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(54) System and method for navigation assistance in a scattering environment

(57) For performing navigation assistance in a scat-
tering environment, a system is intended to detect atleast
one navigational light marker in scenes captured by an
image capturing device, each navigational light marker
generating a light beam having a predefined polarization
state. The system includes an image capturing device
that is adapted for: capturing a first image of a scene,
said first image being polarized in accordance with the
predefined polarization state of the light beam generated

by said navigational light marker(s); capturing a second
image of the scene, said second image being polarized
according to a polarization state orthogonal to the polar-
ization state of the first image; generating a polarimetric
contrast image by combining the first and second cap-
tured images; and providing a feedback for performing
navigation assistance in the scattering environment, on
the basis of the generated polarimetric contrast image.
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Description

[0001] The present invention generally relates to per-
forming navigation assistance in a scattering environ-
ment.

[0002] Visibility in scattering environment, such as in
presence of fog or haze, is a key issue in the context of
air navigation, road navigation or shipping. Indeed, under
such scattering circumstances, it might be difficult for a
driver or a pilot to locate particular elements of his or her
surrounding environment. According to a first example,
it might be difficult for an aircraft pilot to locate a particular
landing area. According to a second example, it might
be difficult for a ship captain to locate coast boundaries
or to locate another ship. According to a third example,
it might be difficult for a car driver to locate particular road
elements, such as roadwork areas, dangerous bends or
speed bumpers.

[0003] In the particular example of aircraft landing, In-
strument Landing Systems (ILS) have been developed
to assist the aircraft pilot during final approach and land-
ing operations. Instrument Landing Systems typically rely
on transmitting from the landing area radiofrequency
(RF) signals, which are intended to be demodulated by
anon-board device in order to provide runway alignment,
approaching slope and runway distance indications. In
most cases, Instrument Landing Systems are coupled
with Approach Light Systems (ALS), which consists in
placing light navigational markers in the landing area.
The minimal Runway Visual Range (RVR, which is rep-
resentative of the visibility distance of the runway from
the pilot’s standpoint) depends on the type of Instrument
Landing System implemented on the landing area and
on-board the aircraft. It should then be noticed that In-
strument Landing Systems are complex and costly solu-
tions to perform landing assistance. lllustratively, the
American Federal Aviation Administration reports that,
atthe present time, only less than 16% of the public land-
ing fields in the United States are equipped with Instru-
ment Landing Systems. Not all aircrafts and airports are
therefore equipped with high-end Instrument Landing
Systems, which means that the corresponding minimal
Runway Visual Range may not be met in scattering en-
vironments, such as in presence of fog. It results in nu-
merous aircrafts being deviated in order to enable land-
ing, in better visibility conditions, on another landing field.
[0004] It is desirable to overcome the aforementioned
problems of the prior art.

[0005] It is more particularly desirable to provide a so-
lution that allows providing navigation assistance in a
scatteringenvironment, such as in fog or haze conditions.
[0006] Itis alsoto provide a solution that can meetreal-
time processing constraints.

[0007] In particular, it is desirable to provide an alter-
native solution to RF-based Instrument Landing Sys-
tems. Itis furthermore desirable to provide an alternative
solution to Visual Approach Slope Indicator (VASI) and
Precision Approach Path Indicator (PAPI).

15

20

25

30

35

40

45

50

55

[0008] It is furthermore desirable to provide a solution
that is cost-effective.

[0009] Itis furthermore desirable to provide a solution
that is simple to implement.

[0010] To that end, the present invention concerns a
system for performing navigation assistance in a scatter-
ing environment, said system being intended to detect
at least one navigational light marker in scenes captured
by an image capturing device, each navigational light
marker generating a light beam having a predefined po-
larization state. The system includes an image capturing
device thatimplements: means for capturing afirstimage
of a scene, said firstimage being polarized in accordance
with the predefined polarization state of the light beam
generated by said navigational light marker(s); means
for capturing a second image of the scene, said second
image being polarized according to a polarization state
orthogonal to the polarization state of the first image;
means for generating a polarimetric contrast image by
combining the first and second captured images; and
means for providing a feedback for performing navigation
assistance in the scattering environment, on the basis of
the generated polarimetric contrastimage. Thus, by gen-
erating said polarimetric image, the presence of at least
one navigational light marker in the captured scene is
highlighted in order to provide navigation assistance,
even though a scattering environment (fog, haze,...) sur-
rounds said navigational light marker(s). It is moreover
a simple-to-implement and cost-effective alternative so-
lution to RF-based Instrument Landing Systems.

[0011] According to a particular feature, said image
capturing device includes: first and second converging
lenses adapted to re-collimate alight beam; a beam-split-
ting polarizer adapted to split the re-collimated light beam
into two resulting beams, a first resulting beam being
polarized in accordance with the predefined polarization
state of the light beam generated by said navigational
light marker(s) and the second resulting beam being po-
larized according to a polarization state orthogonal to the
polarization state of the first resulting beam; and one or
two image sensors adapted to image the first and second
resulting beams. Thus, the first and second images can
be simultaneously captured, which simplifies image
processing and improves processing latency. Real-time
constraints can therefore be easily met.

[0012] According to a particular feature, said image
capturing device includes one image sensor and further
includes a third converging lens adapted to enable im-
aging the first and second resulting beams on a single
image senscor. Thus, the solution is even more cost-ef-
fective.

[0013] According to a particular feature, the first and
second converging lenses being adapted to form an im-
age in afirst image plane, said image capturing device
includes afield mask in saidfirstimage plane. Thus, over-
lap of the first and second images on the image sensor
is avoided.

[0014] According to a particular feature, said image
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capturing device further includes, upstream of the first
and second converging lenses, a filter adapted to limit
the light beam input to the image acquiring device to a
spectrum band substantially matching the spectrum
band of the light beam emitted by the navigational light
marker(s). Thus, the contribution of the ambientlight (em-
phasized by the scattering environment) is reduced when
capturing the first and second images, and the influence
of the dispersion inherent in the beam-splitting polarizer
is also reduced when capturing the first and second im-
ages, thus simplifying image processing and improving
image quality.

[0015] According to a particular feature, the light beam
generated by the navigational light marker(s) being cir-
cularly polarized, said image capturing device further in-
cludes, upstream of the beam-splitting polarizer, a quar-
ter-wave plate with fast and slow axes oriented at 45
degrees from splitting directions of the beam-splitting po-
larizer. Thus, polarization analysis is performed along
two orthogonal circular polarizations. Using circular po-
larizations simplifies the alignment of the image acquiring
device with the polarization of the light beam generated
by the navigational light marker(s).

[0016] According to a particular feature, said means
for providing the feedback includes means for displaying
the generated polarimetric contrast image. Thus, the dis-
played image provides a better view of the scene, through
the scattering environment, than human sight.

[0017] According to a particular feature, said means
for providing the feedback include: means for comparing
an intensity of each pixel of the generated polarimetric
contrast image with a predetermined threshold; means
for generating another image in which each pixel has an
intensity representative of whether the absolute value of
the intensity of the same pixel in the polarimetric contrast
image is above, or not, said predetermined threshold;
and means for displaying said generated another image.
Thus, focus on the navigational light marker(s) position
in the scene is provided.

[0018] According to a particular feature, said means
for providing the feedback includes: means for applying
a sliding window onto the generated polarimetric contrast
image to detect pixels or groups of pixels that probably
correspond to the presence of at least one navigational
light marker in the scene; means for determining a trust
level representative of the probability that said pixels or
groups of pixels effectively correspond to the presence
of at leastone navigational light marker in the scene; and
means for generating another image, by highlighting
each pixel in association with its corresponding trust lev-
el, when said trust level is above a predetermined thresh-
old. Thus, decision making by a pilot or a driver using the
navigation assistance is simplified.

[0019] Accordingtoaparticularfeature, the image cap-
turing device is adapted to successively capture several
times the first image and successively capture several
times the second image, and to consequently generate
atime-sequence plurality of polarimetric contrast images
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from the plurality of captured first images and from the
plurality of captured second images, and wherein the im-
age acquiring device further includes: means for detect-
ing bright pixels isolated in the time-sequence plurality
of polarimetric contrastimages; means for obtaining one
polarimetric contrast image from said plurality of polari-
metric contrast images; and means for replacing in the
obtained polarimetric contrast image the isolated bright
pixels, if any, by dummy pixels. Indeed, said isolated
bright pixels being due to particular realizations of noise
inthe first and second captured images. Thus, noise and
probability of false detection of navigational light markers
are reduced.

[0020] Accordingto a particular feature, combining the
first and second captured images corresponds to sub-
tracting an intensity of each pixel in the second image
from an intensity of the corresponding pixel in the first
image. Thus, generating the polarimetric contrast image
is simple and effective.

[0021] Accordingto a particular feature, combining the
first and second captured images corresponds to sub-
tracting an intensity of each pixel in the second image
from an intensity of the corresponding pixel in the first
image, the whole being then divided by the sum of the
intensity of said pixel in the second image and the inten-
sity of said corresponding pixel in the first image. Thus,
generating the polarimetric contrast image is simple.
[0022] According to a particular feature, said system
being adapted for aircraft landing assistance with at least
four coplanar navigational light markers not aligned by
three and having predefined positions, said means for
providing a feedback are adapted to provide information
about altitude and/or azimuth and/or approach slope, by
implementing: means for selecting pixels or groups of
pixels corresponding, in the polarimetric contrast image,
to four navigational light markers; and means for deter-
mining said information about altitude and/or azimuth
and/or approach slope on the basis of the positions of
the selected pixels or groups of pixels in the polarimetric
contrast image and on the basis of the predefined posi-
tions of the corresponding navigational light markers.
Thus, additional landing assistance parameters can be
provided (altitude and/or azimuth and/or approach slope)
at low cost.

[0023] According to a particular feature, said system
being adapted for aircraft landing assistance, said sys-
tem further comprising said navigational light marker(s),
said navigational light marker(s) are adapted to generate
a light beam having a first sector polarized according to
the predefined polarization state and a second sector
polarized orthogonally to the first sector, and said means
for providing the feedback are adapted to provide an ap-
proach slope information on the basis of a sign of the
intensity of the pixels of the polarimetric contrast image.
Thus, an alternative solution to Visual Approach Slope
Indicator (VASI) and Precision Approach Path Indicator
(PAPI) is provided, which provides better results ina scat-
tering environment.
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[0024] The present invention also concerns a method
for performing navigation assistance in a scattering en-
vironment, at least one navigational light marker gener-
ating a light beam having a predefined polarization state,
an image capturing device adapted to detect said navi-
gational light marker(s) in scenes captured by said image
capturing device performs: capturing a first image of a
scene, said first image being polarized in accordance
with the predefined polarization state of the light beam
generated by said navigational light marker(s); capturing
a second image of the scene, said second image being
polarized according to a polarization state orthogonal to
the polarization state of the first image; generating a po-
larimetric contrastimage by combining the first and sec-
ond captured images; and providing a feedback for per-
forming navigation assistance in the scattering environ-
ment, on the basis of the generated polarimetric contrast
image.

[0025] The characteristics of the invention willemerge
more clearly from a reading of the following description
of anexample of embodiment, said description being pro-
duced with reference to the accompanying drawings,
among which:

Fig. 1 schematically represents a context in which
the present invention may be implemented;

Fig. 2 schematically represents an algorithm for per-
forming navigation assistance, according to at least
one embaodiment of the present invention;

Fig. 3 schematically represents an arrangement of
an image acquiring device, according to at least one
embodiment of the present invention;

Fig. 4A schematically represents an arrangement of
a navigational light marker, in a particular embodi-
ment of the present invention;

Fig. 4B schematically represents an arrangement of
prior art navigational light markers, for providing ap-
proach slope indications.

[0026] The present invention is hereinafter detailed
mainly with regard to a context of aircraft landing assist-
ance. It should however be understood that the present
invention applies to other types of navigation assistance
in scattering environments, such as car driving assist-
ance or ship sailing assistance.

[0027] Fig. 1 schematically represents a context in
which the present invention may be implemented. The
context illustrated on Fig. 1 includes at least one naviga-
tional light marker 1.1 and an image acquiring device 1.2.
The navigational light marker 1.1 and the image acquiring
device 1.2 are intended to be used in a scattering envi-
ronment 1.3, such as in presence of fog or haze. Such a
scattering environment disturbs light propagation, which
significantly decreases visibility of the navigational light
marker(s) 1.1 from the image acquiring device 1.2. More
generally, the scattering environment 1.3 decreases vis-
ibility of the navigational light marker(s) 1.1 from a con-
veying apparatus, such as a ship or an aircraft, embed-
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ding the image acquiring device 1.2.

[0028] In order to overcome this visibility issue, it is
proposed to arrange the navigational light marker(s) 1.1
such that each navigational light marker 1.1 generates a
fully polarized light beam having a predefined polariza-
tion state. It is further proposed to arrange the image
acquiring device 1.2 such that said image acquiring de-
vice 1.2 acquires first and second images of a scene in
the scattering environment 1.3, said firstimage being po-
larized according to said predefined polarization state
and said second image being polarized according to a
polarization state that is orthogonal to said predefined
polarization state. By combining the first and second ac-
quired imagesinorder to generate a polarimetric contrast
image, the image acquiring device 1.2 is able to provide
a feedback representative of the presence or absence
of the navigational light marker(s) 1.1 in the captured
scene.

[0029] Only some photons of the fully polarized light
beam generated by the navigational light marker(s) 1.1
reach the image acquiring device 1.2 without being al-
tered by the scattering environment 1.3. Such photons
are often referred to as ballistic photons. However, as
the light beam generated by the navigational light mark-
er(s) 1.1 is fully polarized, it means that the ballistic pho-
tons present a specific signature allowing the image ac-
quiring device 1.2 to distinguish said ballistic photons
among awide plurality of non-polarized photons resulting
from a scattering of the ambient light by the scattering
environment 1.3. Said wide plurality of non-polarized
photons may result from the sun light or from urban night
lighting systems, and creates a noisy background de-
creasing the overall visibility in the presence of the scat-
tering environment 1.3. As a consequence, said wide plu-
rality of non-polarized photons has a negligible contribu-
tion to the polarimetric contrast image generated by the
image acquiring device 1.2, compared to the contribution
of the ballistic photons, which have the predefined polar-
ization state. ldentifying the navigational light marker(s)
1.1, and consequently the actual position of the naviga-
tional light marker(s) 1.1, in the captured scene is thus
enhanced.

[0030] A particular embodiment of the image acquiring
device 1.2, allowing simultaneously capturing the first
and second images is detailed hereafter with regard to
Fig. 3.

[0031] Thenavigationallight marker(s) 1.1 may consist
of a light source, such as a spot, and a polarizing filter
adapted to convert non-polarized, or partially polarized,
light beam generated by the light source into fully polar-
ized light beam, with a predefined polarization state.
Such an arrangement of the navigational light marker(s)
1.1 may be enhanced by adding reflectors around the
light source equipped with the polarizing filter, such that
the light beam be concentrated toward one propagation
direction. In a context of aircraft landing assistance, such
reflectors would allow propagating the light beam of the
navigational light marker(s) 1.1 in a manner aligned with
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the runway of the landing field. Still in a context of aircraft
landing assistance, using the arrangement including the
light source and the polarizing filter would allow an easy
retrofit of the actual landing fields, as it would simply re-
quire adding said polarizing filter in the form of a thin film
on top of spots already installed on field.

[0032] Moreover, the navigational light marker(s) 1.1
may be adapted such that the emitted light beam is re-
duced to a predetermined narrow band of the light spec-
trum, in order to reduce the presence of interfering light-
ing and/or to reduce light scattering and light absorption
by the scattering environment 1.3. For instance, using
lights in the red or infrared spectrum domain would allow
preserving the health of the eye of a human operator
(such as a car driver, a ship captain or an aircraft pilot).
[0033] Said predefined polarization state of the light
beam emitted by the navigational light marker(s) 1.1 is
for instance vertically linear or circular. Linear polariza-
tion state is easy-to-implement, as such polarizers and
compatible polarizing heam-splitters are widely available
off-the-shelf. In the context of aircraft landing assistance,
this would however require that the image acquiring de-
vice 1.2 be installed in a mechanical arrangement, for
instance relying on a gyroscope or on indications from
an Attitude and Heading Reference System (AHRS), for
compensating the aircrafttiltin order to ensure alignment
of the image acquiring device 1.2 with the direction of
polarization of the light beam emitted by the navigational
light marker(s) 1.1. A circular polarization state would
provide more efficient results in a context of aircraft land-
ing assistance, as the circular polarization state would
not necessitate compensating the aircraft tilt. Circular po-
larization state can be implemented using acommercially
available circular polarizing filter or a combination of a
linearly polarizing filter followed by an appropriately po-
sitioned quarter-wave plate or optical retarder filter.
[0034] In a particular embodiment, detailed hereafter
with regard to Fig. 4A, the navigational light marker(s)
1.1 may be adapted to generate a light beam, part of
which being polarized in a predefined polarization state
and another part of which being polarized in a polarization
state orthogonal to said predefined polarization state.
[0035] Fig. 2 schematically represents an algorithm for
performing navigation assistance, according to at least
one embodiment of the present invention.

[0036] In a step 2.1, a human operator or a controller
device activates the navigational light marker(s) 1.1.
Each navigational light marker 1.1 thus generates a fully
polarized light beam having a predefined polarization
state. Considering a particular embodiment of the
present invention in a context of aircraft landing assist-
ance, the navigational light marker(s) 1.1 delimitate arun-
way of a landing field.

[0037] In a step 2.2, the image acquiring device 1.2
captures a first image of a scene in the scattering envi-
ronment 1.3, said first image being polarized in accord-
ance with the predefined polarization state of the light
beam generated by said navigational light marker(s) 1.1.
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[0038] In a step 2.3, the image acquiring device 1.2
captures a second image of the scene in the scattering
environment 1.3, said second image being polarized ac-
cording to a polarization state orthogonal to the polariza-
tion state of the first image.

[0039] The first and second images may be sequen-
tially captured by a single detector implemented in the
image acquiring device 1.2 using a polarizing filter fixed
on a rotating mount, or an electrically-controlled liquid-
crystal-based polarization analysing system, placed in
front of the detector. In this case, in order to adequately
combine the first and second images, the latency be-
tween capturing the firstimage and capturing the second
image shall be negligible, so that it can be considered
that a same scene is captured by the image acquiring
device 1.2 for the first and second images.

[0040] The first and second images are preferably si-
multaneously captured by the image acquiring device
1.2. A preferred embodiment is detailed hereafter with
regard to Fig. 3. Other arrangements may be implement-
ed instead, for instance by using a different kind of beam-
splitting polarizer in lieu of a Wollaston prism. For in-
stance, a Nicol prism may be implemented. The beam-
splitting polarizer thus splits incident light beam into two
distinct beams with orthogonal polarization states, in or-
der to enable imaging on two distinct image sensors,
whereas a Wollaston prism allows capturing the first and
second images with a single image sensor in an easy-
to-implement manner.

[0041] In a step 2.4, the image acquiring device 1.2
generates a polarimetric contrast image by combining
the first and second acquired images, such that the po-
larized light emitted by the navigational light marker(s)
1.1 is emphasized while the non-polarized light of other
structural elements of the scene is attenuated.

[0042] According to afirst embodiment, the image ac-
quiring device 1.2 performs a linear combination of the
first and second image. According to a particular embod-
iment, the image acquiring device 1.2 subtracts the in-
tensity, e.g. via gray level, of each pixel of the second
image from the intensity, e.g. via gray level, of each cor-
responding pixel of the first image. As a general repre-
sentation, this combination may be expressed as follows:

IA=1//_1J.

wherein /, represents the polarimetric contrast image ob-
tained by difference of the first image /, and the second
image /.

[0043] According to a second embodiment, the image
acquiring device 1.2 performs an OSC (Orthogonal State
Contrast) combination of the first and second image,
which may be expressed as follows:

losc = (I = 1)/ (1, + 1)
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wherein lngc represents the orthogonal state contrast
image obtained from the first image /;, and the second
image /. In other words, the image acquiring device 1.2
subtracts the intensity, e.g. via gray level, of each pixel
ofthe second image from the intensity, e.g. viagray level,
of each corresponding pixel of the firstimage, and divides
the result by the sum of the intensity of said pixel of the
second image and the intensity of said corresponding
pixel of the first image.

[0044] As a preferred embodiment, the image acquir-
ing device 1.2 generates the aforementioned image /,.
Indeed, as the ambient light is not polarized, its contri-
butions to the first image /, and to the second image /|
are roughly identical and are therefore substantially can-
celled by the difference /[, - /,.

[0045] In a step 2.5, the image acquiring device 1.2
generates, on the basis of the polarimetric contrast im-
age, a feedback representative of the presence or of the
absence of the navigational light marker(s) 1.1 inthe cap-
tured scene.

[0046] According to a first embodiment, the image ac-
quiring device 1.2 displays, for instance on an LCD (Lig-
uid Crystal Display) screen, the polarimetric contrast im-
age as generated in the step 2.4.

[0047] According to a second embodiment, the image
acquiring device 1.2 compares the absolute value of the
intensity, e.g. via gray level, of each pixel of the polari-
metric contrast image with a predetermined threshold.
When the absolute value of the intensity of a pixel is
above said predetermined threshold, theimage acquiring
device 1.2 considers that said pixel corresponds to the
light emitted by the navigational light marker(s) 1.1; and,
otherwise, the image acquiring device 1.2 considers that
said pixel corresponds to light emitted by an environmen-
tal element. Then, the image acquiring device 1.2 gen-
erates anotherimage, wherein each pixel has an intensity
representative of whether the absolute value of the in-
tensity of the same pixel in the polarimetric contrast im-
age isabove, or not, said predeterminedthreshold. Then,
the image acquiring device 1.2 displays, for instance on
an LCD screen, said another image.

[0048] According to a third embodiment, the image ac-
quiring device 1.2 generates yet another image wherein
pixels or groups of pixels that seem to correspond, in the
polarimetric contrast image, to the navigational light
marker(s) 1.1 are represented in association with a trust
level. The trust level may be indicated using a colour
code. Usually, to detectan elementonanimage, a sliding
window is used over the considered image. Statistical
analysis of the group of pixels in the sliding window is
performed at each iteration, e.g. intensity histogram, and
is then compared with at least one known model of the
element to be found. The trust level computed by the
image acquiring device 1.2 is then representative of the
distance, i.e. the difference level, between the group of
pixels considered by the actual position of the sliding win-
dow and said model. When the trust level for one pixel
or a group of adjacent pixels is above a predetermined
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threshold, the image acquiring device 1.2 considers it is
probable that the navigational light marker(s) 1.1 be
found, and therefore highlight in said yet another image
said pixel(s) in association with the corresponding trust
level.

[0049] According to a particular embodiment of the
present invention, the image acquiring device 1.2 suc-
cessively captures several times the firstimage and suc-
cessively captures several times the second image. The
image acquiring device 1.2 then performs a smoothing
operation on the plurality of captured firstimages and on
the plurality of captured second images, in order to at-
tempt removing artefacts due to capture noise. The im-
age acquiring device 1.2 consequently generates atime-
sequence plurality of polarimetric contrast images from
the plurality of captured firstimages and from the plurality
of captured second images. The image acquiring device
1.2 detects bright pixels, isolated in the time-sequence
plurality of polarimetric contrast images, showing an
abrupt variation of intensity on only one or few images
of the plurality of polarimetric contrastimages. The image
acquiring device 1.2 then obtaining one polarimetric con-
trast image from said plurality of polarimetric contrast im-
ages, e.qg. arbitrarily selecting one image or generating
an average of the images, and replaces the isclated pix-
els by dummy pixels, for instance black pixels or pixels
having an intensity computed as an average of the inten-
sity of their neighbouring pixels in the plurality of polari-
metric contrast images.

[0050] According to a particular embodiment of the
present invention, in the context of aircraft landing as-
sistance, the image acquiring device 1.2 may further pro-
vide, in the step 2.5, feedback information about altitude
and/or azimuth and/or approach slope. To do so, the im-
age acquiring device 1.2 selects pixels or groups of pixels
that correspond, in the polarimetric contrast image, to
four navigational light markers. Assuming that the navi-
gational light markers are coplanar, at predefined posi-
tions and not aligned by three, the coordinates of the
image acquiring device 1.2 compared to afixed reference
on the runway can be determined, from which the image
acquiring device 1.2 is able to derive altitude and/or az-
imuth and/or approach slope parameters. A method for
determining said coordinates is detailed in the document
"Random Sample Consensus: A Paradigm for Model Fit-
ting with Applications to Image Analysis and Automated
Cartography ", M.A. Fischler and R.C. Bolles, Comm. Of
the ACM, 1981, Vol. 24, Num. 6, pp.381-395.

[0051] Capturing the first and second images in the
respective steps 2.2 and 2.3, generating the polarimetric
contrast image in the step 2.4, generating the feedback
in the step 2.5 and performing any post-processing of
the polarimetric contrastimage may be controlled by soft-
ware, by execution of a set of instructions or program by
a programmable computing machine, such as a Digital
Signal Processor (DSP) or a microcontroller, or else con-
trolled by hardware by a machine or a dedicated compo-
nent, such as a Field-Programmable Gate Array (FPGA)
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or an Application-Specific Integrated Circuit (ASIC). In a
software implementation, the image acquiring device 1.2
further comprises a processor, a Read-Only Memory
(ROM), a Random Access Memory (RAM), and an Hard
Disk Drive (HDD) or any other device adapted to read
information stored on storage means, such as a Secure
Digital (SD) card reader. The processor is capable of
executing instructions loaded into RAM from ROM, from
an external memory such as an SD card, or from HDD.
After the image acquiring device 1.2 has been powered
on, the processor is capable of reading instructions from
RAM and executing these instructions. The instructions
form one computer program that causes the processor
to perform some or all of the aforementioned steps.
[0052] Fig.3schematically representsanarrangement
of the image acquiring device 1.2, according to at least
one embodiment of the present invention.

[0053] Theimage acquiring device 1.2 includes first L1
and second L2 converging lenses adapted to form an
image in afirstimage plane IP1 and to re-collimate a light
beam received by the image acquiring device 1.2, such
as the light beam coming from the scene captured in the
steps 2.2 and 2.3.

[0054] Theimage acquiring device 1.2 further includes
aWollaston prism WP adapted to split the collimated light
beamintotwodistinct light beams, afirstlight beam being
constituted by the photons having the same polarization
state as the light beam emitted by the navigational light
marker(s) 1.1 and a second light beam constituted by the
photons having a polarization state orthogonal to the po-
larization state of the light beam emitted by the naviga-
tional light marker(s) 1.1.

[0055] Ina particularembodiment, the image acquiring
device 1.2 further includes a field mask FM placed in the
firstimage plane IP1 between the first L1 and second L2
converging lenses, which is adapted to size of the first
and second images, as captured in the steps 2.2 and 2.3,
inorder to allow performing simultaneously both captures
on a single Charge-Coupled Device (CCD) 3.1, while
avoiding overlap on the CCD 3.1 of the first and second
beams output by the Wollaston prism WP.

[0056] Theimage acquiring device 1.2 further includes
the CCD 3.1. The CCD 3.1 is adapted to simultaneously
capture the first and second light beams output by the
Wollaston prism WP. Different kinds of image sensors
may be implemented, according to the nature of the light
beam emitted by the navigational light marker(s) 1.1. A
colour or monochromatic silicon-based image sensor
may be implemented for light beams in the visible spec-
trum. An Indium-Gallium-Arsenide (InGaAs)-based im-
age sensor may be implemented for light beams in the
very near infrared spectrum, whereas a Mercury-Cadmi-
um-Telluride (HgCdTe)-based image sensor or a Quan-
tum Well Infrared Photodetector (QWIP) may be imple-
mented for light beams in the near infrared spectrum.
Silicon-Carbide (SiC), Gallium-Nitride (GaN) or Alumin-
ium-Gallium-Nitride (AlGaN)-based image sensor may
be implemented for light beams in the near ultraviolet
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spectrum.

[0057] Theimage acquiringdevice 1.2 further includes
a third converging lens L3 between the Wollaston prism
WP and the CCD 3.1 used to form the image in a second
image plane IP2 corresponding to the detector plane.
[0058] As already mentioned, alternative arrange-
ments adapted to simultanecusly capture the first and
second images on distinct CCDs may be implemented.
Other alternative arrangements adapted to sequentially
capture the first and second images on a single CCD
may be implemented. It should however be noted that
simultaneously capturing the first and second images al-
lows avoiding any influence of the temporal variations of
the light intensity and ensuring a same noise distribution
inthe first and second images. Simultaneously capturing
the first and second images allows obtaining a more re-
sponsive system, which is particularly suitable for real-
time analysis.

[0059] The image acquiring device 1.2 may further in-
clude a quarter-wave plate 3.2, preferably placed just
upstream of the Wollaston prism WP in order to receive
the light beam in collimated form. The neutral axes (fast
and slow axes) of the quarter-wave plate 3.2 and the
polarizing splitting axes of the Wollaston prism WP shall
form a 45 degrees angle. Implementing the quarter-wave
plate 3.2 avoids any need for compensating the aircraft
tilt in order to ensure alignment of the image acquiring
device 1.2 with the direction of polarization of the light
beam emitted by the navigational light marker(s) 1.1, pro-
vided the light beam emitted by the navigational light
marker(s) 1.1 is circularly polarized.

[0060] The image acquiring device 1.2 may further in-
clude afilter F, preferably placed upstream of the first L1
and second L2 converging lenses. The filter F is adapted
to limit the light beam input to the image acquiring device
1.2 to a spectrum band substantially matching the spec-
trum band of the light beam emitted by the navigational
light marker(s) 1.1. It allows reducing the contribution of
the ambient light when capturing the first and second
images, and further allows reducing the influence of the
dispersion inherent in the Wollaston prism WP (or, meore
generally, in the beam-splitting polarizer in use) when
capturing the first and second images. Therefore, chro-
matic aberrations arereduced. Moreover, when the quar-
ter-wave plate 3.2 is implemented, it allows reducing the
influence of the defects of the quarter-wave plate 3.2
when the collimated light beam deviates from the nominal
wavelength of the quarter-wave plate 3.2.

[0061] Fig. 4A schematically represents an arrange-
ment of the navigational lightmarker(s) 1.1, in a particular
embodiment of the present invention.

[0062] Visual Approach Slope Indicator (VASI) and
Precision Approach Path Indicator (PAPI) systems in use
in the domain of aircraft landing assistance rely on col-
oured navigational light markers.

[0063] Fig. 4B schematically represents an arrange-
ment of prior art navigational light markers, for providing
approach slope indications. A set 4.3 of four navigational
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light markers are typically placed at 300 meters from the
beginning of the runway 4.4 and at 15 meters from a side
of the runway 4.4, as shown in Fig. 4B. The four naviga-
tional light markers are placed along a line, perpendicular
to the runway 4.4, and are spaced by 9 meters. When
the aircraft pilot sees all the four navigational light mark-
ers in red colour, or three navigational light markers in
red colour among the four navigational light markers, it
means that the aircraft altitude is too low for landing in
good conditions. When the aircraft pilot sees all the four
navigational light markers in white colour, or three navi-
gational light markers in white colour among the four nav-
igational light markers, it means that the aircraft altitude
is too high for landing in good conditions. When the air-
craft pilot sees two navigational light markers in white
colour and two navigational light markers in red colour
among the four navigational light markers, it means that
the aircraft altitude is correct for landing in good condi-
tions. Actually, when the approach slope is greater than
3.5°, the aircraft pilot sees no navigational light markers
in red colour and four navigational light markers in white
colour; when the approach slope is lower than 3.5° and
greater than 3.2°, the aircraft pilot sees only one naviga-
tional light marker in red colour and three navigational
light markers in white colour; when the approach slope
is substantially equal to 3°, i.e. between 2.8° and 3.2°,
the aircraft pilot sees two navigational light markers in
red colour and two navigational light markers in white
colour; when the approach slope is lower than 2.8° and
greater than 2.5°, the aircraft pilot sees only one naviga-
tional light marker in white colour and three navigational
light markers in red colour; and, when the approach slope
is lower than 2.5°, the aircraft pilot sees no navigational
light markers in white colour and four navigational light
markers in red colour.

[0064] As shown on Fig. 4A, the navigational light
marker(s) 1.1 may be adapted to enable providing similar
approach slope indications. Inthis case, at least one nav-
igational light marker 1.1 generates a light beam, part of
which being fully polarized in a circular right polarization
state and another part of which being fully polarized in a
circular left polarization state. Therefore, said navigation-
allight marker 1.1 generates alight beam with two sectors
4.1and4.2,inwhichthe lightis polarized in an orthogonal
manner. Linear or elliptic polarization may be implement-
ed instead.

[0065] The boundary, whichis substantially horizontal,
between the two sectors 4.1 and 4.2 defines the optimal
approach slope, i.e. at an angle of 3°. Thus, when the
aircraftapproach slope is inthe upper sector 4.1, itmeans
that the aircraft altitude is above the optimal altitude for
optimal approach slope; and, when the aircraft approach
slope is in the lower sector 4.2, it means that the aircraft
altitude is below the optimal altitude for optimal approach
slope. Such an indication may then be fed back to the
aircraft pilot in the step 2.5 using distinct colours, such
as white and red respectively. Using such orthogonal po-
larization states with a same light beam intensity implies
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asign change, from the corresponding pixel intensity per-
spective in the polarimetric contrast image, when the ap-
proach slope crosses the boundary between the two sec-
tors 4.1 and 4.2. The image acquiring device 1.2 is then
adapted to detect the sign of the intensity in the polari-
metric contrast image for each pixel and the image ac-
quiring device 1.2 is further adapted to accordingly feed
back, in the step 2.5, an approach slope indication.
[0066] Ina particular embodimentof the presentinven-
tion, the same principle is applied for providing an ap-
proach azimuth indication. In this case, the boundary,
which is substantially vertical, between the two sectors
defines the optimal approach azimuth.

Claims

1. A system for performing navigation assistance in a
scattering environment, characterized in that, said
system being intended to detect at least one navi-
gational light marker in scenes captured by animage
capturing device, each navigational light marker
generating a light beam having a predefined polari-
zation state, said system includes an image captur-
ing device that implements:

- means for capturing a first image of a scene,
said first image being polarized in accordance
with the predefined polarization state of the light
beam generated by said navigational light mark-
er(s);

- means for capturing a second image of the
scene, said second image being polarized ac-
cording to a polarization state orthogonal to the
polarization state of the first image;

- means for generating a polarimetric contrast
image by combining the first and second cap-
tured images; and

- means for providing a feedback for performing
navigation assistance in the scattering environ-
ment, on the basis of the generated polarimetric
contrast image.

2. The system according to claim 1, characterized in
that said image capturing device includes:

- first and second converging lenses adapted to
re-collimate a light beam;

- a beam-splitting polarizer adapted to split the
re-collimated light beam into two resulting
beams, a first resulting beam being polarized in
accordance with the predefined polarization
state of the light beam generated by said navi-
gational light marker(s) and the second resulting
beam being polarized according to a polariza-
tion state orthogonal to the polarization state of
the first resulting beam; and

- one or two image sensors adapted to image



15 EP 2 913 688 A1 16

the first and second resulting beams.

The system according to claim 2, characterized in
that said image capturing device includes a single
image sensor and further includes a third converging
lens adapted to enable imaging the first and second
resulting beams on said single image sensor.

The system according to claim 3, characterized in
that, the first and second converging lenses being
adapted to form an image in afirstimage plane, said
image capturing device includes a field mask in said
first image plane.

The system according to any one of claims 2 to 4,
characterized in that said image capturing device
further includes, upstream of the first and second
converging lenses, a filter adapted to limit the light
beam input to the image acquiring device to a spec-
trum band substantially matching the spectrum band
of the light beam emitted by the navigational light
marker(s).

The system according to any one of claims 2 to 4,
characterized in that, the light beam generated by
the navigational light marker(s) being circularly po-
larized, said image capturing device further includes,
upstream of the beam-splitting polarizer, a quarter-
wave plate with fast and slow axes oriented at 45
degrees from splitting directions of the beam-split-
ting polarizer.

The system according to any one of claims 1 to 6,
characterized in that said means for providing the
feedback includes means for displaying the gener-
ated polarimetric contrast image.

The system according to any one of claims 1 to 6,
characterized in that said means for providing the
feedback includes:

- means for comparing an intensity of each pixel
of the generated polarimetric contrast image
with a predetermined threshold;

- means for generating another image in which
each pixel has an intensity representative of
whether the absolute value of the intensity of the
same pixel in the polarimetric contrast image is
above, or not, said predetermined threshold;
and

- means for displaying said generated another
image.

9. The system according to any one of claims 1 to 6,

characterized in that said means for providing the
feedback includes:

- means for applying a sliding window onto the
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10.

1.

12.

13.

generated polarimetric contrast image to detect
pixel or groups of pixels that probably corre-
spond to the presence of at least one naviga-
tional light marker in the scene;

- means for determining a trust level represent-
ative of the probability that said pixels or groups
of pixels effectively correspond to the presence
of at least one navigational light marker in the
scene; and

- means for generating another image, by high-
lighting each pixel in association with its corre-
sponding trust level, when said trust level is
above a predetermined threshold.

The system according to any one of claims 1 to 9,
characterized in that the image capturing device is
adapted to successively capture several times the
first image and successively capture several times
the second image, and to consequently generate a
time-sequence plurality of polarimetric contrast im-
ages from the plurality of captured first images and
from the plurality of captured second images, and
wherein the image acquiring device further includes:

- means for detecting bright pixels, isolated in
the time-sequence plurality of polarimetric con-
trast images;

- means for obtaining one polarimetric contrast
image from said plurality of polarimetric contrast
images; and

- means for replacing in the obtained polarimet-
ric contrast image the isolated bright pixels, if
any, by dummy pixels.

The system according to any one of claims 1 to 10,
characterized in that combining the first and sec-
ond captured images corresponds to subtracting an
intensity of each pixel in the second image from an
intensity of the corresponding pixel in the first image.

The system according to any one of claims 1 to 10,
characterized in that combining the first and sec-
ond captured images corresponds to subtracting an
intensity of each pixel in the second image from an
intensity of the carresponding pixel in the first image,
the whole being then divided by the sum of the in-
tensity of said pixel in the second image and the in-
tensity of said corresponding pixel in the first image.

The system according to any one of claims 1 to 12,
characterized in that, said system being adapted
for aircraft landing assistance with at least four co-
planar navigational light markers not aligned by three
and having predefined positions, said means for pro-
viding a feedback are adapted to provide information
about altitude and/or azimuth and/or approach
slope, by implementing:
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- means for selecting pixels or groups of pixels
corresponding, in the polarimetric contrast im-
age, to four navigational light markers; and

- means for determining said information about
altitude and/or azimuth and/or approach slope
on the basis of the positions of the selected pix-
elsorgroups of pixels in the polarimetric contrast
image and on the basis of the predefined posi-
tions of the corresponding navigational light
markers.

The system according to any one of claims 1 to 13,
characterized in that, said system being adapted
for aircraft landing assistance, said system further
comprising said navigational light marker(s), said
navigational light marker(s) are adapted to generate
a light beam having a first sector polarized according
to the predefined polarization state and a second
sector polarized orthogonally to the first sector, and
in that said means for providing the feedback are
adapted to provide an approach slope information
on the basis of a sign of the intensity of the pixels of
the polarimetric contrast image.

A method for performing navigation assistance in a
scattering environment, characterized in that, at
least one navigational light marker generating a light
beam having a predefined polarization state, an im-
age capturing device adapted to detect said naviga-
tional light marker(s) in scenes captured by said im-
age capturing device performs:

- capturing a first image of a scene, said first
image being polarized in accordance with the
predefined polarization state of the light beam
generated by said navigational light marker(s);
- capturing a second image of the scene, said
second image being polarized according to a
polarization state orthogonal to the polarization
state of the first image;

- generating a polarimetric contrast image by
combining the first and second captured imag-
es; and

- providing a feedback for performing navigation
assistance in the scattering environment, onthe
basis of the generated polarimetric contrast im-
age.
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Fig. 1

Activating at least one navigational light marker generating a fully 2.1
polarized light beam having a predefined polarization state

¢ )

Capturing a first image of a scene in a scattering environment, said first ,\/2.2
image being polarized according to said predefined polarization state

~N
Capturing a second image of the scene in the scattering environment, o)

said second image being polarized according to a polarization state [\~
orthogonal to said predefined polarization state

v

Generating a polarimetric contrast image by combining 2.4
the first and second images

v

Generating a feedback representative of the presence or 2.5
absence of the navigational light marker(s) in the scene

J

[3%)

Fig. 2

1"
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Fig. 3

4.1

Fig. 4A

Fig. 4B

4.4
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