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(54) Improved method and system for enhanced vision in aerial refueling operations

(57) System for providing an enhanced vision of an
scenario from an observation place (10), particularly the
refueling area of a receiving aircraft from a tanker aircraft
during a refueling operation, comprising two high reso-
lution cameras (4) for providing video signals of said sce-
nario (92) for stereo monitoring and a three-dimensional
monitoring system (31) for displaying three-dimensional
images (17), image processing means (13) for perform-

ing a digital zoom of a selected zone (23) in the captured
digital images (17) of the scenario (92) and means for
displaying the zoomed images (25’, 25") on said three-
dimensional monitoring system (31) over or instead of
the original digital images (17). The invention also refers
to a method for providing an enhanced vision during a
refueling operation including the viewing of three-dimen-
sional zoomed images (25’, 25") of a selected zone (23)
of the refueling area (9).
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Description

FIELD OF THE INVENTION

[0001] The invention relates to an improved system for
providing enhanced vision of the refueling scenario in
aerial refueling operations between a tanker and a re-
ceiver aircraft. The invention also relates to a improved
method for operating such a system.

BACKGROUND

[0002] For in-flight refueling operations, one usual
method is based on the use of a boom device for inter-
connecting a tanker aircraft with a receiver aircraft or re-
ceptor in flight, which is basically a telescopic or exten-
sible tube attached to the underside of the tanker aircraft
by means of an articulation element, that provides fuel
passage from the tanker aircraft to the receiver aircraft.
At the tanker aircraft, the operator controls visually all
steps and procedures for a safe refueling operation. From
the tanker, the operator controls the boom movements
and therefore manipulates the boom until it makes a
physical connection with the receptacle of the approach-
ing receptor aircraft. Once the refueling operation is fin-
ished in a certain session, the boom is hoisted up to its
secured position in the tanker aircraft.
[0003] Another usual method for in-flight refueling op-
erations is called probe and drogue. As the name implies,
this refueling method employs a flexible hose that trails
from the tanker aircraft. The drogue is a fitting resembling
a windsock or shuttlecock, attached at its narrow end
with a valve to the flexible hose. The drogue stabilizes
the hose in flight and provides a funnel to aid insertion
of the receiver aircraft probe into the hose. The hose
connects to a drum unit and, when not in use, the hose/
drogue is reeled completely into the cited drum unit in
the tanker aircraft. The receiver has a probe, which is a
rigid arm placed on the aircraft’s nose or fuselage. This
probe is often retracted when not in use, particularly on
high speed aircraft. At the end of the probe is a valve that
is closed until it mates with the drogue, after which it
opens and allows fuel to pass from tanker to receiver. A
so-called "broken probe" (actually a broken fuel valve,
as described above) may happen if poor flying technique
is used by the receiver pilot, or in turbulence.
[0004] The operations described above are very sen-
sitive and must be effected in a very precise and accurate
way because of security reasons. In early aerial refueling
systems, the manipulation of the boom into the receiver
aircraft was done with the naked eye. However, in later
systems, the boomer was able to view the boom and the
receiver aircraft by means of cameras positioned rear-
wards in the tanker aircraft. These systems had the dis-
advantage of not being very accurate, because the
boomer had to work with adverse viewing conditions
hampering the aerial refueling operations. Document EP
1480164 discloses a system and a method for providing

digitally enhanced images of aerial refueling operations
increasing the acuity of the viewing system by means of
the transformation of the digital images obtained, so that
the resulting images are enhanced. This system is not
able to provide a permanent overview of the overall sce-
nario of boom refueling, so that, when a problem arises,
the situational information of said problem is not imme-
diately recognized. Moreover, this system does not give
a proper and accurate view of the refueling operation
scene, that helps the boomer having less operational
risks. Document US 2003/0209633 discloses a system
and a method for determining varying distances between
a boom nozzle and a receiving aircraft refueling recep-
tacle, during refueling operations. The system and meth-
od of this document use passive visual images taken
from at least one camera in order to determine the length
and angle of the extended boom. The system also com-
prises a computer that continuously uses the camera im-
ages, analyzing them in order to continuously calculate
the distance between the boom nozzle and the receiving
aircraft refueling receptacle. However, the system de-
scribed in US 2003/0209633 does not provide an over-
view of the refueling scenario, but only indications as to
length and angle of the boom nozzle relative to the refu-
eling receptacle in the receiving aircraft. Moreover, the
system and method described in this document work in
such a manner that the computer compares the receiving
aircraft image to the wire-model images, so that a receiv-
ing aircraft type having a known refueling receptacle po-
sition is then selected. Thus, the problem with such a
system is that, in case of an operational risk taking place,
the response to such a risk is highly delayed.
[0005] Document US 5,530,650 discloses an en-
hanced visual guidance system to facilitate the mating
of a refueling boom on a tanker aircraft with a boom re-
ceptacle on a receiving aircraft to enable in-flight refu-
eling of the receiving aircraft. The system provides, on
the one hand, enhanced image visual cues to facilitate
the guidance of the boom in the previously-mentioned
refueling operation and, on the other hand, a real time
depiction of the desired structures and aircraft. This sys-
tem is able to perform such operations by means of a
locating means, a display terminal and a data processor.
This system is not, however, able to provide a quick re-
sponse in case of operational risk taking place.
[0006] A co-pending application of the same applicant
discloses a method and system for enhanced vision in
aerial refueling operations that provides the tanker air-
craft monitoring station with a stereo monitoring of the
refueling scenario in order to provide a three-dimensional
vision of said scenario that solves many of the above-
mentioned drawbacks but said method and system can
still be improved because there are occasions during the
refueling operation where it is interesting and convenient
to view the refueling area a with higher degree of detail.
[0007] This invention is intended to attend to said par-
ticular demand and also to attend a similar demand for
other three-dimensional vision methods and systems.
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SUMMARY OF THE INVENTION

[0008] It is an object of the present invention to provide
three-dimensional vision systems of a given scenario al-
lowing viewing parts of the scenario with higher degree
of detail.
[0009] It is another object of the present invention to
provide three-dimensional vision methods and systems
to tanker aircrafts for monitoring refueling operations of
receiver aircrafts allowing viewing selected parts of the
refueling area with higher degree of detail.
[0010] In one aspect, these and other objects are met
by providing a vision system of an scenario from an ob-
servation place, comprising at least two high resolution
cameras for providing video signals of said scenario for
stereo monitoring, at least a three-dimensional monitor-
ing system for displaying three-dimensional images of
said scenario, and also comprising means for viewing
three-dimensional zoomed images of a selected zone of
the scenario.
[0011] In a preferred embodiment, said means com-
prise image processing means for performing a digital
zoom of the selected zone in the digital images of the
scenario captured by said two high resolution cameras
and means for displaying the zoomed images on said
three-dimensional monitoring system over or instead of
the original digital images. Hereby it is achieved a three-
dimensional vision system having a zoom functionality.
[0012] In another preferred embodiment the digital
zoom is performed at a predetermined zooming scale,
not greater than 2x. Hereby it is achieved a three-dimen-
sional vision system having a zoom functionality adapted
to predetermined zoom needs.
[0013] In another preferred embodiment the digital
zoom is performed at variable zooming scale, not greater
than 2x. Hereby it is achieved a three-dimensional vision
system having a zoom functionality suitable for different
zoom needs.
[0014] In another preferred embodiment, said obser-
vation place is a tanker aircraft and said scenario is the
refueling area of a receiving aircraft. Hereby it is achieved
a three-dimensional vision system for monitoring a refu-
eling operation having a zoom functionality.
[0015] In another preferred embodiment, the system
also comprises an actuator for activating/deactivating the
viewing of said three-dimensional zoomed images of a
selected zone of the refueling area. Hereby it is achieved
a three-dimensional vision system for monitoring a refu-
eling operation having an easily handled zoom function-
ality.
[0016] In another preferred embodiment, said actuator
is a button located in a joystick used for piloting the re-
fueling means. Hereby it is achieved a three-dimensional
vision system for monitoring a refueling operation having
a zoom functionality which is handled with the same
means used for handling the refueling operation.
[0017] In another aspect, the above-mentioned ob-
jects are met by a method providing an enhanced vision

of the refueling area of a receiving aircraft in aerial refu-
eling boom operations from a tanker aircraft comprising
the step of displaying three-dimensional images of said
refueling area in a three-dimensional monitor located in
the tanker aircraft for monitoring said refueling opera-
tions, said three-dimensional images resulting from a
stereoscopic projection of digital images of said refueling
area obtained by at least two high resolution cameras
and also an optional step of viewing three-dimensional
zoomed images of a selected zone of the refueling area,
totally or partially superimposed to the original three-di-
mensional images.
[0018] In a preferred embodiment, said optional step
can be executed/cancelled very quickly. Hereby it is
achieved a three-dimensional vision method for monitor-
ing a refueling operation having an zoom functionality
adapted to the needs of the refueling operation.
[0019] Other features and advantages of the present
invention will be understood from the following detailed
description in relation with the enclosed drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0020]

Figures 1, 2 and 3 are schematic views of the sce-
nario of a refueling operation and of some of the
means of a full enhanced vision system disclosed in
a co-pending application.
Figure 4 is a schematic view of the main components
of the improved enhanced vision system according
to the present invention.
Figures 5a and 5b show schematically two zoomed
images of two different zones of the scenario.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0021] A preferred embodiment of this invention will
described in connection with a refueling operation.
[0022] The above-mentioned co-pending application
discloses a full enhanced vision system for the refueling
scenario in aerial refueling operations between a tanker
aircraft 10 having refueling means and a receiver aircraft.
For a better understanding of the present invention, the
more relevant paragraphs of said co-pending application
for the present invention (with little editorial changes) fol-
lows.
[0023] Said full enhanced vision system comprises, as
shown in Figures 1-3, vision means 1, located in the tank-
er aircraft 10, preferably in the lower part of the fuselage
of said tanker aircraft 10, that provide both images for
stereo monitoring of the refuelling scenario and pano-
ramic images with a permanent overview of the surround-
ings of the tanker aircraft 10 for situational awareness.
The vision means 1 comprises at least two panoramic
cameras and at least two cameras 4.
[0024] To create depth perception and three-dimen-
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sional vision or three-dimensional effect, a traditional
method is based on providing two different images to the
viewer, representing two different perspectives of the
same object.
[0025] To achieve this, usually two cameras are placed
directed for observation of a point or area, called centre
of convergence, the cameras being spatially separated
a distance from each other. Each of the images is seen
by one eye of the viewer or operator, i.e. the image form
the left camera is seen by the left eye and the image from
the right camera is seen by the right eye, by means of
different methods, such as: use of linearly polarized
glasses and combining images from two monitors polar-
ized in different directions; side by side viewing using
head-mounted displays or other traditional methods;
methods alternating left and right images with a time fre-
quency (wiggle stereoscopy); displays with filter arrays
or with two or more layers; use of prismatic and self mask-
ing cross-view glasses; and others. The discrepancy of
the images of the objects taken from the cameras located
at different positions gives the viewer, the air-refuelling
operator in this particular case, information of the position
of such objects. The higher is the distance between the
cameras, the bigger are the differences between both
images, allowing the human brain to better discriminate
the distances at which objects are placed. But also, the
bigger are the differences between both images, the
more difficult and uncomfortable is for the brain to inte-
grate both signals in one three-dimensional image and
obtain this depth information. There is an optimal dis-
tance for locating the cameras which depends on many
factors such as how far away is the convergence point,
and the viewer capacity to integrate the images, as dou-
ble image usually appears from a certain level of discrep-
ancy of the images.
[0026] If the two different images are only slightly dif-
ferent from each other (due for example to a low sepa-
ration between the cameras, or because there is too
much distance of the convergence point), the resolution
of the vision system (due to resolution of any part of the
chain such as the camera, the displays or the human
eyes) may not be enough to provide proper depth and/or
three-dimensional information to the viewer.
[0027] Furthermore, if the two different images provid-
ed to the viewer are much too different one from another,
eyestrain, double image and/or distortion will occur.
[0028] As it can be seen in Figure 3, where the follow-
ing distances are defined:

90: separation of the cameras 4 at the vision means
1 of the system;
91: average distance between the cameras 4 and
the refuelling area 92, in the direction of observation
93;
d: average size of the refuelling area 92 of interest
for the operation, in the direction of observation 93,
or maximum distance between objects within the re-
fuelling area 92, in the direction of observation 93;

the cameras 4 provide the viewer (i.e., the boomer) with
two different perspectives of objects in the refuelling area
92, these perspectives creating depth perception and
three-dimensional vision of such objects.
[0029] For given values of 90 and d, the higher the
distance 91 is, the lower the angle α between the lines
of view of the objects in the refuelling area 92 from the
cameras 4 is, and the lower the magnitude d’ at the image
plane perceived by the sensing devices of the cameras
4 is. This situation results in a poor perception of the
distance d of the refuelling area 92, as there exists a very
low disparity between the two different perspectives ob-
tained from the cameras 4.
[0030] However, the lower the distance 91 is, the high-
er the mentioned angle α is, and the higher the magnitude
d’ at the image plane perceived by the sensing devices
of the cameras 4 is. However, if the distance 91 is too
low, this situation results in the appearance of eyestrain,
double image and/or distortion for the operator or boom-
er, as the two perspectives obtained from the cameras
4 are very different from each other.
[0031] The solution described by the system of the in-
vention is to adapt the separation 90 of the cameras 4
taking into account the distance 91 of said cameras 4 to
the refuelling area 92, and also the average distance d
in the direction of view 93 at the refuelling area 92 for
observation. In this way, optimum depth perception of
this particular area of interest would be achieved, how-
ever assuming that eyestrain, double image and/or dis-
tortion will occur when observation is made of objects in
areas 92 at lower distances than 91 from the cameras.
[0032] For the diverse type of refuelling means pres-
ently used, the resulting separation 90 between the cam-
eras 4 at the vision means 1 are in the range of 300 to
1200 mm, considerably different and away from the
range of the human inter-pupils distance of 50-75 mm.
More in particular, a range of 500 to 700 mm is useful for
particular types of in-flight refuelling operations.
[0033] The vision means 1 also comprise a laser point-
er (not shown) for effecting the alignment of said cameras
4.
[0034] The vision means 1 comprises at least two cam-
eras 4, one left and one right. The left and right references
are taken with respect to the left and right wings, respec-
tively, as to the forward flight direction of the tanker air-
craft 10. The main function of the cameras 4 is to provide
video signal to the monitoring means 30 to generate a
three-dimensional image of the refuelling scenario. The
cameras 4 are able to correctly operate in low light con-
ditions and under infrared illumination.
[0035] The field of view of the cameras 4 is 32° in the
horizontal field and 18° in the vertical field. Each camera
4 comprises a heating element (not shown) to start heat-
ing the cameras 4 at temperatures lower than 10°C, and
to stop the heating at temperatures higher than 20°C.
[0036] The system also comprises monitoring means
30, comprising stereo monitoring means 31 for displaying
images taken from the cameras 4 and panoramic moni-
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toring means for displaying images taken from the pan-
oramic cameras.
[0037] The stereo monitoring means 31 are installed
in consoles of the monitoring means, one for the Air Re-
fuelling Operator (ARO) and the other one for the Mission
Coordinator (MC). These two crewmembers are provid-
ed with images of the refuelling operations. The images
coming from the two cameras 4 are sent to four TFT
monitors, two for the ARO and two for the MC, generating
a three-dimensional effect.
[0038] The main use of the stereo monitoring means
31 is to display the images of the cameras 4 and present
them to the operator getting a three-dimensional compo-
sition.
[0039] The system according to a preferred embodi-
ment of this invention relates to an improvement of said
vision system and the main components involved are the
cameras 4 and the stereo monitoring means 31.
[0040] The cameras 4 provide video signal to generate
digital images of the refueling area 92. They are high
resolution cameras 4 incorporating two CCD progressive
scanning sensors (black and white and color) of
1920x1080 pixel resolution with appropriate lenses to en-
sure day (with color images) and night operation (sensi-
tive to infrared illumination).
[0041] The images coming form the two high resolution
cameras 4 are sent to the stereo monitoring means 31,
hereinafter the three-dimensional monitoring system 31
with means for generating the three-dimensional effect
(in particular, two TFT units).
[0042] The system according to a preferred embodi-
ment of this invention also comprises means for viewing
three-dimensional zoomed images of a selected zone of
the refueling area 92.
[0043] Following Fig. 4 it can be seen that the high
resolution cameras 4 get pairs of digital images of the
refueling area 92 that are displayed in the three-dimen-
sional monitoring system 31 as a three-dimensional im-
age 17 from the point of view of an operator in charge of
the refueling operation.
[0044] If said operator is interested in obtaining
zoomed images of a particular zone of the refueling area
92, he proceeds to its identification through the selection
of a window 23 covering said zone in the three-dimen-
sional monitoring system 31 and to demand its display
pressing the button 29 of the joystick 27 used to control
the refueling means.
[0045] Then the digital images provided by the high
resolution cameras 4 are subject of a processing in a
module 13 to generate digitally zoomed images of the
selected zone 23 to be displayed in the three-dimensional
monitoring system 31 over the original images of the re-
fueling area 92.
[0046] It should be pointed out that digital zoom is dif-
ferent than optical zoom performed through lenses and
consequently said zoomed images are enlarged images
of the selected zone without modifying the image reso-
lution.

[0047] As illustrated respectively in Figures 5a and 5b,
the zoomed images 25’, 25" may be displayed, depend-
ing on its size, in the whole screen of the three-dimen-
sional monitoring system 31 or around the selected zone
23.
[0048] The module 13 comprises known electronic and
software means to perform the requested digital zoom
of the selected window in the original pairs of digital im-
ages provided by the high resolution cameras 4 at a pre-
determined zooming scale or at zooming scale to be cho-
sen by the operator.
[0049] In a preferred embodiment of this invention, the
maximum zooming scale is 2x to guarantee the three-
dimensional vision for the zoomed images.
[0050] The improved refueling method according to a
preferred embodiment of this invention includes as an
optional step during the refueling operation the viewing
of three-dimensional zoomed images of a selected zone
of the refueling area, because there are instants during
the operation at which it is interesting and convenient to
see part of the image of the refueling area with higher
degree of detail.
[0051] Said optional step shall be easily activated/de-
activated by the operator to allow him the access to en-
larged images of selected parts of the refueling area ac-
cording to the needs arising during the refueling opera-
tion, so that the execution/cancellation of said step can
be done very quickly, particularly in less than 3/60 s and
preferably in less than 1/60 s (for a 60 frames/s mode).
[0052] Although the present invention has been fully
described in connection with preferred embodiments, it
is evident that modifications may be introduced within
the scope thereof, not considering this as limited by these
embodiments, but by the contents of the following claims.

Claims

1. System for providing an enhanced vision of an sce-
nario (92) from an observation place (10), comprising
at least two high resolution cameras (4) for providing
video signals of said scenario (92) for stereo moni-
toring and at least a three-dimensional monitoring
system (31) for displaying three-dimensional images
(17) of said scenario (92), characterized in that it
also comprises means for viewing three-dimensional
zoomed images (25’, 25") of a selected zone (23) of
the scenario (92).

2. System according to claim 1, characterized in that
said means comprise image processing means (13)
for performing a digital zoom of the selected zone
(23) in the digital images (17) of the scenario (92)
captured by said two high resolution cameras (4) and
means for displaying the zoomed images (25’, 25")
on said three-dimensional monitoring system (31)
over or instead of the original digital images (17).
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3. System according to claim 2 characterized in that
said processing means (13) are adapted to perform
said digital zoom at a predetermined zooming scale.

4. System according to claim 2 characterized in that
said processing means (13) are adapted to perform
said digital zoom at a variable zooming scale.

5. System according to any of claims 3-4, character-
ized in that the maximum zooming scale is 2x.

6. System according to any of claims 1-5, character-
ized in that said observation place (10) is a tanker
aircraft and said scenario (92) is the refueling area
(92) of a receiving aircraft.

7. System according to claim 6, characterized in that
said high resolution cameras (4) are arranged for
providing suitable digital images of the refueling area
(92) displaying three-dimensional images (17) of
said refueling area (92) with reduced eyestrain and
reduced distortion.

8. System according to any of claims 6-7, character-
ized in that it also comprises an actuator for acti-
vating/deactivating the viewing of said three-dimen-
sional zoomed images (25, 25’) of a selected zone
(23) of the refueling area (92).

9. System according to claim 8, characterized in that
said actuator is a button (29) located in a joystick
(27) used for piloting the refueling means.

10. Aircraft comprising a system according to any of
claims 6-9.

11. Method for providing an enhanced vision of the re-
fueling area (92) of a receiving aircraft in aerial refu-
eling boom operations from a tanker aircraft (10)
comprising the step of displaying three-dimensional
images (17) of said refueling area (92) in a three-
dimensional monitoring system (31) located in the
tanker aircraft (10) for monitoring said refueling op-
erations, said three-dimensional images (17) result-
ing from a stereoscopic projection of digital images
of said refueling area (92) obtained by at least two
high resolution cameras (4), characterized in that
it also comprises an optional step of viewing three-
dimensional zoomed images (25’, 25") of a selected
zone (23) of the refueling area (92), totally or partially
superimposed to the original three-dimensional im-
ages (17).

12. Method according to claim 11, characterized in that
in the execution of said optional step said zoomed
images (25’, 25") are obtained at a predetermined
zooming scale, not greater than 2x.

13. Method according to claim 11, characterized in that
the execution of said optional step includes the se-
lection of the zooming scale to be used for obtaining
said zoomed images (25’, 25"), not greater than 2x.

14. Method according to any of claims 11-13, charac-
terized in that said zoomed images are viewed at
60 frames/s and said optional step can be executed/
cancelled in a time lesser than 3/60 s.

15. Method according to claim 14, characterized in that
said optional step can be executed/cancelled in a
time lesser than 1/60 s.
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