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SUMMARY. OF PRESENTATION

ethod for using millimeter (mm) wave
human subjects and objects is proposed
ructs a 3-D image of dielectric constant
nductivity.

1t is an extension of a working clinical method for

King 3-D images of breast cancer using ultrasound
ERSE SCATTERING TOMLGRAPHY.

entative specification and architecture is show to
ruct such a passenger scanner.

= 4. Using this architecture, images of two respective
simulated passengers, with objects of different
conductivities attached to their skin, were computed
using the Born approximation from simulated data.

= 5. Color scale rendition of these computed images
clearly show the same body but different objects.
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ole fo ‘mula for product c(x)o(
i %)

these four equations for c(x)
A 1ve a quantitative
rial meast

90(x) = [In(l,/L)Y(t-t).  Equ.()




Fresnel Reflection Coefficients:
Ev=sSs & EH=p

\ Figure 3 - Refraction plane
defined by incident,

\ reflected & refracted rays.
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http://upload.wikimedia.org/wikipedia/commons/0/02/Fresn
http://upload.wikimedia.org/wikipedia/commons/a/a0/Fresne

Reflection Coefficients: V& H

Reflection coefficient (%)
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Figure 4- Reflection coefficients
Rs (= Ry) and R;, (= Ry),
for n,> n,.
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Figure 5 - Reflection coefficients
Rs (= Ry) and R;, (= Ry),
for n,<n;,.
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snel’s'Conservation of Energy Laws
fg\r olarlzed Transmission and
Reflection

not amplitude) distribution among incident (I),
ST s is given by a third set of laws deduced by
ervation of e and are given for S polarization by

1 CC
b =(1r11 cosB;- n, cosOy )?/ (n; cosH; + n, cosO ).

(also called V or vertical polarization, since the electric vector is
to the 2-D reflection-refraction plane) and by

SR ;= (0, cosO; - n, c0s0))2/ (n; cosB+ n, cosh,)? ,

for P polarization (also called H or horizontal, since the electric field vector is in the
plane of reflection- refraction). Conservation of energy gives Ty =1- Ry and Ty; =1 -
Ry;. From the figures below we note that the S = V and P = H polarizations behave
very differently (they only take common values at 0 degree incident angles and at 90

degrees for non- internally reflection case.
9




=XLENSIOoN Of above
methods
(Ly/ 1, ) /(ti-tp).  Equ.(1)

n of e methods in a later version to
Fresnel reflection coefficients. As a
ment, we note that if the transmission (T, and
espective paths 1 and 2) and reflection
sients R, and R, for respective paths

3 X) (%) = [In(l; /L) - 2 In(T,/T,) - In(R,/Ry) [/(t; -t,)
Equ.(2)
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Hnding Absorption Coefficient
| o (X)

el formulas and measurements
and Ry = Ry, it is possible to
7e for n; and n,. Once n, and n, are known
‘possible to use the bi-static data to find the
ption coefficient from the product c(x)o(
hen, c,(x) = n,(x)c,(x), and the absorption
icient

5 6,(x) = [c(x)o( %) ],/ 0,(x).
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‘Comparison of Features

L-3

Provision
8.3 mm (air)

7.5 mm (air)

none

Proposed TSS System

4.7 mm (air)

4.3 mm (air)

(1) Fresnel Reflectivities: Ry, Ry for respective
V, H Polarizations.
(2) Product of attenuation coefficient and phase
speed = [(c,n)s].
(3) Attenuation = o2 = [(c,n)c]2/ (c n)2.
(4) Polarization: Ry /Ry or  (Ry-Ry)/ Ry
+ Rpy).



3lock Diagram of proposed

Scanner

A
h 4

Data Processor and
Acquisition Scanning display
Subsystem mechanism subsystem
controller

1-20 GHz  Stepped [ mm wave Block

Frequency Signal | _

Source & RCVR Down (transmit)
J’ 1 Antennas

mm wave Block

Antennas are
Rotated about
Body

Up/down (Converter)

(transmit/receive)

Scan Mechanism




nverse Scatter (Inversion)
_ r)”]JJrJ,)j}._, (IST) Ultrasound
sfeast Cancer Scanner
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F---F----

mmmm=e WAL (TechniScan)
Hand Held LIS

Marmmordaphy

A total of 29 patients had pathologic features,
but since mary patients had more than one
feature of interest, the total number of "farget”
areas was al.
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lop View of “phone booth
scanner”

}32 In dia. circle
~" 24 in dia circle

~_20in dia. circle

12 in dia. circle

Outline of body
/" top view

y | " Mono-static
O R | ¥——antenna
pair
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fansmitter switching circuits

| Frequency/Delay Gen. Method 1 |
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Alternate way wit
contro
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phase shift
source 1
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phase shift
source 2

frequency &
phase shift
source 3
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Master Clock Line

Digital Frequency
& Phase
Control Lines
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G5 (X)

snel formulas and measurements
and Ry = Ry, it is possible to

e for n, 2 Once n; and n, are known
possible to use pi-static data to find the
ption coefficient from the product c(x)o(
‘hen, ¢,(x) = n,(x)c,(x), and the absorption
“coefficient

8 0y(x) = [c(x)s(x)]o/ c2(%)-
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PIOTs of Iransmit vs. Receiver Plane
Hlement Number (scattering not shown)
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Viore Plots of Transmit vs. Receiver
Plane
EementaNumber (scattering not shown)
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THE FINAL STEP:
SIMULATION RESULTS

d mathematics indicates that the
ve imaging of layers of materials

osed and not lar.

, we skip ray-based inversion and pass on to
__ npled wave equation methods using an
inverse scattering approach.

Use the Born approximation, since the simulated
sample on the skin is thin (a few wave lengths thick).
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zing for Antenna
- Response

1gular, polarization, frequency,
ing and noise properties of
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Thank you.
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Specification

Band width = B
Number of frequencies = N;
Frequency sample interval = Df = B/N;

Lateral Resolution = A[(2sin(q/2)] =

Depth Resolution = ¢/2B =

Accuracy of reflectivity =D(R)/<R>

Accuracy of D(cs) /<(cs) > =
Polar [(<Ey>- < Ey>/(<Ey> + <Ey>](q) =

Stand-off Range (outside clothing)

Image rendering

Scan time

Compute time

Purchase price for customer

L-3 Provision

14 GHz
32
14 GHz/32 = 0.44 GHz

(26 to 40 GHz) => 8.3 mm

3x10°10/2x14x1079 => 1.07mm

Not quantattive

Not quantattive

none

Circle of R cm =40 cm

Holographic image rendered as a

gray surface

TABLE C -- Comparison of Technical Specifications

Proposed TSS System

40-50 GHz
90-100
40 GHz/95 = 0.42 GHz

50 to 90GHz) => 4.4 mm

3x10710/ (2x25x10"9 => 0.6 mm

10 %

10 %
0 % < polarization < 100 %

Circle of R cm less range gate =10 cm

Inverse scattering reconstruction with color scale calibrated
to material properties

4 sec
4 seconds

$300,000

B = bandwidth, q/2 =half angle of aperture, c = speed of light in air 3x10210 cm/sec. Finite skin thickness material parameter inversion. S = (0.61
MN)/(n sin(q/2)) = Resolution, A = wavelength, n = Refractive index, sin(q) = maximum angle of light gathering. Both n and sin(q) are constants for

a given objective lens, their product is referred to as N.A. or “Numerical Aperture”.




TABLE B -- Comparison of Features

L-3 Provision Proposed TSS System

Resolution on surface 8.3 mm (air) 4.4 mm (aiir)

Depth resolution 5mm (air) 0.6 mm (water)

1)

2) Product of attenuation coefficient and phase speed = [(c,n)s].
)
)

Material Characterization None Fresnel Reflectivities: Ry, Ry for respective V, H Polarizations.

3) Attenuation = s = [(c,n)s]/ (c,n).

(
(
(
(4) Polarization: Ry/Ry, (Ry - Ryy,)/ (Ry + Ry).

Image Rendering Gray surface Color surface with material classification
Scan time 2 seconds/scan 2 seconds/scan

Throughput 200 to 300 300 passengers/hour
passengers/hour

Cost (large production) $120,000 $200,000




Specification

Band width =B
Number of frequencies = N;
Frequency sample interval = Df = B/N;

Lateral Resolution = A[(2sin(q/2)] =

Depth Resolution = ¢/2B =

Accuracy of reflectivity =D(R)/<R>

Accuracy of D(cs) /<(cs) > =
Polar [(<Ey>- < Ey> /(<Ey> + <Ex>](q) =

Stand-off Range (outside clothing)

Image rendering

Scan time

Compute time

Purchase price for customer

L-3 Provision

14 GHz
32
14 GHz/32 = 0.44 GHz

(26 to 40 GHz) => 8.3 mm

3x10°10/2x14x10"9 => 1.07mm

Not quantattive

Not quantattive

none

Circle of R cm = 40 cm

Holographic image rendered as a

gray surface

3 sec
6 sec

$200,000

TABLE C -- Comparison of Technical Specifications

Proposed TSS System

40-50 GHz
90-100
40 GHz/95 = 0.42 GHz

50 to 90GHz) => 4.4 mm

3x10710/ (2x25x1079 => 0.6 mm

10 %

10 %

0 % < polarization <100 %

Circle of R cm less range gate = 10 cm

Inverse scattering reconstruction with color scale calibrated
to material properties

4 sec
4 seconds

$300,000

B = bandwidth, q/2 =half angle of aperture, ¢ = speed of light in air 3x10210 cm/sec. Finite skin thickness material parameter inversion. S = (0.61
MN)/(n sin(q/2)) = Resolution, A = wavelength, n = Refractive index, sin(q) = maximum angle of light gathering. Both n and sin(q) are constants for a

given objective lens, their product is referred to as N.A. or “Numerical Aperture”.
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