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Abstract: Thinning is an important step in image processing where we minimize (reduces) the width of the image i.e. the no. of pixels that helps
in reducing the memory usage. This paper proposes a new algorithm for thinning of images and helps minimizing its size. The newly proposed
algorithm preserves the connectivity of the image pattern and provides a reduced image after processing the given image. The algorithm is
composed of three passes to get thinned image that is connected, reduced and gives clear view of whole image.
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L. INTRODUCTION

Thinning is a way to reduce the size of an image which
helps in minimization of memory usage of the images
during their processing by the machine.

It is a mechanism of removing extra pixels in order
to make it (image) just one pixel thick that reduces
its size [1].

The main purpose of thinning is to reduce the data
amount required for processing an image to reduce
the time taken for processing of the image and easy
analysis of the patterns.

It is an important image analysis step for its easy
analysis.

After thinning the image obtained is the binary
image that we take into consideration but just a
pixel thick.

The thinning process [2], [3] can be shown below
as:-

Binary image
(INPUT)

Thinned binary image
(OUTPUT)

Fig 1: Thinning process

There are various thinning algorithms given by
different researchers [4]. There are broadly divided
in to two categories:
)] Iterative thinning algorithm

(a) Sequential

(b) Parallel
(i) Non-iterative algorithm

(a) Medial axis transforms

(b) Line following

(c) Other
The thinning process can be shown with the help of
example taken in fig2.

Fig 2: Thinning of an image
e This paper is organised in different sections. In the
first section we give the introduction of the subject
of paper thinning, its usefulness or its advantages.
e In the second section we shall discuss different
thinning algorithms presented so far i.e. its
literature review.

e In the third section we presented our proposed
algorithm for thinning.

e In section four, we will compare the result of our
proposed algorithm with other algorithms presented
by other researchers.

e And in final section i.e. section five we will discuss
the conclusion and future work on the thinning
process.

I1. LITERATURE REVIEW
In this section we will discuss various researches
done so far on thinning process. Here we mainly discuss
some usable thinning algorithms & their strategies on
thinning which are given in previous papers.
In paper [5] Waleed Abu-Ain et al. presented a thinning
algorithms that merge parallel and linear approaches
which is said to be iterative methods for thinning .This
algorithm comprises of 3 stages where the stage one and
two are basically used to extort the skeleton of the input
image and the third one is used to convert the skeleton
to one pixel thick image. It is likely to be a better
approach on the basis of experimental results provided
by the researchers. In paper [6] G.V Padole et al.
proposes two thinning algorithms that are also iterative
in nature for thinning of images. Here the requirement

is that the image to be input for thinning should be a

binary image. The first algorithm proposed by them

comprises of two operations, one is to detect the edges
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and other is subtraction, where the second algorithm
proposed by them is peeling off the pixels till the time
the skeleton of given image is extracted. The first one is
time consuming and second is an improved version. In
this paper [7] Jagna and Kamakshi Prasad and presented
a two pass parallel approach for thinning of binary
images. This proposed algorithm makes the image just
one pixel thick and preserves the connectivity of the
thinned images components (pixels). The algorithm also
preserves and neighbour connectivity in the binary
image it shows better performance than other related
algorithm and produces better quality images. In paper
[8] Chatbri et al. introduced a technique to make
thinning process robust against noise in the sketch of
the image and it computation is also fast. It adaptively
and automatically estimates the filtering scale. It is a
robust technique for scratch and contour noise. In paper
[9] Prakash et al. provides an algorithm on the basis of
morphological operators using hyper graphs that has
been applicable in biometric authentication, signature
verification. The operators used here are dilation,
erosion etc that acts as a filter for noise reduction.
Various iterative thinning algorithms are known till date
presented by different researchers [10], [11], [12]. Here
we take reference of these algorithm and design a new
iterative algorithm that overcome their drawbacks. And
this new algorithm is presented in the next section.
1. PROPOSED ALGORITHM

In the proposed algorithm, we presented three
passes in order to achieve thinning of an image. Here
we use masking approach viz. 3x3 mask for thinning
purpose. And it is applicable on every single pixel for
the purpose to determine which pixels are to be selected
for deletion and which reside in the resulting image.

X)X | X
Xs | Pi | Xo
Xs | X7 | X3

Fig 3: Neighbours of a Pixel P;
It is an iterative thinning algorithm that works parallel
and is composed of three passes. Using it we check the
continuity of the pixels and their safe deletion or
retention is regulated.
The first pass in the presented algorithm is to process
the pixels on the boundary at once. It checks for the
conditions of deletion, if the deletion condition matches
for any pixel then that pixel is deleted otherwise it
resides. This will continue until we attain a two pixel
wide image.
In the second pass, count the non-zero neighbours of the
central pixel P;. If this count is from 3 to 5 then it will
further reduced to one pixel thick skeleton.
In the third pass, check for the continuity of the thinned
image. If the image is continuous and satisfies the
original image then stop processing otherwise make it
continuous by adding pixels to the required area.
Pass-1:
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Step L: Count the non-zeo neighbours and ong-to-zeto0 or zeto-to-one tiansiion of the candidate pixel
B,

Siep 2:Ithe non-Zemo neghbours{ae fom two-t-sx and either one-0-ze1 or 2er0-o-0n¢ rasitions
ate exctly one, then process the pixel under consiceration.

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

Step4: Count the non-zero neighbouss of the candidate pixel P, f the count i three-o-five, then process
the pixel under consideration,

Step : Repeat step 4 until no more changes take place in pass-2, else go to pass-3.

Pass-3:
Step 6: Traverse the thinned image and if there occurs any discontinuity other than the original image

criteria, then add pixels to the area.
Step 7 Repeat step 6 until no more changes take place in pass-3.

V. RESULTS & COMPARISONS
The results of the presented algorithm are
compared with the existing thinning algorithms like
KNP, ZS etc. and found better in terms of connectivity,
thickness, erosion, end point preservation and
appearance quality. Some of the figures thinned using
the proposed algorithm is shown below:

Fig 4 (b)
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V. CONCLUSION

The algorithm we presented here is an efficient
algorithm for thinning of images. As we compare it
with other algorithms in many aspects like connectivity,
image quality, end-point preservation etc and it is found
to be efficient than the existing algorithms. Results after
its implementation also show that it is an efficient
algorithm.
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