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Single-pixel imaging (Duarte et al., 2008) 2/22

: Nl CompressiVe
N\ Sampling

Original 1300 6500

(256x256) mes., x50 mes, x10
Si“glE'PiXEI Imaging via [R. Duarte et al., IEEE SPM 25, 2008] > 4.6k

citations (Scholar)

Compressive Sampling

Building simpler, smaller, and less-expensive digital cameras
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Single-pixel imaging (Duarte et al., 2008) 3/22
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Applications
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Applications (in Lyon)
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Hyperspectral

200+ hypercubes in open access
https://pilot-warehouse.creatis.insa-lyon.fr/

[G Beneti Martins et al., Opt.

[JFJ. Abascal et al., Opt. Express, 2025]

Express, 2023] [S Crombez et al., Opt. Express, 2025]
J

Hypercube X

Abundance maps A

== component 1

Motion-compensated imaging
g Static Extended H!

~\

Spectral signatures S

== cOmponent 1
component 2
component 3

LA

Wavelength

Intensity

component 2 component 3

[S Hariga et al.,
EUSIPCO, 2024] L DMD area

[T Maitre et al., MICCAI, 2024])
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https://pilot-warehouse.creatis.insa-lyon.fr/#collection/6140ba6929e3fc10d47dbe3e

Should | go for it?

6/22
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Hardware complexity
Need for reconstruction algorithms
Time-consuming reconstruction

Acquisition is fast (only few
measurements)
This is it?
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Hadamard spectroscopy (from the 70’s!) 7/22

A e ‘(...) conventional spectrometer is modified by using a
oane, Academic ) ,
Press, 1979] mask to encode the light at the output
Hadamard L2 reconstruction Fellgett’s advantage
; = — var = —
HTH _ NI Improved Not
- N SNR w.r.t. observed
raster scan In practice
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Fellgett’s advantage,
revisited




Practical models 9/22
Poisson-Gaussian noise
m ~ 5y P(Af Q) +N(ud,0d)
gain / / dark\ \ dark
Integration time current noise
f* — A'm E(fm)= Af
Ac{-1, 1}V
A=H_ec{0, 1}V (= L (m— )
A=H_ ¢ {0 1}N><N ) ~At Hd
_ i \A = A
_ + IN XN .
A=H

\
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Time-bound mean squared error 10 /22

(only depends on the
acquisition matrix)

Reconstruction MS%

I
(The lower, Mse (f*) ~ 1[04Nf+ ,BNfref]

the better) g = a?l — dark noise
/ ref — 'yzt
Fixed / \
time budget gain
t = NAt
* For negative Hadamard e For a raster scan
(affine preprocessing): (affine preprocessing):
a=2 p=4 a=1 (=N
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Fellgett’s advantage depends on light flux 11/22

N —4
30 I

raster scan

(negative) Hadamard

0 T L T L T LA | T T IIII”'. T L] T T
1070, 4o 100 100 102 10° 10" . 10°
@ Normalized mean count f/ fret

- Hadamard multiplexing more effective in
low-light conditions.
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Freeform Imaging
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Motivation and definition 13/22

Motivation

Mse (f*) N\, when N \ Recall: Mse (£*) &~ 2[2N f + 4N fref]

B LoweringN
EEEE improvesthe MSE

4x4 image 2X2 image 2X2 image

- Freeform imaging!

https://commons.wikimedia.org/
wiki/File:FluorescentCells.jpg
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https://commons.wikimedia.org/wiki/File:FluorescentCells.jpg

Full acquisition matrices (“Full 2D") 14 /22

m=Af Full (P pixels)
~ ( N\
! f = vec(F)
]
F
vec(F) L
] ! vec I
. . J
] Here: P =9 pixels
L]
A []

How can freeform

A
imaging be achieved?
P - Masked 2D acquisition matrices
- Non imaging 1D matrices
\ /
< >
F)
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Masked acquisition matrices (“masked 2D") 15 /22

Freeform (only N pixels)

e,
freeform

Here: N=5< P =9 pixels
R f

/

<
3
|./-\
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______________

P measurements
for N pixels

\ 4
D I

N
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Non-imaging acquisition matrices (“1D”) 16 / 22

Freeform (only N pixels)
m = Af — F i

i E
freeform

Here: N=5< P =9 pixels

f

A=H, ¢ RN
NB: No underlying 2D transform**

Only N measurements for N

pixels
N **The actual matrix
loaded onto the
- Fewer measurements than DMD is
N with masking (as in previous
slide)
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#px in the freeform region/ Y #measurements

Theory, updated A4 17/22

Mse (£*) ~ %[2@f+ 1K frt], K >Q

Full 2D Masked 2D
Mse (f*) ~ [2pf+4pfref} t
P
* 1 r
Mse(f )%E[QN‘](.‘I'Zlerefh v
< >
N nonzero
1
Mse (f “[2Nf + 4N fref],
T Raster Scan
* 1 r 2 N
Mse (f ) ~ ;[Nf + N fref]7
«—>
N
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18 /22

Experimental demonstration (1/4)
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Experimental demonstration (2/4)

19/ 22
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Experimental demonstration (3/4) 20/22

Full 2D Raster Scan
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Experimental demonstration (4/4) 21/22

1D
N -4
)
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— 6 dB =
5 A 10 log,(4)
L _r ]
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©
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°-

Note: The figure above was obtained using a split Hadamard matrix,
not a negative Hadamard matrix, as the acquisition matrix.
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Conclusions

22 /22

4 A
Fellgett’s advantage
- Confirmed in
intermediate light
conditions
\_ J

-
Freeform imaging

« Masking improves
MSE

* Non-imaging matrices
Improves over
masking

« Experiment and
theory in good
agreement

« Discrepancy for RS

f

- DMD implementation
is flexible

- Could improve low
light imaging in wide
range of applications

- Choice of the freeform
region?

https://www.creatis.insa-lyon.fr/~ducros
(see the ‘single-pixel imaging’ page)
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