
The	
  low	
  res.	
  prior	
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FBP 

DART with prior 

FBP threshold 

FBP diff 

DART diff 



Interior-­‐tomo:	
  Results	
  
ReconstrucPon	
  with	
  two	
  geometries:	
  
1.  Performing	
  full	
  reconstrucPons	
  with	
  LR	
  projecPons.	
  
2.  Mask	
  out	
  inner	
  pixels.	
  
3.  Caclulate	
  HR	
  proejcPons	
  from	
  LR	
  reconstrucPon.	
  
4.  Substract	
  it	
  from	
  the	
  original	
  HR	
  projecPons.	
  
5.  Perform	
  final	
  reconstrucPon.	
  
	
  
(Result	
  is	
  bewer	
  if	
  padded	
  with	
  non-­‐discrePzed	
  pixels.)	
  

1.	
  Low-­‐res.	
  ResconstrucPon	
   2.	
  Apply	
  mask	
  

3.	
  HR.	
  Sim.	
  projecPons	
  

HR.	
  Original	
  projecPons	
  

4.	
  Corrected	
  projecPons	
  



Interior-­‐tomo	
  

Methods:	
  
v  Sample:	
  porous	
  phantom	
  
v  One	
  low	
  and	
  one	
  high	
  resoluPon	
  

set	
  of	
  projecPons	
  (LR	
  and	
  HR)	
  
v  Fine-­‐tuning	
  the	
  HR	
  

reconstrucPon	
  using	
  info	
  from	
  
the	
  LR	
  projecPons	
  

v Widening	
  the	
  FOV	
  of	
  the	
  HR	
  reco	
  
using	
  the	
  LR	
  reco	
  and	
  the	
  HR	
  
projecPons	
  

Results:	
  
v  Tomo	
  quality	
  improved	
  inside	
  

the	
  FOV	
  (local	
  tomo	
  arPfacts	
  are	
  
reduced)	
  

Scripts,	
  algorithms:	
  
v  FBP,	
  SIRT,	
  DART,	
  Szeged	
  EM-­‐DTR	
  

COST1207,	
  STSM	
  in	
  Lund,	
  September	
  2016	
  	
  
Laszlo	
  Varga,	
  Uni.	
  Szeged	
  



OUTLINE	
  	
  
The	
  ingredients	
  of	
  fast	
  tomography	
  

The	
  brilliance	
  of	
  the	
  synchrotron	
  sources	
  

Fast	
  detectors	
  

Sensing	
  the	
  phase	
  

Advanced	
  tomographic	
  reconstrucPon	
  algorithms	
  

Image	
  analysis	
  with	
  physical	
  priors	
  



Ul4mate	
  storage	
  rings	
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~26 beamlines in 2026 is the plan 

SoZ	
  X-­‐ray	
  

Hard	
  X-­‐ray	
  

Investment in accelerator ~1150 MSEK 
13 beamlines ~900 MSEK 

Operations ~350 MSEK/year (2016) 
Secured until 2019 (VR + LU) 



The	
  Max	
  IV	
  imaging	
  beamlines	
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MedMAX	
  
The	
  biomedical	
  imaging	
  beamline	
  
(preparing	
  CDR)	
  

NanoMAX	
  
The	
  nanofocus	
  beamline	
  
(users	
  in	
  	
  2017)	
  

SoyiMAX	
  
Soy	
  X-­‐rays	
  
(in	
  construcPon	
  -­‐>	
  2018)	
  

Rajmund.Mokso@maxiv.lu.se	
  

DanMAX	
  
Imaging	
  &	
  diffracPon	
  
(in	
  construcPon	
  -­‐>	
  2018)	
  

2016	
   2017	
   2018	
   2019-­‐20	
  



Imaging	
  at	
  new	
  genera4on	
  storage	
  rings	
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•  High	
  flux	
  density:	
  
	
  fast	
  high	
  resoluPon	
  (1	
  μm)	
  tomography	
  

•  Coherent	
  flux:	
  	
  
quanPtaPve	
  phase	
  imaging	
  

	
  
•  Brilliant	
  beam:	
  Small	
  spot	
  size	
  for	
  zoom	
  tomography	
  

alveoli Liquid layer (surfactant distribution) 

Nanoparticle tracking in the airways 

density	
  

space	
  

Pme	
  

the	
  Dream	
  
1s	
   1Gy	
  	
  

1μm	
  



OUTLINE	
  	
  
The	
  ingredients	
  of	
  fast	
  tomography	
  

The	
  brilliance	
  of	
  the	
  synchrotron	
  sources	
  

Fast	
  detectors	
  

Sensing	
  the	
  phase	
  

Advanced	
  tomographic	
  reconstrucPon	
  algorithms	
  

Image	
  analysis	
  with	
  physical	
  priors	
  



From	
  design	
  to	
  results	
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2-4 GB/s  

acquisiPon	
   data	
  transfer	
   reconstrucPon	
   analysis	
  

100 fps - 100.000 fps – 8-10 GB/s 

	
  	
  	
  	
  	
  1TB	
  /	
  2	
  min	
  

Experimental	
  design	
  

measurement	
  

Data	
  management	
  

Image	
  analysis	
  

CPU 100 cores 1 PhD 

0.2	
  s	
   2	
  s	
   200	
  s	
   2	
  years	
  



Image-­‐based	
  quan4ta4ve	
  informa4on	
  retrieval	
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acquisiPon	
   reconstrucPon	
   segmentaPon	
  

feedback	
  

labeling	
   quanPficaPon	
   visualizaPon	
  

robust,	
  simple	
  &	
  universal	
   Customized	
  &	
  flexible	
  

Scanning	
  
Sample	
  condiPoning	
  

	
  	
  	
  	
  	
  1TB	
  /	
  2	
  min	
  

300	
  GB	
   +	
  300	
  GB	
   +	
  100	
  GB	
   1	
  GB	
   1	
  MB	
  



Real	
  4me	
  QA	
  feedback	
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Courtesy:	
  Kevin	
  Mader	
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I.  Ultrafast	
  2D	
  imaging	
  
I.  Dynamic	
  processes	
  

	
  
II.  Fast	
  3D	
  imaging	
  

I.  The	
  ingredients	
  

	
  
III.  Examples	
  	
  

I.  Lungs,	
  fly,	
  foams	
  

	
  	
  



The	
  challenges	
  of	
  fast	
  tomography	
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Imaging matter: 

•  Many angles 

•  Noisy data (short exposure) 

Imaging life: 
§  Few angles (gated) 
§  Noisy data (dose) 
§  Interior / local tomo 

periodic 

moderately fast (s) 
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Rajmund	
  Mokso	
  

The lung imaging project
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Goran	
  Lovric,	
  PhD	
  thesis	
  at	
  PSI	
  
Johannes	
  Schiwny,	
  anatomy	
  insPtute,	
  Bern	
  University	
  
Mawhias	
  Roth-­‐Kleiner,	
  head	
  of	
  neonatal	
  intensive	
  care	
  

	
   	
  unit,	
  University	
  Hospital	
  Lausanne	
  



In-­‐vivo	
  lung	
  imaging	
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exposure	
  Pme=	
  1.1	
  ms	
  
projecPons=	
  	
  	
  	
  	
  	
  500	
  	
  

total	
  scan	
  Pme=	
  	
  0.57	
  s	
  
voxel	
  size=	
  	
  11	
  um	
  

E=	
  20	
  keV	
  

lungs of a babyrat 

R.	
  Mokso	
  et	
  al	
  	
  AIP	
  Conf.	
  Proc.	
  1365	
  (2011)	
  	
  



Three-dimensional representation of the total lung 
tissue displacement at the end-inspiration for a single 
time point (end-inspiration) of the four-dimensional 
dataset for mouse M1.  
Stephen Dubsky et al. J. R. Soc. Interface 2012;9:2213-2224 

Medium	
  resolu4on	
  4me	
  resolved	
  lung	
  imaging	
  



Dynamic	
  imaging	
  of	
  lungs	
  at	
  the	
  
micrometer	
  scale:	
  mo4va4on	
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Ven4lator-­‐induced	
  lung	
  injury	
  (VILI)	
  

●  Overextension	
  of	
  lung	
  Pssue	
  in	
  certain	
  lung	
  regions	
  (mechanical	
  damage,	
  biotrauma)	
  

●  SPll	
  unclear	
  how	
  venPlaPon	
  induces	
  its	
  deleterious	
  effect	
  [4]	
  

●  Hypothesis:	
  local	
  strains	
  in	
  the	
  alveolar	
  wall	
  cause	
  hotspots	
  (overstretching	
  regions)	
  

▶	
  	
  Human	
  lungs	
  (Source:	
  Wikipedia)	
  

trachea
pulmonary vein

pulmonary artery

alveolar duct

alveoli

primary bronchi

secondary [...]

[4]	
  Rausch,	
  S.	
  M.	
  K.,	
  Haberthür,	
  D.,	
  Stampanoni	
  et	
  al.,	
  Ann	
  Biomed	
  Eng	
  39	
  (11),	
  2835	
  (2011).	
  



Image	
  quality	
  vs.	
  radia4on	
  damage	
  

June 26, 2017 

2.9	
  µm	
  pixel-­‐size	
  op4cs	
  

Scan	
  4me	
  

1.12	
  s	
  

CNR	
  

8.5	
  

Entrance	
  dose	
  

58	
  Gy	
  

Scan	
  4me	
  

0.34	
  s	
  

Scan	
  4me	
  

0.17	
  s	
  

901	
  projecPons	
  

CNR	
  

3.9	
  

CNR	
  

1.5	
  

901	
  projecPons	
   901	
  projecPons	
   361	
  projecPons	
  

Entrance	
  dose	
  

18	
  Gy	
  

Entrance	
  dose	
  

9	
  Gy	
  

G.	
  Lovric	
  et	
  al.,	
  J.	
  Appl.	
  Cryst.	
  46	
  (4)	
  2013	
  	
  

Scan	
  4me	
  

0.24	
  s	
  

Entrance	
  dose	
  

12	
  Gy	
  

CNR	
  

2.3	
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