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AbstrAct

In mobile healthcare, medical information are often expressed in different formats due to the local poli-
cies and regulations and the heterogeneity of the applications, systems, and the adopted Information and 
Communication technology. This chapter describes a framework which enables medical information, 
in particular clinical vital signs and professional annotations, be processed, exchanged, stored and 
managed modularly and flexibly in a mobile, distributed and heterogeneous environment despite the 
diversity of the formats used to represent the information. To deal with medical information represented 
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in multiple formats the authors adopt techniques and constructs similar to the ones used on the Internet, 
in particular, the authors are inspired by the constructs used in multi-media e-mail and audio-visual data 
streaming standards. They additionally make a distinction oft the syntax for data transfer and store from 
the syntax for expressing medical domain concepts. In this way, they separate the concerns of what to 
process, exchange and store from how the information can be encoded or transcoded for transfer over 
the internet. The authors use an object oriented information model to express the domain concepts and 
their relations while briefly illustrating how framework tools can be used to encode vital sign data for 
exchange and store in a distributed and heterogeneous environment.

IntroductIon

Mobile healthcare applications receive more 
and more attention due to the ability to reshape 
healthcare delivery, for example, enabling self-
management of patients whilst they pursue their 
daily activity. Information and Communication 
(ICT) technology and infrastructures which pro-
vide the necessary ubiquitous connectivity enable 
these applications. Competitive value-add ICT 
providers moreover facilitate these applications 
with alternatives to computation and communica-
tion services. Today’s environment for networked 
applications is therefore rich in ICT services 
which are accessible anywhere and anytime, for 
example by prepaid or subscription contracts 
between users and ICT service providers or by 
collaboration contracts between these providers. 
Such environment enables applications to select 
(wireless) connections of required quality and 
technology which are considered best for their 
purpose. A mobile application may for instance 
seamlessly switch over between GSM, UMTS or 
WiFi 802.11 (Schiller, 2003) connections that are 
offered by competing providers. These develop-
ments enable mobile healthcare applications in 
choosing the appropriate situations with adequate 
ICT support that permit healthcare to be delivered 
where previously it was difficult or impossible to 
do so (Wootton, 2006).

Due to these ICT and business advancements, 
a travelling patient with a chronic disorder can 

be monitored continuously everywhere in the 
country of residence as well as abroad. If his 
health condition requires, he may be examined 
at a care centre abroad that uses equipment dif-
ferent than at his country of residence.  This may 
further imply that the format of the processed 
healthcare data differs from the format used at 
his residential care centre. Local care centre’s 
policy or local governmental health regulations 
may also impose the use of a different healthcare 
data format standard. In (near) future mobile 
healthcare therefore, we typically need to deal 
with healthcare data which are represented in 
multiple format standards due to the different 
policy or regulations and the heterogeneity of 
applications, systems and ICT technology.

This chapter describes a framework which 
enables healthcare data, in particular (digitized) 
continuous-time patient’s vital signs and profes-
sional annotations, be processed, exchanged, 
stored and managed modularly and flexibly in a 
mobile, distributed and heterogeneous environ-
ment. A framework is often described as a basic 
conceptual structure to compose something from 
fitting parts. In the context of this chapter, a 
framework is an integrative (standardized) con-
ceptual structure which brings together a set of 
components which themselves may be standards 
such as vital signs format & encoding standards 
(Blair & Stefani, 1998). It therefore addresses 
questions like:
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•	 how to deal with healthcare data expressed 
in accordance with several data format 
standards and how to encode the data to fit 
to the characteristics of the provided con-
nections to enable effective and efficient 
data transfers;

•	 how to deal with professional (textual, 
graphical or multimodal) annotations and 
derived (i.e. trend) signs in sync with the 
analyzed vital sign segments;

•	 how to manage vital sign data sets of a pa-
tient that originate from the same measure-
ment session in a (distributed) study, which 
typically process data in several steps using 
processing tools with specific parameter 
settings. Similarly, how to manage vital sign 
data sets (of the same patient and the same 
measurement session) in different formats, 
e.g. if the returning traveling patient, who 
has been monitored and diagnosed in a care 
centre abroad, consults his general practi-
tioner, who then inspects the annotations 
and the vital signs measured and processed 
using a locally certified system to confirm 
the annotations, the diagnosis and treatment 
of his colleague abroad.

The proposed framework should furthermore 
fit to the practices used in ICT to manage the use 
of multiple format and encoding standards, as 
discussed in the next sections.

In the next section, we discuss some of the 
issues of information exchange using computer 
networks and illustrate the need for a framework 
which flexibly supports exchange of healthcare 
data, in particular digitized continuous-time vital 
signs and professional annotations, in a distributed 
and heterogeneous environment. Thereafter, we 
analyze the functional requirements of mobile 
healthcare stakeholders on the framework. We 
address only those stakeholders that influence 
the functional aspects of a framework for multiple 
formatted vital signs for use in a heterogeneous 
distributed environment. Stakeholders addressing 

financial aspects like insurance companies are 
therefore beyond the scope of this chapter. In the 
section thereafter, we address the representational 
model, which distinguishes between the syntax 
for data transfer and store from the syntax for 
expressing medical domain concepts. Then, we 
discuss the information model of the framework 
and some ECG standards. Thereafter, we address 
some other abstract syntax notations and briefly 
discuss tool based translations of abstract syntax 
to transfer syntax. The last section presents our 
conclusions. 

bAckground 

One of the issues of transferring information in 
an ICT environment is to preserve meaning de-
spites the dynamic property of the data transfer 
characteristics of the connections and the different 
ways of representing information at the computer 
systems at the connection endpoints. A connec-
tion in this environment can be modeled by a bit 
or a character pipe (i.e. a model which supports 
the transfers of sequences of bits or characters, 
respectively). For example, an echocardiogram 
needs to be formatted as a sequence of pictures, 
serialized, and encoded further to suite the pipe, 
transferred via the pipe, and at the receiving end 
reconstructed (i.e. decoded). This chain of data 
formatting and encoding steps requires a suitable 
end-to-end quality to preserve the clinical inter-
pretations of the echocardiogram. Mechanisms 
and techniques for data formatting and encoding 
have been widely investigated and developed in 
the area of computer networking. In this chapter, 
we present the data representation model of the 
Open Systems Interconnections (OSI) of Inter-
national Organization for Standardization (ISO) 
(MacKinnon, 1990). This model provides clarity 
to and better understanding in the structures of 
many format and encoding standards like MPEG, 
JPEG, H.261, or DICOM (Le Gall, 1991; NEMA, 
2007a). This is due to the distinction between 
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abstract syntax representation, which is suitable 
for the entities that exchange information, and 
transfer syntax representation, which is suitable 
for the pipe that transfers the serialized and en-
coded data. This distinction therefore separates the 
concerns of exchanging concepts of the domain 
ontology from the concerns of serializing and 
transferring the encoded concepts in a meaning 
preserving way.

As in multimedia, several formats and encod-
ings have been proposed or developed for vital 
signs, in particular for electrocardiograms (ECGs). 
We may identify de-jure standards developed by 
standardization bodies, such as the CEN/SCP-
ECG (CEN/TC251 prEN 1064, 2002), which is 
developed by the European Committee for Stan-
dardization CEN (CEN/TC251, 2007) and defined 
specifically for ECGs, or HL7 (Hinchley, 2005), 
which is developed by an organization cooperat-
ing with standardization bodies and accredited 
by the accrediting organization for US national 
standards, but which has a larger scope than only 
addressing monitored healthcare data like ECGs. 
Another example of a de-jure standard that can be 
used to represent ECGs, or vital signs in general, 
is VITAL (Weigand, 2005). We may also iden-
tify de-facto standards, i.e. standards that were 
developed by industrial or research consortia, or 
proprietary standards used by vendors of medical 
equipment or proposed by a research institute, e.g. 
ecgML (Wang, 2003). For our convenience, we 
denote ECG data format and encoding proposals 
found in the literature as (proprietary) standards. 
ECG data representation standards vary in their se-
mantic expression levels. Some of these standards 
focus only on the waveform representation, some 
others additionally provide heart physiological or 
bioelectrical domain concepts like the notion of 
P or ST waves. These differences may imply loss 
of interpretation power when ECG data has to be 
converted from one onto another standard (lossy 
conversion). In this chapter, we show how the OSI 
data representation model (MacKinnon, 1990), in 
particular the abstract syntax, can be used to iden-

tify these differences in semantic expression level 
and how to associate equivalent ECG segments 
formatted in different standards. We also discuss 
how the abstract syntax can be used to specify 
professional annotations or derived (/trend) signs 
like heart-beats such that rendering tools are able 
to visualize these annotations or trend signs in 
sync with the associated data segment.

We apply the Unified Modeling Language 
(UML) (Booch, 1999) as a (graphical) abstract 
syntax language to express the concepts of vital 
signs, in particular ECGs; this results in an in-
formation model of the framework. Some of the 
ECG standards format ECGs as sampled time-
domain bio-signals (e.g. the format described in 
(Browns, 2002)), others include bio-electrical or 
heart physiological concepts like the notion of 
P-waves and QRS complexes (e.g. the standard 
described in (CEN/TC251 prEN 1064, 2002)). The 
specification of ECGs using UML, addressed in 
(Concalves, 2007), has elaborated several ECG 
ontological models from different perspectives 
like the heart physiological, bio-electrical, includ-
ing the recording session perspectives. UML is 
also used by other standards, for example HL7, 
to capture the association semantics between 
the healthcare domain concepts. In this chapter, 
however, we specify the vital signs informa-
tion model from the perspective of the different 
format and encoding standards. This approach 
fits to our objective to develop a framework for 
processing, transferring and storing vital signs in 
a multiple formats environment. Our information 
model therefore includes multiple structures for 
(replicated) ECG data that are specified by the 
different standards and it includes structures to 
express their relations, for example the applied 
conversion tools, the settings of the tool and the 
actor in charge of the conversion, or the processing 
algorithm and settings that derive a trend sign. 

To deal with the exchange of medical informa-
tion represented in multiple formats we adopt simi-
lar techniques and constructs as are used on the 
internet. In particular, we are inspired by MIME 
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(Multipurpose Internet Mail Extensions) (Freed, 
1996) which enables users to exchange text, pic-
tures, video clips, excel sheets, etc. independently 
of the computing devices, software packages or 
the operating systems involved. For example, 
the MIME construct “multipart/alternative” can 
be used to express the relation between two or 
more ECG segments of the same measurements 
of a patient but formatted differently, e.g. one in 
the CEN/SCP-ECG format and the other in the 
DICOM waveform format (NEMA, 2007b). The 
latter can be a conversion of the first to match the 
format of the data to the software or the equip-
ment of the professional, for example in the earlier 
illustrated case of the travelling patients. As this 
construct specifies that the multiple parts are 
alternatives of one another, an ECG viewer tool 
can select the part that is encoded in a preferred 
format as indicated by a profile of preferences. 
Moreover, a policy that regulates tools to ignore 
parts that are encoded in a format unknown to 
the tool provides flexibility when introducing 
new formats without influencing existing systems 
(upwards compatibility and open-endedness with 
respect to new features or new functionality).

Furthermore, to enable synchronization of care 
professional’s (textual or graphical) annotations 
with segments of analyzed vital signs, we adopt 
a construct similar to MIME “multipart/parallel” 
to inform a rendering tool that the annotations 
could better be visualized together with the cor-
responding vital sign segments. 

We additionally adopt a similar technique as 
is applied in MPEG (Le Gall, 1991) for joining 
and splitting types of media, e.g. synchronized 
under-titles with video, to merge professional 
annotations, trend signs or other auxiliary data 
on the fly. As in MPEG, the framework includes 
identifiers to distinct between the data types at 
abstract as well as at transfer syntax level.

Besides the discussed facilities for healthcare 
data processing, transfer and store, this chapter 
also addresses the facilities to manage the dynam-
ics experienced by mobile healthcare applications 

due to changes in patient’s health conditions or 
fluctuations of the ICT infrastructural resources 
due to environment data traffic or roaming pa-
tients. 

A framework for multiple formatted vital signs 
therefore needs to adopt the discussed techniques 
or constructs. In the next section, we justify these 
needs by analyzing the requirements of healthcare 
stakeholders that are relevant for the framework’s 
functionality.

stAkeholder constrAInts 
And requIrements

We analyze the needs of three mobile healthcare 
stakeholders to identify the functional needs that 
have to be accommodated by the framework. For 
this analysis we use our experiences collected 
during several mobile healthcare projects (Mo-
biHealth, 2002; HealthService24, 2005; Myotel, 
2008) and our study of several healthcare systems 
reported in the literature. Some of the identified 
needs were examined during the development of 
Extensible Markup Language - XML (Bray, 2004) 
constructs for vital signs representations. These 
constructs were discussed in (Mei, 2006) and 
several simplified scenarios were used in (Mei, 
2006) to illustrate the benefits of the framework 
which accommodates these constructs.

We distinguish three mobile healthcare stake-
holders who typically influence the vital sign 
representations and their use (Figure 1):

•	 End-users; stakeholders who use the services 
provided by the mobile healthcare systems. 
End-users include both patients and the 
healthcare professionals, for example the 
medical specialists, nurses, physiothera-
pists;

•	 Mobile healthcare system providers; stake-
holders who are involved in the provisioning 
of mobile healthcare systems for clinical 
remote monitoring and treatment. In the 
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context of this chapter, these providers are 
assumed to be aware of the applied informa-
tion and communication technologies;

•	 Care centers, such as the primary care 
centers, healthcare call centers (also called 
healthcare portals), and the secondary care 
centre’s (e.g. corporate hospitals with their 
departments of different specialties). For our 
convenience, regulatory bodies as well as 
medical ethical committees are categorized 
as this stakeholder. That is, the care centers 
are assumed aware of the healthcare regu-
lations that influence the way of handling 
patient’s vital signs. 

requirements from end-users

From the healthcare professional’s point of view, 
the vital sign representation should be suitable 
for effective clinical interpretation as required 
by the health condition of the patient and in ac-
cordance with the working practices of these 
professionals: 

•	 healthcare professionals typically access 
units of interpretable segments of vital signs 
in a quality appropriate for the purpose of 
the clinical task, e.g. patient’s ECG filtered 
from noise and movement artifacts and vi-
sualized in a resolution necessary to inspect 
ventricular contraction;

•	 healthcare professionals may need to 
correlate signs that belong to a group of 
coherent vital signs, e.g. patient’s oxygen 
saturation, heart beat, blood pressure, and 
respiration that together form an indicator 
of the oxygenation of the patient’s brain in 
trauma care;

•	 healthcare professionals may have priorities 
regarding the importance of vital signs, e.g. 
doctors may prefer to see trend signs and 
only in case of abnormalities, they need the 
underlying vital signs; 

•	 healthcare professionals may need to an-
notate vital sign segments;

•	 healthcare professionals may need to know 
how vital sign data was measured and pro-
cessed for evidence based treatment.

Figure 1. Stakeholders of vital sign representation framework
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In some mobile healthcare applications, pa-
tients typically generate vital signs by attaching 
sensors on their body and initializing the sensing 
devices. These patients, especially mobile patients, 
may need to check and calibrate the sensors’ read-
ings from time to time to ensure accurate (local) 
monitoring and treatment feedback. For example, 
patients may need to re-attach sensors in case of 
bad skin contacts. For this, vital signs visualization 
or other feedback modality has to have a resolution 
suitable for patient’s interpretation.

Moreover, medical and sensor technologies are 
evolving and new vital signs or sensors may be 
developed for measuring patient’s health condi-
tion in mobile environments. Therefore, vital sign 
representations should be extensible to enable the 
introduction of new vital signs or the integration 
with new data like professional annotations.

requirements from system 
Providers 

Mobile healthcare system providers have the 
mission to facilitate the computation and com-
munication needs of the patient’s care process. 
In a remote monitoring and supervised treatment 
session, the healthcare system regularly matches 
the computation and communication needs of the 
supported care process with the resource capabil-
ity and capacity of the ICT infrastructure. These 
systems often apply a hunting strategy to collect 
the available ICT resources of the contracted ICT 
providers. They often apply an adaptation strat-
egy to control the vital sign data processing and 
transmission. For example, by down-sampling, 
prioritizing or discarding some of the vital sign 
packets, a system may improve the utility of trans-
ferring vital signs in a meaning preserving and 
adequate way. Therefore, a vital sign framework 
should enable prioritized transfers of important 
signs and deferred transfers of remaining signs, 
which may traverse other delivery routes and at 
cheap data communication hours. Consequently, 
the framework should further support aggrega-

tion and resynchronization to reconstruct the set 
of vital signs. 

  
requirements from care centers

Care centers, especially corporate hospitals, 
often accommodate a diversity of specialized 
systems, each of which may apply specific vital 
sign formats. If furthermore, these centers also 
treat travelling patients, interoperability between 
these remote systems needs to be supported. In 
such cross-platform environments, vital sign 
representations require an open environment to 
facilitate multiple vital signs formats. 

Healthcare data is considered private and has 
to be subjected to privacy rules. Monitoring and 
treatment protocols described in the trial designs 
which were proposed to the Medical Ethical 
Committees in the earlier mentioned healthcare 
projects address healthcare data privacy, such 
as password protected and role based access to 
recorded and processed data, vital signs are also 
made anonymous. The framework should enable 
transferring, processing and storing of vital signs 
subjected to privacy rules.

InformAtIon rePresentAtIon 
model

A model suitable for information transfer in a het-
erogeneous environment, which accommodates 
different (wireless) communication technologies 
and qualities and different computer systems, is 
the OSI Presentation Layer model (MacKinnon, 
1990) (Figure 2). This model uses three kinds of 
syntaxes to represent information. The earlier 
described abstract syntax represents the domain 
ontological structure of the information in respect 
of the entities exchanging the information. It is 
therefore the vocabulary and the structuring rules 
used to represent the information. This syntax 
is considered useful in a meaningful meaning 
preserving transfer, in which the sending and the 
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receiving entities share a common universe of 
discourse. An abstract syntax enables these enti-
ties to interpret the exchanged information in the 
same way. The earlier described transfer syntax 
is the syntax used to represent data in transfer. 
Information expressed in a transfer syntax is 
therefore represented as sequential groups of bits 
or characters sequences. Groups, in turn, associate 
to terms of the abstract syntax vocabulary. The 
third kind is the local syntax which is the syntax 
used to represent stored data at the involved com-
puter systems. In a heterogeneous environment, 
the local syntaxes used by the communicating 
computer systems can be different, e.g. one uses 
a Java based local syntax and the other a C based 
syntax in a Unix system.

An abstract syntax is therefore not a concrete 
syntax as are transfer and the local syntaxes. 
ECGs specified from a specific perspective in 
an abstract syntax result in a conceptual model 
of the ECGs. This model can be used to reason 
about the elements of the ECG, for instance the 
bio electrical properties of the heart or the heart 
condition if the model is defined from those per-

spectives. In the perspective of interoperability 
in an environment that uses multiple standards, 
the ECG model at abstract syntax level should en-
able the identification of the same ECG segments 
which are formatted using different standards 
and should further enable conversion from one 
format to another.  

An abstract syntax moreover enables the de-
velopment of information exchange techniques 
and mechanisms for a heterogeneous environ-
ment. Information conceptually represented in 
an abstract syntax can be encoded to different 
transfer syntaxes. Information encoding from 
abstract syntax to a transfer syntax is virtual, 
because in reality the information is represented 
at a computer system in a local syntax. Informa-
tion encoding in reality is therefore the conver-
sion from a local syntax to a transfer syntax. The 
rules needed for the conversion can be derived 
from the encoding rules from abstract syntax to 
transfer syntax. 

As mentioned earlier, information represented 
in an abstract syntax can be encoded in several 
transfer syntaxes, each of them binary or charac-

Figure 2. Information Representational Model
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ter sequence oriented. Moreover, some transfer 
syntaxes are more suitable for efficient process-
ing rather then generating compact codes; others 
generate compact codes but are not processing 
efficient. In an e-mail application, a plain text 
message can be encoded amongst others as an 
ASCII characters sequence or a base64 character 
sequence (Freed, 1996). Base64 encodes 6 bits of 
the abstract syntax representation to one base64 
transfer syntax character. Three (8 bits) characters 
of the plain text message will therefore be encoded 
to 4 base64 characters. However, binary data can 
be encoded using the base64 encoding to fit to 
a character pipe as used by internet e-mail. The 
benefit of binary data encoded in base64 is the 
availability of many internet protocols to convey 
the data using computer networks. On the other 
hand, conversions of digitized ECGs to base64 
and back to a digital form at the receiving end 
point consume processing capacity and a lot of 
time, a bit oriented transfer syntax is much more 
efficient in such cases. 

VItAl-sIgns InformAtIon 
model

In this section, we discuss the information model 
of the conceptual structure that binds together the 
abstract syntax level structures of vital signs, in 
particular ECGs, as defined in the various vital 
sign standards. In particular, the model specifies 
the different kinds of relations between the vital 
sign structures as identified in the stakeholder’s 
analysis section. As discussed in that section, 
several kinds of relations need to be addressed:

•	 similarity relation: this relation expresses 
that the related segments of vital signs are 
similar to one another in respect of a de-
fined context, such as the context of their 
use which reflects the purpose of the vital 
signs. Similarity is used here to associate 
vital signs that reflect the same (physi-

ological) phenomena but are represented and 
structured in different ways in the different 
standards. For example, an ECG P-wave may 
be represented as sampled amplitude values 
of the wave and parameterized by a sample 
distant variable specified in another part of 
the ECG standard. This wave may similarly 
be represented in terms of the wave onset, 
duration and peak value. A converted ECG 
segment, which is formatted in a standard 
other than the original one but considered 
having the same interpretation and quality 
in the perspective of the addressed context, 
is defined here as being similar to the origi-
nal source segment. This similarity relation 
therefore needs to contain the context of 
the similarity; it for example includes the 
identity of the conversion tool or algorithm, 
the parameter settings, the actor in charge 
of this conversion and the actor’s comments 
for example to further detail the context of 
similarity. This similarity relation originates 
from the need of the care center stakeholder 
to enable a multi standards environment and 
the policies of the regulatory bodies at the 
different points of care. 

In many cases, this relation associates one 
source segment to one other converted segment. 
In general, a many to many, many to one or a one 
to many association may exists, for example in the 
case of multiple vital signs types or in the case that 
the abstract syntax of the source vital sign segment 
standard is much richer than the abstract syntax 
of each of the destination standards, but together 
these destination abstract syntaxes span the source 
abstract syntax. This is for example useful in a 
case in which an annotated ECG segment which 
includes both a time based signal representation 
and the physiological phenomena like P-wave and 
QRS complexes is converted to standards that 
support time based signal representations, but 
only one of them is able to represent physiologi-
cal phenomena but, on the other hand, does not 
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support annotations. In this example, annotations 
but not physiological phenomena are supported 
by the other destination standards.

Vital sign segments which are similar are also 
equivalent. That is, segments which are similar 
also have the reflexive, symmetry and transitiv-
ity property of an equivalency relation because 
the related vital signs are supposed to reflect the 
same (physiological) phenomena. As discussed 
earlier, these properties are defined in the sense 
of the applied conversion tools and settings. That 
is, similar ECG segments reflect the same heart 
condition in respect of the resolution of the ap-
plied tool. For example, an ECG formatted in 
the CEN/SCP-ECG standard, which is converted 
to the DICOM wave form standard and the lat-
ter converted again in ecgML (Wang, 2003), is 
considered equivalent and even similar to the 
ECG representation in ecgML in the context of 
the applied tools and parameter settings. Remark 
that one of the applied tools needs only to convert 
the wave form of the ECG and can be unaware 
of the physiological phenomena expressed by the 
data. Therefore, the resulting ECG formatted in 
ecgML is not necessarily completely identical 
to the CEN/SCP-ECP formatted ECG, but in the 
context of use, which is reflected by the applied 
tools and settings, they are considered equally 
useful for the clinical purpose because at the 
resolution of the cascaded tools they both reflect 
the same heart condition. This cascade of conver-
sions is usually called lossy if a CEN/SCP piece 
of data representing an abstract syntax concept 
is not represented in ecgML.

•	 enhancing relation: this relation expresses 
that the enhanced segments of vital signs are 
better conditioned in respect of the context 
of use. For example, ECG segments filtered 
from undesirable noise or EMG movement 
artifacts are enhanced if compared against 
the source ECG segments. Although the 
enhanced segments are more appealing 
for use, the originating source segments 

essentially have the same effectiveness in 
respect of the context of use. This enhanc-
ing relation is meant to express vital sign 
segments which contain the same bio-elec-
trical or physiological phenomena relevant 
for the medical purpose, but the enhanced 
segments are considered better conditioned 
for the medical purpose, for example more 
efficient for use. As in the case of the simi-
larity relation, this relation needs to contain 
the specification of the context of use, for 
example it needs to include the identity of 
the vital sign enhancing tool or algorithm, 
the parameter settings, the actor in charge of 
this enhancement and the actor’s comments, 
for example, to further detail the intended 
context. In this perspective, the enhanced 
and the source segments are equivalent in the 
specified context, that is one may replace the 
other without influencing the interpretation 
of the clinical data in the addressed monitor-
ing and treatment context. This enhancing 
relation originates from the need of the 
professional stakeholder to provide adequate 
vital sign units of interpretations.

•	 priority relation: this relation expresses the 
inter vital signs degree of importance. It is a 
means for the mobile healthcare applications 
to ensure continuity of processing or transfer 
of vital signs which are considered important 
for the diagnosis or treatment tasks. In case 
of severe bandwidth degradation, vital signs 
which are considered less important may for 
example be stalled;

•	 aggregation and splitting relations: these 
relations express that the related segments 
of vital signs are aggregated or split, re-
spectively, from the others. As discussed in 
the previous cases, especially the similar-
ity relation, the aggregated segments are 
equivalent to the source segments in the 
sense of the aggregation tool resolution. 
This equivalence is therefore specified by 
the aggregation tool and parameter settings. 
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We may apply the same justifications for 
the splitting relations. However, in the latter 
relation, we additionally may deal with the 
downscaling of vital signs, for example to 
fit the data onto an available transmission 
channel of a specific quality that otherwise is 
not able to transfer the vital signs. Although 
the quality may be reduced, the resulting 
vital signs are considered useful for the 
professional; otherwise the downscaling 
was meaningless, thus not executed. In this 
context of use, the related vital signs are 
also considered equivalent. As in the other 
cases, it is therefore necessary to specify the 
aggregation or splitting tool, tool settings, 
the actor in charge of the aggregation and 
the splitting or the splitting strategy and the 

actor’s comments. The tool that splits vital 
signs may use the priority of the vital sign 
discussed earlier to determine the splitting. 
Aggregation of vital signs, on the other hand, 
may also be used to concatenate (digitized 
continuous-time) vital signs which other-
wise are located remotely; this improves 
availability or efficiency of the processing 
or the vital sign analysis by a professional. 
These aggregation and splitting relations 
come mainly from the system provider’s 
requirements analysis and partly from the 
professional needs.

Concepts of vital signs at abstract syntax level 
can be expressed by languages like ASN.1 (ASN.1, 
2008; MacKinnon, 1990), XML schemas (Malik, 

Figure 3. Vital Sign Information Model 
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2008) or UML (Booch, 1999). Figure 3 describes 
the information model of the framework expressed 
in the Unified Modeling Language (UML) class 
diagram. A class is symbolized by a rectangular 
with a class name at the top, attributes in the cell 
in the middle, and operations at the bottom. In 
this chapter, we do not detail the operations of a 
class and only provide those attributes that are 
relevant to explain the framework. The associa-
tions between the classes are represented by the 
lines between the related classes. 

clinical data of Patients

Figure 3 shows that patient’s clinical data (repre-
sented by the UML class PatientClinicalData) is a 
collection of vital signs data (represented by the 
abstract class VitalSignData explained in the next 
section). In Figure 3, the set of vital sign data is 
represented as a (genuine) part of patient’s clinical 
data by the black diamond composition symbol. 
The clinical data is anonymous, because it is iden-
tified by some patient identification number. Via 
the patient’s electronic health record PatientEHR, 
however, a patient’s clinical data can be associ-
ated to the patient, but the other way around is not 
specified (in UML, this unidirectional association 
is symbolized by the arrow, which arrow-head 
denotes the navigation direction between the 
involved classes). The 1 to 1 multiplicity of this 
association indicates further that patient’s clinical 
data represents the whole collection of measured, 
processed and stored vital signs of this anonymous 
patient. Alternatively, one may replace the left 
value “1” with “1 .. *”, which indicates a range 
of one or more collections of vital signs of the 
patient identified by patient_id. In the context of 
this chapter, we assume the availability of one set 
of clinical data per patient.

Vital sign data

As mentioned earlier, the vital sign data is repre-
sented by the abstract class VitalSignData in Fig-

ure 3. The class is a UML abstract class, because 
the class is only conceptually defined, other (non-
abstract) classes will refine (i.e. specialize) this 
class. In UML, an abstract class can be identified 
by the class name written in italics. For example, 
the abstract class ECG_Data is a specialization 
of the abstract class VitalSignData (specializa-
tion is an “is-a” relation and is symbolized by the 
open triangular symbol in UML). This abstract 
class ECG-Data may be specialized further for 
example by the classes DICOMStudy and SCP-
ECG_Record. In this chapter, the class DICOMStudy 
represents ECG data formatted in accordance with 
the DICOM waveform standard and the class SCP-
ECG_Record represents ECG segments formatted 
in accordance with the CEN/SCP ECG standard. 
The information model can be further extended 
with other ECG data formatted in other (de jure, 
de facto or proprietary) standards.

Vital sign relations

Via the abstract class Equivalency, Figure 3 also 
shows that some source vital sign data can be 
related to some other destination vital sign data. 
In the figure, the similarity relation discussed 
earlier is represented by the class Similarity, which 
is a specialization of the class Equivalency.  As 
discussed earlier, the equivalence between vital 
sign data is defined in a specific contextual set-
ting. In the model, this context for equivalence is 
specified by the attributes actor_id, which identifies 
the responsible actor for the relation between the 
vital sign data, actor_comment, which denotes the 
comments of the actor, and also the time and date 
information. As discussed earlier, the context is 
also defined by the applied tool and its settings, 
both are represented by the class Tool. An addi-
tional design choice is that we define the similarity 
relation only for vital signs that are encoded in 
different standardized formats. This constraint 
is not shown in the figure, however, it can be 
expressed by a UML note or specified in Object 
Constraint Language (OCL) (OMG, 2003).
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Analogous to the similarity relation, the en-
hancing relation, which is expressed by the class 
Enhancing (Figure 3), is a specialization of the 
class Equivalency. In this model, we define an 
enhancing relation only for vital signs that are 
formatted in the same standard.

Aggregation and split relations are also spe-
cialization of the class Equivalency. Aggregation 
is a many to one relation between vital signs for-
matted in conformance with the same standard 
and the other way around, the split relation is a 
one to many relation.

derived Vital signs

Trend signs or, in general, derived vital signs are 
frequently used in care programs as first indica-
tors of the condition of the patients. Instead of a 
plethysmogram, care programs like emergency 
services or COPD programs use the derived 
oxygen saturation O2sat (or SpO2) parameter as a 
measure for the oxygenation of blood. Heart Rate 
and Heart Rate Variability are other examples 
of trend signs, typically derived from one of the 
ECG leads. In contrast to the similarity and the 
enhancing relations, we specify derived signs as 
specializations of the abstract class Extracted-
Feature, which in turn is specified as a component 
of the class VitalSignData (in UML symbolized 
by a black diamond (cf. Figure 3)). As the case for 
equivalence relations, the applied tool, tool setting, 
actor in charge of the trend data processing and 
the actor’s comments refines ExtractedFeature 
even further. We model trend or derived signs 
as a component of the original vital signs, rather 
than modeling them via the equivalence rela-
tion, because it better fits to the way vital sign 
standards deal with derived signs and because 
of the complexity of the required constraints due 
to the transitivity of equivalency relations. For 
example, Heart Rate and Heart Rate Variability 
are derived signs but they represent different 
concepts; therefore they are not equivalent. Other 

features which can be extracted from ECG leads 
are for instance the high and the low frequency 
components, including their ratio.

care Program dependent Priority of 
Vital signs

As discussed earlier, in mobile healthcare, data 
transfer bandwidth especially from wireless com-
munication channels like GPRS may fluctuate. 
If available bandwidth drops below the required 
level, less important vital signs can be stored 
locally in favor of the transmission of the more 
important ones. The management modules of 
the mobile healthcare applications may (semi) 
automatically decide which type of vital signs 
to stall and which to transfer or process further 
if these vital signs are prioritized. Sophisticated 
prioritizing structures which are care program 
or clinical task dependent can be developed, but 
in this chapter we use a simple priority attribute. 
If necessary, this attribute can be extended with 
a reference to the professional actor in charge of 
prioritizing vital signs for the care program.

We specify the attribute priority in the abstract 
class VitalSignData to enable priority based selec-
tion at the level of the types of vital signs rather 
than at a more detailed level, for example at the 
level of digitized vital sign samples. This choice 
has the additional benefit that vital sign sets for-
matted in a specific standard can be treated as a 
black box; an approach which intends to preserve 
the structures defined in standards as atomic units. 
This could be necessary in case of handling vital 
signs formatted in proprietary standards whose 
internal structures are unknown to the applica-
tion developers of the mobile healthcare system 
provider stakeholder. In this kind of cases, third 
party tools that have knowledge of these structures 
are needed to enable processing, rendering or 
conversion of the vital sign sets. This black-box 
approach is for example supported by MIME via 
the “-x” constructs.

widya
Note
please change font of this word "Equivalency" to: arial & italic
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In case of multi-valued or multi-channeled 
vital signs (e.g. the leads of ECGs) or in case of 
(multiple) trend signs, the earlier mentioned prior-
ity attribute can be refined further to priority of 
these values, channels or trends (e.g. represented 
by the attribute t_priority in the class TrendSign). 
Consequently, these intra vital sign priorities 
depend on the attribute priority of the class Vital-
SignData. This dependency is represented by 
the dashed arrow in Figure 3. 

ecg stAndArds

Several de-jure, proprietary and de-facto format 
and encoding standards are suitable for ECGs, 
amongst others CEN/SCP-ECG, DICOM wave-
form, ecgML, FDA-ECG, HL7 and VITAL. We 
express some of them in UML class diagrams to 
illustrate the use of the information model of the 
framework. It is not in the scope of this chapter to 
provide a complete list of ECG standards neither 
to provide detailed UML class diagrams of all 
these standards.

cen scP-ecg stAndArd

The Standard Communication Protocol for com-
puter-assisted Electrocardiography (SCP-ECG) is 
a standard developed by CEN/Technical Com-
mittee (TC) 251 (CEN/TC251, 2007). Besides 
ECG data, SCP-ECG additionally defines ECG 
related data to enable the specification of patient’s 
demographic data, the measurement settings, 
the performed signal processing on the ECG 
data, the compression and manufacturer specific 
information. 

In SCP-ECG, the entire ECG data set is called 
a record. A record is further decomposed into 
“section” parts (indicated with section numbers 
from 0 to 11), each of which carrying a specific 
aspect like patient (demographic) information, 
compression tables, the ECG lead definitions, the 
ECG lead data, the reference ECG beat(s) of the 
leads, including the physiological complexes like 
QRS, and also interpretive annotations. 

Eleven types of sections are defined in SCP-
ECG. Table 1 presents the eleven sections and a 

Figure 4. CEN/SCP-ECG model
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brief description. Some sections are mandatory 
(e.g. Section 0 or Section 1), others are optional 
(e.g. Section 11). Sections have a common 
header structure, in the figure represented by 
the generalized class CEN/SCP Section. A high 
level SCP-ECG structure, expressed in a UML 
class diagram, is given in Figure 4.

Section_6 contains a black-box of ECG data. 
To render the individual ECG leads from Sec-
tion_6, attributes of Section_3, which represent 
the metadata specifying the number of leads and 
the leads description, have to be accessed first. 
This dependency of Section_6 from Section_3 is 
represented in UML by the dashed arrow between 
these two classes.

dIcom ecg WAVeform 
suPPlement

DICOM (Digital Imaging and Communications 
in Medicine) standards (NEMA, 2007a) are de-
veloped by a joint committee of the American 

College of Radiology (ACR) and the National 
Electrical Manufacturers Association (NEMA), 
often in liaison with other organisations like CEN 
TC251, JIRA in Japan, IEEE and the American 
National Standards Institute (ANSI). Although 
the DICOM organisation originally addresses 
imaging standards, it also developed a standard 
to exchange waveforms. This latter is therefore 
suitable for ECGs.

DICOM uses an object based model, therefore 
not only specifying the structure of the medical 
data content as information objects, but also 
the operations on the data (i.e. services). The 
functional units in DICOM define the classes 
of the information objects and the correspond-
ing services, the so-called Service-Object Pair 
classes (SOP classes). One of the SOP classes is 
for instance meant for a waveform store. 

In DICOM, a waveform information object 
is decomposed into information entities, each of 
which stored in data modules. Examples of in-
formation entities are patient, (clinical or patient) 
study, clinical data series within a study, equip-

Table 1. CEN/SCP-ECG Sections

Section No. Title Description

0 Pointer the sections and their locations in the data set record

1 Header Information patient and acquisition related information

2 Huffman tables the Huffman compression tables

3 ECG lead definition the leads, the sample numbers and their relativity to a 
reference beat (cf. Section 4)

4 QRS location and Reference beat the location of the QRS complexes and the position of the 
reference beat

5 Reference beat encodings parameters like encoding flag, sample distance, gain.

6 Rhythm data the ECG data

7 Global measurements info pacemaker spikes and QRS complexes like the P-, QRS-
, T- on-/offsets, QT intervals

8 Interpretive statements text based (diagnostic) annotations

9 Manufacture specific statements manufacturer specific diagnostic annotations

10 Lead measurement leads information and fields reserved for manufacturer data

11 Universal ECG interpretive statements universal statement codes (cf. SCP-ECG standard) and 
most recent annotations which have to be consistent with 
annotations in other sections
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ment which creates the series, and waveforms as 
part of the series.

Figure 5 presents a simplified UML model of 
DICOM’s waveform related information entities. 
The figure reflects the clinical procedure by using 
terms like studies (class DICOMStudy) and series 
of clinical data (class Series). Although not shown 
in the figure, these terms include the specifica-
tion of the responsible professional, the clinical 
protocols, the waveform identifications (incl. the 
acquisition time), the annotations, the waveform 
data (which may be multiplexed bio signals, there-
fore also includes the multiplexing parameters, 
the sampling rate, etc.) and also the corresponding 
equipment used to generate the data. That is, the 
class Waveform may contain several multiplexed 

vital sign channels (represented by the classes 
MultiplexGroup and Channel in Figure 5)

fdA ecg sPecIfIcAtIon

As observed in the previous section, the DICOM 
waveform standard is to some extent based on 
clinical procedures and accordingly the data is 
represented in terms of studies, the FDA format 
for waveforms (Browns, 2002) is based on the 2D 
property of sampled waveforms; it emphasizes the 
viewing representation of waveforms. 

Figure 6 shows the FDA waveform information 
model.  As in the earlier discussed standards, the 
FDA model also provides manufacturer informa-

Figure 5. DICOM Waveform model
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tion, patient (/subject) identification, and annota-
tions. In the figure, the class PlotGroup models 
an ECG data set and aggregates data of the class 
XYPlot, each of which representing a piece of ECG 
data of a particular lead. 

frAmeWork ImPlementAtIon 
AsPects

In this section, we discuss some of the imple-
mentation aspects that illustrate the use and 
the benefit of the framework. First we discuss 
refinements of the information models presented 
earlier. These refinements enable the translation 

and serialization of the abstract syntax to the 
transfer syntax. 

Refinement of the Specialization 
constructs

In the earlier discussed information models, we 
apply the object oriented specialization construct, 
for example, to distinguish between vital signs 
that are formatted in accordance with different 
standards. This specialization can be refined by 
additional discriminating attributes, for example, 
an attribute identifying the vital sign type (i.e. 
vitalsign_type in Figure 7b) and an attribute iden-
tifying the format and encoding standard (i.e. 

Figure 6. FDA Waveform model
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standard_id in Figure 7b). The advantage of this 
refinement is that the encoded attributes in the 
transfer syntax can be used as header fields in 
the transfer syntax, for example to indicate that 
the subsequent payload block of data contains 
vital sign data formatted in the transfer syntax 
of the identified standard. This code enables (de-
)multiplexing of serialized pieces of vital signs, 
for example necessary for a 24/7 continuous 
monitoring of patients. Together with the attribute 
priority (Figure 7), these discriminating attributes 
can be used to split a vital sign set, for example 
necessary in case of severe bandwidth degrada-
tion along the healthcare delivery path. This 
(de-)multiplexing technique is proven useful in 
multimedia communication using MPEG, which 
analogously applies process identifiers to join or 
remove language channels and to merge and split 
television program channels on the fly. 

Refinement of Many to Many 
relations

The information model can cope with one to many 
or many to many associations between sets of vital 
sign data, for example the similarity between a 
source set of ECG data formatted in CEN/SCP-
ECG and destination data sets formatted in FDA-

ECG and in DICOM waveform standard. In this 
case, a cardiologist may want to visualize both 
FDA and DICOM sets simultaneously in case 
that the CEN/SCP-ECG data set is not available 
on the premises or a rendering tool for the latter 
format is not available either. 

As discussed earlier, the MIME type and sub-
type construct informs applications which tools 
to use and how tools should render the data. For 
example, in e-mail applications, the MIME value 
“multipart/parallel” indicates that the aggregated 
data sets have to be visualized simultaneously.

Similar to MIME, we can refine the equiva-
lency class with additional attributes that specify 
which vital sign sets need to be rendered simul-
taneously. 

Abstract and transfer syntax 
notations

Other languages are available to express concepts 
at abstract syntax level, for example XML Schema 
and ASN.1. Using XML tools a character-based 
XML document can be derived that contains the 
vital sign data specified in accordance with the 
XML Schema. This document can then be seri-
alized by reading it from left to right and from 
top to bottom, yielding a sequence of characters 

Figure 7. Refinement with discriminating attributes
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(transfer syntax) suitable for transfer using inter-
net protocols. Tools are also available to visual-
ize XML Schemas as XML Schema diagrams. 
However, tool based development kits are also 
available to develop XML Schemas from UML 
(Malik, 2008).

Abstract Syntax Notation One (ASN.1) is 
defined by the International Organization for 
Standardization ISO (ISO 8824, 1994). It is a 
notation for specifying data at abstract syntax 
level. Associated with ASN.1 are encoding rules 
for generating binary transfer syntaxes from the 
abstract syntax (ISO 8825, 1994). ASN.1 and its 
encoding rules provide compact transfer syntax 
code. 

A joint committee of ISO and International 
Telecommunication Union (ITU-T) has produced 
several standards on the mapping of XML Schema 
to ASN.1 and vice versa. A web accessible on-line 
tool which translates XML Schemas to ASN.1 is 
for example available (ASN.1, 2008). A framework 
that accommodates the collection of the previ-
ously described tools provides a development 
environment that enables the translation of vital 
signs specified via UML class diagrams to concise 
binary transfer syntax code. 

conclusIon

We propose a framework for flexible and modular 
processing, storing and transferring (segments 
of) medical information in a mobile, distributed 
and heterogeneous environment. The framework 
adopts an ICT information representation model, 
which separates the concerns of information 
transfer and store from the concerns of expressing, 
converting, splitting, synchronizing and joining 
information. The abstract syntax level methods, 
techniques and mechanisms, which address the 
latter mentioned concerns, provide the necessary 
support for processing medical information in 
an environment that contains multiple standards 

for data format and encoding. On the other hand, 
the transfer and local syntax level methods, tech-
niques and tools, associated to the first mentioned 
concerns, enable transfer and store of medical 
information in an efficient and dependable way. 
The framework, which also contains the vital 
sign information model discussed in this chapter, 
therefore supports the exchange of medical infor-
mation in a meaning preserving way despite the 
use of different format and encoding standards 
and the fluctuations of the property of the end to 
end data transfer connections.

This chapter discusses the framework at con-
ceptual level. It provides a generic approach to 
deal with multiple formats and fluctuating proper-
ties of connections. This approach is considered 
useful for healthcare delivery in which patients 
are mobile and self managing. It is expected 
useful for new clinical pathways for mobile and 
distributed healthcare delivery that involves col-
laborating actors of different medical specialty, 
possibly acting in new roles and each of them 
needing medical information that are represented 
in accordance with the (new) working practices 
of their specialty. 

The proposed framework, which amongst 
others is an integrative conceptual structure that 
binds methods, techniques and mechanisms for 
interoperability of different format and encodings 
of medical information, needs to be supplemented 
further with other ECG and vital sign standards. 
That is, the framework needs to be populated by 
relevant format and encoding standards. Conse-
quently, the information model described in this 
chapter needs to be refined further, for example, to 
provide tool developers the necessary hooks (e.g. 
class attributes, object methods and dependency 
relations) to design medical information conver-
sion, splitting and joining tools. Such refinements 
not only require details of the format and encoding 
standards which populate the framework but may 
also need abstract syntax level knowledge of the 
ontology of the corresponding bio physiologi-
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cal or bio electrical phenomena, for example, to 
specify in details the transitivity constraints of 
the similarity relation.

Another topic for future work is for example 
the specification of guidelines or rules to up- or 
down-scale digitized continuous-time vital signs 
in transfer automatically to match to the fluctua-
tions of the properties of the end to end connections 
within the tolerance specified by care programs 
or professionals. These guidelines supplement 
the framework further and improve its use for 
mobile healthcare delivery in a heterogeneous 
environment.
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