SYSTEM AND PROCESS FOR AUTOVATI CALLY CONTROLLI NG THE
FLI GHT OF PONER W NG Al RFO LS The present invention

WO 608129380 a system and a process for automati Bel/IE2006/000343
controlling the flight of power wing airfoils,
particularly for optimsing the production of electric
energy through the flight of power wing airfoils
connected to a systemof the "carousel" type. A's
known, there is a wide literature and a rel evant
nunber of technical solutions related to the automatic
control in flight of autononous aircrafts (UAV) . As
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Reference art and literature however do not show solutions
or studies which deal with the automatic control of the flight
of power wing airfoils, in particular realised as “power
kite”. In fact, it is deemed that problems of this relevant
control are multiple and complex, such as to require the most
suitable use of the most advanced control methodologies and
algorithms. The flight of a power wing airfoil and its
modelisation in fact deal with the use of multi-variable non-
linear systems, with control specifications to be observed
with relevant  robustness requirements with respect to
parametric variations and to dynamics which cannot be modelled

with enough accuracy. Depending on such characteristics, the
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identification or set membership identification. Such aspects
have been mainly dealt with in the following works:

- Horowitz, “Synthesis of Feedback Control Systems”,
Academic Press, 1963;

- Menga G., Milanese M., Negro A., “Min-max quadratic cost
control of systems described by approximate models”, IEEE
Trans. Aut. Contr, 1976;

- J.C. Doyle, “Guaranteed margins for LQG regulators”, IEEE
Trans. Aut. Contr, 1978;

- V.L. Kharitonov, “Asymptotic stability of an equilibrium
position of a family of systems of linear differential
equations”, Differential Equations, 1979;

- G. Zames, “Feedback and optimal sensitivity”, IEEE Trans.
Aut. Contr, 1981-1982;

- H. Kimura, “Robust stabilizability for a class of transfer



S .P . Bhattacharyya, H. Chapellat, L .H . Keel
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"Robust and Optinmal Control", Prentice Hall, 1996; M.
M| anese, R. Tenpo, A . Vicino (Eds) , "Robustness in
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- uMkngWﬁaﬁﬁﬁe' J. Norton, H. Piet-Lahaniler, E. Walter (Eds),
“Bounding Approaches to System Identification”, Plenum Press,
1996;
- J. R. Partington, “Interpolation, Identification, and
Sampling”, Clarendon Press, 1997;
- H. Kimura, M. Milanese (Org.), Invited Session “Model Set
Theory in Identification and Control”, 38th IEEE CDC, Phoenix,
1999;
- J. Chen, G. Gu, “Control-oriented system identification:
an H-infinity approach”, John Wiley, 2000;
- Int. J. of Robust and Nonlinear Control, Special Issue on
“Robust control from data”, M. Milanese, M. Taragna Eds.,
2004.

In addition to the above articles and books, contributions
at international level for developing innovative methodologies
and algorithms about zrobust identification and control themes

are documented by further international literature; in
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- M. Milanese, M. Taragna, “Optimality, approximétion, and
complexity in Set Membership H-inf identification”, IEEE
Transactions on Automatic Control, vol. AC-47(10), pp. 1682-
1690,2002;
- M. Milanese, C. Novara, “Set Membership Identification of
Nonlinear Systems”, Automatica, Vol. 40/6, pp. 957-975, 2004;
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Milanese, K. Poolla, “Non-Parametric Identification of Static
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International Federation Automatic Control World Conference,
Prague, 2005.

The robust control starting from experimental data is
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- M. Milanese, C. Novara, P. Gabrielli, L. Tenneriello,
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- M. Milanese, C. Novara, “Set Membership Prediction of
River Flow”, Systems and Control Letters, Vol. 53/1, pp. 31-
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However, from what is stated above, no systems and/or



taking into account critical situations and errors due

to prediction. Italian Patent Application n .
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Therefore, object of the present invention is solving the
above prior art problems, by providing a system and a process
for automatically controlling the flight of power wing
airfoils in a predictive way according to a “preferred control
strategy” based on observation and prevision of future flight
conditions of the wing airfoils, taking into account critical
situations and errors due to prediction, allowing to avoid
local maxima, oscillations and driving instabilities.

Another object of the present invention i1is providing a
system and a process for automatically controlling the flight
of the power wing airfoils wused in the system of the
“carousel” type described in Italian Patent Application n.
TO2003A000945 and in . European Patent Application n. EP
04028646.0.
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airfoils as clained in claim27 . Preferred
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the enclosed drawings, in which: - FIG_ 1 is a block
obtagnggr amishowPng StRé SHai f Sonfaremed g ilve SR&tEiR¥gmg  the
£13 gt ?'fa ogal! %i&%mari@flo'irl% the fldigq ofy ROVEm W NG
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acceleration; - FIG 3 is a diagram show ng the
claimavi/gati on area of a power wing airfoil wth respect
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4a”i's a diagram show ng a three-di nensional flight
preseartgetinobnaipowearai nghai rfwijeaf tledtermoceds the dependent

.according to the present invention; - FIG 4b shows a
claifiSan view of the diagramin FIG 4a; - FIG 5 shows

t he di ggeaanefl ifvenid |quivpped mé t besere passdeiless ofy some
the process according to the present invention; and -
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airfoils according to the present invention;

~ FIG. 2a is a diagram showing a reference system related to a
power wing airfoil constrained to a known system of the
“carousel” type;

- FIG. 2b is a graph showing the vector decomposition of a
vector showing a gravity acceleration;

- FIG. 3 is a diagram showing the navigation area of a power
wing airfoil with respect to direction and sense of an Aeolian
current;

- FIG. 4a is a diagram showing a three-dimensional f£light
target of a power wing airfoil of the process according to the
present invention;

-~ FIG. 4b shows a plan view of the diagram in FIG. 4a;

- FIG. 5 shows the diagram of FIG. 4 equipped with some
parameters of the process according to the present invention;

and

- FIG. 6 shows a top view of the known system of the
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the aprboeks2 anfapt@ing o tdet ebe fousstendi e¢g¥eption can be used

information 3 ealing wth, at | [t n

2154, Gh{ B TOR PRPORRE OF the B TT T 2oy PheFfoany stem Of £he

“caddiiRe-'axegpap celyergdd s irgy whodhfl tat Sossibjradtcadare anyway
~ second detecting nmeans 5 on the ground adapted to

Withidt SGte SRATH B CUBE TR iRt oh Ba GRal AT with at

| egsts idieamud of fensd o O &l i Vg D! e5i @At tHE at least
wing airfoil 2 -and the position of the counterwei ght ‘
one ofpdveer dridriqng amifol ; is prowessthpdandoromrofiringng unit
cQ

< {IFEOT it For - RRBBE ALY o R T ARERoFLHes b WiiLcfiche airfoil
itself is connected through two respective driving cables, as
described in TO2003A000945 and in EP 04028646.0.

With reference to FIG. la, it is possible to note that the
system 1 for automatically controlling the flight of at least
one power wing airfoil 2 according to the present invention
comprises:

- first detecting means 3 on board the power wing airfoil 2
adapted to detect first pieces of information 3a dealing with
at least position and orientation in space of the airfoil 2
itself and three-axes accelerations to which it is subjected;

- second detecting means 5 on the ground adapted to detect

second pieces of information 5a dealing with at least the



contents of such pieces of information into a
mechani cal drive operating on the wi nches of the
waleoovitgeg4unit 9 to drive the wing airfoil 2 al BOMIT2806/000343
flight trajectory which maximses the "lift" effect ~ .
generated on the wihg airfoil 2 by the Aeolian current
h it 1s the un
amouﬂgngg' < ﬁ§f§§ sub %gg ng ?Pgﬁé éﬁigbéﬁa%f% rfe ?Ol%nz and
the ﬁaettnbn|5fpe&s|bbant@rweﬂgh$tb&t&h@hdmlwxhgtmalmower
wing airfoil js free f scannlng hﬁ m%ﬂ ont of the
- PRSI T uPPént PR 5 HiAg RBARS ndt Onl yhehefirst S and
secohfacti oL ids C@Lﬁhf@i@ﬁattl% [Lheadpk¥bngrgabl gs dandy the
therefore possrbly on the "carousel " systemarns) is
contenbpmolisisycr autetes hah ingopnetéer @ééow rweshiamg cefe drive
aiyfo S t |r8ﬂq sta
Operg&gg? by éé% og?fﬁﬁlgr gfdggé ect’, %ﬁihtﬁgqgsegrlve the
W1ngwmuﬂfdﬁw mnagoagﬁanE$1thetaab@ﬂUdnyeﬁmecm oaxtihéses the
.. Lotation of t he possible "carousel" temjs, wholly _
14 e AR (SRR PR LRR AT (HE P bRes Lt O % ant 1 SPF) AgoLian
currBRANS o/ ﬁ@ﬂ@h'%ﬂ:algewﬁﬁéﬁééﬂ ABd Omakamadart echd Oamount of
process such first pieces of information 3a to return
kinethtorngrioon SHPtamsiiteposrem obhe abeel épat Fonrany; in fact it
ti oi I, r 0 I
is p bFQQ?ghigﬂﬁg%mé gt ggcgh%gﬁtﬁgﬁgﬁgis%gwgP hg %%%%011 is
freeope’ atea®Saing tthrm V\wnndjieiroihtt hef dthwi @gadlmaln 9cmnrent in a
“ Qntr t he tract force on, the driving cables; and
llf% sh?%§|8 s ¥a%E%O@IW chl Lt exert on the
drlvtrﬁ@or BRbies 33(a‘i:1Ql t e JHOCASS| rrg;s%rr%lgpntcrrpl ldHg MeanSusel”
7 , and in particular to the geonetrical notor 7a.
systRBr eovet) tife SROTrBAVELACCHPUR TRy t GhERe Phresome exerted by
keepé%e%' Or]/fiﬁ? | d; conp 'Ssecﬁrl' nstapl 'Jn%\éélﬂh S'w&% %Slstance
rrve rea d according to the 1o con roI ory.
p01nh1hyCEXpI@leh@eth&ndﬁi&hﬂhdefﬁecﬁpd®aﬂmﬁHEMHreh in which

thefirst ces of |nfor tion 3a are directl ,
the winde e Od}erLst HAYS r 3t PHRELRE| Sfﬁﬁangnst%evﬁ}géﬁtdﬂ%r‘)f the

possBb@ees &frd o1 M g%&e@rﬁﬁ@ewhfi@l&ecféryom ai agd daMcular,
the first pieces of informati on 3a and consequently

the piasiessyipes aidf coat rgdtlddi mpansans gowRKipe a geometrical

motor 7a adapted to process such first pieces of information
3a to return information 7c¢ about position, acceleration and
orientation of the wing airfoil 2 to a numeric control 7b, of
a substantially conventional type, adapted to operate 9%9a on
the winches of the driving unit 9 to control the traction
force on the driving cables; and
- a transmission system of the first pieces of information 3a
to the processing and controlling means 7, and in particular
to the geometrical motor 7a. .
Moreover, the system 1 according to the present invention
could comprise an instability dissipation drive realised
according to the robust control theory.

In order to better understand the modes with which the
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used in the system 1 according to the present
invention, it can be useful to briefly exam ne the
w@ewnatesr pi ece of information which charact ePCHFERG®0343
positipn of the wing airfoil 2 in space. Wth
reference therefore’to FIG 2a it is possible to note
firsthaligach 8Engnabihaichod Wi chrgoes reut19f @lmdiedlapy the
~of "a system 20 of the "carousel” type of Applications
£1irsTORBIRACGOW Bieand EP Odopes46tiedeBterbesOtt AndogRathen can
. dri, vi I aknj j t ;
ve G A AR e S0 bhebdo 08 BhgtMacion 32
and onarglen®AR WaMialg ypes ppantitrat spatect The means 3 can be
aer odypam cs study introdyces the concepts aof roll, . ,
usedy1RntaRd JRbeT nl gETEPATG0 the APPoRiRSatt | thUBhtiAn, it
can C8&e @kezuM Ngoai bEOkE1Z ,ckARIRel Stite CYWHi e piece of
represented by the output nozzle of the driving cables
informaftiem t w@lé%m Zha BRNtET icefpeltdia o ROsAdee F t fde wing
._cl.assjc in I ' . thekres bhen iy
alrf%&%e?|éﬂ)%é%é%mswggyiéég¥%?é?%rgﬂggég§%?diha?gﬁéyggémlt S
possX¥ & efo indtegridiat ¢dich helagma20fobl 2hehdybt goe20ouso of an

that the gravit cel eratiop has a onent__al ong . .
arm {3 %ﬁeaa§V§t2%.%ﬁkﬁlﬁs€?%r?ﬁ@FOP§§§9FE¥8ea@ o&ﬂ¥§hﬁﬁ§tlons
To200 o5 | BRe Whbchodi®@idsed e HB20peenNd tArbligh the two

_ nmedium point of the wing airfoil 2 . This segnent,
drivime efadeve, 2deseprisésaaniangl éta, toi thhe¢heground and the

imaqll?{a{ ni%{xeaf a%l?g{)r ﬁoin?ngtgn e%@i%l e t‘f‘@i&ﬂgtfﬁgoﬁ% laying

ocat’ed ing Tromaxis Xref by pProjecting
on &egieire ofint hepdios | zMhical apradenXYies .stAnpl esnaraddc¥s the
define the position of the wing airfoil 2.in space. |
conCARE eBhuEre /i BLE ot 11l it of e RGAdver Coff] digrcratt
attidlde When theeordend aling eangenty is alisord NiE0dUCRshstraint
In order to define it, let us take into account again
repuareTEioV st | etpvEi angkde Thethei dagivéngAB s ot from

a plan 0S€e .pQgsi t | 1th resp 0.th r ;

the r 6187 e%cea syws lec%l chéaon e%\ilgl n 1{? ne%é{poe&nncﬁengeto(% ?%géjvwcnlgassmal

terndiddddy 2(Faw ghtolThe pierdm)ar itert aké ophefi th&ewingo account
airfoil 2 therefore defines the angle b described

an {f@ap| H%E FEORAT PP R 7 Fangle taRd ffoenotioontat with the
arm %%S%§?%§%r52¥t?%p§bt E%OWHQFEEﬁgyé¥%éifv“£ételeration has
a component along only one axis Z. Let us further take into
account the imaginary line which joins the arm 20a end to the
medium point of the wing airfoil 2. This segment, stated

above, describes an angle «, with the horizontal plane XY,

and an angle vy which can be located starting from axis X, by
projecting the segment on the horizontal plane XY,;. Angles «
and y define the position of the wing airfoil 2 in space. The
geometric piece of information is however complete only when
the orientation concept is also introduced. In order to define
it, let wus take into account again the above described
triangle. The triangle OAB lays on a plane whose position with

respect to the ground reference system changes in time
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deduce position and orientation of the wing airfoil 2
in space, an artificial ground optical view system can
wheooadepted, this could be constantly inpairedP@yIT2066/000343
possible transit of clouds or the lack of a |inpid
at nosphere, these problens being still nore felt if
the system 1l is used together with the:system 20 of ,
deperidieng canoused "wiyge adhdioddt e i sedghy . hilgle opermt begentation
flight heights of _the w airfail 2 . Preferably, )
of thferdrgr &155P iy d%rt?%rﬁggﬁse dﬁé%?‘teisoﬁké?noa%ﬂ%ngafiﬁ‘éﬁrlbed

by t8k tggfar‘ﬂé ngnaiffiid 2hkn tsRagRy1andaRgcehrr atdPNSohOa1 plane
which it is subjected, the first detecting neans 3
XY er CORYLI sAPATE ebramedhgc @k onefemndfYt hERNEVB tifpecrder to

conmbinafipn with at l.east ane el ectronic _conpass._This .
dedufr TR0e bHE0R arh A I AT ok B Re BT e o he 2 in
spac&l UXgat e A ¥RE QK Aanotfiejurly P&sp@ft £l t OvPERViI §9sBem  can  be

reliable solution,. muich nore accurate than what could .
adopbedebtdired Owll_tdh_ebar tqqn%t%ntl_ﬁ ewﬂ‘@@éﬁe@ndév ﬁéﬁ e@_PSSlble
cran$h B! g 1 £Y0600dit olire hOoRArd4 cUl Alindile MAGALLED]! these

I's equipped with at | east one nmagnetonmeter and at
probleast baintyhreeibkesnaceel Bebioetef s Placed/stent hel ends used

of the w airfoil, ef er next where the .,
togeﬁgﬁyi ng"t@bhl edi%i nSYE Hal Iag) gf e %\Fﬁg :\ir?ﬁ‘lb?'f?el type
charhesekesenetpys kﬁf(‘gl’pO@P_@rbhﬁn@ ngl adif oide ithierLf 0ke the wing

~ solve the functions o - providing the system1l with
airfphé apability of recognising position and orientation

0 | ai Lle1l. space; .- p [ Lo
oErb SR, SIS R EPIAC i BlPY Masce posiion an
orietseafubnf arf t tiee catinectafreetiack dfh tdproonandl daeiecfations

t he process according to the, present invention .
to WLl ied et G ST ekt ot LhT ougheEhingy beahsy 3 comprise

thre®0hkG! iNGJ1RE RRITA & f alise pevmsepybenigl ddi®ination with
gravi tyvector, caused by strong aerodynani c

at aeester ankonslewhygneionecersagsnpl Brest heaprowi stwn ofan  be
rex1BSREES 00 | 1 SLUBLLANGMLD e AL Ve RGO CDULS or amoties
typeaccgiley onet prsyidanmel ywdlhmbliengs@lufbih, much more accurate
than what could be obtained by the artificial view even under
perfect visibility conditions. In particular, the wing airfoil
2 is equipped with at least one magnetometer and at least two
three—axes accelerometers placed at the ends of the wing
airfoil, preferably next to where the driving cables join the
walls of the wing airfoil. Accelerometers on board the wing
airfoil therefore solve the functions of:

- providing the system 1 with the capability of recognising
position and orientation of the wing airfoil in space;

~ supplying multidimensional and instantaneous acceleration
data, useful for the correct feedback of the control loop of
the process according to the present invention, described

below, implemented through the system 1;

- correcting the possible false perception of the gravity

11



2 rotation around the gravity axis. Accel eroneters of
the type used in the system 1 are sensitive to a w de
wa@p@atieasal of accel erati ons which range from st BCT/AT2006/000343
accel eration, such as gravity acceleration, to
phenonena with frequency characteristics of a few kHz.
The three-axes accel eroneter obviously defines a
vectbEf e££ns8d Gayt e8FangsHstetyXY@Acohcttsepaniohike the
one shown in FIG 2b. By immgining an instant _.in which
HNedneedneieeee s\PBHES nchgs-\ﬁlicﬁ”tq?é’ri de3f pieces of

info£r§£€{$ﬂc.€.gﬁrtt%sé L £POLALNGHES S Yisd erﬁ%ég;séﬁil%’ hbe within

sensitivify to gravity (static) acceleration allows de ,

reachacfothe diysttienguifs e erebecehetars onnyaeiat £bA Hdagt glrfoil
the,only sl agt £gg of tg% acg&lserorreter (which inplies

2 robaG PP atrBH"Gr Tafr EEEVONYZA® W th respect to Zref )

f nept de¥anbabion dae tiet heymet ualedi 4pl atkaensysfethel are
reference system XYZA ori

gi n, defined as_aerodynam_c
sensiBeBRorat Fort iRl T EH WBpP 6sBRES ERECEPPGhITGE  E1Ie Erom

statggmra%gﬂ?ﬂ{Igﬂ ' hlghcﬂ'?nera%l . Lhevibyee-ax@Sleration, to

accel eroneter w ave a casuql posi tion i n space.
phenthenveatiah §rewnieclcydeberiadsds titsd igsavif yp few kHz.

acceleration, with a.constant dul o, -djr N
sehSel 5§ﬁ—?ﬁ§§eﬁ&,ﬁgl§§0&§%§ g)g)ev&oﬁlrﬁlg} icf‘egjtr%ge?q:eference
Cart©QARONENt S &b 0RYz] hervarsorsepar ak kel the tdres t Bheen in FIG.

axes XA,” YA, ZA . Qbviously, the gravity vector
ob. pBgi tinenyiind icheavooknf et les gy stkheXYZA@RNrafesepee system

. expressed . i.n spherical _coordi d ' n therdinat
cois SRR PURY FRbe oot gt g g e danaces
systidit ough _heciol fensngiehapgecofyrecdrdi nettes:idg acgeleration

cos f *'singYg=g9gsinf * cos q ZgA = g,cos from,
alloms cHet Hecftol |omi Agsténebtanned fCeCShehATERD, V%Q‘A)atc}on due

= asin (X gA ; e_at [ pgentin{y) impli
N e A S ek e i e
variation of direction Z, with respect to Z,s) from a variation

due to the actual displacement of the reference system XYZ,

origin, defined as aerodynamic acceleration and which
represents the flight of the power wing airfoil.

In general, the three-axes accelerometer will have a
casual position in space. The vector ¢ which describes the
gravity acceleration, with a constant modulo, direction and
sense, can therefore be decomposed into its three components

along the versors parallel to the three axes X, Yar Zp-
Obviously, the gravity vector g position in the coordinates
system XYZ, can also be expressed in spherical coordinates,
depending on the angles ¢ and © and the modulo of g (9.8 m/s?),

through the following change of coordinates:

= * * 1

XgA =g cos @ sin ©
— * 1 *

YgA =g sin @ cos 9
= &

ZgA = g cos ©



Each accel eroneter is subjected to wo accel eration
contributes. The gravity accel eration, described
w@b@vaz93s vectorily summed to the aerodynam cPCT/IT2006/000343
accel eration due to the actual notion of the w ng
airfoil with respect to the fixed reference system XYZ
ref . The first detecting neans 3 can therefore be
fromfGapted the irmhieneMy id ddeiimeayn intel Iigence aboard
the wing airfoil, suitable algorithns whose purpose is
¢ = dﬁtﬁqznég@,@hi‘f@g) gravity accel eration from aerodynam c
accel eration, conmuni cating on one hand the spheri cal
O = @dmdiatles which point out the gravity vector
deconposition wth respect to the accel eroneter o
whergo R tififaties Wit (& aaidr @ orBindiel o cBlL Ehordteerambiguity

Shantdihg W hh, respect to the fixed reference system |,
©*%%nd on ?(h\(/eyl c;?h/(rer hand, the real-tine evaluation of the

aélody navics lacoehetren i obs Thebpeasede 6P suotp acceleration
accel.erati al lows,. first of all, to inplenent .
contiSGfIHE." Me GP i S66S RAPERChS o TERGALAFS rapoves is
vectyorpt | yushedi " t haef ldgtddwiaiie weaglaretobhs,d@s to the
will be seen afterwards in the descrjption of the

aCtaont Fot L pf 0&&s st R cHranF 40" the prERedeSRfFENtFenthe fixed
refedbiEdreasyadf untier al lays instant %@&@d%ﬁgﬁ@&{é %G can

the necessary angi €§°f and g for eval uating
themcatceriorebeaparident at iaplewdhke tihe elteelewain omitel Bigence

i nt e%éati on allows a further evaluation of the flight _
abogndyj e oF ynef oifd Milng BrFTte ykIPHEEB R oHPPEL My rpose 1is

disi?ilr{gdirgkﬂrrf@:] i oa_rra%ac_tyeg t lgchtaieEBQmﬂFﬁdgte- ﬁgﬁ neeth Of gynamic

providing the wing arrfoil with at |eas

accelopeltaraonet ecompeniived ifidtom the faot thandit the  spherical

nece i sti.nqui sh,those w airfoil

Coorgin 3 Yy gcg Q1 out ) rn\?' v omv<$neonnt1$osition

T Can" B de &%ed as O ot at1%onST AF buhd Voie O6f FTEMP

wittendssplertt hice® case, apkylemneacecekerespteinassenbigsiem (and
for exanple, at_the wing airfoil centre, would

thenphd Vid'a bRt PEPtepe8daRhiBE Hakhbe cspsicoxitmtidee fixed
refMbddbdt Wadem) WELE W S t%}ﬁer%@{épn spged otfl'hé hereal-time

.relevant circul ar notion, Iler represents the
evalacteler owét ethei stancdyfianict ke gdteats wimrcentlhe (inpasure of
sucl'{ hz!\csceciaesreaition allows, first of all, to implement real-time
control techniques which are mandatory for promptly driving
the flight of the wing airfoils, as will be seen afterwards in
the description of the control process according to the
present invention. Such measure further allows instantaneously
correcting the necessary angles ¢ and © for evaluating the
accelerometer orientation, while the acceleration data
integration allows a further evaluation of the flight
trajectory of the wing airfoil, de facto completing all
information related to its knowledge.

The need of providing the wing airfoil with at least two
accelerometers derives from the fact that it is necessary to
distinguish those wing airfoil movements which can be deemed

as rotations around one of its ends. In this case, only one
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half the width of the wing airfoil) . Such speed does
not correctly describe the wing airfoil notion, 'whose
woO ooga293end describes a circular trajectory w por/airoed/@o343
tangential speed vt = wr and centripetal accel eration
.equal toac = vt 2/ r . The two accel eroneters
arranged on the wing airfoil therefore realise an _
accéeherdnatesi xass@so ptaf f of o Widstarp o8, perd orMRNC&idd airfoil
h cutt]ng frgguency, which is able to recognise

hi
Cen?%%ene%?%l%n BPRCEXEE afd dtdsHel Posi R andhich can  be

appst B 8dd opioh Lhe-wy,ng airfeid dt ot AL

PP around an axi s }vvﬁi ch do not ir?lprléy "{Q}Zirgu a%%n%gfl:%gfﬁ% speed of

the axireldiveatt | oninbithri s paradh gl toideef r cand@WRMAs  the
E%E erceiveg,b% this _confiquration of acceleroneters.

ACCe T R Fyr AT VRIS FEOMs Hier el Grie-aie ety (50 this case,

halPr @HedewiBenw & aifd Oiliny tBigtoli®dst 8M6h speed does not
magnet onet er for conpensating the drift due to t%e ‘
corzpitibte FREEFLALI dhe THéngwe latisl lervoeiens "wogetchetfree” end

j ' . I f .
cesdhbivd e cubat oL pBEccedl 65 21 LSS AR 150 speca

= oeach shdecbathgpkRawn.achra arlvidknpn dal & i s t\hce / r. The
angl e included between arm and pair of cables 21
two ( Egis ldgrondtets sestiangpdd neomf thee adnge angifeil therefore

rea iirkcé ug%d fr% fglg(gsfle%y\gxeg%aghigﬁgp)gmg;ﬁ@g d on ]tng?formance

orizontal plane

and canfgin t abhyt evgl ugtreduihem, gr aHikbh bYi i reetdy to  recognise
measuring it on the output point of cables fromthe

MOVERTHTH T 5By, SXRE S8CoMP fetidrd innp Hekam Fdrerientation of

the adiy e £, detacdfhe second pieces of information 5a
dealing at least wth the anount of tension on the

dRokiatg weblaowidt Ae wikng aiwifbi Id? reotd el posatiohions in
a | or enul ated by, the wi nch f the driving unit
the 93%&%‘ ret At e“f’%%%htl,s i%aﬁ%ff?£u|t8r,7fnanct F8h growever be
perdditr&Punpber wairght i 3opetightdalily, or. el e%ﬁﬁfeﬁ%lrl&fnetgrs only
absor bi ng" and storing the excess energy I ¢ch can Dbe

integuiadriatedd/ dukt t d sa thersfopag nsicedsaayd tet provitlei the wing
nder stall

air%og.ﬁldf{v?gﬁslaw mé%géc;gcg?émt glgtg%llgrtfo%eltelrs or compensating the
drift due to the double integration. The two accelerometers
together with the output point of cables 21 from arm 20a
describe a completely known triangle, the length of each side
being known. The only unknown data is the angle included
between arm and pair of cables 21 (consider the bisecting line
of the acute angle included between the two cables 21)
projected on the horizontal plane XY,... Such angle can be more
comfortably evaluated from ground, by directly measuring it on
the output point of cables from the arm. l

As said, the second detecting means 5 are adapted to
detect the second pieces of information 5a dealing at least
with the amount of tension on the driving cables of the wing

airfoil 2 and the position, actual or emulated by the winches

of the driving unit 9, of the counterweight; in particular,
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wi nd. The second detecting neans 5 can therefore

conprise "strain gauges" for neasuring the deflection
wobtoorheosdr i vi ng cabl es and encoders on t he w NBOESr2006/000343

the driving unit; such encoders, possibly associated

with an alternate notor, can al so be used for

detecting the length of the driving cable unwound from

fund¢heomi REhEShe ardeRRIGRUSR: Yi$ hg tkstangs _”cgf“ LASctrically
wng airfoil to the driving unit, and the glf erential
abseEnbRe BREWSERTERE (the @NCASTy endias wiich saae bengenerated
due atbfai le. SRS S n ct.ing . ns 5 _can . ,
°% al'so coﬁ%%?ie proxY%@?& gg%sgsggggaﬁFng¥§: ot 2eEPfhen which
the apghe bérdeeh tlse whder rafaddbl@mdtt tdres outtiet reptbe to the

, rmmpnozzl e of the "carousel" system The second
Wln%étec‘?néﬁﬁﬁﬁﬁt %egﬁﬁtépgo BEAPPi s (9@ optieesifogie comprise

" st 18 i Oy e@rouRdy afdfdudiidlg VEBE O &Mo] 06 £t he, driving
wing airfoil position. The ground optical view, mntil
cablegpabfl (B AWEHA crbwabe ofachess ehethendidglient abhiet; such

shispgva of, d i 1e. t rapsit. .of__cl.ouds

SR Chi ch hir%le the Wi %%%gﬁl%%el%qu %]gr%nhvi%gm %A B3 T efotor,  can

alsar bief icsad Vicew dyseenihgweter penytdesfanthapadi@dning cable
ut | in ter of safety, supplying necessary

Mo
b %{%ﬁ?@oﬁﬂF% Q%BFggEOIﬁ of %??%g%%iYCSB@eﬂ%i%ﬁﬁpce from

the swahly ahferafls id gaser@tivii@mibhe fifsy 38ANdi frerential
second 5a pieces of information respectively neasureg

lengfih t et veest theartdras el By deslete s ngfmearssme heimgngirfoil.

i i1 I td ' , anyway ' .be obtained in ,
Mor€§6%€hs€ﬂ$ﬁré%gg¥?$e?%%%ﬁﬁé$g¥ E%F St oCesSPRg 6f-SGat gomPrise
proxigming fyerrmcace elepreder soande taghetioret eng it r @egheen the
d . 1.ne geo rical,motor; in particular, the |ength of

FLHE wi §% 0t pusttiontvRekt off cai®e @FPaimedzle of the
“ecadirsnmgh 4 &publ e integration of the accel eration

signal ;b ) conbining data which can be obtained from

wilnEh eSS Erbds e Gl 1o theameaS ut@n cilamgt@spbeseethe optical

or GERkERCYA LTI L EAR SR PUNALIRY oL AR e ing
airfangl esoshiLdn t hehpagroahddobtibglcable®s, A% respect to the
microwave one, has the non-neglectable disadvantage of
depending on the transit of clouds which hide the wing airfoil
from view. An efficient artificial view system however
provides an important contribution in terms of safety,
supplying necessary information to avoid collisions with
helicopters and small aircrafts in general.

From the first 3a and second 5a pieces of informatiodn
respectively measured by the first 3 and second 5 detecting
means, the wing airfoil position in space can anyway be
obtained in at least three different ways:

a) processing of data coming from accelerometers and
magnetometers through the geometrical motor; in particular,
the length of the wing airfoil position vector can be obtained

through the double integration of the acceleration signal;
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whol e, generate wth the armitself can be eval uated;

C ) using the artificial view system in this case,
whowenuessgit o the del ay of deriving informti onPCT/IE2006/000343

del ay due to acquiring and conposing the inmages nust

be added. Simlarly, the wing airfoil orientation in

space can be obtai ned both by processing accel eroneter

b) da&@mﬁﬂﬁiﬁ& Hgﬂasw?lficthh%a%rHef'io@t@in\é{dewbr%\ﬁ?txﬁ'ﬂche encoaers
~ Accel eration, instead, nust necessarily be obtai ned on
witho&he tieeswineg <f rdngles doetweenheabaes thdt atrhe wiielchy can be

LE duced. by conputing the _second derivative fromthe
ot g T L EOTD AT Bl e L5t EN nas e8P EE R my £ By Che arm
end} echniiyguelse Wainefl eay ewivbodateey g0ir doEvidag vilkgy Wdlles, as a
irfoils flight. This inplies that intelligence on
Whozﬁarg?Pﬁ§aRFn§lﬁﬁr¢&q e dies 1dn Gamt & &vadaratest: t he

&5
c) copkiRk %ﬂﬁiQﬁ%@ifiéﬂafnv§gke%®%@éﬁﬁ g?poﬁﬁfEnEasEEiﬁ%wever,
al so possible to provide for the use of rheological A
to pehgrefsliy t bé wideyisiimooi linftonrettice, withie t lkelay due to

e_of, realisi.n tuating syst direct]y on
2calltEF0° pRYS GORPEREdY e dripdes BT Hprsuidt t hat

t heihilaklget exd ngiAgans (I i S£iehhefi6eNser sspdi€hcan be
are able to _provide signals derived by feedback from
ObtRbHBEs PPE Y (R ER ST HIRY RFCE beEOREFPButlatar aget byt means of

thet BetWrRgiahr £9kly RQYION in space. Due to what is
stated_above, the measure of wing airfoil position and
orRepederanips,t henetord, aptuito Ipegesdanddit ; ben obtained on

Lgul h l ' I ' ' f
moafA LG 3 pL1C.BEGELSTT LR, VBl VLT OTe AT 8 1O iy

intnotiubedng raf f i cbmpttingt eri® ofsd@ald t i dBriegdundanCc¥rom the
can contribute to formthe di agnostic redundancy of '
POS{ h&0By dfe MR AR | WHtR hEh | FgRE ~ERBPacatirS dechniques
whi@h bhe WaRG APl ts) ”dH‘&fn@o%éxkir&ga%‘ig%'ﬁs flight. This
rel evance can be given to 1nventive nethodol ogies o
impdésbghag Jintaldligensoren ppbaced tbgethey witfotihe becomes an

inc bR, Bdor segend datest Lng prans of (e ovstem 1

In an alternative embodiment, it is also possible to
provide for the use of rheological polymers in the wing
airfoil structure, with the purpose of realising actuating
systems directly on board; in such case, it is possible to
provide that the first detecting means comprise other sensors
which are able to provide signals derived by feedback from
composite materials in order to contribute or detect the wing
airfoil position in space.

Due to what is stated above, the measure of wing airfoil
position and orientation is therefore apt to be redundant; in
particular, the acceleration evaluation starting from direct
position and orientation information, though not Dbeing
efficient in terms of real-time redundancy, can contribute to
form the diagnostic redundancy of the system for evaluating

the flight characteristics of the wing airfoil.
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sensors of the first and second detecting neans coul d,

in case of failure of the specific sensor, also be
wesdornegsed from the nmeasures of the other sensPeBHIT2006/000343

t hrough observers/Kal man filters desi gned dependi ng on

an adequate nodel of the dynanic behavi our of w ng

I.l.s. The adyant age i ng .abl e 10 erform '

a"E’%lr f%eSBHESﬁgy I%gr § §Q§S|¢%}§n f%uaIEEens P igiven to

inveRt 866 @fe tIQIW 1Qfgitdre Eea|dﬂﬂmgﬁlﬂ§ e¥irdenl, sdnsors placed
gener al, dependi ng on phye)cal sensor costs.,and on

togebhe?él s haidiR  FREBEI IBIG/GF SRCRInORTESELGA WReals hef the

nty ol T advantgge iRardd cbakh¥Yed by th
SySt§@ eban?é¥a%gggnsgﬁég%nqgiard tﬁ%ﬁﬁﬁﬁg airfoils, Fn Y ©

sensehschfatihantfdges arel atieand deeeoing Mepghat candd, in case
ti
R e e N A R

meas8e880bF ithet Re-raef O@@Uid)ﬁsftEkdugHSoHes&TWEl‘ﬂedKiaﬂman filters

"Ri | evazi one, isolanento e rec ero of %¥ guastl )
desigRgdseA§BPPIdNJas<SBt t FRIi 279 TﬁllmOd adfidti e dynamic

behaweaks,oﬁeﬁl@ﬁaSIataleﬁmé\/l ThE! angse (ddds A4t wBtifaaBle to

Informatica) ; S . Chiesa (D p. Ingegneria
perfAemomxace)redumdaBpm Ageldlis (Y ensa)ng, Poftuaknsepsor in
di |no 200 E Ilano and
placﬁut% tT £ % dqxh &€Cg PR - pé#?%%%?%1 in general

depehBsHbt Sohn yehkckelsi deskop a@@é@seSém@HRMQH ﬁﬂﬁiems about
2006, Detroit di M. M| anese, D . Regruto, e

instpdleitaan AR neprERvRieahi Pl Wil bwHiteh %rPWéelt ﬁé!sweﬁ‘g These
advaﬁlt%f %' ! Saféee&asr{féu%%f%a%lé@éhtt ifge agcelerat banandy the

Ion i nfoormati on articular, three-axes
w1ngacaEkEDalson31MM|wﬁu@@semiﬁ&nﬂdgeduﬂmmﬂ oadderdn ihe terms of

hr ee- di nensi onal s acgfL of ghe mhﬂg airfoil, nus a
welg éaéhcgr?%r%% SCRGPTBUBR - bodr £ 1He WHG ai Pf‘@erlences can
be ﬂﬂ@%ﬁﬂétéd“ﬁéﬁiﬁﬁhéﬂfﬁbﬁetﬁgtapbll&@th@ﬁﬁoﬁh&ﬂﬂﬁﬁél sensors

that the transm ssion systemof thefirst pieces of

in  jtifer neeForeBhipet waeAd i nd i rdFFrHAAd pr é8ess| g aifrpione,
1501%%%%F$”é'¥%é§§%§o OEOQBl' é@éﬁ‘&%ftﬁé gensorl di assetto

Speciticatio hoterns of perfornance and ener gy
di adsengbibby?, | Gradiert iton cOnpbyswi tRessuots leElps r eMentM] lanese

(Dlpand B{S&g{f@gy'e Informatica), S. Chiesa (Dip. Ingegneria
Aerospaziale), M. Birindelli (Alenia), Politecnico di Torino,
2003 by E. Corigliano, and in the automotive field, as
described in “Experimental results in vehicle sideslip angle
estimation” SAE 2006, Detrcit di M. Milanese, D. Regruto, e A.
Fortina.

The numeric control 7b which drives the wing airfoils
needs reliable and real time acceleration and position
information. 1In particular, three-axes accelerations which
describe the behaviour, in the three-dimensional space, of the
wing airfoil, must necessarily be acquired on board the wing

alrfoil itself, therefore at a height.

It follows the need that the transmission system of the
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excl udi ng the nost obvi ous gal vani c connection between
wing airfoil and ground processing and controlling
wore@ng2934not to realise a favourabl e path for POFSI20062000343

at nospheri c di scharges, the transm ssion system can be

integrated in the driving cables of the wing airfoi

through at | east one data optical fibre. The insertion
firof opiieceﬁ fbbLeﬁgifprmablieﬁblrmat bewaven tlaltmgi _nta%rfoil -and

account that the driving cables are generally with a .
ProfRgRIABdUPTS! f OB TRl %t 9 Swor ki NgOBRAYF FBnnBAEhi sstrict

spedl fiLgHl bnboth, fidrkevbar RRG Sfr@fa nddVMARO! élﬁéPé‘%eg%so’%ption.
s known, the kevlar can have seepages and tend te
In abyteh wat ecompivchwésbl dsiabl yrequimereass ofand preferably

i ¢,conductivify.in_c of .acid rains.or l.ocal .

exc%%(?iﬁ?afﬁhs? ﬁlﬁﬁittngg)}wl%%%e agLrvya o uggnBreS?:égf‘i n%etween wing

airsbeat hadorgbsadsprbeesexagplandradenofoTHg Weka@lk 7 not to
woul d al so perfarm an abrasi on-prevention function. In

reatyps gaf@var@i& Rath pratehentiblet REMGEPPEAL Cf PhEeharges,

the WOl g bR bt wgens sheahh and bundl §,:Qf o fAdU®S.3 PAYNY driving
attention to give a certain freedomin length in order

cabhot tod siltg evingheiopicidal ticovponeat tleatstie wwredata optical
ripglastic distortions of the cable . In case of UHWW

pol yet hyl ene, the considerations given for kevlar

r emiaé N ivadd e i diut offheopt odd emfabrieks appkbdakisOnmidist however

be.added, the so-called "creep”, nanely the .
take riBhar §C5PENE digdt i 161 | AT RS uRRfetSRf #BRt §SNGRREAY with a

higMoulhdaipese A dLquaid rephaceprat QbrgcahbescaguiBRRdnt is
with optical fibres thereby reducing the acCtua

difbekl hgboitive LoFhétey le doheler WdlEr bal yebhiythneanAbe known,
associ_ated w th_pol yethyl ene Lch . reduce th ,

the RERTER Gl chozEn e REHean M o"SBdo0mt Ajotb water, which

couT@Miinpaty} oAnWitdtAdspossi k1 dad ngoRfutbevopyi Gal case of
fibreinside the UHMNW bundle itself.- It is however

acifedesidnt yoro tneet | iRt i@ ttthe Bekinen ithcreasesawt hto use
prolJEcFhSTEHEE ST ARLISSLOLE R CAN RS MO HERY i
woul@quilsd perdermw dhowbiawimr-mgevention function. In this
case, the natural placement of the optical fibre would be
between sheath and bundle of fibres, paying attention to give
a certain freedom in length in order not to subject the
optical component to the same elastic distortions of the
cable.

In case of UHMW polyethylene, the considerations given for
kevlar remain valid, but the problem of its application must
be added, the so-called “creep”, namely the irreversible
elongation in time wunder efforts, whicﬁ would d1mpose a
frequent replacement of cables equipped with optical fibres
thereby reducing the actual working time. There are however
materials which can be associated with polyethylene, which
reduce the problem, which can be taken into account 1in

combination with the possible weaving of the optical fibre

18



creep and w thout increasing the aerodynam c drag
force, nanely the resistance that the cables give to
wa@poo7pegset rati on. Moreover, a wing airfoil geoP€I/IT2006/000343
nodel | i ng of the cable section in order to make them
assunme shapes with lower drag and nore lift could be a
useful solution. O her optical fibres in cables could
insifde usked ﬂﬁﬂMbOWdedwppiyEﬁ@ftheIﬁiﬁsi Hetevbirngnaeassary to

on.boar wing airfoil, |ntroduci , .in a nmultinpde
undef B E R T RE "G 8RS EL D bl RiTaddel Fquare,
and @h@ﬂ@idﬁdﬂthdI@HEl@@UWdrbﬁoé@C@HM@&He@et@d@ﬂﬂ}fﬁlmen51oned
¢ro photovoltaic¢ nodule, for exanple made of "GaAS,

depeaﬁllpﬁe W righai PASIIUE deAUAmest kR TR yWitheut incurring in
cree%r ansm S$HQM oINSt 8MGIR Al PW the tare"’]:%%(})rﬁaﬁl% Qiricf'e force,

irst pieces of |nfornat|on in radi of requency, suc
nameécvl @heormﬁelrst“taa,rmay dppearhagcablehegiust teataimalpenetration.

hod for_a conmun on. whi,.ch need gidin A
MOfe@WEEfr.c Sgﬁﬂéctfb Ofﬁ)tge%ﬂ$ﬁﬁ§ deWﬁﬁglﬁénﬁkoﬁﬁthEhe cable

sectener gt i erpeirntt®f mukewtHatenassuhde soppesal witlr @dwer drag
sol ved the transm ssion of information, it can anyway

and BRIradddttoP s Bse 15 fatdi®q Biaio-esour ce
r ephesent,ed; by, t t.ll.g.b&%%l olIfl I %ﬁgqg‘ﬂsy sy 'Tbés' Qed O%0r power

redundancy reasons. the radi o conmuni cati on
supplepngs arites ﬂimatﬁ@&beatbmgkmpasslunlbnawdtmkmespmmg diorfoil.

t he conmuni,cation thra opt.i cal flbre a matchdo
It rgg g Aot 1% o MR o LBOT I Darchien o 5 | SEEficient

amouﬁ@s$ﬂﬂl Hﬂeﬁiuﬁﬁéoﬁﬁo@ﬁdoﬁﬁdéa|lﬁ QW could be reconverted
acknow edgenents. Cbviously, the radio-frequency

thropginsnisisiith Rt eyl aseodnlext fenekyraprde W&dQHqﬁ GaAs,
on t%nforggy%yQ@g(y1§£§gocols to send the first pieces of

tion to the ground processing and controlling
mdanernBy iveilyy f dheexanpnesmission system can allow the
nDnodlrectlgna%%ont%nuous stream

protocg Q
transgmndicdat P Vel e phy¥i%hl FFaydF! OﬁBEI&OBe the radio-
freqi@@icr,f r @eeNCYs IR 0T ,caMi L IGAN dpeh Sin®! e FSKehe  most

modul ator of digital information provided by sensors
natugrd camtimsbusiyr acei veompswevat ipnapl yidgha needs avoiding

electric connections, but can be demanding from the energetic
point of view.

Even 1f the optical fibres solved the transmission of
information, it can anyway be mandatory to keep the additional
resource represented by the radio-frequency transmission for
redundancy reasons. If the radio communication represents
therefore a backup solution with respect to the communication
through optical fibres, a watchdog could command its
activation, being careful to possible interruptions of optical
flow acknowledgements.

Obviously, the radio-frequency transmission system can use
an extremely wide variety of communication protocols to send
the first pieces of information to the ground processing and

controlling means. By using for example a monodirectional
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conti nuous energy absorption. It is however possible

to provide sonme solutions for reduci ng necessary tine
wane7peser for transmtting information, such BSTAT2A06/000343

follows: - high-gain directional antennas: an antenna

whi ch does not add resistance to the air flow can be

i ned wi | yi i th exjistin : , ‘
con6bhabaey el o AR AL, WAD SRR som, 1qve, - ene
physabbd dewternt,0 vheldi bg athé orbdior firbeuenny aidditor, which

lI.. These t | ac nts_wouyl d; have the advant ages _
can Pep & nsg“%ﬁejv%;\gsgi F‘SELPHEGECPEW dsH e 3 i VR hgraFon provided
by waiegBowgul iritpUSEoh DENGOTEEFPORBIERG ] ECRMINR AN EANE ing 4

communi cating with the processing and controlling
COnkRRARRUS. BRELFPEr SWsPEeddiosn: %t isism sdwrven kmommible to

#8481 Rk Sd @32:559 LEans ?dﬂ | ws . hi gh
PrOLher gy saviﬁﬁ? om%vgggrg}uméﬂ;#ﬂggg??%%g egﬁﬁ%ﬂﬁnd power
forchnabhenitbhsgi {hédrmatasypchnohoas anttvabldowsthi s

solutian rgguir peci sof tware on board the

| |
- RIREAY P RRPERCBOAI IR nBRni Y D tlabhich does not

add StfeafilBt 4N SHbt tHHg if0r FRbI; 00N Bel NohHLi HBSt with leads
meani ngful tinmes, by adopting the concept of video
COMRL¥PRSsEibh REY SEAAReJeoMet ra@Panttdise sWwiiable places can be

the | MRGIF@Nt o £bECAUS gy, demand r cti.qn f.actors .
ecoyl be 8btaine3§mﬁggﬁ 83% g§%c6%%%5e§l§?ﬁ%%ar|9rt&*“5 wing
airfiatd wedpresBiese f awbonslacknteertrat wyel §, haveatiags agdvantages

ket _protaocal. can be used,. like the one which is_ .
of BELHT, ﬁRWﬁ%’Sr%éfe 5F% r%%?ff&sri‘i% S FHOWA nf ¢ hipldch would
hous e teRar a6t £65 5681 86AURNEE ANy Vaht dhhY efkthicating with
suitable for filnms and radi o broadcasting. Since the

the pHeeRdvFing dnddrpebrPbhang meendarden of checking
- [ ' yt.hm apd .r_el at ectric absorption :
ccggﬁ§@‘§ﬂéé¥%§§§gﬁ. ?g ﬁs & §%ﬁ&%l§n g?W%n%xnﬁ%Qﬁ%e side

be t erred he Tecerving s
bandhitcfaneoulss iguer yht he selisavs daby ieneage efaviiers 0 however

to,re-align the dynam c nodel of thecontrol system
red%ﬁ%%ﬁ;ﬁ%e?%b?‘§?5¥u§b1%$t%?ﬂa??v%???s%ht%%thhronpus
- a@@@@h&@h@@stré@ﬁ@@éEiQﬁQtQQghsCQBlQ%iHﬁedreﬁﬁﬁfgs'%. special
more conplex to inplement, but is able to join
sof§ et her &PkRradvdir agesnohither anbiehdeyerdidsdes the meaning

of data stream, transmitting information only in the most
meaningful times, by adopting the concept of video compression
key frames. The advantage would be important, because energy
demand reduction factors could be obtained which can be
computed similarly to data compression factors.

Alternatively, a datagram packet protocol can be used,
like the one which is used in Internet for transferring data
flows without the characteristic sequence and validity checks,
suitable for films and radio broadcasting. Since the protocol
is bi-directional, the burden of checking communication rhythm
and related electric absorption could be transferred to the
receiving station control, which could query the sensors only

in case of need or to re-align the dynamic model of the
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solutions. It is in fact a very light and nervous bi

di rectional protocol which could originate the
wa@eonmuzddaat i on both fromthe first detecting nPENsr200dd®0343

and fromthe processing and controlling nmeans side.

The absence of a stack brings about the fact of not

having | atencies which could inpair the bit-rate. In a

contirs1 heys @b ef Nt i ige FéalSspesgkbl e to provide for the
use of an ultrasound transm ssion system Anyway, the

t ib- e ter et er s albgeBifeclimonause magaetdmseer ohransport
tb&% Lng .aiy fail.: nroduc ven. i nf ion flows
profifRf COf HENSAR, Ml B 00U CRos e Rl TR e SR8y, out
is zdata tooprihetwgerghair fadill adwartdsyegr cuhd;he naladdet d8Bcribed
t.0. be excessiyve for t%gn m ssion, is_supstantiall

SOl s for tHe gHomet?Ftal 2motBFY t hi9gEondbri cﬁ%rvous bi-

dird®indlSbrofopbactigeckY 1M t Bragi A8EHENME communication
conpatible with system size and tine constants,

Lotk om Folioush§ pEfévpdi ngletiretipdat swbaiusi t4bie dadadt ofrom  the
proddfs HHyEEhG CONLEON1 0 MALNGPIED! BREOABURE AL = stack

r such pur can be " prov ,
brimpre- pbocgssthg neaos Lif adapt edatonperfaten@i ¢ € which could
. rocessing of all or part of the first pieces of
1P Jrﬁoﬁ?ﬁatk?%h_%’aat%n board the wing airfoil to provide

pror paogeseed | id bte PhoELSe Of 1knfiay NBLEONL 38" +308PLSHi de for
both for transm ssion and for an easier processing by
the tyre gefordtit riklataswied Faanspissieh puspese, the

ag&e} met ca e egui d with integrat.ed ,
pre- pvfg c’ess?ﬁ% DS W?Di g%%%?f |%IP1%%€£"? ocgtg)s(-:f%t&elﬁeaﬁslth the
magridt orMreovepn asbpaedi ously swahed, dheractel QryRiRy S seven

.. Oof the I\/Egﬁogype used for collecting useful
InEQHIGTIRR | G OFGr Rhowk e33R | ioght SeRaf 88t P~ ofsqge@d. Such
straMmdodi Q) | a2F e 9%l tiNE RAtbl t0i St Cioyards round, in

accel erations (gravity) and to dynam caccel erati ons.
addiEvehg tro ke e st riang t Yorstatdanymbeskdmy atlisonsfibstantially

oo EERUELDOHSC LA RIBl e8] f OBLe! 009 POSIIAN A ccor muse
in prdtere ofyéDeukvathng the fledldC asgelersitd oM {1 Oy stem size
andlngigge %%;§¥g§¥gf continuously providing the wupdated
position data to the numeric control, and pretends more
reasoned data as input. For such purpose, it can be provided
to use pre-processing means 11 adapted to perform a pre-
processing of all or part of the first pieces of information
3a on board the wing airfoil to provide pre-processed first
pieces of information 3a’ adapted both for transmission and
for an easier processing by the geometrical motor 7a. For such
purpose, the accelerometers can be equipped with integrated
pre-processing DSP (Digital Signal Processing) means 11.
Moreover, as previously stated, the accelerometers of the
MEMS type used for collecting useful information for knowing

the flight trajectory of the wing airfoil are sensitive both

to static accelerations (gravity) and to dynamic
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accel erations to which the wing airfoil is subjected.

This activity can be perfornmed by a suitable algorithm
wonioch29sust necessarily cycle at speeds whi ch BEEIT2006/000343

i nconpatible with the transm ssion speed made

avai | abl e by the transm ssion system and nust

therefore be i nplenented by the pre-processi ng neans

acckleonthonsd ey MWdoai isel kheThea9Y$eMsk AGLY A1 eration
to the present invention further conprises at l'east
forgnaneampiithg 4§sfem oRNOHES | rEar deteteingneeapesdridon  and

. 0 n s .af_ t he: m i system on, board
oriBheHis SOTENENLS o 18 FEONET SAL0D LA oo or
insvdrypdment sheout ththic seldcelsuppliced thoaughntbese rodynamic

batteri.es. It is howev necessary, to take into .
ace ?Lc,egl?ﬁtlofll’?e Sptwqj’réﬁ ?C??@ sYstEm 1% ditfg #BPYREted. This
actRREIgNtcAhVBBl IRLLARRE B | al fsigediid) A8$OL1 BLLONhich must

with the "carousel” system could require very high

necessrdy- laut aveht et | APerder W dvopdet dritavwatoiilskewith the
M ai ' ro, . M t frequenc

crab BB A0,8 SO KA YR A1 20 VR, RofRERSIELn ayoven

andcanseguent rdfiodenbef iheliengrtedstiop the eperatricorsefing means

11 %he ZFaroE%?".s stem reover, it is useful to take
Ot §°8&E0 A e ‘em 1 should be able to

opehat &s st &ont acic Ay mat ¥h ak Hieor and e¥eRhSion further
such as rain, snow, ice, great w nd variations,
ComQFﬁ§§§h@ﬁ(ﬁQﬂ%&ﬁ@ﬁ%e§?PEgy%nﬁigMﬁ?e@u@f ltheorfderstt gletecting
ke ai lable th . energ e d_on.hoard the
e g AT 0 | 05 t SPRRPrSE 801Gk | SAS havE BO4 arByi agaten on
boatral t tbresemfinguppliyfoifli;ch ddxalaaidl ysun sAh apparent means and
| ement.s, The supplyin stemin fact can

d ¢ . . |
COmBGREIESe SOV t 3¢ bL THRRPT i hih FBARRES, toRia shastiatteries.

Tt SUPRRIevarhith-&aib be advantagegus! XCEBEHte@h%n N8 that the
wing airfoil w thout” nodifying its aerodynamc

sysgRar dctaetdodicy dml Wet ghteshesénwedules, shboke all if used
i SRS QUG8 B 3ULO LAY Ol TGl ocuire very
higheehangiyngucepadniéedy of pessitbhe asimiled orsveUtbNGake the
winbﬂ%i&kgagflerﬁ@ t,ger:ﬂqlargé VV?I!_%/I’l {:éol r?\uggsgl ?lrgqtugnecéplt% treplace or
recharge the batteries, with the consequent burden of having
to stop the operation of the “carousel” system. Moreover, it
is useful to take into account that the system 1 should be
able to operate in contact with natural forces and events,
such as rain, snow, ice, great wind variations, atmospheric
discharges, day, night, sun. In order to make available the
limited energy demand on board the wing airfoil, alternative
solutions have been provided to the self-supply, which exploit
sun and apparent wind elements. The supplying system in fact
can comprise photovoltaic thin-film modules, on a plastic
support, which can be advantageously applied on the wing

airfoil without modifying its aerodynamic characteristics and

weight. These modules should obviously produce a sufficient
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flow which is always avail able around the w ng
airfoil; the supplying systemcould therefore conprise
wa@toraasstit one Aeolian m cro-turbine keyed-in tBCEHIEN@d/100343
permanent’ magnet generator and supplied by the
apparent wind. The present invention further refers to
a process for automatically controlling the flight of -
amoumpwerofni ngnargyoi |0 pFEPE ﬁé(bl yERer o g P3RSt el gctronics,

1ncreé§fn hen @r%¥%?%%&¥rgfsgébgﬁg1999 sl éiﬁyeaécchﬁﬁlators

r'océss accor he Ppresent“i nventi on operates
durlme’dhetny@h’y according to a preferred contr ol

e ed op the obse ation bCti ,
LB e BT o L PoRQU TP AL BB ARECTHE' Llettpe wine
flow' mrﬁcapcggntaleraiyé ca{raﬂwaéu enouwntd eneomsrdueainfoil; the

gredl ction, allowing to avoid | ocal, maxi ma
SUPP&¥END| AVEERE &0 LA grdﬁ%er’fr%q SHTRAIRE | At aBRFEt greafgolian

mlcr8r€Mk89ﬁEyE%?gh—tﬁetéy%$egh&lﬁc%ﬁﬁ%éﬂkﬁﬂ’ﬁQ@n@Ee%%mbrator

nvention is configured in such & way that the
and pnppesedngyandecappraarlelnrtng’lr‘reians 7 acquire as input

ormati on such as ,positi.on ceI 0 or
{3 ©otHie? SYLomet T AH P ngFﬁhg%qu%n g%léeg,% p%oc@gicess tor
autanE%@ca@‘?L?’h%M@Plllﬁ)@eltﬁtee o giye wienghesemhivehg airfoils,

contr ol e flight tra{_aectory of the wing airfoil. Jn |,
preferdbryt oterueh  destYPbeTt He + b8P c H6r Pﬁﬁré%ﬁ#r’néescrlbed

.thﬁPu{ngﬁgg Fggrd'gﬁe Q%£gﬁegéesggéo£@¥§@t'ﬁ%‘ ﬁﬁe'fﬁresent

uUse again wt e behavi our dynam cs of
lnvehlﬂeow n@p&rrrafc@rsl p\Netchrteﬁ@rle/nc@qq@qmmq cilar & o ‘Hmugferred

os i ble t h II t
Contéé’rjrdlstfr%% 7 Eé‘ \ﬁdgaosr?r opt ta%% ileo 1 predigtdon of

futuwkmhfﬁbghﬁe d@ﬂ&h@ﬁéﬁéﬂ|of2 tﬁeabbfné()alﬁﬁehﬂept thRing into
low ng instants, with respect to a reference
accorumlttegrcalltwctaﬁ t he téeRdOng nBPoi AELBESt heUEr i YP ngerediction,

cabl es, 21 r E de f
allogiilig ef© of 819 ﬁgr%%lmda%w%thégﬁggﬁégﬁlg% gﬁga ngfngt haelrfml

drlv\f;idrmgg aiméﬁa]b121tyat tAwe cene¢veooflyhi cleerhe sbheal Isggtem 1
power zone" 31 is defined, n whi,ch th Wi n |rf0|

accoipigh dh 1He TESPAG LRAREFOR orkSaF Pt e ddl et a way
thaé”%ﬂg'BQO@@%&iE@mBﬂ@ecoﬁ@EEElZﬁaeméﬁhsthradthae as input

information such as position, accelerations, forces and other
geometrically defined gquantities, process them, and as output
operate on the winches which control the flight trajectory of
the wing airfoil.

In order to better describe the logic for implementing the
process according to the present invention, it is useful to
deal again with the behaviour dynamics of the wing airfoil.
With reference in particular to FIG. 3, it is possible -to
schematically note the conditions of the wind front or of the
Aeolian current W which the wing airfoil 2 is able to
intercept, in following instants, with respect to a reference
integral with the constraint point of the driving cables 21 to

ground. FIG. 3 describes, in fact, a quarter of a sphere which
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zone 32 of the w ndow which can be navi gated by the
wing airfoil 2 in which the traction on the driving
weaiwas932l is progressively reduced, an edge 2PCDIT206t2000343
st Ngow whi £, Can.be Rahgaled by isag 1aix fojd @4 s
S reac%\;\% In vvhlgcﬁ the traction on the dri'vi ng ca Ice%ntre of
whicl?21ths mcgtdayllregtlub‘edwewzphef’efﬁr ehee Ctafll-?te@l, Aananthich the
ne, Nnow_t o take int o account, e current , . .
wing P RASAEL (e RS Aol 190 pRACaloH ERBCCORTr eoBr dhivind
cablé@leall " iRy 0§61ngl an@ P fromi vaealipowefsres” asmommtough a

to the bisecting |ine of the angle forned by
zone 4i3%/j R cft e¥IPEOVTHERBFBC RN ablor H’F‘hbgFBe?hé’Y The wing

airf®L£seNnt 4 Wﬁi‘&ho'%’hebyt%%ﬂngnt RO 1 HEngYSkeMel 121 is
can decide if the wing airfoil 2 nmust performany one

progmssh*eeby)sseuueeﬁl,l gint ed@qaeaﬁorqfestﬂa/lwﬂwgw W™WgE,ch can be

TVn starti.n fron%the currgn{El pg_%lt Adan.at, the
c
[

navigahed e st YprEné his prane> S possn%l graction

on the® drwmegthebidasgm 1saheghmy|eedmbedh the w ng
airfoil can travel dependi ng on the necessary tine

ﬂ@ltﬁlreﬁ%rence tanlgo é@aﬁﬂ eé%h b@eﬂ%ne|ﬁow to take into

acco?ﬁft'QHl%%e'éuff%ﬂ¥5§ﬁ§%§hﬁo trkeiREO AGGUNt 2 placed at
off[owng time intervals whi cth correspond to foll ow ng

the aagbkar oposit |1@t$@lof“ttdmyeé;r’m121(m1&)fl°,t henivcacalbel deflned as
tem 0. [The f ht t.raj ec L of_t ai,rfoil
norngy} I8 Ha e b LSREt- 0y i o S Ey Swidle he  APRE0LY Ehe two
drlvﬂﬁgeneablesFozleasmnessprbeéses genstkdehgi ntpar theul gresent
FIG 4b with coordinates related to the wing airfoil 2

lnventﬂrﬁe,cémeepeﬁateneréﬁer@%tehﬁn§Y8ﬁteégr3at Weth deeide if

cre Y80 SLESLh 2 Al dlvdin 11y TOVER LR SpEEgss oo o

trajptaneiPs. TO) yTVi sV, ow . THEV di ai}ram:ct@sfn@n pbenturrent
out the point in which one has to go, since it is a , ,
positfiptr @levhlBatGOH-Ta8MaA theehs r 8t tGhe thAferRiAneo?, it is

posshBsel ap §eQ:11t;1hfe refer e@@@gﬁféSt@ﬂfg @é@&fﬁesw&ﬁhéﬁe the wing

wng alrfolrl draws again a "targe which is whol |y
airfeiiii l2Zarcam thevpilevdenenditeg @it khehenergysaiyf siancedly, T/
that time T1 has becone T0O, and so on, } re presents
T2r  ther efor €3 M3t %Ef‘c}boPﬂt’%tth&hpéﬁhlBE ar,P1E°5S Bossible

to take into account following time intervals which correspond
to following angular positions of the arm 20a of the
“carousel” system 20. The flight trajectory of the wing
airfoil 2 will thereby occur synchronously with the arm 20a
movement.

For easiness, let us consider in particular FIG. 4b with
coordinates related to the wing airfoil 2. The Cartesian
reference system is integral with the wing airfoil 2 and, 'with
it, it moves into space. The wing airfoil 2 1s therefore
always at the centre of plane P. Only times flow. The diagram
does not point out the point in which one has to go, since it

is a future evaluation. When the first time interval T, has
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reached by the wing airfoil 2 inits flight trajectory
in 1l step, T2 the set of points which can be reached
WO n002/1243@¢ps, and so on. The wing airfoil 2 is POYVYERP06/000343
al ways at the centre of the "target” plane P . For
easi ness, FIG 2a and 2b show as an exanpl e the
"target" plane P till time T2, but obviously the

elagimer + Ao Of . HERS Wi 6hsean Q%t%%%l’lVe@i@ﬁntH%l wing airfoil

diff'erent. 'I'n order to'evalluate its own contro

draws ragagi es Ahdrghtlsehdchl iightwhaldjyectioriylashith the previous
Wi n i rfaoil st [ t he _pracess .acgordi.ng to

One hvég%ge%éﬁt hven ?g#ggggef Iti%&%t Otalr{?f c@h?lraoﬁ Blorme Tor and

so PRl ametesSresMith rabecence ther efof eck0pbhGtsS whidh can be
IS possible to note the "target"” plane P on which sone

readHedhbyardhecontingl aparfanist e siar e tgr aphiglat | yrafelatded in 1
for_the process according tq the present .inyention.

Steiy @ BOEhGRE. Roniid Tardrier S 1P, T FHPOG R ofnsteps, and
Ghanggd N, SRACE 4 RBYANG reduce QIRIEXELY +@f

SO rlgt o-treansl a io%]s: of the "caro é”tglt}e agyst efn ‘len z;&r?odce?ntre of

the i‘htagyetl” widne he. ref erence systemof the wing airfoil

2 Mor phal o an haracteristics of such paraneters
arEéorane§‘§slé‘r$%¥sal %&?*r of &t FF'Y nfdt m8tP8n Whi H* alGRpLle the
“tatdwer'copilank tro ¢leri deikbe 1l i ghit sévaieeyl ¢f thBe nMt@er n of

airfoil 2. It is in fact possible in this way to
stegeprtsdntcapthendbaerved, cdinreet ddbAfandnposition for

hi he id hei gh ' d he b
(ERETUARL N, L80eL, RELBIL, QD BE8PE 10 BRIERLEE PSR cnoose

a fleghecttriagddtew nehibit take thithpagerEb® fustS perform, the
possi bl e to represent other paraneters, such as for
PLOGSSHPPEPesiingb| EOmuXr FuMtGaT oAndPRA1PN uses flight and

Conﬂﬁfrﬁgﬁ%%gas ZlI (areas in which there are, for

exanple I n erabl e structural stress situations,
i W&ittEbite foreaxcesshoccforeesy EHOM.t he ftuntsi pnakible to note
pataneters of.the syéstem 1 ch as are [

S .1 n whic
the { hettotmt er v GRE CF, Wi cH i iseiP1D KekbIihe ?nghFontrOl
parded 2dmed eh5e0lyrihe iWang Al 1Al hdLd CeRst aMe ¢8ss according

o t%é cgrlgsgg' ufrﬁvér?’?igrrli. ving cables length (dynam c

FIG. 5 shows how the parameters in simplified form change
in space, having reduced the complexity of roto-translations
of the T“carousel” system in a model integral with the
reference system of the wing airfoil 2. Morphology and
characteristics of such parameters are an essential part of
the information which allow the control to decide the flight
strategy of the wing airfoil 2. It is in fact possible in this
way to represent optimal motion, direction and position for
reaching the ideal height Q in order to have the best wind} or
which is the best angle of incidence with respect to the wind,
but at the same time it is possible to «represent other
parameters, such as for example desirable maximum traction

area T, interdiction areas 2ZI (areas in which there are, for

example intolerable structural stress situations, instability,
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l ength), is kept at half its own dynam cs. The graph C
corresponding to the counterwei ght, for exanple, can
waseameosusef ul positions to |ift the counterweP@hT2006/000343
to make it descend. Also the driving unit w nches
coul d be subjected to paraneters, since they point out
excddm whsddutes rabhes thenglimcthengl aphrahetBesheifgithe system
i nstead, . represents the optimum area for

1 gar arretelrad:%, ro.

' HFYhESprdtitehet " THBGP athSof SRR SYREIRY eCpaiareberis used

to RMbepi Rskead i JiaPr SSLALSLENE ORL IVAUM AL & ta@r@%&f%oer_ constant
the nost inportant manoeuvre in the flight of the w ng

and aitq oiquipkder i REAUES afhRut Argybinag, cableh cbesgshs (dynamic

1 udd uvrg duri iich_the wing airfoil.2 is

enggcr@ven%i%n?g&%etquiac ;ﬂraal%gi i6n ngm}énxngfnf“ﬁﬁf Jrhe graph C

cornasgpvardigsy Wbt htlpar tdosultarweafedrtencéokro dtdmp e, ichni Sassume
in general, if the power w

ssi bl e t.o note that p ng ,
use% f&qs%ﬁ'o@_sfrg@ ,_o?lg?:an Thg THE VR ¥98nt Oot-conligke it
desdénd heats8cthen g efhd tufdB €X%8Iche@ 41 dr b¥i Nipjected to

cables (and therefore on the arns of the "carousel’

paragaheii 205 Lhtieh theeateinhaputhed imeabsel néd keddiasy length.
t i N [ if .k Vi in.the faxi wi,nd

The r‘gg?é%a%gg {(Idér)ag§yg§?nltp%%§b{étteﬁe It e%ﬂ}ég}e\%ﬁi’cﬁet%eesents the

optimung aredoifbs Hexdgyler bpakbbgmef f @tle ofrdle O€arQusehidnceuvre
system éo r'%%-ayt ia%f is congl et el ¥ removed. In the

paraﬁ‘fvﬁ\fj%_ red"S7 236 boWTRES the @&pé{ﬁqjif%‘y“oﬁrﬂﬁi ichgperform

the s | {8Pdr©dnt hgaMbogvakr fai kng %ﬁﬁ%ﬂ%ngfﬁﬂénﬁ§h%h§irfoil
azi mut h gybing, which consists in a quick transitio

2 dedtinesh ttife BROMUTAVepyeSN36 antigB, dansmgtwhi th tae sudden

IIRQCi 2 ls.in ai _aitanc equal ,to at .

man \Measteat E?g%hgl rge}gl e§g?c "gjfr{%l ?gﬁ% éLrleﬁzceg§4 AR ednito @

quidin tirdirciwh chetthechcafougal” systeps2d6.trayehs particular
al ong such_arc. The flight control nust take care that

refei@iTmnoeulte; Pn ddditS PIvES gbiP cRPYSpétedr el general,

if BBs 1 PoROr WAy Ry Nggatiye infliueneeibn pFoducing g . the wind
energy. InFIG 6 , the position of each wing airfoil
fronts raptomniiandlsy the itragdilcas vbibe deenednasexettopon the

B I N S LT e T M N
systearzhi nguthegraxiceuminbaid 4HY efsét ¥xerted keeping the wing
airfoil unmoving in the maximum wind resistance (drag) point,
but the area in which the wing airfoils have a braking effect
on the “carousel” system 20 rotation is completely removed. In
the upwind area 37, or bowline, the capability of driving the
flight of the wing airfoil 2 allows performing the azimuth
gybing, which consists in a gquick transition between the two
traverses 36 and 38, during which the wing airfoil 2 travels
in air a distance equal to at least three times the arc of
circumference 34 affected in time in which the “carousel”
system 20 travels along such arc. The flight control must take
care that the manoeuvre, in addition to be quickly performed,

has in no way a negative influence in producing energy. In
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avoi di ng the exhausted wind front areas for the
passage of the immedi ately previous wing airfoil. The
walkoengizan of each graph (hei ght, counterwei ghPCT/&2006/000343

is proportional to the allowed tol erance to the

rel ated paraneter. Each paraneter has in turn a

relative weight PQ Pc, PM P 1, Pt , a relative :

height, W t t hej. S, . Whj il |1 _he '
TG eSer 1B BaF SSEOR ot e b M thERAET 1t @ ftom, mamely
the ohweghakbrg tperdordeanediea sanoewyr esrapblidte ¢f MBhe operation

i.nteryal TO has el apsed, e sses to_a new plane P , i
of f 900nﬁﬁf885?2r tﬁ%gg%Troaghgggééis??ﬂﬁlq?riﬁ%ﬁﬁﬂ each wing
airSdilatiOnNF e eMStaitincHitgy 9raRhs maeliaied @ne@Chntensity,

paraneter tend to be concentrated. The choice of
avolgtiahi ta¢ | 9xhagpesentiing tthendptanans divastieorpesastoe of the
s PNt oy et gk LS i h thod for solving the
lmmarrbigui ﬁ%g and unge?ét%nd?%gEmhich deci si on nmust be
chitsendisechisnr afeg@pdhs arsefrul (matghto, fadbtntarvetght, etc.)
. . maxinma,, hanely positjons i ch . se to_be the best,
+S kﬁﬁOQ?ﬁ%}%ﬁ%ino °T eprﬁggggeﬂasgg}ﬁﬁﬁgcfnfBPnHFP%n related
paravdiéabl Bachnpardinkeet hasmiar tarhoemdardesd fifomdde , p
first and second pieces of information detected by the
Py, detrectPng Aearslafivde hejghémdithr elespedttt otdbhell heights,

. flight. height of the wi airfoil, to the
WhL%Bdﬁﬁ%¥a%?q%?sﬂ§hgﬁ$cgfyg%'traction val ues, to the
safiny €REPWLANCONE | BhbRhelidi CE1®ON 8l e@%cd hiPend | BBrformed
i n whi ch manoeuvres nust be made. Lef us take into
the gezrpeitvref apdekdnpltdmne Hetrasstal Morhamte bapwedyrené npasses
the flight of the wing airfoil, whjch has been defined
to 8Rehi POy Bl ng = ICHERARG ViRt nRot 6 QROrOr (9eeion. 11

glolRfl astifhGaareed exest | comseinsucheondi-thA8S, rd ufd¢t o each
the process according to the present "I nvention can
PargmshaeteBe &0 eher gomeendtrgi e Whihehchhecei ngai gfephically

' ! ich 0 r t be done w th maxinmu
repi SO0, WEEN TALOR' 5 TUS] 28, S8R A et
is Sheatregyhadt doat i salvingevhsesahbegiRPOSHV 1M tR@8Estanding
. the need, of suggesting it. If _a good evaluation tine
whl%kﬂﬁ?F+§l?%a@Hgg’ f nosen. Suchh strategy is useful not to

fall in local maxima, namely positions which seem to be the

cr

best, but they are not.

The process has always information available, in a direct
form or a form derived from the first and second pieces of
information detected by the detecting means of the system 1,
related to the flight height of the wing airfoil, to the
counterweight dynamics, to traction values, to the safety
computation in interdiction areas, to the time in which
manceuvres must be made. Let us take into account, .for
example, the most important manoeuvre in the flight of the
wing airfoil, which has been defined as azimuth gybing.
Deciding whether to perform it can be a triggered event: under
such conditions, in fact, the process according to the present

invention can provide for an emergency step in which the wing
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gybing will occur at an ideal tinme conputed dependi ng
on current information and paraneters, since
w@e@supshl y this is the nost intelligent acti oPCTIDE20060000343
renmove traction, not to | ose dynam cs on the
air£6PUNtRy Wehghh andid® sRPRlYivWdt hndsEeddi BoRel Gt maximum
W thout going into interdiction areas . The process '
prioxibp, Whi éh deti des ka ex@rydsd ephathi ehfdicredghbrdt bérategy
Lgh aj ry .of e w |Jfoil can take, . can be
auto%%ggg%}%gre%%gggﬁFedtgg awkgg¥$§?"7iR%lam%ugnetPﬁ thged of
suggéstlingi nhg. Taklll @ hood antadivd tnghn fOImeagBppPAr a8eekched, the
.the be L coordi nates XY at tinmes, TO, T1, T2, ..., Tn,,
gybing t%%f orHdtuG| &te ﬁPthlgﬁggech$% tFIRIESA nGlepamdiag  on
curr8BtYGeHIreha thal eada ThR MBliord, N JohEe bASKRIANL this is
contains desired data. The difference between current
the mQsht 18661ldégenéd deibpt @Y nbke @R césscthen, not to
nu Le.cont rol gi : or onput at i_on. .
toseIPheEEat ot S Cvlie e B TR Y Ry wien
certsithshanghal wyfhoher goang dukpvenhteedidtiahesrand .
desi red coordi nates for, T0, I%,:%f, ..., In . Al ,
PG EPSSET eat €eP i nt'HE Hht r95C G %ht Ehais et vdieRes Which
direX¥ibAr taet ifB Jiist@rd1d@odd of2ithe: win aidB§il can take,
rocess then photographs the situation in which the
can Weng'idudldiy Feprapantednsforarsndhelpl anékp ibheFl@he 5in the
into_ n rs and I S. Ki into.a unt, f.or
o e B GO by it FRE Tt x POAPUE OOy e Pest
coor@bnatssolt atpeiimesi @y} he, nef,ghhaur,hagd eh the heirght. plane
~_paraneter, tending to the centre of the graph of
withhspghRecd ta Fhe dsiviggecebledl Brryhepéreakes al |
agree in times, in which the trend is clear: rise in
Tl T2. In case of tracti ohablkle process coul d al ready

conpute the evolution of the ideal point in tine: the
Pakametel the wesighad datartherefmre | s mot ¢ircullarT,
(obviously, the relatilve weight PQ Pc, PM |P21 | Pt of
Heighbbery rel ated paranetjeRXeY, [COXiKM,| AX.YE ¢an be QX.Y,
settable—and-such-setting gan-be dynanmc
Countegypightilve) FcBy anapﬁsﬁmg,C#b?lexéﬁﬁﬁé,Jthe-nE%%hYn
TracEiogl O (ne uePle rea |r%§<0 ror VV'TLKl'Y{ c ZIYZL Wr- . TX. Y,
Interdiction
P, ZIXY, | ZIX,Y, | ZIX,Y, | ... | ZIX Y,
areas
Manoeuvre Py MX,Y, MX,Y, MX,Y, ce. | MX Y
Resultant | RX;Y, | RX,Y, RX,Y, | ... | RXY,
PT PT, PT, PT, ... | PT,

The matrix in Table 1 therefore contains desired data. The
difference between current height and desired height can make
one access the numeric controls logic, or the errors
computation. This characteristic 1s intrinsic in the matrix:
substantially, there are current coordinates and desired

coordinates for T,, T,, T, ..., T,. All parameters treated in
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the current height, etc., the process can be aware of
the nost difficult paraneters to be satisfied. A
WO edr0203ti ve process corrects the wei ghts of tPET/Imeee6/000343

critical paraneters, in such a way as to nake

deci si ons about such paraneters nore inportant. This

type of error can be given a neasure, for exanple a ‘
the pertoeint age=ateagmiers stAndatesedyf oorexet ympatl agebae Tor- Ty,

with respect to a maxi num error value. For example, if
Ta2r inr t4 nént hFDURESCRSISghEDPY BhRERIARRT débehesituation in

s\ 1 CS. centk nd risks to.arrive to its .
Whlq%dﬁﬂg-g%é%k%%SFﬁpg %Fén&ﬂé%%ﬁﬁ?%ﬁ?%ﬁ?cﬁ@?l%&ﬁ??nﬁ in FIG.
5 iwkichnusbelre pandneteortibhatteskestapshgni stekesacddunt, for

can be an j ndependent process whi ch adjusts the .
examﬁ;%ﬂngh%fh%hg CpBRERRB Ry . AHaZAh gV _OEE eB¥elh Plednts out
coordi.n f 0 er, r S .
2 PR BEoEfler At FRE R L Ve i GE BRRERREer, tonding
to tdeorahmatescfttie merdPhi sfchapyghed) The MIESulst.i Mhe circular
vectar is 0YO, which js still no ,the‘ﬂ%rection of
Shap@hé“‘%f?@h? r 89&ECory? | W UAT chiPh&™liShy Hi¢ f brPnfad st glear:
risebeinoyedr, si neeckhe fur ecasdc foH, PR f BBERSES Sl already
to be considered. Theprocess then conputes the
compyuget drhial esulst fon afl thet udeadt epsi XML, tRX2: 2tReXfdrm of
Y, n.and, i, weights PTO, PT1, PT2,, ..., PTn, are then

the G&SIddie Sf - ATlaT ik prd a1t f?ﬁfu:la%'ort -term
SDEAIRRIsAS, ahd he sameyd | @i gwel 8 nep £,0 Bl ake I hep W every
airfoil in potentially critical ar®as. CbV|ou§1y, al so

relatlked tpaeametght ©,PTO, PT1,ZPT2T .can B&n wartdigle, and such

settable. Through the conputation,of the_matrix _in,
SeLLHhg e P e p %%%@%CacgEF%Fﬂacgvahe pP&sefpalysing, for

exambNe§Nti N hoeat 88r8R bdealhd Nsd /NtaNeREsykP0L LAt spect to

(target) to which one tends with the
the current height, etc., the process can be aware of the most
difficult parameters to be satisfied. A retroactive process
corrects the weights of the most critical parameters, in such
a way as to make decisions about such parameters more
important. This type of error can be given a measure, for
example a percentage measure, standardised for every parameter
with respect to a maximum error value. For example, if in time
the counterweight is always outside the dynamics centre and
risks to arrive to its end-of-stroke, this standardisation
allows locating which 1s the parameter that makes most
mistakes. It can be an independent process which adjusts the
welghts of each parameter.

Once having collected the best coordinates for éach
parameter, the process provides for a step in which the wvector
sum of all coordinates at time T, is computed. The resulting

vector is RX,Y,, which is still not the direction of the flight

trajectory in which the wing airfoil has to be moved, since

the forecast for the future is still to be considered. The

29



manoeuvre of the wing airfoil along its flight
trajectory. Once having found the ideal coordinate, it
WO somaesssary to take care of the manoeuvre aneCDIT20062000343
control of the driving cables in order to nake the
wing airfoil reach its target. The process then
conprises a step of choosing the best path (shortest , '
ro : < P ' he piant | ot reas tCa)h i
D e e R L AR Zal Faly fhcure steps
RX;YposR¥ian t-0 -th&%4; gutd time hvsighep, PTher®for @T the.., pT_,
process deci des, ggpen i,ng on the target to be
are | oGifRg, lP%EOHé%F | | dﬂ}l‘% aj etY%r yPréPriEichitiny. i ghort-term
strdfdyids Nk thget §8Re SineCalBiBANY ty thgaM L 81101 L1 reos
_ al ways correct|y on the target sequence |ocated as
in psdsgntiasl by guerEitale afeg¥ oduci ng t he maxi mum ener gy
u | JTR e and. t he Loum gonpl iance_w th
d)r;%g}’n% o sﬁrérgr%lf%ét it%lr?s.nglllﬁé]e ggébqo%f lﬁ%é pér | emd'n =" ?T
can Y Ss&ieplies. how transferring the target coordi nates
in traction. The step of choosing the best path

t e site tes mRHertien Ndvi gati owiSyist eim(IN8)le 1, the
ﬁgﬁyo ynamni ; i aiffoil (FVVM .
prota |néE?gfg¥3 cgﬁgtg&%n w%@%ﬁlagﬁfgﬁgggmgﬁ?%%% ang tdeal
instamgrdneas)s t ogethenawnet Hthlhgeper centw@giclof oneaekneld with the

which it canhhave dependi_ng.on the tractian, ,
mancH ¥ ot at "on 04 o8 TFRAM | ALORRd JractLéAhlestrrhRCtOTY -
Oncd haafangeuvdend awnef {deaw RGP RdfRide, 1§t Siéuinte%@fs%ary to

to take into account the (predictive) evaluations o
takeg heabespipdile el weg i aAgdaldf pdssi pbetpat hefarthe driving

| .uat i i,th a.deci.si t .. I n_thi
con QLRI T, ROPEVYLS Wb 3906181 SR hES ANANS: . mne

procesounthemandonpe lisesablae s@edCccyrat ehyosvahuatBet NBest path
best path strategy. Syner bet ween inerti al _
<Sh0d:§\ﬁ€g£t PBRMandPY TRDIHERY o NGi vERtBydaGhaahc anRRd4 i R§C-) 1in

ordéﬁm?5Yt%m%'Eﬁéowiﬂed%if¥gf%nfgoﬁr%ﬂér@hP%é%grﬁﬁ%Etion to

the wing airfoll poSitions, fromcontrol I npu
the f temgkdrce$noperias i rFaon t hdewiafepra,r f che | psetéshavéecides,

sepdiflt 951 AL 4 St meet by using oo
trajBartdtyzhack, AlFirA et minimising the time, since being
with the wing airfoil always correctly on the target sequence
located as best, 1is a guarantee of producing the maximum
energy under maximum safety and the maximum compliance with
dynamic specifications. The heart of the problem in this step
is how transferring the target coordinates in traction. The
step of choosing the best path therefore uses an Inertial
Navigation System (INS) supported by a dynamic model of the
wing airfoil (FVM) taking into account wing airfoil flight
equations and inertias, together with the percentage of
reaction which it «can have depending on the traction
differential on cables. Inertias and traction describe the )
manoeuvre law of the wing airfoil; it is suitable to take into

account the (predictive) evaluations of the best path, by
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al ., 2003). These studies denonstrate that the main
advantage in using a vehicle nodel is the inprovenent
W@fzomhmsanpabi lity to observe the error sourceBCT/IT20é%000343
In the Inertial Navigation SystemINS, position

speed (v n) ,anhd Eulero angles (y) of the wing
eva]éfart?ud«rg 2rldf ePPéalpéea PRFRT et spyediveiiipy, Ehe ngnoeuvre -

witH NQ{t '&ecFi%*?_to’n Dewn). .ar anogﬁgtsedsﬂtéjf)gm é)?ﬁgﬁre§$h%peegs and

g where gn is the gravity accelera
tracgideuler atton vekeor dntohe adwmmtaxesandb oset hés able to

n and,_ En e re ectlv
achr‘g@é]f%r magﬂugte the l%e% QCC%W netYgergy between

tran ion and rotatlon
inerftald lows na@iGaa iyorf yafrldCA/Slﬂ,@Br&a}tioﬁ C Bived® ¥ }st Ydynamlc

f c Cf ys f F gc4 g where s(.), c(.)
mOdetci(SiJ)ng%pP@\é%ﬂY %\’?( HOT LR} goyleénw%wn%d ﬁ\ﬁ@met‘lﬂﬁ [Hlstory
of th8 witlg agerther EWarie iapg esrrdhe dynay fl bnd from

the wing airfoil (FVYM wth six degrees of.fr edomls

forqefst epdrebiposen ofha g&ng ok iedudtli ortsseibl Chapeoﬂole@hel widely
ri f t a| r.f ol |

demongstrts%tg)aérf? \é(gee@%L E?ﬂa%roga g;{\fessl d¥%??ﬂ’?o rap‘ﬁ}ﬁ%hsns‘)f the

vehlm:fld hefcnnblxatnp\l@rl]@blEs:Lﬁihahh%n\d M T Hdck Wi gbo; Ma et
n&ﬁ as froms stem1 . The nopvenent of

al. ?FSl C%fé‘é%ifsftb@)teoytli*%’é £BR| 8\Rilmy advantage

in Lﬁé/ﬁrﬁ@”hoﬁreﬁ.@&@@eﬂfoc%quﬂﬁé Ofi%e hﬁp%ﬁ&ﬁe%@eo%ort%%s capability
operating on the vehicle are function of w ng alrfoin

to Oélﬁﬁrtv{%rthespﬁ@tbr @ﬂ@gﬁm@&%@%&ur rent rot at i (Ii/ln p
- + =
Cﬁqp%hé gr&% B\TNIlg 1onr s%/s(tem I’NSZ) pos:LtJ.on (Pn) r

speed (v,) and Eulero angles (¢) of the wing airfoil, referred

to a reference system n=[N, E, D] (North, East, Down) are

computed as follows:

b, =V,

- m
Vn—'be‘b—*—gn
Uy on
Y=E'o

where g, is the gravity acceleration, £, is the acceleration
vector on the three axes, o, is the rotation. C» and E? are

respectively the transformation and rotation matrices, defined

as follows:
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where vb=[u, v , w] are the speed conponents al ong
the three axes in the wing airfoil reference system
wokee293@1 , r | are thewing airfoil rotations, PERIT20§6/000343
Fz and I , M, N are -the conponents of the force and-
of the nmonents acting on the wing airfoil along its
own axes. gx, gy, gz are the conponents of the gravity
cel eration vector decogosed i nqthe wing airfoil

re@;feqqenp%p%qﬂﬁ'érﬂw%oﬁs gé" igasfl sitgnat]?d asthm.
m icignis Q9 are i ne rting fromthe
Gy i ﬁgx&?a %a#a*gw I !/{%Foﬁ?ﬁgﬁpl gw§¢ ere can be two

ds throggh which thegdxnarric nodel of the wi ng
airfdl | FvM A be applied?aé support to the Inertial
Navi gati on System a first nmethod inplies the
ari,son and _cprréction of- speed and attitude of the
i'ng afé¢floi | sﬁé’f@ as are obtai ned, independently, from
E" =l|Np and.from FYM The second nethod uses the
b ccel erdtion and % otfati on forecast performed by the
\WM i 0 eacler @osg‘-@gl ise a direct calibration of the
Ither t'i%l asuring’dnit (IMJ) . In both cases, the INS
processes wing airfoil position, speed and Eul ero
wher@Q €9 (whi oh describe ths-Lotati gk (for KALQYNALING tan(.),
accel eration and rotation neasures provided by the | MJ
whilen¥dar d &t he Iwiamg dibef diulerion anlgd efs.r st et hod,
h ver, the win irfaqil del , comput Wi N [ foil .
SPEEd ARAPERGI ST uSing ERe U 1 G- vt s (67 P et th o1
degrekelCraf t riésebh. iMOraonesad tBempeabdi aEl enestat b@n Lfuations
~ FMW/ and I NS takes advantage fromthe application of ,
whichhe paeStideeceilr deverbprevesiaPlehe RAt hEREL | 08 Basegirfoll,

u rnj . ~rask n %{J%ﬂged n_Filt -
comp%%l?% atlsjée g)voglqﬁétgl-ﬁﬁg fﬁ%eghd er r%@h%g (i‘gisderg{)ﬁatlons by
meantshe i fier ennesobetweenbdpeedfanthangies dardoil, which are

respectivel roduced by INS and FVM 1n the secqnd ,
assurgEhons | Reveba Lite VPR uled TR ST OF the wing

airfagael i@t hen et 9p eaki MR esysveh @0 movement
control inputs. The input of the Extended Kal nan

equafilioren i5nt Wedeforeneodpssed otpelrdttreness et wrehicle are
func%%iga?‘xlt e(Bf"t : %ggn?l£9g§ﬁ.l s%_SCt:L'o'Ha,t : Qﬂée&(,)%leedf@yaﬁg%s and

hose re rom use
current rotation:

i =rv—qw+g, +[Fx/m)
v=pw—¢u+gy+U§ﬁﬂ
W=qu—pv+g. +|F./m]
p=C,pg+C,qr+Cl+C,N
G=C,pr—Cs(p* —r)+C;M
F=Copq—Ciqr+C,l+CN

where vy=[u, v, w] are the speed components along the three

axes 1in the wing airfoil reference system, o =[p, g, r] are the



sensors. The EKF is therefore used for estimating

accel eration and rotation errors of sensors and FVM
wokioch2sre t hen usedf or consequently correcti NEBCHEFS@V®0343

and FYM The wing airfoil manoeuvre has however the

probl em of being calibrated. It is true that one can

. deci.de t.he amgunt. of manpeuvre, but the anpount remains :
WlHQ()ﬁﬁgﬁﬁ%Eruég%ghﬁﬁQ§ﬁsqﬁh fgzt_ﬂﬁe PRgK 6f M'_ N are -the
comp¥ifadd AL LAY nkN 137 RXGERFIYE GRL Npofugr Lo Rt al, the wing

. causes, kinematic chain elasticity (wnches are on the
airfgrighndlongie ifenoewnr exeseurd, i ro,ai g, anck ' hbasuwocapenients of

del ay. (neglectable) . There is therefore the risk of
the S REhEAR EbPhr 280 PRo JECPEPEREdor Tty ar B R LEFol

refdRINBUVE RStem)i GRoGRMRRIs O PEREQL GhEPBYI BUOWS coefficients
corrections (opposite conpensation), wth the risk o

Co-s BEEORDIESHINES! P teddilnatineg. the dinget ito mediniex thi s

grou f_problens, the control art has already devised

D dhni StatoLRe n THe g A hnhc (¥ oM ER e hAFBHER Which the
dyndfaldgramdddlt epg, whechucegsidercdie asiatign del ay,8%ieq  as

one of the disturbances, one of the noi ses which t%e

SUPRSG r 10 ni8E nbnageliaby ¥Mtigakion tSvsteatoeavr Biasyd method
; l4idQ tii j j g S . hodal-oqi whi_c r.e

lmplcla&{gi b%kg]%e%é%%\‘a{:Ese&éyéggmcgggggfg#ggalgifbr%gsel‘%ﬁig.anfﬂeaaCtltude of
the delsty | dedf pi bcesshaesordiengbtta itnkel, prieskmiedeRiiti, Off rom INS

can be i pped Wwith predictjve capabilities whose
and t?ﬁsmdeﬁ‘?ﬁ- i gﬁ?%n@ﬁcmdofm?ﬁléognf‘b?%t ‘6% pRreEsssragion and

rot=ROW Hbrébessypketozeear HN0hO Fe RLe er to realise a
i nvention. The other major characteristic I ch al ' ows

direcdr efadiPrgting abovéhgesord e pr ¥bkensing tUratt t HEMU) . In

pr [ n 0 LLi ns _r.ecei.ve o
both & é%épgg%-?g ap%égﬁékggnggﬁ n?lﬁﬁ%é§c&&53ﬁ§on’ speed and
Eulemgnoeunyiesi s(wheclef aeasquebeei vied |lmrgelivrhef ebehanttegrating

i th respect to when the novenent occurs_and this
accedieshtd Bt i A% hEO5FEE8M tB°35$EBS c MR E4leSi Pyat £BR, IMU on

boarid WM G ggciliationsigapnbe skt kieggeked dus ;'%%e wing
. capability of sensors of providing gata 180 i n advance
alrfeflf Heodrl egemputSRowlitga adosiaiilorsweed deddengiteby by using

the ?é%{a’%rgﬂqg%nggggw gggc’rhaetléjinrél\zpaltj td P’t?sgfgo{dg%gog'g%? ?:he real
implementation of FMV and INS takes advantage from the
application of the most recent developments of the mathematics
based on quaternions. Task of an Extended Kalman Filter (EKE)
is evaluating INS and FVM errors by observing the differences
between speed and angles data respectively produced by INS and
EVM.

In the second method, instead, the FMV is used for
computing acceleration and rotation estimation directly from
control inputs. The input of the Extended Kalman Filter 1is
therefore composed of differences between acceleration and
rotation estimations computed by FVM and those read from used

sensors. The EKF is therefore used for estimating acceleration

and rotation errors of sensors and FVM, which are then used



whil e the accel erati on announces the danmage. Due to
what has been stated above, the process accordingto
wo b@7pessent i nvention therefore conprises thePGI/Ef2906/000343
of: a ) detecting the first pieces of information 3a
through the first detecting nmeans 3 related to a ‘
for CUITent I nst ant of t@e flé%Et trajectory of the w ng
AT BT EC oSS BP - Tt PP DCERT S at P of VBart of the

fiTisd piiegesaotroniommiday 32 HRkOURBWEDEr the problem of
re-processing neans 11 to obtain the pre-processéed

being  gelpperesd of IFnfér FatPofh3E onep gardelewidngthdeamount of
jece f i j . r h co . ,
man L PhEEEI Y S%Iﬁkélng{mE%ﬂlegg tAr qug detejhije.{lgg g?letrﬁe is in

det ecti ng neans ate 0 a current i nstant
fact| tgkt txsf ectforysoflldeimgngiai rdmwi lexcessisendyagn, due to

.__through _the trapsm ssjon systemthe first pieces of
lnelfmjf%irjhé:taiugr?%a, Eéﬁem? th e§<PAGLEREYcoM +FF¢Pg are on

the ngadsnd, , th8 Rahbeaukar cteut-Re igeQBly i L3k WD 9hrdRend delay
). sending the second pieces of information 5a to the
(negleeeddt Py ah@eEBnt ol tafginmmstire, rigkparft ires forning non-
14018 98Pt T L 6ak FMBY OF £ 7858 ook i : -
e and the second pi eggfsltof °Fnf )gfifﬁéﬁygfﬁ#% [ rec%rfcgg%‘fg’gs’ which
compendi retdl y opeafarmg vatadsimedst ed abrireasti ohe (opposite

current position XY and current flight height of the .
comygas i ot ar 1 Y1 ﬁnféﬁ%e%htu%ﬁﬂﬁ%%ai&%ﬁ pgeillating. In
orddr agbi b re deihvisngyealb €8 fTpdowedhd) Nngnld 1 864288 art has

control paraneters, such as for exanpl e height ,
alreadint il YRR ERIET | Tdlveldd e Mnfi needdi theonalready

{ &8 Zka 1HEACHHON Jr OF riy | es;. Rossibly
men ef I ni ngaa t ol erlanncceers?’or&ggcc:ﬁ grée o&gﬁcﬁﬁ%a%ac}e agt o0 delay
as @ne deffi nthg adistatbaeceej ghindQofPc,theM nB3kesPt which the

for. each one of the flight and control paraneters; h )
CoNIGHbUITRY FoP=g8eh Pardiotbio1He best TeBorMHA c¥idyl initing

it ot obkonens, S Dydhoos i ake) SR, o0 e
system or self-calibrating. The described process according to
the present invention can Dbe equipped with predictive
capabilities whose time depth is function of the information
processing power of the system according to the present
invention. The other major characteristic which allows
forecasting the above described problems is that the
processing and controlling means receive acceleration-related
information. An excessive manoeuvre is therefore perceived
largely beforehand with respect to when the movement occurs
and this should bring the system to a sub-critical situation,
in which oscillations can Dbe not triggered due to “the
capability of sensors of providing data 180° in advance of the
movement. Should a position data be directly available, a new
operation would be performed once a damage has been done,

while the acceleration announces the damage.

Due to what has been stated above, the process according



j ) conmputing the vectorial sunms RX1Y1l, RX2Y2 n n for
all future tinmes T1, T2, ..., Tn;k ) defining and
wapphiaeegli t he time wei ghts PTO, PT1, PT2, ..., PEIIT20660000343
the vectorial sunms; 1 ) choosing the best anong RX1Yl,
RX2Y2 R X n Y n a s ‘ideal instantaneous coordi nate
(target) to which the wing airfoil manoeuvre nust
d; h [ .t he flight trajectory path
t
o HR e BR R o R o IR oS Mt b
a) thdetacteény posi tionst optéeesapgetin fbindt@dMI3i Nehrough the
fir\é\@ng{eacierfai | fromt h?’t coordi nates of the current
Bosi 1101 103 HBSEE7 get B ATEF ndOor? t RBTERNYI Hg:ant of the
flightough jtdhe oyymesf craentsioly i ofoine SYstemd re- i
pr ef er abl yusi ng anllnertLaP Navid%;ion§Systen%(FﬁSfrOCGSSlng
alls@pp&atdd By Bhelyhanre migeesofoft henfwrmpkiod oBa CEYMugh the
roPotekEpgAati e gieps,a o.n )..at every timnme ,
Preterval dlg??ﬁgd g% (F:)%%t r%kfgallorgp tfhreeql?gr?cyﬁrqcieséfﬁl first
piepesppévidédrinhatonh8aprocess according to the present
b) in egt&gn algg conprises .a step of retroactively
ad%ﬁ TThy"? he Feﬁ&?ﬁngfHﬂ?Q?%ﬂﬂérﬁﬁﬁﬁﬁW%&%Qﬁtﬁé Fbspugh the
secbhaqueneytadigusicahle. 54 f rBai8qshert, édl?re%t[ocfﬁét%{' of the
.performan accurate and detailed, but possibly
flightipbranechpuaysear Bpywing- sighved; short-term
predigiiye i i e_n.steps possihle in :
<) fite do %o?ﬁgﬁg glﬁ?“?éggﬁn%ﬁl%%%?ﬂuﬁgFiﬁ@ &ﬁg?a#%ESt pleces
of inﬁﬂrmhéionrﬁamt3bﬂsﬁamtthétpﬁﬁﬁéﬁ@ih@hgﬁ@f@6§trolling means
5 necessga; Lo relate the steps of forecasting the
RV vig N afhEOsFEﬁ_9@ﬁ§?FF1FﬁloWHEPr;8aép;inise t he
d) tisendppbh ohethgebbh@ht ppathsof ckhe; wirpgaisfQil sLo o 140

be perforned.
processing and controlling means 7, in particular to the

geometrical motor 7a;

e) from the first 3a, 3a’ and the second pieces of
information, directly or indirectly obtaining values related
at least to current position XY and current flight height of
the wing airfoil, to counterweight dynamics, and to traction
on driving cables;

£) defining flight and control parameters, such as for
example height Q, counterweight dynamics C, manoeuvre M,
interdiction arxeas 2I, Traction T of the driving cables;
possibly defining a tolerance for each one of such parameters;
g) defining a relative weight Py, Per Py, Py, Pp, for each one
of the flight and control parameters;

h) computing for each parameter the best coordinates XY in
following times Ty, Ty, T,, ..., T.;
1) computing the vectorial sum RX,Y, of all coordinates at
time T,;

3) computing the vectorial sums RX,Y;, RX,Y,, ., RX,Y, for

all future times T,, T,, ..., T, ;

n’
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It is therefore suitable to evaluate the opportunity
of performng a forecast which covers too nuch in the
wo atoanee34it i s reasonabl e to assune that provi BCTIT200w@0343
than one revolution of the "carousel" systemis
k) useifdegnasiatsk, aRmiei &t &bt | FipecordpbrangTot hBTy, BTy, - .-,
S|tua%h |strepe§te The ideal length of Dt is '
PTar pF8hably YRETSAEAhiPChCorresponds to the length of a
1) COMIEXIPNORLIVEestSUGtbas kier azigmikh, gyhing of vihes ideal
wing airfoil.CLAIMS 1 . System'(1) fof automati cafly
insteortar@dusgcebbediihiaght Otameit)easio oweipowdtheM rgng airfoil
airfoil ( (?Id power wing airfoil (2) being -
mancSht o™ o dr i ving unit (9) equipped with two
m) WdhRes P whkChhssd drpagat Wi edidof | pb2h iV, TV,, TV,,
connect ed by neans of two respective driving cables
- ZNn/, tohdrdet dhissedinag alrfiolik Tumpriresturrent position to
det ecting means (3) on board of. said power w ng
£Q?Qﬁq’(2) adapted to detect first pieces of
n) | MO | ahd 3imealdingomMit hrabml eaEEk 0860PQSHALEE of the
and one orientation in space of said power w ng
CurﬁﬂnﬁoPPS€Q}Oan&Qﬂﬁ%#eFéFg%ﬁsbﬁoaﬂﬁkﬂgS%PdtbéméﬁﬁM%ﬂﬂ unit
oi k. ( bj & segcond- det ect anRs (
thré@@@ Ehﬁrgﬁﬁ égggpteghﬁgﬂde?écggéegggd éleégg gf 5Qeferably
usingf ematirery(izd) deatigegiwnt hSytstlesast(INAe amoppbroéda by a

tensi on S driving caple of said power w ng
dynagig gigd ?%)og'gh%.%bggt? ?ﬁf %@%%terME|ght of said
o) drieddio: 4 t +48) steg:?é308§53't'3;9 @Ndagondy ) | pEmBRARS erval At
(7) “of sald first sai d second pieces of

definddramt font{6a) looadéimee@en@yt,r afsfommbe qormaided ofhat the
PTG e Rerairy BR Shid W HCRES O VENNdCr i iRy GRpriees @

said es o sai riving uni
sterd 9pft %&iid@cﬁ;ﬁv@lpowﬁu\ﬂtﬁlggalt{ﬁ@l [Leﬁ@):haldmgAa maklng de
flight trajectory TVl, TV2, Vn maxim sing a
facm@lg%ﬁfefﬁéﬁ{ éﬁéPéP@& oﬁdéﬁﬁaaﬁéﬁer %fnd“hlﬂﬁblﬁhgﬁf the

pro&@b§anTy'§@erfﬁeQ§ ng@u%@téhaﬂd'§e££ﬁfé§edﬁﬂgip0581bly

maxi m si ng an anount
exuberant and scarcely far-sighted, short-term predictive
analysis, since the n steps possible in time do not globally
reach an optimum time distance from the current instant: it
becomes therefore necessary to relate the steps of forecasting
the future with the step length, in order to optimise the time
depth of the flight path of the wing airfoil to be performed.
It 1s therefore suitable to evaluate the opportunity of
performing a forecast which covers too much in the future: it
is reasonable to assume that providing more than one
revolution of the “carousel” system is useless, since, under
stability conditions, the situation is repeated. The ideal
length of At is probably the one which corresponds to the
length of a complex manoeuvre, such as the azimuth gybing of

the wing airfoil.



ki netic energy subtracted to said Aeolian current W,
and - a transm ssion systemof said first pieces of
w0 njognemti on (3a) to said processing and cont rPCT/IT2906/000343
means (7) . 2 . System (1) according to claim1l ,
characterised in that sai@%essi ng and controlling
an 7),.compri s a 0 '
R B R Nt Sl
leastOorn%t Wowdosvingnaiacoeler(&ti,ors aind mwentatmgnalrfml (2)

i nformation (7c sajd wing airfoil ,(2) to.anu
elnaonFPatr?%?& d%}ﬁte%l ‘oigeiht &°¢6a) (3 (8% harii GPREnaLfEn  tuo
winc@bssald @ihivhngaua tpc(vﬂ%r fin Oﬁtlﬁ:@ohllng () ti_QCTcloQIﬂected by
force on said driving cables (21) System (1)
meanacczfr diwg respparave r@w&rn@ct@kﬂs% (A4 hatCh;é‘é?ad:terlsed in
systemt ransm ts said first pieces of
thatl n orrra |o(r%%(53a) to said geonetrical nmotor (7a) . 4 .

- Sydtrem (dgtactbndi mgaatrcs cI(aD mdn , bokadacoBr |S§eidﬂ i power wing
. th tco rlssanl b|||t dISSIpatI

alrfo@y C%D PR or Qi ﬂﬁ 9 cE4F 1ple€ﬁ§ra éedmatlon (3a)

dealtﬂi@t ﬁ@tﬂ fd¥ st1 deftecbnag Peansiés) Lopbnse orientation in

three-axes accel eroneters , 6 . System (1) accordi n%
spaaeo eFai 985 carwest efiteed hrEpat s%ﬁ e2gggderations to

whidCGel g{?&{ %fﬁ’ffné)lfrf(ﬂh & MEMS {y ject stem (1)

accor aracterl se in that said
- flsresntondietomﬂedtgmmamr(a’%) Tonpr i See agtrcellreitatcdﬁp’ced to detect
npass. according . to.claim.7

Sy st 1
Sec%r@%?%??séﬂf ?/in?ir%ng% %é?la el%80t r SRT L BEmpHgd! | 8tq 1east one

amodﬂﬂjx&@t§ FRgaebaMmrersaiy - dSyeied €dbi1ascardinegf Gsaid power
laim5 , characterised in that each one of two of

Wlngsaadrtfhrtée Xesandcet eporatérs ief pPaceeupperweight of said

arides ectlve nd of said wing airfoil (2) next to a

LYt i’d driving cables (21) with the walls of

- qurﬁbd/és!’tgtraj réadl de)trollAngSyséans (1)7)acedr dbig tioirst (3a)
claim1 , characterised i n that sai d secong5 detectin

and pegmkd (55SE8RPr | BéSSerai Rigaddd® Heas UF L gt d to

crafefdgetion M said del vdng C@@E@és(%‘-ﬁ information (3a, b5a)
into a mechanical drive operating on said winches of said
driving unit (9) to drive said power wing airfoil (2) along a
flight trajectory TV,, TV,, TVs;, ..., TV, maximising a “lift”
effect generated on said power wing airfoil (2) by an Aeolian
current W in which it is immersed and maximising an amount of
kinetic energy subtracted to said Aeolian current W; and

- a transmission system of said first pieces of information
(3a) to said processing and controlling means (7).

2. System (1) according to claim 1, characterised in that
said processing and controlling means (7) comprise a
geometrical motor (7a) adapted to process said first pieces of
information (3a) in order to return position, acceleration and

orientation information (7¢) of said wing airfoil (2) to a



11. System (1) according to claiml1 , characterised in
that said second detecting neans (5) conprise encoders
worosdars4 nches of said driving unit (9) . 12PCBYRD&MN00343
(1) according to claim1l , characterised in that said
second detecting neans (5) conprise proximty sensors.

. 1) coy gl o.cl aj v C cLeri in
g B T et St Ty e (8 onsy | 8 BrsLrignches
of satdf deilaling simort sy8i edprt4.cBytstaednni(n) actorditngnt dorce on

.(flcf\i.ml c act j’cgedinthat said wing airfoil (2)
salq Jrpiind CakeoT ogé ! polyners. 15. System (1)

3. acneitnng (19 Cdaddrding charagteithsed idhdhattSAised in that
~first (3) and/or second (5) detecting neans conprise
saidsj rEXRPSBERSHPR. $ESTSPst EFpPSINLAEcordilty tioxdtai mieces of

inf SRR ALLELT | 52 %@.éQ@&,3&6&%%£{#§g?§§%§¥kf¥§}?”“is

Integrated i'n said driving ca sald w ng
4. aigfwidm (2)) tacoaghiny keasfladnme ldatcheoptdteadidfadrien that it
17. S%stem 1% aCfo%di ng to clai m& or 16
CompATSCR N | SRA TR thaY SETHRFTT AL chbfes (21) have a
5. Whgswd f qill)- shapeddsegt ikon c1d8n IJystenmafddtaecosdi ng that
. to claiml , characterised in that said transm ssion
saldyst Bh¥FE of dehecitadido- f Fégiéncy 3pe. ATWPEYER em thyee-axes
acclLepsding Lo claiml , characterised in that said
ransm ssion systemis of the ultrasound type. 20.
6. Sysiemdr) (Accamaiawfiny ctai mlaim char abkercsedisnad in that

. that said transm ssi on system use conti
salqr S ET BaATCE LS EAeEY et ubt OB 1hE dPul, FYSe.
7. acsPsEng (19 chakdrdingChar agigihmsad i hdPattsaided in that

~transm ssion system uses a datagram packets protocol.
sai@ofisyst@ntreaylngcBeanng(3b epmpride, aghataetepnsedcPpprass.

o, Isteaho foram apkonsos SoLuRS 2 pLLal g s enat
saidicebecingnio cbapasi jschaFhckestsedagnetbattéet.

9. System (1) according to claim 5, characterised in that
each one of two of said three-axes accelerometers is placed in
a respective end of said wing airfoil (2) next to a union of
said driving cables (21) with the walls of said wing airfoil
(2).

10. System (1) according to claim 1, characterised in that
said second detecting means (5) comprise strain gauges adapted
to measure a deflection of said driving cables (21).

11. System (1) according to claim 1, characterised in that
said second detecting means (5) comprise encoders on said
winches of said driving unit (9).

12. System (1) according to claim 1, characterised in fhat
said second detecting means (5) comprise proximity sensors.

13. System (1) according to claim 1, characterised in that
said second detecting means (5) comprise a ground artificial

vislion system.



conpri ses pre-processing neans (11) adapted to perform
a pre processing of all or part of said first pieces
wotoorntsarati on (3a) on board of said wi ng ai rPGI/IT20@)000343
to provide preprocessed first pieces of information
(Sa ) - 24. System (1) according to claim1,
cterjsed i siat Jdeast Qe ’
gpl%yl ngtg)ystae%ogjfga?g t? rrﬁlé g(gt ectldng Eans (S%d la that
saldoﬁum@ @hl&rf@riélm @s)l cms sryesieemﬁ)rrkmalrceglo:falsamiwmmgs

a| rf ccording 10 cI
. é’rs a)ed gsa? %ﬁpﬁr@/l g YRS col?ﬁpsref%eén that
saldph@l_i_%el tagye tamdn/cﬁitl aiuhd eS50n depkastihg SUPREEt comprise
applied on said wing airfoil (2) . 26. System (1)
Vlrtal@éoﬁmnﬁ@ltso claim 24, characterised in that said

16. S‘é&%&%&nng SYSLEM LML S€5 an £60! han MLF QL Pid® in that

n a pernane magnet genefator. 27. Process
said orrandminedical bystent el Iurrtgegzmatefca i ght sefidatddiesisty cables

(2100008 dPAESt 6 W g %’ 1oLk {2) (201 Hah, B sYs e”hél)st one data

opthjga_rqqtkﬁﬁré sed in that it conprises the steps of a)
detecting said first pieces of infornmatian

17. tﬁﬂ@&@ﬁl séld ﬁPP@Fdd&ge&Q ng§ladBnd (Y ilél'atcé‘@ﬁa&t&rlsed in
thaﬂf:u Q{ F%ﬁ%qyﬁa g%ﬂgslgnbltrahgggorg °®1§&'da¥5ﬁ811 ~-shaped

tectlng sald second pi eces of
secturdmr mat i on (5a) t hrough sai d second detecting neans

(5a) relat acrren i nstant qf
18- { Aer  Lof TG B ot t2): G eerarhgsd in that
said ftrl%gshnl%l%rt rmzﬁsi59rbﬁ)/‘@lﬁ@r&&@i@l—fté@ﬁe@ctyC’@ﬁp@f
information (3a, 3a' ) to said processing and

19. coatein i hg) mEROYIAING §0) GkIMng saflPseebAdiprdcds that
saléﬁtfggéﬁéggléﬁ]%iﬁ@eﬁol§ P Pﬁ@?@f@f%gog§g ér0||lng

omsard fTrrst a, 3a ant” second
20. pigeesnof (Lnf aamdtdingi tecttyaon ilndicleardagtebiaedl ng1 that

~values related at | east to one curre osition
sailgnd TERTEHS 1 gty HEYht'S6F s&i CWE@“EPPFOWO’(‘% lr?Stlonal

str@arﬁiygg}&m&@opf sai d counterweight, and to

21. System (1) according to claim 1, characterised in that
said transmission system uses a datagram packets protocol.

22. System (1) according to claim 1, characterised in that
said transmission system uses a negotiated asynchronous
transport protocol.

23. System (1) according to claim 1, characterised in that it
comprises pre-processing means (11) adapted to perform a pre-
processing of all or part of said first pieces of information
(3a) on board of salid wing airfoil (2) to provide pre-
processed first pieces of information (3a’). |
24. System (1) according to claim 1, characterised in that it
comprises at least one supplying system of said first
detecting means (3) and of said transmission system on board

of said wing airfoil (2).



a traction on said driving cables (21) ; f ) defining
flight and control paraneters; g ) defining a relative
wowdoghtosPQ Pc, PM Pzl , Pt , for each one of PEGEITL006/000343
flight and control paranmeters; h ) conputing, for each

one of said paraneters, the best coordinates XY in
followwng tines TO, T1, T2, ..., Tn; i ) conputing a

25. vegbeemal (I9unu&X6¥0ioy ald chofdi Bat,eS:I&tranliéiriHé@ ln that
TO;j ). conmputing the vectorial_ sunms RXLYl RX2 2 n

saldpy sppP NG YA | RREPFYSSgophotovothalg jthc}élf‘ufﬁulﬁ‘g mOdUleS

on aaBQa%EHEy%ﬂ@pb&@eé@%ﬂgkkﬁOET%algT%lnPT%lrforl Ry for

said vectorial suns; 1 ) choosing a best one anong
26. sHietemctor)i ahCcsamSiRXIYD FH@ip, 24, cClReAGtesisedaln that

t
said [ GEMNGAS CPLM N Snp LRLIET) ohO E\Qé’?ﬁﬁ‘% TR thrbine
keyeﬂ&tllm oh a flerghinetrtajmectnety g‘lé\ﬁ]araf‘éz TV3, ..., TVn,
to tak d f I 2) f d t
7. pBsPeres tEosmArh Aty ehrt Rt Tl fg ins Triany of at

leasG:Z) JneOM3Rid: CQR natie ofi 15ai @ )Cur ReHo RS td ONsfdrem (1)
said target by acting on said dr|V| nﬂg_j unit” (9) through
accogglidignurer #y coner oIt (U5 ; Pbe\71®‘éf§)eé pRGSt hehsrapg ey hsed in

to n t_.ever ter al . 28. Process
thataccor gmﬁ)r sesclxzal %f réchar acterl sed in that it

a) Corpeicsesgy b@imerflifs&p ;aléc@i]doft emioimatide S{Bep) afhrough
re processi n al l %Eart of said first pieces

saiq rﬁlofrsfFat#eo@? 34)9 tRedugh (34 aebﬁéeﬁrBeeémcrﬁlgfrﬁ@atnsmstant of
a fl(ﬂg%)t Itrka%red;ecroﬂf &bt@ﬂj Rr8rPrLoessed fiyst pieces of

formation (3a . Process accordi ng to claim 27,
b) cmmtagpqu*§ﬁ1® 5hgpn§ngeces of information (5a) through
said second detecting means (5a) related to a current instant
of a flight trajectory of said wing airfoil (2);
c) sending through said transmission system said first pieces
of information (3a, 3a’) to said processing and controlling
means (7);
d) sending said second pieces of information (5a) to said
processing and controlling means (7);
e) from said first (3a, 3a’) and second pieces of information
directly or indirectly obtaining values related at least to
one current position XY and one current flight height of said
wing airfoil (2), to a dynamics of said counterweight, and to
a traction on said driving cables (21);
f) defining flight and control parameters;

g) defining a relative weight P,, P,, Py, Py, P;, for each one

of said flight and control parameters;

h) computing, for each one of said parameters, the best
coordinates XY in following times Ty, T,, Tp, ..., T,i

i) computing a vectorial sum RX,Y, of all coordinates at said
time T,;

40



flight and control paranmeters are height Q, dynam cs

of the counterweight C, nmanoeuvre M, interdiction
wae@ad294k1 traction T of said driving cabl es (PAI/1T2080000343

Process according to claim 27, characterised in that

said step f ) conprises the step of defining a

) tol erance for, each one.of said p ters.. 31. Process
J)  abeBPHEARYt hG aVﬁ'Fg9,r18 arséjéﬁsergggﬁi mAffat sai'd sfdpla Tor

es I gertipal Navi gat.i on System (I NS) supported
all y)cgggyﬁé%gcs %ae 2of " sal gﬁw ng airfoil (FVM . 32.
k) Pdegeasnaceodiaigplpind at im@7wedbaractayj sed,j nerhat. .., PT
it conprises an energency step to point out to the
for wpAg FecteriadhiseWsSianoeuvre nust be performed with
' r LOEJ LY. S L hg: | al y
N I S e
., I ety gackkvelga0oriectdmgaseb s f tbghtiiaadecqrtirget) to which
paranmeters. 34. Process according to claim-27,
a maclograceeoifs ed iich wimet airoinpr (Sestands st ep of

calibratin [ uyre_t b inf. t j S
m) aﬁl&Fc‘?Plﬁ%% %&?}Oa%%t TS .XES? Erlgg’ggs%é%lggrcg‘%n ?ﬂc,)velél aireg Vs
., 2Trvcharact esicsedsa 1t Ralng t ag@BEISes2 | heErepsalid current
retroactively adjusting a length of said tine interval
posifbtion 3®. sdsel dfargesysstem (1) according to any one of
cl ai ns

1 ta 26t th i t " [ te 20 .
gy 1S7g el e Ceroidl! SN0 e
currdhtl 38 diegether s dhtargear pyselct isystemd=2d driving unit

(9) through said numeric control (7b):;

n

o) repeating the steps a) to n) at every time interval At.
28. Process according to claim 27, characterised in that it
comprises, Dbetween step a) and step b), the step of re-
processing all or part of said first pieces of information
(3a) through said pre-processing means (11) in order to obtain
pre-processed first pieces of information (3a’).

29. Process according to claim 27, characterised in that said
flight and control parameters are height Q, dynamics of the
counferweight C, manoeuvre M, interdiction areas 2ZI, traction
T of said driving cables (21).

30. Process according to claim 27, characterised in that said
step f) comprises the step of defining a tolerance for each
one of said parameters.

31. Process according to claim 27, characterised in that said
step m) uses an Inertial Navigation System (INS) supported by
a dynamic model of said wing airfoil (FVM).

32. Process according to claim 27, characterised in that it
comprises an emergency step to point out to the wing airfoil
which manoceuvre must be performed with maximum priority.

33. Process according to claim 27, characterised in that it
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comprises the step of retroactively correcting said flight and

control parameters.

34. Process according to claim -27, characterised in that it
comprises the step of calibrating said manoeuvre through Hinf
techniques and/or Kalman filters.

35. Process according to claim 27, characterised.in that it
comprises the step of retroactively adjusting a length of said
time interval At. |

36. Use of a system (1) according to any one of claims 1 to 26
together with a “carousel” system (20).

37. Use of a process according to any one of claims 27 to 35

together with a “carousel” system (20).



