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ABSTRACT 

The numerical analysis used for efficient processing of spherical 
near-field data requires that the far-field pattern of the probe can 
be expressed using only azimuthal modes with indices of µ = ±1. (1)  
If the probe satisfies this symmetry requirement, near-field data is 
only required for the two angles of probe rotation about its axis of ψ 
= 0 and 90 degrees and numerical integration in ψ is not required.  
This reduces both measurement and computation time and so it is 
desirable to use probes that will satisfy the µ = ±1 criteria.  
Circularly symmetric probes can be constructed that reduce the 
higher order modes to very low levels and for probes like open 
ended rectangular waveguides (OEWG) the effect of the higher 
order modes can be reduced by using a measurement radius that 
reduces the subtended angle of the AUT.  Some analysis and 
simulation have been done to estimate the effect of using a probe 
with the higher order modes (2) – (6) and the following study is 
another effort to develop guidelines for the properties of the probe 
and the measurement radius that will reduce the effect of higher 
order modes to minimal levels.  This study is based on the 
observation that since the higher order probe azimuthal modes are 
directly related to the probe properties for rotation about its axis, 
the near-field data that should be most sensitive to these modes is a 
near-field polarization measurement.  This measurement is taken 
with the probe at a fixed (x,y,z) or (θ,φ,r) position and the probe is 
rotated about its axis by the angle .  The amplitude and phase 
received by the probe is measured as a function of the χ rotation 
angle.   A direct measurement using different probes would be 
desirable, but since the effect of the higher order modes is very 
small, other measurement errors would likely obscure the desired 
information.  This study uses the plane-wave transmission equation 
(7) to calculate the received signal for an AUT/probe combination 
where the probe is at any specified position and orientation in the 
near-field.  The plane wave spectrum for both the AUT and the 
probe are derived from measured planar or spherical near-field 
data.  The plane wave spectrum for the AUT is the same for all 
calculations and the receiving spectrum for the probe at each χ 
orientation is determined from the far-field pattern of the probe 
after it has been rotated by the angle χ.  The far-field pattern of the 
probe as derived from spherical near-field measurements can be 
filtered to include or exclude the higher order spherical modes, and 
the near-field polarization data can therefore be calculated to show 
the sensitivity to these higher order modes.  This approach focuses 
on the effect of the higher order spherical modes and completely 
excludes the effect of measurement errors.  The results of these 
calculations for different AUT/probe/measurement radius 
combinations will be shown.   
  
Keywords: near-field, measurements, spherical, spherical mode 
analysis, near-field probe.  

1.0 Introduction 

The spherical near-field theory is based on the transmission equation 
derived by Jensen(8) – (9) and further developed by Wacker (1) where 
the antenna under test and the probe are described by spherical mode 
coefficients that are the coefficients of basis functions that are solutions 
of Maxwell's equations for a spherical coordinate system.  In principle, 

the transmission equation is valid for any arbitrary test antenna and 
probe combination at any separation distance between the spherical 
coordinate system origin and the probe that is outside of the minimum 
sphere that will completely enclose the antenna under test.  The 
transmission equation is, 

  
2

( )

1

, , ( )a s na smn im n i
m

m n s

W P Q e d e  




   


 
  

 
   (1) 

Where 
aW  is the amplitude and phase data measured by the probe at 

the radius a and the position defined by the spherical coordinates

 and .    is the rotation angle of the probe about its z-axis.  The 

P’s are the spherical mode coefficients for the probe and the Q’s are the 
corresponding spherical mode coefficients for the antenna under test.  
Mathematical orthogonality is used to solve the transmission equation in 
order to obtain the coupling product which is the product within the 
brackets of equation 1.  The result is shown in equation 2. 
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In order to perform the integration for the three angular variables 
θ,  and  using incrementally measured data, the data point spacing 

for all three angles must satisfy the sampling criteria for each variables.   
Theoretical guidelines are available to specify the angular spacing in

θ and   in terms of the radius of the minimum sphere that will 

completely enclose the antenna.  Experimental tests on a given test 
antenna and probe can also be carried out to verify these guidelines by 
taking closely spaced data and comparing the far field pattern results 
when the data point spacing is increased.  For an arbitrary probe and 
measurement radius, satisfying the sampling criteria for the   variable 

would require measurements at small increments in   and numerical 

integration of the data in  .  The required multiple measurements over 

the complete sphere for small increments in   would be very time-

consuming and the numerical integration could be both time-consuming 
and inaccurate.  To solve this problem, Wacker(1) proposed using a 
special probe that would have a symmetry in its far field pattern such 
that the spherical mode coefficients for the probe would be zero for all

  values except 1   .  Such probes are referred to as first-order 

probes. When the probe satisfies this condition, measurements are only 

required for 0 and 90 deg   and numerical integration of the data 

for the   variable is not required.  This greatly reduces the 

measurement time and results in a fast, efficient and accurate numerical 
technique to perform the calculations defined in equation 2.  The vast 
majority of the software used in processing spherical near-field data uses 
this numerical technique and the assumption that the probe satisfies the



1    requirement is implicit in using this software.  Probes can be 

constructed which satisfy this requirement to a very high degree by 
using a circularly symmetric probe aperture and a precise transition from 
rectangular to circular waveguide.  The spherical mode coefficients for 

1    of carefully constructed probes are typically at least 40 dB 

below the first order modes.  But such special probes increase the cost of 
the measurement system and the probes may have a smaller bandwidth 
than similar rectangular open ended waveguide probes (OEWG).  It has 
been established that if the measurement radius is large enough, probes 
such as the OEWG can be used for spherical near-field measurements 
and the effect of their higher order modes will be negligible and the 
efficient data processing algorithms can be used without causing a 
significant error in the results.  There is only limited information on how 
large the radius must be and what the residual effects of the higher-order 
modes are.  This study was undertaken to try and answer some of those 
questions using a technique that had not been tried before and that 
should be a very sensitive test. 

2.0 Simulation Concept 

Ideally it would be desirable to perform a series of spherical near-field 
measurements using two separate probes having identical far field 
patterns except for their pattern characteristics for rotation about the z-
axes of the probes.  One probe would satisfy the first order mode 
requirements and have non-zero spherical mode coefficients for only

1   .  The second probe would have the same on-axis axial ratio and 

tilt angle and the same spherical mode coefficients for the 1    

modes.  However it would also have non-zero spherical mode 
coefficients for other   values.  This type of probe is referred to as a 

higher-order probe.  Complete spherical near-field measurements could 
be performed for different test antennas and measurement radii using the 
two different probes and the far field patterns calculated using the same 
efficient numerical algorithms which use only the 1    probe 

coefficients.  A comparison of the patterns, polarization, gain and other 
parameters could then be used to quantify the effect of the higher-order 
probe when using the software that assumes the probe is a first-order 
probe.   

Another conceptual 
measurement 

comparison would 
require fewer 
measurements and 
perhaps be a more 
sensitive test for the 
effect of differences 
in the two probes 
since it focuses on 
the specific near-
field data that 
should be most 
sensitive to the 
probe characteristics 
described by the   

coefficients.  In this 
measurement the 

first-order probe would be placed at a fixed radius and a fixed 

 and  position on the measurement sphere.  The probe would then 

be rotated about its z-axis in small increments and the received 
amplitude and phase recorded as a function of the rotation angle  .  

This would produce a near-field polarization curve as illustrated in 
Figure 1.  The same measurement would be repeated with the higher-
order probe and the polarization patterns could then be compared and 
the differences used to estimate the effect that the higher-order probe 
would have on far-field results.  This measurement comparison could 

then be repeated for other radii and  and  positions and for other 

test antennas.  This measurement should be very sensitive to the µ mode 
properties of the probe since it is the probe’s property due to rotation 
about its z-axis that is different, the measurement involves only a 
rotation of the probe about its z-axis, and the measured data will have a 
large dynamic range in both amplitude and phase.  While both of these 
measurements will be affected by measurement errors such as scattering, 
positioning errors, leakage and random errors, that may in fact be larger 
than the probe mode affects being tested, the latter technique may be 
less sensitive to these measurement errors since it is performed at a 
single position and requires much less measurement time. 

An actual measurement of either type is not practical however since it is 
not possible to construct two different probes that are identical in every 
respect except their µ-mode coefficients.  And since the effect that is 
being investigated is likely very small for some measurement 
configurations, any small imperfections in the construction of the probes 
would lead to erroneous results. 

It is possible to simulate the second measurement to a very high 
precision that will not be affected by measurement errors or 
imperfections in the construction of the probes.  The simulation can also 
be accomplished using actual test antennas and probe data and 
accommodate computations for large data arrays within a reasonable 
amount of time.  The steps in the simulation are as follows. 

A planar near-field data file is selected for the antenna under test that 
contains both main and cross-polarized data from a previous 
measurement.  The data is processed using the standard near-to-far field 
transformation that includes a correction for the effect of the measuring 
probe.  The far electric field pattern is computed producing the Ludwig 
II AZ and EL (10) vector components on a grid that is equally spaced in 

yx
kk

and
k k

over the span form -1 to +1 and saved in an output file for 

further processing.  Output files were produced for array sizes of Nx = 
Ny = 256, 512, 1024 and 2048 and all were used at some stage in the 
processing.  Since the simulation polarization pattern results will not be 
compared to any actual measured data, this far-field data file is an error-
free representation of a hypothetical antenna that is similar to the 
antenna used in the actual measurement.  Measurement errors due to 
multiple reflections, truncation, scattering, position errors, flexing cables 
and probe correction are present in the measured data and the far field 
patterns.  But the far-field pattern produced represents a hypothetical 
antenna, and since the same data will be used for both simulated probes, 
the measurement errors will have no effect on the comparison that will 
be calculated other than being for a specific hypothetical antenna.  Other 
data sets can also be used to represent different test antennas and this 
will be discussed in the following sections. 

A previously measured spherical near-field data file is then selected 
where a rectangular OEWG was the antenna under test and 
measurements had been performed at the same frequency as the planar 
measurements.  This measured data is processed using the spherical 
transformation software to produce a far-field pattern where the Ludwig 
II and   vector components are calculated and saved using a 

spherical coordinate grid in and   where   varies from 0 to 90° and

  varies from 0 to 360°.  Angular increments from 0.1º to 1° were 

used so that different pattern resolutions could be tried in the simulation.  
One set of output files filtered the spherical mode coefficients in the  -

index n using the MARS (11) – (12) processing to reduce the effect of 
scattering and produce smoother patterns as a function of  , but no 

filtering was applied to the spherical mode coefficients as a function of 
the m-index which corresponds to the  -index when the OEWG is used 

as a probe in a spherical measurement.  These output files then represent 
an error-free far-field pattern for a hypothetical OEWG probe that 
includes all of the modes for a higher order probe. 

A second set of output files were also produced using the same angular 
spans and spacings and the same MARS processing and filtering in the
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Figure 1 Near-field polarization curve example. 



 -index n as th

applied to retain
the far-field pat
pattern for a hyp
for the eliminati
3 show the sphe

 

For the remain
developed to re
probes and prod
X, Y, and Z po
the probes an
nonsymmetrical
planar near-field
 

 Input am

P

(x,y,z) and ro

0

0

0

( , , , )

( , , )

b x y z

where

a

b x y z




 

AUT

P

10

02

( )

( , )

t K

s K 



 




 (3) 

The rotation ang

and the probe re
will be used to
using a series 
equation can b
transmission eq
expressions for 
any arbitrary ne
equation is m
modification for
 
The steps in the 
specific exampl
using spacing in

program.  The
increments that

elements of the 
iteration the rota
transmission eq
polarization pat
increment.  Int

Figure 2-Spherica
amplitudes for s=
probe with all m m

he first set.  But f

n only the m = ±1
ttern.  These files
pothetical probe th
ion of the higher-o
erical mode amplitu

ning steps in the 
ead in the data fil
duce a near-field po
sition.  A polariza

nd then compare
l probe.  The pola
d transmission eq

mplitude and ph

Probe output am

otated about the 

0 10 (F a t K 


T plane-wave tra

Probe plane-wav

gle  has been a

eceiving spectrum 
o produce polariza

of rotated probe
be used for the 
quation since bo
the transmission 

ear-field position 
much easier to c

r both first-order a

computer program
e.  The probe patt
n   of 0.2° and

e probe pattern i
t are multiples o

data array for each
ation is 0.  This pr
quation for each 
ttern by producin
terpolation is use

al mode coefficient
1 for higher-order 
modes retained. 

for these output fil

1 spherical modes 
s then represent a
hat is identical to t
order mode coeffic
ude plots for s=1 f

 

simulation a com
les for the antenn
olarization measur
ation results was p
ed to determine 
arization curve wa
quation which is s

hase to AUT

mplitude and pha

probe z-axis 

02) ( , ) iK s K e
 

by

ansmitting spec

ve receiving spe

added as a variable

to show that the t
ation data by eva
e patterns.  The 
simulation rather

oth are equally 
between a test an
and relative orie

calculate and can
and higher-order pr

m will be described
tern data file for th
d a   spacing of 

is rotated about 
of the  spacing

h iteration of the p
robe rotation, and 
rotated probe p

ng a probe outpu
ed on each of th

t Figure 3-Spheri
amplitudes for 
probe with only

les, filtering was a

in the calculation
an error-free far fi
the first probe exc
cients.  Figures 2 a
for the two probes

mputer program w
na under test and 
rement at an arbitr
produced for both

the effect of 
as produced using 
shown in equation

ase for probe at

( )x yi k x k yi z
xe dk 

y the angle 

ctrum

ctrum for rot





e to the probe out

transmission equat
aluating the equat

planar transmiss
r than the spheri
valid and accur

ntenna and a probe
entation.  The pla
n be used with
robes. 

d and illustrated fo
he higher-order pro
0.1° is read into 

the z-axis in sm
g by translating 

program. For the f
the evaluation of 
attern, produces 
ut for each rotat
he probe patterns

ical mode coeffici
s=1 for first-order
y m = +1, -1 mode

also 

n of 
ield 
cept 
and 
. 

was 
the 

rary 
h of 
the 
the 

n 3.

t

x ydk

ation

tput 

tion 
tion 
sion 
ical 
rate 
e at 
anar 
hout 

or a 
obe 
the 

mall 
the 

first 
the 
the 

tion 
 to 

calculate

xk
and

k
identical 
The AZ 

and 

02 ( ,s K


patterns
have now

Figure 4-
showing 

Using the
Figure 4
simulatio
read into 
array ope
following
red rectan
under tes
span and
already o
so no int
transmitt

pattern an

10 ( )t K


spectra, w
is calcula
the speci
vector ar
product a
The conv
k-space g
position 

is saved 
using the
simulatio
compone

and 8 sh

compone
rotation o
compone

ient 
r 
es. 

e and   vector 

yk

k
 with Nx x N

to the grid that w
and EL vector 

  vector componen

)  is identical 

for each rotation 
w been produced. 

-Planar near-field 
the near-field x,y 

e plot of the plana
4 as a guide, a 
on of a polarizatio
 the simulation pro
erating at 9.375 G
g section, the poin
ngles was selected
st is then read into
d spacing as the 
on a k-space grid 
terpolation or vec
ting plane wave sp

nd so the electric f

.  The dot produc

which is referred t
ated at each point 
ified x, y, and z po
re also calculated 
as required in equ
volution product is
grid to produce the
as a function of th

for comparison to
e first-order probe
on.  Figures 5 and
ents of the higher

how the same da

ent patterns from 
of the probe patte

ent amplitude patte

components on a 

Ny points over the

was used for the te
components are

nts.  Since the rec

to the far electr

angle required fo

amplitude for the 
points where simu

ar near-field ampl
point in the nea
n measurement an
ogram. The AUT w
GHz.  For the fir
nt x=20λ, y=0, z=
d.  The far electric
o the program with

probe pattern jus
using the AZ and

ctor transformation
pectrum is not the 

field pattern is div

ct of the AUT tran

to as the coupling 
t in the grid, the e
ositions and the com

for each point an
uation 3 to produ
s then summed ov
e probe received s
he rotation angle 
o the polarization

e data.  Figures 5-
d 6 show the amp
r-order probe patt

ata for  = 90º. 

EL to AZ compo
ern.  Figures 9 an
erns for the AUT. 

grid that is equally

e span from -1 to

est antenna far fie
e then calculated 
ceiving plane wave

ric field pattern,

or the transmission

AUT used in the 
ulations will be pro

litude of the AUT
ar-field is selecte
nd its x, y, and z c
was a 24λ slotted w
st example descri
=40λ denoted by 
c field pattern for t
h the same number
st created.  This 

d EL vector compo
n is required.  Ho
same as the far el

vided by cos( )

smitting and probe

product, each rota
xponential factors
mponents of the p

nd multiplied by th
uce the convolutio
ver all Nx x Ny po
signal for the speci
  and this polariz

n data that will be
-13 illustrate the s
plitudes for the A
ern for  =0 and 

 The change in 

onent is evidence 
nd 10 show the A
  

y spaced in 

o +1 and is 

eld pattern.  
from the

e spectrum 

the probe 

n equation 

 
simulation 
oduced. 

, shown in 
ed for the 
coordinates 
waveguide 
ibed in the 
one of the 

the antenna 
r of points, 
pattern is 

onents and 
owever the 
ectric field 

to produce 

e receiving 

ation angle 
s involving 
propagation 
he spectral 

on product.  
oints of the 
ified probe 
zation data 

e produced 
teps in the 

AZ and EL 
Figures 7 

the cross 

of the 90º 
AZ and EL 



Figure 5- OEWG 
component amplit
degrees χ rotation

 

Figure 7- OEWG 
component amplit
degrees χ rotation

Figure 9- AUT AZ
wave transmitting

Figure 11- Convo
amplitude for the 
at 0 degrees rotati

probe AZ 
tude pattern for 0 

n.

probe AZ 
tude pattern for 90

n.

Z component plan
g spectrum.

olution product 
higher-order prob

ion angle.

Figure 6- OEW
component amp
degrees χ rotati

0 
Figure 8-OEWG
component amp
degrees χ rotati

ne Figure 10-AUT
wave transmitti

e 
Figure 12-Conv
amplitude for th
at 90 degrees ro

WG probe EL 
plitude pattern for 
ion.

G probe EL 
plitude pattern for 
on.

T EL component pl
ing spectrum.

volution product 
he higher-order pro
otation angle.

Figures 1
for  = 

5 and 6
Figures 7

the cross
for the
Figures 1
Figures 1
first-orde
is being 
measure 
the two p

When the
curves lik
accuracy
programs
programs
concepts 
same.  O
using a s
complete
the NSI2
probe pa
incremen
change in

0

-140

-120

-100

-80

-60

-40
A

m
p

lit
u

d
e

 in
 d

B
 r

e
la

tiv
e

 t
o 

th
e

 p
ea

k 
a

t 
x=

0
, y

=
0

Figure 15
the two p
= 20,  y =

0 

90 

lane 

obe 

Figure 13-
component
rotation for
Compare w

11 and 12 show th
0º and 90º respect

with Figures 9 an
7 and 8 with Figur

s component patter
e 90 degree 
13 and 14.  The ch
12 and 14 are du
er and higher-orde

investigated here
is obtained by co

probes as illustrate

e simulation progr
ke figures 15 and

y of the concept a
s were actually de
s using different 
 and equations an

One program was
ingle probe rotatio

e X-Y grid. The re
2000 software.  D
atterns that were 
nts as large as 1°
n the output.  All o

20 40 60

Probe rotation angle in deg

5-Sample polariza
probes and their di
= 0,  z = 10 wavele

OEWG probe EL 
t pattern for 0 deg
r the first-order pr

with Figure 6.

he amplitude plots
tively.  Figure 11 

and 10 while Figu
res 9 and 10.   

rns for the probe 
rotation and 

hanges between Fi
ue completely to t
er probes and are o
e.  A much more
omparing the pola
ed in Figure 15 and

ram was fully deve
d 16, a number of 
and the programs
eveloped and test
software but the 

nd the results of 
s used to calculat
on angle and calcu
esults agreed with

Different resolutio
calculated using 

° for both angles 
of the final results 

80 100

grees

-10

-8

-6

-4

-2

0

A
m

pl
itu

d
e

 d
iff

er
e

n
ce

 in
 d

B

 

ation curves for 
ifferences for x 
engths. 

grees 
robe. 

Figure 1
amplitud
90 degre
with Fig

s of the convolutio
is the dot product 

ure 12 is the dot 

When the p
curve for the hi
probe has been
and saved, t
pattern for the 
probe which ha
spherical modes
is read into the
and data and
similar to Fig
along with a p
curve are produ
general chara
graphical outpu
first-order prob
similar to those
Figures 5-12 a
these will not 
here.  The two 
a noticeable c

and the convolutio
these are sh

igures 6 and 13 an
the differences be

one measure of the
e sensitive and q

arization curves pr
d 16. 

eloped and produc
f tests were run to
s.  Two separate 
ted.  Both authors

same input data,
the two programs

te a near-field ho
ulating the probe o
h the hologram pr
ns were used for 
θ,φ coordinates. 
were used with 

used 0.2° spacing

14-Convolution pr
de for the first-ord
ees rotation angle.
gure 10.

on product 
of Figures 

product of 

olarization 
igher-order 
n produced 
the probe 
first-order 

as only the 
s for m=±1 
e program 

d graphics 
gures 5-12 
olarization 
uced.  The 
acter of 
uts for the 
e are very 

e shown in 
and all of 
be shown 
that show 

change are 
on product 
hown in  

nd between 
etween the 
e effect that 
quantitative 
roduced by 

cing output 
 verify the 
simulation 

s produced 
, the same 
s were the 
logram by 

output for a 
roduced by 

the initial 
 Angular 

very little 
g in θ and  

oduct 
der probe at 
  Compare 



0.1° spacing in φ.  
For a few selected 
X-Y positions, the 
program was run for 
increasing Z 
distance to verify 
that the difference 
between the two 
probes polarization 
curves decreased 
with distance 
showing that the 
higher-order probe 
performs like a first-
order probe for large 
separation distances.  
The on-axis 
amplitude and phase 
were also calculated 
for a single probe 
rotation angle to 
verify that these 

quantities varied as expected.  In performing these last two tests, it was 
found that the array sizes for the AUT and probe that were used in 
calculating the planar transmission equation needed to be at least 1024 x 
1024 to give correct results at Z distances of 80λ  or larger.  Since the 
primary interest was for small Z distances, this was not a limitation on 
the reliability of the results, and when large Z distances were used, the 
array sizes were increased as necessary. 

Tests were also performed to demonstrate that the far-out side lobes of 
the AUT plane wave transmitting spectrum were not dominating the 
calculation of the polarization curves.  The far-out side lobes derived 
from the planar near-field data are not reliable due to truncation of the 
near-field data, and for an actual antenna may be much lower than 
represented in the AUT far-field pattern.  When the spectrum is 
calculated by dividing by the cos(θ) these lobes are significantly 
increased at the far-out angles.  This can be seen in the high amplitude 
rings at the circular boundary of the plots in figures 10 and 12.  If these 
lobes were dominating the calculation of the polarization curves, it could 
lead to erroneous results.  To test this possibility, the polarization curves 
for some probe positions were recalculated after applying a filter to the 
plane wave transmitting spectrum.  In these tests, the spectrum 
amplitudes beyond the filter limit were set to zero before the calculation 
of the coupling product.  Filter limits of 90º, 80° and 40° were used and 
these filters did cause some change in the details of the polarization 
curves and the difference curves.  However the general shape of the 
curves and especially the level of the difference curves showed only 
minor changes.  This confirmed that since the same spectrum is used for 
both probes and as a result of the rapid phase change produced by the 
exponent in equation 3 near the boundary of the spectrum, these far-out 
lobes were not dominating the convolution product and leading to 
erroneous conclusions. 

Results Summary 

A large number of simulations were run for the slotted waveguide array 
antenna and for a standard gain horn at different X, Y and Z positions 
relative to the center of the antenna.  To draw general conclusions from 
these results, a large amount of data needs to be condensed into a 
manageable format.  The difference curves in figures 15 and 16 contain 
the important information about the errors that could result in a spherical 
near-field measurement by using the higher-order probe and then 
processing the data with software assuming that it had been measured 
with a first-order probe.  The details of the polarization curves are not 
important and the amplitude difference in dB may have large spikes, but 
they are generally at low amplitudes.  The first step in condensing the 
data is to focus on the ERR/SIG difference curves and a set of these for 
different probe positions is shown in Figure 17.    
 

The difference curve for a given probe position is associated with a 
single point in the spherical near-field measurement array and is used to  

estimate the error at 
that single 
measurement point.  
The detailed shape 
of the difference 
curve is not 
important.  The 
overall level of the  
curve relative to the 
near field peak 
amplitude is a good 
measure of the 
probable error.  
And so to include 
the full range of the 
difference curve in 
the estimated error, 
the RMS value of 
the ERR/SIG  
difference between 
the polarization 
amplitude curves as 
measured by the 
first order and 
higher-order probes 

was calculated for each test antenna and probe position and this RMS 
value is used as a predictor of the probable error in the spherical near-
field measurement at that particular point.  From tables or graphs of the 
RMS value for a number of points in the near-field, conclusions can then 
be drawn about the overall measurement and calculation uncertainty.  
The results for the slotted waveguide array are summarized in Table 1. 
 
Table 1-Summary of results for the slotted waveguide array as the AUT. 

PROBE 
POSITION IN 
WAVELENGTHS 

AUT X Y Z 

FF 
PAT 
DIM 

FILTER 
DEG 

RMS 
DIFF 
(DB) 

Array 0 0 10 512 90 -54 
Array 10 0 10 512 90 -80 
Array 20 0 10 512 90 -82 
Array 20 10 10 512 90 -63 
Array 20 20 10 512 90 -70 
Array 0 0 20 512 80 -68 
Array 0 0 20 1024 80 -68 
Array 0 0 40 1024 80 -79 
Array 10 0 40 1024 80 -55 
Array 20 0 40 512 80 -62 
Array 20 0 40 512 89 -62 
Array 0 0 80 512 80 -79 
Array 0 0 100 512 80 -71 
Array 10 0 100 512 80 -70 
Array 0 0 200 512 80 -65 
Array 0 0 200 1024 80 -82 
Array 10 0 200 512 80 -75 

 

All of the comparisons between the two probes have focused on the 
amplitude differences and phase differences have not been reported.  
Phase differences in measured near-field data are very important and can 
lead to large differences in far-field patterns if the differences are large 
and have certain undesirable variation over the measurement surface.  
Phase difference curves were produced for all of the simulations and  
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Figure 16 Sample polarization curves for the 
two probes and their differences for x = 0,  y = 
0,  z = 10 wavelengths. 
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Comparing the ERR/SIG Difference Between Using
all Modes and M1 Modes for the Slotted Waveguide Array
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Figure 17-ERR/SIG curves for the slotted 
waveguide array at different x,y positions and z 
= 10 wavelength
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