
WO 2004/070421 PCT/US2004/002525  RADIATION SCANNING
OF CARGO CONVEYANCES AT SEAPORTS AND THE LIKE  Field
of Invention 5 [0001] Radiation scanning of objects,
and more particularly, radiation  scanning of cargo
conveyances for contraband. Background of Invention
[0002] Radiation is commonly used in the non-invasive
inspection of  objects such as luggage, bags,
briefcases, and the like to identify hidden  10
contraband. Contraband includes guns, knives,
explosive devices, as well as illegal drugs, for
example. As criminals and terrorists have become more
creative in the way they conceal contraband, the need
for more effective non- invasive inspection techniques
has grown. While the smuggling of  contraband onto
planes in carry-on bags and in luggage has been a well
15 known, on-going concern, a less publicized but also
serious threat is the  smuggling of contraband across
borders and by boat in large cargo  containers. Only
2%-10% of the 17 million cargo containers brought to
the  United States by boat are inspected. "Checkpoint
Terror", U.S. News and  World Report, February 11,
2002, p. 52. 20 [0003] One common inspection system is
a line scanner, where an  object to be inspected, such
as luggage, is passed between a stationary  source of
radiation, such as X-ray radiation, and a stationary
detector. The  radiation is collimated into a vertical
fan beam or a pencil beam and the object  is moved
horizontally through the beam. The radiation
transmitted through 25 the object is attenuated to
varying degrees by the contents of the object. The WO
2004/070421 PCT/US2004/002525  



attenuation of the radiation is a function of the
density of the materials through  which the radiation
beam passes. The attenuated radiation is detected and
radiographic images of the contents of the objects are
generated for  inspection. The radiographic image
reveals the shape, size, and varying  5 densities of
the contents. [0004] In a typical seaport environment,
a cargo ship is docked in the  seaport, and containers
are lifted off from the ship by a crane. The
containers  may be lowered by the crane onto a truck.
If it is decided to inspect the  container for
contraband then the truck takes the container to a
designated  10 inspection site. [0005] Typical X-ray
inspection systems, when used in a seaport or  airport
environment are impractical due to the size of the
cargo containers.  Standard cargo containers are
typically 20-50 feet long (6.1-15.2 meters), 8  feet
high (2.4 meters) and 6-9 feet wide (1.8-2.7 meters).
Air cargo 15 containers, which are used to contain a
plurality of pieces of luggage or other  cargo to be
stored in the body of an airplane, may range in size
(length,  height, width) from about 35 x 21 x 21
inches (0.89 x 0.53 x 0.53 meters) up  to about 240 x
118 x 96 inches (6.1 x 3.0 x 2.4 meters) Sea cargo
containers  are typically about 40-50 feet long, 8
feet wide and 8 feet high. (12.2-15.2 X 20 2.4 X 2.4
meters). Large collections of objects, such as many
pieces of  luggage, may also be supported on a pallet.
Pallets, which may have  supporting side wall, maybe
of comparable sizes as cargo containers. The  term
"cargo conveyance" is used herein to encompass cargo
containers  (including sea cargo containers) and
pallets. 2 WO 2004/070421 PCT/US2004/002525  



[0006] Fixed inspection systems have been proposed for
inspecting  large containers. For example, U.S. Patent
No. 4,430,568 to Yoshida  discloses an X-ray system
for the inspection of packages, including large
shipping containers. A conveyor moves the package or
container horizontally 5 between the X-ray source
supported on a floor and a detector array.  Similarly,
U.S. Patent No. 4,599,740 to Cable discloses a fixed
inspection  system, where an X-ray source transmits a
continuous beam of radiation  across a conveyor along
which the containers to be inspected are moved.  The
container may be moved either continuously or
incrementally. The 10 radiation transmitted through a
container is detected by a "folded" sensor  screen or
device having two, perpendicular arms, one extending
vertically  along a side of the container and the
other extending horizontally over the top  of a
container during inspection. The folded sensor enables
the system to  have a smaller height than would
otherwise be necessary in order to detect  15
radiation transmitted through the entire container.
[0007] It has also been proposed to scan large
containers with portable  X-ray imaging systems. For
example, U.S. Patent No. 5,638,420 to  Armistead
discloses a straddle inspection system, whereby the
radiation  scanning system (a source and detector) is
fixed to a movable frame and the 20 frame is moved
horizontally along the length of the container while
the image  data is sequentially recorded. Also, U.S.
Patent No. 5,692,028 to Geus et al.  discloses an
X-ray inspection system including a source and a
detector that  are mounted on a motor vehicle. The
vehicle is driven past the object in order  to scan
the contents of the object. It has been proposed to
inspect sea  25 containers with such systems. 3 



WO 2004/070421 PCT/US2004/002525  [0008] The systems
described above have several disadvantages. For
example, the systems take up valuable space in the sea
port. While the  Armistead and Geus patents were
designed to be portable in order to  minimize the
amount of space permanently dedicated to the X-ray
facility, 5 both of these systems are still large and
establish a large exclusion zone  when in use. In
addition, all of these systems may be easily defeated
within  the "large container" environment. For
example, once a container is unloaded  from the ship
and placed on the dock for delivery to the inspection
station,  contraband can be easily removed before
inspection. The above stated 10 systems also have slow
inspection speeds. The containers can be typically
unloaded from a ship more rapidly than the scanner can
complete its  inspection. Therefore, there is still a
need for improved inspection systems for  sea
containers at a sea port. [0009] It has also been
proposed to mount a radiation detector on a  15 crane
system, to detect radiation emitted by radioactive
materials within a  cargo conveyance being moved by
the crane system. Such systems cannot  detect
contraband that is not radioactive or is shielded.
Summary of the Invention [0010] In one embodiment of
the invention, a radiation scanning system  20
comprises a radiation source, such as source of X-ray
radiation, and a  radiation detector that are
proximate a crane system that moves objects, such  as
cargo and sea containers and other cargo conveyances,
from one location  to another. Here, a "crane system"
may be any system that lifts an object  from a first
location and lowers the object onto a second,
different location. 25 The crane system moves the
object through a space between the source and  



4 WO 2004/070421 PCT/US2004/002525  the detector so
that the object may be scanned. The crane system may
move  objects, such as sea containers and other types
of cargo conveyances, off of  and onto a ship at a
seaport, for example. The source and/or detector may
be  supported by the crane system or may be near to
the crane system, 5 supported on the ground, for
example. The term "proximate" here means  supported by
or near to. The term "near to" as used herein means
any  location to which the crane is capable of passing
an object. If not supported  by the crane system, the
source and/or detector are preferably within a profile
defined by the crane system, so that no additional
space is taken up by the  10 radiation scanning
system. [0011] In the context of a seaport, an object
being unloaded from a ship  may be lowered through a
radiation beam emitted by the source and detected  by
the detector, for example. Alternatively, objects
being loaded onto a ship  may be lifted from the
seaport and raised through the radiation beam, while
15 being loaded onto a ship. The system enables the
examination of large cargo  conveyances during the
loading and unloading, without requiring that the
conveyances be taken to an isolated examining
facility. Additionally, since in  this embodiment the
radiation source and detector are preferably supported
by or within the profile of the crane system, no more
space is taken up by the  20 system, than the space
already taken up by the crane system, itself. Brief
Description of Drawings [0012] Fig. la is a schematic
representation of a radiation scanning  system
supported by a crane system in accordance with one
embodiment of  the invention; 



25 [0013] Fig. 1 b is a rear view of the radiation
scanning system of Fig.1;  5 WO 2004/070421
PCT/US2004/002525  [0014] Fig. 2 is a top view of a
cargo conveyance being lowered  through a radiation
beam emitted by a source, such as a linear
accelerator, in  the embodiment of Fig. 1; [0015] Fig.
3 is a side view of an alternative source for use in
the  5 embodiment of Fig. 1; [0016] Fig. 4 is a front
view of the source of Fig. 3; [0017] Fig. 5 is side
view of the source of Fig. 3, in use in the radiation
scanning system of Fig. 1; [0018] Fig. 6 is a top view
of a cargo conveyance being lowered  10 through a
radiation beam emitted by the source of Fig. 3; [0019]
Fig. 7 is a partial top view of a cargo conveyance
being lowered  through three radiation beams emitted
by three respective sources, in the  embodiment of
Fig. 1; [0020] Fig 8 is a side view of another
embodiment of the invention,  15 wherein a radiation
source and a detector are supported by the ground
proximate the crane system; [0021] Fig. 9 is a top
view of the embodiment of Fig. 9; and [0022] Fig. 10
is a top view of a seaport in accordance with an
embodiment of the invention, incorporating the
radiation scanning system of  20 Fig. 8. Detailed
Description of the Preferred Embodiments [0023] Fig.
la is a schematic representation of a radiation
scanning  system 10 in accordance with one embodiment
of the present invention. In  



this embodiment, the system 10 comprises a crane
system 12 supporting a 25 radiation source 14 and a
radiation detector 16. The crane system 12 may be  6
WO 2004/070421 PCT/US2004/002525 a standard crane for
unloading and loading cargo conveyances 18, such as
sea containers and pallets, for example, from a ship
20 at a seaport 22, as is  known in the art. In
accordance with the present invention, the crane
system  12 may be any device used to lift an object
from one location and lower the  5 object onto another
location. [0024] The crane system 12 comprises
opposing vertical structures 24,  26 supporting a boom
arm 28. A conveying system 30 is supported by the
boom arm 28. The conveying system 30, the details of
which are not shown  but are known in the art, may
comprise a carriage or, spreader bar 32 for 10
securing a cargo conveyance 18 or other such object.
The carriage 32 is  suspended from a chain or metal
rope 34 driven around pulleys by a motor  (not shown).
The conveying system 30 may lift a cargo conveyance 18
via  the carriage 32 off of a ship vertically, as
indicated by arrow A, move the  cargo conveyance
horizontally towards the seaport 22, as indicated by
arrows 15 B, and lower the cargo conveyance onto a
truck 34, or onto the seaport, itself,  as indicated
by arrow C. The crane system 12 may be operated by an
operator located in a control compartment 36, for
example. The carriage 32 is  released and returned by
the conveying system 30 to the ship 20, to be  secured
to another cargo conveyance 18. The process is
reversed to load  20 cargo conveyances 18 onto the
ship 20. [0025] Fig. 1 b is a rear view of the
radiation scanning system 10,  showing the source 14
supported on a crossbeam 38 (also shown in Fig. 1 a)  



connecting a pair of vertical supports 24a, 24b of
vertical structure 24. The  detector 16, not shown in
this view, is similarly supported on a cross beam 25
between vertical supports of vertical structure 26.
The guide 40 and the ship  7 WO 2004/070421
PCT/US2004/002525  20 are also not shown in this view.
The source 14 and the detector 16 are  separated by a
sufficient distance for a cargo conveyance 18 or other
such  object to be lowered between them. Also shown in
this view is an upper  cross-beam 29 that supports the
boom arm 28. 5 [0026] The radiation source 14 and
detector 16 may be supported by  an existing
cross-beam or additional cross-beams and accompanying
supporting structure may be added to support the
source and/or the detector,  depending on the size and
structure of the crane system 12 and the desired
distance between the source and the detector, for
example. A standard crane 10 system 12 may be readily
retrofit to include the source 14 and the detector 16.
[0027] While the cargo conveyance 18 is being moved
between the  source 14 and the detector 16 (either
raised or lowered), the source emits a  radiation beam
43 onto a face 18a of the cargo conveyance 18. The
detector 16 detects radiation transmitted through the
cargo conveyance 18. 15 By moving the cargo conveyance
18 completely through the beam, the entire  conveyance
may be scanned. [0028] Preferably, the radiation beam
43 is a horizontally diverging  beam. More preferably,
the radiation beam is a horizontally diverging fan
beam. A cone beam may be used, as well. Here, the term
"fan beam" refers 20 to a diverging radiation beam
having essentially only one dimension, such as  a
horizontal direction. The term "cone beam" refers to a
two dimensional  



diverging radiation beam, such as a radiation beam
that diverges horizontally  and vertically. The cone
beam need not be a mathematical cone; it may be  an
arbitrarily shaped cone with a cross-section having an
outer edge with a 25 rectangular, square, circular or
elliptical shape, for example. The radiation  8 WO
2004/070421 PCT/US2004/002525  beam may be a
rectangular asymmetric cone beam, for example. The
horizontally diverging beam 43 may be defined by one
or more collimators, as  is known in the art. The
collimator may be integrated with the source 14.
[0029] A guide 40 comprising tapered walls 42 may be
provided 5 proximate the source 14 and the detector 16
to help guide the cargo  conveyance 18 as it is being
moved between the source 14 and the  detector 16. If
the cargo conveyance 18 is scanned as it is being
lowered, as  in the embodiment of Fig. 1 a, the guide
40 is above the level of the source 14  and detector
16. If the cargo conveyance 18 is scanned while it is
being 10 raised, the guide 40 is below the level of
the source 14 and detector 16. The  guide 40 may be
supported by horizontal beams 42a attached to the
crane's  supporting structures 24, 26, for example.
One pair of opposing tapered  walls 42 are shown in
Fig. 1 a. A second pair of opposing walls, transverse
to  the first pair, may be provided, if desired. 15
[0030] Fig. 2 is a top view of a horizontally
diverging radiation beam 43  scanning a cargo
conveyance 18 being lowered vertically through the
beam.  In the prior art, in contrast, an object is
typically moved horizontally through a  vertically
diverging beam. The source 14 and detector 16 are
shown. [0031] The detector 16 may be a detector array.
The detector array 16  20 may have one long portion
16a behind the cargo conveyance 18 and two  



short portions 16b, 16c parallel to each other and
perpendicular to the long  portion 16a. The short
portions 16b, 16c face the side walls 18b, 18c of the
cargo conveyance 18. The short portions 16b, 16c
detect radiation  transmitted through the sides 18b,
18c of the cargo conveyance 18. Providing 25 such
short, parallel portions enables the detector array 16
to be more  9 WO 2004/070421 PCT/US2004/002525
compact. Instead of the short parallel portions 18b,
18c, a longer long portion  16a may be provided to
capture all the radiation transmitted through the
cargo  conveyance 18. The detector or detector array
16 may be curved, as well. It  may be semi-circular,
for example. 5 [0032] The radiation source 14 may be a
source of X-ray radiation,  such as Bremsstrahlung
radiation, for example. To examine cargo  conveyances
having a width "W" (see Fig. 1 a and Fig. 2) greater
than about 5  feet (1.5 meters) by a radiation
scanning system 10 in accordance with the  embodiment
of Fig. 1, the X-ray source 14 preferably generates a
radiation 10 beam 43 having a peak energy greater than
about 1 MeV. More preferably,  the X-ray source 14
generates a radiation beam 43 having an energy greater
than about 6 MeV, for example. The X-ray source 14 may
be a linear  accelerator, such as a Linatron(r) Linear
Accelerator ("Linatron(r)"), available  from Varian
Medical Systems, Inc., Palo Alto, CA ("Varian") for
example. 15 Other types of X-ray sources may be used
as well, such as electrostatic  accelerators,
microtrons and betatrons, for example. X-ray tubes may
also be  used, particularly for cargo conveyances and
other objects having a width W  less than about 5 feet
(1.5 meters). [0033] To detect a fan beam, the
detector array 16 may be a one  



20 dimensional detector array comprising modules of
detector elements, as is  known in the art. Each one
dimensional detector module may comprise a  single row
of a plurality of detector elements. The detector
elements may  comprise a radiation sensitive detector,
such as a scintillator, and a  photosensitive
detector, such as a phototube or photodiode, as is
known in 25 the art. A high density scintillator, such
as a cadmium tungstate scintillator,  10 WO
2004/070421 PCT/US2004/002525  may be used. The
scintillator may have a density of 8 grams per cubic
cm, for  example. Appropriate cadmium tungstate
scintillators are available from Saint  Gobain
Crystals, Solon, Ohio, U.S.A. and Spectra-Physics
Hilger Crystals,  Kent, U.K. for example. Detector
modules having detection efficiencies of 5 from about
10% to about 80% are preferably used, depending on the
radiation  spectrum of the radiation beam 43. [0034]
Multiple, closely spaced, parallel fan beams may also
be defined  by one or more collimators. In that case,
a row of one dimensional detectors  may be provided
for each fan beam. 10 [0035] The detector array is
electrically coupled to a processor 46, such  as a
computer, through an analog-to-digital converter 48.
The processor 46  reconstructs the data output by the
detector array 16 into images which may  be displayed
on a monitor 50 on site or at another location. While
one  processor 46 and A/D convertor 48 are shown,
additional processors, AID 15 converters, and other
signal processing circuits may be provided, as is
known  in the art. [0036] If a cone beam is used, the
detector array may comprise one or  more rows of two
dimensional detector modules. A two dimensional
detectors  



module may comprise a plurality of rows and columns of
detector elements. 20 [0037] The horizontal length of
a horizontally diverging beam 43 at the  face 18a of
the cargo conveyance 18 may be slightly greater than
the width of  the conveyance. The vertical height of a
fan beam at the face 18a may be  from about 2 mm to
about 10 mm, for example. If a cone beam is used, it
may have a vertical height of from about 200 mm to
about 400 mm at the  25 face 18a, for example.
-------- -- 11 WO 2004/070421 PCT/US2004/002525
[0038] Collimators (not shown) may also be provided
between the  object and the detector array 15 to block
scattered radiation from reaching the  detector array
16. [0039] Shielding may be provided as needed. Lead
curtain shields 52,  5 53 may be provided behind the
detector 16 to capture scattered radiation.  Curtain
53 prevents scattered radiation from crossing the deck
20b of the  ship 20, where there may be workers. A
radiation stop 54 may be provided  behind the detector
16, supported by the crane system 12. The operator
compartment 36 may be shielded to protect the
operator. Shielding, such as 10 additional lead
curtains, may also be provided on the sides of the
crane  system 12 as well, if desired. The hull 20a of
the ship 20 may provide  shielding instead of or in
addition to the radiation stop 54 and/or at least part
of the lengths of the lead curtains 52, 53. An
advantage of this embodiment  of the invention is that
radiation is used in regions that are normally 15
unoccupied, decreasing shielding requirements as
compared to at least  certain prior art systems. 



[0040] The radiation scanning system 100 will
generally be able to  examine cargo conveyances 18 as
fast as they can be moved by the crane  system 12. For
example, if the radiation source is a linear
accelerator 20 generating a fan beam having a width of
about 5-7 mm at the face 18a of the  cargo container
18 and emitting radiation beams at a rate of 300
pulses per  second, it would take about 2 seconds to
scan a cargo conveyance 18 having  a height of about
2.5 meters, with a spatial resolution of about 5 mm.
[0041] A radiation beam 43 emitted along a
longitudinal axis 14a  25 (shown in Fig. 2) of a
typical radiation source 14 has its highest intensity
along  12 WO 2004/070421 PCT/US2004/002525  the axis.
The intensity drops rapidly as the angle from this
axis 14a  increases. It is therefore preferable not to
emit a radiation beam of too wide  of an angle. For
example, it is preferred that the angle of the beam
not  exceed 30 degrees. In order to illuminate the
entire face 18a of a long object, 5 such as a sea
container, with a narrow beam, however, the source 14
must  be far from the face. Intensity also drops by
the square of the distance  between the source 14 and
the face 18a. In the example of .Fig. 2, if the  cargo
conveyance is a sea container having a length L of 40
feet (12.2  meters) long, a radiation beam 43 emitted
over an angle X of about 25 10 degrees must be about
43 feet (13.1 meters) from the face 18a to illuminate
the entire face. The angle X of the radiation beam 43
and the distance  between the source and the face 18a
are factors to be balanced in the design  of the
radiation scanning system 10. [0042] Fig. 3 shows an
alternative configuration for the radiation source  15
14 that enables the source to be much closer to the
cargo conveyance 18,  



and still illuminate the entire face 18a of a cargo
conveyance with a more  uniform radiation beam than a
beam emitted by the source 14 of Fig. 2. The  X-ray
source 100 in Fig. 3, referred to as a "panoramic"
radiation source, is  described in Application No.
10/199,781 filed on July 19, 2002, assigned to 20 the
assignee of the present invention and incorporated by
reference, herein.  The panoramic source 100 comprises
a linear accelerator body 102, which  may be a Varian
Linatron(r), as described above, or may have other
configurations known in the art. The linear
accelerator body 102 has an open  output end 103. An
electron beam 104, shown in phantom, is accelerated as
25 it follows a path through the linear accelerator
body 102 along a longitudinal  13 WO 2004/070421
PCT/US2004/002525  axis LI of the body. The electron
beam 104 exits the accelerator body from  the output
end 103. A proximal end of a tube 106, referred to as
a drift tube,  is connected to the output end 103 of
the linear accelerator body 102, in  communication
with and extending from the open output end. The drift
tube 5 106 may have a diameter of from about 6 to
about 10 mm, for example. The  drift tube 106 may be
the same material as the linear accelerator 102, to
facilitate the connection of the drift tube to the
linear accelerator body. The  drift tube 106 and
linear accelerator body 102 may be metal for example.
The  drift tube and linear accelerator body may be
other materials, as well. 10 [0043] A target material
108 of a metal with a high atomic number and  a high
melting point, such as tungsten or another refractory
metal, is provided  at the distal end of the drift
tube 106. Shielding material 110, such as  tungsten,
steel or lead, is provided around the drift tube 106,
and the target  material 108 and may extend over a
distal portion of the linear accelerator 



15 body 102, as well. The shielding material 110 may
be in the shape of a  sphere, for example, and the
target material 108 may be at the center of  sphere,
within the drift tube 106. The shielding material 110
may also have  other shapes. The drift tube 106, the
target material 108 and the shielding  material are
referred to as a "shielded target 111 ". 20 [0044] A
collimating slot 112 extends from the end of the drift
tube 106,  through the shielding material 110,
transverse to the longitudinal axis LI of  the linear
accelerator body 102. The slot 112 is shaped to
collimate the X-ray  beam emitted by the target
material into a desired shape, such as into a fan
beam or a cone beam, which is emitted from the
shielded target in a direction 25 perpendicular to the
axis L1 of the accelerator body 102. The slot 112 has
a  14 WO 2004/070421 PCT/US2004/002525  first angular
dimension 01. Fig. 4 is a cross-sectional view of the
shielded  target 111 through line 4-4 of Fig. 3,
showing a second angular dimension 02  of the slot.
The first angular dimension 01 and the a second
angular  dimension 02 define the shape of the
radiation beam 43. In a preferred use, 5 the source
100 is oriented so that the first angular dimension 01
defines the  vertical height of the radiation beam 43
and the second angular dimension 02  defines the
horizontal angle of the beam, as shown in Fig. 5,
discussed below.  [0045] The electron beam 104 emitted
by the linear accelerator body  102 along the
longitudinal axis L1 passes through the drift tube 106
and 10 impacts the material 108. Bremsstrahlung X-ray
radiation is emitted from the  target material 108 in
all directions. The radiation emitted in the direction
of  the collimating slot 112 is collimated into the
desired shape and emitted from  the device 100. The
shielding material 110 absorbs radiation emitted in
other  



directions. While the intensity of the radiation
emitted perpendicular to the 15 direction of the
electron beam impacting the target material may be
much less  than the intensity of the radiation emitted
in the forward direction, by defining  the horizontal
angle and the beam by the second angular dimension 02,
the  radiation emitted across the entire radiation
beam 43 has substantially the  same intensity. Since
the second angular dimension 02 may be any desired 20
angle up to 180 degrees, the source 100 may be very
close to the face 18a of  the cargo conveyance 18. The
intensity drop due to distance is therefore  much less
than in other configurations. [0046] Fig. 5 shows the
radiation source 100 with a shielded target 111
supported by the crane cross-beam 38, the detector 16
supported by a crane  25 cross-beam 27 and a cargo
conveyance 18 supported by a carriage 32  15 WO
2004/070421 PCT/US2004/002525  suspended from a metal
rope 34. The remainder of the crane system 12 is  not
shown. The cargo conveyance 18 is being moved between
the source  100 and the detector 34. The radiation
source 100 is oriented with the  longitudinal axis L1
of the accelerator body 102, vertical. To define a
vertical 5 height of a fan beam, the first angular
dimension 01 of the slot 112 may range  from less than
I degree to about 5 degrees. To define a vertical
height of a  cone beam, the first angular dimension 01
beam may range from about 5  degrees to about 45
degrees, for example. The second angular dimension 02
may be any desired angle such as may be any angle
required to illuminate the 10 entire width of the face
18a of the cargo conveyance 18. The angle may be  30
degrees or more, for example. [0047] Fig. 6 is a top
view of a cargo conveyance 18 being moved  



through a radiation beam 113 emitted by a panoramic
radiation source 100.  In this example, the second
angular dimension 02 is about 135 degrees. The 15
source 100 may be about 8.5 feet (2.6 meters) from the
face 18a of the cargo  conveyance 18. Since the axis
L1 of the accelerator body 102 is parallel to  the
face 18a of the cargo conveyance 18, the source 100
may be easier to  support on a cross beam of the crane
system 12. [0048] Instead of trying to cover the full
length of the face 18a of the  20 cargo conveyance 18
with a single, horizontally diverging radiation beam,
as  shown in Figs. 2 and 6, multiple radiation beams
may be to scan the entire  face, with each beam
scanning a portion of the face. In Fig. 7, multiple
radiation sources 202, 204, 206 are provided, each
emitting a respective  radiation beam 202a, 204a, 206a
illuminating a portion of the face 18a of the 25 cargo
conveyance 18. Each beam 202a, 204a, 206a preferably
illuminates  16 WO 2004/070421 PCT/US2004/002525
slightly more than one-third of the face 18a. It is
preferred that each beam  slightly overlap an adjacent
beam, to ensure complete coverage of the face  18a.
Each source emits a horizontally diverging radiation
beam over an angle  of about 10 degrees to about 30
degrees, for example. Each source 202, 5 204, 206 may
be a linear accelerator, for example, such as the
Varian  Linatron(r) discussed above. The sources may
illuminate the face  simultaneously, or alternately.
Alternating scanning by each source 202, 204,  206 is
preferred. Each source 202, 204, 206 may alternately
be on for one or  a plurality of pulses within a data
acquisition window of about 1 ms, for 10 example.
While three sources 202, 204, 206 emitting three beams
202a,  204a, 206a are shown, more or fewer sources and
beams may be provided.  



[0049] Since the angle each radiation beam 202a, 204a,
206a is  emitted over is less than would be required
if a single source 14, such as a  single linear
accelerator (see Fig. 2), was used, the entire cargo
conveyance 15 face 18 is exposed to a more uniform
higher intensity radiation. In addition,  the sources
202, 204, 206 may be closer to the face 18a,
decreasing the  intensity loss due to distance. [0050]
Instead of supporting the radiation source 14 and/or
the detector  16 on the crane system 12, the source
and the detector may be supported by  20 the seaport
22, as shown in Fig. 8. The source 14 and/or detector
16 may be mounted on one or more supports 62, 64,
respectively. The supports 62, 64  may be mobile. They
may be movable along rails 65a, 65b on the seaport 22,
for example, as shown in the top view of Fig. 9. The
crane system 12 may be  movable along rails 67a, 67b
on the seaport 22, as well. Supporting the 25 source
14 and/or the detector 16 by mobile supports 62, 64,
facilitates the  17 WO 2004/070421 PCT/US2004/002525
setup and precise positioning of the source 14 and the
detector 16, regardless  of the size of the crane
system 12. Fig. 9 also shows the source 14 and
detector 16 in a preferred position within a profile P
of the crane system 12,  defined by dotted lines 66,
68 and the vertical structures 24a, 24b, 26a, 26b, 5
so that additional space is not taken up by the source
and detector. However,  the source 14 and detector 16
may be in any location through which the crane  system
12 can move a cargo conveyance 18. For example, if the
boom arm  28 is pivotable about a vertical axis, the
cargo conveyance 18 may be moved  through a location
outside of the profile P of the crane system 12. 10
[0051] This embodiment of the invention enables a more
efficient use  



of a radiation scanning system in a seaport. Fig. 10
is a top view of the  seaport 22. Two ships 70, 72 are
shown docked at respective docking  stations of the
seaport 22. Two crane systems 74, 76 are positioned at
the  docking stations, to unload or load cargo
conveyances (not shown in this 15 view) off of or onto
the ships 70, 72, respectively. More docking stations
may  be provided, with a crane dedicated to each
station. The source 14 and the  detector 16 are shown
movably supported on rails 78a, 78b, at the first
docking station, to scan cargo conveyances being
unloaded from or being  loaded onto the ship 70. After
completion of the unloading and loading of the 20 ship
70, the source 14 and the detector 16 may be moved to
the second  docking station, to scan cargo conveyances
being unloaded from or loaded  onto the ship 72.
Scanning may be coordinated among two or more stations
so that the source 14 and detector 16 are at one
station to scan cargo  conveyances being unloaded from
or loaded onto a ship, another ship is 25 docking or
preparing to be unloaded or loaded at the other
station. One or a  18 WO 2004/070421 PCT/US2004/002525
few radiation scanning systems may thereby be
efficiently used to examine  cargo conveyances being
unloaded or loaded from or to multiple ships at the
seaport, at lower cost, than mounting a radiation
scanning system on each  crane system. To move the
source 14 and the detector 16, a conveying 5 system
may be provided along the rails 78a, 78b, for example.
[0052] While in the embodiments above, the cargo
conveyance 18 is  scanned while being lowered or
raised, the conveyance may also be scanned  while
being moved horizontally (along arrow B in Fig. 1 a,
for example) by the  conveying system 30. In that
case, the radiation source 14 and the detector 



10 16 may be supported by the crane system 12, or by
supports 62, 64, so that  they are aligned along an
axis perpendicular to the horizontal direction of
motion of the cargo conveyance 18. The source 14 may
then emit a vertically  diverging beam. [0053] One of
ordinary skill in the art will recognize that changes
may  15 be made to the embodiments described herein
without departing from the  spirit and scope of the
invention, which is defined by the claims, below. 19
WO 2004/070421 PCT/US2004/002525  I claim: 1. A
radiation scanning to scanning system for scanning
objects,  comprising: a crane system to move an object
from a first location to a  5 second location; a
radiation source proximate the crane system; and a
radiation detector proximate the crane system,
positioned to  receive radiation interacting with an
object between the source and the  detector, 10
wherein the source and detector are positioned such
that an  object may be moved between the source and
the detector by the crane  system. 2. The radiation
scanning system of claim 1, wherein the object is
movable vertically by the crane system, through a
space between the source  15 and the detector. 3. The
radiation scanning system of claim 1, wherein the
source is  adapted to emit a horizontally diverging
beam towards the detector. 



4. The radiation scanning system of claim 3, wherein
the source is  adapted to emit a fan beam. 20 5. The
radiation scanning system in claim 1, wherein the
radiation  source is a source of X-ray radiation. 20
WO 2004/070421 PCT/US2004/002525  6. The radiation
scanning system of claim 5, wherein the radiation
source is capable of emitting a radiation beam having
a peak energy of at  least about 1 MeV. 7. The
radiation scanning system of claim 6, wherein the
radiation  5 source is capable of emitting a radiation
beam of at least about 6 MeV. 8. The radiation
scanning system in claim 5, wherein the X-ray  source
is a linear accelerator. 9. The radiation scanning
system of claim 1, wherein the detector  and the
source are aligned. 10 10. The radiation scanning
system of claim 1, wherein at least one  of the source
and the detector are supported by the ground. 11. The
radiation scanning system of claim 10, wherein the
source  and the detector are within a profile defined
by the crane system. 12. The radiation scanning system
of claim 10, wherein the ground  15 is a seaport. 13.
The radiation scanning system of claim 1, further
comprising a  guide in a space proximate the source
and the detector, to guide the  movement of the object
between the source and the detector. 14. The radiation
scanning system of claim 1, wherein the source  20
comprises: 



a vertically oriented accelerator body having a distal
end; and  21 WO 2004/070421 PCT/US2004/002525  a
shielded target at the distal end of the accelerator
body, to emit a radiation beam towards the detector.
15. The radiation scanning system, claim 1,
comprising: a plurality of sources proximate the crane
system, each source  5 capable of emitting a radiation
beam upon a portion of an object between the  source
and the detector. 16. The radiation scanning system of
claim 1, wherein the source  and the detector are
separated by a sufficient distance to scan a sea cargo
conveyance. 10 17. The radiation scanning system of
claim 1, wherein the crane  system comprises: at least
one vertical support; at least one horizontal support
supported by the vertical support;  a conveying system
coupled to the horizontal support, to lift an  15
object from a first location, move the object
horizontally and lower the object  to a second,
different location. 18. The radiation scanning system
of claim 1, further comprising:  at least one rail;
wherein at least one of the source and the detector
are movably  20 supported on the rail. 19. A radiation
scanning system for scanning objects comprising, a
crane system to move an object from a first location
to a  second location; 



22 WO 2004/070421 PCT/US2004/002525  a radiation
source supported by the crane system; and a radiation
detector supported by the crane system, positioned  to
receive radiation interacting with an object between
the source and the  detector; 5 wherein the source and
the detector are positioned such that an  object may
be moved vertically between the source and the
detector by the  crane system during scanning. 20. The
radiation scanning system of claim 19, wherein the
source  comprises: 10 a vertically oriented
accelerator body to accelerate an electron  beam, the
accelerator body having a distal end; and a shielded
target at the distal end of the accelerator body, to
emit a radiation beam towards the detector. 21. The
radiation scanning system of claim 19, wherein the
shielded  15 target comprises: a tube extending from
the accelerator body to receive an  electron beam
accelerated by the accelerator body; and a target
material in the tube, to generate radiation upon
impact  by the electron beam; and 20 shielding
material around the target, wherein the shielding
material collimates the generated radiation into a
horizontally diverging beam.  22. The radiation
scanning system of claim 19, wherein the crane  system
comprises: at least one vertical support;  



23 WO 2004/070421 PCT/US2004/002525  at least one
horizontal support supported by the vertical support;
a conveying system coupled to the horizontal support,
to lift an object from a first location and lower the
object to a second, different location.  23. The
radiation scanning system of claim 21, wherein the 5
conveying system can convey the object along a
horizontal axis. 24. The radiation scanning system of
claim 19, comprising: a plurality of sources supported
by the crane system, each  source being adapted to
emit a radiation beam upon a portion of the object.
25. The radiation scanning system of claim 24, wherein
each source 10 is adapted to emit a horizontally
diverging radiation beam. 26. The radiation scanning
system of claim 19, wherein the source  is adapted to
emit a horizontally diverging radiation beam. 27. A
radiation scanning system, comprising: moving means
for lifting an object from one location and  15
lowering the object to a second location generating
means for generating radiation; and detecting means
for detecting radiation interacting with the  object;
wherein the moving means moves the object between the
20 generating means and the detecting means. 28. A
method of examining contents of an object, comprising:
moving an object along a first vertical axis; 24 WO
2004/070421 PCT/US2004/002525  



moving the object along a second vertical axis
different than the first vertical axis, through a
horizontally diverging radiation beam; and  detecting
radiation interacting with the object. 29. The method
of claim 28, comprising: 5 lifting the object from a
first location along the first vertical axis;  and
lowering the object along the second vertical axis,
through the  radiation beam, to a second location. 30.
The method of claim 29, wherein the object is a cargo
10 conveyance, the first location is on a ship and the
second location is on a  seaport, the method
comprising: lifting the cargo conveyance from the
ship; and lowering the object through a radiation beam
onto the seaport.  31. The method of claim 28,
comprising: 15 lifting the object from a first
location along the first vertical axis,  through the
radiation beam; and lowering the object along the
second vertical axis, to the second  location. 32. The
method of claim 31, wherein the object is a cargo 20
conveyance, the first location is on a seaport and the
second location is on a  ship, the method comprising:
lifting the cargo conveyance from the seaport, through
the  radiation beam; and lowering the cargo conveyance
onto the ship.  25 WO 2004/070421 PCT/US2004/002525  



33. The method of claim 28, comprising moving the
object through a  fan beam of radiation. 34. The
method of claim 28, comprising moving the object
through a  cone beam of radiation. 5 35. The method of
claim 28, comprising moving the object by a  crane
system. 36. The method of claim 28, further
comprising: moving at least one of a source of the
horizontally diverging  beam and a detector to detect
radiation interacting with the object, into a  10
position for operation. 37. A method of examining
contents of an object, comprising:  moving an object
by a crane system from a first location to a  second
location, through a radiation beam; and detecting
radiation from an interaction of the object with the
15 radiation beam. 38. The method of claim 37,
comprising: lifting the object by the crane system,
from a first location;  lowering the object by the
crane system, to a second location;  and 20 scanning
the object while lowering the object.  39. The method
in claim 37, comprising: lifting the object from a
ship; and  lowering the object onto a seaport.  26 WO
2004/070421 PCT/US2004/002525  40. The method of claim
37, comprising: 



lifting the object by the crane system, from a first
location;  scanning the object while lifting the
object; and lowering the object by the crane system,
to a second location.  5 41. The method of claim 40,
comprising: lifting the object from a seaport; and
lowering the object onto a ship. 42. The method of
claim 37, further comprising: moving the object
horizontally between moving the object from  10 the
first location and moving the object from the second
location. 43. The method of claim 42, comprising:
moving the object horizontally through the radiation
beam.  44. The method of claim 37, further comprising:
moving at least one of a source of the radiation beam
and a  15 detector to detect radiation into position
with respect to the crane system. 45. The method of
claim 44, comprising: moving at least one of a source
of the radiation beam and a  detector to detect
radiation into position with respect to the crane
system,  along a respective rail. 20 46. A seaport
comprising: a plurality of docking stations; a
plurality of crane systems, each crane system being
positioned at a respective docking station; 27 WO
2004/070421 PCT/US2004/002525  at least one rail
through each docking station; a radiation source; and 



a radiation detector positioned detect radiation
emitted by the  source and interacting with an object
under examination; 5 , wherein at least one of the
source and the detector are movably  supported on the
rail, to move from one docking station to another. 28 


