on Document Analysis and Recognition  
(bi-ennial from 1991) 
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会议规模和主要话题 
• 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) 
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主要话题(Oral Sessions) 
• ICDAR2013 

– 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 

• 2011 
– Datasets and performance evaluation 
– Mathematics recognition 
– Document segmentation 
– Forensic document analysis 
– Document retrieval 
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• 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 
– Item 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 

 



主要话题(Oral Sessions) 
• 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 

• 2012 
– Character recognition 
– Flowchart recognition 
– Word segmentation 
– Multilingual recognition 
– Bank check processing and postal 

automation 
– Mathematical expression 
– Forensic applications 
– Historical documents 
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• IWFHR1998 
– Online handwriting recognition 2 
– Handwritten form processing 
– Handwritten word recognition 
– Segmentation 
– Oriental script processing 
– Numeral recognition 
– Emerging techniques 

• 2002 
– Classifier design 
– Online recognition 
– Word recognition 
– Learning methods 
– Multiple classifiers 
– Pen computing and document 

applications 
– Signature verification and writer 

identification 
– Offline recognition 



话题主要变化 
• 减少的话题 

– Map and engineering drawings 
– Character recognition: no longer categorized into digit, oriental, 

feature, classifier and so on 
– Form and postal, although still challenging 

• 增加的话题 
– Scene text 
– Camera and video-based 
– Historical documents 

• 重点发生变化的话题 
– 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 
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CBDAR 2005-2013 
FP7 Project IMPACT 



研究现状：主要方法 

• 图像预处理 
– Enhancement/denoising 

• Morphology 

• MRF 

• Deblurring 

– Binarization 
• Local/adaptive binarization 

• Stroke edges 

• Classification-based, MRF, CRF 

– Rectification 
• 3D shape modeling 

• Cylindrical surface reconstruction 

• Polynomial curve fitting with text lines 

– Frame line removal 
• Graph-based, heuristic rules 
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• 版面分析 

– 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) 

• Seam carving (path finding in energy map) 

– Table item extraction 
• Rule-based, model based (registration) 
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Zhang & Tan, ICFHR 2014 



• 版面分析 
– Online handwriting 

• Text/non-text separation: HMM, MRF, CRF 

• Text line segmentation: clustering, dynamic programming 

– Text localization 
• Region-based: sliding window 

• Component-based: SWT, MSER 

• Hybrid: component filtering and grouping 

• End-to-end: character detection and grouping 
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• 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 
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Classification 
Character 

Normalization 
Feature 

Extraction 

啊, 阿, 呵 
0.7,   0.1,   0.1 

( | )P cx x

Deep Learning 



• 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 
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• Graphics/Symbol 

– Engineering drawings 
• Primitive extraction 

• Graph matching 

– Flowchart 
• Stroke labeling: MRF, CRF 

• Rule-based interpretation 

– Mathematics 
• Symbol segmentation 

• Symbol recognition 

• Graph/grammar/rule-based interpretation 

– Other isolated symbols 
• Statistical, structural 
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• Style Authentication 
– Writer identification 

• Text dependent/independent 

• Textural features, HOG, LBP 

• Bag of features 

• Nearest neighbor classification 

– Signature verification 
• Statistical, structural 

• Distance metric (intrapersonal, extrapersonal) 

– Font identification 
• Global and local shape features 

• Hierarchical classification 

– Script identification 
• Textural features 

• Key graphemes, n-grams 
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• 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 
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研究现状：性能状况 

• Handwritten numeral 

– Isolated: MNIST 

 

 

 

 

 

– Numeral strings 
• ICFHR2014 HDSRC 
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Liu et al. 
2003 

Error% #param Time 

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 

DNN Error (%) 

Simard et al. 2003 0.40 

Ciresan et al. 2010 (IDSIA) 0.35 

Wu et al. 2014 (Fujitsu) 0.254 



• Handwritten English Texts 

– IAM (Univ. Bern) database 
• 13,040 lines, containing 86,272 instances of 11,050 distinct words 

• 6,161 lines for training, 2,781 lines for testing 
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Method WER % CER % 

Graves et al. 
2009 

RNN BLSTM 25.9 18.2 

Espana et al. 
2011 

HMM/ANN 21.14 9.1 

Ney et al. 
2013 

Tandem 
HMM 

13.3 5.1 

Ney et al. 
2014 

RNN-HMM 12.2 4.7 



• Handwritten Arabic Texts 
– NIST OpenHaRT’13 

• Three tasks: DIR, DIT, DTT 

• Given text line segmentation 

• Constrained condition: given 
training set 

• Unconstrained condition 
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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 

DIR results (1-WER ) 



• Handwritten Chinese Characters 

– CASIA OLHWDB/HWDB 

 

 

 
 

 

 

– ICDAR 2013 competition 
System Error (%) Speed (ms) 

ICDAR2013 
Competition 

Fujitsu, CNN 94.77 55 (GPU) 

IDSIAnn (8) 94.42 315 (CPU) 

IDSIAnn (4) 94.24 197 (CPU) 

HIT, traditional 92.62 4.6 (CPU) 

IDSIA Tech Rep 
05-13 (2013) 

CNN 94.47 3.03 (GPU) 

Multi-CNN (8) 95.78 22.04 (GPU) 

Fujitsu 
(ICFHR2014) 

ATR-CNN 95.04 

CNN voting 96.06 

Offline character recognition 



• Handwritten Chinese Texts 

– ICDAR2013 competition: given text line segmentation 
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• Scene Texts 

– ICDAR2013 Robust Reading Competition 
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Text localization results Word recognition results 

(Google) 

Results on Street View Text 
dataset (ICCV2013) 

Huo et al. 2014                85.72        87.03      86.37 



国内现状 
• 1990-1999是黄金时期 

– 863评测（3次以上） 

– 研究组：中科院自动化所（刘迎建），清华大学（丁晓青、夏
莹），北京大学（顾晓凤），中科院计算所（张永慧），上海交
大（施鹏飞），哈工大（唐降龙），武汉工业大学（胡家忠） 

• 2000年前后跌入低谷 
• 2005年以后逐渐恢复 

– 跨国公司（富士通、微软）重视，基金支持，智能手机带来机会 

– 中科院自动化所，清华大学，华南理工大学（金连文），华东师
范大学（吕岳） 

– Camera-based: 百度，北京科技大学（殷绪成），华中科技大学
（白翔），微软（霍强），南京大学（路通），中科院自动化所
（孟高峰），西安交大（宋永红） 

– 北大计算机所：字体，PDF文档，数学公式 

• 国际影响 
– ICPR: 2010年以来中国学者论文数居第一 
– ICDAR: 2011中国与美国录用论文数相当，此外与第一名差距较大 
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研究趋势 

• Major Challenges 
– Unconstrained handwriting 

• Isolated characters 

• Continuous handwriting 

• Online handwritten notes: mixed texts with graphics 

– Camera-based OCR 
• Scene text: illumination, perspective, cluttered background 

• Camera-based documents: illumination, perspective 

– Historical documents 
• Degraded image 

• Large character set, many variants of same class 

• Few labeled samples 

– Multilingual documents 
• Mixed languages, unknown a priori 
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研究方向 

• 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 
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• Isolated 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 
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• 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 

• 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 
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展望 

• 领域发展的动力 
– 应用需求 

– 挑战性 

• 文档图像：存在就是需求 
– 文档何时会消亡？永远不会 

– 技术何时能完全解决？至少20年内不会 

• 需求：Long Tail 
– 敏感信息多存在于图像中 

– 李彦宏：KDD2012 Keynote 

 

• Document Image is Big Data 
– 3V: volume, velocity, variety 
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探讨 

• 深度学习是否会代替一切 

– 深度学习只是部分解决问题，而且有代价 

– 字符识别、字符串识别上，传统方法仍然可能与深度
学习竞争（提高特征维数、增强训练样本） 

– 传统方法和深度学习都需要进一步发展 

• 学术界如何生存 

– 如何找学术问题 
• 技术问题后面一定有学术问题，能发表高档次论文 

– 与工业界互动 
• 学术界（前瞻、深入）与工业界（应用）定位不同 

• 发表论文就不能保护技术，学术与应用难以兼顾 

• 合作的前提是互补，相互有利用价值 
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探讨 

• 如何吸引年轻人进入DA领域 

– 就业情况：不差 
• DA研究基础也能在相关领域（如DM, CV）就业 

– 发表论文：有很多机会 

– 入门不难，但深入很难 

– 研究条件：数据平台、实验平台（已有技术模块） 

– 开源代码：DA领域严重不足 
• 如何开源同时又保护自己的技术？ 

• 不能产品化的代码：Matlab, DLL, 不是领先但是常用的算法 
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