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Abstract
This module provides a complete illustration of the CAFCR based architecting
method. The case is a Medical Imaging Workstation, created in the early nineties.
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shown. Typical problems in this period are explained.
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SW layers 1991
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Solution of memory performance problem
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Visualization memory use per process

sh
ar

ed
 li

br
ar

ie
s


U
I


co
m

m
un

ic
at

io
n


se
rv

er



st
or

ag
e 

se
rv

er



pr
in

t s
er

ve
r


ot
he

r


U
N

IX



10


20


30


0


budget per process 
 (right column)


10


MByte


measured 
 (left column)


da
ta



co

de



20


Medical Imaging in Chronological Order
8 Gerrit Muller

version: 1.2
February 11, 2012
MSmemoryBudget



Causes of performance problems other than memory use
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Abstract
The Customer objectives, Application and Functional views are described. The
radiology department and the radiologist are the main customer. The clinical and
the financial context of the radiology department is shown. The medical imaging
workstation is positioned in the field of IT products and in the clinical workflow.

The market segmentation is shown. The typical URF examination is explained.
Key drivers are linked to application drivers and to product requirements. The
functionality development over time is shown and the role of the information model
for interoperability is discussed.
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The clinical context of the radiology department
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The financial context of the radiology department

radiology


hospital

admini-

stration


government
insurance


patient


equipment

and service

providers


facilities


schedules

re

gu
la

tio
ns



bu

dg
et




payment


budget


bill


eq
ui

pm
en

t

se

rv
ic

es



pa
ym

en
t


pa
ym

en
t


payment

budget


equipment

services


payment


regulations

budget


Medical Imaging Workstation: CAF Views
14 Gerrit Muller

version: 1.4
February 11, 2012

MICAFfinancialContext



Application layering of IT systems
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Reference model for healthcare automation

information

handling


image handling


archiving


imaging and

treatment


base technology


localised

patient focus

safety critical

limited
 variation

due to "nature":


human anatomy

pathologies

imaging physics


distributed

limited
 variation due to "nature":


human anatomy

pathologies

imaging physics


entirely distributed

wide
 variation due to "socio-geographics":


psycho-social,

political, cultural factors


service business

not health care specific


extreme robust

fire, earthquake,

flood proof


life time

100 yrs (human life)


not health care specific

short life-cycles

rapid innovation


Medical Imaging Workstation: CAF Views
16 Gerrit Muller

version: 1.4
February 11, 2012

MICAFreferenceModel



Clinical information flow
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URF market segmentation
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Timing of typical URF examination rooms
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Retrospective functionality roadmap
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DICOM
ACR/NEMA


Philips
GE
Siemens


cardio

vascular


MRI
CT

medical

imaging


RF

bolus

chase


vascular

analyse


vendor


world

standard


product

family


applications


URF


cardio

analyse


high innovation rate


high interoperability


gl
ob

al
 
s

ta
nd

ar
di

za
tio

n

ta

ke
s 

m
or

e 
th

an
 5

 y
ea

rs



legend


Medical Imaging Workstation: CAF Views
23 Gerrit Muller

version: 1.4
February 11, 2012

MICAFinformationLayers
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Abstract
The concepts and realization of the medical imaging workstation are described.
The following concepts are described: presentation and processing pipeline, resource
management (CPU and memory), including caching and anti-fragmentation strategy,
software process decomposition and decomposition rules.

The actual realization figures serve as illustration for the justification of some of
the concepts.
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Presentation pipeline for X-ray images
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Concurrency via software processes

user interface
communication


data base


export
 print
optical

storage


optical disk

drive
 printer
disk drive
network


UI devices
 system

monitor


Unix

daemons


client

process


associated

hardware


control and

data flow


remote systems

and users
 user


client


user control


server

process


operational

process


legend


Medical Imaging Workstation: CR Views
30 Gerrit Muller

version: 2.7
February 11, 2012

MICVsoftwareProcess



Criterions for process decomposition
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Simplified layering of the software
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Memory budget of Easyvision RF R1 and R2
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Memory fragmentation
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Example of allocator and cache use
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CPU processing times and viewing responsiveness
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Object Instantiation Tracing
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Overview of benchmarks and other measurement tools
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Coverage of submethods of the CR views

C
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Nota Bene

disclaimer


The case material is based on actual data, from a

complex context with large commercial interests. The

material is 
 simplified
   
 to increase the accessibility,

while at the same time 
 small changes
  have been

made to remove commercial sensitivity. Commercial

sensitivity is further reduced by using 
 relatively 
 old

data (between 5 and 10 years in the past). Care has

been taken that the illustrative value is maintained
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Abstract
Story telling was not used explicit during the development of the medical imaging
workstation. Two stories which did have a great impact of the development of the
product are described: “The sales story” and “The radiologist at work”.

The relation of the stories to the requirements and design is shown.

Distribution

This article or presentation is written as part of the Gaudí project. The Gaudí project
philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an
open creation process. This document is published as intermediate or nearly mature version
to get feedback. Further distribution is allowed as long as the document remains complete
and unchanged.
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version: 1.2 salesman
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Try it yourself,

see how easy it is


Yes, this is great!


ECR'91 European Congress of Radiology




Stories used during development

The sales story how to capture the interest of the radiologist for the product.

The radiologist at work describing the way a radiologist works, which explains
why the radiologist is not interested in viewing, but very interested in films.

The gastro intestinal examination how the URF system is used to examine patients
with gastro intestinal problems. This story is not described here, because it is
outside the scope of the discussed thread of reasoning
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Main sales feature: easy viewing

salesman
 radiologist


Try it yourself,

see how easy it is


Yes, this is great!


ECR'91 European Congress of Radiology
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Remote control makes viewing easy
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increase / decrease brightness
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Radiologist workspots and activities

activities of the radiologist


Examination

Room


dictation

room


supervision

of the


examination


view and

diagnose,


dictate report


verify and

authorise


report


auto-

loader


light-box


Story Telling in Medical Imaging
52 Gerrit Muller

version: 1.2
February 11, 2012

MISactivitiesRadiologist



Diagnosis in tens of seconds
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From story to design
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Threads of Reasoning in the Medical Imaging Case
by Gerrit Muller Embedded Systems Institute

e-mail: gerrit.muller@embeddedsystems.nl
www.gaudisite.nl

Abstract

A thread of reasoning is build up in steps and the underlying reasoning is explained.

Distribution

This article or presentation is written as part of the Gaudí project. The Gaudí project
philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an
open creation process. This document is published as intermediate or nearly mature version
to get feedback. Further distribution is allowed as long as the document remains complete
and unchanged.
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Thread of reasoning based on efficiency-quality tension
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Thread of reasoning; introvert phase

Philips operational view

(manufacturing, service, sales)
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Thread of reasoning; phase 2

Philips operational view

(manufacturing, service, sales)
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Thread of reasoning; phase 3
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Thread of reasoning; phase 4
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Thread of reasoning; phase 5
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