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(54) Title of the Invention: Method and system for the automated alignment of antennas

Abstract Title: Method and system for alignment of antennas using a coarse and fine alignment system

(57) An antenna comprising a reflector 20 connected to a motor drive 40, a primary radiator 30 for transceiving a radio

beam at an operating frequency impinged on the reflector 20 is disclosed. A coarse aligmnent system comprising a

motor drive is connected to the reflector 20 for driving at least one of the rotation and the tilting of the reflector, A

fine alignment system 70 is also present for electronic adjustment of the radio beam such as adjustment of phase
and/or amplitude. The coarse alignment system and the fine alignment systems are controlled by a control device
60. A method of aligning a first antenna and a second antenna is also disclosed. The antenna may be adapted to
detect side lobes of the operating frequency for controlling alignment. The antenna may also comprise more than

one radiating element.
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Description

Field of the Invention

(00011 The invention relates v an anlenna system with two antennas being adapted to
awtomatically align with each other and a methed for auwtomated alignment of the at least

Wo antennas,

Background to the Invention

[0002] Microwave radio relay is a technology for the transmission of digital signals and
anplog signals, such as telephone calls, television programs, and computer data between
two locations using microwave links on a line of <ghi radic path. The microwaves are
transmitied between the two locations along the microwave links using directional anten~
nas. The requircment of a line of sight for the wicrowave link limits the distance between

the two locations up to maximum of about 30 kilometers.

{0003 Microwaves along the microwave Hok between the two locations have exiremely
narraw beans. This narrow beam has the advamtage that the nicrow beam s confined o a
hine of sight path from the one location to the other location and the microwaves do not
therefore interfere with other microwave equipment. The narrow beams are alse an ad-
vantage for the transmission of maxivmum power. Similarly, other ones of the microwave
tnks nearby can use the same frequencies, as the microwave links will not interfere with
each other. The atennas used in such microwave lnk systems must be therefore highly
directional. The highly directional beam of the microwave link may reduce the risk of -
terference, but it does vomplicate the alipnment of the radio beams in the migrowave link
between the two astennas. The direction is highly sensitive to the positioning of the anten-

wa and, n particular, to the posttioning of any reflectors in the antenna,

{0004} The issue of aligning microwave antennas is known, for example from US Patent
Mo, US 6,836,675 (£hang), which teaches a method for sligning antennas during the instal-

fation of microwave communications systems. A computerized link quality mechanism
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snonttors the link guality of the link during the aligning of the installation. The Hok quality
comprises the performance of the data conununications status, such as the signal strength

and the noise fest resulis,

Summary of the Invention

TOUGS T An antenng systom o enable the automatic alignment of two antennas in a micro-
wave relay 19 disclosed. The antenna sysiem comprises a reflector comnecied {0 a motor
drive, a primary radiator for transceiving a radic beam at an operating frequency ipinged
on the reflector; a coarse alignment system comprising 8 motor drive connected to the re-
flector for at least one of rotation and tilting of the reflector, a fine alignment system for
glectronic adjustment of the radio beamy; and a conrol device for conirolling the coarse

ahgmenent system and the fine alignment system.

{0006] The motor drive is required for the initial coarse alignment of the dish or parabolic
amtenna. Once the radio beam is directed along the microwave Hnk to the other dish or par-
abolic antenng, the molor doive can be switched off and, it required, disabled. Any finer
and further adjustments to the radio beam are carried out in the primary radiator of the dish
or parabolic antenna. The motor drive is generally oot required any longer, once the broad
alignment bas been carried out. The motor drive can be left to rust and it generally requires

no mainienance,

{00071 The control device is used in order to drive the motor drive for the rotalion and/or
titting of the reflector of the dish or pargholic antenng or for the rotation and/or tilting of
the whole dish or parabolic antenng and later make the fine adjustments. The conirol de-
vice can, i required, communicate with the motor drive of the other dish or parabolic an-

tenna of the antonna system.

[OGOE] In an aspect of the disclosure, the coarse glignment system comprises gn guxiliary
anterng connected to the contrel device for communicating with g further awxiliary anten-

na, af a second frequency different from the operating frequency.
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[000%] In a hBwrther aspect of the disclosure, the contrel device is adapied to detect side

lobes of the operating frequency for controlling the coarse alignent system.

{0010} In another aspect of the disclosure, the primary radiaior comprises a first transeeiv-
er, and the fine alignment systom comprises an auxiliary transceiver and a conwnuting sys-

tem for commuting between the first transcetver and the suxiliary transceiver.

{0011] The present disclosure also teachss an antenng system comprising at lesst two an-
tennas as described above, and the control devices of the at least two antennas are adapted

io exchange control messages concerning alignment of the al least two antennas.

{00121 The present disclosure further teaches 2 method for aligning a first antenmg and a
second antenna, the fivst antenna having a first primary radiator and a first primary reflec-
tor, the second antenna baving a second primary radistor and a sscond primary reflector,
the method comprizsing: causing at least one of the first and second reflectors o rotate
and/or 4t uving a motor deive and thus establishing a communications hink with a second
one of the two antenna; adjusting the communications Hok by electronically changing pa-

rameters of the radio beamn along the communications link.

00131 In an aspect of the disclosure, the method comprises establishing an ausilisry
eorrunuricstion link between g first auxiliary antenna and a second auxiliary anienna of the

WO antennas.

{0014] In vet another aspect of the disclosure, the method comprises using side lobes of an
operating beam between a first primeary radiator and a second primary radiator of the two

antengs.

19015] In a further aspect of the disclosure, the method comprises sending a control mes-
sage from the first one of the two antenna systems to the second one of the two antonna

systerns during rotation of the reflector indicative of a strength of the communications lnk.

[0016] In an aspect of the invention, the method may comprise disabling the motor drive

after establishment of the communications Huk.
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[QUL7] In another aspect of the invention, the method Nurther comprises ueing a first trang-
ceiver and a second transcetver when the conwnundcation Hok is established, for adjusting
the communization link, and commuting between the first transceiver and the auxiliary
franseeiver.
{0018} These and other aspests of the invention will be apparent {rom and clucidated refer-

ence o the embodiment(s) described hercinafier.

Deascrintion of the figures

F0019] Fig. | shows an antenna sysiem with two dish or parabolic aniennas to be automati-
cally aligoed using a fixed comumunication link between the dish or parabolic antennas,
according to one aspect of the disclosure.

{00201 Fig. 2 shows an antenna system with two dish or parabolic amennas to be automati-
cally aligned using auxiliary antennas, according to another aspect of the disclosure.

{0217 Fig. 3 shows a preferved embodiment of a primary radiator which can be used with
an antenna system acvording to hig.l orfig 2.

{30221 Fig. 4 shows a method for the alignment of two antenmas of an antenna sysiem ac-
cording to one aspect of the disclosure.

{00231 Fig. 3 shows another method for alignment of two antennas of an antonng systen
aceording to another aspect of the disclosure.

[00241 Fig. & shows an antenna system with two dish or parabolic antennas to be amtomati-
cally aligned veing susilisry antennas, according to ancther aspeet of the disclosure,

[3023] Fig. 7 shows an embodiment of a primary radiator which can be used with an an-
tenne syastem aceording to fig.6.

{0026] Fig. § shows a workflow of a method of alignment an antenna system according to
an aspect of the disclosure.

00271 Fig. 9 shows an alternate embodiment of a primary radiator and adjusiment system
which can be used with an antenna system in an aspect of the disclosure.

[O028] Fig. 10 shows an alternate embodiment of g primary radiator which can be used

with an antenna system in an aspect of the disclosurs,
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{00291 The mvention will now be described on the basis of the drawings. It will be under-
stood that the embodiments and aspects of the jnvention described herein are only exam-
ples and do not limit the protective scope of the clabms In any way. The invention is de-
fined by the claims and their references. It will be understood that features of one aspect or
embodiment of the Invention can be combined with & feature of g different aspect or as-

pects and/or embodiments of the invention.

{00307 Fig. 1 shows an example of an avtenna system 5 of this disclosure. The antenna
systemn 5 comprises a first parabolic ardenna 10a and a second parabolic anterns 10b that
have to be aligned with each other. The distance 15 between the two parabolic antennas
10a and 10b can be between 0.01 or less km and 50 kilometers, but this is not limiting of
the invention. Throughout the disclosure, elervents which gre identical are designated with
the same referconce mumber. The letter “a” and “b” are mainly used to distinguish between
elements described with reference to a first parabolic antenna (left on the figure) and a let
ter b7 for the elements described with reference to a second parabolic antenna {right on

the figures).

{0031} The antenma system 5 is configured to transmit signals along a communications link
25 {also termed microwave link). In one aspect of the disclosure, the antenng system is
configured to fransmit radie waves in the microwave band at avround 80 GHe. This micro-
wave band is suitable for the transmission of telephone calls, data and tefevision transmis-

siogs, but this again is not Hmiting the invention.

[0032] The first parabolic antenng 10a has & first reflector 20z and 2 first primary radiator
30a. The second parabolic antenna 10b has a second reflector 20b and a second primary
radiator 30b. The primary radiators 30a, 30b are adapted io recetve radio signals on the
commurcations lok 25 between the fivst parabolic antonna 102 and the second parabolic

antermna 10b and/or o transmit radio signals over the communications Hok 23,
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00331 Kt is known that this transmission is carried out by fransmitting a signal from the
first primary radiator 30a as a signal 70, which is then reflected in the direction of the sec-
ond parabolic antenna 10b by the first reflector 20a. Similarly, a signal is received along
the conymunications bnk 25 by the first reflector 20 and focused onto the fivst antenna
array 30a, where the signal is processed. Similarly the second primary radiator 30ba trans-
mite a signal is then reflected in the direction of the fivst parabolic antenna 10a by the see-
ond reflectar 20b. A signal is received along the communications link 25 by the second
reflector 20b and focused onto the second primary radiator 30b, whers the signal is pro-

cessed.

{0034] The primary radiator may be an antenna mrray having g plumality of antems ele-
ments, as shown on Fig.3. The primary radiator 303 comprises at least one array of radia-
tion elements 32, In the example of Fig. 3, the array comprises eight radiation elements 32,
but this is not limiting the invention. Preferably, the radiation elements 323, 32b, are indi-
vidually and independently controllable and addressable. This means that the phase and
amplitude of the radiation elements 32 are either individually addressable, or addressable

in subsets of radisgion cloments 32

{0035] The arvay of the primary radiator can be made up of several dislectric anteunas,
patch antennias, printed dipoles or horn antennas. For the avoidance of doubt, the use of the
radiator type is not limiting this invention. Furthermore, the primary radiator may other-

wise be a single horn antenna or another single radiator,

{0036] The communications liuk 25 is highly divectional. That means the radiation charae-
teristic of the first and second parabolic antennas comprises a narrow beam in the main
radiation direction. Therefore, these narrow beams of the parabolic antennas have to be
gligned by substautially aligning the first reflector 20a or the whole first parabolic antenna
10a with the second reflector 20b or the whole second parsbaolic antenna 10b of the anten-
na system, This alignment is carried out in & two-stage process, as will be described with

respect to fig, 4.

[O0371 A first coarse adiustment systene 422 and a2 second cogrse adjustment system 42b

are provided to align mechanically the first and second parabolic antennas 10s, 10b. The
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first coarse adjustment system 424 comprises a first motor drive 40a which is connected to
the firsi reflector 20a or the first parabolic antenna 10a. The second coarse adjustment sys-
tem 42b comprises a second motor drive 40b which is connected to the second reflsctor

20b ar the second parabslic antenna 10b.

[0038] The first and/or second motor drive 40, 40b are used for broadly sligning the first
reflector 202 or the whole frst parabolic anienna 10b with the second reflector 20b or the

whole second parabolic antenna 10b,

[0039] The first motor drive 40a is adapted to rotate the fivst reflector 20a or the whole first
parabolic antenna 10a around g main axis Xa, in a planc substantially pevpendicular to the
direction of the communications Hink 23, as shown by rotational arrow 45, The first motor
drive 40a is further adapted to tilt the first reflecior 204 or the entire first parabolic antenna
10a 1u a plane comprising the direction of the communication links, as shown by rotational
arrow 46a. Similarly, the second motor drive 40b is adapted to rotgte the second reflector
20b or the whole second parabolic antenna 10b around & main axis Xb, in a plane substan-
tially perpendicular to the direction of the commundestions link 25, as shown by rotational
arrow 45b. The second motor drive 405 is further adapted to tilt the second reflector 20b or
the entire second parabolic antenna 10b in 8 plane comprising the direction of the commu-

sieation Hnks, as shown by rotational arrow 46b,

{0040} The firet motor drive 40a 15 connected to a first control system 60a, and the second
motor drive 40b is connected o a second control systern 60b. The first conirol system 60a,
respectively second control systers 60b, is adapted to control the first motor drive 40a, re-
spectively second motor drive 40b, and hence the rotation and/or tilting of the first reflec-
tor 20a or the whole fivst parabolic anlerma 10s, respectively the second reflector 20b or

the whole second pargbolic antenna 10b.

10041] The control systews 8la, 60b has g receiver to roeeive the contrel signals either from
a fixed line network 80 (or & further conmmunications network, such as using the GEM,

UMTS or LTE protocol} or from the further control system 60b, 60a.
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[0042] As will be explained with reference to Fig. S, the first and/or second coarse adjust-
ment system 42a, 42b 15 used for a coarse adjustment of the antenna system 5. Onge the
direction of the radio beam along the communications tink 25 has been broadly aligned by
retation andfor tilting of the reflector 20a (and also possibly by the rotation and/or tilting of
the further reflector 20b), the first and second coarse adjusiment system 42a, 42b togsther
with the motor drive 403 can be switched off or disabled. The first motor drive 49a and/or
the second motor drive 40b will no longer be reguired and can be disconnected from a
power supply. The motor drive 40z and/or the second motor drive 40b will no longer bhe

used and can be allowsd fo rust i required.

[0043] The first antenna 10a comprises a first fine adjustiment system 70z and the second
antenna 10b comprises a second fine adjustment system 70, o carry out fine adjustments
to the direction of the radio beam. The first fine adjustment sysiem 70a is adapted to re-
ceive control siguals from the firet control device 60a. The second fine adjustient gystem

7b is adapted to receive control signals from the second conirol device 60h.

00441 The fine adjustment system is enabled to adjust the divection of the beam, in order
o compensate for variations arising from e.g. vibrations of the antenna, as will he ex-

plained with reference to Fig. 4.

[G345] In particolar, when the primary radistor 18 an array of radiation elements, the fine
adjustment system is adapted to adjust the phase and amplitude of the radistion elements.
When the primary radiator is a horn antenna, the fine sdjustment system comprises lenses

or a separate actuator at the feed.

{00461 Fig, 2 shows an example of an autenna system 205 accerding to another aspect of

this disclosure,

{0047} The antenma system 205 coroprises a first parsbolic antenna 210 and a second par-
abolic antenna 210b that have to be aligned with each other. The first parabolic antenna
210a has a first reflector 2202 and g first primary radigtor 230a. The second parabole an-
tenma 210b has a secomd reflector 220b and a second primary radistor 230b. The mimary

radigtors 230a, 230b are adapted o receive radio signals on g communications link 225
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between the first parabolic antenna 2104 and the second parabolic antenna 210b and/or to

transmit radio signals over the conununications link 223,

G048} A first coarse adjustment system 242a and a second coarse adjustment system 242b
are provided 1o align mechanically the first and second parabolic antennas 210s, 210b. The
first coarse adjustment system 242a comprises g first motor drive 240a which is connected
to the first reflector 220a or the first parabolic antenna 210a, The second coarse adjustinent
systerm 2426 comprises a second motor dreive 240h which is connected to the second reflec-

tor 2200 or the second parabolic antenng 210b.

[0049] The first and/or second rotor drive 240z, 240b are used for broadly aligning the
first reflector 2202 or the whole first parabelic antenna 210b with the second reflector 220b

or the whole second parabolic antenna 210h,

[OUSG] The first motor drive 2402 is adapted to rotate the first reflector 2208 or the whole
first parabolic antenua 210a around a main axis Xa, in 2 plane substantially perpendicular
to the direction of the communications link 223, as shown by rolational arrow 2245, The
Hrst motor drive 240a is further adapted fo tilt the first reflector 2208 or the emtire first par-
abolie anterma 2102 in a plane comprising the direction of the conununication lnks, as
shown by rotational arrow 246a. Stmilardy, the sccond motor drive 240b is adapted to ro-
fate the second reflector 220b or the cntire second parabolic antenna 210b sround a2 main
axis Xby, in a plane substantially perpendicular to the direction of the communications Hok
225, as shown by rotational arrow 245b, The sgcond motor drive 240b is further adapted to
1ilt the second reflector 220b or the entire second parsbole antenna 210b in a plane com-

prising the direction of the communication links, as shown by rotational arrow 246b.

{30511 The first motor drive 240a is connected to a first control system 260g, and the sec-
ond motor drive 240b is connected to a second contred system 360b. The first control sys-
tern 260g, or the second comirel system 260b, is adapted to control the first motor drive
2403, or respectively the second motor drive 240%, and hence 1o conirol the rotation and/or
the tilting of the first reflector 220a or the entire first parabolic antenna 210g, or respective-

iy the second reflector 220b or the entire second parabolic antenna 2105,
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100521 A fiest auxiliary antenma 2530a and a second auxiliary antenna 250b are positioned at
the location of the first parabolic avtenna 210s and of the second parabolic antenna 210h,
respectively, and are connected to the first control system 2608 and the second control sys-
tem 260b. The first awxiliary antenng 250a and the second auxiliary antennas 250b can
establish an auxiliary radio beam or radio link in general between the location of the frst
parsholic antenna 210z and the sccond parabolic anterma 210b for a coarse adjustment of

the {irst parabelic antenna 210a and the second parabolic antenna 210b.

[0053] The first auxiliary antenna 2508 can tranemit the auxiliary radio beam to the second
awxibiary antenna 250b, at & mwuch lower frequency, for cxample 5.6 Gz, but this is not
Limiting of the invention, in order o condrol the broad adjusiment of the radio beam along
the communications path 225, The 5.6 GHz beam is not highly directional and doses not
need any adjustment, Henee, the ooarse adjustment of the antenna system may be facilitat-

ed.

{00541 Alternately, the first awdbary antenna 2302 and the second auxiliary antenna 250b
maay be adapied to exchange control signals using different communication standards as the
radio signals to be exchanged between the main antennas 210a or 210b. Examples of dif-
ferent comnunication standands comprise, but are not limited thereto, a figBee protoco! or

a proprietary standard at 433 MHz.

[0035] The Hrst suxiliary antenna 2502 and the second auxiliary antenoa 250b are there-
fore part of the first coarse adjustment sysiem 2423 or the second coarse adjustment system
242b. The first auxiliary antenna 2502 and/or the second auxiliary antenna?S0b can receive
and/or send information to and from the first controller 260a and/or the second controller

260b, e.g. on a level of recetved power for cach position of the mobile reflector.

tenna systom 5 deseribed in figure |

{0057} In a first step 200, the first and second parabolic antennas 102 and 10b are erected

at their locations. The locations are within Hne of sight of each other and the first and sec-



10

24

L
o

(oS

& e

ond refleciors 202 and 20b will be mounied on the mounts connecied o the first and seo-

orid motor drives 407 and 40b,

{B058] The contrel system 60z and 60b will then start in step 210 the rotation of at least
one of the first reflector 20a and the second reflector 20b in order to align the Grst reflector

20a and the second reflector 20k with each other,

{00591 The skilled person will understand that a first one of the two reflectors 20a, 20b
may be fixed whilst the other one of the two reflectors 20b, 20a is rotated and/or tilied dur-
ing aligoment. Alternately, both of the reflectors 208, 20b may be rotated and/or tilted dur-

ing alignment.

HO060T The first reflector 20 and the second reflector 20b may be aligned by using an
alignment beam signal which is transmitted from onc antenna to the other antenna. The
reccived power may be measured for cach position of the first reflector 20a and/or the see-
ond reflector 20b {step 220). The first control system 60a and the second control sysiem
60b can determine a position where the received power is higher, for example using an
iterative process uatil a position of at least one of the two reflectors 20a or 20b correspond-

ing to a maximum received power is determined.

{00617 The rotation and/or tilting of the two reflectors 20a, 20b {s controlled by the two
control systems 60a, 60b. The two control systems 60a, 60b may therefore exchange con-
tro) ovfand sigtus messages in step 220 by the fixed Hnk 80, Alternatively, the communica-
tien link between the two control svstems 60a, 68b can be established by using the side-
lobes of the reflector antenmag radiation pattern. The communication of the control mes-
sages or/and the status messages does not need a link with high data rates, which are only
possible using the main beam. So, if the recetvers of the control systems are sensitive
encugh, the sidelobes of the reflector antennas radiation pattern ¢an be used for communi~

cating the control messages or/and the status messages.

(0062 The first reflecter 202 and the second reflector 20b may be aligned by using an
alignment beam signal which is fransmitted from one antensa to the other gnienna. The
received power may be measured for each position of the first reflector 20a and/or the sec-

ond reflector20b. The first comtrol system 60 and the second control sysiems 60b can de-
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termine a position where the received power ie higher, for example using an Herative pro-
cess until a position of at least one of the reflectors corresponding 1o a maximum received

power is determined {(step 2380,

[0063] The rotation and/or tlting of the two reflectors 20g, 20b is controlled by the two
control systems 60a, 60b. Onee the two control systems 60s, 60b determine in step 230 that
the both of the two refleciors 20a and 20b are substantially aligned with each other such
that the divectional radio beam on the communications Hak 225 is well received, the con-

trol system 2602 and 2605 can disable the motor drives 40a and 40b in step 240.

{3364 The motor drive 40, 40b, will no longer be used and can be allowed 1o rust, if re-

quired.

{00651 Fine adjustioents of the radio beam along the conununications Hok 25 are carried
out in step 250 using the antenna array 3¢ It is known that these sdjustments can be
adapied by using active componenis and/or software contrel to adjust the phase and amphi-
tude of the signals for every antenna element of the arsay for forming the radio beam along
the communications Hnk 235, This fine adjustment can cope with any small movement of

the parabolic antennas 10a and 10h.

(66] Fig. 3 shows another example of a method of this disclosure, with reference to the

antenna system 205 described in figure 2.

{00671 In g first step 2200, the first parabolic antenna 210a and the second parabolic an-
tennas 210b are erected at their locations. The locstivns are within line of sight of sach
other and the first reflector 2208 and the sccond reflectors 220b will be mounted on the

mounis connected fo the first motor drive 240a and the second motor drive 240h.

[G06E] An alignmert bears will then be emitted and the controel system 260z and 260b will
then start, in step 2210, the rotation and possibly the tilting of ai least one of the first re~
flector 2202 and the second reflector 220b in order to align both of the two reflectors 2203

and 220b with each ather
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{00691 The first reflector 220a and the second reflector 220b way be aligned by using an
alignment beam signal which is transmitted from one antenna 1o the other antenna. The
recgived power may be measured for each position of the first reflecior 2202 and/or the
second reflector 220b (step 2220} The first control system 260a and the second control
systems 260b can detevmine a position where the received power is higher, for example
using an terative process untll a position of at least one of the two refleciors 220a, 2206

correaponding o 8 maximum received power is determined.

10070} The rotation and/or the tilting of the first reflector 2202 is conirolled by the first
eontrol system 2603 and the rotation and/or tilting of the second reflector 2206 i con-
trolled by the second contrel system 260b. In this aspect of the invention, g second lnk
between the {irst auxiliary antenna 2502 and the second suxiliary antenna 250b is used for

adjusting the position of the first antenna and the second antenna of the antenna sysiem.

{0071] The control messages may comprise information and conunand relating to an
amount of votation or {ilting. The status message may comprise information relating o an
amount of received power measured on the antenna configured in reception during the an-

tenng alignment.

{00721 Once both of the control systems 260a and 260b determine in step 2230 that both of
the reflectors 20a and 20b are substantially aligned with each other such that the directional
radio beam on the communications Hak 223 is well received, the two control systems 260a

and 260b can disable the two motor drives 240g and 240b in step 2240,

[G073] The two motor drives 240a, 240, will no longer be used and can be allowed to Tust

f required.

1060741 Fine adjustments of the radio beam along the communications Hnk 25 are carried
out in step 2250 using the antenna array 30, It is known that these adjustments can be
adapted by using active components and/or software control to adjust the phase and ampli-
tude of the signals for every antenua element of the array for forming the radio beam along
the communications link 25. This fine adjustment can cope with any small movement of

the parabolic antennas 10a and 10b.
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[0075] Figure 6 shows another example of an anienna system 3835 according to one aspect
of the disclosure, and Figure 7 is a detailed view of the primary radiator with a transmis-
sion system of figure 6. The antenna system 305 differs substantially from the antenna sys-
tera 5 of figure 1 in that the antenna system 305 comprises a primary transceiver 371 and
auxiliary transceiver 373 as part of a fine adjustment system 370 for the fine adjustment of

the antenna alignment.

{0076 The antenna system 305 comprises & first parabeolic antenna 310s and a second par-
abolic antenna 310b that bave to be aligned with cach other. The first parabolic antenna
310g has a fivst reflector 3202 and a frst primary radistor 3308, The second parabolic an-
terma 310b has a sccond reflector 320b and a second primary radigtor 330b. The two pri-
mary radiators 330a, 330b are adapied 1o receive radio signals on a communications link
325 between the first parabolic aptenna 310a and the second pargbolic anfenna 310b andfor

o transmit radio signals over the communications link 328,

FO0771 A first coarse adjustment system 3423 and a second coarse adjustment system 342b
are provided to align mechanically the first parabolic antenna 310a and the second parabol-
ic aptennas 310b. The first coarse adjustment sysiern 3424 comprises a first motor drive
340, which is connected to the first reflector 320 or the first parabolic antenna 318a. The
second coarse adjustment system 342b comprises a second motor drive 340h, which is

connected to the second reflecior 320b or the second parabolic antenna 310h.

[OO78] A first fine adhustient system 3702 is provided for the further finer adjustments of
the antennas 310a, 310b, and comprises & copunuting system 375z as will be explained

fater in the disclosurs.

10079 The first motor drive 240a and/or the second motor drive 240a, 240b are wsed for
broadly aligning the first reflector 220a or the whole frst parabolic antenna 210b with the

second reflector 220b or the entire second parabolic antenna 2106,

[GO80T The first motor deive 340 is adapied to rotate the frst reflector 3203 or the entire
first parabelic amenna 310 around a main axis Xa, in a plane substantially perpendicular

to the direction of the communications link 325, as shown by rotationa) arrow, The first
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motor drive 3402 is further adapted to tilt the first reflector 320a or the entire first pargholic
antenna 3102 in a plane comprising the direction of the communication links, as shown by
rotalional arrow 3463, Similardy, the second motor drive 240b i¢ adapted to rotate the see-
ond reflector 320b or the entire second pargbolic antenna 210b arcund a main axis Xh, ina
plane substantially perpendicular to the direction of the communications link 325, as
shown by rotational arrow 345b. The second motor drive 340b is further adapted to tilt the
second reflector 320b or the entire second parabolic antenna 310b in a plane comprising

the direction of the communication links, as shown by rotational arrow 346b.

{0081} The first motor drive 3402 is connected {0 a first control system 360s, and the sec-
ond motor drive 340b is connected to a second control aystern 360b. The fivst control sys-
tem 360a, or the second control system 360b, i adapted to control the first motor drive
340a, or respectively the second motor drive 340b, and hence the rotation and/or tilting of
the first retlector 320a or the entire first parabolic antenng 3103, or the second reflector

320k or the entire second paraholic antenna 310b.

{0082} Fig. 7 shows a detailed view of the primary radiator 330a. In this aspect of the dis-
closure, the primary radtator 330a, 330b comprises at least one array of radiation cloments
33Za, 332b. The radiation clewents 332a are individually and independently controliable
and addressable. This means that the phase and amplitude of the radiation elements 332 are
either individually addressable, or addressable in subsets of radiation elements 332 by the

fine adjustinent system 3704,

[O083] A primary transceiver 371a comprises & primary powsr amplifier for transmitting
and a privoary low notse amplifier for receiving signals toffrom the radiation elements of
the prinary radiator 330a. Therefore the primary franscetver is coupled to a primary feed-
ing network 372a which connects the primary transceiver to the respective antenna ele-

ments of the primary radiator 330a.

{00841 An auxiliary transceiver 373a comprises an auxiliary power amplifier for transeit-
ting and an auxiliary low neise amplifier for receiving signals to/from the radiation sle-
ments of the primary radiator 330a. Therefore the auxiliary transceiver 3734 is coupled o a
auxiliary feeding network 374a which conneets the auxiliary transceiver o the respective

antenng elements of the primary radiator 3304
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{00831 The guxiliary transceiver 373a and the respective auxiliary feeding network 3742
are arranged parallel to the primary transceiver 371a and the respective primary feeding

network 3724,

{0086] The primary foeding network 3722 and the auxiliary feeding network 374a are
adapted to form flexible radiation beams by changing the phase and amplitude of the feed-

ing signals or by switching antenna clements on or off.
{0087] The awaliary transceiver 3732 is part of said fine adjustment sysiem 370s.

FOOER] Figure R shows a workBow of a nethod of alignment, which will now be deseribed,

with reference to the anterna system as shown in Figure 6.

{BUBY] In a first step 3200, the first parabolic antennas 310a and the second parabolic an-
tennas 310b are erected at their locations. The locations are within line of sight of cach
other and the first reflectors 3202 and the second reflectors 320a will be mounied on the

mounis connected to the first motor drives 340a and the second motor drives 340 |

[G090] An alignment beam will then be emitted and the two control systerms 360a and 360b
wiil then start, in siep 3210, the rotation and possibly the tilting of at least one of the frst
reflector 3202 and the second reflector 320b in order 1o align the first reflecior 320a and

the second reflector 320b with each other.

[0091] The coarse adjustment system 342a, 342b may be similar to the coarse adjustment
sysiem 423, 42b of the antenna system 5 or to the coarse adjustment svstem 242a, 242b of
the grtenna system 205, The first control system 360z and the second control system 360b
can determine a position where the received power is higher, for example using an iterative
process until & postiton at least one of the two reflectors 320a, 320b corresponds o a max-

imum received power is determined.

{00921 Once the two countrol systems 360a and 360b determine in step 3230 that the both
of the reflectors 320a and 320b are subsiantially aligned with each other such that the di-

rectional radio beam on the communications link 325 is well received, the two control sys-
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tems 3604 and 360b can disable their corresponding motor drives 3402 and 340b in step

3244,

{0093} Suppose now that, afler the coarse mechanical slignment, the signals are exchanged

and processed via the primary transceiver 371a using the primary radiator 330a.

[0094] The fine adjustment system 370a adjusts the phase and amplitude of the primary
feeding network 372a of the primary radistor 330s and checks a signal quality from the
radiation elements 3322 for a plurality of phase and amplitude configurations (step 32500
When the fine adivstment has been done, the communication link is established via the

pritnary iransceiver 371a,

{00951 Alter somue thme, a misalignment of the two antennas 310s and 310b with respect to

¢ach cther may oocur.

(00961 It is determined, by the auxiliary transceiver 3734, that other second amplitude and
phase parameters of the awxiliary feeding network 374a leads to a better signal quality of
stgnal than the sroplitude and phase parameters of the primary feeding network 3722 of the
primary radiator 330 (step 32690). The determination is done by changing the amplitude and
phase parameters of the auxiliary feeding network 3742 until beiter phase and smplitude

parameter are found.

[0097] The commuting system 375a of the fiue sdhusiment system 3703 may therefore de-
cide to commute the functious of the primary transceiver 3712 and of the suxiliary frans-
ceiver 373a and to switch the communication to the suxilisry transceiver 3732 with the
awxiliary feeding network 374a having the better phase and amplitude parameters {(step

32703,

{0098] The commuting of priteary transceiver 3713 and of the auxiliary transceiver 373a
oceurs on the fiy, whilst the primary transceiver 371a and the auxilisry transceiver 373a
are iy use, therefore aveiding loosing some signal information. Onece the commuting s
achigved, the primary transceiver 371a is used for quality of signal tnvestigation, whilst the

guxiliary transceiver 373a s used a3 a main transceiver.
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(00991 Figure @ shows another example of primary radiator 430a with a fine adjustment

systemn 470a which can be used with the antenna system of Figure 6.

{01007 The primary radiator 430z comprises a plurality of radistion elements 4323,

which are individually and independently conirallable and addressable.

{00101 A primary transceiver 471a comprises a primary power amplifier for trans-
mitting and a primary low noise arplifier for receiving signals from the radiation elements
of the primary radiator 430a. Therefore the primary transceiver is coupled to a primary
feeding network 472a which connects the primary transceiver to the respective sntenna

elements of the primary radiator 430a.

(00102} An guxiliary transceiver 4733 comprises a auxiliary power amplifier for
transmitting and an auxiliary low noise amplifier for receiving signals from the radiation
elements of the primary radiator 430a. Therefore the auxiliary transceiver 473a is coupled
to a auxiliary feeding network 474a which connects the auxiliary transceiver to the respec-

tive antenna elements of the primary radiator 438a.

{01031 The auxiliary transoeiver 473s and the respective awxiliary feeding network
4745 is arranged parallel to the primary transceiver 471a and the respective primary feed-

ing network 472a.

(60104} The primary feeding network 4728 and the auxiliary feeding network 474a
are adapted to form different radigtion beams by changing the phase and amplitude of the

feeding signals or by switching antenna elements on or off.

[00105] The fine adjustment system 470a checks g signal quality transmitied from
the auxiliary subset 4332 of the radistion clements and the commuting system 475a may
commute and switch from the primary subset 431a to the aukiliary subset 4332, depending

on the signal quality check.

{00106] The steps 3260 and 3270 of the adiustment process described with reference

to figure § mmay be modified as follows, 1t is determined that the anxiliary subset 433 of
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the radiation elements 4322 leads to a better signal quality than the primary subset 431a of
the radiation elements 432a. The sigual quality can be determined using amplitude of the

signal,

(60107} The compnting system 475z of the fine adjustment system 4702 conunutes
the functions of the primeary transceiver 471a and of the suxiliary transceiver 473a. Onee
the commuting has been carried out, the privary iranseeiver 471 in conjunction with the
primary subset 4313 of the radiagtion elements Is used for investigating the quality of the
signal, whilst the auxiliary transceiver 473s in conjunciion with the auxiliary subset 431a
of the radiation elements is used as a primary transceiver. The commuting system 4752
mgy comprise 8 commuting matrix for the primary subset 431a of the radiation elements
and the auxiliary subset 433a of the radiation eloments 432a. The commuting may be car~
rigd out in the intervals betwesn the transmission and reception intervals in TDD {(Time

Dvigion Duplexing) process. The coramuting may be carried out in less than 100 ne.

FG0108] In contradistinetion to the five adjustment system 370a of Figure 7, which
was gdapted 1o adjust the phase and amplitude parameters for the radiating elements 3323
of the primary radiator 330a the fine adjustment system 470 of Figare 9 is adapted to
cornrnute from one of the primary subset 431a or the auxiliary subset 4334 io the other one
of the primary subset 431a or the auxiliary subset 433a which would lead io a better quality

of signals, and vice versa.

[G3109] Figure 18 shows vet another example of a primary radigtor that can be used
with the anfenna system of figure 6. In this aspect of the disclosure, the primary radiator

comprises at least twe horn elements 332, 538,

001107 A primary transceiver 571 is coupled to 8 primary amplifier 372 and is de-
signed to transmit signals to a frst horo clement 532, An auxiliary transceiver 573 is cou~
pled to an awxiliary amplifier 574 and is designed to transmit signals to a second (auxilia-
ry} horn element 535, The fine adjustment of the horn elements can be done by using an

actuator. Alternatively, an antenna arvay can be used instead of the horn antennas.

[ogi11} Suppose now that, after a cogrse mechanicsl alignment, the signals are ex-

changed and processed via the first horo clement 532, Afler some time, a misalignment of
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the aptennas 310a, 310b with respect to each other may oceur. This may be the case when

one or both of the twe antennas 310a, 310b have slightly moved, e.g. due to vibrations.

{00112 It i determomed that the seoond horn cloment 335 should be used and lead to

3 better signal quality of the signal than the firet horn slement 532.

160113] A commuting system 575 carries ont the commuting from the first hom el-
ement 332 to the second (awxiliary) hom clement 335, The commuting may oceur whilst
the primary transeeiver 571 and the suxiliary transceiver 572 ave in use, therefore avoiding
losing some signal mformation during the passage from the first hom element 532 to the
second {auxiliary) horn element 5335, Onee the conwuuting is gchieved, the primary trans-

ceiver 571 may be shut down,

160114; As noted above, the fine aligrunent of the radio beam can be carried out on

the fly whilst the radio beam on the communication link 25 is being transmitted.
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An antenna (10) comprising:

a reflector (20) connected to a motor drive (30);

a primary radiator (30; 238; 330; 430} for ransceiving a radio bears at an opetating
frequency irapinged on the reflector 20}

a coarse alignment system (42; 242) comprising a motor drive connected to the re-
flector (20) for driving at least one of the rotation and the tilting of the reflector
(20);

a fine alignment system (70; 270; 370; 470) for electronic adjustruent of the radio
beant;

a countrol device (60) for controlling the coarse alignment system (42; 242) and the

fine alignment system (70; 270; 370; 470}

The antenna (10) of claim 1, the coarse aligrument system (70; 270; 370; 470) com-
prising an auxiliary antenna (50) connected to the control device {(60) for communt-
cating with a further auxiliary antenna {10b}, at a second frequency different from

the operating frequency.

The antenna (10) of claim 1, the control device (60) is adapted to detect side lobes

of the operating frequency for controlling the alignment system.

The antenna of anyone of claims 1 {0 3, wherein the primary radiator (336; 430;
330) comprises a primary transesiver (371; 471; 571), and wherein the fine align-
ment system comprises an auxibiary transceiver (373; 473; 573) and a commuting
system (375; 475; 575) for commmuting between the primary transceiver (371; 4713

571} and the auxiliary transceiver (373; 473; 573).

The antenna of claim 4, wherein the primary radiator (330 comprises a plurality of
radiating elements (332} and wherein the commuting system (375) is adapted 1o ad-

Just a phase and amplitude pavameters {or the radiating elements (332).
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The autenng of claim 4, wherein the primary radiator (330) comprises a first subset
(431} of radiating elements (432} and a second subset (433) of radiating elements
{432}, wheretn the comauting system (375} is adapted to comruute between the

first aubset {431} of radiating eloments (432) and the second subset (4333

An antenna system comprising at least two antennas (10a, 10b) of any of the previ-
ous claims, wherein the control devices (60a, 60b} of the at least two antennas (10a,
10by are adapted to exchange control messages concorning alipnment of the at least

two antennas {10a, 10b),

A method for aligning a first antenna and a second antenna (10), the frst antenna
having a first primary radiator and a first primary reflector, the second antenna hav-
ing & second primary radiator and a second primary reflector, the method compris-
ing:

causing (210} at least one of the first primary reflector and the second primary re~
tlectors (20) to be at least one of rotated or tilted using a motor drive (40) and thus
establiching a communications link (25) with a2 second one (10b) of the first anten-
na {10a} or the second antenna {10b);

adinsting (250) the commuunications link {25) by electronically changing parame-

ters of the radio beam along the communications link (25},

The methed of claim 6, comprising:
establiching an auxiliary communication link between a first auxiliary antenna and

a second auxiliary antenna of the two antennas.

The method of claim 6, corprising:
using sides lobes of an operating frequency between the first primnary radiator of the

first antenna and the second primary radiator of the second antenna.

The method of claim 6, further compwising:
sending (220} a control message from the first one of the two andenna systemss (10a)
0 the second oue of the two antonna systems {105} during rotation of the reflector

{20} indicative of a strength of the communications link {25},
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12, The method of claim & or 7, further compaising:
disghling (240) the motor drive (40) after extablishment of the communications Hnk

(25).

13, The method of any of claiva 6 to 10, further comprising using a primary transceiver
(371; 471; 571} and an auxiliary transceiver (373; 473; 373 when the conununica-
tion link is establiched, for adjusting the communication link, and commuting be-

tween the primary transceiver and the auxiliary transceiver.
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