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When the original Canny algorithm is applied directly at the
block-level, it leads to excessive edges in smooth regions and
to loss of significant edges in high-detailed regions since the
original Canny calculates the high and low thresholds based on
the frame-level statistics. That’s why the feature-based canny
edge detection method is proposed. In this method, the input
image is divided into overlapping blocks and the blocks are
processed independent of each other. For a gradient mask, the
overlapping blocks are gained by first dividing the input image
into non-overlapping blocks and then extending each block by
specific pixels along the left, right, top, and bottom boundaries,
respectively. This algorithm consequences in a significant
reduction in the latency; better edge detection performance;
and the possibility of pipelining the Canny edge detector with
other block-based image codecs. This algorithm is scalable and
has very high detection performance.

Abstract — The Canny edge detector is one of the most widely
used edge detection algorithms due to its superior performance. It
is computationally intensive as compared with other edge
detection algorithms, and it also has a higher latency because it is
based on frame-level statistics. In this paper, a mechanism to
implement the Canny algorithm at the block level without any
loss in edge detection performance compared with the original
frame-level Canny algorithm is proposed. Direct apply the
original Canny algorithm at the block-level leads to unnecessary
edges in smooth regions and to loss of significant edges in highdetailed area since the original Canny compute the high and low
thresholds based on the frame-level statistics. To solve this
problem, a feature-based Canny edge detection algorithm that
adaptively computes the edge detection thresholds based on the
block type and the local distribution of the gradients in the image
block is presented. The consequential block-based algorithm has a
significantly minimized latency and can be easily integrated with
other block-based image codecs. It is susceptible of supporting
fast edge detection of images and videos with high resolutions,
with full-HD since the latency is now a function of the block size
instead of the frame size.

II. BACKGROUND
Edge detection is most important image processing
technique with wide range of applications. Several edge
detection algorithms are developed in the past few decades,
however, there is no single algorithm suitable for all types of
applications. The process of Image segmentation and object
detection are the main applications of edge detection
techniques. The steps involved in the generalized edgedetection process are as shown in figure 1.
The Canny edge detector has remained a standard for many
years and has best performance among the existing edge
detection algorithms. Its finer performance is due to the fact
that the Canny algorithm performs hysteresis thresholding
which requires computing high and low thresholds based on
the entire image statistics. This feature makes the Canny edge
detection algorithm is most computationally complex as
compared to other edge detection algorithms, such as the
Roberts and Sobel algorithms, and necessitates additional preprocessing computations being performed on the entire image.
A direct
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I. INTRODUCTION
Edge detection is a type of image segmentation techniques
which determine the presence of an edge or line in an image
and outlines them in suitable way. The main purpose of edge
detection is to make simpler the image data in order to reduce
the amount of data being processed. An edge is defined as the
boundary pixels that connect two separate regions with varying
image amplitude attributes such as different constant
luminance and tri stimulus values in an image. The detection
operation starts with the examination of the local discontinuity
at each pixel element in an image. Amplitude, orientation, and
location of a particular subarea in the image that is of interest
are essentially significant characteristics of possible edges.
Based on these characteristics, the detector has to be
determined whether each of the verified pixels is an edge or
not. Edge detection is well performed by simple edge detector,
pursued by a morphological thinning and linking process to
optimize the boundaries.
The Canny Edge Detector is one of the most frequently used
image processing tool, detecting edges in a very dynamic
manner. The Canny edge detector is broadly considered to be
the standard edge detection method in the industry. Canny
observed the edge detection problem as a signal processing
optimization problem, so an objective function is implemented
to be optimized. The solution to this problem was a rather
difficult exponential function, but Canny found numerous ways
to approximate and optimize the edge-searching problem.

Fig 1: Edge-detection steps
implementation of the Canny algorithm has high latency and
cannot be employed in real-time applications.
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model and algorithm for generalized boundary (Gb) detection.
Gb effectively combines multiple low- and mid-level
interpretation layers of an image in a principled manner, and
resolves their constraints jointly, in closed-form, in order to
compute the exact boundary strength and orientation. This
method gives the efficient estimation of boundary strength and
orientation in a single closed-form computation but there is no
general formulation of the problem that encompasses all types
of boundaries [8].
In this Paper, the proposed method is used to recover most of
the drawbacks as mentioned in previous section and has a
significantly reduced latency and can be easily integrated with
other block-based image codecs. It is capable of supporting fast
edge detection of images and videos with high resolutions,
including full-HD since the latency is now a function of the
block size instead of the frame size.

III. PREVIOUS WORK DONE
Tian Qiu et al. have proposed an autoadaptive edge
detection algorithm to define flame and fire edges clearly and
continuously. This algorithm detects the coarse and
superfluous edges in a flame/fire image and identifies the
edges of the flame/fire and removes the irrelevant artifacts. In
this method the flame and fire edges detected are clear and
continuous but Real life scenario is not evaluated [1]. Wenlong
Fu et al. have proposed a genetic programming (GP) system. In
this method a low level edge detector is construct for detecting
edges in natural images, and analyze the pixels selected by the
GP edge detectors. Automatically searching pixels avoids the
problem of blurring edges from a large window and noise
influence from a small window [2]. Biliana S. Paskaleva et al.
have proposed two novel joint spatio-spectral algorithms based
on the concept of spectral-bands ratios. The first algorithm,
termed the Spectral Ratio Contrast (SRC) edge detection
algorithm, defines the edge map of a spectral image by
matching the output of the 3D mask with the ratios from the
edge signature. This algorithm detects edges that arise from
both intensity and spectral changes. The second algorithm is
Adaptive SRC algorithm and utilizes spectral classification to
further enhance the detection of edges that are solely due to
material (not intensity) changes. This algorithm detects edges
based on spectral changes only. The ASRC reduces the
detection of false edges due to unwanted changes in the
intensity but the band-reduction feature is particularly relevant
to emerging spectral imaging sensors that are bias tunable [3].
Herminio Chavez-Roman et al. have proposed a novel
algorithm called super resolution using wavelet domain
interpolation with edge extraction and sparse representation.
This method addresses the problem of generating a superresolution image from a single low-resolution input image in
the wavelet domain. In this paper, it has better sharpness and
less smoothing at the edges, preventing pixel blocking, blurred
details, and ringing artifacts around edges but this method is
not able to sort better robustness of noisy images [4]. Sos S.
Agaian et al. have proposed a new concept of Boolean
derivatives as a fusion of partial derivatives of Boolean
functions (PDBFs). Three efficient algorithms for the
calculation of PDBFs are presented [5]. Fabio Baselice et al.
have proposed a new SAR edge detector, named Real and
Imaginary Edge detectors. The main idea is to exploit, in a
Bayesian Markovian framework, SAR complex data
considering real and imaginary parts, both characterized by a
Gaussian statistical distribution. This method is evident for all
reported simulated case studies, both in terms of edge
identification, shape retrieval, and low false alarm rate. It is not
able to handle geometrical distortions [6]. Badri Narayan et al.
have proposed a novel algorithm for moving object detection
and tracking. This algorithm includes two schemes: one for
spatio-temporal spatial segmentation and the other for temporal
segmentation. This approach produces better segmentation
results compared to those of edgeless and JSEG segmentation
schemes and comparable results with edge-based approach but
it gives problems with moving camera, does not produce good
results [7]. Marius Leordeanu et al. have proposed a novel

IV. EXISTING METHODOLOGY
A. Canny Edge Detection:
In order to develop the canny edge detector algorithm, a
series of steps have to be followed. The Canny Edge Detection
Algorithm has the following steps. Firstly smooth the image
with a Gaussian filters. Then calculate the gradient magnitude
and orientation using finite-difference approximations for the
partial derivatives. After that apply nonmaxima suppression to
the gradient magnitude. Then use the double threshold
algorithm to detect and link edges. The equation (1) used:

----------------- (1)
where x is the distance from the origin in the horizontal axis, y
is the distance from the origin in the vertical axis, and σ is the
spread of the Gaussian and controls the degree of smoothing.
Then the gradient of the smooth array G(x, y) is used to
produce the x and y partial. Once the x and y partial has got,
then x and y directional derivatives are combined to get the
normal of the gradient. After the edge directions are known,
non-maximum suppression has being applied. Two threshold
values have to be applied to Non-maxima Suppression. With
these threshold values, two thresholded edge images are
produced. Non-maximum suppression is used to trace along
the edge in the edge direction and suppress any pixel value that
is not considered to be an edge. This will give a thin line in the
output image.

B. Sobel Edge Detection:
Sobel method is used to perform edge detection. The Sobel
edge detector use two masks with 3x3 sizes, one estimating the
gradient in the x-direction and the other estimating the gradient
in the y-direction. The mask is slid over the image, estimating a
square of pixels at a time. The
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Fig 3. Canny Edge detection Algorithm
In the Canny method, the calculation of the high and low
threshold values confide on the statistics of the whole input
image. Most of the above implementations use the same fixed
pair of high and low threshold values for all input images. This
results in reduced edge detection performance. The nonparallel implementation calculates the low and high threshold
values for each input image. This results in improved latency
as compared to the existing implementations. The non-parallel
implementations result in a reduced throughput as compared to
the parallel implementations. The issue of improved latency
and reduced throughput is becoming more important with
rising demand for large-size high-spatial resolution visual
content.
The focus of this method is on decreasing the latency and
improving the throughput of the Canny edge detection method
so that it is able to use in real-time processing applications.
First step of canny method is performed partition on the image
to obtained blocks and the Canny algorithm can be applied to
each of the blocks in parallel. It may cause failure if original
canny applied directly at a block-level since it leads to
unwanted edges in smooth regions and loss of important edges
in high-detailed regions. In this paper, an adaptive threshold
selection algorithm is proposed which calculates the high and
low threshold for each block depended on the type of block
and the local distribution of pixel gradients in the block. Each
block can be processed together, thus decreasing the latency.
This allows the block-based Canny edge detector being
pipeline very easily with existing block-based codecs, thereby
increasing the timing performance of image/video processing
systems. The conducted acquiescence evaluations and
subjective tests illustrate that, as compare with the frame-based
Canny edge detector, the proposed algorithm yields enhanced
edge detection results for both clean and noisy images.

Fig 2: Sobel convolution Kernels
algorithm computes the gradient of the image intensity at each
point, and then provides the direction to increase the image
intensity at each point from light to dark. Edges areas represent
strong intensity contrasts which are darker or brighter. Sobel
algorithms work using a mathematical procedure called
convolution and commonly analyze derivatives or second
derivatives of the digital numbers over space. The Sobel
method for edges detection is developed, which is based on a
3 3 array that is moved over the main image. This array is
given as shown in figure 2.
The Sobel kernels over a particular pixel in the MRI image
are moved. Then compute a new value. The sobel convolution
kernels shown in figure 2 are intended to respond to edges
vertically and horizontally. These masks are each convolved
with the image. Horizontal and vertical gradient (Gx and Gy)
have to be calculated, then combined together to find the
absolute magnitude of the gradient at each point and the
orientation of that gradient using equation (2).
|G| =

----------- (2).

V. ANALYSIS AND DISCUSSION
The block diagram of the Canny edge detection technique is
shown in figure 3. In the original Canny edge detection
method, the gradient manipulation is perform by using FiniteImpulse Response (FIR) gradient masks considered to
approximate the 2D sampled versions of the partial derivatives
of a Gaussian function.
The original Canny algorithm consists of the following
steps:
Step 1: Computing the horizontal gradient Gh and vertical
gradient Gv at each pixel location by convolving with gradient
masks.
Step 2: Calculating the gradient magnitude G and direction θG
at each pixel location.
Step 3: Applying Non-Maximal Suppression (NMS) to thin
edges. This step involve calculating the gradient direction at
each pixel.
Step 4: Calculating high and low thresholds based on the
histogram of the gradient magnitude for the entire image.
Step 5: Performing hysteresis thresholding to resolve the edge
map. If the gradient magnitude of a pixel is larger than the high
threshold, this pixel is considered as a strong edge.

VI. PROPOSED METHODOLOGY
In order to improve the performance of the edge detection at
the block level and get the same performance as the original
frame-based Canny edge detector when this later one is applied
to the entire image, a Feature- based Canny edge detection
method is proposed. A functional block diagram of the
proposed method is as shown in the figure 4.

Fig. 4. Feature-based Canny Edge Detection Method
In the proposed version of the Canny algorithm, the input
image is divided into a×a overlapping blocks and the blocks
are processed independent of each other. For an L×L gradient
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mask, the a×a overlapping blocks are obtained by first
dividing the input image into b×b non-overlapping blocks and
then extending each block by (L+1)/2 pixels along the left,
right, top, and bottom boundaries, respectively. This results in
a×a overlapping blocks, with m = n + L + 1. The nonoverlapping b×b blocks have to be extended in order to avoid
edge artifacts and loss of edges at block boundaries while
manipulating the gradients and due to the fact that the Non
Maximal Suppression operation at boundary pixels requires the
gradient values of the neighboring pixels of the considered
boundary pixels in a block.
As shown in figure 5, in order to execute NMS for the border
pixel (x, y), the gradient information of the adjacent pixels
(x−1, y−1), (x−1, y), (x−1, y+1), (x, y−1), (x+1, y−1) are
required. In order to manipulate the gradient of the adjacent
pixels (x −1, y −1), (x −1, y), (x −1, y +1), (x, y −1), (x +1, y −1)
for the 3×3 gradient mask, the block has being extended by 2
(where (L − 1)/2 + 1 = 2) pixels on all sides in order to generate
a block of size (b+4)×(b+4). Thus, a equals to b+4 for this
example. Note that, for each block, only edges in the central
b×b non-overlapping region are included in the final edge map,
where b = a − L − 1. Steps 1 to 3 and Step 5 of the feature
based Canny method are the same as in the original Canny
method except that these are now applied at the block level.
Step 4, which is the hysteresis high and low thresholds
computation, is modified to enable parallel block-level
processing without reducing the edge detection performance.

+ L + 1 for an L × L (L = 3) gradient mask and when the
image is initially divided into n × n non-overlapping blocks.

(a)
(b)
(c)
(d)
(e)
(f)
Fig.6. (a) Original 512×512 Lena image; b) uniform block; (c)
uniform/texture block; (d) texture block; (e) edge/texture
block; (f) medium edge block of the Lena image. Shown
blocks are of size 64×64.
on the total number of edge, texture, and uniform pixels in the
considered block. Figure.6 shows an example where the 512 ×
512 Lena image will be divided into blocks, and each block is
classified according to this classification technique. Figure.6
(b)–(f) is provide, respectively, examples of uniform,
uniform/texture, texture, edge/texture, medium edge block for
the 512×512 Lena image with a block size of 64×64. Note that
there are no strong edge blocks for the Lena image.

CONCLUSION
The original Canny algorithm depends on frame-level
statistics to predict the high and low thresholds and thus has
latency proportional to the frame size. In order to minimize the
large latency and meet real-time requirements, in this paper a
novel feature-based Canny edge detection method is proposed
which may be compute edges of multiple blocks at the same
time. To support this, an adaptive threshold selection method is
suggested, it may predict the high and low thresholds of the
entire image while only processing the pixels of an individual
block. This results in three possible benefits: 1) a significant
reduction in the latency; 2) better edge detection performance;
3) the possibility of pipelining the Canny edge detector with
other block-based image codecs. The proposed algorithm may
be scalable and will have very high detection performance.

VII. POSSIBLE OUTCOMES AND RESULTS
As discussed above, exploiting the local block statistics can
significantly improve the edge detection performance for the
feature-based Canny edge detector. Each image will be divided
into b×b non-overlapping blocks and will be classify the
blocks into six types, uniform, uniform/texture, texture,
edge/texture, medium edge, and strong edge block, by adopting
the block classification method. This classification method
may utilize the local variance of each pixel using a 3 × 3
window that is center around the considered pixel in order to
label it as of type edge, texture, or uniform pixel. Then, each
block will be classified based
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