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Abstract 

Introduction. Modern systems for active vehicle safety are designed to significantly reduce the number of road 

accidents. Sensors based on monocular cameras are increasingly being introduced by the world's leading au-

tomakers as an effective tool for improving traffic safety. Modern methods of localisation and classification, 

combined with semantic segmentation algorithms, allow for image division into independent groups of pixels 

corresponding to each object. However, the problem of developing segmentation algorithms ensuring im-

proved quality of image segmentation remains to be solved. 

Aim. To develop an automatic method for segmenting a given object during image analysis. 

Materials and methods. An automatic method for segmenting vehicles in an image was proposed. The meth-

od presented herein allows semantic segmentation of the object of interest, based upon a priori information 

about the bounding boxes, which frame the objects in the image. Bounding box information is used to trans-

form an image into a polar coordinate system where the pixels of the image act as the edges of a weighted 

graph. A closed contour is obtained around the object of interest by using the shortest path search algorithm 

and inverse transformation to the Cartesian coordinate system. 

Results. The experiments confirmed the correctness of the selected area of interest based on this algorithm. 

Jacquard’s similarity coefficient for the Carvana open database is 85 %. Furthermore, the proposed method was 

applied to different classes of images from the Pascal VOC database, thus demonstrating the ability to segment 

objects of other classes. 

Conclusion. The main contribution of the proposed method was as follows: 1) segmentation of the object of 

interest at the level of modern methods, and in some cases in excess thereof; 2) the study presents a new look 

at the way of tracking object contours. 
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shortest path in the graph 
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Аннотация 

Введение. Современные системы активной безопасности транспортных средств призваны существенно 

снизить количество дорожно-транспортных происшествий. Датчики на основе монокулярных камер все 

чаще внедряются ведущими мировыми автопроизводителями как эффективный инструмент повышения 

безопасности движения. Современные методы локализации и классификации в совокупности с алгорит-

мами семантической сегментации позволяют разделить изображение на независимые группы пикселов, 

соответствующие каждому объекту. Тем не менее является актуальным разработка методов сегментации, 

обеспечивающих улучшение качества сегментации изображений. 

Цель работы. Разработка автоматического метода сегментации детектированного объекта интереса на 

изображении. 

Методы и материалы. В статье предложен автоматический метод сегментации транспортных средств 

на изображении. Представленный метод позволяет провести семантическую сегментацию объекта ин-

тереса на основе априорной информации о границах прямоугольника, ограничивающего объект на 

изображении. Информация о границах объекта используется для преобразования изображения в по-

лярную систему координат, где пикселы изображения выступают в роли ребер взвешенного графа. С 

использованием алгоритма поиска кратчайшего пути и обратного преобразования в декартову систему 

координат вокруг объекта интереса формируется замкнутый контур. 

Результаты. Проведенные эксперименты подтвердили корректность выделения объекта интереса на 

основе предложенного метода. Коэффициент сходства Жаккара для открытой базы изображений Carvana 

составил 85 %. Предложенный метод также был успешно применен к разным классам изображений базы 

Pascal VOC, что доказало возможность обработки объектов различных классов. 

Заключение. Основной вклад предложенного метода: 1) позволяет сегментировать объект интереса на 

уровне современных методов сегментации, а в отдельных случаях превосходит их; 2) предоставляется 

новый взгляд на способ прослеживания контура объекта. 

Ключевые слова: сегментация изображений, выделение области интереса, поиск кратчайшего пути в 

графе, алгоритм A ;  полярная система координат 
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Introduction. The introduction of technological vi-

sion systems into everyday life is becoming increasing-

ly widespread, with road safety comprising one of the 

top priorities. Sensors based on monocular cameras 

have proven their effectiveness in this field. For exam-

ple, the Mobileye collision avoidance system [1] reduc-

es the risk of collision with pedestrians and other vehi-

cles, as well as reducing the risk of diversion from a 

traffic lane. Unfortunately, this notification system only 

works during daylight hours.  
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The use of sensors based on a monocular camera 

can solve a wide range of problems. For example, it is 

possible to estimate the size of the vehicle and the 

distance to it on the basis of data concerning the shape 

and area of the vehicle along with other vehicle design 

features. Using advanced classification, detection and 

segmentation algorithms, while also considering pos-

sible limitations of vehicle behaviour based on the 

theory of vehicle movement, it is additionally possible 

to predict vehicle behaviour. However, in order to 

solve these problems, it is necessary to describe the 

road scene as a composition of objects having a spe-

cific shape, area and mutually-defined location.  

In 2012, the convolutional neural network 

AlexNet, trained by Krizhevsky, Sutzkever and Hin-

ton, won a competition on the classification of images, 

making the world community look at image analysis 

methods in a new way. The method developed by 

Krizhevsky et al. managed to surpass all the classical 

methods of computer vision presented in the 

ImageNet Large Scale Visual Recognition Challenge 

(ILSVRC) [2]. Against this background and due to the 

general availability of digital cameras, one of the most 

widely developed areas of machine vision has become 

the analysis of images based on colour information 

using a single camera. Currently, systems based on 

convolution neural networks are the most accurate 

approaches to image classification and object detec-

tion. With an impressive level of achievement, neural 

networks have been successfully applied to various 

types of problems, for example [3–5]. 

The vast majority of the existing object detectors 

are focused on two-dimensional localisation. A 2D 

object detection model provides information 

 ; ; ; ,x y h w  where  ;  x y  are 2D-coordinates of the 

rectangle centre that limits the object; ,  h w  are the 

object height and width, respectively [3–10]. For each 

of the bounding rectangles, the detector outputs a class 

probability. As an example, Fig. 1 shows the bounding 

rectangles obtained by the Yolo detector [3], the prob-

ability of finding a vehicle in which exceeds 0.5 

(Fig. 1, a) and 0.05 (Fig. 1, b). 

It is necessary to perform segmentation for fur-

ther analysis of the detected object. Segmentation is 

usually understood as the division of an image into a 

multitude of disjoint connected areas (segments). 

During segmentation, each image pixel is assigned a 

class according to some characteristic or calculated 

property, for example, by colour, brightness, or tex-

ture. The result of image segmentation is a set of 

segments, which together cover the entire image. 

Image segmentation permits a description of the sce-

ne as an object composition comprising shape, area, 

relative position, brightness and texture parameters. 

Currently, there are many methods of image seg-

mentation, such as [11–13]: 

a) selection of edges and areas: Pb edge detector; 

b) heuristic methods: 

– region growing, 

– split & merge, 

– watershed, 

– normalised graph  cuts; 

c) clustering methods: 

– K-means, 

– mean shift; 

d) energy methods: 

– level methods, 

– TurboPixels. 

Methods. In this article, the object of interest is mo-

tor vehicles. When segmenting detected objects in the 

relevant images, the position of the rectangle bounding 

the object is regarded as a priori information (Fig. 2, a). 

To solve the problem of vehicle image segmenta-

tion, the author of this article has developed an image 

processing algorithm based on the search for the 

shortest path in the weighted graph represented in the 

polar coordinate system. 

 а b 

Fig. 1. Visualization of bounding boxes predicted by an object detector, if the probability  

of finding objects in a rectangle is more than 0.5 (а) and more than 0.05 (b)  
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Basic steps of the algorithm. 

Step 1. Scaling up the image. The image is scaled 

by means of bilinear interpolation [14] such that the 

aspect ratio of the image is 1:1 (Fig. 2, b). Scaling 

allows the polar pole to be centred at each point (see 

Step 4 below). 

Step 2. Image processing by the Canny edge detec-

tion operator [15]. The main stages of this algorithm: 

1. The Gaussian filter is applied to the image: 

2 4 5 4 2

4 9 12 9 4
1

,5 12 15 12 5
159 4 9 12 9 4

2 4 5 4 2

B A

 
 
  
 
 
  

 

where A is the pixel image matrix. 

2. Image gradient projections are calculated by 

coordinates: 

1 2 1

0 0 0 ;

1 2 1
yG A

   
  
 
 

 

1 0 1

2 0 2 ,

1 0 1
xG A

 
   
  

 

as well as the direction of the gradient: 

 arctg .y xG G   

3. The resulting gradient direction value is 

rounded to one of the four corners: 0, 45, 90 and 

135° [15]. 

4. Pixel selection, where the gradient is the local 

maximum relative to adjacent pixels. These pixels 

are considered as candidates for the formation of the 

object boundary. 

5. Two-threshold filtering allows all selected pix-

els of an image fragment to be split into three sets: 

– many pixels having gradient values exceeding 

the upper threshold; 

– many pixels having gradient values less than 

the lower threshold; 

– set of pixels having gradient values between 

the two thresholds. 

The pixels of the first set belong to the object 

boundaries, while the pixels of the second set make 

up the boundless areas of the background or object. 

Decisions on the third set of pixels are made accord-

ing to the results of further processing. 

6. Pixels of the third set belong to the object bound-

ary if they are adjacent to the boundary pixels. If these 

pixels are surrounded only by non-boundary pixels, 

they are non-boundary pixels. 

7. The boundaries are finally determined by the 

trace operation. In this case, the thickness of borders 

is reduced to one pixel, gaps are filled, and branches 

of borders are processed. Tracing is performed by a 

cumulative analysis of the surroundings of each 

boundary pixel. As a result, the Canny edge detector 

is used to form the final representation of the object 

boundaries of the original image (Fig. 3). 

Step 3. Polar transformation. The following trans-

formation is used to describe the position of the point 

 ,  M x y  in polar coordinates r and φ around the cen-

tre of the rectangle bounding the detected object: 

 
2 2 ;r x y   (1) 

 tg ,y x   (2) 

where r is the pole (distance from the point M to the 

origin); φ is the angle formed by the beam 0M with 

the polar axis. 

The origin of the coordinates is the centre of the rec-

tangle limiting the detected object, i.e. (1) and (2) have 

the following form: 

    
2 2

2 2 ;r x w y h     (3) 

    tg 2 2 ,y h x w     (4) 

 

 а b 

Fig. 2. Scaling a selected object: a – the original image of the selected object; b – the scaled image 
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where h and w are the height and width of the bound-

ing rectangle, respectively. 

 Using (3) and (4), let us convert the image from the 

Cartesian coordinate system to the polar one (Fig. 4). 

Following this transformation, the object contour is 

located in the area 0     2 .   

Step 4. Finding the shortest path in a weighted 

graph. Let us imagine the image as a graph, the ver-

tices of which are the pixels of the image in the polar 

coordinate system. Based on the fact that the detect-

ed object occupies the largest part of the image, its 

outer contour is formed by pixels having the highest 

radius values. Then the weights of the edges separat-

ing the two pixels in the point with the coordinates φ, 

r can be represented as follows: 

 
 
 

max

max

,  if  ,  0;
weight ,  

,  if  ,  0,

r I r
r

r r I r

  
  

  
 

where  ,  I r  is the intensity of the pixel at the co-

ordinates φ, r. 

Assuming that the outer object contour is located 

in the area 0     2 ,    and the graph weights depend 

on the value of the polar radius and intensity of pix-

els, the segmentation task can be represented as a 

search for the shortest path in the weighted graph. 

Graph traversal starts at the vertex  0,  r   and 

ends at the vertex  2 ,  .r    

From the existing variety of methods using graph 

theory, the algorithm of searching for the shortest path 

A  has been chosen [16]. This algorithm finds the path 

of the lowest cost from a given starting point to the tar-

get node (from one or more possible targets). A  fol-

lows the path of the lowest known heuristic costs: 

     ,f v g v j v   

where v  is the current vertex;  g v  is the smallest 

distance from the starting vertex to the current posi-

tion;  j v  is the heuristic function (Manhattan dis-

tance) of approaching the distance from the current 

location to the final target. 

Fig. 5 presents the resulting path with the lowest 

weight, calculated according to the algorithm A* for 

the image from Fig. 4. 

Step 5. Conversion of the received path into a 

Cartesian coordinate system with subsequent filling. 

Using the inverse transformation of expressions (3), 

(4), let us translate the obtained path into the Carte-

sian coordinate system. Since the shortest path ob-

tained in Step 4 is a closed path describing the object 

of interest, the filling of the area inside this path can 

be used to get the object mask. Comparing the mask 

with the original image, a segmented image is ob-

tained (Fig. 6). 

 

Fig. 4. The result of a polar transformation represented in a rectangular coordinate system 

r 

0 2    3 2  φ 

 

Fig. 3. The result of processing the object Fig. 2, b 

used Canny detector 

 

Fig. 5. The result of selection of the shortest path through the graph 
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Results. In order to assess the quality of the de-

veloped algorithm, the segmentation results were 

compared with the results of three standard methods 

of image segmentation: K-Means [17], GrabCut [18], 

and Mask-RCNNN [19]. 

K-Means is a clustering algorithm based on divid-

ing the set of vector space elements into a predefined 

number of clusters with a minimisation of the standard 

deviation at the points of each cluster. Each iteration 

calculates the centre of mass for each cluster based on 

the centres obtained at the previous iteration. Follow-

ing this, the elements of vector space are again divided 

into clusters according to the closest distance to the 

new centres. The algorithm ends if the cluster centres 

remain unchanged at the next iteration. 

GrabCut [18] is an image segmentation method 

based on the GraphCut algorithm [20]. GrabCut ex-

tends GraphCut's ability to process colour images. 

Initially, the set of pixels inside and outside the de-

tected object is approximated by a mixture of Gauss-

ian values representing the target object and back-

ground pixels. The resulting model is used to build a 

Markov random field with an energy function that 

highlights connected pixels of the same class. After 

that, the optimisation method based on the minimum 

graph section is launched. 

Mask-RCNNN [19] is modern neural network 

architecture for object segmentation in images. It can 

be presented as the following modules: 

– feature extractor forming a three-dimensional 

matrix of features of the input image obtained by the 

ResNet-50 convolution neural network [21]; 

– Region Proposal Network – a network of re-

gions generation with present objects; 

– fully-connected layers comprise a network that 

cuts out the region-specific part of the feature matrix 

for each region and provides the object class and a 

specified rectangle describing the object; 

– generation of binary masks within the regions 

of object presence. 

In order to evaluate the proposed method and 

compare it with the above algorithms, the Carvana 

segmented image database [22] was used. This re-

source contains 5.088 vehicle images of different 

classes, as well as masks for each image. Each image 

was scaled to a single number of pixels 500×500 

(Fig. 7, a). The rectangular area in which the object 

of interest is located was selected based on the binary 

mask of the image (Fig. 7, b). The image enclosed 

within the frame limiting this area was used as input 

for segmentation algorithms. 

A binary Jaccard similarity coefficient was used 

as a similarity coefficient of the masks obtained for 

segmented objects: 

| | | |,J A B A B     

where A, B are binary masks of the image obtained 

by the segmentation algorithm and the initial images, 

respectively. 

 

Fig. 6. The result of the algorithm operation 

 

 а b 

Fig. 7. Preprocessing of the image of the Carava database: 

a – the original image; b – the scaled image with the selected area of the object 

https://wiki.loginom.ru/articles/clustering.html
https://wiki.loginom.ru/articles/cluster.html
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Segmentation algorithms were applied to all images 

in the database. The results are presented in Table 1. 

The binary images presented in Table 2 show the 

results of the algorithms of the automatic segmenta-

tion of the detected vehicles. 

The proposed method was also applied to images 

of the Pascal VOC database [23]. The images in Ta-

ble 3 represent the result of applying the proposed 

method to different object classes in the image. 

Conclusion. The article presents a new method 

of automatic vehicle segmentation in the image. The 

efficiency and competitiveness of the method in rela-

tion to the known segmentation algorithms of K-

Means, GrabCat, Mask-RCNNN are verified by its 

testing based on the Carvana image database. The 

method, also successfully applied to the Pascal VOC 

image database, demonstrates the possibility of seg-

mentation of objects of different classes. 

Table 2. The results of the algorithm for segmentation of detected vehicles 

Source object mask Proposed method K-Means GrabCut Mask-RCNN 

 

    

     

     

     

   
 

 

      

Table 1. Comparative results of the segmentation 

of the Carvana database images 

Segmentation method 
Binary Jacquard’s similarity 

coefficient, % 

K-Means 0.55 

GrabCut 0.68 

Mask-RCNN 0.66 

Proposed method 0.85 
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Table 3. The result of applying the algorithm to the images of the Pascal VOC base 

Source VOC database image Segmented image Algorithm result 

 

  

 

  

 

 

 

 

 

  

 

 

 

 



Известия вузов России. Радиоэлектроника. 2019. Т. 22, № 5. С. 6–16 

Journal of the Russian Universities. Radioelectronics. 2019, vol. 22, no. 5, pp. 6–16 

 

14 Метод автоматической сегментации транспортных средств на изображении 

Method for Automatic Segmentation of Vehicles in Digital Image 

 

References 

1. Dagan E., Mano O., Stein G. P., Shashua A. Forward 

Collision Warning with a Single Camera. Proc. of the IEEE 

Intelligent Vehicles Symp. Parma, Italy. 14–17 June 2004. 

Piscataway, IEEE, 2004, pp. 37–42. doi: 

10.1109/IVS.2004.1336352 

2. Deng J., Dong W., Socher R., Li L.-J., Li K., Fei-Fei L. 

Imagenet: A Large-Scale Hierarchical Image Database. 

IEEE Conf. on Computer Vision and Pattern Recognition 

2009. Miami, FL, USA, 20–25 June 2009. Piscataway, IEEE, 

2009, pp. 248–255. doi: 10.1109/CVPR.2009.5206848 

3. Redmon J., Divvala S., Girshick R., Farhadi A. You 

Only Look Once: Unified, Real-Time Object Detection. 

2015. Available at: https://arxiv.org/pdf/1506.02640.pdf 

(accessed 29.08.2019) 

4. Girshick R. Fast R-CNN. IEEE Intern. Conf. on 

Computer Vision (ICCV), 2015. Available at: 

https://arxiv.org/pdf/1504.08083.pdf (accessed 29.08.2019) 

5. Simonyan K., Zisserman A. Very Deep Convolu-

tional Networks for Large-Scale Image Recognition. 

Available at: https://arxiv.org/pdf/1409.1556.pdf (ac-

cessed 02.09.2019) 

6. Felzenszwalb P., Girshick R., McAllester D., Ra-

manan D. Object Detection with Discriminatively Trained 

Part Based Models. IEEE trans. on pattern analysis and 

machine intelligence (PAMI). 2010, no. 9. Available at: 

http://cs.brown.edu/people/pfelzens/papers/lsvm-pami.pdf 

(accessed 29.08.2019) 

7. Vedaldi A., Gulshan V., Varma M., Zisserman A. Multiple 

Kernels for Object Detection. 2009 IEEE 12th Intern. Conf. on 

Comp. Vision. Kyoto, Japan, 29 Sept.–2 Oct. 2009. Piscataway, 

IEEE, 2009, pp. 606–613. doi: 10.1109/ICCV.2009.5459183 

8. Viola P., Jones M. Rapid Object Detection Using a 

Boosted Cascade of Simple Features. CVPR, 2001. Kauai, 

HI, USA, 8–14 Dec. 2001. Piscataway, IEEE, 2001. Availa-

ble at: https://www.cs.cmu.edu/~efros/courses/LBMV07/ 

Papers/viola-cvpr-01.pdf (accessed 27.08.2019) 

9. Girshick R., Donahue J., Darrell T., Malik J. Rich Feature 

Hierarchies for Accurate Object Detection and Semantic 

Segmentation. In Proc. of the IEEE Conf. on Comp. vision and 

pattern recognition. Columbus, USA, 23–28 June 2014. Pisca-

taway, IEEE, 2014, pp. 580–587. doi: 10.1109/CVPR.2014.81 

10. Overfeat: Integrated Recognition, Localization and 

Detection Using Convolutional Networks. Available at: 

https://arxiv.org/pdf/1312.6229v4.pdf (accessed 20.08.2019) 

11. A Review of Computer Vision Segmentation Al-

gorithms. Available at: https://courses.cs.washington.edu/ 

courses/cse576/12sp/notes/remote.pdf (accessed 20.08.2019) 

12. Yuheng S., Yan Hao. Image Segmentation Algo-

rithms Overview. Computer Vision and Pattern Recogni-

tion. 2017. Available at: https://arxiv.org/ftp/arxiv/ 

papers/1707/1707.02051.pdf (accessed 20.08.2019) 

13. Jyotsana M., Nirvair N. A Brief Review: Super-Pixel 

Based Image Segmentation Methods. Imperial J. of Interdis-

ciplinary Research. 2016, vol. 2, iss. 9, pp. 8–12. Available at: 

https://pdfs.semanticscholar.org/4aee/70a322c01bc4dfd5

1c3164e480c3984b8071.pdf (accessed 20.08.2019) 

14. Shcherba E. V. Application Analysis of Interpolation 

and Extrapolation Methods as Used for Image Restoration. 

Computer Optics. 2009, vol. 33, no. 3, pp. 336–339. Availa-

ble at: http://www.computeroptics.smr.ru/KO/PDF/KO33-

3/33313.pdf (accessed 20.08.2019). (In Russ.) 

15. Gonsales R., Vuds R. Tsifrovaya obrabotka 

izobrazhenii [Digital Image Processing]. Moscow, 

Tekhnosfera, 2012, 834 p. (In Russ.) 

16. Dechter R., Pearl J. Generalized Best-First Search 

Strategies and the Optimality of A*. Journal of the ACM 

(JACM). 1985, vol. 32, no. 3, pp. 505–536. Available at: 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1

.89.3090&rep=rep1&type=pdf (accessed 20.08.2019) 

17. Bandyopadhyay S., Maulik U. An Evolutionary 

Technique Based on K-Means Algorithm for Optimal 

Clustering in RN. Information Sciences. 2002, vol. 146, 

iss. 1–4, pp. 221–237. doi: 10.1016/S0020-0255(02)00208-6 

18. Rother C., Kolmogorov V., Blake A. “GrabCut” - Inter-

active Foreground Extraction Using Iterated Graph Cuts. ACM 

Trans. on Graphics. 2004, vol. 23, pp. 309–314. 

19. He K., Gkioxari G., Dollar P., Girshick R. Mask R-CNN. 

Computer Vision and Pattern Recognition. Available at: 

https://arxiv.org/pdf/1703.06870.pdf (accessed 20.08.2019) 

20. Graph cut based image segmentation with con-

nectivity priors. Available at: https://pub.ist.ac.at/~vnk/ 

papers/connectedGC-CVPR08.pdf (accessed 28.10.2019) 

21. Deep Residual Learning for Image Recognition. Available 

at: https://arxiv.org/pdf/1512.03385.pdf (accessed 20.08.2019) 

22. Carvana Image Masking Challenge. Available at: 

https://www.kaggle.com/c/carvana-image-masking-challenge 

(accessed 20.08.2019) 

23. The PASCAL Visual Object Classes Challenge 

(VOC2007). URL: http://www.pascal-network.org/challenges/ 

VOC/voc2007/index.html (accessed 20.08.2019) 

Information about the author 

Ilya G. Zubov, Master of Engineering and Technology (2016), Ltd "Next" algorithm programmer. The author 

of 4 scientific publications. Area of expertise: digital image processing; applied television systems.  

Address: Ltd "Next", 15 Rochdelskaya st., bldg. 13, Moscow 123022, Russia 

E-mail: ZubovIG@gmail.com 

https://orcid.org/0000-0003-0407-5651 

https://arxiv.org/pdf/1506.02640.pdf
mailto:ZubovIG@gmail.com


Известия вузов России. Радиоэлектроника. 2019. Т. 22, № 5. С. 6–16 

Journal of the Russian Universities. Radioelectronics. 2019, vol. 22, no. 5, pp. 6–16 

 

15 Метод автоматической сегментации транспортных средств на изображении 

Method for Automatic Segmentation of Vehicles in Digital Image 

Список литературы 

1. Forward Collision Warning with a Single Camera / 

E. Dagan, O. Mano, G. P. Stein, A. Shashua // Proc. of the 

IEEE Intelligent Vehicles Symp. Parma, Italy, 14–17 June 

2004. Piscataway: IEEE, 2004. P. 37–42. doi: 

10.1109/IVS.2004.1336352 

2. Imagenet: A Large-Scale Hierarchical Image Data-

base / J. Deng, W. Dong, R. Socher, L.-J. Li, K. Li, L. Fei-Fei 

// IEEE Conf. on Computer Vision and Pattern Recogni-

tion 2009. Miami, FL, USA, 20–25 June 2009. Piscataway: 

IEEE, 2009. P. 248–255. doi: 10.1109/CVPR.2009.5206848 

3. You Only Look Once: Unified, Real-Time Object 

Detection / J. Redmon, S. Divvala, R. Girshick, A. Farhadi. 

URL: https://arxiv.org/pdf/1506.02640.pdf (дата обра-

щения 29.08.2019) 

4. Girshick R. Fast R-CNN // IEEE Intern. Conf. on 

Computer Vision (ICCV), 2015. URL: https://arxiv.org/ 

pdf/1504.08083.pdf (дата обращения 29.08.2019) 

5. Simonyan K., Zisserman A. Very Deep Convolu-

tional Networks for Large-Scale Image Recognition. URL: 

https://arxiv.org/pdf/1409.1556.pdf (дата обращения 

02.09.2019) 

6. Object Detection with Discriminatively Trained 

Part Based Models / P. Felzenszwalb, R. Girshick, 

D. McAllester, D. Ramanan // IEEE trans. on pattern anal-

ysis and machine intelligence (PAMI). 2010. № 9. URL: 

http://cs.brown.edu/people/pfelzens/papers/lsvm-pami.pdf 

(дата обращения 29.08.2019) 

7. Multiple Kernels for Object Detection / A. Vedaldi, 

V. Gulshan, M. Varma, A. Zisserman // 2009 IEEE 12th 

Intern. Conf. on Comp. Vision. Kyoto, Japan, 29 Sept.–

2 Oct. 2009. Piscataway: IEEE, 2009. P. 606–613. doi: 

10.1109/ICCV. 2009.5459183 

8. Viola P., Jones M. Rapid Object Detection Using a 

Boosted Cascade of Simple Features // CVPR, 2001. Kau-

ai, HI, USA, 8–14 Dec. 2001. Piscataway: IEEE, 2001. URL: 

https://www.cs.cmu.edu/~efros/courses/LBMV07/Papers

/viola-cvpr-01.pdf (дата обращения 27.08.2019) 

9. Rich Feature Hierarchies for Accurate Object De-

tection and Semantic Segmentation / R. Girshick, J. Do-

nahue, T. Darrell, J. Malik // In Proc. of the IEEE Conf. on 

Comp. vision and pattern recognition. Columbus, USA, 

23–28 June 2014. Piscataway: IEEE, 2014. P. 580–587. doi: 

10.1109/CVPR.2014.81 

10. Overfeat: Integrated Recognition, Localization 

and Detection Using Convolutional Networks. URL: 

https://arxiv.org/pdf/1312.6229v4.pdf (дата обращения 

20.08.2019) 

11. A Review of Computer Vision Segmentation Al-

gorithms. URL https://courses.cs.washington.edu/courses/ 

cse576/12sp/notes/remote.pdf (дата обращения 20.08.2019) 

12. Yuheng S., Yan Hao. Image Segmentation Algo-

rithms Overview // Computer Vision and Pattern Recog-

nition. 2017. URL: https://arxiv.org/ftp/arxiv/papers/1707/ 

1707.02051.pdf (дата обращения 20.08.2019) 

13. Jyotsana M., Nirvair N. A Brief Review: Super-

Pixel Based Image Segmentation Methods // Imperial J. 

of Interdisciplinary Research. 2016. Vol. 2, iss. 9. P. 8–12. 

URL: https://pdfs.semanticscholar.org/4aee/70a322c01bc 

4dfd51c3164e480c3984b8071.pdf (дата обращения 

20.08.2019) 

14. Щерба Е. В. Анализ применимости методов интер-

поляции и экстраполяции для решения задачи восстанов-

ления изображения // Компьютерная оптика. 2009. Т. 33, 

№ 3. С. 336–339. URL: http://www.computeroptics.smr.ru/KO/ 

PDF/KO33-3/33313.pdf (дата обращения 20.08.2019). 

15. Гонсалес Р., Вудс. Р. Цифровая обработка 

изображений. 3-е изд. М.: Техносфера, 2012. 834 с. 

16. Dechter R., Pearl J. Generalized Best-First Search 

Strategies and the Optimality of A* // J. of the ACM 

(JACM). 1985. Vol. 32, № 3. P. 505–536. URL: http://citeseerx. 

ist.psu.edu/viewdoc/download?doi=10.1.1.89.3090&rep=

rep1&type=pdf (дата обращения 20.08.2019) 

17. Bandyopadhyay S., Maulik U. An Evolutionary 

Technique Based on K-Means Algorithm for Optimal 

Clustering in RN // Information Sciences. 2002. Vol. 146, 

iss. 1–4. P. 221–237. doi: 10.1016/S0020-0255(02)00208-6 

18. Rother C., Kolmogorov V., Blake A. “GrabCut” – Inter-

active Foreground Extraction Using Iterated Graph Cuts // 

ACM Trans. on Graphics. 2004. Vol. 23. P. 309–314. 

19. Mask R-CNN / K. He, G. Gkioxari, P. Dollar, R. Gir-

shick // Computer Vision and Pattern Recognition. URL: 

https://arxiv.org/pdf/1703.06870.pdf (дата обращения 

20.08.2019) 

20. Graph cut based image segmentation with con-

nectivity priors. URL: https://pub.ist.ac.at/~vnk/papers 

/connectedGC-CVPR08.pdf (дата обращения 28.10.2019). 

21. Deep Residual Learning for Image Recognition. 

URL: https://arxiv.org/pdf/1512.03385.pdf (дата обращения 

20.08.2019).  

22. Carvana Image Masking Challenge. URL: https://www. 

kaggle.com/c/carvana-image-masking-challenge (дата 

обращения 20.08.2019)  

23. The PASCAL Visual Object Classes Challenge 

(VOC2007). URL: http://www.pascal-network.org/challenges/ 

VOC/voc2007/index.html (дата обращения 20.08.2019) 

https://arxiv.org/pdf/1506.02640.pdf


Известия вузов России. Радиоэлектроника. 2019. Т. 22, № 5. С. 6–16 

Journal of the Russian Universities. Radioelectronics. 2019, vol. 22, no. 5, pp. 6–16 

 

16 Метод автоматической сегментации транспортных средств на изображении 

Method for Automatic Segmentation of Vehicles in Digital Image 

 

Информация об авторе 

Зубов Илья Геннадьевич – магистр техники и технологий (2016), программист-алгоритмист компании 

ООО "НЕКСТ". Автор 4 научных публикаций. Сфера научных интересов – цифровая обработка изображе-

ний; прикладные телевизионные системы.  

Адрес: ООО "НЕКСТ", ул. Рочдельская, д. 15, стр. 13, Москва, 123022, Россия 

E-mail: ZubovIG@gmail.com 

https://orcid.org/0000-0003-0407-5651 

 

 

Книжные новинки 

В книге на основе различных приближений теории регулярных растворов и модели диф-

фузионного массопереноса рассмотрены особенности эпитаксии твердых растворов на основе 

полупроводниковых соединений А3В5 и А2В6. Проанализировано влияние упругих деформаций 

на смещение фазовых равновесий в многокомпонентных системах. Изложены методики расчета 

равновесных и когерентных диаграмм состояния многокомпонентных систем. Дано математиче-

ское описание эффекта стабилизации периода решетки и кинетики кристаллизации многокомпо-

нентных твердых растворов. Рассмотрены критические явления и термодинамическая устойчи-

вость подложки в неравновесной жидкой фазе. Особое внимание уделено процессам получения 

изопериодических гетероструктур на основе четверных и пятерных твердых растворов, которые 

широко применяются в различных приборах полупроводниковой оптоэлектроники. 

Кузнецов В. В., Москвин П. П. 

МЕЖФАЗНЫЕ ВЗАИМОДЕЙСТВИЯ 

ПРИ ГЕТЕРОЭПИТАКСИИ ПОЛУПРОВОДНИКОВЫХ  

ТВЕРДЫХ РАСТВОРОВ 

 
ISBN 978-5-8114-3809-9 

СПб: Лань, 2019. 376 с. : ил. 

Издательство "ЛАНЬ": lan@lanbook.ru; www.lanbook.com 

Магазин электронных книг Global F5: http://globalf5.com 

mailto:ZubovIG@gmail.com

