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Despite the tremendous growth of the capacity of computation and storage IT solutions over the last years
there is still a deep mismatch between the e-Infrastructures and the e-Science applications that use instru-
ments, sensors, and laboratory equipment. The efficiency of using instruments in a remote way, i.e. Remote
Instrumentation, might be largely improved by integration with the existing distributed computing and stor-
age infrastructures, like Grids. The paper discusses major activities towards the e-Infrastructure for Remote
Instrumentation – a Grid-based Information and Communication Technology environment capable of cover-
ing all the issues arising around enabling Remote Instrumentation for e-Science applications.

© 2011 Elsevier B.V. All rights reserved.
1. Introduction

In recent years the progress of high-performance computing and
networking has enabled the deployment of large-scale infrastruc-
tures, like the ones promoted by the OSG1 (the Open Science Grid)
project in the USA, NAREGI (the Japanese National Research
Grid Initiative) in Japan, or EGEE2 (Enabling Grids for E-sciencE)
and DEISA3 (Distributed European Infrastructure for Supercomput-
ing Applications) in the European Research Area. These foundations
set up infrastructures which provide powerful distributed computing
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environments with thousands of CPU cores and petabytes of storage
space available for complex applications. However, as the traditional
Grid matured, the main interest is being shifted towards the real
sources of the processed data — instruments and sensors. Instru-
ments which produce, collect, and acquire large data volumes are
widely used in science and technology (Fig. 1). Prominent examples
of such instruments are Glider — the remotely controlled mobile de-
vice, which performs long-distance oceanographic measurement
missions (Fig. 1a), synchrotron — a large-scale particle accelerator and
data facility (Fig. 1c), or even anymicro device that is part of a greater sen-
sor network, such as a camera network for observation of large coastal
areas (Fig. 1b).

Development and spreading of the Remote Instrumentation con-
cept — a solution for accessing and controlling distributed scientific
instruments from within scientific applications — opens new oppor-
tunities for many scientific communities [1]. In particular, environ-
mental science, earthquake and experimental physics applications
will benefit from it. Remote Instrumentation is also gaining signifi-
cant popularity in education.

Being provided within a Grid supercomputing environment, Re-
mote Instrumentation offers a solution not only for getting access
to instruments (often including unique and expensive laboratory
equipment), but also for sharing, federation and exploitation of the
collective power of high-performance (computing and storage re-
sources) facilities for academic and industrial research virtual
communities.
te Instrumentation, Comput. Stand. Interfaces (2011), doi:10.1016/
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Fig. 1. Examples of remote instruments: a) oceanographic device “Glider” b) car sensor network c) synchrotron of the ELETTRA lab.4
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The recent attempts (performed in the projects RINGrid5,
GRIDCC6, and CIMA7) which strived to design a service-oriented
Grid infrastructure for management, maintenance, and exploitation
of heterogeneous instrumentation and acquisition devices, in con-
junction with computing and storage resources of the traditional
Grid, resulted in an e-Infrastructure for Remote Instrumentation,
which has been set up in the frame of the EU-funded DORII8 project.
Thus, the e-Infrastructure facilitates full-service operational sup-
port of the experimental and laboratory equipment plugged in to
the Grid.

The paper addresses the main objectives of the e-Infrastructure
for Remote Instrumentation's deployment and introduces the
state-of-the-art solutions for hardware, middleware and network-
ing enhancements of the traditional Grid towards the integration
of instruments and sensors. Section 1 presents the conception of
the e-Infrastructure and its basic deployment aspects. Section 2 in-
troduces some pilot Remote Instrumentation application scenarios
that require Grid support. Section 3 provides some information
about the DORII project's infrastructure. Section 4 describes the
middleware architecture of the Remote Instrumentation e-
Infrastructure, which allows users and their applications to get an
easy and secure access to various Remote Instrumentation re-
sources and benefit from the high-performance computing and
storage facilities of the traditional Grid. Section 5 addresses the net-
working aspect of the e-Infrastructure. Section 6 collects the main
innovations done in DORII. Section 7 contains the conclusion and
final discussion points.

2. Concept of Remote Instrumentation Infrastructure

Issues of remote access and operation of diverse remote instru-
ments and experimental equipment have been particularly studied
and developed in the framework of several research projects,
4 Synchrotron Light Laboratory ELETTRA, http://www.elettra.trieste.it/
5 Remote Instrumentation in Next-Generation Grids (RINGrid) — www.ringrid.eu.
6 Grid enabled Remote Instrumentation with Distributed Control and Computation

(GRIDCC) — www.gridcc.org.
7 Common Instrument Middleware Architecture (CIMA) — http://plone.jcu.edu.au/

dart/software/cima.
8 Deployment of the R.emote Instrumentation Infrastructure (DORII) — www.

dorii.eu
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mentioned above. However, the efficient use of Remote Instrumen-
tation goes far beyond facilitating networked access to remote in-
struments, which the most those projects have focused on. Grid
services for Remote Instrumentation should offer a solution to
fully integrate instruments (including laboratory equipment,
large-scale experimental facilities, and sensor networks) in a Ser-
vice Oriented Architecture (SOA), where users can operate instru-
ments in the same fashion as the computing and storage
resources offered by the traditional Grid (Fig. 2).

Practical attempts to close numerous gaps between the Grid and
scientific domains which provide and utilize Remote Instrumenta-
tion Services were performed within the DORII project [2]. Among
the main goals addressed by the project the following are of special
interest for the e-Infrastructure for Remote Instrumentation:

• to provide a set of standard capabilities to support Remote Instru-
mentation in a Grid environment, including a suitable abstraction
of Remote Instrumentation, in order to make it visible as a manage-
able Grid resource;

• to adopt Remote Instrumentation across e-Science domains;
• to design a service-oriented Grid architecture that enables the inte-
gration of instruments as services;

• to set up a flexible problem-oriented middleware architecture,
which not only provides users with services for Remote Instru-
mentation, but also enables full-fledged user-level tools for pro-
moting the e-Infrastructure to the end-user and application
developers, hiding the complexity of the underlying Grid
technology;

• to generalize and deploy a framework environment that can be
used for fast prototyping.

The architecture proposed by DORII provides an easy and secure
access to Remote Instrumentation resources, supported by high-
performance computing and storage facilities of the traditional Grid
as well as by underlying networking technologies. The following sec-
tions address the main elements of DORII e-Infrastructure — applica-
tions, infrastructure resources, middleware, and networking facilities.

3. Pilot application scenarios

Belowwe describe the e-Science domains that are of special interest
for the e-Infrastructure, and present some pilot applications adopted by
te Instrumentation, Comput. Stand. Interfaces (2011), doi:10.1016/
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Fig. 2. Conceptual view of the Remote Instrumentation e-Infrastructure. The instrument element (IE) becomes the standard element abstraction of the Grid, in addition to computing
(CE) and storage (SE) resources.
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DORII. The scenarios present only some of many examples of scientific
instruments which are utilized in e-Science and might greatly benefit
from Remote Instrumentation.

3.1. Environmental science

Environmental domain spans a significant range of e-Science and
offers a number of instruments, such as Glider (Fig. 1a). Glider is an
oceanographic device performing long-term and long-distance mea-
surement missions, used in operational oceanography (environmen-
tal science domain) [7].

Measurements of physical, chemical, and biological parameters
are the basis for research and development in oceanography. De-
cades ago it was still necessary to venture with ships to the location
of interest and perform the measurements manually. This was cost-
ly in time, personnel, and funds. The first instruments which auto-
mate registration of the necessary information were deployed in
ocean moorings since the 1950s. They can conduct measurements
for periods up to three years. The measured data become available
to the scientists only after the recovery of the instruments. In the
1970s satellites caused another jump in observation systems.
Large parts of the world's oceans could be covered in a short time
and the data became available to oceanographers only minutes or
hours after the measurement. Unfortunately not all interesting pa-
rameters can be observed from a satellite. Especially data from the
interior of the oceans is inaccessible to satellites. In the past decade
satellite phones, energy saving micro electronics, and new mate-
rials lead to a new generation of instruments. These instruments
are basically autonomous, some of them drift with ocean currents
or move along predetermined courses, and transmit their data in
Please cite this article as: A. Cheptsov, et al., e-Infrastructure for Remo
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regular intervals via satellite to the scientist on land. Glider is the
youngest member in the family of oceanographic instruments.
This is an autonomously diving and slowly moving platform for
measurements. Glider can travel for several months over distances
of several thousand kilometers and continuously perform measure-
ments along their characteristic zigzag dive-path [3], see Fig. 3.

A whole network of oceanographic scientific instruments, including
a set of Gliders, is currently deployed in the Mediterranean Basin in the
frame of MERSEA project [4].

In particular, they are used for near real-time observations at
the sea surface and in the water column, producing such important
characteristics, as temperature, salinity, and pressure profiles etc.
This tasks is facilitated by means of special numerical simulation
models, such as OPATM-BFM, developed by an oceanographic insti-
tute from Trieste (Istituto Nazionale di Oceanografia e di Geofisica
Sperimentale, OGS) and described in [5]. OPATM-BFM is a parallel,
coupled physical–biogeochemical model that that produces short-
term forecasts of some key biogeochemical variables (e.g. chloro-
phyll) for the Mediterranean Sea. Physical forcing fields (i.e. cur-
rent velocity), used by OPATM-BFM, are indirectly coming from
Float measurements.

Each of the described parts of the oceanographic scenario (collecting
the data by instruments and performing complex simulation on
those data by applications) poses several challenging scenarios for
integration with European as well as worldwide Grid infrastructures.
Moreover, a great challenge is to compose the abovementioned anal-
ysis phases in a common operation chain, a workflowwhich links the
remote measurement with the computational outputs, including all
the steps of the data downloading, treatment and post-processing,
as well as running simulation model and results evaluation.
te Instrumentation, Comput. Stand. Interfaces (2011), doi:10.1016/
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Fig. 3. Remotely instrumented Glider missions.
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3.2. Experimental physics

Experimental stations in facilities like Synchrotrons and Free Elec-
tron Lasers of ELETTRA9 produce huge quantities of data [6]. These
data need to be analyzed on-line, which requires considerable com-
puting power and often teamwork. The problem is even more difficult
considering the increased efficiency of the light sources and detectors.
Complex calculations are required to take diffraction images and con-
vert them into a 3D protein structure. Similarly, complex calculations
are required to produce tomograms and then perform an analysis of
the results.

The results of these analyses often need to be visualized by a dis-
tributed team and used to modify interactively the data collection
strategy. Data from instruments and sensors are saved in distributed
repositories, computational models are executed, and an interactive
data mining process is eventually used to extract useful knowledge.

This kind of application requires both the support of a standard
Grid computing environment, i.e. a Virtual Organization (VO), a set
of distributed storage and computing resources and some resource
brokering mechanism, a workflow definition and execution environ-
ment, and the capability to integrate instruments (the detectors)
and interactively collaborate in the data analysis process. A QoS han-
dling mechanism is necessary to use the available network structure
effectively. This poses a great challenge to efficient use of the applica-
tion using facilitates provided by the traditional Grid.

3.3. Earthquake simulation

Sensor networks are widely utilized in many industrial and civil-
ian application areas, including industrial process monitoring and
control, detection and response to natural disasters and many others.
For example, EUCENTRE10 has developed a number of applications
which perform pseudo-dynamic simulations using sub-structuring
[6]. This means that a part of the building being simulated is a “virtu-
al” structure, while another part is a physical specimen placed in a
9 Elettra Synchrotron Light Source — www.elettra.trieste.it.
10 European Centre for Training and Research in Earthquake Engineering (EUCEN-
TRE) — www.eucentre.it.
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laboratory and equipped with actuators (to apply forces or displace-
ments) and sensors (to measure reactions). The simulation server
collects the data provided by the sensors and the calculated response
of the virtual building components, putting all together in order to
represent this set as a unique structure. All the applications require
both the support of a standard Grid computing environment, which
is a virtual organization, a set of distributed storage and computing
resources and some resource brokering mechanism, a workflow defi-
nition and execution environment and the capability to integrate in-
struments (the detectors) and interactively collaborate in the data
analysis process.

Such systems also take advantage of Remote Instrumentation in
terms of access to computational capabilities for speeding up the cal-
culation of shake maps. In particular, fast shake maps are very useful
for damage assessment in a post-seismic scenario, when it is neces-
sary to coordinate in a safe and quick way rescue team operations.
A network of seismic sensors should be deployed and connected by
means of a wireless connection to a Grid infrastructure. In the pres-
ence of an earthquake, all the typical seismic parameters (epicentre,
magnitude, ground acceleration, etc.) are estimated and then used
to build fragility curves. In the easiest implementation, the applica-
tion has only to perform an interpolation accessing a database of
use cases already calculated (with a non-trivial computing effort, sim-
plified by the Grid), in order to fit the current situation. In the other
case, the map is calculated immediately after the earthquake param-
eters are recorded.
4. Infrastructure

In order to facilitate access to scientific instruments for the goals
of Remote Instrumentation, heterogeneous and geographically dis-
persed computing, storage, and instrument resources need to be
loosely coupled in a common infrastructure. Along with the comput-
ing resources used for post-processing of the data acquired from in-
struments, as well as for performing simulations based on them, the
storage resources are an essential part of the infrastructure; they
are used for storing massive amounts of data, both acquired from
the instruments and produced on the computing resources. Besides,
a security and management infrastructure is required for all of the
resource types.
te Instrumentation, Comput. Stand. Interfaces (2011), doi:10.1016/
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For what concerns computing and storage capabilities, the e-
Infrastructure can greatly utilize resource sites of the already existing
Grid system, ensuring their sustainable utilization. The same ap-
proach was also followed in DORII, whose infrastructure is comprised
of the resource centers included in the largest European Grid infra-
structure — EGEE (Fig. 4).

Along with computing and storage resources, instruments consti-
tute an essential part of the infrastructure. As stated above, the e-
Infrastructure is not limited to any specific kind of instruments. As the
experience of DORII reveals, diverse instruments can be interconnected
with the e-Infrastructure [3]. In particular, there have been pilot appli-
cations from environmental science, earthquake prediction, and exper-
imental physics domains integrated with the e-Infrastructure. The
applications span over a significant range of instruments, includingmo-
bile remotely controlled devices as Floats/Gliders or big stationary facil-
ities as Synchrotron or Free Electron Laser. The technical characteristics
of those instruments greatly differ from Actuators and Seismic Sensors
operated bymeans ofWireless SensorNetworks (WSN), or Conductivity,
Temperature, and Depth (CTD) as well as optical sensors with strict
Quality of Service (QoS) constraints.

5. Middleware architecture

The tremendously large number and the heterogeneous potential
of Grid resources requires a significant development effort in the mid-
dleware providing the e-Infrastructure to the various users in re-
search and production. The basic elements of the Grid middleware
are low-level web services for accessing and operating the infrastruc-
ture, as for example provided by gLite [4]— a middleware stack of-
fered by the EGEE-Grid. gLite provides a set of Information (BDII),
Job Management (CE, WMS), Data Management (SE, LFC), and Securi-
ty (VOMS, MyProxy) Services. Those services are complemented in
Fig. 4. Geographical location of the resource centers included to the DORII infrastructure. In t
and architectural design (6 sites in Greece, 1 site in Poland, 1 site in Spain, and 1 site in Ita
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DORII with a new group — Instrument Services, which facilitates in-
terconnection of instruments/sensors with the infrastructure.

Unlike a standard Grid middleware, the e-Infrastructure middle-
ware aims at the end-users — experts of the application domains
that the e-Infrastructure is serving. Hence, in addition to the basic
middleware services, the e-Infrastructure must additionally provide:

• a full-featured GUI toolkit(analog of the control room used in the sci-
entific application domains) that enables easy access to and discov-
ery of Grid resources and services, and serves a rich end-user
collaborative suite;

• a workflow management and monitoring system for setup and man-
agement of complex scientific experiments performed on the
infrastructure;

• an integrated application development environment with enhanced
“on-Grid” debugging and deployment features;

• a visualization and analysis back-end for the data produced by appli-
cations in the infrastructure;

• parallel applications implementation libraries, with integrated perfor-
mance analysis possibilities and back-ends for visualization of per-
formance characteristics.

By setting up the middleware architecture in conformance with
the requests of Remote Instrumentation, the e-Infrastructure can
beneficially reuse sustainable outcomes of the projects dealing with
the above-listed topics. The middleware architecture for the Remote
Instrumentation Infrastructure, as elaborated in DORII, is presented
in Fig. 5.

The core of the Instrument Services is formed by the Instrument
Element (IE) [5]— a middleware which represents a virtualization
of diverse data sources and provides the traditional Grid with an ab-
straction of a real instrument/sensor, and a Grid userwith an interactive
interface to remotely control an instrument. The IE greatly extends the
otal, there are 9 sites offering computational and storage resources of diverse capacities
ly).

te Instrumentation, Comput. Stand. Interfaces (2011), doi:10.1016/
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Fig. 5. Middleware architecture for the Remote Instrumentation Infrastructure. The core
Grid services (CE, SE etc.) are extended by the Instrument Element (IE) — a middleware
abstraction for interconnecting an instrument with the infrastructure. Moreover, a
whole bunch of user-level tools is set up on the coreGrid services, including a user and de-
veloper front-end Virtual Control Room (VCR), a Grid-enabled application development
environment (g-Eclipse), a workflow management system (WfMS), solutions for visuali-
zation and interactivity for scientific applications (GVid and i2glogin), etc.
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functionality of the e-Infrastructure to interactively control andmonitor
the remote instruments both on the part of the users and from within
the applications.

The user-level middleware makes up a considerable part of the ar-
chitecture. It targets at providing the e-Infrastructure services to the
users and ensuring the efficient development, deployment and use
of the applications in Grid environments. The Virtual Control Room
(VCR) [6] is the central front-end for the e-Infrastructure. The VCR is
a richly-featured web portal that provides an intuitive and user-
friendly interface. The VCR serves a complete desktop environment
for the e-Infrastructure's end-users (Fig. 6a).
Fig. 6. The e-Infrastructure's front-ends: a) Virtual Control R
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Some of the e-Infrastructure's applications perform complex
experiments described by means of workflows. In order to simplify
the users' task of designing the workflows for their applications, as
well as submitting the workflow to the execution and monitoring
during the execution, the Workflow Management System (WfMS) [7]
is included in the architecture (Fig. 6b). The WfMS-launcher is pro-
vided by the VCR, as well.

To support application development activities, the architecture
also includes g-Eclipse [8]— an integrated development framework
for the Grid. g-Eclipse offers sustainable support for the full develop-
ment cycle of the Grid applications, including code deployment, re-
mote compiling and debugging, etc.

Access from the user-level middleware components to the Grid
services deployed on the infrastructure (gLite and Instrument Ser-
vices) is facilitated by means of a Common Library (CL), which offers
Application Program Interfaces (APIs) for unified access to the infra-
structure's Grid services (gLite and IE). The CL is designed in a way
that ensures the component interoperability within the architecture
and simplifies the installation of the user-level middleware.

To support the specific application requirements on interactivity,
visualization, and to improve running parallel (e.g. utilizing the Mes-
sage Passing Interface — MPI) applications on the e-Infrastructure, the
following solutions are additionally included in the middleware archi-
tecture: GLogin [9] (transport layer service provider used for opening
an interactive session between the infrastructure and users), GVid [10]
(video streaming service intended for Grid-based visualizations in sci-
entific applications), OpenMPI [11] (communication library for MPI ap-
plications), MPI-Start (tool for improved running of the parallel
applications on the infrastructure).

6. Networking aspects

The design of the telecommunications network aims at improving
the performance of applications from an end-user's point of view.
Basically, IP-based networks only provide a best-effort packet delivery
service without any performance guarantees. On the contrary, the
DORII project involved a large set of applications that generate and ex-
change heterogeneous traffic with different requirements in terms of
QoS. DORII applications have been classified into two major categories:
a) applications that process pre-collected data with loose QoS require-
ments, since their performance could benefit from bandwidth guaran-
oom (VCR), b) Workflow Management System (WfMS).

te Instrumentation, Comput. Stand. Interfaces (2011), doi:10.1016/
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tees, but QoS support is not mandatory also for in-production deploy-
ment; b) applications working on data acquired in real-time with
more stringent requirements in terms of network reliability and perfor-
mance guarantees, for which QoS support is highly recommended for
an effective in-production deployment.

The DORII network infrastructure (see Fig. 7) interconnects hetero-
geneous networks, characterized by various communications technolo-
gies, which includewired andwireless connections aswell as a plethora
of sensor networks collecting data for specific analysis and monitoring
actions. More specifically, the DORII network contains: a) the Local
Area Networks of the participating institutions, which include highly
heterogeneous data collection parts (sensor networks, satellite links,
ADSL, high-speed data transfer), b) the corresponding National Re-
search and Education Networks (NRENs) providing access to each na-
tional research network and to the Internet, and c) GÉANT2, as the
backbone interconnecting NRENs.

A further issue considered in the design of the network infrastruc-
ture was represented by the intrinsic dynamic and distributed nature
of DORII applications as far as the selection of Grid resources is con-
cerned. The deployment of Remote Instrumentation applications over
an e-Infrastructure typically involves a sensor network, several DORII
sites (where the selected Grid resources— CE, SE— and the IE are locat-
ed) and the core network that assures inter-site connectivity.

Taking into account all these complexities, first, DORII applications
have been deployed over a best-effort network, so as to identify their
performance issues and to characterize their behavior by correlating
QoE (Quality of Experience) at application level and network statis-
tics at network level [15]. Then, an experimental test bed between
Fig. 7. DORII network infrastruc
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GRNET and PSNC, providing QoS support, has been deployed so as
to analyze and improve the performance of a selected set of applica-
tions that require enhanced network services.

An advanced monitoring platform has been deployed for the
DORII network infrastructure [14]. The design and deployment of
the DORII network monitoring infrastructure has been carried out
so as to identify end-to-end connectivity problems, service interrup-
tions and bottlenecks. The network monitoring platform deployed
for the DORII project [12] consists of the following tools:

• Smokeping, for network latency measurement
• Pathload, for the estimation of the available bandwidth along a network
path

• SNMP-based Web applications, for monitoring network interface
utilization

Since each site is connected to its NREN and interconnected with
other sites through the GÉANT2 network, end-to-end traffic is moni-
tored and network statistics are collected. Moreover, part of the DORII
network, including applications' sites, is IPv6-enabled. Thus, end-to-
end native IPv6 connectivity is available for some DORII applications
and DORII Grid sites. Results of measurement on the applications' per-
formance over the DORII networking platform are reported in [13].

7. Main innovations in Remote Instrumentation Infrastructure

The pilot version of the Remote Instrumentation Infrastructure
has been successfully set up during the DORII project. The DORII re-
search and developments made a step forward for leveraging the
ture and monitoring tools.
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traditional e-Infrastructure's resources to fully support the Remote
Instrumentation Services, as conceptualized in the RINGrid project.
For the majority of the existing instruments, a huge effort is
required to adapt the existing systems to new users and community
requirements. Based on current experiences in DORII and its
predecessors, a new definition might be proposed for commonly
available Grid objects, like computing and storage elements. This
will be done by extending the Distributed Computing Environments,
in the same matter as in case as was made for the EGEE-based e-
Infrastructure, with an innovative additional abstract layer, based on
the Instrument Element middleware introduced in INGRID. Refine-
ment and empowering of Instrument Element functionalities towards
integration of heterogeneous instrumentation, aiming at the com-
plete definition of an architectural element that can become a stan-
dardized middleware component, is an important research direction
in further extending the Remote Instrumentation Infrastructure's
level of service. This implies the DORII Common Library design heavily,
as it is supposed to be the main infrastructure service provider for a
wide range of the user-level middleware components.

On the other hand, improvement of the currently available limita-
tion in possibilities to trouble-free incorporate new instruments is
also an important improvement direction for the Remote Instrumen-
tation Infrastructure in the future. Usually, this process needs signifi-
cant effort from system developers. The current limitation in the
domain-specific integration of the Remote Instrumentation should
be overcome by offering new, flexible and innovative way of provid-
ing service-oriented instrumentation, such as advanced instrument
reservation for example. It will increase better e-Infrastructure re-
source utilisation, especially when interactive access is required.
This also implied the remote instruments. Human interaction intro-
duces new limitations which must be taken into consideration (in
particular addressed in the workflow solutions).

Accounting of scientific instruments is also a very important func-
tionality which the current edition of the Remote Instrumentation In-
frastructure is currently lacking. It should provide information about
resource utilization (again, including the Remote Instrumentation),
in particular allowing for the phases of the application life-cycle
(e.g. preparation, parameters tuning, and actual execution), which
next could be accounted with different rates.

Another innovation concerns the advanced monitoring which will
be used to provide up-to-date information about instruments and
running experiments. It will extend standard mechanisms and incor-
porate added value, like proactive monitoring in order to facilitate
fast problem resolution.

This strategy is in line with a complex of activities performed cur-
rently in the EuropeanResearchArea toward creating aVirtual Research
Environment— a dynamic and temporally isolated environment which
allows users to proceed with the complex experiment, whereby the
Remote Instrumentation tasks might be greatly supported as well.

8. Conclusions and final discussion

There are a number of scientific and technologic domains that re-
quire broad international collaboration for their success. A number of
problems may be addressed by using complex equipment and top-
level expertise, which is often locally unavailable for many institutions.
Remote Instrumentation is a new branch of the ICT domain oriented at
the integration of scientific instruments into the e-Infrastructure and
empowering possibilities in conducting experiments. The possibility of
having shared access to complex scientific and even industrial equip-
ment independently of their physical location, in a way similar to the
one Grid technology has enabled for computational and storage facili-
ties worldwide, is a great step forward towards designing next genera-
tion Remote Instrumentation Services (RIS).

An e-Infrastructure capable of providing RIS creates an absolutely
new spectrum of opportunities for a number of research projects.
Please cite this article as: A. Cheptsov, et al., e-Infrastructure for Remo
j.csi.2011.10.012
Combining RIS with the traditional Grid computation and storage ser-
vices, enabled by large-scale sustainable e-Infrastructures within a
single Virtual Organization (VO), the e-Infrastructure presented in
this paper allows scientist to expose, share, and federate within a
common application workflow various instrumental resources, by
means of universal abstractions that apply to diverse e-Science do-
mains. The e-Infrastructure for Remote Instrumentation, which was
successfully developed in the framework of the DORII project, has
already facilitated the adoption of Grid technology for numerous
e-Science applications. With this paper, the authors would like to en-
courage the direct involvement of a wider set of user communities to
bring their operational experience in the experiments to be carried
out on the Remote Instrumentation Infrastructure.
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