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O\ (57) Abstract: An X-ray imaging system is provided which includes an X-ray tube including, a cathode for emitting electrons; and
a dynamic anode. The dynamic anode receives the electrons from the cathode and generates an X-ray beam that is non- stationary.
The dynamic anode rotates between a first position where the X-ray beam is directed at a first location on an object and a second
position where the X-ray beam is directed at a second location on the object to generate the non-stationary beam.
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SYSTEM AND METHOD FOR IMPROVED FIELD OF VIEW X-RAY
IMAGING USING A NON-STATIONARY ANODE

BACKGROUND

The present invention relates to X-ray imaging, and more particularly, an X-ray imaging
system having a non-stationary anode for improved field of view imaging.

Vacuum tubes including rotating anodes bombarded by energetic electrons are well
developed and extensively used, particularly as X-ray tubes where the anode includes a
rotating X-ray emitting track bombarded by electrons from a cathode. The anode is rotated so
at any instant only a small portion thereof is bombarded by the electrons. Thus, since the
energetic electrons are distributed over a relatively large surface area.

However, heretofore using a rotating anode was done merely to keep the anode from
becoming too hot. In addition, in the conventional X-ray system, where the X-ray tube may
be powered on for long periods of time, the anode may also need to be cooled using a
running liquid that removes heat from the anode.

In any event, the rotating anode of a typical X-ray system provides merely a stationary
beam; that is to say the X-ray beam is always pointed at one particular location on the target.
The use of a rotating anode within the X-ray tube has not, heretofore, been used to expand
the imaging field of view, while maintaining low power requirements.

What is needed is an X-ray imaging system that has an expanded imaging field of

view, while simultaneously requiring less power.

SUMMARY

An improved system and associated method are provided for increasing the field of
view of an X-ray imaging system, while maintaining low power requirements. The disclosure
provides for increasing the field of view in an X-ray imaging system by using an X-ray tube
having a dynamic anode, which provides a non-stationary X-ray beam. The dynamic anodes
of the present disclosure, which provides a non-stationary X-ray beam, allows for a more
uniform and wider inspection area or field of view (compared to systems using anodes,
which provide stationary X-ray beams).

In one aspect, there is provided an X-ray imaging system, comprising;

an X-ray tube including:

a cathode for emitting electrons;

1811354-1 1
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a dynamic anode which receives the electrons from the cathode and generates an X-
ray beam that is non-stationary; and
a rotating collimator, wherein the relative movement of the rotating collimator and

dynamic anode are linked.

In another aspect, there is provided a method for imaging, comprising:

providing an X-ray tube having a moveable anode;

moving the moveable anode between a first position where the moveable anode directs
an X-ray beam at a first location on an object to a second position where the moveable anode
directs an X-ray beam at a second location on the object; and

rotating a collimator around the X-ray tube, the collimator having an aperture for
allowing a portion of the moving X-ray beam to be emitted therethrough.

Advantageously, electron bombardment and X-ray generation distributed using
dynamic anodes creates less heat, which in turn requires less cooling than a typical X-ray
imaging system. By requiring less cooling and a smaller cooling system, the size of the X-ray
tube may be reduced allowing for a smaller, portable X-ray imaging system. Furthermore,
dynamic anodes may operate at approximately 1/10 the wattage of a conventional X-ray
imaging system; this also improves the life of the dynamic anode.

Furthermore, using a dynamic anode may reduce the size of the X-ray tube which
may result in a less hazardous X-ray tube that is more environmentally friendly as less
radiation is emitted and less of the X-ray beam is lost when compared to a typical X-ray tube
with a stationary anode. Smaller X-ray tubes require less shielding so that the resulting X-ray
imaging system may be lighter, smaller and more portable. The use of a smaller X-ray tube to
radiate objects limits the focus of the emissions, thus less power is lost in the form of heat
and X-rays not being used to create an image.

Another advantage of using dynamic anodes is it allows for a larger, more parallel X-
ray fan without loss in X-ray photon density or an increase in geometric unsharpness.
Geometric unsharpness occurs when an X-ray fan emanating from an anode is too wide.

This also results in a reduction of contrast at the edge of the fan. The present disclosure
provides for the use of a small focal spot size, which equates to a sharper image and higher
resolution.

In certain embodiments the system is compact and lightweight so that it can be easily

transported and used within confined spaces or in environments where weight is a

1811354-1 2
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consideration, such as inside or underneath aircraft. Because systems and structures in
aircraft environments have various orientations and limitations to access, the system is

portable and adaptable.
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This brief summary has been provided so that the nature of the disclosure may be
understood quickly. A more complete understanding of the disclosure can be obtained by
reference to the following detailed description of the embodiments thereof in connection with

the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing features and other features of the disclosure will now be described with
reference to the drawings of various objects of the disclosure. The illustrated embodiment is
intended to illustrate, but not to limit the disclosure. The drawings include the following:

FIG. 1 is a simplified schematic top view of a typical X-ray tube having an anode
which delivers a stationary X-ray beam;

FIGS. 2A, 2B and 2C are simplified schematic top views of an X-ray tube having an
anode which delivers a non-stationary X-ray beam, according to one embodiment of the
disclosure;

FIG. 3 is a simplified schematic side view of the X-ray tube of FIG. 2A;

FIG. 4 is a simplified schematic top view of a typical X-ray backscatter system
having an anode which delivers a stationary X-ray beam,;

FIG. 5 is a simplified schematic top view of an X-ray backscatter system having an
anode which delivers a non-stationary X-ray beam, according to one embodiment of the
disclosure; -

FIG. 6 is a simplified schematic view of the internal structure of an X-ray tube having
an oscillating anode, according to one embodiment of the disclosure; and

FIG. 7 is a simplified schematic view of the internal structure of an X-ray tube having

a rotating anode, according to one embodiment of the disclosure.

DETAILED DESCRII’I‘ION
The present system is described herein with reference to two example embodiments.
Those of ordinary skill in the art will appreciate, however, that these embodiments are merely
examples. Alternative configurations from those shown in the attached figures may also
embody the advantageous characteristics described above. These alternative configurations
are within the scope of the present system.
FIG. 1 is a simplified top view of a typical X-ray imaging system 100, including an

X-ray tube 102 and an anode 104, which provides only a stationary X-ray beam (hereinafter

3
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“stationary anode 104”). Generally, X-ray tube 102 is a vacuum tube and includes a cathode
302 (FIG. 3) which emits electrons into the vacuum. Stationary anode 104 collects the
electrons, establishing a flow of electrical current through X-ray tube 102. To generate the X-
ray beam, electrons are boiled off the cathode by means of thermo-ionic-emission, and are
collided with the anode under a high energy electric field. X-rays are produced when the
electrons are suddenly decelerated upon collision with the anode. If the bombarding electrons
have sufficient energy, they can knock an electron out of an inner shell of the target metal
atoms. Then, electrons from higher states drop down to fill the vacancy, emitting X-ray
photons with precise energies determined by the electron energy levels and generating an X-
ray fan with the maximum flux of the beam at the center of the cone. The beam is radially
symmetric within a circular fan or cone of X-rays.

Stationary anode 104 generates the X-ray beam 106, which is emitted out from X-ray
tube 102 through window 108. In this example, X-ray beam 106 provides instantaneous
coverage ‘L’ to the extent of cone angle 8. The volume of electron bombardment and X-ray
generation required to provide full coverage L of object 110 requires a large amount of power
and creates large amounts of heat, which in turn requires a large cooling system. By requiring
large amounts of power and a large cooling system, the size of X-ray tube 102 must also be
large.

Referring again to FIG. 1, top and bottom portions X, and X, of object 110 lie outside
cone angle 0 and are therefore not subject to examination by X-ray beam 106. As a result, a
detector (not shown) would not receive data related to portions X; and X, and these portions
are therefore not included in any X-ray images generated of object 110.

FIGS. 2A, 2B, 2C are simplified schematic top views and FIG. 3 is a simplified side
view, of an X-ray imaging system 200 in accordance with an embodiment of the disclosure.
X-ray imaging system 200 includes X-ray tube 202 having dynamic anode 204, a cathode
302, and a continuous window 206, which allows for up to a 360 ° emission of X-ray beam
208 for a wider area of imaging.

In operation, cathode 302 emits electrons into the vacuum of X-ray tube 202.
Dynamic anode 204 collects the electrons to establish a flow of electrical current through X-
ray tube 202. Dynamic anode 204 generates an X-ray beam 208 that emits through window
206 in X-ray tube 202 to create an image of object 110 under examination.

In this embodiment, dynamic anode 204, is an anode that is made to move within X-
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ray tube 202, such that X-ray beam 208 is made to scan across object 110.

| For example, referring to FIG. 24, in operation, dynamic anode 204 may be pointed
in a first direction, such as toward top portion X; While pointed at position X, beam 208
covers a portion dY of object 110, which is proportional to the width of beam 208.

As shown in FIG. 2B, dynamic anode 204 may then be rotated as indicated by arrow
210 causing beam 208 to continuously move across an incremental portion dY across the
length of the entire object 110.

As shown in FIG. 2C, dynamic anode 204 may continue to rotate until beam 208 is
pointed in a second direction, such as toward bottom portion X; of object 110, covering the
incremental portion dY. In this manner, beam 208 is made to image the entire length (X, +
Xz + L) at increments dY. The rate of rotation of dynamic anode 204 may be set to any
desired rate which provides adequate imaging for an intended purpose. In one embodiment,
the rate of rotation of dynamic anode 204 may range from about 5 revs/sec to about 25
revs/sec. Dynamic anode 204 may be made to rotate or otherwise move to provide a non-
stationary beam using any conventional means, such as a motor and gear arrangement and the
like inside of the X-ray tube.

In another embodiment, an X-ray backscatter system is provided which includes an
X-ray tube (vacuum tube) that generates photons, and at least one silicon-based detector or
photo-multiplier tube. Generally, photons emerge from the source or anode in a collimated
“flying spot” beam that scans vertically. Backscattered photons are collected in the
detector(s) and used to generate two-dimensional or three-dimensional images of objects.
The angle over which the spot travels is limited by the X-ray fan angle coming off the anode.

An X-ray backscatter Non-Line-of-Sight Reverse Engineering application is the
subject of US Patent Application Serial Number 11/352, 118, entitled Non-Line Of Sight
Reverse Engineering For Modifications Of Structures And Systems, filed on February 10,
2006, the disclosure of which is assigned to the assignee of the present application, and the
disclosure of which is incorporated herein by reference in its entirety.

FIG. 4 is a simplified top view of a typical X-ray backscatter system 400, including
an X-ray tube 402 and an anode 404, which provides only a stationary X-ray beam
(hereinafter “stationary anode 4047). Stationary anode 404 generates the X-ray beam 406,
which is emitted from X-ray tube 402 through window 408.

In one embodiment, a rotating collimator 410, having an aperture 412, encircles X-
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ray tube 402 and rotates around stationary anode 404 such that aperture 412 rotates across the
length of window 408. A portion of X-ray beam 406 passes through aperture 412 as aperture
412 rotates across window 408.

In this example, stationary anode 404 X-ray directs beam 406 to the internal side of
collimator 410. Beam 406 impinges on collimator 410 to the extent of cone angle 8. As
aperture 412 of collimator 410 passes through beam 406 a small portion 416 of beam 406
passes through to provide coverage on object 414. Since most of beam 406 is not used to
impinge on to object 414, the power used to generate beam 406 is wasted.

FIG. 5 is a simplified illustration of an operational embodiment of an X-ray system
500, including dynamic anode 502, which can be made to rotate within the X-ray tube, for
example, in the direction of arrow 512. X-ray system 500 also includes continuous window
506, and a rotating collimator SO8 having aperture 510, which surrounds dynamic anode 502.
Generally, beam 504 is directed through aperture 510 to impinge on object 414 as rotating
collimator 508 rotates about anode 502. The X-rays back-scattered from the object are picked
up by a photo multiplier tube or solid state detector (not shown), which generates electric
signals that can be used to produce an image.

In one operational embodiment, the relative rotation of dynamic anode 502 and of
rotating collimator 508 is linked. Accordingly, in this embodiment, aperture 510 can be made
to rotate in constant alignment with dynamic anode 502. By linking the relative rotation of
anode 502 and collimator 508, X-ray beam 504 may be directed specifically at aperture 510
during the entire imaging operation. Because beam 504 is concentrated directly in the
vicinity of aperture 510 during the entire imaging operation, the concentration 512 of beam
504 which actually passes through aperture 510 represents a large percentage of the actual
beam 504.

Thus, the efficiency associated with using a more concentrated beam 504
continuously directed at aperture 510 as collimator SO8 and anode S02 rotate, allows for
using a smaller anode with a less powerful beam. In turn, the smaller anode allows the
dimensions of the X-ray tube to also be reduced, because of the lower size and power
requirements. ‘

By directing beam 504 continuously at aperture 510 during an imaging operation also
allows for complete circumferential beam coverage to cover a larger area of inspection with a

larger field of view. Alternatively, X-ray beam 504 may be made to obtain a more
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concentrated X-ray at a particular location.

Although the system and method of the present disclosure are described with
reference to a flying spot X-ray system (backscatter and transmission), those skilled in the art
will recognize that the principles and teachings described herein may also be applied to
conventional transmission X-ray systems and X-ray tomography systems.

FIG. 6 is a simplified schematic view of the internal structure of an X-ray system
including an X-ray tube having an oscillating anode, according to one embodiment of the
disclosure. In this embodiment, anode 602 may be made to oscillate, for example, as opposed
to rotate. Oscillating anode 602 collects electrons represented by arrows 604 while oscillating
back and forth about a central axis 606 of the X-ray tube. |

In this embodiment, oscillating anode 602 increases the X-ray photon lobe angle
without reducing the total number of photons per square centimeter. X-ray beam 608 is then
emitted from oscillating anode 602 generating an X-ray fan area 610, such that X-ray beam
608 is made to sweep across an object continuously to the endpoints of the oscillation.

Beneficially, oscillating anode 602 allows for an instantaneous increase or decrease in
the field-of-view (as represented by X-ray fan area 610), depending on the angle of
oscillation o, which may be as large as 120°. Oscillating anode 602 is oscillated using any
conventional oscillation means, such as an optical gimbal or galvometer provided inside of
the X-ray tube.

FIG. 7 is a simplified schematic view of the internal structure of an X-ray tube having
a rotating polygon shaped anode, according to one embodiment of the disclosure. Rotating
polygon shaped anode 702 includes faceted sides for changing the angle of incidence of an
X-ray beam and the corresponding X-ray beam lobe 704 and curved scanned range 706 that
result. By rotating polygon shaped anode 702, the location of electron bombardment and X-
ray generation is distributed so that the angle of incidence of the X-ray beam and the
corresponding X-ray beam lobe 704 and curved scanned range 706 that result are changed.

Those skilled in the art will recognize that the principles and teachings described
herein may be applied to a variety of structures and/or systems, such as aircraft, spacecraft,
ground and ocean-going vehicles, complex facilities such as power generation for both
commercial and government applications, power plants, processing plants, refineries,
military applications, and transportation systems, including, but not limited to, automobiles,

ships, helicopters, and trains. Furthermore, the present disclosure may be used for homeland
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security, as a personnel inspection system (portal) to look for hidden weapons under clothing
or in luggage, borescopic applications, such as inspection work where the area to be
inspected is inaccessible by other means and in the medical field or where a 360° field of
view is required. The X-ray tube can penetrate very large objects, such as vehicles, by going
inside the engine compartment or fuel tank which a normal X-ray imaging system cannot
access due to size.

Although exemplary embodiments of the disclosure have been described above by
way of example only, it will be understood by those skilled in the field that modifications
may be made to the disclosed embodiment without departing from the scope of the

disclosure, which is defined by the appended claims.
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The claims defining the invention are as follows:

1. An X-ray imaging system, comprising:
an X-ray tube including:
a cathode for emitting electrons;
a dynamic anode which receives the electrons from the cathode and
generates an X-ray beam that is non-stationary; and
a rotating collimator, wherein the relative movement of the rotating

collimator and dynamic anode are linked.

2. The system of Claim 1, wherein the dynamic anode rotates between
a first position where the X-ray beam is directed at a first location on an object and
a second position where the X-ray beam is directed at a second location on the

object to generate the non-stationary beam.

3. The system of Claim 2, wherein the dynamic anode rotates between

about 5 and 25 revs/sec.

4. The system of Claim 1, wherein the dynamic anode comprises an

oscillating anode to generate the non-stationary beam.

5. The system of Claim 1, wherein the dynamic anode comprises a

rotating multi-faceted anode to generate the non-stationary beam.

6. The system of Claim 1, wherein the X-ray beam generated by said
dynamic anode is continuously directed toward an aperture defined on the rotating
collimator as the rotating collimator moves from a first location to a second

location.

7. A method for imaging, comprising:

providing an X-ray tube having a moveable anode;

moving the moveable anode between a first position where the moveable
anode directs an X-ray beam at a first location on an object to a second position
where the moveable anode directs an X-ray beam at a second location on the
object; and

rotating a collimator around the X-ray tube, the collimator having an

1811297-1 9
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aperture for allowing a portion of the moving X-ray beam to be emitted
therethrough.

8. The method of Claim 7, further comprising moving a collimator
around the X-ray tube, wherein the relative movement of the collimator and the

moveable anode are linked.

9. The method of Claim 7, wherein the moveable anode comprises an

oscillating anode.

10.  The method of Claim 7, wherein the moveable anode comprises a

multi-faceted anode.

11.  The method of Claim 7, wherein the moveable anode comprises a

rotating multi-faceted anode.

Dated this 20th day of October 2008
THE BOEING COMPANY
By its Patent Attorneys
SPRUSON & FERGUSON
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