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Abstract — Contour is a powerful tool for spatial analysis, which has been widely applied in the research of marine background 
field. However, it is still a challenge to efficiently extract contours from ocean remote sensing data in large scale. In this paper, we 
propose a parallel approach for contour extraction based on the analysis of GPU’s parallel architecture and CUDA’s flexible 
programmability. A contour tracing algorithm is implemented through block searching, which reduces the times of grid traversal 
and avoids the search of excluded cells. The proposed approach was experimented with different sizes of Sea Surface Temperature 
data. The results show the effectiveness and efficiency of the approach especially for large scale data, demonstrating that GPU has 
its novel advantage compared to the CPU with a high speed-up ratio.  
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I. INTRODUCTION 

Contour is a powerful tool for spatial analysis, which has 
been widely applied in the research of marine background 
field [1, 2]. Among the marine research, Sea Surface 
Temperature (SST) data is an important data source for the 
study of global climate change, which is obtained by means 
of Remote Sensing [3, 4].  Contour maps generated from 
those global SST data can reveal the changes of ocean 
surface temperature intuitively and vividly, providing the 
basis for global marine research. However, it is still a 
challenge to efficiently extract contours from ocean remote 
sensing data, especially those in large scale. Thus, it’s an 
urgent need for a quick and efficient approach to extract 
contours from ocean remote sensing data.  

In the last decades, a large number of approaches have 
been developed to improve the efficiency of contour 
extraction [5-7]. Ren et al. presented a contour algorithm for 
binary boundary [8], tracing contours based on the grid 
boundary. As it can be time-consuming to sort the randomly 
generated contour segments, an improved algorithm is 
implemented [9], which can be applied to both 2D and 3D 
objects. Tang put forward a new algorithm of creating 
contours based on regular grid [10]. The above research 
focused on the improvement of the algorithm itself, while 
there are some works that applying computer cluster 
technology to speed up contour extraction. However, as the 
construction and soft development of the cluster system are 
quite complexity and cost, its application is greatly restricted 
[11]. Nowadays, Graphics Processing Unit (GPU) has 
proved its powerful computing ability in data parallel 
processing. In addition, development of Compute Unified  
Device Architecture (CUDA) provides a feasible way to the 
parallel processing. Che et al. explored the quick location of 
grid blocks in the CUDA architecture [12]. Based on GPU, 
CUDA provides an effective way to extract contours by the 
cluster of cell and lightweight threads. 

For this reason, this paper proposes a parallel approach 
for contour extraction based on the analysis of GPU’s 
parallel architecture and CUDA’s flexible programmability. 
A contour tracing algorithm is implemented through block 
searching, which reduces the times of grid traversal and 
avoids the search of excluded cells. The proposed approach 
will be experimented with different sizes of global Sea 
Surface Temperature data to show its effectiveness and 
efficiency. 

The rest of this paper organizes as follows. In Section 2, 
a parallel approach for contour extraction is proposed, and 
detailed algorithm is implemented. In Section 3, experiments 
with different sizes of global Sea Surface Temperature data 
are conducted. The main conclusions of this study are given 
in the last section. 

II.  METHODOLOGY 

A. Contour extraction based on block searching 

Traditional methods of contour extraction from regular 
grid take multiple traversal calculations and sorting, which 
are time-consuming especially for grid data in large scale. In 
this paper, contour extraction algorithm based on block 
searching is proposed to improve the efficiency of grid 
traverse as much as possible. The block is defined as a set of 
grid and index in a closed interval, which is a subset of the 
original data grid. Grid without contours will be removed 
from the block to avoid invalid calculations. The algorithm 
flow chart is shown in Fig. (1). Firstly, information matrix 
from regular grid will be built. Then grid will be classified 
based on the judgment condition that whether there is an 
equivalent point. The next step is to divide and fill the blocks 
according to the classified units above. Finally, sorting the 
grid in each block and connecting equivalent points will be 
done. 



MINJIE CAO et al: A PARALLEL APPROACH FOR CONTOUR EXTRACTION BASED ON CUDA PLATFORM 

DOI 10.5013/IJSSST.a.17.19.01 1.2 ISSN: 1473-804x online, 1473-8031 print 

 

Figure 1. Algorithm flowchart of contour extraction. 

1) Regular grid and information matrix 
Given a grid data with M*N, an extend grid will be 

constructed with (M + 1) * (N + 1). Each center of unit in 
M*N grid falls on the vertices of extend grid, as shown in 
Figure 2. 

 

Figure 2. Spatial relationship of the （M+1）*（N+1）grid and the M*N 
grid. 

Information matrix is constructed on the basis of （M+1
）*（N+1）grid, and each grid of the information matrix is 
assigned to an attribute value by right lower vertex of the 
grid. The form of the information matrix is described in 
Figure 3.  
2) Regular grid and information matrix 

In this paper, elements of the information matrix are 
designated as Mm*n, and contour with value Vi is set as 
C(Vi). For one edge Ex,y in a grid, the judgment condition is 
defined below if there is an equivalent point: 

xi,yi i xj,yj i(M -V )(M -V ) 0                                
       (1)

 

 

Figure3. Information matrix. 

where Mxi,yi and Mxj,yj are values of two endpoint in 
edge Ex,y. All the edges of the grid will be classified 
according to the judgment condition above. The satisfied 
edges will be recorded as Ex，y ∈  EdgeC(Vi), where 
EdgeC(Vi) is the edge set that corresponding contour will 
pass. When the value of the endpoint is equal to Vi, small 
increments will be given to the endpoint, which will not 
affect the accuracy of contour drawing. After all the edges 
are searched, the process of block division and filling is 
complete. The block is composed of a grid set and their 
spatial position index, as illustrated in Figure 4.  

Specifically, based on the information matrix, grid with 
contours passing will be divided into the block by the order 
from left to right. The value of each grid in the block is 
defined in a new way to express the trend of contour. Each 
grid will be divided into four small cells, and value of small 
cell will be set to1 if contour pass through one edge of the 
grid, otherwise 0. A sample is illustrated in Fig. (5). Spatial 
position index table contains the index number of 
information matrix, index number of block, grid value and 
the index number of adjacent grid, which is aimed to 
preserve the position relationship in the process of contour 
tracing.  

 

Figure 5. Trend judgment during contour tracing. (Value of the above grid 
is 1010 in binary format) 

B. Parallel algorithm based on CUDA 

Loop process is often the most time-consuming part in 
the contour extraction algorithm, which can be implemented 
in parallel to improve efficiency. Based on the contour 
extraction algorithm proposed above, this paper realized the 
parallelism of contour extraction using CUDA platform. The 
parallelism is mainly focused on the process of equivalent 
point judgment, block construction and sorting, which 
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contain a large number of cycles. The flowchart of the parallel algorithm is illustrated in Figure 6.  

 

Figure 4. Block structure. 

 

 

Figure 6. Flowchart of parallel algorithm.

 It assumes that we need to draw the contour with value V. 
Two thread grids and two kernel functions are created at the 
beginning. The parallel tasks are executed in two kernel 
functions, while two kernel functions are executed serially. 
Two tasks are built up to process the parallelism the contour 
extraction. 

 The main objectives of the first task are to judge 
equivalent point and build blocks. The input parameters are 
the information matrix of grid data and the data block. The 
main process of the first task is as follows. 

Step 1. Calculate the index value of threads and the offset 
value of the buffer. 
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    (2) 

Step 2. Judge equivalent points and calculate the value of 
grids in blocks by Equation (3), where BV is the original 
value of each grid, CV is the value of the contour. 

Step 3. Fill the block and calculate the spatial position 
index by Equation (4). 

 The objective of the second task is to sort grids in blocks. 
The input parameters are the data block and spatial position 
index. The main process of the second task is as follows. 

Step 1. Confirm the starting point in the process of 
contour tracing. 

Step 2. Judge the trend of contour during tracing 
according to the Equation (5). 
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III.  RESULTS AND DISCUSSION 

The presented approach is implemented on the CUDA 5.0 
platform with C++ language. The experiments are measured 
on a PC with a 3.4 GHz Inter Core i7 processor, a 4 GB RAM 
and NVIDIA GeoForce GTX 660 2GB graphics card. 

In this paper, global SST data used for contour extraction 
are provided by Global Data Assembly Center (GDAC), 
which are regular grid data with a spatial resolution of 0.25°. 
The data are stored in NetCDF format. Global SST data with 
2012-1-1 is selected to extract contours by the parallel 
approach based on CUDA platform. The result of generated 
contours is shown in Figure 7.  

 
Figure 7. Contour extraction from the global SST data by the parallel 

approach. 
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Further experiments were conducted to show the 
effectiveness and efficiency of the parallel approach. 
Different sizes of grid data were tested by parallel approach 
with GPU and conventional method with CPU, respectively. 
The results are presented in Table I.   

TABLE II  EXECUTION TIME OF CONTOUR EXTRACTION ALGORITHM FOR 
DIFFERENT GRID SIZE ON GPU AND CPU 

Grid size 
Time CPU
（ms） 

Time GPU
（ms） 

speed-up 
ratio 

180*360 42.658 83.836 0.509 

320*640 71.467 97.594 0.732 

600*1334 136.912 177.347 0.772 

720*1440 382.457 391.216 0.978 

1080*1560 553.604 454.516 1.218 

1800*3600 901.742 489.135 1.844 

2048*4096 1265.023 504.896 2.506 

From Table III, the execution time by GPU is shorter than 
that of CPU when the grid size is larger than 720*1440, while 
the execution time by GPU is longer than that of CPU when 
the grid size is 720*1440 or smaller. Besides, the 
performance by GPU is improved more obviously when the 
grid size is bigger. When the grid size is 2048*4096, the 
execution time by GPU is shorter than half that of CPU. The 
comparison with experimental results can be greatly shown in 
Figure 8. 

We can see that the efficiency of the proposed approach is 
affected obviously by changes of grid data size. The speedup 
increases with the increasing of the grid data size. The main 
reason is that it takes time for data transfers between the host 
to the GPU. When the size of grid data is 180*360，the time 
spent on data transfers of the proposed approach is 17.722 
milliseconds, accounting for 21.14% of the total execution 
time. However, as the size of grid data increase to 2048*4096
，the time of data transfers is 47.575 milliseconds, which 
decrease to 9.420% of the total time consuming rate. It is 
remarkable that the proportion of data transfers time in total 
execution time decrease quite much with the increasing of the 
grid data size. Thus it is necessary to improve data 
transmission efficiency as the problem of I/O bottleneck 
becomes more severe when the intensity of calculation is very 
low. 

 

Figure 8. Execution time by GPU and CPU. 

IV. CONCLUSIONS 

In this paper, a parallel approach for contour extraction 
based on CUDA platform is proposed. A contour tracing 
algorithm is implemented through block searching, which 
reduces the times of grid traversal and avoids the search of 
excluded cells. The proposed approach was experimented 
with different sizes of Sea Surface Temperature data. The 
results show the effectiveness and efficiency of the approach 
based on CUDA platform especially for the large scale data, 
demonstrating that GPU has its novel advantage compared to 
the CPU with a high speed-up ratio. However, if the size of 
grid data is not large enough, that is, task is not compute-
intensive, the approach with CUDA platform may be slower 
than CPU. It is therefore necessary to improve data 
transmission efficiency between host and GPU in the future 
work.  

ACKNOWLEDGMENT 

This research was funded by the National Natural Science 
Foundation of China (41471313, 41101356 and 41171321), 
the Public Science and Technology Research Funds’ Projects 
of Ocean (2015418003) and the Science and Technology 
Project of Zhejiang Province (2013C33051). 

REFERENCES 
[1] Wang, Y, wContour, “A. NET class library of contour-related 

algorithms” , Computers & Geosciences, vol.48, pp. 330-333,2014. 
[2] Yates, S, CONTUR, “a FORTRAN algorithm for two-dimensional 

high-quality contouring”, Computers & Geosciences, vol.13,No.1, 
pp.61-76, 1987. 

[3] Reynolds, R.W, “A real-time global sea surface temperature 
analysis”, Journal of climate, vol.1,No.1, pp.75-87, 1988. 

[4] Reynolds, R.W. and T.M. Smith, “Improved global sea surface 
temperature analyses using optimum interpolation”, Journal of 
climate, vol.7, No.6, pp.929-948,1994. 

[5] Fan, H., et al, “A method of generating contour trees based on 
contour delaunay triangulation”, Journal of Computational 
Information Systems, vol.10, No.16, pp. 7155-7162,2014. 

[6] Xu, A. and Q. Li, “The research on automatically created contour's 
algorithm based on DEM. in Geoinformatics 2007”, International 
Society for Optics and Photonics, vol.16,pp.65-71,2007. 

[7] Zhao, B, Q. Li, and Y. Wang, “Automatic extracting algorithm for 
fast boundary reconstruction based on GVF snake”, Journal of 
Computational Information Systems, vol.8, No.22, pp. 9183-
9191,2012. 

[8] Ren, M., J. Yang, and H. Sun, “Tracing boundary contours in a 
binary image. Image and vision computing”, vol.20, No.2,  pp. 
125-131,2002. 

[9] Jones, N.L., M.J. Kennard, and A.K. Zundel, “Fast algorithm for 
generating sorted contour strings”, Computers & Geosciences, 
vol.26,No.7, pp. 831-837,2000. 

[10] Tang, L., A. Xu, and L. Fang, “The algorithm of creating contour 
lines based on DEM. in Geoinformatics 2008 and Joint Conference 
on GIS and Built environment: Advanced Spatial Data Models and 
Analyses”, International Society for Optics and Photonics,vol.25, 
pp.20-25,2009. 

[11] Xu, X. and Q. Zhang, “High performance parallel remote sensing 
image processing based on CUDA”, Geospatial Information, vol.9, 
No.6, pp.47-54,2011. 

[12] Che, S., et al, “A performance study of general-purpose 
applications on graphics processors using CUDA”, Journal of 
parallel and distributed computing, vol.68, No.10, pp.1370-1380, 
2008..

 


