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Abstract: The edge of image is one of the important features of the image. Edge detection is an important means to
extract image features. GPU-CUDA parallel technology, as the most popular high-performance processing technology,
is the best choice for parallel Prewitt algorithm implementation. Since conventional Prewitt algorithm based on CPU is
computationally intensive and time-consuming, its application is very restricted. In order to improve the efficiency of
Prewitt algorithm, GPU-based parallel Prewitt algorithm and fast imaging algorithm are applied to get higher speedup.
Finally, the method is proposed by turning the GPR field data into gray-scale image data, then implementation of GPR
field data processing with the Prewitt algorithm based on GPU. It is proved that the algorithm is not only of high effi-
ciency, but also effective to improve target identification capability.
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Figure 1. P(i,j) pixel and its 3 x 3 pixel neighbor hood
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Figure 2. Horizontal template
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Figure 3. Vertical template
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cudaMalloc((void  **)&d_Dataln,lineByte*screen
High);// B 15 158 A A7 7% (]

cudaMalloc((void **)&d_DataOut,lineByte*screen
High);//H118 15 £ A7 73 (5]

cudaMemcpy(d_Dataln,h Dataln, lineByte*screen
High,cudaMemcpyHostToDevice);// B 4% K4 #% 1 %8 15
e Vit

dim3 dimBlock1(256, 1),/ i I AT AL 22 A K

dim3 dimGrid1(((screenWidth-2)*(screenHigh-2) +
255)/256,1);//46)38& FFEAT AL ER %

prewittProcess<<<dimGridl,dimBlock1>>>(d Data
In,d_DataOut,screenWidth,screenHigh);// 1 Fi PN #% 3117

cudaMemcpy(h_DataOut,d DataOut,lineByte*screen
High,cudaMemcpyDeviceToHost);//Ab ¥ 45 B #2 D1 1] 3=
Wi
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__global  void prewittProcess(float *d Dataln,
float*d DataOut,int screenWidth,int screenHigh)

{unsigned int id = 256*gridDim.x + threadldx.x;//
THEIFAT A B A& R 515 id

if(id<(screenWidth-2)*(screenHigh-2))// 1% #1] B 1%
Ab TS

{int row=id/(screenWidth-2) + 1;/G 5B AT 490 5
row

int col=id%(screenWidth-2) + 1; //EGHE B 51 9 5
col

int x,y,result;

x=*(d_Dataln+(row-1)*screenWidth+(col-1))+*(d_
Dataln+(row-1)*screenWidth+(col))+*(d_Dataln+(row-
I)*screenWidth + (col+1))-*(d_Dataln+(row+1)*screen
Width+(col-1))-*(d_Dataln+(row+1)*screenWidth+(col)
)-*(d_Dataln+(row-+1)*screenWidth+(col+1));// i 5 7K
-7 [l A

y=*(d_Dataln+(row-1)*screenWidth+(col-1))+*(d_
Dataln+row*screenWidth+(col-1))+*(d_Dataln + (row +
1)*screenWidth + (col-1))-*(d_Dataln + (row-1)*screen
Width+(col+1))-*(d_Dataln+row*screenWidth+(col+1))
-*(d_Dataln + (row + 1)*screenWidth+(col+1));//i1- &
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result=x*x+y*y://T1 586 AH o(i.)~F 7 {E

*(d_DataOut+row*screenWidth+col)=result;// & 17
Prewitt 474 BEAE F 1}

SZGE Acer ASPIRE 4736G(% GEFORCE G105M
CUDA 512M FEJER)F 4l L e, IR H a5 R
WK 1 s, R 7RG Rms s, e TR
ISR AT SR A8 AL FR AR R B SEBR TR 2L, (B AR
Yo7 R S R 45 ) R

4. Prewitt BAERME A PRI TIR A
4.1. SCERABIREE L AR E EG IR

ILH] Prewitt 3425k AR AL FR IR b E T8 044 1)
322 5 S S I B B e A R P PR B - Sk
I ER TE A S AL TEATAE, W AUE S A IR R B
(¥ [T BN AT AT 51 A 4 . FARSER AT i e
SN T IR B SR U R /MBS R A e
BRAEXS I 255, B/ MEXTRL 0 BYHENHEAT Sk A2 4
SKRIOK FE NG H G . S5UIRI, 58 AT 51346 5 N
FAER K B UG H A . EARS IR

for(int i=0;i<screenHigh;i++)//i [fj AT 45 S 75 15
Bl sRBUROK. f/MA

for(int j=0;j<screenWidth;j++)

{if(min>*(h_Dataln+i*screenWidth+j)) min="*
(h_Dataln+i*screenWidth+j);

if(max<*(h_Dataln+i*screenWidth+j)) max=*
(h_Dataln+i*screenWidth+j);}

for(int i=0;i<screenHigh;i++)//4F 1 545 3E 4717 51
A, [ Bt o AR 5 P

for(int j=0;j<screenWidth;j++)

{*(h_Dataln+i*screenWidth+j)=((255**(h_Dataln+
i*screenWidth+j)/(max-min)-255*min/(max-min))); }

Table 1. Time comparison of CUP and GPU on different resolu-
tions

% 1. TESMERE KR CUP 5 GPU A ERTIERTEL

AR FRIR [A]

. 40 x 4 1024 12
. 640 x 480 024 x 768 80 x 768
CPU 2.245 4.018 5.323
GPU 0.458 0.461 0.551
Iz by 4.90 8.72 9.66
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__global _void prepareMap(float4 *positions,float
*seismic, float *tmp color, int screenWidth, int screen-
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Figure4. Flow chart of GPU fast imaging algorithm
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Tdx.x;//THEIFAT AL FE RS R 515 i

unsigned int j=blockldx.y*blockDim.y+threadldx.y;
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if(i<screenWidth && j<screenHigh)// B4 5 ¥z
FHl: screenWidth*screenHigh

{int index=(int)(((colorTableLength-1)**(seismic
+i*screenHigh+j)/(max-min)-(colorTableLength-1)*min/
(max-min)));/ARYE & LRI EFR R, B RS E R

if(index<0)index=0; if(index>colorTableLength-1)
index=colorTableLength-1; *(positions+i*screenHigh+j)
=make_float4(*(tmp_color+index*3 + 0),*(tmp_color +
index*3 + 1), *(tmp_color + index*3 + 2),TranspSlider

Value);//4= R (A% B0 ) )
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Figure5. Imaging of GPR field data
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Figure 6. GPR data imaging after applying Prewitt algorithm
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