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Abstract: As we know that image thinning plays an important role in image processing,
It is also equally important to propose an efficient image thinning algorithm with an objective, to minimize the amount
of information to be processed by preserving the important information required to preserve the topological and
geometrical properties of the thinned image, thereby enhancing the later processing procedure. This can be achieved by
an efficient image independent thinning algorithm. This algorithm process the image in two-passes, in first pass of this
algorithm, the entire image is thinned to two pixels thick and in second pass; the two pixel width image is further

thinned to one pixel thick without any discontinuities in the resultant image.
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I. INTRODUCTION

Thinning algorithms are developed to address wide
variety of problems in thinning. These thinning
algorithms are classified based on the approaches used for
thinning [Lam, Lee & Suen, 1992]. Based on these
approaches thinning algorithms are classified as iterative
and non-iterative thinning algorithms. With Non-iterative
thinning algorithms skeleton can be obtained in a single
pass (With the methodologies like distance transforms
and run-length coding). But this algorithm, does not
consider the surrounding pixels while making decisions
for deletion or to retain. Whereas lIterative thinning
algorithms considers the surrounding pixels while making
decision for deletion or to retain pixels. The iterative
thinning algorithms are further categorized as sequential
(boundary pixels are processed one by one, layer by layer)
and parallel (all the boundary pixels are processed
simultaneously layer by layer). Sequential algorithms
consume less amounts of memory. In contrast, parallel
algorithms require more memory compared to sequential
algorithms but are much faster in processing. Parallel
algorithms process all the border pixels at once.

Il. LITERATURE REVIEW

This paper covers the literature review on various parallel
and sequential image thinning algorithms, such as order
independent [1], [2], Rotation invariant [3], Rotation
invariant rule based [4], and parallel [5]. In rotation
invariant thinning, it is observed that, some lines
containing only two pixel widths are completely deleted.
In rotation invariant rule based thinning algorithms, the
parallel application of the rules to each pixel in the image
resulting in peeling off the outer and inner boundaries of
symbols. However, some cases of two-pixels of wider
linesare unfortunately deleted. An iterative parallel
thinning algorithm [6], which uses four passes per
iteration, thins down the pattern isotropically. The thinning
algorithms [1], [5] are very popular because of their
implementation simplicity and high computational speed.
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But, the results they produce have drawbacks such as
corners and endpoints are not considered for thinning.
Further the distortions like spikes effect the subsequent
operations. The results produced by [2], [3], and [4] are
not a one pixel thick images and have discontinuities in
the image pattern. This happens because of two-pixel
width line is considered to be the outer boundary. Hence,
its elimination causes discontinuities in the image. In
rotation invariant rule based thinning algorithms, the
parallel application of the rules to each pixel in the image
resulting in peeling off the outer and inner boundaries of
symbols. However, some cases of two-pixels or wider
lines are unfortunately deleted. The drawback of the
above procedure is that it results in discontinuous central
lines. An iterative parallel thinning algorithm [6], which
uses four passes per iteration, thins down the pattern
isotropically.

Many thinning algorithms have been studied in [9], for
their performance, and evaluation. None of the previous
algorithms are image independent. Many are specific to
digits, characters, or letters written in English, Chinese, or
any other script. To overcome the above mentioned
drawback, image independent thinning algorithm is
proposed. This approach is generic and it can be used to
thin symbols, digits, characters, or letters written in
English, Chinese, Hindi and Telugu, irrespective of the
script they are written in.

111.PROPOSED THINNING ALGORITHM

The proposed approach is a two pass image independent
thinning algorithm, which uses 3x3 masks to determine
the thinning rules, these thinning rules are applied on each
and every pixel for marking which pixels are to be deleted
and which are to be retained in the resultant skeleton.

A. Principle followed in the algorithm
It is a two pass iterative parallel thinning algorithm. In this
we adopt a two-pass thinning procedure which checks
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whether any black pixel can be removed (made to be white) safely or not. The pass-1 rules are nothing but an
exhaustive list of alternative possible masks obtained by rotating the masks shown in figure 1.

AP=0.S0 WE ARENOT INTERESTED IN THESE 2 TEMPLATES

AP=1 WE AREINTERESTED IN THE FOLLOWING 5 MASKS
ROTATING 45° CLOCKWISE OR ANTI-CLOCKWISE

0 0 0 1 1 1 WE WILL GET TOTAL 40 TEMPLATES (2<BP < 6)
0 1 0 1 1 1
0 0 0 1 1 1 1 1 0 1 1 1
0 1 0 0 1 0
AP =1, SO WE ARE NOT INTERESTED IN THE FOLLOWING 0 0 0 0 0 0
MASKBECAUSEIT IS AN END POINT (BP=1)
BY ROTATING 45° ANTI-CLOCKWISE OR CLOCKWISE 1 1 1 1 1 1
WE WILL GET TOTAL 8 TEMPLATES 0 1 1 0 1 1
0 0 0 0 0 1
1 0 0
0 1 0 1 1 1
0 0 0 0 1 1
0 1 1

AP=1 WE ARENOT INTERESTED IN THE FOLLOWING MASK
ROTATING 45° CLOCKWISE OR ANTI-CLOCKWISE
WE WILL GET TOTAL 8 TEMPLATES (BP=17)

1 1 1
0 1 1
1 1 1

ALL THE REMAINING 198 TEMPLATES WHOSE
AP > 1, AND HENCE WE ARE NOT INTERESTED IN
SUCH TEMPLATES OR MASKS

Figure 1.Masks used to derive the thinning rules for pass-

The masks shown in figure 1, are with AP = 1 and BP
value ranging from 3 to 6 respectively. By rotating each
of these masks 45° clockwise or anti-clockwise, we will
get a total of 32 different masks. These masks are used to
thin the image without breaking connectivity in the first
pass. By enumerating all possible binary patterns of
length 8 gives 256 distinct patterns. Accordingly there are
256 masks possible. Out of which we are interested in
only 32 masks.

In pass-1, the proposed thinning algorithm
simultaneously processes all the boundary pixels at once.
If the pixel matches with deletion conditions of pass-1, it
can be concluded that this pixel is on the boundary and
should be deleted. This process is repeated until no more
changes occur in pass-1. However, at the end of pass-1,
the entire skeleton is of 2-pixel wide.

In pass-2, we initially Count the number of non-zero
neighbors (black pixels-BP) of the candidate pixels P;. If
the count is three-to-five(3 to 5), then the 2-pixel wide
lines in the provisional skeleton produced by the pass-1
will be further thinned to one pixel wide skeleton, without
compromising in the quality of thinned pattern.

B. Steps in the Algorithm

Pass-1

Step-1:
Count the number of non-zero neighbours and zero-to-one
or one-to-zero transition of the (black pixel) candidate
pixel Pi.

Step-2:
If the non-zero neighbours are in the range of two (2) to
six (6) and either one-to-zero or zero-to-one transitions are
exactly one (1), then process the pixel under
consideration.

Step-3:
Iterate, step 1 and 2 until no more changes take place in
pass-1, else goto pass-2.
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Pass-2:

Step-4:
Count the number of non-zero neighbours (black pixels-
BP) of the candidate pixels Pi. If the count is three-to-five,
then process the pixel under consideration.

Step-5:
Repeat the step-4 until no more change take place in pass-2.

IV.RESULTS AND COMPARISONS

The results of the proposed algorithm are compared with
ZS and KNP thinning algorithms in terms of excessive
erosion, connectivity, thickness and symmetry of the
skeletons, endpoint preservation, and visual quality. It is
also found to be superior to the existing algorithms in all
the above characteristics. The figure 2 to figure 6 is
thinned with the proposed thinning algorithm and results
are shown below.

Figure 2. Telugu Characters thinned with proposed
thinning Algorithm
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Figure 3. Telugu Character Aa thinned with proposed
thinning Algorithm

Figure 4. Horse image thinned with proposed
thinning Algorithm

Figure 5. Lizard image thinned with proposed
thinning Algorithm

Table 1: Comparison of thinning time and thinning rate

Image thinning has been performed on a few sample
images using order independent thinning algorithm (KNP)
and parallel thinning algorithm (ZS). The results show that
KNP algorithm is not able to thin the image
comprehensively; which means that it is leaving some parts
of the image. In most of the cases, the edges and the corner
points are not processed. In ZS algorithm there is excessive
erosion and discontinuities in the thinned pattern are
observed, where as proposed algorithm has processed the
entire image and produced the exact skeleton for the given
input image. A unique advantage of the proposed algorithm
is that this algorithm does not change the topological
properties of the connectivity and the shape of the thinned
image when compared to the other existing algorithm.

V. CONCLUSION

We have proposed an efficient image independent parallel
thinning algorithm. Implementation of this algorithm has
been carried out and we have also compared its results with
other standard thinning algorithms in terms of thinning
time, thinning ratio, excessive erosion, connectivity,
endpoint preservation, and visual quality. Results indicate
that the proposed algorithm is efficient. The robustness of
the proposed thinning algorithm has been established across
heterogeneous image examples.
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