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ABSTRACT

The digitization of documents and their availability over the network demands solution toward content
based document image analysis, indexing, searching and retrieval. Signature, Logo and Layout of the
documents present convincing evidence and provide an important form of indexing for effective document
image retrieval in a variety of applications. This paper describes methods and techniques developed for
document image analysis and retrieval by researchers.

KEYWORDS
Feature extraction, Image analysis, Document retrieval, Pre-processing, Document indexing

1. INTRODUCTION

Document image refers to digital images of symbolic objects such as scanned documents, postal
addresses, printed articles, forms, engineering drawings, topographic maps, license plates,
billboards, subtitles in photos and video. Scanners, Printers, Fax machines are the source for these
images. The aim of Document Image Analysis and Retrieval System (DIARS) is finally to
develop paperless office.

Document image analysis is subfield of document image processing. Document image analysis
deals with solutions to obtain computer-readable description from document images. Recognition
and extraction of text and graphics components for various applications is the aim of document
image analysis [11]. However document image retrieval is concerned with content based
document browsing, indexing and searching [30] from huge database of document images.

Complex documents present a great challenge to the field of document image analysis and
retrieval. The primary task of analyzing these complex documents is to isolate the different
contents present in the documents such as graphical and textual components. Once the contents
are separated out, they can be indexed and used for content-based image retrieval. The document
image recognition and understanding, covering a variety of documents such as bank cheques,
business letters , different forms and technical articles, have been an interesting area of research
for a long time. Signature, logo, handwritten text and layouts provide a convincing form of
indexing and enable effective description of data [19] for document retrieval.

The main contribution of this paper is:
e [t provides detailed survey of document image analysis, retrieval methods and techniques.
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¢ Highlights the classification, applications, challenges and issues in the area of document
image analysis and retrieval.

This paper is organized as follows: section 2 provides a general framework for document image
analysis and retrieval, section 3 will review the current state of art on document image analysis
and retrieval research activities, section 4 provides an insight to Document Image Retrieval
classification, section 5 discuss the applications. In section 6 we discuss the issues and challenges,
in section 7 evaluation strategies and section 8 concludes the paper.

2. GENERAL FRAME WORK FOR DIARS

General framework for document image analysis and document image retrieval is described in
this section.

2.1 Document image analysis

Figure 1 shows the sequence of steps for document image analysis [11]. The steps include
capturing data from document, Binarisation, Feature level analysis, Text and graphical
components’ analysis and recognition.

¢ Data capturing: The data in paper document are usually captured using a scanner and stored in
a file in the form of image with an extension jpeg, tiff, bmp, png etc. The captured document
may be a colour or gray scale image.

Text level
analysis and
recognition

Document

Capture Feature level description
Document Binarisation and analysis (Total words, lines,
image Preprocessing (Image, paragraphs, graphical
(Scanner, Structural and components such as
Camera etc.) Textual features)

logos, signatures ec.)

Graphics
level
analysis and
recognition

Figurel. Steps involved in document analysis

¢ Binarization and preprocessing: To separate foreground and background information the
document image is binarized. This step converts the captured document into pixels with
intensity level 1 or 0. Preprocessing includes noise reduction, segmentation and converting the
image into required form for further processing. Noise in the document image is possible from
many sources including degradation due to aging, photocopying, or during data capture.
Segmentation process is carried out to separate textual and graphical components of the
document. Segmentation of textual information helps in locating columns, paragraphs, words,
and characters and segmentation of graphics is to separate out symbols, logo, signature, lines
from the document image.
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¢ Feature level analysis: This step is to carry out analysis of textual and graphical components.
Image features, Structural features or Textual features are extracted from the document image.
These features may be either local or global features. The table 1 summarizes the different
features used for document image analysis.

Table 1. Different features used in Document Image Analysis

Image features Structural features Textual features

1. Connected components. 1.Physical Layout. 1. Page/Text
layout features.
2. Gaps between row/Columns. | 2.Logical structures

2. Textual
3. Location and size of cells. 3.Results of functional labeling features  from
OCR results

4. Text histogram. 4.Spatial relations analysis

e Text level analysis and recognition: Two main types of analysis are applied to text in
documents. First one is Optical character recognition (OCR) to extract the meaning of the
characters and words from document images. The second method is page-layout analysis to
recognize formatting of the text in document image that includes text bodies in different
functional blocks, headers, footers, titles, subtitles etc.

¢ Graphics level analysis and recognition: Graphics level analysis includes recognizing lines,
curves and other features to identify different components such as signatures, logos and layout
of the document for further inspection.

¢ Document description: The result of document image analysis is document description and
consists of both textual and graphical components present in the document.

2.2 Document image retrieval

Figure 2 shows the steps involved in document image retrieval. These steps are briefly
explained below.

¢ Noise removal: When an image is captured through a digital device it is very natural that a
noise may get introduced with required information. Image enhancement techniques can be
applied to reduce this noise. Spatial and frequency domain algorithms based on type of the
noise in document can be employed.
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Figure 2. Steps involved in document image retrieval

¢ Feature extraction: Meaningful information is extracted from the document images at this
stage for document image retrieval. The extracted features may decide the efficiency analysis
and retrieval. Instead of extracting features of document images existing in the database every
time during retrieval, they can be extracted and stored only once. This makes the system faster
and effective for document image retrieval. The different features like Gradient, Structural and
Concavity (GSC) can be extracted from the document image for implementing document image
retrieval. Density distribution and key block features [14], fisher classifier [19], Angular radial
partitioning of image regions [12], Conditional Random Field [3], DTW [16] can also be
considered.

¢ Similarity matching: Matching algorithm is used to compare features of query image with the
indexed features of the images present in the database of documents. To measure the similarity,
the query image feature vector and database image feature vector are compared using the
distance metric such as Manhattan, Euclidean, Chebychev etc. The images are then ranked
based on the distance value.

¢ Ranking of the documents: The results of the matching algorithm are ranked in increasing
order of the similarity distance. This step aims at organizing retrieved documents so as to find
closest document to the query and also other documents that are nearly matching with the query
document.

3. RELATED WORK

Lot of methods and techniques are evolved for document image analysis and retrieval. This
section briefly describes and highlights the work done in this area by researchers.

Lot of efforts are made to bring the document analysis and information communities to work
together on retrieval of noisy data from document images [7]. In 1994, Tang et. al [1] presented
techniques for extracting knowledge from document images. They employed geometric structure
and logical structure to acquire this knowledge. Niyogi and Srihari [4] proposed a method for
retrieving information from digital libraries. Section of documents like titles are used as query for
retrieval of data with the help of knowledge-based layout analysis and logical structure derivation
techniques.
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In 2000, Liu and Jain [10] presented an approach to image-based form document retrieval. They
proposed a prototype form retrieval system using similarity measure for forms that is insensitive
to translation, scaling, moderate skew, and image quality fluctuations. In the domain of Chinese
document image retrieval, a method based on the stroke density of Chinese characters [9] is
proposed. They used index method for retrieval of Chinese printed document images relatively
faster. However this method does not support for change in font style. In 2003, Chalechae and
Naghdy [12] proposed signature based decomposition and retrieval of document images. As a
case study they investigated, Arabic/Persian signature recognition and retrieval. Signature region
is detected using geometric properties of connected components. The description of spatial
distribution of pixels in the interested region is found using angular radial partitioning scheme.
This method is found better than an approach compare to the line segment distribution method.
Lu and Tan [13] presented a method for information retrieval from digital libraries. Word coding
techniques are employed for document image retrieval. However this method does not support
integration of linguistical knowledge.

In 2005, Liu et. al [14] used density distribution features and key block features in their proposed
system for document image retrieval. Key block features are used for to improve retrieval
performance. This method supported retrieval of color and gray-scale document images from
huge document image database of different languages. Nakai et. al [15] presented a technique for
document image retrieval that is characterized by indexing with geometric invariants and voting
with hash tables. This method works with high accuracy when normal digital camera is used for
capturing document images. In 2006, Balasubramanian et. al [16] proposed a method to retrieve
imaged documents at larger scale. Effective retrieval is achieved matching image features at word
level for printed documents. Dynamic Time Wrapping (DTW) based features are used for
representation of the words. Srihari et. al [17] proposed a method for signature based document
image retrieval. They used signature as query for retrieval of documents. They segmented
signature by removing noise and printed text from document containing signature. Global shape
based binary feature vectors with normalized correlation similarity measures are employed for
signature matching.

In 2007, Schomaker [20] proposed a method for retrieval of handwritten lines of text from
historical documents. This method employed a brute-force matching of line-strip images for
retrieving the handwritten text. Zhu and Doermann [19] presented an automatic document logo
detection and extraction from document images. Boosting strategy across multiple image scale is
used for classifying and localizing the logo. Spitz described character shape codes for detection of
duplicate document [5], retrieval of information [6], word recognition [22], and reconstruction of
document [18] without resorting the character recognition. Character cells are first segmented to
obtain character shape code. This method fails with words containing connected characters. Joutel
et .al [21] proposed a technique for classification of ancient manuscripts using curvelets based
feature extraction. This technique achieved language independent, visual orientation and
appearance based document image retrieval.

In 2008, Lu et. al [22] used word shape coding for document image retrieval. They retrieved
document image by a new word shape coding scheme that captures the document content through
annotating each word image by a word shape code. The word image is annotated by a set of
topological shape features with character ascenders/descenders, character holes and character
water reservoirs. The method proposed is found fast, efficient and tolerant to various types of
document degradation. Zhu et. al [23] presented a signature-based document image retrieval. The
system is able to detect and segment signature automatically during retrieval of document images
and it works with unconstrained layout and complex backgrounds.
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In 2009, Wang and Chen [26] used boundary extension of feature rectangle in their proposed
method for logo detection. This method works on assumption that logos have white background
and is independent of shape of logos. They used a decision tree classifier to detect a logo from
possible logo candidates. This reduced the false positive from the logo candidate pool. Zhu and
Doermann [25] proposed an automatic logo-based document image retrieval system. Logo
detection and segmentation is done by using a cascade of classifiers across multiple image scales.
For logo matching they employed translation, scale and rotation invariants of shape descriptors.
This approach is segmentation free and layout independent. Hassan et. al [27] presented
document image indexing and symbol recognition using shape descriptors. Hierarchical distance
based hashing technique is used in this approach for document image indexing. Li et. al [28]
proposed a system for document image retrieval with local feature sequences. The image retrieval
method used is fast and OCR-free. They used local features and intrinsic, unique, page-layout free
characteristics of document images. In 2010, Kokare and Shirdhonkar [30] presented
comprehensive survey on document image retrieval system that provides an insight of state of art
of research activities from 1992 to 2009. The paper also describes the methods, applications and
challenges involved in document image retrieval.

In 2011, Hassanzadeh and Pourghassem [32] employed spatial and structural features in their
proposed method for logo detection and recognition. It considers some specifications of logo such
as centroid coordinates and intersection of each logo’s separated part in detection process.
Separated parts of logos are combined using dilation operation. A new feature based on histogram
of object occurrence in a logo image is used for recognition purpose. Shirdhonkar and Kokare
[33] proposed a method for document image retrieval using signature as a query. Rotated
complex wavelet filters (RCWF) and dual tree complex wavelet transform (DT-CWT) are used to
extract features of signature. Canberra distance and relevance with query point movement (QPM)
is used during retrieval of documents to improve performance. Shirdhonkar and Kokare [34] also
presented a technique for handwritten document image retrieval system. The distance measures
Canberra distance and Euclidean distances are used for similarity measure in the proposed
system. Superiority of Canberra distance is observed over Euclidean distance in terms of average
retrieval rate.

In 2012, Keyvanpour and Tavoli [35] proposed feature weighted technique for improving
performance of document image retrieval system. Feature weighting is an approach that
approximates the optimal degree of influence of individual features of document images. This
method weights the feature using coefficient of multiple correlations.

In 2013, Pirlo et. al [38] presented a method for layout based document image retrieval using
dynamic time warping for commercially designed documents. Morphological operations are used
for extracting grid based structural components from the document image. Random transform is
used for description of the layouts and dynamic time warping is used for document indexing.
Shekhar and Jawahar [39] proposed document specific sparse coding for word retrieval. They
compared the visual similarity between two images using Bag of words (BoW). Performance of
the method is improved by defining a document specific sparse coding scheme for representing
visual words (interest points) in document images. This method is motivated by successful use of
sparsity in signal presentation by exploiting the neighborhood properties. Keyvanpour and Tavoli
[37] presented document image retrieval algorithms, analysis and future directions for the
researchers in the area of document image retrieval. This paper proposes a framework for
classifying document image retrieval approaches and then evaluates these approaches based on
important measures. A comparative study of methods for segmentation of handwritten digits is
proposed by Ribas et. al [40]. An adaptive water flow model for the binarization of degraded
document images is proposed by Vaizadeh and Kabir [41]. Multilayer perceptron is used to label
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every blob either as text or non-text in document images. This method preserves stroke
connectivity.

In 2014, Cote and Albu [42] proposed a method to classify document image into four
fundamental classes (text, image, graphics, and background). The method used support vector
machine for classification. Serrano et. al [43] proposed a technique to implement interactive
handwriting recognition, which reduces user effort in the transcription of handwritten text in (old)
documents. Sankar et. al [44] worked on large scale document image retrieval by automatic word
annotation. They proposed a framework, which replaces naive classification with a mixture of
indexing and classification schemes. Hoang et. al [45] presented a framework for edge noise
removal from bi-level graphical document images. Rusinol et. al [46] presented Multimodal page
classification in administrative document image streams for banking application. Proposed
architecture represents classification of administrative document images by merging visual and
textual descriptions. Hierarchical representation of the pixel intensity is used for visual
description and latent semantic analysis is employed for textual description. Several off-the-shelf
classifiers and many other strategies are evaluated for combining visual and textual cues. A final
step uses an n -gram model for finer-grained classification of pages.

4. CLASSIFICATION OF DIRS

Figure 3 shows the framework proposed in [36] for classification of non-textual document image
retrieval system (DIRS). The framework classifies document image retrieval system (DIRS) into
two main categories: Traditional indexing approach and new methods of indexing.

i.  Traditional indexing: This method of indexing includes keyword spotting and document
image indexing with Optical Character Recognition (OCR). These methods are used for
title based searching and text to speech conversion applications.

Document Image
Retrieval System

/\

Traditional New methods
methods
A 4 A 4
Keyword Optical Signature Layout Layout
spotting Character based based based
Recognition approach approach approach

Figure 3. Classification of DIRS

ii.  New method of indexing: This is the recent approach of indexing the documents and is
based on signature, layout and logos. The layout based retrieval could be again depending
on logical, physical or functional structures. Physical structures are colors, fonts, block
types etc. Functional structured layout addresses indexing based function of the layouts
such as address/ attachment in mails, abstract/introduction/ conclusion in scholar papers
etc.
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5. APPLICATIONS

The document image analysis and retrieval has lot of applications. Some of the important
applications are:

5.1 Applications of Document Image Analysis

The ultimate goal of document image analysis is to develop paperless office. Document image
analysis can be used in many applications. Some of the applications include:

e Reading books and documents for visually impaired by converting the text in document
image to speech.
Signature verification in banks, offices and in crime department for detecting forgery.

e Reading and recognizing number plates of vehicles using computers in vehicle registration,
tracking vehicles to detect over speed and breaking of traffic rules.

e Sorting of large document datasets such as legal, historical or security related documents.
Document image analysis can be used for designing better search engines on the Web.

e Name, Address, Location and Pin code extraction from the mails in couriers and postal
department.

® Document image analysis can also be used for compression imaged documents.

e Identification of scripts in different languages is also possible with the help of document
image analysis.

5.2 Applications of Document Image Retrieval

e Title based searching: This application helps the users to locate a specified word in
document images.

¢ Document similarity measurement: It allows the user to retrieve documents by specifying
entire document image as a query rather than a keyword.

¢ Document image retrieval using signature as queries: This application includes retrieving
documents from the database by specifying the document containing signature as a query.
Here the signature features from the query document are used for retrieval of documents.

¢ Logo based document retrieval: Such applications use a document containing logo as a
query to retrieve all documents from the database that contain a logo similar to that of query
document.

¢ Retrieving imaged documents in digital libraries: The document image retrieval helps
users to search particular keywords, titles, subtitles and images from a list of articles that are
stored in digital libraries.

6. CHALLENGES IN DIARS

To design and implement successful document image analysis and retrieval system following are

the challenges to be addressed.

¢ Computational speed: Document image analysis and retrieval requires a sequence of steps.
These steps may include document capturing, feature extraction, feature analysis, matching the
features, ranking of documents. However these steps are computationally expensive. Hence
there is need for optimization of these operations during retrieval to satisfy the need of the users
in practical applications.
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¢ Degradation of documents: The degradation of printed or scanned document images can be
due to several reasons. Some of the reasons are listed below.

v’ Excessive dusty noise.

v' Large ink-blobs joining disjoint characters or components.
v' Poor quality of paper and ink.

v' Text overlapping the signature.

Image enhancement or noise reduction techniques need to be developed especially for
improving quality of degraded document images before processing.

¢ Language dependency: The character shapes, orientation and methods used for representation
of documents vary from language to language. Thus it poses a challenge for the researchers to
develop and implement language independent document analysis and retrieval algorithms.

¢ Standardization of datasets: The availability of standard dataset for performance evaluation is
another issue for DIAR research community. Almost each paper deals with different datasets
and this may be due to the variety of problems addressed by different applications.
Development of common platform for testing the document image analysis/retrieval algorithms
and techniques is an important issue yet to be addressed.

7. EVALUATION STRATEGIES

This section describes the evaluation strategies used for document image analysis and retrieval.
Document image analysis such as analysis, recognition and extraction of characters, titles,
signature, logo, layout, address, labels etc. from complex documents most of the researchers
consider accuracy and time required for extraction as the performance metrics.

Three important strategies Precision, Recall and Retrieval time (Speed) are used [24] as
evaluation strategies for document image retrieval.

e Precision: Precision can be defined as the percentage of retrieved document images that are

relevant to the query. This parameter can be calculated using equation (1) shown below.
Precision=R,/N (1)

Where “N” is number of document images retrieved and “R,” is number of relevant matches

among retrievals.

e Recall: It is the ratio of relevant document images retrieved to the total number of relevant
documents available in database of document images. Equation (2) can be used to calculate
the recall.

Recall =R, /M (2)

In the above equation “R,” is number of relevant documents retrieved and “M” refers to the
total no. of relevant documents available in the database.

e Retrieval time (speed): It can be defined as time required for retrieving query image by the
algorithm for a finite set of database. It can be expressed in seconds or milliseconds. The
retrieval time could depend on nature and size of database used for testing retrieval
algorithms
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8. CONCLUSION

This paper presents the technical achievements in the field of document image analysis and
retrieval. It describes general frame work for document image analysis and retrieval system. This
paper also highlights the applications, issues, challenges and scope for research in the domain.
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