Inverse Imaging with
Poisson Data

From cells to galaxas

Mario Bartai

Patririn Boecacel
INBRIS, Unbvernird di Genova, fralie

Valerla Ruggien

Digartivmenie oli Motermatice & ffarmanion, Dofroraits o Ferree, Dot

10OP Publishing, Sristal, UK



Contents

Preface xi
Acknonledgenivins i
Awnthor hisgrap hics il
ACromy nvi
Symiuds xvill
1 Introdoction 1-1
1.1 Scope af the book and sopee selection 1-2
1.2 Structure of the book -3
Heferences 1-5
Exumples of applications 21
21 Flsonscence microscopy 2.1
211 Wide-liecld microseope -2
212 Confocal microscope 23
2.1.3 STED microstope 2-10
22 Medicnl imagmg (tomegraphy ) 2-13
211 Radistion—mutier interuction 1-14
211 X-ruy transmission tomeaography -15
231 Emission tomograply 118
13 Astronomy 125
231 Electromagnels soarves 2-27
2.3.2 Opiical 1elescope und dilfrection limited imaging 1-29
213 Resolution fimil =31
234 Almospherse wirbwlenoe 233
2315 Detectors and datn reduction 1-15
References 237
3 Mathematical modeling i
31 Imaging svsiem wod foraard problem 31
301 Microscopy nnd astromomy 33
3.1.7 Emission icmograply 36
32 Meposedness of the bockwand {imverse] problem Ee
13 Detection and data ssmpling 12

wii



34
35
EHi]

4.1
42
43
a4
4.5
&b

51
53
il
LE

L]

6.l
[
.l

I Enagng 4l Poksm Oat

Detection and data noise

The discrele modsls

Supplemeniary material

60 Filered back-projection

6.1 Sampling theorem

163 Sinpular value decomposition (VD) of a mairs
164 SVD of o compact operutor in Hilbert spaces
Referances

Statistical approaches in a discrete setting
Maximum Lkelihood appeonch and dato-fidelity funciion
Bayedian regularizntion

[enoisng problems

Selection of the regulariention parmmeter

The Hregran iletation

Supplementnry maternl

4k Strong convesly of regulurised functions
462 Proofl of lemma 4.1

46,3 Prool of lemma 4.2

Relerenaes

Simple reconstruction methods

Eapectation maximizntion (EM ) or Richardsorn-Lucy (RL) method

Ordered subset expectulion masimisalion melld
Clie=step labe (OSL) method

Splin gradient method (SGM)

Supplementury materil

5.5.1 Convergence of the EM-RL algorithm
552 Convergence of reluxed methods

335 Additions! regularization Rumctions
References

Optimization methods

Some basic 1ools proimity operators and conjugate functions

The Fumily of ferwand-backward (FB) splitting methods
FH methods for smooth problems of mage reconsiraction

314

EEEREE

132

1
4-1
R

&4

FRES

215

430

ER T

24

-

-1

51
51
57
511
513
56
516
519

-1
B-1
-3
fi-hy



6.4

6.5

67
L8]

13

B2
L]

Inmree naging Wit Polsam Dxn

B0 Sealed pradhent progeeiion {SGF) method

6,32 Projeciesd Newton-like method

FB methods for non-smeoth problems of imuge reconstruction

Bl Specinbized versoms of FB method: EM-TY and SPIRAL

6.2 Vurisble metih FB oeihods with inesact live-search
algorithms

4.3 Am inertial variable metric FB method

The uliernating direction methed of multipliers {ADM M)

5.1 The busic methid

052 ADMM lor mmage deconvolution of Poisson daitn

Primal-dun! methads

o] Chambaolle-Pock method

BRI PDHG methods, e-subgrdient teration and varahke metric

BB An phemating extragradient method (AEM) [or TV image
Tecomsiruction

Majorization-minirmiztion opproach
Towards non-conves mminsization probiems
Relerences

M umerics

Semiconvergenl methods

T Imuge deconvolstion

T.1.Z Emission tomography
Methods for edge-preserving regularization
T30 HS regularkeation

122 TV regulurieation

Image reconstruction of real data
T.3.01 3D comlocil imaging

7.32 3D modicnl imoging

133 Astronomical imaging
Relerences

Speeific topics in imoge deblurring
Super-resolution by daia inversion

E10 Applicution w conlocul nuerosseopy
Bowndary artifiects comection

Hilird deconvolution

612
619
19

612
6-35
6-35
630
642

6-52

637
&2

71
T-1
71
2.7
74

7-12

715

722

=-n

T4

-8

B-1
k=1
E7
H-10
Bl



A4
LA

irerree |reaging with Pobsxd Data

Images with poirt and smoath sources

Imagees with space-variant blur
Relerences

Towards a regularization theory
Deterministic regularizution approaches

§.1.1 Infinise=timensional exiension of EM-RL
9,12 Regulurzution of the data-fidelity function
Statustical approaches

921 The approach of Hohege and Wemer
92.% Apaliermoiive npfl'mﬂ

Comments and concluding remarks

References

Appendix A

B-27
w14
E1

L8|
ol
22

9
0
LE]

Bl

9-11

A=l



	1
	2
	3
	4
	5

