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Description

[0001] The invention relates to a method for controlling an airport navigation lights system according to the preamble
of claim 1. According to a second aspect, the invention relates to an airport navigation lights system according to the
preamble of claim 8 and an airport with an airport navigation lights system.

[0002] Such an airport navigation lights systems is known from FR 2 865 871 A1 and WO 95/24820 A1 and is used
for lighting traffic ways of an airport, e.g. its runway or taxiways. The lamps of the airport navigation light system, which
may also be called aeronautical ground lights, must be checked regularly in order to make sure they function properly.
Furthermore, it is an advantage to be able to communicate with each of those lights so that they may be used as signals
for pilots.

[0003] WO 95/24820 A1 discloses a "method and a system for synchronization of time slots to a part of an AC half
cycle" current, there is an area of AC half cycle current not used as time slot. This is based in the fact that AC current
is thyristor modulated and according to thyristor modulation techniques, the previous area is reduced when AC effective
current value is increased by increasing thyristor conducting angle. So, this area cannot be used for time slot as per this
previous art description. On the contrary, the invention defines a very short time slot in order to have a plurality of time
slots (S) along AC half cycle current, a method to detected noise along AC half cycle current and a method to determine
which time slots of the plurality may be active for encoding messages based in noise information.

[0004] WO 95/24820 A1 communicates using high frequency pulse signals where a pulse signal contains a number
of pulses and where every single pulse is created by pulse wise affecting the impedance during the time slot. Thus,
there is no transmitter and each time slot comprises a bit.

[0005] WO 95/24820 A1 does not describe how to overcome noise level along the time slot. It looks like there are few
chances to avoid any unexpected noise along time slot due to the fact that transmission is made by affecting the
impedance, because reception is based on disturbance detection synchronized with time slots. Therefore, this prior art
could lose communication if a signal noise is overlapped with generated pulse. Power sources in an airport may be
supplied from different phases of a three-phase power network and cables may be unscreened and lay down closely,
if that were the case, each airport navigation lights system will have a distortion in their time slots. The invention overcomes
limitation of prior art WO 95/24820 A1 because time slots Sj could be assigned in noise free area of AC half cycle current.
[0006] US 2008/0304577 A1 describes a method for power-line communication in which the noise conditions in cor-
respondence to a period of the AC current is detected. Based on these noise conditions, a plurality of communication
channels in the time domain are generated and the tone maps used in these communication channels are prepared
such that the noise does not disturb the messages too strongly. In other words, communication channels with a high
degree of noise are used to transmit data that require less quality of service. Those communication channels with a low
degree of noise are used e.g. for voice over IP packages. The range for the data rate is between 10 and 100 Megabits
per second. This method is well suited for power-line systems e.g. in houses, but is not suitable for airport navigation
lights systems, as the achievable data rate is lower by at least three orders of magnitude. A typical data rate that can
be achieved in an airport navigation lights system is about 0.002 Megabits per second.

[0007] WO 2008/073321 A2 relates to an airfield light system having a modulator generating a modulation correspond-
ing to one of a plurality of selectable covert lighting modulation modes; a lighting fixture controller tool to select one of
those covert lighting modulation modes for the modulator; a covert lighting driver that acts in response to the modulation
signal; a covert light source controlled by the covert lighting driver; and a visible light source that can operate in a non-
covertlighting mode. In this way, the lights can be put in different covert lighting modes in which the lights emit modulated
infrared radiation. These systems are used in order to prevent attacks on the airport. The modulation is used to increase
the visibility of the lights when infrared night vision equipment is used and not in order to transmit information over poor
cables.

[0008] Some airport navigation light systems use unshielded cables for powering the lamp units that each control at
least one aeronautical ground light. These existing systems can be upgraded for communication with the lamp units.
However, the number of aeronautical ground lights that can be addressed individually by these systems is rather limited.
[0009] It would be possible to connect all aeronautical ground lights and all lamp units to a network of shielded data
cables. This would lead to a safe, reliable and versatile system, but requires a completely new communication system.
[0010] The invention aims at improving an airport navigation lights systems, in particular existing airport navigation
lights systems.

[0011] The invention solves this problem by means of a method with the features of claim 1.

[0012] Accordingtothe secondaspect, the invention solves the problem by an airport navigation lights system according
to claim 8.

[0013] Itis an advantage of the invention that many aeronautical ground lights can be controlled. Tests have shown
that more than 500 and up to 990 lights can be addressed within less than 5 seconds per available frequency channel.
As a consequence, the airport navigation lights systems of relatively large airports can be retrofitted.

[0014] Itis afurther advantage that the error rate is low. As only low-noise time slots are used, frequency multiplexing
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is possible, and errors in the data transmission are unlikely.

[0015] Itis afurther advantage that repeaters are usually not needed. As several time slots can be used, the maximum
frequency can be chosen to be lower than e. g. 30 kilohertz. The inventors have found that the attenuation of signals at
higher frequency is particularly high. As lower frequency can be used, the attenuation is reasonably low so that repeaters
are usually not necessary.

[0016] Asaconsequence, no shieldingis required for the cable. The invention is applicable to almost all existing airport
navigation lights systems.

[0017] Itis a further advantage of the present system that it is robust. As the lamp units and/or the control unit only
use low-noise time channels, the communication electronics can, according to a preferred embodiment, be switched off
or be set up for automatically switching off during high-noise time slots. Consequently, they are not affected by possible
voltage peaks.

[0018] In this description, the noise level is in particular intended to mean the amount of current and/or voltage fluc-
tuations that are not intended.

[0019] The noise threshold is in particular intended to mean a fixed value that has been chosen such that noise below
that threshold does not interfere with the data transmission. The noise threshold may be pre-determined. In other words,
the noise threshold may be stored in e.g. a digital storage before the noise levels are being determined. This noise
threshold is chosen as high as possible, but low enough to ensure reliable communication.

[0020] Alternatively, the noise threshold may be implicit. For example, it is possible that the method comprises the
steps of (a) determining the number N of time slots that are needed in order to be able to obtain status information from
the aeronautical ground lights within a preset time interval of e.g. 2 seconds or 5 seconds and (b) choosing the first with
the lowest noise level. In this case, the noise threshold is above the noise level of the N,-th time slots with the lowest
noise level and the time slot with the (N,+1) lowest noise level.

[0021] The phrase "along the period" is intended to mean a position relative to the repeating pattern of the AC current.
Instead of the phrase "along the period" the phrase "along the waveform of the AC current" or "relative to the waveform
of the AC current" could be used. The AC current can be described as I(t)=ly-sin(wt+¢0) + noise(t). In other words, the
AC current is a periodic function of the time t. The phrase "along the period" refers to the time modulo 2.

[0022] A time slot is intended to mean a defined time interval in a schedule, i.e. a time interval relative to the AC
current. In other words, a time slot is a time interval having a determined duration during which a resource (in the present
case: the transmission capacity of the cable) may be used and wherein this time interval occurs periodically (in the
present case: within each period or half-period of the AC current).

[0023] Each lamp unitis connected to at least one aeronautical ground light. It is possible, but not necessary, that the
number of aeronautical ground lights a lamp unit is connected with is constant for all lamp units.

[0024] Preferably, the low-information message encodes less than two bits per half period, e. g. one bit per half period.
Such a low data rate makes the data transmission is very robust and little error-prone.

[0025] Preferably, the high-information message contains at least 12 bits per half-period, for example 17, 18 or 19 bit
per half-period.

[0026] The widths of the time slot is preferably at least 300 microseconds and/or at most 600 microseconds. There
may be at least 20 time slots, in particular at least 30 time slots, per period. Preferably, there are less than 60 time slots,
in particular less than 50 time slots, per period. The number of bits per active low-noise time slot is preferably at least
one, but several frequency channels are possible and advantageous. In particular, more than two, three or four frequency
channels can be used. It has turned out that more than 9 frequency channels are possible, but usually not required.
[0027] Preferably, the cable in unshielded. The invention could of course be used for shielded cables as well. However,
it is an advantage that it can be used with unshielded cables as well.

[0028] Step (iii) comprises sending a low-noise time slot mask. This is a sequence of consecutive bits, wherein each
bit encodes whether or not a time slot is low-noise and active or not. It is possible to encode the time slots of the low-
noise time slots in a different way, but this is a very efficient way of doing it. It should be noted that encoding the low-
noise time slots can also be achieved by encoding the inactive or high-noise time slots, e.g. those time slots that are
either low-noise, but unused or not low-noise. In this case, the communication takes place only in those time slots that
are not marked as inactive or high-noise.

[0029] The low-noise time slots that are used for sending high-information messages are called active time slots. It is
possible, but not necessary, that all low-noise time slots are active time slots. If not all low-noise time slots are necessary
for the communication with the lamp units, it is advantageous that the least noisy time slots are used as active time slots.
[0030] According to a preferred embodiment, the bit values for each time slot and for each frequency channel are
frequency-encoded or phase-encoded. If the bit values are frequency encoded, the bit value 0 is represented by a first
frequency and the bit value 1 is represented by a second frequency distinct from the first frequency. If the bit values are
phase-encoded, the bit value 0 is represented by a first phase of the frequency and the bit value 1 is represented by a
second phase relative to the first phase of the frequency. In particular, the second phase is 180°.

[0031] The first channel may be used encode time-critical information, e.g. whether or not a lamp unit is operational,
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inactive or defect. The second channel may be used to encode non time-critical information, e.g. electrical parameters
of the lamp units such as voltage or current. Preferably, the first channel uses a frequency that has a lower attenuation
and/or noise level than the other channels.

[0032] If the bit values are frequency encoded, the frequencies are preferably sampled in the middle of each time slot
e.g. by the control unit and/or the lamp units. The phrase "in the middle of a time slot" is in particular intended to mean
a time interval around the center of the time slot, wherein this interval has interval length that does not exceed a tenth
of the widths of the time slot.

[0033] Preferably, the frequencies do not exceed 30 kilohertz. As pointed out above, higher frequencies can lead to
a significant amount of attenuation, thus requiring repeaters.

[0034] Accordingto a preferred embodiment, for each time slot at least four, in particular atleast six, frequency channels
are used. It has turned out that for most airport navigation light systems at least up to ten frequency channels are possible,
which leads to a high data rate.

[0035] According to a preferred embodiment, at least some of the high information messages encode switching infor-
mation for selectively switching at least one lamp unit on or off. The switching information may contain a point of time
at which the respective lamp unit has to switch on or off. This point of time may refer to an internal time or system time
that is distributed by the control unit, e.g. via a reference point setting signal as discussed below.

[0036] The steps (i) to (iv) are preferably carried out automatically by the control unit. Preferably, at least a majority
of the lamp units automatically carries out a method comprising the following steps: (i) receiving the low-information
message encoding the timing of the low-noise time slots and (ii) sending at least one status message in at least one
low-noise time slot. Of course, the lamp units usually receive and send these kinds of messages regularly.

[0037] The steps (i) to (iv) may be carried out after a start of the airport navigation lights system. These steps may
also be carried out after pre-determined time intervals, e.g. once a day.

[0038] Preferably, the steps (i) and (ii) of claim 1 are carried out repeatedly after preset time interval and if the noise
level in one low-noise time slots exceeds the noise threshold and this low-noise time slot is an active low-noise time slot
used for sending high-information messages, a new low-information message encoding the timing of at least some of
the low-noise time slots relative to the period is sent. If the noise level in one of the high-noise time slots falls below the
noise threshold and an active low-noise time slot has a higher-noise level than this (formerly high-noise) time slot, a new
low-information message encoding the timing of at least some of the low-noise time slots relative to the period may be
sent. In other words, the active low-noise time slots will be changed, if necessary and/or advantageous.

[0039] The AC current’s waveform may be a phase-cut sine wave or sine wave, i.e. a complete sine wave, and has
a least one current edge, in particular precisely two current edges, per period, wherein the timing of the time slots is
determined relative to the current edge. This timing of the time slots is carried out by the lamp units and/or the control
unit. The current edge may be a point of time along the period of the AC current that can be detected with the highest
accuracy. Thus, a timing miss match between the control unit and lamp units or between two lamp units is small. As a
consequence, relatively small time slots can be used.

[0040] If the AC current’'s waveform is a phase-cut sine wave, the current edges are the steep incline when the phase
cut ends and the steep decline when the phase cut starts. If the AC current’s waveform is a sine wave, the current edges
occur when the first derivative with respect to time has its maximum or its minimum.

[0041] As an alternative, the AC current’s waveform is a sine wave. Of course, a cosine wave equals a sine wave, as
they only differ in phase. The timing of the time slots may than determined relative to the phase of the sine wave.
[0042] The method may comprise the steps of determining the timing of the time slots by means of a clock of a lamp
unit, by sending a reference point setting signal, e.g. by means of the control unit; and by synchronizing the clock with
the phase of the AC current based on the reference point setting signal. This reference point setting signal may comprise
(i) a first set of at least one bit of a first value, (e.g. 0) immediately followed by (ii) one marker bit of not the first value,
(e.g. 1), and (iii) a second set of at least one bit that is the first value, (e.g. 0). The lamp units preferably determine the
sampling point of time for a time slot relative to the marker bit point of time of the marker bit. In other words, the point
of time at which the marker bit is received by the lamp unit is regarded as the significant point of time that is used to
synchronize the internal clock of the lamp unitto the AC current. The first set preferably comprises atleast two consecutive
equal bits. The second set preferably comprises at least two consecutive equal bits that are the first value.

[0043] The phrase that the clock is synchronized with the phase of the AC current based on the reference point setting
signal is in particular intended to mean that the point of time at which the reference point setting signal is received is
used to calculate a time shift between the clock of the lamp unit and the AC current, wherein the clock’s frequency is
stabilized to the AC current’s frequency.

[0044] An independent aspect of the present invention is a method for controlling an airport navigation lights system
(22), comprising

(a) a power source (24) for producing an AC current (l);
(b) a plurality of lamp units (26) that
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- are powered by the power source (24) via a cable (25) and
- comprise a receiver;

(c) atleast one aeronautical ground light (14.1), wherein each lamp unit (26) is connected to at least one aeronautical
ground light; and
(d) a control unit (30) that

- is connected to the cable (25) and
- is arranged for sending messages to the lamp units (26) and receiving messages from the lamp units (26) via
the cable (25),

wherein

(a) the method comprises the following steps carried out automatically by the control unit (30):

(i) determining a noise level for a plurality of time slots (S) along the period of the AC current (1), wherein the
plurality of time slots (S) occurs periodically within each period or half period of the AC current (1);

(ii) determining low-noise time slots during which the noise level is below a noise threshold;

(iii) sending a low-information message (M,,,) encoding the timing of at least some of the low-noise time slots
relative to the period via the cable,

wherein the low-information message (M,,,) comprises

- acode word encoding the information that the message is the low-information message (M),

-  after the code word an active time slot mask encoding the active low-noise time slots, the active time slot
mask comprising a sequence of consecutive bits, wherein each bit encodes whether or not a time slot is
low-noise and active or not and

- areference point setting signal (my,ss);

(iv) sending high-information messages encoding control commands only during these low-noise time slots;
and in that

(b) the method further comprising the following steps carried out automatically by at least a majority of the lamp units:

(o) receiving the low-information message (M,,,,) encoding the timing of the low-noise time slots;

(B) determining the timing of the time slots by means of a clock (41) of a lamp unit (26) by synchronizing the
clock with the phase of the AC current based on the reference point setting signal by determining the sampling
point of time for sampling a bit value based on the reference point setting signal; and

(x) sending at least one status message in at least one low-noise timeslot.

[0045] An independent aspect of the present invention is also an airport navigation lights system (22) comprising:

(a) a power source (24) for producing an AC current (l), the AC current (l) having a period;
(b) a plurality of lamp units (26) that

- are powered by the power source (26) via a cable and
- comprise a receiver;

(c) at least one aeronautical ground light (14) wherein each lamp unit (26) is connected to at least one aeronautical
ground light; and
(d) a control unit (30) that

- is connected to the cable (25) and
- is arranged for sending messages (Mhigh, Mow) to the lamp units (26)
- and receiving messages from the lamp units (26) via the cable (25),

wherein
(e) the control unit (30) is configured to automatically perform the following method steps:
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(i) determining a noise level for a plurality of time slots (S) along the period of the AC current (I), wherein the
plurality of time slots (S) occurs periodically within each period or half period of the AC current (1);

(ii) determining low-noise time slots during which the noise level is below a noise threshold;

(iii) sending a low-information message (M,,,,) encoding the timing of at least some of the low-noise time slots
relative to the period via the cable,

wherein low-information message (M,,,) comprises

- acode word encoding the information that the message is the low-information message (Mq,,),

-  after the code word an active time slot mask encoding the active low-noise time slots, the active time slot
mask having a sequence of consecutive bits, wherein each bit encodes whether or not a time slot is low-
noise and active or not and

- areference point setting signal (m..); and

rpss
(iv) sending high-information messages encoding control commands only during these low-noise time slots;
and in that

(b) at least a majority of the lamp units are configured to automatically perform the following method steps:

(o) receiving the low-information message (M,,,,) encoding the timing of the low-noise time slots;

(B) determining the timing of the time slots by means of a clock (41) of a lamp unit (26) by sending a reference
point setting signal (m;,ss) by synchronizing the clock with the phase of the AC current based on the reference
point setting signal; and

(x) sending at least one status message in at least one low-noise time slot.

[0046] The method and the airport navigation lights system, which may be part of an airport, may or may not have the
features described with respect to the other aspect of the invention, and vice versa.

[0047] The airport navigation lights system may comprise a filter unit between the power source and the lamp units.
The filter unit is set-up such that for frequencies a first cut-off frequency, e.g. 32 kHz, and above a second cut-off
frequency (that is smaller than the first frequency, e.g. 2 kHz,) the filter unit acts as short-circuit. The filter unit may also
be set-up such thatfor frequencies above the second cut-off frequency are prevented from entering into the power source.
[0048] The voltage of the power source is preferably at least 4 kilovolt and preferably does not exceed 8 kilovolt.
[0049] Each lamp unit may comprise a transformer, a receiver, a sender, and a processor.

[0050] According to a preferred embodiment, the lamp unit is connected to the cable via an isolation transformer. The
failure of one lamp unit will not interrupt the whole system. Very high frequencies are prevented from entering the lamp
unit. Should one of the lamp units get short circuited to ground, this does not affect the other lamp units.

[0051] Preferably, there is a clock for each lamp unit. The clock comprises a frequency generator that is synchronized
to the AC current. It is advantageous, but not necessary, that each lamp unit has its own clock. As an alternative, two
or more lamp units could share one clock.

[0052] The clock may comprise a phase-lock loop having a low-pass filter characteristics, e.g. a Pl (proportional and
integral terms) controller. The timing of the current edge usually show a jitter with respect to the sine envelope of the
AC current. The low-pass filter characteristics may have a cut-off frequency that is chosen to eliminate the jitter, but to
allow the clock to follow the drift of the current edge of the AC current relative to the frequency generator. In other words,
the clock is synchronized following the drift of the current edge, but not its jitter. The current edge may be determined
e.g. by determining the point of time in which the increase of the AC current with time (i.e. the first derivative of the
current) exceeds a pre-set threshold. The low-pass filter in the phase-lock loop has the effect that the clock will run faster
if the frequency of the AC current increases. The cut-off frequency may be 10 Hertz, in particular below 1 Hertz.
[0053] According to a preferred embodiment, the airport navigation lights system has a number of aeronautical ground
lights that is chosen small enough so such that the status of all lamp units is retrievable within two seconds. An airport
may comprise more than one airport navigation light system according to the invention so that the total number of
aeronautical ground lights that can be checked within two seconds can be larger.

[0054] The invention also solves the problem by means of an airport comprising an airport navigation light system as
described above and a taxiway and a runway, wherein the aeronautical ground lights are installed in the taxiway and/or
the runway. According to a preferred embodiment this airport comprises a second airport navigation lights system as
described above, wherein the frequencies of their frequency channels in the first airport navigation lights system differ
from the frequencies in the frequency channels in the second airport navigation lights system so that cross-talk between
the two airport navigation lights systems is minimized.

[0055] It should be noted that the airport may comprise two groups of lamp units. The first group may be safety relevant
and may need to be checkable within e.g. two seconds. The second group may not be safety relevant and may be
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checked only within a longer time period, e.g. five seconds.

[0056] The airport may comprise (i) a second airport navigation lights system according to the invention, wherein (ii)
the control unit of the first airport navigation lights system is synchronized with a second control unit of the second airport
navigation lights system. At least one of the frequencies of one of the frequency channels in the first airport navigation
lights system corresponds to one of the frequencies of one of the frequency channels in the second airport navigation
lights system. As a consequence, cross-talk could occur. To avoid cross-talk, each lamp unit has a digital storage in
which a timing of a sending time frame is stored, wherein the sending time frames for all lamp units of the first airport
navigation lights system and the second airport navigation lights system are different. Thus, the communication is
undisturbed even if there is cross-talk between the cable of the first airport navigation lights system and the cable of the
second airport navigation lights system.

[0057] The invention will now be described in further detail with reference to the attached drawings, in which

figure 1  shows a schematic view of an airport according to the present invention,
figure 2  depicts a circuit diagram of an airport navigation lights system that is part of the airport according to figure 1,
figure 3  is an illustration of the time slots used for sending high-information messages and

figure 4  shows a diagram for explaining the encoding of the timing of the active low-noise time slots and the reference
point setting signal.

[0058] Figure 1 shows an airport 10 according to the present invention. The airport 10 comprises a runway 12 and a
plurality of aeronautical ground lights 14.1, 14.2, ... that may be used for the runway or for a taxiway 16 or another part
of the airport’s infrastructure. The airport 10 may also comprise a tower 18 and at least one terminal 20.

[0059] Figure 2 shows an airport navigation lights system 22 comprising a power source 24 for producing an AC
current that powers lamp units 26.1, 26.2, ..., 26.N via a cable 25. The voltage U is for example 5 kV and the frequency
fac = 50 Hz or 5 = 60 Hz. A filter 28 is arranged between the power source 24 and the lamp unit 26.i (=1, 2, .., N).
[0060] The filter unit 28 acts as short-circuit between a first end E1 and a second end E2 of the cable 25 for frequencies
afirst cut-off frequency f.,4 = 32 kHz and above a second cut-off frequency f,, = 2 kHz. The filter unit 28 strongly damps
frequencies above f_,,. Frequencies below f_,, can almost not pass through the filter from the first end E1 to the second
end E2. The filter unit 28 also prevents frequencies above f.,, from entering into the power source 24.

[0061] The airport navigation lights system 22 also comprises a control unit 30 that is connected to the cable 25 via
an isolation transformer 32. The control unit 30 may have a terminal or another human-machine interface so that a
human operator can use the control unit 30 to communicate with the lamp units 26.i.

[0062] Each lamp unit 26.i is connected to the cable 25 by means of an isolation transformer 34.i and is connected to
at least one aeronautical ground light 14.i, e.g. 14.1. No aeronautical ground light 14.i is connected to more than one
lamp unit 26.i. Figure 2 shows these Elements for i = 1. All lamp units 26.i have the same structure. Each lamp unit 26.i
and the at least one aeronautical ground light 14.i that is connected to the lamp unit 26.i are part of a lamp system 36.i.
[0063] The lamp unit 26.i comprises a first frequency filter F1 that is used to filter out all frequencies that are lower
than a first frequency f; 1 and higher than a second frequency f; , (with f; 4 < f; ,). The lamp unit 26.i may comprises
further frequency filters Fj (j = 2, ..., n) that are used to filter out all frequencies that are lower than a third frequency fj_1
and higher than a second frequency f; , (with f; ; <f; ;). For each frequency filter Fj, its respective input is connected to
a receiver 39.i. The receiver 39.i is connected to the respective isolation transformer 34.i. The output of frequency filter
FJ is connected to a demodulator DEM;j (j = 1, ..., Nc). Nc is the number of frequency channels that can be used.
[0064] The demodulators DEM; are set-up for determining as to whether or not the first frequency f; 1 (which may equal
to a bit value 0) or the second frequency f; , (which may equal to a bit value 1) is present.

[0065] The receiver 39.iis, via at least one of the frequency filters Fj, connected to a clock 41.i (in figure 2: 41.1). The
clock comprises a frequency generator or oscillator 38.i, e.g. a quartz oscillator and a phase-lock loop (PLL) 40.i. The
clock 41.i thus receives the frequency f5c of the AC current in the cable 25. i a. The oscillator 38. i is therefore stabilized
to the AC frequency fac.

[0066] All the demodulators DEM 1, ... DEMNCc are connected to a processor 42.1 (in figure 2: 42.1). The processor
42.i may contain a fpga device (fpga, field programmable gate array). The processor 42.iis connected to the respective
aeronautical ground light 14.i (in the present case: the aeronautical ground light 14.1) e.g. for switching it on and off.
[0067] The processor 42.iis also used to check the voltage and the electric current through the aeronautical ground
light 14.i in order to check whether or not the aeronautical ground light 14.i is working properly.

[0068] The processor 42 is programmed so as to automatically decode messages sent by the control unit 30. For
example the control unit 30 may send high-information messages Mg, encoding an address of the respective aero-
nautical ground light 14.i and encoding a command that the respective aeronautical ground light 14.i has to perform.
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For example, one of the high-information messages Mhigh may encode the information that a specific aeronautical ground
light 14.i be switched on or off. Alternatively or in addition, the high information message may encode the command that
the status of a specific aeronautical ground light 14.i be sent by the respective controller. For that purpose, the processor
is connected to a sender 44 for sending messages via the cable 25. The high-information messages M5, may also
encode the time slot that has to be used for the answer to Mg

[0069] Figure 2 shows that the airport may comprise a second airport navigation lights system 22’. It should be noted
that the airport 10 may comprise two, three or more aeronautical ground light systems, wherein no aeronautical ground
light is connected to two or more airport navigation lights systems at a given time.

[0070] A switch 43.1 is connected to the processor 42.1 that can open and close the switch 43.1.

[0071] Figure 3 is a diagram for explaining a method according to the present invention. Figure 3a shows the AC
current | from the power source 24 (cf. figure 2). In this example, the AC frequency fa¢ is 50 Hz. Figure 3a shows that
the waveform of the AC current I(t) is a phase-cut sine wave. It comprises a current edge 46 at the point of time t
along the period of the AC current.

[0072] Figure 3b shows the noise level noise | 4(t) that may be measured in form of the effective value |l of the noise
current. It can be seen that the noise level |4 exceeds a noise threshold |4+, immediately after the current edge at
tegger- The time interval between the current edge 46 and a second current edge 46" may be called a frame or time
frame and is divided into e.g. 20 time slots. A time slot is a time interval relative to the current edge point of time tgyq
relative to the period. In the present case, all time slots have the same width, i.e. duration. This is advantageous, but
not necessary.

[0073] In the present example, the noise |, exceeds the noise threshold lgg 1, in the time slots Sy, S1p and S¢4. As
a consequence, they are not used for communication.

[0074] Figure 3c shows schematically, that within one time slot, e.g. time slot S,, a plurality of frequencies can be
used for encoding bit values. This is the well-known frequency multiplexing.

[0075] As shown in figure 3b, the time slots S,, Sj, ..., Sy, Sy, ..., S5 may be used for communication, as the noise
level is below the noise threshold I - Here, the time slot Sy, is not used. The steps of determining the noise level and
the determining of the time slots Sj for which the noise level is below the noise threshold is done by the control unit 30.
[0076] Figure 4 shows the structure of a low-information message M, that is sent by the control unit 30 (cf. figure
2). The low-information message M,,,,, comprises a code word that may have 13 bits. As can be seen, the low-information
message M,,,, encodes one bit for each frame or half period, which equals to two bits per period. The code word encodes
the fact that the message sent is the low-information message.

[0077] The code word is followed by an active time slot mask. This is a sequence of bit values indicating whether or
not a time slot Sj is active or not. An active time slot is a low-noise time slot that is used for communication. Usually, all
low-noise time slots are active time slots. As, in the present example, S, is a high-noise time slot, the respective bit
value is 0. As S, is a low-noise time slot, the bit value is 1. Of course, it would also be possible to assign the bit values
the other way around.

[0078] In the present example, only 19 of the 20 time slots SJ- are used. As a consequence, the active time slot mask
has 19 bits. The fact that only 19 out of the 20 possible time slots are used is stored in e.g. a digital storage 21.i of the
processor 42.i (cf. figure 2) and a respective digital storage of the control unit 30.

[0079] In the digital storage 21.i, a digital address is stored. This digital address codifies a sending time frame for the
lamp unit 26.i. The sending time frame is a time frame in which only the respective lamp unit 26.i is allowed to (and will)
send data.

[0080] After the active time slot mask, a reference point setting signal is sent. This reference point setting signal uses
the time slots as shown in figure 3. The reference point setting signal comprises a first set R1 comprising at least 1 bit,
in the present case 4 bits of consecutive equal bits, e.g. 0. The first set R1 is immediately followed by a marker bit B.
Here, B is represented by the value 1. The marker bit B is immediately followed by a second set R2 of at least 1 bit of
the first value, i.e. 0 in this example. The number of bits in the first set and in the second set may be pre-determined.
As an alternative, the low-information message may comprise further component that may be sent immediately after
the active time slot mask and which encodes the time slot in which the marker bit will be sent.

[0081] As the marker bit has a different bit value than the first set and the second set, the peak of the respective signal
determines with high accuracy the time position of the time slot (in this example: Sg) along the period of the AC signal.
The processor 42 (cf. figure 2) measures the time at which it detects the marker bit relative to its internal clock 38 and
calculates a time shift At between the time of the clock 38 and the point of time at which the marker bit was received.
The processor 42 calculates the middle of each time slot SJ- by means of the time that is composed of the clocks time
and the time shift.

[0082] Figure 2 shows that an airport may comprise the second airport navigation lights system 22’ having the same
structure as the first airport navigation lights system 22. Its control unit 30’ is synchronized with the control unit 30. The
frequencies used in the second airport navigation lights system 22’ are the same as in the first airport navigation lights
system 22. In other words, all of the frequency channels in the first airport navigation lights system 22 correspond to the
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respective frequencies of the frequency channels in the second airport navigation lights system 22'.

[0083] All lamp units 26.i of the first airport navigation lights system 22 and all lamp units 26.i" of the second airport
navigation lights system 22’ have different sending time frames. This ensures that at any given time at maximum one
lamp unit 26.i sends data.

[0084] Figure 1 shows that the aeronautical ground lights 14.i of the first airport navigation lights system 22 and the
aeronautical ground lights 14.i" of the second airport navigation lights system 22’ are arranged in a complementary
manner. In other words, they are arranged such that e.g. the runway 12 and/or the taxiway can still be used even if one

of the airport navigation lights systems 22, 22’ fails.
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Claims

1. A method for controlling an airport navigation lights system (22), comprising a power source (24) for producing an

List of reference numerals

airport

runway

aeronautical ground light
taxiway

tower

terminal

digital storage

airport navigation lights system
power source

cable

lamp unit

filter

control unit

isolation transformer

isolation transformer

lamp system

frequency generator, oscillator
receiver

PLL

clock

processor

switch

sender

current edge
marker bit
demodulator

first end of cable
second end of cable
first frequency
second frequency

AC current (1); a plurality of lamp units (26) that

fac AC frequency

F1 first frequency filter

F2 second frequency filter

F3 third frequency filter

i j running index

| AC current

leff effective value of noise current

lefrtnr ~ NOIse theshold
active time slot mask

Myss  reference point setting signal
Mhigh high-information message

Mow low-information message

N number of lamp units

Nc number of frequency channels
R1 first set

R2 second set

S time slot

t time

tg marker bit point of time

U AC voltage

PL/ne-be

- are powered by the power source (24) via a cable (25) and
- comprise a receiver;

atleastone aeronautical ground light (14.1), wherein each lamp unit (26) is connected to atleast one aeronautical

ground light; and
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a control unit (30) that

- is connected to the cable (25) and

- is arranged for sending messages to the lamp units (26) and receiving messages from the lamp units (26) via
the cable (25),

characterized in that
the method comprises the following steps carried out automatically by the control unit (30):

determining a noise level for a plurality of time slots (S) along the period of the AC current (I), wherein the
plurality of time slots (S) occurs periodically within each period or half period of the AC current (1);
determining low-noise time slots during which the noise level is below a noise threshold;

sending a low-information message (M,,,,) encoding the timing of at least some of the low-noise time slots
relative to the period via the cable,

wherein the low-information message (M,,,,) comprises

- a code word encoding the information that the message is the low-information message (Miow),

- after the code word an active time slot mask encoding the active low-noise time slots, the active time slot
mask comprising a sequence of consecutive bits, wherein each bit encodes whether or not a time slot is
low-noise and active or not and

- areference point setting signal (m,s); sending high-information messages encoding control commands
only during these low-noise time slots; and in that the method further comprises the following steps carried
out automatically by at least a majority of the lamp units:

receiving the low-information message (M,,,,) encoding the timing of the low-noise time slots;
determining the timing of the time slots by means of a clock (41) of a lamp unit (26) by synchronizing
the clock with the phase of the AC current based on the reference point setting signal by determining
the sampling point of time for sampling a bit value based on the reference point setting signal; and
sending at least one status message in at least one low-noise time slot.

The method according to claim 1, characterized in that the low-information message encodes less than two bits
per half period.

The method according to claim 1 or 2, characterized in that
the reference point setting signal (m;,ss) comprises

- afirst set (R1) of at least one bit of a first value immediately followed by
- one marker bit (B) of not the first value and
- a second set (R2) of at least one bit that is the first value and that

the lamp units (26) determine the sampling point of time in a time slot (S) relative to the marker bit point of time (tg)
of the marker bit (B).

The method according to one of the above claims, characterized in that the steps of

determining the noise level for the plurality of time slots (S) along the period of the AC current (1) and

determining low-noise time slots during which the noise level is below the noise threshold

are carried out repeatedly after a respective preset time interval and

if the noise level in one of the low-noise time slots exceeds the noise threshold and

this low-noise time slot is an active low-noise time slot used for sending high-information messages,

a new a low-information message (M,q,,) encoding the timing of at least some of the low-noise time slots relative to
the period is sent and/or

if the noise level in one of the high-noise time slot falls below the noise threshold (l¢ tn,) and

an active low-noise time slot has a higher noise level than this time slot,

a new low-information message (M,,,,) encoding the timing of at least some of the low-noise time slots relative to
the period is sent.

The method according to one of the above claims, characterized in that

- the AC current’s waveform is a phase-cut sine wave or a sine wave and has at least one current edge (46,
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46’) per period and that
- the timing of the time slots is determined relative to the current edge (46, 46’).

6. The method according to one of the above claims 2 to 5, characterized in that the method comprises the steps:

- after sending the active time slot mask, sending a reference point setting signal (m
unit (30),

- measuring the time of detection of the marker bit relative to an internal clock (38) of a lamp unit (26) by means
of a processor (42) of the lamp unit (26)

- calculating a time shift At between the time of the clock (38) and the point of time at which the marker bit was
received by means of the processor (42) and

- calculating the timing of each time slot Sj by means of the time that is composed of the clocks time and the
time shift.

rpss) DY means of the control

The method according to one of the above claims 2 to 6, characterized in that the method comprises the steps:

- sending a low-information message that comprises a component is be sent immediately after the active time
slot mask and which encodes the time slot in which a marker bit will be sent,

- sending a marker bit at the beginning of this time slot

- measuring the time of detection of the marker bit relative to an internal clock (38) of a lamp unit (26) by means
of a processor (42) of the lamp unit (26)

- calculating a time shift At between the time of the clock (38) and the point of time at which the marker bit was
received by means of the processor (42) and

- calculating the timing of each time slot Sj by means of the time that is composed of the clocks time and the
time shift.

8. An airport navigation lights system (22) comprising:

a power source (24) for producing an AC current (1), the AC current (1) having a period;
a plurality of lamp units (26) that

- are powered by the power source (26) via a cable and
- comprise a receiver;

at least one aeronautical ground light (14) wherein each lamp unit (26) is connected to at least one aeronautical
ground light; and
a control unit (30) that

- is connected to the cable (25) and
- is arranged for sending messages (Mpgn, Mgy,) to the lamp units (26)
- and receiving messages from the lamp units (26) via the cable (25), characterized in that

the control unit (30) is configured to automatically perform the following method steps:

determining a noise level for a plurality of time slots (S) along the period of the AC current (I)

wherein the plurality of time slots (S) occurs periodically within each period or half period of the AC current (1);
determining low-noise time slots during which the noise level is below a noise threshold;

sending a low-information message (M,,,,) encoding the timing of at least some of the low-noise time slots
relative to the period via the cable,

wherein low-information message (M,,,,) comprises

- a code word encoding the information that the message is the low-information message (Mlow),

- after the code word an active time slot mask encoding the active low-noise time slots, the active time
slot mask having a sequence of consecutive bits, wherein each bit encodes whether or not a time slot
is low-noise and active or not, and

- a reference point setting signal (m;s); and

- sending high-information messages encoding control commands only during these low-noise time
slots; and
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in that at least a majority of the lamp units are configured to automatically
perform the following method steps:

receiving the low-information message (M,,,,) encoding the timing of the low-noise time slots;
determining the timing of the time slots by means of a clock (41) of the lamp unit (26) by synchronizing the
clock with the phase of the AC current based on the reference point setting signal; and

by determining the sampling point of time for sampling a bit value based on the reference point setting
signal (Mps); and

sending at least one status message in at least one low-noise time slot.

9. The airport navigation lights system (22) according to claim 8 characterized in that the clock (41) comprises a

frequency generator (38) that is phase-locked to the AC current (1).
10. An airport (10) comprising

an airport navigation lights system (22) according to one of claims 8 or 9 and

a taxiway (16) and a runway (12),

wherein the aeronautical ground lights (14) are installed in the taxiway (16) or the runway (12);

the airport further comprising

a second airport navigation lights system (22’) according to one of claims 8 or 9 wherein frequencies of the
frequency channels in the first airport navigation lights (22) system differ from

the frequencies of the frequency channels in the second airport navigation lights system (22’).

11. An airport according to claim 10, comprising

the control unit (30) of the first airport navigation lights system (22) being synchronized with a second control
unit (30°) of the second airport navigation lights system (22’),

wherein at least one of the frequencies of one of the frequency channels in the first airport navigation lights
system (22) corresponds to one of the frequencies of one of the frequency channels in the second airport
navigation lights system (22’) and

wherein each lamp unit (26.i) has a digital storage (21.i) in which a timing of a sending time frame is stored,
wherein the sending time frames for all lamp units (26) of the first airport navigation lights system (22) and the
second airport navigation lights system (22’) are different.

Patentanspriiche

1. Verfahren zur Steuerung eines Flughafen-Navigationsbeleuchtungssystems (22), das das Folgende umfasst:

eine Stromquelle (24) zur Erzeugung eines Wechselstroms (1),
eine Vielzahl von Lampeneinheiten (26), die

- von der Stromquelle (24) Uber ein Kabel (25) gespeist werden und
- einen Empfanger umfassen,

mindestens ein Luftfahrtbodenlicht (14.1), wobei jede Lampeneinheit (26) mit mindestens einem Luftfahrtbo-
denlicht verbunden ist, und
eine Steuereinheit (30), die

- mit dem Kabel (25) verbunden ist und

- zum Senden von Nachrichten an die Lampeneinheiten (26) und zum Empfangen von Nachrichten von

den Lampeneinheiten (26) Gber das Kabel (25) eingerichtet ist,

dadurch gekennzeichnet, dass
das Verfahren die folgenden Schritte umfasst, die automatisch von der Steuereinheit (30) ausgefiihrt werden:

Bestimmen eines Rauschpegels fiireine Mehrzahl von Zeitschlitzen entlang der Periode des Wechselstroms
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(), wobei die Mehrzahl von Zeitschlitzen periodisch innerhalb jeder Periode oder Halbperiode des Wech-
selstroms auftritt,

Bestimmen von rauscharmen Zeitschlitzen, wahrend derer der Rauschpegel unter einer Rauschschwelle
liegt,

Senden einer Nachricht mit geringer Information (Miow), die das Timing von mindestens einigen der rausch-
armen Zeitschlitze relativ zur Periode kodiert, Giber das Kabel,

wobei die Nachricht mit geringer Information (M,,,,) das Folgende umfasst

- ein Codewort, das die Information kodiert, dass die Nachricht die Low-Information-Nachricht (M,g,,) ist,
- nach dem Codewort eine aktive Zeitschlitzmaske, die die aktiven rauscharmen Zeitschlitze kodiert,
wobei die aktive Zeitschlitzmaske eine Folge von aufeinanderfolgenden Bits umfasst, wobei jedes Bit
kodiert, ob ein Zeitschlitz rauscharm und aktiv ist oder nicht, und

- ein Referenzpunkt-Einstellsignal (m,).

nur wahrend dieser rauscharmen Zeitschlitze Senden von Hochinformationsnachrichten, die Steuerbefehle
kodieren und wobei das Verfahren ferner die folgenden Schritte umfasst, die automatisch von mindestens
einer Mehrheit der Lampeneinheiten ausgefiihrt werden:

Empfangen der Niedrig-Informationsnachricht (Miow), die das Timing der rauscharmen Zeitschlitze
kodiert,

Bestimmen des Timings der Zeitschlitze mittels eines Taktgebers (41) einer Lampeneinheit (26) durch
Synchronisieren des Taktgebers mit der Phase des Wechselstroms basierend auf dem Referenzpunkt-
Einstellsignal durch Bestimmen des Abtastzeitpunkts zum Abtasten eines Bitwerts basierend auf dem
Referenzpunkt-Einstellsignal, und

Senden mindestens einer Statusmeldung in mindestens einem rauscharmen Zeitschlitz.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die rauscharme Nachricht weniger als zwei Bits pro

3.

Halbperiode kodiert.

Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das Referenzpunkt-Einstellsignal (mrpss) das
Folgende umfasst

- einen ersten Satz (R1) von mindestens einem Bit eines ersten Wertes, unmittelbar gefolgt von
- einem Markierungsbit nicht des ersten Wertes und
- einen zweiten Satz (R2) von mindestens einem Bit, das der erste Wert ist und dass

die Lampeneinheiten (26) den Abtastzeitpunkt in einem Zeitschlitz relativ zu dem Markierungsbit-Zeitpunkt (tg) des
Markierungsbits bestimmen.

4. Verfahren nach einem der vorstehenden Anspriiche, dadurch gekennzeichnet, dass

5.

die Schritte (i) und (ii) jeweils nach einem vorgegebenen Zeitintervall wiederholt durchgefiihrt werden und
wenn der Rauschpegel in einem der rauscharmen Zeitschlitze die Rauschschwelle iberschreitet und

dieser rauscharme Zeitschlitz ein aktiver rauscharmer Zeitschlitz ist, der zum Senden von Nachrichten mit
hohem Informationsgehalt verwendet wird,

eine neue Nachricht mit geringer Information (M,,,,) gesendet wird, die das Timing von mindestens einigen der
rauscharmen Zeitschlitze relativ zur Periode kodiert, und/oder

wenn der Rauschpegel in einem der rauschreichen Zeitschlitze unter die Rauschschwelle (lo4,,) fallt und

ein aktiver rauscharmer Zeitschlitz einen hoheren Rauschpegel als dieser Zeitschlitz hat,

eine neue Nachricht mit geringer Information (M,,,,) gesendet wird, die das Timing von mindestens einigen der
rauscharmen Zeitschlitze relativ zur Periode kodiert.

Verfahren nach einem der vorstehenden Anspriiche, dadurch gekennzeichnet, dass
- die Wellenform des Wechselstroms eine phasengeschnittene Sinuswelle oder eine Sinuswelle ist und min-

destens eine Stromflanke (46, 46’) pro Periode aufweist und dass
- das Timing der Zeitschlitze relativ zur Stromflanke (46, 46’) bestimmt wird.

13
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6. Verfahren nach einem der vorstehenden Anspriiche 2 bis 5, dadurch gekennzeichnet, dass das Verfahren die
folgenden Schritte umfasst:
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- nach dem Senden der aktiven Zeitschlitzmaske, Senden eines Referenzpunkt-Setzsignals (mss) mittels der
Steuereinheit (30),

- Messen des Zeitpunkts der Erfassung des Markierungsbits relativ zu einer internen Uhr (38) einer Lampen-
einheit (26) mittels eines Prozessors (42) der Lampeneinheit (26),

- Berechnen einer Zeitverschiebung At zwischen dem Zeitpunkt des Taktes (38) und dem Zeitpunkt des Emp-
fangs des Markierungsbits mittels des Prozessors (42) und

- Berechnen des Zeitpunkts jedes Zeitschlitzes Sj mit Hilfe der Zeit, die sich aus der Uhrzeit der Uhr und der
Zeitverschiebung zusammensetzt.

Verfahren nach einem der vorstehenden Anspriiche 2 bis 6, dadurch gekennzeichnet, dass das Verfahren die
folgenden Schritte umfasst:

- Senden einer Nachricht mit geringer Information, die eine Komponente umfasst, die unmittelbar nach der
aktiven Zeitschlitzmaske gesendet wird und die den Zeitschlitz kodiert, in dem ein Marker-Bit gesendet wird,

- Senden eines Marker-Bits zu Beginn dieses Zeitschlitzes,

- Messen des Zeitpunkts der Detektion des Marker-Bits relativ zu einer internen Uhr (38) einer Lampeneinheit
(26) mittels eines Prozessors (42) der Lampeneinheit (26),

- Berechnen einer Zeitverschiebung At zwischen dem Zeitpunkt der Uhr (38) und dem Zeitpunkt des Empfangs
des Markierungsbits mittels des Prozessors (42) und

- Berechnen des Zeitpunkts jedes Zeitschlitzes Sj mit Hilfe der Zeit, die sich aus der Uhrzeit der Uhr und der
Zeitverschiebung zusammensetzt.

8. Flughafen-Navigationsbeleuchtungssystem (22), das das Folgende umfasst:

eine Stromquelle (24) zur Erzeugung eines Wechselstroms (I), wobei der Wechselstrom eine Periode hat,
eine Vielzahl von Lampeneinheiten (26), die

- Uber ein Kabel von der Stromquelle (26) gespeist werden und
- einen Empfanger umfassen,

mindestens ein Luftfahrt-Bodenlicht (14), wobei jede Lampeneinheit (26) mit mindestens einem Luftfahrt-Bo-
denlicht verbunden ist, und
eine Steuereinheit (30), die

- mit dem Kabel (25) verbunden ist und
- eingerichtet ist zum Senden von Meldungen (My,gh, Mjoy) an die Lampeneinheiten (26)
- und zum Empfangen von Meldungen von den Lampeneinheiten (26) Gber das Kabel (25),

dadurch gekennzeichnet, dass
die Steuereinheit (30) so konfiguriert ist, dass sie automatisch das folgende Verfahren durchfiihrt:

Bestimmen eines Rauschpegels fiir eine Vielzahl von Zeitschlitzen entlang der Periode des Wechselstroms
O

wobei die Vielzahl von Zeitschlitzen periodisch innerhalb jeder Periode oder Halbperiode des Wechsel-
stroms auftritt,

Bestimmen von rauscharmen Zeitschlitzen, wahrend derer der Rauschpegel unter einer Rauschschwelle
liegt,

Senden einer rauscharmen Nachricht (Miow), die das Timing von mindestens einigen der rauscharmen
Zeitschlitze relativ zu der Periode kodiert, (iber das Kabel,

wobei die Nachricht mit geringer Information (M,,,,) das Folgende umfasst

- ein Codewort, das die Information kodiert, dass die Nachricht die Nachricht mit geringer Information
(Mlow) ist,

- nach dem Codewort eine aktive Zeitschlitzmaske, die die aktiven rauscharmen Zeitschlitze kodiert,
wobei die aktive Zeitschlitzmaske eine Sequenz von aufeinanderfolgenden Bits aufweist, wobei jedes
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Bit kodiert, ob ein Zeitschlitz rauscharm und aktiv ist oder nicht, und ein Referenzpunkt-Einstellsignal
(Mppss), Und dass zumindest eine Mehrheit der Lampeneinheiten so konfiguriert ist, dass sie die fol-
genden Verfahrensschritte automatisch durchfiihren:

Senden von Hochinformationsnachrichten, die Steuerbefehle kodieren, nur wahrend dieser rausch-
armen Zeitschlitze,

Bestimmen des Timings der Zeitschlitze mittels eines Taktgebers (41) einer Lampeneinheit (26)
durch Senden eines Referenzpunkt-Einstellsignals (m,s), und durch Synchronisieren des Takt-
gebers mit der Phase des Wechselstroms basierend auf dem Referenzpunkt-Einstellsignal, und
Senden mindestens einer Statusmeldung in mindestens einem rauscharmen Zeitschlitz.

9. Flughafen-Navigationsbefeuerungssystem (22) nach Anspruch 8, dadurch gekennzeichnet, dass der Taktgeber
(41) einen Frequenzgenerator (38) umfasst, der mit dem Wechselstrom phasengekoppelt ist.

10. Flughafen (10), der das Folgende umfasst:

ein Flughafen-Navigationsbefeuerungssystem (22) nach einem der vorhergehenden Anspriiche und

eine Rollbahn (16) und eine Landebahn (12),

wobei die Flugplatzbefeuerung (14) in der Rollbahn (16) oder der Landebahn (12) installiert ist,

eine zweite Flughafenbefeuerungsanlage (22|) nach einem der vorhergehenden Anspriiche,

wobei Frequenzen der Frequenzkanale in dem ersten Flughafen-Navigationsbefeuerungssystem (22) sich von
den Frequenzen der Frequenzkanale in dem zweiten Flughafennavigationsbefeuerungssystem (22) unterschei-
den.

11. Flughafen nach Anspruch 10, der das Folgende umfasst:

ein zweites Flughafennavigationsbefeuerungssystem (22’) nach einem der vorhergehenden Anspriiche,
wobei die Steuereinheit (30) des ersten Flughafennavigationslichtsystems (22) mit einer zweiten Steuereinheit
(30’) des zweiten Flughafennavigationslichtsystems (22’) synchronisiert ist,

wobei mindestens eine der Frequenzen eines der Frequenzkanale in dem ersten Flughafennavigationsbefeu-
erungssystem (22) einer der Frequenzen eines der Frequenzkanéle in dem zweiten Flughafennavigationslicht-
system (22’) entspricht und

wobei jede Lampeneinheit (26.i) einen digitalen Speicher (21.i) aufweist, in dem ein Zeitpunkt eines Sendezeit-
rahmens gespeichert ist, wobei die Sendezeitrahmen fir alle Lampeneinheiten (26) des ersten Flughafenna-
vigationslichtsystems (22) und des zweiten Flughafennavigationslichtsystems (22’) unterschiedlich sind.

Revendications
1. Procédé pour commander un systéme de feux de navigation d’aéroport (22), comprenant
une source d’alimentation (24) pour générer un courant alternatif (1) ;

une pluralité d’unités de lampe (26) qui

- sont alimentées par la source d’alimentation (24) via un cable (25) et
- comprennent un récepteur ;

au moins un feu aéronautique au sol (14.1), chaque unité de lampe (26) étant connectée a au moins un feu aéro-
nautique au sol ; et
une unité de commande (30) qui

- est connectée au cable (25) et

- est disposée pour envoyer des messages aux unités de lampe (26) et pour recevoir des messages des unités

de lampe (26) via le cable (25),

caractérisé en ce que
le procédé comprend les étapes suivantes exécutées automatiquement par'unité de commande (30) et consistanta :

déterminer un niveau de bruit pour une pluralité de créneaux temporels (S) le long de la période du courant
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alternatif (1), la pluralité de créneaux temporels (S) se produisant périodiquement dans chaque période ou demi-
période du courant alternatif (1) ;

déterminer des créneaux temporels a faible bruit pendant lesquels le niveau de bruit est inférieur a un seuil de
bruit ;

envoyerun message a faible information (M, ) encodant 'évolution temporelle d’au moins certains des créneaux
temporels a faible bruit par rapport a la période via le cable,

le message a faible information (M,,,) comprenant

- un mot de code encodant I'information que le message est le message a faible information (Miow),

- aprés le mot de code, un masque de créneau temporel actif encodant les créneaux temporels actifs a
faible bruit, le masque de créneau temporel actif comprenant une séquence de bits consécutifs, chaque
bit encodant si un créneau temporel est a faible bruit ou non et est actif ou non, et

- un signal de réglage de moment de référence (mrpss) ;

envoyer des messages a haute information encodant des commandes de contréle uniquement pendant lesdits
créneaux temporels a faible bruit ;

et en ce que

le procédé comprend en outre les étapes suivantes exécutées automatiquement par au moins une majorité
des unités de lampe et consistant a :

recevoir le message a faible information (M,,,) encodant I'évolution temporelle des créneaux temporels a
faible bruit ;

déterminer I'évolution temporelle des créneaux temporels au moyen d’'une horloge (41) d’'une unité de
lampe (26) en synchronisant I'norloge avec la phase du courant alternatif sur la base du signal de réglage
de moment de référence en déterminantle momentd’échantillonnage pour échantillonner une valeur binaire
sur la base du signal de réglage de moment de référence; et

envoyer au moins un message d’état dans au moins un créneau temporel a faible bruit.

Procédé selon la revendication 1, caractérisé en ce que le message a faible information encode moins de deux
bits par demi-période.

Procédé selon la revendication 1 ou 2, caractérisé en ce que le signal de réglage de moment de référence (myps;)
comprend

- un premier ensemble (R1) d’au moins un bit d’'une premiere valeur immédiatement suivi par
- un bit marqueur (B) ne correspondant pas a la premiére valeur et
- un deuxiéme ensemble (R2) d’au moins un bit qui correspond a la premiéere valeur,

et en ce que
les unités de lampe (26) déterminent le moment d’échantillonnage dans un créneau temporel (S) par rapport au
moment de bit marqueur (tg) du bit marqueur (B).

Procédé selon I'une des revendications précédentes, caractérisé en ce que les étapes de détermination du niveau
de bruit pour la pluralité de créneaux temporels (S) le long de la période du courant alternatif (1) et de détermination
de créneaux temporels a faible bruit pendant lesquels le niveau de bruit est inférieur au seuil de bruit sont exécutées
de maniere répétée apres un intervalle de temps respectif préréglé ; et

si le niveau de bruit dans I'un des créneaux temporels a faible bruit dépasse le seuil de bruit et que ledit créneau
temporel a faible bruit est un créneau temporel actif a faible bruit utilisé pour envoyer des messages a haute
information, un nouveau message a faible information (M,,,,) encodant I'évolution temporelle d’au moins certains
des créneaux temporels a faible niveau de bruit par rapport a la période est envoyé, et/ou

sile niveau de bruit dans I'un des créneaux temporels a fort bruit tombe en dessous du seuil de bruit (I ¢n,) €t qu'un
créneau temporel actif a faible bruit présente un niveau de bruit plus élevé que ledit créneau temporel, un nouveau
message a faible information (M,,,,) encodant I'évolution temporelle d’au moins certains des créneaux temporels a
faible bruit par rapport a la période est envoyé.

Procédé selon I'une des revendications précédentes, caractérisé en ce que

- la forme d’onde du courant alternatif est une onde sinusoidale découpée en phase ou une onde sinusoidale
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et présente au moins un front de courant (46, 46’) par période, et en ce que
- I'évolution temporelle des créneaux temporels est déterminée par rapport au front de courant (46, 46’).

Procédé selon I'une des revendications précédentes 2 a 5, caractérisé en ce que le procédé comprend les étapes
suivantes consistant a :

- apres envoi du masque de créneau temporel actif, envoyer un signal de réglage de moment de référence
(Mypss) @u moyen de l'unité de commande (30),

- mesurer I'heure de détection du bit marqueur par rapport a une horloge interne (38) d’'une unité de lampe (26)
au moyen d’un processeur (42) de I'unité de lampe (26),

- calculer un décalage temporel At entre I'heure de I'horloge (38) et le moment ou le bit marqueur a été regu
au moyen du processeur (42), et

- calculer I'évolution temporelle de chaque créneau temporel Sj au moyen de I'heure qui est composée de
I'heure de I'horloge et du décalage temporel.

Procédé selon I'une des revendications précédentes 2 a 6, caractérisé en ce que le procédé comprend les étapes
suivantes consistant a :

- envoyer un message a faible information qui comprend qu’un composant a envoyer immédiatement aprés le
masque de créneau temporel actif et qui encode le créneau temporel dans lequel un bit marqueur sera envoyé,
- envoyer un bit marqueur au début dudit créneau temporel,

- mesurer I'heure de détection du bit marqueur par rapport a une horloge interne (38) d’'une unité de lampe (26)
au moyen d’un processeur (42) de I'unité de lampe (26),

- calculer un décalage temporel At entre I'heure de I'horloge (38) et le moment ou le bit marqueur a été regu
au moyen du processeur (42), et

- calculer I'évolution temporelle de chaque créneau temporel Sj au moyen de I'heure qui est composée de
I'heure de I'horloge et du décalage temporel.

8. Systeme de feux de navigation d’aéroport (22) comprenant :

une source d’alimentation (24) pour générer un courant alternatif (1), le courant alternatif (1) ayant une période ;
une pluralité d’unités de lampe (26) qui

- sont alimentées par la source d’alimentation (26) via un cable et
- comprennent un récepteur ;

au moins un feu aéronautique au sol (14), chaque unité de lampe (26) étant connectée a au moins un feu
aéronautique au sol ; et
une unité de commande (30) qui

- est connectée au cable (25) et
- est disposée pour envoyer des messages (My,gn, My,,,) aux unités de lampe (26)
- et pour recevoir des messages des unités de lampe (26) via le cable (25),

caractérisé en ce que
'unité de commande (30) est configurée pour exécuter automatiquement les étapes de procédé suivantes
consistant a :

déterminer un niveau de bruit pour une pluralité de créneaux temporels (S) le long de la période du courant
alternatif (1), la pluralité de créneaux temporels (S) se produisant périodiquement dans chaque période ou
demi-période du courant alternatif (1) ;

déterminer des créneaux temporels a faible bruit pendant lesquels le niveau de bruit est inférieur a un seuil
de bruit ;

envoyer un message a faible information (M,,,,) encodant I’évolution temporelle d’au moins certains des
créneaux temporels a faible bruit par rapport a la période via le cable,

le message a faible information (M,,,,) comprenant

- un mot de code encodant I'information que le message est le message a faible information (Miow),
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- aprés le mot de code, un masque de créneau temporel actif encodant les créneaux temporels actifs
a faible bruit, le masque de créneau temporel actif comprenant une séquence de bits consécutifs,
chaque bit encodant si un créneau temporel est a faible bruit ou non et est actif ou non, et

- un signal de réglage de moment de référence (my,gs) ; et

envoyer des messages a haute information encodant des commandes de contrdle uniquement pendant
lesdits créneaux temporels a faible bruit ;

eten ce qu’au moins une majorité des unités de lampe (26) sont configurées pour exécuter automatiquement
les étapes suivantes du procédé consistant a :

-recevoirle message afaible information (M,,,,) encodant'évolution temporelle des créneaux temporels
a faible bruit ;

déterminer I'évolution temporelle des créneaux temporels au moyen d’une horloge (41) de l'unité de lampe
(26) en synchronisant I'horloge avec la phase du courant alternatif sur la base du signal de réglage de
moment de référence et en déterminant le moment d’échantillonnage pour échantillonner une valeur binaire
sur la base du signal de réglage de moment de référence (mrpss) ; et

envoyer au moins un message d’état dans au moins un créneau temporel a faible bruit.

Systeme de feux de navigation d’aéroport (22) selon la revendication 8, caractérisé en ce que I'horloge (41)
comprend un générateur de fréquence (38) qui est verrouillé en phase avec le courant alternatif (I).

10. Aéroport (10), comprenant

1.

un systeme de feux de navigation d’aéroport (22) selon I'une des revendications 8 ou 9, et

une voie de circulation (16) et une piste d’atterrissage (12),

dans lequel les feux aéronautiques au sol (14) sont installés dans la voie de circulation (16) ou dans la piste
d’atterrissage (12) ;

I'aéroport comprenant en outre

un second systéme de feux de navigation d’aéroport (22’) selon I'une des revendications 8 ou 9,

dans lequel les fréquences des canaux de fréquence dans le premier systéme de feux de navigation d’aéroport
(22) different des fréquences des canaux de fréquence dans le second systeme de feux de navigation d’aéroport (22’).

Aéroport selon la revendication 10, comprenant

I'unité de commande (30) du premier systeme de feux de navigation d’aéroport (22) étant synchronisée avec une
seconde unité de commande (30’) du second systéme de feux de navigation d’aéroport (22’),

dans lequel I'une au moins des fréquences de I'un des canaux de fréquence dans le premier systéme de feux de
navigation d’aéroport (22) correspond a l'une des fréquences de I'un des canaux de fréquence dans le second
systéme de feux de navigation d’aéroport (22’), et

chaque unité de lampe (26.i) comprend une mémoire numérique (21.i) dans laquelle est stockée une évolution
temporelle d’'un cadre temporel d’envoi, les cadres temporels d’envoi pour toutes les unités de lampe (26) du premier
systéeme de feux de navigation d’aéroport (22) et du second systéme de feux de navigation d’aéroport (22’) étant
différents.
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