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Parallel Processing of Satellite Images using CUDA
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ABSTRACT

Remote sensing allows acquisition of information across a large area without
contacting objects, and has thus been rapidly developed by application to different
areas. Thus, with the development of remote sensing, satellites are able to rapidly
advance in terms of their image resolution. As a result, satellites that use remote
sensing have been applied to conduct research across many areas of the world.
However, while research on remote sensing is being implemented across various
areas, research on data processing 1s presently insufficient; that is, as satellite
resources are further developed, data processing continues to lag behind.
Accordingly, this paper discusses plans to maximize the performance of satellite
image processing by utilizing the CUDA(Compute Unified Device Architecture)
Library of NVIDIA, a parallel processing technique. The discussion in this paper
proceeds as follows. First, standard KOMPSAT (Korea Multi—Purpose Satellite)
images of various sizes are subdivided into five types. NDVI(Normalized Difference
Vegetation Index) is implemented to the subdivided images. Next, ArcMap and the
two techniques, each based on CPU or GPU, are used to implement NDVI. The
histograms of each image are then compared after each implementation to analyze
the different processing speeds when using CPU and GPU. The results indicate that
both the CPU version and GPU version images are equal with the ArcMap images,
and after the histogram comparison, the NDVI code was correctly implemented. In
terms of the processing speed, GPU showed 5 times faster results than CPU.
Accordingly, this research shows that a parallel processing technique using CUDA
Library can enhance the data processing speed of satellites images, and that this
data processing benefits from multiple advanced remote sensing techniques as
compared to a simple pixel computation like NDVI.

KEYWORDS : Compute Unified Device Architecture Library, Normalized Difference
Vegetation Index , Parallel Processing, Graphic Processing Unit, Central
Processing Unit
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FIGURE 1. CPU and GPU development speed
(Source: CUDA toolkit documentation, 2015)
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FIGURE 2. CPU and GPU architecture (Source: CUDA toolkit documentation, 2015)
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TABLE 1. Image size and file size

KOMPSAT-3
Image size(pixel) File size(GB)
Type 1 1,000x1,000 0.002
Type 2 5,000x5,000 0.2
Type 3 10,000x10,000 0.8
Type 4 15,000x15,000 1.8

Type 5 20,000x20,000 3.2
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TABLE 2. Hardware performance

0S Window?7 Ultimate K 64—bit
CPU intel Core i5—3210M Processor
GPU GeForce GT 630M
Memory DDR2-8GB
IDE MS Visual Studio 2010, C++
CUDA version 55

TABLE 3. GeForce GT 630M performance

Model name GeForce GT 630M

Number of cores 96
Core speed 660MHz
Architecture Fermi GF108
Memory 1024MB
Memory speed 900MHz
Memory type DDR3
Memory bus 128Bit

Window7 -=&AANA A5 X3stle
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//97d 479 pixel datas 3 teke W
for(int count=0;count<imageheight/height;count++){
uint32 col =0;
for(int h=count*height;h<(count+1)*height;h++){
strip = h;
TIFFReadRawStrip(image,strip, buff, bclstripl);
data = (uintl6#)buff;
gettime = clock();
for(int w=0;w<width*4;w+=4){
#(Rband + ((col*width)+w/4)) = data[w+1];
#*(Nband + ((col*width)+w/4)) = data[w+3];

col++;

}

FIGURE 4. Approach pixel data method based on CPU

//Rband,Nband,ndvi Z}7}te] 37k#] W & o]-&3te] NDVIT&
void cpundwi(uintl6 *R,uintl6 *N,uintl6 *ndvi){
/7ol Wy A7 0F forE S 2-83le] ndvidshs 43
for(int i=0;i<width*height;i++){
if(Rl] == N[D{ ndvili] =-1;}
else if(R[i] > N[D{ ndvilil =0;}
else if(R[i] < NED{ ndvili] =1;}

}
}
FIGURE 5. Code realization based on CPU
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//GPU& el w5 A
uintl6 *dev_G, *dev_N, *dev_ndwi,

//GPUE Rt w2e 27 A7
cudaMalloc((voids#*)&dev_G,width*height*sizeof (uint16));
cudaMalloc((voids#*)&dev_N,width*height*sizeof (uintl6));
cudaMalloc((voids#*)&dev_ndwi,width*height*sizeof(uint16));

//CPU W3 & GPUH I Z COPY

cudaMemcpy (dev_G,

Gband,
width=height*sizeof(uint16),
cudaMemcpyHostToDevice);

cudaMemcpy (dev_N,Nband,

width=height*sizeof(uint16),
cudaMemcpyHostToDevice);

//GPU ¢l <] NDWIS4F 4=

add<<<grids,threads>>>(dev_G,dev_N,dev_ndwi);

//GPUZGoN A drtd Aaghs CPUsREe= COPY

cudaMemcpy (ndwi,

dev_ndwi,width*height*sizeof(uint16),

cudaMemcpyDeviceToHost);

FIGURE 6. Approach pixel data method based on CUDA

//AEE o] &3 NDVITd
_ global__ void ndvi(int *g,int *n,int *ndvi){
int tid = blockldx.x * blockDimx.x + threadldx.x;

while(tid<(width * height)){
if(gltid] == nltidD{ndviltid] = -1;}
else if(g[tid] < nltid]) ndviltid] = 0;}
else if(gltidl > nltid]] ndviltid] = 1;]

tid += blockDim.x * gridDim.x;

FIGURE 7. Code realization based on CUDA
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Z -1 35 7R A2 124,56970= 3714
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G A2 9 S|AEo] B AXshe
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A 2894 33 JgE 7] 7ISe =R 5
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TABLE 4. CPU average time

2 0.092%, Type 2+ 2.129%, Type 3= 8.214
%, Type 4+ 13.774%, Type 5 23.681%%
Type 55 7|& Type 1°f vl ¢k 230wz #]
Zr|7to] Sold Ae gRIg 4= gl

3 5°4 GPU 7I4re] BA AR Type
2 0.304%, Type 2+ 0.635%, Type 3=
1.596%, Type 4+ 3.307%, Type 5% 4.868
%= Type 5% 7| Typelel vj&l] oF 158]=
Agrlgko] sold Z1E ER1E 4= U3tk

Z}7ke] Type it o= A ApolE 9l
gl Type 19 A3k CPUZF GPURTY oF
0.2% wWgtow 77 9] FE Typed GPU7F
A58 AYEHETE wE Zle g1d = 3l8l
oh Type 29 24 CPUS H# Azdwi

Type 1 Type 2 Type 3 Type 4 Type 5
1,000%1,000(pixel) 5,000X5,000(pixel) 10,000X10,000(pixel) 15,000X15,000(pixel) 20,000X20,000(pixel)
Try 1 0.097 2.153 8.648 14.134 23.431
Try 2 0.094 2.153 8.439 13.713 23.291
Try 3 0.093 2.168 8.923 13.634 23.447
Try 4 0.094 2.137 8.877 13.665 23.649
Try 5 0.094 2.059 8.892 13.947 23.697
Try 6 0.094 2.059 8.595 13.852 24.083
Try 7 0.093 2.184 8.736 13.588 23.556
Try 8 0.078 2.043 8.502 13.837 23.149
Try 9 0.093 2.168 8.518 13.743 24.487
Try 10 0.093 2.169 9.084 13.635 24.018
Average time(sec) 0.092 2.129 8.214 13.774 23.681
TABLE 5. GPU average time
Type 1 Type 2 Type 3 Type 4 Type 5
1,000X1,000(pixel) 5,000%5,000(pixel) 10,000%10,000(pixel)  15,000X15,000(pixel)  20,000X20,000(pixel)
Try 1 0.312 0.639 1.549 3.262 4.821
Try 2 0.312 0.641 1.579 3.264 4.805
Try 3 0.297 0.624 1.648 3.435 4.802
Try 4 0.312 0.639 1.583 3.279 4.898
Try 5 0.271 0.626 1.586 3.341 4.915
Try 6 0.309 0.624 1.575 3.262 4.914
Try 7 0.308 0.639 1.603 3.289 4.882
Try 8 0.305 0.641 1.598 3.371 4.882
Try 9 0.310 0.639 1.669 3.291 4.914
Try 10 0.311 0.639 1.577 3.284 4.853
Average time(sec) 0.304 0.635 1.596 3.307 4.868
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