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(2 Mode coupler in an automatic angle tracking system.

@ the invention relates to a mode coupler which, for exam-
ple is included in an angle tracking system of a satellite to
establish a telecommunication between the transmitting and
the receiving ground stations. The mode coupler is realized
through a circular main wave guide (1) which also caninclude
the feeding horn of the satellite antenna in which a basic
mode, for example the TE;;-mode of the incoming circular
polarized wave guide field appears and which procures two
communication channels {f;-f; and f;-f, respectively), as well
as a beacon frequency (fb). To the main wave guide four
rectangular wave guide arms (2a-2d} are connected via the
associated apertures (3a-3d). The main wave guide is dimen-
sioned as a mode filter for filtering away the non-desired
higher modes TE;, and TM,, and the wave guide arms are
dimensioned as a frequency filter for filtering away the fre-
quency bands of the communication channels. From the
higher modes TE2; and TM,, the difference- and the sum
signals are created in known way to provide a measure of the
angle error of the satellite antenna.
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MODE COUPLER IN AN AUTOMATIC ANGLE TRACKING SYSTEM

FIELD OF THE INVENTION

The present invention relates to a mode coupler according to the pre-
amble of the claim 1, included in an automatic angle tracking system
in microwave antennas, operating with circular polarization. The
tracking system can be included in a satellite for telecommunication
between one or several transmitting ground stations and a number of
receiving ground stations, the tracking system keeping the antenna of
the satellite directed towards a certain area of the ground by means

of a so called beacon signal from one of the transmitting ground sta-

tions.
DESCRIPTION OF PRIOR ART

It is previously known that higher order modes arise in microwave
antennas, the modes having odd character when the receiving radiation
incides obliguely towards the antenna. The number of modes obtained
is determined by the cut-off wavelength of the respective mode in the
feeding wave guide and if this is greater than the actual wavelength.
The strength of the odd modes in relation to the even basic mode for
a certain antenna only depends on the angle deviation and is for a
small amount approximately proportional to this deviation. By "mode
coupler" is in the present application meant an arrangement which can
separate the basic mode from the various higher order modes and de-
Liver output signals proportional to the strength of the various
higher modes.

A known tracking system with the property to detect a certain devia-
tion (the pointing error) between the reflector axis of a ground sta—
tion and the direction of a target by separating the higher order
modes from the basic mode is described in Bell System Technical
Journal, July 1963, pages 1283-1307. In this system a circular wave-
guide is connected to the feeding horn, only the basic mode being
formed in the wave guide if the pointing error is zero, 1 e if the
antenna is perfectly directed towards the target. Otherwise higher

modes arise in the wave guide, among which one, namely the ™a1 is
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employed to form error signals together with the basic mode and which
are allowed to control the regulating circuits in the antenna system
of the ground station so that the pointing error will become zero. In
the mode coupler a sum signal is obtained from the basic mode and a
difference signal from the higher mode TM01.7The error signats, for
example in the elevation and the azimuth directions are in the re-.
ceiver of the tracking system indicated by means of the difference
and the sum signals, the amplitude and the*phase position of the dif-
ference signal relatively the sum signal determining the magnitude of
the angle deviation of the target from the antenna éxis énd the direc~
tion of the deviation, respéctively. To obtain:QOOd accuracy 1in this
system, a very good phase equality between the signaL paths is re-

guired for the sum and the difference signats, particutarly at off-

:boresight tracking. As also shown in the mentioned article, the system

is sensible to changes in the pblarization of the beacon signal. In
another known system, operating according to the same prihcipte'and
described in the USA Patent 3.821.741, a first and a second higher

~ mode, TM01 and TE21; respectively and the basic modé TE11'afe emp loyed

to create the error signals. This known system contains a mode coupler,

consisting of three wave guide sections, which together form the cir-

‘cular wave guide connected to the feeding horn of the system. Two of -

these wave guide sections are each provided with a pair of rectangular
wave guides, which are connected to the main wave guide With a certain

aperture to couple out the required higher modes to form difference

'signaLs. Together with the sum signal, extractediin ahother—ptace in

the system, the error signals are formed. The empLoymeht of two
higher modes TMO1 and TE31 makes it possible for the system to work
with not fully circularly polarized signals and to deliver difference
signals, . insulated between themselves, for two perpendicular- planes,
which implies lower demands regarding the phase equality between the
signal paths compared with previous sysfem. However, the different
cbupting-out points from the circular wave guide of the two higher
modes will imply difficulties in maintaining the phase equality be-
tWween the difference and the sum signals at varying temperature or
frequency. Phase differences between these éignéls Wwill lead to

varying sensitivity upoh'reception and particularly at off-boresight
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tracking to a direct pointing error.

SUMMARY OF THE INVENTION

In a system of the above mentioned kind, error signals in two planes,
for example the elevation and the azimuth planes, are to be created
which are depending only on the difference angles of the target in
these planes but not on variations in the strength of the beacon sig-
nal (the fading) and the polarization (the depolarization) within
certain Limits. Such variations arise, for example, through the in-
fluence of the atmosphere on the wave propagation. The system should
also be as unsensible as possible to changes in the characteristics
of the components which inevitably arise, for example in time or at
varying temperature. It is of importance partly to employ appropriate
wave guide modes and partly to couple out these in appropriate man—
ner to create the sum~ and the difference signals and partly to let
the signals be conducted the same or possibly equal paths from the
antenna to the receiver. Otheéﬁise, varying sensitivity at recegtion
or eventual pointing error is obtained. Particularly at off-boresight
tracking, also pointing errors are obtained as a consequence of the

sensitivity variation.

According to the present invention, two higher modes TMO1 and TE

21
and the basic modes TE11V and TE11H in a smooth wave guide, or E02
and HE21 and HE11V and HE11H in a corrugated wave guide are employed

and all the employed modes are coupled out in the same section of the
circular main wave guide, whereupon from these modes, two sum and two
difference signals are formed and guided through a common receiver
channel, whereby the difficulties in keeping the signals equal in
phase are avoided. In the receiver, the error signals are produced

in the two planes by employing the sum and difference signals belong-
ing to the fespective planes. The object of the present jnvention is
thus to provide a mode coupler, which conducts two higher modes and
two basic modes in order to create two difference signals (for ex-
ample denominated AX and AY ) and two sum signals (for example Ix

and 2y¥ ), the obtained modes and the sum—difference-signals
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travelling an equal path'through the tracking sYstem and, in addition,

in pairs (Ix , bx and Iy ,Ay) showing -the same influgnée'from the de-

polarization of the beacon signat. The dinvention is then characterized

as appears from the chafacterizing part of claim 1.

BRIEF DESCRIPTION Oé'THE DRAWINGS

The invention will be more fully deécribed bélow Wwith reference to
the accompanying drawings,'where

Figr1 shous a frequency diagram which indicates the pbsition of the

" transmitter channel,- the receiver channel and the beacdnrfrequency

of the tracking system in which the mode coupler according to the in-

vention is included.

Fig 2 shows a simplified field pattern of the tuwo empLdyéd higher
modes and the basic mode in the main wave guide included in the track-

ing system.

Figs 3a-3f illustrate schematicly how the error signals in the tréck—

ing system are formed'from the two highef modes, shown in Fig 2.

Fig 4 shows a perspective view of the mode coupler according to the -

invention.

Fig 5 shows a side view of the part of thérmode,coupter, according to

Fig 4, which filters away the two,hjgﬁer modes.

Fig 6 shous mOre'fuLLy a rectangular wave guide arm which is included

in the mode coupler according to Fig,4.

Fig 7 showé'aréircuit diagram which iLLustrateé-the_creation of a

reference signal and error signals.

, PREFERRED EMBODIMENTS

Before the description of the mode coupler according to the present
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invention, the known principle, according to above, for forming the
error signals when tracking by means of two higher wave guide modes
witl be more fully illustrated. The tracking system, in which the
proposed mode coupler is included, represents a part of the telecom—
munication equipment of a satellite, which receives, treats and
transmits the signals recejved from the ground station to a number of
other ground stations. The transmission is carried out by RF-signals
and for that purpose two frequency bands are selected, which are
schematicly shown in Fig 1. The band f1—f2 (for example 400 MHz) with
the center frequency fT forms the transmitter channel for a certain
ground station and the band f3-f4 with the center frequency fR forms
the receiver channel for the station. The transmission of the transmit
ter and the receiver channels is carried out within the GHz-band and
by means of a reflector antenna, with a horn antenna as feeder. For
transmission of the direction information, there is a beacon fre-
guency fb’ for example 12.498 GHz. The two bands f1-f2 and f3—f4 can
either be situated below the beacon frequency fb’ as shown in Fig 1,
or above this frequency. In certain cases only one band is used (an

antenna for transmitting from or reception to a satellite only).

In Fig 2 it is shown more detailed the two higher modes, which arise
in the main wave guide of the tracking system, the guide being con-
nected to the antenna. The modes are employed to indicate an eventual
deviation between the directijons of the reference signal of the an-

tenna and the target direction.

Moreover the two basic modes TE11v and TE11H (smooth-walled wave
guide; HE11V and HE11H for corrugated wave guide) are shown. These
are employed for transmitting the telecommunication signals and for
normalization of the difference signals. The principle of the track-
ing is that the two modes TE21 and TM01 in a smooth~walled wave guide
(or corresponding modes HE21 and E02 in a corrugated wWave guide),
according to Fig 2, which have the same amplitude and phase in the
Y-direction, and opposite phase but the same amplitude in the x—-

direction are added to form the error signals Ax and Ay . The prin-

.ciple is generally shown in the figures 3a-3f. The figures 3a—-3c show
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the addition of the two modes, a signal représenting the error in the
y-direction (the elevational error) being obtained, whitefthe figures
3d-3f show subtraction of the two modes, a'signaL,représenting the

error in the x-direction (the azimutal error) being,obtained.

The structure of the mode cbupLer'in the tracking system appears from
Fig 4. It consists of a circular wave guide 1, which is connected to
the feeding horn, not shown, in the tracking system, and to a poLariia-
tion unit, which is not shown in the description. The main wave guide

1 caﬁ either constitute an integrated part of the feeding hofn or con-
sist of a separate part connected’to the:feeding horn. The wave guide
walls can either be performed with smoothed,dr;cogrdgated surfaces.

Four rectangular wave guide arms 2a-2d are provided to the circular

main wave guide 1, which each are coupled to the'wave'guide 1 by the

apertures 3a~3d. The apertures 3a-3d are arranged relatively dis-
placed 90° around the outer circumference of the wave guide 1. In Fig
4, the front part 11 of the wave guide 1 is shown in a cut feature in

order to make the positions of the apertures clear.

Charécteristic for the proposed mode coupler;{s that the:rectanguLar
wave guide arms 2a-2d are conneéted torthe main wave guide 1 in the
same section. The front part 11 constitutes the’feeding horn or is
connected to the horn in known manner, this part of the circularly
polarized wave guide field in the TE11-modE'transmittihgrthe two com—
munication channelsrf1—f2, f3—f4 and the beacon frequency signal fb,
according to Fig 1. According to known principles, the two higher

modes TE21 ahd,TMOd' arising in the main wave guide at a certain

'angLe deviation of the incoming signals to the tracking system are

employed to form the error signals Ax and Ay . The coupling of these

higher modes 1is carried out by exciting the TE1O-mode in the wave -
guide arms 2a-2d, from the field in the main wave guide 1'by coupl-
ing openings in the form of the apertures 3a-3d. The apertures 3a-3d

are preferably of rectanguLar form and their dimension is chosen in

“such a way that a sufficient coupling of the TE10—mbde is obtained

from the wave guide 1 to the rectangular wave guide arms 2a—2d.rThe

inner sectional area of these will, however, be dimensioned so that
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the TE10~mode propagates in the wave guides 2a-2d at the frequency

fb in known manner. The amplitude and the phase of the TE1D—mode
occurring in the rectangular wave guides 2a-2d, is then determined by
the amplitude and the phase position of the higher modes TE21, TMD1
and the basic mode TE11, occurring in the main wave guide 1, all the

modes giving a certain contribution to the field in the rectangular
wave guides 2a-2d.

Fig 5 shows more in detail the circular wave guide 1 of the mode
coupler in which, for the sake of clarity, the rectangular wave guide
arms 2a~2d are omitted. The rear part 12 of the wave guide 1 shouws a
tapered part 13, containing two sections I and II. The section I is
situated on a distance d1 from the section, defined by the wave guides
2a-2d, the distance d1 being chosen for a certain value of the radius
R, so that a standing wave for the TE21—mode is created in the wave
guide part, limited by the distance d1 and so that the maximum value
of the mode coincides at the apertures 3a-3d or close to these. The
section II is situated on a distance d2 from the mentioned sections,
the distance d2 being chosen so that a standing wave for the TM01 is
created in the wave guide part limited by the distance d2 which as-
sumes a maximum value at the apertures 3a-3d or close to these. The
distances d1 and d2 then form an even (but nof necessarily the same)
number of quarter—wavelengths for the modes TE21 and TMD1’ respective-
ly. The taped part.13.of the circular wave guide forms a mode filter
for filtering away the non-desired modes TE21 and TM01, which are
reflected back to the apertures 3a-3d at the short circuit planes
formed by the sections I and II and, according to above there assume
a maximum value. The mode filter 13, however, does not influence the
TE11-mode, which transmits the telecommunication signals within the
frequency bands f1—f2, f3—f4, which thus appear across the outlet of
the mode coupler. The tapered part 13 has a non-linear contour, which

can be determined by experimental measurements.

As previously mentioned, the coupling out from the wave guide field
in the circular main wave guide 1 is carried out by means of the four

apertures 3a-3d and the TE1D—mode is excited in the four wave guide
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arms 2a-2d. In Fig 6 such a wave guide arm is shown more in detail.

It consists of a broader part, connected to the main wave guide, and

has the sectional dimensions indicated by a and b, respectively in
Fig 6. The dimension b1 is chosen in such a way that all frequencies:
of the field in the wave guide 2a from f1 up to fb can bé propegated—

in the wave guide as a TE1D—mode.

The wave guide 2a has a tapered part which is prfncipaLLy Limited by
the sections III and IV. At the section III, on'the distanée d3,from'
the aperture 3a, the dimensjon b2 of the wave guide is such that the
center freguency f of the band f1 fz is reflected, ie b2 is such
that the sect1on III forms a short—c1rcu1t pLane for the TE10-mode at
the frequency f . Accord1ng to the same principle, the distance d4

for the section IV should be chosen in such-a way that the dimension -

:b3 js such that the center frequency f of the band f -f4 is reflect—-

ed. The wave guide sections III and IV thus define. a frequency f1tter
for filtering away the telecommunication signals, the d1stances d3 and
d4 forming a number (not necessarily the same) of half wave lengths

for the TE10-mode at the center frequenc1es f. and f R’ ie thesect1ons

T
III and IV form the short circuit planes, transformed to the apertures

3a-3d, for the frequencies fR and fT re5pectjveLy. Thus, from the wave
guide 2a and the remaining wave'guides 2b-2d, only the signats cor-

responding to the TE11 mode which has the frequency f, are obtained

b .
and, furthermore, the signals corresponding to the tuo modes TE21 and

' TM01rat the frequencyrfb in the main wave guide 1.

In Fig 7 a wave guide network is schematicly shown, consisting of so
called magic Ts, which is connected to the four rectangutar wave guide

arms 2a-2d for recoyering the errdr'signats AX, Ay and the reference

signals Ix and Iy. Each connection point ml-m& represents a magic

T with two inputs 1 and 2 and a sum- and a difference output s and
& , respectively. From Fig 7 the sighalsi'appeah?ng on the outlets of

the four wave guide arms 2a-2d are shown, wh1ch are der1ved from the

" four modes TE21, TM01 and TE11H' TE11V’ appear1ng in the main wave

'gu1de 1, cf Fig 2. From these the error signals bx and Ay are Te-

covered from the modes TESq andrTM01, while the reference signals
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Ix and Ly are recovered from the TE11H- and TE11V-modes respectively.
Fig 7 shows that the signals Ax and AY are separated in three differ-—
ent stages. In the first stage the signals, derived from the TE21—
and TM01—modes in the connection points m1 and m2, are separated. In
the second stage, a separation of the two modes TE21 and TM01 is car-
ried out in the connection point m3 and in the third stage the de-
sired error signals Ax and Ay is formed by vectorial addition in the
connection points m4 as shown in Fig 3. Between m3 and mé4, phase-

and amplitude adjustments can be introduced (trimming and temperature
compensation). In some cases this is not necessary, the connection
points m3 and m4 being omitted. Herewith can, instead, correct phase-
and amplitude properties be obtained by accurate choice of the dis-
tances d1 and d2 in Fig 5, of the difference in phase propagation
between the TE21 and TMoq—modes when propagating from the orifice of

the horn, and of the dimensions of the apertures 3a-3d in Fig 5.
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What we claim is:

1 1, A mode coupler in an automat1c angle track1ng system 1n a ‘tele-
communication system for transm1tt1ng one or more teLecommun1cat1on :
frequency bands and a certain beacon frequency, 1nc[ud1ng 7

a microwave antenna 1n which a bas1c mode and modes of hlgher order

are produced when,the rad1at1on,rece1ved by,the,antenna incides in a

“plane which does not coincide with'therptane pérpehdfﬁular to the an4

tenna reference axis, said modes of higher order being used to create

a pair of error signals representing a measure of the deviation be-

~ tween said planes and to create the associated referenceLSignaLs; -

a smooth or corrugated c1rcuLar main wave gu1de which forms part of or
1s connected to the feeding horn of said antenna and 1n ‘which the bas1cr
mode and said higher order modes propagate'and}whjch shows four 1in a
oLane perpendicular to the wave'guide axis,arrangedfaoerturee,'pre—
ferably of rectangular crosS-section,'andjfour'waverguide arms ofrrec—'
tangular cross—section arranged'oireumerentialLyrand'eynmetricalty
around the main wave gu1de in the p[ane perpend1cular to the wave. i
guide axis, characterized in that ] '

said apertures (3a2-3d) are dimensioned so that a certa1n wave cJ1de
mode (TE10) is created whose amplitude and phase 1s determwned Dy the
ampL1tude ‘and phase of the basic mode (TE11 or” HE11) in the ma1n wave
guide (1) and at least two’ higher order modes- (TE21, TM or. HE21,

,EDZD’ and that a wave gu1de network (m1 m2, m3 mé) is connected to

“the exit ports of the wave guide arms , sa1d network hav1ng four out-

put ports for obtaining output s1gnaLs of which the first and the sec~
ond - (Zx, zy respectively), constituting. said reference swgnats, ‘are
created from the d1fference-between the signals from a first and a

second pair, respect1vety oppositely s1tuated ane guide arms CZa, 2¢c

' and 2b, 2d, respect1veLy) or1g1nat1ng from the bas1c mode (TE11),ap-

pear1ng in the main wave gu1de,

the third and the fourth (Ax and Ay, respect1veLy), const1tut1rg said
error signals, are created from the sum of the s1gnals from said first
and second pair oppositely situated wave. gu1de arms (Za, Z2c anc Zb

2d, respect1vely) or1g1nat1ng from sa1d h1gher modes (TE21, CW)’
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2 A mode coupler according to claim 1, characterized in that the
part (12, 13, 14, 15) of the circular main wave guide, which is situ-
ated between the wave guide arms (2a-2d) and its exit port is design-

ed as a mode filter for reflection of the two higher modes (TE

217
TM01).

3 A mode coupler according to claim 2, characterized in that said
part of the main wave guide consists of a main portion (12), a taper-—
ed portion (13) and an end portjon (15) with a smaller inner radius,
the portions being limited by two sections (I, II), whose distances
(d1 and d2’ respectively) to said plane perpendicular to the wave
guide axis, is chosen so that the sections constitute short-circuit

planes for the two higher modes (TE21, TM01 or HE21, EOZ)'

4 A mode coupler according to claim 1, characterized in that each
of the four wave guide arms (2a-2d) are designed as a frequency filter

for filtering away the telecommunication frequency bands.

5 A mode coupler according to claim 4, characterized in that each
of the four wave guide arms (2a~2d) has a base portion of even thick-
ness of a certain cross—sectional dimension (a, b1), connected to the
main wave guide (1), a continuous or a stepwise tapered portion and a
portion of even thickness of smaller cross—sectional dimension (a,
b4), two sections (III, IV) being situated on a distance (d3, d4) from
said apertures (3a-3d). corresponding to the short circuit planes for
the basic mode (Tqu), transformed to the respective aperture for the

center frequencies in the telecommunication frequency bands.

6 A mode coupler according to claim 4, characterized in that each
of the four wave guide arms (2a-2d) contains filters, such that the
telecommunication frequency bands (f1—f2, f3~f4) are reflected in a
reflection plane substantially coinciding with the inner wall of the
cylindrical wave guide (1), while the beacon frequency (fb) is passed

with negligable attenuation.

7 A mode coupler according to the claims 1-6 characterized in that
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_12, :

said ‘Wave gu1de network 1ncLudes a f1rst and -a second d1rect1onaL

coupler (m1 and M5, respect1vely) with WO 1nlets (1 2) and a dif-

hnch are connected

each w1th their inlets to the ex1t ports of two opposate wave guide ,
arms (2a, 2¢ and Zb 2d respectzvety) to form sa1d patr of re;erence '
signals (Zx, Zy) the sum outlets of the ftrst and the second d1rec-’rr

“tional coupLer be1ng connected to the two 1n[ets of a th1rd d1rect1on- '

al coupler (m3) -the d1fference-'and sum outtets of wh1ch are connect-

ed to the two inlets of a fourth dtrecttonal coupter (mé) to obta1n

-said error stgnats (Ax, Ay) across 1ts dtfference and sum: outlets,

8'; A mode coupter according to claim- 7, character1zed by that each'

of the d1rect1onal coupLers (m1—m4) 1s formed by a magtc T. .
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