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AUTONOMOUS FLI GHT FOR FLI GHT PLATFORMS FI ELD OF THE
I NVENTI ON The present invention relates to flight

W@ oovb0sd42end st abilization. Mre particul arly PET/IL2005/001026

relates to providing full or partial autononous flight
capabilities to flight platfornms. BACKGROUND OF THE

I NVENTI ON For successful autononous flight, a flight
pl at f orm nust be capable of maintaining stability
while carrying out a flight plan. This nmeans al

flight tasks such as: takeoff, hovering, flight in a
defined route and | andi ng. Fli1ght physical paraneters

AUTONOUATS ELaEHT: FOR EGHTREASFORMS

descent velocity or acceleration, horizontal (x, y
axis) position, velocity or acceleration . This
capability is particularly difficult to attain for
relatively unstable flight platfornms, such as
smal | -scal e nodel_helicopters or other VIOL (vertica

FHRQAF BTHE INYENTAGN vehicles. In addition to the

inherent instability of the platform it is difficult
to caheuprgsentt inveptien erelatesit touflioht| enntiobvands stapilizagion. More

BEFLABY9 5 L' RO o D SABIIRAI, FEfEE bt

Tighs ptfbfmeul ty i s caused by the fact that:
non-stabl e platforns, especially small-scale
platforns,, are very sensitive to any changes in their

BN GREUND O PRETNVERTRBRN @ Smal | change for a very
short

perlod In the output, or in an environnent al

fact P{) PE&%S@%I Vﬁd?gn&ﬂ&?sd’ﬂld}?,? g‘r:nﬁlpﬁ? ot Rilsf R 8?%%ble of

non-stabl'e condition, T nput e "Sensors regar
entpindid stabilify whle oatmnhlgt outnes flighdtpliaar. eThJsenieetrts all flight tasks

gﬁ(lél'? %ls? agpagyggvget@gﬁtr gﬂ ghgﬁmgﬂtr%u tte ah Iar|1diri1g5.SF?I!gfht physical
parameters such as: position, veloc1ty, acceleration or more specifically: altitude,
vertical (z axis) climb or descent velocity or acceleration, horizontal (x, y axis)
position, velocity or acceleration . This capability is particularly difficult to attain
for relatively unstable flight platforms, such as small-scale model helicopters or
other VTOL (vertical takeoff and landing) vehicles.

In addition to the inherent instability of the platform, it is difficult to calculate
the correct output value levels to the servos/actuators that steer the platform in
order to' control and achieve the required flight parameters. This difficulty is
caused by the fact that:

e non-stable platforms, especially small-scale platforms,
are very sensitive to any changes in their stabilization
condition—even a small change for a very short period in
the output, or in an environmental factor such as wind

speed, can cause an immediate non-stable condition,
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m ght have insufficient response tine or update tine
(frequency), especially with low end (small size, |ow

wowioghss4and cost) sensors, the output range opPCT/E005/001026

servo or the actuator resolution and accuracy m ght be
relatively narrow, especially in small scale

pl atfornms, which are very sensitive to even very snal
changes in output , and there is a |lag (delay between
out put and actual platformresponse), the anount of

| ag being subject to the flight paranmeters and the
nature of the platform. The present invention

provi des iapsty $lofin thaNSenek 4 adhafdiig Sthébfal%tféHﬁoﬂi Rpus
(or sem -autononmous) flight of non-stable fligh
pl at f or mecongBions thateate wisag t calchlgterhespwpdies pathde t o

Cnt ad o g fLi ah j t hei
11 ght oonipeh s i, 2 ot Ao B Hectrate, WERR 061
cor r ect i onighidravet eisbifficightitresparse  meh oasipdateatimey

i ng, heir fli diti d_wi{ hout
act Pve prtanrESRnssugiel VAR 160 (SHal Sty oW

especi al weidht antpedst)Vsynisbg, This problemis
exacerbated in small-scale non-stable platfornms. Wile

the presefk dutMeahg® or ShddehicCer fHe Yctadirhtagems for
non-stable flight platforns, it can also be applied to

i nprove t3¥ BEEYREY SRighthRerieativelys pamew, eepemally in
pl atfor ”Esma_lhgcéla"[.ﬁgﬁdr%, WGP dHe 9@%%3?9)& )

i nnovations Stabilization system a ght control
syst em arvery epat ghangasdnepidpuit @ndooper atively with one
anot her. Stabilization system can have a dynam c

par anewerthert istdnbetg @edjayshetwebre ostpalbianid zadtuad rplatform

D1 a1 or miZPBMSd e BouRt a8, e subiep e BRaE T or m
f1 exi bi | i gataknagrs ahd@e ngaek of the platform .

The present invention provides a system (and method) for stable
autonomous (or semi-autonomous) flight of non-stable flight platforms. Most fixed
wing platforms are designed to maintain stability during flight and will keep their
flight condition in all six axes with minimum pilot correction. Non-stable platforms,
such as rotating wing, cannot keep their flight condition and without active piloting
they will roll over immediately, especially during hovering. This problem is

exacerbated in small-scale non-stable platforms.

While the present invention is particularly advantageous for non-stabie flight
platforms, it can also be applied to improve the flight of inherently stable flight

platforms.
The invention introduces the following innovations

e Stabilization system and flight control system are separate and operate
cooperatively with one another.

e Stabilization system can have a dynamic parameter set that adjusts the

stabilization parameters in accordance with weather conditions or platform
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the tine required to recover platformstability time.
Instead of a single increnental control output signal,

w0 beey=ELem provi des each cycle a group of outpait/BE20080©1026

cycle length and magni tude of output to

servos/actuators is nodulated. |If a condition of

extrene nonstability occurs, the flight control system

is disengaged fromthe platformuntil the

stabilization systemregains acceptable stability. 1In

a case of tenporary or major Jailure in the flight

contr ol stem the stabilization systemw || maintain

t he p‘f"ﬁ'@ﬁgm@'ﬂ%samfé’ﬁbhH’f‘P'lOVF‘QctBQGFHWCHﬁUﬂ@ﬂbWYI (amplitude) and

f A user has
Per T O tfle RITRAGEIS Ve RNEOHIBBIh SRLIANGHBI. ght co

the option to tenporarily overri t control

t ,
S5 ALl L GO Sy el g provies
fli gheacrtboymasgrourpeﬁ@utmmvﬁte oycie angtnand desgriiude tf output
in nore det The. ‘f@% i nvention conprises an

underﬁoﬁeﬁ\éos %‘ftﬂgtpéso'lsén% 1 zation systemt hat

b t abi | t
orl FoRORITHBY SBRR, G (G5E S GFR Mt SpTehp e is

top Odlsérﬁ‘g?égféhalﬁldﬂ Z@Abi pratRWAt aRtil He Célﬁblhi’étldnn%gstem regains
various f aranmeters and navigation. This System

(and 3SEP H'QV met hod) overcones the probl em of
control I'ing fI i ght of nonstable platforns (and
enltanides qasegvfttemposaramrempjoatfam@m thgHtghtneenttdl system, the

fu1(r]I t P&é%@%%}#n?%?%tr@é\g H th%g}éﬁ?%ﬁgala?ﬂncegruntn recovery

st abi andiatwmpebfeha\armmerfgleaxy aitordtgtioraladdingcovery tine
dynam cally in accordance with changes in external

cordi AiugBshasitie eption tactenorariy gecrfigg tise fiRGE coMréllsystem with

Iatform chan These external paraneters are
P BRBUA BEAT caRE R P 10 SEl6sL SEMy AR ITad forg comtinuous

e Utééé?fat‘ichﬁwftﬁ%rfu@ﬁﬂlght commands.
These innovations are now described in more detail.

The present invention comprises an underlying adjustable stabilization
system that provides basic platform aerodynamic stabilization. The invention
further comprises a flight control system on top of the stabilization system for
controlling various flight parameters and navigation. This system (and
corresponding method) overcomes the problem of controlling flight of nonstable
platforms (and enhances flight of stable platforms).

The invention further provides dynamic stabilization parameter modification
in order to adapt the platform stabilization behavior, flexibility, and recovery time
dynamically in accordance with changes in external conditions such as wind
magnitude and direction or platform weight changes. These external parameters
are monitored, evaluated, and if necessary modified to maintain the required

flexibility and recovery time of the platform.
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flexibility and recovery time of the platform The
i nvention further provides a unique cyclic output

worstohoss4tor controlling the required flight pareEIHEReN5001026

via the platformis servos/actuators, which control the
platformflight paraneters (in the case of rotating

wing platforns, this control is expressed in the bl ade
pitch, the rotating plain angle, and the tail rotor

pitch). The cyclic output nethod involves nodul ating

the cycle |l ength and magni tude of the outputs to the
servos/actuators such that, ihstead of a single

' anﬁ'i@ﬂiv@htl@W&meGC?d)\ﬁ@ésabfiﬂn@é &ytfic SRt Phethod for controlling
algorithm the output co ises a group (a cycle) of
tiwereéw'rﬁ@rf@fﬁm%@ngtaﬁﬁtv ngre pleffatne’s senyrs/acidetorsh ayhighhgontrol

57 LSRN EROE, L 005 B PRI HER 2 comv

I%@mesa@gnlthedndaadﬂ pitch, ftiven cdtatimg pfairt laaglgr ead de tail rotor pitch).

T 1R ARl r SR TTRe MRl PaHR <o et gReRidnituce of

trenbuiputsoto mtr iser®sfdctigdtérs PaIGhTE =g I ﬁlste'ﬁhl 6f HNdifgyle incremental
enent ed, using various

BOEL CUBHEI DG ANTRE oo 456 BHIBUL BomASY BiGERUP (a oycle)

bhbeg bﬂhcﬁ‘@@u@ﬁtﬁé it rofiRbatef ﬁfﬁgﬁwﬁbd@[hefnut?\éycélcﬁﬁ’étéd output and
control algorithm as an internediate |ayer between

fallewed by ong @dm@m putrsitnf lerserhmspaitusenthapithecgisulatetroutput,
d t /

e pe ASBHRl e tincion' A0S HrkaRr oufihs! i SyprEgffies the

pmhwlermﬂs osﬁymtmm Slgnairacmntaogrmdwdﬂgstﬁpbese\timu recgiired for proper

t he. di sen ement-system Ln that
B o poulsn ioBt BEDERERMT < UK il ihdiBfe Tt ccan be
fmpsleﬁr@nte!dn@lsﬁfg varipusr eakid k:bhtrcblhﬂg@ritﬂhis| $uohngs $YDt(BMportional,
g‘_&covers thcﬁﬁ Iatflgrmto a state of acceptable

Al jand reptiale .68 ngr Yf'lo%htco@gﬁl rJgordPay egs an

Irﬁerﬂ#@d?é‘fétlé{eﬁ“ Hetwé &2 B2 e8eulafdieoltPURf 1B Hadid &?ﬁtrol algorithm
rovi des a her | evel of operational safety by due

?Bd thﬁaa¢t\4@'é?§ttpl6ﬁ’t%tf@r%qw<t?e/c@qw@0€ﬁ two separate
systens. In case of a tenporary or major failure in

t he The giventiomfurtiler pyeviden disaegagement of thedigbhcentralrsystem if
ﬁﬁ rl%éﬂ{e%es Sﬁ‘stéﬁle?v%nﬁ A %P@%&?ﬁ?gfth@ﬁ%&g%&@m sydtdf. In that

I'zatron systemw |
event, the flight control system is switched to neutral mode for as long as

required till the stabilizing system recovers the platform to a state of acceptable
stability. After recovering, the flight control system is automatically reengaged.

The invention further provides a higher level of operational safety by due to
the invent'ion's architecture of two separate systems. In case of a temporary or
major failure in the flight control system, one of its components, or sgnsors such
as GPS (global positioning system), the stabilization system will maintain the
platform balanced until recovery or will perform an emergency autorotation
landing.

The invention further provides the user with a remote control interface to the
flight control system, enabling the user to put the platform into semi-auto mode.
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pl at f orm bal anced until recovery or will perform an
energency autorotation |anding. The invention further

w@r@viostas9 t he user with a renote control i nterPErEL20@5/001026

the flight control system enabling the user to put
the platforminto sem -auto node.|ln sem -auto node the
flight control systemreceives its flight paraneters
inreal time fromuser commands instead of fromthe
preprogramed flight plan. In this node even an
unskill ed user can pilot thecraft by renpote contro
commands. The renote control “interface can be software

IArsendralitg htodef BE fRotRMdhE ol SRIETRESeisaNts Might bsbéwté«@. in real-

The general problem solved by this invention is
e Jiode usen sammands dairad ebnendhe pagriBoIaMped élight plan In this

rﬂeaétegzghlénz ﬁﬁsl&l'lécgné?rp}:é\'f gﬂ?tnﬁre &%ﬂ?‘}){]%r{]éﬁebégnh%?tcommands

[Tm o smal| sca or ns as short-ra
Phglglemede | canftoér isterfeiee tcenhbel sofiware ohehardesemt for example

iR ERbR R ﬁ“%ﬁof’% [ n % ul Ty automati c mode. "G the
3';33 B et E L B Henfio T o nrkbafafuy §ofSmous

eohitra) capability| fer oonﬁtabﬂize@ﬁhghﬂrﬁatfmmc espedalcbit notf lifiged to

r ol ectlon then reen t he aut ononous
fhal ?a'%a%fgpswsrf%ac 13 S1PBPER GRS PPt Pance of
oper. |ons t hat U|re i.lot skills, such as
© ket SCReesY plghemrosard miRatoa sapblgs iR deBmadaatolied

M@Iﬂtﬂﬁrﬂlg}%@nbb%ﬁ lan ih TOME a@toRRRiE rhede. "@ﬁfh%dplatform can fly in
i hvol venent or |nterference The core technology an

safpicadematic i godris withoR RENIES (ORRSPIEF agantrobiilg some or all flight
;‘)é?ﬁﬁ\%'ie[% %lqulénémg?e %Fﬁh’ﬁéddz ab{. %es}{&hs&%fé%? chh! ?rﬁe wishes,

contro on a uni que output ne
mmwrelopleebtbor thén sreqmlageaﬁme)nauﬁﬁhemhsseﬂightknomml for fully

it es.
AR ILp & oo, Jrterionsdnaf R IS SRS dish s dafeot,
IﬁIFveﬁﬂQSﬂ)&ubg lahd eéghdihd Qhén M akirérheBveathéroginditionsf @ithout a need

t abi | Ieé Platforns with some build-in stabilization
or manned involvement or interference.

The core technology and innovation is based on having separate, but
integrated, dynamic stabilization system and flight control system, as well as on a
unique output method developed for this application. The closest known
technologies offer mainly two separate capabilities, stabilizers and autopilot:

o Stabilizers for stabilized or nonstabilized flight platforms

e Autopilots for stabilized platforms with some build-in stabilization

capabilities

BRIEF DESCRIPTION OF THE INVENTION

There is thus provided a system for autonomous or semi-autonomous flight
of a flight platform with flight actuators, the system comprising a stabilization
subsystem for controlling the flight actuators to maintain stabilization of the flight
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capabi lities BRI EF DESCRI PTI ON OF THE | NVENTI ON There
is thus provided a system for autononbus or

weensozdeononmous flight of a flight platform wdhiL2005/001026

flight actuators, the system conprising a
stabilization subsystemfor controlling the flight
actuators to nmaintain stabilization of the
flightplatformin flight and a flight control
subsystem for controlling the flight actuators to
i mpl ement flight control of téhe flight platformin
flight, the two subsystens operating separately,

pliatferm i flight And ghlligeloeantiel selbaysiasn éon cantollingrthe diéght legtuators
bR R A LA 0 g

operaiglsdéparately, whereir trghflight @bhivolinsubasystens iss badrriddery by the
Furt.hernore, in accordance with so preferre
Sl Lot leRE 51 &S cftentvBes ohe” bt pidllorm  exceeds
piedbtdrinirdd StabifizdtRyntheFheRNMtl frsightaiatidriyregains stability.
measur ement sensors, the sensors providing input to a

st abFhrtverinons) GPHICEldaREOCRRART S8mENpleférfdl AFRBYIMENE of the
stabi|jzation control algorithm the stabilization
pesepbinvepirestbe rRjakilratiop rapsystam semprises, stabdity measurement
S 0 |4 . , t . . i . .
SHBH oo pheyd BrSngshigt 5, Shoh PR bR processing i
priementia e ratalliizatinn soofrolt digonthas éme stabilizatiorocontel processing

@@‘nﬁogf’d"‘ﬁ P eRRT b e 5 Fe E&P{ %@E%fs?%& tiﬂéj‘ﬁéh‘f%'atform-
or coeT el ol BnEe b o GTR: GeFERR sPhpdclifents of the

piesbnil iimaintion, @ostlf-adjustigprpdrametet sstedf tharstheiliratiod, control
i@ accordance wth sonme preferred enbodi nents of the

PIOGEEIR IS ¥RASnt i on, the flight control subsystem

conprises flight sensors neasurin [ par anet er s

flight )
the FYTHRYHMOERN &b raCCRIAGRLE WED | ?ﬁlﬂ]g P'Z?féj{r?q i QJRROdiFsPisopf the

PFREREMVBAtH ?rieged SaaRdtéIsat dflth@REapARBt&® ontrol algorithm is
algorithm the flight control processing unit

Beefli ding flight control outputs to the flight

actuators of the flight _ :
Furthermore, in accordance with some preferred embodiments of the

present invention, the flight control subsystem comprises flight sensors
measuring flight parameters, the flight sensors providing input to a flight control
processing unit implementing a flight control algorithm, the flight control
processing unit providing flight control outputs to the flight actuators of the flight
platform.

Furthermore, in accordance with some preferred embodiments of the
preseht'“invention, the flight control algorithm calculates required magnitudes of
flight control outputs and produces, for each required magnitude, a group of
outputs comprising at least one of a plurality of outputs of gréater magnitudes
than the required magnitude, and at least one of a plurality of outputs of lesser

magnitudes than the required magnitude.
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platform Furthernore, in accordance with sone
preferred enbodi nents of the present invention, the

wo baoghss4zont r ol al gorithm cal cul ates requi red PCT/IL2005/001026

magni tudes of flight control outputs and produces, for
each required magnitude, a group of outputs conprising

at least one of a plurality of outputs of greater

magni tudes than the required nmagnitude, and at | east

one of a plurality of outputs of |esser nagnitudes

than the required magnitude. Furthernore, in accordance
with sonme preferred enbodi nents of the present
invgﬁmrithrlnmoirél, at écfefaﬂ:tanslermitl?f scbr’ﬂef preferpsd Crfml?tbtlim'éht%, of the
sai t |east one of a u ity o utputs o reater
Reeshnt bueRlion, it etsgsishrte af Mecbupp akoubits. spidiatigas) one of a
Blurdlity BHbGtpafs drefrester ARGNIthasiesrecEded 858 M Tast bRe of a plurality
accordance with sone preferred enbodi nents of the

pf @uteuls of iraset MAYNItYERS. magni t udes of the | esser

outputs relate by a function to the magnitudes of the
gr eab@thesmoprit 1 augprdaacaowvith semacewierset eembadimsoise of the

Pfe%ﬁ( i'h@gnt%ﬁt,’ﬂfg m%?)ﬁﬁt{(fgs dethe PISRPBhtpL I RMth B)a fulltion to the
otal nunber 'or ouCputs per group Is constant:
Faghtiederofdhe gresdercautpatsce Wi th sonme preferred

enbodi nents of the present invention, the total nunber

of olrtharsood, QYMGrdamgnthlmdmpepregasrc?ﬁm ensbodiments of the
tant. F h [ i t
BE3PRF Puentioh, e o nGmie” of SR BT Gro R B RSNt he

t ot unber of outpuis of | esser magnitudes per group
o CENIREre i (HEIHAnES W S5 be RGeSl GmaiRens B the
Presbar ineentRM &l At ertdl@uURILES BNGrdataranbgMtides PRAgroup is
occurrence of a predefined fault in the flight control

8§ %t em the stabilization subsystem maintains the

flight platformbal anced until the flight control
subshwthanmee olferageordance with some preferred embodiments of the

present invention, the total number of outputs of lesser magnitudes per group is

constant.

Furthermore, in accordance with some preferred embodiments of the
present invention, upon occurrence of a predefined fault in the flight control
subsystem, the stabilization subsystem maintains the flight platform balanced

until the flight control subsystem recovers.

Furthermore, in accordance with some preferred embodiments of the
present invention, the stabilization subsystem maintains the flight platform
stabilization until the flight control subsystem performs an emergency landing.

Furthermore, in accordance with some preferred embodiménts of the
present invention, the system is further provided with a ground station in
communication with the flight control subsystem, whereby an operator can

override the flight control subsystem with manual flight commands.



Furthernore, in accordance with sonme preferred
enbodi nents of the present invention, the
WG b@bibi4zat i on subsystem mai ntains the flight pdEIf2005M01026
stabilization until the flight control subsystem
perfornms an enmergency | anding. Furthernore, in
accordance with sone preferred enbodi nents of the
present invention, the systemis further provided with
a ground station in comunication with the flight
control subsystem whereby amg operator can override
the flight control subsystemw th manual fli ght
conmfeitlermare, hisy mecerdance awidior skine eprgfarteds @mbodiments of the
I 0 nt. r e er
P RN HhHRC IS  BlovidRl B Wby RYCBRB O L sem
autbgdmous flight bi gRighpplatfoon mitiv fhghtfdctlgihmsameuaetbms ,cohipgising
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For contTOTMTAg: SHBREfGhtdadislat dpt ARty iRt °"

control aztikayrst &g éom%momm@h Isubgystdra for Ic@htromng the
actuators, the two subsystens o eratlng se arately

mai nt ai AHGHY SRS tﬁ‘ﬁttYVBﬁ;“B?yS@W@SPpﬁaﬁmgrﬂeﬁﬁﬁé‘?% in
flight by controlling the flight actuators using the
st abi |l i mln@ﬂlw&@@hmnawmharﬁlg@ﬁmiaﬁfmm fi i faght by

control cBBtrblpﬁ% # eghﬂllgﬂac%\étﬁ rd Nudi hhgqt e¥.ﬁbim§ﬁ{|on

control I'n ors usi
control sabb;%s}aheamd npl ement flight control, overriding
the flight control subsystem by the stabilization

subsyst emplém@ﬂmg\m@m eMHeioP of ige ilgh® fplatﬁnlrﬁ\t ‘fnomght by

exceeds a Pre deteérm ned stabilization threshol unti |
I

the fli ¢gebireliag f Biem flighfaiastiadergbiusingy th@uﬂrghbrcmtr@l in
accor da%g\fwté,{q lﬁB@n&{t%ﬁ]Fﬁﬁtr&”bOd' nments of the

present in tion, maint stabilization is

achi v e By, the Rl bl 8o SR Yy HlILhimdA "
subsystem in an event where the flight platform exceeds a -
predetermined stabilization threshold until the flight platform
regains stability.

Furthermore, in accordance with some preferred embodiments
of the present invention, maintaining stabilization is achieved using a

stabilization control algorithm with a self-adjusting parameter set.

Furthermore, in accordance with some preferred embodiments
of the present invention, maintaining stabilization is achieved using a

stabilization control algorithm with a preset parameter set.

Furthermore, in accordance with some preferred embodiments
of the present invention, implementing flight control is carried out using
a flight control algorithm that generates flight control outputs.
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Furthernore, in accordance with sonme preferred
enbodi nents of the present invention, maintaining

W@ @biobs4zat i on i s achi eved using a stabili zatiPET/IL2005/001026

control algorithmwith a preset paraneter set.
Furthernore, in accordance with sonme preferred

enbodi nents of the present invention, inplenenting
flight control is carried out using a flight contro

al gorithmthat generates flight contro

out puts. Furthernore, in accogdance with sone preferred
enbodi nents of the present invention, the flight

cont IrRirthatidrel ihvBcorddHdkbatitssdreel bféf@l@ed@ﬂibbﬁuﬁ@ﬂs of
flight cont r ol out puts and produces, for each required

GFdm PEaseB! InyeRtiaR, Brefiob ROTOLaSERIM s7Ifgatas Teakised one
r?é%ﬁtﬂeg.ro?lﬂlgﬁwh&ftrd? ‘635)%3*3% gﬁﬁ:ﬁ‘%@é@ fof BN (eddfsq t han

required nagnitu and east one of a
rpagmnitudet g gocnumoftqutsisabrnpelsmratrmyhpna@és pﬂwrahtytdﬁe

i.r ' d th
LS of SrcRet bl i BeTBaired BBEER 202" on.
leastainel of asplutityeof@utpute oglees@smagmnwepulhaa treai d at
| east , one ﬁf a plurality of outputs of greater

"REYHTY RERIT

f%cedes said at |east one of a pl urality
of outputs of |esser magnitudes. Furthernore,

acCorgaAREAmfet Wﬁc@fﬁw@n@g@gré@e oefmérng

pr esent | nventl on, the magni t ude esser
afube ptesentingertidny iraff leasttsoore ofdhe igrounsgeficutplds, ssfid t he

e Bhe ! ol Ryt PLIEED Geglel B RIAETRRANES, FO™
daid at leastdrer ofcd platdlipudfsoutputs of el Magoitsiesnt .

Furthernore, in accordance with sonme preferred
enbodi nents of the present inventiaon, the total nunber

of olSHETT o, iy aGsosianea dYiih SRIBE PrdeTreR smporiments
GRS bd¥ent invention, the magnitudes of the lesser outputs relate by
a function to the magnitudes of the greater outputs.

Furthermore, in accordance with some preferred embodiments
of the present invention, the total number of outputs per group is

constant.

Furthermore, in accordance with some preferred embodiments
of the present invention, the total number of outputs of greater
magnitudes per group is constant.

_Eurthermore, in accordance with some preferred embodiments,
of the present invention, the total number of outputs of lesser

magnitudes per group is constant.
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Furthernore, in accordance with sonme preferred
enbodi nents, of the present invention, the total

woooeess4ed out puts of | esser magnitudes per grPCPIL2805/001026

constant. Furthernore, in accordance with sone
preferred enbodi nents of the present invention, upon
occurrence of a predefined fault in the flight contro
subsystem stabilization is maintained by the
stabilization subsystemuntil the flight contro
subsysten1recovers Furthernmt@e, in accordance with
sone ferred, enbodi nents _of the present invention,

st abi ui SIT'BYE: i acROrFANCEVUH $RMe Iﬁ’éef?s"trﬁ%ﬁmb?&tm‘%ms

YRS prdsemt bhlior @%oﬁ localiterk@Y0bred SfaiaaMin il or ms
an emergency | andi ng. BRI EF DESCRI PTI ON COF THE FI GURES

fifght dontrehsubsiysiesy, seahiizalien immeiitained Py fg stebilisxtion| e
QBYstel bl L f : BEROGH, i sSRESRAEAIBAON g Fi gures, in

e Co nents are eS|gnate by |ike reference
nunmer al s. FIG 1 is a diagramof a stabilization

syst @urthermerd, i §tdorgarrefvitinzdme pesforird@eamodirhénts
preferred embodi ment of thgﬁ{gr esent jinvention. FIG

41dhe, PESEAH iYEBROM SFAbIIZRIOR b AINAIESd Y e SIPDZatqng ht 2
RSB 1R HRRARRR) Widys@nPpefiGiicsh BiAgERNT of

the” present invention. is a diagram
|§ﬁ®ﬁ9tecture of a duaI-IeveI systen1for stabilizing
and flying a flight platformin accordance with a
preferred enbodi nent of the present invention. FIG 4
is adiagramillustrating the forces acting on a
flight platformin accordance with a preferred

emboRERr DEPECRIRTIN FNMTHENEURER). FIG 5 _
illustrates nodul ated outputs to servos/actuators in

accordance with a preferred enbodi nent of the present
i nveme igrertian is gleserippd heeivs by May Al exaaeiee™y ntith saferance to

b S@eniddgfg ERIUES! inSHAIRMKE components are designated by like

reference numerals.

FIG. 1 is a diagram of a stabilization system for a flight platform in
accordance with a preferred embodiment of the present invention.

FIG. 2 is a diagram of a flight control system for a flight platform in
accordance with a preferred embodiment of the present invention.

FIG. 3 is a diagram of the architecture of a dual-level system for stabilizing
and flying a flight platform in accordance with a preferred embodiment
of the present invention.

FIG.4 _ is a diagram illustrating the forces acting on a flight platform in
accordance with a preferred embodiment of the present invention.

FIG.5 illustrates modulated outputs to servos/actuators in accordance with a
preferred embodiment of the present invention.
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accordance with a preferred enbodi nent of the present
invention. FIG 7 is a diagram show ng opti onal

wo pdoegsaed manual flight control in a preferred/iL2005/001026

enbodi nent of the present invention. DETAILED

DESCRI PTI ON OF THE | NVENTI ON The flight control and
stabilization systemof the present invention conbi nes

two | ayers: a. Stabilization system1 b. Flight

control system 2 Stabilization system1 is the basic

st andal one | ower | evel |ayerqqprovidi ng aerodynam c
stabilization of the manned or unmanned fli ght

bIGtE or iflustratess trebaltozdetadn megbarismlop dref Bights cOmirdlhsystem in

bl.e.. . .
Pl ghe dedPe20aRds i }wférereﬁéﬁr“efdkegpﬁvdéﬁ%bié‘%ﬁﬁémmvegyon-
f f t Uj tq .
Sttt ot 15 e SR o TAving SPYER I i Bt Lidbur B! Eintedl in
t he nongiréfeired zesbddirabhtasfih@phiserervantidnhe

stabilization system prepares and provides for the
hi gher level flight control (including piloting) by

OFr @ik BRS RPN THEIEIION . " gne  cont o

or "ol R B Stali=plt Stae o dfe pEen! uSalag ashbines

ﬂNo |a @Bj | i zati on system 1 conprises sensor inputs
(such as accel eronmeters 10, gyroscopes 12, and

i ncl i nogetSasilidatjon seRIi @l al gorithnms 16 (typically
i npl emented as software running on a processing unit,

such asp! tRighi edrit@l BYsteanput er or a dedi cat ed
comput er) and out put signals 18 to the actuators.

( Throxdpingationt SysteriPeed the Bhsie tarffdiomd waér%\%ﬁ eIder providing
synonynously for servo.) The sensors neasure

@%rpﬂmpgmm at@bwmﬁl%rcénﬁlew@nn@qcﬁr amnysied ﬂmht sqt@tfmm The
?g?mg‘c&fb@l e RN 1f OferiRmisC @ithX§ieddt '}ﬁardyﬂgﬂnémgmaﬁfustable
parameters), high-degree stabilization that reduces the amount of flight control
effort, including piloting, required to control the platform.

The aerodynamic stabilization of the nonstabilized platform achieved by the
stabilization system prepares and provides for the higher level flight control
(including piloting) by stabilizing the flight platform. The higher level flight control
can be implemented via a flight control system (hardware and software), actual
manned control, or a combination of the two.

With reference to Figure 1, stabilization system 1 comprises sensor inputs
(such as accelerometers 10, gyroscopes 12, and inclinometers 14), control
algorithms 16 (typically implemented as software running on a processing unit,
such as the platform's computer or a dedicated computer) and output signals 18
to the actuators. (Throughout this specification, actuator is used synonymously
for servo.) The sensors measure the various platform parameters, such as
position, speed, and acceleration for up to 6 axes (linear and angular for X, Y,

and Z = 6 axes).
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and Z = 6 axes).Control algorithns 16 receive the
sensor input signals and process correction out put

WG 2@natw298 to the platform servos/actuators iPCDIIRe05/001026

to maintain the platformstabilization. The contro
algorithms can run on the flight platform s processing
unit or on a dedicated processing unit connected via
outputs to the actuators. Wth reference to Figure 2,
flight control system2 is the second standal one

| ayer, on top of stabilizati system 1 and providi ng
aut onomous flight capabilities for the manned or

unnegrae f Algehthnl afd aeseivad the (‘s@ﬁédrohnpfdt9§|@hbf§”%n86process
desi (t:;ned to control a non-stabilized fli (_?ht platform

Gariaetign @uawéts'%\al%%éqﬁ'te Blaffaen gervesacksAtonsZatarder to maintain
Ry Ié’tﬁ}rﬁf\ Qt%%ﬂl%éi @?r{t@{"%ﬁ JriBYR cah r}HHtontfﬂef%&%atform s
contro CONES i

system rom asurl ng Sensors
Prees3sineg uait ico e patesinatet srapessingdinitpasinectad, vibeadputy to the
5‘&?@5{8 ts. accel eration and altitude. Exanples of
measuri ng sensors can include global posi ti oni ng

e I IRTersngk paS TR Tidht coBRBelen €5 A% sGatsgnastone

Iesmfrt ron wipg@fi stamiizator t systanl Hy anﬂ’plpﬁdmdﬁhgd a&fonomous flight
on a process

h t
SPabiBes e B8 panar 6r Shmacnse Afath st St hoeiial figerithms
39 desigRed %o cBnirbiea Ploaldtasifey ﬁﬁ@hﬁﬁlo%ﬁﬁ W|§P9tdr8§et (?r dynamic

al gorrthms can be traditional methods such as si
Fljpstalptstanilization shstermb ohe@ting gt B lawerrlavely | ogi c.

Qutput fromcontrol algorithnms 26 passes to output

pr odeRdi tey flight tcomrol \@yslem Zagomesi Eymemasedngascq@aons, which

rﬂEa&RBt\faﬂbuéhgﬂn%tg@ afno s, Qﬁ’if)ﬁtﬁ aYdl rgoé %ét acscieleraﬁlon and

processi ng ener a correc
dtutle. Eramplest cbfommasurﬂg vmom:k:aatlmlsde glahjadpbsntlomng system

@fﬁﬁ hibers 3' AR B T he T equired 11 ghi

po S?I{F{egﬁ{)ﬁtdrc( mflgnle Qfeasyrén%gﬁaﬁ?r%ﬁoprﬁg%%%ﬁgay?%ntml algorithms 26
(typically implemented as software running on a processing system, such as the
platform's computer or a dedicated computer connected by outputs to the
platform’s actuators). Control algorithms can be traditional methods such as
simple PiD control or other methods such as fuzzy logic.

Output from control algorithms 26 passes to output processing unit 27,

which can be implemented as part of control algorithm 26 or separately.

Output processing unit 27 generates correction output signals 28 to the
platform’s servos/actuators in order to perform the required flight functions such
as tal-<eoff, flying, hovering, and landing with the required flight parameters,
envelope and performance such as: positioning (x.y.z), velocity and heading in

various windy and weather conditions.

Figure 3 illustrates the "dual-layer” architecture of the present invention for
controlling the flight parameters of nonstabilized platforms: the architecture
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various wi ndy and weat her conditions. Figure 3
illustrates the "dual -l1ayer" architecture of the

w@e@s®si429 nventi on for controlling the flight PCT/IL2005/001026

paraneters of nonstabilized platforns: the

archi tect ureconbi nes two i ndependent standal one

| ayers: base | ayer of stabilization system 1 and upper

| ayer of flight control system 2. Base |ayer 1

provi des the stabilization capabilities of the

nonstabilized pl atform Thi d3means that when a pi | ot
unmanned flight control systemflies th

i.gh
CoMbiTEST o NFEPRTENt SIARCAATe THEFy Basth PyRL Sh sl Galien sustem
13é?1d%%‘rl&fﬁupﬁ%édtﬁoﬁ?gﬁéﬁti orm Wth reference to

Flgure stabi 'l zati on Ssystem 1 stabilization
ng% r&%nd’e‘k tl"f\Bdﬁt ﬁfgat iﬁ\rbé%%blf%@sS %F 0: nbﬁ’s%imﬁi’é?j B&tform.
y reca ted during flight 1 n accordance

T\MSt meaos dhaltawben @ piotairasrgeanned fligbt ewtrolmyﬁtﬂm fifes the fllght

o 0 8P AR o RIBRRE A 8 A iy scbtied

ptarfoirmol  al gorithms 26 cal cul ate outputs 28 via output
processing unit 27 as a function of the required

f1i ghith pAseret ¢ Sigarel, etabillmmjrt $ystémg stablemhonqmlameters K
di rectl . The outputs, are calc ated 0

i B 0 crh B, POt 0B el D BB eRa R A g ight
iPhcthBaRtEeMAtaccOMBAES Qith dHangedliit teneh@rdnngent (F 40), such as
separation of stabilization 1 and flight control 2,

Wing speech & CHRNGRSIE PIRIfiE RATMEelars %%ﬁutﬂh asweighior Speed
control outputs 28 inplenmented by the output
pr oE&gkl eaptighiatgopthmsTRE GalgulRls qurtruts a’ﬂ8c‘u¢l Mtt%ocessmg unit

A1 O S BT ChaFbe ARISLEbAfg, s

aridl disgatiahe$hé cuxultpugs awp salsdlatdd outqogltoslpamasus)ln a tlme interval of
S rvosﬁact uators in accordance with a preferred
Hit of the present invention. Each group 54

OO it BT o RABAE BB 48R Bh EH 4o of
éﬁﬂ!’ﬁéﬂbﬂeﬁ ah® flight ontidin2itis s Redhod of processing the values of the
flight control outputs 28 implemented by the output processing unit 27. The
values are calculated to overcome control problems related to nonstabilized
platforms, especially small-scale platforms. Figure 5 illustrates four groups 54 of
outputs 50 to servos/actuators in accordance with a preferred embodiment of the

present invention.

Each group 54 comprises one or more outputs 50 of greater magnitudes 52
followed by one or more outputs 50 of lesser magnitudes 56. The output method
implerﬁénted by the output processing unit 27 overcomes accuracy and
resolution issues. Lesser outputs 56 are calculated as a function of the greater
outputs 52. This calculation can involve just the greater outputs from the same

group as the lesser outputs or the greater outputs from several groups.
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i npl ernented by the output processing unit 27

overcones accuracy and resol ution issues. Lesser
wopsE256 are cal cul ated as a function of theCOI2a0301026

out puts 52. This cal culation can involve just the

greater outputs fromthe sane group as the | esser

outputs or the greater outputs from several groups. The

group 54 size (total nunber of outputs) and the

quantity of greater outputs and the quantity of |esser

out puts maki ng up that tot aI1 can be recal cul ated and

adj usted in accordance with c‘hanges i n external

enviTHNERp: 58 UGt dtaM difnisRestoutpuiny dhdr et hQ_éhtﬂ?foCg"reater

changes™in platformparaneters, such as its weight.

quieuts o BN@wWiheg quaniiite Pk rlesser eOulauitsyImaking pyp dbebdetal, can be

r@EQIESI%?éd”?n&‘%'d} d in"9¢@rd Wl %aﬁ?@saﬁféxt@%ﬁ%vironment,

I"'esser ou putsq;“mS per group 54 :S]antl y of greater

suwhmas windrspegdanind dirextion emdér avanges i Bletipwn pgrasogters, such

Gr.§at er Fut put val ues 52 Lesser output values 56 FIG
%s'iﬂvﬁ@f"at es the auto-detach nechani sm of the flight
cont ferred.

stemin accor dan?

| i t,h .
b odiealvgH R BEE Al A sy D Rt eBle Ripg nit 27:
Cotal 1§ | NGEREHUERT O firale cactrlpssat Qlitite Rl Bef Bt s4
Fecovery SHEndR abaGR FbulsaM Glanit BareoadBlts 56 per

pl atform pasigret ers such as: positions, slope, speed
and accel eration are nonitored and checked 60. |In case

of det ect iqBatef oatpaovatiedbbi zed event, the outputs 28
fromflight control system 2 are stopped in order to

avoi d i.nt gekesraiifsut validssest abi | i zation system 1
continues to process signals in order to recover from

the muentigsehtes tid aboldetacH H\%Cﬁéﬁ&ﬁw%f%emt%h_trol system in
possibility of separation between the stabilization

agoordance wild a pseferreg hembentimest of \the epresentsinygptiony Since the
SEBROSAY si¥tel®d Und’ AGHUES D dy8fnt 12 GR totARE iBkpendent, in a
case of an extreme nonstabilization event, and in order to enable fast recovery
out of nonstabilized situations, various platform parameters such as: positions,
slope, speed and acceleration are monitored and checked 60. In case of
detection of a nonstabilized event, the outputs 28 from flight contro! system 2 are
stopped in order to avoid interference, while stabilization system 1 continues to
process signals in order to recover from the event and to stabilize the platform.

Another possibility of separation between the stabilization system 1 and the
flight control system 2 is during temporary or major failure in the flight control
systemi.” In such an event, the stabilization system will maintain the platform
balanced till recovery from the temporary failure event or will enable an

emergency autorotation landing while keeping balanced.

Immediately after recovery, flight control system 2 resumes processing
output signals 28 in order to maintain the requested flight parameters.



10

15

20

25

system In such an event, the stabilization system
will maintain the platform balanced till recovery from

wo bwcoesaporary failure event or will enabl e anPCT/1L2005/001026

enmergency autorotation | andi ng whil e keepi ng bal anced.
| medi ately after recovery, flight control system 2
resunes processing output signals 28 in order to

mai ntai n the requested flight paraneters.Figure 7 is a
di agr am showi ng how a user, even an unskil |l ed user,
can manual ly control sone orug of the flight

control, handing control to the system whenever

NeCeSGAEY7 .s B aagr &hoRfh ABRCA TRBE, &ler! BR lmsﬁmsatuser can
i nventi on. ht control system enabl es manual

GERTEL ccmtroi rs@rrra pg il qfamsnfégiétr eontrpl ahanding,cestrolback to the

syré'%rﬁ RABAC Y nlé%b%@ar? lﬁI%TB efer fégfrrgernﬁﬂ lﬁ‘?ént Ef]'tr{egﬂr)]%g&tnth}{ventlon.

through an in ace rom a
THteafligbhc@trol Shstesoemahies rmaneal cadet] of thet ﬂlghf pamhieters in all 6

S8 S B e PR 27 it o o

inlerfate)s enkpsdiomcagiound shationed0. 72 can be used to
downl oad the flight plan before takeoff or to update

t he Thiel @binnpirRIz @ve i I6gdéd l@hthe mtpbéﬁmt systeRNtviP Nwireless
can be applied in full or part for )Aast abl e and

GOFHEHRIGRYOTY 17 i arﬁ%’ﬂ?‘ﬂ?hﬁ‘te'ﬁcei %Soﬁ\é(?fq euinardwargr. The same
Wikd &8s E@hnﬂ%dtlbﬁcﬁﬁmﬁp'ﬁt@é}l %ep{.lﬁd‘ W %wn%ébrtr%s ﬂ%ght plan

renot e contr ol I'i copters. ow are exanpl e
Qﬁﬁ?fﬁdﬂ@ﬂffsoﬁtﬁalpd@tﬁmé flight péeadurimgefhightepl ement at i on of
the1present i nvention. Exanple of a flight platform

t hatThgaesrdnyentiopstan keiappkatl mutullgr in garbtostryarey. stable and

I
RS AR AL R BER RSP 28" gs s onstave
pEata)gpilsgssm saensemetet rwhtr?lﬁafde hfﬁleobteﬁs i Iplraié\ﬁeeggl Ei@nples of
t [ con orithman
GitnenfihaCoiid By uBed i &t MORERErBroR o 4% PEsBRIATaHon.
DevIECxamp ' oraﬁlbr?tn pla 09,%' th%t v%gsz used in tests carried out on a

prototype: from Bergen R/C Helicopters Corporation, model Industrial Twin
(helicopter) with 52cc boxer engine.

Examples of sensors that were used as inputs to the stabilizer control

algorithm and output processing in a prototype:

a. Dual-axis accelerometers from Analog Devices Corporation, model
DXL202.

b. Piezoelectric vibrating gyroscopes from Murata Corporation, model
GYROSTAR.

c. Inclinometer from Pewatron Corporation, model UV-2HF-SW2.

Example of a processing unit for stabilization inputs/outbuts (I/O) and
stabilization control algorithm processing, as well as for data storage and access
functionality, all used in a prototype: ST Microelectronics Corporation,
microcontroller model ST-uPSD3234a.
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b. Piezoelectric vibrating gyroscopes from Mirata
Corporation, nodel GYROSTAR c¢ . Inclinoneter from

w@ewanssaro Cor por ati on, nodel UV-2HF- SW2. Exanpber/of20@5/001026

processing unit for stabilization inputs/outputs (1/0

and stabilization control algorithm processing, as

well as for data storage and access functionality, all
used in a prototype: ST Mcroel ectronics Corporation,

m crocontrol | er nodel ST-uPSD3234a. Exanpl es of inputs

to the flight control algorithm and output processing
used in a prototype: a. GPS from Novatel Corporation,
mModelyaRHES Brknp BB tvb LiliEil S8AtRT LigdtithiRO BRE SSut@itdhrocessing
tilt sensors from Advanced Orientation Systens, Inc.,
useddn aprolotiMeASS3. c. Upper altitude range barometric
sensor from Mdtorola Corporation, nodel MPX21 0CA. d.
Lower &l t GRfHe fioangdayetel adepiperaliens omadebmPowyrRak- OEM3
Cor porati I ra-U. Exanple of a processing

unit for &ﬂ%ulglqﬁ‘g\ﬂtsqgjntrol algorithnms and I/0Q, .

i ncl udi,ng [ ot t | 1

that w6 ConisP and <SPt Buth QHRREESLPEnAth, Stems, inc.
Cor por at i orodebHEICOWMPANSS33234a (sane as used as

exanpl e for running stabilization systemalgorithn.

It shougl dUpeec bititudet faate thaeordesicrsgnsbofronf Moh®ola Corporation,
enbodi nment s t ed Figures set forth in this

speci fi camoéﬁpgfgs{?é&gnl y for a better understanding

of the jnyention, without |ljmting its scope.as ,
cover ed- biOVRE ABHASPAGE d'%??&“.'c |§e“§%3'i°d‘$a$%'8x pgorporation,
cl ear thamayepertspn. skilled in the art, after reading

the present specification could nmake adjustnents or

amedapipie dfoathrecaddif@fl for the flight control algorithms and /0,
including serving as the output processing unit 27 that were used in a prototype:
ST Microelectronics Corporation model ST-uPSD3234a (same as used as

example for running stabilization system algorithm).

It should be clear that the description of the embodiments and attached
Figures set forth in this specification serves only for a better understanding of the
invention, without limiting its scope as covered by the following Claims.

It should also be clear that a person skilled in the art, after reading the
present specification could make adjustments or amendments to the attached
Figures and above described embodiments that would still be covered by the

following Claims.
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Fi gures and above descri bed enbodi nents that woul d
still be covered by the followng Cains. CLAIMS 1. A

WG Y®be8840Dr aut ononous or sem - aut ononous fl i ghtT/If20@5/001026

flight platformw th flight actuators, the system
conprising a stabilization subsystemfor controlling
the flight actuators to maintain stabilization of the
flight platformin flight and a flight control
subsystem for controlling the flight actuators to

i npl ement flight control of *he flight platformin
flight, the two subsystens operating separately,
wherein the flight control subsystemis overridden by
éh abilization subsystemin an event where the

lI'| g pl atf orm exceeds a predeterm ned stabilization

threshold until the flight platformregains stability.
. TAESYSIRID doR Btonarapys ar sefpieauenPriels Bghlyefia Bight on

subsy, %@%wm.gﬁ%@éta@ kneté«,sfe%ﬁ%a Meipg ssensors, the

sensors providing input to a stabilization control
pr océ@shllligtlgm subsyﬁtﬂr@fmrqonttglhag iheaﬂighi acudtors toeont r ol

o S WGP RIS R

provi zation O
act uabotrsl subsydtemffor giritratiingtthe flight actultees syst em of

St aniPsErb s Rt oL PR Al metpg |

syst enb§ysterhgoperating eeparately, WiRS6ih theRReteaitrgiet of
the stabilization control algorithmis used.5. The

syst SHP®YSteM s ayerriddgnebrthe Fttﬁ*é'“?f&ltioﬁ Iubgysiemdn an
SUbS)é%éﬁtht?é%EFfﬁé ﬁ@ﬁt Ellatf&'?ﬁ eﬁc%é%%raser@gét%‘ﬂﬁﬁrfégj flight

parameters, t sensors I nput to a
fli glstabwatmrmthrpa%mgeiﬂrt@e fight piatfptremalmmgtaamty i ght
control algorithm the flight control

2. The system of claim 1, wherein the stabilization subsystem
comprises stability measurement sensors, the sensors providing
input to a stabilization control processing unit implementing a
stabilization control algorithm, the stabilization control
processing unit providing stabilization outputs to the flight
actuators of the flight platform.

3. The system of claim 2 wherein a self-adjusting parameter set of
the stabilization control algorithm is used.

4. The system of claim 2 wherein a preset parameter set of the

stabilization control algorithm is used.
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processing unit providing flight control outputs to
the flight actuators of the flight platform 6. The

wey®bess4ed claim5 wherein the flight control edhoroesneoe

cal cul ates required magni tudes of flight contro

out puts and produces, for each required nmagnitude, a
group of outputs conprising at | east one of a
plurality of outputs of greater magnitudes than the
requi red nmagnitude, and at |east one of a plurality of
outputs of | esser magnitudesqghan the required

magni tude. 7. The system of claim6, wherein, in at
B.feastTrl&x)mﬁtexﬁ dfl(c](sairgr‘olu\rb&reiﬁ ftmemight @ontm'sab@tsgdmast one
of a uralit out puts of greater nagnitudes

or ecd@uiPrises dlalit seBSE Tarrsting Sigh R Eo ISRkt s
of | %ﬁ%brmvidﬁﬁgjiﬂﬁut t8-a g &h%ﬁﬂ’oeéséi@uﬁ& 6 wherein
the magni tudes of the | esser outputs relate by a

f unctimplerpenting:a flighhrented alasrithmethg flight epniselt put s. 9.
The : L ai i of

out poi 2y uhit o EhEudhutol Bl HLRRRY, O

cl ai mdatuathesr &fithe flight patfatmnunber of out puts of greater
magni t udes per group is constant.11. The system of

aim6 wherei he total . n er of outputs of |esser
gn ﬁ'lfd%\@??f@ P? ﬁmé Yvéer@gh ggk’ﬂh.t C?Qt.rg"l"-ﬁ%orgpg‘t em of
cl ai ndalcunnes eéduirddRABg MRS LENGAt Bntdl BURRRS hned faul t
in the flight control subsystem the stabilization

subs yXpduearaffieachdequieed magituds, aretmeteutamsed unti |
the fddnHsifPat IEQSt SHERSHEHIGRIR ATV RS s of greater

magnitudes than the required magnitude, and at least one of a
plurality of outputs of lesser magnitudes than the required

magnitude.

7. The system of claim 6, wherein, in at least some of the groups of
outputs, said at least one of a plurality of outputs of greater
magnitudes precedes said at least one of a plurality of outputs

of lesser magnitudes.

8. The system of claim 6 wherein the magnitudes of the lesser
outputs relate by a function to the magnitudes of the greater

outputs.

9. The system of claim 6 wherein the total number of outputs per

.group is constant.

10.  The system of claim 6 wherein the total number of outputs of
greater magnitudes per group is constant.



10

15

20

waindoclozt4ke flight control

13. The system of claim 12 wherein the stabilization
subsystem nmai ntains the flight platformstabilization

energency | anding. 14. The systemof claim 1 further
provided with a ground station in comrunication with
the flight control subsystem whereby an operator can
override the flight control subsystemw th manual
flight commands. 15. A nethod for autononous or

sem -autononous flight of a fJight platformwth
flight actuators, the nmethod conprising providing a
st abiTlhezysicomofselbiny 8 tvettaréiarthe totdirminber®f bbgpuits oght
actuators and.a flight control system for

b
cont JSTET RFONAIes PEfHOUR BAINSIABE. ¢ he two Subsyst ens

operating separately, maintaining stabilization of the

fd.i g%e@g@feﬁ?&f@lb@n fllv'vl‘gal?élpl é(pcﬁpé‘éd'u?rle E8Ys Eg?eééfﬂggat

actuators using the stabilization su syste
i npl éatdhmuth@ﬂfght gmtrai@nbswtemfthleiséammza@bn spbsystemm i n

11 9l RABL it PSR A RoRbn9 Che

ht con tem’
cont Isubsmerrecbvtegsthe fli ght control subsystem by the
stabilization subsystemin an event where the flight
{)I atform exceeds a predeterm ned stabilization

G edhsIsysigm pf claine 12 Mherein estabilizaticsgaibsystembi ity .
ThaniaRishAg ﬂg L ?aﬁ"ﬁ}%'iﬁh '&nﬁBtB tﬂ?dz lcB&trol
| eve ['17za

stablllzatlonl using a stabi tron
cont isubsysteyo performsian lemergendyddpdingi ng par aneter set. -
17. The met hod of claim 15 wherein mai ntaining
tabL|J [ zat % S
he sys em of claim 1 further provided with a ground station in
communication with the flight control subsystem, whereby an
operator can override the flight control subsystem with manual

flight commands.

15. A method for autonomous or semi-autonomous flight of a flight
platform with flight actuators, the method comprising

providing a stabilization subsystem for controlling the flight
actuators and a flight control subsystem for controlling the
flight actuators, the two subsystems operating separately,

maintaining stabilization of the flight platform in flight by
controlling the flight actuators using the stabilization

subsystem, and

implementing flight control of the flight platform in flight by
controlling the flight actuators using the flight control

subsystem implement flight control,

subsyst em per forns aPCT/IL2005/001026
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20

wob@s®e33329 npl enenting flight control

achi eved using a stabilization control algorithmwth
a preset paraneter set. 18. The nethod of claim 15,

using a flight control algorithmthat generates flight
control outputs. 19. The nethod of claim 18 wherein
the flight control algorithmcal cul ates required

magni tudes of flight control outputs and produces, for
each required magnitude, a group of outputs conprising
at |l east one of a pluralityéﬁ, out puts of greater
magni t udes than the required magni tude, and at | east

one of @avdrtidingl theyflight @uﬁtmltﬁm:sf/stbﬁﬁ@@rthwabh%i@ﬁ
than the required magni tude. 20. The nethod of claim

19, whePdisystam inan| qvest whsre thsr flight Platierpexseeds a
out put Syt)re?@{é?nﬁﬁed §8biiz M Bleshol] Hﬁtﬂ'th%mldﬁt pPatot S

of greater magnitudes precedes said at [east one of a
pl ural i tegasts dabiityt s of | esser magnitudes.2 1. The
nmet hod of claim 19 wherein the nmagnitudes of the

| esser out Euts relate by a function to the nagnitudes
16t Abe grethed pf eatm (b whesein majptaipipg sipblizationism 19

wher ﬁbﬁ'ie%’t?u&lﬁ%%' sté‘l‘.ﬁﬁi?ﬁ@n ot é]ﬁqéﬁhﬁﬁhttg HQR- | S

const ant he nmet hod of cl ai 19 wherein the total
nunbedjusting pajamefensetgr eat er magni t udes per group is
constant. 24. The nethod of claim19 wherein the total

unmb ut s. of sser L t.ude roup is
onst BametBsd BBt s1aiTah S SalRand Buhon
OCCUgEKkiBG&d Qélng a stabilization control algorithm with a preset

parameter set.

18.  The method of claim 15, wherein implementing flight control is
carried out using a flight control algorithm that generates flight

control outputs.

19. The method of claim 18 wherein the flight control algorithm
calculates required magnitudes of flight control outputs and
produces, for each required magnitude, a group of outputs
comprising at least one of a plurality of outputs of greater
magnitudes than' the required magnitude, and at least one of a
plurality of outputs of lesser magnitudes than the required

magnitude.

20.  The method of claim 19, wherein, in at least some of the groups
of outputs, said at least one of a plurality of outputs of greater
magnitudes precedes said at least one of a plurality of outputs

of lesser magnitudes.

i s carri erlcoui2005/001026



predefined fault in the flight control subsystem
stabilization is nmaintained by the stabilization
waeamspsem until the flight control subsystem PEDIN2e033001026
26. The nethod of claim 25, wherein stabilization is
mai nt ai ned by the stabilization subsystemuntil the
flight control subsystem perforns an energency
| andi ng. 27. A system for autononous or
sem -aut ononous flight of a flight platformwth
flight actuators substantial$y as described in the
present specification, draw ngs and clains. 28. -A
et thmefmethaadtai etz Ui whereb:ﬁeanlagrrimuesmf fHei |gi§§erof a

fl ht tf ith fligh t t I
os ot fRtey'S fubcliop MhedRherabdes of M atPlse wad
cl ai rutputs.

22.  The method of claim 19 wherein the total number of outputs per
group is constant.

23.  The method of claim 19 wherein the total number of outputs of

greater magnitudes per group is constant.

24.  The method of claim 19 wherein the total number of outputs of

lesser magnitudes per group is constant.

25. The method of claim 15 wherein, upon occurrence of a
predefined fault in the flight control subsystem, stabilization is
maintained by the stabilization subsystem until the flight control

subsystem recovers.

26.  The method of claim 25, wherein stabilization is maintained by
the stabilization subsystem until the flight control subsystem
performs an emergency landing.

27. A system for autonomous or semi-autonomous flight of a flight
platform with flight actuators substantially as described in the

present specification, drawings and claims.

28. -A method for autonomous or semi-autonomous flight of a flight *
platform with flight actuators substantially as described in the

present specification, drawings and claims.



