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Abstract

The medical imaging workstation is used as case to show the increased under-
standing during the creation of the product. We also show the later strategic vision
based on the increased customer understanding.
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Easyvision serving three URF examination rooms

typical clinical
‘ Image (intestines)

URF-systems EasyVision: Medical Imaging Workstation
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X-ray rooms from examination to reading around 1990
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X-ray rooms with Easyvision applied as printserver

® Examination| Control Corridor
X ray Room Room or closet
source console
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Comparison screen copy versus optimized film

old: screen copy new: SW formatting
20 to 50% less film needed
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CAFCR viewpoints

drives, justifies, needs e
- enables, supports
What does Customer need
in Product and Why?
PN Product
/ AN How
Customer Customer Product PN
What How What / AN
Customer Application Functional Conceptual Realization
objectives
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Time line of Viewing Products
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Chronology of Easyvision RF R1 development

1991 1992 1993
| + | * | I ‘ | |
basic application performance Easyvision RF
toolboxes problems integrated product
100 kloc * 360 kloc
interactive viewing 1Q print server +

problems communication +
Interactive viewing
marketing opinion:
"All the functionality is available,
we only have to provide a clinical UI"
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Technology Innovations initiated by AD

standard UNIX based workstation
performance

cost full SW implementation, more flexible
object oriented design and implementation (Objective-C)
graphical User Interface, with windows, mouse etcetera
call back scheduling, fine-grained notification
data base engine, fast, reliable and robust
extensive set of toolboxes

property based configuration

multiple coordinate spaces
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Challenges for product creation

ca 1 film / minute print

film = 4k*5k pixels  throughput

image quality image processing

subsecond retrieve  VIEW

screen = 1k*1k response time
tension
product policy: 40 MHz CPU
standard HW 64 MByte memory
SW "onlv" 10 MBit/s ethernet
only 1 GByte disk
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Top level decomposition

application application
tools framework, libraries SW
7~ ;
L I operating system )
Coptical discI workstation ) legend
desk, cabinet H\W el
/- .
C network ) - - remote control B\
laser printer buy
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Thread of reasoning; introvert phase

Customer Application Functional Conceptual Realization
objectives

| | response
» useable time

purchase

w—— price
. efficient >
>operationa>
constraints Philips operational view

(manufacturing, service, sales)

Introvert view: cost and impact of new technologies
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Memory usage half way R1

total measured memory usage

fragmen-

0S code data | bulk data .
; tation

—performance~

| j
0 64 MB —Memory usage— 200 MB

physical + paging to disk >~

memory
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Solution of memory performance problem

200
MB _ fragmen- - anti-fragmenting -
tation
1 bulkdata — budget based
| data | awareness,
| measurement 74
--------- ] MB
| code — DLLs — >
_>
| | -
05 —tuning >
measured budget
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Visualization memory use per process
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Causes of Performance Problems other than Memory Use

graphics updates
framebuffer access

processing

data base granularity
| T ————— information model layering
network 1/0 . database | process communication overhead
overhead | ' active data granularity, update

...................................

file 1/0
overhead
: I/0 overhead
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Typical case URF examination

3 examination rooms connected to 1 medical imaging
workstation + printer

exam exam exam _
ﬁ room 1 R room 2 ﬁ room 3

examination room: average 4 interleaved examinations / hour

image production; 20 1024 8 bit images per examination

ole Ll ol eleje
olo) ele ole ojeje

film production: 3 films of 4k*5k pixels each

é:: high quality output
e (bi-cubic interpolation)

 0©

A
Medical Imaging; Evolution of Understanding Lk
3 A t 16, 2025
MICUA?IEt;picaICase m pEUS‘I

17 Gerrit Muller



Thread of reasoning; phase 2

Customer Application Functional Conceptual Realization
objectives _ run time
dynamic overhead

run-time
memory

URE.exam

) useable ) @
) efficient )

memory
measure-

memory
budget

bulk data heap
allocation

Philips operational view
(manufacturing, service, sales)

How to measure memory, how much is needed?
from introvert to extrovert
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Radiologist workspots and activities

‘© Examination dictation
Room light-box room
;hzm auto- ) N,
D loader (=
supervision view and / verify and
of the diagnose, authorise
examination dictate report report
activities of the radiologist
i ing: i i ' ion: 0 -
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Diagnosis in tens of seconds

light-box 4 I
P I
£ €
= F
: S o
films loaded by v 3
. auto- =
clinical personnel oader | v
during the day eccecoiecs
zoom in overview
\ moves head / mumbles a few
looks at  forward / backward Latin words or presses
Images moves head or eyes clinical codes next button
left/right/up/down In recorder
- \\ tens of seconds >
Image selection, panning
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SW Process structure 1991

user

¢

[ user interface ] legend

/ user

i user control
Import data base
control and

Unix
daemons data ﬂOW

software
process

\Proeess

associated
hardware

network disk drive
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SW layers 1991

Image

Gfx | Ul DB

SunOS, SunView

Standard Sun workstation

legend

toolbox

operating system

hardware
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Thread of reasoning; phase 3

Customer Application Functional Conceptual Realization
objectives

diagnaosis
> usable >

film

filmon _;pk exam typical layout

lightbox case

processing
S — library
efficient I i server
FA \Uj pipeline
i processes
> effective> efficient spool
processes

HCU

HC driver
@
HC interface

spooling

Philips operational view
(manufacturing, service, sales)

Radiologists diagnose from film, throughput is important
Extrovert view shows conceptual and realization gaps!
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Image quality and safety problem

false

= contour & @ ’

@@0 @mOoOé

(qu
AR

e 10 bits pixel value
o 8 bits pixel value

X >
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Image Quality expectation WYSIWYG

image
generation

X-ray system

T

presen- B monitor
tation > film
* * network. | What you see
storage’ at one work-spot
3" party _
—> 2 — monitor :
workstation is
icati what you get
application
processing at another
> " work-spot
presen- monitor
- :
tation > film
Easwvisi YV Vv network,
asyvision storage
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Safety problem

for user readabllity the font-size was
determined "intelligently"; causing a dangerous
mismatch between text and image

URF monitor output:
fixed size letters at fixed grid EV output: scaleable fonts in graphics overlay
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Thread of reasoning; phase 4

Customer Application Functional Conceptual Realization

objectives URF exam Elm
film on contrast

diagnosis___ barium layout
! / dynamic enderlng rocessing
3 c .
o

resolution
typical
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HCU
processing

efficient

HC interface

Philips operational view
(manufacturing, service, sales)

from extrovert diagnostic quality, via image quality,
algorithms and load, to extrovert throughput
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Thread of reasoning; phase 5

Customer Application Functional Conceptual Realization
objectives image render
> useable 2 lagnostic . anaine
> effective > @ @
time processing

Iibrary

profit ma
>operationa> standard workstatiors
constraints Philips operational view G
(manufacturing, service, sales)

cost revisited in context of clinical needs and
realization constraints:; note: original threads are significantly simplified
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Strategy Development Work Flow Products
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The clinical context of the radiology department

family
doctor

legend

.

<+—paper or el. form
electronic————»

human interaction
<4——intense———>

request

referring
physician

report\

/
findings
(

patient

e
.

request radiology department

/ repor

adiologist

r
o
‘}‘/ ’s)
nurse, ¢\
operator
, ‘b i
AR \\\ ",o .:
“interaction :

-

}

interaction

L4

"
o
o
o®
o

4
interaction

%%2 |m/{

Image image

Medical Imaging; Evolution of Understanding

30 Gerrit Muller

version: 0
August 16, 2025

MICAFrequestFlow

S
l ; J Powered by industry
and academia



The financial context of the radiology department
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Key drivers, application drivers and requirements

Customer derived :
: . : Requirements
key drivers Application drivers
_ _ import
report quality selection of relevant material auto-print
use of standards parameterized layout
spooling
storage
di i it acquisition and viewing settings navigation / selection
lagnostic quality contrast, brightness and resolution of light-box auto-delete
viewing
clear patient identification contrast / brightness
left right indicators zoom
safety and liabilit annotate
y y follow procedures | export functionality
freeze diagnostic information

system response

interoperability over systems and vendors system throughput
cost per diagnose multiple images per film image quality
minimise operator handling annotation
multiple applications per system material cost
operational cost
gualities

diagnose at light-box with films

all preparation in exam room shared information model

viewing settings

patient, exam info
interfaces

time per diagnose

A
Medical Imaging; Evolution of Understanding version: 0 m
g ? A t 16, 2025
32 Gerrit Muller Mllé)gﬁl?keydrivers PEUS‘I



Clinical information flow
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Application layering of IT systems

@

modalities from
other vendors

SIEMENS

medical imaging workstation

legend
Philips
modalities modality
systems
modality
enhancement

archive | | report | | review | | tele | | print _
Image workflow
PACS
clinical specific
HIS RIS CIS LIS info
IT infrastructure ZeminlEiEilye generic

mainframes
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Reference model for healthcare automation

Information entirely distributed archiving
. wide variation due to "socio-geographics":

hand“ng psycho-social,

political, cultural factors

Imaging and |image handling

treatment distributed service business
localised limited variation due to "nature": not health care specific
patient focus human anatomy extreme robust
safety critical pathologies fire, earthquake,
limited variation Imaging physics ~ flood proof

life time

human anatomy
pathologies

due to "nature™: 1 100 yrs (human life)
imaging physics

base technology

not health care specific
short life-cycles
rapid innovation
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Information model, standardization for interoperability

high innovation rate
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Example CT/MR department

—— MR Examination Control MPR
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Medical Imaging Competitive Positioning

PACS

products

cccccccccne ?..--

-Workflow value»

*
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Medical Imaging
Review

workstations

Medical Imaging
R/F and CT/MR

.............. .?
clinical or
modality value
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Radiology Department
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Vision:

Medical Imaging in Healthcare
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