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Abstract: Graphic contour extraction is a significant issue in pattern recognition and vision
processing. However, classical filters such as Sobel filters are difficult to extract the complete
shapes in terms of contour extraction. In this work, we designed two filters via logarithmic,
sine, exponential, and cosine functions. These filters can extract the outline of the image
completely. Moreover, a low-light image acquired from a fluorescence microscope was used
for contour extraction. These filters could be used for extracting some of the edge contours
for images with weak fluorescence and underwater images, where colouring impact was
applied to the outputting images for generating coloured images. Meanwhile, the successful
extraction of crystal contours under the fluorescence microscope via these filters proved their
feasibility for microscopic image processing.

1. Introduction

In the field of vision, shape is the most intuitive feature of a figure. The current target recognition
methods can be classified as area feature-based target recognition and contour feature-based target
recognition methods. Target recognition based on contours is more logical, more stable, and less
susceptible to interfering issues as compared to regional cues like colour and texture. As a result,
contour feature recognition has wider application in many fields such as industry, medical, and
mapping. As the basis of contour feature recognition, contour extraction has been the object of
research by many scholars. To some extent, the goodness of the contour extraction method directly
affects the subsequent contour feature recognition.

The traditional contour extraction methods such as Roberts operator, Prewitt operator, Canny
operator, and LoG operator, which belong to the edge detection via differential operator. Their core
idea is to segment the image contour with the image grey mutation as the boundary to further extract
the graphic contour. With the continuous development of graphics processing technology, the
requirements for graphic contour accuracy extraction have been gradually improved, and scholars
have conducted more in-depth research. For example, some scholars have proposed SUSAN-based
edge detection method. This method was used to study the size and second-order moments of similar



regions of image kernels to obtain the edge position of the image, but the algorithm requires
artificially determined thresholds and has a large amount of operations M. In addition, with the
continuous development of deep learning, some scholars use neural networks for image processing
[2-8] For example, some scholars built a holistic nested edge detection method with multi-scale and
multi-feature learning, which adopts a global processing method and can automatically arrange and
combine the scale information to obtain the optimal contour information of the image . Some
scholars proposed wavelet transform-based edge detection algorithm, which determines the boundary
of an image by obtaining the local maximum of the wavelet coefficient amplitude after wavelet
transform, and achieves a good detection effect, but it is easy to cause the detected image edge to be
discontinuous or generate pseudo-edge 1. It can be found that wavelets can be used to explore
subjects with interrupted features in order to meet the purpose of spatial filtering 214, We can
construct a unique framework to filter the frequencies brought by the wavelet transform through the
combination of functions to achieve the continuity of the extracted graphic contours. We have found
two frameworks that are based on the combination of logarithmic and cosine functions and
exponential and sine functions, respectively. Based on these frameworks, we have developed two
filters dubbed as log-cos and exp-sin for contour extraction.

In Sec. 2 we presented two kinds of frameworks for constructing mathematical function-based
filters. We showed the performance of these filters in Sec. 3 when processing simple picture, a weak-
light image, an image obtained from a fluorescence microscope, and images acquired underwater. It
can be seen that much more details can be acquired from these filters. This fully demonstrates the
excellent ability of these filters to extract graphics contours.

2. Method

Algorithm 1: The log-cos filter
1) Reading the image in JPG format.
2) Converting the image into a grey image.
3) The image is resized to be 1440>2560.
4) Calculating wavelet transform using the pixels value and getting the coefficient value of v(m, n).
5) Calculating the new coefficient value us(m, n)using the following equations:
u, (m,n) = a; X hybot[u(m,n), a; X u(m,n)]
u,(m,n) = 2 x loglas X u;(m,n) + a,] + {3 x log[as X u;(m,n) + agl}? + {4 x logla, x u;(m,n) + agl}® + {5 x
loglag x u;(m,n) + a,]}*

uz(m,n) = [a;; X up(m,n)]*=
uy(m,m) = a3 X cos[a, X ug(m,n)] + a5 X cos[ag X us(m,n)] + a7 X cos[a;g X ug(m,n)]
uz(mn)
cos[u,(mn)+aso]
6) Calculating the inverse of wavelet transform using the value of us(m, n) and getting the new pixels values of x(m, n).
7) Showing the processed image using the value of x(m, n).
Algorithm 2: The exp-sin filter
1) Reading the image in JPG format.
2) Converting the image into a grey image.
3) The image is resized to 1440>2560.
4) Calculating wavelet transform using the pixels value and getting the coefficient value of v(m, n).
5) Calculating the new coefficient value vs(m, n) using the following equations:
v,(m,n) = b; X hypot[v(m,n), b, X v(m,n)]
vz(m’ n) — engvl(m,n)+b4
v3(m,n) = [bs X v,(m,n)]%
vy(m,n) = b, X sin[bg X v3(m,n)] + bg X sin[byy X v3(m,n)] + byy X sin[by, X v3(m,n)] + byz X sin[byy X v3(m,n)]

us(m,n) =

vz(m,n)
cos[vy,(mn)+bys]
6) Calculating the inverse of wavelet transform using the value of vs(m,n) and getting the new pixels values of y(m, n).
7) Showing the processed image using the value of y(m, n).

vg(m,n) =




We built two filters, which are named as log-cos filter and exp-sin filter. They are built based on
the wavelet transform and the simple functions. In order to get the log-cos filter, we have used the
logarithmic and cosine functions along with a general wavelet decomposition using typical function
of Symlets. In addition, we created the exp-sin filter based on the exponential and sine functions,
which decomposes the image into waves after grayscale and pixel processing. Here we use the sym4
function for the wavelet decomposition. From this we can obtain the coefficient value v(m, n) of the
wavelet decomposition. After a series of function processing, we can get a new coefficient value v5
(m,n). We obtained the outputting image using the coefficient of v5 (m,n). The frameworks for these
two filters are shown as follows.

3. Results and discussion
3.1. Extracting the profiles of simple shapes

In order to verify the effectiveness of these two filters for extracting edge contours, we chose a
graph with nested structures for processing. Fig. 1a shows an image named as Multi. Fig. 1b shows
the outputting image after log-cos filtering. Fig. 1c shows the image obtained after the exp-sin filter
processing of this picture. The image after the processing of using the filters shows the detailed
contours of the inner and outer nested graphs more clearly. Fig. 1d shows the outputting image of
Multi via the Sobel filter. The inner nested triangles are not extracted at all in the image processed by
the Sobel filter.
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Figure 1: (a) An image called as Multi. (b) Processed by the log-cos filter. (c) Processed by the exp-
sin filter. (d)Processed by Sobel operator.

By comparing the processing results of Fig. 1a, it can be seen that the log-cos filter and the exp-sin
filter can extract the inner nested graphs clearly and completely compared to the Sobel filter.

(a) (b) (c) (d) (e)

Figure 2: (a) A weak-light image called as Fungal was acquired from a fluorescence microscope. (b)
Processed by combing a wavelet-based filter and the log-cos filter. (c) Processed by combing a
wavelet-based filter and the exp-sin filter. (d) Colouring with the log-cos filter. (¢) Colouring with
the exp-sin filter.

3.2 Combing with the wavelet filter

We combine our filters with a wavelet filter for extracting the contours from a weak-light image.
Here, a weak-light image denoted as Fungal (Fig.2a) was first processed by the wavelet filter designed
by Man Jia et al [*®]. This would generate the outputting image A1, which was further processed by
the log-cos filter and the exp-sin filter. The outputting images from these filters were shown in Fig.
2b and Fig. 2c, respectively.
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(@) Input image Water21. (b) The image Water21 was processed by combing a wavelet-based filter
and the log-cos filter. (c) The image Water21 was processed by combing a wavelet-based filter and
the exp-sin filter. (d) Input image Water22. (e) The image Water22 was processed by combing a
wavelet-based filter and the log-cos filter. (f) The image Water22 was processed by combing a
wavelet-based filter and the exp-sin filter. (g) The image Water21 was processed by Sobel operator.
(h) The image Water22 was processed by Sobel operator.

Figure 3: Sample images acquired under water were processed.

The parameter of measurement of the entropy was used to evaluate the processing impact of these
filters '], The values of measurement of the entropy for the image Fig. 2b and Fig. 2c were calculated
as 1.3722 and 0.2018, respectively. The outputting images of our filters are grey, which may be not
vivid for presentation. Therefore, we used colouring strategy for introducing the coloured output. Fig.
2d and Fig. 2e are the coloured images corresponding to the images of Fig. 2b and Fig. 2c.

People have placed much attention to the underwater observation and utilization of marine
resources. Underwater image processing becomes an active research field. It should be noted that
marine environment is usually faced with complex conditions, including water turbulence, wave
diffusion, light absorption and scattering, and noises from sea animals. This is different from the
ordinary environment. Therefore, the images acquired may show the features of low contrast, uniform
light irradiation, and colour distortion. All these imaging environment has made the extraction of the
profiles from the images acquired from the underwater condition a difficult task. Here, we tried to
process the underwater images using the framework of the wavelet-based filter *5 combined with the
log-cos filter or the exp-sin filter. Fig.3a is an image acquired from underwater condition. Fig.3b and
Fig.3c were the output images generated by combing the wavelet-based filter and the log-cos filter or
the exp-sin filter. The values of the entropy for the image Fig. 3b and Fig.3c were calculated as 0.7456
and 2.5680. Fig.3d is another image acquired underwater condition. Fig.3e and Fig.3f were the output
images generated by combing the wavelet-based filter and the log-cos filter or the exp-sin filter. The
values of the entropy for the image Fig. 3e and Fig.3f were calculated as 0.4322 and 11.9625. Fig.3g
and Fig.3h showed the output images generated by Sobel operator. Clearly, there were missing
features in Fig.3g and Fig.3h. Those key features of the wrench and the pincer were shown in Fig.3b,
Fig.3c, Fig.3e, and Fig.3f.

@ (b) () (d)

Figure 4: (a) A sample image called as Crystal and its processed versions, including those (b)
processed by the log-cos filter, (c) processed by the exp-sin filter (d) processed by Sobel operator.

In addition, we further explored the effect of these two filters on the extraction of edge contours
from images taken under fluorescence microscopy. Fig. 4a shows a picture named Crystal taken under
fluorescence microscope. Fig. 4b, Fig. 4c, and Fig. 4d show the pictures processed by the log-cos
filter, the exp-sin filter, and Sobel operator, respectively. We can see that the log-cos filter and the
exp-sin filter have clearer graphic details than the original images taken under the fluorescence



microscope. It fully demonstrates the distribution of all the features, which can be more convenient
for researchers to process and study the crystal materials. It can be seen that the images processed by
the Sobel operator have a loss of detail contours compared to the original unprocessed images.

Through the above comparative study, we can see that the filters built has a much better graphic
contour extraction ability compared with the Sobel operator. What is more rare is that there are
various combinations of functions in the framework, where our proposed scheme is based on such an
adjustable framework. Therefore, we can say that there is still much to explore and discover in this
aspect. At the same time, they can show the anti-interference and the good applicability for the
extraction of graphic contours under fluorescence microscopy. We can change this dynamic
framework to achieve better image contour extraction capability in our work. It can be expected that
they can be modified to meet the needs of a wider range of industrial applications. It has been reported
that Gabor filter 8] watershed algorithm based filter 11, and matched filter 2% are effective in
processing images, where the combination of these filters with our designed filters can be expected
to show a lot of practical applications.

It is reported that wavelets and lifting-wavelets can be used to create special filters for enhancing
the low-light images [**2% which may be integrated into our framework for getting patterns of the
low-light images. Another aspect of the future work would be using advanced imaging technology
and nanomaterials 22-%, It can be noted that the images were enhanced after using the Retinex models
and their derivatives 26-3, This would be our future endeavour.

4. Conclusions

For graph contour extraction, we created two frameworks. One is based on the combination of the
logarithmic and the cosine functions. Another is based on the combination of the exponential and the
sine functions. These filters are more powerful than the Sobel filter for extracting the contours of
complex graphs, where they can extract the nested graphs completely and clearly. In addition to this,
we compared the image acquired from the fluorescence microscope and processed via the log-cos
filter, the exp-sin filter, and Sobel filter. From the extracted images, we can see that the features of
the crystals can be clearly seen in the images processed by our proposed two filters, while the images
processed by Sobel filter cannot be extracted. Our proposed filter can bring convenience to future
research in chemical and medical imaging.
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