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Computational
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SPAD Cameras

m Single photon sensitivity
m 10°frames per second
m Timing of photons down to 1011s
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What can we do with this?

Ranging/LiDAR/3D Imaging
" Image around corners
= |mage without cameras

" |mage through highly scattering/diffuse media
- Biological tissues

= Fluorescence lifetime microscopy

= High speed speckle imaging for medical applications




Imaging around
corners




“laser echos” from beyond the field of view




pnics 10, 23-26 (2016)

T
O
w
)
@
O
Z
w
(&)
Q
Sl

CAMERA




Non-Line-of-Sight Imaging

Hidden Scene
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Non-Line-of-Sight Three-Dimensional Imaging with a Single-Pixel Camera
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Non-Line-of-Sight Imaging
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Non-Line-of-Sight Imaging

Ultrasound
(c) Full Data (55x55) (d) Upsamp. Data (110x110)

(a) Ground Truth
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Imaging without
cameras




Do | even need pixels?

(a) Step 1: data collection

Temporal histogram

s PN

ToF camera

SPAD

Pulsed light

- Measure time domain + 3D image

- Train neural net

- Throw away 3D image

- 3D imaging with only time + NN

Temporal histogram

Reconstruction
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Spatial images from temporal data
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How do we process this information?
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Imaging 1 photon at a time - —

communications engineering Article
A Nature Portfolio journal 8

https://doi.org/10.1038/544172-025-00555-7

Single photon event-driven 3D imaging

Use the time domain to gain spatial information

‘ra

Turn single point sensors into 3D cameras

\1‘ Gheck for updates

Make Very Sma”, Very Cheap cameras ‘Mlex Vicente Sola @, Matthias Aquilina®, Paul Kirkland @ * .| & Ashley Lyons @71 .
A slola@(:omms. ENE. 5, 2 (2026)
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Single Pixel Measurement Reconstruction Ground Truth

0.5

0.4 4

0.3 1

0.2 1

0.0

o 200 400 600 800 1000 1200



Imaging inside the
body




Imaging through diffusion

namre .
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ARTICLES

Computational time-of-flight diffuse optical
tomography

A. Lyons et al., Nature Photonics 13(8), pp. 575-
579 (2019)




Seeing inside biological tissues




Can you take this further?

Can you get light through the adult human
head?
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NEUROPHOTONICS.
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Photon transport through the entire
adult human head

Jack , Vytautas Kevin J. Mitchell >, Samuel Nerenberg,
llya Starshynov, and Daniele Faccio*
University of Glasgow, School of Physics and Astronomy, Glasgow, United Kingdom

J. Radford et al. Neurophotonics 12(2), 025014 (28 May 2025)




Scatter Guiding
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Energy transport in diffusive waveguides
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FNIRS

Functional Near Infra Red Spectroscopy

NIR Light SOUr®®

kernel

Image credit: Seenel Imaging

Measure blood deoxygenation at the
superficial layers

Brain reading from a wearable device
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FNIRS

Functional Near Infra Red Spectroscopy

Retinotopic mapping

Visual Stimulus Brain Activity




Fluorescence Lifetime
Imaging Microscopy (FLIM)




Fluorescence Lifetime Imaging
FLIM

Process:
m Excite Fluorophore in bio-sample with ultrafast laser

Measure exponential decay time using photon arrival time - TCSPC

- Gated Camera
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Fluorescence Lifetime Imaging
FLIM anen

Electronic
Trigger

Improving the spatial resolution
Take 2 images
- High spatial res, no time domain
- Low spatial res, high-res time domain

Computationally fuse
Fluorescent —
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Fluorescence Lifetime Imaging
FLI M A.! Llow-resotion
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Fluorescence Lifetime Imaging

FLIM

V. Kapitany et al. Sci.
eadn0139 (2024)
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Fluorescence Lifetime Imaging

FLIM

Improving speed

Conventional FLIM systems:

- Scanning
- Around 1fps for 0.25Mpx

Our system:
- Widefield
- 200 fps at 0.25Mpx
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Fluorescence Lifetime Imaging
FLIM

Improving speed 002
Conventional FLIM systems:
- Scanning

- Around 1fps for 0.25Mpx

-0.04
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Our system:
- Widefield
- 200 fps at 0.25Mpx
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Finish with some art




Semiconductor
Ruth Jarman and Joe Gerhardt
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Summary and Conclusions MWMA;XTREME

= Ranging/LiDAR/3D Imaging
* Image around corners

= |mage without cameras

= Image through highly scattering/diffuse media extremelight.org.uk
- Biological tissues

=  Fluorescence lifetime microscopy

= High speed speckle imaging for medical applications
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