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F orew ord

The Departmen t of Information Engineering (DI I) w as established at the Uni-

v ersit y of Siena in 1996. The cen tral goal of the DI I is to promote excellence in

all areas of researc h and education in the �eld of Information Engineering. The

main researc h activities encompass the areas of Automatic Con trol, Comm uni-

cations, Computer Science, Decision and Managemen t Metho ds, Electrical En-

gineering, Electromagnetism, Electronics and Mathematical Analysis. Recen tly

in addition to these topics that are cen tral in the ICT area, researc h activities

include energy - en vironmen t tec hnologies. The Cen tre Study of Complex Sys-

tems (CSC), founded in 2000, its the DI I. F our spin-o� companies are curren tly

activ e at the Departmen t.

The DI I, together with the Univ ersit y of Siena's Sc ho ol of Engineering,

rank ed 1st among all Engineering F aculties in Italy in 2006 (CIVR - Italian

Committee for the Ev aluation of Researc h) and 1st lev el among all the Depart-

men ts of the Univ ersit y of Siena in 2006 (V AI - Univ ersit y Ev aluation pro ject).

In 2008, the Departmen t includes 48 teac hing/researc h sta� (13 full profes-

sors, 15 asso ciated professors, 20 adjunct professors) and 9 tec hnical and ad-

ministrativ e sta�, 16 Researc h Asso ciated and 40 PhD Information Engineering

Sc ho ol studen ts. The global sta� n um b er w as reduced ab out 3The 2008 re-

searc h activit y w as gran ted b y 9 PRIN and 4 FIRB pro jects (ministry national

pro jects), 12 EU pro jects, 31 researc h con tracts with public and priv ate com-

panies. The activ e budget (including the EU pro jects) stands ab out 3 million

euro.

Departmen t Head San tina Ro cc hi





Lab oratories, resources and facilities

T eac hing/learning lab oratories for studen ts of the �rst y ears

of the Information Engineering F acult y:

� Computer lab oratory: it is divided in to 4 ro oms, it is comp osed of a net

of 120 PC pro vided with the fundamen tal SW to ols for basic information

engineering courses: RAD, MA TLAB, WINDO WS, LINUX, DBMS

� Basic Hardw are lab oratory: comp osed with 15 w orking b enc hes for de-

signing, assem bling and testing electronic circuits. Eac h w orking b enc h is

pro vided with PC connected with main electronic testing equipmen t and

with electronic CAD to ols (OR CAD).

Service lab oratories or net w ork

� The Departmen t pro vides services to all the sta� of the Departmen t, of

the Engineering F acult y , of the Engineering Library and to studen ts of the

Engineering F acult y: Mail serv er, WEB serv er, DNS serv er, FTP serv er.
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� Supp ort and main tenance lab: it is pro vided with a n umeric con trolled

drilling mac hine for the dev elopmen t of m ultila y er PCB.

Researc h and master lev el teac hing lab oratories

Lab oratory of Electrical engineering, Electronics and Mea-

suremen ts (LEEME)

In the Lab oratory b oth researc h and teac hing activities in the areas of Electron-

ics, Electronic Measuremen ts and Electrical Engineering are dev elop ed.

(h ttp://www.leeme.dii.unisi.it)

The Lab oratory is organized in to three sections:

1. Micro electronic circuits

2. Nonlinear circuits and dynamical systems analysis

3. Sensors and measuremen t systems

The Lab oratory is equipp ed with SW to ols for sim ulation and dev elopmen t

of analog and digital in tegrated circuits, curren tly used b y micro electronics com-

panies.

F or the IC man ufacturing pro cess, the lab oratory exploits the b ene�ts com-

ing from the collab orations with the ma jor Europ ean consortia (Europractice

and CMP) that allo w the use of IC tec hnology up to 65 nm. The lab oratory

is equipp ed with HW and SW instrumen tation for the dev elopmen t, implemen-

tation and testing of electronic system protot yp es, moreo v er the Lab oratory

is equipp ed with dedicated systems for the c haracterization of solid-state gas

sensors.

Meauremen t Systems Dev elop ed b y LEEME

Automatic measuremen t systems for the c haracterization of solid state c hemical

sensors.

Main Equipmen t

Agilen t HP 33120A F unction & Arbitrary W a v eform Generator, Agilen t HP

34410A Digital Multimeter 61
2 Digit Resolution, Agilen t HP 34970A Data A c-

quisition Switc h Unit, Agilen t HP 4263A LCR Meter, Keithley Picoamme-

ter 6485, Rohde & Sc h w arz FS300 Sp ectrum Analyzer, T ektronix 3001GPX

Logic Analyzer, T ektronix A W G520 Arbitrary W a v eform Generator, T ektronix

TDS3012B DPO Digital Oscilloscop e, T ektronix TDS754D DPO Digital Oscil-

loscop e, T ektronix TLA7012 Logic Analyzer.

Design Soft w are

Altera Quartus I I, Cadence IC & Systems P ac k age, Cadence Orcad, F ull Men tor

Graphics Suite, National Instrumen ts LabView, Synopsys Com bined F ron t End
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and V eri�cation, T anner ED A T anner T o ols.

Other Equipmen t

Cpk Industries P olos SPIN 150 Spinner cen trifuge, I.S.Co. Crioterm 190 Ther-

mostabilized Bath, Nab ertherm C290 30� � 3000�
Programmable Ow en, Ohaus

Precision Microbalance, P anametrics Mo del 5072PR (35 MHz) man ually con-

trolled pulser-receiv er for ultrasonic transducers, P anametrics Mo del V327-SU

(10 MHz) immersion transducer.

Computer Science

Lab oratory of Computer Science and Engineering Researc h activities in the

area of Computer Science and Engineering are carried on with the supp ort a

lab oratory divided in to three ro oms and sections:

� Arti�cial in telligence and mac hine learning

� Computer arc hitecture, em b edded systems, information securit y and ap-

plications

� Computer net w orks and databases

The lab oratory is equipp ed with general computing facilities, lik e w orksta-

tion running to ols for soft w are dev elopmen t, b enc hmark analysis, system p erfor-

mance ev aluation. Sp ecial equipmen t is presen t, suitable for supp orting sp eci�c

researc h topics: p o w erful and large-capacit y serv ers supp ort exp erimen ts on

parallel algorithms, on applications that require a large amoun t of storage and

computational resources; the lab is equipp ed also with sp ecial devices lik e a

cluster of 20 PCs and sev eral em b edded platforms (e.g. IBM-Cell based, micro-

con trollers, DSPs).

Lab oratory of Decision Metho ds

The Decision Metho ds Lab oratory fo cuses researc h related to dev elop mo dels,

metho ds and algorithms for solving optimization problems. The lab oratory is

divided in to three researc h sections:

� Resource allo cation and sc heduling in pro duction systems;

� Mo dels and algorithms for m ulti-agen t sc heduling problems;

� Resource managemen t in telecomm unications systems.

All P ersonal Computers of the lab oratory are equipp ed with the follo wing

soft w are: Cplex and Xpress (solv ers for linear, quadratic and in teger programs),

Solv er (constrain t programming solv er), OPL studio (dev elopmen t en vironmen t

for optimization problems), Arena (sim ulation en vironmen t).
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Lab oratory of Applied Electromagnetics (LEA)

LEA is the core of the researc h of the area. It comprises a Soft w are Lab. (LEA

I) and a Hardw are Lab. (LEA I I). LEA I is pro vided with the b est a v ailable

CAD soft w are to ol for the analysis and design of An tennas and Micro w a v e Cir-

cuits, lik e CST Micro w a v e Studio, FEKO, FSS, Grasp 8, Micro w a v e O�ce,

Ansoft Designer. Other soft w are pac k ages ha v e b een dev elop ed on the basis

of form ulations and metho ds dev elop ed b y the researc h group under �nancial

supp ort of sev eral researc h pro jects. Most of these soft w are pac k ages ha v e b een

in tegrated in more general co de under �nancial supp ort of the Europ ean Space

Agency . LEA I b elong to a WP in the framew ork of an An tenna Cen tre of

Excellence (A CE) en titled "soft w are to ol In tegration" that has the ob jectiv e to

in tegrate the Europ ean SW-CAD to ol on An tennas. LEA I I is furnished with

12 PCs, V ector Net w ork Analyzer HP8720D (50MHz-22.5GHz) with calibration

Kit, HP Sp ectrum analyser (9KHz-3GHz), Calibrated micro w a v e An tennas (C,

X, Ku bands); Imp edance-meter HP (banda 40KHz-110MHz); Ultra-wideband

An tennas for Electromagnetic Compatibilit y measuremen ts (log-p erio dic, spi-

rals, biconical); Field-Meter Holada y (up to 2 GHz); In co op eration with the

Electronics Lab: Rapid PCP Protot yping for sup erior RF and Micro w a v e ap-

plications (ProtoMat C100/HF LPKF), a Professional Through-Hole plating

systems (LPKF) and a Multila y er Press (LPKF).

Lab oratory of Systems and Con trol

The lab of Systems and Con trol is divided in to four sections: Rob otics and

medical applications (h ttp://sirslab.dii.unisi.it/); Mobile rob otics (h ttp://www-

dii.ing.unisi.it/ con trol/MobileRob otics); Remote con trol for distance learning

(h ttp://act.dii.unisi.it): Pro cess con trol (h ttp://www.dii.unisi.it/h ybrid/ ).

Main hardw are and soft w are resources a v ailable in the lab oratories are:

Mobile platforms (Nomad XR4000, Pioneer 3A T, Pioneer 2D X), with m ulti-

sensorial equipmen t including laser range�nders, sonar and cameras; soft w are

to ols for lo calization, map building and motion planning of autonomous rob ots

in indo or en vironmen ts, and for mo del predictiv e con trol of dynamical pro cesses;

5 Haptic In terfaces: 3 Omega (F orce Dimension) 2 Phan tom (Sensable); 3 Vi-

sion Systems (2 pin-hole and 1 panoramic b y Lumenera and Remote Realit y);

Puma 560 (Unimate); SDK for Computer Vision and Haptics; optimization

pac k ages (Ilog CPLEX, Xpress-MP), soft w are pac k ages for rapid protot yping

(xPC-T arget, LabView). Arra y of wireless sensor no des (motes) for con trol o v er

net w orks.

Lab oratory of T elecomm unications and T elematics (L TT)

The T elecomm unications and T elematics Lab oratory is pro vided with 60 w ork-

ing b enc hes suitably equipp ed with the fundamen tal hardw are/soft w are re-

sources for carrying out researc h activities in the �eld of T elecomm unications

and T elematics. Moreo v er sp ecial instrumen tation is presen t: HW/SW c hain

for the design and dev elopmen t of In teractiv e Digital T errestrial T elevision ser-

vices; V oice Ov er IP system for the pro visioning and testing of V oIP services;

Dedicated HW/SW equipmen t for psyc hoph ysical vision testing.



Researc h Areas and A ctivities

COMPUTER SCIENCE AND ENGINEERING

The Computer science and computer engineering researc h area carries out re-

searc h in sev eral topics including

� Computer Arc hitecture and Applications

� Information Securit y

� Mac hine Learning in Graphical Domains

� Problem Solving in the Con tin uum Setting

� W eb Mining

� Crossw ord Solving and Generation

� P attern Recognition

P articipan ts to the Researc h

F ul l Pr ofessors : Al�o Andronico, Marco Gori, Enrico Martinelli

Asso ciate Pr ofessors : Monica Bianc hini, Marco Maggini, F ranco Scarselli

Assistant Pr ofessors : Sandro Bartolini, Mic helangelo Diligen ti, Edmondo T ren tin

R ese ar ch Asso ciates : Gio v anni Angelini, P aolo Bennati, Ernesto Di Iorio, Vin-

cenzo Di Massa, Marco Ernandes, Leonardo Rigutini, Lorenzo Sarti.

PhD Students : Ilaria Castelli, Nenad K orolij, Stefano Melacci, Gian Lorenzo

Meo cci, Tiziano P apini, Zdra vk o P op o vic, Augusto Pucci, Nik ola Puzo vic, An-

drea Righi.

Researc h T opics

Computer Arc hitecture and Applications

W e are in v olv ed in the design of next generation Computing Systems in co op er-

ation with sev eral Europ ean Univ ersities and Companies (ST Micro electronics,

NXP , IBM, ARM and others). In this area, the main c hallenges that w e are
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facing no w ada ys deriv e from the a w aited shift to w ards Multi-Core Arc hitec-

tures On-a-Chip, that is happ ening in this decade and will deeply condition

next decades. F or example, this requires fo cusing on p o w er e�cien t arc hi-

tectures, high p erformance core and memory design, dedicated and adaptiv e

hardw are structures, on-the-�y soft w are optimizations and to ols to supp ort the

en visioned shift to new programming mo dels. Moreo v er, the h uge m ulti-billion

amoun t of transistors a v ailable on the c hip p oses a fundamen tal role to Com-

puter Arc hitecture Researc h, whic h traditionally bridges Soft w are requiremen ts

(Multimedia Real Time Computation, Medical Imaging, W eb and T ransactional

Applications) and a v ailable Hardw are resources. In particular, our curren t re-

searc h includes: supp ort for Thread Lev el P arallelism (TLP) in Multi-Core

Arc hitectures, Lo w-P o w er A daptiv e Computers, and Compiler optimizations

for cac he/memory p erformance. Another prop osal regards adaptiv e b eha vior

of cac hes in order to switc h-o� un used cells that accoun t for a large amoun t

of p o w er consumption in 70nm and future tec hnologies. A daptivit y can b e

shap ed after lo calit y of programs. Compiler optimizations for cac he/memory

p erformance: ev en in traditional simpler designs, applications tend to ac hiev e a

scarce usage of the hardw are resources of the pro cessor. W e ha v e studied sp eci�c

optimizations at compiler lev el, guided b y pro�le information from application

execution, whic h can dramatically increase cac he e�ciency o v er 90-95% ev en

with small and simple cac hes. This allo ws ac hieving the same p erformance

with reduced (less complex, less p o w er h ungry) hardw are or, at giv en hardw are,

reac hing high p erformance.

F uture W ork

� ERA , Em b edded Reco�gurable Arc hitectures, Europ ean Pro ject (pro-

p osal)

� TERAFLUX , Concurren t T eradevice Computing, Europ ean Pro ject (pro-

p osal)

� PHOTONICA , Photonic In terconnect T ec hnology for Chip Multipro-

cessing Arc hitectures Italian F unding for Basic Researc h (prop osal)

� MUL TICORES , Design metho dologies for high-p erformance systems for

scien ti�c and m ultimedia applications, Italian F unding for Relev an t Na-

tional Pro jects (prop osal)

Researc hers

Enrico Martinelli (DI I), Rob erto Giorgi (DI I), Sandro Bartolini(DI I), P aolo

Bennati (DI I), Nenad K orolija (DI I), Zdra vk o P op o vic (DI I), Nik ola Puzo vic

(DI I), Andrea Righi (DI I), Arnaldo Aza v edo (TU-Delft), Ben Juurlink (TU-

Delft), A drian Cristal (Barcelona Sup ercomputing Cen ter), Osman Unsal (Barcelona

Sup ercomputing Cen ter), Mateo V alero (Barcelona Sup ercomputing Cen ter),

Sk ev os Euripidos (Univ ersit y of Cyprus), P edro T rancoso (Univ ersit y of Cyprus).
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Main Researc h Pro jects

� HiPEA C , Net w ork of Excellence on High P erformance Em b edded Arc hi-

tecture and Compilers, Europ ean Net w ork of Excellence.

� SAR C Scalable Arc hitectures, Europ ean In tegrated Pro ject.

� BLUESIGN-3 , Sistema in tegrato nella televisione digitale terrestre p er

la visualizzazione tramite �gura animata tridimensionale di gesti in lingua

dei segni p er sordi, �nanziato dalla F ondazione Mon te dei P asc hi di Siena

e dalla RAI (RADIOTELEVISIONE IT ALIANA).

� HiPEA C researc h cluster, Cyprus-Italy co op eration , Multithreaded

Data�o w Arc hitectures.

� HiPEA C researc h cluster, Italy-Spain co op eration , The applica-

tion of T ransactional Memory to no v el domains.

Information Securit y

Information Securit y is going to b e a b o oming area b oth for Researc h and Ap-

plication and our planned researc h includes ev aluation an d protot yping of inno-

v ativ e solutions based on next generation cryptosystems and arc hitectures. Our

main in terest in this researc h area is mostly orien ted to w ards the study and

the design of computer arc hitectures suitable for t he emerging cryptographic

applications that will enable the deplo ymen t of secure v alue-added services on

complex infrastructures (e.g. mobile devices, heterogeneous net w orks, lo cation-

a w are in teraction). In particular: w e are dealing with the e�cien t implemen ta-

tion of elliptic-curv e cryptosystems on mobile devices, whic h ha v e scarce com-

putational capabilities b ecause of their battery constrain ts. Elliptic-curv es are

mathematical structures that allo w realizing p ublic-k ey cryptograph y with k ey

sizes far smaller than traditional coun terparts (e.g. RSA): 233-bit vs. 2048-bit.

This fact allo ws r educing the computational requiremen ts of application-lev el

crypto proto cols (digital signature, k ey exc hange, enco ding/deco ding) an d,

therefore, put the basis for p oten tial implemen tations on em b edded systems.

Our prop osals suggest the b est implemen tation c hoice-set suitable for a giv en

pro cessor/memory arc hitecture; highligh t and design ho w to in tegrate in to ex-

isting pro cessors sp eci�c, lo w complexit y and small hardw are mo dules able to

b o ost ell iptic-curv e cryptographic op erations. Another sub-topic w e are deal-

ing with is the e�cien t elab oration of encrypted information. The aim here is

to study the theoretica l features of the mathematical tec hniques in v olv ed and

ho w they can b e e�cien tly implemen ted on a computer infrastructure, so that

elab orations on data of one en tit y (clien t) can b e done b y another (serv er) in

the encrypted domain, so that only the �rst is able to kno w the result of the

elab oration.

F uture W ork

Algorithms for fast cryptanalisys of RSA enco ding. Study of Instruction Set

Extensions for Cryptograph y . Sp ectral Mo dular Arithmetic.
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Researc hers

Enrico Martinelli (DI I), Rob erto Giorgi (DI I), Sandro Bartolini (DI I), Cetin

Ka y a K o c (Univ ersit y of California, San ta Barbara), Irina Brano vic (Indep en-

den t Consultan t), Gian Lorenzo Meo cci (DI I).

Main Researc h Pro jects

� HiPEA C , Net w ork of Excellence on High P erformance Em b edded Arc hi-

tecture and Compilers, Europ ean Net w ork of Excellence.

� SAR C Scalable Arc hitectures, Europ ean In tegrated Pro ject.

� Co op eration with Consorzio Op erativ o Mon te dei P asc hi di Siena

� Co op eration with Information Securit y Lab oratory at the Oregon State

Univ ersit y

� Co op eration with Departmen t of Information Engineering, Pisa.

Mac hine Learning in Graphical Domains

In sev eral mac hine learning applications the information whic h is relev an t for

solving the problem is naturally represen ted b y sequences, trees or graphs. F or

instance, a molecule con tains atoms and c hemical links, the W eb is a graph

of pages link ed b y references, and an image can b e represen ted b y a region

adjacency graph, where the no des stand for homogeneous regions and the edge

denote the adjacency relationships. In those applications, the goal consists of

learning from examples a function that classi�es or computes a prop ert y of.

the concepts represen ted b y a graph. T raditional mac hine learning metho ds

cop e with graphs b y a pre�pro cessing pro cedure that transforms the structured

data to a simpler �at represen tation. With this approac h, ho w ev er, v aluable

information ma y b e lost and, therefore, classical metho ds ma y su�er from p o or

p erformance and generalization.

This researc h line studies mac hine learning tec hniques for directly pro cess-

ing graphs. The activit y is particularly fo cused on neural mo dels able to �ll

the historical gap b et w een connectionism, tailored to �at data, and the great

v ariet y of real-w orld problems, where the information is naturally structured.

Some researc hers of the departmen t ha v e participated to the de�nition and the

study of connectionist mo dels with the ab o v e men tioned c haracteristics, e.,g.,

Recursiv e Neural Net w orks and SOM for structure. Those mo dels ha v e b een

recen tly extended o v ercoming imp ortan t limitations with resp ect to the t yp e

of the graphs that can b e pro cessed and to the computation capabilit y of the

mo dels. Moreo v er, the prop osed approac hes ha v e b een assessed with promising

results on sev eral application domains, including c hemical molecule classi�ca-

tion, XML do cumen t classi�cation and image understanding.

F uture W ork

F uture w ork deals with the extension of the prop osed metho ds and a wider

exp erimen tation on real life appplications. In the future, the collab oration with
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the Univ ersit y of P adua, the Honk K ong Baptist Univ ersit y and the W ollongong

Univ ersit y (Australia) is exp ected to con tin ue.

Researc hers

Monica Bianc hini (DI I), Marco Gori (DI I), Augusto Pucci (DI I), F ranco Scarselli

(DI I), Markus Hagen buc hner (Unin v ersit y of W ollongong, Australia), Alessan-

dro Sp erduti (Univ ersità di P ado v a), Ah Ch ung T soi (Hong K ong Baptist Uni-

v ersit y).

Main Researc h Pro jects

� Link age In ternational pro ject �In v estigations in to mac hine learning appli-

cations in link analysis�, founded b y Australian Researc h Council.

� Disco v ery pro ject �Graph extraction tec hniques for do cumen t classi�cation

and ranking�, founded b y Australian Researc h Council.

Problem Solving in the Con tin uum Setting

A n um b er of relev an t problems arising in di�eren t �elds can b e naturally ap-

proac hed in a con tin uum setting of computation. Most of the solutions pro-

p osed for approac hing sp eci�c problems can b e uni�ed under fundamen tal con-

cepts that, lik e for the discrete setting coun terpart, in v olv e computabilit y and

complexit y issues. F or instance, con tin uous optimization o�ers an ubiquitous

form ulation of most neural computation sc hemes for b oth learning and problem

solving, but optimization issues are also the basis of in teresting solutions pro-

p osed in di�eren t �elds lik e computational geometry and information retriev al.

In this framew ork, complexit y issues are someho w related to more classic

studies in the discrete setting of complexit y , but require a new theoretical frame-

w ork to face dual concepts lik e concrete complexit y and complexit y classes. In

particular, w e in tro duced an abstract mac hine and formalized the notion of

�con tin uous algorithm�, whic h is a formal description of the optimization pro-

cess. The mac hine is based on a sp ecial terminal attractor dynamics that turns

out to b e v ery e�ectiv e for disco v ering the complexit y class of unimo dal prob-

lem. In terestingly , for this class, w e ha v e giv en evidence of the some links with

traditional computational complexit y , including the dep endence on the problem

dimension, on the precision reac hed for the problem, and on an a sort of con-

dition n um b er, that exactly matc hes the de�nition giv en in n umerical analysis

for linear equations.

The adoption of a con tin uous approac h to computation has recen tly op ened

the do ors to a no v el approac h to graph isomorphism and, esp ecially , to partial

graph matc hing. Our results are based on the in tro duction of a no v el notion of

graph sp ectrum whic h is inspired b y random w alk and, particularly , b y Mark o v

c hains with restart. This mak es it p ossible to in tro duce the class of Mark o vian

sp ectrally distinguishable graphs for whic h the isomorphism problem is p oly-

nomial. In terestingly , a particular extension of the dynamic mec hanism b ehind

Mark o v c hains giv es rise to a metho d for attac hing a distinct real n um b er to

eac h no de, whic h allo ws us to matc h no des for whic h the attac hed n um b ers are
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the same. This holds for the wider class of �bration-prime graphs, for whic h a

p olynomial algorithm for graph isomorphism is kno wn in the literature. This

approac h is also v ery w ell-suited for dealing with partial and appro ximate graph

matc hing deriv ed for instance from problems of image retriev al.

Researc hers

Monica Bianc hini (DI I), Mic helangelo Diligen ti (DI I), Marco Gori (DI I), Marco

Maggini (DI I), Lorenzo Sarti (DI I), Klaus Meer (Univ ersit y of Southern Den-

mark)

W eb Mining

The most common to ols to lo cate information on the In ternet are large W eb

searc h engines and directories. Ho w ev er, sev eral p eculiar c haracteristics of the

W eb limit the e�ectiv eness of those to ols: the large n um b er of the a v ailable

do cumen ts, the distribution of the data and the lac k of a cen tral index, and

the unstructured format used to represen t the do cumen ts. The purp ose of this

researc h line is to devise new tec hniques that pro vide a more e�ectiv e access to

the W eb data and allo w to extract information from the W eb that cannot di-

rectly b e a v ailable from common searc h engines and W eb directories. Examples

of the topics studied b y this researc h are en tit y recognition and categorization,

text classi�cation and clustering, and W eb page ranking algorithms.

Automatic extraction of structured information from the W eb, whic h mostly

con tains unstructured text, is an in teresting matter of researc h. F or example,

a p ossible purp ose is to recognize simple en tities as p eople, cities, companies,

places and to disclose their c haracteristics. This can allo w to design services for

�nding the p eople exp erts in a giv en topic, the companies selling a pro duct, the

places with the resources for a sp ort, and so on. New metho ds to impro v e the

access to information in searc h engines can b e designed using automatic text

classi�cation and clustering tec hniques. F or example, the organization of the

do cumen ts in to homogeneous groups according to their con ten t can b e exploited

b oth for presen ting the results to users' queries and to e�cien tly p erform sim-

ilarit y searc hes. Finally , W eb page ranking algorithms are adopted b y searc h

engines to measure the qualit y of W eb pages and to pro vide a relev ance order-

ing to a user's query . Qualit y of searc h results is a k ey issue in the design of a

successful searc h engine and man y e�orts ha v e b een sp en t to pro vide e�ectiv e

algorithms for information �ltering. In this researc h line, w e prop ose a uni�ed

probabilistic framew ork for W eb P age Scoring Systems, whic h can describ e all

the algorithms in the class of Go ogle's P ageRank. New extensions and impro v e-

men ts to P ageRank w ere also dev elop ed, whic h allo w to build thematic views

and to increase the searc h accuracy . Moreo v er, new learning algorithms w ere

recen tly prop osed for build p ersonalized rankings.

F uture W ork

Curren t w ork aims at de�ning algorithms exploiting the do cumen t-query-user

logs a v ailable in searc h engines. The p oten tial application include query sug-

gestion, do cumen t clustering, user pro�ling. This researc h has b een partially
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carried on in collab oration with Go ogle researc h.

Researc hers

Ernesto Di Iorio (DI I), Mic helangelo Diligen ti (DI I), Marco Ernandes (DI I),

Marco Gori (DI I), Marco Maggini (DI I), Augusto Pucci (DI I), Leonardo Rigutini

(DI I)

Main Researc h Pro jects

� Design of an In tegrated System for the Managemen t of the Do cumen ts

in Electronic F ormat for the T uscan y A dministration (Regione T oscana -

2003)

� Design of adv anced searc h services for the Information Retriev al System

of the Public Information O�ces' Net w ork (Regione T oscana - 2005)

� Design of a fo cused W eb cra wler for the Researc h P ortal of Firenze T ec-

nologia (Firenze T ecnologia - 2005)

� Design of the TETRAEN engine for the automatic recommendation of

links b et w een scien ti�c researc h and companies (Firenze T ecnologia - 2006)

� Design of W eb Information Services for Small and Medium En terprises

(Firenze T ecnologia - 2007)

� Design of a thematic searc h engine for Small and Medium En terprises

(Firenze T ecnologia - 2007)

� Design of a system for automatic metadata extraction from text do cu-

men ts (Pitrust.com - 2007)

Crossw ord Solving and Generation

Games and puzzles repro duce the complexit y of the real-w orld with �the smallest

initial structures�, th us making their study imp ortan t for b oth theoretical and

practical issues. Ho w ev er, while outstanding results ha v e b een found in closed-

w orld games lik e c hess, mac hines still fail to seriously c hallenge h umans on

op en-w orld games, that cannot b e naturally form ulated as searc h in a �nite

con�guration space. Crossw ord solving is a remark able example of an op en-

w orld game, due to the nature of the space of concepts that can b e expressed

b y the clues. Crossw ords solving requires to exploit exp erien tial, linguistic, and

encyclop edic kno wledge.

In this researc h w e address the problem of designing systems for crossw ord

solving and generation in di�eren t languages. The core of the system designed

in our labs, whic h is called W ebCro w, is the clue answ ering mec hanism, that

is primarily based on the automatic in teraction with searc h engines to access

the W eb rep ository of kno wledge. The e�ectiv eness of the approac h has b een

demonstrated during a recen t o�cial comp etitions with h umans. The follo wing

step is the problem of crossw ord generation, a task that is commonly regarded

as a v ery creativ e h uman activit y . The main ob jectiv e is to sho w that ev en
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the crossw ord generation can b e e�ectiv ely carried out b y mac hines, whic h are

exp ected to complete the task autonomously or nicely assist h uman exp erts.

Automatic m ultilingual crossw ord generation is based on the dimensions and

information on the sc heme, the lev el of di�cult y , the sub ject of the crossw ords

(p olitics, art, science, history , ... general purp ose). W e address the problems of

crossw ord sc heme generation (grid and w ord �lling) and automatic clue de�ni-

tion. This latter task has driv en the study and dev elopmen t of sev eral Natural

Language Pro cessing tec hniques mostly based on a mac hine learning approac h,

that allo ws the dev elopmen t of a NLP platform that is curren tly able to p erform

language analysis at di�eren t lev els b oth for Italian and English.

F uture W ork

The curren t researc h is fo cused on the dev elopmen t of a natural language pro-

cessing library and to the problem of automatic de�nition extraction from text

do cumen ts.

Researc hers

Gio v anni Angelini (DI I), Ernesto Di Iorio (DI I), Mic helangelo Diligen ti (DI I),

Marco Ernandes (DI I), Marco Gori (DI I), Marco Maggini (DI I), Leonardo Rigutini

(DI I)

Main Researc h Pro jects

� Go ogle Researc h a w ard for the design of a crossw ord solving system

� Go ogle Researc h a w ard for the design of a m ultilingual automatic cross-

w ord generation system

P attern Recognition

P attern Recognition aims to classify data (patterns) based on either a priori

kno wledge or on statistical information extracted from the patterns. The pat-

terns to b e classi�ed are usually groups of measuremen ts or observ ations, de�n-

ing p oin ts in an appropriate m ultidimensional space. In the presen t researc h

line, three ma jor categories of patters are considered: (i) sp eec h signals, i.e. pat-

tern sequences that represen t the v oice of sev eral talk ers are pro cessed with the

aim of recognizing the w ord strings uttered b y the sp eak ers (automatic sp eec h

recognition problem); (ii) image pro cessing, where patterns represen t images in

a digital form that con tain information suitable to decide on the class (state

of nature) whic h the image itself b elongs to, e.g. recognition of a face from a

photograph; (iii) do cumen t classi�cation, where do cumen ts are represen ted in a

giv en feature space and automatically classi�ed according to their con ten ts.

Mac hine learning and statistical tec hniques are used to face these three clas-

si�cation problems. Sev eral mac hine learning asp ects and tec hniques ha v e b een

in v estigated for the application to pattern recognition tasks, suc h as h ybrid

neural-mark o vian mo dels, similarit y learning and constrained clustering, graph-

based semi-sup ervised learning, and k ernel mac hines and regularization. More-



BIBLIOGRAPHY 13

o v er, sp eci�c applications ha v e b een studied and dev elop ed in the �eld of Au-

tomatic F ace Analysis, suc h as the lo calization of facial parts, the generation of

arti�cial faces, and the pro cessing of facial features for automatic b eauti�cation

or caricature.

F uture W ork

The recen t dev elopmen ts concern the application of mac hine learning tec hniques

to tra�c prediction exploiting data from heterogenous sources (SIMOB pro ject),

and the study of face analysis and generation for iden tit y recognition and v eri-

�cation (Sifac pro ject - submitted for cofounding b y Regione T oscana) and for

applications to neurosciences.

Researc hers

Ilaria Castelli (DI I), Vincenzo Di Massa (DI I), Marco Gori (DI I), Marco Mag-

gini (DI I), Stefano Melacci (DI I), Lorenzo Sarti (DI I), F ranco Scarselli (DI I),

Edmondo T ren tin (DI I)

Main Researc h Pro jects

� Design of Automatic Classi�cation Algorithms to supp ort the detection

of anomalies in the analysis of biologic h uman �uids p erformed b y elec-

trophoresis tec hniques (Sebia Italia - 2005)

� Impro v emen t of Automatic Classi�cation Algorithms to supp ort the de-

tection of anomalies in the analysis of biologic h uman �uids p erformed b y

electrophoresis tec hniques (Sebia Italia - 2007)

� Impro v emen t of the sp eci�cit y of the Neurosoft-Sebia automatic classi-

�cation algorithm to supp ort the detection of anomalies in the analysis

of biologic h uman �uids p erformed b y electrophoresis tec hniques (Sebia

Italia - 2008)

� SIMOB: design of an In tegrated system for the Info-Mobilit y (Cofounded

b y Regione T oscana - 2008)
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DECISION AND MANA GEMENT METHODS

The Decision and Managemen t Metho ds area holds b oth �nancial and mathe-

matical skills to address complex decision problems, arising, for example, in the

managemen t of supply c hains, pro duction and logistic systems, �rms, and, more

generally , in systems in whic h scarce resources m ust b e allo cated and sc heduled.

Researc h activities fo cus on the dev elopmen t of metho dological approac hes for

mo deling and solving managemen t and decision problems, including the de�ni-

tion of new mo dels, the design of new solution algorithms and the de�nition and

implemen tation of p erformance measuremen t systems. T o this aim, commercial

soft w are and self-generated co des are used to v alidate new mo dels and solution

tec hniques. The main mathematical and mo deling bac kground of the group

dra ws from optimization theory (sp eci�cally mathematical programming, com-

binatorial optimization, graph theory). Financial skills concern managemen t

con trol and p erformance measuremen t systems, and fall in the area of manage-

men t and accoun ting.

P articipan ts to the Researc h.

F ul l Pr ofessors : Alessandro Agnetis

Assistan t Professors: P aolo Detti, Elena Gio v annoni, Gianluca Murgia, Marco

Pranzo

R ese ar ch Asso ciates : Gianluca De P ascale

Researc h T opics

High Multiplicit y m ulti-knapsac k problems

In the High Multiplicit y Multi-Knapsac k Problem (HM-MKP), items that can

b e classi�ed in to a small, �xed n um b er C of distinct sizes m ust b e assigned to m
knapsac ks, eac h knapsac k i with a capacit y D i . Eac h item j m ust b e assigned to

at most a knapsac k i , and, if assigned, it returns a pro�t pi;j . The ob jectiv e is of

maximizing the o v erall pro�t. F or this problem, a p olynomial time algorithm is

prop osed. A v arian t of the HM-MKP has b een also addressed, in whic h (a) eac h

item j can b e pro cessed only b y mac hines with index not greater than a giv en

v alue, and (b) pi;j = 1 for all i and j . A practical application for this v arian t

arises in wireless transmission systems with the UTRA-TDD air in terface, in

whic h a set of data pac k ets b elonging to few formats m ust b e assigned to time-

slots of a radio frame to b e transmitted. When C = 2 , p olynomial algorithms

are prop osed, for the feasibilit y v ersion of the problem and for maximizing the

n um b er of sc heduled jobs [17]. A p olynomial algorithm is also presen ted when

C > 2 and the item sizes are divisible [18, 20].

F uture W ork

F uture researc h directions include the study of the non-divisible size case for

C > 2 and, concerning the UTRA-TDD en vironmen t, the study of the case in
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whic h release dates exist for the pac k ets (setting the �rst slot in whic h a pac k et

can b e allo cated to).

Researc hers

Alessandro Agnetis (DI I), P aolo Detti (DI I), Cor Hurk ens (Eindho v en Univ er-

sit y of T ec hnology)

Radio resource allo cation in mobile telecomm unication sys-

tems

In this researc h line, radio resource allo cation in Orthogonal F requency Divi-

sion Multiple A ccess (OFDMA) systems are considered. OFDMA, based on

m ulti-carrier tec hnology , has b een widely accepted as the most promising radio

transmission tec hnology for next generation wireless systems due to its robust-

ness to c hannel distortions and gran ular resource allo cation capabilit y . In a

m ulti-carrier system the transmitted bitstream is divided in to man y di�eren t

substreams that are sen t o v er man y di�eren t sub-c hannels, called sub-carriers.

OFDMA systems en visages the assignmen t of a n um b er of sub-carriers and the

relativ e transmission format to users on the basis of the exp erimen ted link qual-

it y . In terference phenomena limits the n um b er of users transmitting on the

same radio resources, i.e., sub-carriers. The transmission p o w er required b y

eac h user to transmit on a giv en resource dep ends on the set of users assigned

to that resource. The ob jectiv e is to assign radio resources so as to minimize

the o v erall transmission p o w er while pro viding a giv en transmission rate to eac h

user (hence, satisfying some fairness criterion among users). In this con text, the

problem of allo cating sub-carriers in the do wnlink of an OFDMA system in a

m ulti-cell scenario is addressed. A complexit y analysis for general and particular

cases has b een pro vided. Exact and b oth cen tralized and decen tralized heuristic

algorithms based on minim um cost net w ork �o w mo dels ha v e b een designed and

ev aluated.

F uture W ork

F uture researc h directions include the study of the m ulti-cellular, m ulti-format

case, in whic h a radio resource can b e used b y di�eren t users (b elonging to

di�eren t cells) with di�eren t transmission formats.

Researc hers

Andrea Abrardo (DI I), P aolo Detti (DI I), Marco Moretti (Univ ersità degli

Studi di Pisa), Gaia Nicosia (Dipartimen to di Informatica e Automazione, Uni-

v ersità degli Studi Roma T re), Andrea P aci�ci (Dipartimen to di Ingegneria

dell'Impresa, Univ ersità degli Studi T or V ergata), Mara Servilio (Dipartimen to

di Informatica, Univ ersità degli Studi di L'A quila).
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Real-time train sc heduling problems in complex net w orks

In this line, w e considered the real-time sc heduling problem with the aim of

minimizing the discrepancies with resp ect to a giv en o�ine timetable [4]. W e

extend previous w ork on this researc h line to prop ose R OMA (Railw a y Opti-

mization b y Means of Alternativ e graph), a decision supp ort system able to help

dispatc hers to tak e informed decisions. R OMA is able to deal with real-time

reordering, retiming and platform rerouting of trains in complex rail net w orks.

Exp erimen tal results on real size complex Dutc h net w orks sho w that R OMA de-

cision supp ort system is able to e�ectiv ely reduce dela ys in a congested net w ork

under strong p erturbations [2, 3, 29].

F uture W ork

F uture w ork is to further test and extend R OMA capabilities. Researc h direc-

tions whic h are curren tly under activ e dev elopmen t include:

� the co ordination b et w een dispatc hers,

� the ev aluation of additional constrain ts (suc h as green w a v e p olicies, pas-

senger connections and others),

� the dev elopmen t of more adv anced routing and sc heduling algorithms.

Researc hers

Marco Pranzo (DI I), Andrea D'Ariano (Univ ersità di Roma T re), Dario P accia-

relli (Univ ersità di Roma T re), F rancesco Corman (Delft Univ ersit y , Delft, The

Netherlands).

P erformance measuremen t systems

The researc h aims to explore the dynamics through whic h p erformance measure-

men t systems (budget, balanced scorecard, strategy maps, rep orting systems,

KPIs, etc.) are designed and implemen ted b y discussing their in terpla y with

b oth formal (design framew orks, tasks, to ols, phases, rules and pro cedures of

implemen tation) and informal mec hanisms (informal in teraction, learning pro-

cesses, resistance to c hange). This �eld of researc h is divided in to the follo wing

main pro jects. The role of p erformance measuremen t systems in implemen ting

the strategies of the �rm. This researc h in v estigates the role pla y ed b y PMS in

translating go v ernance principles in to actions, linking go v ernance to strategy ,

supp orting strategic decision making and monitoring strategy implemen tation.

By relying up on a series of case studies, particular atten tion is giv en to the

structural c haracters of the PMS that supp ort pro cesses of organizational in te-

gration. The role pla y ed b y PMS in balancing the v arious p ersp ectiv es of the

stak eholders is also analyzed. The design and implemen tation of the PMS. This

researc h relies on case studies to explore the pro cesses through whic h PMS are

designed and implemen ted. By com bining theoretical and empirical insigh ts, w e

argue that, far from b eing linear, the dev elopmen tal pro cess a�ects the v ery na-

ture of the PMS (its scop e, c haracters and role inside the organization) through
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the dynamics of informal mec hanisms at w ork. Imp ortan tly , b y attracting di�er-

en t groups of exp erts within the same organizational space, the dev elopmen tal

pro cess shap es and re-shap es the design of the PMS as heterogeneous users

come to participate to the implemen tation of the same practice. Decision sup-

p ort systems and p erformance measuremen ts. This researc h explores the p oten-

tial relations b et w een p erformance measuremen ts and decision supp ort systems.

P articular atten tion is giv en to b enc hmarking tec hniques, suc h as Data En v el-

opmen t Analysis, as w ell as to other decision supp ort systems (i.e., the Analytic

Hierarc h y Pro cess) and their in terpla y with the balanced scorecard.

F uture W ork

In the next future, the researc h will concen trate on: the main informal mec h-

anisms in v olv ed in the pro cess of design and implemen tation of the PMS; the

implications of in tegrating qualitativ e and quan titativ e metho ds in dev eloping

PMS; the use of PMS to assess the in ternal capabilities of the �rm; the in te-

gration among PMS (i.e, the balanced scorecard) and other decision supp ort

systems; the use of PMS in de�ning strategic business mo dels. Finally , b y rely-

ing up on the literature on accoun ting history , di�eren t views on accoun ting and

measuremen t practices will b e analysed.

Researc hers

Alessandro Andreadis (DI I), Alessandro Agnetis (DI I), P aolo Detti (DI I), Chiara

Mo cenni (DI I), Gianluca Murgia (DI I), Marco Pranzo (DI I), Angelo Riccab oni

(Dipartimen to di studi aziendali e so ciali, Univ ersitï¿½di Siena), Cristiano Busco

(Dipartimen to di studi aziendali e so ciali, Univ ersitï¿½di Siena), Maria Pia

Maraghini (Dipartimen to di studi aziendali e so ciali, Univ ersitï¿½di Siena), Rob ert

W. Scap ens (Manc hester Business Sc ho ol, UK), Mark F rigo (DeP aul Univ ersit y

of Chicago)

Co v ering a line segmen t with v ariable radius discs

This area addresses the problem of lo cating sensors with a circular �eld of

view, so that a giv en line segmen t is under full surv eillance. The cost of eac h

sensor includes a �xed comp onen t f , and a v ariable comp onen t that is a con v ex

function of the diameter of the �eld-of-view area. In general, deciding whic h

sensors to select and ho w large should b e their �eld-of-view is hard. W e devised

a no v el, nonlinear in teger form ulation of the problem, whic h can b e solv ed via

a branc h-and-b ound algorithm. W e also tested an e�cien t heuristic, for the

sp ecial case in whic h the v ariable cost comp onen t of eac h sensor is prop ortional

to the square of the diameter of the �eld-of-view area. The heuristic v ery often

obtains the optimal solution as sho wn in extensiv e computational testing. [11]

F uture W ork

F uture w ork on this topic will adress a deep er in v estigation of the structural

prop erties of the mo del, establishing connections b et w een this problem and

tra�c equilibrium problems. In fact, in b oth cases the con tin uous part of the
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ob jectiv e function can b e expressed as the pro duct of a �o w x i and a latency

function f (x i ) .

Researc hers

Alessandro Agnetis (DI I), Enrico Grande (Univ ersità di Roma T or V ergata),

Andrea P aci�ci (Univ ersità di Roma T or V ergata), Pitu B. Mirc handani (Uni-

v ersit y of Arizona).

Mo dels and algorithms for m ulti-agen t sc heduling problems

This line of researc h addresses sc heduling problems in whic h di�eren t agen ts

share a common pro cessing resource, and eac h agen t w an ts to minimize a cost

function dep ending on the sc hedule of his/her jobs only . In this con text, one

relev an t problem is to pro vide the agen ts with information that can fruitfully

driv e the negotiation pro cess. The most complete information is giv en b y the

list of P areto-optimal solutions, i.e., solutions suc h that no agen t can impro v e

his/her situation without increasing some other agen t's cost. The computational

complexit y of the underlying problems hea vily dep ends on the sp eci�c cost func-

tions of the agen ts. In [9], branc h and b ound algorithms based on Lagrangian

relaxation are presen ted that allo w to e�ectiv ely deal with some of the hard,

t w o-agen t sp ecial cases. These algorithms exploit the sp ecial structure of the

problem, whic h allo ws the Lagrangian dual to b e solv ed exactly in p olynomial

time. An extensiv e computational campaign sho ws the e�ectiv eness of the ap-

proac h. When considering t w o negotiating agen ts, certain sc hedules ma y satisfy

particular requiremen ts, whic h mak e them sp ecial candidates for the outcome

of the bargaining pro cess. Alternativ ely , an external sup ervisor ma y use this

information to enforce "fair" sc hedules. Finding suc h sc hedules (corresp onding

to the concept of Nash Bargaining Solution in classical bargaining problems) is

in general NP-hard. Ho w ev er, w e dev elop ed v ery e�cien t algorithms, whic h ex-

ploit the structure of the underlying constrained problems [10]. Sev eral v en ues

for future researc h are op en. F rom the algorithmic viewp oin t, one direction is to

dev elop b ounding sc hemes for problems with more than t w o agen ts. F rom the

mo deling viewp oin t, a di�eren t situation is when the agen ts do not comm uni-

cate, and submit their jobs for pro cessing to a cen tralized decision mak er. The

problem is ho w to design selection rules and agen ts strategies in order to driv e

the system close to solutions ac hieving a certain degree of fairness and o v erall

solution qualit y .

F uture W ork

Sev eral v en ues for future researc h are op en. F rom the algorithmic viewp oin t,

one direction is to dev elop b ounding sc hemes for problems with more than t w o

agen ts. F rom the mo deling viewp oin t, a di�eren t situation is when the agen ts do

not comm unicate, and submit their jobs for pro cessing to a cen tralized decision

mak er. The problem is ho w to design selection rules and agen ts strategies in

order to driv e the system close to solutions ac hieving a certain degree of fairness

and o v erall solution qualit y .
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Researc hers

Alessandro Agnetis (DI I), Marco Pranzo (DI I), Gianluca De P ascale (DI I),

Dario P acciarelli (Univ ersità di Roma T re), Andrea P aci�ci (Univ ersità di Roma

T or V ergata)

Main Researc h Pro jects

PRIN 2007.

So cial net w orks in managemen t science

The researc h aims to explore the application of so cial net w ork metho ds in sev-

eral �elds of managemen t science, suc h as corp orate go v ernance, extended en-

terprises, e-learning, etc. These metho ds giv e the p ossibilit y to analyze the

structure and the dynamics of a so cial system, as w ell as the role pla y ed b y

eac h individual. In particular, in the last y ear, w e fo cussed our atten tion on the

application of so cial net w ork metho ds in e-learning, thanks to the participation

to the FIRB pro ject called eLF@MED (e-Learning F ramew orks for MEDiter-

ranean coun tries). W e dev elop ed a metho dology , based on a constructivist view,

for the impro v emen t of participation and comm unication among the studen ts of

an e-learning course, aiming to dev elop a shared and v aluable kno wledge base.

In the v alidation of this metho dology , w e had recourse to so cial net w ork analysis

in order to measure the lev el of so cial in teraction and to analyze its relationship

with the studen ts' comp etence lev el.

F uture W ork

In tegration of so cial net w ork analysis with con ten t analysis in order to map

the kno wledge exc hanges in e-learning systems. Application of so cial net w ork

analysis to other managemen t �elds, suc h as corp orate go v ernance.

Researc hers

Gianluca Murgia (DI I), Agostino La Bella (Univ ersitï¿½di Roma "T or V ergata"),

Elisa Battistoni (Univ ersitï¿½di Roma "T or V ergata"), Gianluca Elia (Univ er-

sitï¿½del Salen to)

Main Researc h Pro jects

eLF@MED (e-Learning F ramew orks for MEDiterranean coun tries)

Bibliograph y

[1] A GNETIS A, DETTI P , GIO V ANNONI E., and PRANZO M. Governanc e,

str ate gia e misur azione del le p erformanc e. L e nuove fr ontier e del la b alanc e d

sc or e c ar d , c hapter Balanced scorecard e data en v elopmen t analysis, pages

195�212. Kno witÃ , AREZZO � IT A, 2008.



22 BIBLIOGRAPHY

[2] D'ARIANO A, P A CCIARELLI D, and PRANZO M. Assessmen t of �ex-

ible timetables in real-time tra�c managemen t of a railw a y b ottlenec k.

TRANSPOR T A TION RESEAR CH. P AR T C, EMER GING TECHNOLO-

GIES , 16:232�245, 2008.

[3] D'ARIANO A, CORMAN F, P A CCIARELLI D, and PRANZO M. Mo del-

ing reordering and lo cal rerouting strategies to solv e train con�icts during

rail op erations. TRANSPOR T A TION SCIENCE , 42:405�419, 2008.

[4] MASCIS A, P A CCIARELLI D, and PRANZO M. Sc heduling mo dels

for short-term railw a y tra�c optimisation. LECTURE NOTES IN ECO-

NOMICS AND MA THEMA TICAL SYSTEMS , 600:71�90, 2008.

[5] A. ABRARDO, A. ALESSIO, P . DETTI, and M. MORETTI. Radio re-

source allo cation for ofdma cellular systems. Computer &amp; Op er ations

R ese ar ch , 36:1572�1581, 2009.

[6] A. ABRARDO, P . DETTI, and M. MORETTI. Message passing for re-

source allo cation in ofdma wireless net w orks. In INOC 2009 , pages �, April

26 � April 29, 2009. T o app ear.

[7] A. ABRARDO, P . DETTI, and M. MORETTI. Message passing resource

allo cation for the uplink of m ulticarrier systems. In ICC , pages �, June 14

� June 18, 2009. T o app ear.

[8] A. ABRARDO, P . DETTI, G. NICOSIA, A. P A CIFICI, and M. SER VILIO.

Optim um c hannel allo cation in ofdma m ulti-cell systems. In L e ctur e Notes

in Computer Scienc e 5425 , pages 103�111. springer, b erlin, 2008.

[9] A. A GNETIS, G. DE P ASCALE, and D. P A CCIARELLI. A lagrangian ap-

proac h to single-mac hine sc heduling problems with t w o comp eting agen ts.

Journal of Sche duling , pages �, 2009. T o app ear.

[10] A. A GNETIS, G. DE P ASCALE, and M. PRANZO. Computing the nash

solution for sc heduling bargaining problems. international journal of op er-

ational r ese ar ch , pages �, 2009. T o app ear.

[11] A. A GNETIS, E. GRANDE, P . B. MIR CHAND ANI, and A. P A CIFICI.

Co v ering a line segmen t with v ariable radius discs. c omputers and op er a-

tions r ese ar ch , 36:1423�1436, 2008.

[12] BUSCO C, GIO V ANNONI E., and RICCABONI A. Governanc e, str ate gia

e misur azione del le p erformanc e. L e nuove fr ontier e del la b alanc e d sc or e-

c ar d , c hapter Go v ernance in tegrata e lÂ’in tegrated go v ernance scorecard,

pages 61�86. Kno witÃ , AREZZO � IT A, 2008.

[13] BUSCO C, GIO V ANNONI E., and PIANTONI G. Strategie globali e

misurazione delle p erformance: il caso nestlÃ© w aters. ECONOMIA &

MANA GEMENT , 2:87�100, 2009.

[14] BUSCO C, GIO V ANNONI E., and SCAPENS R.W. Managing the ten-

sions in in tegrating global organizations: the role of p erformance manage-

men t systems. MANA GEMENT A CCOUNTING RESEAR CH , 19:103�

125, 2008.



BIBLIOGRAPHY 23

[15] BONO D and GIO V ANNONI E. Balanc e d sc or e c ar d e d evoluzione dei

sistemi di c ontr ol lo: il c aso CTP , c hapter Balanced scorecard ed ev oluzione

dei sistemi di con trollo: il caso CTP , pages 451�477. Kno witÃ , AREZZO,

2008.

[16] BONO D and GIO V ANNONI E. Contr ol lo di gestione. Meto dolo gie e stru-

menti , c hapter Strategie aziendali e cam biamen to del sistema di con trollo:

v erso la balanced scorecard, pages 725�752. KNO WIT A', AREZZO � IT A,

2008.

[17] P . DETTI. Algorithms for m ultipro cessor sc heduling with t w o job lengths

and allo cation restrictions. Journal of Sche duling , 11:205�212, 2008.

[18] P . DETTI. A p olynomial algorithm for the m ultiple knapsac k problem

with divisible item sizes. Information pr o c essing letters , pages �, 2009. T o

app ear.

[19] P . DETTI, A. A GNETIS, and G. CIASCHETTI. P olynomial algorithms

for a t w o-class m ultipro cessor sc heduling problem in tdd-um ts. Journal of

Sche duling , 11:205�212, 2008.

[20] P . DETTI, C. HURKENS, A. A GNETIS, and G. CIASCHETTI. Optimal

pac k et-to-slot assignmen t in mobile telecomm unications. OPERA TIONS

RESEAR CH LETTERS , pages �, 2009. T o app ear.

[21] GIO V ANNONI E. Contr ol lo di gestione. Meto dolo gie e strumenti , c hapter

Budget End-to-End ed in tegrazione nelle aziende m ultinazionali, pages 645�

664. KNO WIT A', AREZZO � IT A, 2008.

[22] GIO V ANNONI E. L a Balanc e d Sc or e c ar d p er l'attuazione del la str ate-

gia nel le Pubbliche A mministr azioni. T e orie, c asi e d esp erienze , c hapter

Il b enc hmarking a supp orto della strategia, pages 115�135. Kno witÃ ,

AREZZO � IT A, 2008.

[23] GIO V ANNONI E. L a misur azione dei risultati aziendali tr a r e dditivitÃ   e

valorialitÃ   . Kno witÃ , AREZZO � IT A, 2008.

[24] GIO V ANNONI E. and GOBER TI A. Contr ol lo di gestione. Best pr actic e

e c asi op er ativi , c hapter Il sistema di incen tiv azione manageriale presso il

Grupp o MPS, pages 83�100. KNO WIT A', AREZZO � IT A, 2008.

[25] GIO V ANNONI E. and GOBER TI A. Governanc e, str ate gia e misur azione

del le p erformanc e. L e nuove fr ontier e del la b alanc e d sc or e c ar d , c hapter La

balanced scorecard ed il sistema di incen tiv azione: il caso del grupp o MPS,

pages 383�403. Kno witÃ , AREZZO � IT A, 2008.

[26] GIO V ANNONI E. and GOBER TI A. Sistemi di misurazione delle p erfor-

mance p er i gruppi bancari: il caso mps. CONTR OLLO DI GESTIONE ,

5:59�65, 2008.

[27] GIO V ANNONI E. and PIANTONI G. Governanc e, str ate gia e misur azione

del le p erformanc e. L e nuove fr ontier e del la b alanc e d sc or e c ar d , c hapter Mis-

urazione delle p erformance End-T o-End: il caso NestlÃ¨ W aters, pages

481�494. Kno witÃ , AREZZO � IT A, 2008.



24 BIBLIOGRAPHY

[28] ELIA G. and MUR GIA G. Col lab or ativE-le arning . F ranco Angeli, MI-

LANO � IT A, 2008.

[29] CIA V OTT A M, DETTI P , MELONI C, and PRANZO M. A bi-ob jectiv e

co ordination setup problem in a t w o-stage pro duction system. EUR OPEAN

JOURNAL OF OPERA TIONAL RESEAR CH , 189:734�745, 2008.



ELECTRICAL ENGINEERING 25

ELECTRICAL ENGINEERING

The electrical engineering researc h area carries out researc h in the follo wing

researc h topics

� Dynamical analysis of non-smo oth nonlinear circuits

� Complex b eha vior and robustness of con v ergence in nearly-symmetric

CNNs

� Metho ds for tra jectory con v ergence of neural net w orks

P articipan ts to the Researc h.

F ul l Pr ofessors : Mauro F orti

Asso ciate Pr ofessors :

Assistant Pr ofessors : Mauro Di Marco, Luca P ancioni

R ese ar ch Asso ciates : Massimo Grazzini

PhD Students :

Researc h T opics

Dynamical analysis of non-smo oth nonlinear circuits

This line of researc h is concerned with the dynamical analysis of nonlinear cir-

cuits with non-smo oth nonlinearities. These include non-Lipsc hitz and ev en

discon tin uous or m ulti-v alued functions, whic h are frequen tly encoun tered when

electronic devices suc h as op erational ampli�ers and dio des are emplo y ed as com-

parators or hard-limiters. The goal is that of in tro ducing new metho ds for the

analysis of the global dynamical b eha vior b y means of theoretical to ols from set-

v alued analysis and di�eren tial inclusions. The concept of Filipp o v solutions and

a generalized Ly apuno v approac h that is applicable to non-di�eren tiable Ly a-

puno v functions are at the core of the analysis. In particular, a generalized c hain

rule for ev aluating the time deriv ativ e along the solutions of a non-di�eren tiable

Ly apuno v function, has b een in tro duced. The researc h has fo cused on condi-

tions ensuring global asymptotic stabilit y of the unique equilibrium p oin t for

large classes of nonlinear circuits mo delling neural net w orks. The conditions

can b e applied in the general case of non-symmetric neuron in terconnection

matrices, and they in v olv e the concept of Ly apuno v diagonally stable matrices.

This class of matrices, whic h has b een thoroughly c haracterized in the recen t

literature, includes imp ortan t classes of matrices suc h as matrices satisfying a

dominance condition and p ositiv e matrices of class M. One main result concerns

the p ossibilit y to exploit the sliding mo des of the non-smo oth dynamics for en-

suring con v ergence in �nite time to w ard the equilibrium p oin t. The prop erties of

global stabilit y and con v ergence in �nite time are particularly imp ortan t when

the net w orks are aimed at solving global optimization problems in real time.

Moreo v er, the use of neurons mo delled b y non-smo oth nonlinearities (for exam-

ple ideal dio des) p ermits to design neural optimizers that are able to compute

the exact optimal solution of the optimization problem b eing mo delled b y the

circuit.
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F uture W ork

F uture w ork will b e aimed at extending the metho d for addressing the existence

of a unique globally exp onen tially stable p erio dic or quasi-p erio dic solution in

neural net w ork mo dels featuring dela ys in the neuron in terconnections, discon-

tin uous (p ossibly un b ounded) neuron activ ations, and impulsiv e terms mo deling

short-term abrupt c hanges in the state v ariables (PRIN 2009 prop osal).

Researc hers

Mauro Di Marco (DI I), Mauro F orti (DI I), Massimo Grazzini (DI I), Luca P an-

cioni (DI I), P aolo Nistri (DI I)

Main Researc h Pro jects

- Progetto P AR 2006: "Algoritmi e sistemi p er la diagnostica medica". Co ordi-

natore Prof. S. Ro cc hi.

Complex b eha vior and robustness of con v ergence in nearly-

symmetric CNNs

Cellular neural net w orks (CNNs) with a symmetric neuron in terconnection ma-

trix enjo y the prop ert y of complete stabilit y (con v ergence of eac h tra jectory

to w ards an equilibrium p oin t). Suc h a prop ert y is needed whenev er CNNs are

emplo y ed for real-time signal pro cessing. Since the symmetry of the in tercon-

nection matrix is not a generic prop ert y , the analysis of robustness of complete

stabilit y with resp ect to small p erturbations of nominal symmetric in terconnec-

tions, is a problem of paramoun t imp ortance. Indeed, it is enough to consider

that in an y practical realization of CNNs p erfect symmetry of the in terconnec-

tions is unattainable, due to tolerances and aging of electronic fabrication. In-

deed, it has b een sho wn that there ma y exist bifurcations in nearly-symmetric

comp etitiv e CNNs, whic h lead to the existence of stable limit cycles or ev en

more complex attractors, th us causing the loss of complete stabilit y . The ef-

fect of the nonlinear activ ation gain on the margin of robustness of complete

stabilit y has b een in v estigated, sho wing that, in some circumstances, high-gain

nonlinearities ma y adv ersely a�ect the robustness margin of con v ergence. The

main con tribution is the pro of that the aforemen tioned bifurcations, leading to

large-size complex attractors, can b e found also in CNNs ha ving small relativ e

errors with resp ect to the nominal symmetric in terconnections. This has b een

done using a v arian t of a tec hnique prop osed b y Smale to em b ed a generic dy-

namical system within a comp etitiv e dynamical system of larger order. A class

of large size, sparsely in terconnected CNNs has b een in v estigated. Though this

class is a�ected b y a structured p erturbation preserving the nominal in tercon-

necting structure, it has b een sho wn that ev en in this case complete stabilit y is

not necessarily robust. Indeed, there are small size p erturbations that lead to

a global bifurcation, causing all the stable equilibrium p oin ts to disapp ear, and

the loss of the con v ergence prop ert y .
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F uture W ork

F uture w ork will deal with further in v estigations on the lo cal bifurcations whic h

ma y b e presen t close to nominal symmetric neural net w orks, as for example

Neimark-Sac k er bifurcations. More generally the researc h will b e dev oted to the

iden ti�cation of sets of almost-symmetric in terconnection matrices that lead to

neural net w orks exhibiting p erio dic solutions, toroidal solutions or ev en more

complex b eha viors (PRIN 2009 prop osal).

Researc hers

Mauro Di Marco (DI I), Mauro F orti (DI I), Massimo Grazzini (DI I), Luca P an-

cioni (DI I), Alb erto T esi (Dipartimen to di Sistemi e Informatica, Univ ersitá di

Firenze)

Main Researc h Pro jects

- Progetto P AR 2006: "Algoritmi e sistemi p er la diagnostica medica". Co ordi-

natore Prof. S. Ro cc hi.

Metho ds for tra jectory con v ergence of neural net w orks

Neural net w orks are large-scale nonlinear dynamical systems whose dynamical

b eha vior can displa y sustained oscillations and c haotic dynamics. In sev eral

applications, suc h as asso ciativ e memories and the solution of com binatorial

optimization problems, it is needed that the neural net w ork tra jectories b e con-

v ergen t to w ard equilibrium p oin ts. This line of researc h is dev oted to the de-

v elopmen t of new metho ds for studying con v ergence of neural net w orks with

symmetric (recipro cal) and non-symmetric (non-recipro cal) neuron in tercon-

nections. One main ac hiev emen t is related to a new tec hnique based on the

Lo jasiewicz inequalit y for addressing con v ergence of symmetric neural net w orks

in the case of piecewise analytic neuron activ ations and (p ossibly) non-isolated

equilibrium p oin ts. The tec hnique p ermits to o v ercome fundamen tal di�cul-

ties encoun tered when using a Ly apuno v approac h based on LaSalle in v ariance

principle. A second topic concerns a metho dology for understanding the global

decision sc heme that can b e asso ciated with a comp etitiv e neural net w ork. Un-

der the h yp othesis of a globally consisten t decision sc heme, it is p ossible to

pro v e that eac h tra jectory is forced to undergo a �nite series of lo cal decision

that lead to a �nal global decision. This corresp onds to the fact that the net-

w ork has settled in to an equilibrium p oin t. The tec hnique can b e applied also

when a Ly apuno v function is not a v ailable, as in the case where the neuron

in terconnections are non-symmetric. A metho d has b een also dev elop ed, whic h

p ermits to giv e a sound theoretical foundation to the full-range mo del of cel-

lular neural net w orks. These net w orks, whic h are mo di�cation of the standard

cellular neural net w orks in tro duced b y Ch ua and Y ang in 1988, are particularly

suitable for the implemen tation on electronic c hips since their dynamic range is

con trolled b y means of a hard-comparator nonlinearit y . The main result is that

a full-range net w ork is equiv alen t to a class of di�eren tial inclusions termed dif-

feren tial v ariational inequalities. This p ermits to rigorously de�ne the concept
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of a solution to the net w ork, and establish fundamen tal results on the existence,

con tin uabilit y , uniqueness, and con v ergence to w ards equilibrium p oin ts of the

solutions. Recen t w ork has b een dev oted to dev elop a generalized Ly apuno v

approac h for addressing tra jectory con v ergence of a large class of di�eren tial

v ariational inequalities that describ e the dynamics of a nonlinear system ev olv-

ing in a close con v ex subset of the state space. The metho d is based on a

generalized notion of set-v alued deriv ativ e for ev aluating the ev olution along

the solutions of a non-smo oth Ly apuno v function, and a generalized v ersion of

LaSalle in v ariance principle for studying the limiting b eha vior of the solutions

of the considered class of di�eren tial inclusions.

F uture W ork

F uture w ork will b e dev oted to b etter understand the relationships b et w een the

con v ergence prop erties of the standard mo del and the full-range mo del of CNNs.

The goal is to disco v er class of di�eren tial inclusions enabling to yield a uni�ed

treatmen t of stabilit y and tra jectory con v ergence for these t w o di�eren t mo dels

(PRIN 2009 prop osal).

Researc hers

Mauro Di Marco (DI I), Mauro F orti (DI I), Massimo Grazzini (DI I), Luca P an-

cioni (DI I), P aolo Nistri (DI I)

Main Researc h Pro jects

- Progetto P AR 2006: "Algoritmi e sistemi p er la diagnostica medica". Co ordi-

natore Prof. S. Ro cc hi.
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ELECTR ONICS AND ELECTR ONICS MEASURE-

MENTS

The Electronics, Electronic Measuremen ts area holds skills and HW-SW instru-

men tation for the dev elopmen t of metho dologies and applications that mainly

enclose four researc h topics:

� Analysis and dev elopmen t of systems based on c hemical sensors

� Optimized design of digital in tegrated circuits

� Analysis and design of electronic circuits based on nonlinear dynamical

systems

� Mo delling and design of DP A-secure cryptographic circuits

P articipan ts to the Researc h

F ul l Pr ofessors : San tina Ro cc hi

Asso ciate Pr ofessors : Massimo Alioto, A da F ort, V alerio Vignoli

Assistant Pr ofessors : Marco Mugnaini

R ese ar ch Asso ciates : T ommaso A ddabb o, Massimo P oli

PhD Students : F rancesco Chia v aioli, Cristian Lotti, Irene P asquini

Researc h T opics

Analysis and dev elopmen t of systems based on c hemical

sensors

The researc h activit y concerns the study and dev elopmen t of di�eren t c hemical

sensors, and c hemical sensor based measuremen t systems. In this con text a

large amoun t of researc h w ork is dev oted to the c haracterization and mo deling

of Metal Oxide (MO X) sensors and of no v el electro c hemical na�on-based sensors

in collab oration with the Univ ersit y of P erugia. Another �eld of in v estigation

concerns the use of sensors based on Quartz Chemical Microbalances (QCM).

In the past y ears, a non con v en tional measuremen t system w as dev elop ed for

c hemical sp ecies classi�cation, whic h exploits the dynamic resp onse of QCMs.

F or suc h system new nanostructured materials lik e PbS and CdS w ere dev elop ed

in collab oration with the Univ ersit y of Florence and tested as p oten tial sensing

la y ers to detect small concen tration of NOx (ppm order). P olymeric (PEDOT)

�lms w ere dev elop ed as w ell and gro wn on A T-cut crystal surfaces to b e tested

as sensors for NOx and CO. The exp erience gained during the last y ears in this

researc h �eld, brough t the LEEME lab oratory to dev elop sensor-based systems

with a high degree of �exibilit y , accuracy and measuremen t sp eed.
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F uture W ork

The Europ ean researc h Council (ER C) pro ject on adv anced nanostructured

sensor design and mo delling titled �Dev elopmen t and Characterization of gas

sensors for E-Detection with enhanced repro ducibilit y b y ECALE tec hniques

(SEED)� has b een prop osed. In addition the unit presen ted a prop osal also

within the FIRB framew ork with the title: �Dev elopmen t and c haracterization

of c hemical nanostructured sensors with high repro ducibilit y degree for en vi-

ronmen tal monitoring�. Exp ectations of researc h come also from the study of

adv anced tec hniques of p o w er grid monitoring in order to measure the in terac-

tion of photo v oltaic generation islands with the main energy supplier devices.

Researc hers

A. F ort, C. Lotti, M. Mugnaini, I. P asquini, S. Ro cc hi, V. Vignoli.

R. Spinicci (Univ ersit y of Florence), M.L. F oresti (Univ ersit y of Florence),

F. Loglio (Univ ersit y of Florence).

A. Depari (Univ ersit y of Brescia), G. F aglia (Univ ersit y of Brescia), A. Flammini

(Univ ersit y of Brescia), A. P onzoni (Univ ersit y of Brescia), E. Sisinni (Univ ersit y

of Brescia).

R. P alom bari (Univ ersit y of P erugia).

Main Researc h Pro jects

Astrid Compan y Researc h Con tract

In ternal Univ ersit y Pro ject 2006

F ondazione MPS (G.A.) 2007

Optimized design of digital in tegrated circuits

This researc h activit y is fo cused on the dev elopmen t of optimized design strate-

gies at the transistor lev el of abstraction targeting circuits with a high sp eed,

and/or lo w p o w er consumption. In particular, FinFET logic circuits w ere com-

parativ ely ev aluated in the con text of lo w-p o w er lo w-leak age applications in

ultra-scaled CMOS tec hnologies. Three-terminal and four-terminal devices w ere

compared in terms of their abilit y to reduce leak age for a giv en sp eed require-

men t. A mixed 3T-4T design strategy w as also prop osed to k eep the lo w-leak age

feature of 3T FinFET s and the abilit y of 4T to adaptiv ely tune the leak age-dela y

tradeo�. A systematic p o w er-a w are design strategy for Curren t-Mo de tap ered

bu�ers w as dev elop ed. Simple and accurate RLC mo dels of in terconnects w ere

also dev elop ed to estimate the impact of wires on the p o w er consumption of

digital in tegrated circuits. Criteria to prop erly select the order of R C mo dels

to b e adopted in the sim ulation of complex digital circuits w ere also elab orated

to ac hiev e adequate accuracy with a dramatically reduced computational e�ort.

Dela y and p o w er v ariabilit y of CMOS logic circuits w as analyzed and mo deled.

These mo dels are simple and w ell suited for design, as w ell as to understand

the basic dep endence of v ariabilit y on the circuit top ology and transistor siz-

ing. Ultra-lo w p o w er subthreshold MOS Curren t-Mo de logic (MCML) circuits
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w ere dealt with from a design p oin t of view. In particular, a simple strategy

to impro v e the p o w er e�ciency of these circuits for a wide range of p o w er re-

quiremen ts w as prop osed. E�ectiv e b o dy biasing strategies to enable ultra-lo w

v oltage op eration of MCML circuits w ere also prop osed. No v el �gures of merit

to ev aluate the energy e�ciency of CMOS logic circuits w ere prop osed that are

based on the logical e�ort metho dology . Finally , design criteria to size the grid

in the place&route phase of the design �o w w ere prop osed in [16] for di�eren tial

logic st yles to ac hiev e a b etter energy e�ciency (40%), p erformance (20%) and

area (15%).

F uture w ork

The design of FinFET standard cell libraries will b e further in v estigated, with

referral to the comp osition of the library and the adoption of mixed 3T-4T cells.

The analysis will b e extended to other promising device arc hitectures (including

bulk Ge transistors). Design and selection strategies for �ip-�op in high-sp eed

lo w-p o w er circuits will also b e dev elop ed b y in tegrating analytical criteria in to

a standard CAD en vironmen t. These activities are exp ected to b e funded b y

the MIUR FIRB pro ject �Inno v ativ e VLSI design metho dologies for energy-

e�cien t m ulti-GHz clo c k domains in con v en tional and emerging nano-CMOS

tec hnologies�. A daptiv e tec hniques to comp ensate pro cess/v oltage/temp erature

v ariations will b e dev elop ed for ultra-lo w p o w er MCML circuits. An inno v ativ e

coarse-grain approac h for highly �exible high-sp eed lo w-p o w er/leak age will also

b e in v estigated in the con text of p ortable m ultimedia in tegrated systems. Ex-

p ected funding for these activities will b e pro vided b y MIUR PRIN pro ject

�LP-RAMA: arc hitetture ricon�gurabili lo w-p o w er p er applicazioni m ultimedi-

ali� and the Europ ean pro ject �Yield Maximization for Nanotec hnology Pro-

cesses�.

Researc hers

M. Alioto, S. Ro cc hi, V. Vignoli, M. P oli.

Soma y eh Timarc hi (visiting Ph.D. studen t - Shahid Behesh ti Univ ersit y of Iran),

Luca Selmi (Univ ersit y of Udine), Da vid Esseni (Univ ersit y of Udine), Gaetano

P alum b o (Univ ersit y of Catania), Y usuf Leblebici (EPF Lausanne).

Main Researc h Pro jects

National researc h pro ject PRIN 2006-08

Analysis and design of electronic circuits based on nonlin-

ear dynamical systems

This researc h activit y is fo cused on the design of nonlinear circuits and systems

for the generation of sto c hastic signals with predetermined statistical c haracter-

istics, with a sp ecial reference to the design of T rue Random Num b er Generators

(TRNGs) and Pseudo Random Num b er Generators (PRNGs). The goal is the

dev elopmen t of a cell library for the de�nition of cryptographic cores in in-

tegrated circuits. As far as the TRNGs are concerned, discrete-time c haotic
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circuits ha v e b een in v estigated. In particular, a no v el feedbac k con trol strat-

egy that allo ws for reducing the TRNG statistical c haracteristics deterioration

caused b y the circuit parameter v ariabilit y has b een prop osed. The approac h

is based on a feedbac k lo op whic h exploits the estimation of the c haotic system

parameters directly from the output bit stream. Concerning the PRNGs, the

e�cien t implemen tation of discrete-c haotic maps ha v e b een prop osed, with a

particular reference to the digitized Rï¿½yi map and the digitized T en t map.

In this researc h activit y the digitization strategy used for the de�nition of the

discrete-c haotic maps has b een studied theoretically , whereas the e�ciency of

the digital designs is in tended in terms of c hip area o ccupation, p o w er consump-

tion and sp eed. The p erformances ha v e b een compared with those of traditional

solutions, suc h as the Linear F eedbac k Shift Registers (LFSRs) and the Linear

Congruen tial Generator (LCGs). The comparison sho ws that the considered

discrete-c haotic maps can exhibit v ery go o d statistical prop erties, whereas in-

v olving a circuit complexit y whic h is comparable to that one of LFSRs, whic h

are w ell kno wn to represen t a lo w er b ound in terms of gate coun t.

F uture w ork

As far as TRNGs are concerned, the future prosp ects of researc h include the

in v estigation of no v el robust arc hitectures exploiting the unpredictable dynamic

of certain con tin uous-time nonlinear dynamical systems. The robustness of the

implemen tation is in tended with resp ect to the deteriorating e�ects of the circuit

parameter v ariabilit y on the statistical c haracteristics of the resulting TRNG.

Concerning the discrete-c haotic PRNGs the future prosp ects of researc h include

the in v estigation of e�cien t implemen tations of discrete-c haotic maps with v ery

high digitization accuracy . PRIN 2008:

Researc hers

T. A ddabb o, M. Alioto, A.F ort, S. Ro cc hi, V. Vignoli

D. De Caro (Univ ersitï¿½F ederico I I , Nap oli),N. P etra (Univ ersitï¿½F ederico I I,

Nap oli), A. Strollo (Univ ersitï¿½F ederico I I, Nap oli)

Mo delling and design of DP A�secure cryptographic circuits

The P o w er Analysis (P A) attac ks are p o w erful to ols that allo w cryptanalysts to

extract secret k eys and compromise the securit y of smart cards and micropro ces-

sor based cryptographic circuits b y analyzing their p o w er consumption. Usually ,

the P A attac ks cannot b e detected b y a device, since they are non-in v asiv e and

the attac k er passiv ely monitors the device p o w er consumption. As a result, an y

kind of built-in "attac k detectors" is ine�ectiv e. Hence, it is necessary to design

cryptosystems in whic h the p o w er v ariations do not rev eal information usable

b y adv ersaries. T o this aim, this researc h activit y w as �rstly fo cused on the

dev elopmen t of new analytical mo dels that are able to giv e a deep kno wledge on

the ph ysical mec hanisms in v olv ed in the more p o w erful P A attac ks: the Di�er-

en tial P o w er Analysis (DP A) and Correlation P o w er Analysis (CP A). Then, the

rigorous analytical mo dels that w ere obtained in the �rst researc h phase ha v e

b een exploited to design e�ectiv e tec hniques able to protect VLSI cryptographic
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circuits against DP A and CP A attac ks. T o b e more sp eci�c, three tec hniques

aiming at reducing the p o w er consumption v ariations ha v e b een dev elop ed. The

�rst tec hnique, called Bus-In v ert Co ding is a w ell-kno wn lo w-p o w er tec hnique

that is commonly used to reduce a bus p o w er activit y . Ho w ev er, in our researc h

activit y w e demonstrated that this tec hnique can b e usefully used to coun teract

DP A and CP A attac ks. The second tec hnique, named Balance Lines, is based

on the addition of the so called Balance Lines that can b e prop erly con trolled

to minimize the p o w er consumption v ariations. The third tec hnique, the Mixed

Approac h, w as dev elop ed b y mixing the t w o previously dev elop ed approac hes.

The last one is the most promising tec hnique since it is able to n ullify the p o w er

consumption v ariations (i.e., w e can obtain a circuit p erfectly imm une to DP A

and CP A attac ks) at the cost of 50% greater area that is an acceptable trade-o�

compared to other tec hnique used to protect circuits to DP A and CP A attac ks.

F uture w ork

The kno wledge gained during this researc h activit y has b een used to dev elop a

no v el p o w er analysis attac k based on the leak age curren t, this attac k w as named

Leak age P o w er Analysis (LP A). F urther in v estigation is required to ev aluate the

e�ectiv eness of this new attac k and to dev elop prop er coun termeasures. The

exp ected funding for this researc h activit y is the Europ ean pro ject "SCARD2".

Researc hers

M. Alioto, S. Ro cc hi, V. Vignoli, M. P oli

L. Giancane (Univ ersit y of Rome -La Sapienza), G. Scotti (Univ ersit y of Rome

-La Sapienza), A. T ri�letti (Univ ersit y of Rome -La Sapienza).
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MA THEMA TICAL ANAL YSIS

The Mathematical Analysis Group carries out researc h on a wide range of prob-

lems in the area of ordinary and partial di�eren tial equations, dynamical systems

and the analytic asp ects of con v exit y with particular emphasis on their role in

the applications. Man y of the problems concerning di�eren tial equations and

dynamical systems p ertain to the existence and the qualitativ e prop erties of so-

lutions of autonomous and non-autonomous di�eren tial equations. T o deal with

these problems suc h equations are studied using to ols of nonlinear functional

analysis suc h as �xed p oin t and top ological degree theory as w ell as the theory

of ordinary and partial di�eren tial equations. P articular classes of dynamical

systems with structural and input discon tin uities are mo delled b y di�eren tial in-

clusions, they are studied b y means of to ols of the m ulti-v alued and non-smo oth

analysis.

Inequalities of isop erimetric t yp e are also studied and applied to describ e geo-

metric prop erties of solutions of PDE's, in the framew ork of the Brunn-Mink o wski

theory for con v ex b o dies. Metho ds and results from that theory are emplo y ed

for solving problems in geometric tomograph y .

Some sp eci�c themes that ha v e b een tak en up b y the Mathematical Analysis

Group in the last few y ears and whic h are still under activ e study are the

follo wing.

1. Oscillations in p erturb ed dynamical systems.

2. Dynamical analysis of Cellular Neural Net w orks.

3. Stabilit y and con trol of systems go v erned b y ev olution equations.

4. Analytic asp ects of con v exit y: theory and applications.
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P articipan ts to the Researc h.

F ull Professors: Stefano Campi, P aolo Nistri.

Asso ciate Professors: Alessandra Andreini.

Assistan t Professors: Duccio P apini.

Researc h Asso ciate: Genni F ragnelli.

Researc h T opics

P erio dic bifurcation in in tegrable dynamical systems

The problem of the bifurcation of p erio dic solutions from a limit cycle of an au-

tonomous in tegrable system, when it is p erturb ed b y a p erio dic term of the same

p erio d of the limit cycle and of small amplitude, has b een studied since longtime

b y man y authors. The pioneers b eing Loud and Malkin. In particular, Malkin

b y means of a suitably de�ned bifurcation function, [1], has form ulated su�-

cien t conditions for the existence of connected comp onen ts of p erio dic solutions

bifurcating from the limit cycle. Suc h conditions are expressed in terms of the

existence of non degenerate zeros of the bifurcation function. F elmer e Maná-

sevic h in [2] ha v e replaced the assumption on the existence of non degenerate

zeros of the bifurcation function with the assumption that its top ological degree

is di�eren t from zero. Starting from [2] man y pap ers ha v e b een dev oted to the

use of the top ological degree to establish the existence of connected comp onen ts

of p erio dic solutions in p erturb ed in tegrable systems, among others those re-

lated to the scien ti�c activit y at the DI I are: [3], [4], [5], [60], [61], [62], [63] .

F urthermore, the study of the qualitativ e b eha vior of suc h oscillations when the

p erturbation disapp ears is also an in teresting problem related to the con tin uous

dep endence on the p erturbations, [64], [65].

The emplo y of top ological metho ds in dealing with the ab o v e-men tioned

problems has the adv an tage that it allo ws m uc h less regularit y on the in v olv ed

functions than the usual v ariational approac h used in the literature. This is of

particular relev ance, since in man y mathematical mo dels of ph ysical and me-

c hanical systems the p erturbations are not necessarily smo oth (neither con tin u-

ous), see [6], [66], [7], and the related results are heuristic and based on n umerical

sim ulations. This fact leads also to consider mo dels represen ted b y di�eren tial

inclusions, [8], [9], and to use metho ds of the non-smo oth analysis [10].

F uture W ork

W e mainly in tend to dev elop our researc h activit y on the follo wing topics.

I. Existence of global branc hes of p erio dic solutions emanating from a limit

cycle of an autonomous in tegrable system.

W e in tend to pro vide su�cien t conditions, in terms of a suitable de�ned

bifurcation function, for the existence of p erio dic solutions that bifurcate

from a limit cycle of the autonomous system. The qualitativ e b eha vior of
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the connected comp onen ts of suc h solutions will b e also in v estigated. P ar-

ticular in terest will b e dev oted to planar Hamiltonian systems p erturb ed

b y non-smo oth p erio dic nonlinear terms.

Moreo v er, It is of particular in terest the study of the bifurcation when the

zeros of the bifurcation function are degenerate. In this case one is led to

the classical Ly apuno v-Sc hmidt reduction or, as w e prop ose in the near

future researc h, to establish metho ds based on implicit function theorems

without an y reduction of dimension.

I I. Study of the stabilit y of the bifurcating p erio dic solutions.

There are v ery few stabilit y results based on the top ological approac h

outlined b efore. By means of the bifurcation function and the prop erties

of the top ological degree, w e in tend to study the stabilit y of the p erio dic

solutions originating from the limit cycle and the structure of their domain

of attraction.

I I I. Applications to mec hanical systems.

W e in tend to apply the obtained theoretical results to ph ysical systems

with the aim b oth of predicting resonance phenomena and of con trolling

the forced oscillations.

In particular, w e are in terested to non-smo oth mec hanical systems mo d-

eled b y systems of autonomous systems of ordinary di�eren tial equations

p erturb ed b y non-smo oth nonlinear terms of small amplitude.

Researc hers

Prof. P aolo Nistri, Prof. Mikhail Kamenskii (V oronezh State Univ ersit y , V oronezh,

Russia), Prof. V aleri Obukho vskii (V oronezh State Univ ersit y , V oronezh, Rus-

sia), Prof. M. Quincamp oix (Univ ersité de la Bretagne Occiden tale, Brest,

F rance), Prof. Victor Zvy agin (V oronezh State Univ ersit y , V oronezh, Russia),

Dr. Duccio P apini, Dr. Oleg Mak arenk o v (V oronezh State Univ ersit y , V oronezh,

Russia).

Main Researc h Pro jects

Consortium EINSTEIN-Russian F oundation of Basic Researc h

Dynamical Analysis of Neural Net w orks

During the last t w o decades there has b een a widespread in terest in the in-

v estigation of the nonlinear dynamics and signal pro cessing capabilities of fun-

damen tal neural net w ork paradigms suc h as the Hop�eld neural net w orks, the

cellular neural net w orks, the Cohen-Grossb erg neural net w orks and the neural

net w orks for the nonlinear programming, [11], [12], [13], [14].

The information is pro cessed b y these neural net w orks during the transien t

motion to w ard the static or dynamic attractor that is approac hed b y the solu-

tions for large times. In some imp ortan t applications, as the solution of image

pro cessing tasks in real time, a con v ergen t dynamics where eac h solution tends
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to w ard an equilibrium p oin t, is needed, [15], [16]. Ho w ev er, there are other

application �elds where the pro cessing tak es place through a more complicated

dynamics, [17], where the solutions con v erge to w ard p erio dic, almost p erio dic

or ev en more complex (c haotic) attractors.

Therefore, it is of particular relev ance the study of the con v ergence prop er-

ties to the equilibria of the considered neural net w ork. The original Hop�eld

and cellular neural net w ork mo dels w ere describ ed b y a relativ ely simple au-

tonomous system of ordinary di�eren tial equations with smo oth (commonly

Lipsc hitz) neuron activ ations. In [18] w as study the case when the activ ation

functions ha v e jump discon tin uit y sho wing the relev an t prop erties of the cor-

resp onding dynamics, suc h as the con v ergence in �nite time to the equilibria

and the corresp onding prop erties of the outputs. Starting from these results,

b y means of suitable to ols b oth from the non-smo oth and m ulti-v alued analysis,

see [8], [9], [10], sev eral con v ergence results for di�eren t paradigms of neural

net w orks ha v e b een obtained in the framew ork of a common researc h activit y at

the DI I b et w een the group of Mathematical Analysis and the group of Electrical

Engineering: [19], [20], [21], [22], [23], [67], [24], [25].

F uture W ork

The researc h will b e fo cused on the follo wing topics.

I. Neural net w orks with impulsiv e e�ects.

W e plan to study the e�ect that a sequence of impulses at prede�ned times

ma y ha v e on the stabilit y and the asymptotical b eha vior of a dela y ed

neural net w ork whic h otherwise is globally exp onen tially stable. First

w e will try to �nd conditions that still ensure the asymptotical stabilit y

of the impulsiv e net w ork. Secondly the problem arises of singling out a

particular solutions that represen ts the common asymptotical b eha vior of

the solution of the impulsiv e system. W e will analyze di�eren t kinds of

time dep endence of the co e�cien ts of the net w ork: stationary , p erio dic

and almost p erio dic.

I I. Lattice di�eren tial equations.

The dynamics of lattice di�eren tial equations (LDE's) is a v ery recen t

�eld of in terest whose theory has b een mainly dev elop ed since 1987 b y

the pioneering w ork of S.N. Cho w, J. Hale and J. Mallet-P aret, [26], [27],

[28], [29]. LDE's are systems of ordinary di�eren tial equations, generally

of in�nite order, with a discrete structure in space and with time as the

indep enden t v ariable, usually they come from the spatial discretization of

PDE's. Ho w ev er, a general feature of higher dimensional lattice systems

is that the anisotrop y and discrete symmetry of the lattice pla ys a role

in the analysis, in con trast to the corresp onding situation in PDE's. The

main researc h topics for the dynamics of LDE's of di�usiv e t yp e concern:

1. Existence of equilibria and of tra v eling w a v es as hetero clinic tra jecto-

ries.

2. Propagation failure and the e�ects of anisotrop y .

3. Stabilit y and p erturbation of tra v eling w a v es.
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I I I. Reaction-di�usion Cellular Neural Net w orks.

Reaction-di�usion CNN represen t a relativ ely new �eld in the theory of

Neural Net w orks and there are v ery few con tributions in the literature con-

cerning this sub ject, see for instance [30], [31], [25]. W e aim at extending

the dynamical analysis p erformed for CNN mo deled b y systems of ordinary

di�eren tial equations to the con test of reaction-di�usion CNN. In particu-

lar, since a distributed system in teracts with the en vironmen t through the

b oundary of the region o ccupied b y the neurons of the net w ork, w e in tend

to study mo dels of reaction-di�usion equations with dynamical conditions

on the b oundary . More precisely , w e will consider b oundary conditions

con taining deriv ativ es with resp ect to the time of the unkno wn functions.

F urthermore, in view of p ossible applications to biological and ph ysical

problems, dela y ed and non-lo cal terms will b e included in the considered

mo dels.

Researc hers:

Prof. W alter Allegretto (Univ ersit y of Alb erta, Edmon ton, Canada), Prof.

Mauro F orti, Prof. P aolo Nistri, Dr. Mauro Di Marco, Dr. Duccio P apini,

Dr. Luca P ancioni, Ing. Massimo Grazzini.

Main Researc h Pro jects:

PRIN �Con trol, Optimization and Stabilit y of Nonlinear Systems: Geometric

and Analytic Metho ds�

Analysis and con trol of ev olution equations

Ev olution equations are used in mo deling man y ph ysical and natural pro cesses.

The Lotk a-V olterra system of t w o ordinary di�eren tial equations is a classical

example of a concen trated mo del for t w o p opulations that in teract as predator

and prey , resp ectiv ely . On the other hand, when distributed mo dels are used

and the spatial features of the studied systems are also tak en in to accoun t,

one is usually led to w ork with ev olutionary partial di�eren tial equations. F or

example, the ev olution of biological sp ecies whic h liv e in a giv en territory and

a v oid cro wding can b e mo deled b y degenerate parab olic equations quite similar

to the p orous media equation ut = � um + f (t; u) ( [32], [33], [34]). Di�erence

and di�eren tial mo dels are also used in other disciplines lik e econometrics: a

signi�cativ e example is the pap er [35] in whic h the relativ e v ariation of the price

of a commo dit y is expressed as a function of demand and supply whic h, in turn,

dep end on the past history of the price, th us obtaining a dela y ed di�eren tial

equation.

F rom our p oin t of view, the main in terest in ev olution equations is t w ofold.

On one hand it lies in analyzing the qualitativ e b eha vior of their solutions: this

means, for instance, pro ving the existence of solutions with some sp eci�c and

someho w desirable feature (t ypically , p erio dic solutions) and in v estigating their

stabilit y or, more generally , it ma y consists in c haracterizing the attractors of



42 MA THEMA TICAL ANAL YSIS

the dynamics and outlining p ossible complex b eha vior of some solutions. On the

other hand, one is in terested in sho wing ho w go o d solutions can b e con trolled

b y pla ying with the co e�cien ts and the other data de�ning the mo dels.

The results already obtained b y the mem b ers of the researc h group are pub-

lished in the pap ers listed here: [36]� [68] ab out the con trollabilit y of degenerate

parab olic equations; [69] where the w ell p osedness of a dela y ed parab olic equa-

tion is studied; [70], [71] on the stabilit y of a w a v e equation; [41]� [73] ab out

p erio dic p ositiv e solutions of systems of nonlinear parab olic equations (degen-

erate or not).

F uture W ork

I. Null con trollabilit y of degenerate partial di�eren tial equations.

The n ull con trollabilit y results obtained so far are related to degener-

ate parab olic equations in div ergence and in non-div ergence form with

Diric hlet conditions. W e plan to extend the previous results to degenerate

parab olic equations with Neumann b oundary conditions. Moreo v er w e are

in terested in studying n ull con trollabilit y prop erties for degenerate equa-

tions when the degeneracy o ccurs at an in terior p oin t of the space domain

or when the con trol is lo calized at the b oundary .

I I. Asymptotic stabilit y for solutions of partial di�eren tial equations.

Our aim is to extend the already obtained stabilit y results to other classes

of nonlinear damp ed ev olution equations, under di�eren t assumptions on

the damping. The main to ols w e will emplo y are v ariational tec hniques and

sharp inequalities obtained from qualitativ e prop erties of the solutions,

indep enden tly of their existence: indeed, a v ery hard problem is to sho w

global existence results under our general assumptions.

I I I. Co existence and optimal con trol of p ositiv e p erio dic solutions to systems

of degenerate parab olic equations.

W e plan to con tin ue the study , started in [73], of the con trolled systems

of degenerate parab olic equations with dela y ed nonlo cal terms whic h are

p ossible mo dels of p opulation dynamics, in particular w e are in terested

in predator-prey mo dels. The con trol action will b e also mo deled b y im-

pulsiv e harv esting terms. Our �rst aim is to pro vide conditions on the

parameters of the system, (suc h as the gro wth rates and the harv esting

terms) in order to obtain the p erio dic co existence of the sp ecies, that is,

the existence of nonnegativ e and non trivial p erio dic solutions. Secondly ,

using the parameters of the system as con trols, w e consider a cost func-

tional to b e minimized. W e are in terested in parab olic equations with

single degeneracy (lik e the p orous media equation) and double degener-

acy (lik e the non-Newtonian p olytropic �ltration equation). The double

degeneracy is a consequence of the fact that the biological sp ecies ha v e

also an an ysotropic di�usiv e b eha vior. The emplo y ed metho ds to sho w

the existence of solutions will b e of geometrical and top ological nature,

suc h as bifurcation theory and top ological degree theory . The asso ciated

optimization problems will b e tac kled b y the direct metho ds of the calculus

of v ariations and m ulti-v alued analysis.
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IV. Deterministic mo dels for price �uctuations of liv esto c k and commo dities.

W e are in terested in designing and studying general dynamical systems

that are able to explain cycles as w ell as complex b eha vior of prices of

liv esto c k and commo dities. The starting p oin t is the ab o v e men tioned

price equation of Bélair and Mac k ey [35] paired with an equation that

mo dels the supply strategy of pro ducers and the dela y t ypically o ccurring

in liv esto c k managemen t b et w een the selection of a pro duction strategy

and the actual a v ailabilit y of the supply . A mo del b y Y o ccoz and Birk eland

that is studied in [42] will pro vide the basis for the second equation.

Researc hers

F.Alabau-Boussouira (Univ ersité de Metz, F rance), Prof. W alter Allegretto

(Univ ersit y of Alb erta, Edmon ton, Canada), Prof P . Cannarsa (Univ ersità di

Roma �T or V ergata�), Prof. Stefano Marmi (Scuola Normale Sup eriore, Pisa),

Prof. P aolo Nistri, Prof. J. V ancostenoble (Univ ersité P aul Sabatier T oulouse

I I I, F rance), Prof.ssa Alessandra Andreini, Dr. Dimitri Mugnai (Univ ersità degli

Studi di P erugia), Dr. Duccio P apini, Dr.ssa Genni F ragnelli, Dr D. Ro cc hetti

(Univ ersità di Roma �T or V ergata�).

Main Researc h Pro jects

PRIN �Con trol, Optimization and Stabilit y of Nonlinear Systems: Geometric

and Analytic Metho ds�

Con v exit y

Con v ex geometry is related to a ric h collection of theories, ranging from dif-

feren tial geometry , to n umerical analysis, harmonic analysis and calculus of

v ariations. Suc h a �exibilit y is witnessed e.g. b y the b o ok [55], where sev eral

articles are collected dealing with di�eren t asp ects of con v exit y . The researc h

in con v ex geometry is ro oted in the so-called Brunn-Mink o wski theory , whic h

considers geometric functionals of n-dimensional con v ex sets. The cornerstone

of this theory can b e found in the Brunn-Mink o wski inequalit y , asserting that

the n � th ro ot of the n-dimensional v olume is a conca v e functional in the

class of con v ex subsets of the n-dimensional Euclidean space equipp ed with the

Mink o wski sum. Reference monographs on this theory are [43] and [59]; imp or-

tan t consequences are also describ ed in the surv ey pap er [54]. A fundamen tal

result in the Brunn-Mink o wski theory is the Steiner form ula, in v olving the so

called quermassin tegrals, or in trinsic v olumes. They include v olume, surface

area, mean width and other quan tities dep ending on the main curv atures of the

con v ex b o dy .

Mo ving from these basis, sev eral con tributions dev elop ed the theory up to

include topics lik e di�eren tial features of con v ex surfaces, geometric prop erties

of solutions of PDE's, in tegral transforms and symmetrizations pro cesses. In

the last decades new impulses to researc hes in con v ex geometry came from

applications, lik e those related to geometric tomograph y (see the b o ok [53]).

A recen t dev elopmen t of the Brunn-Mink o wski theory is the L p
v ersion of
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the theory itself. Suc h a new trend w as op ened in the early nineties b y E.Lut w ak

[56]. The underlying idea is that the parameter p can b e used to deriv e analytic

coun terparts of geometric inequalities (as in the case of the Sob olev inequalit y),

to pro vide a new p oin t of view for classical problems (corresp onding to p = 1 ),

and to link the cases p = 1 and p = 1 , ha ving a gen uinely geometric c haracter.

F uture W ork

I. V ariational problems for con v ex b o dies and geometric inequalities.

In recen t y ears, S. Campi, together with A. Colesan ti and P . Gronc hi

of the Univ ersit y of Florence, (see [46], [47], [48], [49], [50], [51], [52])

ha v e dev elop ed a metho d in the study of geometric inequalities for con v ex

b o dies relying on a result of Rogers e Shephard [58], and consisting on

con tin uous mo v emen ts of con v ex b o dies enjo ying sp ecial prop erties. Suc h

a metho d w as applied to obtain some results for the Mahler conjecture.

The Mahler functional is de�ned as the minim um, among all p ositions,

of the pro duct of the v olume of a con v ex b o dy and the v olume of its

p olar b o dy . The Mahler conjecture asserts that the minim um of this

functional should b e attained at simplexes. The conjecture is still op en

and it is one of the ob jects of the future researc h. Inequalities in v olving

the v olumes of the p-cen troid sets asso ciated with con v ex b o dies will also

b e in v estigated. Sp ecial instances of these sets are the classical cen troid

corresp onding to the case when p=1, and Legendre's ellipsoid reco v ered

for p=2. The L p
v ersion of the Busemann-P ett y inequalit y asserts that the

v olume of a con v ex b o dy is greater than or equal to that of its p-cen troid

set, as sho wn in [57] and [47]. P ett y conjectured a rev erse inequalit y , for

p=1, with equalit y only in case of simplexes. Suc h a conjecture has b een

pro v ed for ev ery p in. The tec hnique of con tin uous mo v emen ts, exploited

in the t w o-dimensional case [48], will b e further re�ned in the attempt

of con�rming P ett y's conjecture in higher dimension as w ell. The plan

of future w ork includes also the study of classical v ariational problems of

Bonnesen t yp e, lik e the one considered in [74] .

I I. Geometric tomograph y for con v ex b o dies.

A classical problem in con v exit y amoun ts to reco v ering an n-dimensional

con v ex b o dy from the (n-1)-dimensional measures of its pro jections. Con-

tributions in the past to this problem w ere giv en in [44]. Estimating the

v olume or other quan tities of an unkno wn con v ex b o dy in terms of mea-

suremen ts of �nitely man y pro jections is of a certain in terest in geometric

tomograph y . T ypically , one lo oks for upp er and lo w er v olume estimates

in terms of (n-1)-dimensional measures of a �nite n um b er of pro jections.

This problem w as solv ed in [45]. Other results for problems of this kind are

in [75]. The future researc h will deal with the more general case when the

in trinsic v olume of order r of a con v ex b o dy is estimated via the in trinsic

v olumes of order s of its pro jections along a �nite n um b er of directions,

with s not exceeding r. A second related class of problems to b e analyzed

concerns estimates for in trinsic v olumes of a con v ex b o dy from in trinsic

v olumes of �nitely man y cen tral sections of the b o dy .
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SYSTEMS AND CONTR OL

The researc h activities of the Systems and Con trol area mainly concern the

dev elopmen t of metho dologies and applications on: Iden ti�cation and Robust

Con trol of Uncertain Systems, Mobile Rob otics, Vision-based rob otics, Hybrid

Systems and Optimization-based Con trol, Complex Systems and En vironmen-

tal Mo delling, Haptics, Virtual Realit y and Medical Applications, Automotiv e

Con trol, Remote Con trol for Distance Learning.

P articipan ts to the Researc h.

F ul l Pr ofessors : Andrea Garulli, An tonio Vicino

Asso ciate Pr ofessors : Alb erto Bemp orad, Domenico Prattic hizzo

Assistant Pr ofessors : Gianni Bianc hini, Marco Casini, An tonello Giannitrapani,

Chiara Mo cenni, Simone P aoletti

R ese ar ch Asso ciates : Marta Capiluppi, Angelo F acc hini, Alessandro F ormaglio,

F abio Morbidi

PhD Students : Daniele Bernardini, Marco F ei, Rudy Manganelli, Al�o Masi,

Sara Mulatto, Marcello Orlandesi, Giulio Ripaccioli, Stefano Sc heggi, Emiliano

Sparacino

Researc h T opics

Iden ti�cation and Robust Con trol of Uncertain Systems

Within this broad area of researc h, sev eral topics ha v e b een in v estigated and a

n um b er of no v el metho ds and tec hniques ha v e b een dev elop ed. A summary of

recen t results ac hiev ed b y the researc h group along t w o main lines of researc h

is rep orted b elo w.

Con trol-orien ted iden ti�cation.

Piecewise a�ne system iden ti�cation has attracted increasing atten tion in the

con trol comm unit y during the last decade. Although the a v ailable tec hniques

already pro vide a set of e�ectiv e iden ti�cation to ols, man y problems are only

partially solv ed or still remain to b e faced. One of these concerns ho w prior

kno wledge (e.g., ab out the in ternal structure of the system) can b e exploited

within the iden ti�cation pro cedure to enhance the iden ti�cation results. In [70,

73], iden ti�cation of systems in linear fractional represen tation, comp osed b y the

feedbac k in terconnection of a linear dynamic system and a static nonlinearit y ,

has b een addressed.

Most algorithms for the iden ti�cation of piecewise a�ne systems presen ted

in the literature pro vide input-output mo dels, while con trol is t ypically carried

out in the state space. It is therefore apparen t that the dev elopmen t of a com-

plete realization theory for the class of switc hing and piecewise a�ne mo dels

is advisable. The realization problem for switc hing and piecewise a�ne input-

output mo dels has b een studied in [71] and [72], where necessary and su�cien t

conditions for the existence of equiv alen t input-output represen tations of a giv en
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switc hing or piecewise a�ne state space mo del ha v e b een deriv ed.

The problem of optimal input design for the iden ti�cation of systems equipp ed

with quan tized sensors has b een addressed in [33]. A w orst-case analysis has

b een p erformed, and an upp er b ound on the time complexit y has b een deriv ed.

Moreo v er, a pro cedure for the design of sub optimal inputs for the iden ti�cation

of FIR mo dels of arbitrary order, has b een prop osed. In [34], the previous prob-

lem is analyzed under the h yp othesis of uniformly quan tized measuremen ts. In

this case, the optimal input can b e computed in a m uc h simpler w a y , with a

great reduction of the computational burden, whic h do es not dep end an ymore

on the n um b er of thresholds.

The problem of �nding the smallest uncertain t y mo del (in the l1 -norm) con-

taining a �nite set of giv en mo dels, has b een tac kled in [32]. The problem is

p osed as a conditional Cheb yshev cen ter problem, and a computationally e�-

cien t algorithm has b een prop osed. Suc h an algorithm is guaran teed to con v erge

to the solution in a �nite n um b er of steps, and is suitable for high dimensional

problems.

Optimization tec hniques for robust con trol of uncertain systems.

It is w ell kno wn since long time that a large v ariet y of con trol problems can b e

form ulated as optimization problems. A main issue regards con v exit y . While

from a mathematical viewp oin t there has b een a large amoun t of w ork in the di-

rections of �con v exifying� noncon v ex problems and studying structural features

of con v ex problems, considerable adv ances on tec hniques for recognizing con-

v exit y and on algorithms for solving con v ex problems ha v e b een made mainly

in the last 15 y ears. Man y problems in robust con trol, iden ti�cation and nonlin-

ear con trol ha v e b een recognized or reform ulated as con v ex problems; moreo v er,

con v ex optimization rev eals as a p o w erful to ol for b ounding e�ectiv ely the op-

timal solution of noncon v ex problems. Recen tly , it has b een recognized that

su�cien t conditions for p ositivit y of p olynomial forms can b e tested e�ectiv ely

through LMIs (Sum of Squares tec hniques). The related optimization prob-

lems, called Semide�nite Programming Problems (SDPs), are a sp ecial class of

con v ex optimization problems enjo ying a n um b er of app ealing prop erties, e.g.

solv abilit y in p olynomial time. Hence, a n um b er of relaxations of the original

problem can b e generated in the form of SDPs, whic h, at least for practical

purp oses, allo w one to �ll the gap b et w een su�ciency and necessit y of the p oly-

nomial p ositivit y condition. A surv ey of relaxations whic h are relev an t in circuit

and systems analysis has b een giv en in [54]. Relaxations for sp ecial classes of

noncon v ex problems, suc h as quadratic distance problems, ha v e b een prop osed

in [52, 53]. Robust analysis tec hniques based on con v ex relaxations ha v e b een

successfully applied to clearance of �igh t con trol la ws [51].

In [7], the passivit y prop ert y of piecewise a�ne and piecewise p olynomial

discrete-time systems has b een addressed, and LMI-based tec hniques ha v e b een

prop osed for b oth passivit y analysis and passifying con trol design. In [22],

L 2 stabilit y of piecewise linear autoregressiv e mo dels de�ned b y Hinging Hy-

p erplane functions (HHARX) is in v estigated in an input-output framew ork b y

means of a suitable Linear F ractional Represen tation (LFR) and the use of

In tegral Quadratic Constrain ts (IQC).
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An optimization tec hnique for the generation of optimal tra jectories in cam-

less in ternal com bustion engine v alv e con trol has b een prop osed in [42]. The

use of an EKF-based observ er to tac kle the same problem without full state

observ ation has b een in v estigate in [41].

F uture W ork

F uture activit y will include dev elopmen ts of new metho dologies and tec hniques

for iden ti�cation and robust con trol problems suc h as: grey-b o x iden ti�cation

of piecewise a�ne systems; set-mem b ership iden ti�cation of systems with uni-

formly quan tized measuremen ts; analysis of complex distributed systems; con-

v ex relaxations for robust p erformance of systems with structured uncertain ties;

robust stabilit y of piecewise a�ne systems; robust an ti-windup con trol. Exam-

ples of real-w orld applications that will b e considered as testb eds are: stabilit y

and p erformance of haptic in teraction with virtual en vironmen ts; analysis of

spatio-temp oral dynamics of ecosystems; short term load forecasting in p o w er

systems.

Researc hers

Gianni Bianc hini, Marco Casini, Andrea Garulli, Al�o Masi, Simone P aoletti,

Ercumen t T urk oglu, An tonio Vicino.

External c ol lab or ators: P . Date (Brunel Univ ersit y), E. P ep ona (Brunel Univ er-

sit y), J. Roll (Link oping Univ ersit y).

Main Researc h Pro jects

COF CLUO: Clearance of Fligh t Con trol La ws Using Optimization (Europ ean

Commission, 6th FP).

ADDRESS: A ctiv e Distribution net w orks with full in tegration of Demand and

distributed energy RESources (Europ ean Commission, 7th FP).

Metho ds and optimization tec hniques for iden ti�cation and robust con trol of

uncertain systems (Italian Ministry of Researc h, PRIN 2006).

E-learning

The Automatic Con trol T elelab (A CT) [35], a remote lab oratory dev elop ed at

the Dipartimen to di Ingegneria dell'Informazione of the Univ ersità di Siena,

has b een extended with a new feature. In [31], a solution whic h allo ws one

to p erform remote exp erimen ts on rob otic manipulators for b oth educational

and researc h purp oses has b een prop osed. The inno v ativ e con tribution regards

the p ossibilit y to use this to ol for adv anced exp erimen ts lik e visual serv oing

(in addition to basic exp erimen ts suc h as in v erse kinematics). Thanks to the

Matlab-based arc hitecture used in this pro ject studen ts ma y easily put in prac-

tice their theoretical kno wledge on rob otics.

In [12], an exp erimen tal setup based on the LEGO Mindstorms tec hnology

has b een describ ed. This setup is comp osed of four unicycle-lik e v ehicles and
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a w eb cam, and is sup ervised b y a system running on a desktop PC, under the

MA TLAB en vironmen t. Despite its lo w cost, the prop osed setup features go o d

scalabilit y and is v ersatile enough to b e adopted for testing di�eren t solutions

to a n um b er of crucial problems arising in m ulti-agen t systems, lik e formation

con trol, motion co ordination, co v erage problems, etc. A t the same time, it

represen ts a c hallenging testb ed, exhibiting sev eral issues that ha v e to b e faced in

a real-w orld scenario, suc h as comm unication constrain ts, con trol quan tization,

noisy measuremen ts.

F uture W ork

It is planned to dev elop a remote en vironmen t where sev eral mobile rob ots

ma y in teract and comm unicate. Eac h rob ot will b e equipp ed with some vir-

tual sensors and will comm unicate with other rob ots dep ending on some giv en

constrain ts. The aim is to allo w a remote user to exp erimen tally v alidate co op-

erativ e con trol strategies for m ultiple v ehicle systems.

Researc hers

D. Benedettelli, M. Casini, F. Chinello, A. Garulli, A. Giannitrapani, D. Prat-

tic hizzo, A. Vicino.

Mobile rob otics

In [36], algorithms for the collectiv e motion of teams of autonomous agen ts ha v e

b een studied. A decen tralized con trol la w for the collectiv e circular motion of

the agen ts ab out a virtual reference b eacon has b een prop osed. Sensory lim-

itations ha v e b een tak en in to accoun t (limited �eld of view, una v ailabilit y of

extero ceptiv e orien tation measuremen ts). The prop osed con trol la w ensures the

global asymptotic stabilit y of the circular motion in the single-agen t case. In

the m ulti-agen t scenario, w e ha v e sho wn the lo cal asymptotic stabilit y of all the

equilibrium con�gurations corresp onding to circular motion of the rob ots ab out

the b eacon. Moreo v er, guidelines for the design of the con troller parameters

ha v e b een prop osed. The con trol strategy has b een v alidated on an exp erimen-

tal setup consisting of a team of four rob ots, based on the LEGO Mindstorms

tec hnology [13]. The test carried out ha v e sho wn the e�ectiv eness of the con trol

la w in the ac hiev emen t of the collectiv e circular motion, with go o d agreemen t

b et w een exp erimen tal data and n umerical sim ulations. Moreo v er, the consid-

ered approac h has pro vided satisfactory results also in case of mo ving reference

b eacon. In [55], lo calization tec hniques for autonomous agen ts na vigating in

3D en vironmen ts ha v e b een in v estigated. Sp eci�cally , the lo calization problem

is tac kled via angles measuremen ts tak en with resp ect to stationary reference

p oin ts. T w o nonlinear estimators ha v e b een implemen ted, namely the Extended

Kalman Filter (EKF) and the Unscen ted Kalman Filter (UKF). The prop osed

tec hniques ha v e b een applied to the lo calization problem of satellites or space-

crafts. In this case, the a v ailable information pro vided b y the on-b oard sensory

system is represen ted b y angular measuremen ts tak en with resp ect to celestial

b o dies. The results of n umerical sim ulations ha v e sho wn that b oth EKF and

UKF are able to pro vide an estimation accuracy compatible with the require-
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men ts of deep space missions where GPS signals are not a v ailable, lik e e.g.

Mo on-to-Earth transfers based on electric propulsion. In [50], t w o classes of

consensus algorithms are analyzed, in presence of b ounded measuremen t errors.

The b ounded error assumption allo ws one to cast the consensus problem in a

set-mem b ership framew ork, and to study the team agreemen t in terms of the

ev olution of the feasible state set. It is sho wn that consensus cannot b e guar-

an teed with resp ect to all p ossible noise realizations. Moreo v er, b ounds on the

asymptotic di�erence b et w een the states of the agen ts are explicitly deriv ed, in

terms of the b ounds on the measuremen t noise and the eigen v alues of the w eigh t

matrix.

F uture W ork

F uture lines of researc h will fo cus on the dev elopmen t of distributed estimation

algorithms for m ulti-agen t systems. Suc h tec hniques �nd application in sev eral

areas, lik e co op erativ e lo calization and map building problems, or the implemen-

tation of distributed con trol la ws for m ulti-v ehicle systems. T o this purp ose, it

is exp ect exploit consensus proto cols to merge the estimates computed lo cally

b y eac h agen t. A cen tral topic will b e the analysis of con v ergence prop erties

of the dev elop ed algorithms, in presence of di�eren t net w ork top ologies (static,

time-v arying or state dep enden t).

Researc hers

D. Benedettelli, M. Di Marco, A. Garulli, A. Giannitrapani, A. Vicino (DI I), N.

Ceccarelli (GE Oil & Gas Infrastructure, Florence, IT), F. Scortecci (AER OSP AZIO

T ecnologie, Siena, IT).

Main Researc h Pro jects

T ec hniques and algorithms for autonomous na vigation of a team of mobile rob ots

(P AR, Univ ersit y of Siena). Guidance na vigation and con trol for formation

�ying missions (ERA-ST AR, T uscan y Region). Electric propulsion systems for

small adv anced satellites (FIT, Italian Ministry of Pro duction A ctivities).

Hybrid systems, optimization-based con trol, net w ork ed con-

trol

A m ultitude of ph ysical systems around us em b ed electronic devices that au-

tomatically decide actions based on information receiv ed from sensors, p ossibly

o v er a wireless comm unication net w ork. Suc h em b edded systems are c harac-

terized b y the in teraction of con tin uous dynamics (the ph ysical system) and

discrete/logical comp onen ts (the computer device). Hybrid systems compactly

capture suc h a heterogeneous nature and pro vide a theoretical and algorith-

mic framew ork for analysis, sim ulation, and design of em b edded con trol sys-

tems. Optimization-based con trol, also referred to as Mo del Predictiv e Con trol

(MPC), is a systematic approac h to design complex m ultiv ariable feedbac k con-

trollers for net w ork ed and h ybrid systems.
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The researc h activities carried out b y the researc h group during y ear 2008,

in v olving b oth theoretical results and applications carried out in collab oration

with sev eral industrial partners, are brie�y describ ed b elo w

1. Hybrid systems

The researc h group in v estigated theoretical results regarding relationships ex-

isting b et w een classes of h ybrid systems [24], and MPC con trol of ev en t-driv en

h ybrid systems [26]. Closed-lo op stabilit y for MPC of h ybrid systems w as stud-

ied in [28]. P assivit y analysis and syn thesis conditions for h ybrid systems where

dev elop ed in [7]. A few applications of h ybrid MPC w ere carried out in [61] for

hierarc hical h ybrid MPC of solar plan ts, and in [56] for sub optimal h ybrid MPC

of sew er net w orks.

2. Mo del predictiv e con trol

The state of the art in explicit MPC w as surv ey ed in [2]. Multiob jectiv e MPC

sc hemes with pro v ed closed-lo op asymptotic stabilit y prop erties w as studied

in [11]. In [23, 25] w e considered the problem of tuning an MPC con troller

that b eha v es as a giv en linear con troller when the constrain ts are not activ e.

Sto c hastic MPC strategies w ere in v estigated in [16] and similar ideas applied in

problems of dynamic option hedging of exotic �nancial options.

3. Net w ork ed and decen tralized con trol o v er wireless sensor net w orks

A decen tralized mo del predictiv e con trol (MPC) design approac h for large-scale

dynamically coupled pro cess sub ject to pac k et information loss w as dev elop ed

in [1], and tested in an application of distributed con trol of electrical p o w er

net w orks [38]. Energy-a w are MPC con trol algorithms for minimizing the use

of batteries in wireless sensor feedbac k lo ops are rep orted in [15, 17]. The prob-

lem of sim ultaneous optimal sensor selection and con trol w as examined in [19].

An exp erimen tal lab oratory test b enc h for wireless automation w as dev elop ed

in [9]. An exp erimen tal wireless monitoring station for agricultural applications

is rep orted in [6].

F uture w ork

F uture researc h w ork includes further in v estigations in the areas of decen tral-

ized and hierarc hical MPC for o�set-free trac king, sub optimal MPC metho ds,

sto c hastic optimization form ulations of MPC, stabilit y prop erties of MPC for

h ybrid systems, and applications.

Researc hers

R esp onsible : A. Bemp orad

Col lab or ators : A. Alessio, D. Bernardini, G. Bianc hini, S. Di Cairano, P . Menc hinelli,

S. P aoletti, A. P asini, G. Ripaccioli, A. Spinelli.
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External c ol lab or ators : M. Baoti¢ (Univ. Zagreb), F. Borrelli (UC Berk eley),

M.K. Çamlib el (Univ. Groningen), F.A. Cuzzola (Danieli Automatiom), A.

Damoiseaux (TU Eindho v en), B. De Sc h utter (TU Delft), G. F errari-T recate

(Univ. P a via), E. F razzoli (MIT Boston), W.P .M.H. Heemels (TU Eindho v en),

E. Henriksson (KTH Sto c kholm), A. Ingim undarson (UPC Barcelona), I.A.

Hisk ens (Univ. Wisconsin-Madison), K.H. Johansson (KTH Sto c kholm), A. Jo-

kic (TU Eindho v en), J. Júlv ez (Univ. Zaragoza), M. K v asnica (Univ. Bratisla v a),

M. Lazar (TU Eindho v en), M. Morari (ETH Zuric h), D. Muñoz de la P eña

(Univ. Sevilla), R.M. Murra y (Caltec h), C. Ocamp o-Martinez (UPC Barcelona),

V. Puig (UPC Barcelona), J.M. Sc h umac her (CWI Amsterdam), A.J. v an der

Sc haft (Univ. Groningen), P .P .J. v an den Bosc h (TU Eindho v en)

Main researc h pro jects

� Europ ean Pro ject �WIDE - Decen tralized and Wireless Con trol of Large-

Scale Systems,� ICT-FP7 (Con tract. No. 224168). Pro ject co ordinator:

A. Bemp orad

� Europ ean Net w ork of Excellence �HYCON - Hybrid Con trol: T aming Het-

erogeneit y and Complexit y of Net w ork ed Em b edded Systems�, ICT-FP6

(Con tract. No. 511368). W orkpac k age WP4c �Automotiv e Con trol�.

� Researc h con tract �Robust MPC for satellite attitude con trol�, Thales Ale-

nia Space (F rance).

� Researc h pro ject "Mo del predictiv e con trol for pricing and dynamic hedg-

ing of �nancial options", MPS Capital Services

� Researc h pro ject "Wireless electronic systems for monitoring en vironmen-

tal parameters in k ennels and other animal shelters", "Amici di Lara &

33" Asso ciation

Automotiv e con trol

The ev er increasing demands on passengersï¿½ comfort, safet y , emissions, and

fuel consumption imp osed b y car man ufacturers and national regulations, to-

gether with the a v ailabilit y of high-p erformance electronic units on b oard of the

v ehicle, call for automotiv e con trol systems of increasing complexit y .

In collab oration with in collab oration with the industrial researc h cen ter of

F ord Motor Compan y (Dearb orn, MI) and Jaguar (Co v en try ,UK), the researc h

group is in v olv ed in applying its theoretical results and to ols (cf. Section �Hybrid

systems and optimization-based con trol�) to design, sim ulate, and test high-

p erformance automotiv e con trol systems for a v ariet y of automotiv e problems.

During y ear 2008, h ybrid mo deling and Mo del Predictiv e Con trol (MPC)

strategies w ere in v estigated for solving a few automotiv e con trol problems in a

rather systematic w a y , from mo deling to con trol syn thesis and implemen tation.

After mo deling the relev an t v ehicle dynamics as a h ybrid system, optimization-

based MPC design and m ultiparametric programming is emplo y ed to syn the-

size a piecewise linear con trol la w. Successful exp erimen ts w ere carried out at

F ordï¿½s test arena in Mic higan, sho wing that go o d and robust p erformance is
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ac hiev ed in a m uc h shorter dev elopmen t time compared to ad-ho c sup ervisory

and logical constructs usually required b y con trollers dev elop ed according to

standard tec hniques and heuristics. A surv ey of the approac h and its applica-

tions in automotiv e systems can b e found in Chapter 17 o d the Hybrid Systems

Handb o ok [14].

Explicit MPC con trol tec hniques with dela y comp ensation w ere applied for

con trol of air-to-fuel ratio and o xygen stored in the three-w a y catalyst [80]. Ex-

plicit MPC strategies w ere designed for idle sp eed con trol in com bustion engines

and tested exp erimen tally [30]. A h ybrid mo del and an optimal managemen t

strategy w as dev elop ed for the sim ultaneous con trol of engine, electrical mo-

tors, and battery in h ybrid electrical v ehicles [78]. A h ybrid mo del and an

optimization-based con trol strategy w as in v estigated for the problem of activ ely

con trolling steering and di�eren tial breaking [18].

F uture W ork

F uture w ork includes p erforming exp erimen ts related to the activities on ac-

tiv e steering and on air-to-fuel ratio con trol. Moreo v er, the researc h on activ e

steering will b e extended to include con trol of load transfer balance.

Researc hers

R esp onsible : A. Bemp orad

Col lab or ators : D. Bernardini, S. Di Cairano, G. Ripaccioli.

External c ol lab or ators : F. Assadian (Jaguar), A. Balluc hi (P ARADES), L. Ben-

v en uti (Univ. Roma), C. Dextreit (Jaguar), D. Hro v at (F ord), B. Johansson

(KTH Sto c kholm), R. Johansson (KTH Sto c kholm), I.V. K olmano vsky (F ord),

A. Sangio v anni-Vincen telli (UC Berk eley), H.E. T seng (F ord), P . T unestål (Univ.

Lund), D. Y anakiev (F ord)

Main Researc h Pro jects

� Europ ean Net w ork of Excellence �HYCON - Hybrid Con trol: T aming Het-

erogeneit y and Complexit y of Net w ork ed Em b edded Systems�, ICT-FP6

(Con tract. No. 511368). W orkpac k age WP4c �Automotiv e Con trol�.

Main publications: [2, 3, 7, 30, 61]

Haptic in terfaces, virtual realit y and medical applications

In [67], a tec hnique for the on-line remo v al of artifacts induced b y the transcra-

nial magnetic stim ulation (TMS) on h uman electro encephalograph y has b een

prop osed. The Kalman �lter approac h allo ws one to deal with non-stationary

signals, lik e those induced b y the TMS. Mathematical mo dels of rob otic grasp-

ing ha v e b een studied in [4, 77]. Virtual realit y system and haptics for medical

and so cial in teractiv e applications ha v e b een in v estigated in [39, 40, 48, 74]. A

t ypical limitation of suc h systems, and of haptic in terfaces in general, is their
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small w orkspace, whic h can b e enlarged b y in tro ducing suitable mobilit y sys-

tems [49]. The application of virtual realit y and rob otics to neuroscience has

b een surv ey ed in the sp ecial issue [75].

F uture W ork

F uture w ork deals with haptic in teraction in so cial, in teractiv e and medical

applications.

Main Researc h Pro jects

Europ ean Pro ject �R OBOCAST: R OBot and SENSors INtegration as Guid-

ance F OR Enhanced Computer Assisted Surgery and Therap y�. FP7-ICT-2007-

215190 Pro ject co ordinator: D. Prattic hizzo

Progetto �Rob otics in Secon Life� �nanziato dalla IEEE Rob otics and Automa-

tion So ciet y e selezionato tra i vincitori del premio �IEEE Rob otics and Automa-

tion So ciet y (RAS) 2007 F unds for Sp ecial Initiativ es Comp etition�, 2007-2008.

Computer vision and rob otics

In recen t y ears, computer vision systems ha v e b een increasingly used in rob otics.

Along this researc h line, visual serv oing problems for a team of mobile rob ots

ha v e b een studied in [37, 59, 60, 66, 68, 69]. In these pap ers, the adoption of

panoramic cameras for visual serv oing purp oses, featuring a larger �eld of view

than that of traditional cameras, has b een prop osed. Moreo v er, algorithms for

path planning in the image plane ha v e b een analyzed. Optimal con trol [76] is

the adopted metho dology , whic h is at the basis of man y computer vision and

path planning algorithms.

Stabilit y analysis for h uman-mac hine in teraction systems

In [20, 21], w e ha v e studied the problem of passivit y-based con troller design for

m ulti-user and m ulti-con tact haptic systems.

F uture W ork

F uture w ork will deal with team of h umans and rob ots, and adv anced catadiop-

tric vision systems.

Complex Systems and En vironmen tal Mo delling

Complex systems are c haracterized b y time and space oscillating or c haotic

dynamics and are widespread in en vironmen tal, biological and ph ysico-c hemical

sciences. This line of researc h, including the follo wing t w o subtopics, concerns

the dev elopmen t and the analysis of nonlinear mathematical mo dels explaining

the b eha vior of complex systems.
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Mo deling and Iden ti�cation of Ecosystems

This researc h consists with the dev elopmen t of sev eral ecological mo dels de-

scribing the w ater qualit y of lago ons, lak es and coastal systems [57, 58, 65, 79].

In particular, reaction-di�usion mo dels, describ ed b y a set of partial di�eren-

tial equations of parab olic t yp e, are considered [62]. The mo del parameters are

then estimated b y solving suitable in v erse problems based on real measuremen ts

with the aim of sim ulating and predicting the spatio-temp oral dynamics of the

systems [64]. F or managing the complex dynamical prop erties of the solutions,

an e�ort in the direction of bridging the iden ti�cation stage with the qualitativ e

analysis of the mo dels is then p erformed for impro ving the reliabilit y of the esti-

mates of the mo del parameters [65]. The study has b een applied to the mo deling

of large basins in the Amazonian Region; the in�uence of the rough b oundaries

of the lak es on the dynamics is also in v estigated b y applying homogenization

tec hniques [64].

Analysis of Complex Distributed Systems

This topic concerns with the dev elopmen t of tec hniques for the analysis and

iden ti�cation of spatio-temp oral dynamical nonlinear systems. T o this aim, w e

prop ose of extending the w ell kno wn recurrence quan ti�cation analysis of a time

series, including t ypical complexit y indicators, suc h as en trop y and determinism,

to spatio-temp oral data [43]. The use of suc h indicators allo ws one to iden tify

structures and patterns at di�eren t time scales. The prop osed analysis will b e

applied to systems describ ed b y parab olic reaction-di�usion equations, oscil-

lating c hemical reactions [45], complex ecological mo dels, etc. Recen t dev elop-

men ts of the pro ject consist on the reconstruction and iden ti�cation of symmetry

breaking mec hanisms and structural stabilit y in equations describing turbulence

phenomena, suc h as the complex Ginzburg-Landau equation [46, 47, 63].

Researc hers

C. Mo cenni (DI I-CSC), A. Vicino (DI I-CSC), A. F acc hini (DI I-CSC), E. Spara-

cino (DI I-CSC), J.P . Zub elli (Instituto Nacional de Matemática Pura e Aplicada,

Rio de Janeiro, Brasil).

Main Researc h Pro jects

Researc h activities of the Cen tre for the Study of Complex Systems (F oundation

of Mon te dei P asc hi di Siena).

Europ ean Pro ject �A W ARE: Ho w to ac hiev e sustainable w ater ecosystems man-

agemen t connecting researc h, p eople and p olicy mak ers in Europ e�, FP7-ENV

(Gran t No. 226456), 2009-2011.

F uture W ork

F uture w ork on en vironmen tal mo deling (�rst topic) will include the dev el-

opmen t of optimization algorithms for estimating the mo del parameters and

sho wing the con v ergence prop erties of the homogenization theorems in lak es
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with rough b oundaries.

The metho d describ ed in the second topic will b e applied to the solution of

in v erse problems for the reconstruction of the distributed systems from spatial

data. Some e�orts for the formalization of the metho d in mathematical terms

will b e also done.
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TELECOMMUNICA TIONS

The T elecomm unications researc h area carries out sev eral activities in the fol-

lo wing �elds:

� digital television;

� wireless systems;

� remote sensing;

� image pro cessing and transmission;

� design and dev elopmen t of net w ork services;

� safet y & securit y;

� infomobilit y;

� cultural heritage and m ultimedia;

� signal and image pro cessing for bio-tec hnology and biomedicine;

� wireless sensors net w orks.

The qualit y of the researc h is witnessed b y the n um b er and qualit y of publica-

tions and b y the n umerous in ternational and national researc h pro jects where

the T elecomm unications researc h area is in v olv ed. The researc h group curren tly

consists of t w o full professors, three asso ciate professors, t w o researc hers, p ost-

do c and PhD studen ts, and man y external researc h asso ciates and consultan ts

that collab orate on a regular basis.

P articipan ts to the Researc h.

F ul l Pr ofessors : Giuliano Benelli, Alessandro Meco cci

Asso ciate Pr ofessors : Andrea Abrardo, Mauro Barni, Andrea Garzelli

Assistant Pr ofessors : Alessandro Andreadis, Gio v anni Giam b ene

R ese ar ch Asso ciates : Angela D'Angelo, Giacomo Cancelli, Luca Cap obianco,

Riccardo Zam b on

PhD Students : Lap o Balucan ti, Guido Bartoli, Marco Bellesc hi, Cesare Maria

Carretti, Pierluigi F ailla, Daniele F rosali, Marco Guarducci, Snezana Hadzic,

Riccardo Lazzeretti, F rancesco Mic heli, F abio P erna, Alessandro P ozzeb on,

Massimo Selv a

Researc h T opics

Signal/Image Pro cessing for Remote Sensing

The researc h is fo cused on adv anced pro cessing of m ulti-band, m ulti-sensor im-

agery for analysis, fusion, classi�cation and detection from activ e or passiv e sen-

sors. The follo wing topics ha v e pro vided signi�can t researc h results in the last

y ears, and are of particular in terest for further in v estigation: Spatial enhance-

men t of m ultisp ectral images through panc hromatic data. Qualit y assessmen t
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of pan-sharp ened m ultisp ectral images. F eature-based in tegration of images

from m ultisp ectral scanners and from SAR sensors. Kernel-based classi�cation

of h yp ersp ectral images. Signature iden ti�cation in h yp ersp ectral images for

target recognition and anomaly detection. Analysis, classi�cation, and iden-

ti�cation of targets from radar data. The application scenarios are detection

of sea-surface anomalies in amplitude SAR images, and clutter reduction and

Space-Time A daptiv e Pro cessing on Ov er-The-Horizon HF radar data. Multi-

temp oral analysis of m ultilo ok incoheren t SAR images for coherence estimation,

based on temp oral correlation of sp ec kle. F ractal mo delling of SAR images and

new metho dologies of analysis and estimation of the lo cal fractal dimension for

image classi�cation, oil-slic k monitoring, and anomaly detection in sea SAR

images.

F uture W ork

The researc h will fo cus on pro cessing of Cosmo-Skymed SAR image data in the

framew ork of the curren t Italian Space Agency researc h programmes.

Main Researc h Pro jects

�LOTHAR-F A TT - F easibilit y study of an adaptiv e Ov er-The-Horizon HF radar

for the surv eillance of the Mediterranean Sea� (Italian Ministry of Defence, 2008-

2010).

Researc hers

Andrea Garzelli, Luca Cap obianco, Cesare Rinaldi, Massimo Selv a (DI I).

Visual Information Pro cessing and Protection

The activit y of this researc h line regards the image pro cessing area, with par-

ticular reference to data securit y and protection. The principal applications are

digital w atermarking of images, video and 3D data. Other areas of in terest in-

clude em b edding and securit y of information in m ultimedia (steganograph y and

cryptograph y), psyc ho visual image pro cessing, video co ding, distributed source

co ding applied to remote sensing and video compression.

Researc hers

Mauro Barni, Angela D'Angelo, Guido Bartoli, Giacomo Cancelli, Riccardo

Lazzeretti, Pierluigi F ailla (DI I).

Main Researc h Pro jects

� FIRB (Digital w atermarking in presence of de-sync hronization attac ks,

funded b y Italian Ministry of Researc h),

� ESA (Distributed image co ding for remote sensing applications, funded

b y ESA),
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� CENTRICA (Svilupp o di algoritmi di marc hiatura elettronica p er l'auten ti-

cazione delle immagini)

� SPEED (Signal Pro cessing in Encrypted Do-main b y Europ ean Commis-

sion).

� PRIN (Priv-w are - Elab orazione di segnali cifrati p er la tutela della priv acy

nel trattamen to di informazioni sensibili, funded b y Italian Ministry of

Researc h)

� Living Kno wledge (facts, opinions and bias in time b y Europ ean Commis-

sion)

Multimedia QoS on Wireless Net w orks

High p erformance of net w ork ed applications in wireless IP net w orks is a manda-

tory requiremen t for the successful deplo ymen t of IP-based services in con v erg-

ing wired/wireless net w ork en vironmen ts. Pro viding an adequate p erformance

lev el is an inheren t problem ev en in �xed IP net w orks utilizing the b est-e�ort

paradigm, and wireless c hannels add their o wn critical issues on top of these

qualit y-of-service-related concerns. In IP-based wireless net w orks, the air in ter-

face is the w eak est part in all the prop osed Qualit y of Service (QoS) assurance

solutions. In addition to this, the highly-v arying tra�c and mobilit y patterns

create problems that m ust b e addressed b efore the wireless In ternet services

can b e widely and successfully deplo y ed. The in terest of this researc h activit y

spans all wireless comm unications systems and their ev olution to w ards fourth

generation (4G) mobile comm unication systems. F uture 4G wireless net w orks

will b e based on the IP proto col and supp ort m ultimedia tra�cs with hetero-

geneous c haracteristics and di�eren tiated QoS lev els. An imp ortan t comp onen t

of 4G systems is represen ted b y the wireless lo cal area net w orks (WLANs). In

the last y ears, WiFi (IEEE 802.11a/b/g) WLANs ha v e b ecome a v ery p opular

tec hnology . The in terest of this researc h activit y is on the recen t adv ance of the

WiFi MA C la y er for QoS supp ort, namely IEEE 802.11e. The recen t HSDP A

and WiMAX tec hnologies represen t p ossible option for broadband w arless com-

m unications for mobile users in lo cal and metrop olitan areas. It is an ticipated

that the in tegrated tra�cs at the core net w ork lev el as w ell as at the WLAN

lev el will exhibit long-range dep enden t b eha viours and self-similar c haracteris-

tics. Therefore, suitable tra�c mo dels and net w ork dimensioning sc hemes ha v e

to b e en visaged to cop e with the new and c hallenging c haracteristics of traf-

�c. This researc h is fo cused on the QoS supp ort to heterogeneous tra�c �o ws,

including video, v oice o v er IP , do wnloading, W eb bro wsing and deals with the

follo wing main topics:

� TCP proto col optimizations on wireless and mobile net w orks;

� Resource managemen t with QoS supp ort for distinct tra�c classes in HS-

DP A, WiFi and WiMAX net w orks;

� Cross-la y er air in terface design with MA C cen tric-approac h;

� In ternet w orking of di�eren t wireless/wired net w ork segmen ts.
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Researc hers

Alessandro Andreadis, Giuliano Benelli, P aolo Chini, Gio v anni Giam b ene, Sa-

m uele Giannetti, Snezana Hadzic, Riccardo Zam b on (DI I).

Service Design and Dev elopmen t on Digital T errestrial T ele-

vision F ramew ork

The TV broadcasting is exp eriencing a signi�can t ev olution to w ards Digital in-

frastructure, b eing the analogue switc h-o� planned for 2012 all o v er Europ e.

Digital T errestrial T elevision (DTT) is an implemen tation of digital tec hnology

(D VB-T) to pro vide a greater n um b er of c hannels and/or b etter qualit y of pic-

ture and sound as w ell as in teractiv e services, through a con v en tional an tenna.

Since 2003, the Departmen t of Information Engineering has b een in v olv ed in the

design and dev elopmen t of service infrastructure on Digital T elevision platform.

W e ha v e b een w orking on in teractiv e TV application's design and implemen ta-

tion, ac hieving signi�can t results in service pro visioning in di�eren t scenarios:

learning, e-health, E-go v ernmen t, tourism, etc.

Main Researc h Pro jects

Researc h activities on Digital T elevision ha v e b een p erformed also as partner of

t w o Comp etence Cen tres on DTT topic:

� DTTlab, founded b y T uscan y Region, aiming to foster the dev elopmen t

of T-Go v ernmen t services;

� Comp etence Cen tre MPS, founded b y Mon te dei P asc hi di Siena, aiming to

v alidate the iTV framew ork on banking con text (T-commerce, T-banking,

In teractiv e A dv ertisemen t).

UNISI has b een in v olv ed in sev eral regional, national and Europ ean pro jects

related to In teractiv e T elevision, with a particular care on e-inclusion, e-learning

and e-health issues, in v olving am bien t in telligence and sensor net w orks. Some

signi�can t results ac hiev ed on Digital TV are coming from UNISI attendance

to the follo wing pro jects:

� SORRISO - Regional pro ject aiming to promote in tegration of digital ter-

restrial television framew ork with am bien t in telligence paradigm in an

e-health service scenario.

� DTT oscana - National pro ject whose ob jects are to design and implemen t

citizen services on Digital terrestrial television framew ork.

� BEA CON - FP6 Europ ean ongoing pro ject, aiming to promote in terop er-

abilit y of DTT applications in Europ e and Brazil.

Researc hers

Giuliano Benelli, Gio v anni Luca Daino, Da vid Baldo, P asquale F edele (DI I)
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E�cien t transmission sc hemes for wireless comm unications

A v ery in teresting scenario for next ev olution wireless net w orks, where the con-

cept of m ulti-user and single-user div ersities are strictly connected, is repre-

sen ted b y OFDMA transmission systems. Suc h a radio tec hnology has b een

prop osed for the implemen tation of WiMAX net w orks, and is one of the most

promising tec hniques for next generation of wireless systems. The researc h activ-

it y of the Departmen t has so far fo cussed on studying the optim um join t radio

resource allo cation & time sc heduling problem for a t ypical OFDMA cellular

scenario. In particular, w e ha v e consider a cellular en vironmen t with OFDMA

m ultiple access sc heme where a cen tralized con troller is a w are of the radio link

conditions of all users. Preliminary results sho w that the cen tralized optimiza-

tion resource allo cator can ac hiev e v ery go o d p erformance when compared to

classical decen tralized allo cators.

Another v ery c hallenging scenario for wireless comm unications is represen ted

b y the so called wireless sensor net w orks. The e�cien t transmission of corre-

lated signals observ ed at di�eren t no des to one or more collectors, is one of the

main c hallenges in suc h net w orks. In the case of one collector no de, this problem

is often referred to as reac h-bac k c hannel in the literature. In this scenario, the

researc h activit y of the Departmen t has then fo cussed on the design of optimal

join t source-c hannel co ding sc hemes whic h allo w an easy implemen tation o v er

wireless sensor net w orks, i.e., whic h are c haracterized b y lo w memory and pro-

cessing resources. Exp erimen tal results sho w that the prop osed optim um co ding

sc hemes allo w to approac h the p erformance of the ideal Slepian-W olf sc heme in

A W GN c hannel, and to clearly outp erform it o v er fading c hannels on accoun t

of div ersit y gain due to correlation of information.

F uture W ork

In the next future, w e will study the p ossibilit y of elab orating heuristic / de-

cen tralized approac hes whic h allo w reducing the gap b et w een cen tralized and

decen tralized approac hes without dramatically increasing implemen tation com-

plexit y .

Researc hers

Andrea Abrardo, F abio P erna, Giuliano Benelli, P aolo Detti (DI I).

A dv anced cultural heritage monitoring via wireless sensor

net w orks

Recen t y ears ha v e witnessed an increasing in terest in using wireless sensor net-

w orks (WSNs) in man y applications. A dv ances in lo w p o w er in tegrated cir-

cuit devices and comm unication tec hnologies ha v e enabled the dev elopmen t of

small-sized and lo w cost sensor no des that are capable of measuring and rep ort-

ing en vironmen t-related v ariables (e.g temp erature, h umidit y , pressure, ligh t,

c hemical activit y). WSNs consist of a large n um b er of tin y wireless no des that

can b e easy deplo y ed in a certain �eld to detect and rep ort ev en ts. Eac h sensor is

equipp ed with an on-b oard radio that is used to comm unicate with neigh b ours
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and collect data to the base stations p ossibly in an ad-ho c manner. One of

the adv an tages of WSNs is their abilit y to op erate unattended in harsh en viron-

men ts in whic h con temp orary h uman monitoring is risky , ine�cien t or infeasible.

These b ene�ts mak e wireless net w orks useful for a wide range of applications

in man y areas, suc h as battle�eld surv eillance, disaster rescue, en vironmen tal

and wildlife monitoring, tra�c con trol, health applications and cultural heritage

monitoring. Despite their desirable prop erties, wireless no des ha v e limited en-

ergy whic h greatly a�ects net w ork lifetime. Moreo v er, the dense deplo ymen t and

unattended nature of WSNs mak es the pro cedure of rec harging no de batteries

rather uncoincev able. Therefore, designing energy-a w are proto cols for WSNs

b ecomes an imp ortan t factor for prolonging the lifetime of sensors. Besides,

since no des are tipically deplo y ed in a large n um b er and no ph ysical infras-

tructure for top ology con trol exists, comm unication proto cols should guaran tee

scalabilit y , conserv e comm unication bandwidth, mitigate the in terference and

main tain the top ology connection.

F uture W ork

The Departmen t of Information Engineering em braces the wide �eld of WSNs

giving particular emphasis to the cultural heritage monitoring. Within the

ST@rt pro ject supp orted b y the Region of T uscan y , w e devise a WSN for

monitoring the health structure of the to w ers of the mediev al village of San

Gimignano (Siena). Man y critical parameters will b e measured and rep orted

to a cen tral con troller for monitoring the structural in tegrit y of buildings with

net w ork lifetime guaran tees.

Researc hers

Alessandro Meco cci, Andrea Abrardo, Marco Bellesc hi, Lap o Balucan ti, Cesare

Maria Carretti (DI I).

Main Researc h Pro jects

ST@rt pro ject supp orted b y the Region of T uscan y .

Multimo dal analysis algorithm and con text a w are system

targeted to securit y and biomedical solutions

Securit y and safet y issues increase a lot their imp ortance within the to da y's

so ciet y , due to national and in ternational problems of the last y ears. The big

c hallenge is to �nd high tec h, inno v ativ e and smart solutions able to guaran tee

b oth p ersonal and collectiv e securit y . F rom the other hand within the p opulation

a feeling of p ersonal sphere in v asion is rising, so it is necessary to face these

problems assuring the preserv ation of p ersonal freedom and priv acy of p eople

who b eha v es. T o do this it is necessary to dev elop m ulti-mo dal and con text

a w are system, able to detect what it is going on in the monitoring area b y

sev eral kind of sensors, to fuse this data, to detect an abnormal situation and

�nally to tak e a decision ab out ho w to op erate. This researc h group has a strong

bac kground in video con ten t analysis and in con text a w are system. The former
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is targeted to understand dangerous situation and h uman b eha viours from a

video sequence got b y a video-camera, the latter allo ws to dev elop m ulti mo dal

and m ulti tec hnologies system whic h can b etter describ e a mo del of con text.

This group has dev elop ed t w o m ultimo dal surv eillance systems b oth for the

Florence m unicipalit y . The �rst one monitors the Neptune F oun tains (called

Biancone) in Piazza della Signoria, the second one sup ervises the Ceroli Statue

next to the F ortezza da Basso.

F urthermore the group has strong bac kground on info-mobilit y and car

friendly application thanks to a ten-y ear collab oration with Autostrade p er

l'Italia. In this researc h �eld the group has dev elop ed a 3D mo del matc hing

in order to recognize the di�eren t v ehicles and a video analysis algorithm to

detect when a car get through an urban gate (tra�c limited area). Finally

the researc h goup is in v olv ed in a regional researc h pro ject called SIMOB tar-

geted to dev elop In telligen t T ra�c System (ITS). Another application �eld is on

biomedical issues, b ecause the use of information can help to reduce the c hance

of medical errors and ac hiev e b ene�t for patien t safet y and e�ectiv e care. The

imp ortance of health care esp ecially for p eople who are inpatien ts in hospital

or elderly p eople is ob vious and fully demonstrated. W e are dev eloping an

adv anced arc hitecture dedicated to con trol, managemen t, and administration

of drugs in order to supp ort the medical and n ursing emplo y ees in health in-

stitutions lik e public hospitals, priv ate clinics and health care residences. This

pro ject is funded b y T ognozzi spa and is curren tly b eing tested at the clinic Villa

Laura in P on tassiev e. The second area of researc h funded b y T ognozzi spa, is a

m ultimo dal analysis based on sev eral system lik e cameras, microphones and ad-

v anced algorithms used in order to monitor p eople who ha v e high b ed-fall risk.

This system guaran tees an high lev el of safet y for the hospital patien t, through

con tin uous and real-time audio/video analysis. The aim of the system is the

automatic alerting in case of falling out of b ed of a patien t or an y emergency

that requires a rapid in terv en tion. The third researc h activit y is a co op eration

with the oph thalmological clinic at the Careggi Hospital in Florence. W e are

dev eloping a soft w are able to extract the blo o d v essels in retinal images using

inno v ativ e algorithms and calculates some k ey features suc h as diameter and tor-

tuousit y . Suc h information is v ery imp ortan t for oph thalmologists so that they

can b e able to study the course of the disease b y replacing sub jectiv e ev aluation

with n umerical data.

Researc hers

Alessandro Meco cci, F rancesco Mic heli, Daniele F rosali, Marco Guarducci and

Andrea Callori (DI I)

Main Researc h Pro jects

� Pro jects funded b y Autostrade p er l'Italia Spa

� Pro jects funded b y the Florence Municipalit y

� Pro jects funded b y T ognozzi SpA
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OTHER RESEAR CH AREAS AND A CTIVITIES

Other researc h activities deal with topics in the �eld of algebra and geometry ,

with a main fo cus on the in v estigations of the geometric asp ects of some relev an t

algebraic structures, and in the �eld of energy and en vironmen t tec hnologies.

Researc h T opics

Represen tations of Groups of Lie T yp e

The main topics of the researc h activit y carried out in the y ear 2008 concern on

one hand the in v estigation and the study of certain geometrical structures and on

the other hand the analysis of the em b eddabilit y of structures called dual p olar

spaces. The goal of this in v estigation is to obtain a geometrical c haracterization

of the structure of some natural mo dules asso ciated to the classical groups. This

w ould pro vide a b etter understanding of the algebraic facts lying b ey ond the

description of the algebraic structure of the mo dules. Note that most of the

pap ers in the literature are ab out the algebraic asp ects of the situation while a

geometric approac h seems to b e missing.

More precisely , the follo wing is a more detailed syn thesis of the results ob-

tained.

� Let n � 3 and let F b e a �eld of c haracteristic 2. Let DSp(2n; F )
denote the dual p olar space asso ciated with the building of T yp e Cn o v er F
and let Gn � 2 denote the p olar (n � 2)-Grassmannian of Cn . Using the bijectiv e

corresp ondence b et w een the p oin ts of Gn � 2 and the quads of DSp(2n; F ) , w e

ha v e constructed a full pro jectiv e em b edding of Gn � 2 in to the n ucleus of the

Grassmann em b edding of DSp(2n; F ) .

� Let � b e the dual of a classical p olar space and let e b e a pro jectiv e

em b edding of � , de�ned o v er a comm utativ e division ring. W e ha v e pro v ed

that, if e is homogeneous, then it is p olarized.

� Let V b e the grassmann-mo dule of P Sp(2n; pr ): W e consider the smallest

in teresting case for p o dd for whic h V is reducible, namely n = 4 and p = 3 . In

this case the unique factor R of V has v ector dimension 1. Here w e pro vide a

geometrical description for R . More precisely , w e in v estigate relations b et w een

a certain quadric Q and a v eronesean v ariet y V naturally asso ciated to the

image G of the line grassmannian of a p oin t-residue of DW (7; ph ) and w e sho w

that the 42-dimensional grassmann-mo dule for Sp(8; ph ) is reducible precisely

when a certain h yp erplane, where G lea v es as a section of V , is tangen t to Q:
This happ ens if and only if p = 3 : The result obtained is a con tribution to the

more extensiv e problem to �nd a geometrical explanation for the structure of

the grassmann-mo dule of DW (2n � 1; pr ):

F uture W ork

In v estigation of the structure of the mo dules asso ciated to an y fundamen tal

w eigh t of the Lie algebra of a symplectic group.
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Researc hers

Researc hers directly in v olv ed in the pro ject: Ilaria cardinali, An tonio P asini

(Univ ersit y of Siena, Italy), Rieu w ert Blok (Bo wling Green Univ ersit y , USA),

Bart De Bruyn (Ghen t Univ ersit y , Belgio).

Researc hers with whom w e in teract: Bruce Co op erstein (Univ ersit y of Cal-

ifornia at San ta Cruz, USA), , Guglielmo Lunardon (Univ ersit y of Naples F ed-

erico I I, Italy), Sergey Shp ectoro v (Univ ersit y of Birmingham, Great Britain),

Harm Pralle (Univ ersit y of Braunsc h w eig, German y).

Energy and En vironmen t T ec hnologies

Researc h activities in energy and en vironmen t tec hnologies can b e divided in to

the follo wing di�eren t sections:

1. Biolo gic al de gr adation system for bio gas pr o duction

Concerning this �eld, during y ear 2008, an exp erimen tal reactor has b een set up.

The reactor will allo w, during the y ear 2009, the dev elopmen t of sev eral exp eri-

men tal test of anaerobic digestion, in order to ev aluate di�eren t bio degradation

e�ciencies using as input di�eren t w aste faction, made of organic bio degrad-

able materials. During 2008 a collab oration with the Univ ersitat Autonoma

di Barcellona (UAB) w as started and a training p erio d ab out anaerobic diges-

tion lab oratory w as carried out at UAB facilities. The realised pilot reactor

for anaerobic digestion, still requires the adequate instrumen ts for con trol and

automation of the di�eren t pro cess v ariables, as gaseous �o w rate, liquid pro d-

ucts, bioga c hemical comp osition, pH, temp erature, pressure. The pilot reactor

is lo cated at the plan t facilities of the Casa Rota Land�ll, in the m unicipalit y

of T erran uo v a Bracciolini (AR).

2. Municip al solid waste land�l l biolo gic al de gr adation , sim ulated b y means of

pilot reactors This researc h activit y is the natural dev elopmen t of the previous

activities related to the set up of pilot reactors for sim ulating the degradation

of m unicipal solid w aste in land�ll. The pilot reactors are lo cated at the plan t

facilities of the Casa Rota Land�ll, in the m unicipalit y of T erran uo v a Bracci-

olini (AR). During the y ear 2008 the t w o pilot reactors ha v e b een set up and an

exp erimen tal tests started in parallel, for comparing the degradation pro cess of

m unicipal solid w aste and aerobically biostabilised w aste. The test has the aim

of ev aluating the problems related to the disp osal of aerobically biostabilised

w aste, with resp ect to un-pre-treated w aste, in terms of biogas pro duction and

its energy con ten t.

3. Me asur ement systems of gase ous p ol lutants emitte d fr om sour c e surfac es and

pr o c e dur e development for land�l l monitoring

This activit y has the aim of monitoring di�used emissions from land�lls, b y on

site measuremen ts. The applied metho dology is the static accum ulation c ham-

b er metho d. This metho dology has b een dev elop ed in vulcanology �eld, then it

w as transferred to land�ll monitoring and site remediation �elds. This researc h

activit y leads to the dev elopmen t of a protot yp e of measuremen t instrumen t

and lab oratory b enc h tests for it. Then sev eral measuremen t campaign on site
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w ere carried out in sev eral land�lls lo cated in T uscan y , leading to the de�nition

of a measuremen t pro cedure and to the c haracterisation of biogas �uxes, also

in reference to the di�eren t co v ers of the land�lls. Sev eral in v estigation w ere

carried out also to de�ne the b eha viour of op erating plan ts w orking with dif-

feren t capture e�ciencies for the biogas. The use of the accum ulation c ham b er

metho d resulted as a imp ortan t supp ort to de�ne the managemen t option con-

cerning the realisation of new biogas extraction w ells, with the aim of reducing

the greenhouse gases emissions from the land�lls. A t presen ts, the measuremen t

campaigns are carried out at the plan ts of Casa Rota (AR), P o dere il P ero (AR),

Cannicci (GR) and T afone (GR).

4. A tmospheric di�usion mo dels

During 2008 the researc h activit y w as fo cused on the set up of urban scale mo d-

els, applied in reference to the case study of the metrop olitan area of Florence,

with particular detail on the m unicipalit y of Florence. A t presen t the activities

w ere related to the c hoice of the most adequate mo del to b e used for the sim u-

lation and to the de�nition and c haracterization of the area under study . This

kind of researc h has b een carried out also in the past in collab oration with the

Dipartimen to di Energetica �S.Stecco� - Univ ersità degli Studi di Firenze, with

the Dipartimen to di Fisica - Univ ersità di Geno v a and with the Univ ersit y of

Surrey in Guilford (UK), where sev eral wind tunnel tests w ere carried out. Dur-

ing 2008, in particular, the join t researc h activit y with the wind tunnel EnFlo of

the Univ ersit y of Surrey in Guilford w as fo cused in particular on exp erimen tal

campaigns on metrop olitan areas and street can y on conditions.

Pro jects

Besides these activities, during y ear 2008, the Europ ea Pro ject DesUrbal phase

B w as concluded. The leader of the pro ject is the m unicipalit y of Arezzo. The

pro ject is related to the transfer of tec hnologies and metho dologies for manage-

men t and comm unication in the sector of w aste managemen t in Latin Amer-

ica, with the participation of to wns from Argen tina, P eru, Ecuador and Chile.

The Dipartimen to di Ingegneria dell'informazione participated supp orting the

actions related to managemen t tec hnologies, urban w aste collection planning,

tec hnology transfer in reference to adequate treatmen t and disp osal pro cesses.

Researc hers

Researc hers directly in v olv ed in the pro ject: Andrea Corti, Lidia Lom bardi, I.

P ecorini, M. Carp en tieri, P . Giam bini, G. Cenni and L. Burb eri.
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