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The Spectral Imaging Problem

Push broom spectral imaging: Expensive, low sensing speed, senses
N x N x L voxels.
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Tuneable Spectral Filter: Sequential sensing of N x N x L voxels, limited
by the number of colors.
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Coded-Aperture Spectral Imaging (CASSI)

New compressive sensing method captures the datacube with a few
snapshots.
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Why is this important?

Remote sensing and surveillance

Visible and near infra-red and a SWIR camera.

Devices are challenging in NIR and SWIR: cost, size, resolution and
cooling.

Remote sensing in agriculture.
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Introduction

Compressive sensing introduced by [Candes, 2006], [Donoho, 2006], Tao,
Romberg...

Measurements are given by y = ®x

Y P x
M x 1 e heE,
measurements signal
K
K<M<N =

A sparse solution x is recovered from y by solving the inverse problem
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Introduction

Data cube Compressive Measurements
f=wo g=HVO+w

Undertermined system of equations

f= ‘I’(arg;nin ly — H®O||2 + 7(|6]]1)
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Saturated Measurements and Reconstructions
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Sensor’s Saturation
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Proposed System
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CASSI Sketch with Binary Coded Aperture
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Proposed System
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CASSI Sketch with Binary Coded Aperture

Grayscale ~ Transmission Dispersive  Transmission  petector
coded aperture lens

Datacube  Object lens
element lens

i fi(x,3.A) G,
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Grayscale Coded Apertures
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Adaptive Grayscale Coded Aperture and different values of Duty cycle
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Data Cube Analysis by Rows
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CASSI Sketch with Grayscale Coded Aperture

A single shot compressive measurement across the FPA:

L-1
Gn,m = Z F(n—k),m,k 7\-(n—k),m + Wn,m-
k=0

@ Fisthe N x N x L datacube.

Q@ T is the grayscale coded aperture.

© w is the sensing noise.
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CASSI Multishot Matrix Model

Coded Dispersive Element Output of
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Computational Model to Reduce Saturation

V is a counter computed in real time from compressive measurements:

n

Vam= > ulGin—sl+1,
{=n—(L-1)

: 1 1
W = : . .
h ( Vn',m> ( v,;,—ml> ’

-’I\-i—‘rl — Ti+1 o Wi7

© V weight matrix with dimensions N x N.

@ u[.] is the Unit step function

@ s =25 — 1 represents the saturation level of the sensor
@ W attenuation matrix is the penalization function
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Grayscale Adaptive Coded Aperture
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Simulation: Database used

Database obteined using a wide-band Xenon lamp as the light source, a visible mochromator

(450nm and 650nm). The image intensity was captured using a CCD camera exhibiting
256 x 256 pixels.
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Compressive Measurements and Saturation

Saturation reduces as snapshots increase.
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Quality of Reconstruction vs Saturation Percentage
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Quality of Reconstruction vs Snapshot

30 25 1
-
————ET
® __.____-—------"' 23 —___.___-r
g2 - g e
v 2 e =21 1 - J——"
2 Ey < IR
22 Jm-"
£ . P
g 20 < 177 .:’/\_/—
18 15
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Snapshots Snapshots
25
30 24
23 4
o 2 1
2L 5 @ 4
2 2% 321 S/ o pone-me---E
2 Z £ 20 7 S B
3 & % 19 /&/
< 18 L
x 22 17 A -
; 16 -/\_/
20 15
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Snapshots Snapshots
--#-sat 7% grayscale --#-sat 10% grayscale —sat 7% block-unblock sat 10% block-unblock
1% & 4% saturation 7% & 10% saturation

N. Diaz, H. Rueda, H. Arguello i amic range CSI



Binary vs Adaptive Grayscale Reconstructions

Original

PSNR =15.4032 PSNR =27.5215
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Conclusions

© Grayscale adaptive coded apertures have been introduced in CASSI
system to replace the traditional block-unblock coded apertures.

@ The proposed architecture permits to attenuate the effect of the
saturation of the FPA sensors.

© The designed grayscale coded apertures outperform the block-unblock
coded apertures in up to 5 dB in the quality of the reconstructed
images.

Adaptive Grayscale,
et H““vw
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