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1
SUPER-RESOLUTION IMAGING RADAR

BACKGROUND

The present disclosure relates to super-resolution imaging
radar (SRIR). In particular, it relates to super-resolution
imaging radar that uses high-order imaging in order to
achieve enhanced resolution.

SUMMARY

The present disclosure relates to a system, apparatus, and
method for super-resolution imaging radar. In one or more
embodiments, the super-resolution imaging radar involves a
pulse signal generator that propagates N number of bursts of
radio frequency (RF) energy. Each burst contains M+1 num-
ber of single pulses. One of the single pulses of each burst is
an ancilla pulse, and the remaining M number of pulses of
each burst are propagated towards an object of interest. Also,
an array bucket detector (ABD) collects pulses that are
reflected from the object.

In one or more embodiments, the ancilla pulses are propa-
gated through a virtual lens. In addition, a virtual scanning
detector is used to detect the virtual ancilla electric field
propagated through the virtual lens. Additionally, a processor
uses the ancilla pulses, virtual lens properties, and virtual
scanning detector properties to calculate a virtual ancilla elec-
tric field, which would be present at the scanning detector
plane. Further, a coincidence circuit calculates a cross-time
correlation function of the electric fields of the reflected
pulses that are collected by the ABD and the virtual ancilla
electric field calculated by the processor. The coincidence
circuit uses cross-time correlation function results to generate
pixels of an image of the object.

In some embodiments, the M number of pulses sequen-
tially illuminate the object. In at least one embodiment, the N
number of bursts is inversely proportional to the granularity
of the image of the object. In one or more embodiments, the
ABD comprises a plurality of RF antenna elements. In at least
one embodiment, the condition

1
KL

K, =
AL M

must be satisfied. K| represents the transverse component of
the wave vector of the imaging fields emitted in each burst,
and K1 represents the transverse component of the wave
vector of the virtual ancilla field.

In one or more embodiments, the amplitudes of the
reflected pulses that are collected by the ABD are stored in
digital form. The cross-time correlation function is computed
using data that is stored in digital form. In some embodi-
ments, the cross-time correlation function is related to an
image-pixel intensity at a location of the virtual scanning
detector. In at least one embodiment, the cross-time correla-
tion function is given by

G2(M+1)(}2j) =

NE
> (T, %2))EL{(T1jo ) .. Eiy(Tutjs DEuj(Tog, 1) .
i=1
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-continued

Eyj(Tyj, DEo,(Toj, %2,).

szZIOCation of the virtual scanning detector; j=burst index

that corresponds to location ?2].:1 ,2,...,N; E=electric field;
E*=complex conjugate of the electric field; and T=time of
arrival of each burst.

In some embodiments, a method for obtaining super-reso-
Iution images involves providing a super-resolution imaging
radar (SRIR). In one or more embodiments, the SRIR com-
prises a pulse signal generator, an array bucket detector
(ABD), a virtual lens, a virtual scanning detector, a processor,
and a coincidence circuit. The method also involves propa-
gating with the pulse signal generator N number of bursts of
radio frequency (RF) energy, where each burst contains M+1
number of single pulses. One of the single pulses of each burst
is an ancilla pulse, and the remaining M number of pulses of
each burst are propagated towards an object of interest.

The method further involves collecting with the ABD
pulses that are reflected from the object. The method also
involves propagating the ancilla pulses through the virtual
lens and detecting with the virtual scanning detector the vir-
tual ancilla electric field. In addition, the method involves
calculating with the processor a virtual ancilla electric field,
which would be detected by the virtual scanning detector.
Also, the method involves calculating with the coincidence
circuit a cross-time correlation function of the electric fields
of' the reflected pulses that are collected by the ABD and the
virtual ancilla electric field calculated by the processor.
Lastly, the method involves, generating with the coincidence
circuit pixels of an image of the object by using cross-time
correlation function results.

In alternative embodiments, a super-resolution imaging
radar (SRIR) involves a pulse signal generator that propagates
N number of bursts of radio frequency (RF) energy. Each
burst contains M+1 number of single pulses. In addition, one
of the single pulses of each burst is an ancilla pulse, and the
remaining M pulses of each burst are propagated towards an
object of interest. The super-resolution imaging radar further
involves an array bucket detector (ABD) that collects pulses
that are reflected from the object, and a lens. The ancilla
pulses are propagated through the lens.

Also, the super-resolution imaging radar involves a scan-
ning detector that detects the ancilla electric field. In addition,
the super-resolution imaging radar involves a coincidence
circuit that calculates a cross-time correlation function of the
electric fields of the reflected pulses that are collected by the
ABD and the ancilla electric field detected by the scanning
detector. The coincidence circuit uses cross-time correlation
function results to generate pixels of an image of the object.

In other embodiments, a method for obtaining super-reso-
Iution images involves providing a super-resolution imaging
radar (SRIR). The SRIR comprises a pulse signal generator,
an array bucket detector (ABD), a lens, a scanning detector,
and a coincidence circuit. Also, the method involves propa-
gating with the pulse signal generator N number of bursts of
radio frequency (RF) energy. Each burst contains M+1 num-
ber of single pulses. And, one of the single pulses of each burst
is an ancilla pulse, and the remaining M pulses of each burst
are propagated towards an object of interest.

Further, the method involves collecting with the ABD
pulses that are reflected from the object, and propagating the
ancilla pulses through the lens. In addition, the method
involves detecting with the scanning detector the ancilla elec-
tric field propagated through the lens to the scanning detector
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plane. Further, the method involves calculating with the coin-
cidence circuit a cross-time correlation function of the elec-
tric fields of the reflected pulses that are collected by the ABD
and the ancilla electric field detected by the scanning detector.
Also, the method involves generating with the coincidence
circuit pixels of an image of the object by using cross-time
correlation function results.

DRAWINGS

These and other features, aspects, and advantages of the
present disclosure will become better understood with regard
to the following description, appended claims, and accompa-
nying drawings where:

FIG. 1 illustrates a schematic diagram of a super-resolution
imaging radar (SRIR), in accordance with at least one
embodiment of the present disclosure.

FIG. 2 shows test data from a simulation of a super-reso-
Iution imaging radar, in accordance with at least one embodi-
ment of the present disclosure.

DESCRIPTION

The methods and apparatus disclosed herein provide an
operative system for super-resolution imaging radar (SRIR).
Specifically, this system relates to super-resolution imaging
radar that uses high order imaging in order to achieve
enhanced resolution.

The disclosed system modifies a technique known as
“ghost imaging” in the optical regime, and adapts it for use
with high-resolution imaging radar. This modified technique
employs the fourth-order correlation of the electric fields in
the microwave or radio frequency (RF) regime to form an
image that has a 100x resolution improvement over current
state-of-the-art imaging radar. A direct comparison of the
disclosed system with the current state-of-the-art in imaging
radar shows that the point spread function (PSF) can be
decreased from 5-10 m to ~0.045 m.

Imaging radar works very much like a flash camera in that
it provides its own light to illuminate an area on the ground
and it takes a snapshot picture. But unlike a camera, imaging
radar uses radio wavelengths. A flash camera sends out a
pulse of light (i.e., the flash) and records on film the light that
is reflected back at it through the cameralens. Instead of using
a camera lens and film, imaging radar employs a radar
antenna and digital computer tapes and/or memory to record
the images. Imaging radar measures the strength and round-
trip time of the microwave signals that are emitted by the
radar antenna and reflected off a distant surface or object. As
such, a radar image only shows the light that was reflected
back towards the radar antenna.

Currently, there are two main types of imaging radar that
are used to generate high-resolution radar images. These two
main types are synthetic aperture radar (SAR) and inverse
synthetic aperture radar (ISAR). The first of these two types,
synthetic aperture radar, is a form of radar in which multiple
radar images are processed to yield higher-resolution images
than would be possible by using conventional means. Syn-
thetic aperture radar uses (1) one or more antennas mounted
on a moving platform, such as an airplane or spacecraft, to
illuminate a target area; (2) uses many low-directivity small
stationary antennas that are scattered over an area near the
target area; or (3) uses combinations thereof. In the case
where many low-directivity small stationary antennas are
employed, the many echo waveforms received at the different
antenna positions are post-processed to resolve the target
area.
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As such, a disadvantage of synthetic aperture radar is that
since synthetic aperture radar can only be implemented by
using one or more moving antennas over relatively immobile
targets, using multiple stationary antennas over a relatively
large area, or using combinations thereof, it requires a high
cost, complex system. Additional disadvantages of synthetic
aperture radar include the fact that it requires a lot of data
storage and the fact that it requires much post-processing in
order to generate the resulting image.

The second of the two main types of imaging radar that are
used to generate high-resolution radar images is inverse syn-
thetic aperture radar. Inverse synthetic aperture radar is used
to generate a two-dimensional (2D) high-resolution image of
atarget. Inverse synthetic aperture radar images are produced
by rotating the target and processing the resultant Doppler
histories of the scattering centers.

During operation of an inverse synthetic aperture radar, if
the target rotates in the azimuth direction at a constant rate
through a small angle, scatters will approach or recede from
the radar at a rate depending on the cross range position,
which is the distance normal to the radar line of sight with the
origin being located at the center of the target axis of rotation.
The rotation will result in the generation of cross range depen-
dent Doppler frequencies, which can be sorted by a Fourier
transform. This operation is equivalent to the generation of a
large synthetic aperture phased array antenna, which is
formed by the coherent summation of'the receiver outputs for
the varying target and/or antenna geometries. As such, if the
target is rotated through small angles, the resulting inverse
synthetic aperture radar image is the two-dimensional Fourier
transform of the received signal as a function of frequency
and the target aspect angle.

Conversely, if the target is rotated through large angles, the
Doppler frequency history of a scatter is non-linear and fol-
lows a sine-wave trajectory. The Doppler frequency history
cannot be processed directly by a Fourier transform because
the smeared Doppler frequency history will result in a loss of
cross range resolution. The maximum angle of rotation that is
processed by an unmodified Fourier transform is determined
by the constraint that the aperture phase error across the
synthesized aperture should vary by less than a specified
arbitrary amount, which is usually 45 degrees.

Inverse synthetic aperture radar has a few disadvantages.
One disadvantage is that inverse synthetic aperture radar
requires motion, which is usually a rotation, between the
image and the sensor. Other disadvantages include the fact
that inverse synthetic aperture radar requires a lot of data
storage and significant post-processing in order to obtain the
resulting image of the target.

It should be noted that both of the aforementioned types of
imaging radar, synthetic aperture radar and inverse synthetic
aperture radar, are limited to using second order correlations
of the electric fields in order to produce the resulting image.
Currently, there are no known techniques that use higher
order correlations for radar imaging. The system of the
present disclosure employs higher order correlations between
electromagnetic fields at radar frequencies to form images.
By employing higher order imaging, the resolution is
enhanced due to the mathematical superposition of many
exponential products.

The disclosed technique is similar to “coincidence imag-
ing” or ghost imaging in the optical regime. However, a
number of modifications are required in order to be able to
employ the technique for a radar configuration. In ghost
imaging, an object is imaged through the light that illuminates
the object and the light that is collected by a single-pixel
detector that has no spatial resolution (i.e., a bucket detector).
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This is accomplished through the use of two spatially corre-
lated beams. One of the beams illuminates the object, and the
photons transmitted by the object are collected by the bucket
detector. The other beam impinges on a multipixel detector
(e.g., a charge-coupled device (CCD) camera) without ever
passing through the object. Nevertheless, by correlating the
intensities measured by the bucket detector with the intensi-
ties of each pixel in the multipixel detector, an image of the
object is reconstructed.

The system of the present disclosure uses a technique that
is similar to the technique used in ghost imaging. The main
difference between these two techniques is that the system of
the present disclosure images an object through the use of
radio frequency (RF) energy and, conversely, ghost imaging
images an object through the use of beams of light. A detailed
discussion of the technique employed by the system of the
present disclosure follows.

In the following description, numerous details are set forth
in order to provide a more thorough description of the system.
It will be apparent, however, to one skilled in the art, that the
disclosed system may be practiced without these specific
details. In the other instances, well known features have not
been described in detail so as not to unnecessarily obscure the
system.

FIG. 1 shows a schematic diagram of a super-resolution
imaging radar (SRIR) 100, in accordance with at least one
embodiment of the present disclosure. In this figure, the
super-resolution imaging radar comprises a pulse signal gen-
erator 105, an array bucket detector (ABD) 110, a virtual lens
115, a virtual scanning detector 120, a processor (not shown),
and a coincidence circuit 125.

During operation of the super-resolution imaging radar
(SRIR), the pulse signal generator 105 propagates N number
of'bursts 130 of radio frequency (RF) energy. Each burst 130
of RF energy contains M+1 single pulses 135. One of the
single pulses of each burst 130 is an ancilla pulse 140, and the
remaining M pulses of each burst 130 are propagated towards
an object 145 of interest. As seen in this figure, M pulses
sequentially illuminate the object 145. The N number of
bursts 130 is inversely proportional to the granularity of the
resultant image of the object 145.

An array bucket detector 110 collects the pulses 150 that
are reflected from the object 145. In one or more embodi-
ments, the array bucket detector 110 comprises a plurality of
RF antenna elements. Various types of RF antenna elements
may be employed for the array bucket detector 110 of the
present disclosure. In some embodiments, the amplitudes of
the reflected pulses 150 that are collected by the array bucket
detector 110 are stored in digital form.

Also shown in this figure, the ancilla pulses 140 are propa-
gated through a virtual lens 115. The transverse components
of the wave vectors of the imaging fields KL emitted in each
burst 130 must satisfy the condition

1
KL

K, =
AL M

relative to the transverse component of the wave vector of the
virtual ancilla electric field K 1.

After a virtual ancilla electric field is propagated through
the virtual lens, a virtual scanning detector 120 detects the
virtual ancilla electric field along a plane 155. A processor
uses the ancilla pulses 140, virtual lens 115 properties, and
virtual scanning detector 120 properties to calculate a virtual
ancilla electric field, which would be present at the virtual
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6

scanning detector 120. A coincidence circuit 125 is used to
calculate the cross-time correlation function of the electric
fields ofthe reflected pulses 150 that are collected by the array
bucket detector 110 and the virtual ancilla electric field cal-
culated by the processor. In one or more embodiments, the
coincidence circuit 125 uses the amplitudes of the reflected
pulses 150 that are collected by the array bucket detector 110
and are stored in digital form to compute the cross-time
correlation function.

In analogy with the coincidence imaging case, the cross-
time correlation function, which is related to the image pixel

ntensity at X 5, 1s given by

G, ) ==
NE
Z (E5i(Tojs %2/)ELj(Tujn ) .. Eigp(Tagss DEaj(Tagja D) ..
i=1
Eyj(Tyj, DEoj(Toj. 2;)-
?2]. is the location of the virtual scanning detector 120. And,
?U is the location of the object 145. Also, j=1, 2, .. ., N; and
j is burst index that corresponds to location ?2].:1, 2,...,N.

In addition, E is the electric field, E* is the complex conjugate
of the electric field, and T is the time of arrival of each burst
130. In alternative embodiments, various other types of cross-
time correlation functions may be used with the disclosed
system. It should be noted that all of the functions that reside
in the box labeled “virtual” in this figure may be performed
virtually by software.

In alternative embodiments, some or all of the items that
reside in the box labeled “virtual” may actually be non-virtual
devices. For example, in at least one embodiment, a tangible
RF lens may be substituted for the virtual lens 115 depicted in
this figure. Additionally, in some embodiments, a tangible
scanning detector may be substituted for the virtual scanning
detector 120 of this system. In any embodiment where a
“virtual” device is present, a processor is used to calculate the
appropriate electric field.

After the coincidence circuit 125 computes the cross-time
correlation function, the coincidence circuit 125 uses the
cross-time correlation function results to generate pixels of an
image of the object 145. Each burst 130 is used to generate
one pixel of the resulting image. Subsequent bursts 130 fully
paint an image of the object 145. As such, the number of
bursts 130 will determine the granularity of the final image.

FIG. 2 shows test data from a simulation of a super-reso-
Iution imaging radar, in accordance with at least one embodi-
ment of the present disclosure. For this simulation, software
developed for quantum ghost imaging was adapted to simu-
late the super-resolution imaging radar of the present disclo-
sure. For this process, several assumptions were made for the
sake of simplicity, but the basic elements were preserved. For
this particular simulation, radiation at 1.76 cm (17.0 GHz)
was used to illuminate an object that was formed by two
apodized reflectors of 0.5 m radius. The two-apodized reflec-
tors were separated by 1.0 m, and located at 3.0 Km from the
source. The object was illuminated by bursts with M pulses,
and the resulting images are shown in this figure. As can be
seen in this figure, when the object is illuminated by either 50
or 100 pulses, the outline of the target is completely blurred.
When the number of pulses is increased to 200-265, a fully
resolved picture of the object is obtained.
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Although certain illustrative embodiments and methods
have been disclosed herein, it can be apparent from the fore-
going disclosure to those skilled in the art that variations and
modifications of such embodiments and methods can be
made without departing from the true spirit and scope of the
art disclosed. Many other examples of the art disclosed exist,
each differing from others in matters of detail only. Accord-
ingly, the art disclosed shall be limited only to the extent
required by the appended claims and the rules and principles
of applicable law.

We claim:

1. A super-resolution imaging radar (SRIR), the SRIR
comprising:

a pulse signal generator,

wherein the pulse signal generator propagates N number of
bursts of radio frequency (RF) energy,

wherein each burst contains M+1 single pulses,

wherein one of the single pulses of each burst is an ancilla
pulse, and the remaining M pulses of each burst are
propagated towards an object of interest;

an array bucket detector (ABD), wherein the ABD collects
pulses that are reflected from the object;

a virtual lens, wherein the ancilla pulses are propagated
through the virtual lens;

a virtual scanning detector, wherein the virtual scanning
detector detects the virtual ancilla electric field;

a processor, wherein the processor uses the ancilla pulses,
virtual lens properties, and virtual scanning detector
properties to calculate a virtual ancilla electric field,
which would be present at the virtual scanning detector;
and

a coincidence circuit, wherein the coincidence circuit cal-
culates a cross-time correlation function of the electric
fields of the reflected pulses that are collected by the
ABD and the virtual ancilla electric field,

and wherein the coincidence circuit uses cross-time corre-
lation function results to generate pixels of an image of
the object.

2. The SRIR of claim 1, wherein the M number of pulses

sequentially illuminate the object.

3. The SRIR of claim 1, wherein the N number of bursts is
inversely proportional to the granularity of the image of the
object.

4. The SRIR of claim 1, wherein the ABD comprises a
plurality of RF antenna elements.

5. The SRIR of claim 1, wherein the condition

1
KL

K, =
AL M

must be satisfied where,

KL represents the transverse component of the wave vec-

tor of the imaging fields emitted in each burst, and

K L represents the transverse component of the wave vec-

tor of the virtual ancilla field.

6. The SRIR of claim 1, wherein the amplitudes of the
reflected pulses that are collected by the ABD are stored in
digital form.

7. The SRIR of claim 6, wherein the cross-time correlation
function is computed using data that is stored in digital form.

8. The SRIR of claim 1, wherein the cross-time correlation
function is related to an image pixel intensity at a location of
the virtual scanning detector.

9. The SRIR of claim 1, wherein the cross-time correlation
function is given by:
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where
YszIOCation of the virtual scanning detector;

j=burst index that corresponds to location ?2].:1, 2,...

E=electric field,;

E*=complex conjugate of the electric field; and

T=time of arrival of each burst.

10. A method for obtaining super-resolution images, the
method comprising:

providing a super-resolution imaging radar (SRIR),

wherein the SRIR comprises a pulse signal generator, an

array bucket detector (ABD), a virtual lens, a virtual
scanning detector, a processor, and a coincidence cir-
cuit;

propagating with the pulse signal generator N number of

bursts of radio frequency (RF) energy,
wherein each burst contains M+1 number of single pulses,
wherein one of the single pulses of each burst is an ancilla
pulse, and the remaining M number of pulses of each
burst are propagated towards an object of interest;

collecting with the ABD pulses that are reflected from the
object;

propagating the ancilla pulses through the virtual lens;

detecting with the virtual scanning detector the virtual

ancilla electric field;
calculating with the processor a virtual ancilla electric
field, which would be present at the virtual scanning
detector, by using the ancilla pulses, virtual lens prop-
erties, and virtual scanning detector properties;

calculating with the coincidence circuit a cross-time cor-
relation function of the electric fields of the reflected
pulses that are collected by the ABD and the virtual
ancilla electric field detected at a virtual scanning detec-
tor plane; and

generating with the coincidence circuit pixels of an image

of the object by using cross-time correlation function
results.

11. The method for obtaining super-resolution images of
claim 10, wherein the M pulses sequentially illuminate the
object.

12. The method for obtaining super-resolution images of
claim 10, wherein the N number of bursts is inversely propor-
tional to the granularity of the image of the object.

13. The method for obtaining super-resolution images of
claim 10, wherein the ABD comprises a plurality of RF
antenna elements.

14. The method for obtaining super-resolution images of
claim 10, wherein the condition

1
KD,
M

Ky, =
must be satisfied where,
KL represents the transverse component of the wave vec-
tor of the imaging fields emitted in each burst, and
K 1 represents the transverse component of the wave vec-
tor of the virtual ancilla field.
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15. The method for obtaining super-resolution images of
claim 10, wherein the amplitudes of the reflected pulses that
are collected by the ABD are stored in digital form.

16. The method for obtaining super-resolution images of
claim 15, wherein the cross-time correlation function is com-
puted using data that is stored in digital form.

17. The method for obtaining super-resolution images of
claim 10, wherein the cross-time correlation function is
related to an image pixel intensity at a location of the virtual
scanning detector.

18. The method for obtaining super-resolution images of
claim 10, wherein the cross-time correlation function is given
by:

NE

GHMD () == > (B (Tojs )BT ) ..
i=1

Eni(Tujs DEu;(Taggs ) - Erj(Ty, i)EOj(TOjs }21'»,

where

szZIOCation of the virtual scanning detector;

j=burst index that corresponds to location ?2].:1 ,2,...,N;

E=electric field;

E*=complex conjugate of the electric field; and

T=time of arrival of each burst.

19. A super-resolution imaging radar (SRIR), the SRIR

comprising:

a pulse signal generator means,

wherein the pulse signal generator means propagates N
bursts of radio frequency (RF) energy,

wherein each burst contains M+1 single pulses,

wherein one of the single pulses of each burst is an ancilla
pulse, and the remaining M pulses of each burst are
propagated towards an object of interest;

an array bucket detector (ABD) means, wherein the ABD
means collects pulses that are reflected from the object;

a virtual lens means, wherein the ancilla pulses are propa-
gated through the virtual lens means;

avirtual scanning detector means, wherein the virtual scan-
ning detector means detects the virtual ancilla electric
field;

a processor means, wherein the processor means uses the
ancilla pulses, virtual lens means properties, and virtual
scanning detector means properties to calculate a virtual
ancilla electric field, which would be present at the vir-
tual scanning detector means; and

a coincidence circuit means, wherein the coincidence cir-
cuit means calculates a cross-time correlation function
of the electric fields of the reflected pulses that are col-
lected by the ABD means and the virtual ancilla electric
field,
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and wherein the coincidence circuit means uses cross-time
correlation function results to generate pixels of an
image of the object.

20. A super-resolution imaging radar (SRIR), the SRIR

comprising:

a pulse signal generator,

wherein the pulse signal generator propagates N number of
bursts of radio frequency (RF) energy,

wherein each burst contains M+1 number of single pulses,

wherein one of the single pulses of each burst is an ancilla
pulse, and the remaining M pulses of each burst are
propagated towards an object of interest;

an array bucket detector (ABD), wherein the ABD collects
pulses that are reflected from the object;

a lens, wherein the ancilla pulses are propagated through
the lens;

a scanning detector, wherein the scanning detector detects
the ancilla electric field; and

a coincidence circuit, wherein the coincidence circuit cal-
culates a cross-time correlation function of the electric
fields of the reflected pulses that are collected by the
ABD and the ancilla electric field,

and wherein the coincidence circuit uses cross-time corre-
lation function results to generate pixels of an image of
the object.

21. A method for obtaining super-resolution images, the

method comprising:

providing a super-resolution imaging radar (SRIR),

wherein the SRIR comprises a pulse signal generator, an
array bucket detector (ABD), alens, a scanning detector,
a processor, and a coincidence circuit;

propagating with the pulse signal generator N bursts of
radio frequency (RF) energy,

wherein each burst contains M+1 single pulses,

wherein one of the single pulses of each burst is an ancilla
pulse, and the remaining M number of pulses of each
burst are propagated towards an object of interest;

collecting with the ABD pulses that are reflected from the
object;

propagating the ancilla pulses through the lens;

detecting with the scanning detector the ancilla electric
field;

calculating with the coincidence circuit a cross-time cor-
relation function of the electric fields of the reflected
pulses that are collected by the ABD and the ancilla
electric field detected by the scanning detector; and

generating with the coincidence circuit pixels of an image
of the object by using cross-time correlation function
results.



