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ABSTRACT 
A large compact range facility required a foam column 
for RCS testing where the center of the quiet zone was six 
meters above the floor level.  The RCS measurement after 
vector background subtraction, had to be accurate down 
to a –50 dBsm level from 1.5 GHz to 40 GHz.  A foam 
column was constructed from a single billet of material. 
The foam column was evaluated as to its RCS level in 
both whole body and ISAR imaging modes. This paper 
describes the specification, construction and RCS 
evaluation of this column in the compact range facility.  
The column was evaluated at single frequencies and with 
RCS images from 2 GHz to 36 GHz using a gated CW 
radar.  Data is presented that shows the effects of the 
column on the response of a calibration sphere and the 
response of the column itself.   A study of the foam 
column imaging response used as the background for 
vector background subtraction is also described.  Targets 
in the –60 dBsm range were successfully imaged with 
vector background subtraction of the foam column. 
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1. Introduction 

A large anechoic chamber for antenna and RCS 
measurements has been constructed and commissioned 
for the Instituto Nacional De Tecnica Aerospacial in 
Torrejon de Ardoz, Spain.  The chamber includes a 
compact range reflector of a 32-foot focal length with the 
center of the quiet zone approximately 20 feet above the 
floor.  The frequency range for the facility is 1.5 to 40 
GHz. Although the range will eventually be equipped 
with a metal ogive pylon, for efficiency in testing the 
chamber performance, testing the range electronics and 
training of range operators, a foam column was used 
during these activities.  The task was to specify, construct 
and use a large foam column for these purposes.  A 
survey of the literature on testing foam columns and 
determining their effect on RCS measurements, identified 

several recent works in the literature on large columns 
(Berrie and Wilson [1], Berrie  [2], Wood and Collins 
[3]) but they dealt with outdoor conditions and 
frequencies at UHF or below.  There are also several 
recent papers covering frequencies up to 18 GHz, such as 
the ones by Wei [4] and Sickles [5], but the columns were 
smaller than 100 inches.  A measurement campaign on 
the foam column itself was integrated into range 
certification testing, providing new empirical data on 
large foam columns at frequencies into Ka Band. 

2. Foam Column Design and Construction 

The goal for the measurements was accurate (+/-2 dBsm) 
measurements of –50 dBsm targets.  Recent literature and 
well-known foam pylon information revealed several key 
points: 

• The column had to support targets of less 
than 50 pounds; so 1 lb/ft3 ESP foam could 
be used.  Of the EPS densities readily 
available, this density is the one most nearly 
transparent to microwave energy. 

• Sickles [5] and Brock [6] indicate that foam 
mount shadowing of the target can lead to 
significant measurement errors.  Therefore, 
the top of the column would be fabricated as 
a flat surface and targets would be mounted 
directly to that surface with non-conducting 
tape or glue as required.  Significant 
attention was placed on making the top and 
bottom of the pylon parallel so that as the 
column rotated, a lip of the top surface 
would not shadow the targets.   

• A single EPS billet of 40 x 40 x 240 inches 
was purchased and a hot wire system was 
constructed to cut the pylon to its final 
dimensions of 20” diameter at the top, 36” 
at the bottom and a height of 238”.  The 
bottom 72” of the column was given very 
little taper and then the column was 
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smoothly tapered to the final 20” diameter at 
the top. 

• A plywood surface was constructed and 
glued to the bottom of the pylon.  This was 
then joined to a turntable adapter plate that 
had the correct bolt pattern for an MI 
Technologies Model 6111 rotator.  This 
rotator was the one used in the system for 
measurements and the rotator used during 
the hot wire cutting process. 

• After cutting, the pylon surface was  
roughened to remove the flat surfaces 
created by the hot wire cutting process.  The 
final weight of the pylon and adapters, less 
the rotator, was approximately 300 pounds. 

Figure 1 shows the pylon during fabrication and Figure 2 
shows the pylon in place in the test facility. 

 

 
Figure 1. Pylon During Fabrication 

 
 

 
Figure 2. Foam Pylon in Test Facility with 14" Sphere 

 
3. Instrumentation and General Measurement 

Information 

The instrumentation consisted of an MI Technologies MI-
2097 Automated Microwave Measurement System, a 
custom, gated CW, RF front end and an MI-3001 
Workstation with software.  The RF front end was 
divided into three bands:  1.5 to 18 GHz, 18 to 26.5 GHz 
and 26.5 to 40 GHz, matching the three sets of compact 
range feeds used for RCS measurements. Transmit pulse 
widths varied from 25 to 40 ns; with receive gate widths 
from 20 to 25 ns.  These gate widths are representative of 
the normal settings for the targets measured in this 
facility. The range PRF was set to 4.125 MHz. The 
calibration target was a 14” diameter (-10 dBsm at optical 
frequencies) precision sphere.  Other targets included 
small spheres, horizontal cylinders and dihedrals.   

Data was collected using several acquisition scenarios.  
Each scenario covered a span of 2 to 3 GHz and was 
collected in the stepped frequency mode.  For example, 
one data set covered the 5 to 7 GHz band in 128 
frequency steps.  Data sets were collected from 2 GHz to 
36 GHz in these 2 to 3 GHz scenarios.  The column was 
rotated for each frequency group with position increments 
at the Nyquist imaging interval for that band.  The data 
sets could then be used directly for ISAR imaging 
processing, while whole body (single frequency) analysis 



could be performed on selected frequencies from the 
broadband data sets.   

For each band, the following measurements were 
performed: 

• Stepped frequency calibration data was 
collected at a single position on the 14” 
sphere. 

• A stepped frequency rotation was performed 
with the calibration sphere as the target 
object.   

• A stepped frequency rotation was performed 
on the foam column alone.  This 
measurement is calibrated to give the RCS 
return for the column. 

• A second rotation was performed on the 
column alone to serve as a background 
subtraction measurement for the sphere 
measurement. 

Shenefelt [7] discussed errors introduced via vibration of 
the RCS target support during a rotation of the target.  
The scan measurements were taken at a slow rotation rate 
to minimize this source of error, since vibration of a 20-
foot column at high rotation rates could be significant. 

4. Whole Body Measurements 

The primary issues for these measurements were (1) to 
determine the RCS of the column as a function of aspect 
angle and frequency and (2) to determine the effects of 
the column on a known target.  Table 1 shows a summary 
of the results of the measurements.   

The RCS of the foam column rose significantly with 
frequency as expected.  As the RCS of the column rose 
with frequency against the constant –10 dBsm sphere, the 
measurement of the sphere showed increasing error, 
which is shown in the “Perturbation of –10 dBsm Target” 
column of Table 1.  Figure 3 shows the calibrated data on 
the sphere with and without vector background 
subtraction at 4 GHz.  Note that since the column is more 
than 40 dB down from the sphere at this frequency, the 
effects on the sphere measurement are negligible.  Figure 
4 shows the same comparison at 25 GHz.  Note that since 
the column is only 25 dB down from the sphere, large 
excursions in the sphere data appear due to the column.  
However, note that the sphere data with vector 
background subtraction is much better behaved.  The 
variation in the sphere data with aspect angle is attributed 
to some slight nutation of the top of the pylon as it is 
rotated.  The primary observation on this data is that a 
stationary background data set on the foam column would 
not be sufficient for accurate measurements.  For any 
frequency above 4 GHz, a rotating background 

measurement is required and can be utilized to advantage, 
even for single frequency measurements.   

 

Table 1.  Narrow Band Foam Column Data 
Freq 

(GHz) 
Perturbation of 

–10 dBsm 
Target (dBsm) 

Column 
Only 

Average 
Value 

(dBsm) 

Column 
Only Peak 

Value 
(dBsm) 

  VV HH VV HH 
2 Negligible -49 -43 -45 -40 
3 Negligible -50 -52 -42 -43 
4 Negligible -50 -49 -43 -43 
5 +/- 0.2 -43 -44 -38 -39 
6 +/- 0.3 -40 -35 -35 -32 
7 +/- 0.1 -48 -48 -35 -32 
9 +/- 0.1 -44 -45 -36 -37 

10 +/- 0.1 -47 -47 -36 -37 
11 +/- 0.2 -43 -43 -34 -33 
12 +/- 0.2 -42 -41 -33 -31 
16 +/- 1.0 -35 -36 -27 -27 
17 +/- 0.6 -38 -38 -29 -30 
18 +/- 0.5 -40 -38 -30 -27 
24 +/- 1.2 -33 -36 -23 -25 
25 +/- 1.3 -35 -34 -25 -22 
26 +/- 1.5 -32 -34 -21 -25 
34 +/- 1.0 -31 -32 -22 -22 
35 +/- 1.5 -31 -33 -20 -24 
36 +/- 2.0 -32 -30 -22 -20 

 
5. Imaging Measurements 

 
The same raw data from section 4 was used in an ISAR 
imaging mode on the column by itself.  Table 2 shows a 
summary of the results of those imaging measurements.  
Figure 5 shows an example image of the column for C 
band, while Figure 6 shows an image of the column in 
upper Ku band.  All image processing was performed 
using a zero Doppler filter.  Note that volumetric 
scattering within the column is predominant, while 
surface scattering is negligible.   Table 2 shows the peak 
value of each image.   

 

 

 

 

 

 



Table 2.  Imaging Foam Column Data 
Freq 

(GHz) 
Column Only 
Peak Image 

Value (dBsm) 

Residue Clutter Level 
after Background 

Subtraction (dBsm) 
 VV HH VV HH 

2 - 4 -56 -55 -85 -87 
5 - 7 -57 -56 -83 -85 

9 - 12 -51 -50 -84 -80 
16 - 18 -48 -47 -74 -75 
24 – 26 -42 -40 -70 -68 
34 - 36 -40 -38 -66 -64 
 

The columns labeled “Residue Clutter Level after 
Background Subtraction” show the peak value left in the 
image when two foam column measurements are 
subtracted from one another.  This column of Table 2 
gives an indication of the clutter levels of an image when 
a rotated measurement of the column alone is used for 
vector background subtraction.  The data shows that from 
25 to 35 dB of clutter level suppression can be obtained 
with subtraction. 

Another set of data was collected in X band.  Three 
0.125” diameter spheres (optical RCS of –61 dBsm) were 
placed in a triangle on top of the pylon.  Calibration data 
was collected on the 14” sphere and both a three-sphere 
target and foam column alone rotation were performed.  
Figure 7 shows the ISAR image of the three spheres 
without performing vector background subtraction.  The 
image is essentially that of the foam column, since the 
return of the column is higher that the responses of the 
targets.  Figure 8 shows the image after vector 
background subtraction.  The spheres are clearly shown 
and their peak values are within +/- 1.0 dBsm of the 
theoretical value.  The clutter level of the image is below 
–80 dBsm with the subtraction. 

6. Conclusions and Observations 
The data shows several key points on making accurate 
measurements with a foam column: 
 

• Rotating background files are needed for 
accurate results.  Single position background 
measurements of a foam column can introduce 
significant errors in the measurement when the 
column is rotated under a target. 

• Taking care to eliminate foam material 
shadowing the target can improve accuracy. 

• Column nutation can be another error factor 
when using a foam column. 

• Accurate measurement of targets with RCS 
values below that RCS of the foam column can 
be made. 
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Figure 3. 14" Sphere @ 4 GHz with and without 
Background Subtraction 

 

 
Figure 4. 14" Sphere @ 25 GHz with and without 

Background Subtraction 

 
 
 
 
 
 

 

Figure 5. Foam Column Image at C Band 

 
 

 
Figure 6. Foam Column Image at Upper Ku Band 



 

 
Figure 7. Three -61 dBsm Spheres Image without Background Subtraction 

 

 
Figure 8. Three -61 dBsm Spheres with Background Subtraction 
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