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Binary amplitude mask
S made by chromium
M deposition

CMOS image sensor
(UI-3202SE-C by IDS)
- 4,104 x 3,006 pixels

(512 x 512 used)
- 3.45 um pixel width

W: Transmission
B: Reflection
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Design of mask (random structure)
« Point spread function was calibrated experimentally
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T. Nakamura, K. Kagawa, S. Torashima, and M. Yamaguchi, "Super Field-of-View Lensless Camera

by Coded Image Sensors," Sensors 19, 1329 (2019).
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Results

Captured

Su bjecf (doll) Captured Reconstructed
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T. Nakamura, K. Kagawa, S. Torashima, and M. Yamaguchi, "Super Field-of-View Lensless Camera
by Coded Image Sensors," Sensors 19, 1329 (2019).
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Pinhole camera Lens-based camera Mask-based camera
Sensor — *
plane
Light throughput Low (~F/22) High (~F/1.8) High (~F/2.54)
Fabrication Requires post-fabrication Requires post-fabrication Direct fabrication
Thickness ~10-20mm ~10-20mm ~10-500um
Infrared and thermal No wavelength limitations Costly optics No wavelength limitations
Cost $ $$ $
Curved or flexible Infeasible due to Infeasible due to rigid Adaptable to curved and flexible
geometries limited field of view optics sensors

M. S. Asif, A. Ayremlou, A. Sankaranarayanan, A. Veeraraghavan, and R. G. Baraniuk, "FlatCam: Thin, Lensless Cameras Using Coded
Aperture and Computation," IEEE Transactions on Computational Imaging 3, 384-397 (2017).
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Asymmetric
33 spiral Fresnel
pinhole /rt}yqj-/ grating zone plate
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(a) Lateral dependence of the PSF
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N. Antipa, G. Kuo, H. Reinhard, B. Mildenhall, E. Bostan, R. Ng, and L. Waller, "DiffuserCam : lensless single-exposure 3D imaging," Optica 5, 1-9 (2018).



RIEDOETILDERKEFEMN

. IR EEIZE S TR )T T 5
. BEL-EZZBERERTAICIE, IRIEMEZMAI2VLELDHD
- MATEELLZVVEBRZEERITSICALHS

(TR TA—HI Y, IDBER, &)

N. Antipa, G. Kuo, H. Reinhard, B. Mildenhall, E. Bostan, R. Ng, and L. Waller, "DiffuserCam : lensless single-exposure 3D imaging," Optica 5, 1-9 (2018).



S ER 15

& B {AEE B
l | | e

Display Random Mask  Sensor

HEAIEBE [cm] 10.0 30.0 50.0
PSFEERE [cm] 30.0 30.0 30.0
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*D. J. Brady, K. Choi, D. L. Marks, R. Horisaki, and S. Lim "Compressive Holography," Opt. Express 17, 975-983 (2009).
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Analog encoding Digital decoding
Image sensor
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< Captured Depth Omnifocal
coded invariant :
. . . image
3D Objects Radial mask Processor \__image PSF y
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Setup

Point sources

Image
o= — - - - - - - - - - - -
sensor

Zm=1 .000 Zm=1 025 Zm=1 .050 Zm=‘| .075 Zm=1 .100
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Captured coded images




Coefficients
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2D correlation coefficients of PSFs
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Reconstruction PSNRs

1.000 1.025 1.050 1.075 1.100
Scaling factor

e Random e Spokes

1.025 1.050 1.075

Scaling factor

1.100
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FBLLAFZE - PicoCam@Rumbus inc.
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1% Multiplicative
Gaussian noise

FiR/DJER{E THER

P.R. Gill and D. G. Stork, "Lensless Ultra-Miniature Imagers Using Odd-Symmetry Spiral Phase Gratings Relative photocurrent,”
in Imaging and Applied Optics (2013), p. CW4C.3.

https://www.iaria.org/conferences2013/filesSENSORCOMM13/Keynote SensorComm?2013.pdf
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TEL : 03-5734-2445
FAX : 03-5734-2482
sangaku@sangaku.titech.ac.jp
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https://sites.google.com/site/thakamural104jp
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