PHILIPS

sense and simplicity

HW emulation in MRI development

Hans Peeters
MRI technology development
June 05, 2012



PHILIPS

About myself

34 years old, married, 2 children

M.Sc. Biomechanical engineering -> Ph.D. Medical Physics -> Philips

MRI Domain expert, Methods & Reconstruction

Pulse sequences, reconstruction algorithms, workflow, image quality,
hardware interaction
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Some configurations

Achieva 1.5T XR Panorama HFO Sonalleve MR-HIFU
rampable magnet. 1.0T high field open MR-guided high
magnet.

intensity focused

upgradeable to 3.0T on ultrasound therapy

site without swapping

the magnet.
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Example images

Comprehensive Brain imaging —Tumor

VISTA LW IF FiberTrak . Perfusion
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Courtesy : Utsunomiya Central Clinic, Japan
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Example images
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3 computer system

user interaction

instrument action,,

Ethernet
HOST < > CDAS
el
Two DualC CPU RECON burst computer:
wo Lualt.ore Ethernet Philips designed
g ggz computer:
memory PentiumIV chip
RECON
HP-INTEL
. workstation
1 s - Dual Quadcore CPU
BTV 3 GHz
& . 16-32 GB memory
\_4 a
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Starting a scan...

Ethernet

» CDAS

Scan
protocol
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...during a scan

Data vectors
Labels e.g. ky, kz

Reconstructs images
checks data vectors and labels
against the RC-parameters;
ABORT in case of inconsistency
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State observers

e Scanning/planning state

« Table and integrated posterior coil position
« Coils

« Gradient and RF Amplifiers

« Technical and scanner room temperature
« Connected physiology devices

* Helium level

« Cooling Water temperature

* Etc, etc, etc
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Emulation
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HW emulation

Initial costs high, especially the magnet, but also ampilifiers, cails, ...

Maintenance costs

Volunteers

Availability: Multi-site, over 200 engineers in different domains

— Emulation/simulation
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Examples

« VMWare, Reconstruction Test Machine (RTM), Software Test Machine
(STM)

« Colil simulation, scannersim, reconsim, patient communication, patient
environment

« SW regression testing

» Refscan insertion

« System performance tooling (SPT)
« Computer links

* Physiology simulation

MRI technology development, June 05, 2012

16



PHILIPS
Some simulation processes
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Planning STM
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Scanning STM
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Coll simulation
I
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Coll simulation
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Table position
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Physiology simulation
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Physiology simulation

R L o S —
Patient System Help 11:51 |

)] @8y [
20-Jan-2000 yy
WIP Survey
29-hay-2012,11:42

0
FOW 250
Slice 2/9

Planscan

Geometry:

Delete | Copy ‘

W Yolume W Stack @ Slab

™ Allmidplanes

System Ready 9‘

| HC Case |

= |compose -]
! ﬂ ?can: 1 ﬂjﬂ

HC Screen

‘Cnmpnse

More... All -
Wiew  Window RAL
> = u u

& Kz B |

WARNING Remote Control ENABLED

Hans Peeters 2012-05-25 12:00

TG B

STOP

PHILIPS

Sensor
V(G
VCG1+VYCG2
PPU
Resp
VCG+PPU
[ViG+Resp
PPU+Resp
External
VCG+Ext
PPU+Ext
Resp+Ext

Heart rate: 60 beats/ min

44
\\ N\

Blank ‘
Displayrange:  5s -

& =] {;: 00:00:00
11 % Survey Initlal |geometrv ‘contrast motion ‘dvm’ang ‘ postproc ‘offcfang | coi\s‘ conflicts |
= |f2a T2W_TSE Geol | Cafd'EClSVﬂChmmZ--- retrospective ~[Total scan duration 04015 =
device ECG Rel. slgnal level (%) 100
\ W 31 T2W_TSE Geol | » RR window (%) Act, TRITE (rns) 40424
heart phases 50 ACQ matriz M x P 1402120
e - [=] 5 [0 .| ©  TEIsE Gzl I\ —rebythrnia rejec yes ACO voxel MPS () 2,50/ 250800
51 Taw TSE Geol | Heart rate = 250 bprn no REC voxel MPS (am)  122/121/8.00
Respiratory compe... no Scan percentage (%) 100
Rernaining scan tirme: 61 QFLOW _FB Geo3 Mavigator respirato. . no Act, Phase acg (%) 2495 s
,— Flow compensation yes Act, WFS (pix) / BW... 0,603/ 7200
fMRI echo stabilis... no Min. WFS (pis) £ Ma...0.304 /14286
Autoview... NSA 2 ~—'SAR [ head < 8%
| ‘ ChAADT nuac j\llhn\a haodu £ lanal NN Wika [ nne j
Start Scan Stop Scan = .
Bl 60| sar: E

MRI technology development, June 05, 2012

24




PHILIPS

Summary

 MRI is a 3 computer system

« Many hardware components that need to be monitored
« Hardware is expensive

« Volunteers are not always available and expensive

« Emulation\simulation is a must

« To my opinion tooling is part of the development project and should be
maintained as normal product sw
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