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| NTRODUCT1 ON

Current advances in the design of active receiving antennas have enabled arrays to
be produced which not only equal the performance of conventional passive devices
but outstrip them This paper is concerned with the design of a multidirectiona
receiving array for use at base stations for marine and aeronautica

conmuni cations or for the nmmjor nodes of an international point-to-point network

The central receiving station for a nmgjor HF comunications network requires a
hi gh perfornmance antenna capabl e of providing coverage over a full 360 in azinuth.
This azimuth coverage nust be divided into a number of overl apping sectors. Each
sector beam shoul d have | ow side | obes and back | obes so that signals arriving
fromother azinuth directions are rejected and cannot interfere with | ow | eve
signals in the wanted sector. Furthernore the sector beans shoul d have constant
shape as the operating frequency changes. This will ensure that adjacent beans
overlap by an optimum anmount at all frequencies, and that the required range of
angles of arrival will be served adequately across the whol e HF band.

FORM OF DESI GN

Arrays which have been used for this function in the past include clusters of
rhombi cs and | og periodic dipole arrays, planar arrays of nonopol es and Luneberg

| enses. Sone of these antennas have undesirably narrow bandw dth (the rhonbics),
or excessive dependence of radiation pattern with frequency (as with circul ar
arrays of nonopoles). Qthers are prohibitively expensive (the Luneberg | enses) or
beconme unwieldy if the |owest frequency required is nade too |low. Furthernore, the
| evel of suppression of unwanted side and back | obes is often poor. In recent
years small active receiving antenna el enents have been devel oped for the HF band.
However, on exam ning the ways in which these el ements have been deployed to form
arrays, it will be seen that, although the active elenent is itself broadbanded in
its perfornance, the arrays in which they are used suffer fromthe classica
restraints which relate antenna di nensi ons and beamni dth. Thus a sinple endfire
array has a beamni dth which increases as frequency falls; its useful bandwidth is
restricted by fundanmental equations describing the behaviour of arrays. In order
to overcone these unwanted variations, attention was turned to the possibility of
designing an active log periodic array. This woul d have the advantage of having

al nost constant performance over a very wi de bandwidth - rather surprisingly we
are naking use not of the w de bandwi dth of the active elenents, but of their
conpact size and ease of erection. Having designed an active |og periodic sub-
array, these are then arrayed as a rosette to produce the required pattern of
sector coverage.

THE ACTI VE LOG PERI ODI C ARRAY

The design of an active |log periodic array nay nost easily be understood by
analogy with the nore faniliar |og periodic dipole array. The array conprises a
nunber of identical active elenments spaced in the manner characteristic of any
linear |og periodic array. The output from each active element is connected in
paral |l el across a single unbal anced transnission |ine which runs along the axis
of the array. The connection to each array el enent is nade through a sinple
bandpass filter whose function is to deternine the contribution which each

el ement nmakes to the array output at any frequency. It may be observed that the
filter paraneters of centre frequency and Q factor replace the nore fanmiliar
paraneters of elenent length and | ength/dianeter ratio.

The el enent positions and filter centre frequencies are related by the equations:

_X(n) = _fo(n) = 1
X(n-1) fo (n-1)



where x(n) , x(n-1) are the distances of the nth and (n-1)th elenents fromthe
array apex, and fo(n) and fo(n-1) are the centre frequencies of their bandpass
filters. 1is the design ratio.

The fanmiliar parameter a, the angle at the apex containing the array elenments, is
no | onger apparent, but it has been found useful in array design to define a
pseudo angle by converting the centre frequency for each elenent to the

equi val ent quarter wavel ength. Thus a nay be redefined as

a =cot -1 (fn.xn / 75).

The lines connecting individual elements to the main transnission |ine nmay have
equal or varying lengths - any variation conformng to a log periodic |aw - and
their characteristic i npedance may be equal to or different fromthat of the main
transmission line. As usual the unfed end of the transnission |line nmay be open or
short circuited or term nated by a matched | oad i npedance.

The conventional phase inversion of adjacent elenents is achieved using a sinple
1:1 transformer. Conventional phase inversion is not always used.

As will be seen the design has a w der range of paraneters than a conventi onal
array, and easier control of some of the faniliar paraneters such as the
bandwi dt h of individual elenents.

ANALYSI S

Anal ysis is nmade conparatively sinple because of the al nost vanishingly snall

| evel of coupling between the elenments of the array. |In consequence the currents
in each elenment are obtained fromthe analysis of a network of term nated

transm ssion lines, the terninations thensel ved being frequency dependent. Using
Carrel's (1) method a matrix is devel oped which represents the system paraneters.
This is then solved to yield individual elenment currents. If we treat the

transmitting case - in which the anplifier inputs are connected via the filters
to the main transmission line - and we assunme that the anplifiers are not
transparent, i.e. the output inpedance is independent of input ternination, the

i nput inpedance matrix only contains non-zero terns on the | eading diagonal. This
is a useful sinplification. The appeal to reciprocity is legitimate as the
anplifiers thenselves are not part of the network bei ng anal ysed.

The radiation patterns of the LP array may now be conputed fromthe set of

el ement currents, the directional characteristics of the chosen array el enments
and the characteristics of the ground. The radiation patterns of an el enent row
have been neasured at various frequencies in the HF band to confirmthe nethod of
anal ysi s.

The log loop array is further described in Hanna and Collins (2).

THE ACTI VE ELEMENT

The di scussion of the design of an active log periodic array has so far nade no
reference to the actual el enment used. Al though any broadband active el enent could
be used, the unidirectional characteristics of the array will be enhanced if the
basic el ement al so has unidirectional properties, the array radiation patterns
bei ng obtained fromthe product of the element pattern and the array factor. For
this reason termnated | oop el enents have been used. These are nore fully
described in reference (3).
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Figure 1. Rosette arrangement of log pericdic
IoWSs.
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Figure 2. Beam forming network.
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Figure 3. Azimuth radiation patterns for a typical
multibeam array.
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Figure 4. Azimuth radlation patterns of a single beam
for a 6-beam array.

THE MULTI DI RECTI ONAL SYSTEM

The met hod adopted to provide a full nultidirectional systemis to group a nunber
of radially firing | ogloop arrays together (Figure 1). The nunber of arrays may
be between 6 and 12 according to the nunber and width of sectors required. The
arrays are arranged to fire inwards towards the array centre; the | ow mutua
coupling between the active antenna el enents very nmuch reduces the performance
di sturbances whi ch take place when conventional wire structures are used in this
manner. I n order to nmake nmaxi num use of the occupied space for the array, the
outputs of the array rows are split using 3dB hybrids and outputs from adj acent
rows are conbined. This procedure reduces the width of the main array beans,
reduci ng the row | ength needed. Frequency independence is maintained as all rows
are arranged to have a common apex at the array centre. Each main array beamis



formed fromthe output of two adjacent rows and each el enment row contributes to
two array beans. If additional intermedi ate beans are required they may be forned
by conbi ning the outputs of three adjacent rows, but in this case both anplitude
and phase weightings are needed to obtain a satisfactory beam shape. It is
interesting to note that the vertical beamni dth of the array is not affected by
the conbi ni ng system descri bed; the objective of wide el evation coverage is
satisfactorily achieved with a typical vertical 6-dB beamwi dth of 45 degrees and
no nulls bel ow 60 degrees

It has been found that by using the systemdescribed it is possible to design
arrays with azimuth beamwi dths from 90 degrees to as little as 35 degrees. The
extrene sinplicity of the beamform ng network may be seen from Figure 2. Azinuth
radi ation patterns for a typical nultidirectional array are shown in Figure 3.
The excel | ent beam shape and good beam overlap are clearly seen

The radiation patterns of the sector beans are remarkably stable in shape even
when | ow val ues of 1 are chosen in the interest of mnimsing the nunber of

el ements used in the array. Thus an array of 6 radial rows designed with 1 = 0.8
will cover the band 2-24 MHz with a directivity of 10 +/-1dB if 14 elenents are
used in each row. The azinuth radiation patterns of this array are shown in

Fi gure 4.

Reliability

The array has hi gh redundancy both in the rows and the array itself. The failure
of any loop within a rowis of little consequence as a | arge nunber of el enents
contribute to the output signa] at any frequency. If a conplete row of el enents
is disabled, for exanple by the rupture of a cable, the result is a reduction of
3dB in the array output signal. No angul ar coverage is |lost as the adjacent beans
bot h becone broader

To confirmthat the array is operating correctly, DC and RF nonitoring facilities
may be provi ded.

Noi se And | nt ernopdul ati on

The filters which linmt the signal output of each active elenent to a restricted
bandwi dth also limt the noise output fromeach el enent to the sane bandwi dth.
Thus at any frequency the 'unused' elenents contribute no noise to the row
output, either frominternal or external sources. The nmain beamformning network
is a sinple | ow | oss passive system Only those rows of the array which
contribute signal to a beam output can also contribute noise to it. Thus the

noi se performance of the whole array nmay be conputed if we know the
characteristics of the active elenent and the ratio of the signal output of the
array to that of a single elenment. This |last paranmeter is conputed fromthe

el ement currents determined during the analysis of the | og periodic row

I nt ernodul ation products produced in the active elenments will not in general be
renoved in beamformng and nay be generated in any array elenent. It is
therefore very inportant that the | MP performance of the array el enents should be
suitable for the el ectromagnetic environnent in which they are to be operated.

A further general discussion of noise and internodul ation in active antenna
systens nmay be found in reference (4).

CONCLUSI ON

The active log periodic rosette array provides an extrenely attractive sol ution
to the design of a nultibeam HF receiving antenna. Constant directivity, beam
overlap and vertical coverage are conbined with | ow side and rear |obes over a
bandwi dth of 3-1/2 octaves or nore. The array has sinple feeder and beam forn ng
networks; its sinplicity conmbined with its high degree of redundancy nmake for
excellent reliability. The attractive technical performance of the array is

combi ned with nodest site requirenments and nininmal inmpact on the rural |andscape.

REFERENCES

1. Carrel, RL., 1961, Univ. of lllinois, Tech. Rep. No. 52




2. Hanna, K A H & Collins, B.S., 1976, | EE Conference Publication No. 139, pp
35- 38.

3. Collins, B.S., 1974, Communications 1974, Paper 5. 3.

4, Collins, B.S., 1978, |EE Conference Publication No. 162, pp 278-280.

Various features of the el enents and arrays described are the subject of current
pat ent applications.



