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Image reconstruction

Session §:
— R.Y. Shopa
— L. Raczynski

In this session:
— D. Kisielewska
— M, Bata
Yesterday:

— P. Kowalski

Data Acquistion System

Yesterday:
— 6. Korcyl
— K. Fabianiec
— M. Patka

In this session:
- K. Kacprzak
- A, 6Ga)os

+ many more Talks

Detector calibrations

Calibration session: /
— S, Sharma

— M. Skurzok
— Shivani



Image reconstruction

Detector calibrations

Data Acquistion System



Image reconstructic

Detector calibrations

Data Acquistion System



Technology landscape

e Data analysis framework, P

 MC simulations, i‘f’ GATE

* Image reconstruction algo, |

 MC/data postprocessing sx GE ANT 4

I ’ A SIMULATION TOOLKIT
]

]- PET Framework
C++




Technology landscape

e Data analysis framework, o
« MC simulations, iﬁ GATE
* Image reconstruction algo, '

MC/data postprocessing Gx GE ANT 4

A SIMULATION TOOLKIT

- .
3 &
]-PET Framework

C++ Python




Technology landscape

e Data analysis framework, Lo

 MC simulations, i‘f’ GATE

* Image reconstruction algo, '

 MC/data postprocessing

& Geant4
&

|]-PET Framework

C++ Python

* Image reconstruction prototyping,

* validation studies,
* simple MC simulations

‘ Wolfram
Mathematica

)



Technology landscape

MC simulations,
Image reconstruction algo,

MC/data postprocessing sx GE ANT 4

' Lo
Data analysis framework, i‘z GATE

A SIMULATION TOOLKIT

VN
&
]-PET Framework

C++ Python

* Image reconstruction prototyping,
* validation studies,
* simple MC simulations

‘ Wolfram

)



Image reconstruction

11



Image reconstruction

12



Image reconstruction

13



Image reconstruction

-
-
-
-
-

14



Image reconstruction
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Taken from http://faculty.washington.edu/aalessio/papers/alessioPETRecon.pdf
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Standard algorithms

Filtered Back-Projection (FBP)

Orlglnal Image

Radon Transform

-_)Smogram

Fourier Transform

Filter

Inverse Fourier

Transform
Inverse Radon

Transform
Flltered Sinogram

Reconstructed Image

Taken from Kamil Rakoczy’ bachelor
thesis (2017)
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Standard algorithms

Maximum Likelihood-

Filtered Back-Projection (FBP) Expectation Maximization (MLEM)

Orlglnal Image Image Domain Projection Domain

repeat until reach - :
Radon Transform ﬁna! estimate 1) Forwarc;l Pr.OJeCt
f”” f to all projections
St
* Sinogram p
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Fourler Transform e with measured
4) U date Ima projections
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Transform
Inverse Radon 3) Backprolect
m Transform ratlo to all voxels
. | Filtered Sinogram ZH <
A4 Z
Reconstructed Image

Taken from Kamil Rakoczy’ bachelor
thesis (2017)

Taken from http://faculty.washington.edu/aalessio/papers/alessioPETRecon.pdf 17



Image reconstruction — current status

Home-made implementations:
* MLEM (A. Strzelecki)
 2-D FBP (K. Rakoczy)

* ,Naive” online reconstruction (G. Korcyl)

The Language of Technical Compuing

Software for Tomographic Image Reconstruction

e BPF + reqularization
methodsg FBP FBP +KDE

(L. Raczyriski) (P. Kopka, K. Klimaszewski) (R. Shopa)
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Image reconstruction- challenges

Conventional tomography

* Adapt known algorithms to exploit (or at least not deteriorate) J-PET

advantages:
* timing resolution
* multiple layers

* Incorporation of all standard image correction procedures (attenuation,
scatter corrections)

Three-photon tomography, 2+1 tomography, PALS, quantum tomography...

e Still a lot of work to be done on low-level reconstruction and MC tests
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Monte Carlo simulations

* Experimental sensitivity studies

D. Kaminska et al. Eur. Phys. J. C (2016) 76:445
P. Kowalski et al. Phys. Med. Biol.(2018) 63, Number 16

» Calibration procedure development
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Monte Carlo simulations

@ GEANT4 (D. Kisielewska, S. Sharma)

A SIMULATION TOOLKIT

https://github.com/JPETTomography/J-PET-geant4

(P. Kowalski, M. Bata, Y. Fedorova) + Bronowice group
GATE

@fé@ Simulations of Preclinical and Clinical Scans in Emission Tomography, Transmission
»«» Tomography and Radiation Therapy

https://github.com/JPETTomography/Gate

e Standalone simulation package (R. Masetek)

https://github.com/JPETTomography/j-pet-ortho-simulations

We are not only users but also developers !!!!
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https://github.com/JPETTomography/j-pet-ortho-simulations
https://github.com/JPETTomography/Gate
https://github.com/JPETTomography/J-PET-geant4
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Calibrations

ewta e

Way to ,fix" imperfection of the real world :-)
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Calibrations

Signals Time Difference per Scintillator 1D

Time_ai_per_scn
11167228407
-5867
91.59
4015
55.96

 See the dedicated session 5

e All calibrations implemented

T1150278:07

0 e as Tasks in the J-PET Framework

1876

Way to ,fix" imperfection of the real world :-)

Stolen from very old
presentations of
M. Skurzok and M. Silarski
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N
®
I-PET

J-PET Framework = platform for data analysis

* Reflect ,reality” (use familiar ,lJanguage”),
e Standarize common tools and operations,

* One task = interexchangable block

W. Krzemien et al. Acta Phys.Polon. A127 (2015) 1491-1494 25




/

ROOT g{/ Technicalities

An Object-Oriented
Data Analysis Fr work

Open source project

Mainly developed in C++11
ROOT-based data structure (ROOT5, ROOT®6 in the next release)
Heavy usage of BOOST library,

Quality ensured by automatic set of tests (Jenkins & Travis)
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JPetLOR

JPetHit

JPetHit

A pair of JPetHIt objects
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Scheme of the analysis with J-Pet framework

Each analysis module is a separate C++ class.

; Raw HLD file . 1 HLD files unpacked in |
: ; parallel along with !
1 1

1
| i  fitering

Example.hld.root

Text files with SDA signals

Parametric objects

Example.tslot.raw.root

Example.tslot.cal.root

Determination of times, time

Example.phys.sig.root
Pie-piys-Si differences, hit positions etc.

Same methods can be tested
both for signals from Front-End
boards and from SDA

Example.phys.hit.root

Example.phys.eve.root
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J-Pet Framework v6 (soon :-))

Incorporation of MC
ROOTG6 compatibility
lterative scheme (e.g. for time calibration)

Data streams (medical/physics/cosmics)
Inter-treshold calibration

Better error-handling
MLEM package incorporation
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J-PET Framework at GitHub

Framework core (library):
https://github.com/JPETTomography/j-pet-framework

Usage examples:
https://github.com/JPET Tomography/j-pet-framework-examples
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Continous integration and testing

—— ——| GitHub: web-based hosting
. service for software
% github | development projects
Commits code Build Triggered

Automatically

Build failed, team notified

Jenkins C.| Server
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https://github.com/JPETTomography/j-pet-framework
https://github.com/JPETTomography/j-pet-framework-examples

™% REDMINE

flexible project management

961

960

959

953

947

945

944

943

942

Rozszerzenie

Blad

Rozszerzenie

Blad

Wsparcie

Rozszerzenie

Rozszerzenie

Rozszerzenie

Rozszerzenie

New Low
Answer Normal
New Normal

In progress  Normal

In progress  Normal

New Low
New Low
Answer Normal

In progress  Normal

Check the
acceptance map
output from MLEM
package

Update includes
for current
Framework
version in Event
Display
Improve
LargeBarrel
example

Problem with
Unpacker

Verify that the
incomplete setups
(missing TRef-s)
are harmless for
Examples' UT-s
MC
implementation of
small annihilation
chamber

MC
implementation of
collimator

MC
Implementation of
missing
DecayVertex
structures

MC time
optimization ->
Energy cuts

Kamil Rakoczy

Kamil Rakoczy

Aleksander
Gajos

Aleksander
Gajos
Krzysztof
Kacprzak

Wojciech
Krzemien

Sushil Sharma

2018-07-02

2018-06-27

2018-06-20

2018-05-17

2018-04-30

2018-04-26

2018-04-26

2018-04-26

2018-04-26

Recommended way to report a bug

34



Github contributors

| alekgajos O letishion

Pawet Kowalski
p flukson

‘;" Konrad Klimaszewski Rundel .
. graag alexkernphysiker - Iraczynski
n # ® Nikodem Krawczyk
\ 277 & [
grey [\;‘J) Alvarness g MagdaSkurzok
77 Mateusz Bala
fogae 9k 4 | |
~HaIS= grzegorzkoroyl %4, BlurredChoise . nenprio
“s o Daria Kisielewska
JPETTomographyTester allally . :
grapny daria137 o wictus
il i Wojciech Krzemien
kdulski o ¢
l.l.l wkrzemien

?F % Krzysztof Kacprzak
! kkacprzak



Github contributors

Pawet Kowalski
i, flukson
1‘ 7 Konrad KlimaszewskKi
. graag

‘ alekgajos H letishion

Rundel .
alexkernphysiker Iraczynski

-~ 077 @22 Nikodem Krawczyk
grey \;‘? Alvamness MagdaSkurzok
fogee ok W ! Mateusz Bala o"n ,
fais= grzegorzkorcyl ;{j BlurredChoise .. nenprio
JPETTomographyTester Daria Kisielewska wictus

daria137

il kdulski Wojciech Krzemien
s @ wkrzemien

F’_j. Krzysztof Kacprzak

| kkacprzak

core maintainance & support a.k.a. ,dirty job nobody appreciates™:
A. Gajos, W. Krzemien, K. Rakoczy



Collaborative work

THISIS GIT. IT TRACKS COLLABORATIVE. LIORK
ON PROTECTS THROUGH A BEAUTIFUL
DISTRIBUTED GRAPH THEORY TREE. MODEL.

{ COOL. HOW DO WE.USE IT7

NO IDEA. JUST MEMORIZE. THESE. SHELL
COMMANDS AND TYPE. THEM TO SINC UP
IF YOU GET ERRORS, SAVE YOUR WORK,
EUSEWHERE, DELETE THE PROJECT,
AND DOUNLDAD A FRESH COPY.

\

i

https://xkcd.com/1597/
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J-PET software workshops & tutorials

STIR FBP 3D Workshop, NCBJ, Warszawa, 22.03.2018

GATE and Reconstruction Workshop, NCBJ, Warszawa, 22.03.2018
Second J-PET Framework Workshop, UJ, Krakow, 20-21.03.2017
J-PET Software Workshop, UJ, Krakow, 07-08. 07.2016

First J-PET Framework Workshop, NCBJ, Warszawa, 09.04.2015 38




Data analysis is hard

dealing with the complexity
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Physicist vs Programmer

It compiles and runs,
so the program must
be correct




Physicist vs Programmer

o ~

- The best solution is to pu
my 10000 lines of code in

%>\ one function \\\ ////




Investing in software quality
IS not a waste of time

« Common analysis procedures — faster start for newcomers
* Less stupid errors

 Examples of other projects (e.g. @CERN)

42
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« Common analysis procedures — faster start for newcomers
* Less stupid errors

 Examples of other projects (e.g. @CERN)

It does not directly give us the confirmation of

CP violation in the positronium ...

43



Investing in software quality
IS not a waste of time

« Common analysis procedures — faster start for newcomers
* Less stupid errors

 Examples of other projects (e.g. @CERN)

It does not directly give us the confirmation of

CP violation in the positronium ...

but in the long term provides high quality scientific results.
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el

wEe WANT YOU!

New contributors are welcomel!!!
Framework developers meetings ~2 weeks:

http://koza.if.uj.edu.pl/petwiki/index.php/Framework_developers_meetings



Thank you for attention
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