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Abstract

A methodology is proposed for processing noisy printed
documents with limited user feedback. Without the support
of ground truth, a specific collection of scanned documents
can be processed to extract character templates. The adap-
tiveness of this approach lies in that the extracted templates
are used to train an OCR classifier quickly and with lim-
ited user feedback. Experimental results show that this ap-
proach is extremely useful for the processing of noisy docu-
ments with many touching characters.

1. Introduction

Optical character recognition (OCR) is one of the suc-
cessful applications of the research field of computer vision
and pattern recognition. The technology for some scripts
such as Roman, Cyrillic, Chinese, Japanese or Korean is
fairly mature and commercial OCR systems on the market
today can provide recognition results with reasonable accu-
racy for high quality printed documents. However, current
technology takes an omnicentric view and provides general
solutions, there always are trade-offs between performances
and applications. To maintain the generality, no existing
OCR systems can guarantee high accuracy across the full
range of documents, which makes it hard to optimize an
existing system for a specific need, and the system needs
to be retrained with respect to the specific need such as a
special character set, some special fonts and symbols. How-
ever, providing training samples for an OCR is “a high-skill,
tedious, and thus often prohibitively expensive manual ef-
fort” [6]. Some researchers have focused on relieving this
critical restriction to the automatic analysis of printed docu-
ments. For example, Liang et. al [3] proposed a methodol-
ogy for special symbol recognition. Working on the output
of an available OCR system, special symbols were detected
and recognized based on the recognition confidence level.
The research of Sarkar et. el either focused on the automatic

creation of training samples by aligning noisy and synthetic
text-line images [5] or on the automatic classifier selec-
tion [6], and both required the support of ground-truth text.
Ho and Nagy [1] presented an OCR with no shape train-
ing, where isolated character images were clustered based
on the metric distance and labeled according to a corpus.
Their approach required the support of an available corpus
and assumed the extracted connected components can sep-
arate most of the characters. However, these two conditions
are not always satisfied either because of the corpus avail-
ability or because of the quality of documents that makes
most of the characters touch each other.

Figure 1. Flow chart of the proposed adaptive
OCR system

In this paper, we propose a framework to design an adap-
tive OCR system. Given scanned document images, the
adaptability lies in the automatic training sample extraction
and clustering with limited user interaction. Clustered sam-
ples are labeled by the user and used to optimize automatic
character segmentation. This approach does not require the
support of the ground truth text and a corpus, which is ex-
tremely useful for the processing of noisy document im-
ages where most of the characters touch each other. The
flowchart of this adaptive system is shown in Figure 1 and
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details are described in the following sections.

2. Training Sample Creation

As shown in Figure 1, the training part consists of three
steps: (i) Template initialization; (ii) Iterative template re-
finement; and (iii) Template combination and labeling.

2.1. Preprocessing

As with the preprocessing described in [4], the document
image is deskewed and words are extracted and organized.
At the end of this stage, a hierarchical structure with three
levels (zone, text-line and word) is obtained, with support-
ing information such as ‘meanline’, ‘baseline’, x-height Hx

and so on.

2.2. Template Initialization

The extraction of templates from an image without any
knowledge starts from an initial set of templates. For each
segmented word, we extract the connected components (a
glyph) of this word, where accents or separated dots are
merged. With the assumption that a regular character is
neither too wide nor too narrow, a connected component
satisfying the following conditions is considered a template
candidate:
(1) The aspect ratio falls in the range [rlow, rhigh];
(2) The area is larger than Amin;
where rlow and rhigh are the predefined low and high aspect
ratio thresholds respectively, and Amin is the area threshold
(We found that rlow = 0.2, rhigh = 1.0, Amin = 5 is a
good selection in our experiment.). Extracted candidates
are indexed and normalized into images with size N × N
(N = 32). A symmetric similarity matrix M with dimen-
sion K × K is then computed, where K is the number
of candidates. The value of the element in cell (i, j) of
M is defined as the similarity between the ith and the jth
candidate. The similarity between two normalized images
f1(x, y) and f2(x, y) is measured by a Hamming distance
and computed as:

S(f1, f1) = 1.0 − 1
N2

N∑
x=1

N∑
y=1

|f1(x, y) − f2(x, y)|

Both f1(x, y) and f2(x, y) are binary images, therefor S has
a value range [0.0, 1.0]. The matrix M can be represented
with a complete weighted graph where each vertex repre-
sents a candidate and the weight of edge between vertex
‘i’ and ‘j’ has value Mij . Based on a predefined thresh-
old Sth, the complete graph can be converted into a discon-
nected graph consisting of several subgraphs by removing

edges with weight smaller than Sth. The extracted candi-
dates are then clustered by extracting the subgraphs which
are the cliques of the disconnected graph. Working on the
converted disconnected graph, the clustering is described as
follows:

1. for each vertex gi

2. for each cluster Ck

3. for each vertex gj in cluster Ck

4. if vertices gi and gj are connected, then
5. put gi in Ck and exit for loops 2 and 3
6. if gi does not belong to any Ck, then
7. create a new cluster Ck+1 and put gi inside

Figure 2(a) shows an example of the disconnected graph
and Figure 2(b) shows the clustering result, where 32 ver-
tices are clustered into 6 clusters. To insure the initial
complete graph is converted into a disconnected graph, the
threshold Sth should be a value less than but close to 1.0
(0.9 in our experiments).

(a) (b)

Figure 2. Illustration of the clustering.

After the clustering, all glyphs in the same cluster Ck

are combined to generate a template map TMk using the
following formula:

TMk(i, j) =
∑

g∈Ck

g(i, j), 1 ≤ i, j ≤ N

The total number of glyphs in each cluster is denoted Ninst

which is useful for the computation of the weighted simi-
larity in the following sections. Statistics of each template
such as the aspect ratio, the adjusted aspect ratio (the ra-
tio of the width and the x-height), and the connectivity are
noted, which are useful for the normalization, segmentation
and recognition of characters.

2.3. Iterative Template Refinement

When the initial templates are available from clustering,
we traverse all the word images and extract the matched
parts. As illustrated in Figure 3(a), the matching procedure
consists of the following two steps:
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(1) Coarse matching based on the vertical projection pro-
file. Before computing the vertical projection profiles,
the word image and the template are normalized to
have the same x-height. The template projection is
considered a window and slid along the projection of
the word. At each position x of the word projection,
we evaluate the mismatch degree as:

Dm(x) =
1
W

W∑
i=1

|pt(i) − pw(x + i)|

where W is the normalized template width, and pt(i)
and pw(i) are the projection values of the template
and the word at the position i respectively. A coarse
match at position x is found if Dm(x) is smaller than
a predefined threshold Dth (2 in our experiments). As
an example, in the Figure 3(a), we found two coarse
matching positions for the template a.

(2) Fine matching based on similarity. The obtained com-
ponents in the first step are further evaluated by com-
puting their similarity with the template, and only
those who have similarities higher than a predefined
threshold are considered the final matches. Since the
character candidate image is binary, while the pixel
values of the template map g(x, y) are in a range
[0, Ninst], g(x, y) is first converted into a binary im-
age gb(x, y) by a simple thresholding. The similarity
of a character image f(x, y) and a template g(x, y) is
redefined as a weighted similarity which has the fol-
lowing form:

Sw(f, g) = 1.0− 1
N2

N∑
x=1

N∑
y=1

w(x, y)|f(x, y)−gb(x, y)|

where the weight w(x, y) is defined as follows:

w(x, y) =
{

1.0 if gb(x, y) is background
g(x, y)/Ninst if gb(x, y) is foreground

(a) (b)

Figure 3. The procedure of iterative template
refinement.

Most of the glyphs that can be matched to one of the
templates are extracted, and the templates are then updated
based on these newly extracted matches. It is obvious that

only characters in the template set can be extracted. How-
ever, for each word, the newly extracted components may
leave a new isolated component which can be added to the
template set as a new template. In this step, we check the
remaining part of each word, if one part satisfies the two
conditions described in Section 2.2, it is considered a new
template candidate. The same clustering procedure as what
was described in Section 2.2 is performed and new tem-
plate maps are generated. As shown in Figure 3(b), after
the match, we can extract two new template candidates ‘N’
and ‘K’ from the current words. The new templates can
then be used to find more matches and additional templates
might be generated using the same procedure. This same
process is iterated until no new template is generated.

Typically, after the above processing, most words are
segmented. The remaining components of each word are
either wide characters that are not in the template maps or
characters that are very noisy. By considering each remain-
ing component a sequence, in the last step, we pair up any
two remaining components and extract the common com-
ponent using a longest common subsequence (LCS) algo-
rithm [2]. It should be noted that all the template maps can
be generated using the LCS algorithm in theory. However,
because of the complexity of the algorithm (O((r+n)logn)
and considering the large number of words of each page, ap-
plying LCS algorithm to all the words is not practical.

2.4. Template Combination and Labeling

Theoretically, the generated templates for the same char-
acter don’t need to be combined as long as they are cor-
rectly labeled. However, a large number of templates will
significantly slow down the segmentation and recognition.
In addition, non-character components might also be ex-
tracted by the LCS algorithm and added to the templates.
Therefore, in this step, with the user’s help, we first per-
form template combination and pruning, then label each
template with a correct Unicode value. The procedure to
perform template combination is: with a similarity thresh-
old Stth defined, we compute the similarity St(g1, g2) of
two template g1(x, y) and g2(x, y). If St(g1, g2) ≥ Stth,
then these two templates are combined to generate a new
template, and all the statistics information is updated ac-
cordingly. To make the similarity value of two templates
fall in the range [0.0,1.0], the similarity St(g1, g2) is mea-
sured by a weighted Hamming distance which is computed
using the following formula:

St(g1, g2) = 1.0 − 1
N2

N∑
x=1

N∑
y=1

∣∣∣∣g1(x, y)
Ninst1

− g2(x, y)
Ninst2

∣∣∣∣
where Ninst1 and Ninst2 are the instance number of glyphs
that generate these two templates.
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