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Page Frame Detection

I motivation
I textual and non-textual noise
I textual noise results in OCR

errors

I idea: detect page contents area
I RAST for page frame detection

+ solves the problem in a general
framework

+ robust against the amount of
noise

+ robust against overlapping noise
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Page Frame Detection Method

I two-phase approach
I (1) determine left and right side (→ RAST)

I use text-lines
I the quality function has two parts:

I the left and right border should have many text-line ends on
the inside of the page frame

I but they should not have many text-line ends on the outside
of the page frame

I use soft term (bounded error) of the form max(0, 1− d2/ε2)

I (2) determine upper and lower side
I include all character bounding boxes in the range
I adjust for page numbers and images
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Illustration of the Two Steps
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Inclusion of Images and Page Numbers

center image: zones detected by Voronoi algorithm
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Page Frame Detection Results

Performance measure Error rate (%)

Area overlap 4.0

Connected components 1.6
classification

Ground-truth zone detection 2.8

Application Error rate (%)
No PFD With PFD

OCR 4.3 1.7

Layout based document
image retrieval 7.0 5.4

evaluated on the UW-III dataset with every tenth document used as training set
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Examples of Page Frame Detection
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Robustness against Noise

Noise ratio = outside pixels / total pixels
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Example of OCR Difference

Screen-shot of Omnipage 14 showing the recognized text of the
original document (left) and the document cleaned using page
frame detection (right). Note that the reading order of the text
has changed, probably due to the slightly changed geometry.
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Adaptation to Urdu/Arabic Script

“We are often reminded that English is blessed with one of the
simplest scripts in the world.” (Nagy 2000)
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Motivation for Urdu Document Analysis

I Urdu has more than 150 million speakers

I written in Arabic script with above 20,000 ligatures

I no Urdu OCR and layout analysis system

I large potential market
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Diagram of Approach
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Approach for Urdu Documents

1. Find empty whitespace rectangles that completely cover the
page background.

2. The whitespace rectangles are evaluated as candidates for
column separators or gutters based on their aspect ratio,
width, and proximity to text-sized connected components.

3. Find text-lines that respect the columnar structure of the
document.

4. Determine the reading order of the text-lines using constraints
on the geometric arrangement of text-line segments on the
page. (Change left-to-right model to right-to-left model.)
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Preprocessing
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Column Separators

The whitespace rectangles are evaluated as candidates for column
separators based on the following constraints:

1. Column-separating rectangles must have an aspect ratio of at
least 1:3

2. Column-separating rectangles must have a width of at least
1.5 times of the mode of the distribution of widths of
inter-word spaces.

3. Column-separating rectangles must be adjacent to at least
four character-sized connected components on their left or
their right side.
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Constrained Text-Line Finding

Use Column Separators as Obstacles
adapt Roman script text-line model for Urdu/Arabic:
use two descender lines

Second-descender-line
Base-line First-descender-line
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Urdu Document Layout Analysis Examples
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Note that images and graphics were not removed here, so they
result in some spurious text-lines.
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Text-Line Detection Accuracy Results

25 images of Urdu text from different sources
five classes: book, poetry, digest, magazine, and newspaper with 5
images each

Layout (n =) Correct Split Merged Missed

Book (234) 91.45 4.27 0.00 4.27

Poetry (286) 92.31 4.55 0.00 3.15

Digest (702) 80.63 11.54 0.00 7.84

Magazine (1158) 90.07 4.14 0.86 4.75

Newspaper (819) 72.16 7.81 4.15 15.87
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Block Types

math

text
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Block Types

table

drawing
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Block Types

logo

halftone
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Block Types

ruling

speckles
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Related Work

reference # pages # zones # types error [%]
Inglis and Witten, 1995 1001 13831 3 6.7
Liang et al., 1996 979 13726 8 5.4
Sivaramakrishnan et al., 1995 979 13726 9 3.3
Wang et al., 2000 1600 24177 9 2.5
Wang et al., 2006 1600 24177 9 1.5
this work 713 13811 8 1.5

features used in the literature:

connected components, run lengths, cross-correlation between
scan-lines, vertical projection profiles, wavelet coefficients, learned
masks, black pixel distribution
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Data Set Used

I University of Washington III (UW-III) database

I 1600 English document images

I 24177 homogeneous manually labeled page segments/blocks

I degradation types: direct scan, photocopies → duplicates

I avoid duplicates here → 713 documents

I speckles not annotated but important → automatic extraction
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Features

I Tamura texture feature histogram (TTFH)

I relational invariant feature histograms (RIFH)

I down-scaled image 32× 32 (DSI)

I number, mean, and variance of run-lengths
(RL{B,W}{X,Y,M,S}V)

I run-length histograms (RL{B,W}{X,Y,M,S}H)

I connected components size histograms
(CCXH, CCYH, CCXYH)

I connected components nearest neighbor histogram (CCNNH)

I fill ratio after horizontal smearing (FR)
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Classification

I nearest neighbor with leaving-one-out cross-validation

I Jensen-Shannon divergence for histograms,
Euclidean distance for other features

I weights proportional to inverse of error rate

I for fast and small classifier
I log-linear classifier using maximum entropy criterion
I 50/50 split of data for evaluation
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Experimental Results — Single Features

feature dim. extr. [s] error [%]

TTFH 512 5.51 3.4
RIFH 512 12.59 7.8
DSI 1024 0.01 8.1
FR 1 0.02 27.3
CCXH 8 0.04 14.5
CCYH 8 0.04 14.9
CCXYH 64 0.04 6.2
CCNNH 8 0.05 19.0

feature dim. extr.[s] error [%]

RLBXH 8 0.01 7.9
RLWXH 8 0.01 5.1
RLBYH 8 0.01 8.2
RLWYH 8 0.01 5.6
RLBMH 8 0.01 11.8
RLWMH 8 0.01 6.6
RLBSH 8 0.01 10.5
RLWSH 8 0.01 6.2

RLBXV 3 0.01 12.9
RLWXV 3 0.01 9.7
RLBYV 3 0.01 14.6
RLWYV 3 0.01 12.1
RLBMV 3 0.01 17.2
RLWMV 3 0.01 12.6
RLBSV 3 0.01 16.7
RLWSV 3 0.01 12.2
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Experimental Results — Combinations

feature error [%]
RL**V, constant weight 4.1
RL**H, constant weight 1.8
RL*, CC*, 1/error weight 1.5
FR, RL*, CC*, 1/error weight 1.5
TTFH, FR, RL*, CC*, 1/error weight 1.5
RL*, CC*, logistic, 50/50 data split 2.1
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Confusion Matrix
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speckles .5 99.4 .1 .1 .1
math 8.6 90.8 .6
drawing 3.0 .3 1.5 86.0 5.5 3.5 .3
ruling 1.3 2.2 .4 .4 96.1
table 20.7 .8 9.9 68.6 .8
halftone 1.8 9.7 .9 86.7 .9
logo 36.4 9.1 9.1 9.1 9.1 27.3

frequency 10450 2007 476 401 232 121 113 11
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Examples of Misclassifications

speckles text

drawing halftone

math text

drawing table
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Conclusions for Block Classification

I use run-lengths histograms

I background run-lengths more important than foreground

I very competitive error rate of 1.5% using simple features
I simple, fast and accurate classifier at 2.1%

I run-lengths and connected components distribution
I maximum entropy log-linear classifier

I probable improvement: use context information

Keysers: RES-08 36 Jan/Feb-2008



Outline

Three More Layout Analysis Tasks
Page Frame Detection
Urdu/Arabic Document Analysis
Block Type Classification

Applications
Document Reflow
Visual Document Search
iDesk
Dewarping
Document Retrieval and Browsing
Document Image to HTML Conversion
HTML Layout Verification
Bibliographic Meta-Data Extraction
Arc and Line Detection
More Applications of RAST

Keysers: RES-08 37 Jan/Feb-2008



Document Reflow

T.M. Breuel, W.C. Janssen, K. Popat, H.S. Baird:
“Paper-to-PDA,” Procs. ICPR 2002, Quebec City, Quebec, Canada
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Visual Document Search

I visual search feature complementing text-based search
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Layout-Based Search

I edge cover distance measure for document images
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Example-Based Labeling of Title Page Images

I Labeling of title pages using similar labeled examples

1. Segment document image using layout analysis

2. Search for similar labeled documents in dataset using
geometrical and textural features

3. Copy the labels from the best matching document

Title

Authors

Affiliation

Abstract

Other
0.5

0.8

0.7
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Example-based Logical Labeling

I automatic semantic labeling of
page segmentations

I example-based approach:
match blocks and transfer labels

I extend block distance
using texture features

I accuracy on MARG:
99.6% – unknown document
98.9% – unknown journal
94.8% – unknown journal type
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iDesk
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iDesk User Interaction

improved user experience:

I pointing at region of interest possible

I document detection improved

I works without separate calibration step

I zooming enabled
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OSCAR - One Step Capture and Restoration
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OSCAR - One Step Capture and Restoration
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Page Surface Dewarping
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Page Surface Dewarping
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Page Surface Dewarping
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Page Surface Dewarping

I OCR error rates (commercial): 12.6% → 1.0%

Keysers: RES-08 53 Jan/Feb-2008



Outline

Three More Layout Analysis Tasks
Page Frame Detection
Urdu/Arabic Document Analysis
Block Type Classification

Applications
Document Reflow
Visual Document Search
iDesk
Dewarping
Document Retrieval and Browsing
Document Image to HTML Conversion
HTML Layout Verification
Bibliographic Meta-Data Extraction
Arc and Line Detection
More Applications of RAST

Keysers: RES-08 54 Jan/Feb-2008



Document Image Viewing and Retrieval

I special OCR for captured documents
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Document Image Viewing and Retrieval

I special OCR for captured documents
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Document Browser

I stand-alone document browser

I server architecture for visual and textual search

I uses OCR server for scans and PDFs without included text
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Architectural Overview
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Document Image to HTML Conversion

I Put together components of a complete document analysis system

I Display the results of OCR and layout analysis for debugging purpose
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classifier confidence information; black: high confidence, blue:
medium confidence, red: low confidence; no language model used
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Image-Based HTML Layout Verification

I rendering of a web page to image

I layout analysis of the captured image

I verify the rendered layout of the webpage
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Image-Based HTML Layout Verifier

Problems in web page rendering

I Browser incompatibilites

I Large fonts for visually impaired

Solution: Image-based layout
verification

I Rendering of a web page to
image

I Layout analysis and OCR of the
captured image

I Check for
I Usable page layouts
I Readability of the rendered

text
I Visibility of all textual

contents
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Rendering a Web Page to Image

representative browsers

I Internet Explorer (Windows)

I Mozilla Firefox (Linux)

I Safari (MacOS)
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Web Page Image Binarization

salient features of web page screenshots

I Extensive use of colors

I Both normal and inverted text in the same image

I No noise

I No skew

I Perfectly rendered fonts

→ Seems to be a trivial problem, but

I Font anti-aliasing, colored non-uniform background,
colored text, . . .
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Text-Line Extraction

I goal: highlighting of differences in layouts of differently
rendered webpages

(a) Internet Explorer (b) Firefox (c) Safari
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Text-Line Matching
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Layout Verification
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Content Verification

I goal:
I identify incorrectly rendered and missing text

I problem:
I low OCR accuracy on screenshots of webpages

I approach:
I OCR on HTML page
I highlight incorrectly rendered text
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Image-Based HTML Layout Verifier
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Image-Based HTML Layout Verifier
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Bibliographic Meta-Data Extraction

I task: extract structured meta-data from references
I problem: strong variations across different reference styles

I subfield ordering
I partitioning symbols
I spacing differences
I content representation

I goal: retrieve labeling of reference according to semantics

I example:
I input: (plain text)

Davenport, T., D. DeLong and M. Beers, “Successful knowledge
management projects,” Sloan management review, 39, 2, (1998), 43–57.

I output: (bibtex)
author = “Davenport, T. and DeLong, D. and Beers, M.”
title = “Successful knowledge management projects”
journal = “Sloan management review”
volume = “39”, number = “2”, year = “1998”, pages = “43–57”
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probabilistic finite state transducers

I motivation:
I modular and flexible
I composition of complex models via abstract operations
I training-based derivation of weights
I intuitive illustration as directed graph

I model:
I one PFST for each occuring subfield

I language model is built as a closure of subfield bigrams
I training on dataset yields probabilistically weighted PFST
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performance evaluation of the system

I Cora dataset:
I used for training and evaluation purposes
I publicly available and most commonly applied
I consists of 500 research paper citations

I Cora evaluation:
word field instance

CRF (Peng et al.) 95.4 77.3
PFST 88.5 82.6 42.7
HMM (Seymore et al.) 85.1 10.0
INFOMAP (Day et al.) 73.3
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Arc and Line Detection - Motivation

I analysis of scanned technical drawings

I reconstruction of CAD data

I use advantages of CAD storage for archives of drawings
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Arc and Line Detection - Method
I use runs of black pixels
I explicitly include line thickness
I no preprocessing like thinning, line adjacency graphs, . . .
I global optimization, no heuristics
I use quality function, branch-and-bound, interval arithmetic

I keep priority queue of parameter regions
I use upper bound of quality estimate for region
I on best region:

I stop?
I output?
I split and re-insert

q(ϑ, (x0, x1, y)) = max
(
0, d−

1
2

x1∑
x=x0

sgn(
d

2
− dϑ(x , y))

)

q(ϑ, (x0, x1, y)) = max
(
0, 1−

|d2 − dϑ(x0, y)|
σ2

)
+ max

(
0, 1−

|d2 − dϑ(x1, y)|
σ2

)
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Arc and Line Detection - Examples

Keysers: RES-08 80 Jan/Feb-2008



Arc and Line Detection - Summary

I globally optimal detection possible

I very exact results

I results (VRI-scores) on GREC 2003 contest images:

0.757 our method (2005)
0.609 S. JiQiang (2003)
0.487 D. Elliman (2003)

I 2nd place in GREC2005 contest

I current implementation memory intensive (500M),
takes some time (∼5min)
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Historical Document Revision Detection

I robust document image matching for historical documents

I question:
Which changes were made between different printings?

I uses geometric matching and Fourier contour descriptors
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RAST: Application in Inspection
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RAST for Object Matching

translation: (-14., 23.1)
rotation: 0.025
scale: 0.84
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Object-Based Image Retrieval

I detect whether an image contains an object of a given class

I efficient matching for fully-connected patch-based model

I uses our RAST algorithm

I optimal, statistically well-founded
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Object-Based Image Retrieval – Method

I match weakly annotated reference images, no segmentation

I patch-based approach (interest points, cluster descriptors)

I factor dependencies: x/y -translation, rotation, scale

I find optimal match using branch-and-bound approach

I set of reference patches R, test patches S

ϑ̂(R,S) := arg max
ϑ∈T

Q(ϑ,R, S)

Q(ϑ,R,S) :=
∑
p∈R

q(ϑ, p, S)

q(ϑ, p,S) :=

{
1 if ∃p′∈S : lp = lp′ ∧ d(ϑ, p, p′)≤d0

0 otherwise
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Object-Based Image Retrieval – Results

method airp. faces mot.
constellation model A 32.0 6.0 16.0
automatic segmentation 2.2 0.1 10.4
texture feature combination 0.8 1.6 8.5
constellation model B 9.8 3.6 7.5
PCA SIFT features 2.1 0.3 5.0
discriminative salient patches, SVM 7.0 2.8 3.8
spatial part-based model 6.7 1.8 3.0
constellation model C 6.3 9.7 2.7
patch histograms A 3.8 7.1 2.5
features inspired by visual cortex 3.3 1.8 2.0
patch histograms B 1.4 3.7 1.1
IPeT approach 4.8 2.8 1.3

I error rates [%] on Caltech data

I possible use in DIA → logo recognition
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DFKI-IUPR Demos

http://demo.iupr.org/
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