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The ART Cluster
Goal

Investigate novel methodologies to provide predictability and 
flexibility for embedded systems where resources 
requirements are inherently unstable and difficult to predict in
advance.
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Research areas
• Operating Systems

− Predictability, Portability, Standards, ...

• Resource Management Algorithms
− Scheduling, Mutual Exclusion, Power-aware algorithms, ...

• Networks
− Protocols, Synchronization, Co-ordination, ...

• Middleware
− Adaptativity, QoS Mangement, ...

• Languages
− Expressiveness, Reliability, ...



Cluster Leader
SSSA, Pisa: RT scheduling and RT kernels

Core Partners
Univ. of Aveiro: networking, distributed applications
TU Kaiserslautern: video streaming, scheduling
Univ. of Cantabria: schedulability analysis and OS standards
Univ. of York: real-time languages
UP Madrid: QoS and resource management
PI Porto: heterogeneous networks

Affiliated Partners
Univ. of Pavia: RT scheduling and resource management
Evidence: kernels and tools for RT systems
UP Catalonia: control methodologies for RT systems
Univ. of Catania: distributed systems
UC3 Madrid: QoS and resource management

ART partners Role



ART Cluster Activities

JPIA Platforms
• A common infrastructure for adaptive RT systems

JPRA NoE Integration
• Adaptive real-time, HRT and Control
• QoS Aware Components

JPRA Cluster Integration
• Flexible Resource Management for Consumer Electronics
• Dynamic and Pervasive Networking
• Real-Time Languages



Overview of the activities
of the ART cluster

Common OS Infrastructure

Flexible Resource Management

QoS Aware Components

Real-Time Languages

Adaptive
Real-Time

and
Control

Dynamic and Pervasive Networking



State of integration
International Collaborations

Univ. of Illinois at Urbana Champaing
• Lui Sha (RT control and scheduling)

Univ. of North Carolina at Chapel Hill
• Sanjoy Baruah (Multiprocessor scheduling)

Univ. of Virginia
• John Stankovic (RT scheduling, sensor networks)

Carnegie Mellon University
• Raj. Rajkumar, John Lehoczky (Resource Reservation)

National Taiwan University
• Tei-Wei Kuo (Resource management)

Indian Institute of Technology Madras
• Krithi Ramamritham (Real-time data management)



State of integration
Industrial Collaborations

Philips - QoS management for multimedia sys.

Ericsson / Marconi - RT systems for telecommunications

NXP - Power-aware methodologies

Microchip Technology - RTOS for embedded control appl.s

Magneti Marelli - Schedulability tools for automotive sys.

STM - RTOS for multicore architectures

Schneider-Electric/COMAU - RTOS for industrial control

Several SMEs
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Scientific Highlights
RTOS platform
• We provided a shared RTOS platform (SHARK) for

experimenting new RT software technologies on real 
control applications:

novel scheduling algorithms
resource management techniques
energy-aware policies
overload handling techniques for robustness and 
predictability

• We showed how to extend current OSs to support RT appls
with dynamic behavior (Impact on POSIX, OSEK, …)



Approach
1. Select a flexible, modular,

open-source RT kernel     ⇒

2. Kernel installation on partner sites and personnel
training

3. Support partners in developing RT applications and 
new kernel mechanisms

4. Repository of RT applications and algorithms for task 
scheduling and resource management.

Scientific Highlights



Achievements in Year 3

1. New release: SHARK 1.5.4 (Nov. 22, 2007)

− A few bugs fixed

− It now runs within a virtual machine, so speeding 
up the development of new applications.

− Successfully tested under VirtualBox and QEMU

Scientific Highlights



Achievements in Year 3
2. Real-Time applications

− Ball balancing (Pisa)
− Inverted pendulum (Univ. of Catalonia)
− Mobile robots  (Univ. of Aveiro)
− Video processing appls. (TULK)
− Traffic smoothing algorithms (Univ. of Catania)
− Feedback scheduling (Univ. of Catalonia)
− Porting HOLA-QoS algorithms (UPM)
− ...

Scientific Highlights



Achievements in Year 3

3. Organized Events
− 11 Keynotes
− 7 Workshops
− 8 Courses
− 1 Tutorial
− 1 CyberRobot Competition
− 97 papers
− 18 joint papers

Scientific Highlights



Achievements in Year 3

4. Collaboration with Microchip Technology

− Develop a general purpose board for embedded 
systems (FLEX board - by Evidence)

− Provide RTOS technology with OSEK compatibility 
(ERIKA RTOS - by Evidence)

− Develop a number of special purpose boards with 
related applications

Scientific Highlights



Architecture

FLEX boardFLEX board

Microchip Microchip dsPIC 30F601x

E.R.I.K.A.RTOSRTOS

HardwareHardware

SoftwareSoftware Application (C)



The  FLEX  board

Dimensions: 92 x 62 mm Weight: 25 g



Main Features:

On-board power regulation

On the fly and remote programming

Expandible with piggy-back connections
− Wireless sensor network node

− Servomotor controller

− Inertial platform for flight control systems

− Sound-localization module

− Video interface module for visual tracking and 
distributed surveillance systems

The  FLEX  board

Flex board

Appl.
board



Wireless transceiver
Proximity sensors

compass

Example



E.R.I.K.A.
http://erika.sssup.it

In collaboration with

PA
R

A
D

ES

Support for several microcontrollers
(Microchip dsPic, Atmel AVR, …)

Support for multi-processors (Altera Nios-II)

Small footprint (from  700 bytes  to  2 Kbytes)

High time resolution

Advanced scheduling (Rate Monotonic, EDF, Priority Inheritance)

OSEK compliance

Key features



Future work: Plan for Year 4
1. Contribute to the development of a Mini FLEX board for 

distributed RT applications (e.g., sensor networks, living 
assistance, mobile robot coordination, active surveillance).

Pisa, Pavia, Evidence, Microchip Technology, Embedded Solutions

2. Investigate component-based RTOS, defining features 
and problems to be solved to decouple kernel mechanisms 
between them and from the application.

Pisa, Cantabria, TUKL, Aveiro, Madrid

3. Extend current RTOSs to multicore devices, with the 
objective of making optimal usage of the available CPUs,
as well as minimizing power consumption.

Porto, Aveiro, Catania, Pisa, York



Support scalability to facilitate porting on different platforms;
Pisa, Pavia, York, Evidence

Investigate energy-aware res. manag. to prolong lifetime;
Pisa, Pavia, Aveiro, Madrid

Increase programming flexibility to simplify testing;
York, Cantabria, Madrid, Porto

Increase system adaptivity to react to environmental 
changes, still providing a sufficient level of performance;

Pisa, Pavia, Aveiro, Lund, Madrid, Catalonia, Cantabria, TUKL

Investigate robust algorithms to tolerate transient and 
permanent overloads conditions due to wrong design 
assumptions or unpredictable changes.

Pisa, Aveiro, Catalonia, TUKL

Future work: Long term vision



Flexible Resource Management
Activity Leader: Michael Gonzalez (Cantabria)

Objective
• Develop an efficient resource manager to perform adaptive QoS control 

of time sensitive applications with dynamic characteristics

Achievements
• Architectural model of the flexible scheduling framework (Cantabria, 

TULK, SSSA, Aveiro)

• Integrated CPU scheduling and cache management (TUKL, NXP)

• Hierarchical scheduling (Pisa, York)

• Design of a quality of service manager (Pisa, TUKL, Madrid, Cantabria)



Flexible Resource Management

Plans for Year 4

Conclude the analysis of application requirements of adaptive 
applications.

Develop algorithms for the integration of CPU scheduling and cache 
management and analyse their effectiveness on actual boards.

Provide a framework that allows to choose the appropriate scheduling 
methods for individual activities in different resources.



Real-Time Languages
Activity Leader: Alan Burns (York)

Objective
• Support RT functionality via language constructs rather than OS calls to 

simplify testing and programming of complex applications.

Achievements
• Development of Real-Time Utilities for Ada 2005 for both the full 

language and the Ravenscar sub-set for high-integrity systems.

• Ada 2005 run-time has been implemented on MARTE OS.

• Extensions to the Real-Time Specification for Java (RTSJ), including 
work in the Expert Group responsible for the Standard

• Investigation into extended dynamic memory management within RTSJ



Real-Time Languages

Plans for Year 4

Continue to work on design pattern for Ada 2005, to include resource 
control algorithms and scheduling schemes.

Publish, via the ARTIST web site, these patterns.

Further development of the RTSJ (Real-Time Specification for Java) 
standard and dynamic memory management techniques, and the 
building up a user community.

Produce a white paper (on the web) reviewing the current status of 
language developments – to include Ada 2005, RTSJ, Java, the 
Synchronous languages, C and C++ (with POSIX), SCOOP and 
Hume.



Activity leader : Eduardo TovarActivity leader : Eduardo Tovar

Institute Polytechnic PortoInstitute Polytechnic Porto

Attending here : Attending here : BjBjöörn Anderssonrn Andersson and Mand Máário Alvesrio Alves

Institute Polytechnic PortoInstitute Polytechnic Porto

Dynamic and Pervasive NetworksDynamic and Pervasive Networks
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High-Level Objectives

There is an increasing trend for networked 
embedded systems.



High-Level Objectives

There is an increasing trend for networked 
embedded systems.

EnergyEnergy
efficiencyefficiency

RealReal--TimeTime

Interaction withInteraction with
PhysicalPhysical

EnvironmentEnvironment

ReconfigurabilityReconfigurability



Sensor NetworksSensor Networks
Collaborations/Interactions Between Collaborations/Interactions Between 

PartnersPartners



ReconfigurabilityReconfigurability
Collaborations/Interactions Between Collaborations/Interactions Between 

PartnersPartners



COTS TechnologyCOTS Technology
Collaborations/Interactions Between Collaborations/Interactions Between 

PartnersPartners
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1000 downloads.1000 downloads.
19000 visits in one year.19000 visits in one year.
Only nonOnly non--American partner in American partner in 
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⇒⇒We have impact outside the We have impact outside the 
activity.activity.
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e.g. Pisa and York are doing  WSN.e.g. Pisa and York are doing  WSN.



Results Results 
(highlights)(highlights)

Best paper award ECRTS07.Best paper award ECRTS07.

Engineering ZigBee clusterEngineering ZigBee cluster--
tree networks over TinyOS tree networks over TinyOS 
for MICAz and TelosB for MICAz and TelosB 
motesmotes
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ConclusionConclusion

The Dynamic and Pervasive The Dynamic and Pervasive 
Networking activity has:Networking activity has:

1. been producing excellent1. been producing excellent
results;results;

2. integrated results;2. integrated results;

3. had impact.3. had impact.



Thanks for your time!Thanks for your time!



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


