
ELIMINATION OF SIDELOBE RESPONSE

Item Type text; Proceedings

Authors Herold, F. W.; Kaiser, J. A.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 15:43:14

Link to Item http://hdl.handle.net/10150/607377

http://hdl.handle.net/10150/607377


ELIMINATION OF SIDELOBE RESPONSE

F. W. Herold
Fredrick Herold & Associates, Inc.

J. A. Kaiser
Fredrick Herold & Associates, Inc.

ABSTRACT

Conventional phased arrays nominally sum the signals received by the elements prior to
detection. By multiplying rather than summing signals received from pairs of elements, i.e.,
interferometer pairs, a set of Spatial Frequencies (SFs) is obtained. Obtaining the SFs
requires employment of a multiple local oscillator technique. When summed, these spatial
frequencies produce a single lobed (voltage) radiation pattern which, when passed through
a biased detector, removes all sidelobes from the response at a small loss of desired signal
power.
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INTRODUCTION

Sidelobes are a natural phenomena associated with all collimating apertures. Interference
with a desired signal or false alarms can result from unwanted signals entering a system
through it’s Sidelobes (SLs). Interference has been reduced by using various techniques,
to include reducing the SL levels relative to the main beam. A little used signal processing
technique is employed in this paper to eliminate all SL response while losing very little
useful signal power. Elimination of SL response in phased array systems can be realized
by employing multiple Local Oscillators (LOs) in conjunction with signal processing, as
developed in References 1 and 2. This signal processing technique requires measurement
and summing quantities from several interferometer pairs that contain the phase
differences generated by a signal. This output is similar to the response to a signal by a



fully filled array of elements, even though the subject array may be thinly populated with
elements (a thinned array).

THEORY

Signals from each antenna element of an array are translated using two LOs, which are
either above or below the signal frequency, to produce synchronously related Intermediate
Frequencies (IFs), IFA and IFB. Cross-correlating the IFA signal from one element with the
IFB signal from another produces an upper sideband at the sum frequency of IFA + IFB

and a lower sideband at the difference of IFA - IFB. The lower sideband represents a
sampled SF for that interferometer pair; conversely, the negative SF for that pair is derived
by cross-correlating IFB from the first element with IFA from the second element. Thus
there are two functions available from each interferometer pair, one the negative of the
other. The lower sideband in each case from the first cross-correlators is required in order
to obtain both positive and negative functions. Subsequent correlations can make use of
either upper or lower sidebands. SFs have the following form:

SF = 1A cos IF1w t + nπ oD
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,...

oD = basic element spacing (nominally 0.5 λ)
D = n oD

λ = Wavelength
D

λ = spatial frequency argument

θ = spatial angle measured from a normal to the array

nπ oD
λ

sinθ = phase difference between elements

Any change in D
λ  or θ results in a change of phase in (1).

All modulation accompanying the received signal has been removed in the process of
deriving (1). The incoming modulation can be recovered by employing LOs with
frequencies above and below the signal frequency, resulting in:

M = 2A cos IF2w t + 2φ t( )[ ]      (2)



Where:
φ(t)= The received signal modulation

The SF argument is missing in (2).  Expressions containing both SF and the modulation
when desired are obtained by multiplying (1) and (2):

1A cos IF 1w t + nπ oD
λ

sin θ 
 
  

 
  

  
 
  2A cos IF 2w t + 2φ t( )( )[ ]

                                                    = Acos IF3w t + nπ oD
λ

sin θ + 2φ t( ) 
  

 
  

+ ...

     (3)

Where:
IF3w = IF1w + IF2w

Thus, for each interferometer pair in the array, a sampled SF at IF with modulation is
measured.

SFs not actually measured, can be approximated by cross-correlating the various sampled
SFs in (3). These derived SFs represent, with careful selection of sampling element
spacings, a fully filled array of elements, i.e., when summed, a single main beam with no
unwanted grating lobes but with the usual sidelobes is generated.

A cos IF3w t +
1n π oD

λ
sinθ + 2φ t( ) 

  
 
  

⋅ A cos IF3w t −
2n π oD

λ
sinθ + 2φ t( ) 

  
 
  

                                                   = 0A cos IF4w t +
1n −

2n( )π oD
λ

sin θ + 4φ t( ) 
  

 
  

+ ...

      (4)

Where:
IF4w = IF32w

For example, an array of three elements with spacings of 2 λ/2 and 3λ/2 will produce
sampled SFs representing spacings of 2λ/2, 3λ/2 and 5λ/2. Since the sampled SFs are at
IF3, they can be cross-correlated again, producing a series of derived SFs at IF4 = 2IF3.
These derived SFs represent, in many cases, non-existing interferometer pairs as shown in
Table 1.



Table 1. Element Spacings for Sampled and Derived SFs

Baselines for Sampled
SFs @ IF3

Baselines for Derived
SFs @ IF4

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 IF4. Both positive and negative values of the phases are available.
The eight contiguous SFs represent a fully filled linear array of 17 elements with element
spacings of λ/2.

Synchronously detecting the derived SFs with a signal that is in-phase with the SFs
produces a series of real SFs at baseband:

BBSF = A cos IF 4w t ± nπ oD
λ

sin θ + 4φ t( ) 
  

 
  
cos IF 4w t = ±

A
2

cos nπ oD
λ

sin θ + 4φ t( ) 
  

 
  +

...      (5)

Equation (5) differs from (4) in that changes in D/λ or θ produce changes in amplitude,
giving a different value of voltage for each SF for any given |θ|>0.
Summing the set of real SFs at baseband:

S =
A
2n=− N

N

∑ cos nπ oD
λ

sin θ + 4φ t( ) 
  

 
  

= A cos 4φ t( )[ ] cosnπ oD
λN =1

N

∑ sinθ                    (6)

The zero harmonic is reserved for biasing.

Figure 1 is a plot of (6) for N=8 SFs when no modulation is present. The system output
differs from conventional sum patterns in one important aspect; the sum of the SFs has a



voltage output which is positive for the main beam and even numbered SLs while negative
for all odd numbered SLs. SL response can be eliminated by passing this summed signal
through a biased detector that is biased to the level of the highest even SL, as shown in
Figure 1. Automatic biasing can be provided by the zero harmonic, which has no variation
in amplitude or phase with change in θ, but does vary in amplitude with signal level. Loss
of useful signal power due to biasing is estimated at 2-3%.

Figure 2 is a plot of (6) for N=8 SFs when modulation is present. In this case, there are
both positive and negative voltage excursions of the main beam and all sidelobes. A diode
biased positively to the level of the first SL level will pass only the positive excursions of
the main beam while a second SL biased negatively will pass only the negative excursions
of the main beam. Because biasing is at a higher level, loss of useful signal power when
modulation is present will be somewhat higher than when no modulation is present.

CONCLUSION

Multiple phase related LOs are employed in a signal processing scheme to measure spatial
frequencies. A summation of a set of spatial frequencies produces a voltage sensitive
output which is linearly detected to eliminate all sidelobe response.
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Figure 1.  Sum of N=8 SFs
Without Modulation
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Figure 2.  Sum of N=8 SFs
With Modulation


