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ABSTRACT OF THE DISCLOSURE

The invention is intended to always ensure a sufficient
level of patient positioning accuracy regardless of the
skills of individual operators. 1In a patient positioning
device for positioning a patient couch 59 and irradiating an
ion beam toward a tumor in the body of a patient 8 from a
particle beam irradiation section 4, the patient positioning
device.comprises an X-ray emission device 26 for emitting an
X-ray along a beam line m from the particle beam irradiation
section 4, an X-ray image capturing device 29 for receiving
the X-ray and processing an X-ray image, a display unit 39B
for displaying a current image of the tumor in accordance
with a processed image signal, a display unit 39A for
displaying a reference X-ray image of the tumor which is
prepared in advance, and a'positioning data generator 37 for’
executing pattern matching between a comparison area A being
a part of the reference X-ray image and including an
isocenter and a comparison area B or a final comparison area
B in the current image, thereby producing data used for

positioning of the patient couch 59 during irradiation.
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INVENTION TITLE:

Patient positioning device and patient positioning method

The following statement is a full description of this invention, including the best method of performing it
known to me/us:-
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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a patient positioning
device and a patient positioning method. More particularly,
the present invention relates to a patient positioning
device and a patient positioning method, which are suitably
employed in a particle beam treatment system for irradiating
a charged particle beam (ion beam), such as a proton and a
carbon ion, to a tumor for treatment.
2. Description of the Related Art

There is known a treatment method of setting an
isocenter (irradiation target center) at a tumor, e.g., a
cancer, in the body of a patient and irradiating an ion beam,
such as a proton, to the tumor. An apparatus for use with
such a treatment method comprises a charged particle beam
generator, a beam transport system, and a rotating gantry.
An ion beam accelerated by the charged particle beam
generator reaches the rotating gantry through a first beam
transport system, and is irradiated to the tumor from an
irradiafion nozzle after having passed through a second beam
transport system provided in the rotating gantry.

In the apparatus thus constructed, the patient must be
caused to lie in a proper position relative to the

irradiation nozzle so that the ion beam is irradiated to
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only the isocenter without damaging normal cells. A patient
positioning device for use with irradiation;of the particle
beam is a device for positioning a patient couch to make the
patient lie in the proper position (see, e.g., Patent
Reference 1, JP,A 2000-510023 (pages 27-31 and Figs. 1, 6,
7A and 7B)). Particularly, in the case of irradiating the
ion beam, for example, a proton beam, activaxion energy for
the proton beam is selected so as to stop protons at the
isocenter and apply most of the proton energy to only cells
in the tumor, which is positioned at the isoEenter, by
utilizing a characteristic that most of the proton energy is
released upon the stop of protons (this phenomenon is called
"Brag peak"). Therefore, the alignment of the ion beam with
the isocenter is very important.

In a known patient positioning device, to ensure
accurate positioning of the patient relative to the
irradiation nozzle, the position of the isocgnter is decided
beforehand relative to monuments (or landmarks, i.e.,
anatomical base points; for example, portion# of the
patient's skeleton), which are set in the patient body.
Usually, the position of the isocenter including a diseased
tissue, e.g., a tumor, is marked on a DRR (digitally
reconstructed radiograph). Then, display images looking
from other directions are edited as requiredi

In a state where the patient lies on a patient couch
prior to the irradiation of a proton beam, an X-ray source
is disposed on a path of the proton beam, and an X-ray

receiver is disposed on the side opposed to the X-ray source
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with respect to the patient along the path of the proton
beam. The X-ray receiver produces an X-ray image of the
tumor and its surroundings in the patient body. On this
occasion, in order to align the isocenter on a beam line,
through which the proton beam passes in thegirradiation
nozzle, with the tumor, the direction in and the distance by
which the patient couch is moved relative to the irradiation
nozzle must be determined by employing the offset distance
on an X-ray image from each of the particular monuments to
the center of the X-ray beam and the offset distance on the
DRR from the same particular monument to the isocenter.
Positioning control of the patient cbuch is performed based
on the thus-determined direction and distance of movement of

the patient couch.

SUMMARY OF THE INVENTION

In the prior art described above, an opérator, e.g., a
doctor, designates plural monument positions on the skeleton
of the patient on a DRR as a reference image, displayed on a
display unit, and also designates the same positions of the
same plural monuments on a captured image as' an X-ray image
obtained by the X-ray receiver, displayed on the display
unit. 1In spite of the operator ha?ing 1ntenaed to designate
the same positions of the same plural monuments on both the
screen images, therefore, there is a fear thgt the
respective corresponding positions designated on the DRR and
the captured image are not in alignment and gffset from each

other. If the respective designated positions to be kept in
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alignment on the DRR and the capfured image;are offset from
each other, deterioration of accuracy occur; in aligning the
patient couch (particularly the tumor), which should be
properly positioned based on both the designated positions,
with the beam line.

Accordingly, it is an object of the present invention
to provide a patient positioning device and a patient
positioning method, which can increase the accuracy in
positioning of a patient.

To achieve the above object, the presen{ invention is
featured in that a processing unit executes pattern matching
between a part of first image information in a first set
area including an isocenter, the first image information
representing a tumor in the body of the patiént and serving
as a reference including the isocenter, and a part of second
image information in a second set area including a position
corresponding to a path of a charged particle beam, the
second image information representing a portion of the
patient lying across‘the path of the charged particle beam,
thereby producing information used for positioning of the
patient (couch). Since the positioning information is
produced through the pattern matchingvbetweeh the first
image information in the first set area and the second image
information in the second set area, accuracy in producing
the positioning information is avoided from being affected
by the skill of an operator, such as require& when
designating the positions of monuments, unlike the case of

producing the positioning information based on the positions



of monuments designated by the operator. As a result, the
positioning accuracy can be increased regardless of the

skills of individual operators.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an overall view showing a construction of a
medical particle beam irradiation system to:which a patient
positioning device according to one preferred embodiment of
the present invention is applied;

Fig. 2 is a perspective view of a rotating gantry shown
in Fig. 1;

Fig. 3 is a front view of the rotating Qantry shown in
Fig. 1;

Fig. 4 is a schematic view shoWing a vertical sectional
structure of a particlé beam irradiationvseciion shown in
Fig. 1; |

Fig. 5 is a conceptual view showing detailed functions
of a couch driver for driving a patient couch shown in Fig.
1; |

Fig. 6 is a schematic view showing a construction of
the patient positiéning device according to %he one
preferred embodiment of the present invention;:

Fig. 7 is a detailed sectional view showing a structure
of an X-ray fluorescence multiplier shown in?Fig. 6;

Fig. 8 is a flowchart showing a processing sequence
executed by a positioning data generator shown in Fig. 6;

Figs. 9(a), 9(B) and 9(C) show examplesiof screen

images displayed on display units shown in Fig. 6;



Figs. 10(A) and 10(B) show other examples of screen
images displayed on the‘display units shown in Fig. 6;

Fig. 11 is a flowchart showing a detailéd processing
sequence of step 79 shown in Fig. 8;

Fig. 12 is a flowchart showing a detailed processing
sequence of step 81 shown in Fig. 8; and

Fig. 13 is a schematic view showing a construction of a
modification of the patient positioning device according to

the one preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

One embodiment of the present invention will be
described below with reference to the drawings.

With reference to Figs. i and 2, a description is first
made of a medical particle beam irradiation System to.which
a patient positioning device of this embodiment is applied.

A medical particle beam irradiation system 40 comprises
a charged particle beam generator 41 and a rotating gantry 1.
The charged particle beam generator (also called a particle
beam generator) 41, an ion source (not shown), a pre-stage
accelerator 42; and a synchrotron 43. Ions (e.g., proton
ions or carbon ions) generated from the ion source are
accelerated by the pre-stage accelerator (e.g., a linear
accelerator) 42. An ion beam (proton beam) accelerated by
the pre-étage accelerator 42 enters the synchrotron 43. 1In
this embodiment, a proton beam is employed as the ion beam.
The ion beam in the form of a charged particle beam (also

called a particle beam) is accelerated by being given with
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energy applied as high-frequency electric p&wer from a high-
frequency accelerator cavity 44 in the syncﬁrotron 43.
After the energy of the ion beam circling iﬂ the synchrotron
43vhas been increased up to a preset level oE energy
(usually 100 to 200 MeV), a high frequency w?ve is applied
to the ion beam from a high-frequency applyibg device 45 for
exiting of the ion beam. With the applicatign of that high
frequency wave, the ion beam circling withinia stable limit
high frequency wave is caused to shift out of the stable
limit and to exit from the synchrotron 43 th?ough an exit
deflector 50. Upon the exiting of the ion b%am, currents
supplied to electromagnets, i.e., quadrupole%electromagnets
46 and deflection electromagnets 47, dispose? in the
synchrotron 43 are held at respective settiné values and the
stable limit is also held substantially cons%ant. By

stopping the application of high-frequency e%ectric power to
the high-frequency applying device 45, the e%iting of the
ion beam from the synchrotron 43 is stopped.i
The ion beam having exited from the synéhrotron 43

reaches, through a beam transport system 49,1a particle beam
irradiation‘section (also called a particle #eam irradiator)
4 for irradiating the ion beam. The ion beaﬁ is irradiated
from the particle beam irradiation section 4%to a tumor
(cancer) in the body of a patient 8 lying on;a treatment
couch (patient couch) 59. The particle beam?irradiation
section 4 generates the ion beam providing a;dose

!

distribution optimum for the treatment utilizing the

particle beam. i
|
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The rotating gantry 1 comprises a substéntially
cylindrical rotating drum (rotatihg body) 3 having a front
ring 2, and a motor (rotating device), not shown, for
rotating the rotating drum 3. The front riﬁg 2 provided at
one end of the rotating drum 3 is supported ﬁy a plurality
of rotatable support rolls 6. As shown in Fig. 3, the
support rolls 6 are rotatably mounted to a support unit 10
installed on a rotating gantry installation Erea (building
base) 9. Though not shown, the other ring (having an outer
diameter equal to that of the front ring 2) provided at the
other end of the rotating drum 3 is similarly supported by a
plurality of support rolls 6 which are rotatably mounted to
the other support unit 10. An inverted U-shaped beam
transport system 5 serving as a part of the Peam transport
system 49 and the particle beam irradiation Eection 4 are
mounted on the rotating drum 3 and are rotated with the
rotation of the rotating gantry 1. The beam transport
system 5 includes electromagnets, such as de%lecting
electromagnets 51, 52. A treatment gauge (treatment
chamber) 14 is formed inside the rotating drum 3.

Fig. 4 1s a schematic view showing a vertical sectional
structure of the particle beam irradiation séction 4. 1In
Fig. 4, the particle beam irradiation section 4 comprises a
casing 90 mounted to the rotating drum 3 and‘coupled to the
inverted U-shaped beam transport system 5, ahd a snout 21
provided at one end of the casing 90, i.e., on the side
nearer to the nozzle end. Inside the casing 90 and the

snout 21, a scatterer (not shown), a ring co;limator 22, a
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patient collimator 23, and a bolus 25 ére disposed, by way
of example, in this order from the upstream‘side in the
direction of advance of the ion beam 1ntrodubed from the
beam transport system 5. Those components are successively
arranged to lie on a beam line m along which the ion beam
passes. Additional units, such as an SOBP fbrming unit of
ridge filter type and a range adjusting unit having a pair
of wedge-shaped blocks, may also be disposed to lie on the
beam line m. |

The ring collimator 22 is to roughly collimate an
irradiation field of the ion beam and is mounted to the
snout 21 through a mounting member (not shown). The patient
collimator 23 is to shape the ion beam in ma;ch with the
tumor shape in the direction perpendicular tg the beam line
m, and it is also mounted to the snout 21 through a mdunting
member (not shown). |

The ion beam formed by the particle beam irradiation
section 4 of the above-described construction and having the
proper irradiation field releases its energyiin the tumor in
the body of the patient 8, thereby forming a high-dose area.

Incidentally, an X-ray emission device (X-ray tube) 26
serving as an X-ray source will be describedilater.

Returning to Figs. 2 and 3, the medical particle beam
irradiation system 40 includes an irradiatiop chamber 55 for
.the particle beam treatment in the rotating arum 3 of the
rotating gantry 1. The irradiation chamber 55 for the
particle beam treatment is provided with a fixed annular

[
frame (ring member) 15. The annular frame 15 is disposed on
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one end side of the rotating drum 3, i.e., on the same side
as the front ring 2, and is fixed to a mountibase 18
installed in the rotating gantry installation area 9. 1In
addition, the other annular frame (not shownﬁ is disposed on
the other end side of the rotating drum 3 so as to sandwich
a path of movement of the particle beam irradiation section
4 between itself and the annular frame 15. The other
annular frame is supported by a plurality of, support rolls
20 which are.rotatably held by a support frame 19 fixed to
an inner surface of the rotating drum 3. In other words,
the other annular frame is rotatable relativé to the
rotating drum 3 through the support rolls 20. These annular
frames including the one 15 have guide groovés (not shown)

- each comprising a lower horizontal portion and an upper arc-
shaped portioﬂ, which are formed in respective side surfaces
of the annular frames in an opposed relation to each other.
Each of the guide grooves has a substantiall& semi-
cylindrical shape defined by the lower horizontal portion
and the upper arc-shaped portion. . ‘

The irradiation chamber 55 for the particle beam
treatment is further provided with a movable' floor 17. The
movable floor 17 has a freely bendable articulated structure
such that it comprises a number of plates 24 and every
adjacent two of the plates 24 are coupled to‘each other by
links (not shown). One end of the movable f}oor 17 is
engaged in the guide groove of the annular f;ame 15, and the
other end of the movable floor 17 is engaged in the guide

groove of the other annular frame. Further,‘circumferential

10
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opposite ends of the movable floor 17 are connected to the
particle beam ilrradiation section 4. When Ehe motor is
driven to rotate the rotating gantry 1, the particle beam
irradiation section 4 is also rotated in thé same rotating
direction as the rotating gantry 1. Correspondingly, the
movable floor 17 connected to the particle.beam irradiation
section 4 is pulled together and moved in the same rotating
direction. The movement of the movable floor 17 is smoothly
performed along the guide grooves of the annular frames
including the one 15. The movable floor 17 is made up of a
horizontal floor portion 57 formed by the horizontal
portions of the guide grooves in the lower side of the
annular frames including the one 15, and anwarc-shaped wall
portion 58 formed by the arc-shaped portions of the guide
grooves in the upper side of the annular frames including
the one 15. The treatment gauge 14 is formed within the
movable floor 17. The treatment couch 59 i§ inserted in the
treatment gauge 14 when the ion beam is irradiated to the
patient from the particle beam irradiation section 4.

As shown in Fig. 5, a treatment bench 7 comprises a
couch driver 12 and the treatment couch 59 installed on the
couch driver 12. The treatment bench 7 is installed outside
the rotating gantry lvin an opposed relation;to the front
ring 2 within a treatment couch installation area (not
shown) located at a level elevated one step from the
rotating gantry installation area 9 (see Fig. 3). As seen
from a conceptual view of Fig. 5, the couch Ariver 12 has

four articulation axes 12A, 12B, 12C and 12D, and includes
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motors 1lla, 1llb, llc and 114 for driving the treatment couch
59. Driving of the motor lla moves the treatment couch 59
in the direction of the articulation axis 12A (X-axis) that
is horizontally extended parallel to the front ring 2.
Driving of the motor 11b moves the treatment%couch 59 in the
direction of the articulation axis 12B (Z-axis) that is
pérpendicular to the articulation axis 12A. Driving of the
motor llc moves the treatment couch 59 in thg direction of
the articulation axis 12C (Y-axis) that is perpendicular to
both the articulation axis 12A (X-axis) and the articulation
axis 12B (Z-axis) and is extended in the direction of a
rotation axis of the rotating gantry 1. Thus, the treatment
couch 59 is moved into énd out of the treatment gauge 14
with the driving of the motor 1llc. Furthermore, driving of
the motor 11d rotates the treatment couch 59 about the
articulation axis 12D (W-axis) that is perpendicular to the
articulation axis 12C (Y-axis). | ’

The patient positioning device of this émbodiment is
provided in the medical particle beam irradiation system 40
having the basic construction described abové. The
construction and functions of the patient positioning device
will be described in detail below.

As shown in.Fig. 6, a patient positioning device 28
comprises an X-ray emission device (X-ray tuﬁe or source) 26,
an X-ray image capturing device.(image information
generator) 29, an X-ray tube controller 36, a positioning
data generator (positioning information generator) 37 having

not-shown input means (such as a keyboard and a mouse), a
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medical image archive server 17, a couch controller 38, and
display units 39A, 39B. The positioning data generator 37
is constituted a work station (processing unit).

The X-ray image capturing device 29 comﬁrises an X-ray
fluorescence multiplier (X-ray image intensifier) 30, an
optical system 33, and a CCD camera (image ihformation
producing unit) 34. 1Inside a vacuum vessel 31, as shown in
Fig. 7, a fluorescence film board 32 is disposed on the side
nearer to an inlet window 64, and an output fluorescence
film 53 is disposed on the side nearer to an outlet window
63. The fluorescence film board 32 has an input
fluorescence film (X-ray entry device or X-réy transducer)
48 disposed on its rear side (i.e., on the side opposed to
the inlet window 64). The output fluorescenée film 53 has a
smaller diameter than the input fluorescence film 48. A
photocathode 50 is disposed in contact with fhe input
fluorescence film 48. A converging electrode 54 is disposed
in the vacuum vessel 31 so as to surround a ﬂhotoelectron
path 65. An anode 60 surrounding the output fluorescenceb
film 53 is also disposed in the vacuum veSsei 31. A voltage
is applied between the photocathode 50 and the converging
electrode 54 from a convergence power supply 56. Further, a
voltage is applied between the photocathode 50 and the anode
60 from an anode power supply 61. |

The X-ray image capturing device 29 is mounted to the
rotating drum 3 of the rotating gantry 1 and is rotated
together with the rotation of the rotating gantry 1. The X-

ray image capturing device 29 is positioned on the beam line
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m on the side opposed to the particle beam ;rradiation
section 4 with respect to the treatment couéh 59.

As shown in Fig. 4, the X-ray emission device 26 is
provided on a support member 16, which is mounted to the
snout 21, to be movable in a direction perpendicular to the
beam line m. The support member 16 has an opening through
which the ion beam and the X-ray pass. Usually (other than
the time for the positioning of the treatment couch 59, e.g.,
during the irradiation of the ion beam), the X-ray emission
device 26 is retreated to a position P, away from the beam
line m.

When the patient 8 lies down on the treatment couch 59
for starting the treatment with the irradiation of the ion
beam, an operator, e.g., a doctor, inputs a command for
movement of the treatment couch 59 to the couch controller
38 by using an input device (not shown) of the couch
controller 38 so that a cross mark drawn on ﬁhe body surface
of the patient 8 (the cross mark being displayed by a laser
so as to locate right above a tumor) is posiﬁioned‘on the
beam line m. Thus, in accordance with the movement command,
the couch controller 38 controls the couch driver 12 to move
the treatment couch 59 so that the cross mark on the
patient's body surface is aligned with the béam line m.

With this alignment, an offset between the tumor and the
beam line m is held withinAthe range on the order of
millimeter. ‘

Further, the operator inputs a command fgr sfarting

advance of the X-ray emission device 26 to an X-ray tube
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controller 36, e.g., a personal computer, thfough an input
means (not shown). The X-ray tube controller 36 having
received the start command outputs an X-ray tube movement
signal to a not-shown driver (e.g., a motor)lfor the X-ray
emission deviée 26. In response to the X-ray tube movement
signal, the X-ray emission device 26 is advanced to a
position P, on the beam line m. Then, when the operator-
inputs a command for starting the irradiation of an X-ray to
the X-ray tube controller 36, an X-ray irradiation start
signal outputted from the X-ray tube controller 36 is
inputted to the X-ray emission device 26. Correspondingly,
the X-ray emission device 26 irradiates an X-ray beam toward
the patient 8 along the beam line m.

The X-ray having penetrated the patient 8 is inputted
to the vacuum vessel 31 through the inlet window 64 and then
reaches the input fluorescence film 48 through the
fluorescence film board 32 for conversion into a visible
image. Light of the visible image is converied into
photoelectfons by the photocathode 50. The photoelectrons
are converged by the converging electrode 54 and then reach
the output fluorescence film 53 through the énode 60 along
the photoelectron path 65 for conversion into a bright
visible image. This bright visible image is captured by the
CCD camera 34 through lenses 62 in the opticgl system 33.
The image captured by the CCD camera 34 is inputted to a
personal computer (image processing unit) 35 serving as a
first processing unit. The image processinglunit 35

executes predetermined processing on the input image for the

15

-19-



purpose of image processing (such as color correction and
blur correction). Image data (also called éurrent image
data or captured image data), including a tumor image, which
has been subjected to the image processing,iis inputted to
the positioning data generator 37 from the image processing

unit 35. \

The positioning data generator 37 produces positioning
data for the treatment couch 59 based on the current image
data outputted from the X-ray image capturing device 29 and
image data stored in the medical image arch;ve server 17,
and then outputs the produced positioning data to the couch
controller 38. A sequence of processing exgcuted by the
positioning data generator 37 to produce thé positioning
data will be described below with reference to Fig. 8. This
processing sequenée is stored, as a program, in a memory
(e.g., a not-shown ROM or other storage medium) provided in
the positioning data generator 37. !

The medical image archive server 17 accumulates and
stores, as reference image data (control image data) serving
as a positioning reference, data of a tomographic image of
the relevant patient 8 captured by X-ray CT (e.g., a DRR
image, or an X-ray image captured by the patient positioning
device shown in Fig. 6 in advance, for example, until the
day before the treatment day, or an image obtained by
editing such an image using the known method{in match with
the direction in which the ion beam is now tb be irradiated).

When aligning the tumor in the body of the patient 8 with

the beam line m, the reference image data is first loaded
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into a memory (not shown) of the positioning data generator
37 from medical image archive server 17 (step 71). In the
following description, the expression "data (or information)
is inputted to the positioning data generator 37" means that
"the data (or information) is stored in the above-mentioned
memory in the positioning data generator 37".

Then, the current image data of the tumor, which is
outputted from the image processing unit 35 after being
subjected to the above-mentioned image procéssing, is also
inputted to the positioning data generator 37 (step 72).

Subsequently, the reference image data iaken into the
positioning data generator 37 is outputted to the display
unit (second display unit) 39A (step 73), and the current
image data téken into the positioning data dénerator 37 is
outputted to the display unit (first display‘units) 39B
(step 74). With these steps, a reference imége is displayed
on the display unit 39A and a current image is displayed on
the display unit 39B. Fig. 9(A) shows an example of a
screen image of the reference image displayea on the display
unit 39A, and Fig. 9(B) shows an example of a screen image
of the current image displayed on the display unit 39B. At
this time, the reference image displayed on the display unit
39A in step 73 does not yet indicate ‘a frame of a comparison
area A. Also, the current image displayed on the display
unit 39B in step 74 does not yet indicate a frame of a
comparison area B. The reference image and the current

~image may be displayed on one display unit side by side or

in a superposed relation instead of separately displaying
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them on the respective display units 39A, 39B. As an
alternative, the reference image and the cufrent image may
be displayed on a display of the image processing unit 35.

Thereafter, while looking at the reference image and
the current image displayed on the display units 39A, 39B,
the operator sets a predetermined comparisod area (clipping
area) A in the reference image displayed on the display unit
392 with the isocenter positioned at the ceqter. The
comparison area A (more exactly speaking, the frame of the
comparison area A) is inputted for setting (clipping) by
using the input unit of the positioning data generator 37.
The comparison area A is employed as an arei for comparison
with the current image having the center alibned with the
beam line m through pattern matching. The input data for
setting the comparison area A is taken into Ehe positioning
data generator 37 (step 75). Then, display information of
the set comparison area A (more exactly speaiing, the frame
of the set comparison area A), i.e., display information of
the frame of the comparison area A, is outputted to the
display unit 39A (step 76). As a result, the data of the
frame of the comparison area A is displayed bn the display
unit 39A in a superposed relation to the reference image
while the center of the comparison area A is aligned with
the isocenter. Fig. 9(A) shows one practical example in
which the data of the frame of the comparison area A is
displayed on the reference image. A region inside the frame
of the comparison area A defines the comparison area A.

Instead of manually setting the comparison area A by the

18
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operator as described above, it is also posgible to
automatically set the comparison area A by Qhe positioning
data generator 37 (for example, through a s€ep of
automatically setting a preset area of a prédetermined size
with the isocener positioned at the center, %r an area of a
size variable depending on a treatment plan Eupplied from

!
the medical image archive server 17). i

\
Corresponding to the setting of the comparison area A,
the positioning data generator 37 sets a comparison area B

[
(more exactly speaking, a frame of the compa;ison area B),

which has the same size as the comparison arLa A, on the
current image displayed on the display unit 598 with fhe
origin defined at the éenter (beam line m) o% the current
image (step 77). The setting of the size of%the comparison
area B is automatically performed using the %etting input
data that has been entered through the inputiunit of the
positioning data generator 37 to set the combarison area A.

|
The data of the comparison area B (more'exactly speaking,

the frame of the comparison area B) thus set%is outputted to
the display unit 39B (step 78). As a resultt the data of
the frame of the comparison area B is displa&ed on the
display unit 39B in a superposed relation toithe current
image while the center of the comparison are% B is aligned
with the center of the current image. Fig. é(B) shows one
practical example in which the frame of the éomparison area
B is displayed on the current image. A regi%n inside the

frame of the comparison area B defines the c¢mparison area B.

Note that the comparison area B may be set with manual
|
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setting made by the operator.

Then, the positioning data generator 37 executes
primary pattern matching between the comparison area A and
the comparison area B based on image similafity searching
(e.g., pattern matching thrbugh comparison of pixel
information) utilizing correlation between two images (step
79). The comparison area A and the comparison area B have
the same number of pixels in each of the X- and Y-directions,
and also have the same total number of pixels in the
respective entire areas. Detailed processing of step 79
will be described below with reference to Fig. 11. First, a
search area 70 (see Fig. 9(B)) is set which is smaller than
the current image, but larger than the comparison area B
(step 794). Then, pattern matching is executed through
comparison between pixel information‘of a reference image
present inside the frame of the comparison area A (referred
to as the reference image in the comparison area A) and
pixel information of a current image present inside the
frame of the comparison area B (referred to as the current
image in the comparison area B) (step 79B). ‘It is generally
thought that an image is made up of a large number of pixels
(see Figs. 10(A) and 10(B)) two-dimensionally arrayed in a
mesh-like pattern, and pixel information (pikel value) is
stored in each of the pixels. 1In this embodiment, the
pattern matching between the current image and the reference
image is executed by utilizing those pixel vélues. In step
79B, the pattern matching is first executed on the pixel

values (scalar quantities) of all pixels of the current
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image included within the frame of the compérison area B and
the pixel values of all pixels of the reference image
included within the frame of the comparison area A while
successively moving, e.g., translating, thelframe of the
comparison area B in the search area 70 in each of the X-
and Y-directions. More specifically, in Fig. 9(B), an upper
end of the frame of the comparison area B is aligned with an
upper end of the search area 70, and an upper left corner of
the frame of the comparison area B is aligngd with an upper
left corner of the search area 70. In this‘state, the pixel
value for each of the pixels of the referende image in the
comparison area A and the pixel value for each of the pixels
of the current image in the comparison area:B are compared
with each other while the pixels in both the images are made
correspondent to each other in a one—to—one‘relation. This
compariscn is performed through steps of computing a square
value of a difference between the pixel value of each pixel
of the reference image in the comparison area A and the
pixel value of each pixel, corresponding tolthe above each
pixel of the reference image, of the current image in the
comparison area B for all the corresponding pixels in both
the comparison areas, and then adding the tﬂus-computed
square values. The total sum resulting from the above
addition represents a deviation between the reference image
in the comparison area A and the current imabe in the
comparison area B set in the aforesaid position, and the
aforesaid comparison represents an arithmetic operation for

computing a deviation between the pixel values of all the
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corresponding pixels included in both the images and
compared with each other. After translating the frame of
the comparison area B to the right by a distance of one
pixel, the above-descfibed arithmetic operation is repeated
on each pixel of the current image in the comparison area B
having been translated and on each pixel, cqrresponding to
the above each pixei of the current image, 6f the reference
image in the comparison area A, thereby computing a
deviation similar to that described above. :Such a deviation
is repeatedly computed for each position of the comparison
area B while successively translating the frame of the
comparison area B to the right (in the X-direction) on the
one-pixel by one-pixel basis. When the right end of the
frame of the comparison area B reaches the right end of the
search area 70 with the movement of the frame of the
comparison area B in the X-directiqn, the upper end of the
frame of the comparison area B is translated by a distance
of one pixel downward (in the Y-direction). TThen, a similar
deviation is computed in the same manner as described above
for each position of the comparison area B thle
successively translating the frame of the comparison area B
to the right (in the X-direction) on the onefpixel by one-
pixel basis. Further, the movement of the frame of the
comparison area B in the Y-axis is repeated. Eventually,
the movement of the frame of the comparison érea B is
performed until the lower end and the lower right corner of
the frame of the comparison area B are aligned respectively

with the lower end and the lower right corner of the search
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'area 70, whereby the above-described deviatfon is computed
|
for each position of the frame of the compaﬁison area B.
Subsequently, a primary matching area h%ving an image
similar to the reference image in the compaﬁison area A is
extracted (step 79C). More specifically, th§ comparison
area B is extracted of which deviation has tﬁe smallest

value among all of the deviations computed ip step 79B
through the pattern matching performed for ehch position of

\
the frame of the comparison area B. Hereinafter, the

extracted comparison area B will be referred?to as a final
comparison area B. In other words, the curr%nt image in the
final comparison area B is most similar to tbe reference
image in the comparison area A. The final c@mparison area B
is the primary matching area. A position of%set between the
center (beam line m) of the current image anb the center of
the final comparison area B (primary matchin% area) is then
computed (step 79D). More specifically, suc# a position
offset is computed by using coordinate value% (X., Y.) of the
center of the current image and coordinate v%lues (X Y..)
of the center of the final comparison area B%to obtain a
- position offset AX1l in the X-direction betweén the center of
the current image and the center of the finai comparison
area B and a position offset AY1l in the Y-di%ection between
the center of the current image and the centér of the final
comparison area B. The position offsets AXl% AY1 are stored
in the memory provided in the positioning da#a generator 37.
\

In this embodiment, since the primary pdttern matching

is pérformed based on the reference image in{the comparison

|
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area A and the current image in the comparison area B each
having a restricted two-dimensional range, the time required
for the pattern matching can be cut down. ﬁarticularly, the
primary pattern matching is performed by linearly moving the
comparison area B in the X- and Y-directions without
rotating the comparison area B, and this pattern matching
method also contributes to cutting down the time required
for the pattern matching.

While the frame of the comparison area B is translated
in the X- and Y-directions in this embodiment, it is also
possible to rotate the frame of the comparison area B for
the purpose of pattern matching.

As practical pattern matching methods, fhere are known
six methods (1) to (6), given below, in addition to the one
described above in the embodiment. Any of the methods (1)
to (6) can be used to implement the bresent invention.

(1) Residual Error Matching

For the comparison area B (target pattefn) and the
comparison area A (master pattern), a superposition
deviation (residual error) is computed from pixel
information of all meshes. Then, the position of the
comparison area B ﬁhere the computed residual error is
minimum is determined while moving the compa&ison area B in
the Qp-and-down direction and the left-and-right direction.

(2) Correlation Coefficient Method

For the comparison area B (target pattern) and the

comparison area A (master pattern), normalized distributions

of pixel information of all meshes are separétely computed.
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Then, the position of the comparison area B where'a value of
the correlation coefficient between the two computed
distributions is maximum is determined while moving the
comparison area B in the up-and-down directipn and the left-
énd-right direction. This method requires a‘longer
computing time than the residual error matching of above (1),
but practical processing can be performed with speed-up
through division of the distribution into la&ers.
(3) Phase-Only Correlation
For the comparison area B (target pattern) and the
comparison area A (master pattern), pixe; information
patterns of all meshes are separately subjected to Fourier
transformation. Then; phase-only processing is performed on
the Fourier transformation plane to determine a matching
point between both the patterns.
(4) Geometry Matching
This is a recently proposed Matching method utilizing a
series of edge points. This method enables the matching to
be performed without being affected by rotation and resizing
of the comparison area A (master pattern).
(5) Vector Correlation
Similarly to the geometry matching of aﬁove (4), this
is a matching method utilizing a series of edge points.

This method enables the matching to be performed without

being affected by overlapping and hiding.
(6) Generalized Hough Transformation
This is a method obtained by extending and generalizing

Hough transformation for detection of a straight line, and

25

-29-



is primarily applied to geometrical figuresj This matching
method utilizes a series of edge points sim%larly to the
above methods (4) and (5), and enables the ﬁatching to be
performed without being affected by rotatio% and resizing,
as well as by overlapping and hiding. i

Note that, instead of the above methods%(l) to (6), any
other suitable one, e.g., the least square mgthod used in
step 81 described later, may also be used to%perform the
primary pattern matching. i

The data of the frame of the final comp;rison area B
extracted through the primary pattern matchi%g is outputted
to the display unit 39B (step 80). With thi% step, the
frame of the final comparison area B is disp%ayed on the
display unit 39B together with the information of the

f

current image (see Fig. 9C). |
t

Secondary pattern matching for the curr%nt image in the
final comparison area B is executed by emplo&ing just the
reference image in the comparison area A and%the current
image. in the final comparison area B (step Bi). In other
words, the entire regions of the reference iﬁage and the
current image are not used here. 1In the secéndary pattern
matching, the primary matching area (final cémparison area
B) obtained through the primary pattern matcﬂing is employed
as a secondary matching candidate area. Theﬁ, based on the
reference image in the comparison area A andithe current
image in the secondary matching candidate aréa (final
comparison area B), the positioning data gene%ator 37

i

. . [ : .
executes coordinate transformation of the curFent image in
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the final comparison area B and finely determines the
amounts of translation in the X- and Y-directions and the
amount of a rotational angle at which both the images are
most matched with each other. Practically, fhe secondary
pattern matching is performed in this embodimegt by using
the least square method. é

Detailed processingvof step 81 will be described below
with reference to Fig. 12. First, a similar area, i.e., the
current image in the comparison area B, is moved and rotated
(step 81A). 1In practice, the current image in the
comparison area B is subjected to coordinate transformation
by using coordinate transformation coefficients. The amount
of translation and the amount of a rotationai angle can be
designated as the coordinate transformation coefficients.
Stated another way, the movement of the comparison area B is
performed by translating the current image in the final
comparison area B in the X- and Y-directions and rotating it
until the center of the final comparison areé B (i.e., the
position at which two diagonals of the final comparison area
B cross each other) (see Fig. 9(C)) is aligncd with the
center of the current image (i.e., the beam iine m) (see Fig.
10(B)). Then, pattern matching is executed (step 81B). In
this pattern matching, the least square method is employed
to evaluate similarity (degree of matching) ﬂetween the
reference image in the comparison area A the‘current image
in the final comparison area B. More specifically, in a
state of Fig. 10(B), the current image in the:final

comparison area B is translated in the X- and Y-directions
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and rotated in step 81A with respect to the reference image
in the comparison area A, and the degree of ﬁatching'between
the moved current image in the final comparison area B and
the reference image in the comparison area A is evaluated.
In this embodiment, since the pattern matchihg is made on
the reference image in the comparison area A and the current
image in the comparison area‘B (final compafison area B)
each having a restricted two-dimensional range, processing
for the pattern matching can be executed in a non-wasteful
manner and hence the proceésing time required for the
pattern matching can be cut down. The processing for the
pattern matching in step 81A will be describéd below. It is
here assumed that the position of a pixel of the reference
image in the comparison area A is A(X, Y) and the position
of a pixel, corresponding to the above pixel of the
reference image, of the current image in the:final
comparison area B is B(X', ¥'). Thus, the pgsition of each
pixel is expressed, by way of example, as follows. The -
position of a pixel locating at an upper left corner of the
reference image in the comparison area A is exp:essed by
coordinate values of A(l, 1), and the positi?n of a pixel
locating at an upper left corner of the current image in the
final comparison area B is expressed by coordinate valueslof
B(l, 1). Because (X, Y) and (X', Y') represénting pixels
are given as coordinate information, the pixels of the
reference image in the comparison area A can be made
respectively correspondent to the pixels of the current

image in the final comparison area B by using a coordinate
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transformation formula, such as an Affine tr%nsformation
formula, and the current image in the final ;omparison area
B can be translated in the X- and Y-directioﬁs and rotated
in accordance with the coordinate transforma%ion formﬁla. A
description is now made of step 81B. A squa?e value of a
difference (deviation) between the pixel valLe of each pixel
A(X, Y) and the pixel value of each correspo#ding pixel B(X',
Y') is computed for each pair of all the corfesponding
pixels in both the reference image in the co@parison area A
and the -current image in the final compariso% area B, and
the thus-computed square values are added toidetermine the
total sum. Then, while repeating the proces%ing sequence of
step 81A, i.e., translating the current imagé in the final

comparison area B in the X- and Y-directions'and rotating it

|
i

with respect to the reference image in the cémparison area A,
the above-mentioned total sum is successivel% computed in
step 81B. After repeating above two steps BiA and 81B, the
coordinate transformation coefficients proviéing the minimum
total sum are obtained. The thus-obtained céordinate
transformation coefficients represent a posi&ion offset of
the final position of the current image in tﬁe final
comparison area B with respect to the refere%ce image in the
comparison area A, i.e., a position offset A#z in the X-
direction, a position offset AY2 in the Y-diééction, and a
rotation amount (angle) AB. The position ofgsets AX2, AY2
and the rotation amount A0 are all stored inithe memory

provided in the positioning data generator 37.

Thus, in the secondary pattern matching,&the pattern

|
|
29 |
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matching is performed on the current image in the comparison
area B having a restricted two-dimensional range and the
reference image in the comparison area A also having a
restricted two-dimensional range while translating the
currentvimage in the primary matching area (final comparison
area B) in the X- and Y-directions and rotating it. Hence,
the time required for the pattern matching can be cut down
even with the matching process including the image rotation.

Note that the method used for executing the secondary
pattern matching is not limited to the least.square method
described above, and the secondary pattern matching may be
performed by using any other suitable method, for example,
by executing one of the above-mentioned methéds (1) to (6)
again.

The data of the current image in the fiqal comparison
area B, which is located in the final position of the
current image determined through the secondary pattern
matching, is outputted to the display unif 39A (step 82).
The current image in that final position is displayed
(though not shown) on the display unit 39A in a superposed
relation to the reference image in the compafison area A.

By displaying the current image in that final position and
the reference image on the display unit in a suéerposed
relation to each other as described above, the operator,
such as the doctor, can visually confirm the aligned state
of the tumor. Then, couch (patient) positioning data is
produced (step 83). Couch movement amounts (couch movement

information} constituting the couch positioning data are

30

-34-



computed by using the position offsets AX1l, AY1l, AX2 and AY2
and the rotation amount A® which are all stored in the
memory provided in the positioning data generator 37. More
specifically, a couch movemenf amount AX in the X-direction
is computed as (AX1l + AX2), a couch movement amount AY in
the Y-direction is computed as (AYl + AY2), and a coﬁch
movement amount (couch rotation amount) A® in the rotating
direction is computed as AO0. These couch movement amounts

AX, AY and A© constitute couch positioning information used

for the positioning of the couch. This couch positioning
information serves also as the couch movement information.
Subsequently, in step 83, the couch movement amounts AX, AY
and A® are outputted to and displayed on the display unit
39A.

By looking at the displayed couch movement amounts AX,

AY and A®, the doctor determines whether the treatment couch

59 is to be moved to execute again for alignment of the
tumor. If the doctor determines that the operation for
alignment of the tumor is required with the movement of the
treatment couch 59, the doctor inputs information indicative
of "necessity of couch movement".to the posifioning data
generator 37 by using the input unit (not shown), the input
information being separated into data pef x-direction, Y-
direction and rotating direction. On the other hand, if the
doctor determines that the operation for aligning the tumor
is not required with the movement of the treatment couch 59,
the doctor inputs information indicative of Jnon—necessity

of couch movement"” to the positioning data generator 37 by
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using the input unit. ‘
i

The positioning data generator 37 determines whether
the "couch is to be moved" (step 84). More specificaily, if
the information inputted from the input unit indicates
"non-necessity of couch movement", this means that the tumor
is positioned on the beam line m. Hence, thé movement of
thé treatment couch 59, i.e., the alignment of the tumor in
the body of the patient 8 with the beam ling m, is not
performed by the couch driver 12, and the couch positioning
process 1s completed. On the other hand, if?the information
inputted from the input unit indicates "necessity of couch
movement", the couch positioning information is outputted to
the couch controller 38 (step 85). Practicaily, the couch

|
movement amounts AX, AY and A® obtained in above step 83 are

sent to the couch controller 38. The couch movement amounts

AX, AY and AO constitute information used for the

positioning of the treatment couch 59. Thereafter, the
alignment of the tumor is performed through £he movement of
the treatment couch 59 as described later.

While whether to move the treatment couch 59 or not is
determined by the doctor in this embodiment, such a
determination may be made by the positioning data generator
37. In other words, it is also possible to determine in
step 84 as to "whether the couch movement amount is equal to
a preset movement value (e.g., a movement value 0)" instead
of "whether the couch is to be moved", and té instruct the

positioning data generator 37 to carry out the movement of

the couch. 1In this modification, more specifically, if the
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couch movement amounts AX, AY and A® obtained in step 83 are
each equal to the preset movement value, e.g., the movement
value 0 (namely, in the case of "YES" in the determination
of modified step 84), this means that the tumor is
positioned on the beam line m. Hence, the mpvement of the
treatment couch 59, i.e., the alignment of the tumor in the
body of the patient 8 with the beam line m, is not performed
by the couch driver 12, and the couch positiSning process is
completed. On the other hand, in the case of "NO" in the
determination of modified step 84 (namely, if the couch
movement amouﬂts AX, AY and A® are each not equal to the
preset movement value, e.g., the movement vaiue 0), the
processing of step 85 is performed and the couch positioning
information is outputted to the couch controller 38. Thus,
the couch movement amounts AX, AY and A® obtained in step 83
are sent to the couch controller 38. Additiénally, in
modified step 84, information indicating the determination
result, i.e., "completion of the patient positioning" or
"re-execution of the patient positioning" is outputted to
and displayed on, for example, the display unit 39A. 1In the
case of "re-execution of the patient positioning", the couch
movement amounts AX, AY and A® are outputted to and
displayed on the display unit 39A.

The couch controller 38 receives respective detected
data regarding X- and Y-directional positions (X0, YO) of
the treatment couch 59 and a rotational angle (e.g., ©0)
thereof in the rotating direction in the state before the X-

ray is irradiated from the X-ray emission device 26 as
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described above. Those data are detected by respective
sensors (not shown) disposed on the couch dﬂiver 12. Also,
the couch controller 38 receives the couch movement amounts
AX, AY and A©® and compute the position of tﬂe treatment
couch 59, i.e., (X0 + AX), (Y0 + AY) and (@q + A®), to which
it is to be moved. Then, the couch controller 38 drives the
motors lla, llc and 114 to move the treatment couch 59 so
that the position of the tumor in the body of the patient 8
lying on the treatment couch 59 is aligned with the computed
position. '

After moving the treatment couch 59 in such a manner,
the X-ray irradiation along the beam line m is performed on
the patient 8 again, and the processing of steps 72 to 84
are repeated by the positioning data generatgr 37 using the
current image captured by the X-ray image capturing device
29 until the information "non-necessity of c6uch movement"
is inputted in step 84.

With the patient positioning device of fhis embodiment,
as described above, pattern matching is performed on the
reference image in the set comparison area Ajand the current
image in the set comparison area B to produce information
for the positioning of the patient (couch). In the prior-
art case of requiring the operator to set particular
monuments, landmarks, anatomical base points, or the likes
to produce patient positioning data based on them, the
positions of the monuments or the likes must be designated
on each of the reference image and the current image at high

accuracy without an offset between the reference image and
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the current image. However, it is difficult, as mentioned
before, to designate corresponding positiong on the
reference image and the current image without an offset
between them. With this embodiment, since tpe reference
image in the set comparison area A and the chrrent image in
the set comparison area B are subjected to the pattern
matching, the operator is not required to designate the
positions of the monuments or the likes, and hence the
accuracy in producing the patient positioning data is
avoided from being affectea by the skills of individual
operators. Accordingly, the patient positioning accuracy
can be increased regardless of the skills of individual
operators. As a result, a patient positioning device can be
constructed of which operation does not depend upon amounts
of the skills of individual operators. Furtﬁer, it is
possible to cut the time and labor required for setting the
monuments or the likes, and to quickly and sﬁoothly carry
out the positioning opefation.

With this embodiment, since the movement amount of the
treatment couch 59 (specifically the movemenf amount of the
tumor in the body of the patient 8 lying on the treatment
couch 59) is determined through pattern matcﬁing made on a
plurality of corresponding areas (e.g., pixels) in both the
above-mentioned images, the positioning accufacy of the
treatment couch 59 with respect to the beam line m is
further}increased. In addition. with this embodiment, since
the pattern matching between the reference image and the

current image is performed by using respective image
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information (pixel values of respective pixels) specific to
the reference image and the current image, fhere is no need
of adding new information for the pattern mqtdhing.

While the above embodiment has been described as using
the. X-ray image capturing device 29 including the X-ray
fluorescenceAmultiplier 30, an X-ray image capturing device
(image information generator) 29A may be used instead of the
X-ray image capturing device 29 shown in Fig? 13.

A patient positioning device 28A using Fhe X-ray image
capturing device 29A, according to another embodiment of the
present invention, will be described below with reference to
Fig. 13. The patient positioning device 28A differs from
the above-described patient positioning devide 28 in using
the X-ray image capturing device 29A. More specifically,
the X-ray image capturing device 29A comprises a plurality
of semiconductor radiation detectors (X-ray entry devices or
flat panel detector) 66, a plurality of signél amplifiers 67,
a plurality of signal processors 68, and an image processing
unit (image information producing unit) 69. iLooking from
the direction along the beam line m, the plurality of
semiconductor radiation detectors 66 are arranged in a grid:
pattern comprising a plurality of rows in the X-direction
and a plurality of columns in the Y-directioﬂ, which are
arrayed in a closely contacted state with each other. The
signal amplifiers 67 and the signal processors 68 are
disposed in a one-to-one relation to the semiconductor
radiation detectors 66 and are serially connécted to

corresponding ones of the semiconductor radiation detectors
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66. Information outputted from the individual signal
processors 68 and indicating the intensity Jf X-ray is sent
to the image processing unit 69.

An X-ray beam for detecting the tumor in the body of
the patient 8 is emitted from the X-ray emission device 26,
which has been moved to position on the beamiline m, and
penetrates the tumor and the surroundings thereof. Then,
the X-ray beam enters the flat panel detecto} (all the
semiconductor radiation detectors 66) disposed on the side
of the treatment couch 59 away from the patient 8 for
conversion into electrical signals. The electrical signal
outputted from each of the semiconductor radiation detectors
66 is amplified by the corresponding signal amplifier 67 and
is integrated by the corresponding signal processor 68 for a
preset interval of time. As a result of integrating the
electrical signal, X-ray intensity information is obtained.
The image processing unit 69 produces image information
(information of a current image or a captured image) by
using the X-ray intensity information outputted from each
signal processor 68. The information of the'current image
is taken into the positioning data generator 37, which
executes similar processing to that described in the above
embodiment. |

This modified embodiment can also provide similar
advantages as those obtained with the above embodiment.

According to the present invention, as will be seen
from the above description, a sufficient level of patient

positioning accuracy can always be ensured regardless of the
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skills of individual operators.

Throughout this specification and the claims which follow,
unless the context requires otherwise, the word '"comprise",
and variations such as "comprises" and "comprising', will
be understood to imply the inclusion of a stated integer or
step or group of integers or steps but not the exclusion of
any other integer or step or group of integers or steps.

The reference to any prior art in this specification is not,
and should not be taken as, an acknowledgement or any form

of suggestion that that prior art forms part of the common
general knowledge in Australia.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A patient positioning device for positioning a
couch supporting a patient to which a charged particle beam
is irradiated from a particle beam irradiation system, said
patient positioning device comprising: '

an X-ray emission device mounted to said particle beam
irradiation system, being movable between a first position
located in a path of said charged particle beam and a second
position located away from the path of said charged particle
beam to be out of interference with advance of said charged
particle beam, and emitting an X-ray in éaid first position;

an X-ray entry device for receiving the X-ray emitted
from said X-ray emission device and outpufiing an output
signal depending on the received X-ray:

an image information generator for generating second
image information regarding a portion of the patient lying
across the path of said charged particle beam by using the
output signal outputted from said X-ray entry device; and

a processing unit for executing pattern matching
between a part of first image information in a first set
area including an isocenter, the first image information
representing a tumor in the body of the patient and serving
as a reference including the isocenter, and a part of the
second image information in a second set area including a
position corresponding to the path of said charged particle
beam, thereby producing information used for positioning of

said couch.
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2. A patient positioning device according to Claim 1,
further comprising a couch controller for controlling
movement of said couch in accordance with said positioning

information.

3. A patient positioning device according to Claim 1,
wherein said processing unit executes the pattern matching
by using information of a plurality of pixels contained in
the first image information in said first set area and
information of a plurality of pixels contained in the second
image information in said second set area.

) 4. A p&kient positi;ning devicetaccording tA:CIaim 3.
wherein said processing unit produces said pésitioning
information based on the least square method such that a
deviation petween the information of a plurality of pixels
contained in the first image information in said first set
area and the information of a plurality of pixels contained
in the second image information in said second set area is

minimized.

5. A patieﬂt positioning device for pos&tioning a
couch supportiné a patient to which a charged particle beam
is irradiated from a particle beam irradiatidn system, said
patient positioning device comprising:

an X-ray emission device mounted to saidiparticle beam

irradiation system, being movable between a first position
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located in a path of said charged particle beam and a second
position located away from the path of said charged particle
beam to be out of interference with advance of said charged
particle beam, and emitting an X-ray in said first position;

an image information generator for generating second
image information regarding a portion of the patient lying
across the path of said charged particle beam by using a
signal depending on the X-ray emitted from said X-ray
emission device; - .

a display unit for displaying first image information
representing a tumor in the body of the patient and serving
as a reference including the isocenter, and the second image
information; and

| a processing unit for s;tting a firsf sét area
including the isocenter with respect to the first image
information, setting a second set area including a position
corresponding to the path of said charged particle beam with
respect to the second image information, executing pattern
matching between the first image information in said first
set area and the second image information in said second set
area, producing information used for positioning of said
couch, and outputting information for displafing respective
frames of said first set area and said second set area to

said display unit.

6. A patient positioning device according to Claim 5,
wherein said display unit comprises a first display unit for

displaying the first image information and a second display
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unit for displaying the second image information, said
second display unit being separate from said first display

unit.

7. A patient positioning device according to Claim 5,

wherein said image information generator comprises an X-ray
transducer for converting the incident X-ray into light, and
a camera for capturing the light and producing the second

image information.

8. A patient positioning device according to Claim 5,
wherein said image information generator comprises a
plurality of semiconductor radiation detectors for
converting the incident X-ray into electrical signals, a
plurality of signal processors disposed in a one-to-one
relation to said semiconductor radiation detéctors and
processing said electrical signals, and an image information
producing unit for receiving outputs from said signal

processors and producing the second image information.

9. A patient positioning device according to Claim 5,
wherein said processing unit executes the pattern matching
by using information of a plurality of pixels contained in
the first image information in said first set area and
information of a plurality of pixels contained in' the second

image information in said second set area.

10. A patient positioning device according to Claim 9,
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wherein said processing unit produces said positioning
information based on fhe least square method such that a
deviation between the information of a pluraiity of pixels
contained in the first image information in said first set
area and the information of a plurality of pixels contained
in the second image information in said secohd set area is

minimized.

11. A patient positioning device for pésitioning a
couch supporting a patient to which a charged particle beam
is irradiated from a particle beam irradiation system, said
patient positioning device comprising:

an X-ray emission device mounted to said particle beam
irradiation system, being movable between a first position
located in a path of said charged particle b?am and a second
position located away from the path of said éharged particle
beam to be out of interference with advance of said charged
particle beam, and emitting an X-ray in said first position;

an image information generator for generating second
image information regarding a portion of thefpatient lying
across the path of said charged particle beam by using a
signal depending on the X-ray emitted from said X-ray
emission device; and

a processing unit for setting a first set area
including an isocenter with respect to first image
information representing a tumor in the body of the patient
and serving as a reference including the isocenter, setfing,

with respect to the second image information, a second set
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area having substantially the same size as said first set
area and including a position corresponding to the path of
said charged particle beam, executing primary pattern
matching between the first image information in said first
set area and the second image information in. said second set
area to determine a primary matching area with respect to
the second image information, and executing secondary
pattern matching between the first image information in said
first set area and the second image information in said
primary matching area, thereby producing information used

for positioning of said couch.

i
12. A patient positioning device according to Claim 11,

'further comprising a couch controller for controlling

movement of said couch in accordance with said positioning

information.

13. A patient positioning device according to Claim 11,
wherein said processing unit executes the pattern matching
by using information of a plurality of pixels contained in
the first image information in said first set area and
information of a plurality of pixels contained in the second

image information in said second set area.

14. A patient positioning device according to Claim 13,
wherein said'processing unit produces said positioning
information based on the least square method such that a

deviation between the information of a plurality of pixels
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contained in the first image information in said first set
area and the information of a plurality of pixels contained
in the second image information in said second set area is

minimized.

15. A patient positioning device according to Claim 11,
further comprising-a display unit for displaying‘the first
image information at least in said first set area and the
second image information at least in said second set area,

wherein said processing unit outputs information for
displaying respective frames of said first set area and said

second set area to said display unit.

16. vA patient positioning device according to Claim 11,
wherein said display unit comprises a first display unit for
displaying the first image information and a second display
unit for displaying the second image information, said
second display unit being separate from said first display

unit.

17. A patient positioning method for poEitioning a
couch supporting a patient to which a charged particle beam
is irradiated from a particle beam 1rradiati§n system, said
patient positioning method comprising the steps of:

moving an X-ray emission device for emitting an X-ray
to be located in a path of said charged particle beam;

irradiating the X-ray emitted from said X-ray emission

device to a tumor in the body of the patient on said couch
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along the path of said charged particle beam;

dgenerating, based on the X-ray having penetrated a
portion of the patient 1lying across the path of said charged
particle beam, second image information regarding the
portion of the patient;

téking, into a processing unit, first image information
representing the tumor in the body of the paéient and
serving as a reference including the isocenter:

taking second image information into said processing
unit;

executing, by utilizing said processing unit, pattern
matching between a part of the first image information in a
first set area including the isocenter and a part of the
second image information in a second set areé including a
position corresponding to the path of said charged particle
beam, thereby producing information used for‘positioning of

said couch.

18. A patient positioning method for pdsitioning a
couch supporting a patient to which a charged particle beam
is irradiated from a particle beam irradiatién system, said
patient positioning method comprising the steps of:

moving an X-ray emission device for emitting an X-ray
to be located in a path of said charged particle beam;

irradiating the X-ray emitted from said X-ray emission
device to a tumor in the body of the patient on said couch
along the path of said charged particle beam;

generating, based on the X-ray having penetrated a
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portion of the patient lying across the path of said charged
particle beam, second image information regarding the
portion of the patient;

setting a first set area including an isocenter with
respect to first image 1nfbrmation representiﬁg the tumor in
the body of the patient and-serving as a reference including
the isocenter;

setting, with respect to the second image information,
a second set area having substantially the same size as said
first set area and including a position corresponding to the
path of said charged particle beam;

executing primary pattern matching betwéen the first
image information in said first set area and the second
image information in said second set area to determine a
primary matching area with respect to the seéond image
information; and

executing secondary pattern matching between the first
image information in said first set area andjthe second »
image information in said primary pattern matching area,

thereby producing information used for positioning of said

couch.
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19. A patient positioning device substantially as hereinbefore described with reference to

the drawings and/or Examples.

20. A patient positioning method substantially as hereinbefore described with reference to

the drawings and/or Examples.
21. The steps, features, compositions and compounds disclosed herein or referred to or

indicated in the specification and/or claims of this application, individually or collectively, and

any and all combinations of any two or more of said steps or features.

DATED this THIRTIETH day of JANUARY 2004

Hitachi, Ltd.

by DAVIES COLLISON CAVE
Patent Attorneys for the applicant(s)
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