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ŝ “ argmin
sPCL

}s}1 }ΦΨs ´ y }2 ď � Psynthesis

x̂ x̂ “ Ψŝ

• x

x̂

x̂ “ argmin
x PCN

›
›Ψ invx

›
›

1 }Φx ´ y }2 ď � Panalysis

Ψ inv P CL ˆ N 5

x s x “ Ψs s

L “ N Ψ Ψ inv

Ψ Ψ inv “ Ψ´ 1

Ψ
L ą N

Ψ
L " N x Panalysis

s Psynthesis

ff

Ψ
Ψ 6

5 Ψ i nv Ψ Ψ

6Ψ “
”
ψ0 ψ1 ¨ ¨ ¨ ψL ´ 1

ı
P CN ˆ L α ą 0



Chapt er I – I nt r oduct ion on CS t heor y

x P CN

Ψ
y “ Φx ` b

Panalysis Ψ inv “ Ψ˚

}x̂ ´ x }2

x̂

l1 Panalysis

TV x

x̂ “ argmin
x PCN

}x }T V }Φx ´ y }2 ď � PT V

}x }T V x P F pΩ Ñ Cq
Ω Ă Z2

}x }T V “
ÿ

pu,vqPΩ

b
|pD h x qru, vs|2 ` |pD v x qru, vs|2

D h D v

pD h x qru, vs “ x ru ` 1, vs´ x ru, vs
D v ff

ff TV PT V

x x

x̂

TV PT V

l1 Panalysis Psynt hesis

ffi

s x

l1,2 CL

pω1, . . . ,ωGq �0, L ´ 1�

ΨΨ ˚ “ αI d
ř L ´ 1

k “ 0 |xψk |sy|2 “ α }s}2
2 s P CL

α “ 1



I .3. A ppl icat ion of compr essed sensing for imaging devices

ωg P�0, L ´ 1�
Ť G

g“ 1 ωg “ �0, L ´ 1� ωg X ωg1 “ H pg, g1q
g ‰g1 s P CL l1,2 s

}s}1,2 “
Gÿ

g“ 1

d ÿ

kPωg

|sk |2

l1 l1,2 Panalysis

Psynthesis ffi

s ωg

ffi

pω1, . . . ,ωGq
ffi sk

ωgXωg1 “ H
l2 lp

ffi

y ptq t

y ptq“
¡

x p�r qexp
´

´ 2iπ
A
�k ptq

ˇ
ˇ
ˇ�r

E¯
d3r

x p�r q



Chapt er I – I nt r oduct ion on CS t heor y

y ptq
�k ptq �k ptq

k

k ff

ffi

k

k

Panalysis

ff

ff

ff E ELO

E



I .3. A ppl icat ion of compr essed sensing for imaging devices

ff

I

I “ |E ` ELO |2 “ |ELO |2 ` |E |2l ooooooomooooooon
Zero-order

` E ¨ ELOl ooomooon
Real image

` E ¨ ELOl ooomooon
Twin image

ff E ELO

ff

I
I

y “ E ¨ ELO

x
y I

y rξ,ηs“
ĳ

x ru, vsexp
ˆ

iπ
λd

´
pu ´ ξq2 ` pv ´ ηq2

¯˙
du dv

λ pu, vq pξ,ηq
d

ff



Chapt er I – I nt r oduct ion on CS t heor y

y P RM x PRN



I .3. A ppl icat ion of compr essed sensing for imaging devices
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ÿ
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ÿ
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ÿ
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ÿ
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b
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t }x t }T V
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t }x t ` 1 ´ x t }1
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|pD h x tqru, vs|2 ` |pD v x t qru, vs|2
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}X }T V-3D

}X }T V-3D

l1,2 X

ff px t` 1 ´ x t q
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φ
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x 1 “ F x
z1 “ F z x z F P CN ˆ N
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›
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2 ď �
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zs PCm t zd PCpN ´ m t q zs “ Σ z1

ffi z1

Σ x 1
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´
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ÿ
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ÿ
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w ru, vs¨
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pD h x qru, vs2 ` pD v x qru, vs2 ` px ´ aqru, vs2 hTV
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p1,2q
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»
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l1 h ‹ ν rϕpkq

sk

8

ν h ‹
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Π R w ,a ,τ

• f ÞÑ
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p J ‹ pJp ´ J ‹ q
1
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τ
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τ
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x out f out

• x in x out

• f in

• f out f ‹



I V .2. N on-l inear acquisi t ion and phase r et r ieval

x init , τinit ,∆ t olvar ,α
p Ð 0
τ Ð τinit
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plogδpq
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ÿ
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k h ą 0

λ
ff

y f θ

θ x̂ “ f θ pyq
θ

x̂ x
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PT V ffi

y r

x̂ r
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θk ‹ MSE
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ff ff
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Bf pyq pBf qk pyq “ Bf k
Byk

pyq k

PURE “
1
N

´
}f pyq´ y }2

2 ` 2xy |Bf pyqy ´ x1|yy
¯

A
y

ˇ
ˇf̌ r´ 1s pyq

E
xy |Bf pyqy

SURE
y f

ffi SURE



V .2. M ixed Poisson-Gaussian noise model

σ “ 0 σ “ 10´ 1.5 σ “ 10´ 1 σ “ 10´ 0.5

ζ
“

0
ζ

“
10

´
2

ζ
“

10
´

1
ζ

“
1

Increasing Gaussian behavior

In
cr

ea
si

ng
P

oi
ss

on
b

eh
av

io
r

y
ff σ ζ

σ “ 0 ζ “ 0 x



Chapt er V – U sing CS as a denoising met hod?

3
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