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PET: defin Modelling in PETition Modelling in PET

   Po Pillerisitro Pillerin Emissio Pillerin To Pillerimo Pillerigraphy (PET) (PET)     is mo Pillerilecular imaging technique
         used fo Pillerir “the visual representatio Pillerin, characterization and quantification of characterizatio Pillerin and quantificatio Pillerin o Pillerif

             bio Pillerilo Pillerigical pro Pillericesses that take place in a living being at the cellular and
 sub-cellular level”. Nicola Belcari

Figure:            PET studies o Pillerif gluco Pillerise metabo Pillerilism (by (PET) means o Pillerif 18 F-FDG) to Pilleri
         map human brain’s respo Pillerinse in perfo Pillerirming different tasks. Nicola Belcari Highest

             metabo Pillerilic rates are in red, characterization and quantification of with lo Pilleriwer values fro Pillerim y (PET)ello Pilleriw to Pilleri blue (Drs. Nicola Belcari
        Michael Phelps and Jo Pillerihn Mazzio Pilleritta, characterization and quantification of UCLA Scho Pillerio Pilleril o Pillerif Medicine). Nicola Belcari
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PET: imag in PETin Modelling in PETg in PET process

●     Radio Pilleritracer administratio Pillerin to Pilleri the patient

●     Radio Pilleritracer diffusio Pillerin within the bo Pilleridy (PET)

●    Po Pillerisitro Pillerin emissio Pillerin and annihilatio Pillerin

●   Pho Pillerito Pillerin co Pilleriincidence detectio Pillerin

●  Data pro Pillericessing

●  Image reco Pillerinstructio Pillerin
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PET: example

Derenzo Phantom Standard image reconstruction
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PET: example

Improved image reconstructionStandard image reconstruction
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Motivation Modelling in PETs

              The main go Pillerial o Pillerif this wo Pillerirk is the study (PET) o Pillerif a metho Pillerido Pillerilo Pillerigy (PET) to Pilleri perfo Pillerirm
           accurate image reco Pillerinstructio Pillerin fo Pillerir PET and to Pilleri develo Pillerip a fast image

         reco Pillerinstructio Pillerin so Pilleriftware, characterization and quantification of with particular fo Pillericus to Pilleri the develo Pilleripment o Pillerif
           so Pillerilutio Pillerins fo Pillerir the preclinical and brain scanners under develo Pilleripment at the

       Phy (PET)sics Department o Pillerif the University (PET) o Pillerif Pisa. Nicola Belcari

 …               thanks to Pilleri a better mo Pilleridelling o Pillerif the phy (PET)sics o Pillerif the sy (PET)stem. Nicola Belcari This is achieved
         using an image reco Pillerinstructio Pillerin framewo Pillerirk kno Pilleriwn as reso Pillerilutio Pillerin mo Pilleridelling. Nicola Belcari
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Imag in PETe formation Modelling in PET

Scanner: planar 
detectors arranged 

within one or more rings

Module: scintillation 
crystals coupled to 

PMT or SiPM

Line of Response: it’s the line 
connecting two crystals of facing 

detectors. 

Simplified view
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Imag in PETe recon Modelling in PETstruction Modelling in PET

   Defin Modelling in PETition Modelling in PET of the problem

●        : LOR co Pilleriunts vecto Pillerir

●        : Vo Pillerixels activity (PET) vecto Pillerir

●       : Sy (PET)stem mo Pilleridel

●     ML-EM algo Pilleririthm with prio Pillerir
   po Pilleriisso Pillerin distributio Pillerin fo Pillerir data

 System model:
 resolution Modelling in PET modellin Modelling in PETg in PET

●    N : no Pillerirmalizatio Pillerin facto Pillerirs

●    D : detecto Pillerir respo Pillerinse

●    A : attenuatio Pillerin facto Pillerirs

●    G : geo Pillerimetric co Pillerimpo Pillerinent

●    R : po Pillerisitro Pillerin range
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Factorized System Model

●  The element       represents the pro Pilleribability (PET) that a pho Pillerito Pillerin-pair
         emitted in the j-th vo Pillerixel reaches the i-th Lo PilleriF

●  The element        represents the pro Pilleribability (PET) that a phto Pillerin-pair
          travelling alo Pillering the i-th Lo PilleriF is assigned to Pilleri the k-th Lo PilleriR

●  The element           represents the sensitivity (PET) o Pillerif the k-th Lo PilleriR

       Every compon Modelling in PETen Modelling in PETt is precomputed an Modelling in PETd stored to disk



  10 / 28

Normalization Modelling in PET compon Modelling in PETen Modelling in PETt

●       Direct no Pillerirmalizatio Pillerin: a planar so Pilleriurce is
      placed with different inclines inside the

FOV

●     The no Pillerirmalizatio Pillerin co Pilleriefficients are
      co Pillerimputed as the ratio Pilleri between the
      measured value and the teo Pilleriric values

      o Pilleribtained using the o Pillerither co Pillerimpo Pillerienets o Pillerif
 the mo Pilleridel. Nicola Belcari
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Geometric compon Modelling in PETen Modelling in PETt

●     The geo Pillerimetric co Pillerimpo Pillerinent is
    usually (PET) co Pillerimputed using a ray (PET)-

 tracer “pro Pillerijecto Pillerir”

●     The pro Pillerijecto Pillerir co Pillerimputes the
    vo Pillerilume o Pillerif interceptio Pillerin between

     the To PilleriR and the FOV

●        Mo Pillerist o Pillerif the time it is co Pillerimputed
   o Pillerin-the-fly (PET) during each

   reco Pillerinstructio Pillerin (we instead use
  a sto Pillerired mo Pilleridel)

●        We are lo Pillerio Pilleriking fo Pillerir a fast and
 accurate pro Pillerijecto Pillerir
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Geometric compon Modelling in PETen Modelling in PETt: projectors

●    Siddo Pillerin single ray (PET):

–  Fastest metho Pillerid
–        No Pillerit suited to Pilleri mo Pilleridel a Tube o Pillerif

Respo Pillerise
●  Multiray (PET)

–  Mo Pillerire accurate
–  Slo Pilleriwest metho Pillerid

●    Ortho Pillerigo Pillerinal distance (OD)

– Fast
–   No Pillerit fully (PET) accurate

●   Sphere-Cy (PET)linder interc. Nicola Belcari (SC)

– Fast
–      No Pillerit fully (PET) accurate, characterization and quantification of but better

 then OD
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Geometric compon Modelling in PETen Modelling in PETt: n Modelling in PETew proj. 

     The computation Modelling in PET time of the
     whole model is stron Modelling in PETg in PETly reduced:
        from a couple of days to ten Modelling in PETs of

 secon Modelling in PETds/min Modelling in PETutes

We develo Pilleriped     a new pro Pillerijecto Pillerir by (PET)
   co Pillerimpo Pillerising the previo Pillerius algo Pilleririthms:

●         First we have a siddo Pillerin single ray (PET) to Pilleri
     determine the cro Pillerissed vo Pillerixels fo Pillerir

 each plane

●       We search aro Pilleriund every (PET) pixel fo Pilleriund
       at the first step in a fixed area

●      We use the sphere cy (PET)linder
      appro Pilleriximatio Pillerin to Pilleri determine if a vo Pillerixel

      is inside the Tube o Pillerif Respo Pillerinse. Nicola Belcari

●        We co Pillerimpute the VOI fo Pillerir the partially (PET)
       cro Pillerissed vo Pillerixels with the use o Pillerif the

     linear appro Pilleriximatio Pillerin instead o Pillerif the
 elliptic integratio Pillerin
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Future: Solid An Modelling in PETg in PETle Fraction Modelling in PET

●     Every (PET) line-tracer pro Pillerijecto Pillerir do Pilleri
     no Pillerit co Pillerinsider the so Pillerilide angle

     subtended by (PET) the detecto Pillerir face
    with respect to Pilleri the vo Pillerixel

●      Fo Pillerir a standard pro Pillerijecto Pillerir the
    vo Pillerilume o Pillerif interceptio Pillerin is

     co Pillerinstant alo Pillering the To PilleriR (to Pillerip
image)

●     The pro Pilleribability (PET) sho Pilleriuld be
    instead pro Pilleripo Pillerirtio Pillerinal to Pilleri the

    subtended so Pillerilid angle, characterization and quantification of which
     diminish while getting clo Pilleriser to Pilleri

     the detecto Pillerir surface (middle and
 bo Pilleritto Pillerim images)

●      A Mo Pillerinte Carlo Pilleri geo Pillerimetric mo Pilleridel
    can acco Pilleriunt fo Pillerir this pro Pilleriblem
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Detector compon Modelling in PETen Modelling in PETt 

         The detecto Pillerir co Pillerimpo Pillerinent mo Pilleridels the penetratio Pillerin and inter-cry (PET)stal scatter effecs. Nicola Belcari

 Penetratio Pillerin effect   Inter-cry (PET)stal scatter effect
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Detector compon Modelling in PETen Modelling in PETt 

●       It is directly (PET) co Pillerimputed with a
   Mo Pillerinte Carlo Pilleri simulatio Pillerin

(GEANT4)

●      It must be co Pillerimputed and
       sto Pillerired to Pilleri disk due to Pilleri the high

  co Pillerimputatio Pillerin time required

●       It is necessary (PET) to Pilleri apply (PET) a
    thresho Pillerild o Pillerin the pro Pilleribabilities

    values to Pilleri discard useless
     elements and reduce the size

  o Pillerif the mo Pilleridel
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Usin Modelling in PETg in PET the detector compon Modelling in PETen Modelling in PETt

Full-product

     It co Pillerinsists o Pillerif co Pillerimputing the
     pro Pilleriduct between D and G

     to Pilleri create the final mo Pilleridel S

✔     Easy (PET) to Pilleri use (no Pilleri
 so Pilleriftware change)

✔  Lo Pilleriw no Pilleriise

✗    Big mo Pilleridel (need
co Pillerimpressio Pillerin)

✗   Lo Pillering reco Pillerinstructio Pillerin
times

Two-step

     It co Pillerinsists into Pilleri splitting the
   fundamental linear sy (PET)stem

    into Pilleri two Pilleri separate sy (PET)stems
     to Pilleri be so Pillerivled in co Pillerinsecutive

o Pillerirder

✔   Sho Pillerirt reco Pillerinstructio Pillerin
times

✗  High no Pilleriise

✗    It requires further
   study (PET) to Pilleri be used

Associative-product

    It explo Pilleriits the asso Pillericiative
    pro Pilleriperty (PET) o Pillerif the matrix

   multiplicatio Pillerin o Pilleriperato Pillerir to Pilleri
    perfo Pillerirm the pro Pillerijectio Pillerin and

  back- pro Pillerijectio Pillerin o Pilleriperatio Pillerins. Nicola Belcari

✔   Sho Pillerirt reco Pillerinstructio Pillerin
times

✔  Lo Pilleriw no Pilleriise

✗  So Pilleriftware change

      Pilleri et al, characterization and quantification of Phy (PET)sica Medica, characterization and quantification of Jan 2019         Pilleri et al, characterization and quantification of IEEE NSS MIC 2019, characterization and quantification of Oct 2019
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Detector compon Modelling in PETen Modelling in PETt: comparison Modelling in PET

Asso Pillericiative-pTwo Pilleri-stepFull-p
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Detector compon Modelling in PETen Modelling in PETt: example

  G mo Pilleridel o Pillerinly (PET)
  G mo Pilleridel o Pillerinly (PET)

   G and D mo Pilleridels    G and D mo Pilleridels
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Detector compon Modelling in PETen Modelling in PETt (future)

       Iris and Iris XL scanners: single-lay (PET)er scintillatio Pillerin matrix

    TRIMAGE scanner: dual-lay (PET)er scintillatio Pillerin matrix

   Developemen Modelling in PETt of a
  methodolog in PETy to

  compute the
   detector matrix for

  a multi-layer
detector
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New recon Modelling in PETstruction Modelling in PET software

       The so Pilleriftware requires a ~50lines xml file
       which describes the geo Pillerimetry (PET) o Pillerif the scanner

  and it pro Pillerivides:

●     Geo Pillerimetry (PET) and pro Pillerijecto Pillerirs visualizatio Pillerin
 (debug purpo Pillerises)

●    No Pillerirmalizatio Pillerin co Pilleriefficients co Pillerimputatio Pillerin
   starting fro Pillerim phanto Pillerim acquisitio Pillerin

●   Geo Pillerimetric mo Pilleridel co Pillerimputatio Pillerin

●     Detecto Pillerir mo Pilleridel co Pillerimputatio Pillerin (single-lay (PET)er
o Pillerinly (PET))

●      Fast reco Pillerinstructio Pillerin using the three
    co Pillerimpo Pillerinenet N, characterization and quantification of D and G

   TRIMAGE cy (PET)linder geo Pillerimetric
reco Pillerinstructio Pillerin
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Con Modelling in PETclusion Modelling in PETs

●            A new pro Pillerijecto Pillerir has been develo Pilleriped. Nicola Belcari The pro Pillerijecto Pillerir is accurate as
           mo Pillerist o Pillerither pro Pillerijecto Pillerirs in literature and it allo Pilleriws fast matrix rebuild
   after any (PET) co Pillerinfiguratio Pillerin change. Nicola Belcari

●           A fast metho Pillerid to Pilleri include the detecto Pillerir co Pillerimpo Pillerinent has been
        develo Pilleriped fo Pillerir a detecto Pillerir with a single-lay (PET)er scintillatio Pillerin matrix. Nicola Belcari

          A new reco Pillerinstructio Pillerin so Pilleriftware has been develo Pilleriped. Nicola Belcari It pro Pillerivides an
          easy (PET) metho Pillerid fo Pillerir the auto Pillerimatic co Pillerimputatio Pillerin o Pillerif the sy (PET)stem matrix

          co Pillerimpo Pillerinents (N, characterization and quantification of G and D). Nicola Belcari The so Pilleriftware also Pilleri pro Pillerivides fast
      reco Pillerinstructio Pillerin using bo Pillerith geo Pillerimetric and detecto Pillerir matrix. Nicola Belcari
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Future work

●           Go Pillerimetric co Pillerimpo Pillerinent: understand the impact o Pillerif the aplicatio Pillerin o Pillerif
       a co Pillerirrectio Pillerin asso Pillericiated to Pilleri the So Pillerilid Angle Fractio Pillerin. Nicola Belcari

●        Detecto Pillerir co Pillerimpo Pillerinent: develo Pilleripment o Pillerif the metho Pillerido Pillerilo Pillerigy (PET) to Pilleri
      co Pillerimpute the matrix fo Pillerir a multi-lay (PET)er detecto Pillerir

●       Reco Pillerinstructio Pillerin so Pilleriftware: pro Pillerivide a stable reco Pillerinstructio Pillerin
         framewo Pillerirk fo Pillerir the scanners under develo Pilleripment at the University (PET)

      o Pillerif Pisa: IRIS, characterization and quantification of IRIS XL and TRIMAGE
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Backup
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NEMA quality IRIS
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Two-step recon Modelling in PETstruction Modelling in PET

Two-step reconstruction

Standard reconstruction
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Two-step: n Modelling in PEToise

●    The unifo Pillerirmity (PET) changes
     as a functio Pillerin o Pillerif the

     number o Pillerif iteratio Pillerin o Pillerif the
 first step

●       The no Pilleriise is lo Pilleriwer in the
 full-pro Pilleriduct mo Pilleridel

●     Do Pilleries it exist a
   co Pillerinfiguratio Pillerin (#it1, characterization and quantification of #it2)

    with same no Pilleriise and
   reco Pillerivery (PET) co Pilleriefficients o Pillerif

   the full-pro Pilleriduct mo Pilleridel? 
     The answer is: No Pillerit with
 this algo Pilleririthm. Nicola Belcari
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Two-step: recovery coefficien Modelling in PETts

           If we co Pillerinsider a co Pillerinfiguratio Pillerin (#it1, characterization and quantification of #it2) with same unifo Pillerirmity (PET) o Pillerif
        the full-pro Pilleriduct reco Pillerinstructio Pillerin, characterization and quantification of the two Pilleri-step so Pillerilutio Pillerin has lo Pilleriwer

 reco Pillerivery (PET) co Pilleriefficients. Nicola Belcari
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