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1. Introduction

Using handwriting as a means of input to a computer has several advantages, currently
not appreciated sufficiently. The use of pen (and paper) gives the user the opportunity of
providing the computer with textual and graphic information in a “natural” fashion and it
is expected that the keyboard will continue to be an obstacle for large-scale human-
computer interaction. Equivalent arguments have been used by Zue (1985) for speech
recognition, and speaker verification or recognition, but in spite of years of effort the
performance of the available (commercial) speech recognition systems is still inferior to
that of humans. Since the early 1960s efforts have been made towards computer
recognition of handwriting. The disappointing results made it necessary to restrict the set
of patterns to be recognized (e.g., to digits; Impedovo, Marangelli & Plantamura, 1976;
Shridhar & Badreldin, 1985), use of standard character type (Apsey, 1978), and
imposition of spatial restrictions (Spanjersberg, 1978; Suen, 1979).
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Chapter 21. Automatic Identification of Writers

Frans J. Maarse, Lambert R.B. Schomaker and Hans-Leo Teulings

1. Introduction

Using handwriting as a means of input to a computer has several advantages.
currently not appreciated sufficiently. The use of pen (and paper) gives the
user the opporiunity of providing the computer with textual and graphic infor-
mation in a "nalural” fashion and it is expected ihat the keyboard will con-
tinue to be an obstacle for large-scale human-computer interaction. Equivalent
arguments have been used by Zue (1985) for speech recognition, and speaker
verification or recognition, but in spite of years of effert the performance of
the available (commercial) speech recognition systems is still inferior to that
of humans. Since the early 1960s efforls have been made towards computer
recognition of handwriting. The disappointing results made it necessary to
resirict the set of patterns to be recognized, Methods used in atempts to
improve recognition results include limitation of the set of characlers 1o be
recognized (e.g., to digits; Impedovo, Marangelli, & Plantamura, 1976;
Shridhar, & Badreldin, 1983). use of standard character types (Apsey, 1978),
and imposition of spalial restrictions (Spanjersberg, 1978: Suen, 1979).

These methods may provide some results from the purely technical point of
view, bul the restrictions (e.g. writing within boxes or lines) proved to be
unsatisfactory to users. Therefore, studies are being undertaken to develop
methods that give the computer user the opportunity to use his personal cur-
sive handwriling as a means of input without being disturbed by many restric-
tions on orientation, shape or vocabulary (Thomassen, Teulings, &
Schomaker, 1987). Under these conditions, reduction of lhe recognition prob-
lem can only be achieved if the recognition system itself can reduce the set of
patierns o be recognized. For inslance, by estimation of an individual's
handwriting parameter values the system can tune the recognition to a specific
writer. Once the personal handwriting characteristics are known, they can be
slored to enable the system to detecl the identily of the user on later occa
sions. For each new user a description of his personal handwriting charac-
teristics has to be added to the system, or the handwriling has to be classified
as belonging to some general type of handwriting. Figure 1 shows the global
flow chart of a handwriting recognition system with a writer-identification
stage. In fact. the process of recognition is extended with an extra, less com-
plicated recognition phase, the identification of the current writer, which fagil-
ilates the more complex phase of handwriling recognition itself,
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Figure 1. Flow diagram of a pallern recognition system for handwriting
exlended with a system for identificalion of the individual (left).

The left part of the figure shows the possible steps in identification of the indi-
vidual. On the basis of the result of the identification, parameters are selected
that apply to the given (type of) handwriting. Important individual charac-
teristics of handwriting are cursive vs block print, handwriting slant. indivi-
dual choice of letter and symbol shapes and their variants, relative size of
handwriting constituents, time-dependent changes in siroke size within words,
and pen speed. Figure 2 shows two examples of ambiguity in handwriting
that could be solved if writer-dependent knowledge were available in the
recognition system. In the first example, the first three letiers are the same in
both patterns, but the interpretation is determined by the fourth lener. If the
recognition system knew that the user writes smaller at the end of a word than
at the beginning it would recognize the word correctly. In the second example
it is clear that in "normal” handwriting the word clip has to be read. If the
fecognition system uses the knowledge that the sample is produced by a writer
who uses a large X progression, the pattern will be correctly recognized as
dip. These examples indicate in what ways identification of individuals may
be useful in handwriting recognition. Here we will concentrate on this identif-
ication stage. Central issues are the choice of handwriting material and
methods of determining the values of relevant parameters.
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Figure 2. Some handwriting samples that are especially prone 1o cause errors
in automatic handwriting recognition.
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Figure 3. A handwriting sample with x and v velocities and pen pressure vs
time, which are used in the delermination of the personal handwriting charac-
leristics.
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the lilerature on ithis subject, essentially three methods have been
described. In the first methad, a recording of a handwritten signature is used.
Crane and Ostrem (1983) achieved 95%-99% correct classification in a group
of 58 individuals, using 14 spatial and temporal parameters of the handwriting
trace. Parameters used were stroke size, total writing time, etc. However, this
method only works for users known to the system, and a disavantage is thai
the writer has first to identify himself. However, we are searching for a pro-
cedure whereby the system itself can recognize the user.

A second method. described by Azari (1977, 1983) and Duvernoy. (1976), is
based on pages of handwritten text. The parameters used here concern the
layout. word length, and vertical spacing on a page. Recording is done by
spatially digilizing a page of text within a field of about 1000 x 1000 pixels.
This density is unfortunately not enough to obtain relevant information aboul
the shapes and sizes of individual letters. Temporal information cannot be
evalualed either. On the other hand, parameters that can be delermined easily
from spatially digitized pages are "ink” density and handwriting slant.

The third method uses findings from psychomotor research concerning move-
ment grammars and trajectary formation (Thomassen et al., 1988; Dooijes,
1983). Typical findings are that some writers tend to reduce the size towards
the end of a word. that there are specific relations between height, width, and
slant (Maarse & Thomassen, 1983), and that handwriling is executed at a
specific pace (Teulings & Maarse, 1984; Maarse, Schomaker & Thomassen,
1986). Figure 3 shows a typical sample of handwriting, recorded with a
digitizer, together with the correspanding velocity and pen pressure time func-
tions. As can be seen, spatial as well as temporal characteristics can be
derived from such a recording. Findings from psychomotor research have
indicated in what way the signals can be segmented. The psychomotor
approach can be compared with the technical approach used in speaker iden-
tification and recognition (Doddington, 1985), where "low-level” dynamic
acoustic fealures are used. These features include characteristics of the speech
signals such as pitch frequency, spectral amplitudes, bandwidth, and charac-
teristic voicing apericdicities.

2. Experimeni

In an experiment described in Maarse, Schomaker & Teulings (1986), we
searched for specific parameters that could be used to identify subjects. We
defined 13 parameters. From earlier handwriting studies, the most of these

parameters were known to be relevant with respect to this type of psychomotor
behavior:
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H_. Relative writing duraticn: this is fotal pen-down duration divided by total
writing duration

¥ Mean absolute pen velocity in pen<down segments

P Mean axial pen pressure

$ Handwriting slant. determined from the mean direction of long, downgo-
ing strokes (Maarse & Thomassen, 1983)

Rnd A roundness measure: this is the mean length of the long up- and down-
strokes divided by the mean length of the short strokes going from left to
right and from left to right

Z z transform of the Pearson coefficient of correlation between velocities in
xand ydirections

Hy Length of the descender loops, as in f, g ¥

H_ Corpus height: this is the vertical size of letters such as m, 1, a
H_ Length of the ascenders, as in b. A, k, !

W, Width of letters, derived from the herizonial stroke size

d# Increase of pressure during words

dH Decrease of vertical stroke size during words

Twenty subjects produced eight lines of text each (a total of 160 lines). One-
half of this material was used to calculate discriminant Functions by means of
the SPSS DISCRIMINANT program. The remaining 80 lines were entered in
a lest in which an attempt was made to idenlify the writer of a line on the
basis of the discriminant functions obtained. Of the 80 lines, 77 were attri-
buted to the correcl writer. When the number of paramelers was reduced 1o
five, this figure increased to 79 oul of 80, These five parameters were P, ¢.
v, W_, and T.. The reason for this increase is that estimation of some of the

x r p e .
parameter values from a single line is unreliable.

3. Discussion

The automatic recognition of handwriting is still In its infancy. The method of
writer identificalion and classification described in this paper may be a valu-
able tool in future recognition sysiems. On the basis of a limited amount of
handwriting, the writer could be identified by the system, which could in turn
select from a database the set of statistically reliable global parameter values
for that person o tune the recognition syslem. If identification succeeded, a
set of writer-specific letler descriptions could also be selected. The determina-
tion of the identity of the writer could be based on a minimum cerlainty of
95%. The results described here indicate that this probability can be reached
fairly easily, although replication of the study is necessary.




%uqmum 1. Maarse et al.

It can be argued that successful automatic recognition of handwriling depends
10 a large extent on knowledge concerning the production mechanisms. Avai-
lability of the temporal information helps to disambiguale many segmenis of
handwriting that are virtually impossible to recognize on the basis of spatial
information only. In future handwriting recognition systems, however, it
should be possible to infer some temporal characleristics from the spatial
handwriting trace. Until then, more success is to be expected from handwrit-
ing recognition systems that make use of temporal or at least sequential infor-
mation to be interpreted in terms of production mechanisms, and spatial infor-
mation,

What is needed here is knowledge of handwriting production mechanisms
(handwriting being a type of human motor behavior) and of handwriting
grammar. Individual handwriting is chararacterized by idiosyncratic letter
shapes, motor dynamics and degree of variability. Similarly, in speech recog-
nition, knowledge of speech mechanisms is being used 1o improve speech
recognition and speaker identification (see Leung, 1985).

Ancther potential application of the procedure is person identification by cur-
sive script rather than by signature. The person could be asked to write some
words or sentences randomly selected by the system, thus making forgery
even maore difficult than in identification systems based on signature. In this
application, however. much higher reliability figures than 95% would be
necessary. Improvement of the reliability of the identification procedure
requires a search of parameters that are independent of rotation, size, and
content. 1n speech recognition the “fixed-text” approach has been more
successful then the "free-text” approach (Doddinglon. 1985). Which is more
useful for handwriting recognition is a question that should be the subject of
further studies.

[t should be noted that several methods and techniques used in speech recog-
nition are also s ng recognition. [n some respects, how-
ever, handwriting recognition is less complicated. For example, the lower
slorage requirements make the use of lime-costly dala compression techniques
virtually unnecessary. [n other respects, solving the problems of the handwrit-
ing recognition requires the development of specific methods from both
signal-processing theory and artificial intelligence.

Successful use of handwriting recognition depends largely upon the ergonom-
ics of the devices used for recording the handwriting. Before the digitizer can
become a standard peripheral for computers, the shortcomings of the existing
pens for them must be deall with. Many of the commercially available pens
are too large and thick, and often the pen tip cannot be seen by the user at
all. Mareover, the cord connecling the tablet and pen is a nuisance, although
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this could be overcome by building a transmitter into the pen. A final prob-
lem 1o be solved is the spatial dissociation between the action on the tablet and
the result on the CRT screen. The solution to this problem would be an
integrated liquid-crystal flat panel with digitizer. Such a system would com-
bine all the advantages of the writing pen and the mouse, and avoid the disad-
vantages of the mouse and the light pen (Thomassen et al., 1988).
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