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(57) ABSTRACT

A contrast phantom for an active millimeter wave imaging
system is made from different materials or sections having
different reflectivities. The reflectivities incrementally
increase in discrete steps so that the phantom is useable to
calibrate the active millimeter wave imaging system. The
reflectivities preferably range from 0% to 100% and incre-
mentally and linearly increase in equal steps. A method of
producing the contrast phantom for the active millimeter
wave imaging system is also described.
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DEVELOPMENT OF A CONTRAST
PHANTOM FOR ACTIVE MILLIMETER
WAVE IMAGING SYSTEMS

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application represents a National Stage appli-
cation of PCT/US2012/031178, filed Mar. 29, 2012, entitled
“Development of a Contrast Phantom for Active Millimeter
Wave Imaging Systems”, which claims the benefit of U.S.
Provisional Patent Application Ser. No. 61/468,779, filed
Mar. 29, 2011, entitled “Development of a Contrast Phantom
for Active Millimeter Wave Imaging Systems”, the entire
contents of these applications are incorporated herein by ref-
erence.

BACKGROUND OF THE INVENTION

The present invention pertains to the art of contrast phan-
toms used to calibrate active millimeter wave imaging sys-
tems. Millimeter wave imaging is employed in personnel
screening systems to detect concealed explosives and weap-
ons. In order to benchmark performance of an active milli-
meter wave system, it is desirable to have a phantom that
contains materials that reflect incoming radiation such that an
analysis can be performed on the system to verify results. The
intensity of millimeter radiation observed from illumination
of a target material depends on the values of the real and
imaginary components of the complex dielectric constant,
and the target material’s geometric thickness. This has been
described in “Millimeter Wave Measurements of Explosives
and Simulants” by Barber, et al. in Proc. of SPIE Vol. 7670,
76700E, incorporated herein by reference. Briefly, the inten-
sity returned from a material is

(1-Rp)2
1 — RFRrexp(-2KL)

M

I=|Rr+ Rrexp(=2KL)| I

where R - is the front surface reflection, R ; the rear surface the
reflection, L is the length of the material, and K is the attenu-
ation in the material. The front and rear surface reflections are
functions of the dielectric constant of the material itself and
the materials at the interfaces. Using air as the surrounding
material, it is possible to plot the reflectivity of an arbitrary
material of infinite thickness as a function of real and imagi-
nary dielectric constant (€ and €"), yielding a plot 10 as
illustrated in FIG. 1 showing Reflectivity R at the air/surface
boundary of a material of complex dielectric constant e. Con-
tours 15 of constant R range from 0.1 to 0.7. This demon-
strates that for a reflectivity of interest, there is an ellipsoid of
solutions for combinations of real and imaginary dielectric
values which will yield that particular reflectivity from a
material. It is only necessary to tailor the material to match
one point on the ellipsoid of solutions.

The propagation of electromagnetic plane waves is well
understood. Consider a plane was propagating through free
space where the amplitude of the electric field is E,. The
dielectric constant of free space (vacuum) is defined as 1-i0,
where air can be substituted for vacuum to a first approxima-
tion. As the plane wave meets a boundary of a medium at
normal incidence, the plane wave is both reflected and trans-
mitted. The amplitude of the reflected and transmitted waves
are defined as

E,=rE,, ()]
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2
E=tE, 3

where r and t are the reflection and transmission coefficients.

L=V ena @)
y=|l—

1+ Veman
r=(1-r). )

Note that r and t are related to the electric field, and are to be
distinguished from reflectance R and transmittance T, defined
as

R=Ir2 (6)

=11 @]

which are related to intensity (the square of the electric field).
The complex dielectric constant (relative permittivity) of a
material is defined as:

®)

where €' and €" are the real and imaginary portions of the
complex dielectric constant. The dielectric constant of a
material is a frequency-dependent quantity and describes how
a material responds to electromagnetic waves. The dielectric
constant can be used interchangeably with complex index of
refraction as they are related quantities.

A detailed derivation of the reflected and transmitted waves
for a plane wave normally incident on a plane-parallel slab of
arbitrary material with particles much smaller than the wave-
length of the radiation has been described in “Absorption and
Scattering of Light by Small Particles” Wiley-VCH Wein-
heim (2004), incorporated herein by reference. The reflected
wave can be derived by considering the dielectric constants of
the slab and the surrounding material. For a slab of material of
thickness L in air, the reflection coefficient of the slab is given
by:

- _; "
ErattCmad "1 mart

r[l - exp(i“T”L@ )] ©

7
1- rzexp(i%L\/ Estab )

Fstab =

where A is the wavelength of the incoming radiation. For an
imaging portal operating over a narrow band of frequencies,
the signal returned is determined by the thickness of the
material and the dielectric constant. Thus, in order to simulate
the reflected signal expected from a slab of explosives, it is
necessary to match the complex dielectric constant of the
explosive with a different material to be used as the simulant.
In doing so, one can then configure the simulant identically to
an explosive and expect the same return. Note that r,,,—r
when the term in the exponential becomes large through some
combination of increasing thickness or complex dielectric
constant of the slab. As such, for opaque materials, there is an
ellipsoid of solutions for the complex dielectric constant that
will produce a desired reflectivity. This greatly simplifies the
process of creating simulants, as it is only necessary to find a
material whose complex dielectric constant falls on this ellip-
soid.

The theory of mixing component materials with regard to
dielectric constant is fairly well developed. The Landau &
Lifshitz, Looyenga equation, or

(Epminture) P =1 (€ PHv5(E)"? (10)
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provides a good approximation for determining the dielectric
constant of a mixture from those of the mixture’s individual
component materials. Here, e is the complex dielectric con-
stant and u is the volume fraction of the component material.
This has been used as a starting point for creating millimeter
wave simulants. Once the dielectric constant of a base has
been identified and measured, adjustments to the base mate-
rial can be made by doping with materials with different
dielectric, constants to change both the real and imaginary
portions of the formulation. When coupled with the thickness
of'the material, Equation (10) can be used to create a material
of any reflectivity.

As the development of active millimeter wave imaging
systems continues, it is necessary to validate materials that
simulate the expected response of explosives. Further, while
physics-based models have been used to develop simulants,
there exists a need in the art to image both the explosive and
simulant together in a controlled fashion and in order to
benchmark performance of an active millimeter wave system,
and there exists a need to have a contrast phantom containing
materials that reflect incoming radiation and allow an analysis
to be performed to verify the results generated by an active
millimeter wave imaging system are correct.

SUMMARY OF THE INVENTION

The present invention is directed to a contrast phantom for
an active millimeter wave imaging system. The contrast
phantom is made from different sections having different
reflectivities. The reflectivities incrementally increase in dis-
crete steps so that the phantom is useable to calibrate the
active millimeter wave imaging system. The reflectivities
preferably range from 0% to 100% and incrementally and
linearly increase in equal steps. Air is used to achieve a 0%
reflectivity, while a reflective material such as metal is use to
obtain 100% reflectivity. In another embodiment, a container
that is transparent to millimeter waves is used to contain least
one the materials including a liquid with a first dielectric
constant and a liquid with a second dielectric constant in
relative amounts selected to set a desired reflectivity. In yet
another embodiment the relative distance that reflected mil-
limeter waves travel through semi-transparent material
changes in each section to change the reflectivity of each
section. Preferably the materials are non-flammable and non-
toxic.

The invention is also directed to a method of producing a
contrast phantom for an active millimeter wave imaging sys-
tem. The method includes selecting a first material with a first
reflectivity; selecting a second material with a second reflec-
tivity; selecting a third material with a third reflectivity; and
arranging the first, second and third materials in a housing so
that the reflectivities incrementally increase in discrete steps
whereby a phantom is useable to calibrate the active millime-
ter wave imaging system. The method also includes arranging
the first, second and third materials in a housing so that the
reflectivities range from 0% to 100% and incrementally and
linearly increase in equal steps. In another embodiment, the
method includes filling a container that is transparent to mil-
limeter waves with at least one of the first, second and third
materials that includes a liquid with a first dielectric constant
and a liquid with a second dielectric constant, and adjusting
the relative amounts of the liquid with the first dielectric
constant and the liquid with the second dielectric constant to
set a desired reflectivity of the at least one of the first, second
and third materials.

Additional objects, features and advantages of the present
invention will become more readily apparent from the fol-
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4

lowing detailed description of preferred embodiments when
taken in conjunction with the drawings wherein like reference
numerals refer to corresponding parts in the several views.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a plot of Reflectivity R at the air/surface boundary
of'a material with a complex dielectric constant;

FIG. 2A is an isometric view of a contrast phantom made in
accordance with a preferred embodiment of the invention;

FIG. 2B is a top view of the contrast phantom of FIG. 2A;

FIGS. 3A-D show four images collected of a sample con-
trast phantom using different supports;

FIG. 4 is a graph of Reflection Coefficient versus 8-bit
grayscale of the mean grayscales of air, corn syrup, water, and
aluminum in the sample contrast phantoms of FIGS. 3A-D:

FIG. 5 is a close-up of the phantom shown FIG. 3A along-
side a close-up of a normalized phantom of FIG. 3D;

FIG. 6 is a graph of Reflection Coefficient versus 8-bit
grayscale of the mean grayscales of air, corn syrup, water, and
aluminum in the sample contrast phantoms of FIGS. 3A, 3D
and a normalized phantom of FIG. 3D;

FIG. 7 is a close-up image of a contrast phantom filled with
a liquid simulant and a liquid explosive precursor;

FIG. 8 is a graph of Reflection Coefficient versus 8-bit
grayscale of the mean grayscales of air, corn syrup, water, and
aluminum in the sample contrast phantom in FIG. 7;

FIG. 9 is an isometric view of a planar reflectivity contrast
phantom having reflectivities range from 0-100% from left to
right in 20% increments;

FIG. 10 is an isometric view of a cylindrical reflectivity
contrast phantom having reflectivities range from 0-100%
from top to bottom in 20% increments;

FIG. 11 is an isometric view of a contrast phantom having
separate sections with different reflectivities wherein each
section has a different thickness of semi-transparent material
with reflective backing;

FIG. 12 is an isometric view of a cylindrical contrast phan-
tom having separate sections with different reflectivities
wherein each section has a different thickness of semitrans-
parent material with reflective backing; and

FIG. 13 is a cross-sectional view of the contrast phantom
taken along the line 13-13 of FIG. 12.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

With initial reference to FIGS. 2A and 2B, there is shown
a reflectivity contrast phantom 20. Phantom 20 is constructed
for containing liquid explosives/precursor and liquid simu-
lants. As shown, phantom 20 has a housing 25 with several
sections or wells 31-36 preferably located in a linear fashion.
The wells 31-36 are filled with first through sixth materials
having first through sixth reflectivities. As shown in FIG. 2A
wells 31-34 are preferably filled with a liquid explosive/
precursor of interest, a candidate simulant, and two reflectiv-
ity standards, respectively. Well 35 is empty, and well 36
contains aluminum 37. Phantom 20 is preferably manufac-
tured from 0.5 in. thick sheets of Rexolite 1422 (C-Lee Plas-
tics Inc.). Rexolite is a cross-linked polystyrene material that
has been shown to have a stable dielectric constant up to 500
GHz. Sheet Rexolite, not shown, is cut into 24 in.x5 in.
rectangular sheets. One sheet 38 is shownin FIG. 2A, Six 3 in.
diameter wells 31-36 are bored through sheet 38. Channels 39
are cut into the sides of phantom 20 for wells 31-36, and
perfluoroalkoxy (PFA) polymer pipefittings 40 are used to
seal channels 39. A disk of aluminum 37 is inserted into well
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36, and well 35 is purposely left empty such that it only
contains air. Thin Rexolite sheets 41, 42, (0.010 in., 0.025 cm
in thickness), are used to cover the surfaces of sheet 38 in
order to minimize absorption and interference effects from
coherent radiation on the order of 1 cm in wavelength. Thin
sheets 41, 42 are glued to front and back surfaces of phantom
housing 25 to create a complete seal around wells 31-36.
Aluminum 37 in well 36 of phantom 20 acts like a mirror to
millimeter waves, thus having a reflection coefficient
assumed to be unity. Air in well 35 has a reflection coefficient
of'zero. Corn syrup 47 and water 48 were chosen as additional
reflection standards due to their dielectric properties and cita-
tion in the open literature. These are placed into wells 33 and
34, respectively as can best be seen in FIGS. 3A-3D. Previous
dielectric measurements via a coaxial probe are used to estab-
lish reflection coefficients 0f 0.47 for corn syrup and 0.77 for
water. The use of multiple materials with a range of relative
permittivity allowed for the establishment of a grayscale cali-
bration curve such as those shown in FIG. 4 for the images in
FIGS. 3A-3D and discussed further below.

Commercial MM W imaging systems provide only a black-
and-white image. In order to control the imaging scenario and
remove as many variables as possible, contrast phantom 20
has been designed to control the configuration of samples
while minimizing interference from phantom 20 itself. Addi-
tionally, phantom 20 is designed to contain materials that are
considered as “standards” in order to give calibration points
to the image. With samples in the same image as standards,
the image grayscale is calibrated in order to verify the accu-
racy of the calculated signal return while enabling a simple
grayscale comparison of simulant to explosive to determine a
match. The image grayscale scales linearly with reflection
coefficient if electric field magnitude is utilized by an imaging
system. Those systems that utilize intensity will produce an
image that scale linearly with reflectance, or the square of
reflection coefficient per Equation (6).

The method used for creating MMW simulants has been
described previously in the background. Briefly, the Landau
& Lifshitz, Looyenga equation, or

1/3_ 1/3
€ ZVE;

an

is a good approximation to determining the dielectric con-
stant of mixtures from those of its individual components.
Here, €; is the complex dielectric constant and v; is the vol-
ume fraction of the =% component. This has been used as a
starting point for creating millimeter wave simulants. Once
the dielectric constant of an explosive has been determined, a
base material with similar dielectric properties is identified
and measured. Adjustments to the base material are made by
doping with materials with different dielectric constants to
change both the real and imaginary portions of the simulant.

By way of example, reference will be made to data col-
lected during a representative experiment wherein millimeter
wave images were collected using a commercially-available
active millimeter-wave imaging system. The images, shown
in FIGS. 3A-3D, were saved using the system software in a
proprietary data format and later converted to a bitmap file
format. Image J, a software program, was then used to obtain
histograms and statistics on the grayscale values contained in
the regions of the image corresponding to the reflectivity
standards, explosive and simulant. FIGS. 3A-3D display four
separate images that were collected of phantom 20 using
various methods of support, with other objects in each image,
and at different distances from the imaging array. More spe-
cifically, FIG. 3A shows phantom 20 self-supported on a
rectangular plastic stand 51 close to the array. FIG. 3B shows
phantom 20 hung from a pole 52 using twine 53 and a screw
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clamp (not separately labeled) close to the array. FIG. 3C
show phantom 20 supported by pole 52 that has been relo-
cated approximately one foot backwards. Finally, FIG. 3D is
the same configuration as FIG. 3C with a steel sheet 54
inserted behind a lower portion of phantom 20. Phantom 20
can be seen to have six distinct wells, i.e., wells 31 and 32 are
empty, followed by corn syrup 47, water 48, air 49 and alu-
minum 37 in wells 33-36, respectively. Note that support pole
51 and steel sheet 54 are not visible through corn syrup 47 and
water 48, indicating that these materials are opaque in this
configuration.

An analysis of the images in FIGS. 3A-3D was performed
using an 8-bit grayscale, with black as value 0 and white as
value 255. The imaging system used assigned the point of
highest electric field to white, then scaled the rest of the image
accordingly. The section of FIG. 3A corresponding to alumi-
num 37 contains the white point in the image, leading to its
mostly white appearance. For FIGS. 3B and 3C, the white
point in the image is found to be from a plastic-covered screw
on the mounting stand. FIG. 3D is particularly striking, as
both aluminum 46 and steel 54 are gray, while plastic pipe
fittings 40, which are essentially transparent at these frequen-
cies, are now bright white.

As the materials in phantom 20 are the same from image to
image, there will be no change in their respective reflection
coefficients. If the millimeter wave source in the imaging
system were incoherent, any metal in the image would be
expected to appear white, as metal acts as a mirror. If the
imaging system contains a narrow-band coherent source, it is
possible to have constructive interference leading to electric
fields that are higher than one would expect from the simple
incoherent model. Metals, as well as opaque materials, will
appear identical under both coherent and incoherent illumi-
nation, but interference bands may be observed in transparent
materials. Despite changes in the absolute grayscale of phan-
tom 20 from image to image due to constructive interference,
the relative grayscale of the standard materials in phantom 20
(metal, water, corn syrup) is controlled solely by the dielectric
constant of the materials themselves.

FIG. 4 shows the mean grayscale for 398 pixels within the
areas of the images in FIGS. 3A-D associated with air 55,
corn syrup 57, water 58 and aluminum 59. The grayscale of
air 55 was determined by using a similar sized area of the
image that contains no objects. Error bars 60 represent one
standard deviation of the grayscale. Linear regression lines
65-68 have been added to show that the grayscale scales
linearly with reflection coefficient, indicating that the image
grayscaleis a display of the magnitude of the returned electric
field. If the imaging system used in this study generated
grayscale based upon intensity, this would result in curves
that would be second-order with respect to reflection coeffi-
cient. This linear relationship allows images to be normalized
in order to place them on a consistent basis. The left side of
FIG. 4 contains the image from FIG. 3 A unaltered, alongside
anormalized image from FIG. 3D positioned on the right side
of FIG. 4. Normalization has caused the mean grayscale
values for the areas containing air, aluminum, water and corn
syrup to match within the standard deviations of their respec-
tive areas as shown at 70-73 in FIG. 6. This process was
performed within the Image J software by resealing all gray-
scale values 94 to 255. While water 48 appears visually dif-
ferent when comparing the left side and right side images in
FIG. 5, they are indeed the same grayscale. This is an example
of an optical illusion called simultaneous lightness contrast,
showing that optical illusions should be considered when
performing image analysis via human perception.
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FIG. 7 is a close-up image of contrast phantom 20 filled
with a liquid precursor and its candidate simulant. The results
of an analysis of the grayscales of phantom wells 31-36 are
listed in Table 1, and FIG. 8 is a plot of the mean grayscales of
the phantom materials fit with a linear regression. Reflection
coefficients are calculated from permittivity values using
Equation (4). The mean grayscales of the simulant 81 and
precursor 82 are well within their respective standard devia-
tions, indicating that, for opaque samples, these two materials
will appear the same to the commercial system used in this
study. As the reflection coefficient has been matched here, and
not the complex permittivity, it should be noted that for thin,
semi-transparent samples, this simulant 81 may not be a
suitable match for this liquid precursor. The liquid simulant is
a non-flammable, non-toxic solution, allowing for the safe
testing of the imaging system used in this work by human
subjects.

TABLE 1

Results of grayscale analysis on FIG. 8. Results for air
were obtained from a representative section of the
background. Reflection coefficients are calculated

from permittivity measurements using Eqn. (4).

corn
metal water  syrup  precursor  simulant air

Refl. 1.00 0.77 0.47 0.60 0.60 0.00

Coeff.

Pixel 398 398 398 398 398 398

count

Mean 195.0 147.1 85.9 103.1 104.4 7.0

grayscale

Std. dev. 8.2 9.5 5.9 5.0 4.6 2.0

In terms of configuring phantom 20 for a millimeter wave
system, current millimeter wave scanners are generally either
planar or cylindrical in nature. For a planar system, it is
preferable that a contrast phantom 100 be planar, as depicted
in FIG. 9 showing six different sections 111-116 having mate-
rials of varying reflectivities. Preferably a material with a
metallic surface is used to create the 100% reflector, such as
by utilizing a metal foil or metallic paint covering another
material such as plastic. Alternatively the entire 100% reflec-
tor can be metal. A piece of radar absorbing material is used
to create a 0% reflector. Materials in between are selected
based upon their dielectric constants. These could either be
one or more solid materials in combination, or liquid materi-
als stored in a container made of a material that is transparent
to millimeter waves, such as low density polyethylene. The
relative amounts of each liquid or solid material are adjusted
to set a desired reflectivity. The dielectric constant of the
material inside a container is adjusted to remove effects from
the container itself, if necessary. A similar cylindrical phan-
tom 200 for a cylindrical system is depicted in FIG. 10 also
made of six different sections 211-216 having materials of
varying reflectivities. It is possible to create phantoms with
any range and in any increment desirable using this method.
One only need select the appropriate materials. Preferably,
the materials in each section 211-216 range from 0% to 100%
and incrementally and linearly increase in equal steps.

FIG. 11 shows a contrast phantom 300 with a planar front
side 305 having five different sections 311-315. First section
311 is formed of a semi-transparent portion 320 made of a
first material that is semi-transparent to millimeter wave elec-
tromagnetic radiation and has a metal backing 321. Second
section 312 is also formed of a semi-transparent portion 330,
made of a second material that is semi-transparent to milli-
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meter wave electromagnetic radiation and is thicker than
semi-transparent portion 320, and a has metal backing 331.
Likewise third and fourth sections 313, 314 have respective
semitransparent and metal portions 340, 341; 350, 351. Fifth
section 315 is preferably a reflector and is either all metal or
has a metal outer surface. With this arrangement each section
311-314 has progressively less reflectivity since the millime-
ter waves have to travel progressively longer distances though
semi-transparent sections 311-314, which are all preferably
made from the same semi-transparent material. While metal
section 315 is shown next to section 314, metal section 315
may also be placed next to section 311 so that phantom 300
has sections that range from 0% to 100% and incrementally
and linearly increase in equal steps.

FIGS. 12 and 13 show a contrast phantom 400 with a
cylindrical outer surface 405 and a stepped central hole 407,
in a manner analogous to contrast phantom 300, contrast
phantom 400 has different sections 411-415. First section 411
is formed of a semi-transparent portion 420 and has a metal
backing 421. Second section 412 is also formed of a semi-
transparent portion 430 that is thicker than semi-transparent
portion 420 and has a metal backing 431. Likewise third and
fourth sections 413, 414 have respective semi-transparent and
metal portions 440, 441; 450, 451. Fifth section 415 is pref-
erably a reflector and is either all metal or has a metal outer
surface. With this arrangement, each section 411-414 has
progressively less reflectivity since the millimeter waves have
to travel progressively longer distances though semi-trans-
parent sections 411-414, which are all preferably made from
the same semi-transparent material. While metal section 415
is shown next to section 414, metal section 415 may also be
placed next to section 411 so that phantom 400 would have
sections that range from 0% to 100% and incrementally and
linearly increase in equal steps. As shown, the size of each
section 420, 430, 440, 450 and associated metal backing 421,
431, 441, 451 varies in the radial direction such that the size
of each section varies from small to large moving from the
bottom to the top of FIG. 13 and therefore phantom 400 may
be used to verify the resolution of the active millimeter wave
system. The size of each section 420, 430, 440, 450 may also
vary in height, again from small to large, to verify the reso-
Iution of the active millimeter wave system. Preferably the
size of each section is on the order of 10 cm to avoid diffrac-
tion artifacts; however the sizes may be as small as 1 cm or
even on the order of one wavelength.

Based on the above, it should be readily apparent that the
present invention advantageously provides a reflectivity-
based contrast phantom for active millimeter wave imaging
systems. The phantom is designed with plastic, metal, and
liquid components that have known dielectric properties in
order to control their respective reflection coefficients. Image
collection indicates that the imaging system displays the
image grayscale as a function of the magnitude of the electric
field. While image artifacts from constructive interference in
thin materials can skew the overall grayscale, the grayscale of
the materials in the phantom maintain a linear relationship.
Using the known reflection coefficients of these materials, the
grayscale of separate images are normalized to one another. A
non-flammable, non-toxic simulant material has been devel-
oped to match the reflection coefficient of a liquid explosive
precursor, which has been successfully validated for an imag-
ing system. A phantom containing the simulant material can
beused to calibrate active millimeter imaging systems used at
various security screening centers such as airports. Although
described with reference to preferred embodiments, it should
be readily apparent that changes and/or modifications can be
made to the invention without departing from the spirit
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thereof. For example, the size and dimensions of the sections
of the phantoms shown in any of the preferred embodiments
may be changed to verify the resolution of an active millime-
ter wave system. In general, the invention is only intended to
be limited by the scope of the following claims.

The invention claimed is:

1. A contrast phantom for calibrating an active millimeter
wave imaging system comprising:

a first section with a first reflectivity;

a second section with a second reflectivity; and

athird section with a third reflectivity, with the first, second
and third reflectivities incrementally increasing in dis-
crete steps, when used.

2. The contrast phantom of claim 1, wherein the first sec-
tion contains a first material with a desired first dielectric
constant and the second section contains a second material
with a desired second dielectric constant.

3. The contrast phantom of claim 1, wherein the first,
second and third reflectivities range from 0% to 100% and
incrementally and linearly increase in equal steps.

4. The contrast phantom of claim 3, further comprising:

a fourth section with a fourth reflectivity; and

a fifth section with a fifth reflectivity.

5. The contrast phantom of claim 4, wherein the first reflec-
tivity is 0% and the fifth reflectivity is 100%.

6. The contrast phantom of claim 5, wherein the fifth sec-
tion contains a metal.

7. The contrast phantom of claim 4, further comprising:

a sixth section with a sixth reflectivity.

8. The contrast phantom of claim 1, further comprising:

a container provided in at least one of said first, second and
third sections, said container being transparent to milli-
meter waves and holding a liquid with a first dielectric
constant and a liquid with a second dielectric constant in
relative amounts selected to set a desired reflectivity of
the at least one of said first, second and third sections.

9. The contrast phantom of claim 8, wherein the at least one
of said first, second and third sections contains a material that
is non-flammable and non-toxic.

10. The contrast phantom of claim 8, wherein the first,
second and third reflectivities range from 0% to 100% and
incrementally and linearly increase in equal steps.

11. The contrast phantom of claim 10, further comprising:

a fourth section with a fourth reflectivity; and

a fifth section with a fifth reflectivity.

12. The contrast phantom of claim 11, wherein the first
reflectivity is 0% and the fifth reflectivity is 100%.

13. The contrast phantom of claim 1 wherein the first
section includes a first material of a first thickness that is
semi-transparent to millimeter wave electromagnetic radia-
tion and a reflective material and the second section includes
a second material that is semi-transparent to millimeter wave
electromagnetic radiation of a second thickness and a reflec-
tive material.
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14. The contrast phantom of claim 13 wherein the first
material is the same as the second material.

15. A method of calibrating an active millimeter wave
imaging system with a contrast phantom comprising:

selecting a first material with a first reflectivity;

selecting a second material with a second reflectivity;

selecting a third material with a third reflectivity;

arranging the first, second and third materials in sections so
that the first, second and third reflectivities incremen-
tally increase in discrete steps; and

calibrating the active millimeter wave imaging system with

the phantom.

16. The method according to claim 15, wherein the first,
second and third materials are arranged in a housing with the
first, second and third reflectivities ranging from 0% to 100%
and incrementally and linearly increasing in equal steps.

17. The method according to claim 16, further comprising:

selecting a fourth material with a fourth reflectivity; and

selecting a fifth material with a fifth reflectivity.

18. The method according to claim 16, further comprising:

filling a container, which is transparent to millimeter

waves, with at least one of said first, second and third
materials that includes a liquid with a first dielectric
constant and a liquid with a second dielectric constant;
and

adjusting relative amounts of the liquid with the first

dielectric constant and the liquid with the second dielec-
tric constant to set a desired reflectivity of the at least one
of said first, second and third materials.

19. The method according to claim 16, wherein selecting
the first material includes selecting a candidate simulant and
selecting the second material includes selecting an explosive
of interest.

20. The method according to claim 19 further comprising:

imaging the phantom with the active millimeter wave

imaging system; and

determining if the candidate simulant has the same reflec-

tivity as the explosive of interest whereby the simulant
and the explosive of interest appear the same to the
active millimeter wave imaging system.

21. A method of calibrating an active millimeter wave
imaging system with a contrast phantom comprising:

selecting a first material with a first reflectivity;

selecting a second material with a second reflectivity;

selecting a third material with a third reflectivity;

arranging the first, second and third materials in sections so
that the first, second and third reflectivities incremen-
tally increase in discrete steps;

calibrating the active millimeter wave imaging system with

the phantom;

varying a size of each section; and

testing the resolution of the active millimeter wave imaging

system with the contrast phantom.
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