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Abstract

Generally speaking, the performance of on-line handwriting recognition systems is better than that of off-line handwriting
recognition systems. Many researchers then started to extract/estimate on-line/temporal information from a static handwritten
image to improve the performance of off-line recognition systems. More specifically, various algorithms have been developed
to extract the stroke sequence, which is an important temporal information, from a static handwritten image in the last decade.
However, to the best of our knowledge, there are no methods to evaluate the performance of these algorithms. In view
of this limitation, this paper presents a directed connection measurement for evaluating the performance of these methods.
The measurement is designed in terms of direction and connection. The direction measurement is based on the consecutive
arrangements of the items, while the connection measurement is based on both the number of disconnections and the Feigin
and Cohen model (FCM) in ranking analysis. We replace the Kendall's distance, the key metric component in FCM, by a new
connection metric. We have also proved that the new direction and connection metrics satisfy all axioms for being a valid
metric. The two correlations are combined to form a directed connection correlation, which is applicable in comparing the
performance of different stroke sequence recovery algorithms.
© 2004 Published by Elsevier Ltd on behalf of Pattern Recognition Society.
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1. Introduction has greatly improved. However, due to the large variations
on writing images, the performance is still not fully satis-
Handwriting recognition has been an active and chal- fied. In on-line handwriting recognition, in addition to the
lenging research area since the 1980s and attracts a lot ofstatic handwritten image, we have on-line writing informa-
researchers working on this area. Basically, handwriting tion, such as stroke sequence, pressure, velocity and acceler-
recognition can be divided into two problem domains, ation. Thus, on-line handwriting recognition system usually
namely on-line and off-line. In off-line handwriting recogni-  performs better than that of an off-line one. A very good
tion, what we have is a static image. The typical applications review can be found in Ref1].
include bank check processing and postal address recogni- Govindaraju and Krishnamurthf?] suggested that al-

tion. Over the two decades of development, the performance though each person has his/her own personal handwriting
style, the basic pen-tip movements for two different persons
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Fig. 1. The stroke sequences of a sample handwritten script. (a) Original stroke sequence. (b) Stroke sequence recovered by Algorithm 1.
(c) Stroke sequence recovered by Algorithm 2.

recovery of the on-line information from a static handwritten and Privitera’s algorithnj10], are selected for the evalua-

image. Along this direction, more and more algorithms have tion. Doermann and Rosenfeld’s stroke sequence recovery

been developed for recovering temporal information from a algorithm[5] includes local glues and global glues. The lo-

single-stroke or multiple-stroke handwritten imag@s10]. cal glues include striations, end-point intensity variations,

However, to the best of our knowledge, there are no algo- feathering, hooking, tramlines, and relative width and inten-

rithms to evaluate “how good” these algorithms perform. Of sity. The global clues involve “hypotheses as to the ordering

course, there are no problems in evaluating the algorithm if of strokes (left-right); the general top to bottom flow, en-

the estimated stroke sequence is the same as the original.ergy conservation, and global consistency are applied to the

However, in practice, the estimated stroke sequence is only stroke graph segments and junctions attributed with partial

partially matched with the original. direction and ordering information”. On the other hand, Pla-
Take a simple handwritten script ffig. 1 as an exam- mondon and Privitera’s stroke sequence recovery algorithm

ple. Fig. 1(a) shows a handwritten script with the labeled [10] “initially starts at the top-left corner of the image and

sequence, which refers to the original stroke sequence andcontinues down, scanning the picture by means of a series

is used as reference. It can be seen that the image consistof 45° sloping trajectories”. The conclusions are drawn in

of four strokes (represented by 8 points). Suppose there are Section 5.

two recovery algorithms, namely, Algorithm 1 and Algo-

rithm 2. Their recovered sequences are showRign 1(b)

and (C)Z res_pectively. This paper ad_dresses the_pc_arformancez_ A brief review on ranking analysis

evaluation issue of these two algorithms by defining a new

metric. The new metric will truly reflect the similarity be- Ranking is a classical research topic and several well-

tween two stroke sequences, which is in line with human | (o 2 popular ranking models have been developed.
judgment. . Daniels[14] classified the various types of ranking com-
The proposed new measurement for evaluating the stroke parisons, and Feigin and Cohirl] reorganized them into

sequence estimation algorithm from a handwritten image is ee classes: (1) parametric, (11) paired comparison and ()
based on ranking analysis. More specifically, a new mea- sampling

surement is developed based on the classical Feigin and Co- |55 (Il) from Ref.[11] is defined as follows: “each
hen model (FCM]11]. In FCM, the core metric component  anking s the result of the relevant judge making all of
is the Kendall's distancfl2]. However, Kendall's distance 6, 1) /2 possible paired comparisons in a consistent
cannot be directly applied to our problem because it has not manner.” In this paper, we assume that a set of handwrit-
considered the direction and connection attributes, which ten strokes is extracted, and we want to evaluate the per-
are very important properties in handwritten scripts. Thus, to:mance of stroke sequence recovery algorithm against the
we propose and develop a directed connection measurement, oot sequence of the set of extracted strokes. Hence, this
which is discussed in detail in Section 3. The preliminary 456y focuses on this class, but the analysis is concentrated

version of this paper has been published in RE3]. _ in the direction and the connectivity between each pair of
The rest of this paper is organized as follows. Section 2 consecutive items.

briefly reviews ranking qnaIyS|s. Section 3 repor.ts our pro-  The study of metrics and ranking models used in this
posed directed connection measurement. Section 4 showSg|,qq is classical. The earliest papers in this area can be

how thg directed connection measurement is applied on dated back to Cayley's work in 18485]. Many textbooks
evaluating the performance of stroke sequence recovery al-[16_1g]provided detailed descriptions of various methods.

gorithms. Moreover, two well-known algorithms, namely  This section gives a brief review of the works with the no-
Doermann and Rosenfeld’s algorithf] and Plamondon tations used by CritchlojiL6].
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