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Fast spectrum reconstruction method for snapshot imaging spectrometer

ZHANG Yu, ZHU Shuaishuai, ZHAO Liangyu, LIN Jie, JIN Peng

(School of Electrical Engineering and Automation, Harbin Institute of Technology, Harbin 150001, China)

Abstract; A GPU-based spectrum reconstruction algorithm is proposed and realized aiming to meet the need for
real-time spectral data processing. By analyzing the working principle and data property of snapshot Fourier
transform imaging spectrometer and combining with CUDA data Parallel Processing Architecture, the article
optimizes the reconstruction algorithm, including paralleling the reconstruction algorithm and optimizing the memory
accessing, and implements parallel spectrum reconstruction algorithm. As a consequence, the spectrum
reconstruction rate is extremely increased. The experimental results indicate that, compared with CPU serial
algorithm, the GPU-based parallel spectrum reconstruction algorithm proposed in this article achieves the same
reconstruction accuracy but around 25 times in computational efficiency. By taking advantage of GPU parallel
computing, spectrum reconstruction efficiency is extremely improved which lays the foundation for the
implementation of snapshot imaging spectrometer in real-time measurement.
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Fig.1 Schematic diagram of system structure
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Fig.3 Optical path diagram of our system
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Fig.4 Flow of GPU parallel algorithm processing
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Tab.1 Data transmission time of three memory allocation methods

t/ms
Malloc cudaHostAlloc cudaHostRegister
1 17.89 20.62 9.13
2 18.12 17.43 8.67
3 17.42 18.69 8.66
4 17.53 17.81 8.70
5 17.68 18.31 8.74
6 17.04 17.82 8.68
7 18.32 17.55 9.04
8 18.65 17.90 8.73
9 17.59 19.03 8.92
10 17.91 17.59 8.76
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Tab.2 Data bandwidth of three memory allocation methods

, 95/ (GB - 57)
YK

Malloc cudaHostAlloc cudaHostRegister
1 2.45 5.43 5.43
2 2.29 5.42 5.44
3 2.32 5.43 5.44
4 2.40 5.43 5.44
5 2.45 5.43 5.43
6 2.53 5.43 5.44
7 2.50 5.42 5.44
8 2.34 5.43 5.42
9 2.40 5.43 5.43
10 2.48 5.44 5.44
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Fig.5 Comparison of spectral reconstruction effects of CPU and GPU algorithms
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Tab.4  Comparison of runtime between CPU and GPU algorithms

t/s
CPU H3474b5%%  GPU I TALEL
1 3.83 0.18
2 4.52 0.17
3 4.32 0.17
4 4.44 0.18
5 4.24 0.18
6 4.28 0.17
7 4.26 0.18
8 4.18 0.16
9 4.53 0.17
10 4.11 0.18
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