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Abstract

Architecture Frameworks offer many representations to visualize views. Unfortu-
nately, many of these representations focus more on being complete and precise,
rather than being understandable. Many of the stakeholders do insufficiently
understand these representations. The designers at the same time do insuffi-
ciently understand the human factors in the system context, since most of these
have been abstracted away.

We show that simple diagrams in, for instance, space and time help to bridge
these two worlds and help both stakeholders and designers. We will illustrate this

by examples from Magnetic Resonance Imaging.

This work has been carried out as part of the Darwin project at Philips Healthcare under the responsibility of the
Embedded Systems Institute. This project is partially supported by the Netherlands Ministry of Economic Affairs
under the BSIK program.
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Problem Statement

drivers of architecture
frameworks and tool
support

+ complete

+ unambiguous
+ precise

+ consistent

+ traceable

causes

focus on

- unified presentation
- formality
- abstraction

- automation support

causes

impact on stakeholders
and designers

> distance design - use
> lack of communication

> |lack of understanding of
design and system use
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Today’s Architecture Frameworks
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Figure 4 - Operational activities and behavior of the nodes supporting JFACC planning
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Figure 2 . ON-2 Operational node interactions and needlines based on joint planning doctrine

6. OV-3; Operational Information Exchange Matrix

Table 3 - OV-3 Matrix

Meedine Infeematon Producer Corsumer UJTL Tasik Transacte Tirming QoS Security Dustrbution

Element Mode Made n Type Ramt Classif Handing

Thighest)

AADC : JFACC AADC AADC JFACC Bir Bont to peroadiz best v US enly
Communications Recommend Communica. Cperations Paint 24 effort

~ations tans Planning aad ITeCeipt )
JFACC Operabons JFACT AADC Air Force perodic best u Coalttion
Communications: Ovders Communica- Cperatians Broadcast 34 effart
AADT fions Planning e
JFACC JFACTC JEACT ALDC Bir Boint o e re ahle u Coalwicn
Communications: Suidance Communica- Cperations Paint ssued
aaDC fions Planning
JFACC AADC JFACT JFACC Air Fgint o oneveni | best v Coalwicn
Communications: Infermaton Communica- | planning Cperations Paint effort
JFACC Plannng fions Plarning irecaipt)
JFACC Force Orders | JFACC JFACC Bir Forze wren best ] Coalmion
Communications.: Communica- | planning Cperations Broadcast s5ued effort
JFACC Pannng tions Planning
JFACC ™annng:: Dperabons JFACT JFACC Air Force perodic best u Coalnion
JFACC Orders Plamnng Comrwnica- Cperations Broadcast effort
Communications tans Planning
JFACC ®iannmg: JFACTC JFACT JFACC Bir Boint o W an relable u Coalwicn
JFACT Suidance Plamning Cormrunica- Cperations Paint E)
Communications tans Planning

examples from: OMG Document Number: dtc/2007-08-02 <ftp://ftp.omg.org/pub/docs/dtc/07-08-02.pdf>
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Assertion: How can we Solve this Problem?

solution assertion:

use more diagrams and representations
that are close to the human experience

and use concrete examples

examples:
time
space (e.g. maps) diagrams
flow

scenario's, stories

Understanding the human factor by making understandable visualizations ~__version: 0.2 §. "rocided Sy
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Magnetic Resonance Imaging Introduction
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Case: Magnetic Resonance Imaging (MRI)

"Embedded Systems
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Example of Engineering Induced Problem

The engineer creates a technological Ul...

\ without imagining the clinical reality

Select Virtual Representation Display Mode

O |

ntermitting

(O Adaptive
(») Semi-Reflective

"In the meantime the

02 ||z e patient is horrified by the
| intimidating system, the
Paggg:]"gr‘ﬁfce:as weird cage around his
a0 body and the EKG leads
attached to his breast..."
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MRI Basic Principles

/
determine
region and static field B
contrast of interest Hydrogenf
human convert needs in
Use sequence magnet, e.g. 3T
1 \ gradient field G ,, G, G,
N generate to encode spatial information
By, G, Gy, G, B,
{ SW|HW I gradient coil,
k receive RF e.g. 10mT/m
| B

/ % RF field B |
to excite spins

reconstruct images RF transmit coil
l e.g. 15 kW, 180 MHz

Q receive RF signal

view images

RF receive coils to get data
(&
. . . o P A  Embedded Systems
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Basic Imaging Sequence
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S\ AWAAWA many times
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Scenario
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Scenario: Patient George

o Patient George has continuous headache.
e His family doctor has send him to the Neurologist.

* The Neurologist wants to exclude the possibility of a tumor
and requests an MRI examination.

» The Radiologists does not see any indication for a tumor.
* The Radiologist sends his report to the Neurologist.

* The Neurologist discusses his findings with the patient and
sends a report to the family doctor.

Understanding the human factor by making understandable visualizations _ ve
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From Complaint to Diagnosis

Request
AN
W ¥ consult
Family .
Doctor
findings
Patient 3 T

Request

Report -
P Referring\
Physician
y Report
\ ~_ ;
.}/ .Jl - « (:ﬂ/
,,,/5 ,,_ \k\ \Ay
- Nurse
MRI scanner ’ ioloai
operator Radiologist
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weeks view: from Complaint to Diagnosis

functional flow

call family doctor

visit family doctor

call neurology department

visit neurologist

call radiology department

examination itself

diagnosis by radiologist

report from radiologist to
neurologist

visit neurologist

days —»

1 2 3 4 5.6 7.8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

"Embedded Systems
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Room Layout

cabinet | ,
magnet | patient table
cabinets console
technical dressing
room control room room rest room waiting room
corridor
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half hour view: Examination

<———Examination of previous patient ——» 15 minute time slot -
George Nurse George is George
arrives explains waiting Prepare leaves
at radiology the procedure in the dressing room George for the exam room
department examination
- > P> - -
(a.0. RF 00"8 - .
osition  Imaging
-+—> = - >
View View
away  away
- -
A 4
‘ |
14:00 14:15 14:30

"Embedded Systems
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5 minute view: Patient Preparation (1 operator)

functional procedure

walk from dressing room to table

position patient on table

move table upwards

position coils and connect

move table and patient into magnet

make plan scan

walk position ol talk coils in magnet walk | talk | plan scan
on table up
| | | | |
14:20
14:15
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Patient Preparation Work Flow

(" ) N
1 meter accessory preparation work flow
L cabmg{ 1 get patient
2 patient on table
magnet | patient ta 3 get RF coll
5 472 4 position RF coll
5 move patient in magnet
6 plan scan
1 (S )
T
cabinets console@
technical dressing
room control room room restroom | waiting room
corridor
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MRI Requirements and Design

"Meta"

problem statement
solution assertion

Magnetic
Resonance
Imaging

MRI introduction

Scenario
"George"

scenario introduction

[
time
space diagrams
flow

requirements
design

conclusion

questions?

Understanding the human factor by making understandable visualizations version: 0.2

19

Gerrit Muller

February 10, 2011
UHFVlogoMRIregAndDesign

Az

nnnnnnnnnn

"Embedded Systems

lelelelele



10..100ms view

- TR >
- TE » typical TE:

\  5..50ms
RF j\.' a'aVAvaVa J\J
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How to Increase Imaging Performance?

shorter RF pulse  higher gradient improve SNR

more power more current / higher B
N\ /
/Acal TE
50ms
RF ‘\/\ﬂ)\/ \/L
Gz
o /[ N/
A a—  — /
oy /| —7
\

faster gradient ramp
more voltage

"Embedded Systems
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How to Speed-up Patient Preparation?

functional procedure

walk from dressing room to table

position patient on table

move table upwards

e

position coils and connect

-~
/

-

-

room layout

table design, layout

coil connector
connector position

weight, size, flexibility

move table and patient into magnet

make plan scan

coll integration

faster imaging

remove/reduce anxiety factors
workflow approach

/

smarter positioning

\

walk

position on
table

table
up

/
talk

coils

in magnet

walk

\
talk

plan scan

/

14:15

|
2nd operator

/

14:20
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Relations Needs, Requirements, Design Choices

coil RF signal RF receive
needs connection quality coil
drivers : RF receive
layout Ul location chain
patient patient B .
throughput handling 2y 1ele et cetera
scan speed G,,, max Grad. |,
diagnostic L _‘
quality contrast G,,, risetime Grad V Grad amp.
: imaging
resolution nethod et cetera
patient noise B, field RF power RF amp.
comfort 1
demographics aperture
et cetera
cost of | space = design =
ownership
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Diagrams Conclusion

magnet

accessory
cabinet

/

preparation workflow N

1 get patient

2 patient on table

3 get RF coil

4 position RF coil

5 move patient in magnet

6 plan scan
LT ==Y
e
cabinets e
dressing
technical room control room room rest room waiting room
corridor

functional procedure

walk from dressing room to table

sit on table and position patient

move table upwards

position coils and connect

move table and patient into magnet

make plan scan

2D map

work flow

time line

walk sit, position

table
up

talk

coils

in magnet

walk

talk

plan scan

time, space and flow diagrams are:

complementary

close to human experience

Insightful

14:15

14:20
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Scale Conclusion

functional flow

call family doctor tlme, Space, and flOW

visit family doctor

diagrams are useful in a

broad dynamic range.

department
—— examination itself

— diagnosis by radiologist

days | nano..giga seconds

visit neurologist -

i i PG nano..giga meters
12 3 4 5|6 7|8 9 10 11 12[13 14|15 16 17 18 19|20 21|22 23 24 25

~f— Examination of previous patient ——J» 15 minute time slot -
George Nurse George is George
arrives explains waiting Prepare leaves
at radiology the procedure in the dressing room  George for the exam room
department examination
<P r<4—r <> <>
(a.0. RF coiIsP) » imagi - TR P
osition magin 4_
TE—> typical TE:
h O u r View  View 5..50ms
away  away
pd Ppd RF
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— Gy —7 —7
; - table . . —
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minutes "~ sec..min 10..100 ms
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Scenario/Story Conclusion

« Patient George has continuous headache. Stories and Scenarios

« His family doctor has send him to the Neurologist. _ _
make discussions concrete
» The Neurologist wants to exclude the possibility of a tumor

and requests an MRI examination.
are means to understand

» The Radiologists does not see any indication for a tumor.
are means to design

» The Radiologist sends his report to the Neurologist.

» The Neurologist discusses his findings with the patient and
sends a report to the family doctor.
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