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Description

[0001] The present invention relates to the field of high bit rate wireless networks, more particularly the use of a
platform flying at high altitude or HAP (standing for High Altitude Platform) used to ensure cellular coverage of a de-
termined geographical area.

[0002] To be able to make best use of the spectrum of available radio frequencies, it has been proposed, as an
alternative to satellites, that a platform flying at an altitude of approximately some twenty kilometres above the ground
be used, namely an altitude making it possible to escape the violent winds of the stratosphere.

[0003] The use of a platform flying at high altitude for multimedia communications is described in particular in an
article entitled "Providing multimedia communication services from high altitude platforms" published in International
Journal of Satellite Communications 2001-19 pp 559 to 580. This article shows the benefit of such a platform in the
case of an LMDS system (Local Multipoint Distribution Systems) as compared with a completely terrestrial system.
However, it escalates the effects due to the displacement of the platform when the antennas used are fixed antennas
or steerable antennas.

[0004] An example of a solution using platforms flying at high altitude as proposed by the Boeing company is rep-
resented by way of illustration in Figure 1. In this case, a platform 1 consisting for example of a cargo type aircraft,
flies at an altitude of around some twenty kilometres above the ground and describes curves, more specifically circles,
of around one kilometre in diameter about a fixed point situated vertically in line with the desired area of coverage
referenced 2. In the case of the Ka band, namely the band lying between 24 GHz and 29 GHz, more particularly at 28
GHz, the above dimensioning makes it possible to uncover a ground area of around 35 km in diameter, with a ground
antenna of around 20 cm diameter without this antenna being furnished with tracking means.

[0005] In Figure 1, various types of antennas, used to communicate with the platform 1, have been represented, in
particular antennas linked to user terminals or antennas connected to portals for Internet communications. Given the
dimensioning of the system mentioned above and having regard to the motion of the platform, the angle of view from
the HAP platform varies between around 3.5° vertically in line with the platform and around 1.5° at the border of the
area of coverage.

[0006] Since the HAP platform is not fixed but describes a curve, one of the main problems encountered during the
installation of the antennas, in particular when these antennas are not furnished with means for tracking the platform,
relates to the alignment of the antenna with the said platform.

[0007] The present invention therefore relates to a method of aligning an antenna, more particularly an antenna
having fixed beams with an HAP platform. This method makes it possible among other things to minimize the losses
related to the motion of the platform. It is moreover particularly simple and cheap to implement.

[0008] According to the present invention, the process for aligning an antenna with a platform flying at high altitude
is characterized in that the antenna is aligned with the centre of the curve described by the platform.

[0009] According to a preferred embodiment, after having aligned the antenna in the direction of the platform, a
position of the antenna is detected for which the level of variation in the signal received remains below a threshold.
The threshold is determined as a function of the variations in gain at the border of the area of coverage. According to
a variant, this threshold may be adjustable.

[0010] Moreover, according to a preferred embodiment, the antenna is a fixed antenna.

[0011] The present invention therefore relates to a process comprising the following steps:

- coarse adjustment of the pointing of the antenna in the direction of the platform by searching for the maximum
power received by the antenna,

- fine adjustment of the alignment of the antenna with the centre of the curve described by the platform by calculating
the variation in the residual power and by comparing the value obtained with a threshold.

[0012] Preferably, the fine adjustment by progressive iteration and the calculation of the variation in residual power
are carried out over a determined time interval that corresponds, preferably, to a revolution of the platform.

[0013] The present invention also relates to a terminal linked to the antenna, furnished with means for the imple-
mentation of the above process. The terminal linked to the antenna comprises among other things means for detecting
the power received, means for analyzing the variation in power over time and means indicating that the variation is
less than a determined threshold. Preferably, the value of the threshold is stored in a table parameterized as a function
of the position of the terminal. Moreover, this terminal may comprise means for displaying the variation in power over
time.

[0014] Other characteristics and advantages of the present invention will become apparent on reading the description
of an embodiment, this description being given with reference to the appended drawings in which:

Figure 1 is a diagrammatic perspective view explaining the concept underlying the present invention.
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Figure 2 diagrammatically represents the radiation pattern of a ground antenna situated vertically in line with the
platform.

Figure 3 is a diagrammatic flowchart giving the main steps of the alignment process in accordance with the present
invention, and

Figure 4 is a diagrammatic view of a terminal connected to the antenna implementing the present invention.

[0015] Represented in Figure 2 is a platform 1 flying at high altitude describing a circle c as well as, diagrammatically
by dashed lines, the radiation pattern of a ground antenna A situated vertically in line with the platform and the radiation
pattern of an antenna A' situated at the border of the area of coverage.

[0016] In accordance with the present invention, the two antennas A and A' point towards the centre p of the circle
c described by the platform flying at high altitude. In the case represented in Figure 2, the antenna A is situated vertically
in line with the platform and, by assuming that the antenna exhibits an axisymmetric radiation pattern in the direction
of the maximum, as represented in the figure, the signal received on a given channel is constant and equal to the
maximum value that can be received minus An where An = g(0) - g(6) where 6 represents the boresight deviation angle
and g(0) the maximum gain of the antenna along the axis. When the antenna is not situated vertically in line with the
platform, as symbolized by A', the level received by the antenna varies, having regard to the variation in the boresight
deviation angle of the platform 1 with respect to the direction of the antenna's signal maximum. It is apparent that these
variations are a minimum when the antenna A or A' is aligned with the centre p of the circle ¢ described by the platform 1.
[0017] The use of the process of the present invention consisting in aligning the antenna with the centre of the curve
described by the platform makes it possible in the case of fixed ground antennas, that is to say of antennas devoid of
any means for tracking the platform, to use antennas having a restricted diameter. Specifically, as shown hereinbelow,
it is unnecessary to increase the size of the antenna beyond a certain diameter. It may be shown that: AN (8) = 12(6/
0 34g)2 in which 8 = the boresight deviation angle in degrees and 8545 = the 3 dB aperture of the antenna beam in
degrees.

[0018] Moreover, for a given diameter d, the 3 dB aperture of the antenna beam 6545 and the maximum gain g(0)
are given by the following approximate formulae:

3dB = 65 A/D, in degrees
G = 20 log (nD/A), in dB

[0019] Thus, in the case of an embodiment as described in the introduction with the flying platform situated 20 km
from the ground and describing a circle 1 km in diameter covering an area 35 km in diameter and which in the antenna
is aligned with the centre of the circle described by the HAP, the boresight deviation angles at the centre of the area
and on the edge are respectively equal to

ecentre =1.4°and
Beqge Varying between 0.82° and 0.80°.

[0020] In this case, the gain values given in Table 1 below are obtained for various values D of antenna diameter.

Table 1
D 20 cm 30cm | 40 cm
G at the centre of the area | 32 dB 33dB | 32dB
G at the border of the area | 33.3dB | 36 dB | 37.2dB

[0021] The above table shows that at the middle of the area of coverage, an antenna 20 cm in diameter gives a gain
equivalent to a 40 cm antenna. Thus, the best compromise between the antenna diameter and the effective gain is for
an antenna of between 20 cm and 30 cm in diameter, this corresponding to a gain of between 32 dB and 33 dB.
[0022] Having regard to the fluctuations of the boresight deviation angle 6edge, the values of the gain during align-
ment of the antenna on the centre of the circle described by the platform fluctuate very slightly, with a maximum value
of 0.3 dB which can be chosen as threshold value in accordance with the present invention.

[0023] A particular embodiment allowing the implementation of the process of the present invention will now be
described. The description of this embodiment refers more particularly to Figures 3 and 4. Represented diagrammat-
ically in Figure 4 is a terminal associated with a fixed antenna 10 aligned with the centre of the circle described by the
platform. In a known manner, the antenna is connected to a user terminal consisting of two main subassemblies formed
respectively of the ODU 11 or "Outdoor Unit" and of the IDU 13 or "Indoor Unit". The ODU is coupled to the directional
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antenna 10 and is generally situated outside a building whereas the IDU is situated near the user, inside the building.
[0024] In a known manner, the signal transmitted by the HAP platform is received by the terminal in Ka band, namely
around 28 GHz. It is firstly amplified then transposed to L band (lying between 1 and 2 GHz) with a constant gain in
the ODU 11. The ODU comprises circuits well known to the person skilled in the art, namely schematically a duplexer
connected to the uplink and the downlink which consist respectively in the case of the uplink of an amplifier AMP, of a
mixer and of an amplifier HPA and in the case of the downlink of an amplifier LNA, of a mixer and of an amplifier AMP,
the mixers and the amplifiers of the uplink and downlink being connected to one and the same local oscillator.
[0025] In a known manner, the ODU 11 is linked to the IDU 13 by a coaxial cable 14. Means allowing the implemen-
tation of the process of the present invention are provided in the IDU. These means are represented by the highlighted
circuit 15. In a conventional manner the IDU also comprises, connected to the coaxial cable 14, a duplexer so as to
connect to the said coaxial cable the generator of the signal to be transmitted as well as the circuit for processing the
signal received.

[0026] The device for the implementation of the present invention essentially comprises a circuit evaluating the power
of the signal received, circuits for digitally processing the power signal received and optionally circuits for servocontrol
and circuits for controlling the motor whereby the antenna can be pointed towards the platform, as symbolized by the
dashed line I.

[0027] A more precise embodiment of the device making it possible to align the antenna with the platform and im-
plementing the present invention is represented in Figure 3. The circuit of Figure 3 therefore comprises a detector 150
of the power received, a circuit 151 for digitizing the signal from the detector of the power received followed by a
processing circuit 152 that makes it possible to calculate on the basis of the digitized signal, the alteration in the power
received over a time interval t that may be chosen, according to one embodiment, equal to a complete revolution of
the platform. Optionally, the device can comprise a display system 153 making it possible to represent the alteration
in the residual power and which may consist of a Bargraph type system. Moreover, the signal from the circuit 152 may
be connected to an optional servocontrol device and is sent to the controls of motors of the antenna.

[0028] Moreover, in accordance with the present invention, the signal from the circuit 152 is compared with a stored
threshold corresponding to the maximum value of the residual power variation. This threshold value is stored in a table
and is dependent on the position of the terminal in the area of coverage. The signal from the comparator 155 is sent
to a signalling device 156 such as a light-emitting diode or any means of signalling.

[0029] The various steps implemented using the device described will now be explained with reference to Figure 4.
[0030] During implementation of the system, the operator firstly makes a coarse adjustment to the pointing of the
antenna in the direction of the platform by searching for the maximum power received by the antenna. Thereafter, the
operator refines the pointing of the antenna of the terminal at the centre of the circle described by the HAP platform,
doing so by successive iterations. For each pointing attempt, the residual power variation is calculated during a revo-
lution of the HAP. The calculated value is compared with the theoretical value stored in the parameterized table and
when the value of the residual variation in the power of the signal received is less than the threshold predefined in this
table, an indicator is then activated by the IDU 11 to indicate that the pointing is correct. By way of example, in the
case of an HAP positioned as described above, travelling at a constant speed of 400 km per hour with a radius of
deployment r of 600 m, the time for the analysis period will be 33.9 seconds.

[0031] Various alternatives may be used to implement the process of the present invention. For example, instead of
the user IDU 11 described with reference to Figure 4, it is possible to use an IDU of simplified installation that connects
directly to the ODU through a coaxial cable and that makes it possible to facilitate the accurate pointing of the antenna
when the latter is located on the roof of a dwelling.

[0032] Moreover, the process of the present invention makes it possible to set up automatic monitoring of the antenna
pointing carried out periodically with a servocontrol of the pointing of the antenna through electrical control of motors.

Claims

1. Process for aligning at least one ground antenna situated in a given area of coverage with a platform flying at high-
altitude (HAP), characterized in that the antenna (A or A") is aligned with the centre (p) of the curve @ described
by the platform.

2. Process according to Claim 1, characterized in that, after having aligned the antenna in the direction of the
platform, a position of the antenna is detected for which the level of variation in the signal received remains below
a threshold.

3. Process according to Claims 1 or 2, characterized in that the threshold is determined as a function of the variations
in gain at the border of the area of coverage.
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Process according to Claim 3, characterized in that the threshold is adjustable.
Process according to one of Claims 1 to 4, characterized in that the antenna is a fixed antenna.
Process according to Claim 1, characterized in that it comprises the following steps:
- coarse adjustment of the pointing of the antenna in the direction of the platform by searching for the maximum
power received by the antenna,
- followed by fine adjustment of the alignment of the antenna with the centre of the curve described by the

platform by calculating the variation in the residual power and by comparing the value obtained with a threshold.

Process according to Claim 6, characterized in that the fine adjustment is carried out through successive itera-
tions.

Process according to Claims 6 and 7, characterized in that the calculation of the variation in residual power is
carried out over a determined time interval.

Process according to Claim 8, characterized in that the time interval corresponds to a revolution of the platform.
Terminal linked to the antenna for the implementation of the process according to any one of Claims 1 to 9, char-
acterized in that it moreover comprises means for detecting the power received (150), means for analyzing the

variation in power over time (152) and means indicating that the variation is less than a determined threshold (155).

Terminal according to Claim 10, characterized in that the value of the threshold is stored in a table parameterized
as a function of the position of the terminal.

Terminal according to one of Claims 10 and 11, characterized in that it comprises means for displaying the var-
iation in power over time (153).
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