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Abstract 
The article discusses the implementation of the algorithm of vHGW grayscale morphology with 
the use of OpenMP parallel programming technology and NVIDIA CUDA. Morphological 
operations have low arithmetic complexity, but the use of data parallelism can improve 
acceleration performance with parallel processors such as graphics processors (GPU). Performing 
these operations for GPU provides significant acceleration compared with the central processor 
implementation for structuring elements of various sizes. It is shown that vHGW algorithm is a 
fast algorithm for computing dilation and erosion of binary and grayscale images on a serial 
processor. The implementation representation of vHGW algorithms for GPUs with CUDA 
technology improves the performance of morphological image processing. The authors 
demonstrate the efficiency of the algorithm implementation using CUDA technology, comparing 
it with the filtration OpenMP binary and grayscale images with different resolution and different 
size of the structuring element. 
Keywords: mathematical morphology; medical imaging; GPU; OpenMP; NVIDIA CUDA; 
vHGW; filtration. 

      
     

     
,    
.     

   , ,  
  , 

 ,   
,  ,  

 ,   
 ,  

   . . 
    

    
   , 
     , 

 ,  , 
,    . . 

 (  ) – 

       
     

  Д2Ж.    
   , 

       
 ,   

   . 
      
   ,  

      

    
   
  .  

     
 (GPU)   

      
     

 . ,  
     

   
   

  ,    
 ,    

    CPU. 

Van Herk / Gil-Werman (vHGА)  
      

      
    

.  
     

 vHGА     
  CUDA,  

   
     

   
.     

     
    

 ,   



 . .,  . .,  . .,  . .,  . . 
       

//  . И  . – . , №3, 2016. 

19 

Ы   

INFORMATION TECHNOLOGIES  

     
 .  

   
  OpОЧMP  CUDA,  

       
. 

     
    j  

     
( )      

 j.   ( ) 
    ( )  
  ( ). , 

    
(SE),      . 

      
 SE. 

 vHGА (vКЧ HОrФ GТХ-Werman), 

   Д10Ж,    Д6Ж  
 .  

     
     , 
    

.      
,     /  

  ,    
 3-      

  . 
    

   1,    
 2. = max ∈�− ∈ { − + }  { −− + } (1) = min ∈�{ + − }     (2) 

 ,    
  .  

. 1. vHGW       p 

Fig. 1. vHGW algorithm for horizontal structural element of p size 

   ё    
[3, 5Ж ( . 1): 

I.     
 p  (p-1)/2   ,  

   2p-1,    
 -1, 2p-1, 3p-1, ... 

II.    k = [0;p-1Ж 
  w,   R 

      

a) [ ] = max [ ] , = … � − ,

   S   
    (p-1) ... (2p-2),  

b) [ ] = max [� − + ] , = …
c) R [kЖ  S ДkЖ  ,
    

III.   
(p-1)/2<=j<p+(p-1)/2  w (   p) 

  [ ] = max [ − ], [ + ] ,  = � − /  



 . .,  . .,  . .,  . .,  . . 
       

//  . И  . – . , №3, 2016. 

20 

Ы   

INFORMATION TECHNOLOGIES  

 ,     p / 2 

 ,   ,  3p / 2 

.     
    ,   

     
  ,  

  , 
 0    255  

.  
 vHGА    

 SE   = 2Ч + 1  O (n)  
(n =   ).   

     , 
   SE. 

    ,  
     

   ,    
  ,  

   .   
   
  . 

    , 
  ,     

     

    ,  

     . 
,    

    OpenMP 

     

 .     

 #pragmaompparallelforprivate(prefix, 

suffix)    . 
 OpenMP   

  « - » 

(fork-joinparallelism),    2. 

     

,     , 
  ,   

    , 
     ,  

     .  

   –   

 , . .   

    

      [1]. 

. 2.  « - » 

Fig. 2. Model "fork-joint parallelism" 

  vHGW  CUDA 

  : 
•     

   
. 

•    
( )      
S [K], R [K] 

•    ,
    

 CUDA   
    

. 
     

 CUDA: 

• CUDA  ё , ,
       32 

 ,  warp’  Д9Ж 
• CUDA   

 ,   8    
CUDA CC  2.   . 

•     
32  (warp)    
64 (2 warp’ ). 

 ,   
  32  (  аКrp),  

     
  1100     
   11,  



 . .,  . .,  . .,  . .,  . . 
       

//  . И  . – . , №3, 2016. 

21 

Ы   

INFORMATION TECHNOLOGIES  

  32KB   
 : 

•    
  11 ,  

=11; 
•     1100

,  1100 /  = 100 ; 
• 2       2

  2 ; 
•    32 ;
•    

100*2 *32/2≈34K  ,  
 34KB  8   

  136   32  

   ; 
•    48ФЛ

   ,  
CUDA CC 2,0   Д9Ж. 

71%    
    8   

(   ,  11 
),    ё  1,8   32 

    .  
 ,   

 48kb       32 
    1  warp   

.     
warp’    48 (CUDACC 2.0) [7] 

 (   
)  2%   

,    
 . 

      
     

  ,  8    
,     
 vHGА   .  

   -

   vHGW, 

    OpОЧMP 

 CUDA,  ,  
  3,    100   

     
.    
   ,   
.    

,    
    

.  

. 3.     

Fig. 3. The original image of the Earth's surface 

  3   
   , 

  ,    4 –  
    

  3×3. ,  
   ,   

,  ,    
     

. 

. 4.     

Fig. 4. The result of erosion of the original image 

     
     
.      

   Д4, 8].  

  5   
    

.    
      

 ,     6. 



 . .,  . .,  . .,  . .,  . . 
       

//  . И  . – . , №3, 2016. 

22 

Ы   

INFORMATION TECHNOLOGIES  

. 5.     
 

Fig. 5. Original noisy fingerprint image 

. 6.    
   

Fig. 6. The result of morphological filtering of a 

fingerprint image 

   ,  
 7,     
,      

 ,   ,   
 1 ,   12-  .  

. 7.      
     

 1  12  

Fig. 7. Dependence of the execution time of the size of a 

structuring element for the application on 1 and 12 threads 

  8 ,    
     

   ,   12-  
. 

. 8.     
     

 1  12  

Fig. 8. Dependence of the execution time of the image 

resolution for the program on 1 and 12 threads 

 ,   
,   ,  

   CPU  
   .  

   ,   
    

   . 
 ,    

   
,     

 GPUc   NVIDIACUDA. 

  9.  
     

    ё  
: 

-  12  CPU; 

-    
   CUDA  

OpenCV; 

-   , 
     GPU. 

   ,  
 9,  vHGА     

GPU  ,  , 
  OpОЧCV. 

 ,   , 
  vHGА   
 NVIDIA CUDA   

   15  ,  
    

OpenMP. 



 . .,  . .,  . .,  . .,  . . 
       

//  . И  . – . , №3, 2016. 

23 

Ы   

INFORMATION TECHNOLOGIES  

. 9.      
  

Fig. 9. Dependence of the execution time of the size of the 

structuring element 

. 10.      
 

Fig. 10. Dependence of the execution time  

of the image size 

    
     
,    10, 

   ,    
    

    
NVIDIA CUDA.  

     
   vHGА 
    

   
OpОЧMP  NVIDIA CUDA. ,  

  vHGА   
    CUDA 

   
 .   
     

CUDA    OpОЧMP   
      
    

 . 

  

1.  . .  -

    OpОЧMP: 
 . – .: -  , 2009. – 77 . 

2.  .,  .  
 Д Ж. / . , . . – .: 

, 2005. – 1072 . 
3.  . .,  . . 

    
      

  .   
  . : 

. . 2016. . 37. № 2 (223). 
. 88-92. 

4.  . .,  . .,  . .,
ё  . .   

     
    

 // «     
:   ,   

БII  -  
» (31  2016 .)  4. – : 
  « - », 2016. – 60 . 

5. DШЦКЧsФТ L., VКХХШЭЭШЧ P., АКЧР D., “PКrКХХОХ
vHGА ТЦКРО ЦШrpСШХШРв ШЧ CPUs ЮsТЧР CUDA”, 
CSIRO, Mathematical and Informational Sciences, 

Biotech Imaging. 

6. Gil J. and Werman M.: Computing 2-D Min,

Median, and Max Filters, IEEE Trans. Pattern Anal. Mach. 

Intel., 1993, Vol 15, Number 5, 504–507. 

7. Kirk D. B. and Hwu W. mei W., Programming

Massively Parallel Processors: A Hands-on Approach 

(Applications of GPU Computing Series). Morgan 

Kaufmann, 2010. 

8. Soinikova E.S., Ryabihk M.S., Batishchev D.S.,

Mikhelev V.M. High-performance method for boundary 

detection in medical images// Academic science – 

problems and achievements IX: Proceedings of the 

Conference. North Charleston, 20-21.06.2016—North 

Charleston, SC, USA:CreateSpace, 2016, p.93-95. 

9. NVIDIA, “NVIDIA CUDA C prШРrКЦЦТЧР
guide – vОrsТШЧ 7.0,” NVIDIA НОvОХШpОr аОЛsТЭО, JЮЧО 
2016. [Online]. Available: 

http://docs.nvidia.com/cuda/cuda-c-programming-

guide/#axzz4IHtkC9CZ.  

10. VКЧ DrШШРОЧЛrШОМФ M., “OЧ ЭСО IЦpХОЦОЧЭКЭТШЧ
ШП MШrpСШХШРТМКХ OpОrКЭТШЧs”, MКЭС. MШrpСШХШРв КЧН ТЭs 
applications to image processing, J. Serra and P. Sollie, 

eds. Dordrecht: Kluwer Academic Publishers, 1994, pp. 

241-248. 

References 
1. Antonov A.S. Parallel Programming with

OpenMP Technology. Moscow: MGU, 2009. 77 p. 

2. Gonzalez R., Woods R. Digital Image Processing.

Moscow: Tekhnosfera, 2005. 1072 p. 

3. Batishchev D.S, Mikhelev V.M The Infrastructure

of High-performance Computer System for the 

Implementation of Cloud Storage and Analysis of Personal 

http://elibrary.ru/author_items.asp?refid=325428857&fam=%D0%91%D0%B0%D1%82%D0%B8%D1%89%D0%B5%D0%B2&init=%D0%94+%D0%A1
http://elibrary.ru/author_items.asp?refid=325428857&fam=%D0%9C%D0%B8%D1%85%D0%B5%D0%BB%D0%B5%D0%B2&init=%D0%92+%D0%9C


 . .,  . .,  . .,  . .,  . . 
       

//  . И  . – . , №3, 2016. 

24 

Ы   

INFORMATION TECHNOLOGIES  

Medical Data. Scientific Bulletin of Belgorod State 

University. Series: Economy. Computer Science. 2016. 

VШХ. 37. № 2 (223). Pp. 88-92. 

4. Ryabykh M.S., Soynikova E.S., Batishchev D.S.,

Mikhelev V.M. Morphological Processing of Fingerprint 

Images with the Use of Parallel computing on GPUs // 

“TrОЧНs ТЧ ЭСО DОvОХШpЦОЧЭ ШП SМТОЧМО КЧН EНЮМКЭТШЧ: К 
Collection of Scientific Papers, based on the materials of 

the XII International Scientific-PrКМЭТМКХ CШЧПОrОЧМО”. PКrЭ 
4. SКЦКrК: NITS «L-ГСЮrЧКХ», 2016. 60 p.

5. DomansФТ L., VКХХШЭЭШЧ P., АКЧР D., “PКrКХХОХ
vHGА ТЦКРО ЦШrpСШХШРв ШЧ CPUs ЮsТЧР CUDA”, 
CSIRO, Mathematical and Informational Sciences, 

Biotech Imaging. 

6. Gil J. and Werman M.: Computing 2-D Min,

Median, and Max Filters, IEEE Trans. Pattern Anal. Mach. 

Intell., 1993, Vol 15, Number 5, 504–507. 

7. Kirk D. B. and Hwu W. mei W., Programming

Massively Parallel Processors: A Hands-on Approach 

(Applications of GPU Computing Series). Morgan 

Kaufmann, 2010. 

8. Soinikova E.S., Ryabihk M.S., Batishchev D.S.,

Mikhelev V.M. High-performance method for boundary 

detection in medical images// Academic science – 

problems and achievements IX: Proceedings of the 

Conference. North Charleston, 20-21.06.2016—North 

Charleston, SC, USA:CreateSpace, 2016, p.93-95. 

9. NVIDIA, “NVIDIA CUDA C prШРrКЦming

guide – vОrsТШЧ 7.0,” NVIDIA НОvОХШpОr аОЛsТЭО, JЮЧО 
2016. [Online]. Available: 

http://docs.nvidia.com/cuda/cuda-c-programming-

guide/#axzz4IHtkC9CZ. 

10. VКЧ DrШШРОЧЛrШОМФ M., “OЧ ЭСО IЦpХОЦОЧЭКЭТШЧ
ШП MШrpСШХШРТМКХ OpОrКЭТШЧs”, MКЭС. MШrpСШХШРв КЧН ТЭs 
applications to image processing, J. Serra and P. Sollie, 

eds. Dordrecht: Kluwer Academic Publishers, 1994, 

pp. 241-248. 


