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Motion beyond line of sight
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Collision avoidance ...

DARPA REVEAL Program $28M
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Femto-Photography Endoscope




Complex geometry Optical bnjsh

inside the body
or under the ground

Optical Jumbled Brush Endoscope Cellular resolution at 5mm
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Surface

‘All Photon’ Imaging for Tissues
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Cellular Resolution In-vivo Imaging
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Conquer time ..

Seeing around corners
Fog/Closed book

Endoscopes/ Optical Brush .
Fluorescence Lifetime rid »
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Beat Diffraction
Gated imaging to overcome ambient light

‘Negative light' via destructive interference inside any volume

Focus at or ‘heat’ any voxel ..
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Single-Photon Camera: 3D Imaging
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Time-of-Flight 3D Cameras

Commercial Devices

Kinect 3D Camera AR/VR Headsets

|

LiDAR Smartphones

Microsoft Kinect v4, Hololens 2 (www.microsoft.com)

Velodyne VLP-16 velodynelidar.com
TOF Sensors https://wccftech.com/apple-tof-sensor-2019-android-flagships-getting-support/

www.magicleap.com/, http://www.upi.com/

Applications

autonomous cars industrial automation




Single-Photon Cameras: Active Imaging

3D Imaging Fluorescence Microscopy  Scattering media NLOS Imaging
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Asynchronous acquisition for other active imaging applications

images courtesy: http://www.noao.edu/, http://www.futurahma.it/ , http://www.computationalimaging.org/, http://www.upi.com/ , www.openmv.io



Single-Photon Cameras

Ouster LIiDAR

Voxtel, Inc. Gigajot PhotonForce



Single-Photon Cameras: Attractive Features

25°C

Extreme Room Temperature CMOS compatible
Sensitivity Operation Low cost, Compact



SPAD for Passive Imaging

Low Light High Dynamic Range Fast Motion

Photo by Mehmet Kiirsat Deger, Adam Smigielski, and Flo Karr on Unsplash



https://unsplash.com/@mkd?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

Single-Photon Camera: Limited to the Dark?

Dark Bright



Photography in Ultra Low-Light
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Mohit Gupta

Assistant Professor
UW Madison

0.03 photons-per-pixel per frame (2000 frames)



Complex Geometry




Complex Geometry

Naive Averaging With Align & Merge




Quanta Burst Photography: Overview

Quanta Burst
(stochastic and binary)

Per-frame Motion

Align

Merge

High-Quality Image

Low blur and noise
High dynamic range



Comparison with Conventional CMOS Sensor

Conventional Sensor SPAD Sensor
Long Exposure Short Exposure Single Exposure
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LIGRE NES 6 Stary

Revolutionary Computer Vision with
Single Photon Detectors

sebastian@ubicept.com

Sebastian Bauer, CEO



Invisible Objects
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Seeing thru Fog

Ours
Regular Camera Reflectance Depth [cm]
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Estimated visiblity: 70

Satat, Maeda, Tancik, Raskar, ICCP 2018



Fog + Object Model
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Break the Scattering Barrier

Opportunity Scattering Barrier

+ Light travels deep inside the body
+ Itis non-ionizing (400-1100nm)
+ Cheap to produce and control

— Most pass-through photons are scattered
— Avg 10 scattering events per mm

— By 50mm, avg 500 scattering events !

— Large-scale inverse problem with low SNR




Success with Each Millimeter

Depth Applications

e Skin cancer diagnosis

* Burn wound assessment
* Melanoma diagnosis

e Skin graft assessment

~Epidermis  <1mm

* Pressure ulcer evaluation

~Dermis 1-5 mm * Microvascular blood flow assessment
in diabetic foot ulcers

* Diagnosing anemia & ICU shock

e Vascular health in diabetics

-tSiSquuceutaneous 5-20mm | . Sybcutaneous abscess/tumor screening

There are 99 ICD-10 codes for skin and subcutaneous tissue
conditions. And many conditions like diabetes show symptoms in
micro- and macro-vasculature below skin.



