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(54) DYNAMIC ILLUMINATION SYSTEM FOR RUNWAY ILLUMINATION

(57) The invention refers to a dynamic illumination
system (1) for runway illumination, comprising a light
source having an addressable light beam direction (L),
and a control unit configured to: receive aircraft attitude
information and the orientation of the runway selected
for takeoff or landing (R); obtain horizontal (x) and vertical
axes (y), x being collinear with the longitudinal direction
of R; determine the actual aircraft trajectory (V) and the
reference aircraft trajectory (Vo); obtain the actual verti-

cal approach angle (β), the reference vertical approach
angle (β0), and the actual horizontal approach angle (γ);
and actuate onto the light source to perform an angular
movement in the light beam direction (L) of a value of
|β|-|β0| about the vertical axis (y), and an angular move-
ment of a value of lyl about the horizontal axis (x), to
vertically and horizontally align the beam of the light
source towards the runway direction.
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Description

Object of the invention

[0001] The present invention refers to a dynamic illu-
mination system for runway illumination. More particu-
larly, the invention is relative to an aircraft illumination
system for runway illumination for take-off and landing
purposes.
[0002] One object of the invention is to provide an ar-
chitecture for runway illumination that is more efficient
and best adapted to all aircraft attitudes considering its
velocity vector.
[0003] Another object of the invention is to provide an
architecture for runway illumination that improves the il-
lumination performances in any external environmental
conditions, also in low visibility scenarios.

Background of the invention

[0004] Currently, two main solutions exists for the dy-
namic illumination of a runway, one solution is based in
the use of MEMs (Micro-Electro-Mechanical Systems)
computation, and another one is based in image recog-
nition. The first solution requires MEMs technology em-
bedded within the light to estimate the relative position
and attitude of the aircraft to the runway in order to adapt
the illumination accordingly, while the second solution
consists of embedding a camera in a light, and recognize
the runway by image post treatment to orient the light
beam accordingly.
[0005] Both solutions requires the integration of com-
plex architectures in a light.
[0006] In addition, these both solutions are not robust
to all aircraft attitudes, due to the low reliability of the
techniques that are used. In particular, a lot of bias are
present on the MEMs technique, and several low visibility
issues are experienced due to the weather conditions in
the video recognition technique.
[0007] Further, lights to illuminate the runway are usu-
ally designed for a specific reference scenario of attitude
of the aircraft for take-off and landing phase, and this
reference orientation of the light beam is not always the
best adapted to the actual attitude of the aircraft (given
by its velocity vector); an example is landing with cross
wind or landing at higher velocity (different pitch ap-
proach than reference scenario).
[0008] It would therefore be desirable to provide tech-
nical means that are simple, efficient at all aircraft atti-
tudes, and that are capable of withstanding environment
conditions without being operationally affected.

Summary of the invention

[0009] The present invention overcomes the above
mentioned drawbacks by providing a dynamic illumina-
tion system for runway illumination that solves the above
identified limitations of the state of the art.

[0010] The present invention refers to a dynamic illu-
mination system that comprises a light source having an
addressable light beam direction, and a control unit con-
figured to:

- receive aircraft attitude information, the runway (R)
selected for takeoff or landing, and said runway ori-
entation (R),

- obtain horizontal (x) and vertical axes (y), the hori-
zontal axis (x) being collinear with the longitudinal
direction of the selected runway (R),

- determine the actual aircraft trajectory (V) and the
reference aircraft trajectory (Vo) in the horizontal and
vertical axes (x,y) from the aircraft attitude informa-
tion,

- obtain the actual vertical approach angle (β) formed
between projection in the X-Y plane of the actual
aircraft trajectory (V) and the horizontal axis (x), and
the reference vertical approach angle (β0) formed
between the reference aircraft trajectory (Vo) and
the horizontal axis (x),

- obtain the actual horizontal approach angle (γ)
formed between the projection of the aircraft trajec-
tory (V) in the X-Z plane and the horizontal axis (x),

- actuate onto the light source to perform an angular
movement in the light beam direction (L) of a value
of |β|-|β0| about the vertical axis (y) following the di-
rection defined by the angular movement performed
from the actual approach angle (β) towards the ref-
erence approach angle (β0), to vertically align the
beam of the light source towards the runway direc-
tion,

- and, actuate onto the light source to perform an an-
gular movement in the light beam direction (L) of a
value of |γ| about the horizontal axis (x) following the
opposite direction defined by the angular movement
performed from the actual horizontal approach angle
(γ) towards the horizontal axis (x), to horizontally
align the beam of the light source towards the runway
direction.

[0011] This way, the invention provides a dynamic il-
lumination system adapted to orient the light beam to-
wards the direction of the runway selected for takeoff or
landing considering the aircraft trajectory at any time.
[0012] Further, since the light source of the system is
connected to aircraft existing data to know the attitude
of the aircraft, and to the flight management system data
to know, via the QFU code (magnetic orientation com-
pared to north, clockwise), which runway has been se-
lected and how it is oriented, the invention provides an
easier and a more reliable way of orienting the light beam
towards the current and correct direction of the runway
in comparison with the state of the art solutions.
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Brief description of the drawings

[0013] For a better comprehension of the invention,
the following drawings are provided for illustrative and
non-limiting purposes, wherein:

Figure 1 shows, in horizontal and vertical planes, the
vectors considered in a first scenery where the actual
aircraft trajectory (V) is diverged from the reference
aircraft trajectory (Vo) associated to a specific air-
craft attitude. Figure 1 a shows the vectors in a ver-
tical plane. Figure 1b shows the vectors in a horizon-
tal plane.

Figure 2 shows altogether the vectors considered in
a second scenery where the actual aircraft trajectory
(V) is diverged from the reference aircraft trajectory
(Vo) associated to a specific aircraft attitude.

Figure 3 shows an aircraft having the dynamic illu-
mination system embedded in one of its parts.

Preferred embodiments of the invention

[0014] According to the invention, the illumination sys-
tem comprises a light source, and a control unit. The light
source has an addressable light beam direction (L) that
being steerable provides a dynamic illumination, sensi-
tive to the actual aircraft attitude information, and the ori-
entation of the runway (R) selected for takeoff or landing.
[0015] Figure 1 schematically shows a first scenery in
which an aircraft follows a trajectory deviated from the
reference -desired- trajectory. Consequently, the light
beam direction is also deviated from the reference -de-
sired- direction considering the aircraft trajectory.
[0016] Figure 1a shows the actual aircraft trajectory
(V), the reference aircraft trajectory (Vo), the actual light
beam direction (L), and the reference light beam direction
(Lo), wherein the reference light beam direction (Lo) cor-
responds to the reference aircraft trajectory (Vo) in the
vertical plane XY. As reference, horizontal axis (x) is col-
linear with the longitudinal direction of the selected run-
way (R).
[0017] As shown, the aircraft following the actual air-
craft trajectory (V) forms an angle β with the horizontal
axis x, while the reference -desired as per light orientation
default design- aircraft trajectory (Vo) forms an angle β0
with the horizontal axis x. Thus, the actual aircraft trajec-
tory (V) is deviated |β|-|β0| from the reference -desired-
aircraft trajectory (Vo). Accordingly, the light beam direc-
tion (L) is corrected to achieve the desired light beam
direction (Lo), where this desired light beam direction (Lo)
corresponds to the deviation of a value of |β|-|β0| about
the vertical axis (y), following the direction defined by the
angular movement performed from the actual approach
angle (β) towards the reference -desired- approach angle
(β0) of the light beam direction (L). This way, the light

beam direction is vertically aligned towards the direction
of the runway selected for takeoff or landing.
[0018] Figure 1b shows the actual aircraft trajectory
(V), the reference aircraft trajectory (Vo), the actual light
beam direction (L), and the desired light beam direction
(Lo) -corresponding to the reference aircraft trajectory
(Vo) - in the horizontal plane XZ.
[0019] As shown, the aircraft following the actual air-
craft trajectory (V) forms an angle γ with the horizontal
axis y, while the reference -desired as per light beam
default orientation- aircraft trajectory (Vo) forms an angle
γ0 with the horizontal axis y. Thus, the actual aircraft tra-
jectory (V) is deviated |γ|-|γ0| from the reference - desired-
aircraft trajectory (Vo). Accordingly, the light beam direc-
tion (L) is corrected to achieve the desired light beam
direction (Lo), where this desired light beam direction (Lo)
corresponds to the deviation of a value of lyl about the
horizontal axis (x), following the opposite direction de-
fined by the angular movement performed from the actual
horizontal approach angle (γ) towards the horizontal axis
(x). This way, the light beam direction is horizontally
aligned towards the direction of the runway selected for
takeoff or landing.
[0020] According to a preferred embodiment, the light
source is mechanically movable, and is configured to
move according to a received servo command.
[0021] According to another preferred embodiment,
the light source has an orientable output beam consisting
of an electronically controlled matrix of LEDs (with not
mechanically movable parts). Alternatively, the light
source may consist of an electronically controlled matrix
of laser diodes, or a projection via LCD, or a micro mirror
electronically controlled.
[0022] Also, according to another preferred embodi-
ment, the control unit is connected to the flight manage-
ment system data of the aircraft, to determine the runway
(R) selected for takeoff or landing, and/or its orientation
(R).
[0023] According to another preferred embodiment,
the control unit is configured to automatically turn on the
light source in approach, landing and take-off phases
based on the information received from the flight man-
agement system, in particular, from altitude and distance
to target runway information.
[0024] According to another preferred embodiment,
the control unit is further configured to perform auto-dim-
ming functions to avoid glaring another aircrafts in the
airport after the landing has been performed, or before
the acceleration phase of the take-off. These phases are
detected by the information provided by the flight man-
agement system.
[0025] Figure 2 shows a second scenery where the
aircraft is not oriented to be aligned with the direction of
the runway selected for takeoff or landing (R), and for
that, in which the light flux (L) needs to be corrected by
β (along the pitch axis) and γ (along the yaw axis) with
respect to the desired light beam direction (Lo), consid-
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ering the relative position of the aircraft towards the run-
way orientation.
[0026] As mention, to obtain the desired light beam
direction (Lo) starts with (L), which is the basic direction
of the light flux defined in the aircraft (the one that exists
today -and the right direction when the aircraft is oriented
in the direction of the runway selected for takeoff or land-
ing-), and is then corrected with the aircraft attitude, so
that,

- if the aircraft trajectory (speed vector, (V)) is tilted
upwards such that an angle γ is formed compared
to the horizontal plan defined by the runway, the vec-
tor L is corrected by to keep the focus down; and
inversely to keep the focus up if it is tilted down-
wards),

- and if the aircraft trajectory (speed vector, (V)) is lat-
erally moved such that an angle γ is formed com-
pared to a vertical plan perpendicular to the wings
and to the fuselage reference line, the vector L is
corrected by at +/- |γ| to focus the light accordingly.

[0027] Figure 3 shows an aircraft (1) having parts (2)
in which a dynamic illumination system (3) for runway
illumination as described above may be embedded. Said
dynamic illumination system (3) may be embedded on a
movable or not movable part (2) of the aircraft (1).

Claims

1. Dynamic illumination system for runway illumination,
comprising:

- a light source having an addressable light
beam direction (L),
- a control unit configured to:

- receive aircraft attitude information, the
runway (R) selected for takeoff or landing,
and said runway orientation (R),
- obtain horizontal (x) and vertical axes (y),
the horizontal axis (x) being collinear with
the longitudinal direction of the selected
runway (R),
- determine the actual aircraft trajectory (V)
and the reference aircraft trajectory (Vo) in
the horizontal and vertical axes (x,y) from
the aircraft attitude information,
- obtain the actual vertical approach angle
(β) formed between projection in the X-Y
plane of the actual aircraft trajectory (V) and
the horizontal axis (x), and the reference
vertical approach angle (β0) formed be-
tween the reference aircraft trajectory (Vo)
and the horizontal axis (x),
- obtain the actual horizontal approach an-

gle (γ) formed between the projection of the
aircraft trajectory (V) in the X-Z plane and
the horizontal axis (x),
- actuate onto the light source to perform an
angular movement in the light beam direc-
tion (L) of a value of |β|-|β0| about the vertical
axis (y) following the direction defined by
the angular movement performed from the
actual approach angle (β) towards the ref-
erence approach angle (β0), to vertically
align the beam of the light source towards
the runway direction,
- and, actuate onto the light source to per-
form an angular movement in the light beam
direction (L) of a value of |γ| about the hor-
izontal axis (x) following the opposite direc-
tion defined by the angular movement per-
formed from the actual horizontal approach
angle (γ) towards the horizontal axis (x), to
horizontally align the beam of the light
source towards the runway direction.

2. Dynamic illumination system for runway illumination,
according to claim 1, wherein the light source is me-
chanically movable, and is configured to move ac-
cording to a received servo command.

3. Dynamic illumination system for runway illumination,
according to claim 1, wherein the light source has
an orientable output beam, preferably consisting of
an electronically controlled matrix of LEDs or laser
diodes, a projection via LCD, or micro mirror elec-
tronically controlled.

4. Dynamic illumination system for runway illumination,
according to any preceding claims, wherein the con-
trol unit is connected to the flight management sys-
tem data of the aircraft, to determine the runway (R)
selected for takeoff or landing, and/or its orientation
(R).

5. Dynamic illumination system for runway illumination,
according to claim 4, wherein the control unit is con-
figured to automatically turn on the light source in
approach, landing and take-off phases based on the
information received from the flight management
system.

6. Dynamic illumination system for runway illumination,
according to any of claims 4 to 5, wherein the control
unit is further configured to perform auto-dimming
functions to avoid glaring another aircrafts in the air-
port.

7. An aircraft part (2) comprising the dynamic illumina-
tion system (3) for runway illumination according to
any of the preceding claims, said dynamic illumina-
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tion system (3) being embedded in the aircraft part
(2).
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