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Chronology of Easyvision RF R1 development
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SW layers 1991
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Memory usage half way R1
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Solution of memory performance problem
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Visualization memory use per process
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Causes of performance problems other than memory use
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Image quality and safety problem
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Safety problem
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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.
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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
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Application layering of IT systems
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Reference model for healthcare automation
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Clinical information flow
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URF market segmentation
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Typical case URF examination
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Timing of typical URF examination rooms
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Key drivers, application drivers and requirements
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Retrospective functionality roadmap
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Information model, standardization for interoperability
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Coverage of submethods of the CAF views

Customer

objectives

Application Functional

key drivers

value chain

business models

suppliers 

context diagram

stakeholders  and concerns

entity relationship  models

dynamic models

case descriptions 

commercial decomposition 

service decomposition

goods flow decomposition

function and feature  

specifications 

performance 

external interfaces 

standards

explicitly addressed addressed only implicitly not addressed

coverage based on documentation status of first product release

legend

Medical Imaging Workstation: CAF Views
24 Gerrit Muller

version: 1.4
September 1, 2020

MICAFconclusion



Medical Imaging Workstation: CR Views
by Gerrit Muller University of South-Eastern Norway-NISE

e-mail: gaudisite@gmail.com
www.gaudisite.nl

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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Quadruple view-port screen layout
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Rendered images at different destinations
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Concurrency via software processes
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Criterions for process decomposition

• management of concurrency

• management of shared devices
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Simplified layering of the software

DSI

3M
RC 

Desk, cabinets, cables, etc.

Standard IPX workstationDOR
HC 

interf

RC 

interf

SunOS

NIXRC 

driver

HC 

driver

DOR 

driver

Spool HCU Store Image Gfx UI DB
PMS- 

net in

PMS- 

net out

Medical Imaging R/F

Start 

up

Install

Config

SW 

keys

service

dev. 

tools Print Store View Cluster

operating system

toolbox

hardware

application functions

user interface

connected system

SW infrastructure

legend

Medical Imaging Workstation: CR Views
32 Gerrit Muller

version: 2.7
September 1, 2020

MICVswLayers1992



Memory budget of Easyvision RF R1 and R2
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Memory fragmentation
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Memory fragmentation increase
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Bulk data memory management memory allocators
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Cached intermediate processing results
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Example of allocator and cache use
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Print server is based on banding
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CPU processing times and viewing responsiveness
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Server CPU load
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Resource measurement tools
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BoundedFloatingPoint

BoundedInteger

BtreeNode1

BulkData

ButtonGadget

ButtonStack

ByteArray

0
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21

1034
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Overview of benchmarks and other measurement tools

Byte benchmark computer platform performance

OS, shell, file I/O

coarse new hardware

new OS release

test / benchmark what, why accuracy when

SpecInt (by suppliers) CPU integer coarse new hardware

file I/O file I/O throughput medium new hardware

image processing CPU, cache, memory

as function of image, pixel size

accurate new hardware

Objective-C overhead method call overhead

memory overhead

accurate initial

socket, network throughput

CPU overhead

accurate ad hoc

data base transaction overhead

query behaviour

accurate ad hoc

load test throughput, CPU, memory accurate regression

s
e

lf
 m

a
d

e
p

u
b

lic
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Coverage of submethods of the CR views

Conceptual Realization

construction decomposition

functional decomposition

designing with multiple decompositions

execution architecture 

internal interfaces

performance 

start up

shutdown

integration plan

work breakdown

safety

reliability

security

budget

benchmarking

performance analysis

granularity determination

value and cost

safety analysis

reliability analysis

security analysis

explicitly addressed addressed only implicitly not addressed

coverage based on documentation status of first product release

legend
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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.
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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

Story Telling in Medical Imaging
50 Gerrit Muller

version: 1.2
September 1, 2020

MIScongress



Remote control makes viewing easy

next / previous examination

next / previous image

increase / decrease contrast

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
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Diagnosis in tens of seconds

tens of seconds

auto-

loader

light-box

films loaded by

clinical personnel

during the day

looks at

images

moves head

forward / backward

moves head or eyes

left/right/up/down

zoom in overview

image selection, panning

mumbles a few

Latin words or

clinical codes

in recorder

presses

next button

n
ew

 f
ilm

s

o
ld

 f
ilm

s

report
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From story to design

sales

story

20 1024
 2
 8 bit images

3 films of 4k*5k pixels 

per examination

4 exams / room

3 rooms/workstation

analyse

design

memory budget

CPU load

network load

disk budget

algorithms

analyse

design

response time, minimal UIease 

of use

Customer

objectives

Application Functional Conceptual Realization

radiologist

at work

film

efficiency

processing throughput and quality

response times: 

image retrieve, C/B

RC functionality

pipeline design

RC design
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Abstract

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

Distribution
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Thread of reasoning based on efficiency-quality tension

ConceptsCustomer objectives Specification issues

time efficient

diagnostic quality

safety (liability)

system response

system throughput

image quality

resource management
processor, memory

internal logistics
concurrency, processes

image processing
algorithms
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Thread of reasoning; introvert phase

Philips operational view
(manufacturing, service, sales)

Conceptual

S

Customer

objectives

Application Functional Realization

purchase

price

response

time

Introvert view: cost and impact of new technologies

useable

efficient

operational

constraints

M

B
profit

margin

SW only

memory

use
OO design
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Thread of reasoning; phase 2

Philips operational view
(manufacturing, service, sales)

Application Realization

M'

U

Functional ConceptualCustomer

objectives

URF exam memory

use
OO

design

dynamic

run-time

run time

overhead

OIT

memory

measure-

ment

heap

allocation

typical

case

bulk data

How to measure memory, how much is needed?

from introvert to extrovert

memory

budget

useable

efficient
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Thread of reasoning; phase 3

Customer

objectives

Application Realization

U

U'

P

Functional Conceptual

diagnosis

film on

lightbox

time

efficient throughput auto-print

film

layout

spooling

rendering processing

library

spool

processes

HC interface

HC driver

autoloader

server

processes

HCU

printserver

pipeline

URF exam typical

case

Radiologists diagnose from film, throughput is important

Extrovert view shows conceptual and realization gaps!

usable

efficient

 effective

Philips operational view
(manufacturing, service, sales)
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Thread of reasoning; phase 4

RealizationCustomer

objectives

Application

U"

P'

T

ConceptualFunctional

diagnosis
film on

light-box

time efficient

throughput

film

layout

rendering processing

library

HC interface

HCU

URF exam

from extrovert diagnostic quality, via image quality,

algorithms and load, to extrovert throughput

diagnostic

quality
image

quality

contrast

dynamic

range

resolution

HCU

processing

pixel

depth

interpolation

barium

meal

pipeline

CPU

budget

typical

case

useable

efficient

 effective

Philips operational view
(manufacturing, service, sales)
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Thread of reasoning; phase 5

Philips operational view
(manufacturing, service, sales)

Conceptual

efficient

useable

RealizationCustomer

objectives

Application Functional

diagnosis

time efficient
throughput processing

library

cost revisited in context of clinical needs and

realization constraints; note: original threads are significantly simplified

diagnostic

quality

image

quality IQ spec

pixel

depth

CPU

budget
typical

case

common

console

memory

limit

BoM
Moore's

law

purchase

price
CoO

economic

sound

render
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effective
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