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Figure 1 The hierarchy of GPU card
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Figure 2 Flow chart of Level 1 frame selection
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A method of Level 1 frames-selection based on GPU for new vacuum
solar telescope
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The sun high resolution imaging observation is the most important way of New Vacuum Solar Telescope (NVST) located in Fuxian
Lake of Yunnan. This paper mainly describes the method of the Level 1 data processing of NVST. Currently, the times used by NVST
to calculate the 100 images is about 20 s, which is almost 1.7 times of 100 image acquisition time of 12 s. It can’t meet the demand of
real time processing. In this situation, we have decided to use GPU to process the data. Because the GPU has multi-threading
parallelism and a superiority in image processing. We implemented the algorithm by GPU to short the processing time to meet the
demand without changing the original algorithm. Thus, it ensures the accuracy of the original operation without affecting the
subsequent operation. The experiment includes two main parts, frames-selection method and shift-and-add method. Frames-selection
uses speckle interferometry (SI). It selects part of the images with better quality and then shifts-and-adds them. Not all of the image
data are required. Usually we only concerned with the necessary part. So in the election process, we only calculated the frequency and
the bandwidth. It will highly improve the accuracy of the selected frame. The Fourier transform spent the most time in this experiment.
It runs three times in the frame selection and processes second times in the shift-and add. This part of the length of time consuming
operation largely determines the efficiency of the program. The CUDA provides the standard library functions, which called CUBLAS
and greatly improve the operating efficiency of the program. The library functions CUBLAS provides matrix operations. In this study,
most of the matrix operations referenced standard library functions to achieve a large number of image matrix of the parallel arithmetic
and other functions. The rest of them used a GPU multi-threading technology. In our experiments, 100 images calibration only takes
0.25 s, GPU runtime also only 0.6 s, the processing time of a single frame is only 4.7 ms. The time of processing image exposure
spends only 12 ms. Therefore, it means that in the next frame of the image exposure time, the processing steps of the previous frame
image exposure can be completed synchronously. In the current conditions, it meet the demand of real-time processing.

NVST, GPU, cross-correlation, speckle-interferometry, frames-selection
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