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Abstract

Heliophysics is a new research field that explores the Sun-Solar System Connec-
tion; it requires the joint exploitation of solar, heliospheric, magnetospheric and
ionospheric observations.

HELIO, the Heliophysics Integrated Observatory, will facilitate this study by
creating an:integrated e-Infrastructure that has no equivalent anywhere else. It
will be a key component of a worldwide effort to integrate heliophysics data and
will coordinate closely with international organizations to exploit synergies with
complementary domains.

HELIO was proposed under a Research Infrastructure call in the Capacities Pro-
gramme of the European Commission’s 7th Framework Programme (FP7). The
project was selected for negotiation in January 2009; following a successful conclu-
sion to these, the project started on 1 June 2009 and will last for 36 months.
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1 Introduction

Heliophysics is the study of the effects of the Sun on the Solar System
and it addresses problems that span a number of existing disciplines — solar
and heliospheric physics, and magnetospheric and ionospheric physics. The
discipline is closely related to the study of space weather and the phenomena
that affect it, but heliophysics is more generalized covering all parts of the
Solar System rather that just the Sun-Earth connection.

The Heliophysics Integrated Observatory (HELIO) will provide the most
comprehensive integrated information system in this domain. HELIO will de-
ploy a distributed network of services that will address the needs of a broad
community of researchers in heliophysics. It will coordinate aceess to the re-
sources needed by the community, and will provide access to services to mine
and analyze the data.

Of necessity HELIO needs to provide access to data archives scattered
around the world. This is required in order to ensure the greatest possible
coverage of events and effects — individual ground-based observatories cannot
provide continuous observations and space-based platforms have been funded
by different combinations of nations.

HELIO was proposed under the Research Infrastructures part of the Capac-
ities Specific Programme within the European Commission’s 7th Framework
Programme (FP7).

HELIO was proposed under a Research Infrastructure call in the Capacities
Programme of the European Commission’s 7th Framework Programme (FP7).
The project wasselected for negotiation in January 2009; following a successful
conclusion to these; the project started on 1 June 2009 and will last for 36
months.

2 Overview

In order to facilitate the study of this new discipline, HELIO needs to
address issues in a number of areas related to two basic requirements, to:

e Provide integrated access to data from all the domains of heliophysics that
are held in archives around the world

* Corresponding author & HELIO Project Coordinator
Email address: rdb@mssl.ucl.ac.uk (R.D. Bentley).
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e Provide the means to conduct searches across the domains to identify data-
sets of interest

There are a limited number of protocols that can be used to access data over
the Internet and the principal issues related to access that HELIO needs to
address are how the data are stored in files and how these are made available
to users.

The communities involved in heliophysics have evolved independently over
decades and even centuries. Even though the links between the effects ob-
served in the domains are now evident, there have been virtually no attempts
to coordinate the way the communities conduct their data analysis. As-a con-
sequence, there are considerable differences in the way the communities store,
describe and think about data. HELIO must therefore be able to provide in-
tegrated access to a range of file formats with contents that differ in content
and terminology, and completeness and quality.

The ways files are named and stored in an archive can affect how easily the
data can be accessed. Since the capabilities of archives vary, HELIO must be
able to accommodate these differences without placing any excessive require-
ments on the providers.

There are similar issues related to the metadata used to identify data sets
of interest, but there are also additional considerations.

In order to conduct a search across the domains we need to be able to relate
parameters in their data sets; the most basic of these are coordinate systems
used to describe when and where a phenomena was observed. Time can be
expressed in a number of ways but fundamentally these are all closely related.
However, the spatial coordinates used can relate to different bodies within
the Solar System as a phenomenon propagates — this may require translation
between and rationalization of the systems that are used.

Most effects are caused by phenomena that originate on the solar surface
and, when a phenomenon is in its onset phase, a heliographic coordinates sys-
tem is required. Since many observations of the Sun are remote-sensed images,
they are described in a heliocentric system — a translation to heliographic
coordinates (and vice versa) will therefore be needed. As the phenomenon
propagates through interplanetary space, an extended form of heliographic
coordinates is required so that effects can be tied back to events on the solar
surface. When the phenomenon interacts with a planetary environment the ef-
fects become related to planetary coordinate systems and depend on whether
the planet has a magnetic field and/or atmosphere. It is therefore necessary to
be able to translate seamlessly through a series of geomagnetic and geographic
coordinate systems as the phenomenon approaches the planetary surface.
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Fig. 1. Material moves out from the Sun along the lines of the interplanetary mag-
netic field (IMF). As the Sun rotates, the field lines lags behind and are wound into
a spiral — known as the ”Parker Spiral” — as a consequence, active regions producing
geo-effective emissions must be located ahead of the sub-Earth point (towards the
solar west limb). Variations in the solar wind speed distort the spiral a small amount
since the high speed portions of the wind associates with areas like coronal holes
follow a more open spiral path. Coronal mass ejections drive through the spiral at
high velocity causing severe distortions — Type II radio waves and energetic parti-
cles are emitted from the shock front of the CME. The figure shows how important
the location of the observer is: the STEREO-B (behind) spacecraft is affected by
the CME while STEREO-A (ahead) is affected by the flare rather than the CME.
Figure courtesy of the STEREO Team, NASA

Effects caused by photon emissions require line-of-sight view of the source
and-any delays are related to light travel times; those that are caused by
particles occur with much longer delays and in most cases the effects are only
experience if the propagating phenomena passes the observer. Knowing which
effect will be observed when and where requires the solution of a 4-Dimensional
problem (see Figure 1).

In order to undertake a search, not only do we need to know how to track a
phenomenon as it moves between coordinate systems, we also need to under-
stand how it propagates through interplanetary space, i.e. the path it follows
and the time scales involved. HELIO will therefore provide access to a propa-
gation model to help determine which observatories making the required type
of observations are located where they could satisfy the user’s search criteria
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(at the required time).

3 Project Implementation

HELIO will address the challenges it faces following the Integrated Infras-
tructure Initiative (I3) activities model of the Framework Programmes; this is
split into three components:

e Networking — We will cooperate closely with the community to define the
required capabilities of the HELIO infrastructure and develop new standards
for heliophysical data

e Joint Research — We will develop search tools that span disciplinary bound-
aries and explore new types of user-friendly interfaces

e Service — We will integrate the services to produce an infrastructure that
can easily be extended to satisfy the growing needs of the community

Many of the partners of HELIO were also involved in European Grid of Solar
Observations, EGSO (Bentley et al., 2002; Csillaghy et al., 2003; Aboudarham
et al., 2006), and we will build on the experience gained in that and other
projects.

3.1 Networking Activities

The first tasks undertaken by the project will be within the Networking
Activities. The community will be involved in the project through a series
of User Groups_ and Focus Groups; these will be used to provide information
needed to define the project requirements and resolve a number of issues. The
User Groups will-also help test the services established by HELIO and provide
the feedback needed to improve their quality.

Principally we need to involve the community in discussions to:

o Identify the data resources and other capabilities (from all the domains of
heliophysics) that should be included in the HELIO infrastructure. Items
to be discussed are: i) which event lists, indices and other types of search
metadata should be integrated into the Metadata Servers; i) which data
sets should be integrated into the Provider Access Servers; i) which pro-
cessing capabilities should be integrated into the Processing Servers. Given
that there are limits to the resources that can be deployed, part of the
discussion will be to prioritize these lists.

e Gather information on the data models used within the communities so that
HELIO can use ontological tools to develop an over-spanning data model
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in order to tie the heterogeneous sources of data together.

o Identify ways of improving the contents and interoperability of the data and
metadata and promote their use within the community.

e Define new capabilities that need to be developed by HELIO in order to
realize its objectives.

The third item is of particular importance for the future. We know that a
virtual observatory such as HELIO can solve many problems using technology;
but some require the communities to take a more coordinated and consistent
approach to data and metadata. In implementing HELIO we will undoubtedly
find areas where changes could improve the accessibility and quality of data.
From this enhanced understanding we will formulate a set of guidelines and
suggestions for data providers that we hope will provide a template for future
data sets. While it could be helpful if existing access capabilities could be
made compliant with such guidelines, it is essential the ' HELIO can handle
access even if such changes are not possible so as not to place an excessive
burden on the providers.

This work will be undertaken in collaboration with the data providers, in
discussion with standards bodies such as the International Virtual Observatory
Alliance! and the International Planetary Data Alliance? , and in coordina-
tion with the TAU Working Group on International Data Access® (solar and
heliospheric).

3.2  Joint Research Activities

If the data and metadata from the different domains are to be used collec-
tively, it is necessary to establish the relationship between parameters in the
information that they contain. Each domain has well established data models
that describe its own data and we have concluded that developing a single
data model to integrate the data from all the domains is not practical, nor
is it realistic to expect the communities to change their practices in order to
conform to such a model.

So that we can relate the data to each other, we will create an over-spanning
data model to link the individual domain data models. This will be based on
an ontology that we will develop from the existing models and other useful
sources of information — e.g. the EGSO data model* (Reardon et al., 2004).

IVOA: http://www.ivoa.net/

IPDA: http://planetarydata.org/

IAU Working Group: http://www.mssl.ucl.ac.uk/grid /iau/

EGSO Report: http://www.egso.org/documents/DataModelv1.4.pdf

N N
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Space Physics Archive Search and Extract® data system (Harvey et al., 2004).
The ontology will be used to implement a semantic driven approach needed to
realize some of the HELIO services. While this will handle many of the issues,
it is important that the communities work together to improve interoperability
so that everything becomes simpler in the longer term — this is discussed under
Networking.

Another area of research is related to the recognition and tracking of fea-
tures. While establishing Furopean Grid of Solar Observations we developed
the image processing tools to detect sunspots, active regions and filaments in
solar data and used these to build the EGSO Solar Feature Catalogue (Fuller
et al., 2005; Zharkova et al., 2005). For HELIO, these techniques will need to
be adapted to recognize features in data from other domains, including time-
frequency and other types of two-dimensional plots. New techniques will be
developed to allow features to be tracked when moving through and evolving
in the field of view. The new catalogues that this work will facilitate will be
used within the search capability provided by the Service Activities.

If our resources permit, we will also investigate new ways of presenting
data through user interfaces. We have determined that many users find the
interfaces provided by virtual observatories difficult to use because they do
not work in the way the scientist wishes to think about the data. HELIO will
try to address this problem through the innovative use of existing technology.

3.3 Services Activities

HELIO is based - on a Service-Oriented Architecture and will establish a
number of services handling metadata, data provider access, processing and
storage.

The metadata servers will provide access to metadata products used to
search for interesting observations. Given the diverse nature of the metadata,
it is anticipated that in some cases it will be necessary for HELIO to ingest
the metadata in order to condition it to match its data model; improving the
interoperability between coordinate systems will be one core requirement. We
will also look closely at the contents and quality of some of the metadata
(Bentley et al., 2009) and if necessary try to improve these by regenerating
certain lists in collaboration with the providers.

The search for interesting events and phenomena will produce a list of times
and locations within the Solar System where observations of a particular type
are required to address the science problem being considered. These will be

> SPASE: http://www.spase-group.org/
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translated by another service into requests for observations from individual
instruments (and observatories) during specific time intervals.

The data provider access service will be used to determine where observa-
tions that match the time interval and location of interest can be found; it
will then allow the user to retrieve the selected observations. HELIO will not
ingest any data itself, instead the provider access service will present a unified
style of access into the wide variety of existing data archive interfaces.

The archives have differing levels of resources available and hence different
capabilities. For archive with intelligent interfaces, the service will ‘let the
provider do most of the work; for those with limited resources, the HELIO
service will establish the mapping into the archive in order to satisfy a data
request.

So that we can provide access to data from as many different observatories
and instruments as possible early in the project, we will initially concentrate
on the more capable providers, including existing virtual observatories. The
virtual observatories provide value-added access to data from the domains that
they cover and could save the project a lot of effort: As mentioned earlier (see
Networking), we are planning to work with the wider community to establish
standards that will facilitate the exchange of information and data between the
different domains within heliophysics; it is hoped that the virtual observatories
will play a major role in this activity.

The processing services will support the production of quick-look products
that are required to assist the user when searching for interesting observations;
they will also execute the propagation model used to provide the 4D link
between observations. Onee observations have been selected, it will be possible
to use the capabilities of the processing services to extract and calibrate a
subset of the data and return the results in any desired format.

The storage service will be provide the option to store the results of searches
and processing activities; space will be available for limited interval for those
users that have logged into the system. Other services support the semantic
mapping needed to relate information form the different communities, and
where necessary translate between the coordinate systems used in different
parts of the Solar System.

The services can be used individually or combined through a workflow
capability based on the Taverna® workflow engine. The advanced search ca-
pability that HELIO is providing will use this workflow capability to combine
the various services, including the metadata catalogues, propagation model
and quick-look products.

6 Taverna: http://www.taverna.sourceforge.net
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4 Organization

The partners of HELIO provide expertise in a number of different areas.
Many have an extensive knowledge of the different domains of heliophysics
and experience in managing and archiving their data. Others have expertise
in different areas of computer science but also have some familiarity with
handling data. The partners from US will provide access to useful technologies
and will help ensure that discussions and decisions include input from as large
a part of the community as possible.

Involving the community is important to the HELIO project. We will do
this through a number of activities: User Groups will be established to pro-
vide input and feedback; Community Coordination Meetings held in conjunc-
tion with interdisciplinary meetings like the EGU; Coordinated Data Analysis
Workshops (CDAWSs) are planned to give the community the chance use tools
developed by the project. We hope that collectively this will lead to the ac-
ceptance of the HELIO project in the wider community.

The HELIO project Web site can be found at http://www.helio-vo.eu
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