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Abstract

Multilayer Neural Networks trained with the backpropagation algorithm constitute the best ex-
ample of a successful Gradient-Based Learning technique. Given an appropriate network architecture,
Gradient-Based Learning algorithms can be used to synthesize a complex decision surface that can
classify high-dimensional patterns such as handwritten characters, with minimal preprocessing. This
paper reviews various methods applied to handwritten character recognition and compares them on
a standard handwritten digit recognition task. Convolutional Neural Networks, that are specifically
designed to deal with the variability of 2D shapes, are shown to outperform all other techniques.

Real-life document recognition systems are composed of multiple modules including field extrac-
tion, segmentation, recognition, and language modeling. A new learning paradigm, called Graph
Transformer Networks (GTN), allows such multi-module systems to be trained globally using Gradient-
Based methods so as to minimize an overall performance measure.

Two systems for on-line handwriting recognition are described. Experiments demonstrate the
advantage of global training, and the flexibility of Graph Transformer Networks.

A Graph Transformer Network for reading bank check is also described. It uses Convolutional
Neural Network character recognizers combined with global training techniques to provides record
accuracy on business and personal checks. It is deployed commercially and reads million of checks
per month.

1 Introduction

Over the last several years, machine learning techniques, particularly when applied to neural networks,
have played an increasingly important role in the design of pattern recognition systems. In fact, it could
be argued that the availability of learning techniques has been a crucial factor in the recent success of
pattern recognition applications such as continuous speech recognition and handwriting recognition.

The main message of this paper is that better pattern recognition systems can be built by relying more
on automatic learning, and less on hand-designed heuristics. This is made possible by recent progress in
machine learning and computer technology. Using character recognition as a case study, we show that
hand-crafted feature extraction can be advantageously replaced by carefully designed learning machines
that operate directly on pixel images. Using document understanding as a case study, we show that the
traditional way of building recognition systems by manually integrating individually designed modules
can be replaced by a unified and well-principled design paradigm, called Graph Transformer Networks,
that allows training all the modules to optimize a global performance criterion.

Since the early days of pattern recognition it has been known that the variability and richness of
natural data, be it speech, glyphs, or other types of patterns, make it almost impossible to build an
accurate recognition system entirely by hand. Consequently, most pattern recognition systems are built
using a combination of automatic learning techniques and hand-crafted algorithms. The usual method
of recognizing individual patterns consists in dividing the system into two main modules shown in fig-
ure 1. The first module, called the feature extractor, transforms the input patterns so that they can
be represented by low-dimensional vectors or short strings of symbols that (a) can be easily matched or
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