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t. In the paper we report on our results inthe EMG-net INCO Coperni
us proje
t. We dis
ussdi�erent data representation formats used for 
olle
tionand management of ele
tromyography (EMG) data.Data representation is des
ribed in the 
ontext of theproposed multifun
tional platform for EMG studies.The platform ar
hite
ture 
onsists of four layers: data
olle
tion, data analysis, learning and edu
ation. We
on
entrate on the data 
olle
tion layer, whi
h is realisedby set of software tools for 
olle
tion of data about EMGexamination 
ases (EMMA tool) and EMG normativedata (NoDAM - Normative Data Appli
ation Managerand NoDAC - Normative Data Appli
ation Client tools).Keywords: Ele
tromyographi
 studies, multifun
tionalplatform, EMG data representation, EMG Markup Lan-guage, relational database, distributed data 
olle
tion.1 Introdu
tionEuropean Resear
h Network for Intelligent Supportof Ele
tromyographi
 Studies (EMG-net) is a re-sear
h INCO Coperni
us proje
t, whi
h aims at es-tablishing a resear
h network 
ombining ele
tromyo-graphy and information te
hnology (IT). The EMG-net 
omprises teams of physi
ians and IT expertsfrom nine Western and Central/Eastern European
ountries. The EMG-net is a su

essor of the ES-TEEM (European Standardised Telemetri
 tool toEvaluate knowledge-based EMG systems and Meth-ods) proje
t that �rst introdu
ed a set of standardsfor EMG studies [9℄.Ele
tromyography (EMG) is a standard method formonitoring neuromus
ular a
tivity at the level of bio-�Slovak University of Te
hnology, Department ofComputer S
ien
e and Engineering, Ilkovi�
ova 3, 812 19Bratislava, Slovakia, fbielik,navratg�elf.stuba.sk, smo-larova�d
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ele
tri
al signals. The EMG diagnosis is based on asystemati
 a
quisition of numeri
 and symboli
 data.The domain of EMG is broad, 
overing more than ahundred existing diagnoses, exploiting knowledge be-longing to various kinds of data, in
luding about fourthousand tests of nerve or mus
le stru
tures [12℄.The relative 
omplexity of EMG examinationraises possible problems for physi
ians. Some novi
epra
titioners propose ex
essive tests that are 
ostly,time 
onsuming and painful for patient just be
ausethey fear they might omit some relevant tests. Somephysi
ians, on the other hand, tend to propose onlya very limited set of tests be
ause from their expe-rien
e they are able to tell with a high probabilityresults of whi
h tests they need to 
omplete a diag-nosis. However, su
h insuÆ
iently 
omplete exami-nations may not allow for example to 
onsider 
asesof asso
iated pathologies. Thus experts in the areaof EMG 
all for some kind of standardisation of theexamination pro
edures. Moreover, to foster a moreobje
tive interpretation of test data, standardisationof values resulting from respe
tive tests attributed tohealthy population, i.e. de�ning so 
alled normativedata, is important, too. Yet another issue is more ef-fe
tive reuse of expert knowledge that is 
ru
ial in in-terpreting data 
olle
ted during an examination andin formulating a diagnosis.The EMG-net proje
t has been interdis
iplinaryand international, with several teams working on par-ti
ular problems. In this paper, we shall not report onproje
t's results as a whole. Quite naturally, we shallrestri
t ourselves to those that fall within our team'sdire
t responsibility. We shall devote our attentionto the problem of distributed EMG data 
olle
tion,a

ess and manipulation.The outline of the rest of the paper is as follows.In Se
tion 2, we brie
y des
ribe ar
hite
ture of the1



proposed multifun
tional platform for EMG studies.Next, in Se
tion 3 
on
epts of the EMG data 
olle
-tion are summarized. We dis
uss di�erent formats ofEMG data representation in Se
tion 4. In Se
tion 5,we present realisation of the data 
olle
tion layer bya set of software tools. We 
on
lude the paper withour 
on
lusions.2 Multifun
tional Platform forEMG StudiesAs a part of the EMG-net proje
t a multifun
tionalplatform for EMG studies has been envisaged. Thegoal of this e�ort was to assist pra
titioners in devel-oping standard examination pro
edures. This goal
an be seen as a �rst step towards a virtual 
lini-
al ele
tromyography laboratory that will integrateavailable sour
es of domain knowledge and data withadvan
ed information pro
essing te
hniques. In
or-porating world wide web into the platform's stru
turehas been essential from this point of view.The platform for EMG studies 
onsists of four lay-ers: data 
olle
tion layer, data analysis layer, learninglayer and edu
ational layer (see Figure 1). Individ-ual layers operate on the EMG data and knowledgestored in the EMG 
ase base and the EMG knowl-edge base. Ar
hite
ture of the multifun
tional plat-form for EMG studies evolved from the proposal in-trodu
ed in [2℄.The EMG 
ase base is 
reated by the �rst layerof the proposed ar
hite
ture. It 
ontains roughly fol-lowing groups of data:� general data (patient, examination),� primitive measurement data (mainly numeri-
al values for 
ondu
tion velo
ities, amplitudes,et
.),� symboli
 interpretations of these measurementsat various levels of detail (symboli
 parame-ter values, pathophysiologi
al test 
on
lusions,pathophysiologi
al stru
ture 
on
lusions, EMGdiagnoses and 
lini
al diagnoses)� normative data whi
h serve for interpretation ofmeasured values.

The EMG 
ase base is a
tively used by data anal-ysis and learning layers. These layers 
onsist of aset of data analysis, data mining and ma
hine learn-ing tools. The obje
tive of these tools is to analyse
olle
ted EMG data for 
onsisten
y, 
ompleteness,performing useful statisti
s and "mine" new EMGknowledge from data a
quired at the data 
olle
tionlayer.EMG knowledge is stored in the EMG knowledgebase, whi
h is realised as a web server 
ontainingavailable 
onsensual knowledge on the EMG domain[12℄. The server, pra
ti
ally, re
e
ts the 
urrent stateof expertise in the EMG domain and provides a pos-sibility to a

ess this expertise via world wide web.Ea
h layer 
an use the EMG data and knowledgethrough information retrieval and re
ommendationfa
ilities. This part of the ar
hite
ture is inevitable,mainly due to extensiveness of the EMG domain.One promising approa
h is sharing knowledge aboutquality of information resour
es using 
ombination of
ontent-based and 
ollaborative �ltering [11℄.3 Computer Supported Colle
-tion of EMG DataEMG data are 
olle
ted at several levels: the lo
allevel, the national level, and the European level. Thelo
al level is represented by a parti
ular EMG work-pla
e. The national and the European levels are in-tended mainly for ex
hange of the EMG expertisea

umulated during years of pra
ti
e. This wouldimprove the quality of an early diagnosis and pre-vention of neuromus
ular diseases in ea
h parti
ular
ountry, or a whole region. The national level of theEMG data 
olle
tion be
omes also important whenthe aim of the EMG data 
olle
tion is developmentof normative EMG data.Computer support of lo
al EMG data 
olle
tion isrealised through a 
ombination of an automated sup-port of data a
quisition from the EMGma
hine and amanual input (or modi�
ation) of the EMG data by aphysi
ian. Manual input is inevitable at least in 
aseof inferred data (physi
ian's 
on
lusions). Proposing
on
lusions at di�erent level of diagnosis 
an be sup-2



Figure 1: Multifun
tional EMG platform.ported by a de
ision support tool (analysis or learninglayer of the ar
hite
ture).The EMG data distribution is supported throughglobal 
omputer network or Internet. EMG data arestored in a global database, whi
h should be syn
hro-nised with lo
al databases in order to 
ontain 
or-re
t data from all EMG laboratories. In fa
t, severalglobal databases 
an exist: global national databasesand global regional databases. This hierar
hy allowsthe use of a software tool on all three mentioned lev-els: lo
al, national and European. Separating parti
-ular levels enables use of the 
olle
tion software toolin o�-line mode, i.e. the physi
ian is allowed to enterdata without the Internet 
onne
tion.The des
ribed hierar
hy is employed also for 
ol-le
ting measured EMG data suitable for norma-tive EMG data determination. To �nd values thatare as representative as possible (to be
ome a truestandard), 
ollaboration of several laboratories dis-tributed throughout the territory is inevitable. Themeasurements are 
oordinated by the EMG labo-ratory that should issue requests for EMG mea-surements to parti
ipating laboratories, a

umulate,store and monitor the measured EMG values pro-vided by all partners. However, all parti
ipating lab-oratories should 
losely 
ollaborate on formulating

the requests. Well-de�ned requests strongly in
uen
eresults of a pro
ess of EMG data 
olle
ting, be
auseea
h laboratory 
an have spe
i�
 possibilities a

ord-ing the measured values (also in respe
t with healthyvolunteers).The physi
ian in an EMG laboratory re
eives arequest 
ontaining information about required EMGexaminations, requirements on a subje
t being exam-ined (sex, age, temperature, et
.) together with ad-ditional information, whi
h allows standardisation ofthe examination pro
ess. The measured EMG values(response) are passed to the 
oordinating laboratory.4 EMG Data RepresentationDuring the ESTEEM proje
t, the software tool forthe EMG data 
olle
tion (
alled CASETOOL) wasdeveloped together with Communi
ation Proto
olEPC/ECCO 3.2 for ex
hange of the EMG data [8℄.Binary ECCO format has been designed as an eÆ-
ient format from the point of view of storage. Sev-eral existing tools use the ECCO format (e.g., KAN-DID [6℄). Moreover, EMG laboratories, whi
h formthe EMG-net 
onsortium, have 
olle
ted in the lastyears together more than 1000 EMG examination
ases stored in this format. There exists also so 
alled3



golden EMG data 
olle
tion, whi
h stores more than200 examination 
ases resulted from the 
onsensus ofpartners from about a dozen laboratories (ea
h fromdi�erent 
ountry in Europe). The golden part of theEMG 
ase base is intended for data analysis and min-ing.Main diÆ
ulty with the ECCO format lies in itsin
exibility with respe
t to extensions. The problemarose during the EMG data 
olle
tion and evaluation.Binary format is also not very suitable for ex
hangeusing the Internet for reliability reasons.In order to preserve 
ontinuity in the EMG-netproje
t as well as to support future developments,we proposed using several data representation for-mats, whi
h range from binary format (Communi-
ation Proto
ol EPC/ECCO 3.2) through relationalformat (represented by a relational database) to textformat (represented in the eXtensible Markup Lan-guage).ECCO is retained in the EMG examination 
ases
olle
tion and management tool in the form of ex-port/import 
apabilities. The relational format isadvantageous be
ause of its 
exibility, extensibilityand portability. It is used for persistent storing EMGexamination 
ases. Relational format presents also abase for data mining. It is re�ned on the higher layersa

ording to spe
i�
 requirements for data analysisand knowledge dis
overy [7, 10℄.For the purposes of 
ollaboration, we proposedrepresentation of the EMG data by the eXtensibleMarkup Language (XML). XML was 
hosen be
auseits fa
ility to des
ribe the 
ontent of (semi)stru
tureddata 
exibly and a
ross multiple platforms. Thereadability of XML do
uments as well as the avail-ability of software tools supporting XML manipulat-ing was equally important.Ex
hange of EMG examination 
ases is importantin the pro
ess of 
onsensus exer
ises, where a groupof physi
ians dis
usses parti
ular EMG examination
ase in order to rea
h 
onsensus regarding an EMGdiagnose as well as a 
lini
al diagnose. Distributionof requests and 
olle
ting responses serves for 
olle
t-ing data suitable for normative EMG data determi-nation.The proposed markup language for EMG data ex-
hange (EMG-ML) is supposed to 
reate XML data-


entri
 do
uments [5℄. The EMG-ML re
e
ts 
on-tents of the EMG 
ase base. It de�nes markup fordata about the patient's examinations, together withdata related to requests and responses used in thepro
ess of normative EMG data determination.It should be noted that data about some patient'examination are to be treated with an extreme 
arewith respe
t to possible enfringement of individualpriva
y. However, data is sent in this format for thepurpose of 
ollaboration on su
h themes as 
onsensusexer
ises where all 
ases are stri
tly de-personalisedso that personal identi�
ation is not possible.5 Developed Software ToolsAt the moment the data 
olle
tion layer 
onsist of aset of software tools aimed at 
olle
ting data aboutEMG examination 
ases [4℄ and normative EMG datadetermination [3℄.Software tool for 
olle
tion of EMG examination
ases 
alled EMMA stores and enables manipulationof all the above mentioned data. Moreover, we alsoin
orporated EMG normative data into the design,whi
h serve for a

urate examination interpretation.Input and modi�
ation of normative data in all therequired formats (e.g., in table format, fun
tional for-mat) together with 
al
ulating symboli
 parametervalues a

ording these data in an a
tual test are sup-ported.Colle
tion of normative data is a 
omplex pro-
ess, whi
h involves 
ollaboration of the 
oordinat-ing laboratory and the lo
al laboratories. We there-fore took the strategy of developing two distin
tbut 
ommuni
ating software tools: NoDaM (Norma-tive Data Manager) and NoDaC (Normative DataClient). Communi
ation is realised by requests andresponses represented in the EMG-ML language.The NoDaM is dire
ted for the 
oordinating EMGlaboratory. Its primarily fun
tions are to produ
e the
orre
t request do
ument a

ording to physi
ian's re-quirements, pro
ess the data from the response do
-ument and transform them into the EMG 
ase base.The NoDaC software tool allows an examiner tore
ord the values of EMG parameters. It lets him/herto review the requirements from the 
oordinating lab-4



oratory and sent measured data ba
k in the form ofresponse do
ument. Our main goal was to keep thistool as simple as possible by providing the minimalfun
tionality a
tually needed. We therefore designedNoDaC as a dynami
 form 
on�gured by the request�le. Only those parameters spe
i�ed in the obtainedrequest do
ument are displayed in the form (see Fig-ure 2). The other ones, non-relevant or not required,have not to be 
onsidered.6 Con
lusionsPresented work is aimed towards EMG standardisa-tion by development of a multifun
tional platform forEMG studies. We 
on
entrated in this paper on data
olle
tion and representation, whi
h is 
ru
ial task insu
h data intensive area as is the EMG examination.Our design is realised in a set of software toolsaimed at 
olle
ting and managing EMG patients' ex-amination 
ases and 
olle
ting data for EMG norma-tive data determination. Developed tools are built onthe top of designed relational EMG data model. De-veloped software tools serve as a basis for ex
hange ofexpertise among a 
ommunity of neurophysiologists.We proposed the 
ommuni
ation method betweenthe EMG laboratories at di�erent levels (lo
al, na-tional, or European). The 
ommuni
ation is based onusing the EMG Markup Language developed a

ord-ing the XML standard. The stru
ture of the EMG-ML do
uments is 
exible so that new types of entitiesmay be easily integrated.Developed software tools for 
olle
tion of EMG ex-amination 
ases and for EMG normative data deter-mination form the �rst layer of the proposed ar
hi-te
ture of multifun
tional platform for EMG stud-ies. Developed tools ease not only 
olle
tion of EMGexamination 
ases, but more importantly reviewingthe examination 
ases during 
onsensus exer
ises andmaking de
isions about a diagnosis.A
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