1loo

1

i

- ART. 2 COMMA 20/B LEGGE 662/96 - FILIALE DI ROMA

ISSN 0329-2510 - SPED. IN ABB. POSTALE 45%

—
e
—
e
f—
—
B
» —
-
S
R
. —
]
—
et
rer—s
.
e
-
——
—_
—
p—
b —
R —
—
S—
e
" —
=
e
ser—
~——

~OLI930aV OIATYd JINILUIW 1V INOIZNLILSIH V1 33d YNINVWOY YWOY 3150d OI2144N ¥V IAVIANIY ‘OLIdVYIIH OLVINYW 10 OS5V NI..




DIRETTORE RESPONSABILE
Emesto Landi

COMITATO DI REDAZIONE
Aﬁdad: Ascione, Vincenzo Barbaro, Ermanno Calcatelli.
: !.S)om{.‘apmo Mario Caruso, Sergio D" Antonio, Stefano
~ Dumontet, Alvaro Gori, Emesto Landi, Barbara Nicolaus,
- Faorenzo Pastoni, Alfredo Pone

RESPONSABILE SCIENTIFICO
Stefano Dumontet

COMITATO DI LETTURA

— F. Auti {Univ. Roma). F. Aliberti (Univ. Napoli), F.A.

‘ AMHSS Roma}, G. Barone {Univ. Napoli). P. Bet-

— ot (UNICHIM Milano). G. Bronzeti (C.N.R. Pisa), §.

= Brunori {Univ. Roma), G. Caneva (Univ. Roma), S. Cara-

vita {CNR Roma), M. Caruso (Giornalista Napoli). F. Ci-

pelli (Univ. Pisa), M. De Paz (Univ. Genova), R. De Vita

- (Enca Roma), A, Diaspro (Univ. Genova). F. Dondero

= = {Univ. La Sapienza Roma} G. Gilli (Univ. Torino), P. Ma-

= dom {Univ. Parma), F. Mandelli (Univ. La Sapienza Ro-

n:a} E Marinello (Univ. Siena), G. Massari (Univ. La Sa-

Romaj T. Mizno (Univ. Bari). B. Nicolaus (CNR

3. G. Parisi (Univ. Napoli), C. Petrini (1.5.5. Roma),

M. Pilo {Univ, Genova), V. Saggiomo (Staz. Zool. Napo-

E}.. ‘M. Serafini (Univ. Roma). D. Spiteri {Osp. Nuovo

Pellegrini Napoli), L. Varcsio (Osp. Gastini Genova), R.
Vmwm Mhlano).

HANNO COLLABORATO:

A Albam:. S. Aloia, G, Bettini, M. Bonanni. E. Calcatelli,
- € Ceravolo, E. M. Ceravolo. V. Chirulli T, Ciconte.

~ V. D'Awri, D. Davolos, N. Davolos, M. De Rosa,

~G. De Voono, M. C. D'Ovidio. D. Dodoli, E. Fancelli.
P.P. Franzese, P. Frediani, B. Gargani, P. Giogi, F. Landi,
- L.Lapi. . Leoncini, F. Lobo Pereira. R. Longo, V. Longo,
- L. Maduseira, N. Marziliano, C. Naso, G. Nucera. S. Palmi,
B. Papaleo, G. Parisi. E. Pereira da Silva, C. Petrini, A, M.
- Repree, A, Riccio, M. Rossi de Gasperis, C. Rubiolz, A.
Scopa, §. Signorini. M. Sorgia, P. F. Souto, J. B. Sousa.

P Tomao, E. Usai, D. Vitolo, N. Yonesch.

- Thesto imtegrale defle norme per i collaboratori & diffusa via
Intermet al seguente indirizzo: hitp:/fwww.onb.it
L pubblicazione di uno scritto non implica pecessariamente
T"availo defle tesi in esso sostenute da parte del Direttore del-
1a rivista, del Comitaio di Redazione ¢ dell Editore. Ogni au-
tore & personalmente responsabile della forma ¢ del contenu-
ndiqmopubblm

Ammmneddfnb!m&cd:ilomm 161
del 21 Marzo 1985.
Periodico Mensile. Tmﬁid'n'itti SOMO TIServati,

memm«hbglm»coma’sm
da versare sul c.c.p. n. 37165008
intestato all'Ordine Nazionale dei Biologi,
vaa Icilio, 7 - 00153 Roma.
Coﬂbacupiulﬂl

INOO?ERT[NA FOTO DI

V. Liguori
Blm in alto: pesce angelo reale (Pygoplites diacanthues),
E ~pesce bandiera (Hemiochus intermedius);
da sin in basso: pesci vetro ¢ pesce falco.

ORARIO DI APERTURA DEGLI UFFICI
AL PUBBLICO
Dal lunedi al giovedi
ﬂlﬁ!nts.wdkwc 14 e-dalle ore 15 alle ore 17;
~ il venerdi dalle ore 8.30 afle 1330,

PUBBLICITA
: ~ Ordine Nazionale dei Biologi
Vi leilio, 7 - 00153 - Roma - Fax: 06/57000234/5
‘Web: www.onb.it - e-mail: biologiitaliani@onb.it

1 mﬂ:rm GRAFICO E IMPAGINAZIONE
- Graphiter s.r.L - Roma

STAMPA

: Fotolito Moggio
Strada Galli snc - Tel. 0774 381922
0010 Villa Adriana - Roma

*— Finto di sampare o mese di agosio 2003
Associato all'USPI

Unione Stampa
Periodica aliana

Settemhbre 2003

SOMMARIO

EDITORIALE

| ECODINAMICA
Rivoluzione verde e golden rice : Analisi eMergetica in ambiente
E. Landi 3 GIS per la valutazione della
i sostenibilita ambientale: il caso studio
ATTUALITA’ del Comune di Roccamonfina 5
- Le competenze professionali dei chimic i P.P. Franzese etal. 61
E. Rubiola 5
= ' DIDATTICA DELLE SCIENZE
Z_'u’m I'inquinamento ¢ molto di piil Le scienze naturali
P Frediani 7 | nei progetti integrati
i della scuola dell’autonomia...
2 IEN © M. Bonanni 67
Farmaci personalizzati.... :
V. Longe, V. Chirulli 11 : FlLO DIRETTO
¢ 11 complesso della nitrogenasi I -
~ Expression of CD81 receptor in © Struttura e funzione
HCV-positive healthcare workers G. Parisi 7]
M. C. D'Ovidio et al. 15
! DALLE DELEGAZIONI
- ETICA DELLA BIOLOGIA ¢ Genova - Incontro con il responsabile
= Eolismo in biologia ed in ecologia... regionale della Formazione
C. Perrini 20 : A. Albani, F. Leoncini 76
E.N.P.A.B. © Prelievi in Calabria - Comunicato -
Prossime elezioni 25 i G. Nucera =
BIOLOGIA CLINICA | CORSI DI AGGIORNAMENTD

~Calcolosi urinaria e ritmo circannuale

‘l._a PCR® Real-Time per la determinazione
&mnm e qnamificazione

. ngaﬁo per la realizzazione
 di un parco fluviale. .

JAMBI DEL 10
dervcrsﬂa lichenica
- G. Bertini et al. 50 :

- Distributed sensor and vehicle networked
svstems for environmental applications

i Messinz - Citopat. Cervico-Vaginale
M. Sorgia et al. 28

¢ obstetrics and gynaecologia
. Bari -
_ Taranto - Brindisi - Lecce - Qualita
RomdeGaspen.s N. Mariliano 33
¢ Chieti - Master in Restauro del Paesaggio
i e degli Ecosistemi Costieri
Lugo - Lettura del liquido seminale. ..
¢ Fonte Nuova (RM) -
: Catania - La Biologia Molecolare.....

¢ di messa a terra...
: R. Longo, V. D’ Awri

. B. Sousa et al. 57

Venice Lido - For infectious and
immonological diseases in

Aggiornamento in nutrizione

dell’acqua e degli alimenti =3

Tubercolost....

| DSSERVATORIO GIURIDICO
. Davolos et al. 45

i E Caleatelli

Sicurezza nei posti di lavoro

i Linee guida per la verifica

degli obblighi relativi all'impianto

: RECENSIONI 87




IGIENE DELL’AMBIENTE E DEL TERRITORIO

Distributed sensor and vehicle
networked systems
for environmental applications

The recent and exciting possibilities offered by the operation of networked vehicles and distributed sensor systems are reviewed
and their applications in environmental field studies are outlined.

Networked vehicle systems involving sea, air, and ground autonomous or operator-assisted vehicles are used as platforms for ac-
tive sensing, such as adaptive sampling for oceanographic field studies.

Sensor networks combine data from spatially distributed sensor units which in addition to sensing capabilities have processing,
power management, and communication capabilities. The cost of these sensor units is already in the order of some Euros and it
is expected to reduce even further in a near future. This allows for the deployment of a high concentration of sensor units in a
fairly large geographical area with acceptable costs. The combined operation of networked vehicles and sensor units allows re-
searchers to envision ambitious environmental studies where, for example, a given geographical is monitored in real-time with
adjustable resolution.

The review is done in the context of the research programme of the Underwater Systems and Technology Laboratory (USTL)
from Porto University. Over the last two years the USTL devoted an intense effort to the development of feasible concepts for

Keywords

the networked operation of multiple vehicles and systems, and the first deployments are scheduled for late 2003.

Sensor networks, autonomous underwater vehicles, networked vehicle systems, field stodies

Introduction

The future of human beings is deeply related to the quality of
the bodies of water of the planet, and to the maintenance of their
biodiversity. However. we are still far from understanding the
underlying phenomena. For example., what is the effect of pol-
lution or of temperature variations on this particular species?
How is an oil spill going to evolve and affect a coastal area?
How are man-made underwater or surface discharges sprea-
ding. and how are they affecting the quality of the water we
drink. the survival of this ecosystem, or the quality of our bea-
ches?

Researchers are actively studying this important source of life,
water, in all of its forms. In the last decades we have witnessed
on the one hand. an increasing demand for environmental and
oceanographic interventions, and on the other hand. the deve-
lopment of vehicles and technologies for intervention and data
collection at seas, rivers, and lakes. The demand comes from
scientists. trying to understand the effects of the human activi-
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ties and to develop sustainable development and management
policies; from commercial operations, trying to explore natural
resources, such as oil and diamonds; from city and regional
planners, trying to study the impact of new developments, such
as floating airports; from marine archaeologists, trying to find
sunken ships and submersed cities; and also from the military,
trying to assert military dominance at the local or global level.
Shallow and coastal waters are accessible to humans for limited
periods of time. Deep waters are still directly inaccessible for
most countries. In both cases, we need technological advance-
ments and the integration of existing technologies. Some of the-
se technologies are still in their infancy, and most of the de-
ployments are made with prototypes. Remote sensing and sa-
tellite imagery have been intensively utilized for the last deca-
des and are quite unique in the services they provide for resear-
chers. However, the information provided by these technolo-
gies has to be completed with field studies, both at the surface
and underwater.

Two recent technologies are already proving as invaluable tools
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for tield studies: 1) autonomous and operator assisted vehicles,
which are small unmanned vehicles that are either autonomous
or operated remotely by a human. respectively: and 2) sensor
networks [8], i.e. large sets of sensors each of which, in addi-
tion to sensing capabilities. has processing and communication
capabilities. Both technologies allow for the observation of so-
me physical phenomena in a way that was not possible before
they were developed, and they can be deployed in combination
to achieve even more detailed characterization of the phenome-
na under observation. For example, using sensor networks one
can measure scalar or vector fields at several hundred points
both in fairly small volumes as well as very large volumes.

In this paper we review this technology and describe the work
that is being done at USTL on its development and deployment
for environmental applications. It is organized as follows. In
Section Underwater Systems and Technology Laboratory,
we briefly present the research program of USTL. In Section
Technologies, we discuss sensor networks and vehicle systems,
and the main issues in their coordinated operation. In Section
MISSIONS. we outline environmental field studies. some of
them actually planned other conceivable in the near future, with
the deployment of vehicle and sensor networks. We conclude in
the last Section.

Underwater systems and technology laboratory

The Underwater Systems and Technology Laboratory (USTL)

from Porto University has pioneered the development and inte-

gration of these technologies. Work in this area began in 97

with the operation of the ISUSUS autonomous underwater ve-

hicle (AUV). Since then USTL designed and developed:

* Remotely Operated Vehicle (ROV) for the inspection of un-
derwater structures.

* Low cost AUV for coastal oceanography.

= Low cost sensor modules for remote environmental data col-
lection.

* Acoustic navigation technology for multiple AUVs.

= Operational concepts for the coordinated operation of multi-
ple AUVs.

Over the last two years the USTL has worked hard on the de-

velopment of feasible concepts for the networked operation of

multiple vehicles and systems. More recently. researchers at

USTL have been studying sensor networks and how they could

be used together with networked vehicles to build on each other

strengths. For example, networked vehicles can be used to de-

ploy the sensor networks themselves, especially in areas where

accessibility is difficult.

A result of this work 1s an ambitious joint program with the Por-

tuguese Air Force with the following objectives: a) design and

build an Unmanned Air Vehicle (UAV) that will work as a sen-

sor platform;

b) develop the technologies for the operator assisted concurrent

operation of multiple autonomo us vehicles and sensor net-

works.

Recognizing the multi-disciplinary nature of research on net-

worked vehicles and systems. we devised a cooperative re-

search strategy that is grounded on our experience in develo-

ping and deploying systems, and in our cooperation experience
with leading institutions in the all these fields. We have been in-
volved in fostering and growing a world-wide research com-
munity in this area. Since 2001 we have organized conferences.
workshops. and invited sessions on networked multi-vehicles
and systems.

Today USTL aggregates close to 20 researchers including Fa-
culty, Ph.D. and M.Sc. students, and fulltime engineers. USTL
operates on a regular basis the AUVs, the ROV, and sensor net-
works for oceanographic field studies, inspection of underwater
structures. biological field studies, and environmental data col-
lection. In 2003, in collaboration with National Centre for Un-
derwater Archaeology. USTL will deploy both the ISUSUS
and the ROV in archaeological missions off the coast of Portu-

gal.

Technologies

This section provides an overview of the technologies underl-
ving the research work at the USTL, and the main issues rela-
ted to the coordinated control of multiple vehicles.

Sensor networks

Advances in microprocessors and in wireless networks origina-
ted a very recent. but also very active, research on sensor net-
works. A sensor network[8] is a set of sensors which, in addi-
tion to sensing capabilities, have processing and communica-
tion capabilities, making it possible to gather information col-
lected by these sensors in a fairly large geographical area with
acceptable costs. In fact, it is expected that the cost of these sen-
sors will be around 1 Euro a piece. allowing the deployment of
networks of hundreds or even thousands of sensors. The de-
ployment of such large number of sensors allows the characte-
rization of certain physical phenomena with a much larger de-
tail than possible without sensor networks.

Sensor networks are still very recent technology and there are
many research problems to address ranging from data commu-
nications techniques to application protocols and including rou-
ting of samples along the sensors in the network. Besides, most
of the research on sensor networks has focused on electroma-
gnetic wireless communications. This tvpe of communication is
not feasible underwater. In such an environment, the communi-
cation bandwidth is very low and a whole new set of protocols
must be developed. Most of these problems are made harder by
the scarcity of power.

However, in some cases, it may be possible to mitigate these
problems, by combining sensor networks with networked vehi-
cles.

The main function of a sensor network is to gather sensing da-
ta in real-time. Conventional communication paradigms and
protocols are ill suited for this kind of application. For example.
the publish/subscribe and event notification paradigms are mo-
re appropriate than the synchronous remote invocation. Indeed.
the publish/subscribe paradigm fits better to the loosely coupled
nature of sensor networks. For example. rather than polling a
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thousand sensors for their values. one may request them once to
notify any relevant value change. Yet another challenge are the
real-time requirements of datasensing.

These may be important for event correlation or to allow real-
time adaptation of the datacollection strategy. for example. Al-
though the real-time requirements will depend on the phenome-
na under observation, it is an open question whether it is possi-
ble to develop communication protocols with real-time guaran-
tees in large sensor networks.

Vehicles

Vehicles may be a valuable tool for environment monitoring.

Mobility and the capability of autonomously make decisions on

trajectories that optimize the gathering of more relevant data,

distinguish them from the conventional motionless sensors and
make them a most powerful tool.

The collected information can be correlated with other data col-

lected from another devices. such as, oceanographic buoys, sa-

tellites, static sensors etc. However, when available. it is the da-
ta gathered by the vehicles that is usually more relevant.

Considering the area of operation, the nature of the collected da-

ta, the autonomy from human operators and the operational

functionality, the vehicles in study can be characterized as fol-
lows:

* Autonomous Underwater Vehicles (AUVs) are small. unman-
ned. and untethered submersibles capable of executing mis-
sions autonomously. i.e.. without the intervention of a human
operator. Their main application is in gathering oceanographi-
cal data, integrating for this purpose a significant diversity of
sensors. Being unmanned vehicles. with small dimensions,
they have a great operability (transport and motion facility)
and present low operation costs. Given that, they are autono-
mous vehicles. the use of AUVs groups makes it possible to
gather data in large areas. in a relatively short interval of time,
without human intervention. However. they have some tech-
nological limitations. namely power-autonomy. which is pro-
vided by on-board batteries, communications. which must be
acoustic rather than electromagnetic. and navigation, witch
cannot be relying on GPS for example. but requires both iner-
tial and acoustic-based devices. Nevertheless, recent technolo-
gical developments in this type of vehicles have increased si-
gnificantly its potentiality. For example, recent acoustic mo-
dems make it possible to communicate in real-time with this
type of vehicles, allowing for real-time data collection. This
data can be used to make decisions on trajectories that optimi-
z¢ the gathering of more relevant data.

* Remotely Operated Vehicles (ROVs) are unmanned and te-
thered submersibles piloted by a human operator. An ROV
system usually consists of the ROV, a tether and the tether
management system. and an operator console. The tether is
used for information and power transmission. The main appli-
cation of these vehicles has been in real-time visual inspection
of underwater structures, such as ship hulls, port structures.
underwater pipe and cable systems. They have also been used
in the observation of sunken ships or objects that in some way
threaten the stability of the area where they are located.

IGIENE DELLAMBIENTE E DEL TERRIMORIO

* Unmanned Air Vehicles (UAVs) are unmanned, and untethe-
red air vehicles capable of flying and executing segments of
missions autonomously, i.e.. without the intervention of a hu-
man operator.

UAVs are able to carry a large variety of sensors. and can be
used in aerial data acquisition, including imagery. Contrary to
AUVs, UAVSs are. in most cases. capable of transmitting da-
ta collected in realtime.

Because of their small size and low weight. UAV's have high
autonomy and can fly missions as long as 24 hours. Therefo-
re UAVs make possible the aerial observation of large areas
with low cost and minimum human effort. Some typical ap-
plications of UAVs are oil spills inspection and monitoring
marine wild life.

Coordinated control

The problem of specification and design of coordinated control
for new concepts for the operation of networked vehicle and
sensor systems poses new challenges to control engineering [1].
First. we require vehicles, devices. and controllers with evol-
ving access capabilities to dynamically interact with each other,
by exchanging messages and data, in order to execute tasks. Se-
cond. we need different notions of what should be observed un-
der different circumstances, giving rise to questions of when
two different systems exhibit the same behavior. Third, we need
motion coordination models that are highly application depen-
dent. and that may change with time for the same application.
Fourth, we need to incorporate in analysis and control synthe-
sis the aspects of communication and concurrency that are at
the heart of these systems. Fifth, we need to consider data pro-
visioning systems to manage and maintain representations of
data exchanged with network-centric multi-vehicle systems.
This challenge entails a shift in the focus of control theory -
from prescribing and commanding the behavior of isolated
systems to prescribing and commanding the behavior of distri-
buted interacting systems - and requires a convergence of me-
thods and techniques from control engineering. networking and
computer science [5]. From control systems topics of interest
are the concepts and theories of optimality. stability, controlled
invariance, and the motivation to improve the performance of
increasingly complex physical processes. From computer scien-
ce, the research has incorporated the theories of logical specifi-
cation and verification, event-driven state machine models, pro-
cess calculi. concurrent processes and languages. and object-
oriented approaches. From networking topics of interest are ad-
hoc networks, and mobility.

At USTL we have been working on a framework for the repre-
sentation, formal specification. and control synthesis for net-
worked vehicle systems [6.7], that we plan to extend to accom-
modate interactions with sensor networks.

Missions

In our work at USTL we are interested in abstracting, generali-
zing, and formalizing the issues related with the development of
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unmanned vehicles and their operation both alone and networ-
ked. The understanding required for this endeavour must be
grounded on applications from different fields.

Therefore, we have been actively involved with potential users
of this technology in order to discuss concepts of operation, and
new applications.

The following paragraphs outline some missions the USTL is
preparing in order to better understand the issues related to the
deployment of unmanned vehicles and sensor networks.

I. Increasing the resolution of oceanographic databases.

USTL in collaboration with other national and international in-
stitutions plans to conduct field experiments with multiple
AUVs to investigate the potential for increasing the resolution
of these databases. We plan to correlate this information with
images taken from UAVs. These are long endurance missions,
where we need to coordinate the motions of surface vessels that
provide localization data to AUVs travelling a pre-determined
path.

2. Coastal Ocean Outfall Plume Modelling.

The characterization of the dispersion of effluents from coastal
ocean sewage outfalls is a difficult problem, and one requiring
immediate attention as imposed by the EU legislation. Mathe-
matical models provide some understanding of the processes
that affect the dispersion of effluent plumes.

Nearfield models predict the initial characteristics, and are ba-
sed on laboratory models of plume dynamics. Three-dimensio-
nal numerical models are used to predict the farfield plume dis-
persion under various oceanographic conditions. The verifica-
tion of these predictions requires observations with accurate re-
solution and sufficient spatial coverage. This is not possible
with traditional data collection methods. AUV sampling me-
thods seem to provide the adequate temporal and spatial resolu-
tion for spatial mapping. Some field work has alrcady been ma-
de in cooperation with a Portuguese wastewalter treatment com-
pany [9]. The experiment took place in Aveiro and the aim was
to study the environmental impact of sewage outfall plume. We
employed one AUV in order to detect and map the effluent plu-
me and to determine its dilution. In the future we plan to repeat
the survey using not one but several AUVs and to correlate the
information collected with images taken from UA Vs,

3. Nowcast and forecast with distributed sensor networks.

We plan to have a deployable distributed sensor network to pro-
vide data in real-time for nowcast and forecast of oceanogra-
phic and environmental phenomena. For example. in sea out-
falls the natural assimilative capacity of the ocean to dispose
wastewater varies due to the great variability of the background
water conditions. Studies will be conducted to predict the initial
dilution and other wastefield characteristics from the data pro-
vided in real-time from a deployment of this sensor network in
the Aveiro outfall. This information can be used by the treat-
ment plant to control the discharge flowrate for minimal envi-
ronmental impact.

4. Hybrid Acoustic and RF data telemetry networks

USTL is presently developing oceanographic buoys equipped
with both RF commu nication and underwater acoustic com-
munication devices. in addition to a large set of sensors. This
way. these buoys can be used not only for oceanographic data

acquisition, but also for AUVs navigation, and. most impor-
tantly, to provide a data communications network covering both
surface vessels and AUVs. This communications network will
allow real-time collection of data from different sources such as
AUVs, buoys and UAVs at a single point, whether a land sta-
tion or a manned surface vessel.

Additional data could be gathered at these central points via
other communication links, e.g. the Internet or even satellites.
The availability of virtually all the necessary data in real time,
will allow not only better real-time control and coordination of
the vehicles and sensors in the field, but also more informed de-
cisions regarding the mission it self, thus making unmanned ve-
hicles and sensor networks even more powerful and efficient
tools for environmental data acquisition.

Conclusion

In this paper we have reported the work, both done and planned,
at Underwater Systems and Technology Laboratory (USTL) on
vehicle networked systems and distributed sensor networks.
These technologies promise a new world of possibilities for the
characterization of some environmental phenomena. However,
in order to fulfill these promises the use of these technologies
in the observation of environment phenomena must be better
understood, and many research problems must be overcome.
USTL has been working hard on the latter and has been actively
looking for new opportunities to cooperate with potential users
of the technology, both in academia and in the industry.
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