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Introduction

SPAD image sensors offer:

High sensitivity High speed
.' : : Negligible I |
i Logarithmic readout Novel image

compression processing ~ QIS

——————————————————————————————————————

We consider image processing schemes for:
-High speed imaging

-Low light microscopy
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The SPCImager

| bigitai Readout

320 x 16 Test Pixels

8um Pitch 320 x 240
— 3 SPAD Array

Character'st'cs
= . 26.8% Fill factor
PDE at 450nm 35% @&

Median DCR 40Hz =
Frame rate 10kfps | Analogue Readout

Row Drivers
3. 1mm
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Global or rolling SFPTTT T T P r e et .
shutter i 3.4mm |




Digital mode of SPCIimager

SPCIimager is an implementation of the Quanta
Image Sensor, i.e. a single photon oversampled
binary camera

Time

Y—Dimension

v -

hl
>

I . . |
I X—Dimension
A

Fossum (2005) “Gigapixel Digital Film Sensor (DFS) Proposal”
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Data Acquisition ma

An FPGA board is used to control the capture

of bit-planes and stream them to the PC over
USB 3.0.
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Sequence of raw bit-planes at 10kfps

(Playback at 500% slower rate)

2us exposure, 100us acquisition time/frame
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Example — Rotating fan (ll.)

Sum of 32 bit-planes

Rolling sum

64us exposure, 3.2ms acquisition time/frame




Example — Rotating fan (lll.) mm

Sum of 128 bit-planes

=
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Fixed sum Rolling sum

256us exposure, 12.8ms acquisition time/frame
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Example — Rotating fan (IV.) mm

Sum of 32/128 blt-planes

Rolling sum Adaptive rolling sum  High var. pixels
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Example — Blinking molecules

Fluorescent markers (ATTO 6595) used
in Super-resolution Microscopy

N

Diffraction-limited

3zpm molecule flashes:

N

43um
10000%x100us exposures/frame

G0 THE UNIVERSITY of EDINBURGH
59

N

2um




-
~
9 e 2
g S .3
I —
u Cmr
& 252
() QDO
2 5 ES
= 5 EW®
c 0O
O) o =2
c . .
L4

19

— Bl

THE UNIVERSITY of EDINBURGH

Example

%7 '
o

S| |BUOIJUBAUO) losuag abew| ejuenpd

SR
3;9 s
‘ ¥ I g
N
life.augmented oy



Example — Blinking molecules (lil.)

nxn moving sum in space,
followed by moving sum in
time to detect molecules

I /
> —
Optimised <’r>
image of X Time

molecule
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Example — Blinking molecules (IV.)

Sum of 3x3 pixel region over 1000 bit-planes
300 . . .

250}

Pixel sum
[ ]
| —]
=

150

100

Sum of bit-planes
no. {k+500} to
{k+1499} (optimal)

Sum of bit- Sum of bit-planes
planes no. {k} no. {k+1000} to
- to {k+999} {k+1999}
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Conclusions

Wgor}_idered two applications of a SPAD QIS:
High speed imaging

. Low light microscopy

We explored the potential advantages of
different bit-plane aggregation schemes.

The schemes are highly parallelisable (for an
FPGA implementation) and have many possible
extensions.
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