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Fig. 1 The algorithm for HASM using PCG
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__global__ void

sparseMV_kernel (int n, int * collndsICP, int * rowPtrsICP,

float

% valsICP, const float * x, float * Ax)

{

int row = blockDim. x * blockldx. x + threadldx. x ;

if(row << n ) {

int j;

Ax[i] = 0;

for(j = rowPtrsICP[ row]; j <<rowPtrsICP[ row+1]; —+-+j)
Ax[i] += valsICP[j] * x[collndsICP[j]];

}

B3 g e ) e AR T 58 1k
Fig. 3 Parallel algorithm of sparse matrix-vector
products
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LRI 4,

dim3 dimBlock(TILE_WIDTH, TILE_WIDTH);

dim3 dimGrid(Width/TILE_WIDTH, Length/TILE_WIDTH) ;
cudaMemcpy(d_OriginDem, d_B, sizeof (float) * (Width—2) *
(Length—2) , cudaMemcpyHost ToDevice) ;

kernel T<<<<ZdimGrid, dimBlock™>>>(d_T,d_OriginDem, ,
Width, Length, cellsize, cellsize) ;

gpuTSample Deal< < <1, elenumMat>>>>(d_scatter p,d T,
Width—2)

kernel PCG<C<<<ZdimGrid, dimBlock>>>> (d_T , Length,
colIndsICP, rowPtrsICP, valsICP, d_x)
cudaMemcpy(x,d_x,sizeof (float) * (Width—2) % (LLength—2),

cudaMemcpyDeviceToHost) ;

B4 FE47fkry HASM #ik
Fig. 4 Parallel algorithm of HASM
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// indexVarray Fo5 T £ AE RO - ndx h25 1 el

indexVarray= (GLuint * ) malloc (mesh _ width % 2 * (mesh _

height—1) * sizeof (GLuint)) ;
for (int j=0; j<<mesh_height—1; j=++) {
for (int i=0; i<<mesh_width; i+-+) {
GLuint * ndx = indexVarray + j * 2 * mesh_width + i
* 23
ndx[ 0] = j* mesh_width + i;
ndx[1] = (G+1) * mesh_width + i; }}

B 5 sl
Fig.5 Index construction
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Fig. 6 The rendering process
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Tab.1 HASM -CPU vs HASM-GPU: total time

MR CPUJFEBUTINE () GPU J7khATin Al ()
10X 11 0.518339 0. 011270
201X 201 10. 390260 1. 547023
970X 835 465. 156982 44. 635750
10241125 662. 741577 61. 189999
11181130 721. 392245 62. 284002
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Tab.2 HASM- CPU vs HASM-GPU: time per iteration
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(£ 3),

%3 HASM-GPU: fMii#Ert 5K/t (BN B ami%)
Tab.3 HASM-GPU: time per iteration vs minimum

frame rates per second

P B GPU JrkATIN ] () iyt
10X 11 0. 000154384 79.9
201201 0. 000633507 79.8
970X 835 0. 00892715 39.6
10241125 0. 012238 9.9
11181130 0. 0124568 9.9
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B A] () A 1] Cs) s} 18] kb
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201X201  0.004166103 0. 000633507 6. 576258183
970835 0.093031396 0. 00892715 10. 42117545
10241125 0.132548315 0.012238 10. 83088066
11181130  0.144278 0. 0124568 11.5823
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A Novel Method for Dynamic Modelling and Real-time Rendering Based on GPU

YAN Changging"? and YUE Tianxiang'
(1. State Key Laboratory of Resources and Environment Information System, Institute of Geographic Sciences and
Natural Resources Research , CAS,Beijing 100101 China;
2. Department of Information Engineering , Shandong University of Science and Technology, Taian 271019, China)

Abstract: High accuracy surface modeling (HASM) is a method for building surface with high accuracy in
terms of sampled points, which is based on the fundamental theorem of surfaces and gives a solution to er-
ror problem in geographic information system (GIS). Previous studies show this method can model sur-
face with much higher accuracy than other classical methods widely used in GIS, while its speed is limited
because of its huge computational cost. In order to accelerate its computational speed, a novel parallel and
interactive method of HASM for real-time rendering on GPU using compute unified development architec-
ture (CUDA) is presented, which allows for efficient and high quality visualization. The computational
task of HASM is parallelized and run simultaneously on many cores of modern GPUs which have multi-
processors and many stream processors, which can improve the performance significantly. Coupled with
an efficient rendering method, dynamic surface simulation and real-time rendering is done concurrently on
GPU. Preconditioned conjugate gradients methods are used to solve the huge linear systems arising from
HASM. Fully harnessing the processing power of modern GPUs with a highly parallel architecture and
multiprocessors and many stream processors, we can simulate the surface dynamically and post it to ren-
dering pipeline simultaneously. Making use of state-of-the-art GPU techniques such as vertex buffer ob-
ject, texture buffer, the rendering can be carried out with a very high efficiency. A few experiments were
carried out including some digital elevation model constructions and the tests results showed that our

method can construct surface dynamically and visualize it at very high frame rates.

Key words: high accuracy surface modelling (HASM) ; GPU parallel; real-time visualization; CUDA



