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Abstract— Connected component labeling (CCL) operation is one of the fundamental operations that usually employed in
many computer vision applications. The basic idea of binary CCL algorithms is that after recognizing connected components of
an image, every set of connected pixels equal to 1 are assigned to a unique region label. Generally, state of the art methods for
CCL algorithms are two scan, Multi scan, and Single scan and Contour Tracing scan algorithms. Contour tracing scan is one of
the fastest algorithms which are based on tracing the contours of the objects, and the labeling is based on processing the
detected contours. In this paper, a contour tracing binary based CCL algorithm is proposed. The proposed algorithm is based on
detecting the contours of the objects in the binary images using morphological operations instead of searching and the whole
binary image for contour pixels. The proposed method helps to reduce the number of pixels that need to be checked and
simplify the condition that is used to decide whether the pixel is a contour pixel or not. The proposed image shows better
performance comparing to the classic contour tracing CCL algorithm where the execution time decreased by 9.32%.
Index Terms— Connected component labeling, binary images

——————————  ——————————

1 INTRODUCTION

C

connected components labeling is a graphic
theory algorithm, where each connected components
are given a unique label based on a provided
heuristic. In computer vision applications, CCL
algorithms have been used widely to detect connected
regions in binary digital images. CCL algorithms are
significant tools which can be employed in pre-processing
stages, image analysis and in post processing stages.
Basically, each subset of connected pixels is equal to 1 in
binary images are assigned to the same unique region
label. According to [1], CCL algorithms can be classified
into two main classes based on the scanning
implementation:
•
Regular way: under these methods, the images
are scanned in raster directions (forward or backward).
Some algorithms under this class include processing for
the label equivalences. Regular way algorithms are also
known as label-equivalence-solving and raster-scan
algorithms.
•
Irregular way: These methods scan the binary
image by a raster scan to find a seed point (unlabeled
pixel equal to one), and then they label it and propagate
that label from that seed pixel until there is no unlabeled
connected pixels on that object. The process of scanning
will continue until there are no unlabeled objects in the
image. Generally, two typical methods under this
category could be found and they are: contour tracing
label algorithm and searching label algorithms.

In binary CCL algorithms, several problems could
affect the accuracy of the algorithms. The number of
components for each image depends on the used
thresholding techniques. Aiming for a system that is
capable of detecting objects correctly is an important goal,
but in reality, CCL algorithms are more concerning with
the connected components, for example, if two different
objects are connected, the CCL algorithm considers them
as one object. Therefore, the number of connected
components does not reflect the accuracy of the CCL
algorithm, a text image may contain connected characters,
where any CCL considers them as one component, and
this does not mean that the CCL is not accurate. The
processing time of CCL algorithms is relatively long. This
problem motivates most the researchers to proposed
different CCL algorithms to implement the process of
CCL with the minimum time of processing.

In this research, a development for the contour tracing
algorithm for labeling connected components in binary
images is proposed. In this method, contour tracing label
algorithm and searching label algorithms from the
irregular way are combined. . According to [2], Minimum
Error Thresholding algorithm proposed by [3] is superior
method among 40 different thresholding techniques.
Therefore, this method has been used in this paper. At the
beginning, the image is binarized using Minimum Error
Thresholding algorithm and then the contours of objects
in the binary images are presented using morphological
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labeled boundaries are labeled according to the label of
the boundaries themselves. We organize this paper into
five sections: related works are viewed in the next section.
After that, the proposed method is presented and
explained. Then, a presentation for the results is viewed
and discussed. Finally, a conclusion is made at the end of
this paper.

2

LITERATURE REVIEW

Raster scan methods scan the binary image (top to bottom
- left to right or bottom to top - right to left) and give a
temporary label to every foreground pixel which is not
linked to any previously labeled pixels. Labels are
considered as equivalent labels if they were connected in
the image, and equivalent labels will be assigned to one
unique label later. Searching and label propagation
algorithms scan the binary image searching for an
unlabeled object assign it to a new label. Then a
propagation process for the labeled pixel starts to the
neighbor linked pixels until the whole connected
components are labeled. The process continues in that
way until there is no object in the image that is unlabeled. Contour tracing methods are in somehow
sharing the similar concepts with the searching and label
propagation algorithms. At the beginning, the algorithm
searches for the boundary pixel of connected components
that have not been labeled yet, and gives each a unique
new label. Then a tracing for the whole boundary of the
connected components started. All the boundary pixels
will be assigned to the same label. The process continues
in that way until there is no unlabeled boundary pixel in
the binary image. Furthermore, for each row in the image,
all consecutive pixels terminated with a labeled boundary
which pixel is assigned to the same label of the boundary
pixels.
2.1 Regular scan Binary CCL Algorithms
Rosenfeld et al in [4] performed a two scan CCL
operation on binary images. In the first scan, each
foreground pixel is labeled according to its four neighbor
pixels. If all of the neighbor pixels are background pixels,
a new label is assigned to the pixel. Otherwise, the pixel
will be labeled to the minimal label value of those labels
carried by neighbors, and the labels carried by the
neighbors are said to be equivalent. For this aim, two
arrays are generated, one for all current labels and the
other for the minimal equivalent labels. In the second
pass, replacement operation is made for the labels. To
overcome the problem of the long time of processing, a
version of the union-find algorithm to run a two scan
CCL algorithm in linear time could be employed [5]. In
the first scan, equivalent labels are represented as a tree.
In the second scan, a re-labeling process is implemented.
The union-find technique helps to combine two trees into
a one tree when a node in one tree produces an eight
connectivity relationship to a node in the other tree. In the
other hand, [6] explained a two pass method to label
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connected components in binary images differently from
the classical two pass methods. Their proposed method
processes equivalences labels during the first scan to
determine the right state of equivalence classes at each
time of the scan. This is achieved by combining classes
once a new equivalence is found.
Lifeng et al in [7] aimed to improve the performance of
the regular scan binary CCL algorithms by introducing
the concept of parallelism to the regular scan binary CCL
algorithm. The proposed algorithm was based on labeling
foreground pixels and processing equivalent labels in
parallel fashion. They summarized the advantages of
their work as following: easy in principle, easy to execute,
efficient for different types of images, ideal linearity
property in contrast to the image size and appropriate for
hardware and parallel implementation. The main
weaknesses of their algorithm are: more memory space
for execution is required and it needs to process each
pixel at least twice. Haralick in [8] suggested an algorithm
which doesn’t need to use and process the equivalent
labels. At the beginning, each foreground pixel is
assigned to a unique label. The labeled image is then
scanned and processed in two directions iteratively. In
the first scan (forward raster direction), each labeled point
is relabeled to the smallest label among its four neighbor
pixels. In a similar way as in the first scan, the second
scan is implemented except that the scan direction is
backward raster direction. The process keeps going in
that fashion iteratively until no change in the labeled
pixels is recorded. This method is somehow save memory
storage, but the implementation time depends on the
complexity of the processed image.
2.2 Irregular scan Binary CCL algorithms
A linear time method of connected components
labeling for binary images is proposed by [9]. The
algorithm used the contour tracing technique to label the
external contour and possible internal contours of each
connected components. Labeling is done in a one scan
over the binary image. Moreover, no equivalent labels
resolving is required throughout the process. They
described their algorithm as a computationally effective
in labeling connected components. The contour tracing
technique is considered as a one scan algorithm.
AbuBaker in [10] present a different one scan CCL
algorithm based on scanning and labeling the objects in a
binary image. The algorithm utilized the 4 and 8
connected branches mask. The algorithm requires low
memory allocation. The algorithm scans the image in a
forward raster direction to find the objects that have not
been labeled. Whenever unlabeled pixel is detected a
stack and a sequence of condition statements are used to
label the pixel correctly. The algorithm has been
compared with other component labeling algorithms, and
has been found to provide a major reduction in the
processing time. However, the implementation process of
this algorithm has shown that the memory reservation
depends on the size of the stack and the object size
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dependent. Run-based algorithms for labeling connected
components in binary images are irregular CCL
algorithms which have been proposed by [11-13]. Run is
continuous objective pixels in a scan line in image. The
algorithm only needs to scan the image one pass and
need not to maintain equivalent-label table, so its speed is
fast and it is very simple. Runs are extracted from the
image row by row, and the information of their positional
relations is stored.
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A square structural element with size 3x3 has been chosen
to ensure an accurate detection for the contours of the
objects in the image and to ensure a full connectivity
between contour pixels (no gaps between the contour
pixels). By subtraction Figure 1(c) from Figure 1 (b), the
contour of the tweezer is segmented correctly as shown in
Figure 1(d). The proposed method and procedure to find
the contour pixels is presented in Figure 2.

3 METHODOLOGY
The first step in the proposed method is the thresholding
operation. The minimum error thresholding [3] algorithm
is involved in this paper. The Gaussian distribution is
used to calculate distance between two sources and to
find the minimum error thresholding. In this method, an
image is modeled by a mixture of two Gaussian
distribution which is used to describe foreground and
background. This model is based on the concept of using
relative entropy as a thresholding criterion. The criterion
is used to calculate the information distance between two
information sources. The two sources are getting closer in
terms of their probability distributions as the value of the
relative entropy is decreasing. The thresholding method
aims to find a gray level value that minimizes the
mismatch between the probability of an image histogram
and the Gaussian distribution respectively.
In the contour tracing binary CCL algorithm proposed by
[9] (it will be referred to it as the classic contour tracing
algorithm), each foreground pixel needs to be checked,
whether its contour pixel or not. The proposed contour
tracing binary CCL algorithm converts the binary image
into another version where only contour pixels are
presented in the image. This step reduces the number of
pixels in the image that need to be checked, and reduce
the complexity of the employed condition since all
detected pixels are contour pixels. Detecting the contours
of the objects in the binary image is based on using the
erosion morphological operation. By using square
structural element, each object in the binary image will be
shrunken from all directions by on pixel as a result of
applying the morphological erosion operation. Therefore,
subtracting the shrunken version of the original binary
image from the original binary image will produce a
binary image where only boundary pixels of objects are
presented. Figure 1 illustrates the procedure of detection
the contour of an object in an image.

Figure 2: Flowchart of the proposed method

When a foreground pixel is detected during the scanning
process for a line in the IB3 binary image, the tracing
operation for all connected pixels operation is started.
These connected pixels present the contour of an object.
When the algorithm moves to scan the next line, all
foreground pixels in IB binary image bonded by labeled
pixels in IB3 in that line will be labeled with the same
label of the contour. Before this operation is done, the
system will check for any inner contour pixels. Inner
contours are detected as following: When a white pixel is
found during the scan process for IB3, its 8 neighbor
pixels in will be checked. If one of these 8 pixels is
labeled, the new contour will be considered as an inner
contour and this inner contour will be labelled with the
same label of the outer contour. The algorithm of tracing
the contour pixels can be presented as following:

Figure 1: Contour binary image generation. (a) Original image,
(b) binary image, (c) eroded version of the original binary image, (d)
contour image.
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Algorithm
Input

Output

: Region propagation (IB3, P, Ind, N)
: IB3 is the input binary image, P first
detected foreground pixel of an object
contour, Ind is an empty queue, N is a
new label
: New object is labeled in IB3 as N
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five images have been tested for each method. For each
algorithm, the 30 images are tested and the average of the
execution time for each class of the six classes is
described. Also, the number of components obtained
from applying each algorithm on each image is shown as
well. Samples of the testing images are shown in Figure 4.

Begin
Ind (1) ← position of P in IB3
Repeat while Ind is not empty
IB3(Ind) ← N
For each elements of Ind
Ind () ← Surround_Positions (Ind)
Return IB 3
End
The function Surround_Positions perform as following:
For each pixel (I(i, j)) where its position is stored in Ind,
find the positions of the foreground pixels in IB3 which
surround it. Then, remove the position of I(i, j) from Ind
and store the positions of the new pixels in Ind. Figure 3
shows an example of the labeling process. Different snap
shots at different steps of the labeling process are shown
in this figure.

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Figure 4: Samples From The Employed Testing Images

The proposed method has been compared to the contour
tracing binary CCL method proposed by [9]. This method
is categorized under the irregular way and contour
tracing algorithms. The binary image is scanned in a
forward raster direction, and when a white pixel is
detected, a process of tracing the pixels that form the
contour of the object will start. Our proposed
development is based on converting the binary image
into another version where only the contours of the
objects are presented. The efficiency has been measured
by measuring the execution time. Obtained results using
our proposed development show better performance
comparing to [9] method.

Figure 3: Labeling Process Illustrations

Figure 3 (a)-(c) show how the outer contour is labeled. In
Figure 3 (d), the pixels bounded by the outer contour are
labeled with the same label of the outer contour. Also in
Figure 3 (d), the first pixel of inner contour is found, and
it is labeled with the same label of the outer contour.
Figure 3 (e) shows the process of tracing the inner
contour. In Figure 3 (f)-(g), the process of labeling the rest
of the foreground pixels is shown. Finally, the final result
of the labeling process is shown in Figure 3 (h).

4 RESULTS
The algorithms have been implemented using a desktop
computer with 2 GB of main memory and an Intel dualcore Pentium 1.6 GHz processor, the used software was
Matlab 2006a and the operating system was windows XP.
Six different sets of images have been used to test the
proposed method and they are: Newspaper, halftone,
regular, photo, textual and vector images. For each set,

Table I shows that the execution time of the proposed
contour tracing method is faster comparing to contour
tracing CCL method [9]. The proposed method tried to
reduce the complication that exists in the contour tracing
algorithm [9]. Instead of tracing the contours of the
objects in the binary image by comparing each pixel with
its eight neighbours and detecting only the contour
pixels, the proposed development method extracts the
contours of the objects by using simple morphological
operations, and then tracing the contours and labeling
them using the one scan algorithm. The amount of
improvement (AP) can be calculated as shown in the
following equation.

AP 

AC  MD
 100
AC

(1)

The AC is the mean of the execution time using the classic
method and MD is the mean of the execution time using
the proposed method. The obtained AP value is found to
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be equal to 9.32%. Figure 5 shows a comparison between
the results obtained by the classic contour tracing method
[9] and the proposed method. The vertical axis presents
the execution time (in seconds).

Figure 5: Performance time comparsion (in seconds)

TABLE 1: SHOWS THE AVERAGE OF THE EXECUTION TIME FOR
EACH METHOD MEASURED IN SECONDS.
classic

proposed

Improvement

method (in

method (in

s (in mili sec)

sec)

sec)

Halftones

2.2881

2.099

189.1

Newspaper

2.7664

2.6938

72.6

Photos

0.7213

0.6055

115.8

Regular

0.349

0.2697

79.3

Textual

1.6375

1.4612

176.3

Vector

0.3087

0.1893

119.4

Table 1 show that the execution time of the proposed
method is fast comparing to the classic contour tracing
CCL method [9]. The proposed method reduced the
complication of the classic contour tracing algorithm.
Instead of tracing the contours of the objects in the binary
image by checking the eight neighbor pixels of each
foreground pixel and detecting the contour pixels (a pixel
is classified as contour pixel when at least one of its 8
neighbor pixels is background pixel), the proposed
method extract the contours of the objects by using
simple morphological operations, and then tracing the
contours and labeling them using the classic one scan
algorithm. This operation helped to reduce the processing
time. In real time application, the obtained reduction in
the processing time could be very helpful. Also, when the
size of the image is relatively big, the reduction in the
processing time can be very effective.
In order to verify the obtained improvement achieved by
the proposed method, the T-test is employed in this
research to measure how significant is the obtained
improvement. The T-test assesses whether the means of
two groups are statistically different from each other. The
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T-test is calculated using the following formula:

T  test 

X Y
2
Sy
Sx

n
n

2

 100

(2)

Where X and Y are the means of the recorded time for the
classic and proposed method respectively, Sx and Sy are
the standard deviations of the recorded time for the
classic and proposed method respectively and n is the
size of the data set (n=30). Results show that the finding is
significant and the null hypothesis is rejected (the null
hypothesis states that the data in the vectors X and Y are
independent random samples from normal distributions
with equal means and equal but unknown variances,
against the alternative that the means are not equal). Also,
the probability of the difference or relationship happened
by chance is found to be small (p-value (p= 0.00071) is
found to be less than the critical alpha level (alpha=0.05)).
This result indicates there are a statistically significant
difference between proposed method and the classic
contour tracing CCL method.
The proposed CCL algorithm is also compared to another
three binary CCL algorithms as shown in Table 2.
One scan CCL algorithm shows the best performance
among the other CCL algorithms. However, the proposed
tracing CCL algorithm shows better performance with
vector images. By comparing results in the last two
columns, it can be noticed that when images contain
simple objects and a limited number of objects, results of
the proposed method and one scan are close to each
other. The one scan show superior performance when
image contains complicated objects and when number of
objects is great.
Two

Multi

One

Proposed

scan

scan [7]

scan

method

[15]

[2]

halftones

10.7054

11.7194

0.2885

2.099

Newspaper

16.4836

5.9639

0.2155

2.6938

Photos

6.9836

7.0296

0.3216

0.6055

Regular

3.9163

4.768

0.1906

0.2697

textual

26.0556

9.8726

0.2902

1.4612

vector

5.6096

4.8618

0.2742

0.1893

5 CONCLUSION
In this paper, a development for the contour tracing
method for labeling connected objects in binary images is
proposed. In this proposed method, the classic tracing
CCL performance has been improved. About 30 different
images from six different categorize have been selected
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and used to evaluate the proposed method. The proposed
algorithm shows that the modification applied to the
classic contour tracing algorithm helped to reduce the
execution time in all the tested images. The execution
time for the proposed method is decreased by 9.32%
comparing to the classic contour tracing algorithm.
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