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WU Jiachen, CAO Liangcai

(State Key Laboratory of Precision Measurement Technology and Instruments, Department of Precision Instruments,
Tsinghua University, Beijing 100084, China)

Abstract: The Fresnel Zone Aperture (FZA) lensless imaging utilizes a Fresnel zone plate to encode the
incident light as a holographic pattern. The image could be reconstructed by using holographic imaging
methods. Compared with other mask—based lensless imaging methods, FZA imaging does not need any
calibration. However, the inherent twin—image effect in in—line holography degrades the reconstructed
image quality. In addition, the frequency of recorded fringes becomes higher with the increase of the FZA
radius. Thus, a large size of the sensor could record fine fringes and obtain a high-resolution image.
Because of the expensive cost of a large—size sensor, using several separate small-size sensors instead of a
large—size sensor 1s an alternate scheme to realize high—resolution imaging. Since only partial measurements
could be obtained by multiple sensors, the compressive sensing technique should be utilized for image
reconstruction. The restricted isometry property is the sufficient condition of compressive sensing,
unfortunately, this property is difficult to verify for a given matrix. Since the Gaussian random
measurement matrix is proved to be a universal compressive sensing matrix, it is used as a reference to test
the signal recovery ability of the FZA sensing matrix. The results show the reconstruction error decreases
with the shrinking of the FZA constant. When the FZA constant is equal to 0.5 mm, the reconstruction
performance is almost consistent with the Gaussian random matrix. Thus, compressive reconstruction for
FZA imaging is feasible. Since the twin image, the original image and the sum of the two satisfy the
forward model, image reconstruction belongs to an ill-posed problem because of multiple solutions. The
regularization method is necessary to keep the solutions unique and stable. According to the sparsity
difference between the twin image and the original image in the gradient domain, Total Variation (TV)
regularization is introduced to suppress the twin image. The objective function of image reconstruction
consists of an error term evaluated on sampling area and a TV regularization term. In particular, the error
term calculates the first-order difference of the residual between prediction and measurements, and it can
effectively eliminate the interference of the constant term in the coded image and improve the image quality.
The objective function is solved by the Alternating Direction Multiplier Method (ADMM). ADMM
decomposes the complex problem into several subproblems which are easy to solve, and reduce the scale of
the problem and the difficulty of solving. In simulation test, the sizes of the original image and coded image
both are 256 X 256 pixels, and the pixel pitch is 10 pm. In combination with the energy distribution of the
coded image and the realizability of sampling mode, rectangle sampling and radiation sampling are tested,
and the quality of the reconstructed image under different sampling ratios are analyzed. Since the image
sensor is not sensitive to oblique incident light, the actual field of view is limited to a small range, and the
light intensity received by each pixel of the image sensor only comes from the superposition of the local
small area corresponding to the projection of the FZA. The coded image presents a frequency distribution
similar to that of the FZA, that is the frequency increases gradually from the center of the image to the
edge. Since the spectral energy of most natural images is concentrated at low frequencies, the center of the
image should be more densely sampled than the edges to match the energy distribution. The results show
that the radiation sampling mode has higher image sampling efficiency than the rectangular sampling mode,
and only 7.3% of the experimental measurement data can obtain good quality images. The proposed
method provides a theoretical basis for the stitching imaging of multiple small image sensors, which is
beneficial to expanding the application field of lensless imaging with a coded mask.

Key words: Lensless imaging; Compressive sensing; Fresnel zone plate; Coded mask; Imaging
reconstruction
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