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INTRODUCTION

Bacteria are present in everywhere, and
are tiny single-cell microorganism. Scanning
Electron Microscopic (SEM) is a well-known and
advanced technique to visualize the external
appearance of bacteria1 and these images are
need to be analyzed for various purposes such
as measurement of size and shape and,
morphological identification. Automatic
segmentation methods make this process easier
and faster than the manual processes.

Segmentation is a fundamental step in
computer image analysis. The edge detection
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ABSTRACT

Bit-plane slicing is a method which divides the image into many binary image planes and
categorizes the image data into most significant and least significant information.  In this paper a
new edge detector using the most significant image data to detect the edges in the bacterial
images is developed. This proposed method finds the edges in the higher order bit-planes using
contouring technique and combines these edges to get the final edge image. The edges obtained
by the proposed method are more accurate than the existing method. The experimental result
obtained by the proposed edge detector is compared with the popular edge detectors Canny, Log,
Prewitt, Robert and Sobel and have produced best results.
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technique is one of the methods for bacterial image
segmentation which preserve the structural
properties of the image that can be used for further
processing.  There are many edge detection
techniques are available in the literature2-3. Among
them Canny, Laplacian of Gaussian (Log), Prewitt,
Robert and Sobel are the most commonly used
edge detectors. Canny4 is a well known edge
detector still used in research. Canny edge detector
uses a multi-stage algorithm to detect edges in the
image. It results with fine edges after suppressing
the noises present in the image. The Log 5 uses a
convolution filter to detect edges in the image. In
Log, the Gaussian-shaped smoothing is applied
prior to the application of the laplacian. The
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laplacian of an image highlights rapid intensity
change in the image region. This Log edge detector
is also referred as zero crossing edge detection.
Prewitt6 is a discrete differentiation operator that
computes an approximation of the image gradient
to detect both horizontal and vertical edges. The
Roberts edge detector proposed by Lawrence
Robert in 19657 that detects the regions of high
spatial gradient as an edge by performing a simple
two dimensional gradient measurement on an
image. Sobel edge detector8 is an edge detection
method which finds edges in the image using the
derivative approximation and returns edge at those
points where the gradient is maximum.

In this a paper, an efficient edge detection
using contouring method based on bit-plane
slicing is developed. This proposed method was
evaluated using 25 bacterial images obtained from
the internet. The resultant edge images by the
proposed method are compared with the edge
images obtained by the existing edge detectors
such as Canny, Log, Prewitt, Robert and Sobel.
The remaining part of the paper is organized as
follows: Section 2, the methodological details of
the proposed method is given. The results and
discussion are given in Section 3 and the
conclusion is given in Section 4

METHOD

Some of the image processing
applications such as compression require to know
the contributions of individual bits made to the total
image. Bit-plane slicing is a method to slice the
image into different planes known as bit-planes. In
general, 8-bit pixels are processed and the 8-bit
image is divided into 8-bit planes. The 0th plane is
the least significant bit-plane (LSB) and the 7th

plane is the most significant bit-plane (MSB) and
the bit-plane slicing of 8-bit image is illustrated in
Fig.1.

In bit-plane slicing, each plane has a
value zero representing gray level 0 and one
representing gray level 255 for 8-bit gray Scale
images.  Usually, the higher order  bit-planes (4th

to 7th) contains more visually significant data (edge
information) and the lower order bit-planes (0th to
3rd) contains more detailed information (fine details

and noises) about the image. Since, the higher
order bit contains the edge information and
therefore, in the proposed method the higher order
two bit-planes (6th and 7th) are used to detect the
edges of the bacterial image. The overall flowchart
of this proposed method is given in Fig. 2 and is
illustrated in Fig. 3.

Fig. 1: Bit-Plane Slicing

Fig. 2: Flowchart of the Proposed Method

The input bacterial image is first
converted into 8-bit gray scale image and then the
bit-plane slicing is performed to get the bit-plane
images. In this approach the 7th and 6th bit planes
are processed separately to find the edge image.
The 6th bit and 7th bit images of the selected sample
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image (Fig. 3(a)) is shown in Fig. 3(b) and 3(d)
respectively. To detect the edges in the bit-plane
images, the contour lines are drawn using the
contouring algorithm [9]. In this algorithm, the input
image is treated as a regularly spaced grid with
each edge element connected to its nearest
neighbors. Then, the algorithm scans this matrix to
the contour level values (in this method the contour
level is 1, since there are only black and white
pixels are present in the image representing
background and foreground information
respectively).  If a contour level falls within a cell,
the algorithm performs a linear interpolation to
locate the point at which the contour crosses the
edge of the cell. Then, it connects these points to
produce the edge image. Finally the edge images
are combined to produce the output image. For
the selected sample image in Fig. 3(a), the edge
images are shown in Fig. 3(c) and 3(e) for 6th bit-
plane (Fig. 3(b)) and 7th bit-plane (Fig. 3(d)) images
respectively. The edge in the bit-plane images are
combined to produce the resultant edge image
and is shown in Fig. 3(f).

RESULTS AND DISCUSSION

The performance of the proposed method
is evaluated using the bacterial images obtained
from the internet. The resultant edge image of the
original and bit-plane images are compared with
the existing popular edge detectors Canny, Log,
Prewitt, Robert, Sobel and the proposed contour
edge detector method. The edges of the selected
sample original image and the bit-plane images
for the existing and the proposed methods are
shown in Fig. 4 and Fig. 5 respectively.  It is evident
from the Fig. 4 and Fig. 5 is that the edges produced
by the proposed contour edge detector and the
existing method have produced best result on bit-
plane sliced images than the original image.
Moreover, the edge images obtained by the
proposed contour edge detector are better than
the existing methods (Image 4, Image 5 and Image
6 in Fig. 4 and Fig 5). Thus, from these results, it is
observed that the bit-plane slicing approach may
also play as a vital role in image segmentation.

Fig. 3: Process of Edge Detection based on Bit-Plane Slicing; (a) Original Image
(b) 6th Bit-Plane Image (c) Detected Edges in 6th Bit-Plane Image (d) 7th Bit-Plane Image

(e)  Detected Edges in 7th Bit-Plane Image (f) Resultant Edge Image by the Proposed Method
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Fig. 4: Detected Edges on the Original Image by the Existing  Methods
Canny, Log, Prewitt, Robert, Sobel and the Proposed Contour Method
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Fig. 5: Detected Edges on the Bit-Plane Images by the Existing Methods
Canny, Log, Prewitt, Robert, Sobel and the Proposed Contour Method
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CONCLUSION

In this paper, a simple, automatic and
efficient edge detector based on bit-plane slicing
is proposed and is applied to detect the edges of
the bacterial images. The edges are detected more
accurately by the contour method than the existing

popular edge detectors. Further, the proposed and
the existing method detected the edges more
accurately in the bit-plane sliced images than the
original image. In future this proposed method may
be extended to detect edges on all kinds of gray
scale images.
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