Academic Journal of Computing & Information Science
ISSN 2616-5775 Vol. 5, Issue 7: 33-39, DOI: 10.25236/AJCIS.2022.050706

Subpixel edge detection algorithm based on improved
Gaussian fitting and Canny operator

Jianing Wang!, Jianing Chen?

ISchool of Information Science and Engineering, Central South University, Changsha, 410083, China
’The College of Mechanical and Electrical Engineering, Central South University, Changsha, 410083,
China

Abstract: In image processing, image edge is often used as a basic feature in higher-level image
processing. Edge detection technology is the basis of image processing technologies such as image
measurement, image segmentation, image compression and pattern recognition. It is one of the important
research topics in digital image processing. In this paper, we explore the image edge and pixel data, and
propose an optimization model for sub-pixel edge extraction, image distortion correction and image edge
segmentation. We preprocess the image with Gaussian filter, median filter and morphological close
operation to reduce the impact of lighting environment and noise on the image. After edge detection with
Canny operator, we use two-dimensional interpolation to Gaussian fit the edge points in the gradient
direction to obtain the sub-pixel edge, and then search the pixel points to obtain the pixel order of the
graphic outline and display it with different colors. Finally, we summarize the model, adjust the search
range and extend it to the case of low definition of the original image. We can obtain high-precision
contour edges of low pixels through technical means.
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1. Introduction

With the development of science and technology, the requirements for the measurement accuracy of
various workpieces and parts are higher and higher, and the requirements for measuring instruments are
also higher and higher[1]. Various image measuring equipment such as digital image size measuring
instrument is gradually replacing the traditional manual caliper measurement application. Generally, after
the camera is calibrated, the distortion of the image is corrected according to the lattice or checkerboard
feature information of the calibrated image, and the mapping relationship between the image coordinate
space and the world coordinate space is calculated[1].

The edge of object is very useful in image recognition and computer analysis. Image edge is the
reflection of the discontinuity of image local features. The edge can outline the outline of the target object
so that the observer can see it at a glance. Edge contains rich internal information (such as direction, step
attribute, shape, etc.)[2], which is an important attribute for extracting image features in image
recognition. Contour extraction is a very important processing problem in image boundary segmentation.
The purpose of contour extraction and contour tracking is to obtain the external contour features of the
image[2]. When necessary, some methods are applied to express the features of the contour, preparing
for image shape analysis, and having a significant impact on the implementation of advanced processing,
such as feature description, recognition and understanding. This paper mainly solves the problem of
image edge detection, segmentation and extraction, and accurately extracts the complete edge
information of the target image[2].

2. Model assumptions and symbols description
2.1 Model assumptions

(1) assume that the contour line for edge detection has no external interference.

(2) it is assumed that the connecting parts of straight line segment, arc segment and elliptical arc
segment are tangent.
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(3) it is assumed that the measured sub-pixel contour edge data is accurate without error.

(4) assume that the edges are only composed of single-layer pixels, and there is no overlap at any

place.

2.2 Symbols description

Table 1: Description of symbols

Symbol Description
Parameters of Gaussian filter, standard deviation of Gaussian function, variance
G threshold[3]
M The gradient amplitude of the pixel
The gradient direction of a pixel, the angle between the normal and the positive
0 direction of the x-axis
u Subpixel edge coordinates
k Amplitude of Gaussian function
Xe~n Ve Horizontal and vertical coordinates of main point C
ki kys k3 Gradient magnitude of pixels
p Distance from main point C to line
h The number of fitted straight lines
R¢v Rys R, Radius of curvature near the beginning, midpoint and end of the curve
tij Distance between any two points in three points
01 Fitting variance
n Number of points on the fitting curve
percent Percentage threshold

3. Model establishment and solution

We compared the traditional edge detection operators and get the following results (Figure 1). Various
operators are greatly affected by noise and image brightness, so it is necessary to preprocess the image
before edge extraction[4].

Original image Roberts Prewitt
0 0 0

500 + 0

1000

Sobel o Laplace Scharr 0 LOG

0 1000 [} 1000 o0 1000 0 1000
Figure 1: Comparison of various edge detection operators

3.1 Data preprocessing

In order to highlight image shape features, reduce noise interference and protect signal edges, we
preprocess the image, mainly including image graying, adjusting image contrast, median filtering,
Gaussian filtering, image binarization and morphological processing;

(1) adjust the light and dark contrast of the image, and change the difference between the maximum
gray level and the minimum gray level of the image. Especially for picl taken under relatively complex
lighting conditions_ 3 image, reducing the interference information on the image.

(2) image morphological processing uses the closed operation of expansion before corrosion to
process the image morphologically. The purpose of expansion is to find the local maximum value, that
is, to calculate the maximum value of the pixel in the area covered by the structural element in the image,
and assign this maximum value to the pixel specified in the center of the current structural element.
Corrosion is a dual operation of expansion, which calculates the minimum pixel value of the area covered
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by the structural element in the image, and sets the pixel where the center of the current structural element
is located as the minimum value[5]. After the completion of the closed operation, the black spots in the
image that are misjudged as edges can be effectively suppressed, so as to get a better extraction effect.

(3) Gaussian filter and median filter noise is caused by the sudden change of the gray value of some
pixels in the image, which makes it inconsistent with the surrounding area.

Gaussian filtering is to find Gaussian filtering kernel first and then convolute. It is a process of
weighted average of the whole image. The value of each pixel is obtained by weighted average of itself
and other pixel values in the neighborhood. Eliminate the noise generated or mixed in the process of
image digitization.

Median filtering algorithm is a filtering technology proposed by Tukey[5]. Image median filtering is
a non-linear image processing method based on statistical sorting. This algorithm is simple and fast, and
can effectively suppress the random impulse noise of the image. Its advantage is to filter out the image
noise while maintaining the original contour and details of the image, especially for impulse noise and
salt and pepper noise[6].

In the process of preprocessing, the image is first processed for contrast, and then perform
morphological opening and closing operations, and use Gaussian filter and median filter to remove noise
and reduce the influence of shadow part. The gray value of noise pixels in the image is not so abrupt.

3.2 Model introduction

3.2.1 Canny operator

Canny algorithm first uses Gaussian filter to smooth the image[7], then uses window to calculate the
amplitude and direction of gray gradient, then suppresses the non maximum value of gradient image, and
finally uses double threshold method to detect and connect edges from candidate edge points[8]. We use
Canny algorithm to locate the edge of the image roughly, which provides data support for further fitting
to get sub-pixel points.

3.2.2 Image smooth processing

During preprocessing, the image has actually been smoothed, and its principle is the neighborhood
average method[9]. The Gaussian function is shown in the formula:

Gxy) =

o is a parameter of Gaussian filtering, and the selection of ¢ will directly affect the filtering effect. If
o is large, it will cause serious edge offset and greatly increase the amount of computation; If ¢ is small,
although the edge detection accuracy is high, the image smoothing effect is weak, resulting in poor noise
reduction effect.
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3.2.3 Calculation of gradient amplitude and direction

Canny edge detection algorithm using 2 x 2. Calculate the gradient amplitude and direction of the
sequence matrix I (x, y) by the finite difference of partial derivatives in the neighborhood. The specific
calculation method is as follows.

Find the partial derivative P in two directions at point (x,y) X (I, J) and P_Y (I, J) are respectively:
P(i,)) = )

Py(i,j) _ I(i,j)—I(i+1,j)+I(2i,j+1)—1(i+1,j+1) (3)

I, j4+1) =10, ) +1(i+1,j+1)—1(i+1,))
2

Using formula (4) and formula (5), the gradient amplitude m (I, J) and direction 0 (I, J) of the pixel
are obtained.

MG§) = VPG + B G o
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3.2.4 Non maximum suppression of gradient amplitude

Since the ridge zone will be generated near the maximum value of gradient amplitude, the principle
of non maximum suppression is to better determine the position of the edge by thinning the ridge zone
in the amplitude map the non maximum suppression process is to take each point in the gradient
amplitude matrix M (I, J) as the central pixel and compare the gradient amplitudes of two neighborhoods
along the gradient direction of the central point in its surrounding 8 directions[10]. If the amplitude of
the central pixel is less than the gradient amplitude of the neighborhood in the two directions, the value
of the edge flag bit of the central pixel is 0. After non maximum suppression, not only the ridge width of
the gradient amplitude matrix is replaced by the width of one pixel, but also the gradient amplitude of
the ridge is retained[11].

3.2.5 Double threshold detection and connection edge

After the above processing, there are many false edges. It is necessary to filter the noise and eliminate
the false edges by thresholding.

The specific steps of thresholding are as follows:

(1) Set two thresholds, i.e. a high threshold and a low threshold, and regard the gray value
corresponding to the pixel with gradient amplitude less than the low threshold as 0;

(2) Set the image extracted by low threshold as A, and the image with gradient amplitude greater than
high threshold as B. since A is the image extracted by low threshold, its edge continuity is good, but it
will contain more false edges. B is the image with gradient amplitude greater than high threshold, so it
does not contain false edges, but its edge continuity is poor;

(3) Based on image B and supplemented by image A, edge information is obtained by recursive
tracking method.

To sum up, the selection of high threshold and low threshold is greatly affected by human factors,
with poor adaptability, and there are obvious defects in practical engineering applications. Therefore, it
is necessary to propose a method that can adaptively determine the high and low thresholds according to
different images to eliminate the interference of human factors[12] we have coarse positioning of image
edges through Canny algorithm to provide data support for further fitting to obtain sub-pixel points.

3.3 Sub pixel edge position calculation

After obtaining the rough edge location information, the algorithm uses Gaussian fitting to further
improve the pixel level location information to sub-pixel level. Because the image generation process
has fuzzy effect, and Canny edge extraction algorithm also has Gaussian filtering operation on the image,
fitting using Gaussian model is more suitable for the actual situation of edge extraction[13]. As shown
in Figure 2, the dotted grid represents the integer pixel points in the image. Let G be the gradient function,
and the origin of the coordinate system coincides with the canny edge points. In the gradient direction,
the algorithm obtains 2n+1 sampling points g (- n). G (0).G (+ n) by interpolation. Then the 2n +1
sampling points are used to fit the one-dimensional Gaussian function, and the position of the center
point of the Gaussian function is the updated sub-pixel edge point coordinates.

\J

Figure 2: Sub-pixel edge detection based on Gaussian fitting

Specifically, the fitted Gaussian function is:
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p is the sub-pixel edge coordinate; o is the standard deviation of Gaussian function; k is the amplitude
of the Gaussian function. The fitting process uses the least square method to solve the Gaussian function
p~ o+ kparameter value[14].

For the image contour edge tracking algorithm, the classic algorithm is based on Freeman chain code.
The basic idea of the algorithm is to detect the image edge, then refine and connect the image edge, and
finally track the image edge. Such algorithms need to detect four or eight connections of image edges.
(citing sub-pixel edge detection and automatic recognition of geometric features. NIU) however, some
edges are difficult to achieve four or even eight connections after processing, so for the part of graphic
edge extraction, we use the chain search method to refine the image edge and obtain the pixel order of
the image contour[15]. The specific steps are as follows:

(1) Select a pixel as the starting point;
(2) Add it to the output list and establish a 3*3 pixel matrix centered on it;
(3) Traverse the eight pixels except the center in the specified order.

If there are pixels with a binary result of 255 and not added to the output list, point the pointer to the
point and jump to (2), otherwise the search ends.

The following points should be noted:

(1) Manually obtain the first pixel, so it is required to know the specific coordinates of at least one
edge pixel;

(2) The traversal order problem after obtaining the pixel matrix. In order to obtain the next edge point
as accurately and quickly as possible, we propose to comprehensively consider the gradient of the point
and the binary results of the eight pixel points except the center, and obtain the next pixel point with the
gradient as the dominant factor, so as to complete the edge search of the overall image.

(3) The image contour is as thin as possible to reduce the time consumption for non edge point
judgment, so we first carry out the rough positioning of the image contour and a certain degree of thinning
before extracting the edge.

3.4 Analysis of the model

Through the above steps, we get the final orderly segmented contour data (see the attachment) and
the edge contour, as shown in the following figures (Figure 3,Figure 4). It can be seen that the edge
features of each image are well preserved, and the effects of burrs and shadows are eliminated. Especially
for picl 3. The white spots formed under complex lighting conditions did not form an inner contour
within the contour[16].

Figure 3: Edge graph of contour of picl 1 and picl 2
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Figure 4: Edge graph of contour of picl 3
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Using this model, we combine canny, which has poor edge extraction effect in the light environment
and more burrs, with a variety of filters and two-dimensional interpolation fitting to extract the edge
contours of different shapes[17]. Canny operator provides us with the basic image edge, which has a
good effect on the gray image and the image with clear edge, but for the image with complex illumination
and fuzzy edge, it will not detect the edge points or make the edge points float and deviate from the edge
position[18]; We use a variety of filtering methods to solve the problems of complex illumination and
noise interference, and restore the original image as much as possible by eliminating the impact of the
external environment to a great extent[19]; For the burr phenomenon of image edge caused by pixel loss
or other reasons, we use binary pixel and two-dimensional interpolation to realize Gaussian fitting to
further restore and supplement the edge[20]. From the comparison between the experimental results and
other operator results, it can be seen that this algorithm is more suitable than the traditional algorithm for
edge detection with complex illumination and compressed image.

4. Conclusion

Gaussian fitting can not only improve the blur effect in the process of image generation, but also the
Gaussian filtering operation in the preprocessing. Therefore, using Gaussian model for fitting is more
suitable for the actual situation of edge extraction. Canny uses two different thresholds to detect strong
edges and weak edges respectively. Canny is not easily disturbed by noise and can detect real weak edges.
Compared with curvature and slope, curvature angle can better distinguish straight line segment, arc
segment and elliptical arc segment in edge curve. And the algorithm is easy to implement.
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