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*RDO
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OHWKRGRORJ\
6SHFLDO FRQFHUQV

U SHXHHVWLQJ RQWRORJLHYV DV IDU DV S
I QRW UH LQYHQW WKH ZKHHO

facilitate future interoperation with biological m odelling
software

U GUHRQWRORJLHYV ZKHQ QHFHVVDU\
ensure adequate documentation

* Integrate all components in a consistent whole
— use of consistent integration framework
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(I WUDFW RI DQ 2QWRG6SHF GF

6XEVXPSWLRQ UHODWLRQ mLV D}
(VVHQWLDO SURSHUWI

Medical image simulation, simulation
Meta Propefties

MR SIMULATION, CT SIMULATION, PET SIMULATION and US SIMULA'NON and is a
disjunctive sub-division of MEDICAL IMAGE SIMULATION.

VIEBTCAL IMAGE SIMULATION has for data exactly one MEDICAL IMAGE SIMUEATION
OBJECT MODEL at a TIME INTERVAL. [EP/ER] A MEDICAL IMAGE SIMULATION has
for result some SIMULATED DATA at a TIME INTERVAL. A MEDICAL IMAGE
SIMULATION has for instrument some MEDICAL IMAGE SIMULATOR at a TIME
INTERVAL.

Comment

[DEF] A medical image simulation 1s a dataset processing consisting in calculating medical
1mages representing an object (usually a biological object, but it can also be a geometric phantom)
from a model of this object. The calculations mvolved in this process include the simulation of the
physical phenomena that occur during a real image image acquisition using an imaging equipment
(e.g. emission of photons and interactions with the imaged object and the detector).

HILVW
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&RPPRQ LQW HJLPMZRRON

U 2QH VLQJOH DSSOLFDWLRQ RQWRORJ\

one Foundational ontology , i.e. DOLCE

particular (Masolo et al., 2003)
A ———
endurant perdurant quality abstract
e .\"\-\ ’ . h sm oral ;
physical non-physical  event stative pqula“ty quglity region
object object ’>\
state process time interval

Several Core ontologies

e.g. Actions, Artefacts, Participation roles, Agentives, Discourse
message acts, I.E.C. (inscriptions-expressions-conceptualizations)

Several Domain ontologies
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2UJDQL]DQICRQHUV

u /D\HWPWGHO ODMIHEBUHVHQWDWLRQDO R
WKDWODDMPKDUDFWHUL]LQJ WKH FRQWHQ

i 9DOXHV OD\HUV GHSLF\
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2UJDQL]DQICRIQHUV

UWIDOXHV ODIHU

R A e Sup rclasses

@ pathological-object-layer
Al ®values-laye @ model-layer

©®external-agent-values-layer ® refers-to exactly 1 physical-quality
@ physical-parameter-values-layer
v @ object-layer-part
@ anatomical-object-layer-part
® external-agent-object-layer-part @ has-for-function some function

WZ2EMHFW ODIHU

Inherited anonymous classes

v @ model-layer
v

@ anatomical-object-layer

®external-agent-object-layer -

: :
® foreign-body-object-layer Description: object-layer
© geometrical-phantom-object-la Equivalent classes

@ high-resolution-object-layer
@ low-resolution-object-layer
@ pathological-object-layer

v ®values-layer @ has-for-proper-part-during some object-layer-part
@ external-agent-values-layer ® model-layer
® physical-parameter-values-layer

Superclasses
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2UJDQL]IDQICRDQHUYV
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BHODWLRQ WR SK\VLFD!
H[DPSOHV

H ,Q WKH FDVH RI YDOXHYV OD\HUV!1

YDOXHV OWGHUSIKIWLFDO SDUDPHWHU YDOXHV ODI
YDOXHV ODAHHIBW RRRQ GHQVLW)
SURWRQ GHGVMBBRWRQO GHQVLWI
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PDWK GLKWDWVLRU PHDQ
PDWK GLWKWWLRU VWDQGDIINGGHYLDWLRQ
PDWK GLWWUABWR\RRQ GHQVLW)
SURWRQ GHGVIMWSBRWRQ GHQVLWI
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SDHODWLRQ WR WL

U ORGHOV- FRPSRQHGMWY OVA B K-
WR GLWEUPMNHOWHUYDOV
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(DIRQRFPNPRGHOV

Non pathological

object model
Pathological

object model Biological object model Model of physical object Model of physical
i manufactured object
Anatomical obje 4 Pure virtual model
. . M
model Geometrical object model ore Object model Model of physical
without foreign biological object
Long:tuflmal follow Y body
up object model Object model
Dymamic object with foreign body
Moving object model model
Object model
without physical
parameters
GHQRWHV m LV D} UHO D WhiRi@ddk L S
with physical

~L GHQRWHYV GLVMRL QW F O Dokttt
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[DIRQRARPAN VLPXOGCDWDG

Dataset
/
Reconstructed dataset Non-reconstructed dataset
Simulated data
MR simulated image / \
CT simulated image // -
; : . ‘ 2D simulated data

PET simulated image MR Simulated data ()

. . 9 3D simulated data
US simulated image CT Simulated-data \

PET Simulated data

US simulated
cartesian image

’ Static simulated data
US simulated %L .
polasrlrirr)rlllaz;e e it s d ' ( Dynamic simulated data

Set of signals

CT sinogram ‘ '4\
_ ‘ l Set of MR
PE¥ sinogram ’ k-space signals
PET list-mode data
Set of CT Set of US Set of US Set of US
US pressure field image projection raw signals  beamformed  beamformed

images signals envelope signals
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OLPXODWLRQ DFWI

U 6LPXODWLRQ@ DFWLRQV

v ®simulation
Al ® medical-image-simulation
D CT-simulation . - - - = =
) MR-simulation ® has-for-data-at exactly 1 medical-image-simulation-object-model

D PET-simulation has-for-instrument-at some medical-image-simulator
DUS- snmulanon

B iaitieitenl. »simulation

U 5HOD WMRR}XWBWWG
' ([DPSOHV

VLPXODWIGR BWTHVLPXODWLRQ
VLPXODVKDORQ/R U WHVXWD /D W D

VLPXO GD@EDWSHVLQRJIUDP
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SURYHQDQFH RIG\DWXODYV
H[DPSOHYV

U SHODWLRQVERWZ B W& QG &HDIAHD V
VLPXO GD@DWAES EHPDJH
VLPXO GOWOL YH P REGRHKOG H O
PRGHOG/! WE5HRPSDWLEOH PRGHO

« SHODWLRQ BEHANWOHMHIE QG GLDIWWDIP HOMDHLU vV
SDUDPHWHU VHWYV

VLPXO GOWOL YHW DURHP H VWL YAAKK

SDU VHME/ UWSIBUBDPHWHU VHW

VLPXO GGWOL Y H W DUWRHPHDWHILP

SDUDRUG! WISRXODWLRQ SDUDPHWHU
SDUDRUG! WAKKIR WLPH YDOXH LQIRUPDWLRQ
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2QWRPRGXODU VWUX

%
2O0WRIHXUR/2*
FRPSRQHQWYV
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3DUW 5HVXOW Q8WL
WKH 9,3 SODWIRU
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ORGHO DQQRWDWL

(U e e g
crisp-mild.mhd = 4 Maps
crisp-mild.zraw W T1 (t1.nii.gz)
W T2 (12.nii.gz)
&/ protonDensity (pd.nii.gz)
2 Anatomy
= &P Objects

& Cerebrospinal_fluid (voxel: label 1 in crisp-mild.mhd, phantom_1.zraw)

ray_matter_of_neuraxis (voxel: la in crisp-mild.mhd, phantom_1.zraw
- 9 G tter_of is (voxel: label 2 in crisp-mild.mhd, ph 1 )

&P White_matter_of_neuraxis (voxel: label 3 in crisp-mild.mhd, phantom_1.zraw)
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ORGHO DQQRWDWL

UL 2QWRORJ\ EDVHG UHDVRQLQJDW PRGHC

, 6HPL DXWRBEBWWERQ RI PEDWHGIRY HWK/H
QDWXUH RI UHIHUUHG REMHFWYV
H HJ DQDWRPLFDO VWUXFOOUHARPY ¥ DDQRFEVWHR D QD | HU

SHWULHYDO RI ROQUDRINRVHD U EKRLQJI XVLQJ OXF|

,QIHUHQHHGRIO LW FRPSDWLELOLW)\
H HJ DPRGBHOBLPXKODWLRQ FRPSDWLEOH

&RQWURO RI FRQVLVWHQF\

$XWRPDWLF FrubHeDrti L RIQOFIRWDWLRQ ILOH
H W EHFRPHV D SDUW RI WKH PRGHO

UL 3RVVLELOLW\RI XSORDG RI DQ DQQRWD
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6HDUBF®G URXWHRGHOV

U ORGHOV FDQ EH VHDUFKHG IRU EDVHG R
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SOQRWDWLRQ KIDWLDIP XODYV
$ODQ *DLJQEZBGRK' 6

U *2$/DXWRPIMKHOVHPDQWLF DQQRW
VLPXODWHG GDWD EDVHG RQ

| GHWDLOHG SURYHQDQFH GDWD SURYL
PDQRDJHU RSHQ SURYHQDQFH PRGHO

| HILVWLQJ NQRZOHGJH DERXW PRGHOV
ZRUNIPRESRQHQWY UHSWRPOHQWHG D\
VSHFLILF LQIHUHQFH UXOHYV
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SQQRWDWLRQ KIDWL.P XOL

([DPSOH 3(7 VLQFRUWWDPWHG ZLWK 6257 (:

ﬁ/ HIHEXWLRQ \

VLQRIUGP MBISHVLQRJIUDP
VLQRIUWPBD UHVZXOGWRXKWLRQ

Zl HIHFXUWAIRB(THVLPXODWLRQ
VLQRIGBBLYHV IURBKPRWHO
VLQRIGBBLYHV IURP SDIURNVHRWVFRID |
SURWRGER WBIBUDPHWHU VHW
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SQQRWDWLRQ KIDW.P XOL

([ DPSOH 05 LPDJH JHQHUDWHG ZLWK 6

U SURYHQDQFH GDWD LWEHRZRDEDE IURP

H $Q DOWHUQDWLYH WR WKH UHODWLYH ¢
LV SURY LGRHGFENS W XD O BKUWZNROR RV
1DGLD &HUH]R , 6 ZKLFKGHVFULEH DF
DEVWUDFW OHYHO ZRUNLQ SURJUHVYV
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3DUW 'LVEXVVLR
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S5HXWH H[LWWOMPRORJL

L *Q ORVW WHUPV FRXOGHI[HVRX.Q@G IURP
UHVRXUFHV )0$ 5DG/H[ 3%$72 03$7+ &l
i 6HW RI WHUPVY VHOHFWHG EDVHG RQ D UHDVR(

L +DUG WR VHH ZKHWKHU LW LV VXIILF

| 6HOHFWHG FRUSXVY FDQEHH[WHQGHGUWXLWH H
EDVHG RQ D VHW RI WHUPYV

I POWKRXJK SRWHQWLDOO\LQWHUAMVRNHY IRU L
UHODWLRQV QRWOBAH WHMWHYHG IURP

1HHG IRBGEDFND FUORKFHD O XV H



9,3 :RUNVKRS 'HFHPEHU I\RQ )JUDQFHF

20WR®RPRGHOV

2UJDQLYVDARIGEHAD LCYHIBANMD WLID |
, QWXLWLYH QDWXUDO UHODWLRQ WR SK\VLFI

$00 REMHFWLYHY QRW PHW

+DUG WR LOWHJUDWH DOO VL RNXOND WMRDPHLIZE DN

SK\WVLRORJLFDODQG 3K\VLRSDWKRBRIHGE DHSIU
H HJ QR PHDQV WR H[SUHVV WKDWQD-PR G H®& HPRGWM O R ¥

'RXOG VWLOO QHHG VXEVWDQWL
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'HSOR\PHQW DQG DGRS

L 6 XFFHVVIXO XVH RI ROWRORJLHV LQ
7KH\FDQ EH XVHG LQ VLPLODU SURMHFWYV
‘H FDUHIXOO\DYRLGHG HPEHGGLQJLUR WKH RC
FRQVWUDLQWVY RI RXU SODWIRUP
L 6WLOO OLPLWHG HISORLWDWLRQ RI H
' BHDUFK RI PRGHOV
' QIHUHQFHRI FRPSDWLEOLW\ WRFPR.®XO DWILRH
' ([SORLWDWLRQ RI SURYHQDOQFH @ FWRRRIUQDV
VLPXODWLRQ SDUDPHWHUV
SRVVLELOLW\WR HIWHQG WKH SODWIRU
XVHUV- I[HHGEDFN DQG ZLVKHV
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&RQFOXVLRQ

U 7KH GHYHORSPHQW Rl WKH 2QWR9,3 SU!
ILOQG D FRPSURPLVH EHWZHHQ VRPHZKD\
FRQWUDLQWYV

i SBURYLGLQJD YRFDEXODU\WDLOKWHHSG, WR WKH
SODWIRUP

i SURYLGLQJD JHQHUDO HQRXJK RQWRORJ\ WKEC
VLPLODU QHHGV LQ WKH ILHOG RI PHGLFDO LP
U 2QO\IHHGEDHAWNMIRPXVH LQ 9,3 DQG
HOVHZKHUH XVOMRDIOFCERIARYH LW
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SHSUHVH@EWDBDWIWKQRORJIJLFDO H
SDWKRORJLFDO DQDWRPLFDO

KLSSRUG/! WBIBWKRORJLFDO DQOQDWRPLFDO R.
KLSSRUG! WPDHKLSSRFDPSXV

KLSSKDV IRU TXDOL W

TXDoOUG! WBIBAUHDVHG YROXPH




