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Fig. 1. Scheme of the Fourier telescope.
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Fig. 2. Scheme of the image reconstruction.
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Fig. 3. Randomly sparse sampled template.
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Fig. 4. Schematic diagram of the optical transmitter.
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Fig. 5. Schematic diagram of the optical receiver.
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Fig. 6. Physical layout of the optical transmitter.
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Fig. 7. Physical layout of the optical receiver.
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Fig. 8. Physical picture of the target.
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Fig. 9. The effect of the OPDF: (a) and (b) are the VD im-
age and the CS image, respectively, when OPDF = 3; (c)
and (d) are the VD image and the CS image, respectively,
when OPDF = 4; (e) and (f) are the VD image and the CS
image, respectively, when OPDF = 5.
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(b) Strehl = 0.68131
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(c) Strehl =0.67769  (d) Strehl = 0.68034

(e) Strehl = 0.67421
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(e) Al (£) 7332 LSR = 0.3 1Y VD {8 H1 CS E1R; (g) A1 (h) 53512 LSR = 0.4 (9 VD KR A1 CS P&

Fig. 10. The effect of the LSR: (a) and (b) are the VD image and the CS image, respectively, when LSR = 0; (c) and (d) are the
VD image and the CS image, respectively, when LSR = 0.1; (e) and (f) are the VD image and the CS image, respectively, when
LSR = 0.3; (g) and (h) are the VD image and the CS image, respectively, when LSR = 0.4.
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Fig. 11. The effect of the TSR: (a) and (b) are the standard image and the traditional FT image, respectively; (c), (d) and (e) are
the LF image, the VD image and the CS image, respectively, when TSR = 0.05; (f), (g) and (h) are the LF image, the VD image
and the CS image, respectively, when TSR = 0.1; (i), (j) and (k) are the LF image, the VD image and the CS image, respectively,
when TSR = 0.2; (1), (m) and (n) are the LF image, the VD image and the CS image, respectively, when TSR = 0.4; (o), (p) and
(q) are the LF image, the VD image and the CS image, respectively, when TSR = 0.8.
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Table 1. Comparison of the four methods.
TSR Traditional LF VD CS
FT/s method/s  method/s method/s
0.05 8289 529 530 554
0.1 8289 943 944 968
0.2 8289 1772 1773 1797
0.4 8289 3430 3431 3455
0.8 8289 6746 6747 6771
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Abstract

In order to obtain a new imaging strategy of the Fourier telescope (FT) with a better imaging quality and
a less imaging time, we optimize and compare three down-sampling imaging strategies in this paper: the
compressed sensing method (CS), the low-frequency full sampling method (LF) and the variable-density random
sampling method (VD), which are different from the traditional Fourier telescope in both of the image quality
and the imaging time. The analytical methods are as follows: based on the target’s spectral data obtained from
the field experiment of traditional FT, three down-sampling methods (LF, VD and CS) are used to reconstruct
the target’s images according to their own sampling modes and reconstruction methods, respectively; the
differences between the three down-sampling methods and the traditional FT regarding the image quality are
compared by the instinctive observation and the Strehl ratio; based on the analysis of the imaging time, the
differences between the three down-sampling methods and the traditional FT regarding the imaging time are
preliminarily compared. The analysis shows that: 1) the image quality of the compressed sensing method is
better than that of the other two down-sampling methods (LF and VD), slightly lower than that of the
traditional imaging; 2) although the image quality of the compressed sensing method is slightly lower than that
of the traditional FT, its imaging time is much lower than that of the traditional FT; 3) the field data used in
the analysis contain noises, which means that the reconstruction methods of the above three down-sampling
strategies have a better robustness to the noises. Based on the above results, it can be seen that the Fourier
telescope based on compressed sensing (CS-FT) is an excellent imaging strategy which can greatly reduce the

imaging time in the condition with actual noises.

Keywords: synthetic aperture imaging, Fourier telescope, image reconstruction techniques, compressed

sensing
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