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Parallel construction algorithm of seafloor topography model for
multibeam bathymetric data based on CUDA
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Abstract: Multibeam echo sounder system(MBES) is characterized by wide detection range and high measurement
efficiency, and the efficient and fast terrain modeling and expression for massive multibeam echo sounder data have
become a technical difficulty to be solved. To this end, this study proposed a parallel construction algorithm of
adaptive resolution regular grid based on common parallel computing architecture (CUDA). Firstly, a quadtree was
constructed for the region. Then, the adaptive optimal resolution for the segmented point cloud was calculated and
the grid using the parallel acceleration of the graphic processor (GPU) was constructed. Finally, the seafloor
topography model was constructed through the calculation of light shading and the rendering of elevation. Taking
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underwater large-scale multibeam bathymetric point cloud data as the research object, this study conducted tests and
comparative analyses of the grid construction task under GPU acceleration and central processing unit (CPU)
environment. The results show that it takes 22. 753 s to construct the network based on CPU, but the time taken by
the proposed algorithm is shortened to 9.023 s, with an acceleration ratio of 2. 52 times. achieving the rapid
construction of the seabed terrain model.
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Fig. 1 Schematic illustration of the quadtree structure
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Fig. 3 Flowchart of CUDA-based parallel construction of adaptive resolution regular grid
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1) Begin

2) function CPU_Processing(pointCloud) / CPU ¥ &b P4 bR 5 . 43 52 55 == i AE i A

3) rootNode = TInitializeRootNode(pointCloud) //fit FH 1 2 B8 91 4 Ak DU SR A AR 40 a8

4) while rootNode, nodeCount < threshold N /A SRAR Y B BUNT B N T2
5) childNodes = SplitNodeIntoQuads(rootNode) /B¢ 24 Fii 7 25 424 g PUAS 45

6) for childNode in childNodes:

7 AddParentDataToChild (childNode. rootNode) /*Kf A2 5 s (9 $4CH 5 In £1) 145 25

8) for childNode in childNodes:

9 if childNode. nodeCount <C threshold N: /415717 5% (O BUE &/ B

10) ProcessNodeRecursively(childNode) /58 I3 4b 3% 115 45,

1D quadTreeData = cudaMemcpy(rootNode, cudaMemcepyHostToDevice) /4% &b BBt 1Y A $dR M CPU 144 5 GPU
12) return quadTreeData /3 [1] P4 S $i 3

13) function GPU_Processing(quadTreeData) : // GPU Uihb 3 R %k , 4352 10 SURFBICHE 15 9 g A

14) leafDensities = ComputeLeafNodeDensity(quadTreeData) /H-50 44N T-F7 & 119 $ic g o 1

15) resolutions = ComputeAdaptiveResolutions(leafDensities) /A48 it T35 5 A 8% B 8038 L A9 20 PR

16) parallel for i in range(numbBlocks) : /£ AR P I ATHI IR LB 45 )

17 grid[i] = InitializeGrid(resolutions[i]) /4 11 3& L 43 b 547 4 fb A% )

18) FillGrid(grid[i], quadTreeData[i]) /BiFE4EAMH

19) finalGrid = MergeGrids(grid) /& I 5545 3 1 46 19 Kb

20) {inalGridData = cudaMemepy(finalGrid. cudaMemepyDeviceToHost) /4518 5¢ B 4% M %23 N GPU £ | 3| CPU
21) return finalGridData /1% [A] f5c 2% (A% 4 B3

22) End
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Table 1 Hardware and software configuration of experimental platform

i FiC
CPU 13th Gen Intel(R) Core(TM) i7-13700KF @ 3. 40 GHz
Architecture x86_64
T CUDA Cores 9 728
28 NTE 64 GB
GPU NVIDIA GeForce RTX 4080
HEAF 16 GB
o Microsoft Visual Studio 2022
W5 CUDA 12.3
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Fig. 4 Schematic illustration of the experimental area
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Table 2 Comparison of grid construction efficiency and accuracy for different resolutions based on CUDA

43P /m K& 5/ 424 R FERT /s JBFER] /s M \g/m Rysp/m
0.2 2.040 2.815 10. 499 0.112 0. 204
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1.0 0.084 1. 096 8. 780 0.422 0.484
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H i [ 0.383 1. 339 9.023 0. 343 0.405
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Fig. 5 Comparison of lighting effects between sell-developed seafloor terrain visualization software and Cloud Compare
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