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Abstract

In this paper we describe the problem of reading unconstrained
handwritten zip-codes and outline the strategies and methods of solu-
tion. We have designed a system that reads unconstrained handwritten
zip-codes taken from real U.S. Mail envelopes. This multi-digit system
is an extension of a previous system that recognizes isolated hand-
written digits using a multi-layered neural network. The new system
has been implemented on a digital signal processing board and has
achieved state of the art recognition rates.

The system is a hybrid of image processing, segmentation, and
neural network classification. The part of the system carrying out
segmentation ( “segmenter”) is “recognition driven”. That is, the image
may be segmented in a variety of ways, but the segmentation that is
chosen is that giving the highest recognition score when the recognition
scores for the individual digits are combined.

The strength of the segmenter is that it uses simple methods for
easy cases and more complex techniques for harder ones. Connected
components analysis handles the case of non-touching digits. Touching
or disconnected digits are handled by estimating vertical cut-points and
scoring the resulting segments using the neural network classifier. The
best combination of cut-points is found by using dynamic program-
ming. This approach ensures that the number of calls to the classifier
is minimal, hence processing time is minimized.

We discuss the speed and accuracy achieved by the implemented
system.



1 Introduction

Reading is a difficult task. Humans still outperform machines in most vision
tasks, in both speed and quality. Our goal is to design machines that can
read handwriting at levels approaching or exceeding human performance.
We have developed algorithms able to read strings of handwritten digits
using neural networks. These algorithms have been incorporated into a
system that reads handwritten zip-codes appearing on real U.S mail.

The main body of this paper describes the zip-code reader we have de-
veloped. Although we have used knowledge specific to this application, the
techniques we have used are applicable to many other handwriting recogni-
tion applications.

In the following subsection we introduce the motivation for the work in
this area. Section 2 serves as an introduction to handwritten digit recog-
nition. We list general requirements and techniques relevant to single digit
and multi-digit recognizers. In Section 3 we describe the postal application
followed by a description of the system we have developed. Sections 5 and 6
report the system’s recognition performance and implementation details.
We finally summarize and discuss future work.

Why is handwritten character recognition important ?

In recent years there has been a constant increase in documents on paper.
The number of mail pieces sent and checks written, grows from year to year.
Contrary to the belief that advances in electronic technology would help
create a paperless society, they have helped increase the average amount of
paper documents people and businesses handle every day. Therefore, there
is a great need for machines able to read paper documents.

The field of automated text reading is known as “Optical Character
Recognition (OCR)”. In a typical system, an image of a document is acquired
by camera or scanner (“image capture”). The system subsequently locates
the section of the image relevant to the application (e.g. the dollar amount
on a check, the address block on a mail piece, columns in a book, etc.). It
then proceeds to recognize the characters in the field of interest. Pattern
recognition techniques are used in conjunction with contextual information
particular to the application (e.g., spell checkers and grammars for written
prose, check digits on bank account numbers, etc...).



For machine printed documents, OCR systems have achieved consider-
able success. Single-font and relatively clean originals can be read at very
high accuracy and speed. State of the art recognition rates of individual
characters is above 99%. Typical systems that read pages of “clean” text
make less than 4 mistakes per page by the use of spell checkers and other
correction methods (for example see [1]). A good introduction to this field
is reference [2].

The success in reading machine printed documents is due to their reg-
ularity. Since print is typeset in straight rows and columns, locating and
recognizing the characters is relatively easy. This is not the case for hand-
writing.

Conveying the complexity of reading handwriting is not difficult; every-
one has experienced not being able to read another person’s ( in some cases
their own) handwriting.

The current “interface” between handwritten information on paper and
electronic media is a human visual processing system (i.e. a data entry
person). The potential savings of automating this process in terms of manual
effort and speed is large.

The above motivation has generated a considerable amount of research
in handwriting recognition over the past 30 years. However, only recently
have the strength of the algorithms and the power and cost of the computers
combined to make available, systems that are commercially feasible. For an
collection of state-of-the-art research papers in handwriting recognition see
reference [3].

2 Handwritten digits: from isolated digit recog-
nition to multi-digit recognition

2.1 Introduction

This section introduces the problem of classifying images of handwritten
digits. We proceed from the simple case of recognizing a single digit to the
case of a multi-digit string. We give a general description of the problems
addressed and the components needed to solve these problems. In Section 4
we describe in detail specific components for a zip-code recognizer based on
a neural network digit recognizer.


























































































