GU DI NG METHOD AND DEVI CE FOR | N- FLI GHAT | REFUELLI NG

LI NE The invention relates to systens for the 5 in-flight
.refuelling of aircraft. In-flight refuelling consists in
transferring fuel froma tanker aircraft to a receiver aircraft
usi ng a hose which passes through what is ly as a boom and
a telescopic |ine exPEFRFNG MRTHOR ANR f%ﬂggﬁ%o T§L¥€§£G to the |ower
rear part of the fusel age Oof REIMELBINGrLENEcCraft by a sem -rigid
connection which allows it a certain freedom of novenent. The boom and
| ine assenbly floats up under t he enpennage of the tanker aircraft by
virtue of 15 ail erorhequippedtiwth cerrtes s acesshimeh &PFowthe to
be steered. .The EAH I of t$¥3$%¥EQé¥Et depl oyed line assenbly may
be as rrugh alslbefl%f%}‘r?é 2% rretgr es. _.The receiver aircraft has a receptacle

i nt ended to recelvefHahendedredddng neoBdtFhY gt udFPPReTEARS 20
receptacl e ispeguimRad Wi tfahleki ng r@atk f @b hal diewpiver t hd ddmaeti n pl ace
in relation to, a pipe.which allows the, fuel fr he, ta ih.rcraft to
be taken i nt&siPa " 't BERS oI BARSAS g_‘ll'lrrc%?%gll‘t.'gﬂg& % %ﬁ‘ﬁ‘}?@lﬁfl ot of
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enpennage ofphe The! BYRT & E8Ed PEAkRLO IR iNfad Nghrexbendmdehi nd
the latter, and keep his speed strictly identical to ...
fuselage of the tanker  aircraft by a semi-rigid
connection which allows it a certain freedom of
movement. The boom and line assembly floats up under
the empennage of the tanker aircraft by virtue of
15 ailerons equipped with control surfaces which allow it
"to be steered. The total 1length of ‘the boom and
deployed line assembly may be as much as 15 or 20
metres. The receiver aircraft has a receptacle intended
to receive the end of the line during refuelling. This
20 receptacle is equipped with locking means for holding
the line in place in relation to a pipe which allows
the fuel from the tanker aircraft to be taken into a
tank of the receiver aircraft.

The pilot of the receiver aircraft needs to

25 Dbring his aeroplane up under the empennage of the
tanker aircraft near to the line that extends behind
the latter, and keep his speed strictly identical to
that of the tanker aircraft until the end of the
refuelling operation.

30 . There are two ways of connecting the tanks of
the tanker aircraft and of the receiver aircraft.

In the first case, the receiver aircraft is
equipped with an in-flight refuelling 1line which
extends in the field of view of the pilot, and the hose

35 from the fuel tank of the tanker aircraft extends
beyond the boom and the line in the form of a "basket"
intended to receive the line of the receiver aircraft.

It is therefore the pilot of the receiver aircraft who
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boom, so that the rear end of the boom/line assembly

15 can be brought up close to the receptacle placed on the
receiver aircraft. The position of this receptacle is
identified by a painted mark on the aircraft skin. When
the 1line is in the desired position, facing the
receptacle, the operator initiates an additional

20 deployment of the end of the telescopic line, and this
"engages and locks the 1line in the’ receptacle. Fuel
transfer can then take place. Guiding the line towards
the receptacle of the receiver aircraft is a tricky
operation because of the relative movements of the two

25 aircraft and of the boom, and because the control
surfaces are extremely sensitive at the normal working
altitudes and speeds. The operator has to operate the
boom controls very gradually, and the time needed to
make the connection between the line and the receptacle

30 may be great (a few minutes), especially if the
surrounding air is turbulent.

For various reasons, it may be desirable for
the operations to be performed without using an
operator placed in the rear of the tanker aircraft.

35 An object of the invention is therefore to
design a system which allows the coupling operations to
be performed without an operator placed in the rear of
the tanker aircraft.
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in-flight refuelling aircraft with the operating

15 constraints involved, and this makes its performance
uncertain.

One of the difficulties is that of locking on
to and tracking two objects of the image which move
independently causing these objects to be obscured.

20 Another difficulty arises from the use of variable
focal length cameras. This type of equipment is needed
in order to be able to guarantee that both objects will
be present in the images simultaneously, even taking
account of any possible turbulence, and so as to allow

25 a good level of accuracy in extracting their
co-ordinates in three dimensions, particularly in the
final phase of guiding the line onto the receptacle.

The use of two variable focal length cameras
intended to perform a three-dimensional reconstruction

30 is extremely complicated because @ it entails
instantaneous and precise knowledge of the focal
lengths, and requires the optical axes of the two
cameras to be automatically controlled as a function of
their fodal length; this then entails them being

35 installed bn platforms which, given the ambient
environment and the temperatures imposed by the high
altitude (of the order of -55°C), is not simple.

The invention aims to provide a solution which

is simpler to implement than this two-camera solution.



whi.ch woul d observe the refuelling scene fromtwo di fferent angles
woul d all ow the objects in the scene to be reconstructed in three
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this two- Camméféxﬂnﬁe(pb51tlon originating from an image, stored in
memory, of the line and of the receptacle when they are
coupled,

20 - means for dedﬁcing from the actual size of the
receptacle, from the size and from the position of its
projection in the image, the depth-wise distance
between the end of the line and the receptacle,

- and means for controlling the orientation of

25 the boom and deploying the line on the basis of the
differences thus measured, so that the line is brought
closer to the receptacle by iteration until these
differences have been cancelled.

Thus, the idea proposed by the invention is to

30 place one camera on the boom, towards its rear end, and
therefore close enough to the receptacle that is to be
observed, to use the image produced to perform shape
recognition and take distance measurements in the plane
of the image, and to add to this the prior knowledge of

35 the theoretical configuration of characteristic
elements of the receptacle (or of an associated painted
mark) in order to evaluate the distance between the

line and the receptacle along the depth axis.
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frame, because only the relative movements of the
receptacle with respect to the boom are observed. It
should also be noted that positioning the camera on the
boom shows the telescopic line in the image. This point

could be a handicap insofar as there is the risk, in

some instances, that the line may conceal some (or even

.all) of the characteristic elements associated with the

receptacle. It has been found that this drawback is
only a small impediment because the camera 1is
stationary with respect té the boom, which means that
the area of the image covered by the telescopic line is
perfectly predictable.

The invention proposes to fix the camera or
cameras to the boom, close to its end, that is to say
securely at the end of the guidance mechanism. The
advantages are numerous; mention may be made of the
positioning of the camera in a region close to the
target to be reached, the converging movement of the
boom towards the receptacle during the refuelling
phase, which limits the risk of leaving the field of
view of the camera and which also limits the number of
objects present in  the images. The  camera will
therefore be able to be guided with a fixed focal
length, which significantly simplifies the use of the
method adopted.
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Other characteristics and advantages of the

15 invention will =emerge from reading the detailed
description which follows, and which is given with
reference to the appended drawings, in which:

- Figﬁre 1l depicts an overall view of a tanker
aircraft coupled to a receiver aircraft;

20 - Figure 2 depicts, in greater detail, a side
view of the tail of the tanker aircraft with its
orientable rear boom; '

- Figure 3 depicts a plan view corresponding to
Figure 2; '

25 - Figure 4 depicts a diagrammatic sectional view
of the receptaclé -placed on the receiver aircraft,
capable of receiving' the end of the 1line from the
tanker aircraft; ' _

- Figure 5 depicts a plan view of the receptacle

30 and of the characteristic paint mark which marks its
precise position;

- Figure 6 diagrammatically depicts the mounting
of the camera on the boom;
- Figure 7 diagrammatically depicts an image

35 provided by the camera during the approach with a view
to automatic coupling;

- Figure 8 depicts the final image obtained by
the camera when the 1line 1is in position ready for
coupling;
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sector extending from 20° up to 40°, and laterally from
0° to 10° or 15° on each side of the axis. It may, for
15 . example, be 5 to 10 metres long and it is extended by a
telescopic line 16 which can extend over a length of a
few metres. For example, the total length of the boom
and of the line may vary between 15 and 20 metres. The
connection between the boom and the rear of the
20 aircraft is a semi-rigid connection using a ball joint,
and the boom is orientated with respect to the axis by
means of mobile ailerons controlled by servomotors; the
servomotors are operated from the tanker aircraft.
In the example described, the boom is steered
25 by ailerons arranged in a V, but another arrangement of
these ailerons (in a T for example) is envisageable.
The boom is therefore steered in the same well-known
way as an aircraft empennage with an equivalent
architecture. The principle underlying the invention is
30 independent of the way in which steering is achieved.
The telescopic extension of the line is also
controlled from the aircraft and may possibly be
measured by telemetry inside the telescopic line.
Figures 2 and 3 depict in greater detail a view
35 of the boom 14 with its telescopic line 16 and its
ailerons 18. The ailerons are, for example, two
ailerons arranged in a V and comprising moving parts
(the entire aileron might be moveable) controlled in
such a way as to alter the 1lift of each one and thus
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15 Figure 4 depicts diagrammatically in section
the coupling receptacle designed to receive the
refuelling line. The receptacle 20 1is arranged flush
with the skin 22 of the aircraft fuselage. It
preferably comprises an inlet housing, with walls 24
20 which are generally conical or pyramid-shaped narrowing
towards the inside, so that the end 26 of the line 16
is naturally guided, as it enters the housing, towards
the bottom of the housing in which the actual coupling
device 28 is located. The guidance by the walls 24 is
25 such that the end of the line naturally engages in the
coupling device 28 once it is in place opposite the
receptacle and an additional action to deploy the line
telescopically by a few centimetres or tens of
centimetres is performed. The coupling device allows
30 the line to be held in place during the fuel transfer
operation; this device is connected, inside the
receiver aircraft, by a pipe 30 to a fuel tank, not
depicted.
Figure 5 depicts a plan view of the receptacle
35 20 flush with the surface of the aircraft. To make it
easier for the operator to position the end of the
line, the exact position of the receptacle may be
emphasized by a marking (paint for example). The
operator, acting manually with direct sight can use
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. Figure 1 diagranmatically depicts a tankec aircraft 10 and a receiver

aircraft 12 being refuyelled 5 in fljght. The in;flight refuelli system

is made up thigf mankdog lﬁoeﬂe&ﬁ’deﬂhgﬁka ‘5@%588& cglrll? ng‘s 187 nﬁq}e

ext ends undegothect epospaibnofbdiwrd udephgeingf at heittle t moker Jdineraft .

The boom 14 j.s. ri gi nd,.qrd €y 4 A pegt the.dgngitdidi nal
wh} b r?}%l%fiﬂﬁﬁgﬁgg.l%ne\Moilééﬁlsﬁ th@ %g?

axis of the aircra _poi nt'ing general backwar ds "and downwar ds.
W t h respecttheo efrmplmgrendrsar, axihe orarhingi Ser ok At FOUSlyeY, for

exanpl e, e pclhggta dOVA¥BEdSurRodRdaRgUltde recepleiclle exiiailiedyds om
20[err] up to 40, "and Iateralh% frog1 0.to 10.erg} r. 15 on each side of
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these ai|er0Q§rEE2f%-LJ§§1Q§§£P|ﬁ£ti%g@@”gﬁ%ﬁﬁg%fb means. This is
why the invention preferably uses the same markings as
15 are currently used on existing refuellable aircraft.

The automatic guidance |uses image shape
recognition, from the image provided by a camera
(visible or ©possibly infrared). According to the
invention, as shown in Figure 6, the camera 40 1is

20 mounted at the end of the boom 14, for example behind
the ailerons 18. In theory, Jjust one camera will
suffice, but it will be seen that it is also possible
to use two cameras, for example one on each side of the
boom, or one above and one below, or alternatively two

25 cameras placed on top of the boom, very close together
because they are both on the boom, but one offset to
the right and the other offset to the left.

Figure 7 depicts an 1image recorded by the
camera 40 as the end of the 1line approaches the

30 receptacle.

The image 44 of the hose 14, is very deformed
because the line of sight of the camera is practically
parallel to the telescopic line.

Because of the geometry adopted for the system,

35 the projection of the line in the image is a trapezium
which covers the lower part of the image. By choosing a
line of sight which diverges slightly from the axis of
the line it is possible to minimize the area of the

image covered by the 1line. The other consequence of
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faces the padiefepPhdie Q%p&%%en%%e'%ﬁr ab&%%%%% position of the
receptacle, which it does if it closely surrounds the
15 receptacie However, it will be understood that the
identification mark could be situated further away from
the receptacle, the p051t10n calculation then having to
take account of the distance between this mark and the
receptacle because the guidance calculation is
20 performed with respect to the mark even though the
guidance operation consists in moving up close to the
receptacle. It may be advantageous to use a mark spaced
away from the receptacle so that there is less risk of
the image of the mark being obscured by the 1line
25 itself. _

The image 42 of the paint mark 32 is deformed
compared with the horizontal image of Figure 5 because
the camera is looking down at an angle (theoretlcally,
the boom is inclined obliquely downwards, the camera

30 being oriented parallel to the boom, whereas the plane
of the mark is generally horizontal).

Figure 8 depicts the final image 46 of the
paint mark as the camera needs to see it at the moment
the 1line is ready for coupling. This final image 46

35 obviously depends on the mark used. The final image of
the mark is at a clearly determined reference position
in the image, and has a clearly determined size. But
remember, this final image, its reference position and
its reference size are not absolute: they depend on



15. Figure 4 'depi cts diagrammatically in section t he

coupling receptacle designed to receive the refuel'ling line. The
. receptacle 20 is arranged flush w4 the skin 22 of the aircraft
fusel age. It preferably conprises an i nl et housing, wth walls 24 20
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device 2 r]tcl?e ok tll;}% 'ﬂn&%gc% ! 83 trh']e magkr ":lp.ff agLgeants agegdi ti onal
de I'ca

action t ploy the |Tne esc ew centinetres or tens
of cent i sreakker | hpar fidy n’adehCFﬁ‘é é@@ﬂtlhngl%e@%éo&?ﬂomé'lﬁ@“ﬂ?@'l ine to

be held in piPC€hQU$b&ﬂ igelﬁaﬁinéﬂaﬂ§§8rsteepQQeﬁﬁtt@@,ver&hb%l @davice is
connect ed, i nsid

recei ver aircraf e fuel
tank, not la2tRPRt t@éane, the projerfipn © eﬁﬁ%t §a§1’gﬁ ﬂ‘%f‘evﬁ P t he
receptacle 3th@O0plhnehodi tthet hiemasge f @kl ohothéeaitthoy asame Tasnilfe thte

easi er fl(ar t bff’x%@ic?ﬁ ‘f,grgoglll%iggwépe end of the i ne, the exact

posi tion of € rece enphasi zed by a marking (paint for
exanpl e). The %t5ﬂn0§é9Pn@fhdHUhl¢®1QW¥¢F%P$e€%r§P§ﬁ§ d&n ke

- 9- this G@ﬁﬁéﬂg EHehﬁéEeéhéaklhﬁéb yhewliithe the idefdi®nce GORdRLt
posi tion beforg degégg%ggma hgéﬁgg ngke Igul’dance controls to be
applied to the boom ailerons and the deployment
15 controls to be applied to the line servomotors in a
sense that will tend to méke the image 42 of the paint
mark coincide with the reference image that corresponds
to the position suitable for coupling.
It will have been understood that coincidence
20 entails that the detected position of the receptacle
and the size of the characteristic elements correspond
to those of the reference image.
Figures 7 and 8 depict diagrammatic images
rather than the landscape actually recorded by the
25 camera. However, in any event, positioning the camera
on the boom makes it possible to work with simple
images because the proximity of the camera to the
receiver aircraft limits the number of objects present
in the field of view of the camera. This makes it
30 possible to simplify the shape-recognition operations
which allow automatic control using a recognized shape
and a reference shape.
The digital signal processing used 1in the
invention therefore includes at 1least the following
35 steps:
- filtering the images from the camera;
- extracting the characteristics (point elements
or contours or homogenous regions, etc.);

- recognizing a reference shape in the image;
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on top of the boom very close together because they are both on the
boom but on@ngf fideitepdis of si&e ight and the other offset to the left.

Figure 7 depicts an iamgRriedeigded doypllieg  whefier acéfinasdeheeendisf the

l'i ne approac%&&_%ﬁgﬁﬁo receptacl e. The i mage 44 of the hose
14, is very : because the line of sight of the canera is
practically par alfliglutep Shedemieszofhe | pnerall constructBeguuoé of the
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functioning of the invention will now be explained in
greater detail.
The camera 40 comprises, as cameras always do,
20 an optical head 50 and electronic circuits 52 for
control and for shaping raw electrical signals.
The video signal provided by the camera is
transmitted to the tanker aircraft and is exploited by
a digital computer. The functions performed by this
25 computer have been detailed, for reasons of
convenience, in the form of blocks strung together in
series in Figure 9.
The computer receives the signals from the
camera and converts them into digital in an analogﬁe—
30 digital converter 54 (unless the signal has already
been digitized inside the camera). The digitized image
signals are then processed as follows:
Digital image enhancement processing (block 56)
making [sic] it possible to work on an image which has
35 Dbeen corrected for fixed or periodic defects
originating from the camera, and to reduce noise. To
carry out these pre-processing operations, an array of
correction operators may be used, depending on the
image <quality. These may include radiometric and
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possible to mnimze the area of the | mge covered by the line. The
. ot her consequence of - 10 - this
geonetry is that the height of the tr um var i ittl 'vvith t he
length of |iRhenegpreiby, CaﬁHeCtlothP§ ﬁféFﬁﬁFﬁSﬁl@th%V% to

estimate theof dikesgthonf bt:neddgakadﬁedonThloef | eahgt h gymey allsayéales, 5
obt ai ned by any ofher system edb n frem
depl oynent sg?élaﬁ%)ﬁ)?s ?Hee% 2 eta"@"k%goJ AP 3 bgystenjt&?"g
t heref ore capaahplel eover;Gaussmmstoe;nt m@ﬁllanomfhétﬁﬁénwa‘é@ SIRPECDf t he
proj ectian OfugB fr%ﬁﬁe gedidlstém AMBafreredfte 1mage e irBgerDfed he

e

receptacle nay a contras&* Ea|nt rk which all ows
I

it to be defgehsi f |“b"’d/ FtSQ rTBlel ciTUPLHACHAY | BEOUssihEd tHMEI% e
pai nt mark rgpigsaAtsnghefydecithe pOshéran (@o t keduce IdWEiméqmencyMich it

does if it closely surrounds the 15 receptacle. However, it wll Dbe
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because the gui dance calculation.  is 20 perforne wth respect to
t he mark evéﬁagﬁhdﬁbhbetﬁéplaceSUWHéﬂbeC%$E?%¥?oﬁ° 5ﬁ8“%t§u?§e%59 hg up
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. contrast: it retains only areas in which there are

15 sharp changes in contrast. If the paint of the specific
mark surrounding the receptacle has sharp enough
"contrast, then, for example, a contour detection
threshold such that only the contour of this mark is
kept in the processed image may be applied. '

20 This block may be supplemented by a function of
detecting point elements of the image. This is in order
to detect the corners of the shapes of the image.
Knowledge of where the corners are in the image is
information that allows the shape recognition module to

25 Dbe improved or speeded up. There are two conventional
methods that may be mentioned as examples of ways of
fulfilling this function: these are Moravek's method or
Hessien's cadlculation. A third function of detecting
the homogeneous regions of the image may also be added.

30 This last step may, for example employ Kohler's method.
This allows preparation for the shape-recognition
phase, by eXtracting from the image the useful
information they [sic] contains: contours, corners,
homogeneous regions.

35 Contour detection techniques are now functions
which are .commonplace in digital image processing and
there 1s no need to go into the details of this
function. Non-specialists wishing to acquaint
themselves with the subject may, for example, refer to



25 itself.. The i mage 42 of the paint mark 32 is deforned
conpared with the horizontal image of Figure 5 because the canera is

. I'ooki ng down at an angle (theoretically4 - the boomis inclined obliquely
downwards, the canera 30 bej ojj.ented parallel.to the bo .Whereas the
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cal cul ati on pubtishedi s bp Hermes, Paris 1995, which deals
exhaustively with the problem of detecting contours.

The recommended method does not depend on the

15 choice of contour detection method used. '

The next stage of the processing, performed in
block 58, 1is a stage of concatenating the contours
obtained; this is needed because contour detection
provides isolated points, that is to say points which

20 are not mathematically 1linked. It is therefore
necessary to concatenate these contour points while
incorporating previous knowledge about the objects one
is seeking to isolate (continuity of the contour, size,
etc.) so as to limit the number of contours of the

25 image which are irrelevant. The contours retained are
then encoded using conventional methods such as: chain
code, polygonal approximation, polynomial
approximation, Fourier descriptors.

Non-specialists can also, if they wish to

30 acquaint themselves with this topic, refer to the
concatenation method explained by G. Giraudon "An
efficient Edge Following Algorithm", Proceedings of the
5th  Scandinavian Conference on Image Analysis”,
Stockholm, pages 547-554, 1987.

35 The processed image that results from this
processing is now in the form of characteristic vectors
which can be stored in a memory and used later in the
form of vectors rather than as point by point images.
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deduce the guidance controls to be applied to the boomail erons and the
. depl oynent 15 controls to be applied_tqgthe Iine servonotors in a sense
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digital signahsypamcessing used in the i nvention therefore |ncludes at
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canera; - extractuH% el haracteristics (point elenments or
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shape in thejhng8¢; case necessary to determine the position of this
image if it is recognized, use is preferably made of a
recognition principle that employs segment translation.
15 Here is an overview of the general principle,
which is now commonplace, of recognition by segment
translation: a search is made for the individual
translations that will allow a segment of the detected
contour to be superimposed on a corresponding segment
20 of the desired model which has substantially the.same
orientation; as the detected segment and the segment of
the model are not necessarily the same size (especially
at the beginning of the guidance phase), there are
numerous possible translations that will allow the
25 first segment to be brought onto the second. All of
these possible translations may in fact be represented
by a "translation vector". If a search is made for the
translation wvectors, that is to say the sets of
possible translations for all the segments of the model
30 that need to be recognized within the image, then there
is obtained a whole set of "translation éegments" which
are all the more tightly grouped if there is indeed in
the detected image resembles the model. These grouped
vectors intersect in a region which, statistically,
35 represents an overall translation which is the one most
likely to bring a detected contour onto a contour of
the model. The very existence of such a probable
translation constitutes recognition of the presence of
the desired shape in the detected image. Furthermore,
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(block 56) orientation of the boom and of the deployed length of
line. The shape—recognition block therefore needs, at
every instant, to take into account this information
regarding the orientation and the length. The reference
model for a given length and line orientation is the

20 image of the characteristic elements that the camera
sees when the end of the line, for this length and this
orientation of the boom, is facing the receptacle and
ready for coupling to be initiated.

This reference model contains a reference shape

25 and a reference relative position. The  shape-
recognition information therefore makes it possible to
establish, within a distance-measuring block 62, a
distance measurement in two dimensions that represents
the difference in position in the plane of the image

30 between the recognized contour and the reference model.

The distance-measuring block 62 quantifies
these differences in position and also uses information
concerning the relationship between the dimensions of
the recognized contour and those of the reference model

35 in order therefrom to deduce a measurement of the
distance along the depth axis.

The distance measurement signals thus produced
are used in a servomotor control block 64. This block
essentially contains a computer which formulates the
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works by meaStfi ngUrIeNt nPPELEOTt Pt aFRE onPégarggs %% dq?}%ﬁgeeare
15 sharp chdegbsymenicontfr ddte line heThei mond:‘rqlhel%‘#pewk% accawirtk

surroungiong 4 e dhecepbAg] e RS cxhag e U0l sGPRAEES! arddiBs fidle

exanpl e, a contour detection reshol d such that OE the contour of
| Pod

this mark i sSerVoRepersn Fﬁe1§r6€€§§%d”?nﬁﬁ% reghBBiSH tic
Thi's bl ock W@Hab@cﬁél@péeﬂagt@i byhe flddj’dh‘t/lld.me)fassemﬁByE(HnmgonOItrHe

elements of thgtég?gsur ace fflgﬂt megﬁanlcs

The control signals originating from the block

15 64 are applied to the servomotors that orientate the
flaps of the ailerons 18 of the boom 14, and to the
servomotors which deploy the telescopic line. They make
it possible, through successive iteration, to make the
connection between the end of the 1line and the

20 receptacle of the receiver aircraft.

Provision is preferably made that the system
should operate in two phases: a lock-on phase, in which
the pre-processing, contour extraction and
shape-recognition operations are performed in the

25 entire image, then a phase of tracking the following
images, in which these operations are performed only
within a smaller operating window. The size and
position of this window in the image are determined
according to the following process:

30 - In the image n, the characteristic parameters
associated with the receptacle (particularly the
position in the image and the size) are calculated

" using the successive operations described above. From
this, the response of the servomotors for the control

35 surfaces of the boom and for deploying the line are
deduced. Using Kalman filtering, the position and size
of the characteristic elements at the next instant in
the image n+l are estimated. Adopting a margin in order
to take account of any turbulence, any actions by the
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elther because they are hidden by another object in the
scene (the line, for example) or because they have left
the field of view of the camera, or even because they
do not lie in the operating window. In this case, the

tracking of the successive positions within the image

" of the characteristic elements at the previous instants

20

25

30

35

makes it possible to establish an optimum strategy for
locking back onto these elements.

When the desired final position has been
reached, the calculator may initiate the coupling
automatically, by ordering an additional deployment by

| oy
gnition

n they

| ace in
ails of

onal

Coppaier Vision, 1(2): 167, 1987. The book by WIliamK

1987
i o

a few centimetres or tens of centimetres allowing the

line to lock in the receptacle, or alternatively it may
simply give an authorization signal, initiation being
performed by an operator who checks that everything is
in order. It will be noted that the image produced by
the camera may be transmitted to the flight deck of the
tanker aircraft and that the operations are then
monitored from the flight deck rather than from a
special-purpose station at the rear of the aircraft.
This invention allows the use of a camera of
simple design which is sensitive in the visible or
infrared spectra. For refuelling by night or in
conditions of poor visibility, the use of a source of

illumination may prove necessary.
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-Paris 1995, whi ch deal s exhaustigvel y with the probl em of detecting

cont ours. r nded thod es not. depend on the 15
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- .15 - The next processing block is an actual shape-
recogni tion block 60 which allows an inmage of the receptacle or its

. aﬁsoci?teg nﬁrki?g to be recognized _ zdﬂfrﬂrlthis col l ection of vectors.
detected by the camera, possibly suppl erented by t ne.cNGNGINE] NN

honmbgeneous regions, with a theoreti claAmMsiel to which . thi%s itmafje fs *
supposed to correspond at a given i nstant. 10 As the | ocation
of the inmage of the mark in the field of view of the canera is not

known and aslit is Couphingy smstemecepsatjcudasiver ose tife fgedilt on of
this ..§'n¥E¥ﬁéli%né§ L8EAGN I HEths USSr! Ui iald1 yBgei8ing the _
recogni tion principle that enploys, segnent ranslatlg\?v.n 5 Here is
an overvi ew SRd{ AE Gert&lASHRLTipine towards A FOURSIIGo HASTRTRE.S of
recogni ti on pytkegnerilew toteatiplbhgorhea lSioss céind s thde deregtiaeslindi vi dua
translations_that.wl] allow a,se nt -of t d ct 0 be
superinposedt%% %?E%r#8%58n§%ﬁé°¥g§§$nF9§8 ggF %hg ggﬁﬂafﬁ%ﬁﬁﬁg%ﬁﬁch has
subst anti al | yoothe sahe syscementsingn; ckaraeterizedediBegidat arkt t he

segment 16f  combpesgbdel are not necessarily the same size (especially
at the begi nning of the gui dance phase), there are nmer ous possi bl e

n
transl ati ons that‘mﬁ?lcéWFSQ/ﬁﬁ9)2?°HQQ1HYsﬁﬁﬁmﬁﬁdthb§%ﬁr5ﬁ6Wl o the
second. All ptovidihfean ppagebir thensbahi ofisanagleottanicbeigepiesent ed

by a "translation_vector". |f h_is made forqth t [ on
vectors, that is to Eéﬁp?h5e58$§§§€58 meéggsﬁgpé Eﬁén§QQi%ﬁ#§ﬁ§§q% | the
segnents of the mmelra30for harearsrd zindhe ivcédyei Zmpge t Previded ke, t hen

there 15istgbt gbpedad WhakacReliQkict LARMeAONSRATRINS Wiiehthe are
all the nore tightly grouped if there is indeed in
recéptacle,

- position-calculation means for determining, by
calculation in the image provided by the camera, the
difference between the position of the characteristic

20 elements of the image at a given instant and a

~reference position originating from an image, stored in

memory, of the line and of the receptacle when they are
coupled, '

- means (62) for deducing from the actual size of

25. the receptacle, from the size and from the position of
its projection in the image, the depth-wise distance
between the end of the line and receptacle,

- and means for controlling the orientation of
the boom and deploying the line on the basis of the

30 differences thus determined, so that the line 1is
brought closer to the receptacle by iteration until
these differences have been cancelled.

2. Coupling system according to Claim 1,
characterized in that the reference position is a

35 position of the characteristic elements, in the image
provided by the camera, when the line is in the final
position that allows coupling to the receptacle.

3. System according to Claim 2, characterized in
that the shape-recognition means comprise a database



the detected i mage resenbl es the nodel. These grouped vectors intersect
in a region which, statistically, 35 represents an overall translation
. which is the one nost likely to brigg a detected contour onto a contour
of the nodel . The very existence of such _a probable . translation
constitutes FEREFANLPEN of PEREESRETERCE of ChaxafEafdsiticy shalBag®St he

detected i nagerrEepbhatifigr €0 various receptacles and characteridfic t he
nost probabl e _t

ansl ation, makes it _possible to def.ine.t he
tmo-dinensioﬂgfkanFePEnggeiﬁlfﬁéaagti&%géy %oiHﬁgé?fBS?%Egn the position
of the recoghi.zed shépetemd accatmingpstoediizigor2l i chlarpodieriiged 5in _
Thi s shapg-repggni Ehgn %Aﬁiﬂﬁdrﬁk | gk comp28 s€ONhANRS PESSENt in
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t he i nage processed 58, and these contours are conpared
with a r OpéiBARE Podaferance PRI ERERN nbhRF 6APgIVRRYe LNt e,

dat abaseh V\/eitalitin@O(rjﬁlﬁinnStr:]heV@rrie@l%&ernﬂh%@ﬂﬁﬁalf@élk,e?oio tRAr @eE £ERET I C )
i mges that correspond to vari ous r i kely tp he painted on the
aircraft tha?réfg%g on ?éagg?uanQiand 32" Kohe FBﬁé@BE,iqggiﬂﬁ? on, the

ref erence nodte deployedoflifiexed, it changes over time as a function of the

15 oriepgation of the boomand of the deployed | ength of line. The
shape-recognition bl ock therefore needs, at “every instant, to take into
account this information regarding the orientation and the |ength. The .
reference nodel for a given length and line orientation is the 20

i mage of the-—echaracteristic elenments that the camera

MO



sees when the end of the line, for this length and this orientation of
the boom is facing the receptacle and. ready for coupling to be
Fnitiated. This reference nodel contains a reference shape 25
and a reference rel ative position. The  shape- recognition

I nformati on therefore nakes it possible tao establish, wthin a

di stance-neasuring bl ock 62, a measurenent in two di nensions
that represents the difference in position in the plane of the i mage 30

bet ween the recogniz o} n The
di st ance- measuri ng gﬂﬁ’ggﬂ&éﬁrgﬁgnﬁiﬁl ég{’féﬁ ﬁ%ggﬂ kﬁ[erences I n position
and al so uses information CORBEVELRINEhBINE| at i onshi p between the

di mensi ons of t he recogni zed contour and those of the reference nodel
35 in order therefrom to deduce a neasurenent of the ggltance

al ong the depth axi sThe inventiompe rfldthte fasurtdifent ALY hus
pr oduced r@f@ey§§ﬁgI@faa§§&y@ﬁ@IOr control block 64. This bl ock

essentially contains er _which formul at.e
- 17 - response o °t hgn%eijv%%%%t r%cfllspojglbng stbeeztr"ls ne%the FSRe it or ai ng
to a gui danckihewcakriedgubylance dxientalebe bopme Qfet sbeedrefist afices into
account in og %ﬁﬁego 1 P glgt atg, 4 he boqzqgutrg_ tntbe ri.g@é?tgé)lé he ghef ta

S,

upwards 5 or downwar to control t he "depl oy |ng g line
such a way ase€®ibingg Q%@C%@‘ect apadfpeic BEEP‘“B{)" c 9gu} ‘?‘%‘F‘?orf"“feo the
theoretical ppgeidédnt waDEhespapesseo the current position of the boom

and to current a camera (40) borne by the end of the boom and
providing an image in the form of an electronic signal,

- shape-recognition means (56, 58, 60) coupled to
the camera for recognizing, in the image provided by
the camera, characteristic elements associated with the
receptacle,

- position-calculation means for determining, by
calculation in the image provided by the camera, the
difference between the position of the characteristic
elements of the image at a given instant and a
reference position originating from an image, stored in
memory, of the line and of the receptacle when they are’
coupled,

- means (62) for deducing from the actual size of
the receptacle, from the size and from the position“of
its projection in the image, the depth-wise distance
between the end of the line and receptacle,

- and means for controlling the orientation of
the boom and deploying the line on the basis of the
differences thus determined, so that the 1line 1is
brought closer to the receptacle by iteration until
these differences have been cancelled.

Figure 9



depl oyment of the line. The control |aw takes account 10 of the condition

of. the control surfaces and of the . servonotors. It is based on the
‘mechani cal and el astic characteristicqygﬁ t he boom | i ne assenbly and on
t he control surface flight nechanics. The control signals
originating fromthe block 15 64 are applied to the servonotors that
orientate the flaps of the ailerons 18 of the boom 14, and to the
servonotors whi ch deploy the tel escopic |ine. They nake it possible,

t hrough successive iteration, to nmake the connection between the end of

the line and the 20 receptacle of the receiver aircraft.

Provision is preferably nade that the syste shoul d operate in two
phases: a | ock-on phase, in whicf0 t he prfe- processi ng, cont our
extraction and shape-reqégnition opératfons are performed in the 25
entire i mges~then a phase of tracking thes OW Ng i mages, in which

t hese operat\{ons are$erfor NEd T wrthin a small er operating w ndow.
The size and posHan oF TS W Ndowskg the imoge are deternined
according to the foll owi ng process: 30 3 i

characteristic paraneters associated wth

(particularly the position in the inmage™are ;

usi ng the successive operations descri bed above. From this, the
response of the servonotors for the cF[)ﬁBﬂ( surfaces of the boom and
for deploying the Iine are deduced. =neg Kal man filtering, the
position and size of the characteristic elenents at the next instant in
the image n+l are estimated. Adopting a margin in order to take account

of any turbul ence, any actions by the

FIG.2



pilots on the control surfaces of the aircraft or nodel ling errors, the

position and size of the operating window in the i mage n+l are deduced.
- By reducing the size of the operating w 5 the conputation tine is
shortened and t he operating frequency of our systemis increased. The
fact of working with smaller wi ndows also allows the use of ot her
recognition techni ques, such as recognition by correlation, the
precision of which is better than one 10 pixel. Thi s techni que
of tracking the characteristic elrements of the imge al so nmakes it
possi ble to predict events wherg these el enents are no | onger
det ect abl e, ei ther because they are hidden by another object in the 15

scene (the line, for exanple) or Jecause ti{ey have left . the field of
view of the canera, or even becalise they do not lie in the operating
wi ndow. In this case, the ackifgg of fthe successive positions within

t he i nmage of the character stig 7 evious instants 20
nmakes it possible to - i | ocki ng back
onto these el enents. VWe & posrtron has been

reached, the calcul at€ may init]aletre
ordering an additional depl oynent
centinetres allow ng

y, by
or tens of

in the receptacle, or

alternatively it may ' si npl thorization signal, initiation
bei ng performed by an operat® who chegks that everything is in
order. It will be noted that the i
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30. the canera may be transmtted to the flight deck of the t anker
aircraft and that the operations are then nmonitored fromthe flight
-deck rather than froma special-purpgﬂg station at the rear of the
aircraft. This invention all doWs the use of a camera of 35
sinmple design which is sensitive in the visible or infrared spectra.
For refuelling by night or in conditions of poor visibility, the
use of a source of illumnation nmay prove necessary.

- 19 - Al t hough the invention allows the use of just one
canera, it does not pre e the envisaged use of two caneras for
reasons of redundancy, { strict the event of the characteristic
el enents being lost 5 ring i ng ngy 26ing conceal ed by the line for
exanple). In this case, if “je_nag ses be recogni zed by the
conput er because it is fulpgy—er - 1 he line, the second
canera, which is slightly; — | tomaticafly take over and 10
continue to provide autongtic|control. T £m can al so be

suppl enented by a canera Horng by the ténker aircfaft which allows the
operator to have an overalll view of the rjefyelling scene so that he can
check the operation off the automatic copfrol/ funcgion.

FIG.S




- 20~ . CLAIMS 1. Coupling system
particularly for in-flight 5 refuelling, using neans for automatically.

‘gui di ng t he end of a tel escopic l'ine 4 rds a coupling receptacle

with a viewto coupling the line and this receptacle, the I'ine being
depl oyabl e from one end of an orientable boom the system being
characterized in that it 10 conprises: - a canera (40) borne by
the end of the boom and providing an image in the formof an electronic
si gnal , ~ - shape-recognition nmeans (56, 58, 60) coupled to t he
canera for recognizing, in the inmage provided by 15 the canera,
characteristic elenents aafﬁbiated with the receptacle, -

posi tion-cal cul ati on neans, for determ ning, by calculation in the imge

provi ded by the canerp, th
characteristi.-c 20 elgenents
reference position or|gingli

difference between thejposition of the

the imge at a giJjen instant and a
roman imge, stored in menory, of the
| ine and of the recepfacl hey are coupl ed, - means (62)
for deducing fromthe} ac of 25 the receptaclg, fromthe size and
fromthe position of its projection in the image, tlhe depth-w se

di st ance bet ween - and
means for controlling

46

FIG.8



t heé boom and deploying the line on the basis of the 30 differences thus

-determned, so that the line 1is brought closer to the receptacle
by iteration until t hese differences §f& e been cancel | ed. 2.

Coupl i ng system according to Claim 1, -characterized in that
the reference position is a 35 position of the characteristic el enents,
in the i mge - provided by the camera, when the line is in the final
position that allows coupling to the receptacle. 3. System
t hat the shape-recognition neans

according to daim2, characterized in
conpri se a database - 21 - cont ai ni ng
pr edet er m ned characteristig i mages corre}ondl ng to various
receptacl es and charact efrstiT -mpr ki ngs n-the arrcrar | i kely to be
refuel | ed. 4. Syst em accor dijpg to“Cfai m 3—- characterfized in 5 that
the shape-recogniti on, Teans gonpr} se rreans fonzﬂ defi i ng—a—tef erence
position that can varynover startl ng fr@mthe predeterm nef
i mage, of the current ™N en at | f—tie{ boonand of thg currgnt] | ength
of t he depl oyed line 1 & e &5
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