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Experimental study for coding computational imaging
and quality evaluation of reconstructed image
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Abstract: Infrared focal plane array detector suffers from problems including the lack of localization
technology of infrared devices, intrinsic non-uniformity, and low signal-to-noise ratio (SNR). The
costs for image acquisition, transmission, and storage became higher and higher for the applications of
aerospace imaging. To overcome these difficulties, this paper analyzed the principle of computational
imaging system, and the compressive sensing theory was introduced for imaging. Then the imaging
prototype was built, and compressed and uncompressed imaging had been investigated. Finally, the
method of the signal subspace analysis was introduced for quality evaluation of the reconstructed image,
and the SNR of the reconstructed image was estimated using this method. Experimental results demon-
strate that the SNR estimation method is accurate and effective, which can give a reasonable number of
samples required for the actual compressed imaging.

Key words: computational imaging, compressed sensing, image quality evaluation, signal-to-noise
(SNR) estimation, subspace analysis
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Fig. 1 (a) Models of the traditional imaging
system, (b) models of the computational imaging
system
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Fig.2 Coding computational imaging model
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Fig.3 The principle of imaging system

B4 BB RO S F P
Fig. 4  Microscopic structure of a
digital micro-mirror
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Fig.5 (a) The principle prototype of imaging sys-
tem, (b) The internal structure of the prototype
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Fig.7 The DMD’ s mirror-division of uncompressed
computational imaging
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Fig.8 The sampled signal of the block DMD
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Fig.9 The experimental result of uncompressed compu-
tational imaging
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Fig. 10 The DMD’ s status of compressed computa-
tional imaging
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Fig. 11  Original sampled signal under different
sampling times
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Fig. 12 The statistical distribution of the signal under
different sampling times
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Fig. 13 The constructed sparse coefficient distribu-
tion under different sampling times
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Fig. 14  The reconstructed image under different sampling
times
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Table 1 The MSE and PSNR of reconstructed imaged un-
der different sampling times
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49% (9 000) 39.722 6 32.140 4
38% (7 000) 40.197 9 32.088 8
27% (5 000) 40.356 2 32.0717
20% (3 000) 40.852 8 32.018 6
10% (2 000) 42.503 3 31.846 6
5% (1 .000) 46.138 7 31.490 1
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Fig. 15 The curves of MSE and PSNR
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Fig. 16  The singular value decomposition distribution
of reconstructed image signal under different sampling
times using subspace analysis
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Table 2 The SNR estimation of reconstructed image under
different sampling times
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20% (3 000) 10.223 7
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5% (1000) 6.156 4
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Fig. 17 SNR estimation distribution using subspace a-
nalysis methods
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