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Medical Imaging Markup Environment

Pedro Lopes, Augusto Silva

Resumo —-Um novo mundo de capacidade de diagnostic

digitais foi descoberto com os avancos da imagioiag

médica. Estes avangcos promoveram a comunicacdo e a

cooperacao entre varias entidades distintias de fora a criar
protocolos e modelos que possam ser usados por toda
industria, melhorando a qualidade do servi¢co oferedo aos

pacientes. Apesar da crescente qualidade das imagen

digitais, elas sozinhas n&o resolvem todos os prebias. E
necessario que um clinico elabore um relatério coahdo a
sua opinido acerca de observacdes especificas emn@atas

nas imagens obtidas. Estes relatdrios estruturadosomtém

maioritariamente anotacdes em texto livre, conceitoque

ainda nédo foi explorado. Assim, é crucial o desenlmento

de um modelo de dados para os relatérios estruturad e
anotacdes de imagens de modo a melhorar os serviges
tecnologias disponiveis em imagiologia médica.

Abstract - A new world of digital diagnostic capabilities ha
been made possible with the recent advances in medi

imaging technology. These advances promoted

communication and cooperation between several disiit
entities to create standards and models that can based in
the entire industry to improve the quality of the ®rvice
offered to users. Despite the growing quality in djital
images, they are not enough alone. That is, it isqaired that
clinical reports, containing medical opinions aboutspecific
traits found in the obtained images, are analysedThese
structured reports comprise mostly free text annottions that
have not been explored yet. Therefore, the developmteof an
environment for the management of structured repors and
image annotations is a crucial step in the processf
improving medical imaging technologies and servicesn this
paper, we present a prototype solution for such eimonment,
based on ongoing research conducted by the caBIG MI
workgroup.

|. INTRODUCTION

Nowadays, medical imaging is used daily in clinical

procedures. Whether the clinician is dealing witlowa-
priority emergency or with a complex surgery, ratyion
images of the patient in hands, facilitates theicin’s
job, improving the overall service quality. Throwgih the

the source for vast amounts of clinical knowledgel a
their impact on medicine is remarkable.

Along with medical imaging evolution impact, onesha
analyze information technology impact on the
proliferation of the modern medical industry. Dadit
medical images are one of the greatest advancesémt
years and have triggered the appearance of various
information systems that modernized private andlipub
hospital environments.

Newer digital images have an incredibly high retohy
only possible with advances in computed tomography
(CT), magnetic resonance imaging (MRI) and positron
emission tomography (PET) which have been steadily
replacing x-ray technologies. Newer picture arafgvand
communication systems (PACS)[1] are more and more
common in medical environments and have, propddied
private enterprise developments, gained significant
relevance in patient treatment. These systems &dage
set of features ranging from image storing[2] toagma
distribution, including integration with other enmnments
like radiology [3] or nation-wide health informatio
systems.

Digital radiology images offer valuable knowledget n
onlythrough visual information, which fulfills thenain
purpose of creating the images, but also with natad
how, when, where the image was acquired and what
conditions the system had. Along with the imagestual
reports are usually produced, containing the gimedical
diagnostic. Although they only contain text infortioa,
these reports are crucial to a deeper analysiseoinhage
data as they are created by specialized clinicidine
textual information contained in these reportsiis,its
majority, free text. Free text has several maj@awdracks
derived from the fact that machines cannot undedsta
This lack of autonomous understanding disablesufeat
like automatic spatial coordinate’s discovery (iesian
image) or associations among distinct reports dhiwia
simple report. Summarily, it is difficult for botimachines
and humans to index, query or search free texttateth
in images. This limits the added value that imagtad
image annotations and clinical reports can offefuiire
interpretations for clinical, research, and teaghin
purposes.An image annotation can be seen as a&atlini

years, medical imaging appeared in several distinctreport component that has to be digitally stored mnade
formats, from the older x-rays to the newer magneti available to clinicians working in distinct operdi
resonances. Though,whatever is the image capturenvironments.

method, there is a common denominator:radiologygesa
provide a great added value to medical diagndses; &re

Moreover, with the Internet gaining momentum as a
development platform, we are assisting to a shifthie
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computational paradigm: moving from desktop
applications to web applications. Therefore, itrigcial to
prepare any novel web application for the futurernet:
the semantic Web[4]. Combining next-generation web
application requirements with the main objectives i
supporting image annotations results in an extrgmel
complex architecture.

To support this system, a comprehensive data nibdel
supports a large number of distinct structured tatiums
is necessary.A data model that permits distindiaimses
in both data storage and data exchange, each siihal
purposes and features, is needed. The work presémte
this article presents a prototype markup envirorttmen
complete with data model, architecture and viewing
application. The rationale behind this researchtads
reinforce that the data model is the foundationaolid
distributed system architecture supporting the renti
medical imaging and image annotations ecosystem.

This paper is composed of five sections. Next, resgnt
the main features that must compose the data madel,
state-of-the-art analysis regarding relevant warkthis
area and we propose a prototype data model. Se8tion
describes the implementation architecture and isnm
features as well as a use case scenario. In setctlmre is
a description of the created prototype applicatiinally,
in section 5 we present a discussion of the comduct
research and some key topics for further developsnen
this area.

[I.DATA MODEL

Health information systems (HIS) are a crucial
intervenient in modern medicine[5]. As soon as tepa
enters the emergency room or registers in the taspi
workflow is started with the main purpose of offeyia
digital service, with high quality, to hospital #ta
clinicians and patients[6, 7]. Hospital informatisystems
may be integrated (despite the inherent complexitiyh
regional or national health information systems &
easier integration of medical records and histpatient
information[8].
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following a few strict rules.Summarily, our data dedb
has to support the following features:

» storage of complex image annotations, composed
by text and graphic elements;

» possibility to instance an image annotation in a
simple structured report that could be exchanged
between a multitude of systems;

» deep connection with the PACS system, enabling
image exchanges between distinct software;

» support for patient data provided by the health or
hospital information services;

* RIS integration along with PACS and HIS
integration, thus promoting the creation of
applications that can be used inside and the
radiology department.

Research in this area has been mostly connectdd wit
DICOM improvements[12]. However, more recently the
caBIG AIM group has published its efforts revealiag
complex data model that is able to support the eeed
requirements[13]. This model is our main study obgnd

will be adapted in our prototype system. The main
purpose behind caBIG’s work is to create a new strgu
standard for image annotation. The data storagee i§s
solved using a data model that can store structured
annotations in a relatively simple fashion. Theadabdel
can also be simplified in a Extensible Markup Laagg
(XML) file and exchanged between various
platforms. XML is widely accepted in the medical
industry, whether one is dealing with web applimasi and
structured forms [14] or with the complex organiazatof

the medical imaging workflow [15]. The integratiai
PACS, HIS and RIS is attained by including idestii
and foreign keys that can inequivocally identifytezral
elements whether they are patients or DICOM images.

A. Data Storage Model

The annotation storage problem may lead to several
distinct software solutions and implementations. An
annotation is nothing more than a simple explanatio

descriptive information, produced by a human or a

Connected with these systems, there is, usually, amachine, that is directly related to specific saietected

radiology information system (RIS) and a PACS. PACS
rely mostly on the Digital Imaging and Comunicatiion
Medicine (DICOM)[9]protocol while HIS are supported
by Health Level Seven (HL7) [10]. Integration beéme
these systems is a complex issue that has beeessédr
by many private and public research groups[11l]. To
support our system, we need to create a new frankewo
A new stack of features that will be added to theaaly
cumbersome task of combining DICOM and HL7 data
and services.

Creating a data model that can interact with bt t
protocols and support any kind of annotation isitopia.

A more restrained and achievable goal is to support
large set of structured annotations made by chlnigi

in an image or a collection of images. That is, an
annotation describes, with a set of fixed pararsetdre
meaning of some relevant pixels inside an image.
Including annotations along with the images empswer
the creation of a semantic layer on top of themat th
enables the development of more autonomous software
tools and the implementation of noveltext or daiaing
features. These new tools have a growing importasce
they use concepts that will define the next germradf
web applications.

caBIG’'sproposed model can be organized in various
logical groups: general information, ontology fingdj
image reference, markup and calculation. This mods
chosen as the main case study especially becaise it
state-of-the-art implementation and it is the orid ywmore
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probability of becoming ale facto standard in image
annotation.

The General Annotation group (Figure 1) descrilbes t
generic properties of a specific annotation or et
annotations that are part of a report.

The main class, Annotation, is an abstract clasg th
derives in two kinds of annotations that can bedena
Annotation and Annotation of Annotation, which arsed

to annotate images or other annotations respegtivel
Annotation can also be related to User and Equipmen
which refer the annotation equipment. The Patidassc
can only be related with the Image Annotation gntit

Eluser
=g autharName : Sting
(=glognhame  String
cgroleInTral : Stin
(e Number WithinRoleOfCiiricalTial : Integer

| Equipment
S manufacturer : Sting
S manufacturebodelName : String
@ softwareVersion : String
0.1
0.1 N

1 Hannotation

Egamversion : String
e comment : Stiing
P (e dateTime : Date
g name : sting
Ui : Stiing )

[limageAnnotation ] Annotation0fAnnotation

5@ annotationOfAnnotation Type : AnnotationOfAnnatationidentifir

1
1

0.1 I
[ElReferencedAnnotation
(e referencedannotationUiD : Stiing

0.1
] ProbabilityMap

EginstanceUD ; Siin

e referencedinstancelD : Stiing

Clpatient
Egname : Sting
(e patientD : Stiing
g birthDate : Stiing
gsex: Stiing

Figure 1 — General Annotation data model

The Calculation group (Figure 2) represents how
calculations are stored in the data model. A cateuh is

a collection of results that are obtained autoradiyidrom

the image annotations. For instance, if an anrwtati
contains a circle, the calculation group will stéeatures
like area in square millimetres or maximum and mimn
pixel values.

The Calculation Result is the main class that stdhe
type of the result, the number of dimensions agdiitits

of measure. This class is crucial as it makes tobeemn
extremely generic, it can store distinct types edutts:
scalar, vector, histogram or array. In additionisitalso
required that the calculation coordinates (class
Coordinate) and also the final result (class Daed
stored.

= calculation
Eguid : String
=g desaription : Stiing
[EgmathML © String -
g type : AnnotationCalculationldentifier

= pimension
Egindex : Integer
g size  Integer
i label : String

] calculationResult
5 type : CalculationResuitidentifier
EnumberOfbimensions : Integer

.
R UnitOfvieasure : String L

i 1
0.1
pata
Shvakie i Float [~

[ coordinate
5 dmensionindex : Integer
1..* [ position : Integer

0.1

= Referencedcalculation
(g referencedCalculationUID : String

Figure 2 - Calcutation data model

Ontology defines a collection of related termse@aantic
thesauri that contains the terms that can be used t
describe a certain feature belonging to a predefine
scientific field. The Ontology group (Figure 3) ddbes
the key classes used to classify the features gigigrto
an annotation.

In this particular scenario, the controlled ternhirgies
derive from recognized ontologies: RadLex, SNOMED-
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CT or UMLS and are used to increase the semantieva
of each set of annotations.

| AnatomicEntity
E codeMeaning : String
&g codingSchemaDesignator : String
[Eg codeValue : String
[Eg comment @ Integer

0.1
£ 1magingobservationCharacteristic ] Imagingobservation
[Eg codeMeaning : String 5 codeMeaning : String
[ codingSchemabesignator © String g codingSchemaDesignator @ String
g codevalue : String 1 0,1 | G codevalue : String
[Egcomment : Integer i [Eg comment : Integer 1
0.1 0.1

Figure 3 - Ontology data model

The Image group (Figure 4) is the core of the aatimart
markup. This group stores a set of identifiers thisdw
access to the DICOM image that the annotations tefe
The Image itself is not stored in the databases, #tored
in an external PACS system and is only referenoeithe
data model.

Image Reference is the main image abstract clagh W
Image Reference is an instance that only storeb/Rieto
a specific image (PNG, JPEG...), not a DICOM file.
DICOM Image Reference contains a subset of clabses
are used to store the information required to a&caes
particular DICOM study and the annotated images
contained in the study.

g

g Ui : Stiing

[l Study
(5 studylnstanceUID : Stiing
(5 date : Date 1 1

fm}
=]

1 0.1

E image

1 5 50PClassUD : Sting

series 5 SOPInstancelID : Stiing 1
= - i mageLateralty : String L o .
LFES‘E‘E:f;‘[ﬁ’;’;n(zu‘gu"ft'm 55 patientOrientationRow : String H ImageView
ity T + EgPpatientOrientationColumn : String
= Vi 5ting g pixelSpacingHorizontal : Doble
e phelSpacingertical : DoLble
g accusitiorDatetime : Date

1y (] codesequence

1 | G codeMeaning ; Sting
5 codeVale : String
5 codeSchemaDesignatar : Stiing
I codingSchemelersion : String

1

Figure 4 - Image data model

The Markup group (Figure 5) is used to store thagen
annotation elements: the textual and graphical
representations. Text Annotation is used to ldbelnage
and store the reported annotation itself. Everyotation
needs a graphical representation in the imagehisncase
one can have several basic shapes drawn in thesinhag
order to view these graphic annotations corredtlgalso
required that their coordinates are stored to allaw
redrawing in the exact position when viewing the
annotation.
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g I spatialCoordinate <annotation id="1">
= TextAnnotation (g coordinatelndex : String . -
A <dat eTi me>02- 01- 06</ dat eTi me>
it i : <name>t he anenx/ name>
g fontstyle : Sting i ‘Stﬁm 1 g i =] i . . .
g s itk 31 Doukle - Double <t echni que>t echni que</t echni que>
e bext Justifiy : Shring B3 lneThickress : Sti gV ! Double I3y : Double .
Shentopacy Sang oevairin B Srbee | St s <comment >conment ar i es</ conment >
EyshapelD ; Integer e U2 St el it o . .
! <i mageAnnot at i ons>
e [ [ o) [ <i mageAnnot ation id="11">
<i mageRef er ence>
Figure 5 - Markup group data model <web>Di com aspx?ui d=</ web>

<di com mageRef er ence>
<di com D>121111</ di com D>
<dat e>2006- 06- 01</ dat e>

<seriesU D>1242342334</ seri esUl D>

B. Data Exchange Model

The data exchange model is a simplified versiorhef <pr ot ocol >pr ot ocol </ pr ot ocol >

data storage model, compressed in a XML file. This <nmodal i t y>modal </ nodal i ty>

exchange format is important specially due to taseeof :; id'n;"g‘Re”?g?S‘;fcz;e“”

use _of XML files and.the fgmhty of transportingMd{ <t extinnot ationsfree text</text Annotation>
files in the Internet. Using this data format, @gie XML <geonet ri cShapes>

file containing the minimum structured report reqdi <geonet ri cShape id="1">

data could be exchanged between applicationsenr by <type>c</type>

<spati al Coor di nat e>

mail between clinicians, thus improving communioati
<x>500</ x>

and collaboration in the medical ecosystem.

_ . . <y>400</y>
_The XML file |s.composed of two main groups: gtudy </ spat i al Coor di nat e>
information and image annotations. The study graup <di anmet er >47</ di anet er >
composed of information about the clinician, thdigra </ geonetri cShape>

and the used equipment. This group stores mostly </ 9eometricShapes>
identifiers that will be used by the applicatiohsitt read

the XML file. The proposed data model is the main component of ou

prototype system. The data model is flexible: in ca

<study id="T500278"> accommodate various distinct types of structurgubmts

:LZL?Z composed by heterogeneous annotations. The tradeoff

<aut hor Name>t he name</ aut hor Name> between designing a generic model that is abletdres

<| ogi nNane>| ogi n</ | ogi nNane> any kind of annotation and designing a specific ehddr

<rol e>the rol e</rol e> data exchange had to be made. Though we believéhtha

</ user > overall model fulfills the initial system requirents.

<patient id="1">

<nane>anonynous</ nanme>

<patientl| D>1</patient| D>

<bi rt hDat €>1980- 01- 01</ bi r t hDat e>

<sex>Mk/ sex> Starting from the same data model and fulfillingniar

</ patient> features, we can implement several distinct archites.

<equi pnent > . . . .

<manuf act ur er >S</ manuf act ur er ><nodel Nane>D</ m _Common tp any archlteCtL_Jre we design, is the coxityle
in integration of the various components. Desplte t

I1l. ARCHITECTURE

odel Name>

<sof t war eVer si on>3. 0</ sof t war eVer si on> advances in integrating HL7 and DICOM [11], it &ls
</ equi pnent > necessary to integrate RIS and our own data madal i
</info> single cross-environments architecure.Figure 6sgmis

our prototyped architecture comprising only theee$ial
As observable in the General Annotation data storag components.in this scenario, we consider that eathe
model, each annotation is composed of several eitsme components offers access to available data through
In the XML exchange file, each annotation contains services. This results in a small scale servicenoed
information regarding the clinician, the techniqused  architecture (SOA) [16]. Considering that the elatae
and optional commentaries. Additionally, it alsorss the
minimum information required to access the DICOM ._,‘ MIM
server and retrieve the annotated study. Nextethger Viewer
node list referring the concrete annotations, thectan’s
text and, if existing, the graphical shape markihe
annotation in the digital image.

 EE—

TV
Writer

Figure 6 - Medical Imaging Markup Environment siifiptl

<annot at i ons>
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involved in this system act as services, resultsain with the system, they must be included in these two
simplification of the information required in theatd categories. Applications developed in both catexgowiill
model. Therefore, another benefit is taken fromngisi connect directly with the MIMEngine to execute any

simple indentifiers in the data model. operation.
Medical Imaging Markup Writers (MIMWriter) are
A. System Components heavy applications used to annotate images. Glngci

will use this kind of application to load DICOM imes
The system is composed by six main components. Thisand to make their personal annotations. Featltewbice
oversimplification does not include middleware or text recognition should be supported, in order t
components that are required in real world instance automate the process of generating a structuredrtrep
Elements like firewalls, middleware conversion w@iite from the clinician diagnosis. With MIMWriter, clicians
or security providers (essential for providing can add, view or modify structured reports at atage.
authentication, authorization and accounting inlthea Considering the collection of features that MIMWgri
environments) are not mentioned as they would can support, they will generally be desktop-based
unnecessarily increase the complexity of our small applications. This fact is not an imposition, baatures
prototype research. like image editing or voice recognition require are
The Medical Imaging Markup Engine (MIMEngine) is hardware resources for proper execution.
the core of the image annotation system. It is the Medical Imaging Markup Viewers (MIMViewer) are
component responsible for connecting all the irgaient small applications with the main purpose of viewing
in the system. This means that any message or datannotated images. MIMViewers’ features will be feed
exchanged within the system passes through theon simple and usable interfaces that can show @mpl
MIMEngine. The MIMEngine is also responsible for annotations and structured reports to any userthehét
controlling objects instanced in the proposed tlgad is a specialized clinician or a patient. The mainppse of
model. That is, accesses to the data storage databa MIMViewers is to offer annotated image access tooues
(store, retrieve or update) and data exchange filesintervenient. That is, using MIMViewers, cliniciamsn
operations (read or write) are managed by theshare their reports with other clinicians that are
MIMEngine. The main abstraction is that the MIMEmgi  geographically separated or provide report acaesbetr
works as a proxy that the remaining components mustpatients. Therefore, MIMViewers should be cross-
contact for a proper execution of the operational platform rich Internet applications, enabling raaie
workflow. access to data at any time from any position irgtbbe.
The PACS is a mesh of computers, mostly servers,
connected with the main purpose of executing alksda  B. Usage Scenario
related to DICOM studies: storage, retrieval, disttion
and presentation. In this particular case, it quneed that For a better understanding of thementioned comgsnen
the PACS system offers web access to DICOM objectsinvolvment in a typical daily operation it is adafde that
(WADO) functionality. WADO permits that a particula a real-world scenario is described. A executionkfiow
series of a specifi study is accessed through HTTP.representing a traditional usage scenario is déetaiext.

DICOM parameters are passed in the query stringtlaad » A Patient arrives at the hospital and is registered
server will reply with the selected image. in the HIS. In certain cases, private
The RIS is enclosed in the radiology section. Byistem patientinformation is retrieved from a larger
is an organized framework that is used by medical information system.

radiology sections to collect, manipulate and iste » After a preliminary analysis, the Patient is
patient data and image references. RIS mostly store ordered a computerized tomography (CT). The
patient schedules and are directly connected whith t required data is added to the RIS and the Patient
image acquiring hardware. Thus, they are criticathe is submitted to a CT scan.

radiology workflow. * When the CT is finished, the obtained image is
Besides the RIS there is often the HIS. The HI$ede immediately stored in RIS and passed to the
wider than the RIS. Although most of the HIS anedily hospital PACS. When stored in the PACS, it is
related to hospitals, they can also be a part tdrger made available to other systems.

health information system, operating regionally or e Later, when Doctor A is examining the Patient,
nationally. HIS store private patient data suchmaslical he accesses the CT scan with a MIMWriter.
history, familiar relations and are optimized fecsrity as MIMWriter is a desktop-based application
they are often responsible for administrative andrfcial offering DICOM features that communicates with
tasks. the MIMENgine to gather the Patient’s study.

In the architecture we have included two main tlien » Doctor A uses MIMWriter to make his diagnose
applications. They can be seen as application oet=y and clinical report. At the same time,Doctor A

Although diverse applications can be developeadteract
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annotates the study with several noticeable traitsmodules created to mimic the complete platform.sEhe
found in the CT. modules include a XML file containing the annotatpa
When the job is finished, Doctor A saves the Viewer and a DICOM component.

annotations and the structured report. MIMWriter The annotations were taken from clinical reportsdiena
will save the report in the MIMEngine database. by clinician Miranda Rodrigues and are associatédith w
No data from the PACS, RIS or HIS is changed. the DICOM images provided in a distinct media forma
The Patient's CT shows some traits that do not The XML file containing the annotations intends to
corresponed to a easily-dectected disease. Doctorepresent a structured report that includes maltipl
A has some doubts about the final diagnostic and annotations,in adequacy to the previously defirddme.
contacts his colleague Doctor B, to obtain other The DICOM module is a simple stub for a DICOM
opinion. This can be done using any kind of PACS server with WADO functionality. This component
communication method. will receive the DICOM identifiers read from the
At the moment, Doctor B is at home. Due to this annotations file and retrieve the image referericethe
fact he has to access MIMViewer, a web annotation. The DICOM identifiers are passed in the
application, and authenticate in the system to HTTP query string allowing a generic access by the

analyse the Patient's CT. MIMViewer will

communicate with the MIMEngine to gather the
required information;: DICOM images, Patient
information and clinic history showing it to

Doctor B.

« Doctor B navigates in MIMViewer’s interface
analysing Doctor A report.

e Doctor B and Doctor A exchange information
regarding the Patient’s diagnostic which is then
communicated to the Patient, resulting in an
overall diagnose with improved quality.

This simple usage scenario highlights the relevaofce
the components included in the architecture as pieey a
key role in one or more steps of the detailed wowkf

IV. MEDICAL IMAGING MARKUP VIEWER

MIMViewer is the main client component that was
prototyped in this work. The initial purpose foreth
development of this client was to exhibit the ptitdities
that this kind of platform can offer to generalnaians.
The developed application is available online (alph
version) at http://bioinformatics.ua.pt/MIMViewer.

This simple application contains only a small stilisfe

VISUALIZADOR AJUDA

Viewer module as well as by any other application.
Although this represents a DICOM server, the DICOM
images are not gathered in real-time: the DICOM uhed
simply selects an image from a static group of iesag
which is more adequate to the study viewed on scree
This option was taken due to the fact that, duresparch,
access to a real DICOM WADO service was not avéglab
The Viewer module is the main application component
It allows access to the list of available annotatadlies
and access to each study set of annotations. Figinawvs
an example of the Viewer in operation. On top thsrthe
main application menu that provides access to ¢hersl
available features. At the left there is the stlidy; the
clinic list and room for any other list that can decessed
by the MIMEngine. In the middle there is the main
workspace that is divided in three sections. Thp to
section contains a simple annotation summary atdfte
and the annotation image at the right. At the bottbere

is the complete annotation report with linkablensdats
that dynamically change the annotation image ihtreee.
This image is obtained from the DICOM module arid, i
clicked, provides access to a full preview of theatated
image.

Ti00ZTE
Data 02-01-06
Ver estudo.

Tag70T8 Comentario

Var estudo.

T470107

Var estuda.

Técnica

Clinicos

1 A .Miranda Rodrigues

Ver Clinico.

José Fonseca

Ver Clinico.

Manuela Delgaco

Var Clinico.

Ricardo Sampaio

War Clinico.

Médico Mirandz Rodrigues

Efectucu-se uma avaliacdo

comparativa com o

||'j‘_‘iltéd€- contraste endovenoso.

Figure 7 - Medical Imaging Markup Viewer prototyipéerface
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V. DISCUSSION web technologies constant evolution, it is of major
importance that novel applications encompass featur
The developments presented in this paperempower ahat can promote the future Internet. In this crite
deeper study in this area. Several research linesbe structuring text and adding semantic textual artiwta to
followed to improve know-how in the matter in haradsl images will provide developers with a huge dataxfet
to foster the development of state-of-the-art madic medical records that can be used to extract novel
imaging platforms.A primary research line shoulddst information from relations between medical termsbgr
the enhacement of the framework data model, impiéme browsing through large archives of medical inforioat

it physically in a database and develop a datasaceger for a given disease.

to store, manipulate and retrieve the stored inétion. It In a long-term perspective, the studied AIM framekv

is also important to improve the XML file formatrfo will empower multicenter clinical trials where data
annotation exchanges between heterogeneous systemsollection and analysis spans multiple investigatand
These exchanges can be made between several systemastitutions. In addition, caBIG’s AIM has the majoal

import from portable format to database, exportmfro
database to portable format and exchange betwsénati
operating environments.Desiging and
MIMEngine, which is the platform core and must waik
a proxy and integration element between the system
components is required. Additionally, developing
communication methods between the MIMEngine and the
PACS, RIS and HIS platforms in order to allow direc [2]
reference to data and data exchanges between all th
components in the environment is a needed complemen
Further developments in MIMViewer should includewne
interface features that enhance visualization défied
and ease the clinicians’ tasks. Some of these novel]
features can be: annotation edition, dynamic atioota |5
viewer, real-time annotation, data mining, textdrisg
and real-time access to heterogeneous data (patient
clinician, equipment, DICOM). The MIMWriter (6]
component should also be developed and tested by
clinicians in their laboratories to assess thevarlee and  [7]
impact of such a tool in the lab operational warkil (8]

Image annotations represent a powerful added value
disease diagnostics based on medical imaging. feetym
quality of current computerized images, free tdghents ol
provided by clinicians will always be a valuableddibn
to the obtained medical data.Creating a standatd da
model for these textual elements is crucial to weprthe
quality of digital diagnosis and to empower the
development of novel tools based on communicatiwh a
collaboration between clinicians and supported by
advanced data manipulation features and information
exchanges.

In this paper we present a simple information mddel
image annotation and markup in health care based 0T13]
caBIG AIM work. The prototyped also includes a
simplified architecture and a prototype viewer aggilon.

(1

(3]

[10]

[11]

[12]

We believe that our proposal highlights the majendfits 14!
that could be obtained by developing such complex
environment. The ability to annotate images anelxtoact [15]

valuable information from the annotations is ahstap in

the evolution of technological medical environments
Furthermore, a complete Medical Imaging Markup [16]
Environment will promote communication and
cooperation between clinicians which will, ultimiste
result in a better service provided to patientsthhe

of becoming an industry standard through providang
foundation for standardized image annotation precin
implementing the clinical and scientific research communities.
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