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BELLHOP Hacking



Graphical Frontend
● OpenGL

○ Uses CPU or GPU 
based on system

● Vectors of Vertices

● Shaders apply color & 
transformation

● Buffer swapping

● ImGUI widgets



Demo

http://www.youtube.com/watch?v=2t0jKzGrOC4


Ray Test

● Measure time it takes to simulate 100-1000 rays on CPU vs. GPU

● Perform a breakdown of frame rendering aspects

○ Memory Management

○ BELLHOP calculations

○ OpenGL drawing



Results: Ray Test

# of Rays 100 200 300 400 500 600 700 800 900 1000

Computation 
Speed Up

0.80 0.63 1.01 0.84 1.33 1.27 2.32 1.55 1.55 1.63

Graphics 
Speed Up

3.17 2.69 4.7 3.23 6.7 4.58 8.17 5.79 5.47 5.16



Results: Ray Test



Frame Breakdown Test

● Run program simulating 1000 rays in a 
preloaded environment on CPU and GPU

● Perform a breakdown of frame 
rendering aspects

○ Memory Management

○ BELLHOP calculations

○ Asset Preparation

○ Buffer update/swap



Results: Frame Breakdown

Preprocessing Run Post-
processing

Vertex 
Population

Swap 
Buffers

Draw + Misc.

CPU time (ms) 2.401

14.3%

3.81

22.69%

0.0004

0.0023%

0.0014

.0083%

0.41

2.44%

10.17

60.56%

GPU time (ms) 1.96

39.74%

1.13

22.91%

0.00015

.003%

0.00052

.01%

0.031

.63%

1.81

36.7%



Results: Frame Breakdown



Future Work

● Polish and submit PR to BELLHOP 
Acoustic Toolbox

● Use the 3D BELLHOP model and 
create corresponding OpenGL 
frontend

● Leave vertex data in GPU memory 
when drawing

3D Generative Modeling with DeepSDF - C. Wolfe



Conclusion

● Significant speed ups in both 
computational and graphical 
components

● Great starting point for a real time 
underwater communications 
simulator



Sources

● http://oalib.hlsresearch.com/Rays/HLS-2010-1.pdf
● https://arlpy.readthedocs.io/en/latest/_static/bellhop.html
● https://github.com/A-New-Bellhope/bellhopcuda
● https://towardsdatascience.com/3d-generative-modeling-with-deepsdf-2c

d06f1ec9b3


