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(57) ABSTRACT

The present invention relates to a system for detecting the
inclination of one or more light beams, having at least one
sharp colour transition, emitted by one or more light sources,
in particular PAPIs or APAPIs, comprising measuring means
(103) for measuring an inclination, and optoelectronic means
(120, 121) for acquiring images which means are capable to
be inclinated by first powered means (122), the inclination
measuring means (103) being integrally coupled to optoelec-
tronic means (120, 121) so as to measure the inclination of the
latter, and wherein the system further comprises electronic
processing means (62) capable to control the first powered
means (122) an the basis of the images acquired by the opto-
electronic means (120, 121) so that, when the system carries
out a detection of the inclination of said one or more light
beams, said at least one sharp colour transition appears in at
least one corresponding predetermined position of said
acquired images, said electronic processing means (62) read-
ing an inclination value outputted by the inclination measur-
ing means (103) for displaying the same on a display.

The present invention further relates to the related detecting
process.

PAPY Sidebar

THRESHOLD ( a)



Patent Application Publication  Feb. 10,2011 Sheet 1 of 10 US 2011/0032519 A1

~y A T

(uu . - g_@
12 . A
a2y .

, 5 51
_— v 8 _— g
Ruasay 11 % Ristway 11 g
_ I J
(a) £ =l (b)
T 8 > i - 3, »
dodn : { ‘~=F:‘_}_{._@§
: :{g:y)"t“mf‘




Patent Application Publication  Feb. 10,2011 Sheet 2 of 10 US 2011/0032519 A1

IR
ot vrtival plase

Fig.9



Patent Application Publication  Feb. 10,2011 Sheet 3 of 10 US 2011/0032519 A1

PAPI Sidebar THRESHOLD (a )

PAP Sidabar THRESHOLD

Fig. 5



Patent Application Publication  Feb. 10,2011 Sheet 4 of 10 US 2011/0032519 A1

TR AR R AR

i\”f;‘\ﬁ Dats Connection

ol Power supply input

Fig.6



Patent Application Publication  Feb. 10,2011 Sheet S of 10 US 2011/0032519 A1

-

e

L pemm




Patent Application Publication  Feb. 10,2011 Sheet 6 of 10 US 2011/0032519 A1

e

wammp On-Board power supply o

5 Power supply fnput ﬁx\\;\\\% DMataconnection  despMechanical conpection

Fig. 10



Patent Application Publication  Feb. 10,2011 Sheet 7 of 10 US 2011/0032519 A1

F!g 11 M\\, Data connection $s= Mechanical connection



Patent Application Publication  Feb. 10,2011 Sheet 8 of 10 US 2011/0032519 A1

s damp Data connection S Mechanical connection
Fig. 12 v



Patent Application Publication  Feb. 10,2011 Sheet 9 of 10 US 2011/0032519 A1

e Dpta connection
¥

Fig. 13



Patent Application Publication ~ Feb. 10,2011 Sheet 10 of 10  US 2011/0032519 Al

Sk Data connection
‘df

Fig. 14



US 2011/0032519 Al

SYSTEM FOR DETECTING THE
INCLINATION OF LIGHT SOURCES, IN
PARTICULAR OF PRECISION APPROACH
SLOPE INDICATORS OF AN AIRPORT
RUNWAY

REFERENCE TO COLOR DRAWINGS

[0001] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the neces-
sary fee.

DISCLOSURE

[0002] The present invention relates to a system for detect-
ing the inclination of one or more light beams, having at least
one sharp colour transition, emitted by light sources, in par-
ticular precision approach path indicators or PAPIs and
abbreviated PAPI indicators or APAPI for airport landing
runways, that is extremely precise, fast in detecting, reliable,
simple, efficient, and inexpensive.

[0003] Preferably, the system according to the invention
further allows to detect the azimuthal width and emitted light
beam intensity. Moreover, the system according to the inven-
tion may further allow to detect the beam flatness, i.e. to check
whether said at least one sharp colour transition is horizontal.
[0004] The present invention further relates to the related
detection process.

[0005] The system according to the invention will be illus-
trated with reference, only by way of example and not by way
of limitation, to an application of the same for detecting PAPI
or APAPT lights of an airport runway. However, it must be
considered that the system according to the invention may be
also used for detecting inclination, and preferably also azi-
muthal width, intensity and flatness, of light sources of dif-
ferent type which are capable to emit one or more light beams
having at least one sharp colour transition, still remaining
within the scope of the present invention.

[0006] It is known that airports are provided with several
instruments and apparatuses aiding pilots to correctly per-
form the various maneuvers of the aircrafts.

[0007] In particular, in case of landing maneuvers, the air-
ports are provided with optical devices and, possibly, also
with radio communication apparatuses for, respectively
visual and instrumental, guidance of the pilot along the so
called descent path (glide path) up to the landing runway.
[0008] The so called precision approach path indicator or
PAPI systems and the abbreviated PAPI or APAPI (Abbrevi-
ated Precision Approach Path Indicator) systems are included
among the most used visual guidance optical devices. The
PAPI and APAPI systenis have fundamental relevance in the
context of air navigation, since, in appropriate visibility con-
ditions, they are capable to provide the pilot with information
on the descent angle related to the approaching runway. In
fact, if the runway lights provide an alignment on the plane,
the PAPI provides information on the third dimension, i.e. the
elevation, having an extremely delicate role for air transport
safety.

[0009] AsshowninFIGS. 1a and 15, a PAPI system and an
APAPI system are provided with a bar (wing bar) 10 and 10',
respectively, that is transverse to the runway 11 and having,
respectively, four or two multi-lamp units 12 equally spaced,
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each comprising two or three lamps. In some cases, the PAPI
bars may be installed on both sides of the runway 11.

[0010] With reference to FIG. 2, each lamp 21 of a multi-
lamp unit, housed within the unit case 22 and provided with a
parabolic reflector, emits a white light beam the upper half of
which passes through a red filter 23. The light beam exits the
case passing through an output collimating lens 24 whereby
beyond the focal point 25 of the lens 24 the beam upper half
26 is white whereas the lower half 27 1s red. ICAO standards
establish that the colour transition from red to white along the
vertical plane is such as to appear to an observer, at a distance
of at least 300 meters from the multi-lamp unit, within a
vertical angle of not more than 3'. In particular, ICAO stan-
dards establish that the emitted beam must allow an operation
of the PAPI or APAPI system both by day and night, and the
light intensity distribution of the single units must be the one
shown in FIG. 3, where curves indicate the minimum inten-
sity of the red light of PAPI units, whereas the white one has
ahigher value by 2 to 6.5 times; values between brackets refer
to APAPI units.

[0011] With reference to FIGS. 4a and 44, ICAO rules
establish that the PAPI and APAPI units are placed in the
respectively illustrated configurations, with the indicated
installation tolerances. The units are mounted so as to appear
to the pilot as substantially placed on a horizontal line. In
order to let the units be mounted at a level as low as possible
and in order to permit any inclination in transverse direction,
small adjustments of the unit heights are allowed (not larger
than 5 cm). A side gradient not larger than 1.25% is accept-
able, provided that it is uniformly applied to all the units.
[0012] Insome casesareduced spacing between PAPIunits
of 6 m (1 m) is found, wherein the most internal unit is at 10
m (x1 m) from the runway edge.

[0013] Similarly, sometimes spacing between the two
APAPIT units may be increased up to coincide with the one of
the PAPT units of FIG. 4a (i.e. equal to 9 m+1 m with the most
internal unit being at 15 m+1 m from the runway edge).
[0014] FIGS. 5a and 5b show the inclinations according to
which ICAO rules establish that colour transitions, in the
following also indicated as CTs, of the light beams exiting the
single PAPI and APAPI units of FIGS. 4a and 4b, respec-
tively, must be oriented. In some cases, when it is necessary to
harmonize the PAPI system with an instrumental descent path
guidance equipment, the gradients between the inclinations
of the beams of the central PAPI units of F1G. 5a may increase
from 20' to 30", whereby the inclinations of the four PAPI
units vary from 2°25' to 3°35".

[0015] Considering that the ICAO rules establish that the
optimal slope of the descent path that an aircraft must follow
is equal to 3°, and that such slope is the mean of the inclina-
tions of the single units, FIG. 5a shows that the PAPI bar is
built and installed in such a manner that an approaching pilot
will see:

[0016] with the right slope (equal to about)3°, the two
units closer to the runway as red colour and the two units
farther from the runway as white colour;

[0017] withlarger slope than the right one, the unit closer
to the runway as red colour and the other three units as
white colour; with still larger slope all the units as white
colour;

[0018] withlower slope than the right one, the three units
closer to the runway as red colour and the unit farther
from the runway as white colour; with still lower slope
all the units as red colour.
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[0019] In the cases where the PAPI bars are installed on
both sides of the runway. the corresponding units are adjusted
at the same elevation angle so that the signals of each bar
symmetrically and simultaneously change.

[0020] Similarly, FIG. 5b shows that the APAPI bar is built
and installed in such a manner that an approaching pilot will
see:

[0021] with the right slope (equal to about)3°, the unit
closer to the runway as red colour and the other one as
white colour;

[0022] with larger slope than the right one, both units as
white colour;

[0023] with lower slope than the right one, both units as
red colour.

[0024] ICAO standards provide that each unit may be
adjusted in elevation so that the lower limit of the white part
of the beam may be placed at the desired elevation within the
field from 1°30' and at least 4°30' above the horizontal.
[0025] As said before, according to ICAO rules, the CT
may occupy an angle of 3' without specifying which point of
the transition must be considered as reference. An uncertainty
of 3' is neglectable in the elevation measurement that is of
some degrees, but not in the differential measurement, that is
of 20" or 30" depending on whether the PAPI bar is harmo-
nized or not with an instrumental aid equipment. Since the
differential measurement is obtained from the absolute eleva-
tion one precisions of 1' on the elevation measurement are
necessary for having a precision of 2' on the differential
measurement. This entails that it is needed to determine
within the CT a precise reference point, that must be the same
for all the measurements with a tolerance substantially lower
than 1".

[0026] Consequently, ICAO rules on maintenance of PAPI
and APAPI lights is very stringent, providing for a periodic
control of alignment of the single units (once per month) and
for re-alignment of a unit when its deviation from the nominal
value of beam inclination exceeds 1' of degree.

[0027] Alignment during installation phase is typically car-
ried out with a precision clinometer (generally more accurate
than 1') provided by the PAPI unit manufacturer and housed
on a suitable reference plane. The same clinometer is used for
periodic controls whereas the definitive test is constituted by
the flight check.

[0028] The flight check entrusts the pilot’s eye, and the
targets detected through aeronautical theodolite on ground,
with the check of the compliance of the PAPI or APAPI unit
with the rules in force. The flight, performed with a specifi-
cally equipped aircraft and by suitable personnel, must be
periodically carried out. and also in occasion of each inter-
vention made on the units. According to the presently con-
solidated procedure the reference test is the one conducted by
an airplane approaching from a distance larger than 2 km and,
in order to make a ground measurement provide compliant
data, it is convenient to analyze what the pilot sees from afar,
e.g. from 4 km. At such a distance, the pilot is capable to see
changes in colour, which may be also put in relationship with
changes in intensity, and to distinguish the single units (but
not the single 2 or 3 light beams coming from the single unit).
[0029] However, such instruments and procedures for con-
trolling alignment of the beams emitted by the single units
suffer from some significant drawbacks.

[0030] First of all, although extremely precise, the clinom-
eter does not measure the inclination of the colour transition
in the light beam, but only the inclination of the unit reference
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plane. If such reference plane moves, due to any reason, with
respect to the optical sub-system (comprising lamp, parabolic
reflector, red filter, and output lens) measurement becomes
imprecise.

[0031] Withregard to the flight check, first of all the pilot is
not capable to resolve the small differences of height of the
single lights. Hence what the pilot sees are only angular
differences.

[0032] Moreover, eachtime that the approaching pilot, low-
ering his elevation, sees the colour transition on one of the
units, he indicates this to ground and the airplane is sighted
with an aeronautical theodolite measuring the angle under
which the pilot sees that unit at the instant corresponding to
the colour transition. This means that also the flight check
does not provide much precise results, mainly because the
pilot is unable to identify with absolute accuracy the colour
transition, which should be detected by always assuming the
same transition point for all the light beams, and the results
may change by changing pilot, and even with the same pilot.
This is further heightened in the case when the white-red step
is not “clean”, as for instance occurs when the transition has
anomalies due to constructive and/or calibration details.
[0033] Finally, the flight check is an extremely expensive
procedure.

[0034] Some alternative solutions have been developed,
which are based on trigonometric methods of measurements
performed with instruments on ground for calculating the
angle from distance and height linear measurements.

[0035] However, even these solutions suffer from impor-
tant drawbacks, mainly due to the fact that the errors accu-
mulate and itis in any case necessary the horizontal reference.
In this regard, when the PAPTor APAPT units are located on an
extremely uneven ground with depressions, measuring pro-
cedures are extremely complex in order to obtain a precise
positioning with respect to the unit under measurement.
[0036] Consequently, such alternative solutions does not
allow to satisfy the accuracy and precision required by ICAO
rules.

[0037] Moreover, ICAO rules prescribe that, in some cases,
also the width, on the horizontal plane, of the light beams
emitted by the PAPI or APAPI bar is measured. Such mea-
surement may be due to the need of reducing, in some cases,
the beam width, mainly for avoiding that within the same
possible obstacles are found during the descent phase. Also
this check is carried out during the flight check, with the
airplane transversely travelling and the pilot indicating to
ground when he enters the lighting field of the PAPI or APAPI
bar, so that the theodolite on ground may measure its incli-
nation.

[0038] ICAO rules still prescribe that also the intensity of
the light beams emitted by the PAPI or APAPI bar is mea-
sured, typically through ground photometric checks, provid-
ing the results as isocandela diagrams.

[0039] Hence, it is an object of the present invention to
allow, an extremely precise, fast to execute, reliable, simple,
efficient, and inexpensive detection of the inclination of one
or more light beams, having at least one sharp colour transi-
tion, emitted by light sources, in particular PAPI or APAPI
indicators for airport landing runways.

[0040] TItis still an object of the present invention to further
allow to detect the azimuthal width, the intensity and the
flatness of the emitted light beam.

[0041] Ttis therefore specific subject matter of this inven-
tion a system for detecting the inclination of one or more light
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beams, having at least one sharp colour transition, emitted by
one or more light sources, in particular precision approach
slope indicators, comprising measuring means for measuring
an inclination, and optoelectronic means for acquiring
images which means are capable to be inclinated by first
powered means, the inclination measuring means being inte-
grally coupled to optoelectronic means so as to measure the
inclination of the latter, and wherein the system further com-
prises electronic processing means capable to control the first
powered means on the basis of the images acquired by the
optoelectronic means so that, when the system carries out a
detection of the inclination of said one or more light beams,
said at least one sharp colour transition appears in at least one
corresponding predetermined position of said acquired
images, said electronic processing means reading an inclina-
tion value outputted by the inclination measuring means for
displaying the same on a display.

[0042] Always according to the invention, the image
acquiring optoelectronic means may include a measure cam-
era, preferably comprising a CMOS sensor, still more pref-
erably of 1280x1024 colour pixels, and provided with objec-
tive with single lens.

[0043] Still according to the invention, the first powered
means is capable to carry out an inclination of the measure
camera with about 0.3' of resolution.

[0044] Furthermore according to the invention, the inclina-
tion measuring means may comprise a precision clinometer
with single axis.

[0045] Always according to the invention, the system may
comprise thermostatic means, preferably comprising a con-
trolled temperature heater, controlled by the electronic pro-
cessing means, capable to keep the inclination measuring
means at a predetermined, preferably adjustable, tempera-
ture.

[0046] Still according to the invention, the electronic pro-
cessing means may be capable to compensate a misalignment
of the integral coupling between the inclination measuring
means and the image acquiring optoelectronic means.
[0047] Furthermore according to the invention, the inclina-
tion measuring means, the image acquiring optoelectronic
means, and the first powered means may be housed in a
measurement head, mounted on a rough positioning appara-
tus, preferably a precision tripod, which measurement head
further comprises self-leveling means, integrally coupled to
the image acquiring optoelectronic means, capable to auto-
matically provide a horizontal plane of absolute reference
with respect to a geographical vertical line, whereby said
inclination value is related to said reference horizontal plane.
[0048] Always according to the invention, the self-leveling
means may comprise a reference plate, to which a double axis
clinometer capable to detect an inclination of the plate about
a pitch axis and a roll axis is integrally coupled, the system
further comprising second powered means, controlled by
electronic feedback controlling means on the basis of an
inclination value outputted by the double axis clinometer,
which electronic feedback controlling means is capable to
rotate the plate about said pitch and roll axes.

[0049] Still according to the invention, the system may
further comprise third powered means, controlled by the elec-
tronic processing means, capable to rotate the image acquir-
ing optoelectronic means about a vertical axis orthogonal to a
reference horizontal plane, whereby the third powered means
is capable to control a steering orientation of the image
acquiring optoelectronic means.
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[0050] Furthermore according to the invention, the system
may further comprises fourth powered means, controlled by
the electronic processing means, capable to control a vertical
position of the image acquiring optoelectronic means.

[0051] Always according to the invention, the image
acquiring optoelectronic means may further include a pan-
ning camera integrally coupled to the measure camera, and
the electronic processing means may control the first powered
means first on the basis of the images acquired by the panning
camera and then, once said one or more light beams appear in
the images acquired by the panning camera, on the basis of the
images acquired by the measure camera.

[0052] Still according to the invention, the electronic pro-
cessing means may be capable to display on said display
indications related to a correction of an inclination of said one
or more light sources.

[0053] Furthermore according to the invention, the elec-
tronic processing means may be capable to measure an inten-
sity of said one or more light beams on the basis of the images
acquired by the optoelectronic means.

[0054] Always according to the invention, the electronic
processing means may be capable to measure an orientation
of said at least one sharp colour transition in at least one of
said images acquired by the optoelectronic means.

[0055] It is still specific subject matter of this invention a
process for detecting the inclination of one or more light
beams, having at least one sharp colour transition, emitted by
one or more light sources, in particular precision approach
slope indicators, comprising the following steps:

[0056] acquiring images of said one or more light beams
through optoelectronic means;

[0057] processing said images for checking whether said
atleast one sharp colour transition appears in at least one
corresponding predetermined position thereof;

[0058] in the case where said at least one sharp colour
transition does not appear in said at least one corre-
sponding predetermined position, controlling first pow-
ered means so as to modify an inclination of the opto-
electronic means; and

[0059] in the case where said at least one sharp colour
transition appears in said at least one corresponding
predetermined position, measuring an inclination value
of the optoelectronic means.

[0060] Always according to the invention, the process may
further comprise the following step:

[0061] displaying said inclination value on a display.
[0062] Still according to the invention, the process may
further comprise the following preliminary step:

[0063] controlling further powered means for position-
ing the optoelectronic means so as to shot said one or
more light beams.

[0064] Furthermore according to the invention, the opto-
electronic means may comprise a panning camera and a mea-
sure camera, and in the preliminary step images acquired by
the panning camera may be processed for checking that said
one or more light beams appear therein, whereas the subse-
quent processing for checking whether said at least one sharp
colour transition appears in at least one corresponding prede-
termined position thereof may be carried out on images
acquired by the measure camera.
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[0065] Always according to the invention, the process may
further comprise the following step:

[0066] displaying on a display indications related to a
correction of an inclination of said one or more light
sources.

[0067] Still according to the invention, the process may
further comprise the following step:

[0068] measuring an intensity of said one or more light
beams on the basis of the images acquired by the opto-
electronic means.

[0069] Furthermore according to the invention, the inten-
sity of said one or more light beams may be measured in a
plurality of angles between the optoelectronic means and said
one or more light sources, and the process may further com-
prise the following step:

[0070] interpolating the intensities measured with a ref-
erence intensity diagram, preferably in proximity to said
at least one sharp colour transition.

[0071] Always according to the invention, said light beams
may be at least two, and the process may further comprise the
following step:

[0072] summing the interpolated intensity diagrams of
all the light bean1s, for obtaining an intensity diagram of
said one or more light sources.

[0073] Still according to the invention, the process may
further comprise the following step:

[0074] processing a width of said one or more light
beams on a horizontal plane.

[0075] Furthermore according to the invention, the process
may further comprise the following step:

[0076] measuring an orientation of said at least one sharp
colour transition in at least one of said images acquired
by the optoelectronic means.

BRIEF DESCRIPTION OF THE DRAWINGS

[0077] Thepresentinvention will be now described, by way
of illustration and not by way of limitation, according to its
preferred embodiments, by particularly referring to the Fig-
ures of the enclosed drawings, in which:

[0078] FIG. 1 shows a schematic top view of PAPI and
APAPI bars;

[0079] FIG. 2 shows a schematic sectional view of a PAPI
or APAPI unit;

[0080] FIG. 3 shows an isocandela diagram of light inten-
sity of PAPI and APAPI units;

[0081] FIG. 4 shows a schematic top view of the configu-
rations of the PAPI and APAPI bars;

[0082] FIG. 5 shows a schematic side view ofthe CTs ofthe
PAPI and APAPI bars;

[0083] FIG. 6 shows a schematic block diagram of a pre-
ferred embodiment of the system according to the invention;
[0084] FIG. 7 shows a perspective view of a portion of the
system of FIG. 6;

[0085] FIG. 8 shows a schematic representation of the
detection by the measure camera of the system of FIG. 6;
[0086] FIG. 9 shows three images acquired by the measure
camera of the system of FIG. 6 for three different alignments
of a light beam under measure;

[0087] FIG. 10 shows a schematic block diagram of a first
portion of the system of FIG. 6;

[0088] FIG. 11 shows a schematic block diagram of a sec-
ond portion of the system of FIG. 6;

[0089] FIG. 12 shows a schematic block diagram of a third
portion of the system of FIG. 6;
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[0090] FIG. 13 shows a schematic block diagram of a
fourth portion of the system of FIG. 6; and

[0091] FIG. 14 shows a schematic block diagram of a fifth
portion of the system of FIG. 6.

DETAILED DESCRIPTION

[0092] Inthe Figures, identical reference numbers are used
for alike elements.

[0093] FIG. 6 shows a general block diagram of the detec-
tion system according to the invention, comprising a mea-
surement head 60, mounted on an rough positioning appara-
tus 61, connected to a processing unit 62, preferably a
portable PC, capable to process detection data provided by
the head 60 and to control fine positioning of the same head.
The measurement head 60 and the unit 62 are supplied by a
power supply unit 63, preferably at 12 VDC, more preferably
provided by an external battery (still more preferably
rechargeable) and/or by a vehicle battery.

[0094] Preferably, the rough positioning apparatus 61 com-
prises a support tripod having a very good precision to which
the measurement head 60 is attached as shown in FIG. 7.
[0095] The measurement head 60 is provided with a plu-
rality of optoelectronic sensors capable to measure alignment
parameters of the light beams generated by the PAPI or
APAPT unit under measure.

[0096] The system according to the invention, instead of
calculating the inclination angle of the beam on the basis of
distance and height linear measurements, exploits the lens
property of making a transformation from angles to positions.
[0097] FIG. 8 schematically shows such transformation
from angles to positions. In particular, the measurement head
60 uses a measure camera comprising preferably a CMOS
sensor 80 with infinity focusing and objective with single lens
81: it results from this that the position of each element or
pixel of the digital image detected by the measure camera is
related to the angle under which the camera sees the observed
point corresponding to the pixel. Once the light beam under
measurement is shot by the measure camera, knowing the
absolute spatial orientation of the camera with respect to the
horizontal line, the processing unit 62 is capable to obtain the
angular elevation of the line joining the optical center of the
lens 81 with the lamp generating the light beam under mea-
surement.

[0098] Incarrying, out a detection, the PAPI or APAPI unit
under measurement is preferably at a distance of at least 10
meters from the measurement head 60, whereby, as shown in
FIG. 8(a), rays through the objective lens 81 may be consid-
ered as parallel and the angles may be considered as small.
The first condition is still more met considering that the light
beam of a PAPT or APAPI unit is collimated, and hence the
rays are almost parallel at any distance.

[0099] As shown in FIG. 8(4), the angles of o, and o,
which are formed with respect to the optical axis of the sensor
80 by a light ray 82 respectively before and after the lens 81
are equal, thereby it follows that:

a,,=arctan(h/f)

where:

[0100] b, is the height of the pixel corresponding to the ray
82, and

[0101] s the known distance between sensor 80 and lens
81.

[0102] Making reference also to FIG. 2, during detection,
the system according to the invention focuses the red filter 23
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internal to the PAPT or APAPT unit, the edge of which gener-
ates the CT. The beam rays are made parallel by the output
lens 24. The focal plane of the CMOS sensor 80 is exactly
placed at the focal distance of the lens 81.

[0103] Since the output lens 24 of the unit under measure-
ment creates an image of the lamp 21 slightly moved forward
(about 0.5-1 m) of the same PAPI or APAPI unit, the image of
the filter 23 is less clear, because the one of the lamp 21 forms
slightly behind the CMOS sensor 80. The processing unit 62
preferably processes the image so as to correct such defect.
[0104] FIG. 9 schematically shows the (reversed) images
which form on the CMOS sensor 80 when placement and
inclination of the CT of the light beam under measurement
vary with respect to the optical axis of the measure camera
with a simple objective with single lens 81.

[0105] As shown in FIG. 9(a), a light beam perfectly
aligned with the optical axis of the measure camera of the
measurement head 60 creates a circle the center of which is at
central height of the digital image detected by the CMOS
sensor 80 with one half that is red and the other half that is
white. Obviously, in case of PAPT or APAPI unit with two or
three beams, the digital image detected by the CMOS sensor
80 comprises two or three circles the centers of which lie at
central height of the same image.

[0106] As shown in FIG. 9(b), parallel movements of the
optical axis of the light beam under measurement downward
(or upward) move the circle but not the CT line that remains
in the image center. In other words, the digital image com-
prises an off-center circle with a red portion and a white
portion, remaining the CT separation in the image center.
[0107] As shown in FIG. 9(c), angular movements of the
light beam, the optical axis of which still passes through the
center of the lens 81, move the whole circle from the height
center of the digital image detected by the CMOS sensor 80,
including the red-white separation that remains in the circle
center. Obviously, if the optical axis of the light beam does not
passes through the center of the lens 81, the CT would not be
at the height center of the digital image nor in the circle center.
[0108] Obviously, in case of detection of light sources gen-
erating light beams having a not centered CT, or having a
different number of CTs, the alignment corresponds to a
correspondingly different configuration of the light beam
image detected by the measure camera.

[0109] FIG. 10 shows in greater detail the components of
the measurement head 60 of the preferred embodiment of the
system according to the invention. In particular, the measure-
menthead comprises a self-leveling base 100, mounted on the
rough positioning apparatus 61 (see FIGS. 6 and 7), that
supports the whole measurement head. A vertical movement
unit 101 controls the position of the self-leveling base 100.
[0110] The measurement head further comprises an align-
ment optical unit 102 (comprising the measure camera
sketched in FIG. 8) provided with powered movement means
(illustrated below) for moving with respect to the self-level-
ing base 100; the optical unit 102 is integrally coupled to a
detecting unit 103 for measuring inclination, preferably pro-
vided with a precision clinometer. A thermostatic unit 104
controls temperature of the inclination measuring unit 103.
The measurement head further comprises a data acquisition
unit 105, connected to the self-leveling base 100, to the opti-
cal unit 102, to the detecting unit 103 and to the thermostatic
unit 104 with which it is capable to exchange data. Moreover,
the measurement head comprises a controlling unit 106 for
controlling motors for positioning the measurement head and
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its components, which controlling unitis capable to exchange
data with the self-leveling base 100, the vertical movement
unit 101, and the optical unit 102. Finally, the measurement
head comprises a data distributing interface unit 107, capable
to exchange data and signals with the alignment optical unit
102, with the data acquisition unit 105, and with the motor
controlling unit 106, which distributing unit 107 is connected
with the processing unit 62 for exchanging data and control
signals. The external power supply to the measurement head
comes from the power supply unit 63; preferably, the external
power supply directly provides the power supply for the
motor controlling unit 106 and for a local unit (not shown) for
regulating the power supply. that in turn provides the power
supply for the self-leveling base 100, for the vertical move-
ment unit 101, for the detecting unit 103, for the thermostatic
unit 104, for the data acquisition unit 105, and for the distrib-
uting unit 107.

[0111] The vertical movement unit 101 preferably com-
prises a slide bearing with runner dragged by a screw shaft on
which the measurement head is attached. The slide bearing is
preferably moved by a motor drive, slaved to a control elec-
tronic apparatus, possibly coinciding with the motor control-
ling unit 106, capable to move the measurement head upward
or downward up to bring the light beam to measure within the
sight field of the measure camera. The slide bearing is pref-
erably provided with stop devices, for protecting motors,
made by means of microswitches or other similar devices.
[0112] The self-leveling base 100 is capable to automati-
cally provide a horizontal plane of absolute reference with
respect to the geographical vertical line, so as to allow the
system according to the invention to detect the absolute incli-
nation of the measure camera and, consequently, of the light
beams under measurement with respect to the geographical
horizontal line.

[0113] With reference to FIG. 11, it may be observed that
the self-leveling base 100 comprises a plate 110 operating as
reference surface, to which a double axis clinometer 111,
preferably having high precision, is integrally coupled, that is
capable to detect the inclination of the plate 110 about the
pitch and roll axes. A first and a second powered apparatuses
112 and 113 are coupled to the plate 110, which apparatuses
are capable to rotate the plate 110 about two respective rota-
tion axes: a first axis of pitch, i.e. a transverse rotation axis,
orthogonal to the longitudinal axis of the plate 110 and lying
on the plane of the plate 110, thereby the first powered appa-
ratus 112 controls the pitch inclination of the plate 110; a
second axis of roll, i.e. a longitudinal rotation axis of the plate
110, thereby the second powered apparatus 113 controls the
roll inclination of the plate 110. A third powered apparatus
114 is also coupled to the plate 110, which apparatus prefer-
ably exchanges data with the data acquisition unit 105 and
which is capable to rotate the plate 110 about a third axis
orthogonal to the other two axes, i.e. parallel to the vertical
axis that is orthogonal to the horizontal plane of the plate 110,
thereby the third powered apparatus 114 controls the steering
orientation of the plate 110 (and of the measure camera).

[0114] Finally, the self-leveling base 100 comprises an
electronic feedback control unit 115, connected for exchang-
ing datato the double axis clinometer 111, to the two powered
apparatuses 112 and 113, and to the data acquisition unit 105.
Since, as it will be explained in detail below, the system
according to the invention carries out the detection by align-
ing the optical axis of the measure camera to the optical axis
of the light beam (or light beams) under measurement, the
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electronic feedback unit 115 is constantly active, thereby the
base 100 continuously adjusts its own orientation for com-
pensating possible small movements caused by accidental
impacts, wind or other external factors during detection.

[0115] Self-leveling may be disabled through an external
control, preferably imparted by the control software per-
formed by the processing unit 62, e.g. for allowing the appa-
ratus to be moved from one detection to the other.

[0116] With reference to FIG. 12, it may be observed that
the alignment optical unit 102 comprises a first so-called
panning camera 120 with sufficiently wide angular sight field
to allow an easy shot of the PAPI or APAPI unit under mea-
surement (when the system according to the invention is
placed at a sufficient operating distance). The panning camera
120 is slaved to a third powered apparatus 122 of training
capable to rotate the panning camera 120 about a pitch axis,
i.e. atransverse rotation axis, orthogonal to the optical axis of
the panning camera 120, thereby the third powered apparatus
122 controls the pitch inclination of the panning camera 120.
The third powered apparatus 122 is controlled, through the
data acquisition unit 105 and the distributing unit 107, by the
processing unit 62 so that the light beam (or light beams) of
the PAPI or APAPI unit under measurement may be brought
in the center of the image detected by the panning camera 120.
At this point, the light beam (or light beams) of the PAPI or
APAPI unit under measurement will appear also in the digital
image detected by a second measure camera 121, with which
the optical unit 102 is provided, that is integrally coupled to
the panning camera 120 (and it is hence subject to the same
movements imparted to the panning camera 120).

[0117] Also making reference to FIGS. 2 and 8, the mea-
sure camera 121 preferably comprises a CMOS sensor 80 of
1280x1024 colour pixels and it is provided with an objective
with single lens 81 with such characteristics as to form a
transformed image of the light beam (or light beams) emitted
by the PAPI or APAPI unit under measurement wherein the
angular coordinates’ of the object plane containing the red
filter 23 of the unit are transformed in orthogonal Cartesian
coordinates on the plane of the CMOS sensor 80. As said, the
third training powered apparatus 122 further controls, pref-
erably with high resolution, the inclination of the measure
camera 121 (along with the panning camera 120), making it
rotate about a pitch axis, i.e. a transverse rotation axis,
orthogonal to the optical axis of the second camera 121. In
order to adjust the inclination of the measure camera 121 with
high resolution, the third powered apparatus 122 is con-
trolled, through the data acquisition unit 105 and the distrib-
uting unit 107, by the processing unit 62 so that the light beam
(or light beams) of the PAPI or APAPI unit under measure-
ment may be brought in the center of the image detected by
the second camera 121: with successive iterations processed
by the processing unit 62, the white-red separation line is
brought to coincide with the horizontal line passing through
the center of the CMOS sensor 80 so that the two, respec-
tively, white and red semicircles of the beam have equal area,
thereby indicating that the optical axis of the measure camera
121 is perfectly aligned with the optical axis of the light beam
exiting from the PAPI or APAPI unit under measurement. For
obtaining high precisions, the measure camera 121 incorpo-
rates an objective with extremely precise single lens 81,
whereas the third training powered apparatus 122 is capable
to carry out a very fine vertical inclination of the measure
camera 121 (and consequently of the panning camera 120),
preferably with a resolution of about 0.3', so that the process-
ing unit 62 is capable to recognize when the red-white sepa-
ration line is exactly in the center of the CMOS sensor 80.
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[0118] In particular, the first and second cameras 120 and
121 preferably transmit the data of the directly detected
images to the distributing unit 107. The third powered appa-
ratus 122 is controlled by the motor controlling unit 106.
[0119] The detecting unit 103 for measuring inclination is
preferably provided with a single axis precision clinometer
for military and aerospace use capable to output a voltage
proportional to the inclination angle with respect to the geo-
graphical horizontal plane. The clinometer is integrally
coupled to the objective of the measure camera 121 so that its
output directly measures the inclination of the optical beam
when the second camera 121 is perfectly aligned with the
same. Small mechanical defects actually avoid to make the
clinometer perfectly aligned with the second camera 121,
whereby the constructive misalignment is measured in phase
of calibration of the system according to the invention and it
constitutes one of the correction factors applied by the pro-
cessing unit 62 to the performed detections.

[0120] The thermostatic unit 104 preferably comprises a
controlled temperature heater that is wound around the pre-
cision clinometer of the inclination measuring unit 103 so as
to keep it during operation at a predetermined temperature,
that is established depending the geographical region of use
of the system according to the invention and at which pro-
cessing performed by the unit 62 is further adjusted. In par-
ticular, the clinometer is set at temperature during the start
phase of the measurement campaign on the whole PAPI or
APAPI bar and this ensures the effective correspondence
between measured angles and output voltages as indicated in
a calibration certificate of the precision clinometer. The
operation temperature is constantly measured by the thermo-
static unit 104 for avoiding that wrong measurement values
are provided. The processing unit 62, through the data acqui-
sition unit 105 and the distributing unit 107, receives the
detected temperature data and controls the heater, preferably
generating possible warnings for detections carried out with
the clinometer of the unit 103 that has not yet reached the
operation temperature or that is above the same due to exter-
nal causes, such as direct solar radiation on the measurement
head 60.

[0121] With reference to FIG. 13, it may be observed that
the data acquisition unit 105 comprises a bank 130 of A/D
converters having high precision and stability, preferably at
16 bits, which receive and digitize the analog outputs coming
from the clinometer of the inclination measuring unit 103,
from the thermostatic unit 104, and from the double axis
clinometer of the self-leveling base 100. Moreover, the data
acquisition unit 105 comprises a digital /O bank 131 for the
exchange of controlling and monitoring signals with the same
units 103, 104 and 100, as well as with the powered apparatus
122 of the alignment optical unit 102. The two banks 130 and
131 are connected to a board 132 for storing the data, which
may be read by the processing unit 62, that preferably drives
the banks 130 and 131 through a high speed serial channel.

[0122] The data distributing interface unit 107, imple-
mented as a hub, is capable to multiplex on the same trans-
mission means all the data which are exchanged between the
measurement head 60 and the processing unit 62 so that the
interconnection occurs via single cable or a sole wireless
channel. By way of example, the distributing unit 107 may
comprisea USB hub on one side of which the panning camera
120, the measure camera 121, the data acquisition banks 130
and 131 and the motor controlling unit 106 are connected and
on the other side of which the processing unit 62 (preferably
a portable PC) is connected.

[0123] With reference to FIG. 14, it may be observed that
the processing unit 62, that controls the whole system, com-
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prises a controlling and processing sub-unit 140, that is
capable to perform an analysis of the detected images, a
driving of the measurement head motors, and the reading of
the data stored in the board 132 of the data acquisition unit
105. The logic architecture further comprises a memory unit
141, memorizing a database for storing the identification and
historical data of the performed detections, and an interface
unit 142 for controlling the measurement head. The process-
ing unit 62 is connected to the measurement head 60 prefer-
ably via a high speed serial port of USB 2.0 type.

[0124] Inparticular, the sub-unit 140 is preferably provided
with a software that is capable to control detections in a
completely automatic manner through the following steps:

[0125] selecting from (or creating in) the database 141
apparatus data related to type and characteristics of the
PAPI or APAPI unit under measurement (e.g.: number of
lamps, power, adjustments, etc.);

[0126] inputting distance and other variable parameters
ofthe measurement (e.g.: PAPI turn-on power, measure-
ment data, operator, etc.);

[0127] controlling the vertical slide of the height adjust-
ing unit 101, that is set halfway as initial position;

[0128] controlling the powered apparatuses for moving
the self-leveling base 100 and the alignment optical unit
102, which are set at gravitational horizontal level,
through a local control, preferably capable to compen-
sate at least 10°, more preferably with a precision of
about 10"

[0129] receiving controls selected by an operator (pref-
erably through suitable selectable controls on a graphi-
cal interface displayed on a display—not shown—con-
nected to the processing unit 62) for controlling the
powered apparatuses for moving the measurement head,
which must be set at an elevation adapted to shot the light
beams emitted by the unit under measurement and
which must be oriented for centering such beams in the
image detected by the panning camera 120; at this point
the beams also appear in the image detected by the
measure camera 121, the sight field of which is prefer-
ably equal to about 3°;

[0130] starting the automatic execution of the measure-
ment, preferably upon selection by the operator of a
button on the graphical interface, when the detected
image of the beam contains both the red and the white;

[0131] automatically controlling the powered appara-
tuses for moving the measurement head up to have an
image as close as possible to the ideal one (i.e. with the
light beams detected as circles centered in the image of
the measure camera 121 with the CT in the center
thereof);

[0132] once such alignment has been obtained, reading
the inclination value provided by the precision clinom-
eter of the detecting unit 103;

[0133] preferably, on the basis of the read value, display-
ing indications for correcting the inclination of the unit
under measurement for making it comply again with the
ICAO specification;

[0134] preferably, upon control by the operator, storing
the measurement data in the database 141.

[0135] Preferably, the software performed by the sub-unit
140 also executed an operation diagnosis of the system
according to the invention. In particular, it allows, in case of
fault or malfunction, to proceed to a series of tests for deter-
mining the fault or malfunction.
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[0136] Positioning the measure camera 121 with high pre-
cision is obtained through feedback signals generated by the
software executed by the sub-unit 140 for analyzing the digi-
tal image detected by the same camera.
[0137] Tt is important to underline that, since the system
according to the invention directly measures the light beam
inclination, the geometric distance of the system from the unit
under measurement does not intervene in calculations. This
entails that the measurement head may be positioned any-
where, preferably choosing a minimum distance of about 10
meters. The maximum distance is given by the need of inter-
cepting a beam that, according to the present ICAQO standard,
is normally inclinated at most by 3°35' upward (see FIG. 5a),
thereby, assuming that the maximum elevation at which the
measurement head may be positioned is 200 cm, the maxi-
mum distance is equal to about 20 meters. Obviously, in case
oflarger or lower inclinations, upon equal elevation the maxi-
mum distance decreases or increases, respectively.
[0138] AsshowninFIG. 8, the system carries out the detec-
tion by starting from such an alignment of the measurement
head 60 that the CMOS sensor 80 of the measure camera 121
1s perfectly vertical with respect to the reference horizontal
plane. The self-leveling base 100 of the measurement head
allows to meet this condition even though the rough position-
ing apparatus 61, preferably a precision tripod, i1s on hilly
ground.
[0139] The processing unit 62 carries out an analysis of the
digital image coming from the measure camera 121, capable
to measure the zenith angle through purely gravitational,
instead of trigonometric, methods and to display indications
on a display for correcting and centering the PAPT or APAPI
unit under measurement. The whole measuring system is
completely automated, the operator being only required to
make the initial positioning, both in horizontal and in vertical,
with respect to the PAPI to measure.
[0140] For carrying out a detection of the inclination of two
or three light beams emitted by a PAPI or APAPI unit, the
system is preferably placed at a distance ranging from 10 to
20 meters from the unit under measurement and at an height
ranging from 100 to 200 cm through the use of the rough
positioning apparatus 61, preferably a precision tripod.
[0141] Once the operator has manually brought the mea-
surement head 60 at the height needed to shot the light beam
to measure, he may carry out further fine adjustments by
moving the measurement head through the software of the
processing unit 62, by preferably interacting with a graphical
interface displayed on the display. The panning camera 120
aids the operator for carrying out the initial alignment. When
the image of the PAPT or APAPIT unit appears in a measuring
window displayed by the graphical interface on the display,
i.e. when the light beams are shot by the measure camera 121,
the operator may start the automatic detection.
[0142] Inthis regard, the system according to the invention
performs a repetitive sequence of the following steps:
[0143] acquiring the digital image of the beams by the
measure camera 121;
[0144] analyzing the digital image by the processing unit
62; and
[0145] generating by the processing unit 62 signals for
controlling the powered apparatus 122 for training the
measure camera 121 for adjusting the alignment of the
camera optical axis so as to make it get closer to the one
of the light beams (i.e. for obtaining the detected light
beams as circles centered in the image of the measure
camera 121 with the CT in the center thereof).
[0146] When the processing unit 62 recognizes that the
current alignment of the measure camera 121 is the optimal
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one, it reads (through the data acquisition unit 105) the pre-
cision clinometer of the detecting unit 103 for measuring the
inclination, integral with the measure camera 121, the value
of which corresponds to the beam inclination.

[0147] At this point, the processing unit 62 displays on the
display indications for correcting the inclination of the PAPI
or APAPI unit under measurement, allowing to intervene on
the unit adjusting registers up to obtain an alignment comply-
ing with the specification. Preferably, such indications com-
prise the corrections to make on the several adjusting screws
of the PAPI or APAPI unit under measurement.

[0148] Furthermore, the system according to the invention
allows to detect the flatness of the light beam under measure-
ment, checking whether the CT is horizontal, i.e. parallel to
the plane of the plate 110 (operating as reference surface) of
the self-leveling base 100.

[0149] Moreover, the system according to the invention
allows to carry out a measure of the width, on the horizontal
plane, of the light beams emitted by the PAPT or APAPI units.
[0150] Since the light beam horizontal width is typically of
about 16°(see FIG. 3) the measure camera 121 is not capable
to collect the whole bean, since the objective preferably has
a width of the order of some tenths of degrees. Consequently,
in order to obtain the beam width by processing the image
detected during the inclination measurement, the width is
obtained starting from samples of the intensity emitted by the
single lights of a PAPI or APAPI unit as measured under
several angle. For each model of PAPI or APAPI unit present
in the database 141; it is then possible to interpolate the
performed measurements with the typical intensity contour
(shown in FIG. 3) for obtaining the continuous profile of the
intensity. Once this processing has been simultaneously per-
formed for each light, by summing in incoherent manner all
the intensity diagrams the whole diagram of the PAPI or
APAPI unit under measurement is obtained. The processing is
performed for both white and red, in proximity to the CT
separation line.

[0151] Operatively, the measurement is carried out by
being at known distance (e.g. at 10 m) from the PAPI or
APAPI unitunder measurement, in substantially normal posi-
tion, without needing the preliminary knowledge of the dis-
tance with high precision (hence exploiting common measur-
ing instruments, such a tape measure). A measurement
similar to the elevation one, possibly also with a lower accu-
racy, is carried out for aligning the measure camera 121 on the
white/red separation line of the unit under measurement. The
illuminance of the white and red parts is measured from the
detected image. The measurement is repeated by moving
right and left by known amounts: at the end of the measure-
ment cycle the whole radiance diagram of the unit and the
diagram width in predetermined points (e.g. at -6 dB and -20
dB) are processed.

[0152] Furthermore, the system according to the invention
allows to measure the intensity of the light emitted by the
PAPI or APAPI bar for checking the compliance with ICAO
rules, preferably providing the results as isocandela diagrams
(generally ellipses) similar to those of FIG. 3. Preferably,
such detection is carried out simultaneously to the beam
azimuth width detection, of which the first one uses the same
measurements.

[0153] The advantages offered by the system according to
the invention are evident and significant.

[0154] The system according to the invention is capable to
measure with extreme precision, within 1' of degree, the
inclination of the colour transition of each single PAPI or
APAPI unit or even of each single lamp within the unit, not
suffering from the errors which impair traditional trigono-
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metric methods. In particular, the system restores on ground,
in conditions of “close field”, the pilot’s sight in determining
the elevation angle of the colour transition of the unit under
measurement. This is possible since the measurement head at
the beginning of the procedure self-levels, setting on the
gravitational horizontal plane, similarly to what occurs dur-
ing the “flight check”. The whole measurement procedure
does not typically exceed 15 minutes and it may be carried out
in any weather condition and in any climate, the system being
thermally stabilized, preferably avoiding conditions, such as
direct summertime solar radiation, which may cause exces-
sive temperatures on the apparatus.

[0155] The system according to the invention is capable to
reliably operate even on very uneven grounds with depres-
sions.

[0156] Moreover, the system according to the invention is
further capable to measure with good precision the azimuthal
width of the beam of each single unit, the value of the inten-
sity of the emitted light, and the beam flatness.

[0157] Therefore, the system according to the invention
makes the expensive and complex “flight check” necessary
only for checking that the corrections made on the basis of the
results provided by the system have effectively made the
PAPI or APAPI units comply with the ICAO rules.

[0158] The preferred embodiments have been above
described and some modifications of this invention have been
suggested, but it should be understood that those skilled in the
art can make variations and changes. without so departing
from the related scope of protection, as defined by the follow-
ing claims.

1. System for detecting the inclination of one or more light
beams, having at least one sharp colour transition, emitted by
one or more light sources, in particular precision approach
slope indicators, comprising measuring means for measuring
an inclination, and optoelectronic means for acquiring
images which means are capable to be inclinated by first
powered means, the inclination measuring means being inte-
grally coupled to optoelectronic means so as to measure the
inclination of the latter, and wherein the system further com-
prises electronic processing means capable to control the first
powered means on the basis of the images acquired by the
optoelectronic means so that, when the system carries out a
detection of the inclination of said one or more light beams,
said at least one sharp colour transition appears in at least one
corresponding predetermined position of said acquired
images, said electronic processing means reading an inclina-
tion value outputted by the inclination measuring means for
displaying the same on a display.

2. System according to claim 1, wherein the image acquir-
ing optoelectronic means includes a measure camera, prefer-
ably comprising a CMOS sensor, still more preferably of
1280x1024 colour pixels, and provided with objective with
single lens.

3. System according to claim 2, wherein the first powered
means is capable to carry out an inclination of the measure
camera with about 0.3' of resolution.

4. System according to claim 1, wherein the inclination
measuring means comprises a precision clinometer with
single axis.

5. System according to claim 1, wherein it further com-
prises thermostatic means, preferably comprising a con-
trolled temperature heater, controlled by the electronic pro-
cessing means, capable to keep the inclination measuring
means at a predetermined, preferably adjustable, tempera-
ture.
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6. System according to claim 1, wherein the electronic
processing means is capable to compensate a misalignment of
the integral coupling between the inclination measuring
means and the image acquiring optoelectronic means.

7. System according to claim 1, wherein the inclination
measuring means, the image acquiring optoelectronic means,
and the first powered means are housed in a measurement
head, mounted on a rough positioning apparatus, preferably a
precision tripod, which measurement head further comprises
self-leveling means, integrally coupled to the image acquir-
ing optoelectronic means, capable to automatically provide a
horizontal plane of absolute reference with respect to a geo-
graphical vertical line, whereby said inclination value is
related to said reference horizontal plane.

8. System according to claim 7, wherein the self-leveling
means comprises a reference plate, to which a double axis
clinometer capable to detect an inclination of the plate about
a pitch axis and a roll axis is integrally coupled, the system
further comprising second powered means, controlled by
electronic feedback controlling means on the basis of an
inclination value outputted by the double axis clinometer,
which electronic feedback controlling means is capable to
rotate the plate about said pitch and roll axes.

9. System according to claim 1, wherein it further com-
prises third powered means, controlled by the electronic pro-
cessing means, capable to rotate the image acquiring opto-
electronic means about a vertical axis orthogonal to a
reference horizontal plane, whereby the third powered means
is capable to control a steering orientation of the image
acquiring optoelectronic means.

10. System according to claim 1, wherein it further com-
prises fourth powered means, controlled by the electronic
processing means, capable to control a vertical position of the
image acquiring optoelectronic means.

11. System according to claim 2, wherein the image acquir-
ing optoelectronic means further includes a panning camera
integrally coupled to the measure camera, and wherein the
electronic processing means controls the first powered means
first on the basis of the images acquired by the panning
camera and then, once said one or more light beams appear in
the images acquired by the panning camera, on the basis of the
images acquired by the measure camera.

12. System according to claim 1, wherein the electronic
processing means is capable to display on said display indi-
cations related to a correction of an inclination of said one or
more light sources.

13. System according to claim 1, wherein the electronic
processing means is capable to measure an intensity of said
one or more light beams on the basis of the images acquired
by the optoelectronic means.

14. System according to claim 1, wherein the electronic
processing means is capable to measure an orientation of said
at least one sharp colour transition in at least one of said
images acquired by the optoelectronic means.

15. Process for detecting the inclination of one or more
light beams, having at least one sharp colour transition, emit-
ted by one or more light sources, in particular precision
approach slope indicators, comprising the following steps:

acquiring images of said one or more light beams through

optoelectronic means;

processing said images for checking whether said at least

one sharp colour transition appears in at least one cor-
responding predetermined position thereof;
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in the case where said at least one sharp colour transition
does not appear in said at least one corresponding pre-
determined position, controlling first powered means so
as to modify an inclination of the optoelectronic means;
and

in the case where said at least one sharp colour transition

appears in said at least one corresponding predetermined
position, measuring an inclination value of the optoelec-
tronic means.

16. Process according to claim 15, wherein it further com-
prises the following step:

displaying said inclination value on a display.

17. Process according to claim 15, wherein it further com-
prises the following preliminary step:

controlling further powered means for positioning the

optoelectronic means so as to shot said one or more light
beams.

18. Process according to claim 17, wherein the optoelec-
tronic means comprises a panning camera and a measure
camera, and wherein in the preliminary step images acquired
by the panning camera are processed for checking that said
one or more light beams appear therein, whereas the subse-
quent processing for checking whether said at least one sharp
colour transition appears in at least one corresponding prede-
termined position thereof is carried out on images acquired by
the measure camera.

19. Process according to claim 15, wherein it further com-
prises the following step:

displaying on a display indications related to a correction

of an inclination of said one or more light sources.

20. Process according to claim 15, wherein it further com-
prises the following step:

measuring an intensity of said one or more light beams on

the basis of the images acquired by the optoelectronic
means.

21. Process according to claim 20, wherein the intensity of
said one or more light beams is measured in a plurality of
angles between the optoelectronic means and said one or
more light sources, and wherein it further comprises the fol-
lowing step:

interpolating the intensities measured with a reference

intensity diagram, preferably in proximity to said at least
one sharp colour transition.

22. Process according to claim 20, wherein said light
beams are at least two, and wherein it further comprises the
following step:

summing the interpolated intensity diagrams of all the light

beams, for obtaining an intensity diagram of said one or
more light sources.

23. Process according to claim 20, wherein it further com-
prises the following step:

processing a width of said one or more light beams on a

horizontal plane.

24. Process according to claim 15, wherein it further com-
prises the following step:

measuring an orientation of said at least one sharp colour

transition in at least one of said images acquired by the
optoelectronic means.

25. System for detecting the inclination of one or more
light beams, having at least one sharp color transition, emitted
by one or more light sources, in particular precision approach
slope indicators, comprising;
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an inclination measurer designed to measuring inclination; acquisition optoelectronics so that, when the system car-
image acquisition optoelectronics designed to acquire ries out a detection of the inclination of said one or more
images; light beams, said at least one sharp color transition
a first inclinator designed to incline the image acquisition appears in at least one corresponding predetermined
optoelectronics; position of said acquired images, said electronic pro-
wherein the inclination measurer is mechanically coupled cessing unit reading an inclination value outputted by
to image acquisition optoelectronics so as to measure the the inclination measuring means for displaying the same
inclination of the image acquisition optoelectronics; on a display.

an electronic processing unit that controls the first inclina-
tor on the basis of the images acquired by the image BoEE K



	Bibliography
	Claims
	Drawings
	Description
	Abstract

