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Preface

Lectori salutem| you are readirlg the proceedings of the Fourth workshop on the

Advances of Infornlatíotl Technolog1,(WAlT 2019], which is organized as an annual

conference by tlre Departmetlt of control Etlgíneering ond lnformatíon Technology (IlT)

of the Budapest IJtlíversity of Technolog1, ancl Economics (BIVIE), The focus fields of the

conference cover the classrcal lielcis ol research of tl"ris institution, ir-rcluding contro]

engineering and robotics, image processil-ig, tllachine visioll, collputer graphics, nTedical

imaging, software technology, and harclrt,are syntliesis, with special emplrasis on

emerging new technologies, like virtrral rea]itv anc1 deep leaI,nirlg.

The cover image is designed by Tarrrás L_Jtlletljlofler and rendered by his texture

syntl-resis pl.ogram. LászIő Szécsi tool< the |esporlsibiIit1, of preparing the proceedrngs for

printing, and supervised t]re process,

Budapest, ]anuary 19, 2019,

B;ilillt Kiss and Lász|ő Szirmay-Kalos
WAIT 2019 chairmen



't\.\l'l'l \\ilrLshtl]l otl 1hc.\dranccr in Ill1-1lrrlatiolt Tcc]tltillogr. BLrdancst. ]()I9

Motion Compensation on the GPU for Emission Tomography

D(lra Varnyú. Lísz]rj Szirnrll, Kltlos encl \IlJlirl Nlagcllcs

BlIdapest L]tliversjtv o1-Teclltlologr ltnd Ectrtlotnics ie nlri1: szirrllrr,('lji]t bltlc.hLrj

Abstract
Tlte selt nlotirltl tlftlr exanlined patient often cannot be cn,oitletl clttring tonlogrtt1lltl:, ltllich nltt),tlesrto\: tlle ercnt-

PrOCes,'. It ulottld l:;e Possible tO decon1])ose the nleusttrentení íinrc int() snulll ínlen,uls, t.alletl ,fi-tLtllc.s, tttlt] corL-
sider eachfrune as a stalic reconstrl!ction witltfranle clepenclent posititltt ttnd aricllt(lli()n o,1'the tlbjt:ct. Hclyvet,er,
higher spe ed nutiorLs, w]-Licll occur whert stttd),il.tg nettrological tlisort!er,r like epiltlpsl,, rtltlttire l,er,, lligh rtumber
offt-unl.es, u'lticlt lertds to unacceptable reconsírLrctio11 tintes proporíiotutl to t]te nLtntber tlf franle,s. To ttttttc,k rhis
Pltlblent, we re-;fornlulttíe tlrc clcLssical Maxinrunt Liketi]rclod E,rpetltttitltt Mctúnti,ttíiott (ML-EM) sc]tenle to in_

tltcLt ittside Ji'antes u'e should apPly 3D moíirltl blttr, wlúch neetls ío be a.\eL,lfted beftlre .ftlnt,ard 1lrojectioll tttttl
during l:lackPro,jectian once,|bt^ the nruneratol,antl onr:e ,f'or the t]enontümtor For the e.f|icieltt intplentelttatiolt o.f
the 3D ntotioll blur, the Paths oJ'object,space voxels ctre ttpproxittlaletl b:,polt,line.s ant! ttnti-ttliasing lilttl tlt-ttlvitlg
nlell'tod,s are adoPted to efficiently calculate the blttrred restilr. The 3D ntotiotl blttr i,r erectttetl ott the GpIJ er-
Ploitiltg tlrc trilinear interPolators of its textm,ing units, Having exectttet] ílrc coníinllolts tltotíott l:lur on t]rc t,orel
arra\l bgfo7g the;t'orward projection and during the back projecíiol1, oll other conlponeltts of tlte sinltrlation can be
reused ft'ollt a dYnamic rcColxstruction systent developetl witltottt tltoíitln totltpensaíiotl.

l, Ilttr()ductiolt

, ,1r natttic Positrotl Enlission Tonlclgraphy (PE'f ). u,c an-
, zc the accllmtt]atjon an<l emplvinl of cln:gs in rlrultns

, Dircct clynarnic tomography algorithrns r,rsuall1, lter.-
J l\\() stcps. liI,st all M[--EN,I .' statjc íbrward and birck pr-o-

_,lirlll iire cxecuted 1bI each 1iarne. then the parametcrs oi
;tllc iLtnction ol-pre-cicíined algeabric fortn are í]t in clch

. .lle r,orcls l], Thus. the numbcr of projections ts propclr
;ll] to the nunlber o1'ltanrcs. which shoulcl bc kept uncler

_ :]lf()] to avold prohrbitiIlg l.econstruction tines anil menl
: . t,ccluirenlents,

Ihc scif-rnotiorl of thc examinecl patient oltcn cannot
_ .l\(ljded. e,g. r,u,lren studying rreurological clisorclers ]ike

] , .-,]]s\. thus the motion shottld be measrtred ancl taken irtttl
_, u]lt (ltlril]q the reconstruction píocess;, Accurate recon
.:-lirln rccluircs projections that simulate all relel,irnt phc
, 

: - -, n lr. irtclucling posi tron range. gamnla-pIrotcln sclttel.rn3
.: .,blorptiotl both in üre nleasurcd objcct ancl jn clctector
. J]\. etc.. ri,hich are all allicted bY the notron ol thc
:. (]llssic fbrrvard irnd back prclectlons shoulc] bc ere-
_ -] lilf tllc transformed clata oí each ltame if \\,e can ü5

su]Ie thxl jnsidc l 1r,anlc. tht sttb jccl tloi c.nlcnt is Ilc!]1_ri
b]e. i.c. thi: Illtltitln js s]ou,. Hilrr,cr,er. this is Ltstt:tl]r tltlt the
cilsL, \\,hc|l neurtllogical disorcicrs are cxaIt-til.tctl. object lltrl-
|jon hlrs IrlLtch quicker cl_"-,naIriics than the traccr dill'r::iLltt,
Gatcd iipproechcsl] ] kcep l.tits c]osc to cliscrete tinle sanl
plcs to solve thc prtlbJcnl o1'lt-totitltl insiclc the 1l.arlle. bLrt

tliev rgnorc sir:rriíjcltnt in1'orlnalion and thus ]css re]ilrble lor
Il\\\ .l:l(r.li.. ur, Ir,tt rIrr.c L,.,1r31 j1l1g111.

Thc otlrer option is to re-bin the list-tllodc clata and hnd
.tll0ther cve},it list that riou]cl be Incasttrcd l1'the subject dicl
Jl()t ]l1OVe. ilnd exccttte a ctlnventiona] recOnslíltctlOn for the
rlodiljet] sitltlgratl 5 l ].'fhi\ jmplcments a _cencral iclca of
c()lnpensatjnc certejn etiects bv tI.1tnsíbrnling the nleasurecl
data to shilrv l,ha1 tlle tle asuI.cc] clata wtlrtlcl be ií' this el'
l'cc1 hacl ])(lt be ..n happelled. SttcI-i tlea_sttred clata. also ca]]ecl
sitltlgrllir liJtcrlIlg tcchniclues ar.c siilple ttl ilnirletncnt allc1

cíí]cicll1. bul cattitclt be appllecl í'or etfccts happer.rillg rn thc
dctectOls- Thcr, eithcr add nililc or resu]t in ljltered rrrea-
surerl data that afc not tlf poisson distrjbution. antl stríTer
1l,clrn thc llllssing or lost data probicnr. To illustrate this nljss-
ing clate problcrrl. ]et us íbllorr, ii]l cvent on a pair of clclec-

IJ


