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Problem Statement

A Goal:
I Scalable, interactive, accurate segmentation of noisy volumetric data

A Challenges:
I Existing level set segmentation algorithms can be slow, even on the GPl
I Level set segmentation involves lots of sparse, dynamic computation
I GPU prefers dense, homogeneous computation



Problem Statement

A Solution:

I Leverage temporal and spatial coherence in level set simulation to
reduce GPU work

A Contributions:

I Novel algorithm that limits computation by examining the temporal
and spatial derivatives of the level set field

I Work-efficient and stepefficient mapping to massively parallel GPU
hardware
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A Work-Efficiency and SteRfficiency



We prefer parallel algorithms
which performasymptotically
equalworkto the most efficient
seguential algorithm



If this Is the case, the parallel
algorithm iswork-efficient



We also prefer parallel algorithms
which require asymptotically fewer
stepsthan the most efficient
seguential algorithm



If this Is the case, the parallel
algorithm isstep-efficient



Overview
L RN )

A Level Set Segmentation




Level Set Segmentation

A Embed a seed surface in an image

A Iteratively deform the surface along local normal according to
an applicationspecific speed function




Level Set Segmentation

Represent the level set surface as the zero isosurface of an implicit field



Level Set Segmentation
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A Deformation occurs by updating fixed elements in the implicit field
A Surface splitting and merging events are handled implicitly
A Requires many small iterations for surface to converge on a region of interest
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Previous Work

A CPU
- Narrow BandAdalsteinson and Sethian 1995)
- Sparse FieldNhitaker 1998, Peng et al. 1999)
- Sparse Block Grid (Bridson 2003)
- Dynamic Tubular Grid (Nielson and Museth 2006)
- Heirarchical RuhengthEncoded (Houston et al. 2006)

- Above algorithms require at leaSt(n)steps to update the level
set field

A GPU
- GPU Narrow Band.¢fohn et al. 2003, 2004; Jeong et al. 2009)
- Work-efficient but not stepefficient



Previous Work

A GPU narrow band has historically outperformed CPU sparse field

A But the GPU narrow band solver we tested still took over 100 seconds to
converge on the white and grey matter in a 256x256x256 MRI
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A Exploiting Temporal Coherence



Exploiting Temporal Coherence

We only want to spend time updating the voxels
that are actually changing



Exploiting Temporal Coherence

Sufficient conditions to remove voxels from the
active computational domain:

1. Are we close to the surface bordefRefohn et al. 2003)
2. Isthe field neighborhood changing over timg¢Roberts et al. 2010)



Exploiting Temporal Coherence
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