1 Method and system for controlling the automatic landing/take-off of a drone on or from a circular
landing grid of a platform, in particular a naval platform 5The present invention relates to a method and a
system for controlling the automatic decking/take-off of a drone on or from a circular decking grid of a
platform, in particular a naval platform. It is knowh that the problem of controlling the
decking/take-off of a drone 10on a platform, in particular a naval platform, has been an issue already for a
number of years.  In paf§EiP5 28ACH TEROT R D VR OB KPR /IR el 58as on a naval
platform of small sizejroheorvetté oype,dior @ralapde) @oddsath getfivohmuoskltbhdgyurled regardless of
the size of the drone, which may also be of small siga@hdwhose movements are then at high frequency.
Automatic control methods of this type, which implement, for example, laser, GPS, optical or other
means, have already been proposed in the state of 20the art. These various means then make it
possible to initiéite a deckiFtpdT@sendiBYRIERICERAIRg D adrRiiing shdRgistemtiriFengeinthgccording to
various proposals indtenstatelefkdngake-3f of alirosefonaxampieaanelrindisgkpiagagyothat has already

been proposed conﬁiéltf%rirg Qﬁmgﬁglg ﬁﬁéﬁoﬁlggmlling the position of the drone relative to the deck of
the platform. 300ther landing strategies consist in predicting a particular position of the deck such as, for

example, a wave top, in order to initiate the decking.
It is known that the problem of controlling the decking/take-off of a drone

10 on a platform, in particular a naval platform, has been an issue already for a

number of years.

In particular, such control must be provided, for example, in heavy seas on
a naval platform of small size, of corvette type, for example, and such control must
15 be provided regardless of the size of the drone, which may also be of small size

and whose movements are then at high frequency.

Automatic control methods of this type, which implement, for example,
laser, GPS, optical or other means, have already been proposed in the state of
20 theart.

These various means then make it possible to initiate a decking of the
drone according to landing strategies which also vary according to various

proposals in the state of the art.

25
Thus, for example, one landing strategy that has already been proposed
consists in permanently servo-controlling the position of the drone relative to the
deck of the platform.
30 Other landing strategies consist in predicting a particular position of the
deck such as, for example, a wave top, in order to initiate the decking.
Other strategies also consist in initiating the landing at minimum
displacement speeds of the deck.
35

However, none of the solutions hitherto proposed has given full

satisfaction, particularly in heavy seas.



Other strategies also consist in initiating the landing at minimum displacement speeds of the deck. 35 2
The purpose of the invention is therefore to resolve these problems. To this end, the subject of the
invention is a method for controlling the 5automatic decking/take-off of a drone on or from a circular
decking grid of a naval platform, characterized in that i€comprises the following steps: a step for
acquiring the movements of the grid, a step for calculating the mean position of the grid, a step for
calculating grid position predictions, 10a step for calculating minimum displacement speeds of the grid,
and a step for acquiring thén@psitiosedf the idvengomistickrefore to refolle tesa@roatenst follow the
movements of the grid and if the movements of the grid are small, that is to say less than the radius of

said grid, to apply a Iandlnr%%rate% kgp{ foll Wln I'}ﬁ mean OSItlon oft%hoe qud Whe[eas if the

15movements of the grid are large thatist eCt regténrv nécr)lntﬁseara Ius 8ft bontd0 k ga ﬁyalandlng

strategy by pos@tlonﬁh@f’ﬁﬁl‘?@ﬁﬁﬂﬂ%ﬁkﬁs@é@foﬁs @Pﬂ@é’g@ﬂf rafR C'VCUW"[H@CHF&W@”@&Q{ ?dll@)‘(ﬁ'the
movements of the gistamel thiraciearemenis: afdhiepgecsane Smalinghagps:to say less than the radius of the

grid, to apply a landing strateglysge %F%l@&ﬁ%g;‘ﬁm&)%mﬁmﬂﬁé lipﬁ grid, and if the 20 movements of

the grid are large, that is to say (%reater than radius of the grid, to apply a landing strategy by following
the grid position predicted at tA&FRIMEALHPHRERIFgNean poﬂ‘(&%?&fﬁ@ %bther aspects of the invention,

the method and the system foa step for calculating grid position predictions,
10 - astep for calculating minimum displacement speeds of the grid, and
- astep for acquiring the position of the drone in order:

if the drone cannot follow the movements of the grid and if the

movements of the grid are small, that is to say less than the radius of said grid, to

apply a landing strategy by following the mean position of the grid, whereas, if the

15 movements of the grid are large, that is to say greater than the radius of the grid,
to apply a landing strategy by positioning at the minimum speeds of the grid; and

if the drone can follow the movements of the grid and if the

movements of the grid are small, that is to say less than the radius of the grid, to

apply a landing strategy according to the mean position of the grid, and if the

20  movements of the grid are large, that is to say greater than the radius of the grid,

to apply a landing strategy by following the grid position predicted at the moment

of decking.

According to other aspects of the invention, the method and the system for
25 controlling the automatic decking/ take-off of a drone comprises one of the
following characteristics:

- it comprises a step for controlling the dynamic speed and attitude
conditions of the platform and of the drone, a step for checking that the drone is
indeed vertical to the grid and a step for checking that the position of the grid

30 predicted when said grid has finished its descent is indeed situated under the
drone, to deliver the decking order to the drone,

- it comprises, before the actual decking phase, a meeting phase
between the drone and the platform at a predetermined geographic point behind
the platform, followed by an approach phase during which the approach trajectory

35 is globally oriented according to the mean displacement heading of the platform to
perform an approach from the rear of the latter,

- it comprises a step for checking attitude conditions of the platform,



25controlling the automatic decking/ take-off of a drone comprises one of the following characteristics: it
comprises a step for controlling the dynamic speed and attitude conditions of the platform and of the
drone, a step for checking that the drone is indeed vertical to the grid and a step for checking that the
position of the grid 30predicted when said grid has finished its descent is indeed situated under the drone,
to deliver the decking order to the dron it comprises, before the actual decking phase, a meeting

e
phase between the RGFRURPIIE BIRIBH A LEdpREERIN A geographic point behind the platform,
followed by an approach phaskedstepdovkahroiieo g pm eétthde ajectigignS Siengletbaflyceldelatad according to

the mean displacemgnsiepeingebibRmatomns HrerHraR N drekprchdrandbeiealigliihe latter, it

comprises a step fo rce:Qi%(I:Iéri]rggfgttlF{ude C?nditi ns of me latform, 3 beI(c))rrem%ivir)f the take-off order to the

r
drone, and the %tep %or 2ontro ﬁn@l%%métti ﬁﬂggcorledd?a%snggénssﬁ%% In calcuta m"ﬁerovﬁ'ta'r?d pitch

predictions for the plERfSHAMRRAIMThBEREABIdRat these roll and pitch predictions for the platform, during the
time necessary for take-off, are within S5predetermined limit thresholds. According to another aspect,

another subject of the inventign;is 3 SYSLB,faL P leMENNa BE: Tethef SAbRadvenian will be better
understood from the following description given
for implementing this method.

10 The invention will be better understood from the following description given
solely as an example and with reference to the appended drawings in which:
- figures 1 and 2 represent side and plan views of a naval platform and
the approach trajectory of a drone,
- figure 3 illustrates the decking of such a drone,
15 - figure 4 is a status diagram of an automatic decking method according
to the invention,
- figures 5 and 6 illustrate decking impact simulations obtained by the
implementation of a control method according to the invention, and
- figure 7 is a status diagram of an automatic take-off method according
20  tothe invention.

Figures 1, 2 and 3 illustrate a method for controlling the automatic decking

of a drone on a circular decking grid of a naval platform.

25 This platform is, for example, designated by the general reference 1 in
these figures and therefore comprises a decking zone designated by the general
reference 2, provided with a grid suitable for receiving, for example, a harpoon for
keeping the drone in position when the latter has landed, in a conventional
manner.

30

As it happens, the control method according to the invention consists in
bringing the drone into a field close to the platform by virtue of the geolocation
information for that platform, then in automatically piloting the drone speed-wise,
relative to this platform, by virtue of a high-frequency motion sensor of the optical

35  decking sensor type for example, in order to bring it to land in total safety on the
decking grid of the platform.



solely as an example and with reference to the appended drawings in which: figures 1 and 2
represent side and plan views of a naval platform and the approach trajectory of a drone, figure 3
illustrates the decking of such a drone, 15-figure 4 is a status diagram of an automatic decking method
according to the invention, figures 5 and 6 illustraté decking impact simulations obtained by the
implementation of a control method accordln% to the invention, and figure 7 is a status diagram of
an automatic take-off methBdME IR AT MJFRRSY. MeapyErpeats o gﬁdpﬁﬁﬁﬁ@lrﬁfg a method for
controlling the automaucsdetkvmaataﬁr@nwmfatcarwlw teckindrgrd tea hevabiidatitinane25This platform

is, for example, des&@rﬁ&ﬁﬁdalﬁkjléh@rﬁ?Wﬁéd@ﬁéﬁ@ﬁyﬁari@é@@%ﬁtﬁ%’éaﬁe@ﬁj Hhessiriasrengrises a decking

zone designated by the Igc,?neral re r%rceng:eed @gve % suelt?oref(f)(r)[hr 8e|V|ng for example, a
harpoon for keeplng t%@ aronei 05| ion w e ater 0% Ya conventional manner. 30 As

it happens, theZontrol method according to the invention consists in brlnglng the drone into a field close
to the platform by virtue ofrtzecgreolaeatiefetibeysaianfab that pladierdeckieomaaisieaméacally piloting the

drone speed-wise, [glativs é@@%@@@%@em d V&Hﬁt%%&%‘ :IFW%E{PIEVSU?)%P&HJ&EF&O&QMM optical

35decking sensor type for example, in order to bring it to land In total safety on the decking grid of the
platform. 4  To m%f%rﬁaaﬂqegb?)@ﬂ@ﬁ %&?&é@ﬁ%@&élﬁ%@ﬁ@'% ?ﬂé*ﬁl‘a@?SrYﬁ%ﬁjeSBfr‘?%essed to

create an approachctrajetierg fdgrtinaidochesdlerhtieoptatédnmiftr emietposificarangle error measurements
hybridized withghe inertial measurements of the platform are processed to create a final decking

trajectory for the drone. . . . .
J y It is therefore not solely about an ongoing servo-controlling of the position

of the drone relative to the deck of the platform, but indeed about positioning the
drone at a particular point above the general movement of the deck then waiting
for the position, speed and attitude conditions to be met.

15

Nor is it solely about predicting a wave top for decking.

In practice, the short-term prediction of the positions and the attitudes of
the deck only makes it possible to check that the conditions will still be met on
20  touch-down, the hardening of the landing gear of the drone making it possible to

withstand the corresponding speeds.

Furthermore, the relative distance of the two craft, that is to say of the

platform and of the drone, during the critical landing phase, is monitored by a non-

25 GPS technology, optical for example, and therefore permanently available and
reliable.

In practice, the recovery of the drone is divided into three general phases
illustrated in these figures 1, 2 and 3.

30 These phases are meeting, approach and landing.

The meeting of the drone with the platform is a phase for positioning the
drone over a fixed point, for example a GPS point, of geographic fix NED (North
East Down).
35
This point is placed at safety altitude toward the rear of the platform at the

estimated meeting time. This point is designated E1 in figures 1 and 2.



The calculated trajectory is similar to that for the decking of a helicopter in order to establish a steady air
circulation speed around the superstructures of the platform and guarantee the stability of the flight, but
also so that the visual safety controls are identical to those for helicopters for the aviation officer. Itis
therefore not solely about an ongoing servo-controllingPof the position of the drone relative to the deck of
the platform, but indeed about positioning the drone at a particular point above the general movement of
the deck then waiting for the position, speed and attitude conditions to be met. Nor is it solely about
predicting a wave top for déelapgroach s prcuescehehsinortablen eedictiotoaintee thesikidns and the
attitudes of the deck,gniyamakeadidressiple to check that the conditions will still be met on 20touch-down,
the hardening of the landing gear of the drone making it possible to withstand the corresponding speeds.
Furthermore, the relative distance of the two craft, that is to say of the platform and of the drone, during
the critical landihg phase, T8anBaRDreePI9gaiiebmiomEIY feeHRvIBRfospticatsed éxaiflie, and therefore
permanently availaigiepaind &ghedaen trajelitopyastite, dnenecey\@ipnobteidienes ditidechitio three general
phases illustrated in thess figures 1, 2 and 3. 30These phases are meeting, approach and landing.

The meeting of the drone with the platform is a phase for positioning the drone over a fixed point, for
example a GPS point, of geographic fix NED (North East Down). 355 The approach is a sequence
which enables the drone tohersjenrtiaehdiegkatothis glbaiconentedirectidmg3d lfee meam legadiogation

information fof ghe QJ'@M@rﬂhiﬁ)#ﬁ%déﬁﬂ&&ﬁﬂﬁaﬂéﬁmﬂhﬁﬁHrﬁﬂﬁh%@j@&t@fmgfpl%ﬂﬁ%gnﬁy alignment of
the two craft from tQhe%OIIncop!er hange‘l;rg)?tﬁgpart? CQ) traject oy is globally oriented according to the mean

heading amp

Then, the trajectory of the drone is finely oriented toward the infinite wind

backward of the platform if it is within the wind limits allowed for the drone/platform

15 pairing. If it is not, the wind contract is not fulfilled by the aviation command bridge
of the platform and the route of the ship must change in order to observe these

wind limits.

This approach trajectory passes through a point E2 illustrated in these
20 figures 1 and 2, the drone converging with the platform in distance and in altitude.

With the drone continuing its approach to the platform, it enters into the
field of view of optical angle error measuring means located on the platform, this
field of view being designated by the general reference 3 in these figures 1 and 2.
25

The phase of precise piloting of the drone for its decking then begins.

The drone then, under the control of the means forming the angle error

measuring sensor, sequences position setpoints W, T1 and T2 with waiting

30 phases planned at each of these points, to check whether the dynamic conditions
for the decking are met, and in particular the relative speeds and the attitude

angles between the deck and the drone.

The landing strategy that is implemented will then depend on the

35 movements of the platform and the dynamics of the drone.

Thus, if the drone cannot follow the movements of the grid and if the



100f the platform in order to make an approach from the rear of this platform facing the helicopter hanger
of the latter, for example. Then, the trajectory of the drone is finely oriented toward the infinite wind
backward of the platform if it is within the wind limits allowed for the drone/platform 15 pairing. If it is not,
the wind contract is not fulfilled by the aviation commafid bridge of the platform and the route of the ship
must change in order to observe these wind limits. This apr{)roach trajectory passes through a

point E2 illustrated [RAREES0fgiee e AN e RftoRd oM ETiInERR TR R RLPR S Hstance and in
altitude. With ththeteowd tentivruanglies agpndiagistettyy péstdon, fillewtegstiatoehe fieddat view of optical
angle error measurigigHagapsWRcARIRY Phihe dlatiens.dhisfligld afkvigyebgingdiesiapatesitty the general
reference 3 in thesg filguics 1,and2, 29, 10e, hass of preciss Rilqting of e drone foc s decking then
begins. The drone then, under the 0Rt'arot e Mcans e rming the a gsle eror measuring sensor,
sequences postionPsetiiinganhe miameumspagdselitifgPsd phases planned at each of these points, to
check whether the dynamic conditions for the decking are met, and in particular the relative speeds and

the attitude angles betwegryihe,dack ANAIBE HORGvements of ik /GG ALY MAL R Bplemented wil

then depend on the 35movements of the platform and the dynamics of the drone. 6 movements of the

( . the . . .
grid are small, that [8&PEEyPEsTAA e T48iG8% ESail R B i tHEnE: dPpife'h Bnding strategy
based on following @peleteargpdsit arakdyeagemdineodas, nfeqre pnevementseofrttheuwid tre large, that is

to say greaterjihan Wi cafing 6f tRe@idthrthargemiahs tobparRlies slandineaiiaiaandgred on
5positioning at the inimurp ggeed of th(]e géld If the dron can llow the mayements of the grid and
rp[ | ;E\ |{1(5] on

if the movements of th& gV\r'fd areaspr%?z'ﬁﬂ fhatis s%{ilai%%)é fBRhe racéflgﬁvgm {he Hé, RRETE Will be applied a
landing strategy ac®breiFigdattihe meBarbesiesker the grid and if the 10 movements of the grid are large,
that is to say greater thanthe raelita efettergrisidthee gnidrbaapplies artmedingstrategy biased on following
the grid position pregheiad Al NG ARNGRLESRMGy satisfied:
15 1) The dynamic speed and attitude conditions are met, these mainly
depending on the resistance of the landing gear and the height of the center of
gravity of the drone.
2) The drone is measured vertical to the grid by the means forming the
optical angle error measuring sensor.
20 3) The position of the grid is predicted under the drone when it will have

finished its vertical descent, that is to say, for example, in less than 5 seconds.

To observe the movements of the grid and determine the landing strategy,

the principle of extracting the movements of the grid within the mean pseudo-

25 inertial fix of the platform is used, and the short-term prediction of the position of
the grid uses conventional signal processing techniques to statistically identify the
behavior of a physical system by using a technique for estimating the coefficients

of an only just stable oscillating filter, to predict the position of the grid in a

pseudo-inertial fix going at the speed of the platform.

30
The numerical conditioning of the coefficients of the filter is determinant
and, given the random components of the movement of the platform, these
techniques allow for a reliable prediction over a few seconds, which is enough to
confirm that the decking will be performed correctly.
35

All these means are already well known from the state of the art and will

not therefore be described in more detail hereinbelow.



The vertical descent order is given when the drone is at T2 and the following conditions are
simultaneously satisfied: 151) The dynamic speed and attitude conditions are met, these mainly
depending on the resistance of the landing gear and the height of the center of gravity of the drone. 2)
The drone is measured vertical to the grid by the mearfs forming the optical angle error measuring sensor.
203) The position of the grid is predicted under the drone when it will have finished its vertical descent,
that is to say, for example, in less than 5 seconds. To observe the movements of the grid and
determine the landing straiegy, ithetptattipldigirex8attim gnakesmoossérestof theggtie withe, the mean
pseudo- 2 5 inertiahfixqfiee Blatirnydadiaethrard dbeshorfterpurredistientat thecrositiae of the grid
uses conventional si%r}glr Rroce %n ttechni%bjgvset{a est ti%tri]calla/di e?iﬁ%ﬁ% rbehavior of a physical system
iclen sta

by using a techniqu% or estimatin r('ac%lgé clients o(fegn o%ﬂ/ jUSP 2 oscillating filter, to predict the

position of the §rid in a pseudo-inertial fix going at the speed of the platform. 30 The numerical
conditioning of the coefficients adribedfiltemieaeiernisaniriagdihgivebriderandomecompegneats of the

movement of the plﬁﬁ?fﬂéd%%%ﬁ gg’cfgpi%%@,l%vn;pdogr{ﬂiﬁﬁl%éy@ﬁc&mﬁ over a few seconds, which is

enough to confirm that the decking will be performed correctly. 35 As is illustrated in figure 3, this
makes it possible to bring the drone, designated by the general reference 4 in this figure, above the deck
of the platform 1 and in pdttisutaitiediavediHer deeking.grididusf thevigtent 5an beOswem lthatlé®, a means for

securing the drgne girdhedsekraaynbeantivaismd shehndse EHr@Eﬁ’éﬂP'f%) @swﬂaﬁ&ﬂdmﬁbﬁqgecking grid.
This is illustrated, for examcﬁl 2 iﬁ] iﬁqtére 4, where it I?%ptﬁ)e seegE at tﬂle 10 d{'ffer?srétl ordfﬁrs sent to the
in i

drone and more pa%ﬂ%%’ﬂény 5 'its AUtoM ﬁg'p')?fb{tlﬁeg Mean ,Obnrt arit E?t%oﬁ'o'gﬂl'on iftéaé St the point El,

in 11 to position itsd1Piat Hre [Poldt BRAsIILD tiEPoaItIBA RSBIF W teefbIRE \RLNHAIEPE hEEIIFOI of its position
switches from the GRficRystesm bdlErepiiealmngireaspOcanaase 5o SeR0FiHY $8nsor in 13.

15 The drone then moves to T1 as is illustrated in 14 then, after a waiting
phase in 15, descends to T2 in 16 and, after a waiting phase in 17, lands on the
deck in 18, before initiating the securing means such as, for example, the harpoon
in 19.

20 Figures 5 and 6 illustrate decking trajectory and impact simulations, in the
form of a Monte Carlo-type simulation sweep, of 50 deckings in force 5 sea

conditions with a swell of 165°(15°forward).

These figures show that, out of 50 decking simulations, 39 were successful
25  atthe first attempt.

Eleven deckings are alongside the grid on first landing and in this case the

drone is required to take off again and reattempt a decking.

30 Full-scale tests have started and have confirmed the reliability of this

control method.
Similarly, the method according to the invention also comprises a step for
checking attitude conditions of the platform before giving the take-off order to the

35 drone.

This control step consists in calculating roll and pitch predictions for the



15The drone then moves to T1 as is illustrated in 14 then, after a waiting phase in 15, descends to T2 in

16 and, after a waiting phase in 17, lands on the deck in 18, before initiating the securing means such as,
for example, the harpoon in 19. 20Figures 5 and 6 illustrate decking trajectory and impact simulations, in

the form of a Monte Carlo-type simulation sweep, of 5@deckings in force 5 sea conditions with a swell of
165 (15 forward). These figures show that, out of 50 decking simulations, 39 were successful

25at the first attem¥aiOMERRLIN fhains Bl Asrgarieand Bifl AHeficiaan diignan it iRE case the
drone is required toréakeeoffaghéntziedoft ate wifira meddierqi3@Hu isbadeheldtsasavdlsstiated and have

confirmed the relialififg@thiscomirel e Léacgtep iilusBHRIAHY0thRTaRSRO ¢ RfcBosiantdlg invention also
comprlses a step or C | attitude canditions o e plat orm erore gIVIn the take-o or er to the
f 9?%‘% 2301 th.' ﬁf{t 14 the, take.off ord h

35drone. 8 platform and in e 'ﬂqa Hese to pre ictaons urlng fhé time requwed for the
take-off, are within ﬁPééléﬁé?ﬁﬂﬁé’G mm%@@sﬁ@ﬁis asis |Ilustrated in figure 7, or after a start-up step
illustrated in 20, the drone is placed on standby in 21 before initiating in 22 its automatic take-off, after

which the drone is Sconsiggredia bg in miSziR0 i %%ond.t@rﬁ%sbmﬁeaé{ IRmEUGAakERAMseonditioned by

the attitude conditions of the platform at the moment of the take-oft, so as to avoid hav@g the drone take
off at too great an MGHOEhA oS AR G ForFoR Ay Yp NI ther ARG IR RITG the take-off
then involves rendezeauisatgwatiyltheng gissuileadteniheptskes dffraroiéal dpearng in mind that the take-off
order is launclhgd only after a continuous prediction of the roll and pitch attitudes of the platform within the
authorized thresholds dunﬂ%the tlrr?g r{etcllluwed fo]c He take-off. The sé)(sterq f(ﬁq |mglei ?ntlng this

lp INCI ake-0 n mvolves rengezvou
method then comprlses a certain er 0 means 1or acquiring Qata sucIrt as, fOI’ Xampie, movements

of the grid, and for @&Rz’u‘l'&%rﬁ@@sﬁéwf%[ fEPRIEMPIEINALNFIEAA [FESIREPEMhiS @HGCB?‘EI%Wor predicting
grid positions and namémagostisplacemeindtispasgdicofdhadatpath attitics@icorprigesimeans for acquiring

the position of the qﬁ%%ﬁ@ﬁz@beﬂ%ﬂ%fdg%ﬁ%'m@g rﬁg%'a]ﬂ%(a RdeLs iRthg drone and more specifically

to the automatic piloting means thereof in order to make it deck and/or take off in total safety. Since
these means based on data acquisition inertial units, GPS systems, optical or otherwise, have
conventional structures, tfiéy wyititerotfandeseréngogi thin oveshdettieheosinbgtew certain number

of means for acquiring data such as, for example, movements of the grid, and for
calculating, such as, for example, the mean position of this grid or else for
predicting grid positions and minimum displacement speeds of the latter.
20
It also comprises means for acquiring the position of the drone and means
for transmitting command orders to the drone and more specifically to the
automatic piloting means thereof in order to make it deck and/or take off in total
safety.
25
Since these means based on data acquisition inertial units, GPS systems,
optical or otherwise, have conventional structures, they will not be described in

more detail hereinbelow.

30 As it happens, these means may have any appropriate structures
incorporating computer programs in order to implement the various steps

described previously.



30As it happens, these means may have any appropriate structures incorporating computer programs in
order to implement the various steps described previously. 9 CLAIMS 1. A method for controlling
the automatic decking/ take-off of a drone (4) on or from a circular decking grid (5) of a naval platform (1),
characterized in that it Scomprises the following steps:9a step for acquiring the movements of the grid (5),
a step for calculating the mean position of the grid (5), a step for calculating grid position predictions (5),
a step for calculating minimum displacement speeds o id (5), 10and a step for acquiring the
position of the drone (4) in order: if the drone (4) cannot follow the movements of the grid (5) and if

the movements of the grid, (5) Are-aPakotshid P me I8SS AP teexrglivkabialdaligniqapply a landing
strategy by foIIowing threfrm%aancﬁoﬁiro(%qj r‘ghe éﬁl{%)vg ereas, if ¢ 05r r%r:@ m %?%%Pt% 1‘nt9]ea tgl{id are large,

that is to say greaterntﬁanothe radius of the %H , apfi‘ly 3 aﬁgmg S a]tegy y p'&l ibnlng at the minimum
speeds of the dtid; 8PiAfitRe tiEdAkOMNEERFSIlow the movements of the grid and if the movements of the

grid (5) are small, that is to say degsithacgthentadiwimefdhergsio tr20gtal apply a landing strategy according

to the mean position of the gri&lségqoilf éQEJBﬁX&EH@%éa%fﬁB&QH%ﬁB% L?[@?S)Fhat is to say greater than the
radius of the grid, to apply a landin strate%/t_by following the grid position predicted at the moment of

decking. 252. The method fortBfREHig HE MG BITRAS HYLRIGYICLIRE G of a drone

- a step for calculating minimum displacement speeds of the grid (5),
10 and
- astep for acquiring the position of the drone (4) in order:
if the drone (4) cannot follow the movements of the grid (5) and if the
movements of the grid (5) are small, that is to say less than the radius of said grid,
to apply a landing strategy by following the mean position of the grid, whereas, if
15 the movements of the grid are large, that is to say greater than the radius of the
grid, to apply a landing strategy by positioning at the minimum speeds of the grid;
and
if the drone (4) can follow the movements of the grid and if the
movements of the grid (5) are small, that is to say less than the radius of the grid,
20 to apply a landing strategy according to the mean position of the grid, and if the
movements of the grid are large, that is to say greater than the radius of the grid,
to apply a landing strategy by following the grid position predicted at the moment

of decking.

25 2.  The method for controlling the automatic decking/ take-off of a drone
as claimed in claim 1, characterized in that it comprises a step for controlling the
dynamic speed and attitude conditions of the platform (1) and of the drone (4), a
step for checking that the drone (4) is indeed vertical to the grid (5) and a step for
checking that the position of the grid (5) predicted when said grid has finished its

30 descent is indeed situated under the drone, to deliver the decking order to the

drone.

3. The method for controlling the automatic decking/ take-off of a drone

as claimed in claim 1 or 2, characterized in that it comprises, before the actual

35 decking phase, a meeting phase between the drone (4) and the platform (1) at a
predetermined geographic point behind the platform, followed by an approach

phase during which the approach trajectory is globally oriented according to the



as claimed in claim 1, characterized in that it comprises a step for controlling the dynamic speed and
attitude conditions of the platform (1) and of the drone (4), a step for checking that the drone (4) is indeed
vertical to the grid (5) and a step for checking that the position of the grid (5) predicted when said grid has
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The method for controlling the automatic decking/ take-off of a drone as claimed in claim 1 or 2,
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drone (4) and the pHitfioerat(d) at a predetermined geographic point behind the platform, followed by an
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characterized iR tha&ﬁﬁ&ﬁﬁﬁﬂiﬁ@h%ﬁffﬁ\eﬁéﬁdﬁ‘@ siittRichyAeitives oF s HRafIasIR before giving

the take-off order tastye fdrenecidng attitine: eitiachtosianatpeltivanti® adorsafidrdeeki ngltake-off of a drone
10 as claimed in clajp 4sharagiesizad in that the step for controlling the attitude conditions consists in
calculating roll and pitch predictions for the platform (1) and in checking that these roll and pitch
predictions for the platform, during the time necessary for the drone (4) to take off, are within
predetermined limit thresholdgh&56ethcslyBtecarfoo banthel g theiedeminiagic akeckiing// dakereff of a drone (4)

on or from a cifgulaggleing IR Em of, %m&a@a@&oﬁw@om@@fé\&%ﬂ%@ﬂtmnm@&%cﬁmwgies means for

acquiring the movemelats og tglot?}sq [ﬁ]%S&Jnu? ns fr% [sa c?u!t% hel[)r;]%%r;%osn‘o of t@z gr cfj (5), means for
calculating position predictions eafd Tl €Aty ing minimam spla ment speeds 20

of the grid (5), meaﬁb%%&mﬁhmgﬁﬁ%eﬁ@%lﬁ% Rﬂcméraﬁ’@ﬁé”érfélfr’f‘f@aﬁétmﬁh%&m@Stﬂ'ﬁﬂme conditions of
the platform, in ordektedsapleoneiy drshen@ihothre artatmeditiraiyg dnaaindiipieeesingddaims.

15 6. A system for controlling the automatic decking/ take-off of a drone (4)
on or from a circular decking grid (5) of a naval platform (1), characterized in that it
comprises means for acquiring the movements of the grid (5), means for
calculating the mean position of the grid (5), means for calculating position
predictions for the grid (5), means for calculating minimum displacement speeds

20  of the grid (5), means for acquiring the position of the drone and means for
checking attitude conditions of the platform, in order to implement the method as

claimed in any one of the preceding claims.



