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Abstract

A recognize-then-segment recognizer of run-on (relatively unconstrained)
handprinting uses a unified tablet-display to provide a paper-like computer
interface. Whereas most handwriting recognition systems recognize characters,
this one recognizes strokes then finds the best segmentation of strokes into char-
acters. It classifies strokes, generates character hypotheses, and verifies hypoth-
eses to estimate the optimal character sequence for each word. The system is
implemented on an IBM workstation, accepts run-on characters written on a
tablet, and performs recognition in real time. The system is evaluated from se-
veral aspects. A detailed analysis of recognition errors is given.

1. INTRODUCTION

The idea of using handwriting to interface with computers has attracted many
people for many years. With recent advancements in device and packaging
technology, a low-priced tablet-LCD, roughly the size and the weight of a book,
has become a reality. On-line handwriting recognition is one of the key software
technologies required to realize a very intelligent “paper-and-pencil-like” com-
puter interface. An electronic tablet accurately captures x-y coordinate data of
pen-tip movements, “electronic ink” gives the trace of the pen-tip on the screen
surface of a unified LCD display, and recognition algorithms instantly convert
the captured x-y coordinates into coded characters or symbols.

The “Paper-Like-Interface” project at the IBM Thomas J. Watson Research
Center has aimed to realize such a sophisticated and natural application-generic
interface. The current prototype, working on unified LCD-tablet devices and
IBM workstations, supports the use of this interface for such applications as
spread-sheet, host-terminal emulation, and music note editing [9], on AIX, OS/2,
and Penpoint [1].
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One of the essential features of a recognition system to be used in such an en-
vironment is that the system accurately recognizes relatively unconstrained
handwriting. Figure 1 illustrates the range of types of handwriting for English.
A combination of a “stroke segmentation process”, grouping of strokes into
character units, and a “shape identification process”, shape identification of a
character unit among candidate alphabets, are the two essential steps to perform
recognition task for such writing. In Figure 1, handwriting types are listed in
order of increasing difficulty of stroke segmentation required.

In the case of discrete letters written in boxes, the segmentation is trivial. This
is because strokes are already segmented by writers when each letter is written in
a box. In the case of spaced discrete writing, however, a machine procedure is
required. Projection of X-Y coordinates of strokes onto the X-axis is one of the
most often used techniques for grouping strokes into units corresponding to
characters [5]. These units will then be sent to a character-shape identification
process. Since the segmentation of strokes into character units is done prior to
and independently of the character shape identification process, we call this a
“segmentation-then-recognition strategy”.

In the third type of writing, characters are run together, that is, strokes can
touch or overlap one another. Since characters in run-on handwriting can not
be easily or accurately separated one from another, the two processes of segmen-
tation and shape identification of character units cannot be separated but should
be heavily interrelated. In earlier methods of solving this problem of run-on
characters [6, 7, 10], the process of checking many stroke combinations takes
time and can be a bottleneck in real-time applications.

The approach presented here [3, 4] separates the recognition process into
stroke recognition, stroke grouping (character recognition), and character shape
validation. The improvement is achieved by swapping the order of stroke bun-
dling (character segmentation) and shape recognition of strokes of the earlier ap-
proach. Stroke shape recognition is computation-intensive and proceeds as the
strokes are entered. Compared to the earlier methods, early stroke classification
provides information sufficient to greatly reduce the number of candidates re-
quired to be validated.

This paper briefly summarizes the search strategy of this stroke-based recog-

nition system and then discusses the analysis of recognition errors and human
writing errors in run-on handwriting.

2. SEGMENTATION AND RECOGNITION STRATEGY
2.1 Search Space and Hypothesis Generation

The segmentation of run-on writing is a difficult task. To handle this, the sys-
tem adopted a Generation and Test paradigm which is known to be a very pow-
erful problem solving technique in Artificial Intelligence. Arrival of a stroke from
some external source triggers the generator to generate the most-likely hypothet-
ical solutions. We will simply call this a hypothesis. The tester receives each hy-













































