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[57] ABSTRACT

A radio aerial is disclosed by which planar beams can
be swept through wide angles in space without the
need for moving aerials, and which may be used in
radio location systems using scanning beams and in
radio navigation systems. The aerial consists of a re-
flector the surface of which is, or approximates part
of, a surface produced by the rotation of a generating
curve of finite length about an axis, and a plurality of
radiating elements disposed about an arc centred on
the axis of rotation which are excited sequentially. In
its simplest form the reflector is part of a right circular
cylinder and the radiating elements are located at the
half radius of the cyliner.

9 Claims, 9 Drawing Figures
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1
GENERATION OF SCANNING RADIO BEAMS

This invention is concerned with the generation of
radio beams and, more particularly, seeks to provide
improved means by which planar beams can be swept
through wide angles in space without the need for mov-
ing aerials. The invention therefore has application in
radio location systems using scanning beams and in
radio navigation systems in which a wide ranging pat-
tern of “signals in space’” is established for the guidance
of aircraft and ships. Although the present invention is
not confined to air navigation systems (other applica-
tions include radar and communication systems}, the
requirements of such systems are most demanding and.
for the purpose of illustration. the invention will be de-
scribed in relation thereto.

The Radio Technical Commission for Aeronautics
{RTCA) of the United States has called for the design
of u ground base transmitter system which will provide
a pattern of signals i space so that aireraft approach-
ing a runway from an azimuth angle of up to 60° on ei-
ther side of the runway center line and an clevation of
up to 20° can be guided by the pattern. Some azimuth
back-cover of 40° on cither side of the runway is also
desirable for use by aircraft which abort their landing:
in addition, the renewal of information in the aircraft
by the system should be equivalent to at least five up-
datings per second. After examining available systems,
the RTCA concluded that, until a satistactory electron-
ically scanned system for producing a pattern of plunar
beams could be devised, large mechanically rotated ae-
rials would have to be emploved. In particular, a system
including two aerials, up to 20 feet across. mounted
back-to-back and rotated mechanically at 2% revs per
second (5 revs per second if a back-to-buck configura-
tion is not used) was preferred. Such a system produces
a planar beam but does not have the geometrical preci-
sion required to enable a time coded system (the sim-
plest) to be used and is therefore restricted to transmit-
ting an azimuth controlled frequency coded signal
which is extravagant in its use of bundwidth und re-
quires elaborate signal processing in the aireraft.

One example of a non-mechanical technique for gen-
erating signuls in space is the *Doppler” system in which
the separate aerial clements — typically about 100 —
of a lincar array are sequentially excited to simulate a
moving radiator. Each element is excited in turn and a
different frequency is seen at cach angle from the ar-
ray. However, this system demands the maintenance of
a precise RF phase relationship between individual ele-
ments and. since conical beams are produced. in order
to simulate a planar beam system, a second lineur array
perpendiculir to the first is required and data from the
two arravs must be processed by an airborne computer
carried in each aircraft using the system.

Another beam-generating system which has been
proposed for aireraft navigation involves the use of a
phased array. In this system a linear array of aerial ele-
ments is excited by a common source, but a different
and progressive time delay is inserted between the ele-
ments and the source. The time delays can be changed
to produce scanning beams but. again. a very precise
RF phasing is required and the beam is conical rather
than planar.

A further system that has been proposed for the gen-
eration of scanned narrow beams of radiation has been
effected by irradiating a mirror having the form of part
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of a sphere (which is sufficiently similar in shape to a
paraboloid over a limited aperture to produce eftective
focusing). the beam being scanned by physically mov-
ing the focal radiating element around a focal are cen-
tered on the centre of the circle. An example of this
technique for generating plane wavefront, scanned
beams is found in the paper by J. Ashmead and A, B,
Pippard in J. Inst. Elee. Eng. 930 part 3A. pages
627-632, 1946,

The present invention similarly depends on the focus-
ing power of a mirror of circular cross section but scan-
ning is achieved by simulating the physical movement
of the radiating element by the use of many closch
spaced radiating elements around an are which are pro-
gressively excited. Also instead of using a spherical mir-
ror. which produces a narrow pencil beam. the present
invention employs a cylindrical or nearly cyvlindrical
mirror so as to produce a narrow fan (planar) beam.

One object of the present invention is to provide an
aertal for the generation of scanning planar radio
beams. and also to provide a method tor the generation
of such radio beams. In addition. it is an object of a de-
velopment of the present invention to provide systems,
such as aircraft navigation systems (including instru-
ment landing systems ). which incorpaorate scanned pla-
nar radio beams. In a particular example, the present
invention provides an instrument landing system which
complies with the minimum requirements proposed by
the RTCA and which can utilise o time coded arrange-
ment for angle measurement.

According to the present invention, an aerial for pro-
ducing a scanning beam comprises:

a. a reflector having a surfuce the shape of which is
or approximates part of the surfuce produced by the ro-
tution of a generating curve of finite length about an
axis. the reflector being so mounted that the said axis
is the axis of rotation of the said beam. and

b w plurality of radiating elements disposed around
an arc centred on the axis of rotation, each element
being arranged to radiate towards the retlector, which
radiation is reflected from a portion thereof. whereby,
by exciting the elements sequentially. a beam of radia-
tion transmitted from the aerial scans through o range
of angles.

Depending on whether the angular width of the pri-
mary radiation from the radiating elements is small or
relatively large. the secondary (reflected) radiation will
comprise a pencil beam or a planar tan beam. The
curve of the reflector may be a parabola or circle, or
any other shape. In its simplest form the generating
curve is a straight line. i.e.. the reflector is a right cylin-
drical surface. In many instances. however. particularly
with horizontally (uzimuth) scanning beams where it is
desirable to shape the beam in the vertical plane, it is
necessary to shape the curve to distribute the energy of
the reflected beam in a desired angular distribution.
For example, enhanced sensitivity in low elevations, vet
avoiding ground reflections. can be achieved if the re-
flector is shaped so that the power polar diagram of the
secondary beam approximates to a cosecant-squared
pattern. (Some relevant results on the geometry of such
mirrors have been reported by L. J. Dolan. in report
No. RADC-TR-59-231 of the Radiation Engineering
Laboratory. dated December [, 1959.)

In a preferred form of elevation signal generation ae-
rial, the reflector is essentially a right circular cyvlindri-
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cal shape. but with a moditied. for example. parabolic.
central portion.

If the curve which is rotated about an axis to produce
the reflector surface shape is substantially a straight
line. the feed elements are preferably located a dis-
tance from the reflector which is approximately equal
to the half radius of the circle of ratation of the line.

A step-scanned planar beam is produced by actuating
cach feed element in turn. In o preferred form of the
invention. a quasi-continuous scanning by the planar
beam is obtained by concurrently exciting several, c.g.
four. adjacent feed elements in a particulur modula-
tion. It has been found that modulating the excitation
of cach feed element so that its transmitted power vi-
ries with time according to a class of functions such as
cosine-squared. will produce quasi-continuous scan-
ning.

The present invention also includes a method for
generating and scanning a radio beam through space
about a given axis. which method comprises sequen-
tially exciting a series of fixed aerial teed elements ar-
ranged about the said axis so as to initiate a series of
primary beams, and reflecting said primary beams from
respective portions of a common retlector aerial ele-
ment having a shape which is part of the surface de-
fined by the rotation of a curve about the said axis.

Insafar as the aerial and method of the present inven-
tion may be used in radar systems, communication sys-
tems and the like, the feed elements may be replaced
in part or entirely by receiving elements.

The number of radiation teed clements is preferably
greater than 10: for a system in which the beamwidth
is 1° there are typically 64 elements per 35% angle (i.e.
the angular separation of feeds is about 0°.7}. The feeds
will generally be located on an are of a circle (for spe-
cial purpose acrials they could be otherwise located .
In an azimuth signal generating system they are conve-
niently off-set to be out of the path of the radiation
from the reflector, In an elevation generating system it
may not be possible to employ off-set feeds and it may
be desirable to compensate for the blocking of the radi-
ation by the feed by procedures to be described below.

In an elevation generating system the horizontal
angle of coverage of the fun-like beam can be increased
by increasing the horizontal length of the cylinder. To
reduce this length for a given horizontal angular cover-
age. the reflector may be convexly curved (as viewed
from the focal side) though this procedure may intro-
duce some degradation of the beamwidth. Alterna-
tivelv a secondary reflector or lens may be used in the
path of the radiation from the primary reflector to ex-
pand the fan angle of the planar beam,

The frequency of radiation may be any suituble
value, but C-band or K,-band frequencies are thought
to be most appropriate in the case of instrument land-
ing svstems. Switching of feed elements may be per-
formed by known clectronic means, for example diode
switching or switching using ferrite devices. The beam
may be identified by a timed system or any other suit-
able code. With a time identified arrangement. stepped
or continuous scanning may be used to effect beam ro-
tation, and in either case. one-way or two-way scanning
can be utilised.

A plane mirror may be used with the azimuth aerial
to provide overshoot information for an instrument
landing system.
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The present invention also encompasses instrument
fanding svstems and other aircraft navigation systems,
tracking svstems. radar and communication systems
which include the scanning aerial and method of this
invention. In particular the present invention provides
an instrument landing svstem which. in a simple exam-
ple has a first aerial of the form described above which
is adapted to produce a planar beam which scans in azi-
muth. and a second aerial of the form described above
which is adapted 1o produce a second planar beam
which scans vertical angular elevations. the generation
of the planar beams being such that they may be uti-
lised by aircraft for navigation and/or landing purposes.

A description of embodiments of the present inven-
tion will now be given with reference to the accompa-
nving drawings. in which:

FIGS. 1a and 1h are, schematically, a plan and eleva-
tion. respectively, of an azimuth signal generating ae-
rial of a type which can be used in an instrument land-
ing system,

FIGS. 2¢ and 2b are a schematic plan and elevation.
respectively. of a madified azimuth signal generating
aerial which incorporates a back-reflecting arrange-
ment.

FIGS. 3« and 3 are. respectively. a schematic plan
view and elevation of an elevation signal generating ae-
rial,

FIG. 4 illustrutes how power may be supplicd to ex-
cited feeds at sequential time intervals to obtain quasi-
continuous scanning,

FIG. § depicts one form of modulator ¢onfiguration
that may be used for feed power modulation, and

FIG. 6 shows an example of cycle of time-shared
functional operations in a landing system suitable also
for an arca navigation system,

Referring to FIG. 1u, a reflector 3, shown in section,
has an axis of symmetry C. Rudiation feed elements
R(1). R(2).... Ry ... R{N)are located at the half
radius of the circle of generation of the reflector and
are adapted to beam radiation to a segment of the re-
flector 3. Becuuse the geometry of the circle and parab-
ola are essentially the same over small angles, a well-
collimated parallel beam of radiation is reflected from
the surface of reflector 3. The angular dispersion of the
beam in a vertical direction will depend upon the shape
of the reflector 3 in the vertical plane. In FIG. 1b, this
shape is a straight line, but as indicated above. and as
shown for example in FIG. 2, it may be any desired
shape. By switching each radiator feed element R(1) .
. R(n)...R(N)onin turn, a beam is set up which
scuns from one extreme position to another, ie.. from
beam B(1) to beam B(N} in FIG. la. For example. in
an instrument landing system providing azimuth beams
which are 1° wide and scanned over 120°% about 200
feed elements R(a) will be required for satisfactory
performance.

As shown in FIGS. 15 and 2b. the feed elements are
preferably offset below the reflector so that they do not
obstruct the beam.

In the embodiment of FIGS. 2« und 2b the reflector
3 has an optional additional reflector portion 3A
formed atop it (it could. in other embodiments. be lo-
cated below it). so shaped that radiation incident on it
from a feed element R ) is reflected above the aircraft
approach elevation (generally about 20°) on to a mir-
ror 4, typically a plane mirror. so positioned above the
main beam that it reflects its incident radiation back-



3,878,523

5

wards at an angle extending from the horizontal to an
elevation determined by the shape of portion 3A. Such
azimuth information is required for aircraft which over-
shoot the landing position and cannot land. This em-
bodiment, however, can only be used when the com-
bined height of the primary reflector 3 and the back re-
flector 4 is such that the maximum obstacle height for
the airport is not exceeded. In generul, the preferred
arrangenent for providing overshoot information is to
have two azimuth transmitting aerials. one at cach end
of the runway, each directed along the runway.

A separate aerial using substantially the same cylin-
drical optics arrangement and plurality of feeds as the
azimuth aerial described above. can be used to gener-
ate planar beams which scan vertically. In the RTCA
required instrument landing svstems, a beam which is
horizontally planar and has an angular width of 120°
has to be scanned 20° vertically. One form of elevation
scunning aerial is shown in FIGS. 3a and 3b. A plurality
of wide-angle feed elements 31 are located on the cen-
tral halt-radius of a cylindrical reflector 30. If the feed
elements 31 cannot generate a wide-angle (e.g. 60°)
fan-like beam, the retlected beam can be expanded by
inserting a lens in the reflected beam. A conventional
slatted lens is suitable for this purpose. Alternative pos-
sible arrangements for expanding the width of the fan-
like beam include shaping the reflector 30 to present a
convex surfuce to the beam from elements 31.

One problem with using a cylindrical reflector is that
the feed elements, if within the path of the reflected
beam, obstruct the reflected beam and can give rise to
diminished intensity of the secondary radiation in cer-
tuin directions. Such a situation is undesirable in air-
craft navigation systems. It can, however. be avoided
by suituble shaping of the reflector 30 at its central sta-
tion as shown at 32, so that the resultant reflected beam
has a substantially plane wavefront at its central por-
tion, which experiences minimal obstruction by the
tfeed elements.

To obtain optimum accuracy in angle measurements
with instrument landing systems. it s important to
maintain equal amplitude of the signals in space radi-
ated in different directions. A feature of the aerials of
the present invention is that, in use, the centres of the
beams produced by the individual feed elements pass
through a single point which. in the case of the illus-
trated arrangements of FIGS. 1a to 3b inclusive. is lo-
cated on the axis of symmetry, C, of the reflector. A
single detector may therefore be installed at this point
and coupled to a conventional error corrector to main-
tain the constant amplitude of the beam radiation.

In use in an instrument landing system, the beams of
rudiation may be distinguished from each other either
by («) exciting beams at different times in a known se-
quence, particularly a simple progressive sequence
causing the beam to rotate about the axis. or (h) by ap-
plying a4 code to each beam by modulation or frequency
change. In the former case. which here is called a time
coded system, continuous or guasi-continuous scan-
ning may be achieved by a progressive excitation of a
group of feeds with appropriate modulated intensity.
Where continuous scanning is not needed. the simpler
stepped scanning may be utilised, with euch feed ele-
ment excited sequentially.

It has been found in practice that continuous or
quasi-continuous scanning can be satisfactorily
achieved by simultaneously transmitting power from
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four feed elements, the power bemng modulated as a
suitable function of time (for example. cosine-squared )
as shown in FIG. 4. The quasi-continuous nature of the
scanning is caused by the continuous movement of the
excitation pattern along the feed system.

The switching system for effecting modulation of the
feed element outputs may be any suttable arrangement.
Ferrite switches have been found satistactory but diode
switching arrangements may also be used. One lavout
for modulators for an aerial havng 32 feeds is shown in
FIG. 8. In this layvout, all the wuveguide interconnec-
tions are in the same plane and no right angle bends are
necessary. Aperture blocking problems are minimised.
but a form of continuous modulation is needed to
achieve beam scanning. The power output of the indi-
vidual feeds is determined by the current waveforms
applied to the modulators,

With a time-coded system, i one-way or two-way sys-
tem of beam rotation can be applied. In a typical one-
wiy system, an omnidirectional reference pulse is emit-
ted at the start of, or a known time before. the scan.
The N feed elements (or groups thereof) are then ex-
cited from R(1) to R(N). At the end of this sequence,
a new reference pulse is emitted and the sequence is re-
peated.

With a two-way system. the elements are excited
from R(1) to R(N) and then the excitation is reversed
from R(N) to R(l). No omnidirectional pulse is re-
quired as part of the angle-measurement signal, the am-
biguity as to which direction a beam is being scanned
when a pulse is received by u receiver in the spuce
swept by the beam being avoided by the use of a func-
tion identification signal. such as a combination of
three FM tones on the scanning beam with a difterent
tone combination for each function. or. in the cuse
where no function identification is required. and the
delay between transmissions exceeds the scanning pe-
riod. by utilising the shortest time between pulses. A
preferred signal format is the “to-to-fro™ pulsed sys-
tem, in which the scan is from element R(1) to R(N).
then R(1) to R(N) followed immediately by R(N) to
R(1). Function identitication cun be achieved by varia-
tion of the lag between the first “to™ scan and the sec-
ond “to” scan. Further information may be encoded by
varying this lag from scan to scan.

The azimuth component of an area navigation syvstem
for aircraft may be set up using the present invention.
Typically three aerials would be required to cover 360°
azimuth.

FIG. 6 shows one way in which a cycle of time-shared
functional operations for i compound landing system
may be constructed. This system provides two azimuth
scans of 180° (the second a missed approach, back azi-
muth signal) followed by three elevation scans. the last
of which is a missed approach elevation signal. The up-
dating rate is 20 repetitions per second with a scanning
rate of 40 microseconds per degree of scan.

With a one-way timed system. a separate omnidirec-
tional aerial is required for each function to transmit a
synchronising pulse as well as reference data. With a
two-way system. an omnidirectional aerial is not re-
quired except possibly for reference data (in which
case, timing is not critical and one omnidirectional ae-
rial could be used for all functions of the entire landing
or navigation system). If a rear mirror arrangement is
to be used to provide overshoot information, the omni-
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directional aeriuls must be into two  semi-
omnidirectional aerials.

Thus it will be seen that one form of the present in-
vention comprises an instrument landing system or arei
navigation system for aircraft. the system having at
least one azimuth and one elevation acrial, cach having
axial symmetry and each ted by a plarality of feeds to
produce planar beams. as described above. and cach
aerial incorporating a signal monitor for intercepting s
associated transmitted beam and producing an output
controlling an error detector which is operational to
ensure a constant amplitude of the transmitted radia-
tion. Additionally the system may include an omnidi-
rectional transmitter for transmitting identification and
auxihary data.

A feature that may be included in airpart arrange-
ments is the division of the azimuth signal gencrator
into two aeriuls. vne at either side of the stop end of the
runway and operated on alternate scans or on different
frequencies. This configuration permits the uzimuth
part of the proposed lunding system to be operated at
the same time as an existing Instrument Landing Sys-
tem (ILS) localiser and also provides added integrity
because azimuth information is lost only when both ae-
rials fail. It has the further advantage that the aerials
may be mounted on towers without violating opera-
tionul height restrictions and so case the problem of ob-
taining adequate signul strength near the touch-down
zone at the approach end of the runway. Small aircratt
can tuke the average of the two signals and fly along the
centre-line, in the same manner as existing localiser
svstems are used.

The advantages of systems using the basic aerial of
the present invention and the planar (fan-like) beams
generated thereby — such as rapid updating and the
absence of critical phase adjustment or rotating parts
— are also of value in other applications. For example.
the present invention can be applied to rupid scanning
radar and communications systems using a single azi-
muth beam (or group of beams) whereby different
messages can be almost simultaneousty pussed to dit-
ferent destinations without risk of confusion. The basic
invention described in this specification is, therefore. a
tool of considerable value.

What 1 claim is:

1. An acrial for producing w scanning radio beam
comprising:

4. substantially cvlindrical reflector having a sur-
face the shape of which is substantially the surface
produced by the partial rotation of a generating
curve of finite length about an axis, the reflector
being so mounted that the said axis is the axis of ro-
tation of the said beam. and

b. a plurality of radiating elements disposed about an
arc centered on the said axis. and of radius substan-
tially halt that of the cylindrical reflector, each ele-
ment being arranged to radiate a beam towards the
reflector. which radiation is reftected from the por-
tion thereof,

said beum being divergent in the direction parallel to
the axis to produce reflected radiation comprising
a planar fun beam, with the plane of the fun parallel
to the said axis of rotation. and including means to
excite a group of four adjacent elements sequen-
tially. the power to each element being modulated
with time in accordance with a cosine-squared
function. a detector responsive to the power of in-
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cident radiation being located substantiully at the
axis of symmetry of the reflected radiation to moni-
tor the scanning beam.

2. An aerial as detined in claim 1, in which the output
of the monitoring detector is arranged to control an
error detector which is operable to ensure a substan-
tiatly constant amplitude of the transmitted radiation.

A An acerial as defined in claim 1, in which said
means to excite comprises a single power source con-
nected to cach element by waveguide connections, and
a plurality of modulated ferrite or diode switches to
switch power from the source to selected ones of the
clements.

4. An aerial as defined in ¢luim 1, in which a second
retlecting surface is provided to intercept a portion of
the reflected radiation and reflect the intercepted radi-
ation in a direction extending behind the first reflector.

5. An aerial as defined in claim 4, in which the sec-
ond reflecting surface is a plane reflector.

6. An azimuth aerial comprising two aerials accord-
ing to claim 1 located at the stop end of an aircraft run-
way on either side thereof. cach of said aerials being ar-
ranged to perform a single scanning cyele and then be
inuctive while the other aerial pertorms a single scan-
ning cycle.

7. An elevation aerial comprising an acrial according
to claim 1, in which the generating curve is a straight
line with the central portion thereot shaped to reduce
obstruction of the reflected radiation by feed elements
which are located in the path thereof.

8. An aerial as defined in claim 7 in which said means
to excite comprise a single power source connected to
cach element by waveguide connections, and a plural-
ity of modulated ferrite or diode switches to switch
power from the source to selected ones of the elements.

9. A ground-station aerial for use in a scanning beam
instrument landing system of an aircraft navigation sys-
tem comprising

a. A substantially ¢vlindrical reflector having a sur-
face the shape of which is substantially the surface
produced by the partial rotation of a generating
curve of finite length about an axis:

. A plurality of radiating elements facing said reflec-
tor and disposed about an arc centered on said axis.,
the center of euch element being spaced from its
neighbor by not substantially less than one half
wavelength and being arranged to radiate a beam
towards a corresponding portion of the reflector,
the radius of the arc of radiators being substantially
half that of the cyvlindrical reflector and also not
substantially less than the width of reflector illumi-
nated by the primary beam in the plane of the arc;
and
A single power source connected to each element
by branching waveguide or coaxial connections
having diode or ferrite switch means to modulate
and switch the source of power to excite sequen-
tially a small group of adjacent elements in accor-
dance with a predetermined modulation pattern,
whereby radiation emitted from said elements is after
reflection by the reflector, formed into a single nar-
row and preciselyv-defined high-quality radio beam
which may be continuously and smoothly scanned
by the aerial over any selected range of angles
about the said axis. the beam being accurately pla-
nar with its plane parallel to said axis.
x * * * *
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