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Fast Level Set Image Segmentation on Graphics Processing Unit

WU Zhong-le, WANG Zun-liang, LUO Li-min

(Laboratory of Image Science and Technology, Dept. of Biomedical Engineering, Southeast University, Nanjing 210096)

Abstract Level set methods are powerful tool to segment images, but these algorithms have a large computational
burden thus are not suitable for real time processing requirement. In this paper., an new accelerating algorithm of
level set method is presented which is implemented on the new generation of graphics processing unit (GPU)
instead of on CPU. It first introduced how to implement grid computation for algebraic linear operation and finite
difference solution of PDE on GPU by fragment program, and then map the level set solver to GPU. Since GPU is
a parallel vector processor for streamed data with big bandwidth for data access, and the result data don’t need to
be transferred from CPU to GPU for data rendering, so the accelerating algorithm is suitable for real time
processing and rendering. In this paper a 2D level set solver for image segmentation was tested with comparison of
the performance result between fast marching method and the GPU accelerated method. It shows this method can
achieve 60 percent quicker.
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1
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%)
150(1) 6.3 3.1 49. 2
300(1) 10.8 6.4 59.3
800(10) 29.5 16.2 55.0
2 000(50) 71.4 43. 4 60. 7
3000(10) 116.9 60. 3 51.5
3000(100) 104.7 59.2 56.5
1 ,GPU
2ms, GPU fast marching
40%~60%.
5
GPU level set
, level set GPU o 8
, level set
. fast marching
(GPU) s
32
b
. level
set ’ ’
, level set
. level set

1 Osher S, Sethian J A. Fronts propagating with curvature
dependent  speed: algorithms based on Hamilton-Jacobi
formulation[J ]. Journal of Computer Physics, 1988,79(1):12~
49.

Sethian J A. Numerical algorithms for propagating interfaces:
Hamilton-Jacobi equations and conservation laws[]]. Journal of
Differential Geometry, 1990,31(1):131~161.

Rumpf M, Strzodka R. Nonlinear diffusion in graphics hardware
[AJ]. In: Proceedings EG/IEEE TCVG Symposium on
Visualization, 2001[C]J, Ascona Switzerland, 2001:75~84.
Engquist B, Osher S. Stable and entropysatis{lying
approximations for transonic flow calculations[ ]J], Mathematics
of Computation. , 1980, 34(93): 45~57.

Sethian J A. Level set methods and fast marching methods[M].
Cambridge University Press, Cambridge, UK, 1999.

Strzodka R, Rumpf M. Level set segmentation in graphics
hardware [ A ]. In: Proceedings International Conference on
Image Processing 2001, [ C ], Thessaloniki, Greece, 2001:
1103~1106.

ITK Software Guide[ EB/OL] http://www. itk. org/HTML/

Documentation. htm.

1977 s , 2000
1975 . ,1998
, 2002
2 B
1956 s ,
,1986



