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1 Introduction
• Image segmentation is an important task in diagnostic medicine
• Level set segmentation techniques have been shown to improve the accuracy of difficult segmentation tasks
• Previous level set segmentation techniques are computationally expensive even when running on the GPU
• Long computation times limit clinical utility

2 Sparse Field Algorithm

• 9x speedup compared to previous GPU algorithms
• 16x fewer computations compared to previous GPU algorithms
• No reduction in segmentation accuracy
• Performed entirely on the GPU without requiring costly GPU-to-CPU message passing
• Number of active voxels approaches 0 as the segmentation converges
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• Performed entirely on the GPU without requiring GPU-to-CPU message passing
• Tracks the active computational domain at the granularity of individual voxels instead of in large tiles

3 CUDA Implementation

Progression of our algorithm in 3D while segmenting the white and grey matter in a 256³ MRI with 9% noise and 40% intensity non-uniformity.  Total computation time is 11 seconds.

Progression of our algorithm for a single 2D slice while segmenting the white matter in the MRI above.  The segmented region is shown in green.  Active voxels are shown in red.  Less than 3% of 
voxels are active at any time during the segmentation.

Performance of our algorithm, the GPU narrow band algorithm and the CPU sparse field algorithm while segmenting the white and grey matter in a 256³ MRI with 9% noise and 40% intensity non-
uniformity.  Lower is better for all graphs.  All algorithms labeled 98% of voxels correctly.  Total computation time for the CPU sparse field algorithm is not shown to scale.  All benchmarks were 

performed using an Intel 2.5 GHz Xeon CPU and an Nvidia GTX 280 GPU. 

Various 2D slices of the final white matter segmentation shown above.  The final segmented region is shown in green. Active voxels are shown in red. The segmentation is deemed to have 
converged since there are very few active voxels.

6 References

4 Results

5 Conclusions

We present a novel CUDA accelerated level set segmentation algorithm with significantly improved performance over previous 
algorithms.

• 360x speedup compared to previous CPU algorithms
• 16x reduction in the size of the computational domain compared to previous GPU algorithms
• 9x speedup compared to previous GPU algorithms
• No reduction in segmentation accuracy

• Processes the minimal set of voxels at each time step
• Number of active voxels approaches 0 as the segmentation converges
• Tracks the active computational domain at the granularity of individual voxels instead of in large tiles
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Iterate in parallel over every voxel in the level set 
field buffer to identify active voxels.  If a voxel is 

deemed active, write its coordinates to an auxiliary 
buffer using the coordinates themselves as array 

indices.

During each time step, iterate in parallel over the dense 
buffer of active voxel coordinates.  Update the level set field at 

those coordinates.

Compact the auxiliary buffer in parallel using Nvidia’s 
CUDPP library to get a dense buffer containing the 

coordinates of each active voxel.

During each time step, iterate in parallel over the dense list of active voxel 
coordinates again to identify new active voxels.  Write the coordinates of all the 
new active voxels to the auxiliary buffer. Compact the auxiliary buffer as above 

to get a dense buffer of active voxel coordinates for the next time step.
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