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Sisteme automate de masurare si analiza a
proceselor de dezvoltare software
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Cuprins

m Despre mine
= Masurarea si analiza proceselor de dezvoltare

software
= Domenii de interes
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‘ Publicatii

= Carte
o Irina Diana Coman, Adoption and Usage of AISEMA Systems: Automated In-

Process Software Engineering Measurement and Analysis, Lambert Academic
Publishing, August 2010, ISBN 978-3-8383-7500-7
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‘ Publicatii ﬂ

= Carte

o Irina Diana Coman, Adoption and Usage of AISEMA Systems: Automatéa n-
Process Software Engineering Measurement and Analysis, Lambert Academic
Publishing, August 2010, ISBN 978-3-8383-7500-7

= Atrticole in jurnal

o Irina Diana Coman, Alberto Sillitti, Automated Segmentation of Development
Sessions into Task-related Subsections, Intl. Journal of Computers and
Applications, Vol. 31 (3), 2009.

= Articole in conferinte (peer-reviewed, selectie)

o Irina Diana Coman, Alberto Sillitti, Giancarlo Succi, A Case-study on Using an
Automated In-process Software Engineering Measurement and Analysis System
in an Industrial Environment, Proc. of 31st Intl. Conference on Software
Engineering (ICSE), May 2009.

o Irina Diana Coman, Giancarlo Succi, An Exploratory Study of Developers' Toolbox
in an Agile Team, Proc. of 10th Intl. Conference on Agile Processes and eXtreme
Programming in Software Engineering (XP2009), May 2009.

o Irina Diana Coman, Alberto Sillitti, Automated Identification of Tasks in
Development Sessions, Proc. of 16th Intl. Conference on Program
Comprehension (ICPC), June 2008.




- Programming (2007).

‘ Alte activitati

In 2009 si 2010, organizator al scolii de vara “CASE
Summer School on Applied Software Enagineering”
(iulie, Bolzano).

Predare (FUB):
o Cursul de “Ingineria Programarii”

o Asistent pentru cursurile “Managementul procesului de
dezvoltare software”, “Ingineria Programarii — proiect”

Membru al comitetului de program al European
Agent Systems Summer School (2009, 2010).

Reviewer pentru Intl. Conf. on eXtreme

| Masurarea si analiza proceselor de
dezvoltare software

Suport decizional
Planificare
Evaluare
Imbunatatire
Comunicare

Personal Software Process(PSP),
Process (TSP)




Dar de ce sisteme automate?

PSP e foarte bun... +
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Dar de ce sisteme automate?
PSP e foarte bun...

DAR....

Solutia: sisteme automate pentru colectarea si analiza datelor

L3

Sisteme AISEMA

Automate

o Neinvazive, ieftine, date precise si corecte
In proces

o Datele disponibile imediate

Masurare in ingineria programarii

o Metrici pentru proces si pentru produse
Analiza

o (industrie) referinta, trenduri, situatie actuala, rapoarte

o (cercetare) studiul si evaluarea metodologiilor si practicilor de
lucru, a aplicatiilor software si a imbunatatirilor propuse




‘ AISEMA pe scurt
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‘ De ce sa studiem AISEMA?

= Potential mare, dar inca nefolosit.
= Multe necunoscute:
a Cerinte?
u Probleme?
o Beneficii concrete?
= Probleme:
a “Fratele cel mare”
ao Control
= Date multe si ieftine
o Utile si pentru cercetare?




Studiu de caz: adoptia si utilizarea

PROM

Mediu:

o Departament IT in firma non-IT

o 10-20 programatori, team leader, manager
Durata: 2 ani

Scopuri:

o Imbunatatirea procesului

o Modalitate obiectiva si cuantificabila de a “face
vizibila” munca si contributia departamentului IT.

Rezultate
Procesul de adoptie detaliat in 5 pasi
Probleme la adoptie si modalitati concrete de
rezolvare (5 “lectii” si exemple concrete de beneficii)
Propuneri de imbunatatire a sistemelor AISEMA cu:
o Auto-monitorare, diagnosticare si reparare

o Inferenta automata a unor informatii de nivel inalt din
datele colectate

Analiza datelor pe 3 coordinate majore:
o Profilul utilizatorului individual

o Pair-Programming

o Eficienta echipei si software-ul utilizat




‘ I.ectia 4 — Vizualizarea datelor

= Prezentarea datelor AISEMA
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‘ Domenii de interes

Data mining
Masurari automate in ingineria programarii
o Colectarea si analiza datelor
o Asigurarea integritatii datelor
o Vizualizarea datelor

= Metrici si agregare
Practici si procese de dezvoltare software
o Metode Agile, Pair-Programming
Sisteme autonome
Open Source




\Multumesc pentru atentie!

l.esson 1

= How to gain support from developers:
o Ensure data privacy.

o Give developers full control over their own
data.

o Give developers access to all information they
require about the system and its usage.

o Take into account developers’ suggestions.

o Offer developers a free choice on whether to
use the system.




l.esson 2

Be ready for a long start-up:

o Planning can take very long (9 months):
Busy calendars and different roles and backgrounds;
Possible extensions of the system needed;

o Training takes time:

People need time to get used with the idea of measurement
and being measured;

People need not to feel pressured to take a decision;

It takes time to identify and address people’s concerns;
o Deployment can take very long (9 months):

Many issues surface only during intensive usage;

As people get used to the system, they come up with new
ideas for improvement and usage.

ILesson 3

Use any other data that are already being
collected:

o Richer analyses;

o Smooth adoption;

o Requires flexibility of the AISEMA system.




‘ Lesson 4

= Data presentation is as important as data
accuracy: I e =
o Simplicity: o = :
o Clarity;
o Brevity.

e

= Developers, managers and feam leaders will
NOT use the data unless the presentation is
adequate.

‘ Lesson 5

= Provide different aggregated views instead of
hierarchical breakdown:
o Manager:
= Quality of software;
= Measurement of performance of IT department.
o Leader:
= Process evaluation;
= Project status.
o Developers:
= Automation of time-consuming tasks;
= Self-evaluation.




ILesson 6

Continuously check data accuracy;
o Software failures;

o Changes to software systems;

o Hardware failures.

Most time-consuming:

o Finding out that there IS a problem;

o ldentifying the source of the problem.
Solution:

o Self-Healing.

Enhancements of AISEMA Systems

Ensuring continuous data accuracy
o Self-healing capabilities

Automated inference of higher-level
information from low-level data

o Automatically splitting development sessions into
task-related sub-sessions.




Self-healing Capabilities

Ensure continuous data accuracy

The system is more than its components:
o Self-monitoring of each component is not enough!

The data are the main result:
o Fast notification of problems (Datalnspector):
Continuous data inspection
Data anomalies - signs of malfunctioning
Data invariants: static, dynamic , hiding complexity from user
o Recovery (Datalnspector and PROMConsole):
Identification of cause: check components and connectivity
Propagation of actions to client components

Inferring Task-related Sub-sections

How could we split a development session
into task related subsections?

Task = implementation of a specific, small
piece of functionality.

TaskA |  TaskB

Ty . 5 sec 5 sec n sEC E 4 gec sewe3 sec 5 sec e dgec
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‘ Identifying Number of Sub-sections
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Main Contributions of Thesis

Description of adoption process of an AISEMA
system in industry.

Practical solutions to address issues in adoption
of AISEMA systems.

A model and implementation for enhancing
AISEMA systems with self-healing capabilities.

A method for automated detection of higher-
level information from AISEMA data.

Insights from AISEMA data analyses (user
working profiles, PP, tool usage and team

effectiveness).

Publications
Irina Diana Coman, Alberto Sillitti, Giancarlo Succi, A Case-study on Using an Automated
In-process Software Engineering Measurement and Analysis System in an Industrial
Environment, to appear in Proc. Intl. Conf. On Software Engineering (ICSE), May
2009.

Irina Diana Coman, Giancarlo Succi, An Exploratory Study of Developers‘ Toolbox in an
Agile Team, to appear in Proc. XP2009, May 2009.

Irina Diana Coman, Alberto Sillitti, Automated Segmentation of Development Sessions
into Task-related Subsections, to appear in Intl. Journal of Computers and
Applications.

Irina Diana Coman, Alberto Sillitti, Automated Identification of Tasks in Development
Sessions, Proc. Intl. Conf. on Program Comprehension (ICPC), June 2008.

Irina Diana Coman, Alberto Sillitti, Giancarlo Succi, Investigating the Usefulness of Pair-
Programming in a Mature Agile Team, Proc. Intl. Conf. on Agile Processes and
eXtreme Programming in Software Engineering (XP), June 2008.

Irina Diana Coman, An Analysis of Developers’ Tasks using Low-Level, Automatically
Collected Data, Proc. of Doctoral Symposium at Joint Meeting European Software
Engineering Conf. and ACM SIGSOFT Symposium on Foundations of Software
Engineering, (ESEC/FSE), September 2007.

Irina Diana Coman, Alberto Sillitti, An Empirical Study on Inferring Developers’ Activities
from Low-Level Data, Proc. Intl. Conf. on Software Engineering and Knowledge

Engineering (SEKE), June 2007.

L3 Thank you!




Research Questions

Requirements for adoption?

Challenges?

Benefits?

Full support of developers?

Automated inference of higher level information?

Usage of AISEMA data for studies of work
practices and tool usage?

Usage of AISEMA data for studies of PP in
industrial settings?

Answer: Requirements of Adoption

Flexibility to use all existing data

Different views for different roles

Complete data privacy

Full control of developers over their own data

Clear, synthetic data presentations in addition to
detailed ones

Team willing to accept long initial setup
Extensive training and time to accept the idea
Free and individual choice on the adoption




Answer: Challenges and Benefits

Challenges:

o Gaining support of developers

o Maintaining continuous data accuracy

o Collecting data on remote and non-computer related
activities

o Defining thresholds for software metrics

o Inferring higher-level information (for example current
task)

Benefits:

o Extensive data at low cost and no burden

o High personal involvement

o Initial baseline and automation of analyses

Answer: Full Support of Developers

Ensure data privacy

Full access to all information
Free and individual choice

Full control over one’s own data

Consider all suggestions regarding features and
usages




Answer: Automated Inference

The activity-based method for automatically
splitting development sessions into task-related
subsections.

Medium level activities of developers (such as
exploring code or implementing a feature) are
often very much interleaved and thus hard to
detect automatically

Answer: AISEMA Data for Studies

Tool usage and work practices

o Very useful for long time frame studies

o Best when supplemented with qualitative data

PP in industrial context

o Very useful for extensive, long-term studies

o Allow trend studies as well as more focused studies

o For some type of analyses additional qualitative data
are also needed
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‘ Open Issues

= Aggregation of data:
Between 5 — 8 final numbers;
Ability to deal with data on different scales;
Adequate level of sensitivity;
Robustness to addition of new metrics.
= Ensuring continuous data accuracy:
o Self-healing capabilities.
= Higher-level information:
o Tasks and activities™ 2.

0O 0o 0O O

1 Coman, . D. and Sillitti, A., An Empirical, Exploratory Study on Inferring Developers’ Activities from Low-Level Data. In Proc. of
19th Intl. Conference on Software Engineering and Knowledge Engineering, June 2007.

2 Coman, . D. and Sillitti, A., Automated Identification of Tasks in Development Sessions, Proc. of 16th Intl. Conference on Program
Comprehension, June, 2008.




‘ Goals Revisited

= Manager:

o Evaluate work products;

o Make IT effort visible to non-IT manager.
= Team leader:

o Evaluate the status of projects;

o Drive improvement of team based on objective
measurements.

= Developers:
o Automate time-consuming tasks;
o Reliable, objective view of self-performance.

‘ Data Invariant - Structure

Field Meaning Intended user

Name Short, descriptive name for the data | Human
invariant.  Helps in  reports  for

| ) administrators. )

Description A more detailed description of the invariant | Human

) and, if needed, the reasons justifying it.

Computation The actual function or formula that returns | System
true is the invariant is satisfied and false if it
is violated.

Problem  reported if the | A description of the problem identified by a | Human

nvariant is violated | violation of the invariant. .

List of possible cause(s) A list with the possible causes of the | System
invariant’s violation

Allows definition of complex data invariants on top of simpler existing
ones hiding complexity from the user.

Currently the definition of invariants is manually done by users.




‘ Data Invariant - Examples
Name | Description | Computation Problem | Possible causes
Data | For each | AnyUploadCheck | NO LAISEMA system inactive on
upload | wser, there | (method) uploads user’s machine.
should be at during 2.Transfer scheduler NOT running.
least one the day. 3.Corrupted  configuration  of
upload  of connection on user’s machine,
data  each 4.Server component down.
day. 5.8erver unreachable from client
machine.
Cause Test Type Action to take if test fails
AISEMA | Check flag of system activity to | Benign Just annotate that the user has
system be set to active. deactivated the system on
inactive histher machine.
on user's | Check that data are collected on | Malign Warm reboot of the client
machine user's machine (there are files components.
stored).

| Self-healing: Open Issues

= Automatically infer data invariants

= Automatically infer possible causes of data
anomalies

= Automatically design healing actions




Data

Data: stream of events of uninterrupted
working time with a single application and
file/class/method/location.

Time granularity: 1 sec.

Ewvent

User 2

Date 09.09.04

Start time 10:45:20

End time 10:46:32

File OnClick java

Package Packl subpackl

Path Clproject1t

Application Eclipse

Duration (s) 72
Approach

Two hypotheses:

o H1: The crucial locations for a task (core
locations) are accessed more than other locations
during the task solving;

o H2: The core locations are intensively accessed
together during the solving of a task.

Two steps:

o Identify number of subsections;

o Identify boundaries of subsections.




Identifying Sub-sections

Intervals of intensive access: a method is
accessed for a minimum % of the time:

o Degree of access (DOA) > threshold

o Threshold = 1/3 *median(events)

The number of intensively accessed methods
at any given time:

o 1 subsection for each agglomeration of methods
simultaneously accessed intensively.

Data Analysis — Pair-Programming

When do developers in mature Agile teams
find PP useful?

Is indeed PP considered useful for
knowledge transfer?

Study:

o 3 months, 14 veteran developers, 2 newcomers

Coman, |. D., Sillitti, A. and Succi, G. Investigating the U: I of Pair-Prog ing in a Mature Agile Team, Proc. of XP 2008.




Trends in PP

Does PP vary between iterations?

Percentage of pair programming during theiterations
{veteran members of the team)

25 A

. /A
NIV
A

1 2 3 4 3 6 7 =] 9 10
Iteration

Is PP Used for Knowledge Transfer?

Group Avg. PP of a Avg. PP of a
developer (1st |developer (2nd
month) month)

Newcomers 74.33% 29.31%

Veterans 52.68% 43.55%

L3l

Welch t-test for the difference between newcomers and veterans:
- statistical significant in the 1st month (p = 0.01)

- not statistical significant after the 2nd month (p = 0.1359)




Average percentage of daily PP
peruser during the 1st month
ofthe newcomers

‘ Is PP Used for Knowledge Transfer?

Average percentage of daily PP per user

after the 1st month of
the newcomers
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‘ Analiza procesului de dezvoltare software

= ldentificarea “cailor critice” ale

o proiectului, a activitatilor care
\ provoaca prelungirea proiectului.
= Estimarea timpului si costului pentru
©) 2 proiecte viitoare (Activity Based
! N 5 Costing).
\\ = Documentarea activitatilor
——2—@ efectuate.
N 0 = Managementul calitatii (de ex. PSP,
N TSP)




Virtualizarea planului de control in
cadrul Border Gateway Protocol

luniana OPRESCU
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Structura Internetului

Tier 1

Tier 2 , Tier 2
Tier 3 I [

Tier 3

' Tier 3

& 4/28




Plan de control

Rutare IP = alegerea unui drum intr-o retea
alimenteaza tabela de rutare => tabela de transfer

123.47.223.111

| 192.56.223.222
&



Plan de transfer

Transfer = transmiterea unui pachet intre interfete
operatia foloseste tabela de transfer

| 192.56.223.222
&



/AS 2167

tabela de rutare

Rutare BGP

192.56.0.0/16 > 64511 3215
194.234.123.0/24 > 64511
165.37.24.192/28 > 2167

- 192.56.223.222
AS 64 .56. :
> 64511 AS 3215

& 7/28



fictive BGP entries (FIBY

350000

F0O0000

250000

200000

150000

100000

0000

Dimensiunea tabelelor de transfer BGP

Date
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- explozia tablelor de rutare
Internet & VPN

- comportamentul interiorBGP
oscilatii, deflectii, bucle de rutare
non-determinismul algoritmului de rutare

- sub-optimalitatea iBGP
statica: viziunea incompleta a nodurilor din graf
(mascarea informatiei prin arhitectura “route reflector”)
dinamica: cronometre MRAI

- suport neadaptat pentru diversitatea selectiei
robustete in caz de pana
partaj de sarcina (load balancing)
rutare multi-path

10/28



IETF - ForcES working group
Routing Control Platform - Nick Feamster & Jennifer Rexford
IBGP correctness - Tim Griffin

o solutie la nivelul operator - intra AS
scalabila si distribuita
ameliorare a comportamentului BGP
generalizabila pentru alte protocoale de rutare

11/28



Separarea dintre planul de control - planul de transfer
- “overlay de rutare” — plan de control distribuit

- vizibilitate totala a drumurilor

e nod overlay

U nod simplu

12/28



Descentralizarea planului de control

INAINTE DUPA

- fiecare router trimite
drumurile cunoscute

- Viziune restransa

- explorare de topologie

& 13/28



Fractionarea tabelei de rutare
INAINTE DUPA

) l J VPref 1

VvPref 2
vPref 3
[ 1L J I l
o
| vPref 1 I

. , vPref 3

AS—————1 vPref 4
AL

L —

== B

]
L

vPref 2

—
e !

D
— -

[




Fractionarea tabelei de rutare

- trece la scara mai bine
- se accelereaza convergenta
- foloseste un sistem de memorie tampon pentru drumuri

vPref 4

vPref 1
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oBGP - work in progress

Indexare:

decuparea spatiului de adrese in vPrefixe
algoritm de repartitie a vPrefixelor
indexare automatica

memorare/stocare

realocarea periodica a vPrefixelor

Propagare:

se integreaza in modul de functionare existent
propune o noua arhitectura (elimina RR)
compromis: marimea VvPrefixelor & numar de sesiuni

16/28



1. sosirea unui anunt

route to
prefix
5.4.3.0/24

vPref 2

/

vPref 1

& 17/28



2. trimiterea catre overlay a drumului anuntat

route to
prefix
5.4.3.0/24

& 18/28



3. overlay-ul calculeaza vPrefixul ce contine drumul anuntat

Which vPrefix
for 5.4.3.0/24 ?
vPref =1

& 19/28



4. trimiterea anuntului catre nodul overlay
responsabil de regiunea calculata (vPrefixul 1)
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5. indexarea & selectia punctului de iesire

index
received
route

21/28



6. propagarea drumurilor dinspre overlay catre nodurile client

redistribution
of routes

)——I\l\\
-

»

& 22/28




7. reactualizare FIB si apoi rutare spre iesire

update

23/28
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0BGP - o solutie de arhitectura

planul de control distribuit pe o platforma
impartirea spatiului adresabil in vPrefixe
mecanisme de indexare si redistributie

activa la nivelul intra-AS
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Wireless and Measurement - coduri estimari de eroare,
sisteme de comunicare aproximativa

Data Center Networks - configurare automata, DC-TCP

Inter-Domain Routing and Addressing - Internetul vizibil,
traficul interdomeniu in 2010, securitatea BGP

Privacy - P2P, Internet, seturi mari de date confidentiale
Wireless LANs - acces canal, diversitatea emitatorilor

Novel Implementations of Network Components -
SwitchBlade, EffiCuts, PacketShader (GPU)

Cloud and Routing - selectia unui server, migrare, primitive
Network IDS - ASTUTE, NetShield (semantica)

Network Architecture and Operations - reconfigurare
automata, impact pana in retele mari, reactualizari soft

Novel| Technologies for Data Center Networks -
switch optic, DIFANE
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Workshop: Electronica, Telecomunicatiile si
Tehnologia Informatiei in lume si in tara

Future Internet

Author:
Sl. dr. ing. Serban Georgica Obreja

University Politehnica Bucharest
Bucuresti,
9/24/2010 UPB, ETTI

Content

= Future Internet (FI)
= Internet evolution
= Current Internet operation/limitations
= KEY issues on Future Internet concepts and design
= Future Content-Centric Internet Architecture

= UPB Rersearch Projects related to FI

= ENTHRONE — FP6 IST-507637

= End to End QoS through Integrated Management of Content
Networks and terminals

= ALICANTE - FP7

= MediA Ecosystem Deployment through Ubiquitous Content-
Aware Network Environments -

9/24/2010 UPB, ETTI




* Internet evolution

= Sources:

= Report from the National ICT Research Directors Working Group on Future

Internet (FI) of the EC on Information Society and Media- Nov. 2008

= A.Peltomaki, Stimulating an Innovation Ecosystem for Future Internet

Technologies, EC Information Society and Media Directorate-General,

Sweden June 2009,

Lulea,

= Nowadays is a global infrastructure supporting the economy

as well as the provision of societal services

= Pervasive /ubiquitous;
= ~ 25% of the world population - access to Internet

= Mobility and nomadic usages are becoming the norm
= By 2012, at least 1 Bn of Internet users will use mobile as their only

access means, adding to the today 1.5 Bn of fixed users

9/24/2010

Bucuresti,
UPB, ETTI

* Internet evolution

= It has enabled user and consumer empowerment,
= through the emergence of eCommerce and social networks

= Tool for modernization of many domains:
» eEducation, eGovernment, eHealth, etc.

=« Expected to contribute significantly to solve emerging
challenges such as climate change and energy efficiency.

= It has favored innovation and the emergence of new
disruptive business models:
= in 2008, ~300 million use VoIP Skype

9/24/2010

Bucuresti,
UPB, ETTI




* Internet evolution

= Software: novel A/V consumption models

= e.g. YouTube (global users downloading ~10 hours of video/ min from
that site

= Web 2.0 and social networks are growing.
= Popular social sites attract more than 120 million regular users.

Support for entrepreneurs’ creativity:

= its native openness, made possible thousands of innovation world wide,
to develop a huge range of applications

= There is a recognized clear correlation factor between growth
of broadband Internet access and employment growth

Bucuresti,
9/24/2010 UPB, ETTI

Current Internet

= Today Internet usage
= Content and services discovery & retrieval
= Content delivery and streaming
= Web services access
= Users
= Care about the content or services
= Don't care about the service location

Bucuresti,
9/24/2010 UPB, ETTI




* Current Internet

= Current Internet Architecture
= Content Servers or Caches

= Supporting Servers
= Search Engines, DNS, AAA, DRM

= Core and edge routers, Residential Gw
= Fixed or mobile terminals

Bucuresti,
9/24/2010 UPB, ETTI

* Current Internet

Bucuresti,
9/24/2010 UPB, ETTI




* Current Internet

= Content discovery by Search Engines
= find, classify and index content or services

= Content discovery by the User
= Queries a Search Engine

= Gets a number of URLs, where the content is
stores

= Content Delivery/ Streaming
= The user selects a URL
= The content is delivered
Bucuresti,

9/24/2010 UPB, ETTI

Current Internet

= The actual architecture works
=« for current applications and usage
= as long as sufficient resources available
= Bandwidth, delay, etc
= Main limitations factors
= Growing number of users
= Users demand high quality multimedia services

= Increasing number of real time audio and
video communications

= VOIP, videoconferencing -
9/24/2010 UPB, ETTI




* Current Internet

= Improve the Internet architecture
= For more efficient use of the available resources
= Provide an attractive business environment

= Improvements
= The content could be stored/cached closer to the end users
= The routers could identify/analyse the content flowing through them
= The network could identify what is the best path to the user
= Less congestion, more bandwidth, lower delay
= The content could be interactively adapted
= Staticaly — based on network and terminal capabilities

= Dinamicaly — the user can change the point of view (zoom) for a
streaming session

= The content could be selected and adapted to the context
B ti,
9/24/2010 Ugg,l rI?'si;'ll'l

FI design concepts

= What we expect from FI?

= New ways of multimedia content creation and
consumption
« Future Internet will bring new experiences and
communications features

= FI should

=« Accommodate services, methods, procedures and
techniques for creation and consumption of new
communications

= Seamless, personalized multimedia communications
= Access a grid of networks — PAN, BAN, fixed, mobile

Bucuresti,
9/24/2010 UPB, ETTI




i FI design concepts

= FI means New Experience

=« New Media
= New services
= New communications means
= New applications
= New streaming capabilities

Bucuresti,
9/24/2010 UPB, ETTI

i FI design concepts

= FI will be content-centric

= Content is clearly one of the main drivers of Internet
changes

= Every year, the Internet traffic grows by 60%. This is
mainly due to video, and will be further amplified with
the advent of on-line 3D content.

|5 Used
Service/Media e
— I Is Used ;
j 5
tn:Himmd Information/Adaptation E
FI content-centric i R R
component interrelation [ content —

Supports N
l Bucuresti,

e UPB, ETTI
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FI design principles
= FI may be realized in a vast number of

alternative ways
= The need of virtualization

= Need of design principles

= Support multiple and new Business Model
= Multiple stakeholders
= Open environment
= FI could host various embedded architectures

Bucuresti,
9/24/2010 UPB, ETTI

FI design principles

= Simplicity
= In Internet intelligence at the edges to keep IP as
simple as possible

= FI complex problems could require complex solutions

Special care designing the solutions — could be less reliable
and flexible

= Sustainability, Scalability and Robustness
=« Flexible enough to continuously evolve
= To serve large number of entities
= Easily recover if faults occur

= Loose Coupling

Bucuresti,
9/24/2010 UPB, ETTI




FI design principles

= Excerpt of 7): Future Internet — Towards Research Challenges — 07
APR 2009, http://www.future-internet.eu/

Auto and Self- .-

N

i management
i (6lobal & Local)

~

Collect
i Analyse

Self-Management:

| -Organisation
-Optimisation
-Configuration
- Adaptation
-Healing
~Protection
- Contextualisation

3: o Decide
3 Enhance Erforce

Future Internets

- Virtualisation

- Security

- Reliability

- Robustness

- Mobility

- Context

- Heterogeneous Access
- Service Enablers

oz Multi-domains )L

Contral

~

]
oL

Enables for

. Proactive Control |
i Enablers i

iquitous Connectivity

i _E;T\;;al"\zor—g.
o4 Ubiquif Virtual £
Resources 3

Network Cantrol

Orchestrated
(Global & Local) i

Service Control l
\Service Virtual Machine i

Programmability

Network Virtual Machine:
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Future Content-Centric
Internet Architecture

= Two approaches

= First approach
=« Logical content-centric
= Evolutionary approach

= Second approach
« Content-aware functionality
= Forward-looking object approach
= Clean-state approach

9/24/2010

Bucuresti,
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Future Content-Centric
* Internet Architecture

= Logical content centric approach
= Intelligence will be moved in the network

= Assumes a progressive rather than aggressive
evolution towards FI
= It may consist of different virtual hierarchies of
nodes
= Overlay, clouds or virtual groups of nodes
= Nodes may belong to different hierachies

Bucuresti,
9/24/2010 UPB, ETTI

Future Content-Centric
Internet Architecture

= Logical content centric approach

Service/Application P ———
Aware Virtual Clouds N e Y

ontent/Service
— Virtual :Cloud:
s i
Networl/Content _ _ _: [, L
Aware Virtual Clonds | 1 | Q|  Distributed Content/Servic - 1
. s’
Cont | ;msnl/ier
Serverl NG = T e T Prosumer B resti
rvice ucurest,
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Future Content-Centric
Internet Architecture

= Logical content centric approach

= Network Provider Infrastructure
= Network nodes — routers, switches, access points, etc.
= Limited functionality and intelligence
= Users are connected as producers and consumers

= Should hide all unnecessary complexity
Network topology, handover
= Provide support for more intelligent nodes to take
necessary decisions in order to support the required
functionality

Bucuresti,
9/24/2010 UPB, ETTI

Future Content-Centric
Internet Architecture

= Logical content centric approach

» Distributed Content/Services Aware Overlay
« Consists of Content Aware Network Nodes

= These nodes will have the intelligence

to filter the content and Web Services that flow through them
(via Deep Packet Inspection)

To identify streaming sessions and traffic (via signaling analysis)
= Part of this information may be stored locally and/or
reported to the higher layer.
= May be split in multiple overlays/clouds

Content caching, network monitoring, content adaptation,
content indexing, routing, etc. Bl

9/24/2010 UPB, ETTI




Future Content-Centric
Internet Architecture

= Logical content centric approach

» Information Overlay

« Offers mechanisms for

Control the content and service construction, representation and
deployment

The content/service location/caching/deployment and network
resources information

Accounting and billing of content
Content publishing/subscription

= Application overlay
= Support for the applications

Bucuresti,
9/24/2010 UPB, ETTI

Future Content-Centric
Internet Architecture

= Real Content Centric Architecture
= Based on Content Objects

=« Content Object — polymorfic container which may
consist of media, rules, behaviour, relations

« Media - anything that a human can perceived

=« Rules - the way the object is treated or manipulated

=« Behaviour - the way the object affects other objects

= Relations — between an object with other objects

Refers to time, space, synchronisation
« Characteristics — describe the objectand the relation

with other objects Bucuresti,
9/24/2010 UPB, ETTI




Future Content-Centric
Internet Architecture

= Real Content Centric Architecture — example

= Source: Van Jacobson, Diana K. Smetters, James D. Thornton, Michael F. Plass,
Nicholas H. Briggs, Rebecca L. Braynard, Networking Named Content, Palo Alto
Research Center, Palo Alto, CA, October 2009

5 " :
Email WWW phone... | browserchat.. |
i O ——

SMTP HTTP RTP... ‘,." File Stream ...

Individual apps

Security

Every node
‘ethernet PPP ... Individual links
[CSMA async sonet ... | /IP UDP P2P BCast ... ‘II
o = )
\copper fiber radio ... / '\ccpper fiber radio ... E'l‘
ey e

Traditional |::> N
TCP/IP stack
Bucuresti,
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Future Content-Centric
Internet Architecture

= Real Content Centric Architecture - example
= CCN packet types

(publisher ID, key locator, stale time, ..}

Data

Interest packet Data packet
/ I
‘F Content Name ? '\ Content Name
\
(L Selector ¢ Signature
[ lorder preference, publisher filter, scope, ...) ? (digest algorithm, witness, ...}
| Nonce | A\ Signed Info
i
{
\

Bucuresti,
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Future Content-Centric
Internet Architecture

= Real Content Centric Architecture - example

= CCN forwarding engine model

Content Store
ame

/parc.comvideosWidgetA mpgiva/sn

mmmmmmm

8
H
-

ik
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Future Content-Centric

* Internet Architecture

= Real Content Centric Architecture - example

= FIB

« Forward Interest packets towards potential sources of

matching Data

= Allows for a list of outgoing faces rather than a single

one (as in IP model)

CCN is not restricted to forwarding on a spanning tree
Allows multiple sources for data and can query them in parallel

Bucuresti,
UPB, ETTI




Future Content-Centric
* Internet Architecture

= Real Content Centric Architecture - example
= Content Store

= Similar with the buffer memory for an IP router
=« Differences

IP packet belongs to a point-to-point conversation

No further value after being forwarded — it is discarded
(IP packet it is forgotten)

CCN packets are potentially useful to many consumers

CCN remembers arriving Data packets as long as
possible (LRU or LFU replacement)

Bucuresti,
9/24/2010 UPB, ETTI

Future Content-Centric
* Internet Architecture

= Real Content Centric Architecture - example

= PIT — Pending Interest Table

= Keeps track of Interests forwarded upstream towards
content source(s) so that the returned Data can be
sent downstream to its requester(s)

= IN CCN only Interest packets are routed

As they propagate upstream towards potential Data sources,

they leave a trail of “bread crumbs” for a matching Data
packet

Every PIT entry is a bread crumb — it is erased as soon as
they have been used to forward a matching Data Packet

Bucuresti,
9/24/2010 UPB, ETTI




Future Content-Centric
j_h Internet Architecture

= CAN/CCN : pros and cons

= Pros

= Adapted to the current characteristics of the FI from the
services point of view ( content and service orientation)

= More flexible (policies applicable for different functions)
= Decoupling identity location

= Better security

= Implementable : seamlessly or revolutionary-style

= based on network virtualisations and overlays
(achievable in parallel Internet planes)

Bucuresti,
9/24/2010 UPB, ETTI

Future Content-Centric
j_h Internet Architecture

= CAN/CCN : pros and cons

= Cons
= No more network neutrality
= Destroy the traditional TCP/IP stack layering concepts

(partially)
= Significantly increase of the network nodes complexity (
speed problems in routers)

= No more — traditional concept : intelligence at the edge
and network: simple, stupid, but flexible

Bucuresti,
9/24/2010 UPB, ETTI




UPB Rersearch Projects
* related to FI

= ENTHRONE - FP6 IST-507637

Bucuresti,
9/24/2010 UPB, ETTI

UPB Rersearch Projects
* related to FI

= ENTHRONE - FP6 IST-507637

= End to End QoS through Integrated Management of
Content Networks and terminals

= Integrated system for End to End QoS
management in Heterogeneous Networks

= Several business actors

= Content Providers, Content Consumers, Service
Providers, Network Providers, Adaptation,
License Authority

= Based on MPEG 21 — metadata management
= Heterogeneous networks — core and access
= SLA/SLS management B

9/24/2010 UPB, ETTI




ENTHRONE content delivery
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Network Service Management
— SP/NP

Administratori domenii de retea

EINS@SP
NSM@SP¥- ~ = =~ === __\

Furnizor -
Servicii | N, Nfe~aL 0 TE=ad

Furnizor de
Continut
CP | ool boaaa

Conducta pSLS-link = conducta agregata,
i multidomeniu, cu retrictii de QoS

i \
Conducte cSLSin AN~ ====-=--=----o-c

Bucuresti,
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Traffic trunks

Traffic trunks for class
e

= NSM@NP has knowledge about network resources in terms of
traffic trunks
= Intradomain/Interdomain traffic trunks

= Between two domain egress points there are traffic trunks for
each QoS class Blcuret)
9/24/2010 UPB, ETTI




Overlay topology path finding solution

EIMS@NP2

EIMS@NP3

EIMS@NP1

EIMS@NP7

= Overlay topology

= Each network domain is abstracted to a node in the topology
= The node is represented by the EIMS manager associated to the domain
= Each node has a cost associated

= The cost is calculated based on min/max delay&iitter, transit cost,
bandwidth capacity

= The topology at a node is built by recursively interrogating each other

nodes about their directly connected neoghbors. )
Bucuresti,

9/24/2010 UPB, ETTI

Building the E2E QoS enabled pipe

= First step
= Builds the overlay topology
= Computes several routes to each destination in the topology is
calculated based on shortest path algorithms
= Second step
= Performs QOS negotiation along the selected paths.
= The chosen path is the path for which the negotiation is successful

= The process of QoS negotiation is stopped when the first QoS
enabled path (pSLS pipe) is found

Bucuresti,
9/24/2010 UPB, ETTI




Test platform- logical structure
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Experimental test bed
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UPB Rersearch Projects
* related to FI

= ALICANTE — FP6 IST-507637

= ALICANTE, 2010-2013, FP& Integrated Project
(IP)

= MediA Ecosystem Deployment Through
Ubiquitous Content-Aware Network
Environment- FI oriented project, 17 partners

Bucuresti,
9/24/2010 UPB, ETTI




* ALICANTE features

= Applying new concepts ( Future Internet — oriented) of
= Content Aware Networking (CAN)
= Network Aware Application (NAA)

= novel virtual Content-Aware Network (CAN) layer
= as a part of a full layered architecture

= focused, but not limited to, on multimedia distribution with Quality of
Services (Qo0S) assurance

= Flexible cooperation between
= Providers/operators and end-users,
= USers access services/content, being consumers/providers
= Business model: EU (CC, CP), CP, SP, NP, VCANP

Bucuresti,
9/24/2010 UPB, ETTI

ALICANTE high level
architecture

User Context
Awareness

Sp/cP

i &

Bucuresti,
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ALICANTE high level
architecture

Logical view

Overall Architecture

= User Env Contert-

= Service Env

= HB-layer Ao
= CAN layer

= Infrastructure layer

Physical

EL End-Users premises

T End-Users premises
Network/Transport Layer Bucuresti,
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1 « INTRODUCTION

ADVANTAGES OF ANALOG INFORMATION PROCESSING

1. Low-power operation
2. Reduced area

3. High speed




1 « INTRODUCTION

APPLICATIONS OF ANALOG INFORMATION PROCESSING

1. Smart sensors
2. Mobile computers
3. Mobile communication devices

4. Medical devices

1 « INTRODUCTION

OBJECTIVES OF ANALOG INFORMATION PROCESSING

1. Increasing the precision of circuit functions

* Implementing of linearization techniques for CMOS differential amplifiers
* Reduction of linearity errors for active resistive structures
* Minimizing the errors of computational circuits

* Improving the performances of multifunctional structures




1 « INTRODUCTION

OBJECTIVES OF ANALOG INFORMATION PROCESSING

2. Low-power operation

* Weak inversion operation of MOS devices
« Utilization of specific design techniques

« Utilization of multifunctional structures

1 « INTRODUCTION

OBJECTIVES OF ANALOG INFORMATION PROCESSING

3. Low-voltage operation

+ Current-mode operation

« Utilization of DTMOS transistor (Dynamic Threshold MOS)

* Increasing the linearity range
- differential amplifiers
- active resistive structures
- multipliers circuits




1 « INTRODUCTION

OBJECTIVES OF ANALOG INFORMATION PROCESSING

4. Reduction of the silicon area

« Utilization of active resistive structures
* Bulk-drive of MOS devices
« Utilization of FGMOS transistors (Floating Gate MOS)

* Designing multifunctional structures

o L Orropucrion

* 2. LINEARIZATION OF DIFFERENTIAL AMPLIFIERS
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2 o LINEARIZATION OF DIFFERENTIAL AMPLIFIERS

LINEARIZATION OF DIFFERENTIAL AMPLIFIERS

Bulk-drive of MOS transistors

Biasing of DA at a current
depending on v,

Constant sum of
gate-source voltages

Biasing of DA at a voltage
Symmetrical structures depending on v,

Utilization of Anti-parallel structure

square-root circuits

2 o LINEARIZATION OF DIFFERENTIAL AMPLIFIERS

2.1. Linear differential amplifier having a
proper biasing voltage




2 o LINEARIZATION OF DIFFERENTIAL AMPLIFIERS

Block diagram
vy M
Io Io
T T
v
ViT Vor
DA

V2

2 o LINEARIZATION OF DIFFERENTIAL AMPLIFIERS

Differential amplifier

1 K
io 35 Gir —vor YOV =vip —vop —2vy)




2 o LINEARIZATION OF DIFFERENTIAL AMPLIFIERS

Translation block

2 o LINEARIZATION OF DIFFERENTIAL AMPLIFIERS

Arithmetical mean block




2 o LINEARIZATION OF DIFFERENTIAL AMPLIFIERS

Linear differential amplifier

B
——
s

Al

ig =\ 2Klg (VI _V2)=Gm (vl —vg)

2 o LINEARIZATION OF DIFFERENTIAL AMPLIFIERS

2.2. Linear differential amplifier using
square-rooting circuits




2 o LINEARIZATION OF DIFFERENTIAL AMPLIFIERS

Linear differential amplifier Square-rooting circuit
Voo
I |
M|
fH e |
° i Io
=T
I‘—JE" Tl.z Dﬁ‘ ;ro
-Von
o
i1,2'=2Ji 210
G = 2Klo

L orzopucrion
2, LIEARIZATION OF DIFFEREITIAL AVIPLIFITT

3. LINEARIZATION OF ACTIVE RESISTIVE STRUCTURES

LUSIONS ALD FUTURE VOIS

10



3. LINEARIZATION OF ACTIVE RESISTIVE STRUCTURES

OBJECTIVES IN THE DESIGN OF
ACTIVE RESISTIVE STRUCTURES

Reduction of silicon area

Linearity increasing

Increasing the maximal range

of the input voltage

The control of the equivalent resistance
using a reference voltage/current
Obtaining of a positive/negative
equivalent resistance

Improving of the power
supply rejection

3. LINEARIZATION OF ACTIVE RESISTIVE STRUCTURES

CONCRETE METHODS FOR IMPLEMENTING

ACTIVE RESISTIVE STRUCTURES

Symmetrical structures
Complementary circuits

Utilization of linear differential amplifiers

Biasing of DA at a current dependent
on the differential input voltage

Biasing of DA at a voltage dependent
on the differential input voltage
Simulation of a linear I(V)
characteristic by mirroring

11



3. LINEARIZATION OF ACTIVE RESISTIVE STRUCTURES

3.1. Symmetrical active resistive structure

3. LINEARIZATION OF ACTIVE RESISTIVE STRUCTURES

Active resistive structure schematic

12



3. LINEARIZATION OF ACTIVE RESISTIVE STRUCTURES

Analysis of the active resistive structure operation

3. LINEARIZATION OF ACTIVE RESISTIVE STRUCTURES

Second-order effects — nonlinearity
Mobility degradation

Ky
1+60Vs —Vr)

L 3
Ixy=2a;(Vx Vy)taz(Vx —Vy)

Linearization technique

Principle: anti-parallel structure:
- changed inputs (Vi «<—V,)

- different biased (V, # V)

13



3. LINEARIZATION OF ACTIVE RESISTIVE STRUCTURES

1,2

p 1,2 B3
Zapy"(Vx —Vy) tay” (Vx —Vy)

b - >
Ixy=(a] —a] )WVx —Vy)+(@} —a3)Vx —Vy)’

THD; _ 1
THD;' 265 V¢

1
THD;'= GWx —Vy)

3. LINEARIZATION OF ACTIVE RESISTIVE STRUCTURES

3.2. Active resistive structure using
complementary computational structures

14



3. LINEARIZATION OF ACTIVE RESISTIVE STRUCTURES

X2
lour +
Io
O] \/7
IXY*
I Ixy
Vx o b I o Vy

K
Touyr =7(VX ¥y ¥

Ixy =2 Igyrlo

o L nrrzopucrion

=
s
=
[
=
|=2
s

> 3, OPTIIZATION OF MULTIFUICTIONA

> 0, COLCLUSIONS ALMD FUTURE VWOIILS
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4. INCREASING THE PRECISION OF COMPUTATIONAL CIRCUITS

COMPUTATIONAL CIRCUITS

Multipliers

Quadratic core circuits

Logarithmic core circuits

Geometrical mean and
Euclidean distance circuits

Programmable function generators

4. INCREASING THE PRECISION OF COMPUTATIONAL CIRCUITS

4.1. Exponential circuits with third-order approximation

16



4. INCREASING THE PRECISION OF COMPUTATIONAL CIRCUITS

Exponential circuit with third-order approximation

X2 block
V,

2
Iin I;,

1, =I) +——+
outl 0 2 161,

2
tin

Iy

=161y, =161y —81;,

4. INCREASING THE PRECISION OF COMPUTATIONAL CIRCUITS

Exponential circuit with third-order approximation

X3 block

Iout_, - Iin +

3
I:
7%1 b 16lout2 »

Iy

I; 40 8
Iy exp(llo" ]EI0+ ? (10 _Iautl) +51;,+ } Lout,
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4. INCREASING THE PRECISION OF COMPUTATIONAL CIRCUITS

Exponential circuit with third-order approximation

DD

I() V J Iin y Ioul 2 w
|

d L2/1, I, exp (I,,/1,)
AL =]
~

- 0, COLCLUSIONS ALTD

L orzopucrion

2, LIEARIZATION OF DIFFER BN TIAL ANVIPLIFIERS
J, LINEARIZATION OF ACTIVE RESISTIVE STRUCTURES

cregrrs

5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

=9

UTURE VOIS
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5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Advantages:

* The possibility of implementing multiple functions using the same core

* Increasing the circuit modularity

* Reduction of the silicon area and of the design costs per implemented function
* Possibility of reconfiguring the circuit

» Extension of the optimization techniques from the core to the entire
multifunctional structure

5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Implemented functions:

Linear multifunctional structures

* Signal gain with small distortions

* Signal multiplying with low errors

 Simulating a linear I(V) characteristic (Rycg > 0, Rpcy < 0)

General multifunctional structures

* Signal squaring

* Signal square-rooting

* Implementation of mathematical functions

19



5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Objectives:

* Linearity increasing

* Increasing the maximal range of the input voltage
* Precision increasing

* Low-power low-voltage operation

5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

5.1. Linear multifunctional structure with current biasing

20



5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Block diagram

S e
i i

Vie—| DA oW i

Vi
1o’ + ij-iy

. io
i i :T%]
Vio— DA —o V2 __cM
i i
o’
1 Tox G ) I
V2
Vi | X2 oV2vio—| X? o V4 " i-i DA iy
Io®

. g
o =3 ("I =2 XV3 —"4)

5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Linear differential amplifier

Vio— | DA — o V2 IO,E

X
To L

AN
BNV
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5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Linear differential amplifier

Drain currents:

K(vp=v; )} K’(v; v, )
410 2

K(VI _VZ)Z _Kz(vl _1’2 )4
41,7

Differential output current:

io =12 4Klg!~K* (v, ~v, F

5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Linear differential amplifier

Biasing current:

K
Io'=lp +1=Ip + (v -, )

resulting:

io =\/ KIO (1’1 "1’2)
where:

Gm =V KIO
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5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Linear differential amplifier
Squaring circuit

© Vpp

e ]
S
| F [ I:l ﬂ

RN —
Vi °—| Ts I;( jl——o V2

8K

A

5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Squaring circuit

_Yu tvN
VS —2

output current: I =TI,

=8K —
resulting: Tpy 8 Cop ~vs VT)2

K
I =; (VI —1) )2

Average potential:

where:

_v1 tVpp

_v2 *Vpp

M 2 YN
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5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Multiplication circuit

Io’

oVavie—1 X2

5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Positive active resistive structure

o Vop
N <
| I ™
CM
u N l:
5 T
oM i | IC ™o .
2
. ) i i i i
12 1 . 1 .
1 12
Vi o—Z—J T T2 |————o V2
iy Vi) Vi T3 T r‘_]\
V1o DA o V2 1
ij-i ir-i2 —[—‘Io
1
Io’+ Io 63
x?
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5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Positive active resistive structure

Output differential current:

—iy = L2\ 2Ty =K (v v, )

2

Biasing technique:

resulting:

5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Negative active resistive structure

. CM
I_CML iral IC
i i Ts F” ”’: Ts i
12
i i i iz -
) it Vi i i
M DA V2 Vi o—lz—J[: T T2 L
ip-iy ip-i) ‘E Ts T4 E‘
1o’
1
“ )
x> —

i

0 V2
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5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

5.2. General multifunctional structure with voltage biasing

5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Block diagrams

K
io = Gr —v2 Moz —v4)

26



5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Linear differential amplifier

€T T

lo2 “M” 102

“DA”

ig =J 2Klg (1’1 —v2)=Gm (VI _VZ)

5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Squaring circuit

€ e T

lo’2 “M” lo2

>
T
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5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Multiplication circuit

“DA”

io = 2Klg b7 -v2)

. i
= ) =f("1 —v2 XV3 —V4)
K > 2
Io - (3 -vs ¥

5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Positive active resistive structure

“DA”

g

1
R = =—
Eo. G | 2Klg




5. OPTIMIZATION OF MULTIFUNCTIONAL STRUCTURES

Negative active resistive structure

o L nrrzopucrion
o U LNEARIZATION OF DIFFER T[T,

> DL LNEARIZATION OF ACTIVE RESISTIVE STRUCTURIS

* 6. CONCLUSIONS AND FUTURE WORKS




6. CONCLUSIONS AND FUTURE WORKS

Optimized structures

* Differential amplifiers
* Active resistive structures
* Computational circuits

¢ Multifunctional structures

Future works

» Extending the capability of implementing mathematical functions
* Finding new applications
* Reduction of circuits’ complexity

* Minimizing of errors introduced by the second-order effects

30
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Introducere

= Tehnologia limbajului vorbit
sisteme de tele/videoconferinta,

telefonia mobila,

sisteme controlate vocal,

aplicatii biomedicale (proteze auditive)

=» achizitia vocii intr-un mediu acustic (posibil)
afectat de perturbatii




Introducere

= Sunt achizitionate si
= zgomotele de fond,

= reflexiile semnalului
vocal din peretii sau
obiectele prezente n
sala (reverberatii),

= semnalul vocal o
retransmis (ecou) S

Introducere

m Algoritmii de reducere a zgomotului sunt necesari
= pentru a mari calitatea perceputa a vorbirii
= pentru a imbunatati anumiti parametri in sistemele digitale
de prelucrare a semnalului vocal (recunoastere,
compresie).
= Natura zgomotului este un factor important in
decizia asupra folosirii unei metode de imbunatatire
a vorbirii.




Introducere

= Clasificarea tipurilor de zgomot:

Zgomote de fundal — zgomote acustice, aditive, generate
de miscare, vibratii sau coliziuni (vehicule in miscare,
aparate de aer conditionat, ventilatoare), persoane care
vorbesc in fundal, fenomene meteo etc.

Zgomote de impulsuri — descarcari electrostatice,
zgomotul prezent in inregistrarile de arhiva.
Zgomotele de procesare — zgomote rezultate in urma
procesarii analogice/digitale a semnalelor.

Zgomote neaditive — zgomote datorate neliniaritatii
microfoanelor, difuzoarelor si alte distorsiuni.

Metode de imbunatatire

= Tehnici de imbunétatire folosind o singura sursa
de intrare (un singur microfon)

se folosesc de diferite statistici ale semnalului vocal si ale
zgomotului.

performanta acestor metode este in general limitata in
cazul nestationaritatii zgomotului.

performanta scade drastic la RSZ mic.

reprezinta situatii dificile deoarece nu este disponibil nici
un semnal de referintd pentru zgomot.




Metode de imbunatatire

= Tehnici de imbunétatire folosind mai multe
microfoane
= au avantajul mai multor semnale de intrare si permit

folosirea unui semnal referintd de zgomot intr-un
dispozitiv de anulare adaptiva a zgomotului.

= dacad existd mai multe microfoane pot fi luate in
considerare proprietatile spatiale ale semnalului si ale
sursei de zgomot.

= sunt mai complexe.

Sisteme cu un singur microfon

= Sistemele de imbunatatire a vorbirii existente pot fi
impartite in patru categorii:
= Reducerea zgomotului utilizand periodicitatea vorbirii sau
a zgomotului;
= Imbunitatirea bazati pe modelul vorbirii;

= Imbunititirea vorbirii bazati pe estimarea spectrului de
amplitudini pe termen scurt;

= Imbunititire bazata pe criteriul perceptual.




Metoda scaderii spectrale

m Se realizeaza scaderea unui estimat al mediei
spectrului zgomotului din spectrul semnalului
afectat de zgomot.

» Estimatorul scaderii spectrale in amplitudine:

Sy =[ 1Y) |- D(K)[ |

= Estimatorul scaderii spectrale de putere:

()| =y (k) -|D(w)f

Limitari ale scaderii spectrale

= Distorsiuni cauzate de variatii ale spectrului de
putere instantaneu al zgomotului fata de spectrul
mediu estimat (zgomot muzical).
&)
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Suprascaderea spectrala

= Estimatul spectrului de putere pe termen scurt
[Berouti]:

A

S - Y (k) —e|D (k)] daca |y (k) >a|D (k)

AD(k)

= unde a este factorul de suprascadere folosit pentru
supraestimarea spectrului de zgomot

2 .
‘ In rest

= iar f este limita spectrala inferioara.

Suprascaderea spectrala

= Valoarea lui a este functie de estimatul aposteriori al
raportului semnal-zgomot:

4,75 RSZ <—5dB 6f o
)3 _ st
e RSZ -5dB<RSZ<20dB N
1 RSZ >20dB 3-\
24
Nl 2 1t RSZ
Z|Y(k)| 20 -10 O 10 I 20 I30 I > [dB]
m RSZ[dB]=10log,, | -=———
2
> |D(k))
k=0

= 0, este valoarea doritd a lui a la 0 dB RSZ.




Sistemul pentru scaderea spectrala

¥(n) = s(n)+d(n)

arg{Y ()}

[ v
i A Sinteza
Analiza ‘Y (‘0)‘ Sciderea Limitare cu ‘S (a))‘ IFFT +
Seirrll:e;l;are spectralid [ factorul B suprapunere
sumare
a f)(a))‘
Calculul ‘
factorului a &
s(n)
Do)
Detectia activitatii

L— vocale si estimarea

spectrului zgomotului

Suprascaderea spectrala

= Spectrograma semnalului afectat de zgomot gausian
filtrat trece jos
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i Suprascaderea spectrala

= Spectrograma semnalului dupa scaderea spectrala a
mediei spectrului de putere a zgomotului
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Suprascaderea spectrala

m Spectrograma semnalului dupa suprascaderea
spectrala cu factorul o
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Scaderea spectrala multibanda

m Zgomotul colorat afecteazd neuniform spectrul
semnalului vocal in diferite benzi de frecventa.

= Metoda multi-banda a scaderii spectrale [1]
= impartirea in benzi critice (scara Bark).

Benzi critice [kHz]|
0 3 6 9 12 15

0 2 4 6 8 10 12 14 16 18 20 22 24
Unititi Bark

[1] R. M. Udrea, D. N. Vizireanu, S. Ciochina, S. Halunga ,,Nonlinear spectral subtraction
method for colored noise reduction using multi-band Bark scale”, Signal Processing,
Volume 88 Issue 5, Elsevier North-Holland, Inc. , May 2008, pp. 1299-1303.
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m Spectrograma semnalului dupa suprascaderea
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Metode bazate pe modelare statistica

= Metode neliniare de estimare a spectrului de
amplitudine folosind diferite modele statistice si
criterii de optimizare
= Estimatori de plauzibilitate maxima
= Estimatori optimali in sens MMSE

= Estimatori ,,maximum a posteriori”

= Se bazeaza pe functia densitate de probabilitate a
zgomotului si a coeficientilor TFD a semnalului
vocal si folosesc in anumite cazuri distributii de tip
gausian
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Metode bazate pe criteriul perceptual

= Introducerea criteriilor perceptuale in procesul de
reducere a zgomotului [2]
= Tin seama de efectele de mascare acustica a zgomotului
rezidual.

= Pragul de mascare datorat semnalului vocal fard zgomot
nu este cunoscut.

= Poate fi calculat din estimatul semnalului fara zgomot
dupad aplicarea unei metode de imbunatatire.

[2] R. M. Udrea, D. N. Vizireanu, S. Ciochina ,,4n improved spectral subtraction method for
speech enhancement using a perceptual weighting filter”, Digital Signal Processing,
Volume 18, Issue 4, Academic Press, Inc. , July 2008 , pp. 581-587.
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Pragul de mascare auditiva

Global Masking Threshold
120 T T T T T T T T

= 4
=
=
g
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Pragul de mascare auditiva

Calcularea
P pragului de
mascare
y(n)=s(n)+d(n) |7 ()
\ 4
Analiza | [¥(o)| Sciderea Ponderare §((u)‘ Sinteza
Segmentare »| Spectrala »| Perceptuali | IFFT +
+ FFT Modificata Suprapunere
7y Sumare
|B(w)| |G() A

Detectia activitatii
vocale si estimarea
spectrului zgomotului

Faza ¢(®)




Estimarea spectrului zgomotului

= Pe durata pauzelor vorbirii

= impune un detector de activitate vocald (Voice Activity
Detector - VAD) perfomant in medii zgomotoase

Cepstral

Estimarea spectrului zgomotului

= Algoritmi de estimare continua a spectrului
zgomotului
= Algoritmi de urmarire a minimului

= Algoritmi de mediere temporald recursiva pentru
estimarea zgomotului

= Algoritmi de mediere recursiva bazati pe incertitudinea
prezentei semnalului vocal

13



Algoritmi de urmarire a minimului

= Nivelul puterii semnalului afectat de zgomot scade
aproape de nivelul puterii zgomotului in anumite
benzi de frecventa, chiar in prezenta semnalului
vocal.

» Urmarind minimul spectrului de putere al
semnalului zgomotos in fiecare banda de frecventa,
se poate obtine un estimat al nivelului zgomotului in
acea banda

recursiva pentru estimarea zgomotului

i Algoritmi de mediere temporala

= Putem estima spectrul zgomotului pe benzi
individuale de frecventa atunci cand RSZ efectiv
pentru banda respectiva de frecventa este foarte mic.
= Spectrul zgomotului este estimat ca o medie

ponderata a estimatilor anteriori ai zgomotului si
spectrului curent al zgomotului

62 (2. k) =a(A.k) 82 (A=1k)+(1-a(A.k))|Y (2.k)]
= Ponderile a(4,k) se calculeaza in functie de

= RSZ efectiv pentru fiecare componenta spectrala.

= probabilitatea prezentei semnalului vocal.
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recursiva pentru estimarea zgomotului

i Algoritmi de mediere temporala

oo1s

0016+

0014 -

0.008 -

0.006 -

0.004 -

0.002

Rezultate experimentale

m Zgomote de diverse tipuri (multivorbitor, motor de
automobil, gard, tren) au fost suprapuse peste
semnalele vocale cu rapoarte semnal-zgomot de
intrare de 0dB, 5dB, 10dB, 15dB.

= Semnalul vocal si zgomotul au fost esantionate cu
frecventa de esantionare de 8kHz.

15



Semnalul afectat de zgomot

= “The sky that morning was clear and bright blue”

4000

it
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Frequency {Hz)
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i BT 5 3k
Time

= Zgomot inregistrat in tren, RSZ 10dB

Metoda scaderii spectrale in amplitudine
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@
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Frequency {Hz)
=
=
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Metoda supra-scaderii spectrale
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Metoda scaderii spectrale multibanda
* descompunere pe scara Bark
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Metoda estimarii log-MMSE

Frequency {Hz)
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a
=
=

Metoda estimarii log-MMSE
(cu estimarea prezentei semnalului vocal)
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Evaluarea calitatii semnalului imbunatatit

= Metodele obiective dau o masura comparativa de
apreciere a imbunatatirii semnalului.

= Metodele folosite in evaluarea algoritmilor sunt:

= Metoda anvelopei spectrale ponderate (WSS - Weighted
Spectral Slope);

= Metoda raportului de plauzibilitate logaritmic (LLR -
Log-likelihood ratio);

= Metoda distantei Itakura-Saito (IS);

= Metoda de evaluare perceptuala a calitatii semnalului
vocal (PESQ - Perceptual Evaluation of Speech Quality).

Evaluarea calitatii semnalului imbunatatit

Masura de evaluare perceptuala a calitatii vocale (PESQ)
T T T T T

28
26
24r
221

—— 0dB

—— 5dB

—— 10dB

—+— 15dB

I ! ! ! ! 1 I
SsP SSA MB4u MB4l MMSEsu  logMMSE logMMSEsu
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&

Scaderea spectrala cu estimarea
continua a zgomotului

Masura de evaluare perceptuala a calitatii vocale (PESQ)
T

T

—«— 0dB

28k —=—&dB ||
—— 10dB

25l —— 15dB

By W 7

22f

18]

16]
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Rezultate experimentale

= Simularile au fost validate prin experimente in timp
real efectuate pe un procesor de semnal in virgula
fixa din familia Freescale MSC8101.

= A fost studiatd implementarea pe procesor folosind
limbajul C orientat pe arhitectura DSP-ului combinata cu
functii implementate direct in asamblare.

= Au fost propuse tehnici eficiente de optimizare a
implementarii in sensul reducerii memoriei ocupate de
date dar si a timpului de executie prin reducerea
complexitatii operatiilor.
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Continuarea cercetarii

= Studiul tehnicilor de
reducere a zgomotului si a
reverberatiilor, folosind mai

multe microfoane,

= pot exploata atat
caracteristicile spectrale cat
si spatiale ale semnalelor
achizitionate de microfoane.

= algoritmi de tip adaptiv,
raspunzand astfel la
manifestarea diferitelor surse
de zgomot sau la schimbarile ecou
din mediul acustic ambiant

sir de microfoane

Concluzii

= Proiecte de cercetare-dezvoltare pe baza de
contract/grant (CNCSIS-PNII-IDEI, UE-FP6).

= Bursa postdoctorala (FSE-POS DRU)

= Rezultatele cercetarii au fost publicate in 14 articole
(ca prim autor)
= 2 articole 1n reviste nationale
= 4 articole 1n conferinte nationale

= 6 articole prezentate la conferinte internationale indexate
ISI

= 2 articole 1n reviste indexate ISI
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Recunoasterea si Urmarirea Miscarii
folosind Camere ToF
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Introducere

» Camerele Time-of-Flight (ToF):
— sisteme active

— inregistreaza in fiecare pixel intensitatea si
distanta obiect-camera;

— Pot fi utilizate cu succes pentru
 detectie si recunoastere de actiuni

+ supraveghere video ¢ iARﬂ'S (’2

* monitoirzarea respiratiei etc.

www.artts.eu
1IST-34107 (2006-2009)




Principiul camerei ToF

Incoherent IR
Light Source

M De— @ Modulator

Chip with 10010010
3D Scene CCD Array Data
and Correlation

Phase Shift

Cateva ecuatii

-Esantionam semnalul receptionat de 4 ori/perioada: A0,A1,A2,A3:

¢

-Defazajul emisie-recentie:
Az —A
¢ =atan| —
Ag—Ay
-Distanta in fiecare pixel: J c-T- [0 l
4-

-Intensitatea in fiecare pixel: =

CAGTA A +HA;
4

B

Exemplu: f=20MHz => T=50ns

obtinem distanta maxima: d=7,5m




Probleme ale camerei ToF

* Imaginea de distanta si cea de amplitudine
au cateva inconveniente:
— Intensitatea scade cu patratul distantei:

obiectele cu reflectivitate similara se vor
vedea mai intunecate la distanta.

— Erori sistematice in masurarea distantei: erori
mai mari pentru obiecte foarte intunecate.

Exemplu de scadere a intensitatii
cu distanta

e
L
' . % SRS —
; ’ |
| ¥
; =
s o |
1,
1 i
)
' - TN
S
4
e
“

Imagine de intensitate ToF Poza cu webcam




Exemplu de erori de distanta

Distanta ToF

Intensitatea ToF

Corectia intensitatii functie de distanta:
A'(i, j) = A(i, ))Dyr G )

Imagine originala Imagine corectata

Utilizand o imagine de distanta filtrata cu ANF:

7 VI ¥




Corectia erorilor de distanta:

Inainte de corectie Dupa corectie

Utilizarea camerei ToF pentru
supraveghere video

e Detectia prezentei de persoane pe baza histogramei
- Tehnica compararii histogramei
- Numararea modurilor histogramei

e Tehnici de detectie si estimare a miscarii

»Dezvoltarea unui program de urmarire a miscarii mai
multor persoane simultan




Detectia prezentei bazata pe histograma

500
) R R A | s
I i IR ]
N S ., SRR
oo . ]
N I
100 200 300 400 500 600 700

Scena vida
(imaginea de distanta ToF)

Histogramele corespunzatoare

. A . 1] i |
O persoana intrand in scena 100 200 300 400 500 600 700

Detectia bazata pe histograma

1) Tehnica compararii histogramei
1 G

SD,=———)> | H(j))-H,_,(j
i GMN;| 1(]) l+1(])|

unde H,(j) = valoarea histogramei pentru frame i si nivel de gri j € [0,G]

SD

Nr frame (i € [1,400])




Detectia bazata pe miscare

Algoritmul Block-matching
min &(d,, )

e(d,)= Y |I,(m~1,_(n-d,)

neBy,

, Vm,

Gasirea celui mai bun vector de deplasare d,, pentru fiecare bloc B,, dintr-o
zona de cautare P, ¢ ={n=(n,n,):~P<n, <P~P<n, <P},

folosind o metoda de cautare

A fost implementat un algoritm foarte rapid:
Cautarea blocului (estimarea) se face doar daca detectam miscare
(zero motion detection)

Rezultate

a) Frame-uri cu detectie
pozitiva (adevar teren)

b) Diferentele de
histograma

¢) Decizia bazata pe b)

d) Detectia bazata pe
miscare

<§ . )

¢) Numararea modurilor =Z|
histogramei




Supraveghere video — Aplicatie

Histegram and Metion-based intrusion detection and tracking for ToF Cameras

E
=
=
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Histogram Peaks
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Urmarirea miscarii — Aplicatie




Folosirea camerei ToF pentru
recunoasterea de actiuni

Avantaje:

- Segmentare directa din imaginea de distanta
- vedere pe timp de noapte
- traiectorii 3D

Metoda:
Caracteristici extrase din traiectoriile punctelor cheie

Extragerea siluetei -> Skeleton -> Puncte cheie

Imagine de intensitate

Inagine de distanta

centroid / }/\ 4

[N,

Imagine segmentata Skeleton cu puncte cheie




Sarcina: decizia intre 6 actiuni

Traiectoriile punctelor cheie

walk carry

walk - hand carry - hand
200 150 N 60 10
150 100 .
x \ 40 -15
100 50 . 20 ™ 20}-/\ v/\\
50 % 20 10 0 v 25 ad
o 10 20 . 0 5 10 15 0 5 10
k (frame no.) (frame no.) k (frame no.) k (frame no.)
run bent
100
100 PN run - hand bent - foot
80 90 - P inr=an
60 > go|p- \ \i 7 20 Il \
70l \ % 30 ~ 1814
40 X \ / 16 A
2 3 4 0 10 20 25 14 N
k (i K (i 12 Lz
(frame no.) (frame no.) 9 2 6 3 0 10 20
jump o box k (frame no.) k (frame no.)
100 B
\ 30 Jump - hand box - hand
80 = 50 60
75 [\ /\ \ 40 \ 40 -’\ [\
60 o el \— > 30 = 20 / \
70 N\
0 5 10 0 20 40 20 o
k (frame no.) k (frame no.) 2 4 6 8 10 12
10 20 30 40
k (frame no.) k (frame no.)
Traiectorii centroid pe x/y Traiectorii puncte cheie pe x
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Traiectorii -> Caracteristici

1) Variatia unei functii:

Af= Max-Min
2) Variatia totala v a unei functii:

V= Z\f(k) — k1)

3) Viteza medie reala, calculata ca medie a vitezelor instantanee din fiecare

frame:

5, = 2= Fk-)e

k=2

4) Viteza medie absoluta, calculata ca media valorii absolute a fiecarei viteze

instantanee:

1 N
Su :ﬁz

k=2

M‘

Arbore de decizie

Sax>>Sey &
|Sax - Sl < T}

Say>>Te &
Vy == Ty

Say€ [T11, Tl &
Vy e [Ty3, Tial

Sax » Suy = Vviteze absolute pe
xsiy

S, = viteza medie centroid
pe x;

S,;; = viteza medie absoluta
a mainii;

T 5 = variatia totala a
mainii pe x;

V, = variatia totala a
centroidului pe y.

T,,..., T,, = praguri
calculate intr-o etapa de
invatare (ex. pe “walk”™).

“9”” = actiune necunoscuta.
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TABLE L. CONFUSION MATRIX

carry run bent | jump box
0.1 0 0

0
0
0

box 0.1

Matricea de confuzie de mai sus a fost calculata testand algoritmul de
recunoagtere pe 60 de secvente, cate 10 secvente per actiune.

Exemple

12
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Speech Enhancement in Hands-Free Communication Devices

Adaptive Algorithms for Acoustic
Echo Cancellation
Constantin Paleologu

Department of Telecommunications
pale@comm.pub.ro

Introduction

* acoustic echo cancellation (AEC)

- required in hands-free communication devices, (e.g., for mobile
telephony or teleconferencing systems)

- ! acoustic coupling between the loudspeaker and microphone

-> an adaptive filter identifies the acoustic echo path between the
terminal’s loudspeaker and microphone

* specific problems in AEC
—> the echo path can be extremely long
- it may rapidly change at any time during the connection

—> the background noise can be strong and non-stationary

* important issue in echo cancellation
—> the behaviour during double-talk
- the presence of Double-Talk Detector (DTD)




e(n)=d(n)—y(n)

x(n)

Introduction (cont.)

d(n)

Digital
filter

Adaptive filter

algorithm

Adaptive |

> Cost function Jle(n)] | minimized

Introduction (cont.)

* AEC configuration

x(n)

s

fl(]k)/ [“"~7DTD h
Adaptive filter Acoustic echo path
L7 ] H ] Background

¢ “synthetic” ' acoustic noise

' - echo ! echo W

: D (©) D '<'
NP NP =N

to the e(n) Near-end
=~ v(n) d(n) v(n)

microphone signal

Performance criteria: - convergence rate vs. misadjustment
- tracking vs. robustness
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Fig. 1. Acoustic echo path: (a) impulse response; (b) frequency response.
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Fig. 2. Acoustic echo path: (a) impulse response; (b) frequency response.
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Fig. 3. Acoustic echo path: (a) impulse response; (b) frequency response.

Adaptive algorithms for AEC
* requirements
—> fast convergence rate and tracking
- low misadjustment
- double-talk robustness
* most common choices
- normalized least-mean-square (NLMS) algorithm
- affine projection algorithm (APA) ___——step-size parameter

A A O<u<l
h(n)=h(#n-1) o update-term

* step-size parameter (controls the performance of these algorithms)
—> large values =» fast convergence rate and tracking
@ —> small values =» low misadjustment and double-talk robustness

conflicting requirements =» variable step-size (VSS) algorithms




x(n)
( )
h(p)’ : .
L
I/ (,//

e(n) \\\ &

(tothe fargnd) _ T2IIIIITIIIIIITICICICIIIIIIIIIII W
(near-end)
em=0 e(n) =v(n)
/J(I’Z)Zl— z/
@) 62(n)=462(n-1)+(1-1)e?(n)

[J. Benesty et al, “A nonparametric VSS NLMS algorithm”, IEEE Signal Process. Lett., 2006]

1) near-end signal = background noise (single-talk scenario)

v(n) =w(n)

m background noise power estimate
,u(n) =1- ~_

O, n)

[J. Benesty et al, “A nonparametric VSS NLMS algorithm”, IEEE Signal Process. Lett., 2006]
= NPVSS-NLMS algorithm

Problem: background noise can be time-variant

2) near-end signal = background noise + near-end speech
v(n) = w(n) + u(n) (double-talk scenario)

52 (n) =52 (n) / near-end speech power estimate
v w
T2

Problem: non-stationary character of the speech signal




* Solutions for evaluating the near-end signal power estimate

&7 (n)=?
1. using the error signal e(n), with a larger value of the weighting factor

G2 (n) = 16?2 (n—l)+(l—ﬂu)e2 (n)
)

A=1-1/KL), with K >1

(n)=67 (n=1)+(1-)e* ()

y=1-1/(QL), with 0 >K

= simple VSS-NLMS (SVSS-NLMS) algorithm

#svss(”)=1—&v—(n)

Se(n)

'

The value of y influences the overall behaviour of the algorithm.

2. using a normalized cross-correlation based echo path change detector:

~T

A21 ex(”)fex (}’l) 6-)%(”):ﬂoﬂ'f(nfl)+(1,/1)x2(n)
- foa (1) = 2 (1=1)+ (1= 2)x()e()

= NEW-NPVSS-NLMS algorithm

if
/UNEW—NPVSS(”)Z > (”) 1 5(")<§

otherwise

[M. A. Igbal et al, “Novel Variable Step Size NLMS Algorithms for Echo Cancellation ’

N 3 Proc. IEEE ICASSP, 2008]’
£(n) == (M) =6c(n)|  62(n)=282 (n-1)+(1-2)d* (n)

~2 n
65 (n)—7y(n)

Fog (n) =270y (n=1)+(1-2)e(n)d(n)
convergence statistic

! The value of ¢ influences the overall behaviour of the algorithm.




=» Practical VSS-NLMS (PVSS-NLMS) algorithm

[C. Paleologu, S. Ciochina, and J. Benesty,“Variable Step-Size NLMS Algorithm for
Under-Modeling Acoustic Echo Cancellation ”, IEEE Signal Process. Lett., 2008]

=>» VSS affine projection algorithm (VSS-APA)

[C. Paleologu, J. Benesty, and S. Ciochina,“Variable Step-Size Affine Projection Algorithm
Designed for Acoustic Echo Cancellation ”, IEEE Trans. Audio, Speech, Language Process.,

Nov. 2008]
* main advantages

—> non-parametric algorithms
—> robustness to background noise variations and double-talk

'

. they assume that the adaptive filter has converged to a certain degree.

Table I. Computational complexities of the different variable-step sizes.

Algorithms Additions | Multiplications | Divisions | Square-roots
NPVSS-NLMS 3 3 1 1
SVSS-NLMS 4 5 1 1
NEW-NPVSS- 2L +8 3L+ 12 3 1
NLMS

PVSS-NLMS 6 9 1 1

L = adaptive filter length




Simulation results

» conditions
—> Acoustic echo cancellation (AEC) context, L = 1000.
-> input signal x(n) — AR(1) signal or speech sequence.
—> background noise w(n) — independent white Gaussian noise
signal (variable SNR)
- measure of performance — normalized misalignment (dB)

201og;o (| h—h(m)[|/[| )

+ algorithms for comparisons
- NLMS
- NPVSS-NLMS
- SVSS-NLMS
- NEW-NPVSS-NLMS
- PVSS-NLMS

T
NLMS w ith step-size (a)
NLMS w ith step-size (b) | |
NPVSS-NLMS

Misalignment (dB)

_40 I I I I 1
0 5 10 15 20 25 30

Time (seconds)

Fig. 4. Misalignment of the NLMS algorithm with two different step sizes
(@) « =1 and (b) 1 = 0.05 , and misalignment of the NPVSS-NLMS algorithm.
The input signal is an AR(1) process, L = 1000, A =1 — 1/6L), and SNR =20 dB.




NLMS with step-size (a)
NLMS with step-size (b) ||
NPVSS-NLMS

Misalignment (dB)

40 I I I I I
0

Time (seconds)

Fig. 5. Misalignment of the NLMS algorithm with two different step sizes

(a) u =1 and (b) u = 0.05 , and misalignment of the NPVSS-NLMS algorithm.
The input signal is an AR(1) process, L = 1000, 1 =1 — 1/6L), and SNR =20 dB.
Echo path changes at time 10.

0 T
NPVSS-NLMS
2 SVSS-NLMS i
NEW-NPVSS-NLMS
4 PVSS-NLMS

Misalignment (dB)

10 20 30 40 50 60
Time (seconds)

Fig. 6. Misalignment of the NPVSS-NLMS, SVSS-NLMS [with y =1 —1/(18L)],
NEW-NPVSS-NLMS (with ¢=0.1), and PVSS-NLMS algorithms. The input signal
is speech, L = 1000, A =1 —1/(6L), and SNR =20 dB.




T
NPV SS-NLMS
SVSS-NLMS
NEW-NPVSS-NLMS
ot PVSS-NLMS
)
s
£ s
(]
£
c
2
©
L 10+
=
15+
1 1 1 1 1
0 10 20 30 40 50 60

Time (seconds)
Fig. 7. Misalignment during impulse response change. The impulse response changes
at time 20. Algorithms: NPVSS-NLMS, SVSS-NLMS [with y =1 — 1/(18L)], NEW-
NPVSS-NLMS (with ¢ =0.1), and PVSS-NLMS. The input signal is speech, L = 1000,
A=1-1/(6L), and SNR =20 dB.

20 T
NPVSS-NLMS
SVSS-NLMS
15+ NEW-NPV SS-NLMS
PVSS-NLMS
10+
m
=)
T 5r
[}]
£
c
2 0
©
2
= 5L
BT i
-15 ! | | \’_‘_;\“

0 10 20 30 40 50 60
Time (seconds)
Fig. 8. Misalignment during background noise variations. The SNR decreases from 20 dB to
10 dB between time 20 and 30, and to 0 dB between time 40 and 50. Algorithms: NPV SS-
NLMS, SVSS-NLMS [with y =1 —1/(18L)], NEW-NPVSS-NLMS (with ¢ =0.1), and
PVSS-NLMS. The input signal is speech, L = 1000, 2 =1 — 1/(6L), and SNR =20 dB.
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20 T

SVSS-NLMS
NEW-NPV SS-NLMS
15 PVSS-NLMS
10
m
=
c 5
)
£
c
2 0
©
2
= -5
-10
15 L L L L L
0 10 20 30 40 50 60

Time (seconds)

Fig. 9. Misalignment during double-talk, without DTD. Near-end speech appears between
time 15 and 25 (with FNR =5 dB), and between time 35 and 45 (with FNR =3 dB).
Algorithms: SVSS-NLMS [with y =1 — 1/(18L)], NEW-NPVSS-NLMS (with ¢=0.1), and
PVSS-NLMS. The input signal is speech, L = 1000, A =1 — 1/(6L), and SNR =20 dB.

Misalignment (dB)

T T

PVSS-NLMS (VSS-APA with p = 1)
VSS-APA with p =2 N
VSS-APA withp =4

10

20

30 40 50 60
Time (seconds)

Fig. 10. Misalignment of the VSS-APA with different projection orders, i.e., p =1
(PVSS-NLMS algorithm), p =2, and p = 4. Other conditions are the same as in Fig. 12.
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Misalignment (dB)

-10

PVSS-NLMS (VSS-APA with p = 1)
APA with p=2
VSS-APA with p =2

20 30

Time (seconds)

40 50 60

Fig. 11. Misalignment during impulse response change. The impulse response changes
at time 20. Algorithms: PVSS-NLMS algorithm, APA (with £ = 0.25), and VSS-APA.
Other conditions are the same as in Fig. 12.

Misalignment (dB)

PVSS-NLMS (VSS-APA with p = 1)
APA withp =2 M
VSS-APA with p=2

10

20

30 40 50 60

Time (seconds)

Fig. 12. Misalignment during background noise variations. The SNR decreases from
20 dB to 10 dB between time 20 and 40. Other conditions are the same as in Fig. 12.

12



T T
PVSS-NLMS (VSS-APA with p = 1)
APA withp =2

5L VSS-APA with p =2

Misalignment (dB)

0 10 20 30 40 50 60
Time (seconds)

Fig. 13. Misalignment during double-talk, without a DTD. Near-end speech appears

between time 20 and 30 (with FNR = 4 dB). Other conditions are the same as in Fig. 12.

Comparisons with other VSS-type APAs

+ algorithms for comparisons
- classical APA, x=0.2
—> variable regularized APA (VR-APA)

[H. Rey, L. Rey Vega, S. Tressens, and J. Benesty, IEEE Trans. Signal Process.,
May 2007]

—> robust proportionate APA (R-PAPA)
[T. Génsler, S. L. Gay, M. M. Sondhi, and J. Benesty, IEEE Trans. Speech Audio
Process., Nov. 2000]

- “ideal” VSS-APA (VSS-APA-id) - assuming that v(n) is available

13



(gp) wewubiesiy

20 25 30
Time (seconds)

15

10

0.2, VR-APA, VSS-APA, and VSS-APA-id.

Fig. 14. Misalignments of APA with u

Single-talk case, L

20dB.

2 for all the algorithms, SNR =

512,p=

(gp) wewubiesiy

20 25 30
Time (seconds)

15

10

Fig. 15. Misalignments of APA, VR-APA, R-PAPA, VSS-APA, and VSS-APA-id.
Background noise variation at time 14, for a period of 14 seconds (SNR decreases

from 20dB to 10 dB). Other conditions are the same as in Fig. 14.
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Misalignment (dB)

without DTD with Geigel DTD

T T T T
I I I I
] ey
| | | |

|

|

Misalignment (dB)

Fig. 16. Misalignment of the algorithm during double-talk. Other conditions
are the same as in Fig. 14.

Conclusions and Perspectives

* a family of VSS-type algorithms was developed in the context
of AEC.

the VSS formulas do not require any additional parameters
from the acoustic environment (i.e., non-parametric).

* they are robust to near-end signal variations like the increase of
the background noise or double-talk.

+ the experimental results indicate that these algorithms are
reliable candidates for real-world applications.

[C. Anghel, C. Paleologu, ef al,“FPGA implementation of a variable step-size affine
projection algorithm for acoustic echo cancellation”, in Proc. EUSIPCO 2010]

 Future work =» towards proportionate adaptive algorithms.

* [C. Paleologu, J. Benesty, and S. Ciochina, “Sparse Adaptive Filters for Echo
Cancellation”, Morgan & Claypool Publishers, ISBN 978-1-598-29306-7, 2010]

* [C. Paleologu, S. Ciochina, and J. Benesty, “An Efficient Proportionate Affine
Projection Algorithm for Echo Cancellation”, IEEE Signal Processing Letters, 2010]
* [J. Benesty, C. Paleologu, and S. Ciochina, “Proportionate Adaptive Filters from a
Basis Pursuit Perspective”, IEEE Signal Processing Letters, to appear]|
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Dispozitive electronice Si optoelectronice

de inalta performanta
Structuri filtrante avansate de microunde

Nicolae MILITARU, E.T.T.I.-U.P.B.

Prezentare generala

» Domeniul de cercetare
Inginerie electronica si telecomunicatii

» Directia de cercetare

Dispozitive electronice Si optoelectronice de inalta
performanta

» Obiectiv

Obtinerea unor dispozitive compacte cu performante
imbunatatite pentru domenii de varf din tehnica
telecomunicatiilor




Structuri filtrante de microunde de tipul
trece-banda in tehnologii planare

» Rol

Selectia in domeniul frecventa a semnalelor

» Cerinte
Selectivitate ridicata
Atenuare de insertie redusa

Timp de intarziere de grup contant in banda de
trecere

Banda de oprire cat mai larga

Atenuare in banda de oprire cat mai ridicata
Dimensiuni mici

Tehnologie ieftina (pret de cost redus)

Structuri filtrante de microunde de tipul
trece-banda in tehnologii planare

» Configuratii
“In linie”

K
7N\ . N/ G C.,

Qe K [
X NS NN
N:l I:N
! b cl di b 7 C 2
ET 5 T 5 T 5 ETS
= -G, C-C,-C,, c-c, =

Kys
L
C-Cp-Cy =

Filtru trece-banda de ordin patru, cu constante concentrate.

dof

T BP1 s

dl 2
of e o e ol
AT

| [

Filtru trece-banda de ordin patru, in tehnologie microstrip.




Structuri filtrante de microunde de tipul
trece-banda in tehnologii planare

» Configuratii
“In linie”

20 -——-—— 4 ——————— -3 N - - — -
\

1,1, 1S,). [4B]
&
B

IS
=)

,,,,,,
N

—IS,,|, model circuit
,,,,,, «+ |81, model circuit
i ‘52‘ |, model planar
---IS,,|, model planar

&
S

|
|
-6 |
8.9 0.95 1
F [GHZ]

Prezentare comparativd performante
FTB cu constante concentrate — FTB microstrip

Structuri filtrante de microunde de tipul
trece-banda in tehnologii planare

» Configuratii

Cu rezonatoare multiplu cuplate

1 2 3 2 3 6 7
6 5 4 1 4 5 8

a) filtru indoit ¢) filtru cu cuadrupleti in cascada L i : E B
2 5 2 4 6 -
m i
1 3 4 6 1 3 5 E
b) filtru cu tripleti in cascada d) filtru cu linii de acces multiplu cuplate v IY
Fig. 2. Reprezentare simbolica a unor posibilitati practice de realizare a filtrelor cu cuplaje multiple.




Structuri filtrante de microunde de tipul
trece-banda in tehnologii planare

» Configuratii
Cu rezonatoare multiplu cuplate

O Mo
M‘ %A s
e s ok " L

3 1% % ﬂ M%

Configuratia de cuplaj. Rez 1 Rerd
cl4 4 1 U +
Pl oF % % o,
Portl s ]-773 - Por2 Rez3 Rez2
- o 7 7
ERSECT T |
ul Io L d, 4
Modelul cu constante concentrate. Modelul in tehnologie microstrip.

Structuri filtrante de microunde de tipul
trece-banda in tehnologii planare

» Configuratii
Cu rezonatoare multiplu cuplate

T
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T i1
g no !
= no
4 4i b
= H | |
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] | |
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i =[S |sim. elmg.
1 __|=Is)|sim. cimg.
H — S| sim. elmg. p.
I +==+[S,| sim. elmg. p
! I
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%300 2250 2300 2350 2400 2450 2500 2550 2600
F [MHz]

Comparatie intre performantele teoretice ale FTB si cele anticipate prin simulare.




Structuri filtrante de microunde de tipul
trece-banda in tehnologii planare

» Tehnologii utilizate

Microstrip
Coplanar
Multistrat

Microstrip cu plan de masa decupat

Structuri filtrante de microunde de tipul
trece-banda in tehnologii planare

» Proiectarea unor filtre in tehnologie
microstrip
FTB clasice
FTJ prototip
Transformari de frecventa

Transformarea FTB cu constante concentrare (bobine,
condensatoare) intr-un filtru de microunde in tehnologie
planara

FTB cu rezonatoare de tip distribuit
Stabilirea configuratiei de cuplaj
Generarea matricei cuplajelor
Determinarea valorilor cuplajelor necesare
Obtinerea geometriei (layout-ul) filtrului planar
Optimizarea geometriei




Structuri filtrante de microunde de tipul
trece-banda in tehnologii planare

» Proiectarea unor filtre in tehnologie
microstrip
FTB cu rezonatoare microstrip cuplate multiplu
Stabilirea configuratiei de cuplaj
Generarea matricei cuplajelor

o I 5
A 1

a a
< 5 , =£4 0 om0 0 0 0
= 4 078529 003377 0 071710 005591 0
Yy E—— ol 0 0 052370 04832 062656 0
Tl oo omTo 049362 oot 035002 0

0 005591 06263 035002 003377 078529

a) b) 0 0 0 0 0729 0

Configuratia de cuplaj a unui FTB de ordin 4 cu raspuns
asimetric (a) si geometria sa in tehnologie microstrip (b).

Structuri filtrante de microunde de tipul
trece-banda in tehnologii planare

» Proiectarea unor filtre in tehnologie
microstrip
FTB cu rezonatoare microstrip cuplate multiplu

Determinarea cuplajelor necesare
Coeficientii de cuplaj, k (cuplaj rezonator — rezonator)
Factorii de calitate externi, Q,,, (cuplaj rezonator — linie de
acces 50Q

Obtinerea geometriei (layout-ul) filtrului planar
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e |
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Frequency (GHz)




Structuri filtrante de microunde de tipul
trece-banda in tehnologii planare

» Proiectarea unor filtre in tehnologie

microstrip
FTB cu rezonatoare microstrip cuplate multiplu
Optimizare
Corectia cuplajelor rezonator — linie de acces Si corectia
frecventei de rezonanta a rezonatoarelor terminale

Ajustarea cuplajelor intre perechile de rezonatoare
Ajustarea frecventelor de rezonanta ale rezonatoarelor

Metoda avansata de optimizare suplimentara

Combina acuratetea simularii electromagnetice cu simplitatea
Si viteza optimizarii folosind un simulator de circuit

Structuri filtrante de microunde de tipul
trece-banda in tehnologii planare

» Proiectarea unor filtre in tehnologie

microstrip
FTB cu rezonatoare microstrip cuplate multiplu

Optimizarea geometriei

[

1
..... Lumped S,

== Lumpeds,,

=== Lossless sim S|

—— Lossless simS,,

7
Magnitude (dB)

Frequency (GHz)




Structuri filtrante de microunde de tipul
trece-banda in tehnologii planare

» Modele experimentale

=

Cercetari viitoare
Filtre de microunde in tehnologie multistrat cu
rezonatoare multiplu cuplate

Filtre trece-banda alcatuite din rezonatoare microstrip
extrem de compacte, cu moduri duale de oscilatie

Filtre de microunde cu rezonatoare impachetate care
folosesc cuplaje prin fanta
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APLICATII ALE
METAMATERIALELOR IN
DOMENIUL MICROUNDELOR

Doctorand as. univ. ing.

[ulia Andreea Mocanu

+

Cuprins

2.

3.

. Introducere

Aplicatii ale metamaterialelor realizate cu
structuri 3D

Aplicatii ale metamaterialelor realizate cu
structuri 2D

Aplicatii ale metamaterialelor realizate cu
structuri 1D

Perspective




1. Introducere
1.1. Definitii:

= 1999: Roger M. Walser:

“metamaterialele sunt structuri artificiale,
tridimensionale, periodice, proiectate pentru a produce o
combinatie optima de doud sau mai multe raspunsuri la o
anumita excitatie.”

= 2006: Caloz-Itoh:
“metamaterialele sunt structuri artificiale, omogene
electromagnetic, cu proprietdti neobisnuite §i inaccesibile

direct in natura. ”

1. Introducere

1.2. Clasificarea materialelor

= p - dimensiunea medie a celulei structurale
= /, - lungimea de unda in ghid

pP<A4, / 4 m==d  omogenitate




1. Introducere

1.2. Clasificarea materialelor

i
A
o L
F<0u=0 g>0,u>0
=g eln<0 n= s eRn>=0
plasme (@< a,) dielectrici izotropi

materiale RH/

metale la frecvente optice S
y propagare inainte

undi evanescenti

Iﬁ NS > Diagrama

Py > = permitivitatii electrice
<\ N\ r t -permeabilitatii magnetice
r si indicele de refractie
m. Iv.
g<0,u<0 g>0,u<0
B=—oje eR <0 n=.sueln<l
materiale Veselago ferite (@< a,,,)
materiale_LH./ . materiale feromagnetice
propagare mapot undi evanescenti

i 1. Introducere

1.3. Proprietati specifice metamaterialelor

Refractie negativa a unui fascicul monocromatic
la suprafata de separatie dintre aer si o placa de metamaterial




& 1. Introducere

1.3. Proprietiti specifice metamaterialelor

F

\_
5

H

(a)

Triada intensitate camp electric, intensitate camp
magnetic, vector de unda si vectorul Poynting pentru:
a) mediu de tip RH; b) mediu de tip LH.

i 1. Introducere

1.4. Dinamica domeniului

0.3THz 3THz 30 THz 300 THz
% 8{}5 I ! |
g, | |
- I i
2= 40 m
=2 ﬂT
Z B L L :
'S = | = ﬂ Jj ,!_ | UGSD& Berkeley FORTH,
£ 1968 . 1996 1998 2000 2002 .
Z 1000 pm 100 pm 10 pm 1.0 pm
Anii
Numarul de lucrari publicate Scalarea dimensiunii

pand in anul 2002 metamaterialelor




& Cuprins

2.

. Introducere

Aplicatii ale metamaterialelor realizate cu
structuri 3D

. Aplicatii ale metamaterialelor realizate cu

structuri 2D

Aplicatii ale metamaterialelor realizate cu
structuri 1D

. Perspective

2. Aplicatii ale metamaterialelor

i realizate cu structuri 3D

2.1. Invizibilitate totala




i Cuprins

. Introducere

2. Aplicatii ale metamaterialelor realizate cu
structuri 3D

3. Aplicatii ale metamaterialelor realizate cu
structuri 2D

4. Aplicatii ale metamaterialelor realizate cu
structuri 1D

5. Perspective

3. Aplicatii ale metamaterialelor
i realizate cu structuri 2D

3.1. Focalizarea cu ajutorul lentilelor LH ,,plate”

RH (ng)

Efect dublu de focalizare intr-o lentila LH formatd
dintr-o placad de material de tip LH , incadratd de doua medii de tip RH




3. Aplicatii ale metamaterialelor
realizate cu structuri 2D

3.1. Focalizarea cu ajutorul lentilelor LH ,,plate”

Lentila Veselago-Pendry pentru
microunde,
cu indice de refractie negativ
(C. Soukoulis, OPN, June 2006,
pp. 16-21)

3. Aplicatii ale metamaterialelor
realizate cu structuri 2D

3.1. Focalizarea cu ajutorul lentilelor LH ,,plate”

Imaginea unui
obiect bidimensional
, NANO”.
a) Imaginea FIB
© © b) Imagine superlentila
¢) Profilul sectiunii transversale;
d) Rezultatul controlului
— 80 imaginii al aceluiagi obiect;
e) Media sectiunii transversale.

90nm




i Cuprins

. Introducere

2. Aplicatii ale metamaterialelor realizate cu
structuri 3D

3. Aplicatii ale metamaterialelor realizate cu
structuri 2D

4. Aplicatii ale metamaterialelor realizate cu
structuri 1D

5. Perspective

4. Aplicatii ale metamaterialelor
realizate cu structuri 1D

4.1. Metoda liniei de transmisiune pentru
structuri LH

7 LpAz I+dI C,/Az T+l
o—p YL > 0 c | - o]

I
iy %C,‘,A; Lz,-wdo lU ? L,/Az l UsdU
= Az > % Az 2

a) b)

a) Circuitul cu constante concentrate pentru o unitate de lungime
infinitezimala dintr-o linie PRH;

b) Circuitul cu constante concentrate pentru o unitate de lungime
infinitezimala dintr-o linie PLH.




4. Aplicatii ale metamaterialelor
i realizate cu structuri 1D

4.2. Metoda liniei de transmisiune pentru
structuri CRLH

series imterdigital capacitor

2.4 mm
E > CRAzI %LL/Az
’ 5 mm | 8 mm o Az T o

shunt stub inductor —> . _
all spacings = 0,1 mm

via to ground
Circuitul cu constante concentrate
pentru o unitate de
lungime infinitezimala
dintr-o linie CRLH

Implementarea in tehnologie microstrip
a unei celule de linie de transmisune LH

4. Aplicatii ale metamaterialelor
i realizate cu structuri 1D

4.3. Metoda liniei de transmisiune pentru
structuri CRLH cu pierderi

Implementare in tehnologie
microstrip a unei linii de transmisiune CRLH cu 24 de celule (Itoh)




4. Aplicatii ale metamaterialelor
realizate cu structuri 1D

4.3. Metoda liniei de transmisiune pentru
structuri CRLH cu pierderi

b al
fal f
cl

cR
0 AL $ - A“/

Parametrii S pentru
o linie de transmisiune CRLH
echilibrata, cu pierderi.
a) |S,,| pentru Q =100,
b) |S,,| pentru Q =100,
w0 c) |S,,| pentru Q =500,
d) |S,,| pentru Q =500.
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4. Aplicatii ale metamaterialelor
realizate cu structuri 1D

4.4. Cuplor simetric CRLH realizat cu 7 celule

Implementare in tehnologie
microstrip a unui cuplor simetric CRLH cu 7 celule




4. Aplicatii ale metamaterialelor
i realizate cu structuri 1D

4.4. Cuplor simetric CRLH realizat cu 7 celule

Parametrii de impragtiere
pentru cuplorul simetric
CRLH cu 7 celule:
i a) |Sul|, b) |Sz],
""""" a c) |S31], d) |S4|.

Magnitude (dB)

Frequency (GHz)

4. Aplicatii ale metamaterialelor
i realizate cu structuri 1D

4.5. Cuplor simetric CRLH realizat cu 3 celule

Parametrii de impragstiere
pentru cuplorul simetric
CRLH cu 3 celule:
a) |Sul, b) |S21],
¢) |S31], d) |S4|.

MWagnitude {dB)

Frequency (GHz)




4. Aplicatii ale metamaterialelor
realizate cu structuri 1D

4.6. Cuplor asimetric CRLH realizat cu 7 celule

i

| AP
s
VAT AT
E A LIS
S A
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S AN

<%
o

Implementare in tehnologie
microstrip a unui cuplor asimetric CRLH cu 7 celule

4. Aplicatii ale metamaterialelor
realizate cu structuri 1D

4.6. Cuplor asimetric CRLH realizat cu 7 celule

Parametrii de impragstiere
pentru cuplorul asimetric
CRLH cu 7 celule:
a) |Sul, b) |S21],
¢) |S31], d) |S4|.

Magnitude (dB)

4 45 5 655 6 65 7 75 8 85 9
Frequency (GHz)




4. Aplicatii ale metamaterialelor
i realizate cu structuri 1D

4.6. Cuplor asimetric CRLH realizat cu 7 celule

70

60 -
a0
g o - //\ Directi\fitatec.z pentru
E N N Rl RO O W cuplorul asimetric CRLH cu
5 A Voo 7 celule:
5 o .

My - a) |Sul, b) |Sz],
Th &) |31l d) |Sal.
] A oo e e 4
10 i | i | i |
5 55 [ 65 7 75 g 65

Frequency (GHz)
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4. Aplicatii ale metamaterialelor realizate cu
structuri 1D

5. Perspective




i 5. Perspective

= masurdtori pentru cuploarele propuse,
= optimizarea performantelor si a dimensiunilor
= realizarea altor dispozitive de microunde,

= studiul altor tipuri de linii de transmisiune right-left
handed: D-CRLH, E-CRLH.




How Autonomic and Cognitive
Networking Technologies are

Reshaping the Economy
unaccounted for

MIHAELA ULIERU

Ubiquitous Civilization
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* Integration networking
self-organizing artifacts

Adapt to and anticipate user’s needs and wants

WWRF's vision of Ubiquitous Computing

How do we organize billions of mobile
smart objects that are highly dynamic,
short living,...?

;4"@ A b S

+ Interconnectivity

« Cyberworld ”.

/L.
Healthcare, vl Anti-disaster
Modical care R N

Uhlqulhus - i .
— Sunsor N-twork Tt
Weamer Water quallty - E
(Precipitation...) = E "“h 2

INCREASED PRODUCTIVITY AND
EFFICIENCY

Fire, Poisonous Gas #'Management of growth | 5gistic Quality
(Smoke, Gas, Distortion_)  (Temperature, Humidity...) (Temperature, humidity
Environmental risk Tracking of produce ™" Other Apps.

REP. : "R&D on a ubiguitous sensor network™ by MIC, JAPAN




Collaborative Automation and Service Oriented Architectures in the Industry w

The FactoryBroker™ Solution: What is happening at the DaimlerChrysler shop floor?
_________________ Womnai ™ /T Yoo |
AUTOMATE SPECIALIZED
WORK (increase time available
to do creative work)

BOOST ORGANIZATIONAL
CAPITAL (self-organized

productlon)
B N, 7 N achineagents2 | Factory  p

overloaded! w

Machine-Agent # 3

INCREASE THE EFFECTIVENESS OF

OPERATIONS AND PRODUCTIVITY

oW oI~
MEASURABLE, TANGlBLE (aka
ACCOU NTED FOR!)
el eal-time inventory

| A
A A
W ety wich
1 o]
wperly igor °




A i
ENABLE SELF-ORGANIZATION

TO MAXIMIZE PERFORMANCE
person in danger // . / J ) ;f:i‘ Elﬁ?rina?iﬂnaff l
IMPROVE SOCIAL WELFARE

Reduce crime rate (TANGIBLE)

Peace of Mind (INTANGIBLE)
ﬁmﬁ! ﬂ W database sm; _

emargency ineident for routing, traffic, service operator
location fighter  commander mapping, handling efc.  fire department

Common Situational Awareness

First responders are empowered by
accessibility to relevant and location-
specific information at their finger tips




COLLAPSE OF COORDINATION COSTS

Organisation 6

Organisation 1

S O

ACNT effects

Increase performance (tangible)
ineffective policies

intangible — boost organizational capital by
collapsing coordination costs

intangible - boost human capital

professional, social and
cultural aspects (intangible) on operational
effectiveness / productivity




« The world is changing very fast. Big will
not beat small anymore. It will be the fast

beating the slow. »
Rupert Murdoch

Prosumer

GreatApps Company Ethan Nicholas
Product: iSteam Product: iShoot
Profit: $100,000 in 1 m Profit: $600,000
htt 6

htt)




SUBSCRIBE SECTIONS BLOGS » VIDEQ »

REVIEWS >

NETWORKED

INDIVIDUALISM
Coder’s Half-Million-Dollar Baby Proves iPhone Gold Rush Is
Still On

By Brian X Chen B0 February 12, 2008 | 2:28 pm | Categories: Uncategorized
Apple's iPhone application store is as crowded as a Beyonce
concert, with more than 20,000 apps available. But ane
independent developer still managed to rake in $600.000
in a single maonth with a single iPhone gama:

Challenges the Institution

Ethan Micholas, developer of a tank artillery game called 1Shoof.
told W\re-d,cnm|he quit his job the day his app rose to Mo 1|in the
App Store. earning him $37.000 in a single day.

“I'm not going to be a millionaire in the next month. but I'd be
shocked if it didn't happen at the end of the year.” he said in a
phone interiew.

"If it weren't for taxes | would be a millionaire right now."

It wasn't easy for Nicholas: either. [After getting off his shift as an engineer at Sun Microsystems Jhe worked on
iShoot

eight hours a day. cradling his 1-year-old son in one hand and coding with the other. He didn’t have the money to
buy books to leam how to write an iPhone app, Solhe taught himself by reading webs'\tes.|

What compelled him to code an iPhone game? Hard times for him and his family —[and he was inspired by Tris

he said

When iShoot launched in October, business was slow
for a while. And then Nicholas found some spare time
to code a free version of the app — 1Shoot Lite, which
he released January. Here's how that helped. Inside
iShoot Lite he advertised the 3. full version of 1Shnof
Users downloaded the free version 2.4 million times
And that led 320.000 satisfied iStoof Lite players to
pay for iShoot




How is this changing the world now?

Traditional cost-value threshold.
Additional value not worth cost
of coordination.

Techno-economic
Networks, Digitalization, Innovation

individualized (customized)
production




How to leverage on this
unused human capital?

Tail: Available but UNUSED
human capital

(Unaccounted)

(productivity unavailable to
hierarchy)

NEED TO REVOLUTIONIZE OUR
INSTITUTIONAL STRUCTURES !

|

2o o X
Ay

34 Million
Citizen.
300,000s Contributors

Government. (in Canada)
Contributors

100s Service 1000s

Contributors ~ Dept.

Team Team Contributors

Lead Members




(25

s W
‘Response-Able

~ e o

o0 C 290

Session on ICT for
eGovernance

SOS Networks

Emerging Leaders

10



WITH Citizens FOR Citizens

* C’ v i
A & T '

SOCIAL INNOVATION GENERATION

Cantral layar

Distribution layer a Ehyswal ‘smart appilcatlgm/

Miorandi et al IEEE-SMC 2010

< Technical |[  Social

ACNT Fueling the Power of ‘Crowdsourcing’

4 internat “The Mind Electric’ |tk

See Flagship on Living
Technologies

Google in concert.

“Everyware”
Seti@home
Noosphere

Between
Machines

Delicious Twitter

Computer Al Web 2.0
Flickr Facebook

>

Connections Between People

11



‘Living Technologies’

AS Yoo CAm B2

LTHE Poeere c."-u.l..i-/;

&

is
a%

TOWARD WEB 3.0 s —

The ‘Holodeck’ — as Futurei'Werkground’
- ¢

e

- X . Y
‘Exodus to the Virtual wOn&‘.& #ew Onling Fun is Changing Reality’ [Edwald Castronoval
Also‘Jte McGonigal's TED talk .

-~

L ;.\/ l‘\\

12



M B

‘w the future, your &
taskiSnot fo foresee it ’f&n
but t’oJenaISIe it.” M N

.. Antoine.dgsamt- = ¢
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Indexarea automata a secventelor de imagini

Clasificarea automata dupa gen

S.l.dr.ing. Bogdan-Emanuel IONESCU*
bionescu@alpha.imag.pub.ro

*activitatea de cercetare a fost finantata partial din proiectul FSE - European
Structural Funds EXCEL POSDRU/89/1.5/S/62557 (2010-2013)

P T

LAPI — Laboratorul de : Universitatea i POLYTECH:
” Analiza i Prelucrarea .} Politehnica din o ANNECY-CHAMBERY
ini Relevons les défis de demain

Imaginilor - Bucuresti

LAPI — Laboratorul de Analiza si Prelucrarea Imaginilor

Prof. Vasile BUZULOIU
directorul laboratorului

> personal didactic si de cercetare:

- 2 profesori

- 1 conferentiar

- 4 sefi de lucrari >2010 devenit Centru de Cercetare al
- 3 asistenti Universitatii Politehnica din Bucuresti

- 3 cercetatori principali
- >8 doctoranzi

> http://alpha.imag.pub.ro

Prezentare laborator LAPI WED14, Bucuresti, 22-23 Septembrie 2010




LAPI — Laboratorul de Analiza si Prelucrarea Imaginilor

> proiecte de cercetare nationale si internationale:
- 2 proiecte FP6 - European 6th Framework Programme,
- 3 CERN - European Organization for Nuclear Research,
- >4 FSE — Fonduri Structurale Europene (POS-DRU, POS-CCE),
- >6 proiecte nationale finalizate si in curs de desfasurare,

- proiecte industriale (Tessera Romania - Fotonation).

i MINISTERUL 0 \ CONSILIUL

% | EDUCATIE], CERCETARN

¥R'| cCERCETARI §I Ny STUNTIFICE DIN
¥ TINERETULUI NESIS SUrekion

CENTRUL NATIONAL DE
MANAGEMENT PROGRAME

il

\

é:g # Sixth Framework Progiamme|

Prezentare laborator LAPI WED14, Bucuresti, 22-23 Septembrie 2010

LAPI — Laboratorul de Analiza si Prelucrarea Imaginilor

> colaborari universitare externe (active >15 universitati):

- Polytech Annecy-Chambery, Franta,

- Université de Poitiers, Franta,

- INSA Lyon, CPE Lyon, Franta,

- INPG Grenoble, Franta,

- ENST, ENSTA Paris-Franta,

- University of Malaga, Spania,

- National University of Ireland, Galway-Irlanda, etc.

si din mediul privat:

- CERN, Geneva-Elvetia,

- EbooSolutions, Annecy-Franta,

- Tessera - Fotonation, SUA,

- SensoMotoric Instruments, Berlin-Germania, etc.

Prezentare laborator LAPI WED14, Bucuresti, 22-23 Septembrie 2010




LAPI — Laboratorul de Analiza si Prelucrarea Imaginilor

> tematici de cercetare abordate:

* urmarirea privirii §i comunicarea cu ajutorul acesteia
(Eye Gaze Communication)

- segmentare iris,

- eye tracking,

- detectia gradului de
oboseala a soferului,

Prezentare laborator LAPI WED14, Bucuresti, 22-23 Septembrie 2010

LAPI — Laboratorul de Analiza si Prelucrarea Imaginilor

> tematici de cercetare abordate (continuare):

* detectia evenimentelor
folosind Time-of-Flight cameras

- calibrare si corectie,
- detectia de evenimente,
- segmentare 3D,

> (prezentare Serban OPRISESCU)

Prezentare laborator LAPI WED14, Bucuresti, 22-23 Septembrie 2010




LAPI — Laboratorul de Analiza si Prelucrarea Imaginilor

> tematici de cercetare abordate (continuare):

* indexarea dupa continut a
documentelor multimedia

- analiza continut baze de imagini si video,
- sisteme de navigare 3D,
- rezumare automata, etc.

Prezentare laborator LAPI WED14, Bucuresti, 22-23 Septembrie 2010

LAPI — Laboratorul de Analiza si Prelucrarea Imaginilor

> tematici de cercetare abordate (continuare)
 imagistica medicala

-calibrare, imbunatatire,
-diagnosticarea automata a
osteoporozei,

-analiza imaginilor radiologice pentru
urmarirea protezelor ortopedice, etc.

alul plw] 2yl

B

> (prezentare
Laura FLOREA)

Prezentare laborator LAPI WED14, Bucuresti, 22-23 Septembrie 2010




LAPI — Laboratorul de Analiza si Prelucrarea Imaginilor

> tematici de cercetare abordate (continuare):

+ algoritmi de analiza si
prelucrare a fotografiilor
digitale

- red-eye removal,
- auto-sharpening,

Prezentare laborator LAPI WED14, Bucuresti, 22-23 Septembrie 2010

LAPI — Laboratorul de Analiza si Prelucrarea Imaginilor

> tematici de cercetare abordate (continuare):

* recunoasterea automata a gesturilor mainii

- recunoastere ipostaze statice,
- sistem de recunoastere gesturi
dinamice (15 img./s)

Prezentare laborator LAPI WED14, Bucuresti, 22-23 Septembrie 2010




Planul prezentarii

* Problematica indexarii dupa continut

* Problematica clasificarii automate a genului video

* Abordarea propusa

* Descrierea continutului video (actiune, culoare, structura)
* Rezultate experimentale

+ Concluzii si perspective

Planul prezentarii WED14, Bucuresti, 22-23 Septembrie 2010, 1/41

Problematica indexarii
dupa continut

WED14, Bucuresti, 22-23 Septembrie 2010




Problematica indexarii

societatea actuala este una bazata pe informatie = oamenii
schimba/acceseaza un volum de date multimedia important:

L —| text, ex. eBooks, L "J\W)» audio, ex. muzica,

— eDocuments, etc. voce, etc.

o ) secvente de
|—» @ g I_. ) imagini ex. filme,

grafica, etc. )l “flux video, etc.

> tehnologie actuala avansata (capacitate de stocare ridicata,
protocoale de transmisie a datelor rapide, dispozitive mobile
multimedia, etc.)

Problematica indexarii WED14, Bucuresti, 22-23 Septembrie 2010, 3/41

Problematica indexarii

> problema: cum accesam informatia relevanta din aceste colectii
imense de date ?

ex. video = cantitate mare de date
- 1 minut > 1.500 imagini (la 25 cadre/s)
- 1 baza video > mii de filme (>135.000.000 imagini)

|—~ vrem sa cautam o anumita informatie,
L vrem sa “rasfoim” baza de date,
I_. vrem sa vizualizam eficient contunutul (video),

> solutia existenta: sistemele de indexare automata dupa continut sau
Content-based Indexing Systems (sunet: CBAR, imagini: CBIR, video:
CBVR, etc.)

Problematica indexarii WED14, Bucuresti, 22-23 Septembrie 2010, 4/41




Problematica indexarii

> exemplu simplu:

0001010010
1100011010
& 1111110001

;71

informatie bruta

Problematica indexarii

> indexare = adaugarea de informatii suplimentare relative la
continutul datelor ce se doresc a fi indexate = adnotare

P |
L] !
Windows7 |

program: Windows 7 Explorer

WED14, Bucuresti, 22-23 Septembrie 2010, 5/41

Procesul de indexare

> arhitectura de baza a unui sis

baza video

[rezumate]

atribute/indecsi

tem de indexare video:

interfata cu utilizatorul

sistemul de navigare

(numerici, textuali, etc.)

sistemul de cautare

Procesul de indexare

WED14, Bucuresti, 22-23 Septembrie 2010, 7/41




Sintactic vs. semantic

> global, distingem doua tendinte:

* adnotare sintactica (“low-level”)

culori text schimbare textura obiect de interes traiectorie sunet

* adnotare semantica (“high-level”)

| = | | | |

i ! 1 l

in meciul de fotbal al lui Real Madrid, Ronaldo numarul 9 a marcat golul.

Sintactic vs. semnatic WED14, Bucuresti, 22-23 Septembrie 2010, 8/41

Sursele de informatie

> video = informatie spatio-temporala:

— culoare: continut vizual; )
mostenite de la

— textura: materiale din scen3; sistemele de indexare

= ’ 4 de imagini
— forma: obiecte, personaje;

— structura temporald: ritm, actiune;
— miscare — locala sau globalg; specifice video

— sunet — muzica, vorbire;

— alte surse — ex. culoare piele, text incrustat, etc.

Sursele de informatie WED14, Bucuresti, 22-23 Septembrie 2010, 9/41




Problematica clasificarii
automate a genului video

WED14, Bucuresti, 22-23 Septembrie 2010

Clasificarea dupa gen

> 0 subproblema de actualitate a indexarii =
separarea documentelor video in functie de gen:

talk show || muzic||sport|| fim || animatje || soap || documentar || stiri || reclame |
sub-gen: | mixt ||desene anim.|| artistice |
confinu | p— | actiune | [comedie | [abstracte] v
technica: | 3D || papusi || creion || pictura | ...

obiectivul cercetarii: determinarea de descriptori de continut suficient
de relevanti pentru a face distinctie intre genurile de baza.

Clasificarea dupa gen WED14, Bucuresti, 22-23 Septembrie 2010, 7171/41




State-of-the-art

> mai multe abordari existente (state-of-the-art in [D. Brezeale, D.J. Cook'08] ):
[M.J. Roach, J.S.D. Mason’01] = uni-modal

- adnotare: miscare;

- classificator: Gaussian Mixture Model;

- genuri: sport, desene animate & stiri - erori de detectie < 6%.

[X. Yuan, W. Lai, T. Mei, X.S. Hua, X.Q. Wu, S. Li'06] = spatio-temporal
- adnotare: temporald & spatiala;

- classificator: Decision Trees & Support Vector Machine;

- genuri: - film, reclame, stiri, muzica & sport - precizie 88.6%;
- filme in: actiune, comedie, horror & desene - precizie 81.3%;
- sport in: basebal, footbal, volei, - precizie 97%;

tenis, basket & soccer

State-of-the-art WED14, Bucuresti, 22-23 Septembrie 2010, 712/41

State-of-the-art

> mai multe abordari existente (state-of-the-art in [D. Brezeale, D.J. Cook'08] ):

[M. Montagnuolo, A. Messina’09] = multi-modal
- adnotare: vizuala-perceptuala, temporald, cognitiva, text, sunet;

- classificator: Parallel Neural Networks;
- genuri: fotbal, desene, muzica, buletin vreme, stiri,
talkshow & reclame. — acuratete 95%

Obs. - testarea este realizata de regula pe baze de test limitate sau pe
cazuri particulare;

- masurile de evaluare ale performantei sunt non standard sau
insuficiente (ex. doar eroare de detectie, doar precizie, etc.)

State-of-the-art WED14, Bucuresti, 22-23 Septembrie 2010, 73/41




Abordarea propusa

filme de animatie documentare muzica stiri
( - filme de animatie: paleta de culoare specifica;
- documentare: linia orizontului este frecventa, ritm lent;

< - muzica: culori intunecate, ritm alert;

- stiri: siluete persoane/fete;

= 1Cs

> abordarea propusa: adnotare folosind informatia temporala, de
culoare si de contur;

Abordarea propusa WED14, Bucuresti, 22-23 Septembrie 2010, 74/41

Descrierea continutului video
— structura temporala

WED14, Bucuresti, 22-23 Septembrie 2010




[filme de animatie CITIA-Annecy]

Segmentarea temporala

= descompunerea in plane (unitati structurale de baza).
timp

‘ imagine; imagine; imagine;,; | |mag|ne |mag|neN

- detectia tranzitiilor video:

fade-in’s

dissolves fade-out’s

Segmentarea temporala WED14, Bucuresti, 22-23 Septembrie 2010, 76/41

Segmentarea temporala: cut

> metoda propusa: bazata pe histograma (cut = tranzitie abrupta):

calcul distante

film imagini retinute

N BN - [ asant
2 esantionare reducere e et \&4 d%/ ..............
spatiald-+temp. de culoare histograme o w-31dl, d2, d3, d4
k+ > = — /
& .
E
Y

[\

, L P | | i thresholding
Al : R T 8 YA R cuts
evolutia temporala a valorii derivata de ordin 2 a evolutiei
medii de distanta temporale

Detectia de cut WED14, Bucuresti, 22-23 Septembrie 2010, 717/41




Segmentarea temporala: fade

> metoda propusa: bazata pe intensitate (fade = variatie graduala):

- e - % } “l | ConverSie
YC,C,

timp
evolutia temporala a Var{Y}, E{Y}, |E{Cb}-E{Cr}| DR
iA ,_j/rk decizie (fade-in):
" ! fd\"e-i Y ~\ fade-out - Var{Y} = 0 (start)
Vo i Ao\ - E{Y} 7 sau
. 1\ V4
1y 1 |E{Cb}-E{Cr}| 7
{ AN, Y | - duratée[tmm;tmax]
oy 3 — 9 ti (fade-out sens invers)
0 50 100 150 200 250 300 350 400 450 500 550 600
Detectia de fade WED14, Bucuresti, 22-23 Septembrie 2010, 78/41

Segmentarea temporala: dissolve

> metoda propusa: bazata pe intensitate (dissolve = pixeli care
apar/dispar 1):

film
¥ 3 FadeOut, + Fadeln,
o esant. spatiala &S MW
w - niveluride gri [ calcul pixeli
wf 7 i

: ce apar/dispar
" e FP,,

CT

prag dublu

FP;>CT & max

— dissolve
T |[FP>TT&L&N

Detectia de dissolve WED14, Bucuresti, 22-23 Septembrie 2010, 79/41




Segmentarea temporala: plane

> determinarea planelor video:

cuts fade-in fade-out’s dissolves ex.blitz

lhgign 1.
L 4 1,

timp
plan 1 plan2 plan 3 plan 4 plan 5 timp
Planele video WED14, Bucuresti, 22-23 Septembrie 2010, 20/41

Descriptorii de actiune

> obiectiv: informatie relativa la ritm vizual si actiune;

+T

fade —in

T,

total

+T

Jfade —out

.
%tranzitii graduale: G7 = —%

eritm: ~ tempo

§T=55 (l) : numarul relativ de schimbari de plan ce au loc intr-o
fereastra de durata T pornind din momentul /;

\_/Tzss = E{szSS (1)} : valoarea medie pe secventa;

sactiune: in general este corelata cu frecventa schimbarilor de plan:

- “hot action” - “low-action

Continutul de actiune WED14, Bucuresti, 22-23 Septembrie 2010, 271/41




Descriptorii de actiune

eactiune: (continuare);

adnotare vizual& plane de actiune
: < o
] || I
4 T 71 T 1] 1 it
/cuts\$
plan video
P N N 1 St 410 1 O Y N S N O 1
1000 2000 3 000 4000 5 000 6 000 7 000 8000
v timp
T Rt (s 8
HA e HAshot (l) o J=SRIN/ Sl CTONMORE 0
7 0 altfel
T T T 0w
LA = — e LAshot (l) = .
= 0 altfel
Continutul de actiune WED14, Bucuresti, 22-23 Septembrie 2010, 22/41

Descrierea continutului video
— culoare

WED14, Bucuresti, 22-23 Septembrie 2010




Descriptorii de culoare

obiectiv: informatie relativa la distributia de culoare si perceptia
culorilor;

| = o

leta
R i
m|_> plan 2 b Tal e

deltectle rez:Jmare r:‘duclereI (r:]l..ll(t)ri L globald
plane plane calcul hist. b *
) i ponderata
p% medie Mﬂ p
hist. medie !
ponderi plane
*histograma globala ponderaté:
py\dere
T
__ " shot,
GW (C) Z Z shot; (C) : a)i 2 a)i =
i total
culoare
Continutul de culoare WED14, Bucuresti, 22-23 Septembrie 2010, 24/41

Descriptorii de culoare

> cum trecem de la descrieri numerice (ex. histograme) la descrieri
perceptuale ? = numele culorilor;

&~ couleurs adjacentes

The 216-Color
Webmasters

saturatie

intensitate nuanta

Y i v
Nume: Dark Hard Blue L —

>
couleurs complémentaires

Webmaster 216 culori Rqata de culoare a lui Itten

*histograma de culori elementare:
215

hy(c,) = z hew (€)

Name (ce) < Name (c)

Continutul de culoare WED14, Bucuresti, 22-23 Septembrie 2010, 25/41




Descriptorii de culoare

proprietati ale culorilor:
215

Py t= Z it (c)‘ . procentul de culori luminoase din secventa,
=0 W mellight, pale, white};

Pdmk : procentul de culori intunecate, W, c{dark, obscure, black};
Ph,,,d : procentul de culori saturate, W, .,<{hard, faded} U elem.;
Pweak : procentul de culori slab saturate, W, e{weak, dull};

Pwarm : procentul de culori calde, W, ...e{Yellow, Orange, Red, Yellow-

warm

Orange, Red-Orange, Red-Violet, Magenta, Pink, Spring};

Pcold : procentul de culori reci, W, ,e{Green, Blue, Violet, Yellow-Green,
Blue-Green, Blue-Violet, Teal, Cyan, Azure};

Continutul de culoare WED14, Bucuresti, 22-23 Septembrie 2010, 26/41

Couleurs adjacentes|

eS
PR

Descriptorii de culoare

proprietati ale culorilor (continuare):

froides |
eurs / o,
o

&

= Card {C/hGW (C) > 0.01 }  ouleurs o

: variatie de culoare = numarul de culori
216 folosite in secventa;

Card {c,/hy(c,)>0.04 }
Pdiv =

var

: diversitate de culoare = numarul de
13 nuante folosite in secventa;

srelatia dintre culori:

_ Card {c./ Adj(c,,c',) = True}

Padj : adiacenta = culori apropiate (roata
2 ch de culoare);
P

compl - COMplementaritate = culori opuse (roata de culoare);

Continutul de culoare WED14, Bucuresti, 22-23 Septembrie 2010, 27/41




Descrierea continutului video

— contururi

WED14, Bucuresti, 22-23 Septembrie 2010

Descriptorii de contur

[IJCV, Cristoph Rasche’10]

acestea;

R

siluete de animale
(ondulate, inflexiuni,
iregularitati reduse)

=

scene naturale
(serpuite, iregulate)

Descriptori de contur

obiectiv: informatie relativa la contururile obiectelor si a relatiilor dintre

- metoda de descriere a curburii segmentelor;

- initial: edge detection pentru diferite niveluri de

detaliu (Canny);

WOTT 7l

WED14, Bucuresti, 22-23 Septembrie 2010, 29/41




Descriptorii de contur R

*semnatura contururilor: conversie contururi 2D - functii 1D;

arc neted inflexiune L feature

> daca fereastra se gaseste pe o parte a liniei drepte > defineste
functia ‘bowness’ B(v);

> daca acesta se gaseste pe ambele parti > defineste functia de
inflexiune z(v);

D s s 5 e
o B

> pentru diferite valori ale ferestrei v = definim spatiul local/global LG;

Descriptori de contur WED14, Bucuresti, 22-23 Septembrie 2010, 30/41

[IJCV, Cristoph Rasche’10]

Descriptorii de contur

spropritati de contur:

b :gradul de curbura; — drept vs. arc;

é’ : grad de circularitate; — Y cerc vs. cerc complet;
e :iregularitate — zig-zag vs. sinusoidal;
VY :simetrie — iregular vs. simetric;

+ parametri de aparenta:

c,, ,C,: media, Q|sper3|a intensitatii pixelilor de-a lungul iregularitate simetrie
conturului;

f..» f.: gradualitate (fuzzy, filtrare | * DOG).
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[IJCV, Cristoph Rasche’10]

Descriptorii de contur

erelatia dintre contururi: contururile vecine sunt grupate in perechi;

douter
\
\
\
{ \\ . S
\\dcenter\
dcornen;é_\l
L feature T feature Paralel

> selectie bazata pe proximitatea punctelor terminale, similaritatea
structurii, simetria alinierii etc.

*parametri: directia angulara a perechii, distanta dintre puncte
terminale, lungimea medie, etc.

Descriptori de contur WED14, Bucuresti, 22-23 Septembrie 2010, 32/41

[IJCV, Cristoph Rasche’10]

Descriptorii de contur

> descriptori “puternici” pentru indexarea imaginilor statice:

COREL, scale 3, 60000 - 5

39779

{ ] N [60°000 imagini]
- - scade
the similaritatea
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Rezultate experimentale

WED14, Bucuresti, 22-23 Septembrie 2010

Rezultate clasificare dupa gen

> testare clase de descriptori in cazul a 7 genuri uzuale:

%

desene document. filme muzica

> baza de test: 210 secvente, 30 per gen, > 91 ore;

/ - animatie : 20h30min (desene animate, scurt metraje, serii, filme);
- publicitate : 15min;

- documentare : 22h (natura, oceane, civilizatie si istorie);

< - filme : 21h57min (lung metraj, episoade, sitcom);
- muzica : 2h30min (pop, rock, dance);
- stiri : 22h (TVR telejurnal).
\. - sport : 1h55min (in principal fotbal).

> problema dreptului de autor!
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Rezultate clasificare dupa gen

clasificarea datelor: modul de abordare,

1% binar: un gen vs. toate celelalte;

i, metode:
- K-Nearest Neighbors (k=1, distanta cosinus);
- Support Vector Machine (nucleu liniar);
- Linear Discriminant Analysis (decorelare cu PCA);

- antrenare? poate distorsiona rezultatele:
- set de antrenare ales aleator + clasificare (repetat x1000);

- seturi de antrenare de dimensiuni diferite.
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Rezultate clasificare dupa gen

clasificarea datelor: evaluare performanta,

TP
= ——— : precizie (precision) — masura a falselor detectii;
TP + FP
TP p v ;
= ————: “amintire” (recall) — masura a non detectiilor;
TP + FN
P-R . -
p— : Fscore — evaluare globala a falselor detectii si a
P+ R non detectiilor;
Nep

CD = : rata de detectie corecta — ia in calcul ambele

Ntotal Clase;
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Rezultate clasificare dupa gen

clasificarea datelor: discutie asupra preciziei si reamintirii;

> pentru fiecare gen rate ~> 80%;

Documentaries vs. others Movies vs. others News vs. others 50 Sporls vs. others
SVM SVM ™ Q
W 0) o0 O = K
" SVM ® K
Y ‘% 80 5 @) - 4
%m ¥ ; &n i %i { @ é 7t ; Q
S0 P § Vg " 70 KNN B LDA
5 /" &60 A 1 9 R A s i
50 ¢ - /}/ Fg o 7 i 0 e i
il . 50 ,,;'//"ﬂ_DA 55 f' 507
- -t 50
30 2 0 a5 4 a0
30 40 50 &0 70 88 80 A 50 60 70 B0 W 50 8¢ 70 80 @0 100 W 80 ey 0 &0 @0 100
racall rerall recall racall
. e B .
> cele mai bune rezultate: o KN o coor &.zon
—&— KNI on contour
- documentare: SVM, KNN contur-culoare-actiune; SaRtut Qo SR
on color & action
- filme: LDA, SVM culoare-actiune & [:,ontur-culoare-ac;iuné; B

SYM on color & action

- stiri: KNN, SVM contur-culoare-actiune & culoare-actiune; SVM an contour
: - SVM on contour & color & action
- sport: LDA, KNN culoare-actiune & contur-culoare-actiune;
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Rezultate clasificare dupa gen

clasificarea datelor: discutie asupra performantelor globale;

F.?!;n_re (toate genurile) SVM 35 Correct detection (CD) SV('\)/'
80 O 5 -
75 ==
. —
70 e
65 i
B0 ] % training
i —
sq‘/ _ | antrenare 10%-20% ! Bl
0 20 30 40 50 60 70 KNN on contour & color & action
% training data = L DM on color & action
LOA on contour
- —— LDAgn contour & color & actian
> cele mai bune rezultate: E ; VM an cnor R action
SVM on contour
{ - 1st SVM tﬁontur-culoare-act,iune} SYM on cortour & color® actor
- 2d KNN contur-culoare-actiune;
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Concluzii si perspective

WED14, Bucuresti, 22-23 Septembrie 2010

Concluzii si perspective

> am discutat problema clasificarii automate dupa gen a secventelor
video folosind descriptori de culoare, actiune si contur,

> teste pentru 91 ore video si 7 genuri clasice:

ER pentru fiecare gen precizie si reamintire > 80% (best 100%));

L=, global, combinatia contur-culoare-actiune furnizeaza cele mai bune
performante, Fscore=80%, CD=94%;

> rezultate preliminarii!
-> abordarea detectiei de concepte, baza de test mai vasta,
- sunet (cooperare in curs Johannes Kepler University, Linz).
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multumesc !

- demonstratie?







Arhivarea electronica, ceeste cu
adevarat?

Arhivarea presupune analiza, selectia si
organizarea documentelor electronica de
arhivat, adica definirea:

Materialul electronic de arhivat
Procedeelor de arhivare si cautare
Accesului la materialul arhivat
Rolurilor participantilor la arhivare
Definirea standardelor applicate

2 | Arl{i'-varea .e]ectronica', ce este cu
®  adevarat?

Prin arhivare, se urmareste ca informatia
sa pastreze urmatoarele caracteristici
(conform ISO 15489, partea 1):

Autenticitate
Credibilitate
Integritate
Utilizabilitate

Ref:

=] http://www.nationalarchives.gov.uk/documents/generic._
. reqs1.pdf
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Probleme sPcchcicc ale arhivarii electronice

< Deteriorarea suportului:

- Suportul electronic gen CD, DVD se
mentine maximum 10 ani spre deosebire
de piatra (milenii), pergament (1000 ani),
hartie (200 ani) microfisa (100 ani)

+»Deteriorarea Hardware

<+ Invechirea sistemului de operare si a
softurilor

<+ Evolutia tehnologica
“Invechirea formatelor electronice
+Pierderea contextului

B

Stratcgii de rezolvare

< S-au propus trei solutii:

1.Muzeu al vechilor sisteme: hardware, OS
si software

2.Simularea (emulation)

3.Migrarea documentelor la intervale
regulate de timp

-1 nu este solutie realista

<2 si 3 optiuni viabile

Arhivistica traditionala: proces pasiv
Arhivistica electronica: proces activ

B




Selectia materialui Prezentarea
[ECELT

Transfer Regasirea materialui

Arhivare pasiva Arhivare activa

" Procesele arhivarii digitale

Department 3
| Department2

Departmentl [ '
Storage

Digital Continuity Shared Service







E ]ngcst
- < ldentificarea materialului de arhiva

< Controlul extern (legislatie, regulamete,
control managerial)

< Definirea produsului final (in ce format,
media, etc) materialul va fi arhivat

< Resurse necesare (umane, infrastructura,
tehnologie)

< Reconcilierea: verificarea rezultatului

P e e e £

| Ac]ministraréa suPortﬁl[Ji electronic

< evitarea degradarii suportului si format
obsolescence

< Criterii de alegere a formatului media:
-longevitate: optim 10 ani

-capacitate: adaptata informatiei de arhivat
-viabilitate: evitarea si detectarea erorilor
-adoptie: cat este acceptat de industrie
-cost

-rezistenta la distrugere fizica




Admmlstrarea formatu]un

< Format nativ sau redare in alt format? (ex
format nativ word sau redare in pdf/a)

< Criterii de alegere:

- adoptie

- platform independent
- open stadard

- transparenta

- Metadata support

In practica: formatele MS Office, XML,
PDF/A, JPEG

' OPen Archlval ]n{:ormatlon 535tem (O AL‘S)

< Unitatea de schimb dintre OAIS si mediul
exterior sunt Pachetul de Informatii
(Information Package).
< Tipuri de pachete
= Submission Information Package (SIP)
= Archival Information Package (AIP)
- Dissemination Information Package (DIP)

< Un pachet de informatii este un container
conceptual de doua tipuri de informatii:
= Continutul (Content Information)

= Informatia descriptiva de arhivare (Preservation
Description Information (PDI).
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UMARF

Long-term archive and catalogue provided by EUMETSAT Unified
Archive and Retrieval Facility (U-MARF) including on-line catalogue
access and user services.

Metadata for
Cataloguing

User

Search

X Browse
EPS Ground Segment Order

: Formatting &
MSG Ground Segmer o . i
MTP Ground Seg] media delivery

workshop PFD

Products ear line archive
bn tape




UMAREF
Technologies:
- Server: SUN Cluster environment and Solaris 10.
- GS communication via redundant Ethernet networks with
automatic failover.
- Internal Gigabit Ethernet network.
- RAID array: EMC2 (CX600 - 35 TBytes).
-~ SAN using Fibre Channel.

- Archive library and tapes:

» Sun StorageTek SL8500 (1448 slots enabled - 724 TByte
native, 1.5 PByte compressed).

+ Primary media: Sun StorageTeek T10000 (12 drives).
- Secondary media: LTO-4 (4 drives) (LTO-2 4 drives).
- Archive HSM: SAM-FS (previously AMASS).
- Distribution media: DVD, DAT(DDS-4), DLT (DLT8000), LTO-2, -4.
- Compression: BZIP2,GZIP,PKZIP,UNIX Compress.
- Catalogue DBMS: Oracle 11.
- Internal communication between subsystems: Corba (TAO).
- Bespoke SW: C++, Java 5.
- Web Services, OGC standards

T

-

// RE
' Data access and interoperability:

- Data access through catalogue of metadata and catalogue
web portal user access layer:
- Catalogue search and browse information;
* Ordering and follow-up;
+ User management functions.
- Implementation of international inter-operability access
planned until end of 2009: ISO metadata standards, ESA
HMA / OGC standards, WMO Information System standards.

Y Reprocessing:

- Specific APl and internal communication network with
Mission G/S allow optimal retrieval of products for
reprocessing.

- Auxiliary data stored in U-MARF and retrieved for
reprocessing.

- U-MARF catalogue products versioning scheme.

s g - S
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Prelucrarea si analiza
imaginilor medicale

As. Dr. ing. Llaura Maria Florea

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

Cuprins

m Ce sunt imaginile medicale?
m De ce? Cum?

m Aplicatii

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI




Imagini medicale - raze X

Abidaminal &estic Angiagram

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI
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Imagini de rezonanta magnetica

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI
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Imagini microscopice

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

De ce? Cum?

m Scop: asistarea personalului medical in punerea
diagnosticului

m Metode:

m Digitizare (acolo unde este cazul)
m Prelucrare pentru vizualizare mai buna
® Analizd automata

m Creare si indexare de baze de date

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI




Aplicatii pentru imagini de raze X

m Aplicatii in ortopedie
= Fixarea protezei de sold in canalul femural in cazul
artroplastiei de sold

m Detectia osteoporozei in imagini de calcaneu
provenite din investigatii ocazionale

m Analiza automatd a mamografiilor

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

Proiecte

Constantin
VERTAN va = Sistem de analiza digitald a

imaginilor radiologice pentru
urmarirea protezelor ortopedice

Laura
FLOREA ‘ = SASOR/PRETOPIC

Osteoporosis Detection

Alina ) *Contributii la imbunaititirea

SULTANA | $ diagnosticului medical cu

ajutorul analizei $i prelucrarii
imaginii digitale

Corneliu

FLOREA
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Artroplastia de sold

m Operatie de inlocuire a incheieturii soldului cu o
proteza

m Pacientii trebuie sa se prezinte regulat la control
la medicul specialist

m Dorim ajutarea medicului prin determinarea
automatd a unor parametri clinici a1 fixarii
protezei in canalul femural

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

Artroplastia de sold
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Digitizarea imaginilor radiologice

m Scanner de film
m Calitate buna

m Cost ridicat

m Aparat de fotografiat
m [eftin, la indemana

m Pierdere de informatie

® gama dinamica redusa

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

Metoda multi-expunerii

e
I;i
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Metoda ordonarii totale

m Folosim o singurd imagine
| Diferengierea pixelilor prin informagia din
vecinatate:
m o(i,)=[g 1)), 201, g0))- -]
m  ordonare lexicografica stricta
m formarea histogramei dorite
m Rezultate diferite in functie de alegerea
vectorilor de parametri, g(i,))

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

Segmentarea imaginilor

m Segmentare pe histograma: praguire simpla,
Otsu, Fisher, etc.

m Segmentare in spatiul caracteristicilor: FCM

® Mean Shift

m Expectation-Maximization (EM)

m Segmentarea orientatd pe contururi: gradient,
compas, Harris, Canny

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI




Segmentarea imaginilor: EM, Canny

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

Segmentare robusta

m Nici una dintre metodele amintite nu a putut
separa corect canalul femural

m Folosim cunostinte apriori despre imaginile
radiografice de proteze de sold

m Construim o metoda adaptiva care sa foloseasca
informatie de intensitate si informatie spatiala

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI




Segmentarea robusta: rezultate

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

Parametri pentru diagnosticul clinic

m Unghiul proteza-os:

m unghi mare semnaleaza o presiune mare exercitatd de
proteza asupra femurului

m Profilul de distan‘gé proteza-os

m distante mici pe toatd suprafata pentru o fixare buna

m Zona de adiacentd proteza-os

® minim 3 zone de adiacenta pentru o proteza fixa

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI
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Detectia osteoporozei

m Boala caracterizata de pierderea de masa osoasa
si de modificari micro-arhitecturale ale texturii
0s0ase

m Poate fi detectatd prin examindri cu echipamente
specializate sau subiectiv de cidtre medicul
specialist

Laboratorul de Analiza si Prelucrarea Imaginilor - LAPI

Analiza texturilor

Laboratorul de Analiza si Prelucrarea Imaginilor - LAPI




Detectia osteoporozei

= Scop: detecgia
osteoporozel in imagini
nespecifice

m Radiografii de calcai

m 3 zone de interes
definite de medic
specialist

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

Analiza texturilor

m Aparitia osteoporozei implica modificarea
texturil 0soase

m Descriptori de texturd pe baza de:
m Fractali
m Modelarea parametrica a histogramet
= Bancuri de filtre trece jos si Gabor

m Descriptori de structura color (MPEG-7)

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI




Baza de date cu
imagini marcate manual

Decizie

Caracteristici

Clasificare I:" >
de textura supervizati
3.8% MD
7.6% FA

Laboratorul de Analiza si Prelucrarea Imaginilor - LAPI

Analiza mamografiilor

m Tip special de radiografie utilizat pentru
examinarea cancerului de san

m Cele doua anomalii:
m Masele

m Calcifierile

Laboratorul de Analiza si Prelucrarea Imaginilor - LAPI




Imbunatatirea mamografiilor

m Constrangeri de achizitie:
m Timp de expunere redus
m Concentratie de radiatie redusa
m Contrast scazut si detalii insufucient evidentiate
m Cresterea contrastului si eliminarea zgomotului:
= Imbunititirea contrastului folosind Top-Hat

® Imbunititirea folosind prelucrarea logatitmica a
imaginilor (LIP)

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

imbunﬁté;ire folosind Top-Hat

m Tehnica morfologica de imbunatitire a
contrastului

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI




Imbunititire folosind LIP

Mamografia Normalizare Imbunétatire
originala clasica Jourlin

Tmbunététire LIP Tmbunétatire LIP
Patrascu Vertan

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

Detecgia microcalcifica;iilor

m Microcalcificatiile: depozite mici, punctiforme,
de calciu; folosite ca markeri pentru detectia
timpurie a cancerelor asimptomatice

m Detectie pe baza rezolutiei spatiale si a
contrastului

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI




Detec;ia microcalciﬁca;iilor

m Algoritm adaptiv de crestere a regiunilor:

m Extragerea mastii sanului si eliminarea muschiului
pectoral

= Imbunititire cu Top-Hat albi
m Priguire adaptiva

m Etichetare

® Region-merging

m Filtrare fals pozitive

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI
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Detecgia maselor

m Masele: regiuni opace, dense

m Probleme de detectie:
m Contrast slab fata de tesutul din vecinatate

m Diversitate mare a formelor si dimensiunilor

m Detectia maselot:
m Pe baza unei proiectii

m Pe baza a doud proiectii mediolaterale

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

Extragetea potentialelor zone
tumorale

m diferentiere intre zonele suspecte si zonele de
tesut fibroglandular sanitos folosind informatii
de contrast, circularitate, arie

Masura de evaluare a performantei Rata de detectie | Fals pozitive per imagine
Karssemeijer si Te Brake [50] (calcul gradient) 88% 21
Kobatake et al. [53](filtrul Iris) 90.4% 1.3
Kegelmeyer [51] (detectia leziunilor stelate) 83% 0.6
Zhang et al. [114] (transformata Hough) 81% 2
Petrick [72] (detector de contururi LoG) 80% 2.3
Polakowski [74] (filtre DoG) 92% 1.8
Chen [18] (analiza wavelet + EM) 88% 2.3
Li [60] (Markov Random Field) 90% 2
Brzakovic [13] (metode multiscalare) 85% 21
Metoda propusa 84.5% 12
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Detecgia asimetriilor

m Radiologii compara cele doua vederi medio-
laterale sau cranio-caudale:

t-‘, !
g i ’/* _—

m asimetriile indicd existenta unei posibile leziuni

m informatie relevanta in cazurile pacientelor
asimptomatice

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

Detecgia asimetriilor

m  Pagi
pre-procesarea imaginilor initiale si alinierea lor
extragerea conturului pentru fiecare san
selectia punctelor de corespondenta dintre cei doi
sani (curbura fiecarui san)
aplicarea unei transformari spatiale de potrivire
algoritmi de comparatie pentru cele doud
mamografii pe baza mediilor regiunilor
corespondente

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI




Rezultate

Tabela 4.2: Masuri de performanta pentru detectia leziunilor din doua proiectii
Masura de evaluare a performantei | Rata de detectie | Fals pozitive per imagine
Lau si Bischof [56] 80% 6
Giger et al. [109] 82.4% 3
Yin et al. [111] 86.6% 2.7
Nishikawa et al. [67] 89% 2.2
Miller si Astley [1] 72% 2.5
Ferrari et al.[30] 91% 1.8
Metoda propusa 89.6% 2.3

el oo cmrerrire e relucrarea Imaginilor - LAPI

Concluzii

m Digitizare
m Prelucrare:

m Cresterea gamei dinamice prin:
m Multiexpunere

m Metoda ordonarii totale a pixelilor

= Imbundtitirea contrastului prin:

m Transformata Top-Hat

m Metode de prelucrare logaritmica a imaginilor

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI




Concluzii

m Segmentare:
® Expectation-Maximization
= Canny
® Mean-Shift
m Analiza:
m Texturala

® Pe baza de contrast, forma, arie, circularitate

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

Bibliografie selectiva

m Artroplastia de sold

m C. Vertan, L. Florea, C. Flotea, A. Optea, M. Popescu, S. Cristea: “Clinical-
radiological correlation of the fit of the femoral component of a hip
prosthesis: THA follow-up by digital X-ray image processing”, EFORT
Congtess, Nisa, Franta, 2008.

C. Flotea, C. Vertan, L. Florea, A. Oprea: “On the Use of Logarithmic
Image Processing Models in Total Hip Prostheses X-ray Visualization
and Analysis”, Medical Image Understanding and Analysis MIUA, pp. 127-
131, Dundee, Marea Britanie, 2008.

L. Florea, C. Vertan, C. Florea, A. Oprea: “Dynamic Range Enhancement
of Consumer Digital Camera Acquirted Hip Prosthesis Xray Images”,
EUSIPCO, pp. 1103-1106, Poznan, Polonia, 2007.

C. Flotea, C. Vertan, L. Florea: “Logarithmic Model-based Dynamic
Range Enhancement of Hip Xray Images”, ACIVS, vol. LNCS

Eds. J. Blanc-Talon et al, pp. 587-596, Delft, Olanda, 2007.
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Bibliografie selectiva

| Detecgia osteoporozel

m C. Vertan, L. Florea, I. Stefan, M. Popescu, S. Cristea: “Clinical-radiological

correlation of the bone structutre analysis by multimedia MPEG-7
descriptors: osteoporosis screening by calcaneal digital X-ray image
processing”, EFORT Congtess, p. 10.134, Florenta, Italia, 2007.

C. Vertan, I. Stefan, L. Florea: “Detection of postmenopausal alteration of
bone structure in digitized Xrays”, CAIP, vol. LNCS 4673, Eds. W. G.
Kropatsch, M. Kampel, A. Hanbutry, pp. 278-284, Viena, Austria, 2007.

L. Sirbu, C. Vertan, I. Stefan: “Gabor Textural Descriptors for Early
Osteoporosis Detection in Calcaneal X-Rays”, in Proceedings
Communications, pp. 201-204, Bucuresti, Romania, 2006.

C. Vertan, L. Sitbu, I. Stefan: “MPEG-7-like Description Scheme for
Osteoporosis Diagnosis Support”, in Proceedings AQTR, vol. 2, pp. 397-
400 (ISBN 2-4244-0360-X), Cluj-Napoca, Romar 006. (ISI Proceedings/
INSPEC)
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Bibliografie selectiva

m Analiza mamografiilor

Alina Sultana, Mihai Ciuc, Rodica Strungaru, Laura Florea: “A New
Approach in Breast Image Registration”, ICCP, Cluj, Romani 10.
Alina Sultana, Mihai Ciuc, Rodica Strungaru, Serban Oprisescu, Laura Florea:
“Automated Bilateral Asymmetry Detection in Mammograms”, ECIT,
Tasi, Romania, 2010.

A. Sultana, M. Ciuc, L. Florea, C. Flotea: “Detection of Mammogtaphic
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Va mulgumesc

pentru atentie!

Laboratorul de Analiza i Prelucrarea Imaginilor - LAPI

Activitatea de cercetate a fost partial finantatd din
POSDRU prin contractul de finantare
POSDRU/89/1.5/S/62557.
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Doctoratul in Scoli de Excelenta
Evaluarea calitatii cercetarii in universitati si
cresterea vizibilitatii prin publicare stiintifica

Prof. Dr. Grigore Bozga

FONIHAL SOCIAL EUROPEAN

i i s
Investeste in si presterea vizibilitatii prin publicare stintificd pentru lnvatamantul Superior

OAMENI

Pc.’cmc‘;ﬁ;i'fl L .550!.' de Excelenta ﬁ Proiecte strategice

Doctoratul in Scoli de Excelenta Pr——
Evalisarea colitits coroetdn in unbverstayi iprtea vkl bt Superice

iy
3t cresteren bl prin publicane stintific

OBIECTIVUL GENERAL al Proiectului

+ Elaborarea, testarea si implementarea unei metodologii care sa
asigure evaluarea la standarde internationale a calitatii cercetarii in
universitati.

REZULTATE asteptate:

» lerarhizarea pe domenii stiintifice a universitatilor romanesti

» Identificarea grupurilor de cercetare ale caror lucrari se ridica la nivel
international

+ Exercitiul National al Evaluarii Cercetarii (ENEC) va furniza factorilor de
decizie un instrument de masurare a calitatii cercetarii din universitatile
romanesti

+ Cresterea eficientei alocarii resurselor financiare pentru cercetare prin
formularea unor propuneri legislative care sa coreleze finantarea cu pozitia in
ierarhia pe domenii
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Doctoratul in Scoli de Excelenta ﬁ Pralects strateqice

Evaluarea cercetarii in Stiinte Ingineresti
Domenii:
Inginerie Civila si Instalatii
Inginerie Mecanica si Mecatronica
Inginerie Aerospatiala
Transporturi
Inginerie Chimica
Stiinta si Ingineria Materialelor
Mine, Petrol si Gaze
Inginerie Industriala
Inginerie Electrica
Energetica
Electronica si Telecomunicatii
Ingineria Sistemelor
Calculatoare si Tehnologia Informatiei
Biotehnologii, Ingineria si Siguranta Alimentelor
Stiinta si Ingineria Mediului

Pentru fiecare domeniu se constituie un panel de experti straini si roméni

Doctoratul in Scoli de Excelenta

Evalisares colithts c ik in neve
Lista domenilor de cercetare ce vor fi evaluate

P1: Matematica — 8 P22: Stiinte economice — 15
P2: Informatica - 8 P23: Stiinte militare, securitate si informatii-3
P3: Fizica-5 P24: Stiinte politice si relatii internationale- 5
P4: Chimie - 8 P25: Stiinte ale comunicarii si media-5
P5: Geologie si geografie - 5 P26: Sociologie, antropologie si asistenta sociala— 6
P86: Inginerie civila si instalatii — 4 P27: Psihologie-4
P7: Inginerie mecanica si mecatronica — 9 P28: Stiintele educatiei—4
P8: Inginerie aerospatiala - 3 P29: Educatie fizica si sport—3
P9: Transporturi— 3 P30: Filozofie- 5
P10: Inginerie chimica -7 P31: Istorie - 10
P11: Stiinta si ingineria materialelor - 7 (e) P32: Teologie si studii religioase - 7
P12: Mine, petrol si gaze -3 P33: Filologie— 11
P13: Inginerie industriala- 8 P34: Cinematografie si artele spectacolului-3
P14: Inginerie electrica - 7 P35: Muzica -5
P15: Energetica-7 P386: Arte vizuale - 3
P16: Electronica si telecomunicatii - 7 P37: Arhitectura si urbanism-3
P17: Ingineria sistemelor - 8 P38: Biologie-5
P18: Calculatoare si tehnologiainformatiei — 8 P39 Stiinte agricole si silvice-5
P19: Biotehnologii, ingineria si securitatea alimentelor— 5  P40: Medicina veterinara si zootehnie— 3
P20: Stiinta si ingineria mediului -5 P41: Medicina -7

P21: Stiinte juridice si administrative - 8 P42: Farmacie - 3
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CRITERII PENTRU EVALUARE

Criteriul | - Rezultate obtinute in activitatea de cercetare stiintificd/creatie artistica

(50-70%)

Criteriul Il - Mediul de cercetare stiintificd/creatie artistica

(10-30%)

Criteriul Il - Recunoasterea in comunitatea academica

(5-15%)

Criteriul IV - Resurse financiare atrase pentru cercetare

(5-15%)

Fiecare criteriu este cuantificat prin mai multi indicatori
Cuantificarea are 2 componente: (i). Cantitativa si (ii). Calitativa
Ponderile si indicatorii — specifici domeniului

Evaluarea se face de citre experti strdini si romani (2/1)
Finalizarea procesului: septembrie 2011

Obs: Criterii similare utilizate in evaluarile Comisiei Europene, RAE, etc.

EXCE'E!"IFE ﬁ Prolecte strateql
o ki e
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Doctoratul in Scoli de Excelenta ﬁ Pralects strateq

Evalisares col
a1 cregle

DESCRIPTORI - INDICATORI

Criteriul I: Rezultate obtinute in activitatea de cercetare stiintifici/creatie artistica
Pondere: 65%

Descriptori:

Articole

Carti stiintifice de autor

Brevete

Alte realizari supuse legii dreptului de autor si a drepturilor conexe care implica
creatia ca proces al cercetarii si inovarii din domeniile arhitectura si arte
Produse si/sau servicii inovative cu impact economic demonstrabil

Indicatori:
Maxim 3 indicatori

ice




Doctoratul in Scoli de Excelenta ﬁ ——
Evalizarea col i i i s :

vt Al dmaritd Speice

DESCRIPTORI — INDICATORI

Criteriul II: Mediul de cercetare stiintifica/creatie artistica
Pondere: 15%

Descriptori:

Realizarea de traduceri, antologii si editarea de volume

Conducatori de doctorat

Organizarea de manifestari stiintifice si de creatie artistica de nivel international
Existenta unor mecanisme proprii pentru atragerea tinerilor cercetatori
Sustinerea financiara de catre universitate a cercetarii in domeniile asumate prin
strategii nationale

Program de investitii pentru laboratoare/ateliere dotate cu infrastructura specifica
cercetarii stiintifice/creatiei artistice

Capacitatea universitatii de a asigura accesul la literatura de specialitate
Capacitatea universitatii de a sustine programe postdoctorale

Indicatori:

Maxim 4 indicatori

Doctoratul in Scoli
Evalisares col
1 cresteren viribi

vt Al dmaritd Speice

de Excelenta ﬁ Projects strategice

DESCRIPTORI - INDICATORI

Criteriul lll: Recunoasterea in comunitatea academica
Pondere: 10%

Descriptori:

» Lucrari invitate la conferinte internationale de prestigiu

» Profesor invitat la universitati de prestigiu

* Pozitii de conducere in organizatii profesionale internationale

» Traduceri ale contributiilor stiintifice proprii publicate de edituri din strainatate

+ Citari si recenzii ale creatiei de autor

¢ Membru al Academiei Roméane, al academiilor de ramura si al academiilor din
strainatate

* Recenzor la edituri de prestigiu si reviste cotate Web of Science

* Membru in Board-uri ale unor reviste cotate Web of Science

Indicatori:
* Maxim 3 indicatori




Projecte strategice

Evalizares colitsi e vkl bt 4 Superice

ar cresleren vt

Doctoratul in Scoli de Excelenta ﬁ

DESCRIPTORI - INDICATORI

Criteriul IV: Resurse financiare atrase pentru cercetare
Pondere: 10%

Descriptori:

* Fonduri atrase pentru cercetare
- prin competitii nationale
- prin competitii internationale
- prin contracte directe cu terti

» Fonduri atrase din servicii/produse inovative/creative

Indicatori:
* 1 indicator

DESCRIPTORI - INDICATORI
Criteriul I: Rezultate obtinute in activitatea de cercetare stiintifici/creatie artistica
Pondere: 65%
Descriptori in Stiinte Ingineresti:

« Articole stiintifice

- Articole in reviste din fluxul principal, cotate ISI;
- Articole in publicatii indexate in Baze de Date Internationale (BDI).
Bazele de Date Internationale luate in calcul sunt:
»Engineering Village, www.engineeringvillage.com (include 15 baze de date)
»SCOPUS, www.scopus.com

Factorul de calitate se va situa intre valorile 0.7 — 1.2; fiecare dintre articolele supuse evaluarii, va fi
incadrat pe unul dintre urmatoarele 4 paliere:

de nivel international de varf;
de nivel international;

de nivel national;

de nivel local.
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Doctoratul in Scoli de Excelenta ﬁ Pralects strateqice

DESCRIPTORI - INDICATORI

« Carti stiintifice, monografii

Catrtile stiintifice considerate pentru evaluarea cercetarii in domeniul Stiintelor Ingineresti sunt clasificate in
vederea evidentierii nivelului de vizibilitate dupa cum urmeaza:

* Monografii in edituri de prestigiu din strdinatate. Se pune accentul pe monografii publicate in
edituri dintr-o lista stabilitd de coordonatorii panelurilor de Stiinte Ingineresti:
»Elsevier
»Springer
»John Wiley & Sons
»McGraw-Hill
»CRC Press
»Francis & Taylor
»Oxford University Press
»Cambrige University Press
»Academic Press
»Kluwer Academic Publishers

« Capitole de carte publicate in edituri de prestigiu din strainatate (conform listei precedente)
. Carti stiintifice publicate in tara, incluse in depozitul Bibliotecii Nationale

DESCRIPTORI - INDICATORI

Factorul de calitate se va situa intre valorile 0.7 — 1.2; fiecare carte supusa evaluarii calitative va fi incadrata
pe unul dintre urmatoarele 4 paliere:

de nivel international de varf;
de nivel international;

de nivel national;

de nivel local.

ANENENEN
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DESCRIPTORI - INDICATORI

Brevete de inventie
Acest descriptor cuantifica rezultatele obtinute in transferul cunostintelor acumulate prin cercetari
fundamentale si aplicative spre aplicatii practice ingineresti, cu impact economic si social.

Brevete de inventie internationale;
Brevete de inventie nationale.

Factorul de calitate se va situa intre valorile 0.8 — 1.2; fiecare dintre brevetele supuse evaluarii va fi incadrat

v
v
v

pe unul dintre urmatoarele 3 paliere de calitate:

de nivel international de varf,;
de nivel international;
de nivel national.

Doctoratul in Scali

Evalizares colitsi ik in
ar Creleren’

de Excelenta

DESCRIPTORI - INDICATORI

Produse si servicii inovative

Produsele si serviciile inovative sunt evaluate functie de efectele economice inregistrate. Pentru
cuantificarea lor trebuie evitatd suprapunerea cu fondurile atrase prin contracte cu mediul economic
(Criteriul IV) de cétre universitate.

Factorul de calitate asociat acestui indicator va fi determinat pentru un procent stabilit din produse sau

AR NN

servicii considerate de catre cercetatorii din domeniul evaluat ca fiind reprezentative. Factorul de
calitate se va situa intre valorile 0.7 — 1.2; fiecare dintre produsele/serviciile supuse evaluarii va fi
incadrat pe unul dintre urmatoarele 4 paliere de calitate:

de nivel international de varf;
de nivel international;

de nivel national;

de nivel local.

Pentru domeniul Siinte Ingineresti raportarea se va face pe tofi cei patru indicatori, urmand

sa fie alesi doar trei dintre ei, selectia facandu-se intre Carti stiintifice de autor si
Produse si servicii inovative, in functie de domeniu.
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Doctoratul in Scoli de Excelenta ﬁ
Evalizaroa c
31 cnegle =

DESCRIPTORI — INDICATORI

Criteriul II: Mediul de cercetare stiintifica/creatie artistica
Pondere: 15%
Descriptori in Stiinte Ingineresti:

» Conducatori de doctorat

Factor de calitate se stabileste functie de:

(1) numarul si calitatea publicatiilor rezultate in medie pe teza de doctorat finalizata.
Se urmeaza aceiasi factori de calitate ca la Articolele stiintifice de la Criteriul 1.

(2) numarul tinerilor care dupa obtinerea titlului de doctor au fost acceptati la universitati prestigioase
(clasament Shanghai si /sau Times) pentru efectuarea de stagii post-doctorale.

Nivel international de varf:
burse Marie Curie, Humboldt, Fulbright, JSPS, sau Universitati din Top 100;
Nivel international:
burse post-doctorale in Universitati din Top 500;
Nivel national:
Universitati romanesti sau Institute ale Academiei Romane.
Nu exista nivel local.

Prolecte strategice

et Bl maretd Superic

i

Doctoratul in Scoli de Excelenta ﬁ

Evalisares colith
ar cresleres

DESCRIPTORI — INDICATORI

» Organizarea de manifestari stiintifice internationale

Se ia in considerare numarul manifestarilor stiintifice internationale desfasurate in perioada evaluata, conferint:
ale caror volume (proceedings) indeplinesc urmatoarele conditii pentru vizibilitate internationala:

«denumirea, prezentarea lucrarilor si limba in care sunt publicate articolele sa fie de circulatie

internationala (engleza, franceza, spaniold, germana, rusa);

«conferinta trebuie sa aiba comitet international de program;

elucrarile sa fie evaluate in sistem peer-review, rata de respingere sa fie peste 25%;

«tirajul volumului de lucrari sa depaseasca numarul autorilor si sa aiba cod ISBN;

«conferinta sa poata fi accesata pe web (organizator, comitet de program, cuprins volum de lucrari,
acces la rezumate);

*minimum 50% din articole sa fie din strainatate (fara coautori din Romania);

*minimum 50 de articole publicate in volum.
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Doctoratul in Scoli de Excelenta ﬁ

DESCRIPTORI — INDICATORI

» Atragerea tinerilor cercetatori

Se va lua in considerare numarul tinerilor cercetatori (<35 ani impliniti la momentul evaluarii), fiecare
cercetator fiind ponderat cu un factor calculat astfel: nr. luni activitate full time / 60.

Factorul de calitate se va situa intre valorile 0.7 — 1.2; atribuirea acestuia se face pe baza
urmatoarelor 4 paliere generale:

v'de nivel international de varf;
v'de nivel international;

v'de nivel national;

v'de nivel local.

Projecte strategice

vt Al dmaritd Speice

Doctoratul in Scoli de Excelenta ﬁ

Evalisares
a1 gl
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DESCRIPTORI - INDICATORI

* Program de investitii in laboratoare, concretizat in infrastructura pentru cercetare
stiintifica

Acest descriptor se evalueaza cantitativ prin valoarea investitiilor universitatii in laboratoarele de
cercetare din domeniul evaluat (in sute de mii EURO) pentru perioda evaluata (5 ani).

Sunt luate in considerare investitiile in laboratoare de cercetare, NU in laboratoare de uz didactic.

Pentru acest descriptor se face evaluarea in teren.

Factorul de calitate se va situa intre valorile 0.7 — 1.2:

v'de nivel international de varf;
v'de nivel international;

v'de nivel national;

v'de nivel local.
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DESCRIPTORI — INDICATORI

Criteriul lll: Recunoasterea in comunitatea academica
Pondere: 10%

Descriptori in Stiinte Ingineresti:

+ Prelegeri invitate la conferinte internationale, profesor invitat la universitati de
prestigiu

Se considera numarul prelegerilor invitate pe toata perioada evaluata.

« Citari ale lucrarilor stiintifice

Se considera numarul citarilor acumulate pe toata perioada evaluata.

* Membri ai Academiei Romane, Academiei de Stiinte Tehnice, Academiilor
nationale din strainatate

Se considera numarul cercetatorilor care sunt membri ai academiilor de mai sus.

i vt Al dmaritd Speice

Doctoratul in Scoli de Excelenta ﬁ Pralects strateqice

Evalisares colith
ar cresleres

DESCRIPTORI — INDICATORI

Factorul de calitate se va situa intre valorile 0.7 — 1.2;

« Recunoasterea internationala de varf, reflectata prin:
200 de citari pentru perioada evaluata si indice Hirsch > 8 sau
Membru al unei Academii nationale din strainatate.

« Recunoastere internationald, reflectata prin:
100 de citari pentru perioada evaluata si Indice Hirsch > 5 sau
Membru al Academiei Roméane.

* Recunoastere nationald, reflectata prin:
50 de citari pentru perioada evaluata sau
Indice Hirsch >3 sau
Membru al unei academii de ramura sau
5 prelegeri la universitati de prestigiu.

« Recunoastere locala:
Pe acest palier vor fi incadrati toti cercetatorii care nu au fost incadrati in celelalte paliere.




Doctoratul in Scali
Evalizarea colitht
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DESCRIPTORI — INDICATORI

Criteriul IV: Resurse financiare atrase pentru cercetare
Pondere: 10%

Evaluarea aferenta Criteriului IV este integral cantitativa, fiind realizatd ih mod automat

de catre platforma informatica de suport al evaluarii, fara implicarea expertilor
evaluatori.

Aceasta evaluare se face pe baza contractelor de cercetare raportate de o universitate
pe un anumit domeniu, pe perioada evaluata.
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