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Scientific Progress


Executive Summary (Full report attached as pdf.)

The research described here advances the development of three post measurement processing techniques applicable to 
antenna pattern data.  The advancements were achieved through experimental demonstration of each technique via suitable 
measurements and subsequent computation.  The results provide evidence that the three techniques enable antenna 
performance assessment in greater detail and with greater fidelity than previously attainable. 
The first technique is a means of extrapolating the data sampled over a near-field plane to an area greater than that sampled.  
The advantage attained is an expansion of the accessible angular range in the far field for a given measurement plane sampling 
area.  Ultimately, we hope to achieve extrapolation resulting in full hemispherical far zone coverage but this has proved elusive 
to date.  Nevertheless, we have been able to develop a new algorithm that does not suffer from the disturbing divergence 
behavior noted in the traditional Gerchberg-Papoulis approach to this problem.  What is still needed is a means of predicting the 
maximum far field angular range achievable by such extrapolation in a given situation where the far zone pattern is unknown.
The second advance is the application of the so-called EPIC algorithm, originally developed for spherical near-field 
measurements, to planar scanning.  The algorithm is designed to eliminate multipath effects.  One measures a calibration 
antenna for which the far zone pattern is known and uses the results to “calibrate out” the multipath effects.  Essentially, one 
views as the “extended probe” the actual probe plus the scattering objects causing the multipath and performs a probe 
correction for this extended probe.  This, of course, requires that the probe remain fixed while the antenna under test is scanned 
past it.  We simulated the multipath by using a second probe in addition to the primary one.  The demonstration showed 
effective removal of the multipath effects over a large portion of the pattern limited by the dynamic range of the system.  We 
further demonstrated this technique in an actual, rather than simulated, multipath environment.  There remain some theoretical 
issues concerning the equivalence principle in this context that should be studied as these may limit the location of scatterers 
that can be calibrated out.
Thirdly, we demonstrated the so-called Super Iso-filter which is an iterative technique for rigorously separating the radiation 
from individual parts of an antenna structure.  We did this by measuring a combination of a standard gain horn and a four 
element circularly polarized patch array radiating simultaneously.  By processing the resulting data in an iterative fashion we 
separated the radiation into two parts, that radiated by the horn and that radiated by the patch array.  We note that each part 
includes the currents induced on the given antenna by radiation from the other; i.e., mutual coupling.  We further point out that 
there is no other known way to experimentally obtain these results because separate measurement of the antennas does not 
account for mutual coupling and separate excitation of the antennas does not separate the radiation from the scattering.  
Further work is required to explore the limits on antenna separation for effective field decomposition as well as the convergence 
properties of the iteration.  Applicability to more than two radiators is also fertile ground for investigation and development.
Overall, we have achieved significant progress but have by no means exhausted these avenues of investigation.  Several 
issues should be investigated in more detail as mentioned above.  Moreover, demonstrations in more general geometries would 
lend credence to the wide applicability of these methods and related techniques yet to be developed.
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Executive Summary 
 
The research described here advances the development of three post measurement processing techniques applicable 
to antenna pattern data.  The advancements were achieved through experimental demonstration of each technique 
via suitable measurements and subsequent computation.  The results provide evidence that the three techniques 
enable antenna performance assessment in greater detail and with greater fidelity than previously attainable. 

The first technique is a means of extrapolating the data sampled over a near-field plane to an area greater than that 
sampled.  The advantage attained is an expansion of the accessible angular range in the far field for a given 
measurement plane sampling area.  Ultimately, we hope to achieve extrapolation resulting in full hemispherical far 
zone coverage but this has proved elusive to date.  Nevertheless, we have been able to develop a new algorithm that 
does not suffer from the disturbing divergence behavior noted in the traditional Gerchberg-Papoulis approach to this 
problem.  What is still needed is a means of predicting the maximum far field angular range achievable by such 
extrapolation in a given situation where the far zone pattern is unknown. 

The second advance is the application of the so-called EPIC algorithm, originally developed for spherical near-field 
measurements, to planar scanning.  The algorithm is designed to eliminate multipath effects.  One measures a 
calibration antenna for which the far zone pattern is known and uses the results to “calibrate out” the multipath 
effects.  Essentially, one views as the “extended probe” the actual probe plus the scattering objects causing the 
multipath and performs a probe correction for this extended probe.  This, of course, requires that the probe remain 
fixed while the antenna under test is scanned past it.  We simulated the multipath by using a second probe in 
addition to the primary one.  The demonstration showed effective removal of the multipath effects over a large 
portion of the pattern limited by the dynamic range of the system.  We further demonstrated this technique in an 
actual, rather than simulated, multipath environment.  There remain some theoretical issues concerning the 
equivalence principle in this context that should be studied as these may limit the location of scatterers that can be 
calibrated out. 

Thirdly, we demonstrated the so-called Super Iso-filter which is an iterative technique for rigorously separating the 
radiation from individual parts of an antenna structure.  We did this by measuring a combination of a standard gain 
horn and a four element circularly polarized patch array radiating simultaneously.  By processing the resulting data 
in an iterative fashion we separated the radiation into two parts, that radiated by the horn and that radiated by the 
patch array.  We note that each part includes the currents induced on the given antenna by radiation from the other; 
i.e., mutual coupling.  We further point out that there is no other known way to experimentally obtain these results 
because separate measurement of the antennas does not account for mutual coupling and separate excitation of the 
antennas does not separate the radiation from the scattering.  Further work is required to explore the limits on 
antenna separation for effective field decomposition as well as the convergence properties of the iteration.  
Applicability to more than two radiators is also fertile ground for investigation and development. 

Overall, we have achieved significant progress but have by no means exhausted these avenues of investigation.  
Several issues should be investigated in more detail as mentioned above.  Moreover, demonstrations in more general 
geometries would lend credence to the wide applicability of these methods and related techniques yet to be 
developed.
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Abstract 
 
This research project is focused on the advancement of methods of post measurement processing 
of antenna pattern measurements to enhance their utility in assessment of antenna performance.  
Three specific techniques are treated; planar near-field extrapolation, planar near-field 
extended probe calibration, and the “Super Iso-filter” for separation of the radiation field into 
components originating from specified regions of the radiating structure.  We show that planar 
near field measurement maybe extrapolated beyond the scan plane sampling region to provide 
wider angle far field results than otherwise obtainable.  We also show that a calibration 
measurement in planar near field scanning can be used to remove artifacts arising from 
multipath effects on the measurement range.  Finally, we demonstrate that the iterative 
processing embodied in the Super Iso-filter algorithm provides an effective and rigorously 
correct means of separating the radiation from two separate antennas using only data measured 
for both antennas radiating simultaneously.  The three techniques treated here provide 
convenient and useful tools to the antenna engineer in designing and assessing the performance 
of antennas for practical use. 
 
 
Introduction 
 
Because communication and remote sensing are central to the activities of the modern 
warfighter, antenna engineering as a discipline is crucial to the mission of the U. S. Army.  It is 
therefore an important component of advanced educational programs that train engineers for 
employment in the defense industry and elsewhere.  Antenna engineering embodies the design of 
effective antennas via electromagnetic theory and practice and testing for verification of the 
performance of the resulting antennas.  Antenna testing includes measurement of the terminal 
characteristics of the antenna such as input impedance and return loss as well as the radiation 
characteristics such as directivity and sidelobe level; in essence, the antenna radiation pattern. 
 
Antenna pattern measurements have historically been conducted by placing a probe in the far 
zone of the antenna and rotating the antenna so as to sample a so-called pattern cut.  The pattern 
cut is usually taken at a fixed roll angle although specialized sampling has on occasion been used 
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to produce roll cuts or spinning linear polarization plots.  Modern antenna measurements are 
often done in the near field of the antenna with a subsequent mathematical transformation to the 
far zone.  The near field is sampled either by moving the antenna or by moving the probe or by a 
combination of both.  The sampling typically is done on a canonical surface, planar, cylindrical, 
or spherical to facilitate the mathematics but in principle it can be done on any surface. 
 
Once mathematical transformation is introduced as part of the measurement process, one may, 
without significant complication, utilize a number of post measurement processing techniques to 
enhance the extent and quality of the results or to reveal characteristics of the data not readily 
discernable without such processing.  The present research is directed at further development of 
several such post measurement processing methods providing attractive antenna assessment 
capabilities of interest to antenna engineers. 
 
 
Objectives 
 
The project as proposed embodied two specific objectives, experimental demonstration of the 
“Super Iso-filter” concept [1] and application of the principles of the “EPIC” technique [2] [3], 
originally developed for spherical measurement systems, to planar scanning.  However, the 
desirability of a third objective came to light as the work on the EPIC objective progressed.  This 
third objective is development of a technique for extrapolation of a planar scan to wider angles 
than are accessible via standard processing.  This development addresses a limitation inherent in 
all planar near field scanning systems.  That is, the range of far field angles over which far field 
data can be computed via the near field to far field transformation is limited by the extent of the 
scan area in the near field.  Rules of thumb for estimating the limiting angles are provided by the 
manufacturers of the scanning equipment and these imply that it is difficult to exceed 60 to 70 
degrees from the antenna boresight with reasonable scan plane extent.  Ideally, it would be 
desirable to obtain far field data out to 90 degrees from boresight because it would then be 
possible to obtain results over the entire far zone sphere from two near field scans, one for the 
front hemisphere and one for the back hemisphere.  We believe that achievement of this third 
objective would represent a significant enhancement of the planar EPIC technique investigated in 
this research activity. 
 
It is important to recognize, however, that the extent of the measurement plane is not the only 
factor that limits the angular range of the far zone results.  An additional limitation arises 
because of the attainable accuracy of the measurements which translates into the available 
dynamic range.  For example, if the error in the electric field measurement is one part in a 
thousand (0.1%) then the error will appear as a 6 dB ripple 60 dB below the maximum measured 
value, which ideally would be just short of receiver saturation.  This error may also be seen as a 
0.83 dB ripple at the -40 dB level or a 1 dB ripple at the -41.73 dB level.  If we arbitrarily select 
1 dB ripple to be the maximum acceptable error, we describe this as a measurement with a 41.73 
dB available dynamic range.  Now, typically probe correction reduces the available dynamic 
range.  As an example of this, consider a far field measurement carried out in the E-plane of an 
antenna using an open ended waveguide probe in a system with a 40 dB dynamic range.  The far 
zone field of the probe drops about 16 dB from boresight to 90 degrees in azimuth.  When the 
corresponding probe correction is applied (essentially dividing the measured far field by the 
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corresponding probe far field at each azimuth angle) the result will have an available dynamic 
range of only 24 dB (40 dB – 16 dB).  Thus, the range of azimuth angles over which the result is 
accurate to 1 dB is limited to that over which the far zone antenna pattern lies within 24 dB of 
the maximum.  This limit applies even if the measurement were done in the near field and 
subsequently transformed to the far field independent of the extent of the near field scan.  The 
limit imposed by the extent of the scan may be more or less stringent than this limit.  Ultimately, 
the limit of the angular range is the more stringent of the two.   
 
 
Extrapolation in Planar Near-field Scanning 
 
In planar near field scanning we use an NSI 5 by 5 foot planar scanner with an HP 8530A 
Receiver, an HP 83620A Synthesized Sweeper, and an HP 8511A Frequency Converter.  The 
system was recently upgraded with a new Dell T3600 workstation running the NSI2000 
Software Professional Version V4.9.018, June 10, 2013.  We note that, except as otherwise 
noted, we export the raw measured data and use our own software for the near field to far field 
transformation.  This software employs the Huygens approximation to relate the aperture electric 
and magnetic equivalent currents. 
 
As outlined above, the ultimate objective is to obtain far field data over an entire sphere 
surrounding the antenna under test in a planar near field scanning geometry.  Focusing first on 
the front hemisphere, this would at first glance seem to require scanning over a measurement 
plane of infinite extent.  What is needed then is a means of extrapolating to the full hemisphere 
the results of a measurement of finite extent.  This problem has been recently addressed by 
Martini, et al.[4]  They define a region of the surface of the far zone sphere as the “reliable 
region.”  Within this region, the result of transformation of the measured data over a finite size 
scan plane is assumed to be accurate.  Moreover, it is the far field of a radiating aperture of finite 
extent and is therefore band-limited in spatial frequency.  Extrapolation of such a function may 
be achieved via the well-known Gerchberg-Papoulis (G-P) algorithm [5][6] and Martini, et al 
apply it to extrapolate the far zone field from the reliable region to the full hemisphere.  
However, their results exhibit a disturbing divergence after a number of iterations which they 
attribute at least in part to inaccuracy in estimating the far fields in the reliable region from data 
over a finite measurement plane.  We have developed an alternative to the G-P algorithm that 
avoids this difficulty. [7] 
 
The essence of the G-P algorithm is this.  Beginning with a sample of a band limited function 
extending over a finite range, one obtains an estimate of its spectrum by Fourier transformation 
of this finite sample.  Of course, the spectrum is no longer band limited due to the finite extent of 
the sample.  Nevertheless, one truncates the spectrum to the known bandwidth and employs the 
inverse transform to obtain a new estimate of the original function.  This new estimate now 
extends outside the range of the original sample.  The key feature of the G-P algorithm is that at 
this point the new estimate of the original function is replaced with the original function over the 
original sample range while the portion outside this range is left as is.  Then, the spectrum of the 
result is obtained via the Fourier transform and the process is repeated.  In the work of Martini, et 
al., the limited range measured data over the scan plane is transformed to the far zone and the 
region near boresight is deemed “reliable.”  This “reliable” data is the finite range sample of a 
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band limited function. Its spectrum is obtained via Fourier transform and interpreted as the 
aperture distribution.  This distribution is then truncated to the known aperture and its far field 
obtained via inverse Fourier transform.  Per the G-P prescription, the data within the reliable 
region is replaced with the original field in that region and the process is repeated. 
 
In contradistinction, our algorithm is as follows.  We begin with the data measured over the 
measurement plane of finite extent and assume it to be “reliable.”  We then “zero-pad” to a larger 
region, obtain the plane wave spectrum of the padded function via Fourier transformation, and 
translate each plane wave to the aperture plane of the antenna under test.  Summing the plane 
waves in the aperture plane via inverse Fourier transformation yields an estimate of the aperture 
distribution which has infinite extent.  We then truncate this distribution to the known aperture 
and compute the corresponding plane wave spectrum via Fourier transformation.  We translate 
each plane wave to the measurement plane and compute the field in that plane via inverse 
Fourier transformation.  This new distribution is of infinite extent but, of course, we use a finite 
size transform corresponding to the zero-padded measured field.  This new measurement plane 
field distribution extends to the entire range of the transform.  In the spirit of the G-P algorithm, 
we replace this distribution with the original measured data within the original measurement 
range and leave the portion outside that range as is.  The process is then repeated to convergence.  
Because this process uses directly measured values as the “reliable” data, it avoids the estimation 
error introduced in the “reliable” far zone data in the method of Martini, et al.  The essential 
difference between our method and that of Martini, et al. then is that we iterate between the 
measurement plane and the aperture plane while they iterate between the far zone and the 
aperture plane.  Thus, our method eliminates the need to first calculate the far fields in the 
“reliable region,” a calculation that introduces error from the outset into data that is used 
repeatedly throughout the iteration.  Note that, were the measurement to be done in the far zone, 
the two methods would become identical and embody the advantage that the “reliable” data is 
then, in both cases, directly measured rather than derived. 
 
 
 

 
 
 

Figure 1.  X-Band Slot Array. 
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As an example of the application of our method of extrapolation, we consider the six by six 
element 9.3 GHz slot array shown in Figure 1 and having a nominal directivity of 23 dB.  This 
antenna was measured on an NSI Planar Near-field Scanner using a WR-90 open ended 
waveguide probe.  The scan plane was 30 by 30 inches, sampled every quarter inch, and located 
8.25 inches in front of the aperture.  This geometry provides a far zone azimuth range from about 
-55 to +55 degrees.  Figure 2 shows in dashed lines the H-plane data in the measurement plane 
and aperture plane as well as the resulting far zone radiation pattern without probe correction.  
Also shown in solid lines are the corresponding results after five iterations of truncating the 
aperture to 6.75 by 5.5 inches.  (The E-plane truncation of 5.5 inches is based on the physical 
aperture dimension and has little impact on the H-plane calculations shown here.  The H-plane 
truncation of 6.75 inches is based on the null locations in the aperture plane plot.  Truncation in 
the nulls is presumed to cause minimal perturbation.)  Note that the iteration has increased the 
azimuth limit from 55 degrees to 90 degrees.  We choose to display the far zone pattern without 
probe correction so that the plot directly shows the dynamic range of the measurement.  Had we 
displayed the probe corrected results, the dynamic range would have been reduced by the probe 
pattern excursion in dB. 
 

 
Figure 2.  Distributions in the measurement plane, the aperture plane, and far zone before 
(dashed) and after (solid) five iterations without probe correction. 
 
 
To further illustrate the extrapolation, we consider the case where only one quarter of the 
measurement plane data is used, half in each dimension.  That is, the input is the data in a 15 
inch square rather than the 30 inch one.  This would give correct far field results out to only 27.5 
degrees from normal according to the usual rule of thumb.  The plots in Figure 3 bear this out 
where the solid lines are the result of iteration on the entire 30 inch data (dashed lines from 
Figure 2) and the dashed lines are the direct result of the 15 inch data with no iteration.  Note that 
they agree only out to about 30 degrees. 
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Figure 3. Distributions in the 15 inch measurement plane, the aperture plane, and far zone before 
iteration and without probe correction (dashed) compared with the result of iteration using the 
full measurement plane (solid).  
 
Figure 4 shows the corresponding results where now the dashed curve is obtained after 100 
iterations on the 15 inch data.  It is evident that the iteration has expanded the valid azimuth 
region from ±30 degrees to ±45 degrees.  
 

 
Figure 4. Distributions in the 15 inch measurement plane, aperture plane, and far field after 100 
iterations and without probe correction (dashed) compared with the result of iteration using the 
full measurement plane (solid).  

 
 
Generally we have found that truncating the aperture at a larger size requires more iterations for 
convergence but can lead to slightly better results.  An example of this is shown in Figure 5 
where we have increased the aperture size by one inch in the H-plane and employed 200 
iterations thereby extending the far zone azimuth range to about ±50 degrees.  Employing these 
parameters using the full 30 inches of input data essentially duplicates the results of Figure 2.  In 
application, it will be desirable to provide an internal convergence determination based perhaps 
on the change from iteration to iteration so as to relieve the user of trial and error in this regard. 
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Figure 5.  Distributions in the 15 inch measurement plane, aperture plane and far field after 200 
iterations with enlarged aperture and without probe correction (dashed) compared with the result 
of iteration using the full measurement plane (solid). 
 
Concerning the issue of aperture truncation, recognizing that the effective aperture is the 
convolution of the AUT aperture and the probe aperture leads one to truncate at ±(DA+DP)/2 
where DA is the AUT aperture dimension and DP is the probe aperture dimension in the plane in 
question, E or H.  In the example above this would indicate truncation at ±3.3 inches in the H-
plane and ±2.9 inches in the E-plane; i.e., a 5.8 by 6.6 inch rectangle.  However, as seen in the 
aperture plane plots, the aperture distribution is not precisely zero outside the aperture which 
suggests that one should truncate at a slightly larger dimension as we have done in the H-plane in 
the examples. 
 
 
 
Planar EPIC 
 
The Extended Probe Instrument Calibration (EPIC) technique was reported recently as applied in 
spherical nearfield scanning.[2][3]  In essence, the technique requires that one view the 
“extended probe” in nearfield measurement as consisting of the actual probe together with all 
stationary objects in the measurement chamber.  Thus, in application of this technique, it is the 
antenna under test (AUT) that must move, while the probe remains stationary.  The AUT 
consists of all objects that move with the antenna during the scan.  One measures an antenna of 
known far field pattern and from that measurement infers the sensitivity of the extended probe to 
each spherical mode.  This information is then used to correct the measurement of an unknown 
antenna for the measurement characteristics of the extended probe.  Thus, EPIC is something of 
an extended probe correction.  It was noted in the earlier work that the best calibration antenna is 
one with a low gain so an open ended waveguide was used.  This preference carries over to the 
planar nearfield application as well. 
 
While the planar EPIC technique is intended to remove from the measurement artifacts due to 
scatterers in the laboratory in which the planar scanner is located, these will typically be very 
small.  In order to render the effects clearly visible and analyzable, we simulate a substantial 
artifact using a second probe.  That is, any scatterer will provide a second path for a signal from 
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the AUT to the probe, much as if a second probe were placed at the location of the scatterer and 
its signal combined with that of the primary probe.  Artifacts may be located anywhere in the 
front hemisphere of the AUT but the greater the lateral distance between the primary probe and 
the artifact the finer the sampling required to resolve the interference ripples in the pattern of the 
extended probe.  For demonstration purposes, our extended probe consists of two horns fed by a 
3 dB waveguide splitter as shown in Figure 6.  One horn was selected as the primary probe and a 
small absorber plug was placed in the other horn to attenuate its signal thus preventing the 
undesirable occurrence of nulls in the pattern of the extended probe.  (Of course, when using a 
standard open ended waveguide probe in the presence of small artifacts, it is highly unlikely that 
nulls would occur.  One would expect in such typical cases that the artifacts would merely result 
in small ripples on the broad null free pattern of the primary probe.) 
 
 

 
 

Figure 6.  Extended probe. 
 

 
In our demonstration the AUT is the 9.3 GHz slot array shown in Figure 1.  The calibration 
antenna is chosen to be an open ended WR-90 waveguide.  Following the EPIC prescription we 
first conduct a near field scan in which the extended probe is fixed and the calibration antenna is 
scanned in a 30 by 30 inch plane.  Then transforming to the far zone we divide the pattern point 
by point by the known pattern of the calibration antenna (in this case the open ended waveguide).  
The result is the far zone pattern of the dual probe in the H-plane shown in Figure 7.  Next, the 
calibration antenna is replaced by the AUT and a second scan is performed.  The resulting far 
zone H-plane pattern is shown in Figure 8.  Now, in this case, the EPIC algorithm merely 
consists of dividing the complex pattern of the second measurement by that of the first; that is, 
dividing the pattern of Figure 8 by that of Figure 7.  The result is shown in Figure 9 as a solid 
curve.  Also shown as a dashed curve is the probe corrected result of a direct measurement of the 
slot array using an open ended waveguide probe.  This is essentially the probe corrected version 
of the dashed far zone pattern of Figure 2 (although it was obtained from a separate 
measurement).  We obtained the pattern of the open ended waveguide calibration antenna by 
performing a planar scan of it using an essentially identical open ended waveguide probe and 
transforming the result to the far zone.  Since this far zone pattern is the product of the patterns 
of the two open ended waveguides, we were able to obtain the pattern of one of them by merely 
taking the complex square root of the composite pattern.  The result is shown in Figure 10. 
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Figure 7.  Far zone pattern of the dual probe obtained from measurement of the calibration 

antenna. 
 
 

 
Figure 8.  Measurement of the slot array using the dual probe (solid).  Probe corrected 

measurement of the slot array using an open ended waveguide probe(dashed). 
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Figure 9.  EPIC corrected pattern of the slot array (solid) and directly  

measured pattern of the slot array (dashed). 
 
 
 
Figure 9 is the EPIC corrected version of the contaminated pattern of Figure 8.  Also shown in 
dashed lines is the pattern of the AUT measured using near field scan of a fixed open ended 
waveguide probe and transforming to the far zone in the usual manner and applying probe 
correction to provide a reference pattern.  Note that the corrected pattern and the reference 
pattern are in excellent agreement from -35 to +35 degrees of azimuth.  The reason that this 
angular range is thus limited is a dynamic range issue in the measurement.  To understand this 
we note that over the ±35 degree range the pattern of the extended probe spans 17 dB as shown 
in Figure 7.  Thus, correction for this extended probe compresses the dynamic range of the raw 
measurement by 17 dB to first order.   The desired corrected pattern spans 33 dB in this range of 
azimuth.   Thus, to first order, to obtain the corrected pattern over the same range of azimuth 
requires a raw measurement with a dynamic range of 50 dB.  A more careful analysis including 
the error levels in the calibration measurement and the characterization of the calibration antenna 
adds 5 dB to this estimate leading to a 55 dB dynamic range requirement which is just about the 
range available with our equipment. 
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Figure 10.  Measured pattern of the open ended waveguide probe. 

 
 
Next we illustrate a technique by which one may extend the angular range of such an EPIC 
correction by more effectively using the probe.  Suppose we wish to focus attention on the left 
side of the azimuth cut in the above example.  We merely rotate the probe to place its pattern 
maximum on the left side of the AUT say, at -45 degrees.  This arrangement is diagrammed in 
Figure 11.  The result of the extended probe calibration measurement corresponding to Figure 7 
is shown in Figure 12. 
 

 
 
 

Figure11.  Modified extended probe geometry. 

Scan Plane Slot Array

Fixed dual probe
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Figure 12.  Extended probe calibration measurement for the geometry of Figure 11. 

 
 
Figure 13 shows the result of un-calibrated measurement of the AUT using the extended probe at 
-45 degrees of azimuth (solid) together with the expected AUT pattern (dashed).  Note that the 
EPIC correction now involves a reduction of the measurement amplitude rather than an increase 
as in typical probe correction.  The result of this correction is shown in Figure 14 (solid) along 
with the expected result (dashed).  The range of agreement is now about -45 to -10 degrees of 
azimuth.  Thus, we have extended the azimuthal range of the result in Figure 9 by 10 degrees.  
Errors due to dynamic range effects are evident on the right side of the corrected pattern.  
Although we have not verified it experimentally, we believe that the extension could exceed the -
45 degree limit on the left, perhaps extending as far as -75 degrees, were it not for the truncation 
error in the near field scan due to improper centering of the scan plane relative to the extended 
probe pointing.  Evidence of this truncation effect is visible as ripple at the extreme left side of 
Figure 12.  Note that it is the pointing of the main lobe of the extended probe that is important 
here whereas the ripples due to the multipath play the same role as in the earlier example. 
 
In everyday use, planar EPIC is no more complex than ordinary probe correction.  To show this, 
we introduce an artifact in a simple 9.3 GHz planar measurement of an X-band Narda horn in the 
form of a metal folding chair as shown in Figure 15a.  For the calibration antenna we use an open 
ended waveguide for which the far zone pattern is of course known.  The probe is an open ended 
waveguide of fixed position.  The process can be summarized using the following simple 
formalism.  We define P(Narda) to be the far zone pattern of the Narda horn and P(OEWG) to be 
the known pattern of the calibration antenna.  P(Meas) is the far zone pattern resulting from 
transformation of the scan of the Narda horn using the fixed open ended waveguide in the 
presence of the chair while P(Cal) is the far zone pattern resulting from transformation of the 
scan of the calibration antenna (OEWG) in the presence of the chair.  Finally, let P(Ext) be the 
(unknown) far zone pattern of the “extended probe;” that is the fixed probe in the presence of the 
chair.   
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Figure 13.  Uncalibrated measurement of the AUT using the extended probe at -45 degrees 

(solid) and the expected AUT pattern (dashed). 
 

 
 

 
Figure 14.  EPIC corrected AUT pattern (solid) and expected AUT pattern (dashed). 
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Figure 15a.  Measurements with metal chair artifact. 

 
 

Figure 15b.  NSI 2000 Software Implementation of EPIC applied to Narda horn measurement in 
the presence of a metal chair. 
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Figure 15c.  Ordinary probe correction of Narda horn measurement in the presence of a metal 
chair. 

 
 

Now, P(Meas), P(Cal), and P(OEWG) are known and we wish to obtain P(Narda).  Using this 
notation, we have, 
 

)()()( ExtPNardaPMeasP   

)()()( ExtPOEWGPCalP   

Since P(Ext) is unknown, we eliminate it and obtain, 
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OEWGPCalP
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Written in this form we see that we merely need to divide the un-probe-corrected far zone pattern 
of the horn measured with the artifact present by the probe corrected far zone pattern of the 
calibration antenna measured with the artifact present.  These two patterns are easily obtained 
using the planar scanner under control of the NSI 2000 software and we have used the scripting 
language of that software to establish a toolbar button that performs the division.  The results 
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obtained and plotted using the NSI 2000 software are shown in Figure 15b where P(Narda) 
measured without the artifact is shown in green, P(Meas) is shown in red, P(Cal)/P(OEWG) is 
shown in blue, and the quotient is shown in purple.  We see that EPIC has corrected the red 
curve to give the purple curve which is closer to the green curve taken to be the desired result.  
The error is no more than 1 dB over most of the 60 degree angular range.  (Note that EPIC also 
treats the small error due to the support structure holding the fixed probe.)  The traditional rule of 
thumb indicates that the scan geometry should yield good results from -45 to 45 degrees but scan 
plane truncation introduces significant ripple due to the low gain of these antennas.  Therefore, 
we used a cosine squared taper on the raw data limiting the far zone to about -30 to 30 degrees 
but greatly reducing the ripple. 

Finally, we have applied ordinary probe correction to P(Meas) to illustrate that such correction 
does not compensate for artifacts.  The result is shown in Figure 15c where the probe corrected 
P(Meas) in red is compared with the reference pattern in green.  The curves have been 
normalized to the plot maximum.  Note that, as one might expect, the corrected curve is nowhere 
near as close to the reference pattern as was the purple EPIC corrected curve, even with the 
renormalization..  

 

Demonstration of the Super Iso-filter 

One of the most commonly applied post-measurement processing techniques in near-field 
antenna measurement practice is modal filtering.  In spherical measurement geometry, one 
collects data over a near-field sphere surrounding the antenna and expands this field in vector 
spherical modes about a suitably chosen origin, usually the center of rotation of the positioner or 
the phase center of the antenna.  Then one low pass filters this modal spectrum keeping only 
modes of order less than a maximum roughly equal to the circumference in wavelengths of the 
minimum size sphere enclosing the antenna.  The reasoning behind this is that a radiating 
structure of a given size cannot efficiently radiate modes of order higher than this maximum.  
Thus, any higher order modes obtained in expanding the measured data must be due to artifacts 
lying outside the minimum size sphere enclosing the antenna and are therefore extraneous and 
should be filtered out.  The crucial aspect of the situation that is omitted from this logic is the 
fact that artifacts outside the minimum sphere not only produce higher order modes, they also 
produce low order modes that contaminate the desired low order spectrum of the antenna under 
test and this cannot be remedied by simple filtering.   

An application of modal filtering was recently described by Hess [8] wherein one wishes to 
separate the radiation from two portions of a radiating structure using only a measurement of the 
structure as a whole.  Of the two portions of the structure one or both may be active.  The 
inactive portion if any behaves as a passive scatterer.  The approach described by Hess, dubbed 
the “IsoFilter™,” is a straightforward application of modal filtering.  One centers the spherical 
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expansion on the selected portion of the radiating structure and low pass filters the modal 
spectrum based on the minimum size sphere enclosing that portion.  Recognizing that this does 
not rigorously separate the desired radiation, Pogorzelski [1] proposed an iterative procedure that 
rigorously achieves the desired decomposition.  He demonstrated this computationally by 
separating the feed radiation from the total radiation of a reflector antenna where the reflector 
functions as a passive scatterer.  Here we proposed to demonstrate this separation scheme using 
experimentally derived data. 

In implementing the proposed demonstration, we selected two S-band antennas, a circularly 
polarized four element patch array and a linearly polarized standard gain horn.  These were 
mounted on the roll over azimuth positioner in our tapered chamber using an appropriate fixture 
as shown in Figure 16.  The dimensions are shown in the top view diagrammed in Figure 17. 

The chamber is outfitted with an HP 8752C Network Analyzer and the MI Technologies MI-
4190 Position Controller System controlled by a PC running the MI-3000 Measurement System 
Software Version 3.2.1, September 14, 2005.  A Mini-Circuits ZRL-2400LN Low Noise 
Amplifier was used to partially compensate for the space loss. 

A spherical scan using an open ended waveguide probe was carried out at 2.05 GHz consisting 
of 65 azimuth cuts equally spaced from 0 to 180 degrees of roll and sampled at 1 degree intervals 
from -178 to 178 degrees of azimuth.  The antennas were equally excited using a 3 dB splitter.  
Due to the electrical size of this two antenna system, this was a near-field measurement at a 
probe distance of 34 feet.  We transformed the measurement to the far field via the usual 
transformation algorithm and then applied the iterative algorithm described in [1].   

The far zone fields of each antenna alone are shown in Figures 18 and 19.  Figure 18 shows the 
principal and cross polarized patterns of the horn with the E-plane cuts on the left and H-plane 
cuts on the right.  Figure 19 shows the corresponding patterns for the patch array alone.  Note 
that, as expected of a circularly polarized antenna, the magnitudes of the two components of 
linear polarization are equal at boresight.  The measured total field transformed to the far zone is 
shown in Figure 20 where the left plot is a cut in the E-plane of the horn showing both principal 
and cross polarized components while the right plot is a cut in the H-plane of the horn again 
showing principal and cross polarized components.  Significant interference between the two 
antenna patterns is evident as ripple in the patterns.  Upon separating the patterns of the horn and 
the patch array we do not expect to obtain the patterns of Figures 18 and 19 because of the 
mutual coupling between the antennas.  What we do expect is that the separated patterns will be 
those of the horn plus currents induced on the horn by the patch array on the one hand and of the 
patch array plus the currents induced on the patch array by the horn on the other.  Note that this 
is true to all orders in the multiple reflections between these antennas.  The nature of these 
composite patterns is not known a priori so one cannot know the accuracy by inspection.  Thus, 
we do not display all of the results here. Rather we display a particular pair of results that 
highlight the difference between the IsoFilter™ and the iterative technique of [1]     
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Figure 16.  Two views of the two antennas with the fixture mounted on the roll over azimuth 
positioner at the zero degree roll position. 

 

 

 

Figure 17.  Top view diagram of the two antenna arrangement. 
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Figure 18.  Principal and cross polarized far zone pattern cuts for the horn; 
E-plane on the left and H-plane on the right. 

 

 

Figure 19.  Principal and cross polarized far zone pattern cuts for the patch array; 
E-plane on the left and H-plane on the right. 

 



20 
 

 

Figure 20.  Principal and cross polarized far zone pattern cuts for the two antennas; 
E-plane on the left and H-plane on the right. 

 

Figure 21.  E-plane patterns of the patch array obtained via the IsoFilter™ on the left and 
iteration on the right. 
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Figure 21 shows two selected E-plane patterns that illustrate the difference we wish to point out.  
The patterns on the left are obtained from the fields of Figure 20 by centering a modal expansion 
on the patch array and filtering to 16 polar modes to produce the IsoFilter™ result.  The patterns 
on the right were obtained by applying the iterative algorithm.  Note that in the IsoFilter™ result 
there are two lobes (circled in red) that do not appear in the iteration result, one at -120 degrees 
and one at +60 degrees.  These are the angles where the horn and the patch array are 
approximately in line with the radius vector to the probe.  We contend that these represent 
IsoFilter™ error due to improper treatment of the interaction between the antennas.  We 
endeavor to support this contention via a measurement with only the patch array excited.  We 
expect that in such a case, to first order in multiple reflections, the IsoFilter™ will no longer 
produce the erroneous lobes.  Also to first order, the iterative approach will produce the field of 
the patch array alone and, separate from it, the field of the currents induced on the horn by the 
patch array.  The results corresponding to those in Figure 21 are shown in Figure 22.  These 
represent the radiation from the patch array with currents modified by the presence of the 
unexcited horn.  Note that the IsoFilter™ results on the left do not have the lobes circled in red in 
Figure 21 and, of course, neither do the iteration results on the right. 

 

Figure 22.  E-plane patterns of the patch array obtained via the IsoFilter™ on the left and 
iteration on the right when the horn is not excited. 

 

The error identified in Figure 21 occurs because, in the spherical expansion of the fields about an 
origin centered on the patch array, the portion of the field originating at the horn is nonsingular 
and thus should be represented by a series of spherical Bessel functions, that is, half incoming 
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and half outgoing waves, and this part of the field eliminated from the expansion.  In the 
IsoFilter™ process however, this field is included and taken to be entirely outgoing leading to 
the erroneous lobes.  These lobes do not significantly appear if the horn is not excited because, to 
first order in the multiple reflections, the Bessel terms are absent from the field expansion about 
the patch array.  A similar error occurs for similar reasons when one applies the IsoFilter™ to 
obtain the radiation from the currents induced on the horn when the patch array only is excited.  
These results are shown on Figure 23 where the plots are normalized to the directivity of the 
patch array; that is, the normalization is the same as that of the plots for the patch array pattern 
normalized to directivity. 

 

Figure 23.  E-plane patterns of the horn scattering obtained via the IsoFilter™ on the left and 
iteration on the right when the horn is not excited. 

 

A final test was performed with the horn physically removed from the fixture.  In this case of 
course no currents are induced on the horn to radiate back to the patch array and the IsoFilter™ 
and iteration results become essentially identical as shown in Figure 24.  We believe that the 
differences between Figure 24 and Figure 19 are due to chamber effects; i.e., fixturing, wall 
reflections, and positioner inaccuracies. 
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Figure 24.  E-plane patterns of the patch array obtained via the IsoFilter™ on the left and 
iteration on the right with the horn absent. 

 

General Discussion of Results 

In the process of achieving each of the objectives described above we have shown that the basic 
concepts are valid and that each has limitations that must be understood in order to use them 
effectively.  Moreover, there are questions that remain unanswered concerning the behavior of 
the algorithms involved. 

In the case of the extrapolation of the measurement plane in planar nearfield scanning, one 
cannot expect to extrapolate an arbitrarily small scan plane to infinite size.  One must sample a 
substantial region and can then extrapolate to a limited degree which may in many cases result in 
the desired full hemispherical far zone pattern.  As mentioned earlier, it will be important to 
establish rules of thumb for the required scan plane electrical size versus antenna gain and 
appropriate aperture truncation.  This will probably require detailed stationary phase analysis of 
the transform integral. 

Extended Probe Instrument Calibration (EPIC) has been demonstrated in planar scanning first 
under rather contrived conditions and then in a more realistic scenario.  We have shown that the 
truncation of the measurement plane produces extraneous ripple due to the wide beams of the 
probe and calibration antennas and we have mitigated this via measurement plane tapering as is 
commonly done.  The results obtained using the new toolbar button in the NSI software show 
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reduction but not elimination of the error due to the artifact on the range.  This should be further 
investigated to determine the attainable accuracy.  Furthermore, there are clearly limitations as to 
the allowable locations of artifacts as determined by the equivalence principle and these should 
be studied and delineated to guide future use of this concept.  A related approach is the use of the 
far zone field to obtain a spherical mode expansion representing the radiated field.  This permits 
the use of mode filtering with its own set of equivalence principle based limitations.  These too 
should be studied. 

The iterative filtering algorithm has been shown to work well for the example chosen but, here 
again there are generalizations to be pursued and limitations to be understood.  In particular, the 
treatment of more than two expansion centers is of interest.  There is also the question of how 
close the centers can be placed and still permit accurate decomposition of the field and robust 
convergence in a reasonable number of iterations.  Additionally, one might identify the currents 
induced on one antenna by radiation from the other one and thus study mutual coupling. 

We have achieved the original objectives of the project and then some.  There remain 
opportunities for further development of the techniques and further investigation of their 
properties as discussed above.  As the techniques are matured in this manner, we intend to 
submit detailed descriptions of the various aspects of the work for publication in peer reviewed 
archival journals.  We further intend to pursue opportunities for transitioning these methods to 
industry where they can provide opportunities for better understanding of the performance of 
antennas for practical application. 

 

Concluding Remarks 

This has been an extremely interesting short term innovative research (SBIR) activity.  The 
results are all promising to varying degree and represent tools of great utility in understanding 
antenna pattern measurements both near field and far field.  We are most interested in continuing 
our investigations in this area as outlined above as well as providing research opportunities for 
students in the microwave and antenna area at CSUN.  The recently upgraded NSI Planar 
Scanner is an important laboratory resource in this regard.  While this is also true of the tapered 
chamber, its use on the present project revealed a number of deficiencies that require attention if 
it is to be a viable teaching tool.  We are taking the first step in this by refurbishing the mounting 
for the open ended waveguide probe.  This will greatly facilitate alignment.  We have also noted 
a ±1 degree backlash in the roll positioner.  This may require replacement.  Finally, the chamber 
system is currently limited to a frequency range of 1 to 3 GHz primarily due to rf equipment 
limitations.  Our long range goal is to completely replace the rf electronics thus extending the 
frequency range up to at least 20 and perhaps 30 GHz.  Another goal is the addition of a roll over 
azimuth positioner to the planar scanner to permit spherical scanning as well.  Such flexibility 
would be a very valuable teaching tool permitting treatment of all three common canonical scan 
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surfaces.  The resources for all these goals have yet to be identified.  Nevertheless, in the short 
term, the present systems with proper maintenance and a few minor upgrades will permit 
teaching and research within limits with significant associated benefit to military, industrial, and 
academic practitioners involved in antenna performance assessment. 
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