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Deep Learning
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Based on neural network (NN).
Composed by lots of simple nonlinear processing units,
Each unit receives its inputs as weighted sums from the previous




Deep Learning based computational imaging

Deep leaning used as a solver Deep leaning as a design framework
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Outline

* Two examples

1. Learned achromatic DOE for full spectrum computational imaging



Problem statement

Diffractive Optical Elements (DOESs)

« Amplitude & Phase modulation

Need realize
achromatic

@ Thin; Great, flexible design
& operatic

@ Wavelength sensitive - color |
dispersion Peng et al. 2016
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Previous methods

Belong to collaborate. Design achromatic based on Handed-craft target PSF.
Peng et al. 2016

Full visible spectrum
illumination

Sensor spectral PSF response

Fresnel I lens

May not the optimal PSF for latter
image processing

Meem et al. 2019 ¢




Proposed method
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Proposed method

1D PSF simulator » Solve the problem of Heavy memory consumption
Origin rotational symmetric for e exp(jk(m+(n—1)h(x,y))>*exp<jzk—z(x2+y2)>
Fresnel propagation |
4
Discrete Hankel transform farp= ZG(n-) [rJ1 (2mpry) — 1i_1J1 (21pry)]
Past With proposed 1 D simulator
For Nvidia 1080TI GPU,  the Can design pixel number of 8000
largest pixel sample numbers are by 8000 with 31-wavelength
2500 by 2500 with 3-wavelength channels

channels
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Simulation results

Ground Truce Sensor ‘Output (Wiener filter)
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Real capture (FLIR GS3-23S6C-C)

Sensor output proposed




Real capture (cannon D60)




Outline

* Two examples

2. Optically Coded Super-resolution SPAD Camera
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Problem statement

SPAD array sensor

| Photosensitive area . ":-T I
of a detector

mﬁ /

(Plcture from MPD)

» Single photon level sensitivity
Need realize
super-resolution

« Low spatial resolution(32*64) and anti-aliasing

e Pico-second level time resolution

Low fill-factor(3.15%)



Previous methods

bl (2) Recovered data

(b) Raw data
Sun et al. 2018

(f) SPAD array s
(a) Picosecond la se” -
/ X:

(b) Imaging lens X " (¢) Reimaging
lens
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_—— p——Cf (¢) OMD

(d) TIR Prism

Based on Compressive sensing, the system is very complicated
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Proposed method

Optimal PSF coding Super resolution network
Fabricated
Phase mask
Calibrated PSF Noise
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Simulation result

Low fill-
factor
Low fill-factor With phase mask
(no mask)
model Set5 Setl4 BSDS100
PSNR PSNR PSNR
factor 27.13 24.12 23.95 factor
Full fill-
factor 29.48 25.93 25.55 :
Full fill-factor Ground Truth

(0]1]43 30.76 26.91 26.23
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Real capture (the optimized mask is helpful)

Raw image with mask Result with mask



Real capture (MTF test)
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Real capture (more results)




Real capture (more results)

Depth/mm
75

50

25

SPAD measurement

: : Reconstruction depth map
summed over time axis
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Real capture (more results)

SPAD measurement
(time resolved 20ps)

Reconstruction result

Reference
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Conclusion

Benefit from the end to end design framework

Example 1

1. Automatic seek the best-fit PSFs instead of non-optimized hand-
crafted PSFs

2. Obtain good results even with a relatively simple image processing
algorithm

Example 2

1. Achieve an spatial resolution enhancement of 4X

2. Optimized compromise between sharpness and anti-aliasing for a
given pixel fill-factor.
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Conclusion

* Performance & robustness gains

 Domain-specific hardware reduce footprint, cost, power,
capture time...

we envision the end to end design can boost lots of
applications
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Xiong Dun
Tongji University
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