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ABSTRACT
The speed of spherical near-field scanning is
increased significantly when measurements are not
restricted to standard measurement locations, i.e., the
locations that are equidistant in theta and in phi.
Measurement positions can be chosen so that
mechanical positioners perform scans with a
continuous motion; this will decrease the time it takes
to acquire data for near-field measurements. The issue
then becomes transforming the data acquired with
non-uniform spacing. This paper describes the
development of a spherical near-field to far-field
transform that can efficiently process data acquired
on a non-uniform grid.
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1.0 Introduction
When scanning over a spherical surface, near-field
measurement points are nearly always restricted to
locations that are equidistant in both the theta and phi
coordinates1. (When data are collected at locations
equidistant in both coordinates, we call this set of
locations the “uniform-grid.”) To accumulate data on the
uniform-grid, mechanical positioners typically scan one
axis and step the other. Consequently, positioners are
forced to start and stop many times throughout a nearfield measurement. If near-field measurements could be
made without these constant stops the speed of a
measurement would increase significantly.

Figure 1, Spiral scanning path. Data are collected at
the marks along the path.
faster than one that continually stops throughout the
measurement. Considering the benefits, the reader may
wonder why spiral scanning is not more common in nearfield measurements.
Historically, near-field software has benefitted greatly
from fast algorithms such as the FFT (Fast Fourier
Transform). Even for relatively small antennas, it was not
practical in the early days of near-field measurements to
perform near-to-far-field transformations without special
algorithms (processing data could take days or weeks
without special algorithms). Today, data are restricted to
a uniform-grid because these early algorithms required it.

Consider the spiral scan path of Figure 1. This path is
scanned with mechanical positioners in a single motion
without stopping between measurement points. Each of
the points located at the marks along the spiral path are
collected as the positioner continuously scans over the
sphere. Clearly, a scan of this kind will be many times

The authors of this paper have developed a spherical nearto-far-field transform algorithm that is not restricted to
specific measurement locations. The near-to-far-field
transformation can be calculated quickly even when data
are collected, for example, using the spiral scan of Figure
1. With this new algorithm, the time it takes to process
near-field data, even for moderately large antenna

1

In other scanning geometries near-field measurements
are also usually taken at points that are equidistant in the
two scanning axes. In this paper we only consider the
spherical case.
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problems, is not significantly different from the earlier
software packages (transformations are performed in a
matter of seconds on modern computers).

Equation (0.1) represents a linear system of equations,
and provided the equations are linearly independent, the
system can be solved using standard techniques. Solving
for coefficients does not require data to be taken on the
uniform-grid, and can in fact be taken anywhere.
(Numerically, however, we must be concerned with the
conditioning number [3] of the linear operator that takes

After years of measuring near-field data on the uniformgrid, it may take the reader some convincing to see that
scanning off of the uniform-grid is a viable thing to do. In
this paper, we show that sampling on the uniform-grid
was only ever important for the purpose of speeding up
certain near-to-far-field transform algorithms.

(1,2)

the coefficients anm

The fast algorithms used in most near-field software
(including NIST based software) require the sample
locations rˆk to be on a uniform-grid. These algorithms

We provide a small numerical example showing how the
speed of our processing algorithm compares to the speed
of the standard NIST algorithm. We compare this speed
to brute force methods.

(1,2)

[4] calculate the coefficients anm

2.0 Theory

2

vector quantity having components in both the theta and
phi directions. It is necessary in standard near-field
transform to approximate the probe response by a
supposition of vector spherical harmonics:

w(rˆk )  

a

n 1 m  n

Where Xnm (rˆ ) and

(1)
nm

O( N 3 ) operations.

coefficients so that problem sizes of 10  N  10 can
be calculated in a matter of seconds (as opposed to hours,
and potentially days, without fast algorithms). The
uniform-grid requirement forces mechanical positioners
to make constant stops, slowing the measurement process
down significantly.

the surface of the measurement sphere at L independent
locations rˆk  ( k , k ) . The probe response w (rˆk ) is a

n

in

This significantly reduces the time it takes to calculate the

In spherical near-field measurements, the response
w(rˆk ) [1] of the probe to the near-field is recorded over

N

to the measured data w (rˆk ) .)

3

The authors of this paper have developed a new near-tofar-field transform algorithm that calculates the
(1,2)

coefficients anm

in

O( N 3 ) operations, but does not

require data to be on the uniform-grid. Now
measurements can be taken on scan paths such as the
spiral of Figure 1 and do so very quickly with mechanical
scanners that sweep scans in a continuous motion. The
resulting far-field calculated with this new algorithm is
identical to the results calculated with the NIST based
algorithm since it is capable of retrieving the exact same

(2)
Xnm (rˆk )  anm
Ynm (rˆk ) (0.1)

Ynm (rˆ )  irˆ  Xnm  rˆ  are vector

(1,2)

spherical harmonics [2] and anm are the corresponding

coefficients anm in the expansion of Equation(0.1). (For

coefficients. For an antenna that fits within a minimum
sphere [1] of radius a , we choose N  2 a /  where
 is the wavelength being measured by the receiver. The
far-field pattern can then be calculated after additional

the interested reader, this new software relies on work
developed by Dutt and Rocklin [5], and Wittmann,
Alpert, and Francis [6,7].)

(1,2)

3.0 Numeric Example

(1,2)
nm .

processing of the coefficients a

To shed light on the importance of fast algorithms for the
processing
of
near-to-far-field
transformations,
simulations were run using the standard NIST software
and software using the new algorithm. This example only
shows the speed in which it takes to invert Equation (0.1)
and not how accurate the results are. Two data sets were
taken, the first on a uniform grid and the second on a
spiral grid as shown in Figure 1. We collected enough
samples on both the uniform-grid and on the spiral so that
we could accurately recover the necessary coefficients

Calculating the 2 N ( N  2) unknown coefficients anm

(1,2)

in equation (0.1) is the greatest bottleneck in the near-tofar-field calculation. The coefficients can be calculated
using brute force methods if L  2 N ( N  2)
independent locations

rˆk are sampled and a numerical

method such as Gaussian elimination [3] is applied.
6

Unfortunately, Gaussian elimination requires O( N )
operations
and
for
typical
problem
sizes
2
3
(10  N  10 ) this is generally impractical for even
modern computers.

(1,2)
(determining the number of samples requires an
anm

understanding of the condition number of the linear set of
equations in Equation (0.1)).
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Table 1 shows the time it took to compute coefficients
(1,2)
using three different methods on a standard
anm

5.0 References

notebook computer for different numbers of sample
points. The first method of computing the coefficients
uses standard NIST software. The second method uses
software with the new algorithm, and the third method
uses the brute-force Gaussian Elimination method. While
the software with the new algorithm takes approximately
5 times longer to compute the coefficients as compared to
the NIST software, it is still only a few seconds. The
measurement time gained by using a non-uniform grid
with a spiral scan will be far more significant.
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4.0 Conclusion and Future Work
We have developed an algorithm that processes near-field
measurements taken off of the uniform-grid (not only for
spherical, but for planar and cylindrical as well). It is now
possible to take measurements much faster without
having to stop mechanical scanners many times
throughout a scan.
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We have not answered obvious questions in this short
paper. Future work will show just how much time can be
saved by scanning on paths such as the one shown in
Figure 1. We have stated that there are no fundamental
differences between measuring at locations on the
uniform-grid and measuring at locations off of the grid,
but we do need to address numerical conditioning issues
that affect our decision on how we choose new locations.
We would also like to study how our technique compares
with the work provided by Bucci et al [8]. Finally, we
have given no real details about how we have achieved
the numerical speeds presented in this paper. These
details will be left for a future paper.
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