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Ambiguity Function Based Computational Imaging Model for Focal Sweep

Gao Shan, Qiu Jun, Liu Chang
Institute of Applied Mathematics, Beijing Information Science and Technology University, Beijing 100101, China

Abstract As an effective means of computational imaging, focal sweep imaging model can extend the depth of field.
Based on the ambiguity function theory, we propose an inverse filtering computational imaging model based on focal
sweep mode and analyze the expand performance of the depth of field. We obtain the optical transfer function of
focal sweep imaging using focus error based on the relationship between the ambiguity function and the optical
transfer function. A theoretical analysis of the approximate three-dimensional space invariance of the optical transfer
function is given. Based on the optical transfer function, we establish an inverse filtering computational imaging
model of focal sweep. Taking a concrete imaging model as an example, we analyze the influence of different
scanning ranges on the expand performance of depth of field of focal sweep imaging model based on the HOPKINS
criterion. Through numerical simulation, we verify the correctness of the optical transfer function of focal sweep
imaging model. We analyze and compare the imaging results of focal sweep imaging model of different scanning
ranges (0.09, 0.18, 0.36 mm) based on inverse filtering model. The analysis shows that the depth of field can be
extended by focal sweep imaging model; the larger the sweep distance, the better the performance of the depth of
field of focal sweep imaging model.
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Fig. 2 One-dimensional ambiguity function and optical transfer function of different imaging systems.
(a) One-dimensional ambiguity function of traditional cameras;
(b) one-dimensional optical transfer function of traditional cameras at different W, values;
(¢) one-dimensional ambiguity function of focal sweep imaging model;

(d) one-dimensional optical transfer function of focal sweep imaging model at different W,, values and partial enlarged view
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Fig. 3 One-dimensional point spread function of focal sweep imaging model at different W, values and partial enlarged view
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Fig. 4 Two-dimensional optical transfer function of different imaging systems.
(a)-(c) Optical transfer function of traditional camera model at different W5, values;

(d)-(f) optical transfer function of focal sweep imaging model at different W, values
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Fig. 5 One-dimensional profile at v=0 of two-dimensional optical transfer function of different imaging systems

at different Wy, values. (a) Traditional camera model; (b) focal sweep imaging model
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Fig. 6 Defocus tolerance of different imaging systems. (a) Defocus tolerance of traditional camera model;

(b)-(d) defocus tolerances of focal sweep imaging model in sweep distance of 0.09, 0.18, 0.36 mm
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(al)-(cl) Image of traditional imaging system detector at different W, values;

(a2)-(c2), (a3)-(c3),

(a4)-(c4) blurred images and (d2)-({2),

(d3)-(f3), (d4)-(f4) deblurred images

of focal sweep imaging model at different W,, values when scanning range is 0.09, 0.18, 0.36 mm
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