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a b s t r a c t

Historical manuscript dating has always been an important challenge for historians but since countless
manuscripts have become digitally available recently, the pattern recognition community has started
addressing the dating problem as well. In this paper, we present a family of local contour fragments (kCF)
and stroke fragments (kSF) features and study their application to historical document dating. kCF are
formed by a number of k primary contour fragments segmented from the connected component con-
tours of handwritten texts and kSF are formed by a segment of length k of a stroke fragment graph. The
kCF and kSF are described by scale and rotation invariant descriptors and encoded into trained codebooks
inspired by classical bag of words model. We evaluate our methods on the Medieval Paleographical Scale
(MPS) data set and perform dating by writer identification and classification. As far as dating by writer
identification is concerned, we arrive at the conclusion that features which perform well for writer
identification are not necessarily suitable for historical document dating. Experimental results of dating
by classification demonstrate that a combination of kCF and kSF achieves optimal results, with a mean
absolute error of 14.9 years when excluding writer duplicates in training and 7.9 years when including
writer duplicates in training.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Handwritten historical documents are the most important
sources of information about the past, especially where the more
distant past is concerned, before the wide spread dissemination of
printing and semi-mechanical text production. Increasing num-
bers of such documents are currently being digitized and stored in
the computer, as in the Monk system [1], which contains more
than 100K scanned page images. Thanks to this development,
pattern recognition techniques can now be applied to solve his-
torical document problems, which has already been attempted at
length in the case of writer identification [2–5], word spotting
[6,7] and character recognition [8,9]. These methods aim to pro-
vide efficient tools for scholars in the humanities to discover
informative patterns in large digital collections. The Monk system
[1], providing a web-based search engine for characters and words
annotation, recognition and retrieval, can serve as an example.

Historical manuscripts loose much of their usability as sources
if they cannot be dated with some accuracy. However, the fact is
that most of them, especially those from the Middle Ages, do not
carry any explicit date information. Often the only way to date
these manuscripts is by inferring the year or period of origin from
the characteristics of the handwriting they contain. Traditionally,
this type of historical document dating has been the prerogative of
paleographical specialists, basing themselves on years of experi-
ence and the non-verbal intuition acquired from it, rather than on
objective criteria. Manual script dating is not efficient, as paleo-
graphical expertise is comparatively rare and, moreover, it is no
exception for experts to arrive at conflicting conclusions when
dating the same manuscript. Therefore, automatic script dating
offers great promise for countless scholars working with undated
handwritten historical sources.

The main motivation of using the computer to date historical
manuscripts is to exploit patterns of handwritten texts that cor-
relate with temporal information. This problem is similar to the
“visual dating” problem in computer vision, such as historical color
image dating [10], estimating the date of historical cars [11] and
human age estimation based on face images [12,13]. The aim of
visual dating is to mine the visual patterns that are specific for a
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certain period in time [10] and to track and trace visual styles that
change gradually over time [11].

We have proposed a number of features [2,14–16] to capture
handwriting styles. However, there is one aspect of the visual
appearance of handwritten samples that has not been addressed
yet. In Fig. 1, a sample is shown. As we can see, the visual
appearance is dominated by long curved stroke elements crossing
other ink stroke traces in an irregular manner. Such a complicated
thread structure was not covered by the junction feature [16,17]
nor by other methods [2,14,15]. In addition, the existing methods
concern low-level features, which cannot capture the properties of
mid-level graphemes or stroke information. The research ques-
tions then are as follows: (1) How to define a feature that
addresses the aspect of style at intermediate scale? (2) Which type
of properties of handwritten strokes in historical documents
contain the temporal information that can be used for dating?
(3) What degree of feature complexity is required to obtain the
optimal year estimation performance?

In this paper, we propose a family of local contour and stroke
features and their application to historical document image dating.
These features are small fragments of contours and strokes, called
k contour fragments (kCF) and k stroke fragments (kSF), respec-
tively. The fragments in kCF are the contour fragments resulting
from a combination of a number of k consecutive primary frag-
ments generated by the discrete contour evolution (DCE) [18] and
the fragments in kSF form a segment of length k of a stroke frag-
ment graph (SFG). The larger the number k of contour and stroke
fragments in kCF and kSF, the more complex the contour and
stroke fragment structures it can capture. We use the relative
coordinates of the fragment points of kCF as the feature vector and
use the polar stroke descriptor (PSD) proposed in [17] to describe
the kSF.

The proposed kCF and kSF can be considered as grapheme-
based representations and have several attractive properties: (1)
kCF and kSF cover short contour and stroke fragments of the
connected components in handwritten documents, which are
probably shared between different characters and allographes. The
statistical distribution of these small fragments can capture the
handwriting style of historical documents. (2) For a certain range
of k, both kCF and kSF can discover the meaningful and inter-
mediate complexity patterns in a large connected component
which may span several lines due to touching ascenders and
descenders in cursive handwriting. (3) The descriptors of the kCF
and kSF are insensitive to the scale and rotation of document
images, which are very important properties in historical docu-
ment analysis because historical documents are often digitized
with different resolutions and font sizes in different documents
are also different, making them sensitive to scale and rotation.

Inspired by the bag-of-words model [19], we construct code-
books of kCF and kSF with different complexity degrees k, each of
which capture statistical information with different degrees of

complexity of local fragments. All the kCF and kSF detected from
handwritten images are mapped into the trained corresponding
codebooks to form statistical histograms, the normalizations of
which are the final representations of handwritten documents. We
demonstrate the flexibility and power of kCF and kSF by applying
them to historical document dating using the MPS data set [20].

We organize the rest of the paper as follows. Section 2 provides
a review of related work on features used in writer identification
and historical document dating. We introduce our MPS data set in
Section 3. The details of the proposed kCF and kSF are outlined in
Section 4 and Section 5, respectively. We evaluate the kCF and kSF
on the MPS data set in Section 6. Finally, we conclude this paper in
Section 7.

2. Related work

Various features have been proposed for handwritten docu-
ment analysis in the previous studies. In this section, we first
provide a brief review of the features used for writer identification.
Previous studies on historical document dating are summarized in
the second part.

2.1. Features used in writer identification

Features used in writer identification can be typically divided
into two groups: textural-based and grapheme-based features.
Textural-based features extract the texture, curvature or slant
information from the entire document image, while grapheme-
based features are the normalized histograms of individual gra-
phemes based on trained codebooks, following the bag-of-words
framework.

2.1.1. Textural-based features
Several types of textural-based features have been proposed in

the literature, which can be roughly categorized into contour-
based texture methods and filter-based texture methods.

The Hinge kernel on edges of the text can reflect the writing
style [21] and the corresponding Hinge feature which is a dis-
tribution of the Hinge kernel on the entire document image has
been used for writer identification in [14,15]. The Hinge feature
has been extended to ΔnHinge [22] to achieve the rotation-
invariant property. In order to capture the width of ink traces,
the Quill feature has been proposed in [2], which is a probability
distribution of the relation between the ink direction and the
ink width.

Spatial filtering techniques have been used to extract texture
features from a handwritten text block. In [23], the Gabor filters
and gray-scale co-occurrence matrices have been applied to writer
identification. XGabor filters [24] which are obtained by mod-
ulating a centered sinusoid with a Gaussian have been used in
Persian language writer identification. The oriented Basic Image
Features (oBIFs) at two scales have been proposed in [25], using a
bank of six Derivative-of-Gaussian filters.

2.1.2. Grapheme-based features
The COnnected-COmponent COntours (CO3) has been proposed

in [14] and applied to isolated uppercase handwritten documents
with clear character segmentation. This was extended to lower-
case handwriting in [15] by splitting cursive handwriting at the
minima in the lower contour that are proximal to the upper con-
tour, called Fraglets. Redundant small patterns of handwritten text
were proposed in [26]. Recently, synthetic graphemes based on
the beta-elliptic model were used for Arabic writer identification
[27]. Singular structural regions in handwriting texts, such as
junction regions, were extracted and a junction feature was

Fig. 1. An example of a charter in the MPS data set.
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