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The Embedded Systems Laboratory has 2 research groups: The Embec
ded Software Group which is a joint research group with the Software
Construction Laboratory, and the Digital Broadcasting group which has

close ties to the DTV Group at University of Turku.

Embedded Software Engineering Group
The research on design methods and tools for embedded systems is do-
ne in cooperation with the Software Engineering laboratory in the Em-

bedded Software Engineering Group.

Digital Broadcasting Group

The digital broadcasting group is doing research on methods for broad-
casting digital contents. Broadcasting here means the activity efoene
many transmission of contents, without any return channel.

Vision
The future embedded systems provide sustainability to all parts of our
life. At the embedded systems lab, we develop tools and techniques for
reaching this vision. Our activities go hand in hand with the idea of
GreenlT, where the goal is to reduce energy consumption and other

forms of waste of IT systems.

The vision is pursued through basic research focusing on the methodo-
logical issues, and applied research where methods and techniques ar

used in different application areas. Research topics include:

1.System design on multore processors
2. Streaming languages as a new paradigm for energy efficient computing
3. Software systems for wireless communication

Cooperation with industry
Global embedded software revenues are growing annually by 16% (200«
-2009). At the embedded systems laboratory, we want to ensure that
our tools and methods are applicable to current and futueenbedded
systems both nationally and internationally. We emphasize strong con-
nections with the industry using embedded systems in their business.
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THE RECOMP PROJECT

The RECOMP project is an ARTEMIS Joint under-
taking project accepted during the call 2009.
RECOMP will provide reference designs and plat-
form architectures together with the required de-
sign methods and tools for achieving cost-effective
certification and re-certification of mixed-criticality,
component based, multi-core systems.

Project starting date: 1°* of April 2010
Project duration: 36 months

PROJECT OBJECTIVES

The RECOMP research project will establish
methods, tools and platforms for enabling cost-
efficient certification and re-certification of safety-
critical systems and mixed-criticality systems, i.e.
systems containing safety-critical and non-safety-
critical components.

The aim of RECOMP is to define a European stan-
dard reference technology for mixed-criticality
multi-core systems supported by the European
tool vendors participating in RECOMP.

THE RECOMP PROJECT

IN NUMBERS
. 41 participants from 9 countries
. 30 companies (13 SMEs)
. 11 Universities and research organisations
. Total effort in person months: 2 724
. Total budget: 25M€
. Requested national funding: 9M€
. Requested ARTEMIS JU contribution: 4M€

S Reduced Certification Costs for
: Trusted Multi-core Platforms

DEMONSTRATORS

The following application demonstrators will be built
within the RECOMP project to apply and prove the

proposed platforms, tools and methods.

|

71|\

. Automotive steering column lock module
. Servo control for theatre equipment <

The selected application demonstrators cover a wide
variety of different operating systems, standards,
requirements and application spaces to ensure that
the needs of all major sectors of the safety market
can be fully addressed

. Turbine protection and valve safety
. Air traffic management middleware

. Escalator controller
. Drive controller
. Avionics communication modem

. Unmanned aerial vehicle sense and avoid
System

CONTACT

Prof. Johan Lilius: johan.lilius@abo.fi
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Rethinking €mbedded Multimedia (omputing

Embedded Systems Laboratory, Abo Akademi University
Prof. Johan Lilius, PhD Sebastien Lafond & Guifu Yang,
PhD stud. Andreas Dahlin, Johan Ersfolk & Haitham Habli, M.Sc. Juuso Jokiniemi

johan.lilius@abo.fi

The Concept The fpplications

The energy efficiency of existing Stream programming is especially
multimedia codec architectures suitable for data-driven applications
does not scale with the increased LG Eis Skl pea=shiet]
need for fine-grained hardware media algorithms. As it explicitly

L h It S expresses dependencies between
e eratorsi The Canals project tasks (kernels) it makes it possible
addresses this problem

= for the compiler to parallelize the
by providing a language, code for a multiprocessor system.
a compiler system and

a hardware architecture
Template particularly
suited for multimedia
streaming applications.

Target platforms include:
- FPGA Altera

- Playstation 3

- OpenCL

MPEG-4 Decoder in (anals

MPEG4 Decoder

MPEG-4 Decoder top-level
network (the application)
Multiple video streams are parsed and
frames from each stream are
extracted. All macroblocks are
decoded by the macroblock decoder
network, before they finally are
gathered and displayed.

Macroblock decoder sub-network
Decodes each macroblock, by
performing a number of operations

In correct order. Operations are
represented as kernels, implying that
they can be implemented in software
or hardware.

Schedulers

Responsible for scheduling the
execution of kernels inside a network.
The MPEG-4 Scheduler schedules the
top-level network, while the MD
Scheduler schedules the macroblock
decoder network.

(anals SDK

®Canals Development
Environment Eclipse plugin

@ Canals Compiler
Code generators
Optimizations
Modular design 5
Run-time libraries _—

®CAN Libraries
®Documentation
Tutorials
API Documentation

®Demonstrators

.
Features

Network language

Provides expressiveness for describing
data dependencies and hierarchical
structures of algorithms. A kernel is
the fundamental computational unit.

Scheduling

Provides fine-grained scheduling of
kernels and generates a list of tasks to
be executed.

Dispatching

The dispatcher executes the list
produced by the scheduler considering
timing issues and resource constraints.

Bitstream parsing

Automatically transforms bit-streams
into proper Canals data types upon
arrival to a network.

The Language

network void -> void MPEG
(

network MB -> MB_d Macroblock Decoder {...}

datadef VOP
(

L,Eor ®

type; //
oad p;

i
datadet MB d (...}
datadet M8 eype (.
datadef MB_payload {.

Scheduler void -> Schedule MPEG-d_Scheduler

EDULER_OUT;

dd (MD_Scheduler) ;

put(s);

Embedded Systems Laborat
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Abo Akademi and Digital Television
$_SENGINES

Laboratory of Embedded Systems

Assoc. Prof. Jerker Bjorkqvist
Abo Akademi D.Sc. Tech. Kristian Nybom Eﬁgg‘g'c;’;;?ﬁg
Ph.D. Stud. Stefan Grénroos

& CELTIC

Telecommunication Solutions

The Digital Television group at the laboratory of embedded systems has wide knowledge
and expertise in several digital television standards. The group has actively participated in
DVB standardization activities and the supporting international research projects Wing-TV,
B21C, and ENGINES.

Simulation and Verification of DVB-T2

» DVB-T2 is the second generation terrestrial digital . OVT2 Simaator
television standard N
» Compared to DVB-T, DVB-T2 will provide increases
in capacity (bit-rate) of more than 40% in similar
channel conditions

» Abo Akademi has participated in standardization
activities and performed simulations and verification
of the DVB-T2 standard

» Simulation of all DVB-T2 system
configurations requires significant processing
power, due to the large number of possible

configurations = ! ‘it
&

» A flexible Matlab simulation software
allows users to choose any DVB-T2
parameters as desired and run simulations

— N
» A common SQL database is used for the W"(;‘ ‘hei: para"f;flirst A —
simulations, and an arbitrary number of 4 Graphs autogeners F-anesneposs ity study.the -
P duster saLos wsing Guplet performance in detail and see the impact of

computers run simulations independently and

insert the results into the database for later different parameters

retrieval
DVB-T2 using SDR Unequal Error Protection of
» GNU Radio provides signal processing at > Goal: Implement DVB-T2 transmitter Scalable Video
runtime and allows flexible software and receiver in GNU Radio.
implementations of digital communication > This would allow us to use the USRP Windowl  Window2 » The h.264 standard supports scalable
systems 2 hardware to actually transmit and 3 = video coding
» The Universal Software Radio Peripheral receive a real DVB-T2 signal. fop  mwortncechesl —— I"""‘ ki l" — »May have several resolutions, frame

symbols

rates, and picture quality levels within
Probabilicy I the same video stream

> A decoder can then choose to decode
only a subset of the stream

(USRP) allows computers to function as high
bandwidth software radios

Input B Inetieaved Frame OFDM
Processing st Bﬁi = Builder Generator

» Expanding Window Fountain Codes

» Provides unequal error protection when all
parts of the transmitted data are not equally
important

» The first window contains the most
important data. The second window contains

|
1
\ the most important and second most 3 |
important data, etc. s }
‘The Gnu Radio Companion software provides a graphical interface for building Gnu Radio ] > Each output symbol is a random linear H {
flow graphs, where sig i be i g
I: of symbols chosen a random §o
&

window

Blocks
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CELTIC

Telecommunication Solutions

N N ABO AKADEMI UNIVERSITY
Yoo o Embedded Systems Laboratory
Assistant professor, Dr.Tech. Jerker Bjorkqvist,
Ph.D stud. Kristian Nybom and Jens Sandqvist
M.Sc stud. Tim Wikstrém and Thomas Soininen

Abo Akademi in B21

The work presented here is a part of the Celtic European project Broadcasting for the 21st Century (B21C). In the B21C project,
research related to mainly the DVB standards DVB-H, DVB-SH and DVB-T2 is performed. One of the main goals is to support
DVB-T2 standardization activities by performing evaluation and simulations of the new standard. Abo Akademi University con-
tributes to the DVB-T2 work by performing simulations and analysis of DVB-T2 baseline components. This poster gives a general
picture of the project work that has been carried out during year 2008.
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DVB-T2 Link layer model E File Format at Interfaces ] Backgound: Problem: Approach;

-LoRC dopted - LDPC codes have near-ideal per- - GPGPU offer massively parallel high-

by digital stan- vhi

dards such as DVB-T2 and LOPC decoding.
DVB-52 for the purpose of error - Dedicated VLS| hardware solutions - Implement a SPA that is tailored for
correction. in receivers have been proposed to  data-parallelism according to a stream

5 - - A LDPC code is constructed achieve greater decoding perfor-  based model.
DVB-T2 Physical layer model il gty o designing aso called ,,,H,,,:l mance - The SPA'is to be executed on the GPU.
- ty Parity- Check matrix H. - This work focuses on an alterna- - The H matrix s transformed into two
'D 'E] D ‘E E - In order to decode LDPC codes me approach ImMna LDPC de- compact stream data structures
- S s A ingunit  named Hbn and Hen.

isapplied. (Gpu). - Hbn and Hen are executed on two

separate kernels on the GPU.
- In order to access the computing

EE=E - s —
L [ T2

0 power of the GPU, the NVIDIA's paral-

)& &, lel computing architecture CUDA is

AP MY P S _—

Codes edpe comec

Matrix Matrix

Access 19 the edges of each row are s neighboring check nodet

DVB-T2 Simulation Methodology R B o N

‘Sunable fo hrizontalprocessing n A SPA.

0 e
~ -
Developing a data-parallel stream based SPA LDPC in CUDA - =
- Synchronous Data Flow graph for a stream-based LDPC To utilize the parallel computing
—'} _> Kernels executed on the GPU grid power of a GPU in order to
b achieve a considerable increase

in LDPC decoding performance
and decrease in power con-
sumption

tatio} DYBJ RaNterieaverfnalysis]

Goals:
-Implement and study the interleavers in DVB-T2

- Gauge the combined effect of the interleavers

- Perform both graphical and numerical analysis ' I .

Bit interleaver

Graphs autogenerated
PCcluster saL 08 using Gnuplot

‘Touruds DY using Seitisys-Dailusd

- Using Software-Defined Radio in building a complete DVB-T2 chain.
Samples from a simulator are sent to a PClinterfaced SDRkit. The

er and are transmitted over air by an antenna in the 2.4 GHz ISM
-band.

- The transmission is received by a second antenna, which passes the
information to an analogue to digital converter which performs de-
modulation and conversion to the digital domain.

- The SDR-kit completes the DVB-T2 chain and enables testing over a
complete system, including transission over ar

Above: Antennas operating in
- The SDR-kit is equippex 2600 MHz Te DSP. the 2.4 GHz ISM band and the

IF/RF module, responsible for
- Internal communication between the sub-modules of the board is  converting signals back and
handled by Field Programmable Gate Arrays, which can also be used  forth between 70 MHzand 2.4
for additional processing of the signal.

Symbol mapper  Cell interleaver Time interleaver

GHz.

Left: The SDR-kit SMTB036E,
‘manufactured by sundance.

The relative positions of the bits in a FEC block,

7 JYE{T2] Ve iSHIGT IR S u——
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O S eSS Tadover The MATERA approach is an instance of a
1D 700109 [ Version 132 3 model-based testing process which puts

Description emphasis on two aspects:

Hand over a.call from a MSS
MAI ERA [Riarotherwithoul . . The models of the system under test
dropping. Requirements

™)
O

] are built in a systematic manner

Abo Akademi m starting from requirements;

Modeling for Automated Test Derivation « The requirements of the SUT are traced
at Abo Akademi through all the stages of the testing
process.
4

The back-traceability of
the failed requirements
from test to models is also
provided in the GUI in
order to facilitate the

MATERA

« Creation of system models in
UML starting from requirements

Multiple models describing the

identification of the system from different views

source of possible errors

in the models.

g
o
i

The MATERA
toolset is used to
provide support
for the approach
by integrating
UML  modeling
and requirement
traceability with

Qtronic

* Automatic test generation
from system models

Online and Offline testing

_Qtronic Modeling Language (QML)

2ring of test cases

General test execution statistics

_—— : several tools

Requirements Information used across a
custom MBT
process.

EAsT m*-lvwwm

* Test harness

* Automatic test
execution
Graphical execution

PIigR & BEROq

| Test Evaluation ‘e

PAss
R
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Project partners
CONFORMIQ ——~
Nokia Si =
Ngtv?nrkesmens NetHawk
fs |

Deployment of Model-Based
Technologies to Industrial Testing

Universi

Model-Based Testing is automatic generation, execution, and

/. : \ evaluation of tests using system models
System modeling for test
generation D-MINT Goals

o Creation and o Apply existing MBT techniques to industrial context
validation of system
models using {JML o Develop, Enhance and Deploy methods and tools to increase the quality of the testing process
and OCL o Cost Reduction, Delivery Time Reduction, Software Product Quality Improvement
¢ Requirements
engineering
) [Title _InterMSS handover |
¢ Requirements Version 132
e, D p 2
traCeabl'lty Hand over a call from a MSS —a
to another withou!
dropping. Requirements ]
| Gl T J

PY s Test tools enable
requirement tracking,
test generation, test
execution and root
cause analysis.

I

Back tracing UML - QML
of requi

N System under
test

Test tools

NetHawk EAST

o Test executor

Conformiq Qtronic

* Automatic test generation
from system models

e Test runner

o Online and Offline testing

o Qtronic Modeling Language
(QML)

EAST adapter

e

o Industrial demonstrators showing the practical and efficient use of model-based testing

Expected Results from D-MINT

o Tool chain for test generation, test refinement, distributed test process control and test quality analysis

o Packaged methods and techniques for model-based testing to enable comparable developments beyond the selected
technologies and tools of this project.

2, ESTRoNe
Department of Information Technology ) ITEA 2 u;;.mo P /_\
Embedded Systems Laboratory e e R - ™ python NetHawk
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