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Robotic intelligence has recently received significant attention in the research community.
Application of such artificial intelligence can be used to perform automatic document
retrieval and interpretation by a robot through query. So, it is necessary to extract the
key information from the document based on the query to produce the desired feedback.
For this purpose, in this paper we propose a system for automatic date field extraction from
multi-lingual (English, Devnagari and Bangla scripts) handwritten documents. The date is a
key piece of information, which can be used in various robotic applications such as
date-wise document indexing/retrieval. In order to design the system, first the script of
the document is identified, and based on the identified script, word components of each
text line are classified into month and non-month classes using word-level feature extrac-
tion and classification. Next, non-month words are segmented into individual components
and labelled into one of text, digit, punctuation or contraction categories. Subsequently, the
date patterns are searched using the labelled components. Both numeric and semi-numeric
regular expressions have been used for date part extraction. Dynamic Time Warping (DTW)
and profile feature-based approaches are used for classification of month/non-month
words. Other date components such as numerals and punctuation marks are recognised
using a gradient-based feature and Support Vector Machine (SVM) classifier. The
experiments are performed on English, Devnagari and Bangla document datasets and the
encouraging results obtained from the system indicate the effectiveness of the proposed
system.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Robotic intelligence has been applied in many fields to perform tasks which were previously performed by humans. At
present various robot systems have been designed in many areas such as Engineering, Medical, and Industrial applications.
Although there is a big effort in the robotics community in these areas [35,1], still to date, robots have been made little use of
human readable text. To our knowledge, only a few pieces of work have undertaken towards realising a librarian robot to
search and retrieve a book requested by a user [16,29,31]. The operation of such a robot starts when the user requests a book
by its name or code, either through the Internet or by voice. The robot then locates the book in the library, extracts it and
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then takes it to the user. Some works have also been proposed towards a robotic system that is capable of detecting and
reading wild text, a rich source of semantic information indigenous to man-made environments [15].

Nowadays huge collections of documents are available and automatic indexing or retrieval of relevant documents from
these huge collections needs lot of human effort. For example, date-wise sorting of administrative documents of an organi-
sation may require a lot of manual effort and also it is time consuming. So it is necessary to think of robotic applications to
perform such tasks. Keeping this in mind, in this work we propose a date-based document indexing system for a robotic
application. To our knowledge, there is no quality work on the application of robotics to document analysis such as docu-
ment/form reading and document indexing by a robot.

In this paper we propose a system for automatic date field extraction from multi-lingual (English, Devnagari and
Bangla scripts) handwritten documents. Date is a useful piece of information and it could be used as a key in various
applications, for e.g., date-based document searching and indexing of document repositories such as administrative
documents, historical archives and postal mail. Also, automatic extraction of date information is a challenging task
due to different date patterns (Numeric and Semi-numeric dates consisting of different lengths), writing styles of
different individuals, touching characters and confusion of classification during identification of numerals, punctuation
and texts, etc. In multi-lingual and multi-script countries such as India, retrieval of multi-script documents using the
date pattern can be very effective. An Indian state generally uses three official languages. For example, the West Bengal
State of India uses Bangla, Devnagari and English as official languages. Hence, a single document may contain one or
more of these three scripts. Fig. 1 shows an Indian handwritten Bangla postal document containing an English (Roman)
date. English script is widely used in India with popular handwritten Indic scripts such as Bangla and Devnagari in a
single document. Often, date information is written using English numerals in these scripts. Moreover, Bangla documents
having Devnagari and English (Roman) script is also common. Because of multi-lingual behaviour, our date field
extraction method consists of three major tasks namely: script identification, month word detectors, and numerical field
and date pattern extraction. The proposed tri-lingual date extraction method can handle five cases such as Devnagari
documents with only Devnagari or English date fields, Bangla documents with only Bangla or English date fields and
English documents with English date fields. Two types of date field patterns (Numeric and Alpha-numeric) are
considered for all the above cases. Hence, the proposed date extraction process from such documents will be very useful
in searching and interpreting documents.

Because of the different writing formats of dates, script analysis is a necessary and important task in date field extraction
from multi-script documents. We have shown some examples of handwritten documents containing date information in
Fig. 2. It is important to note that, the date patterns appear in different formats in a document. Some of these formats of
a single English date are 12/03/2012 or 12th March, 2012 or March 12, 2012 or 12-03-2012 or 12.03.2012 or 12.03.12,
etc. Examples of Bangla dates are se/oa/ssso in dd/mm/yyyy format, yam ta=im 3833, 31 WA 3852, 831 291 3858, ¢2 AT 3830,
3> T TAHTE 3858, S WA S0, 31 Twid svvo in dd month yyyy format and sv-oa-y0 in dd-mm-yy format, etc. Some sample
formats of Devnagari dates are 2z/0¢/200% in dd/mm/yyyy format, 3 srs=att, 2022 in dd month yyyy format, etc.

1.1. Related works

Date field extraction from multi-lingual documents consists of three major tasks: script identification, month word iden-
tification, numerals and punctuation (e.g. slash ‘/’, hyphen ‘-’ and period *.’) identification. To the best of our knowledge, there
is no work on date field extraction from multi-script documents. However, to get the idea about the state-of-the-art work in
script identification, word spotting, numerical field extraction and date field recognition some classical methods as well as a
few recently published approaches are presented here.
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Fig. 1. Indian postcard containing a handwritten date field marked by a red rectangle. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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