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Abstract— The multitude of biosignal file formats used in
research has hampered the easy exchange of biosignals and
their use with physiological modelling software. We describe an
abstract data model that accommodates the diversity of formats,
along with a software implementation which links biosignal
data into the Semantic Web, using existing data formats. Initial
application of our work is to sleep study research.

I. INTRODUCTION

Many different file formats exist to store and exchange
biosignal data – well over 100 different formats are listed
at http://pub.ist.ac.at/˜schloegl/biosig/TESTED [1]. Several
formats are likely to be used for a given project, not by
design, but because manufacturers, software vendors and in-
house developers are unlikely to be using a common format,
with archived recordings in yet other formats; the numbers
compound when collaborating with other research teams.
Although a number of conversion tools exist (e.g. libRASCH
[2] and the BioSig Project [3]) they do not provide any
standard view of metadata contained in a signal file. The
lack of a standard, domain-neutral framework for working
with biosignals has hampered their easy interchange between
disciplines and integration with physiological modelling soft-
ware [4]. The BioSignalML data model described in this
paper is intended to address this issue.

As part of the Semantic Web initiative [5], the World Wide
Web is evolving into a Web of Linked Data [6]. This is
providing a framework in which raw data is linked to arbi-
trary things (including other data sets, standard vocabularies,
data producers and consumers), and is enabling automated
reasoning to be applied to vast heterogeneous data sets.
Standardising and sharing the meaning of metadata is crucial
to this effort.

In order to address problems arising from the multitude
of formats and lack of standardised metadata, the BioSig-
nalML project [7] is developing a standard framework for
the exchange and storage of physiological time-series data
(biosignals). This framework:

• encapsulates common features of biosignal file formats
in an abstraction layer;

• uses ontologies to define biosignal terms and attributes;
• can be extended to incorporate domain-specific concepts

and terms;
• provides software tools and libraries that allow the use

of disparate signal file formats;
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• includes a repository component that allows recordings
to be accessed using standard web software as a Linked
Data resource.

We are initially working with biosignal recordings that
are associated with sleep research. Polysomnograms contain
a comprehensive range of physiological signals, including
those measuring brain, heart, breath, eye and muscle activity,
often at different sampling rates. Recordings are usually
over several hours, with possibly several recordings for a
single patient. A variety of signal storage formats are used,
from proprietary to European Data Format (EDF and EDF+)
[8], [9], Stanford Data Format (SDF) [10] and WaveForm
DataBase (WFDB) [11].

Our work is also being used to facilitate the use of
biosignals with physiological modelling languages such as
CellML [12]. A HDF5 [13] based file format is being
specified for biosignal exchange and storage along with a
streaming format for real-time connections between simula-
tion components.

The remainder of this paper is structured as follows: Sec-
tion II describes a simple model for working with biosignals;
Section III outlines the design of a biosignal repository based
on the model; and Section IV discusses our work and looks
at related research before concluding.

II. BIOSIGNALML ABSTRACT MODEL

In a very general sense, a biosignal is any kind of
measurable time-varying quantity that is the direct result
of a biological process. Here we consider a biosignal to
consist of a sequence of time-varying data points (i.e. a time-
series) which has been obtained from a biological signal
by sampling. Intrinsic to a signal is the notion of time;
expressing temporal relationships is an important function
of biosignal metadata.

In order to be able to work with the wide range of
biosignal formats a number of concepts are defined in an
Abstract Model:

• A Recording is the set of signals from a single record-
ing session. Storage formats usually keep these multiple
signals in a single file (e.g. EDF) or group of files held
together (e.g. SDF, WFDB).

• A Signal is the set of time-varying values of some
measurable quantity. The physiological signals we are
dealing with are usually oversampled with a regular
sampling period.

• Within the context of the abstract model, an Annotation
has a time associated with it, and may be thought of
as a signal – of textual comments or of values from
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a small, predefined set (e.g. sleep-stage, scored every
30-seconds; an ECG beat annotation).

• An Event is something that happens in time and has
a time of occurrence and usually a duration (e.g. an
obstructive sleep apnea).

Annotations and events may be directly linked to a par-
ticular signal or to a recording as a whole.

Data points, annotations and events all have one or more
times associated with them; these are temporal positions in
some coordinate system that represents time, a Timeline.
Using concepts from The Timeline Ontology [14], timelines
are continuous or discrete, with related timelines linked
together using mapping functions.

A recording has a continuous timeline with the zero point
being the start of the recording; this timeline is usually
embedded in a local or universal timeline (e.g. Coordinated
Universal Time (UTC)). A sampled signal has a discrete
timeline and mapping that relates sample number to elapsed
time, which we call a Clock. Clocks may be classified as
either uniform or irregular; several signals may share a single
clock.

A. Identifying Signals and Recordings

In order to make metadata statements and assertions about
biosignals we need a general way of identifying them.
Uniform Resource Identifiers (URIs) are compact sequences
of characters that identify an abstract or physical resource
[15] and are widely used to identify resources on the Internet.

BioSignalML specifies that all objects are identified by a
URI. More than one URI may be used to identify a given
object, in which case a metadata statement must be made
stating that the URIs identify the same resource.

B. Biosignal Metadata

What are general attributes of biosignals? What does a
particular signal represent? When was it recorded? How and
by whom? What processing has been applied? What is the
purpose of a recording besides being a collection of signals?
Do other people know our meaning of the terms we have
used to describe properties?

Current biosignal file formats usually have a limited
number of fields for metadata and these are usually only
pertinent to the domain the format was designed to be used
in. These fields often contain free-format text without a
controlled vocabulary to specify content, leading to possible
future ambiguity.

We use ontologies to provide meaning to terms and
relations – an ontology can be defined as a formal way of
specifying concepts [16] to ensure that the same thing is
referred to in the same manner. They allow for knowledge
to be computationally processed in a similar way to numeric
data [17].

BioSignalML specifies a core set of terms and rela-
tionships for metadata. Some of these are defined in the
BioSignalML ontology [18]; others are taken from existing
standard ontologies; additional domain-specific concepts and
terms can easily be added.

Metadata statements about biosignals are made using
the Resource Description Framework (RDF) [19], with the
Web Ontology Language (OWL) [20] being used to specify
ontologies. Both RDF and OWL allow for biosignal data to
be integrated into the broader context of the Semantic Web
without restricting future applications and extensions.

Some ontologies applicable to biosignal annotation are
well established international standards; others are at dif-
ferent stages of development. Both the OBO Foundry [21]
and NCBO BioPortal [22] provide repositories of publicly
available biological and biomedical ontologies. Ontologies
directly relevant to our work include: Dublin Core Terms
[23]; the Timeline Ontology [14]; the Foundational Model
of Anatomy [24]; the Relation Ontology [25]; the CellML-
Biophysical/OWL Ontology [26]; the Physiology Reference
Ontology [27]; the Cardiovascular Research Grid ECG On-
tology [28]; and the Sleep Domain Ontology [29].

The abstract model’s concepts have been realised as a set
of objects and methods as part of developing an Application
Programming Interface (API) and software library. This
library allows signals and their metadata to be created and
accessed in a format independent way and forms the basis
of a web-accessible biosignal repository.

III. BIOSIGNALML REPOSITORY

Biosignal recordings are usually stored as files on a
computer system in whatever format they were recorded in.
Exchanging recordings with colleagues will often involve file
copying and possibly format conversion. The emphasis is
usually on obtaining signal data for processing and anal-
ysis without accompanying metadata, this being kept and
exchanged in the form of laboratory notes.

An alternative to simply working with recordings as com-
puter files, BioSignalML provides a repository application
in which metadata is treated as a first-class component of a
biosignal. The repository has been designed as an easy-to-
use, extensible, cross-platform resource that integrates with
existing signal processing workflows.

The repository stores BioSignalML objects or resources –
Recordings, Signals, Annotations and Events. Each instance
of an object has its own URI; a request for an object returns a
representation of the object. This could be actual signal data
in some format; a HTML web page describing the object; or
a RDF description of the object complete with metadata links
to other resources, with the particular type of representation
depending upon the request. The repository provides a HTTP
interface and may be accessed using standard web-browsers.

Signal recordings submitted to the repository are kept in
their original format. Metadata about BioSignalML objects
contained in the recording is extracted into a RDF triple-
store. Each recording has a Named Graph [30] holding its
metadata, so that all metadata from the recording is treated
as a single resource, which allows statements to be made
for provenance and access control. Domain-specific metadata
is mapped to ontological terms via separate user-editable
mapping statements, allowing future extension as ontologies
are developed and refined.
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In order to manage collections of recordings, the BioSig-
nalML abstract model is extended with two additional con-
cepts – a Collection is a group of Recordings that share a
common research project or investigation, and an Archive is
a group of Collections that all pertain to the same domain
or area of study.

Signal recordings are either exchanged with the repository
as files or as a telemetry stream, for realtime input/output
with processing and simulation environments. File formats
currently supported include EDF/EDF+, WFDB, SDF, a
HDF5 based format, and a proprietary one; adding new
formats requires a software module for conversion into the
BioSignalML abstract model along with mapping statements
for domain-specific metadata.

Fundamental to the repository and its interfaces is the use
of URIs to identify biosignals. In line with Linked Data
guidelines [31], the BioSignalML repository uses the “http”
scheme for URIs, except for local filesystem resources.
Because full “http” URIs can be unwieldy for users, the
API and user tools allow base prefixes to be given and
used to construct relative URIs. When a new recording is
submitted, any URIs required for Signals are formed by
appending “/signal/N” to the Recording’s URI, where “N”
is the numerical index of the signal in the recording.

Temporal segments of a Recording or Signal can be
requested by using a comma separated list of intervals as
the query component of the object’s URI (i.e. following a
“?”)1; an interval can be either in the form of “start-end” or
“start:duration”. Actual time values are normally expressed
in seconds; sample indices can also be used. Signal data re-
turned in response will always span the requested interval(s);
data outside of the request may also be returned, depending
on the actual format requested.

IV. DISCUSSION AND CONCLUSION

Our abstract-model based repository has recently been
deployed in a modelling and simulation environment to
hold both reference patient recordings and simulation results.
Amongst other things, recordings will be used to validate
processing algorithms and test equipment, a role in which
provenance is important. User feedback will help determine
extensions and revisions to the repository and associated
tools.

In a modelling environment such as CellML it is im-
perative that actual signals used as parameters have the
correct units specified in a model. As an example, many
signals are measured in microvolts. Different biosignal file
formats represent this in various ways – EDF has a free-
text field without restriction, and gives an example of “µV”
[8]; EDF+ restricts this field to standard texts and uses
“uV” for microvolts [9]; we found an SDF file generated
by proprietary software using “µV”; the Medical waveform
Format Encoding Rules (ISO 11073-92001:2007) specify
that “V” be used with an exponent of 10−6 [32].

1The fragment component (following a “#”) can not be used because
fragment information is intended solely for user agents and is not passed to
a server [15].

And what about the “µ” symbol? Unicode [33] has two
different characters that look the same in some fonts –
a “micro” sign, which is encoded as U+00B5, and the
Greek letter “mu”, which is encoded at U+03BC. Any naive
check based on string comparison will not find the different
character strings to be representations of the same thing.

The RDF statements:

:signal-uri bsml:units
<http://www.w3.org/2007/ont/unit#V> ;

bsml:unitsExponent "-6"ˆˆxsd:integer .

unequivocally state that the signal’s physical units are in
microvolts; this could be defined using other ontologies
provided statements are made relating the definitions – an
automated reasoner would then know their equivalence.

Archived sets of reference biosignals are invaluable for
comparing different models and processing algorithms, and it
is important that these datasets contain as much metadata as
possible, even information that may appear inconsequential
at recording time. As an example, the PhysioBank [34]
repository includes arterial pressure signals which could be
used to validate an anatomically correct blood flow model. A
sample recording selected from this repository however did
not state from what artery the pressure was recorded, nor the
position of the cannula needle along the artery, making the
particular signal of little value to our proposed use.

A. Related Work

FieldML [35] is a meta-language for describing fields,
with initial application in field visualisation and large-scale
field computation. Given that a signal can be considered
to be a field on a timeline, a simple FieldML description
can be made for it. However, rather than seeing signals as
general fields, experimentalists are used to working with
biosignals as time-series and using signal processing tools,
which is where our work is directed. An extension to our
work would be to create conversion tools between FieldML
and BioSignalML.

PhysioBank [34] is an online archive that currently con-
tains around 700 gigabytes of physiological signals and re-
lated data. Even though it is a widely used Internet resource,
PhysioBank does not use RDF nor ontologies for describing
metadata; instead information about the recordings is pre-
sented as textual web pages with signal annotations held
in binary files. Our work can provide a wrapper around
PhysioBank so that it becomes a Semantic Web resource,
simplifying the process of selecting suitable signals (e.g. the
above example of validating a blood flow model).

Physio-MIMI [36], [37] is a data integration project being
developed for clinical researchers, combining data across
institutions without requiring a common data model. Its
initial application is for sleep research data, but the system
is able to be generalised. While Physio-MIMI provides a
federated view of SQL databases, our repository provides a
SPARQL view of RDF triplestores. Our work with metadata
is aimed at linking biosignals into the emerging Semantic
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Web (Web 3.0), in contrast to Physio-MIMI which appears
to be applying Web 2.0 technology to institutional databases.

B. Conclusion

This paper has provided an overview of BioSignalML and
presented a standard model for working with biosignals. The
mapping of signal attributes into an abstract model enables
applications to be format neutral, without requiring signals
to be converted to a new format; the use of URIs, backed
by ontologies, links signal repositories to the Semantic Web,
allowing web-based tools to enquire and reason over infor-
mation; using a general purpose format (RDF) for metadata
future-proofs the model, enabling new ontologies to be used
as they become available.

The future worth of biosignal reference sets will be
enhanced by collecting as much metadata as possible at the
time of recording, using standard vocabularies and ontolo-
gies.
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