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Abstract - In this paper, three edge detection algorithms based on LOG operator, Canny operator
and wavelet transform were introduced briefly. Then, three edge detection algorithms were
simulated and analysed by MATLAB. The subjects of analysis were three kinds of pictures, vehicles,
ships and animals, and each group had three pieces. The results showed that the image edge
obtained by the algorithm based on LOG operator had general outline but insufficient details, the
image edge contour and details obtained by the Canny operator algorithm were relatively
complementary, and the image edge obtained by the wavelet transform algorithm had more
abundant contour and details. In terms of performance, the algorithm based on wavelet transform
had the highest peak signal-to-noise ratio (PSNR), followed by the algorithm based on Canny
operator and the algorithm based on LOG operator; in terms of detection time, the algorithm based
on LOG operation was the longest, followed by the algorithm based on Canny operator and the
algorithm based on wavelet transform.
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1. Introduction
Fast and accurate image recognition has been widely
used in various fields, such as traffic license plate
recognition, face recognition, medical image
marking, etc., and for fast image recognition, image
edge detection is a very important part [1].
For an image, edges contain a lot of important
information: edges play a role of segmenting regions,
and edges represent the beginning and end of the
regions on both sides [2].
In the region of an image itself, the change of the
pixel value is relatively stable, while the change of
the pixel value at the edge is usually intensive and
transitional. Through the fast and accurate detection
of the edge in the image, the relevant image
recognition system can quickly and accurately divide
the image into regions and then analyze different
regions according to the needs. Moreover, the
contour formed by the edge of the image can also
reflect the details in the image [3].
At present, the basic principle of the commonly
used edge detection algorithm comes from "the
change of the pixel value at the edge is usually
intensive" mentioned above.
Therefore, the method of deriving the gray value
of images is used to find the edge point. Gu et al. [4]
carried out image edge detection using artificial
neural network and parallel computing, compared it
with the traditional edge detection algorithm, and
found that the new method had higher detection
efficiency and accuracy.

Yu et al. [5] proposed a microscopic image edge
detection algorithm based on Sum and Difference of
Neighborhoods along Axis (SDNNA) and found
through the experiment that the algorithm had
strong anti-noise ability and high positioning
accuracy and was suitable for images with different
resolutions.
Shehu et al. [6] proposed an improved fast fuzzy
algorithm to deal with images with multi-level edges,
and the algorithm could adaptively select
parameters according to different gray areas. In this
paper, three edge detection algorithms based on LOG
operator, Canny operator and wavelet transform
were introduced, and then three edge detection
algorithms were simulated by MATLAB.

2. Three Edge Detection Algorithms
 Edge detection algorithm based on Log
operator

Figure 1: The flow of edge detection algorithm based
on Log operator
The calculation flow of edge detection based on
LOG operator is shown in Figure 1.
Firstly, image f ( x, y) is input.
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Secondly, as the second derivative is the second
derivation of the image function, part of the "noise"
contained in the image will be amplified.
When using the zero point of the second
derivative to find the edge point, the "noise" will
seriously interfere with the accuracy of the search,
and when it is serious, the "double edge image" will
be detected. In this paper, the image is denoised
using the Gaussian filter [7], and the calculation
formula is:
x2  y2
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where G( x, y) is the image processed by
denoising, σ is the standard deviation following
Gaussian distribution, and ( x, y) is the pixel
coordinates of the image.

LOG operator is the product of combining Laplace
operator with Gaussian function. Laplace operator
and Gaussian function are:
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where ∇ 2 is the Laplace operator [8] and h( x, y)
is a Gaussian function. As the image used for
computer processing is a digital image composed of
pixels, the image function is the discrete function.
In addition to the Laplace operator and Gaussian
function mentioned above, it is also need to
approximately solve LOG operator based on image
neighborhood and equation (3):
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After all the pixels in the image are traversed by
the above LOG operator, the second derivative of the
image pixel is obtained.
The pixel with the second derivative crossing the
zero point is selected, and the pixel point is the edge
of the image.
 Edge detection algorithm based on Canny
operator
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The calculation flow of the edge detection
algorithm based on Canny operator is shown in
Figure 2. Firstly image f ( x, y) is input. In order to
improve the accuracy of edge detection and reduce
noise interference, the image is denoised by
Gaussian filter, and the denoising formula is shown
in equation (1) above.
After image denoising, the horizontal and vertical
gradients of each pixel in the image are calculated
using a 3 3 Soble operator template [9]. The
calculation formula is:
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(3)

(5)

where Gx is the horizontal gradient of image
pixels, G y is the vertical gradient of image pixels,

f ( x, y) is the denoised image. After obtaining the
set of horizontal and vertical gradients of image
pixels, the gradient amplitude and direction angle of
each pixel point are calculated respectively using the
following equation [10]:
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Figure 2: The flow of edge detection algorithm based
on Canny operator

(2)

(6)

where G is the gradient amplitude of the pixel.
Theoretically, the quadratic sum of the horizontal
and vertical gradients of the pixel needs to be
squared; in order to reduce the calculation amount
and improve calculation efficiency, the gradient
amplitude is approximately calculated by the sum of
the absolute values of the horizontal and vertical
gradients.  is the gradient direction angle of the
pixel.
Then the edge points are extracted using nonmaximum suppression algorithm. The calculation
method is to compare the gradient amplitude of the
pixel points on the same gradient direction angle,
keep the pixel point with the largest gradient
amplitude as the edge point, and set the rest pixel
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points to zero. Then the dynamic threshold is
calculated:
T  avg  2  o

(7)

where T is a threshold, avg is the average
gradient of pixels higher than the average gradient of
the whole image, σ is the standard deviation
between the gradient of pixel point larger than avg
and avg , and o is a constant term.
The pixels of the image are screened by the
calculated dynamic threshold, so as to supplement
the edge points extracted by the non-maximum
suppression algorithm and make the edges as
continuous as possible. If the gradient of a pixel is
greater than the threshold, it is considered as an
edge point; if a pixel whose gradient is smaller than
threshold is connected with an edge point, it is
considered as an edge point; otherwise, it is
considered as a non-edge point.
Edge detection algorithm based on wavelet
transform


Figure 3: The flow of the edge detection algorithm
based on wavelet transform
In this paper, the edge detection algorithm based
on wavelet transform uses histogram equalization to
reduce the impact of noise in the image and then
uses wavelet transform to remove noise, and the
effective edge information is remained. The
algorithm flow is shown in Figure 3.
Firstly, the image is input, and then histogram
equalization is performed to enlarge the gray range
of the image and reduce the influence of noise. The
formula of histogram equalization [11] is:
r

s   p r ( )d
0

(8)

where s is the gray value after histogram
equalization, r is the gray value before histogram
equalization, and p r (ω) is the probability density
that gray level is r in the image. In practical
application, the image processed by computer is a
digital image composed of pixel points, which is a
discrete image. Therefore, equation (8) needs to be
discretized, which is expressed as:
k n
j
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where s k is the gray value after transformation,
n j is the number of gray value as rk , n is the
number of the total pixels in the image, and L is the
number of gray values in the image.

After the image histogram is equalized, the image
is processed by two-dimensional wavelet transform.
Firstly, the image horizontal information is
processed by wavelet transform to obtain lowfrequency signals and high-frequency signals by
wavelet transform. Then the image longitudinal
information of low-frequency signal and highfrequency signals is processed by wavelet transform
respectively.
The formula of wavelet transform [12] is as
follows:
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where c j 1 (k ), d j 1 (k ) are low frequency and high
frequency
signals
obtained
after
wavelet
decomposition, c j (m ) is the signal before wavelet
decomposition, and h(•) and g (•) are low and highpass filters.
After the two-dimensional wavelet transform, the
high-frequency part is removed, and then the image
is processed by two-dimensional wavelet transform
again. Four groups of signals are obtained.
After the low-frequency part is set to zero, the
edge information of the image is obtained.

3. Simulation Analysis
 Experimental environment
In this paper, the above three edge detection
algorithms were simulated and analyzed using
MATLAB software [13]. The experiment was carried
out in a laboratory server.
The server configurations were Windows 7
system, I7 processor and 16 G memory.
 Experimental data
In this paper, three images with different
contents were selected, including vehicle, ship and
animal. The pictures were all in bmp format, and the
size was 600  512 . In order to detect the edge
detection performance of three edge detection
algorithms under noise interference, each image was
added with a Gaussian noise of  2  0.02 [14].
 Experimental method
Firstly, three edge detection algorithms were
written with MATLAB software, and then gray-scale
preprocessing was carried out for the pictures with
Gaussian noise added. Then, three edge detection
algorithms were used to detect the edge of three
kinds of group pictures (nine pictures in total).
The pictures after edge detection were obtained,
and the detection time was recorded.
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 Evaluation indicator
In this paper, the performance of three edge
detection algorithms was detected using the peak
signal-to-noise ratio (PSNR) [15], and its formula is:
(11)
255  255
PSNR  10  lg

extracted edge was also closer, especially the mane
was very close to the area of the original image.

 m n


( I ( x, y )  I ( x, y )) 2  (m  n)
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where PSNR is the peak signal-to-noise ratio, m n
is the image size, I ( x, y) is the original image after
adding Gaussian noise, and I ( x, y) is the image
processed by edge detection algorithm.


Experimental results

Figure 4: The original image after noise addition and
images processed by three edge algorithms
Limited by the space, this paper only shows a
group of animal images: the original image with
noise and images processed by three edge detection
algorithms.
As shown in Figure 4, the noisy original image
used for algorithm performance detection is a lion’s
face, which becomes fuzzy after Gaussian noise was
added. As to the noisy original image processed by
the edge detection algorithm based on the LOG
operator, the naked eye could see the approximate
shape of the lion’s front face directly, the lion’s front
face could be barely recognized at the first sight, but
there were many details not detected compared with
the original image. As to the noisy original image
processed by the edge detection algorithm based on
the Canny operator, it was similar to the result of the
algorithm based on LOG operator, i.e., the lion’s face
could be distinguished at the first sight; compared
with the result of the algorithm based on LOG
operator, the details of edge image were richer,
especially the area of mane was larger. As to the
noisy original image processed by the edge detection
algorithm based on wavelet transform, the front face
of a lion could be clearly seen; compared with the
other two algorithms, the details were more
abundant; compared with the original image, the
122

Figure 5: PSNR comparison between three edge
detection algorithms
As shown in Figure 5, the average PSNR of the
edge detection algorithm based on LOG operator was
17.45 for vehicle group image detection, 17.21 for
ship group image detection and 15.36 for animal
group image detection; the average PSNR of the edge
detection algorithm based on Canny operator was
21.15 for vehicle group image detection, 21.31 for
ship group image detection and 19.88 for animal
group image detection; the average PSNR of the edge
detection algorithm based on wavelet transform was
35.12 for the vehicle group image detection, 35.48
for ship group image detection and 33.54 for animal
group image detection. It was seen from Figure 5
that the average PSNR of the three edge detection
algorithms based on LOG operator was the lowest,
that based on Canny operator was the second, and
that based on wavelet transform was the highest.
After comparing the PSNR between the three
groups of images under the same edge detection
algorithm, it was found that the PSNR of the vehicle
group and the ship group images was relatively close
to that of the original image after processing, while
the PSNR of the animal group images processed by
the algorithm was significantly smaller compared to
the other two kinds of group images.
The reason lied in the fact that vehicles and ships
which are artificial creation with relatively regular
appearance and details and few changes in complex
details had relatively clear edge, but there were the
arc-shaped or irregular edge lines in the images of
animals, and the animal hair under the effect of light
increased more irregular edges to the image, which
affected the performance of the edge detection
algorithm.

Figure 6: Comparison of detection time between three
edge detection algorithms
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As shown in Figure 6, the average time of the
edge detection algorithm based on Log Operator for
vehicle, ship and animal group images was 1.5 ms,
1.52 ms and 1.61 ms respectively; the average time
of the edge detection algorithm based on Canny
operator for vehicle, ship and animal group images
was 1.43 ms, 1.46 ms and 1.53 ms respectively; the
edge detection algorithm based on wavelet
transform for vehicle, ship and animal group images
was 1.09 ms, 1.11 ms and 1.32 ms, respectively. It
was seen from Figure 6 that for vehicles, boats and
animals, the average detection time of the edge
detection algorithm based on wavelet transform was
the shortest, that based on Canny operator was the
second, and that based on LOG operator was the
longest, but it was close to that based on Canny
operator. The comparison of the average detection
time of three groups of images under the same edge
detection algorithm demonstrated that the detection
time of vehicles and ships was short, and the
detection time of animals was long. The reason for
the difference was similar to the former one: vehicles
and ships with regular appearance had many linear
edges in the image, and moreover the total number
of edges was small, while there were many nonlinear edges in the animal group images, and
moreover the thick hair made the unit area of the
image produce more edges.

4. Conclusion
In this paper, three edge detection algorithms based
on LOG operator, Canny operator and wavelet
transform were introduced briefly, and then three
edge detection algorithms were simulated and
analyzed by MATLAB. The subjects of analysis were
three kinds of group pictures of vehicles, ships and
animals, three images each group. The results are as
follows: (1) from the visual perspective, the image
obtained by the algorithm based on wavelet
transform had the best edge effect and rich details,
and the algorithm based on the LOG operator had the
poorest effect, but the rough shape was available; (2)
the average PSNR of the algorithm based on wavelet
transform was the largest, the average PSNR of the
algorithm based on Canny operator was the second,
and the average PSNR of the algorithm based on LOG
operator was the smallest; (3) the average detection
time of the algorithm based on LOG operator was the
longest, the Canny operator based algorithm was the
second, and the wavelet transform based algorithm
was the shortest.
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