WD 2006/ 035429 PCT/ | L2005/ 001026 1 AUTONOMOUS FLI GHT FOR FLI GHT
PLATFORMS FI ELD OF THE | NVENTI ON The present invention relates to
flight control and stabilization. More 5 particularly it relates to
providing full or partial autononmous flight capabilities to flight
pl atfornms. BACKGROUND OF THE | NVENTI ON For successful aut ononous
flight, awobbghkbsgakatform nmust be capabl e of . naintai neawiLadaholord y
while carrying out a flight plan. This neans all flight tasks 10
such as: takeoff, hovering, flight in a defined route and | andi ng.

Fl i ght physical paraneters such as: position, velocity, acceleration
or nore specifically: altitude, vertical (z axis) clinb or descent
vel ocity or acceleration, horizontal (x, y axis) position, velocity
or acceleration . This capability is pagticularly difficult to attain
for relatively unstable flight platfornms, such as snall-scal e node

veni crbs. 1 PUTONORIOUS FLIGHT FORPLIGRT HRAPEORMS |

is difficult to calculate the correct output value levels to the
servos/actuators that steer the platformin order to control and
achieve the required flight paraneters. This difficulty is caused by
the fact that: 20 non-stable platforns, especially snall-scale

pl atforns, F@E@D\(ﬁfyv?qﬁﬁtm-wt 0 any changes in their stabilization
C e

condition-even a sna ang or a very short period in the output,
or in an enviromgeni@kediaflehticH GRS W Mt S 7 sEBRy
i mredi at e non- st abI% condi ti 0}1, V\% %Og 0@1&2‘85@%#/ 2&8@%%@%@26“’10@
9 particularly it relates fo providing full or partial autonomous flight capabilities to
flight platforms.

BACKGROUND OF THE INVENTION

For successful autonomous flight, a flight platform must be capable of
maintaining stability while carrying out a flight plan. This means all flight tasks
10 such as: takeoff, hovering, flight in a defined route and landing. Flight physical
parameters such as: position, velocity, 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

15 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: '

20 ¢ 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,



2 input fromthe sensors regarding the platformflight conditions
that are used to calculate the outputs, and the output signa

Itself, are not always accurate enough or mght have insufficient
response tine or update tine 5 (frequency), especially with | ow end
(small size, low weight and cost) sensors, the output range or the
servo or tWO 24e43#2®r resol uti on and accuracy mi ght bePEENZ09SA81026
narrow, especially in small scale platforns, which are very
sensitive to even 10 very small changes in output, and there is a

| ag (del ay between out put and actual platform response), the anpunt
of lag being subject to the flight paraneters and the nature of the
platform. The present invention provides a system (and nethod) for'
stable 15 autononous (or sem -autonono@s) flight of non-stable
flight platforns. Most fixed wng platforns are designed to maintain
stability during f1i§Rut &0 ihe| squsefs tagardings thegplatpmdilighbn in al |

six axes with m ni NUBRIHWAL RAIEEEEPH cANastBbbLaRtaLhEA WS,  such
as rotating wing, cannot keep their flight condition and w t hout

active piloting the§utphl pighd) ifselfy are pan@ways dlopuraés seewall Py during
hovering. This probl ﬁm‘i@HtShav%Oi_ngﬁiﬁ@@hp?é_snbé‘ tﬁﬁ@'c%r'é k& g~ st abl e

platforns. Wiile the present invention I's particularly advantageous
for non-$table flighffeqppaaw.oesrecially with lawsende(saall $ige faw i nprove

the flight of inherepbiw: SiPH l.eght platforns. The invention
I ntroduces the foll ovvlEI g ﬁmovsg)tgleglﬁglg% Stabilization system and.

flight control sysfefeal@n&GBAsEF 1R ZeRBYrahE actuator resolution

and accuracy might be relatively narrow, especially in
small scale platforms, which are very sensitive to even
10 very small changes in output , and

o there is a lag (delay between output and actual platform
response), the amount of lag being subject to the flight
parameters and the nature of the platform .

The present invention provides a system (and method) for - stable
15 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

20 exacerbated in small-scale non-stable platforms.

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

The invention introduces the foliowing innovations

25 ~ « Stabilization system and flight control system are separate and operate
cooperatively with one another.

+ Stabilization system can have a dynamic parameter set that adjusts the
stabilization parameters in accordance with weather conditions or platform



cooperatively with one another. Stabilization system can have a
dynam c paraneter set that adjusts the stabilization paraneters in
accordance with weat her conditions or platform W 2006/ 035429

PCT/ 1 L2005/ 001026 3 wei ght changes, thereby inproving the platform
flexibility (anplitude) and the tine required to recover platform
stabil ity womes/o3tsast ead of a single incremental contr obcOReustoo1ozs
signal, the system provides each cycle a group of outputs. The cycle
| engt h and nagnitude of output 5 to servos/actuators is nodul at ed.
If a condition of extreme nonstability occurs, the flight control
systemis disengaged fromthe platformuntil the stabilization
systemregains acceptable stability. In a case of tenporary or
major failure in the flight control sysBem the 10 stabilization
systemw || maintain the platformbal anceq untj | recavery and/or
will perform an B’ﬁ@hbgﬁ?ﬂ& uirﬁf%qyam%ﬂv"ﬂ% ﬁaﬁormﬁ%@ iyi{zgpfifyde) and
option to tenpor e tirnye eRired @erdcbeerplatiiin Bty @hmeSystem wi th  nanual
flight commands, or to select sem -auto node for continuous

operation withe maRuRId dfld gihﬁleciﬁﬁ’@&léﬂﬁa! chhtrdiNEut istynay, ahd QDSieR' SroRia¥s
described in nore detail. The present invention conprises” an
under | yi ng adj us®aBl Y<g PR 9t PYIRULSs JEE &¥FleHenath @pdimaanityge jof output

pl at f or msaer ody ngddrvéd/adiatbiat hddulalée | nvention further conprises
a flight control systemon top of the stabilization systemfor

control ling vaii gup chhdigdd ope&t@éméefoﬁsﬁﬂmtwaéeu%a}tthe@lighT*Ho%trély@sfém is
(and 20 correspondi ng net ho overcones th tﬂrobl em of controllin

! d) e m ot
flight of nonstaBFendages: fiophehe aplatienmiibsthe| sightizaffonstsyptem regains
pl atforms). acceptable stability.

e In a case of temporary or major failure in the flight control system, the
10 stabilization system will maintain the platform balanced until recovery
and/or will perform an emergency autorotation landing.

* A user has the option to temporarily override the flight control system with
manual flight commands, or to select semi-auto mode for continuous
_ operation with manual flight commands.

15 - 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

20 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

25 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.



The invention further provides dynam c stabilization paraneter

nodi fication in order to adapt the platform stabilization behavior,
flexibility, and recovery time dynamcally in accordance with
changes in external conditions such as wi nd 25 nagni tude and
direction or platformweight changes. These external paraneters are
moni t or ed, WEBVAI6(H3%4RY, and i f necessary nodified to mai nPEI/H2045001026
required flexibility and recovery tinme of the platform WO

2006/ 035429 PCT/ 1L2005/ 001026 4 The invention further provides a
uni que cyclic output nethod for controlling the required flight
paranmeters via the platform s servos/actuators, which control the
platformflight paraneters (in the case of rotating w ng platforns,
this control is expressed in the bladegpitch, the rotating plain
angle, and the tail rotor pitch). 5 The cyclic output nethod involves
nodul ating the dyelirveniagfurther@rovidas 2 yaisuscyclicrutpiuftpethed ffer eandrolling

servos/ act U%ﬁ@?@q@:‘é@*’fliét@fﬁamh@ﬁe}@@% Bk RafdrP SolBSLEITBRES! whih B0l

cal cul ated by the cont al'gorithm the output conprises a group (a
cycle) of d%@plﬂﬁormrﬂ@gl‘é@amm@ew imthefcagecd retatingyina plagonmsathis kentrol
cal cul ated ; I ; : r.:
magni t ade. t R e he b hP AN YR s Rng TSR SISl 0 (HERRS piet).
functi onSof Ttheecyghieavlppt methedtisvolves modviating hescycleelenpthatridemegrifude of
out put sign i I | f roner
control “of e (Y 1 Sl fiERa0 ich B ke B o SholRBEment
can be i nplaatitcattuiatesi byytheandntrakalperithm, tenvutpiit cimpoises Argrosu(zhcisis)

PI D (proportj.onal ' ta‘?ﬂ% ' L 0 r I,C
control al godrf?)? %n%r rréésr@an % Fﬂﬁ %rfgﬂé%%@{@%@%’?e tﬁ%‘?&'/{eee%algﬁagegéq{'ﬁ}lt%%d
out puts of tfbkowsakhbyoront more alipots ofiesseamagritedeadharatheazs{quigted botpuhe
servos /,act 1 nvent | urt | d IS X nt__o
the r11 i Attt ohafuhd B 4 Rhcibh of The BRI By e TR RIS st g
by the di seryeijermsnif cupatesigndl recchmicy and lag response time required for proper
control of various flight parameters. This unique innovative method can be
implemented, using various basic control algorithms such as PID (proportional,
integral and differential) control or fuzzy logic control algorithm, as an
15 intermediate layer between the calculated outputs of the basic control algorithm

and the actual outputs to the servos / actuators.

The invention further provides disengagement of the flight control system if
an extreme nonstable event is detected by the disengagement system. In that
event, the flight control system is switched to neutral mode for as long as

20 required till the stabilizing system recovers the platform fo 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 invention's architecture of two separate systems. In case of a temporary or
major failure in the flight control system, one of its components, or sensors such

25 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 platiorm into semi-auto mode.



event, the flight control systemis switched to neutral node for as
long as 20 required till the stabilizing systemrecovers the platform
to a state of acceptable stability. After recovering, the flight
control systemis automatically reengaged. The invention further
provi des a higher |evel of operational safety by due to the

I nvent i on' woanwhiisect ure of two separate systens. |n casermbos/001026
tenporary or nmmjor failure in the flight control system one of its
conmponents, or sgnsors such 25 as GPS (gl obal positioning systen),
the stabilization systemw || maintain the platform bal anced until
recovery or will performan energency autorotation |anding. The

I nvention further provides the user with a renbte control interface
to the flight control system enablingsthe user to put the platform
into sem -auto node. WD 2006/ 035429 PCT/ 1L2005/ 001026 5 In sem -auto
node t he fl irgsemicauto nuddestis tfléaght ceniecbl\sgsteht eckivieglits fljzht paeivestarsiim real-

real - tinme romthe prepr,qQqr d )
fiTgnt pl antrEm Coer Rl R4 s HecP s eprBaR e R Pl i
by renvote comdeotvenosmmansidlied Témr craﬂrrntce th@m’tafbby iremetel eararot @omaeands.
software or Flar dwarte rﬁr ;exfagipl e, ngwds senb vi a ke ?/b oar d. IThe
general problEnEE FHP! RIS aIC?IV‘é?ﬂ B M olPWars g example,
aut ononp@s comntands sempddkdyitogrd. or nonst abilized flight platforns,
especially but not limted to small scale platfornms, such as

short -range nodehe belaralqgpdides. solVes I:b)ethi‘mmbetmondﬁ td pevieda®niutonomous

I nvention enahl es _pre-pr dco 10 fligh i -

{1 ght / navi SaT0 peRPaiST A PAFTEEUE et pefiomes capedly BiCortdimitechio
fly in serr'smusomtatpiarformstesu_cWatsrshartma\ge:mod@efeataptersont rolling sone
or all flight paraneters using a sinple conmand set. The novice user

can, if he w shElse technolbgybdf ttie pestenbimvehtiion erabiagage-prdrgammicanontrolted
fli ght (iBnt e ht L%rﬂiéh%)nwigation plan in fully automatic mode. Or the platform can fly in
semi-automatic mode, with a novice operator controlling some or all flight
parameters using a simple command set. The novice user can, if he wishes,
control direction then reengage the autonomous fiight control for fully
autonomous performance of operations that require pilot skills, such as: takeoff,
15 hovering, flying and landing even in extreme weather conditions, without a need
for manned involvement or interference.

The core technology and innovation is based on having separate, but
integrated, dynamic stabilization system and flight confrol system, as well as on.a
unique output method developed for this application. The closest known

20 technologies offer mainly two separate capabilities, stabilizers and autopilot:

» Stabilizers for stabilized or nonstabilized flight platforms

o Autopilots for stabilized platforms with some build-in stabilization
) capabilities

BRIEF DESCRIPTION OF THE INVENTION

25 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



aut ononous performance of operations that require pilot skills, -such
as: takeoff, 15 hovering, flying and | anding even in extrene weat her
conditions, without a need for manned invol venent or interference.
The core technol ogy and innovation is based on having separate, but

i ntegrated, dynam c stabilization systemand flight control system
as wel | asworR0es/03g3P que out put net hod devel oped for thi BCHPFIXWL26N.
The cl osest known 20 technol ogies offer mainly two separate
capabilities, stabilizers and autopilot: Stabilizers for stabilized
or nonstabilized flight platforns Autopilots for stabilized
platfornms with some build-in stabilization capabilities BRI EF

DESCRI PTI ON OF THE I NVENTION 25 There is thus provided a system for
aut ononous or semni -autononous fli ght of a fli ght platformw t h

fligh ai |
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Furthermore, in accordance with some preferred embodlments of the
present invention, a self-adjusting parameter set of the stabilization control
algorithm is used. "g

Furthermore, in accordance with some preferred embodiments -_of the
15 present invention, a preset parameter set of the stabilization control algorithm is
used.

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

20 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

presehr invention, the flight control algorithm calcuiates required magnitudes of

25 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 on outputs of iesser
magnitudes than the required magnitude.



Furthernore, in accordance with sone preferred enbodi nents of the
present invention, a self-adjusting paraneter set of the
stabilization control algorithmis used. Furthernore, in accordance
with some preferred enbodi nents. of the 15 present invention, a
preset paranmeter set of the stabilization control algorithmis used.
Fur t her norgo 2008/08a¢0r dance wi th sone preferred enbodi mepdismadosih@ze
present invention, the flight control subsystem conprises flight
sensors neasuring flight paraneters, the flight sensors providing
input to a flight control 20 processing unit inplenmenting a flight
control algorithm the flight control processing unit providing
flight control outputs to the flight actuators of the flight
platform Furthernore, in accordance w #h sonme preferred enbodi ments
of the present invention, the flight control. al gorithm cal cul ates
requi red magni t budisergore, 26 faccgdanaomtitholsomet preferrech cerpbaatiraersts, off die

of & pi ur i PSR PbHE: ifafbaitBofe THhEHIPaS BLBUpPRGn Seflet [ B3 ot
magni t ude, @hdaldy of ealputsari gredterompgnituales pecetieo saip uit seast oh@&ﬁ@plurality
gaC%]'/n:rgzggg}sob?ggtghg?ofrﬁe?%%@%a%&a Q: ;uggép\r/\gaﬁgg%mofﬁlfgne preferred
o out pues. sai HoderofE M s Aahe vt 3o, bEFSeT SHReimtis S &'
magni t udes preseatieserstmng tret mbgaikkles bethaflessaploutpailts teyate b souhdtidhto the

I n accordance with sone preferred

| esser magni tudes. 5 Further nor

enbodi rrents"&)q%nfetﬁges (grtﬁ%g?ﬁatefrr?\yng%on, t he magni tudes of the |esser

outputs relate Pﬁ'rtt?er%%PeC,t Inoréc&&'dgﬁcee with some preferred embodiments of the
present invention, the total number of outputs per group is constant.

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

Furthermore, in accordance with some preferred embodiments of the
present invention, the fotal number of outputs of lesser magnitudes per group is
15  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.

20 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.

Fdrthermore, in accordance with some preferred embodiménts of the

present invention, the system is further provided with a ground station in

25 communication with the flight control subsystem, whereby an operator can
override the flight control subsystem with manuat flight commands.



magni tudes of the greater outputs. Furthernore, in accordance with
sone preferred enbodi nents of the present invention, the total

nunmber of outputs per group is constant. 10 Furthernore, in
accordance with some preferred enbodi mrents of the present invention,
the total nunber of outputs of greater nmagnitudes per group is

const ant. VFO2P¥WEHMPe, in accordance with sonme preferr eBCERPENIREIZ6 s
of the present invention, the total nunber of outputs of |esser
magni t udes per group is 15 constant. Furthernore, in accordance with
sone preferred enbodi nents of the present invention, upon occurrence
of a predefined fault in the flight control subsystem the
stabilization subsystem maintains the flight platformbalanced wuntil
the flight control subsystem recovers. 80 Furthermore, in accordance

L5, 2o, P S AERCITIEL o iy BBl BB of e

stabilization subsystem nmal ntains a ion
until the fIprefient cioventioh, shereyds epropided oa nmethode fer getanonausdiongsemi-

Furt hernore,,, | ] odli s .of the.
present i nyeadheREEEHERATGE, Wohl o aR5, Rif HEh S EERG M kb SoniprEing
station in 25 conmmpravidiagiastahilizhtisrheutidystpht faragonirolling ubs Ylgght m

wher eby an operat or (o) i t I (0] emw th
manual f?i ght com’raancg@or\ﬁdy'%aéﬂ@gﬁgg%‘?%ﬁ%ﬁggro%fggg%éﬁe _
Furt hernore, in acdbghisactatastthe Swosuipsysicms epbratiMyosbpaeately, of t he
present invention, there is provided a nmethod for autononous or seni -
aut ononmous flight ohaatdidinghstatpliatiberen wet fight pFbrracihugiger By t he
method conpri Sing . Bkl e fbAP ShGabO L e S iRaton

subsystem, and

10 implementing flight control of the flight platfiorm in flight by
controlling the flight actuators using the flight controf
subsystem implement flight control,

overriding the flight control subsystem by the stabilization
subsystem in an event where the flight platform exceeds a

15 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.

20 Furthemmore, 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
25 aflight control algorithm that generates flight control outputs.



5 actuators and a flight control subsystemfor controlling the
flight actuators, the two subsystens operating separately,

mai ntai ning stabilization of the flight platformin flight by
controlling the flight actuators using the stabilization subsystem
and 10 inplenenting flight control of the flight platformin flight

by contrabbhngosies flight actuators using the flight canbiisdesnooze
subsystem i npl enent flight control, overriding the flight control

subsystem by the stabilization subsystemin an event where the
flight platformexceeds a 15 predeterm ned stabilization threshold
until the flight platform regains stability. Furthernore, in
accordance with sone preferred enbodi nents of the present invention,
mai ntai ning stabilization is achi eved ing a stabilization control
algorithmw th a self-adjusting paraneter set. 20 Furthernore, in
accordance with mmmrefmracedrdenmwitmmmhe praférrédlempbemednts | nvent i on,

mai nt ai ni ng abi | t| on. | S, a¢ st b' | i zation control
al gorithm V\‘fi’ﬁ&e Bfe&PB QYGFB'QPaW@ Iégrh §8‘?"’°Lf lﬂnﬂﬁ@? elsr{egx(y dance
with some pme@mmd%d oﬁf@ﬁ’d(tdmrﬂl Sutpet dnti@reduees Tor bébfﬁ*ébhiﬁéﬁ

i npl enentin is carried out usin a flight control

t contr
al gorithm t'ﬂ‘ﬁ@“' ef §X® qc‘zloi"'a?‘l‘its EYRRrY19 %td??fﬁtoé‘g %%@WG 5429

PCT11L2095/ Q3R 6f glbaletnh AitiBELthah m@rqurrétﬂn@gnmdeh ah@ze preferred
enbodi nents of the present invention q%ht control algorithm

cal cul at es 'Péﬁfmeéﬁa%ahtmouee@uwfﬁfrqsshmaswﬁ{ §1th&uifut s and
produces, fRGuresmabRitliel ed

Furthermore, in accordance with some preferred embodiments
of the present invention, in at least some of the groups of outputs, said -
10 atleast one of a plurality of outputs of greater magnitudes precedes
said at least one of a plurality of outputs of lesser magnitudes.

Furthermore, in accordance with some preferred embodiments
of the present invention, the magnitudes of the lesser outputs relate by
a function to the magnitudes of the greater outputs.

15 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
~ ofthe present invention, the total number of outputs of greater
20 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.



magni tude, a group of outputs conprising at |east one of a plurality
of 5 outputs of greater magnitudes than the required magnitude, and
at least one of a plurality of outputs of |esser magnitudes than the
requi red magnitude. Furthernore, in accordance with some preferred
enbodi mrents of the present invention, in at |east some of the groups
of out put SWOEIED3S4RY at | east one of a plurality of out pOT/EL2§95/001026
greater magnitudes precedes said at |east one of a plurality of
outputs of | esser magnitudes. Furthernore, in accordance with sone
preferred enbodi nents of the present invention, the nmagnitudes of
the | esser outputs relate by a function to the magnitudes of the
greater outputs. 15 Furthernore, in accgrdance with sonme preferred
enbodi mrents of the present invention, 'the total nunber of outputs

per group is COFﬂMr?é?horé:Wé&]ﬁrréﬂ?l%’wm%o?r?ecﬂ%%‘éﬁeerﬁl&é&}n e

preferred enbodi nents of e present invention, the total nunber of
out puts of gfbgRspserd 'TH@QWP'I. yges Oﬁfé*fre@ﬁé@f)alpée%ﬂ@ﬂ ganlt in e t her nor e,

in accor da“ﬁﬁh%&ﬂr&@ﬂ@sﬁfﬂ %;ab%aﬁ&m%gﬁf& bythe LRBREESE

i nvention e total er of outputs esse magni tudes per
group is c oAl ayatem wiliiZoe BigbBetrol $2(DF1V$tEIZUB§¢‘€£(D&026 10 Furthernore,
in accordance with sone preferred enbodi nents of the present

inventio upon o r Ilght
control gubsyst elﬁ']%%w@% [ za%‘zlogdna%g% SE’?&; Er’n%%r'tﬁg %0 3 l'i zation
subsyst em ubf fhle pgraseritlinvghtiorg etabilizbticruis syaihmmeddydiie stabilization
subsystem until the flight control subsystem performs an emergency
landing.

10 BRIEF DESCRIPTION OF THE FIGURES

The invention is described herein, by way of example only, with reference to
the accompanying Figures, in which like components are designated by like
reference numerals.

FIG. 1 is a diagram of a stabilization system for a flight platform in
15 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-leve! system for stabilizing
and flying a flight platform in accordance with a preferred embodiment
20 of the present invention.

F!G.4.w 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.



5 Furthernore, in accordance with sone preferred enbodi nents of the
present invention, stabilization is nmaintained by the stabilization
subsystemuntil the flight control subsystem perforns an energency

| andi ng. 10 BRI EF DESCRI PTI ON OF THE FI GURES The invention is

descri bed herein, by way of exanple only, with reference to the
acconpanyiwog 26is@iss2s, i n which |ike conponents are desigrmaiiashsyiobd ke
reference nunerals. FIG 1l is a diagramof a stabilization systemfor
a flight platformin 15 accordance with a preferred enbodi nent of
the present invention. FIG 2 is a diagramof a flight control system
for a flight platformin accordance with a preferred enbodi nent of
the present invention. FIG 3 is a diagramof the architecture of a
dual -l evel systemfor stabilizing andqfflying a flight platformin
accordance with a preferred enbodi nent 20 of the present invention.
FIG 4 is aFfeyr arfustratest thet auig-detashfroedwsisat of tie Bight comtiatsystem in
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aut o- det ach mechanipsefeged erwoimeiof hemressnt inveolion.in  accor dance
with a preferred enbodi nent of the present invention. FIG 7 is a

di agram show ng optional integrated nanual flight control in a

preferred eDETNIDEDDESCRIPTIQNGCETHE INVENTION. 5 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON

The flight control and stabilization system of the present invention combines
two layers:

a. Stabilization system 1
b. Flight control system 2

10 Stabilization system 1 is the basic standalone lower level layer, providing
aerodynamic stabilization of the manned or unmanned flight platform. The
stabilization system 1 performs (with preset or dynamically adjustable
parameters), high-degree stabilization that reduces the amount of flight control
effort, including piloting, required to contrel the platform.

15 The aerodynamic stabilization of the nonstabilized platform achieved by the
stabilization system pfepares 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.

20 With reference to Figure 1, stabilization system 1 comprises sensor inputs
(such as accelerometers 10, gyroscopés 12, and inclinometers 14), control
algorithms 16 (typically implemented as software running on a prodessing unit,
such as the platform's computer or a dedicated computer) and output signals 18
to the actuators. (Throughout this specification, actuator is used synonymousty

25 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).



The flight control and stabilization system of the present invention
conbines two layers: a. Stabilization system1 b. Flight control
system 2 10 Stabilization system 1 is the basic standal one | ower

| evel |ayer, providing aerodynam c stabilization of the nanned or
unmanned flight platform The stabilization system1l perfornms (with
preset or WAM/BA2Py adj ustable paraneters), high-degPE&IL2005/001026
stabilization that reduces the anount of flight control effort,
including piloting, required to control the platform 15 The
aerodynam c stabilization of the nonstabilized platformachi eved by
the stabilization system prepares and provides for the higher |evel
flight control (including piloting) by stabilizing the flight
platform The higher level flight contrif can be inplenmented via a
flight control systen1fhardmare and software), actual manned
control, or a cbRBiPlagigoRtiens ¢ e regeive 2beviensor eineresignale andgprasess

stabilizati ' PR
coel er omet a0 A Bl BBl HA, FRorder (o mpintain
al gorit hns f®e plajfaime stabjlizatien.cHeneeroh glasgthmeean rumen ithe Bightaplatform’s
processi ng | : 3 . : dj

conput er) a@%ﬁ?igéﬂﬁ] r's} i %ﬁ%’f ?edle?u%?%d)P l[r?gé%%t a!t'I {(t)(r%é nﬁ’e%cltﬁcg gﬁgﬁggpgﬁ Hitge
speci fi céti @atuat@suator is used synonynously 25 for servo.) The
sensors neasure the various platform paraneters, such as position,
speed, and accel\ihaefesangeto iﬁpurteo?.@lgﬂﬁégnf(crlismet&m Airdtherapebed staodalipe

Y, and Z =)8,aXes) -toﬁ“‘?ﬁfz‘%@fﬁfii%ﬁé@gsﬁgw ergﬁg,;/ g%g%%& forfdibsC ight
al gorithms 16 recei ve the sensor I|nput signal's and process

correction 6Gapglitiesifightesmeaned or hempahagd Bight platfors, with ganioligarithms
order to Mm@l flhned to control a non-stabilized flight platform with a preset or dynamic

10 adjustable stabilization system 1 operating at a lower level.

Input to flight confrol system 2 comes from measuring sensors, which
measure various parameters such as: position, heading, speed, acceleration and
altitude. Examples of measuring sensors can inciude global positioning system
(GPS) 20, compass 22, and altitude meter 24.

15 The input from the measuring sensors is processed by control 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.

20 Outpu_t from control algorithms 26 passes to output processing unit 27,
which can be implemented as part of control algorithm 26 or separately.

OQutput 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,

25 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



the platform stabilization. The control algorithnms can run on the
flight platformis processing unit or on a dedi cated processing unit
connected via outputs to the 5 actuators. Wth reference to Figure
2, flight control system2 is the second standal one |ayer, on top of
stabilization system 1l and provi di ng autononous flight capabilities
for the mapoeshsossspnmanned flight platform w th controcagmsidloses
26 designed to control a non-stabilized flight platformw th a preset
or dynamic 10 adjustable stabilization system 1l operating at a | ower
| evel . Input to flight control system 2 cones from neasuring sensors,
whi ch neasure various paraneters such as: position, heading, speed,
accel eration and altitude. Exanples of neasuring sensors can include
gl obal positioning system (GPS) 20, cthpass 22, and altitude neter

24. 15 The input fromthe neasuring sepnsors is processed. by. contyol
2 gor ¢ s OB MR BRIAR SR RYSES ese e oh ERUZHe slem
processi ng 1sad @per fyehobffightentrell gtfedt 21 s conputer or a dedi cated
conput er connected by outputs to the platformis actuators). Control

al %or it hmrs] BRe |@@ehrtf ﬁﬁb%vtde@rtﬁdle st‘@iiizagi‘gl gajpﬁmnmss wﬁmhm%tfﬂizgldrﬁlat_fdrrr?or
ot her net S sSucn a uzz Qgl C. t t romcontrol .a r.t nns
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part of scorpiat@irmalies piatfbih 30| Bshsenaidieebynd SarhpWs AT PResmtipgtaibhizéd 27

generates correction output signals 28 to the platfornms
servos/ act PAFE¥®-in order to performthe required flight functions

such as takeoff, flying,. K hoveri nd,.l anding with .the requir.ed
flight par amat‘&vg] rej e@&‘%/@l %E\érea‘ﬂ%t??g]fzﬁg?'?rﬁ% sh%tﬁg'ﬂéa.q'oﬁ MRS
(x. 3(;_- tZ_) : veiagsﬁd ' wdaﬂlﬂ@acﬁré@t lof theyaganoes dyiamiyalpnecurealaterduring flight
conditions. Figure

present inv@ r?Pg%!'Haf‘gﬁ {"’”E g’%&‘&a}arﬁqs%éﬁli‘e ﬁgg'%qa}%sdhﬁ%iﬁpﬂﬁg%rﬁ%w{ Sl 5"
nonst abjg i agifldBbeéd, W ¥RandeRen pratibirh akanicters M 42 such as weight or speed.
Flight control algorithms 26 calculate outputs 28 via output processing unit
27 as a function of the required flight parameters such as: positioning, speed,
and direction. The outputs are calculated on a group basis in a time interval of
sub-seconds.

15 Another innovation of the present invention, in addition to the separation of
stabilization 1 and flight control 2, is the method 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

20 outputs 50 to servosfactuators 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
implemented by the output processing unit 27 overcomes acturacy and

25 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.



WD 2006/ 035429 PCT/ L2005/ 001026 13 comnbi nes two i ndependent

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

| ayer of flight control system 2. Base |ayer 1 provides the
stabilization capabilities of the nonstabilized platform This neans
that when a pilot or unmanned flight control systemflies the flight
5 pl at f or nYO2P8/085432 f orm wi | | behave and respond sane aBCHH-2005/001026

I nherently stabilized platform Wth reference to Figure 4,
stabilization system 1l stabilization paranmeters K 44 and Q 46 can be
preset or they can be dynam cally recalculated during flight in
accordance wth accordance with changes in the environnent (F 40),
such as 10 wi nd speed, or changes in platformparaneters M 42 such as
wei ght or speed. Flight control al gorif4hns 26 cal cul ate out puts 28
via output processing unit 27 as a function of the required flight
par anet ers suchlfs groyesh4 istasi tiatal spedar of mutpuds)r and then quamiy eftgseater
are calcula n 0§-Qu l, S i Lt . ~SEC

15 Anot her Pﬁtﬂgf\%ata ﬁgn{h%f B'EJ E@ﬁ%r%ﬁsgbns? elf nc{/ng%l%tlgoﬁ?w'ﬁ% géjdtlh? Fgﬂéﬁ oe%}ﬂzbe
separ ati on ofcalestadgsl hnd adjustedlinaangordanga twithoehianges i ekiemah enwisenioentof

processi ng L Hesskgt B o : ' nt
by the out p%@ﬁpg%cessslp%gedu‘ﬁﬁd c&%cﬁ%gﬁ(ﬂ@é{étﬁe{ensg% g?ng%gfﬁﬁlpg%&ta%, s6éh
over conebcons iteweghbbl ens rel ated to nonstabilized platforns,
especially small-scale platforns. Figure 5 illustrates four groups 54
of 20 out puts 50he follewing psfaneters are saicnladethly eutpaiprogassing ynited%er r ed
enbodi nent of the present invention. Each group 54 conprises one or
nore outputs 50 of- grietal eumbeagel gradles 52 and fesispogtputspodiee 9EUPHRY e
outputs 50 of |esser magnitudes 56. The output nmethod inplenented by
t he out put processi nGuatity of7gmeatar RS A0 quanfityaplylesser outputs 56 per

group
10 - Greater output values 52
- Lesser output values 56

FIG. 6 illustrates the auto-detach mechanism of the flight control system in
accordance with a preferred embodiment of the present invention. Since the
stabilization system 1 and flight control system 2 are totally independent, in a

15 case of an extreme nonstabilization event, and in order to enable fast recovery
out of nonsta‘bilized sifuations, 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 control system 2 are
stopped in order to avoid interference, while stabilization system 1 continues to

20 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
systert” In such an event, the stabilization system will maintain the platform
balanced till recovery from the temporary failure event or will enable an

25 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.



25 resolution issues. Lesser outputs 56 are cal culated as a function
of the greater outputs 52. This cal culation can involve just the
greater outputs fromthe sane group as the |esser outputs or the
greater outputs from several groups. WO 2006/ 035429 PCT/ 1L2005/ 001026
14 The group 54 size (total nunmber of outputs) and the quantity of

greater owbpudsszang the quantity of | esser outputs makpogoiposibabe
total, can be recalculated and adjusted in accordance w th changes

in external environment, such as wi nd speed, wind direction and/or
changes in platformparaneters, such 5 as its weight. The foll ow ng
paranmeters are cal cul ated by out put processing unit 27: - Total
nunber of greater 52 and | esser outputs 56 per group 54 - Quantity of
greater outputs and quantity of |esser jutputs 56 per group 10 -

G eater output values 52 - Lesser output values 56 FIG 6
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1 wireless communication channel 72 can be used to download the flight plan
10  before takeoff or to update the flight plan during fiight.

The present invention can be applied in full or in part for many stable and
nonstable flight platforms. It is particularly of value for small-scale nonstable
platforms, such as remote controlled helicopters. Below are examples of |
components that could be used in an implementation of the present invention.

15 Example of a flight platform that was 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:

20 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,

25 Example of a processing unit for stabilization inputsloutbuts (1410} and
stabilization control algorithm processing, as well as for data storage and access
functionality, all used in a prototype: ST Microelectronics Corporation,
microcontraller model ST-uPSD3234a.



flight control system2 is during tenmporary or major failure in the

flight control systeri: In such an event, the stabilization system
will maintain the platform balanced till recovery fromthe tenporary
failure event or will enable an 25 energency autorotation |anding

whi | e keepi ng bal anced. Imedi ately after recovery, flight control
system 2 r®OReE03p428cessi ng out put signals 28 in order PEBTRRADIROH2A
the requested flight parameters. WD 2006/ 035429 PCT/ 1L2005/ 001026 15
Figure 7 is a diagram showi ng how a user, even an unskilled user, can
manual Iy control some or all of the flight control, handing contro
back to the system whenever necessary, in a preferred enbodi nent of
the present invention. The flight control system enabl es manual
control of the flight paranmeters in alligb 5 axes, with the operator
using a sinple command set 74 (directly or.through an interface),
entered from a grasopligs sif dopds tedhe Tlight ceamirah algositen |1and deidptoproressing

flight cont [IQn%c{iﬁyaS@%‘fﬂtprcﬁ wirel ess communi cation 72 via a conputer
interface (software or-'hardware). The sane w reless conmuni cation

channel 72 can be 4isqghd 0 AN Rt il ol ABge) P ARE PER. 1 BRS¢

S
or to update the féf!i t El an during f e present 1nvention can
be applied in full %/”Lh MBI STO: many stable and nonstable flight
platforms. It is particularly of value for small-scale nonstable -

pl atforn®, such ad.r draserassandtid|seasomsdront gvacsd Grgnialiony Jystsmasmnes

of conponents that GRiflgbe @ﬁgg'srg an inplenentation of the present
i nvention. 15 Exarrple%{# a Ftl:(lyg t platformthat was used in tests

carried out on a r y i ian,
model | ndustrial Thi ‘%’F’?ﬁEﬁ%‘“&%‘%@?%ﬁﬁﬂ%?8“%‘*&@@*"2‘8‘6??%&%;%@%1@3

of sensors that were MX418BBts to the stabilizer control

d. Lower altitude range ultrasonic sensor from Senix Corporation,
10 model Ultra-U.

Example of a processing unit for the flight control algorithms and 1/O,
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).

15 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

20 Figures and above described embodiments that would still be covered by the
following Claims.



al gorithm and out put processing in a prototype: 20 a. Dual -axis

accel eroneters from Anal og Devi ces Corporation, nodel DXL202. b.

Pi ezoel ectric vibrating gyroscopes from Miurata Corporation, nodel
GYROSTAR. c¢. Inclinoneter from Pewatron Corporation, nodel

UV- 2HF- SW2. 25 Exanpl e of a processing unit for stabilization
inputs/outputs (1/0 and stabilization control algorithm processing,
as well as for data storage and acces$’ functionality, all used in a
prototype: ST M croel ectronics Corporation, mcrocontroller nodel
ST- uPSD3234a. WD 2006/ 035429 PCT1W2005/001026 16 Exanples of inputs
to the flight control algorithmand output processing used in a

pr ot ot ype: QLA@¥§ fron1hbvate| Cor poration, nodel PowerPak- OEM3

M LLENI UM STD. ass and tilt sensors f m Advance

Orientati on Syst% ﬁ%ﬁtem ¢ AUonqRRys T peraicropaE®s flight of g Sght glatfprm Fih
range baronetric,.sensor from Motorol g CbrEoratlon node| NPX2100A
d. Lower altitud88Haffgaos 15 SHSI5HH OmPERTB tabiligation. sbsystegy orontrline 10

nodel Utra-U. of a roceSS| unit for_the f ht control
al gorithns and Ftﬁﬁ{‘p}‘“l ook Ea%?‘agllﬁgoﬁﬁéh%%ﬂa%%@e@g}? 1384 tini t
27 that were us roto T M croel ectroni cs  Corporation
model ST- uPSDszéﬂéP (°§ S%EY fé&“"&i@érf%l glg’F“oarmﬁaE?F?rFP fggplement flight -
stabilization Syc%%t? r{]o?th%(%{lght pmform in flight, the two subsystems operating separately,
wherein the flight control subsystem is overridden by the stabilization

subsystem in an event where the flight platform exceeds a predetermined

stabilization threshold until the flight platform regains stability.

2. The system of claim 1, wherein the stabilization subsystem comprises stability
measurement sensors, the sensors providing input fo 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 conirol

algorithm is used.



15 It should be clear that the description of the enbodi nents and
attached Figures set forth in this specification serves only for a
better understanding of the invention, without limting its scope as
covered by the followng Clainms. It should al-so be clear that a
person skilled in the art, after reading the present specification
coul d make adjustnents or anmendnents to the attached 20 Figures and
above described enbodi ments that woul ¥ still be covered by the
following Cains. 17 CLAIMS 1. A system for autononous or

sem -aut ononous flight of a flight platformwith flight actuators,

E r?gﬁtyséig‘u%? ”f lsfb?ig”sﬂw?ﬁft af ' La%%e%%n? ﬂugffétﬁ °§‘%‘t?°?ﬁ‘gbrsl¥’ﬁt‘%§ %ﬁ% B 1
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control subsyst AT rRERPratEh atfbm%}saa%iteng e spreh e &E@ytﬁ?%‘l (B an
event where the fI Icﬁgfoﬁgsatfo m exce

Stabi | ization ¢ P 1 PREFE Pty SPa{ BRI 7 L al e cvatmt o 1.

2. The system of @&tﬁﬁg wherein the stabilization subsystem

conpri ses stabi Iﬂil? Urenment sensors, the sensors provi di ng i nput
to a stabilization control proceSS| ng unit i rrpl enenting a

stabili zatlg)n control

b ocessing i ¢ Brovel ﬂgﬁg@ai rbltee %ﬁ %Oﬁtr%"} B Gy e

actuators of the fli [ ste of.claim 2Wne ein a
sel f-adj usting pargmrtrue Hﬁ%qu ot En?l tput |za i%%lewhre dIma:e\gimgorithm

is used. 4. The s F re S par ter. set of
the stabilizatid ré{'gl}&)n%? 0?1 pu% ﬁ%mgns? \Mr}]eliaqss!t 8113 0 Elur%flty 0 ggts of gredter
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 fotal number of outputs per group is

constant.

10.  The system of claim 6 wherein the total number of outputs of greater

magnifudes per group is constant.

11.  The system of claim 6 wherein the total number of outputs of lesser magnitudes

per group is constant.



18 5. The systemof claim1l, wherein the flight control subsystem
conprises flight sensors neasuring flight paraneters, the flight
sensors providing input to a flight control processing unit
i npl enenting a flight control algorithm the flight control
processing unit providing flight control outputs to the flight
actuators of the flight platform 6. The systemof claim5 wherein
the flight control algorithmcalcul at& required magnitudes of
flight control outputs and produces, for each required magnitude, a
group of outputs conprising at | east one of a plurality of outputs of
reater rmagpitygdes than_the required nmagni tude, and at | east one of
2 plurali ty%c;f uﬁastsgsﬁ?fg OBFQF‘%%S‘@FT%Q‘H?% RfEEeICh 2h 2 PFRICkReq el the
magni tude. 7. The systemof claim6, wherein, in at |east sone. of the
groups of out pu[]fg,ghts%ﬂna"]atsubsﬁ’sé%tthSn%ab Zation, SUPFaT R aiBt i fehb

greater magnitudes_precedes said at |eas one of a plurality of
out puts of Iessé&“ﬁgﬁﬁﬂﬁﬁﬁégmﬁgpfﬁﬂ%“@?@{%ﬁﬁﬁ?méﬁﬁf ‘6 wherein the

magni t udes of the | esser outputs relate by a function to the

magni t udes t reater qutputs. 9, The systemof claim®6 erein
the total n ePﬁ’&gy%‘H‘E @mp@rwhg%eeﬂfbe Frabiligzbp ppstem g the JHE ) of
claim6 wherein the total. nunber, of out put f greater nmagnitudes
per group is cor?é”ltg)ﬁ’fl .Stag i7atipp, antd fhg %‘ﬁ]i‘td‘gnt&‘ﬁ ar Sgen%vﬂg G H AT HECTESEAl

nunber of outputs of |esser magnitudes per group is constant. 19
12. The system df™®%im 1 wherein, upon occurrence of a predefined
fault in the flight control subsystem the stabilization subsystem

mai nt ai ns tg f1j,ght | at f.orm bal anced until the flight contraol
subsystem r Kg ove _systen? ofa Jlann 1%& provided wﬂfn 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 methed 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 twc;
subsystems operating separately,

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

implementing flight control of the flight platfofm in flight by controlling
the flight actuators using the flight control subsystem to implement flight
control, and

overriding the flight control subsystem by the stabilization subsystem in
an event where the flight platform exceeds a predetermined stabilization

threshold until the flight platform regains stability.



13. The system of claim 12 wherein the stabilization subsystem

mai ntains the flight platformstabilization until the flight control
subsystem perforns an energency |anding. 14. The systemof claim!]l
further provided with a ground station in comunication wth the
flight control subsystem whereby an operator can override the flight
control subsystemw th manual flight commands. 15. A nethod for

aut ononous or sem -autononous flight # a fli ght platformw th

flight actuators, the nmethod conprising: providing a stabilization
subsystem for controlling the flight actuators and a flight control
subsystem f troI | i ng ht act uat or st £ns
‘operating sg%ara Sll@ethoﬁ‘a ta%fil rli% 6‘ SEABTTPRES %Rﬂ%;?mflﬁs acflfevafu
platformin fli cant.r act uators usmgthe
stabilization S%Etgi/h%%/twﬁlcomr(’?fléo q%?lwﬁtlﬂ 3 f‘}'a(ﬁ?stt%%ﬂatr?%?terog the flight
platformin flight by controlli ng the fli ght actuators using the
flight contytol bs ement fI| verrldlng
the flight éﬁnt fﬁ'ie He%%?gi Ogtcgl%ﬁlq? S ’I%m‘fa |Rlzatloﬁﬁss§/c ?‘ﬁo

event where the prede er&n ned st abi I i zatl on

Chrashond ont i a9 fon Rl AR 'ﬁsaese@afsa?ls R f S0l

met hod of claim 15 wherein mal nt aining stabilization is achieved

usi ng a st aiejét tlr%%ho% t(h%%l %Ierle}nh th a ﬁlﬁht cong-t) 1Sstc!a10r%d out

pararreter S alm mal n a ni ng

stabilization i %4 a hlﬂgﬁ\'lﬂ?g‘mr‘%f ai%rﬁ]ﬁlﬁgtngeﬁl{étz lgﬁnf’&%%‘i lis al gor! t hm

Wth a preset para ‘wher ei n
i npl enenting flight control is carried out wusing a fllght control

al _gor ithmt E@t gﬁl@%e%oﬁ%f LlLfn:gfg Wl?e?&g 2 lﬂiéﬁ't’ E&'ﬂ%lsalgorithm‘ calculates required

magnitudes of flight control cutputs 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.

21.  The method of claim 19 wherein the niaguitudes of the lesser outputs relate by a

function to the magnitudes of the greater outputs.

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 oufputs of greater

magnitudes per group is constant.



19. The met hod of claim 18 wherein the flight control algorithm

cal cul ates required magnitudes of flight control outputs and
produces, for each required magnitude, a group of outputs conprising
at |east one of a plurality of outputs of greater magnitudes than
the required magni tude, and at |east one of a plurality of outputs
of | esser magnitudes than the required magni tude. 20. The net hod of
claim 19, wherein, in at |east sone ot the groups of outputs, said

at |east one of a plurality of outputs of greater magnitudes precedes
said at |east one of a plurality of outputs of |esser nagnitudes.

(Zjﬁt pI’?g ?glt%?g (g)fk/leame Odin(%,t[gc lgl Fﬁt%rglﬁa&ﬁg[?{ﬂgégg °% t%‘ft%a‘)? Sser

out puts. 22. The ne%ﬁﬂ; ofog %%g1 mhereln t he total nunber of

out puts per group nstant. 1% “The method of claim 19 wherein
the total nunber of outputs of greater nmagnitudes per group is
constant. 2 alm19 wherein.the tot umber of
outputs of Teseare Miishol it hefedh® AN BRREd et 2 il T o

s one Bon e oS00SR SR TSt e o R B bl
stabilization t hi control subsystemrecovers.
26. The net hod o#£%¥ §$§§£f5%é?§$” B SRY8n is nai nt ai ned by
the stabilization subsysten1untll the fllght control subsystem

perforns an2f>e mar’l%g 91%%10!1 gﬂgéﬂ&i wherein stabilization is maintained by the stabilization

subsystem until the flight control subsystem performs an emergency landing.



