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quality of the blink and then estimate their center. The algorithm, implemented « Code snippet for vector addition: Software | Ubuntu 16.04, g++ 5.4, CUDA 9.0, MATLAB R2016b
origininally in MATLAB and CUDA C, to compute a ‘Super Resolution’ image Foragma omp parallel shared(a,b,c) private (1)
is computationally demanding. The algorithm was ported to C++ and used { Results
OpenMP to compute multiple frames in parallel. for (i=0; i < N; i++) MATLAB with CUDA C++ OpenMP with CUDA
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} eliel) = alial + el » Datasets varied in the number of frames (1,000 to 20,000 frames)
* Dense samples are more computationally demanding
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. Single-molecule Localization (fiting) i o . * Input: dataset to analyze » Maximum 15.1x speedup
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* Dataset above is composed of 5,000 frames with 60,468 localization threads B e
» Raw microscope data projected over time (left) » OpenMP for loop directive Impact
* Super Resolution image using color to show time (right) Thread 0 » Subset of frames map to a thread - Optimize data collection parameters while acquiring subsequent datasets
* Took 56.03 seconds to compute using existing solution CPU-level Parallelism » Closer to realtime SMLM imaging and analysis
« Account for SCMOS camera noise * Analyze larger datasets on the same hardware
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values) to send to GPU

Overview

Camera Characterization: sSCMOS single pixel
level characterlzatlon

lWiW

Conclusion

Thread O Thread T T Threadn | * Use CUDA Streams to copy data to GPU Future Work

Raw Data Acqmsmon GPU-level Parallelism * Implement another level of parallelism using OpenMPI for large clusters
. Custom CUDA C kernel » Offload more computation to the GPU
— 00 (] o [ co (] 3o [ @0 * Fit the centers of subregions ) (D;? ut§3|a(nMF|Iter: (|2D C))onvolutlon)
» Calculate uncertainty for each - PR delypserpetes ]y
Maximum Likelihood Estimation: Estimation of Block Blocke Block Block Block _ _ . : - :
position for identified candidates AT localization Results Flltermg and Image Reconstruction
o AN T » Each CPU thread invokes a separate Acknowledgements
the localization uncertainty ok (2.1 CUDA kernel » MATLAB implementation provided by Dr. Huang Fang and Dr. Caroline
Thread (0,0) | Thread (1,0) | Thread (2,0) | Thread (3,0) | Thread (4,0) ° Enables utlllzatlon Of MUItIple GPUS Laplante
. E E ﬂ CPU-level Parallelism * Funding from the NSF Research Experiences for Undergraduates program
Thread (0,1) | Thread (1,1) Thread(21) Thread (3,1) | Thread (4,1) o Fl tel‘ IeSS accurate |Ocallzat|0ns and the NCSU ECE department
“H.
|- i | B CPU Thread 0 oot
Thread (0,2) | Thread (1,2) | Thread (2,2) | Thread (3,2) | Thread (4, 2) .
- n 1 r-!  Output: Reconstruct Super Resolution CIerences o o | -
_ TR, B image using color to differentiate time [1]”C.”I7a$antf gt ’?Ii(' ngh-slsle?rc]l s(,juper-dresolijtlor; m:gsmg o;: I|veDf_|SS|onderDast
. . i cells,” in Yeas okinesis: Methods and Protocols, A. Sanchez-Diaz and P.
Super Resolution Image Reconstruction ‘v OUtPUt' Save localizations to MATLAB Y

- oo - Perez, Eds. 2016, Available: https://doi.org/10.1007/978-1-4939-3145-3 4. DOI:
CPU Thread 0: Merge Results data file for quantitative analysis 10.1007/978-1-4939-3145-3 4.




