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ANTENNA CONTROL FOR TT&C ANTENNA SYSTEMS

Julius A. Kaiser
Fredrick W. Herold
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ABSTRACT

A thinned array sensor system develops error voltages for steering dish antennas from signals arriving
over a broad range of angles, thereby eliminating need for a priori knowledge of signal location.
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INTRODUCTION

TT&C dish antennas typically require a priori knowledge of signal location for gross pointing of a
system to a desired signal. The system’s autotrack system can then take over steering the dish when the
system is pointing to within a beamwidth of the dish. In this proposed system, a thinned sensor array of
low gain antenna elements deployed over the dish surface acquires a signal from over a broad angle in
space and generates error voltages that point the dish to the signal source. The need for a priori
knowledge of signal location and need for an alternate autotrack system is thereby eliminated. Multiple
local oscillators are employed in conjunction with measurement of quantities related to phase
differences generated by a signal incident on interferometer pairs. This measurement leads to a DC
voltage that is positive for all positive spatial angles as measured from system zenith, negative for
negative angles and zero at zero angle, thereby generating a stand alone error voltage for direct
application to a positioner axis.A thinned array sensor system as employed in retrodirective arrays 1,2,3 is
made to form nulls in the signal direction4. As in the retrodirective systems, no phase shifters, switches,
moving parts, computers or a priori knowledge of signal location is required. Spatial acquisition angle of
the system is equal to the viewing angle of the low gain elements employed in the system which may
typically be ± 50° as measured from the element zenith. Only a few sensor elements mounted in two
orthogonal planes on the dish are required. For example, a sensor array of 5 x 5 elements (a total of ten
elements in a Mills Cross) is sufficient to acquire a signal and point a 45 wavelength aperture: A 9 x 9
array is adequate for steering an aperture greater than 100 λ. Although the system gain is low, the
sensitivity can be very high because the system bandwidth can be virtually zero.



THEORY

An expression containing the phase difference between interferometer elements is obtained my
multiplying, i.e. cross-correlating, signals from the elements rather than linearly adding them as in
conventional arrays. By utilizing multiple local oscillators (LOs) as developed in the References, the
spatial phase information appears within an expression for spatial frequency (SF) at an intermediate
frequency (IF):

SF = Acos ωIF1t ± nπ D0

λ
sin θ 

  
 
   (1)

where:
SF = Number of 360° phase cycles occurring within 90° ≤ θ ≤ 90°, i.e., cycles

per π radians
n = Number of half-wavelength spacings between elements 0, ±1, ±2, …

D0 =  basic element spacing (nominally 0.5λ)
λ =  wavelength

D/λ =  SF argument
θ =  spatial angle measured from a normal to the array

2 θ
λ

π sin
0Dn  =  Phase difference between elements

Any change in D/λ or θ results in a change in phase-in (1).  By measuring the SFs for several pairs,
where each pair has different spacings, a set of sampled SFs is obtained.  An approximation for other
SFs can be derived by cross-correlating the set of sampled SFs.  The derived SFs represent, with careful
selection of sampling elements, a fully filled array of elements.  For example, an array of three elements
with spacings of 2 λ/2 and 3 λ/2 will produce sampled SFs representing spacings of 2 λ/2. 3 λ/2 and 5
λ/2.  Signal processing with examples of measured SFs is detailed in Reference 2.  Since these sampled
SFs are at IF1, they can be cross-correlated again, producing a series of derived SFs at IF2=2IF1. These
derived SFs represent, in most cases, non-existing interferometer pairs (Table 1).

Table 1.  Element Spacings For Measured And Derived SFs

BASELINES FOR SAMPLED
SFs @ IF1

BASELINES FOR DERIVED SFs
@ IF2

0
 λ /2

2 λ/2 2 λ /2
3 λ /2 3 λ /2

4 λ /2
5 λ /2 5 λ /2

6 λ /2
7 λ /2
8 λ /2

10 λ /2



A contiguous set of SFs from zero through the eighth and intermittent SFs through the tenth can be
derived at IF2.  Both positive and negative values of the phase are available.  The eight contiguous SFs
represent a fully filled linear array of 17 elements with element spacings of λ/2.

Synchronously detecting these derived SFs with a signal, which is in quadrature with the SFs produces a
series of imaginary SFs at baseband:

        SFBB = Acos ω IF2t ± nπ
D0

λ
sin θ 
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(2) differs from (1) in that changes in D/λ or θ produce changes in amplitude, there being a different
value for each SF for any given |θ| > 0.

Summing the positive set of imaginary SFs at baseband plus an additional first harmonic:

                     ∆ =
A
2

sin nπ
D0

λ
sinθ 

 
  

 
 +

A
2

sin π
D0

λ
sinθ 

 
  

 
 

n=1

N

∑                          (3)

This summation produces a function that has a positive voltage output for all θ greater than zero, a
negative voltage for all negative θ and is zero at θ=0.

Figure 1 is a plot of (3), a stand-alone error pattern that differs from conventional mono-pulse in two
respects: First, acquisition occurs over a nearly full hemisphere rather than just one beamwidth (of the
high-gain antenna) and second, there is no comparison to a sum signal required for its operation.

The output of (3) is suitable for application directly to a platform axis on which a high gain antenna is
mounted.  Two axis operation is achieved by employing two orthogonal arrays similar to the one
described above. Larger sensor arrays generate larger numbers of spatial frequencies to accommodate
larger dishes.

The thinned array antennas can be mounted directly on a steerable dish surface with little loss of
acquisition “look angle” and without adversely affecting dish gain.
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