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Abstract

This paper presents a method for automatic extrac-
tion of certain pre-specified objects from binary im-
ages. The method is applied to letters from historic Hebrew
manuscripts and is based on object based erosion trans-
form. The extraction method deals very well with com-
mon problems of historical documents, such as broken or
merged characters, and can be applied to different writ-
ing styles. An average correct extraction rate of 96% is
achieved.

1. Introduction

Paleography is the study of ancient handwritten
manuscripts. Among other things, it deals with dat-
ing and localizing ancient and medieval scripts, and
with studying the development of letter shapes. In or-
der to perform these tasks automatically, one should be
able to automatically extract pre-specified letters. The He-
brew alphabet consists of 22 letters, five of them have
special forms when appearing at the end of a word. Al-
though each character possesses a distinct shape, some
characters have similar shapes to other characters. Some ex-
amples are given in Figure.1. The Hebrew STAM handwrit-
ing used in our research, is influenced both by time and
place — different geographical regions over different pe-
riods of historical time use different scripts of the same
alphabet.

There are several papers dealing with retrieval of com-
plicated characters or extraction of pre-defined symbols. A
system for retrieval of chinese calligraphic characters is re-
ported in [1], where characters are represented by an ap-
proximated point context. In Saykol et. al [2], features based
on angular and distance span of shapes are used for sym-
bol extraction. The symbols are maintained in a codebook
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Figure 1. (a) Letters with unique shapes —
Tzadik, Aleph, Shin and Lamed. Letters with
high resemblance: (b) The letters Vav and
Zain. (c) The letters Kaf and Beit.

for the purpose of content-based image retrieval of Ottoman
documents. A segmentation-free approach for recognition
of arabic text is presented in [3]. Text primitives are ex-
tracted using mathematical morphology in order to recog-
nize words. They report promising results for symbol ex-
traction and word recognition.

Historical documents often suffer from degrada-
tions which cause deformed, broken or merged char-
acters. A good extraction method should be able to
handle this artifact. We present a segmentation-free ap-
proach for extraction of pre-specified letters from his-
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torical Hebrew manuscripts. Our work is related to the
work presented in [3]: Instead of extracting text primi-
tives for recognition of words, we use mathematical mor-
phology to extract the pre-defined letters. We apply our
method on Hebrew calligraphic manuscripts and demon-
strate it on the Hebrew letter Aleph. Results show that our
method performs very well in extraction of selected let-
ters, deals very good with broken or merged characters and
that our method can be applied to a large variations of writ-
ing styles.

NV
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Figure 2. (a) Some of the Hebrew letters are
composed of more than one connected com-
ponent (CC), for example the letters Kuf and
Hei (b,c) Although most of the Hebrew letters
are composed by one CC, their strokes are
often disjoint and apear as sevral CC'’s.

The extraction method is based on the well known ero-
sion transform. For another use of the erosion transform,
see Haralick et.al [4]. The extraction process is composed
of several stages: structuring element generation, charac-
ter extraction, character validation and structuring element
adaptation. Our paper is organized as follows: Section 2 de-
scribes the object based erosion transform. Section 3 de-
scribes the structuring element generation, and Section 4
describes the extraction process. Experimental results are
presented in Section 5, and Section 6 summarizes and dis-
cusses future work.

2. Object Based Erosion Transform

Let I be a set of the foreground pixels in a binary im-
age. Each object in I is represented by one or more con-
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nected components. See, for example Figure 2, in which
sets of connected components represent some Hebrew Cal-
ligraphic characters. Denote by Q = {w1, ..,wy } the set of
object classes, each class representing a letter. For each ob-
ject class w;,7 = {1, .., N}, we generate a structuring ele-
ment S;, such that the number of translations in which S;
is contained in an object class w; is maximal, and the num-
ber of translations in which S; is contained in an object
class w; when j # 4 is minimal. The erosion opera-
tor ©, causes objects to shrink. The amount and the way
that they shrink depends upon the choice of the structur-
ing element. We show that when a suitable structuring
element is used, the connected components of substan-
tial area in the binary image D,, = I © S,,, are associated
with objects belonging to class w,. Consider the follow-
ing definition of the erosion operation:

Dn =Io Sn = { (rv C)‘ (Sn)(r,c) - I}

For each foreground pixel (r,¢) in D,, the structur-
ing element S,, translated by (r,c) is contained in I.
Denote the set of all foreground connected compo-
nents of I by C = {C1,Cq,...,Cy}, and the set of
all foreground connected components in image D,, by
CD" ={CD},CD¥ D7} (see Figure 5(b)).

Claim 1: If the structuring element S,, is connected, then
for each connected component C' D} in the eroded im-
age D, there exists a connected component C, such that
CD} =C, O Sp.

Proof: For each pair of connected (neighboring) pix-
els (p,q) € Sy, and (1, s) € Sy, the set (Sn)(p,q) @] (Sn)(ns)
is also connected.

Claim 2: If S, is a union of K connected compo-
nents, S, = UszlSmk, then for each connected compo-
nent C D7, there are at most K connected components in
C, such that

CDr ={Uls,cr}e S, =Cre S, 1<K <K,
where C7}'; is the 4" component among the set of connected
components representing the it" object of class w,,.
Proof: S,, = Uszlsnyk, where S,  is a connected com-
ponent. According to Claim 1, there is one connected com-
ponent, say C}';, such that CD}') = CF') © Sy, j. This is
true for k={1, 2,...K}. CDI = (}_ 1C”k is the connected
component containing all translations for which (S, ) (,.c) €
C7. Since some of the K components C7'; can be inter-
connected, C* contains at most & connected components.
Figure 3 illustrates a letter “Aleph” represented by two con-
nected components (in gray color). Superimposed on the
letter (in white) is the structuring element dilated by the re-
spective C'D}' component.

The erosion transform for class w,, is defined as
EP =#{CD}}.Itis the number of all possible translations
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(a) (b)

Figure 3. (a) The letter Aleph with the super-
imposed dilated structuring element. (b) The
structuring element.

of S, such that it is included in C7*. A high value of E}
indicated that the component C]* may represent an element
belonging to w,.

3. Structuring element generation

The structuring element S,, for class w, is gener-
ated in the following manner. Let C7 , i = {1,....,T,}
be T,, sets of connected components, representing a train-
ing set of 7}, elements of class w,. We calculate the max-
imum intersection (under translation) of these sets, and
denote it by CS,,. C'S,, = max(ﬁiT;‘lCi"). The set of pix-
els belonging to C'S,, is contained in each one of the
training set elements. The structuring element S, is a
pseudo medial axis of C'S,,. Figure 4 illustrates the pro-
cess of generating a structuring element for the letter Aleph.

Figure 4. (a) A set of eight Alephs. (b)Their in-
tersection. (c) The structuring element.
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4. The Letter Extraction process

The extraction process is composed of several stages. In
the first stage, we use the erosion transform to extract the
candidate letters. As can be seen in Figure 6, there are some
cases where the structuring element S, is contained in a
combination of several characters. Therefore, in the second
stage a validation procedure is invoked in order to decide
for each extracted character, whether it belongs to class wy,
or not. In order to make the extraction process robust and in-
sensitive to different writing styles, an adaptation process of
the structuring element .S,, is applied in the last stage.

4.1. Letter extraction

The extraction process of objects belonging to class
wn, 1s as follows. Given a gray scale image, we first bi-
narize it using the algorithm presented in [5]. This results
in a binary image I. Following the binarization, we nor-
malize I’s height such that lines height in I will be equal
on all documents. This is done inorder to make the struc-
turing elements S,, n = {1,..,N} insensitive to different
object sizes. Then, we apply the erosion transform on I, us-
ing the structure element S,, of the training set. The
eroded image D,, contains a set of connected com-
ponents, C D!, each representing a match between S,
and the corresponding component in I, C}' (see Fig-
ure 5b).

4.2. Validation process

For each C",i = {1,..,N,}, where N, is the num-
ber of letters extracted with S,, we compute a mea-
sure V;" for validation as follows.

Vn — #maz(C'NCS,}

i #C5, ’
where C'S,, is the maximum intersection (under translation)
between the training objects of class w, (0< V;» < 1).
Cl' ¢ w, if V/* > THS. We used in our experiments
THS =0.9.

4.3. Adaptation of the structuring element

When dealing with writing styles different from the style
of the training set, the extraction process often yields poor
results. In order to adapt to the new style, we generate a
new structuring element based on the extracted letters. Af-
ter extraction and validation of C}* (according to sections
4.1,4.2), we use the extracted characters as a training set
for generating a new structuring element S,, as described in
Section 3.
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We summarize the overall letter extraction algorithm as

follows: . ,
1. Structuring element generation. LT TR TR AOR
) BASTV DM A TR
o LetC'i={l,2,.,T,} be the characters of the train- TS TR AR TR
ing set of a certain letter w,. A ETITV,URR A N

banaa iy o nrnalivio i Bl g
:
T TR TT TR TN
] 1 o
SRR PR T 2N

e Compute the maximum intersection (under transla-
tion):

T "o
CSn = max(N;2,CY) WA AN TV T
=TT RN T ks
NS TEEUN NETA TR
TERIDE TRTR U EOR

e Compute the pseudo medial axis of C'S,,
Sy = Medial(CS,,)

e S, is the structuring element for the letter w,.
2. Character Extraction.
e Compute D, ={I6S5,}

e Compute E} =# {CD} }, for i=1 to the number of
connected components in D,,.

e (7 are the corresponding extracted characters from 1.

3. Validation measure.

#max(C]'NCS,}
#CSn :

4. Structuring element adaptation.
o Define the new trainingset 7. C* € T,if EI* > THS.
e Repeat steps 1-3 to extract the new C}'.
o O cwyif V" >THS and E* > E™ forallm # n.

e Compute V" =

© (d

5. Experimental results

Figure 5. (a) The input image / (b)] eroded by
the structuring element of Aleph. (c) The im-
age in b dilated by the structuring element su-
perimposed on the input image. (d) The ex-
tracted Alephs.

At this stage all the experiments were performed on
the letter Aleph. Four experiments demonstrate the perfor-
mance of the character extraction algorithm. The first three
experiments were issued on letters of similar style with-
out the validation and adaptation. The fourth experiment
was on letters of different style and included both the vali-
dation and adaptation methods.

Experiment 1: Nine documents were processed in this ex-
periment. A structuring element was generated for each of
the documents using four Alephs manually selected from
each document. The first experiment is summarized in Ta-

Figure 6. An example of false detection

ble. 1.

Experiment 2: Eight documents were processed. A struc-

turing element was generated using eight manually selected fourth experiment. This experiment evaluates the adapta-
Alephs, one from each document. The results are summa- tion of the structuring element to different style. The struc-
rized in Table. 2. turing element generated for Experiment 2 was applied
Experiment 3: Eight documents were processed. The to these documents. The results of Experiment 4 are pre-
structuring element generated for Experiment 2 was ap- sented in Table. 4.

plied to these documents, which are not the ones used in the
previous experiment. The results of Experiment 3 are pre-
sented in Table. 3.

Experiment 4: Six documents were processed in the
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Number of Documents 9
Number of Characters 6775
Total Number of Alephs 541
correct classification as Alephs 524
% Correct classification As Alephs | 96.9%
False classification as Alephs 7

Table 1. Experimental results, Experiment 1.

Number of Documents 8
Number of Characters 5950
Total Number of Alephs 475
correct classification as Alephs 461
% Correct classification As Alephs | 97.0%
False classification as Alephs 7

Table 2. Experimental results, Experiment 2.

Number of Documents 8
Number of Characters 5507
Total Number of Alephs 449
correct classification as Alephs 430
% Correct classification As Alephs | 95.7%
False classification as Alephs 3

Table 3. Experimental results, Experiment 3.

Number of Documents 6

Number of Characters 5300
False classification as Alephs 8

Total Number of Alephs 380
correct classification as Alephs (stage 1) | 198
correct classification as Alephs (stage 2) | 348
% Correct classification (stage 1) 52%
% Correct classification (stage 2) 91%

Table 4. Experimental results, Experiment 4.

6. Summary and discussion

We present a new method for extracting pre-specified
characters from historical Hebrew manuscripts. Our ap-
proach is segmentation-free and does not follow the classi-
cal recognition scheme, i.e. segmentation, feature extraction
and classification. We demonstrate our method on the He-
brew letter Aleph. The extraction method is composed of
four stages: Structuring element generation, character ex-
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traction, character validation and adaptation of the structur-
ing element. Our method deals very well the artifacts of his-
torical documents such as broken or merged characters. The
first three experiments show very promising results. 96%
correct extraction of the letter is achieved. The last experi-
ment demonstrates the effectivness of the adaptation to dif-
ferent writing styles. An increase from 52% correct extrac-
tion in the first extraction stage to 91% is achieved after the
adaptation process. Experiments with extraction of differ-
ent letters with distinct shape show very similar results as
reported here for the letter Alpeh. When trying to extract
letters with high resemblance such as those seen in Figure
1(b), we believe that we should use a hierarchical approach.
Similar letters should be extracted as sets of letters and then
further processing is required for recognition of the partic-
ular letters. We further plan to apply our method on a larger
set of letters written in different writing styles. Further re-
search is needed in the adaptation stage and in the extrac-
tion of letters with high resemblance.
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