Bulletin of Electrical Engineering and Informatics
Vol. 11, No. 2, April 2022, pp. 1157~1166
ISSN: 2302-9285, DOI: 10.11591/eei.v11i2.3401 O 1157

Corner detection in aerospace image by using an expandable
mask

Haider Makki Hammed Alzaki!, Maha Abbas Hutaihit!, Oksana Shauchuk?

Collage of Engineering, University of Diyala, Baqubah, Iraq
2Department of Infocommunication Technologies, Belarusian State University, Minsk, Belarus

Article Info ABSTRACT

Article history: An algorithm for searching the breaks in contours based on an expandable
. mask in the image is proposed. The essence of the algorithm is to eliminate

Received Nov 22, 2021 straight contour lines using a form factor. Sequential application of a 3 x 3

Revised Mar 5, 2022 pixel binary mask for each pixel of the contour, except the endpoints, and

Accepted Mar 21, 2022 joining the unit elements to the mask (growing) in the vicinity of the pixel,

for which it is impossible to determine whether the fracture using a mask

3 x 3 pixel. The analysis of the proposed algorithm is compared with Harris
Keywords: method when changing registration conditions of images, specially,
brightness, contrast, and rotation. Shown, that the proposed algorithm is
more stable with increasing contrast and has a shorter running time
compared with Harris method on account of loss the stability with

Contoure line
Corner detection

Digital image processing decreasing contrast.
Harris method
Key points This is an open access article under the CC BY-SA license.

[Nole

Corresponding Author:

Haider Makki Hammed Alzaki

Collage of Engineering, University of Diyala
Baqubah, Iraq

Email: haidermakki300@yahoo.com

1. INTRODUCTION

Currently, there are different methods and algorithms for image processing that are increasingly
used in the medical field to solve various problems: search for anomalies in medical images, classification of
X-rays, and assistance in the analysis. Finding the key points is an important issue for solving the tasks in
various fields, such as video surveillance, parameterization, identification of objects, and image stitching.
Key points should be: i) uniquely identifiable in some neighborhoods and image as a whole; ii) invariant to
affine transformations; iii) stable relative to noise; iv) effective for parameterization and identification of
objects in the set of analyzed images.

As a key points for images can be: pixel, line, and intersection of lines—corners. There are a number
of methods for finding corners in an image: Harris, [1], Shi-Tomasi [2], and FAST [3]. Corner detectors
most often work with the brightness component of the pixel value. To the input of such a detector, working
with a luminance component, black and white image served, as a result, and the output is formed by a list of
possible angles with the degree of similarity.

Points with a degree of similarity greater than the threshold are defined as angles and less than the
threshold—discarded. The disadvantage of using such detectors in the above tasks is that: that they detect the
area, where the corner point is found, but do not always locate its coordinates, such as the corner point as a
result of the work of these algorithms may be outside the line. Therefore, after application of these detectors
is necessary to specify the location of each angle, for example using a mask. To eliminate these drawbacks, it
is necessary to use angles and lines as key points.
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2. METHOD

For tasks such as dividing paths into separate straight lines and stitching images, corners are used as
key points. Corner can be classified as shown in: i) L-form (with different angles); ii) Y-form (with different
angles) or usually like T-form; iii) X-form (with different angles). As shown in Figure 1 developed an
algorithm for corner detection in aerospace image by using an expandable mask. The proposed algorithm is
based on the sequential application of a mask at each pixel of a selected contour, not a straight line, and
except for endpoints of the contour. In case of an ambiguous solution for a pixel, it is additionally checked by
expanding the mask to the size pixels.
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Figure 1. Types of corners in the image

The input of the algorithm is an image I = [|i(y, x)||(y - 071, x = 0X=1)" where i(y, x) = 0.255-
the brightness value of a pixel in the image, Y, X — the dimensions of the image vertically and horizontally.
The algorithm is consisting of the following steps.

—  Formation of a matrix of binary images Iy = ||ig(y, x)||(y = 07-1, x = 0X-1) for the input image I using
the canny contour filtering algorithm [4], where iz(y, x) =1 for a pixel belonging to the path,
ig(y, x) = 0 for the background pixel.

—  Segmentation of contour lines. Segmentation is carried out by the method (region growing (RG))
[5]-[8]. Each contour pixel ig(y, x) = 1 the contour number is assigned, to which it belongs. As a
result, a matrix of contours is formed S = |[s(n)||,,-7, and a matrix of the number of endpoints in each
contour K = ||k(n)ll,,—gx, where s(n)- coordinates of contour pixels, represented as matrices
X(n) = ||x(n, C)”(C=0.C——1)’ Y(n) = |ly(n, C)”(C=0,C——1)’ k(n) is number of the endpoint, N is number of
found contours, C is number of pixels in the contour shows in Figures 2 (a) and (b).

(@) (b)

Figure 2. Segmentation of contour lines (a) test image and (b) segmentation (RG) for test image

— Normalization of selected contours by thickness. Contour normalization is carried out using the method
of contour line thickness normalization [9]-[11]. In the process of normalization X (n), Y (n) pixels are
removed from the contour coordinate matrices, which visually and physically make the line thicker. As
aresult, s(n), outlines are formed with a thickness of one pixel.

—  Contour analysis. The endpoints of the contours are analyzed first k(n). If k(n) = 2— the decision is
made that the contour s(n) is a line and the form factor is calculated f to check if the contour is curved
s(n) [12]-[15]. If f =[0.8,1.2]- the decision is made that the contour s(n) is straight lines and
therefore has no corners. Therefore, this contour is removed from the matrix S.

—  Search corner points. As a result of the execution of the algorithm, angular matrices are formed X, =
||x(g,n)||g=a—6, Y, = ||y(g,n)||gzﬁ, where x(g,n), y(g,n)— the coordinates of the corner points, g
issequence number of the coordinates, G is the number of corner points found, n is contour number to
which the corner point belongs [16]-[19].
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a.  Formatting mask M; = ||m;(y, x)”(y=o,_2,x=ﬁ) in Figure 3, where j = 1,16 is sequence number of the

matrix,
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Figure 3. Masks for searching corner points in contours

b.  Forming corner matrices Y,, X,. The neighborhood of each pixel of the contour s(n) with coordinates
y(n,c),x(n,c) matrix Y (n),X(n) is checked for compliance with one of 16 corner masks M;. If the
neighborhood of a pixel with coordinates y(n, ¢), x(n, c) matches masks M;.. Mg — go to the step d. If
the neighborhood of the pixel with coordinates y(n, c), x(n, ¢) corresponds to the masks Mg.. M;¢— Qo
to step ¢ [20]-[23].

c. Clarification. For a contour pixel with coordinates y(n,c),x(n,c), the neighborhood of which
corresponds to matrices My.. M4, refinement is performed by expanding the matrix to the size 5 x 5
pixels as shown in Figure 4. If the neighborhood of the pixel with coordinates y(n,c),x(n,c)
corresponds to the expanded matrix (the presence of at least one contour point on each side is checked
in the area indicated in gray in Figure 2) go to step d.

Figure 4. Masks for searching corner points in contours
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d.  Pixel coordinates y(n, c), x(n, c), defined as a corner point are entered into matrices Y,, X, accordingly
[24]-[26]. As a result of the algorithm, coordinate matrices are formed Y,, X, containing the coordinates
of the corner points Figure 5.

Algorithm for searching the corners of one contour with long
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Figure 5. Corner detection in areospace image by using an expandable mask

3. RESULTS AND DISCUSSION

The developed algorithm is implemented in the C** programming language using the open computer
vision (CV) library. For comparative evaluation algorithm implemented most known methods for angles
detection—Harris. The experiment was tested on a computer with the following technical characteristics:
processor—intel (R) core (TM) i5-2320 central processing unit (CPU) 3.0 GHz; random acces memory-4
(RAM-4) GB; system type—64-bit operating system, x64 processor; and operating system—windows 7.

To evaluate the operation of the algorithms, grayscale images were divided into 5 classes according
to the type of the brightness of the image histogram. One image from each class was taken for testing. The
test image and their histograms are shown in Figures 6(a) to (e).
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Figure 6. Test images and their histograms of different classes (a) -1, (b) -2, (c) -3, (d) —4, and (e) -5

For quantitative evaluation of stability S(x) the number of detected corners was compared, retained

their location after changing in the brightness, contrast, and in the image, rotation as shown in Figures 7(a) to
(), Figures 8(a) to (I), Figures 9(a) to (m), and u = ||b, ¢, «|| with the number of detected corners in the test
image. To evaluate the stability of the corner detection, their number C;(u) on the image i, when one of its
parameters u was changed, it was normalized relative to the test image according to:

Si(w) =42 (1)

where C, is the number of detected corners in the test image. u =||b,c, |, b =[-50,50],%,
¢ = [-50,50], %, a = [-90,90],°

Corner detection in aerospace image by using an expandable mask (Haider Makki Hammed Alzaki)
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Figure 7. Changing in the brightness (a) test image, (b) 0, (c) 10, (d) 20, (e) 30, (f) 40, (g) 50, (h) -10, (i) -20,
(1) -30, (k) -40, and (1) -50

(@) (b) ©) (d)

(©) () ) ()
() () () 0

Figure 8. Changing in the contrast (a) test image, (b) 0, (c) 10, (d) 20, (e) 30, (f) 40, (g) 50, (h) -10, (i) -20,
(4) -30, (k) -40, and (I) -50
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Figure 9. Changing in the rotation, (a) test image, (b) 15, (c) 30, (d) 45, (e) 60, (f) 75, (g) 90, (h) -15, (i) -30,
(4) -45, (k) -60, (1) -75, and (m) -90

As shown in Figures 10(a) to (0), the developed algorithm wins up to 44% over the Harris method
when changing the brightness from -50 to 50 for the 5 class of the test images Figure 10(a) and the proposed
algorithm is slower than Harris method when the brightness changes from -50 to -10 for the 3rd class of
images up to 60% Figure 10(b). With a decrease in contrast in the image, the proposed algorithm is slower
than Harris method by up to 90%, and with an increase—it wins up to 60% Figure 10(c). When rotating the
image, the developed algorithm is more stable for the 5™ class of images Figure 10(d) and less stable for 2
and 4 classes of images Figures 10(e), (f).

Corner detection in aerospace image by using an expandable mask (Haider Makki Hammed Alzaki)
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Figure 10. Graph for evaluating the stability of corner detection algorithm for different classes and changing
parameters of the image (a) class 1, change in the brightness, (b) class 1, change in the contrast, (c) class 1,
rotation, (d) class 2, change in the brightness, () class 2, change in the contrast, (f) class 2, rotation, (g) class
3, change in the brightness, (h) class 3, change in the contrast, (i) class 3, rotation, (j) class 4, change in the
brightness, (k) class 4, change in the contrast, (I) class 4, rotation, (m) class 5, change in the brightness, (n)
class 5, change in the contrast, and (0) class 5, rotation

Bulletin of Electr Eng & Inf, Vol. 11, No. 2, April 2022: 1157-1166



Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 1165

The average running time for each of the test images is shown in Table 1. From the Table 1. It is

seen that the average running time of the presented method is 2.5-13.3 times less than the average running
time of the Harris method.

4,

Table 1. Average running time of the test algorithms (s)

Algorithms Imagel Image2 Image3 Image4 Image5
Proposed algorithm 1.3 1.2 1.3 0.5 0.6
Harris method 33 16 9.8 2.4 24

CONCLUSION
An algorithm for corner detection in aerospace image based on an expanding mask has been

developed. It is shown that the proposed algorithm is up to 60% more stable than the Harris method with
increasing contrast. The proposed algorithm is more stable than the Harris method when rotating images of
the 5 class, but inferior to Harris method for all other classes of images when rotating at different angles. The
disadvantages of the proposed algorithm also include the loss of stability with a decrease in contrast. The
above disadvantages of the proposed algorithm are compensated for by the high performance relative to the
Harris method. It is shown that the proposed algorithm faster Harris's method by 13.3 times in time.

REFERENCES

[1] C. Harris and M. Stephens, “A Combined Corner and Edge Detector,” Alvey Vision Conference, pp. 147-152, September 1988,
doi: 10.5244/c.2.23.

[2] E. Rosten, R. Porter, and T. Drummond, “Faster and Better: A Machine Learning Approach to Corner Detection,” in IEEE
Transactions on Pattern Analysis and Machine Intelligence, vol. 32, no. 1, pp. 105-119, January 2010, doi:
10.1109/TPAMI.2008.275.

[3] J. Canny, "A Computational Approach to Edge Detection,” in IEEE Transactions on Pattern Analysis and Machine Intelligence,
vol. PAMI-8, no. 6, pp. 679-698, November 1986, doi: 10.1109/TPAMI.1986.4767851.

[4] M. A Wani and B. G. Batchelor, "Edge-region-based segmentation of range images," in IEEE Transactions on Pattern Analysis
and Machine Intelligence, vol. 16, no. 3, pp. 314-319, March 1994, doi: 10.1109/34.276131.

[5] S.W. Teng, R. Md. N. Sadat, and G. Lu, “Effective and efficient contour-based corner detectors,” Pattern Recognition, vol. 48,
no. 7, pp. 2185-2197, July 2015, doi: 10.1016/j.patcog.2015.01.016.

[6] R.O. Duda and P. E. Hart, “Use of the Hough Transformation to Detect Lines and Curves in Pictures,” Communications of the
ACM, vol. 15, no. 1, pp. 11-15, January 1972, doi: 10.1145/361237.361242.

[71 C. Grigorescu, N. Petkov, and M. A. Westenberg, "Contour detection based on nonclassical receptive field inhibition," in IEEE
Transactions on Image Processing, vol. 12, no. 7, pp. 729-739, July 2003, doi: 10.1109/T1P.2003.814250.

[8] D. S. Guru, B. H. Shekar, and P. Nagabhushan, “A simple and robust line detection algorithm based on small eigenvalue
analysis,” Pattern Recognition Letters, vol. 25, no. 1, pp. 1-13, January 2004, doi: 10.1016/j.patrec.2003.08.007.

[9] R. LAGANIERE, “A MORPHOLOGICAL OPERATOR FOR CORNER DETECTION,” Pattern Recognition, vol. 31, no. 11,
pp. 1643-1652, November 1998, doi: 10.1016/S0031-3203(98)00017-X. [Online]. Auvailable:
http://www.sciencedirect.com/science/article/pii/S003132039800017X.

[10] A. Shauchuk and V. Tsviatkou, "Method of normalization of the contour line in thickness based on binary masks," 2016 Al-Sadeq
International Conference on Multidisciplinary in IT and Communication Science and Applications (AIC-MITCSA), 2016, pp. 1-6,
doi: 10.1109/AIC-MITCSA.2016.7759921.

[11] A. Rosenfeld and J. S. Weszka, "An Improved Method of Angle Detection on Digital Curves,” in IEEE Transactions on
Computers, vol. C-24, no. 9, pp. 940-941, September 1975, doi: 10.1109/T-C.1975.224342.

[12] X. Zhang, H. Wang, A. W. B. Smith, X. Ling, B. C. Lovell, and D. Yang, “Corner detection based on gradient correlation
matrices of planar curves,” Pattern Recognition, vol. 43, no. 4, pp. 1207-1223, April 2010, doi: 10.1016/j.patcog.2009.10.017.

[13] B. C. Brush, “Book Review,” Review of Social Economy, vol. 36, no. 2, pp. 222-224, 1978, [Online]. Available:
https://www.tandfonline.com/doi/abs/10.1080/00346767800000034.

[14] Y. Li, W. Shi, and A. Liu, "A Harris corner detection algorithm for multispectral images based on the correlation," 6%
International Conference on Wireless, Mobile and Multi-Media (ICWMMN 2015), 2015, pp. 161-165, doi:
10.1049/cp.2015.0933.

[15] B. Zhong and W. Liao, "Direct Curvature Scale Space: Theory and Corner Detection,”" in IEEE Transactions on Pattern Analysis
and Machine Intelligence, vol. 29, no. 3, pp. 508-512, March 2007, doi: 10.1109/TPAMI.2007.50.

[16] P. Kale and K. R. Singh, “A Technical Analysis of Image Stitching Algorithm,” International Journal of Computer Science and
Information ~ Technologies ~ (1JCSIT), wvol. 6, no. 1, pp. 284-288, 2015. [Online].  Available:
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.666.3271&rep=repl&type=pdf.

[17] Chi-Hao Yeh, “Wavelet-based corner detection using eigenvectors of covariance matrices,” Pattern Recognition Letters, vol. 24,
no. 15, pp. 2797-2806, November 2003, doi: 10.1016/S0167-8655(03)00124-7.

[18] V. Rodehorst and A. Koschan, “Comparison and Evaluation of Feature Point Detectors,” 5 International Symposium Turkish-
German Joint Geodetic Days, March 2006.

[19] H. Makki and T. V. Yurevich, “Contour processing of texture images,” Diyala Journal of Engineering Sciences, vol. 8, no. 4, pp.
453-461, April 2015.

[20] W. Chen, L. Sui, Z. Xu, and Y. Lang, "Improved Zhang-Suen thinning algorithm in binary line drawing applications," 2012
International Conference on Systems and Informatics (ICSAI2012), 2012, pp. 1947-1950, doi: 10.1109/ICSAI.2012.6223430.

[21] G. Cheng and J. Han, “A survey on object detection in optical remote sensing images,” ISPRS Journal of Photogrammetry and
Remote Sensing, vol. 117, pp. 11-28, July 2016, doi: 10.1016/j.isprsjprs.2016.03.014.

[22] X. Zhang, H. Wang, M. Hong, L. Xu, D. Yang, and B. C. Lovell, “Robust image corner detection based on scale evolution

Corner detection in aerospace image by using an expandable mask (Haider Makki Hammed Alzaki)



1166 O ISSN: 2302-9285

difference of planar curves,” Pattern Recognition Letters, vol. 30, no. 4, pp. 449-455, March 2009, doi:
10.1016/j.patrec.2008.11.002.

[23] R. G. von Gioi, J. Jakubowicz, J. -M. Morel, and G. Randall, "LSD: A Fast Line Segment Detector with a False Detection
Control," in IEEE Transactions on Pattern Analysis and Machine Intelligence, vol. 32, no. 4, pp. 722-732, April 2010, doi:
10.1109/TPAMI.2008.300.

[24] C. Naimeng and Y. Wanjun, "A Review of Corner Detection Algorithms Based on Image Contour," 2020 5" International
Conference on Intelligent Informatics and Biomedical Sciences (ICIIBMS), 2020, pp. 221-224, doi:
10.1109/ICI1IBMS50712.2020.9336420.

[25] S. Han, W. Yu, H. Yang, and S. Wan, "An Improved Corner Detection Algorithm Based on Harris," 2018 Chinese Automation
Congress (CAC), 2018, pp. 1575-1580, doi: 10.1109/CAC.2018.8623814.

[26] W. Zhang, C. Sun, T. Breckon, and N. Alshammari, "Discrete Curvature Representations for Noise Robust Image Corner
Detection,"” in IEEE Transactions on Image Processing, vol. 28, no. 9, pp. 4444-4459, September 2019, doi:
10.1109/T1P.2019.2910655.

BIOGRAPHIES OF AUTHORS

Haider Makki Hammed Alzaki © EJ B3 ' received the B.Sc. degree in communication and
information engineering from Baghdad University, Irag, in 2009, the M.Sc. degree in
communcation engineering from the Belgarad State University, Russia, in 2013, and the Ph.D.
degree in communcation engineering from the Belarusian State University of Informatics and
Radioelctronics (BSUIR), Minsk, Belarus, in 2018. He is currently lecturer at the Diyala
University, Collage of Engeneering, Iraq. His research interests include communication
system, network, machin learning, and image processing. He can be contacted at email:
haidermakki300@yahoo.com.

Maha Abbas Hutaihit © Ed P received the B.Sc. degree in electrical engineering from
Musal University, Iraq, in 1990, the M.Sc. degree in communcation engineering from
University of Technology, Irag, in 2002. She is currently lecturer at Diyala University, Collage
of engineering, Irag. Her research interests include communication system, network, machine
learning, and image  processing. She can be contacted at email:
mahaabbashutaihit@uodiyala.edu.iq.

Oksana Shauchuk © £ P received the B.Sc. degree in communication and information
engineering from Belarusian State University of Informatics and Radioelctronics (BSUIR),
Minsk, Belarus, in 2011, the M.Sc. degree in communcation engineering from the same
University, in 2013, and the Ph.D. degree in communcation engineering from the same
University too, in 2018. She is currently lecturer at the Belarusian State University of
Informatics and Radioelctronics (BSUIR), Minsk, Belarus. Her research interests include
communication system, network, machin learning, and image processing. She can be contacted
at email: vtsvet@bsuir.by.

Bulletin of Electr Eng & Inf, Vol. 11, No. 2, April 2022: 1157-1166


https://orcid.org/0000-0002-5107-6502
https://scholar.google.com/citations?hl=en&user=N8lXOpMAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57225192302
https://publons.com/researcher/4985665/haider-makki/
https://orcid.org/0000-0002-6122-1232
https://scholar.google.com/citations?user=8GJfQbcAAAAJ&hl=ar
https://www.scopus.com/authid/detail.uri?authorId=57320171700
https://publons.com/researcher/4665079/maha-abbas-hutaihit/
https://orcid.org/0000-0003-4760-6117
https://vk.com/away.php?to=https://scholar.google.com/citations?hl%3Dru%26user%3DxpnYP3sAAAAJ&cc_key=
https://www.scopus.com/authid/detail.uri?authorId=57225199431
https://vk.com/away.php?to=https://publons.com/researcher/4986210/aksana-shauchuk/&cc_key=

