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ABSTRACT OF THE DISCLOSURE

A particle beam therapy system transports an ion beam
emitted from an accelefator to one of a plurality of
tréatment rooms. For that purpose, the therapy system
includes a first beam transport system connected to the

accelerator, and a plurality of second beam transport

systems provided respectively corresponding to the treatment

rooms and connected to the first beam transport system. To

transport the ion beam to the selected treatment room, a
plurality of electromagnets disposed in the corresponding
second beam transport system and in a portion of the first
beam transporf system extended into the relevant second beam
transporf system are excited in accordance with respective
control commands. Control comﬁand information including the
respective control commands is formed by using at least
treatment room information representing the selected

treatment room and treatment plan information specified

'depending on patient identification information.
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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention rélates to a particle beam
therapy systom, and more particularly to a particle beam
therapy system in which a charged particle beam, such as a
proton .or carbon ion beam, is irradiated to a diseased part
(tumor) for treatment.
2. Description of the Relatéd Art

There is known a therapy method of irradiating a beam
of charged particles, such as protons, to a tumor, e.g., a
cancer, in a pétient's body. A large-scaled one of therapy
systems for use with that therapy method comprises a charged
particle beam generator, a beam transport system, and a
plurality of treatment rooms. A charged particle beam
accelerated by the charged particle beam generator reaches
an irradiation unit in each of the treatment rooms through
the beam transport system, and is irradiated to the tumor in
the patient's body from a nozzle of the irradiation unit.
In addition, the beam tyansport system comprises one common
beam transport system and a pluraiity of branched beam
transport systems which are branched from the one.common
beam transport system and extended into the respective
irradiation units in the treatment rooms. At a position
where each of the branched beam transport system is branched,

a switching electromagnet is disposed which deflects the
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charged particle beém incoming from the one common beam
transport system and introduces it into the corresponding
branched beam transport system (see, e.g., Patent Reference;
USP5,585,642(JP,A 11-501232); from line 47, column 4 to line

34, column 5).

SUMMERY OF THE INVENTION

In the known particlé beam therapy system described
above, when performing irradiation treatment in each
treatment room, the charged particle beam is selectively
introduced from the one common beam transport system to only
the relevant treatment room. At that occasion, all the
switching electromagnets are controlled in accordance with
control signals from a controller to switch over excitation
such that a beam transport path (route) to the relevant.>
treatment room is formed. With that confrol, the charged
particle beam is prevented from being erroneously introduced
to another treatment room different from one to which the
charged particle beam is to be introduced in a normal state.

Considering the possibility that the controller may'
malfunction or cause an instable state in control for some
reason, however, the above-mentioned process of merely
forming the beam transport path by switching control of the
electromagnet excitation in accordance with the control
signals from the controller still hés a room for improvement
from a safety point of view in reliably preventing the beam
from being erroneously transported to other treatment room

than the irradiation target.
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It is an object of the present invention to provide a
particle beam therapy system, which can simplify the system
construction and can perform treatment at higher efficiency.

Another object of the present invention is to provide a
particle beam therapy system, which.undergoes less reduction
of the treatment capability in the event of a trouble and
can‘realize‘a more durable system.

To achieve the above object, a feature of the first
invention resides in that, in at least one.of a plurality of
beam transport systems for transporting a charged particle
beam emitted‘from a chérged particle beam generator
separately to respective irradiation units in a plurality of
treatment rooms, a first shutter is provided to shut off a
beam path in that one beam transport system. With the
provision of the shutter in the beam path for physically
blocking the beam itself, safety can be remarkably improved

in comparison with the related art resorting to only

‘reliability of software used in an electromagnet switching

controller. For more remarkably improving safety, it is
preferable to provide the first shutter to shut off each of
the beam paths in all the béam transport systems.

A feature of the second invention resides in including
a control information forming unit for forming control |
comménd information, which includes control information for
a plurality of elements provided in the beam transport
system introducing the charged particle beam to an
irradiation unit in a selected treatment room, by using at

least treatment room information representing the selected
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treatment room and treatment plan information specified
depending on patient identification information for a
patient who enters the selected treatment beam. With this
feature, the system construction can be simplified and the
treatment can be smoothly conducted at higher efficiency.
More specifically, the doctor side is just required to
prepére only the treatment plan information for each patient,
and the operator side is just required to input only the
patient ‘identification information and the treatment room
information, both representing who is presént as the patient
in which one of the treatment rooms, to the contfol
information forming unit. Based on both the treatment plan
information obtained depending on the patient identification
information and the treatment room information, the control
information fofming unit automatically forms finai control
command information for operating the charged particle beam
generatof and switching electromagnets. As a result, when
forming the control command information, itris‘ﬁo longer -
required to prepare a large amountiof data covering all of
the treatment plan information for each patient set from the
medical point of view and the information necessary for
operating the therapy system. Thus, since work for
preparing data can be separately allocated to the doctor
side and the operator side, the system construction can be
simplified and the treatment can be smoothly conducted at
higher efficiency.

A feature of the third invention resides in including a

control system for deciding the sequence of introducing the
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charged particle beam to the pluraiity of treatment rooms
based on respective irradiatipn'ready signals.corresponding
to the treatmént rooms, and forming the beam paths for
introducing the charged particle beam, emitted from the
charged particle beam generator, to the respective
irradiation units in the treatment rooms in accordance with
the decided sequencé.

With that feature, the time and labor imposed on the
operator can be reduced to a large extent. Practically,
when making preparations for'irradiation in one treatment
room, it is possible to flexibly progress the preparations
for irradiation with no need of taking into account
situations in the other treatment rooms. In other words,
unlike the case of presetting the irradiation sequence for
the respective treatment rooms and transporting the beam in
accordance with the preset sequence, the treatment room in
Which the preparations for irradiation are lasting for a
longer time or the patient's feeling has worsened, for
example, can be automatically put off after the treatment
room in which the patient has already been brought into an
irradiation ready state at that time. With such flexibility,
a wasteful waiting time can be reduced and the therapy
system can be utilized at maximum efficiency. Hence,
treatment can be smoothly conducted on a larger number of
patients at higher efficiency. Other advantages reside in
that presetting of the irradiation sequence and échedule is
not always required, and the schedule can be flexibly

changed with ease. This means that the time and labor
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required for the operator during the treatment can be
reduced to a large extent.

A feature of the forth invention resides in comprising
a control information forming unit for forming control
command information for a first element group disposéd in
the beam,path extended into the selected treatment room, and

an information confirming unit for selecting, from among

element information including status information

representing respective statuses of the first element groups,
the status information of the first element group in the
beam path extended into the selected treatment room, and
confirming that the selected status information is matched
with the control command information for the relevant first
element group, which is included in the control command
information for the first element gfoups. With this feature,
a durable therapy system can be realized which undergoes
less reduction of the treatment capability in the event of>a
trouble. More specifically, even when a trouble occurs in
any one of the plurality of treatment rooms and a detected
signal having a value other than an ordinary one is
outputted from an electromagnet actual operation detecting
device associated with the relevant treatment room,

selection processing to exclude the relevant treatment room
from actual use for the treatment enables the extracting and
determining unit to reliably fulfill the intended role, i.e.,
the comparison between a command value and an actual value,

without being affected by the detected signal having such an

'unordinary value. As a result, even in the case of a
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trouble occurring in.one of the tfeatment rboms, the
treatment operation can be continued by using the remaining
normal treatment rooms. It is hence possible to prevent or
minimize reduction of the treatment capability and to
smoothly continue the treatment. 1In other words, a durable
therapy system can be realized which undergoes less
reduction of the treatment capability in the event of a
trouble.

A feature of‘the fifth invention resides in that a
plurality of element groups aré successively arranged in the
beam paths in the direction in which the charged particle
beam advances through the beam paths, the element groups
including respective elements disposed in the plurality of
beam paths, and the element groups are each provided with an
alternatively selecting device for alternatively selecting
the respective elements in the element grdups. With this
feature, the beam can be positively prevented.from being
erroneously introduced to the treatment room in which the
irradiation is not scheduled at that time, and safety can be
improved. More  specifically, in a normal condition,
electric power is supplied to only one electromagnet group
system to establish one beam transport path so that the beam
is introduced to only the treatment room in which the
irradiation is té be carried out. On the other-hand, if
electric power is supplied to the plural electromagnet group
systems at the same time because of any error, no beam
transport paths are formed and the beam is not introduced to

all of the treatment rooms. Thus, it is possible to




reliably prevent the beam from being erroneously introduced
to the treatment room in which the irradiation is not
scheduled at that time, and hence to improve safety.

A feature of the sixth invention resides in operating a
first manual input device provided in the treatment room or
a control room formed corresponding to the.treatmentﬁroom
for inputting a signal indicating an irradiation ready state
in the treatment room; thereafter confirming that
preparations for transport of the charged particle_beamrin
the beam transport system for introducing the charged
particle beam to the irradiation unit in the selected
treatment room are completed; displaying ready information
' regarding the transport of the charged particle beam on a

ready state display unit; and then operating a second manual
input device provided in the selected treatment room or the
'corresponding control room for inputting an instruction to
start the irradiation.

With that feature, whether to start the irradiation or
not can be decided until a point in time immediately before
the preparations for transport of the charged particle beam
in the relevant beam transport system are completéd after
the completion of the preparations for irradiation to the
patient in the treatment room. As a result, the irradiatiqn
can bé canceled in a flexible way at any point in time until
just before the start of the irradiation, taking into
account, for example, that the patient's condition and
feeling are in a state sufficiently allowable to receive the

irradiation treatment, that the patient's feeling is not




worsened, or that the patient does not want to go to the
toilet. Hence, the irradiation treatment can be performed
on each patient in a safe and prudent manner without

problems.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a conceptual diagram showing a schematic
overall construction of a particle beam therapy system
according to one preferable embodiment of the present
invention;

Fig. 2 is a conceptual plan view showing a detailed
construction of a treatment room shown in Fig. 1;

Fig. 3 is a block diagram showing a control system in
the particle beam therapy system according to the one
embodiment_of the present invention;

Fig. 4 is a block diagram showing an upper half of more
detailed configuration of the control system in the particle
beam therapy system according to the one embodiment of the
present invention;

Fig. 5 is a block diagram showing a lower hélf of more
detailed configuration of the control system in the particle
beam therapy system according to the one embodiment of the
present invention;

Fig. 6 is a flowchart showing a sequence of control
steps executed by a first-come, first-served basis
controller;

Fig. 7 is a table showing one example of treatment

planning data (patient data) for each patient;




Fig. 8 shows.a power supply control table previously
stored in a memory provided in a central control system;

Fig. 9 shows another power supply control table, which
differs from that shown in Fig.8, previously stored in the
meﬁory provided in the central control system;

Fig. 10 shows one example of control command data;

Fig. li is a diagram showing a detailed constructidn of
a switch yard;

Fig. 12 is a table showing a switch changeover pattern
stored in a memory provided in a switch yard contrdller;
| Fig. 13 is an upper half of representatidn of data
comparison for explaining how data is compared in a
determining unit;

' Fig. 14 is a lower half of representation of data
comparison for explaining how data is compared in a |
determining unit;

Fig. 15 is a block diagram showing the function of a
.central interlock system in relation to opening/closing
control of shutters; |

Fig. 16 is an explanatory view showing the interlock
functions of an electromagnet power supply controller and
the switch yard controller; |

Fig. 17 is a block diagram showing another function
(lock function in the event of error detection).of‘the
central interlock system, including the shutter
opening/closing comparison function;

Fig. 18 is a time chért showing a flow of operation and

control with time in the embodiment; and
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Fig. 19 is a diagram showing a construction of another

example of the switch yard.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A particle beam therapy system (a particle beam

irradiating system) according to one preferable embodiment

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

A proton beam thérapy sysfem constituting a'particle
beam therapy system of this embodiment comprises, as shown
in Fig. 1, a charged particle beam generator 1, four
treatment rooms 2A, 2B, 2C and 3, a beam transport system
made up of a first beam tranéport system 4 connected to the
downstream side of the charged particle beam generator 1 and
a plurality of second beam transport sysfems 5A, 5B, 5C and
5D branched'from the first beam transport system 4,
switching electromagnets (path switching devices) 6A,V6B and
6C, shutters (first group of shutters) 7A, 7B, 7C and 7D
provided in a one-to-one relation to the treatment rooms,
and a shutter (second shutter) 8 common to all the treatment
rooms. The-first beam transport system 4 serves as a common
beam transport system for introducing an ion beam to any of
the second beam transport systems 5A, 5B, 5C and 5D.

The charged particle beam generator 1 comprises an ion
source (not shown), a pre-stage Charged particle beam
generator (linac) 11, and a synchrotron 12. 1Ions (e.g.,
proton ions (or carbon ions)) generated from the ion source

are accelerated by the pre-stage charged particle beam
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generator (e.g., a linear charged particle beam generator)
11. Aﬁ ion béam (proton beam) exiting fromkthe pre-stage
charged particle beam generator 11 enters_thé synchrotron 12
through quadrupole electromagnets 9 and.a bending
electromagnet 10. The ion beam in the form of a charged
particle beaﬁ (also called a particle beam) is acqele:ated
by being given with energy applied as high-frequency
electric power from a high-frequency acceleration cavity
(now shown) in the synchrotron 12. After the energy of the
ion beam circling in the synchrotron 12 has been increased
up to a preset level of energy (e.g., 100 to 200 MeV), a
high frequency wave is applied to the ion beam from a high-

frequency applying device (not shown) for exiting of the ion

‘beam. With the application of that high frequency wave, the

ion beam circling within a stable limit is caused to shift
oﬁt of the stable 1limit and to exit (emit) from the
synchrotron 12 through an exit deflector (not shown). When
causing the ion beam to exit, currents supplied to
electromagnets, i.e.; quadrupole electromagnets 13 and
bending electromagnets 14, disposed in the synchrotron 12
are held at respective setting values and the stable limit
is héld substantially constant. By stopping the application
of the high-frequency electric power to the high-frequency
applying device, the exiting (emission) of the ion beam from
the synchrotron 12 is stopped.

The ion beam having exited from the synchrotron 12 is
transported to the downstream side of the first beam

transport system 4. The first beam transport system 4 has a
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beam path 61 and includes a quadrupole electromagnet 18, a

" shutter 8, a bending electromagnet 17, another quadrupole

electromagnet 18, the switching electromagnet 6A, a
quadrupole electromagnet 19[‘the switching electromagnet 6B,
a quadrupole electromagnet 20,_and the switching
electromagnet 6C, which are d;sposed.in the beam path 61 in
this order from the upstfeam side in the direction of beam
advance. The ion beam introduced to the first beam
transport system 4 is selectivély introduced to one of the
second beam transport systems 5A, 5B, 5C and 5D in
accordance with the presence or absence of the bending
actions produced upon switching between excitation and'non-
excitation of the above-mentioned electromagnets including
the switching electromagnets 6A, GB_and 6C (as described in
detail later). The switching electromagnets are each one
type of bending electromagnet.

The second beam transport system 5A has a beam path 62
branched from the beam path 61 and connected to an
irradiation unit 15A disposed in the‘treatment room 2A, and
it includes a bending electromagnet 21A, a quadrupole
electromagnet 22A, a shutter 7A, a bending electromagnet 234,
a quadrupole electromagnet 24A, a bending electromagnet 25A,
and a bending electromagnet 26A, which are disposed in the
beam path 62 in this order fromAthe upstream side in the
direction of beam advance. It cén be said that the |
switching electromagnet 6A is disposed in the beam path 62.
The éecond beam transport system 5B has a beam path 63

branched from the beam path 61 and connected to an
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irradiation unit 15B disposed in the treatment room 2B, and
it includes a bending electromagnet 21B, a gquadrupole
electromagnet 22B, a shutter 7B, a bending -electromagnet 23B,
a quadrupole electrdmagnet 24B, a bending electromagnet 25B,
and a bending electromagnet 26B, which are disposed in the
beam path 63 in this order from the upstream side in the
direction of beam advance. It can be said that fhe
switching electromagnet 6B is disposed in the beam path 63.
The second beam transport system 5C has a beam path 64
branched from the beam path 61 and connected to an
irradiation unit 15C disposed in the treatment room 2C, and
it includes a bending'electromagnet 21C, a gquadrupole
electromagnet 22C, a shutter 7C, a bending electromagnet 23C,
a quadrupole electromagnet 24C, a bending electromagnet 25C,
and a bending electromagnet 26C, which are disposed in the
beam path 64 in this order from the upstream side in theb
direction of beam advance. Further, the second beam
transport systém 5D has a beam path 65 extended from the
beam path 61 and connected to a fixed irradiation unit 16
disposed in a treatment room 3, and it includes quadrupole
electromagnets 27, 28 and a shutter 7D, which are disposed
in the beam path 65 in tﬁis order from the upstream side in
the direction of beam advance. It can be said that the
switching electromagnet 6C is disposed in the beam paths 64,
65. The ion beam introduced to the second beam transport |
System 5A is transported to the irradiation unit 15A through
the beam path 62 with excitation of the corresponding

electromagnets. The ion beam introduced to the second beam
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fransport system 5B is'transported to the irradiation unit
15B through the beam path 63 with ekcitation of the
corresponding electromagnets. The ion beam introduced to
the second beam transpoft system 5C is transported to the
irradiation unit 15C through the beam path 64 with
excitation of the corresponding electromagnets. Also, the
ion beam introduced to the second beam transport system 5D
is transported to the irradiation unit 16 through the beam
path 65 with excitation ofithe corresponding electromagnets.

The treatment rooms 2A to 2C include respectively the
irradiation units 15A to 15C each_mounted to a rotating
gantry (not shown) installed in the corresponding treatment
room. The treatment rooms 2A to 2C are employed as, e.g.,
first to third treatment rooms for cancer ‘patients, and the
treatment room 3 is émpioyed és a fourth tfeatment room for
ophthalmic treatment, which includes the fixed irradiation
unit 16. |

The construction and équipment layout in the treatment
room 2A will be described below with reference to Fig. 2.
Note that since the treatment rooms ZB, 2C also have the
same construction and equipment layout as those in the
treatment room 2A, a description thereof is omitted here.
The treatment room 2A comprises a medical treatment room
(zone) 31 formed in the firét floor, and a gantry room
(zone) 32 formed at a one step lower level, i.e., in the
first basement. Further, an irradiation control room 33 is
formed outside the treatment room 2A in an adjacent relation

to it. The irradiation control room 33 is similarly formed
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with respect to each of the treatment room- 2B and 2C. The
irradiation control room 33 is isolated from both the
medical treatment room 31 and the gantry room 32. However,
the condition of a patient 30A in the medical treatment room
31 can be observéd, for example, through a glass window
provided in a partition between the irradiation control_room
33 and the medical treatment roém 31, or by a monitoring
image taken by a TV camera (not shown) disposed in the
medical treatment room 31.

An inverted U-shaped beam transport subsystem as a part
of the second beam transport system 5A and the irradiation
unit 15A are mounted to a substantially cylindrical rbtating
drum 50 of a rotating géntry (not shown). The rotating drum
50 is rotatable by a motor (not'shown). A treatment gauge
(not shown) islformed inside the rotating drum 50.

" Each of the irradiation units 15A to 15C comprises a
casing (nét shown) connected to the inverted U-shaped beam
trahsport subsystem which is mounted to the rotating drum 50,
and a snout (not shown)Aprovided at the fore end of a nozzle
through which the ion beam exits. The casing and the snout
include, though not shown, a bending electromagnet, a
scatterer, a ring collimator, a patient collimator, a bolus,
etc. which are arranged therein.

The irradiation field of the ion beam introduced to the
irradiation unit 15A in the treatment room 2A from the
inverted U-shaped beam transport subsystem through the beam
path 62 is roughly collimated by the ring collimator in the

irradiation unit 15A and is shaped by the patient collimator
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in match with the configuration of a tuhor in the planar
direction perpendicular to the direction of beam advance.
Further, the range depth of the ion beam is adjusted by the
-bolus in match with a maximum depth of the tumor in the body
of the patient 30A lying on a patient couch 29A. Prior to
the irradiation of the ion beam from the irradiation unit
15A, the patient couch 29A is moved by a couch driver (not
shown) to enter the treatment gauge; and is precisely
positioned relative to the irradiation unit 15A for the
start of the irradiation. The ion beam thus formed by the
irradiation unit 15A to have a dose distribution optimum for
the particle beam treatment is irradiated to a diseased part
(e.g., an area where a tumor or a cancer is produced) of the
patient 30A. The energy of the-irradiated ion beam is
released in the diseased part (hereinafter referred to as a
"tumor") to form a high dose region. The movement of the
~ion beam in each of the irradiation units 15B, 15C and the
positioning of the treatment couch are performed in a
similar manner to those in the irradiation_unit 15A.

In this respect, the rotating drum 50 is rotated by
controlling the motor rotation by a gantry controller 34.
Alse, driving (energization) of the bending electromagnet,
the scatterer, the ring collimator, etc. in each of the
irradiation units ISA to 15C is controlled by an irradiation
nozzle controller 35. Further, driving of the couch driver
is controlled by a couch controller 36. These controllers
34, 35 and 36 are all controlled by an irradiation

controller 40 disposed in the gantry room 32 inside the
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treatment room 2A. A pendant 41 is connected to the
irradiation controller 40 through a cable extended to the
side of the medical treatment room 31, and a doctor (or an
operator) sfanding near the patient 30A transmits a control
start signal and a control stop signal to the controllers 34
to 36 through the irradiation controller 40 by manipulating
the pendant 41; When the control start signal for the
rotating gantry is outputted from the pendant 41, a central
control system 100 (described later) takes in rotational
angle information of the rotating gantry regarding the
patient 30A from treatment plan information stored in a
storage 110 and transmits the rotational angle information
to the gantry controller 34 through the irradiation
controller 40. The gantry controller 34 rotates the
rotating gantry based on the rotational angle information.

A treatment (operator) console 37 disposed in the
irradiation control room 33 includes a patient ready switch
38 serving as a first manual input device (ready information
output device), a display 39 serving as a ready state
display unit), an irradiation instruction switch 42 serving -
as a second manual input device, and An irradiation cancel
switch 66 serving as é third manual input device. The
fﬁnctions of those components will be described in more
detail later. Still another irradiation control room 33 is
separately formed for the treatment room 3.

A.control'system equipped in the proton beam therapy
system of this embodiment will be described below with

reference to Fig. 3. A control system 90 comprises a
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central control system 100, a storage 110 storing a
treatment planning database, a central interlock system
(safety device) 120, an electromagnet power supply
controller 130, a power.supply device for the accelerators
(hereinafter referred to as an "accelerator power supply")
140, a'power supply device for the beam path electromagnets
(hereinafter referred to as a "beam path power supply") 150,
a power supply device for the beam switching electromagnets
(hereinafter referred to as an "switching power supply")'160,
and a switch yard controller 170. Further, the proton beam
therapy system of this embodiment includes a switch yard 180,
shutter drivers 190A to 190D, a shutter driver 200, and a
shutter driver 210 (not shown in Fig. 3, see Fig. 15
described léter). Note that, élthough the construction of
only one 2A of the treatment rooms 2A to 2C is shown in Fig.
3 for the sake of simplicity of the drawing, the other two
treatment rooms 2B, 2C are also similarly constructed.

The patient 30A to be subjected to the irradiation
treatment utilizing the ion beam enters one of the treatment
rooms 2A to 2C. At that time, the operator (or the doctor,
this is similarly applied to the following description)
inputs an identifier (e.g., the s§-called ID number), namely
patient identification information allocated in a one-to-one
relation to each patient 30A beforehand, through a patient
ID input device (e.g., a PC) 43 provided, for example, on
the treatment console 37 in the irradiation control room 33.
As an alternative, an identifier (e.g., barcode information)

may be written on an attachment wearing on the body of the
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patient 30A (e.g., a belt or the like fitted on a patient's
wrisf); and the identifier may be read by a not-shown
identifier reader (e.g.,.a barcode reader) disposed at an
inlet of the treatmént room whén the patient enters the
treatment room. Because the patient ID input device 43 is
provided for each of the treatment rooms 2A to 2C, the
patienf identification information is outputted to a CPU
(central processing unit) 101 in a central control system
100 together with treatment room information represenfing
the'relevant treatment room (e.g., the treatment room
number), which the patient 30A has entered, while making
those data correspondent to each other.

. On the other hand, when the patient 30A having receivéd
predetermined examinations, etc. after entering the
treatment room lies on the treatment couch 29A and comes
into‘a state ready for the irradiation of the ion beam upon
the completion of setups required prior to the irradiation,
such as rotation of the rotating gantry and positioning of
the treatment couch 29A, the operator goes out of the
treatment room 2A, enters the corresponding irradiation
control room 33, and depresses the patient ready switch (or
button) 38 on the treatment console 37. The patient ready
switch 38 may be provided in each of the treatment rooms 2A
to 2C if protection of the operator against radiation
exposure is reliably ensured by another means. Upon the
patient ready switch 38 being depressed, a patient ready
signal (irradiation ready signal) is generated and outputted

to the central interlock system 120.
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The central interlock system 120 comprises (see Fig. 4)v
three AND circuits 121A, 121B and 121C corresponding
respectively to the treatment rooms 2A, 2B and 2C, an AND
circuit 121D (not shown, having the same function as the AND
circuit 121A) corresponding to the treatment room 2D, and
two other AND circuits 122, 123. ~The AND circuits 121A to
121D receive theipatient ready signals oﬁtputted from the
respective patient ready ewitches 38 pro&ided in the
irradiation control roohs 33 corresponding to the treatment
rooms 2A to 2C and 3, and machine ready signals outputted,
thoﬁgh not described here in detail, when respective devices
and units related to the irradiation of the ion beam in the
treatmeﬁt rooms 2A to 2C and 3 are brought into a standby
(ready) state. When the patient ready switch 38 in one of
the irradiation control rooms 33 inside the treatment rooms
2A to 2C and 3 is depressed upon the reiated devices and
units being brought into the ready state, an ON signal is
inputted from corresponding one of the AND circuits 1214,
121B, 121C and 121D to a first-come, first-served basis
controller (First Come First Serve (FCFS)) 102 in the
central control system 100.

The processing sequence executed by the First Come
First Serve 102 will be described below with reference to
Fig.6. The First Come First Serve 102 has three functions.
First one is the function as a treatment sequence deciding
device for executing processing'of steps 75, 70 in Fig.6,
.and second one is the function as a treatment room

information outputting device for executing processing of
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step 71 in Fig.6. The last third one is the function as a
beam irradiation canceling device for executing processing
of steps 72 to 74 in Fig.6. The first function will first
be described; Step 75 is a step df deciding the treatment
sequence, and step 70 is a step of adding the treatment room
number (treatment room information). In the treatment
sequence deciding step (step 75), the treatment sequence for
the treatment robms is decided based on the ON signals from
the AND circuit 121A corresponding to the treatment room 2A
(treatment room No. 1), the AND circuit 121B corresponding
to the treatment room 2B (treatment room No. 2), the AND
circuit 121C corresponding to the treatment room 2C
(treatment room No. 3), and the AND circuit 121D
cdr:esponding'to the treatment room 3 (treatment room No. 4)
such that the ON signals are processed in the sequence in
which they have been inpﬁtted (i.e., in the order in which
the irradiation ready signals have been generated or
outputted), namely that the earlier incoming ON signals are
processed with higher priority ascending toward the first
incoming one. In the treatment room number adding step
(step 70), the treatment room number (treatment room
information) corresponding to the AND circuit, which has
oufputted the ON signal having been inputted in accordance
with the decided treatment sequence, is added to the last
end of an irradiation queue stored in a memory (not shown)
of the First Come First Serve 102. With the provision of
.the AND circuits 121A, 121B, 121C and 121D, even if the

operator depresses the patient ready switch 38 by mistake,
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the ON signal is not outputted because the machine ready
signal is not inputted to the relevant AND circuit. It is
therefore possible to prevent the operation (e.g.,
excitation of the electromagnets described later) that may
form an undesired beam path.

Next, the second function will be described. 1In the
treatment performed first (e.g., the fifst treatment in a
day), the treatment room number having the top priority in
the queue stored in the memory of the First Come First Serve
102 is outputted (step 71). The treatment room number (No.
1, No. 2, No. 3 or No. 4) having the top priority is
inputted to the CPU 101 (see Fig. 4) in the central control
system 100. For the treatment room numbers having the
second and subsequent priority, when an irradiation
completion signal (described later) outputted from a dose
detection controller 220 (see Fig. 15) or a beam stop signal
(described later) outputted from an OR circuit 69 (see Fig.
17) in the central interlock system 120 is inputted through
a terminal 67, the treatment room number having the top
priorify at that time is outputted from the First Come First
Serve 102 to the CPU 101. Each of the irradiation
completion signal and the beam stop signal serves as an
irradiation end signal, and the treatment room number having
the top priority is outputted in response to the irradiation
end signal. Each time the treatment room number having the
top priority is outputted, the tfeafment room numbers in the
irradiation queue stored in the above-mentioned memory are

each forwarded by one in the output sequence.
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Finally, the third function will be described. This
function is actuated when the irradiation of the ion beam to
the patient 30A should be stopped in the éase that the
condition of the patient 30A lying on the treatment couch
29A has worsened during a period until the irradiation
instruction switch 42 is depressed after depression of the
patient ready switch 38 corresponding to one treatment room.
For example, if the condition of the patieﬁt 30A in the No.
1 treatment room 2A has worsened, the doctor depresses the
irradiation cancel switch 66 in the irradiation control room
33 corresponding to the treatment room 2A. A resulting
irradiation cancel signal is inputted to the First Come
First Serve 102, followed by determining in step 72 whether
the relevant treatment room number has already been
outputted. If the determination result is "NO", the
relevant treatment room nﬁmber (No. 1 in this case) in the
memory of the First Come First Serve 102 is canceled (step
74). At this time, the treatment room numbers put in the
irradiation queue subsequent to the canceled treatment room
. number are each forwarded by one. If the determination
result in step 72 is "YES", a beam stop signal is outputted
to the charged particle beam generator 1 to cancel the
treatment room number having already been outpufted (step
73). The beam stop signal is outputted from the OR circuit
69 (see Fig. 17) in the céntral interlock system 120 through
a terminal 68, whereby the operation of the charged particle
beam generator 1 is forcibly stopped. With the third

function, it 1s possible to stop the irradiation of the ion
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beam toward the patieﬁt lying on the treatment'couch 294,
whose condition has worsened.

The First Come First Serve 102 outputs a plurality of
treatment room numbers, which are stored-in the internal
memory in the treatment sequence, to the displays 39
disposed on the treatment consoles 37 in the irradiation
control rooms 33 corresponding to the treafment rooms 2A to
2C and 3 in the same sequence. Because the treatment room
numbers are displayed on each display 39 in the treatment
sequence, the operator present in each of the irradiation
control rooms 33 corresponding to the treatment rooms 2A to
2C and 3 is able to know the treatment sequence allocated to
the relevant treatment room at that time. in addition to
the display mentioned above, the First Come First Serve 102
may further display, on each display 39, how many patients
are now waiting prior to the relevant patient, approximately
how long time the relevant patient must wait until the start
of the treatment, or_the like; As an alternative, instead
ofAdisplaying such detailed information, it is also possible
to only the fact that the priority order is not the first’
(i.e., the irradiation cannot be started at once and the
relevant patient must wait for a time required for the
tfeatment of at least one other patient).

The treatment room number having the top priority (i.e.,
the treatment room number selected to start the irradiation
therein at that time) outputted from the Firsf Come First
Serve 102 in step 71, namely the treatmént room number of

the selected treatment room, is inputted to the CPU 101 in
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the central control system 100. For convenience of the
following describtion, that treatment room number is assumed
here to be "No. 1". 1In other words, the treatment room 22a
is assumed to be the selected treatment room.

Based on that treatment room number and the above-
described patient_identification information inputted from
the patient ID inpht device 43 in each of the treatment
roomé 2A to 2C and 3 in correspondenée to the treatment room
information, the CPU 101 récognizes the patient who is goiné
to receive the ion beam irradiation treatment from that time
and the treatment room to which the ion beam is to be
introduced for the treatment. Then, the CPU 101 accesses
the treatment planning database stored in the storage 110.
The treatment planhing database records and accumulates
theréin treatment planning data that has been prépated by
doctors in advance for all the patients who will receive the
irradiation treatment.

One example of the treatment planning data (patient
data) stored in the storage 110 for each patient will be
described with reference to Fig.7. The treatment planning
data contains_the patient ID number, dose (per one shot);
irradiation energy, irradiation direction (not shown),
irradiation position (not shown), etc. Because the patient
identification information and the treétmént room
information are made correspondent to each other as
described above, the treatment planning data is not always
required to contain the treatment room information. It is

needless to say that the treatment planning data may include
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the treatment room information for convenience in carrying
out the treatment.

By employing the inputted patient identification
information, the CPU 101 reads from‘the storage 110 the
treatment planning data for the patient who is going to
receive the ion beam irradiation treatment from that time.
Among the treatment planning data per pétient, important one
is a value of the irradiation energy. A control pattern for
excitation power supplied to each electromagnet mentioned
above is decided depending on the value of the irradiation
energy.

The power supply control table previously stored in a
memory 103 providea in the central control system 100 will
be described with reference to Fig.8. As shown in Fig.8,
corresponding to respective values (70, 80, 90,.. [MeV] in an
illustrated example) of the irradiation energy, various
parameters are preset which include excitation power values
(though simply denoted by ".." in the table, concrete
numerical values are put in fact) or patterns of the.
excitation power values supplied to the quadrupole
electromagnets 9, 13 and the bending electromagnets 10, 14
in the charged particle beam generator 1 including the
synchrotron 12, the quadrupole electromagnets 18, 19, 20 and
the bending electromagnef 17 in the first beam transport
system 4, the quadrupole electromagnets 22A, 24A in the
second beam transport system 5A for ‘the treatment room 2A,
the quadrupole electromagnets 22B, 24B in the second beam

transport system 5B for the treatment room 2B, the
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quadrupole electromagnets 22C, 24C in the second beam
transport system 5C for the tfeatment room 2C, and the
quadrupole electromagnet 28 in the second beam transport
system 5D for the treatment room 3, as well as.electromotive
values (though simply denoted by ".." in the table, concrete
numerical values are put in fact) of switching power sources
162-1, 162-2, 162-3 and 162-4 (described later).

In this embodiment, the various electromagnets and
power supplies are controlled by using the treatment
planning data per patient, shown in Fig.8, to control
switching of the beam path. One major feature of this
embodiment resides in that, when the beam path is switched
over such that the ion beam is introduced from the beam path
61 to one of the four beam paths 62, 63, 64 and 65 for
guiding the ion beam to the four treatment rooms 2A, 2B, 2C
and 3, respectively, the electromagnets not directly taking
part in setting of switching of the relevant beam path are
not positively controlled and their states are not taken
into consideration. This point will be described below with
reference to Fig.9.

A power supply control table shown in Fig.9 is
previously stored in the memory 103 provided in the central
control system 100. This control table represents control
of power supply different from that represented in the power
supply control table shown in Fig.8. As shown in Fig.9, it
.is preset that the quadrupole electromagnets 9, 13 and thé
bending electromagnets 10, 14 in the charged particle beam

generator 1 including the synchrotron 12, the quadrupole
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electromagnets 18, 19, 20 and the bending electromagnet 17
in the first beam transport system 4, the quadrupole

electromagnets 22A, 24A in the second beam transport system

'5A for the treatment room 2A, the quadrupole electromagnets

22B, 24B in the second beam transport system 5B for the
treatment room 2B, the quadrupole electromagnets 22C, 24C in
the second beam transport system 5C for the freatment room
2C, and the gquadrupole electromagnet 28 in the second beam
transport system 5D for the treatment room 3 are controlled

(indicated by "ON" in the table) corresponding to the

“treatment room numbers (No. 1 to No. 4). A box denoted by

"No Care" in the table represents that control data for the
relevant unit (e.g., the quadrupole electromagnet 22B) is
not included. This is similarly applied to other tables
described later. For example, when the ion beam is to be
transported to the treatment room 2A through the second beam
transport system 5A, the quadrupole electromagnets 9, 13 and
the bending electromagnets 10, 14 in the charged particle
beam generafor 1, the quadrupole electromagnet 18 and the
bending electromagnet 17 in the first beam transport system
4, and the quadrupole electromagnets 22A, 24A in the second
beam transport system 5A must bé ON-controlled because they
are positioned on the beam path through which the ion beam
is introduced to the treatment room 2A. On the other hand,
the other electromagnets positioned on the other beam paths
than the relevant one impose essentially no influences upon
control for changing over the beam path regardless of

whether the other electromagnets are turned ON or OFF.
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Incidentally, when information is added to the box of "No
Care", the added information is selected to be free from the
relevant unit.such that control for the relevant unit is not
executed.

Similarly, when the ion beam is to be transported to
the treatment room 2B through the second beam transport
system 5B, the quadfupole electromagnets 20, 27 in the first
beam transport system 4, the quadrupole electromagnets 22A,
24A in the second beam transport system 5A for the treatment
room ZA, the quadrupole electromagnets 22C, 24C in the
second beam transport system SC for the treatment room 2C,
and the quadrupole electromagnet 28 in the second beam
transport system 5D for the treatment room 3 are not
controlled. Also, when the ion beam is to be transported to
the treatment room 2C through the second beam transport
system 5C, the electromégnets 22A, 24A, 22B, 24B, 27 and 28
are not controlled. Further, when the ion beam.is to be
transported to the treatmeﬁt room.3 through the second beam
transpoft system 5D, the electromagnets 22A, 24A, 22B, 24B,
22C and 24C are not controlled.

The CPU 101 functions as a control information forming
unit and, by using the treatment planning data shown in
Fig.7 and the power supply control table shown in Figs. 7
and 8, it forms control command data (control command
information) for controlling the electromagnets, which are
disposed in the charged parficle beam generator 1 and the
various beam paths, depending on the patient who is going to

receive the irradiation from that time.
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One example of the control command data thus prepared
by the CPU 101 will be described with reference to Fig. 10.
In this example, the’patient is subjected to the irradiation
at energy of 70 MeV in the treatment room 2A (i.e., the
treatment room No. 1). The control command data in this
example is formed by combining, subsequent to the patient
data shown in Fig.7, data resulting from extracting those of
the numerical values and the pattern in the boxes
corresponding to "70 MeV" shown in Fig.é, which are denoted
by "ON" in Fig.9 (note that all the electromagnets are
assigned with addresses for communication of the respective
-éontrol data). At least at this time, as shown in Fig. 10,
the treatment room number must be included in the control
command data for later-described control for changing over
the beam path. From this point of view, the control command
data élways corresponds to any number (one of No. 1 to No.
4) of the treatment rooms 2A to 2C and 3 (hence it is
éontrol command data per treatment room). Thus, the CPU 101
can also be said as functioning as a unit for forming
control information per treatment room.

The CPU 101 outputs the thus-formed control command
data to the electromagnet power supply controiler 130 and a
determining unit (information confirming unit) 104 which is
separately provided in the central control system 100.

The electromagnet power supply controller 130 comprises
a CPU (central processing unit) 131 having the processing
function, and input/output conversion (e.g., so-called A/D,

A/I, D/O and D/I) controllers having input/output units in
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the same number as the total number of constant current
controllers and determining units in the accelerator power
supply 140, the beam path power supply 150, and the
switching power supply 160, to and from which signals are
transmitted and received. The input/output conversion
controllers comprises an input/output conversion controller
132 for transferring a signal with respect to the
accelerator power supply 140, an input/output conversion
controller 133 for transferring a signal with respect to the
beam path power supply 150, and an input/output conversion
controller 134 for transferring a signal with respect to‘fhe
switching power supply 160.

The CPU 131l in thé electromagnet power supply
controller 130 decomposes the control command data inputted
from the CPU 101 in the central control system 100 again
into components (element control information) required for
control of the accelerator power supply 140, the beam path
power supply 150, and the switching power supply 160,
followed by distributing the respecfive data éomponents to
the corresponding input/output gonvérsion controllers”132,
133 and 134.

In other words, the CPU 131 distributes a part of the
control command data shbwn, by way of example, in Fig. 10,
i;e.,'power supély control data (element control
information), which is related to the quadrupole
electromagnets 9, 13 and the bending eléctromagnets 10, 14
in the charged particle beam generator 1, to the

input/output conversion controller 132 corresponding to the
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accelerator power supply 140.

Generally, the CPU 131 distributes, to the input/output
conversién controller 133 corresponding to the beaﬁ path.
power supply 150, a part of the control command data shown,
by way of example, in Fig. 10 other than those related to
the charged particle beam Qenerator l, i.e., power supply
control data (element control information) reiated to the
'quadrupole electromagnets 18, 19, 20 and the bending
electromagnét 17 in the first beam.transport system 4, the
quadrupole eleétromagnets 22A, 24A in the second beam
transport system 5A for the No. 1 treatment room 2A, the
quadrupole electromagnets 22B, 24B in the second beam |
transport system 5B for the No. 2 treatment room 2B, the
quadrupole electromagnets 22C, 24C in the second beam
transport system 5C for the No. 3 treatment room 2C, and the
quadrupole electromagnet 28 in the second beam transport
system 5D for the No. 4 treatment room 3. That power supply
control data is distributed in a different way depending on
the treatment room information contained in the control
command data, i.e., the information of the treatment room.
For example, when the treatment room number contained in the
control command data is "No. 1" as described above, the CPU
131 distributes, to the input/output conversion controller
133, the power supply control data for the gquadrupole
electromagnets 18, 22A and 24A and the bending electromagnet
17 which are arranged in the beam paths for introducing-the
ion beam from the synchrotron 12 to the treatment room

designated by the treatment room number (i.e., the selected

33




treatment room). When the control command data contains
information of another treatmentvrobm number, the CPU 131
distributes the power supply control data for the relevant
electromagnets in a similar manner.

Furthermore, the CPU 131 distributes treatment room
data (No. 1 in the example of Fig.10) in the control command
data shown, by way of example, in Fig.10 to the input/output
conversion controller 134 corresponding to. the switching
power supply 160.

The accelerator power_supply 140 comprises constaht
current controllers 141, power sources 142, and ammeters 143
in a multiple number of units each constituted by these
three components (e.g., in the same number as that of
current output targets, namely that of the quadrupole
electromagnets 9, 13 and the bending electromagnets 10, 14
as control targets). Each of the constant current
controllers 141 comprises a control unit (so-called ACR)
l41a having the functién of control to hold a constant
current at a desired value, and a determining unit (element
information confirming unit) 141b.

The power supply control data (including a current
value command signal) for each of the quadrupole
electromagnets 9, 13 and the bending electromagnets 10, 14,
which is outputted from the input/output conversion
controller 132,‘is inputted to the ACR 14la of the constant
current controller 141 provided corresponding to each of the
electromagnets. The ACR l4la outputs a current value

command signal to the power source 142 based on the inputted
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control data so that the power source 142 is turned dn and
controlled in accordance with the current value command
signal. As a result, the magnitude of the current supplied
from the power source 142 to the relevant electromagnet,
e.g., the bending electromagnet 10, is controlled. A value
of the current outputted from the power source 142 is
detected by the ammeter 143, and a detected actual current
value I, is inputted to the ACR 1l4la and the determining
unit 141b. The ACR 1l41la performs feedback éontrol based on
the actual current value I,, outputted from the ammeter 143.
With the feedback control, the current having a value (i.e.,
a current value varying with time depending on the beam
acceleration and exiting status as known) substantially
equal to that of the power supply control data is supplied
to the bending electromagnet 10 as the control target. The
current value command signal fcurrent command value or
current referencé I,..) from the ACR 14la is also inputted to
the determining unit 141b. The determining unit 141b
compares the current command value (element control
information) I_, and the actual current value (actual
current data or element status informatidn) I,.. to determine
whether the actual current vélue I. 1is matched with the
current command value I_, in consideration of an allowable
margin as well. Stated another way, the determination as to
the match between the actual current value and the current
command value means confirmation that the actual current
value is substantially equal to the current command value.

The other constant current controllers 141 also function in
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a similar manner such that currents having respective
current command values I . are supplied to the quadrupole
electromagnets 9, 13 and the other bending electromagnet 14.
Accordingly, ail the electromaénets are excited by the
constant currents having the respective current command
values I, and hence the beam acceleration adapted for the
treatment condition for the patient who is going to receive
the irradiation can be achieved with the synchrotron 12.

In this respect, for the purpose of confirming the
operation of the overall system described later, the ACR
l41la outputs a signal representing the actual current value
(element status information) from the ammeter 143 to the
input/output conversion controller 132. The determining
unit 141b outputs a resﬁlt of the above-described
determination (also called determination information or
confirmation information), i.e., "OK" (or "NG"), to the CPU
131 in the electromagnetrpowef supply controller 130 (as
described iater). If tﬁe determination ‘result indicates the
occurrence of an error (abnormality), the determining unit
141b diagnoses the presence or absence of an error in the
corresponding power source 142 and ACR l4la, and then
outputs a diagnoéis result ("OK" (or "NG") for each
diagnosis target) to the central interlock system 120. The
other determining units 141b also function in a similar
manner, thereby outputting the determination results ahd the
diagnosis results to the central interlock system 120.

As in the accelerator power supply 140, the beam path

power supply 150 comprises constant current controllers 151,
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power sources 152, and ammeters 153 in a multiple number of
units each constituted by these three‘components (e.g., in
the same number as that of current output targets, namely.
that of the quadrupole electromagnets 18, 19, 20, 22A-22C,
24A-24C, 27 and 28 and the bending electromagnet 17 as
control targets). Each of the constant current‘controllers
151 comprises a control unit (ACR) 15la having the function
of control to hold a constant current at a desired value,
and a determining unit (element information confirming unit)
151b.

The power supply control data‘for each corresponding
electromagnet, which is outputted from the input/oﬁtput
éonversion controller 133, is inputted to the ACR 15la of
the constant current controller 151 provided corresponding
to each of the electromagnets (e.g., the electromagnets
disposed in the beam path through which the ion beam
introduced to the selected treatment room 2A passes).
Similarly to the constant current controller 141 of the
accelerator power supply 140, based on the inputted control
data, the ACR 15la of one constant current controller 151
turns on the corresponding power source 152 and controls it
through feedback of an actual current value detected by the
ammeter 153. .As a result, a current outputted from the
power source 152 is adjusted to have a current command value
I..e- Thus, a constant current having the current command
value I, is supplied from the power source 152 to
corresponding one of the quadrupole electromagnets 18, 22A,

24A and the bending electromagnét 17 through which the ion

37




beam introduced to the selected treatment room 2A passes.
The electromagnet is thereby excited. Further, the ACR 15la

outputs information of the actual current value I to the

act
input/output conversion controller 133.

Similarly to the determining unit 141b, the determining
unit 151b of the constant current controller 151 compares
the actual current value I,, detected by the ammeter 153
with the current command value I_; fo determine a match
between them (i.e., to confirm whether the actual current
value I, is substantially equal to the current command
value I ). Then, the determining unit 151b outputs a
determination result (also called determination information
or confirmation information), i.e., "OK" (or "NG"), and a
diagnosis result ("OK" (or "NG") for each diagnosis target)
to the central interlock system 120. The ACR's 15la and the

determining units 151b of the other constant current

controllers 151 also operate with similar functions to those

described above.

As in the accelerator power supply 140, the switching
power supply 160 comprises constant current controllers 161,
power sources 162, and ammeters 163 in a multiple number of
units each constituted by these three components (e.g., four
units because there are four power sources 162). Each of
the constant current controllers 161 comprises a control
unit (ACR) 1l6la having the fﬁnction of control to hold a
constant Qurrent at a desired value, and a determining unit
161b.

The power supply control data for each switching power
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source 162 (correspoﬁding one of switching power sources
162-1, 162-2, 162-3 and 162-4 shown in Fig. 11),'which is
outputted from the input/output conversion controller 134,
is inputted to the ACR 16la of theAconstant current
controller 161 provided corresponding to each switching
power source 162. Based on the inputted contrql data, the
ACR 16la of one constant current controller 161 turns on the
corresponding switching power source 162 and controls it
through feedback of an actual current value detected by the
‘ammeter 163. As a result, a constant current having a
current command value I, outputted from the switching
power source 162, is supplied to a relevant one of
changeover switch groups (see Fig. 11), i.e., a power supply
target, provided in the switch yard 180. Current supply to
the.corresponding electromagnet under control of the
changeover switch groups will bg described later. 1In
addition, the ACR 1l6la outputs information of the actual
current value I, detected by the ammeter 163 to the
input/output conversion controller 134.

Similarly to the determining unit 141b, the determining
unit 161b of the constant current controller 161 determines
a match between the actual current value I... detected by the
ammeter 163 and the current command value I_, (i.e.,
confirms whether the actual current value I,, is
substantially equal to the current command value I_.,). Then,
the determining unit 161b outputs a determination result
(also called determination information or confirmation

information), i.e., "OK" (or "NG"), and a diagnosis result"
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("OK" (or "NG") for each diagnosis target) to the central
interlock system 120. The ACR's 16la and the determining
units 161b of the other constant current controllers 161
also operate with similar functions to those described above.

The CPU 131 in the electromagnet power supply
controller 130 outputs the treatment room numbgr data (No. 1
in the example shown in Fig.10) to the switch yard
controller 170 as well. The switch yard controller 170
comprises a switching controller 171, a memory 172, and a
determining unit 173. The switching controller 171 carries
~out changeover control of various switches provided in the
switch yard 180 in accordance with the treatment room number
datalfrom the CPU 131.

The detailed construction of the switch yard 180 will
be described below with reference to Fig. 11. The switch
yard 180 comprises four switch groups. A first switch group
has switches SWl; SW2, a second switch group has switches
SW3, SW4, a third switch group has switches SW5, SW6, and a
fourth switch group has switches SW7, SW8. By changing over
the switcheé of those switch groups, the bending
electromagnets 6A-6C, 21A-21C, 23A-23C, 25A-25C, and 26A—26C
in the second beam transport systems 5A, 5B and 5C are
selectively controlled. Each of the switches contains a
mechanical switching device (including the so-called double
throw mechanical switch) that serves as an alternative
selector with an alternative switching function.

In the first switch group, an input términal of the

switch SW1 is connected to one switching power source 160 of
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the switching power supply 162, and one input terminal of
the switch SW2 is connected to an output terminal 1 of the
switch SW1. The switching electromagnet (bending
electromagnet) 6A and the bending electromagnet ZiA arranged
eléctrically in series are connected to one output terminal
1 of the switch SW2. The switching electromagnet (bending
electromagnet) 6B and the bending electromagnet ZiB arranged
elec%rically in series are connectea to the other output
terminal 2 of the switch SW2. The switching electromagnet
(bending electromagnet) 6C and the bending electromagnet 21C
arranged electrically in series are connected to the other
output terminal 2 of the switch SW1l. With the later- |
described switch changeover operation by the switch yard
controller 170, a current is supplied from the switching'
power source 162-1 to the switching electromagnet 6A for
bending the ion beam from the beam path 61 to the beam path
62 that is extended to the irradiation unit 15A in the
selected treatment room 2A. The switching electromagnet 6A
is thereby excited. At this time, the switch SW1 makes a
contact with the output terminal 1 thereof and the switch
SW2 makes a contact with the output terminal 1 thereof.

Terminals of the switches SW3, SW4 of the second switch
group are connected to each bther similarly to those of the
switches of the fifSt switch group, and the switching power
source 162-2 is connected to an input terminal of the switch
SW3. The bending electromagnet 23A is connected to one
output terminal 1 of the switch SW4, the bending

electromagnet 23B is connected to the other output terminal

41




[§]

2 of the switch SW4, and the bending electromagnet 23C is
connected to the other output terminal 2 of the switch SW3.

Also, terminals of the switches SW5, SWé6 of the third
switch group are connected to each other similarly to those
of the switches of the first switch group, and the switching
power source 162-3 is connected to an input terminal 6f the
switch SW5. The bending.electromagnet 25A is connected to
one output terminal 1 of the switch SW6, the bending
electromagnet 25B is connected to the other output terminal
2 of the switch SW6, and the bending electromagnet 25C is
connected to the other output terminal 2 of the switch SW5.

Further, terminals of fhe switches SW7, SW8 of the
fourth switch group are connected to each other similarly to
those of the switches of the first switch group, and the
switching power source 162-4 is connected to an inpuf
terminal of the switch SW7. The bending electromagnet 26A
is connected to one output terminal 1 of the switch SW8, the
bending.electromagnet 26B is connected to the other output
terminal 2 of the switch SW8, and the bending electromagnet
26C is connected to the other output terminal 2 of the
switch SW7.

With the operatiéns of the switch groups, respective
currents are supplied to the bending electromagnets 23A, 25A
and 26A arranged in the beam path 62 to excite them so that
the ion beam is introduced to the selected treatment room 2A.

The above-described construction of the switch yard 180
is further intended to constitute a first electromagnet

group corresponding to the first switch group, a second
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electromagnet group corresponding to the second switch group,
a third electromagnét group cbrresponding to the third
switch group, and a fourth electromagnet group corresponding
to the fourth switch group. These electromagnet groups are

arranged respectively in the beam paths 62, 63 and 64 in

. order in the direction of advance of the ion beam. Looking

at the electromagnet groups more closely, one of the

electromagnets in each electromagnet group is disposed in
each of the beam paths 62, 63 and 64. The electromagnets
included in one electrémagnet group are all connected to a
common power source and are supplied with currents through
alternative changeover of the switches. 1In each
electromagnet group, an electric power is supplied to only'
one electromagnet from the power source, and no powef is
supplied to the remaining electromagnets from the Same power
source.

Stated another way, the first, sécond, third and fourth
switch groups constitute three different electromagnet
groups arranged respectively in the beam routs 62, 63 and 64
for introducing the ion beam to the treatment rooms 2A, 2B
and 2C. Thus, with the operations of the switches in the
switch groups, five electromagnets included in one
electromagnet group arranged along the relevant beam path
(beam path 62) exfended to the selected treatment room (e.g.,
the treatment room 2A) are excited by the four switching
power sources 162-1, 162-2, 162-3 and 162-4.

The changeover operation of each switch in the switch

yard 180 is performed under control of the switch yard
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controller 170. The switch yard controller 170 comprises

the switéhing controller 171, the memory 172, and the

determining unit 173. The memory 173 stores information of

reference changeover patterns, shown in Fig. 12, for the
switches SW1 to SW8. In accordance with the information of
each reference changeover pattern, the switching controller
171 outputs a changeover control signal to each of relevant
ones of.the switches SW1 to SW8 for shifting to the position
1 or 2 of the output terminal so that the relevant switches
are each changed over. The reference changeover pattern for
each switch contains the position 1 ("1" in Fig.'12) or the
position 2 ("2" in Fig. 12) of the output terminal of the
switch to be connected. "No Care" in Fig. 12 means, as
described above, that no control information is contained in
the relevant box.

When the treatment room data (Né. 1) is inputted to the
switching controller 171 from the CPU 131 in the
electromagnet power supply controller 130, the switching
controller 171 refers to the memory 172 and reads the
corresponding switch changeover pattern (changeover pattern
for the switch numbers 1 to 8 corresponding to the treatment
room No. 1). 1In accordance with the information of the

reference changeover pattern, the switching controller 171

performs the changeover operations of the relevant switches.

Because the reference changeover pattern for the treatment
room No. 1 (the selected treatment room 2A) has the switch
numbers 1 to 8 being all "1", the switches SW1 to SW8 are

all connected to their output terminals 1. As a result,
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respective cdrrents are supplied from the'switching power
sources 162-1, 162-2, 162-3 and 162-4 to the switching
electromagnet 6A and the bending electromagnets 212, 23A,
25A and 26A which are arranged along the beam path 62. The
supply of the currents to those electromagnets is realized
by cooperation of the switching power source 160 and the
switch yard controller 170.

~ Another example of the switch yard will be described
with reference to Fig. 19. The switch yard of this example
includes four switches. The same electromagnets as those in
the switch yard 180 described abo&e are connected to output
terminals 1 and 2 of switches SW1, SW2. The bending
electromagnets 23A, 25A and 26A are cbnnected in series to
an output terminal 1 of a switch SW4. The behding
electromagnets 23B, 25B and 26B are connected in series to
an outpuf terminal 2 of the switch SW4. The bending
electromagnets 23C, 25C and 26C are connected in series to
an output terminal 2 of the switch SW3. The reference
changeover patterns used in this example correspond to those
shown in Fig. 12 for the Nos. 1 to 4 switches. The switch
yard of this example includes smaller numbers of switches
and power sources than the switch yard 180. Therefore, the
construction of the proton beam therapy system can be
simplified.

The control based on the control command data outputted

from the CPU 101 is executed, as described above, under
cooperation of the accelerator power supply 140, the beam

path power supply 150, the switching power supply 160, and

45




the switch yard controller 170. Such control actuates
excitation of all the electromaghets arranged in the charged
particle beam generator 1 and of all the electromagnets
arranged in the beam paths 61 and 62 upstream and downstream
of the junction between both the beam paths, which are
required for introducing the ion beam to the selected
tfeatment room, épecificaliy the selected treatment room 2A.

Detecfbrs (e.g., knowh limit switches) for detecting
the changeover status of the corresponding switches are
associated with the respective output terminals of the
switches SW1 to SWS8 in the switch yard 180. More
specifically, a limit switchlLll is associated with one
output terminal 1 of the switch SW1l, and a limit switch L12
is associated with the other output terminal 2 of the switch
SW1l. Likewise, limit switches L21, L22, L31, L32, L41, L42,
L51, L52, L61, L62, L71, L72, L81 and L82 are associated
with the corresponding output terminals of the other
switches, as shown in Fig. 11.

The determining unit 173 receives output signals from
those limit switches and determines whether the actual
changeover pattern (actual configuration data) provided in
accordance with the output signals is identical to the
:eference changeover pattern (beam path configuration data)
shown in Fig. 12. This determination means confirmation
that the actual changeover pattern is matched with the
reference changeover pattern. If the actual changeover
pattern is matched with the reference changeover pattern,

"OK" is outputted to the CPU 131 in the electromagnet power
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supply controller 130, and if not so, "NG" is outputted to
it (as described in more detail later). Also, based on the
detected signals regarding the switches SW1 to SW8, the
determining unit 173 accesses the memory 172 to refer to the
information of the reference changeover patterns stored
therein, and determines which one (No.) of the treatment
rooms 2A to 2C and 3 corresponds to the acfual changeover
condition of the switches SW1 to SW8. Thereafter, the
determining unit 173 outputs a signal (actual treatment room
information) rebresenting a result of the determination to
‘the CPU 131 in the electromagnet power supply controller 130.

The CPU 131 in the electromagnet power supply
controller 130 collects, as actual status data (element
status information) of the corresponding electromagnets, the
actual current values inputted to the input/output
conversion controller 132 from the ACR's 14la of the
constant current controllers 141 in the accelerator power
supply 140, the actual current valueé inputted to the
input/output conversion controller 133 from the ACR's 15la
of the constant current controllers 151 in the beam path
power supply 150, and the actual current values inputted to
the input/output conversion controller 134 from the ACR's
l16la of the constant current controllers 161 in the
sWitchihg power supply 160, followed»by outputting the
collected actual status data to the determining unit
(information confirming unit) 104 in the central control
system 100. The determination result (aiso called

determination information or confirmation information)
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outputted from the determining unit 173 in the switch yard
controller 170 is also outputted to the determining unit 104
through the CPU 131.

Thus, the determining unit 104 receives not only the
actual status data (actual current value) representing the
actual status of'fhe electromagnet for each of the above-
described units in the accelerator power supply 140, the
beam path power sﬁpply 150, and the switching power supply
160, but also the actual status data of each corresponding
electromagnet from the switch yard controller 170 (for
example, the current value (actual current value) supplied
from the switching power source 162, e.g., the switching
power source 162-1, to the corresponding electromagnet). On
the other hand, as described above, the determining unit 104
further‘receives the control command data (including the
treatment room number data) prepared by the CPU 101. Then,
the determining unit 104 compares the control éommand data
with the electromagnet actual status data and compares the
treatment room number data contained in the control command
data with the treatment room information.

Another major feature of this embodiment resides in a
manner of confirming the data in the determining unit 104.
The manner will be described below Qith reference to Fig. 13
and Fig. 14.

Fig. 13 and Fig. 14 is a representation of data
comparison for explaining how the data is confirmed in the
determining unit 104. Data shown in Fig. 13 is the same as

that shown in Fig. 10 as one example of the control command
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data, énd data shown in Fig. 14 represents the COrrespondihg
electromagnét actual status data.

In Fig. 13 and Fig. 14, as described above, the controlv
command data prepared by the CPU 101 contains the addresses
assigned to all of the electromagnets for communication as
control data, but those electromagnets, which do not‘
directly take part in forming the beam path corresponding to
the treatment room number as the irradiation target, are not
positively controlled (namely the addresses are assigned to
those electromagnéts for communication as cont:ol data, but
numerical values of the corresponding data are indefinite).

On the other hand, the electromagnet actual status data
-always contains, as numerical value data, the actual status
data (current values detected by the ammeters) regarding all
of electromagnets (as denoted by a, b, c, d, e, etc. in Fig.
14) regardless of whether the corresponding electromagnets
have been actually controlled.

In consideration of the above-described actual
background in the process of data generation, when comparing
the control command data with the actual status data
regarding the purpose of confirming the operation of the
overall system, those data regarding the electromagnets not
positively controlled are excluded from the comparison
target in this embodiment. Specifically, the electromagnet
actual status data regarding the electromagnets having been
actually controlled (in the case of the treatment room 2A
being selected, all the electromagnets arranged in the

charged particle beam generator 1 and all the electromagnets
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arranged in the beam paths 61 and 62 upstream and downstream
of the junction between both the beam paths) is extracted
from among all the electromagnet.actual status data. This
extraction is executed by the determining unit 104 selecting,
from among all the electromagnet actual status data, those
data corresponding-tg the electromagnets having control
information in their dontrol command data (ife., all the
electromagnets corresponding to éections A and B of the
reference configuration data prepared by the CPU 101 shown
in Fig. 13). That reference configuration data is the
control command data. As a result, the electromagnet actual
status data shown in the sections A and B in Fig. 13 and Fig.
14 is selected from among .all the electromagnet actual
status data shown in Fig. 14. The determining unit 104
compares the selected electromagnet actual status data with
the control command data prepared by the CPU 101, i.e.,
those of the control command data in the sections A and B in
Fig. 13 and Fig. 14, and checks whether the former
electromagnet actual status data is matched with the latter
control command data, thereby confirming‘the status of the
control instructed by the CPU 101 for the overall system.
When the determining.unit 104 confirms that all the
electromagnet actual status data is nbrhal, it outputs an
authorization signal for the overall system to the AND
circuit 122 of the central interloék system 120 (see Fig. 4).
Eventually, the determining unit 104 in this embodiment
exXtracts only the électromagnet actual status data regarding

the treatment room selected to carry out the irradiatipn
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treatment therein, and compares the selected data with the
control command data corresponding to -the selected treatment
room. Therefore, even when, by way of example, a trouble
occurs in any one of the plural treatment rooms and the
electromagnet actual status data regarding the relevant
treatment room contains data other than an ordinary value,
selebtion of the electromagnet actual status data to exclude
the.relevant treatment room from actual use for the
treatment enables the means for extracting and determining
data to reliably fulfill the intended role, i.e., the
comparison between a command value and an actual value,
without being affected by a detected signal having such an
unordinary value. As a result, even in the case of a
trouble occurring in one of the treatment rooms, the
treatment operation can be continued by using the remaining
normal treatment rooms. It is hence possible to prevent or
minimize reduction of the treatment capability and to
smoothly continue the treatment. 1In other words, a durable
therapy system can be realized which undergoes less
reduction of the treatment capability inlthe event of a
trouble.

Still another major feature of this embodiment resides
in opening/closing control of the above-mentioned shutters
7A, 7B, 7C, 7D and 8. This feature will be described in
more detail.

The opening/closing control of the above-mentioned
shutters 7A, 7B, 7C, 7D and 8 is performed by the central

interlock system 120. Fig. 15 is a block diagram showing
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the function of the central interlock system 120 in relation
to the opening/closing control of those shutters.

As shown in Fig. 15, in addition to the AND circuits
121A-121C, 122 and 123vmentioned above, the central
interlock system 120 further comprises five AND circuits
1244, 1245, 124C, 124D and 124E, NOT circuits 125A, 125B,
125C, 125D and 125E connected respectiQely to those AND
circuits, and four signal output units 126A, 126B, 126C and
126D connected respectively to the four AND circuits 124A to
124D among the five AND circuits 124A to 124E.

The AND circuit 124A serves to output a driving control
signal to the shutter driver 190A for openiﬁg and closing
the shutter 7Aa provided in the second beam transport system
5A (the shutter is opened when the signal is "1", i.e.,
"ON"), and it is.connected to the NOT circuit 125A and the
signal output unit 126A. 1In other words, the AND circuit
124A, the NOT circuit 125A, and the signal output unit 126A
constitute one group corresponding to the treatment room 2A.
Similarly, the AND circuit 124B, the NOT circuit 125B, and
the signal output unit 126B are associated with the
treatment room 2B and cooperatively output a driving control
signal to the shutter driver 190B for opening and closing
the shutter 7B provided in the second beam transport system
SB. The AND circuit 124C, the NOT circuit 125C, and the
signal output unit 126C are associated with the treatment
room 2C and cooperatively output a driving control signal to
the shutter driver 190C for opening andvclqsing the shutter

7C provided in the secbnd beam transport system 5C. The AND
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circuit 124D, the NOT circuit 125D, and the signal output
unit 126D are associated with the treatment room 3 and
cooperatively output a driving control signal to the shutter
driver 210 for opening and closing the shutter 7D provided
in the second beam transport system 5D. The AND circuit
124E is connected to the NOT circuit 125E and outputs. a
driving control signal to the shutter driver ZOQ for opening
and closing the shutter 8 providéd in the first beam
transport 'system 4.

As described.above, when the determining unit 104 in
the centfal control system 100 compares the control data
included in the control command data with the corresponding
electromagnet actual status data and confirms that the
operation is normal, it outputs the authorization signal for
the overall system. This authorization signal is first
inputted, as an ON signal "1", to each of the AND circuits
124A to 124D. At this time, respective signals from the
signal output units 126A to 126D are also inputted to the
AND circuits 124A to 124D. Further, a signal representing
the treatment room number and outputted from the First Come
First Serve 102 is inputted to the signal output units 126A
to 126D. Then, each of the signal output units 126A to 126D
outputs the ON signal "1" only when the treatment room
number, which is the same as the treatment room number
related to the relevant signal output unit, is inputted from
the First Come First Serve 102 as described above, and it
outputs én OFF signal "0" if otherwise. As a result, if the

treatment room number inputted from the First Come First
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Serve 102 is 1 (which means selection of the treatment room
2A), only an output from the signal output unit 126A becomes
an ON signal "1" and outputs of the other signal output
units 126B to 126D become each an OFF signal "O"; At this
time, a signal from a separately provided dose detection
controller 220 is aléo inputted to the AND circuits 124A to
124D through the corresponding NOT circuits 125A to 125D.
This signal is usually, as described later, an ON signal "1"
with the presence of the NOT circuits 125A to 125D.
Accordingly, an ON signal "1" is outputted from the AND
circuit 124A corresponding to the signalvoutput unit 1264,
whereby only the shutter 7A provided in the second béam
transport system 5A extended into the treatment room 22 is
controlled to be open while the other shutters 7B, 7C and 7D
are held closed. Stated another way, the other second beam
transport systems 5B, 5C and 5D are shut off by the shutters
7B, 7C and 7D, while only the beam path communicating with
the treatment room 2A is opened. Likewise, if the tréatment
room number inputted from the First Come First Serve 102 is
2, 3 or 4, only an output from the signal output unit 126B,
126C or 126D becomes an ON signal "1" and the corresponding
shutter 7B, 7C or 7D is controlled to be open and only the
beam path communicating with the corresponding treatment
room 2B, 2C or 3 is opened.

In this respéct, the shutters 7A, 7B,.7C and 7D are
provided with not-shown open/close detectors (e.g., known
limit switches), and respective detected Signals are

inputted to the central interlock system 120 for comparison
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with the corresponding command signals.

Fig. 16 is an explanatory view showing the interlock
functibns of the electromagnet power supply controller and
the switch yard controller, and Fig. 17 is a block diagram
showing another function (lock function in the event of
error detection) of the central interlock system, including
the sﬁutter opening/closing comparison function. Note that
the cémponents already described above are denoted by the
same symbols and a description of those components is
omitted here.

As shown in Fig. 17, the central interlock system 120
includes a main AND circuit 127 taking part in the lock
function in the event of error (abnormality) detection. One
of signals inputted to the AND circuit 127 is én output
signal from a comparator 128 taking part in the shutter
opening/closing operation. The comparator 128 receives the
shutter open/close detection signals (actual shutter
operation information, i.e., respective statuses of the
switches) from the above-described limit switches, for
examp;e, and the command signals outputted, as described
above with reference to Fig. 15, from the AND circuits 124A
’tQ 124D of_the central interlock system 120 to the shutter
drivers 190A to 190C and 210 for driving the shutters 7A to
7D. At this time, however, among the command signals, only
the shutter opening command signal supplied to the relevant
one of the shutters 7A to 7D, which is driven to be open, is
extracted by not-shown extracting means and inputted to the

comparator 128, whereas the command signals supplied to the
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other shutters held in the closed state are not inputted to
the comparator 128 (see a table 129 in Fig. 17). When the
shutter supplied with the opening command signai has
operated to normally'open, the comparison (determination)
made in the comparator 128 is satisfied, and an ON signal
"1" is inputted to the AND circuit 127.

In addition the above-mentioned signal regarding the
shutter operation, the AND circuit 127 receives other four
signals regarding an "electromagnet power supply error",
"current error", "switching error", and "switch yard error".
These four signals will be described below one by one.

(1) Electromagnet Power Supply Error Signal
The accelerator power supply 140, the beam path power

supply 150, and the switching power supply 160 are provided

‘'with various error (abnormality) detecting means (not shown)

for each of the above-mentioned units (each unit comprising

the constant current controller, the power source, and the

" ammeter). In the event of error detection( a resulting

detected signal is outputted to corresponding one of the
input/output conversion controllers 132, 133 and 134 in the
electromagnet power supply controller 130. Examples of
errors to be detectéd'include an overcurrent in the power
supply, a power supply trip in the constant current
controller, high temperature (overheating) of the
electromagnet at the current supply designation, a low flow
of a cooling fluid (éir or another coolant) suppliéd to the
electromagnet, high temperature (overheating) of a power

cubicle, stop of a fan for'cooling the power cubicle, and a
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door open state of the power cubicle. 1In addition, a signal
generated upon manual operation of an emergency stop switch
(not shown) provided for each unit is also inputted to
corresponding one of the input/output conversion controllers
132, 133 and 134.

The error signals (including the emergency switch input
signal; this is similarly applied to the following
description) from the relevant units in the power supplies
140, 150 and 160 are collected into.the CPU 131 (see Fig. 4)
through the input/output conversion controllers 132, 133 and
134 in the electromagnet power supply controller 130. The
CPU 131 has the function equivalent to the construction
comprising sets of an OR circuit 135, an AND circuit 136 and
another OR circuit‘137, which aré provided in the same
number as the total number of the above-mentioned units (Fig.
16 shows that function in the forh of a circuit and the CPU
131 may have such a circuit arrangement as hardware). The
above-mentioned eight error signals from the relevant units
are converted into one oﬁtput signal through the OR circuit
135. In other words, if any one error is detected, the
output signal from the OR circuit 135 becomes an ON signal
"1". This output signal is inputted to one input terminal
of the corresponding AND circuit 136. At the same time, the
other input terminal of the AND circuit 136 receives an ON
signal "1" when the corresponding unit is in the effective
(positive) control state in accordance with the command.
Accordingly, when the respective above-mentioned units in

the power supplies 140, 150 and 160 are in the effective
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(positive) control state in accordance with the control
command data, which is generated by the central control
system 100, corresponding to the formation of the beam

transport path upon selection of one of the treatment rooms

'2A, 2B, 2C and 3, the error signal from the OR circuit 135

~is outputted, as it is, 'to the OR circuit 137 in the final

stage. On the other hand, when the unit is not in the
effective (positive) control state (corresponding to "No
Care" in the tables described above), an OFF signal "0"‘is
outputted to the OR circuit 137 because even if the error
signal is an ON signal "1", it is made invalid (ignored).
In such a way, when any error occurs in any of the units in
the power supplies 140, 150 and 160 under the effective
control, an ON sigﬁal "1" representing an "électromagnet
power supply error" is inputted to the central interlock
system 120 from the OR circuit 137. 1In the central
interlock system 120, the inputted ON signal "1" is applied
to the AND circuit 127 through the NOT circuit 221A. Thus,
in the absence of an error, an ON signal "1" is inputted to
the AND circuit 127, while in the event of an error, an OFF
signal "0" is inputted to it and an output signal from the
AND circuit 127 also becomes aﬁ OFF signal "0" with
certainty.
(2) Current Error Signal

As described above, the accelerator power supply 140,
the beam path power supply 150, andvthe switching power
supply 160 include the determining units 141b, 151b and 161b,

respectively, for each of the above-mentioned units (each
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unit comprising the constant current controller, the power
source, and the ammeter). The determining units 1415, 151b
and 161b determine whether the corresponding power sources
142, 152 and 162 and ACR's 14la, 15la and 16la function
normally without errors (for example, whether the
 confirmation result is within a predetermined rapge). In
the event of error determination, a resulting signal (NG
Signal) is inputted, as an ON signal "1" representing a
"current error", to the central interlock sysfem 120. The
central interlock system 120 includes sets of an AND circuit
222 and one OR circuit 223, which are provided in the same
number as the total number of the above-mentioned units.

The signal representing the current error is inputted to one
input terminal of the corresponding AND circuit 222. At the
same time, similarly to the case of above (1), the other
input terminal of the AND circuit 222 receives an ON signal
"1" when the corresponding unit is under the effective
(positive) control in accordance with the command.
Accordingly, when the relevant unit is in the effective
(positive) control state corresponding to selection of one
of the treatment rooms 2A, 2B, 2C and 3, the current error
signal is outputted, as it is, to the OR circuit 223 in the
final stage. On the other hand, when the unit is not in the
effective (positive) control state, an OFF signal "0" is
outputted to the OR circuit 223. The thus-outputted éignal
is applied to the AND circuit 127 through a NOT circuit 221B.
Hence, in the absence of a current error, an ON signal "1"

is inputted to the AND circuit 127, while in the event of a
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current error, an OFF signal "0" isvinputted to it and an
output signal from the AND circuit 127 also becomes an OFF
signal "0" with certainty.
(3) Switching Error Signal

As described above, the switch yard controller 170
includes the determining unit 173. The determining unit 173
makes comparison to determine whether the switches 1 to 8
and the switching controller 171 function normally without
errors. In the eveht of error determination, a resulting
signal (NG signal) is inputted, as an ON signal "1"
representing a "éwitching error", to the central interlock
system 120. In the central interlock system 120, the
inputted signal is épplied to the AND circuit 127 through a
NOT éircuit 221cC. Hence, in the absence of a switching
error, an ON signal "1" is inputted to the AND circuit 127,
while in the event of a switching error, an OFF signal "o"
is inputted to it and an output signal from the AND circuit
127 also becomes an OFF signal "0" with certainty.

(4) Switch Yard Error |

The switch yard controller 170 includes, in addition to
the determining unit 173, various error (abnormality)
detecting means (hot shown) regarding the switch yard 180
and the switch yard controller 170 itself. 1In the event. of
error detection, a resulting detected signal is outputted to
a separately provided OR circuit 174. Examples of errors to
be detected include a power supplyvtrip in the switching
controller 171, high temperature (overheating) .of a power

cubicle, stop of a fan for cooling the power cubicle, and a
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door open state of the power cubicle. 1In addition, a signal
generated upon manual operation of an emergency stop switch
(not shown) provided the switch yard controller 170 is also
inputted to the OR circuit 174.

The above-mentioned five error signals are converted
into one output signal through the OR Circuit 174. 1In other
words, if any one error is detected, the output signal from
the OR circuit 174 becomes an ON signal "1".

In the central interlock system 120, the inputted ON
signal "1" is applied to the AND circuit 127 through a NOT
circuit 221D. Hence, in the absence of an error, an ON
-signal "1" is inputted to the AND circuit 127, while in the
event of an error, an OFF signal "0" is inputted to it and
an output signal from the AND circuit 127 also becdmes an
OFF signal "0" with certainty. )

Iﬁ such a way, when any error is not detected regarding
"shutter operation", "electromagnetic force supply",
"current", "switching", and "switch yard", an ON signal "1"
is outputted, as an irradiation enable signal, from the AND
circuit 127. This irradiationAenable signal is inputted to
the AND circuit 122 along with the above-described
authorization signal from the determining unit 104 in the
central control system 100. If the irradiation enable
signal is inputfed with no error detection in all the
components under monitoring and the authorizétion signal is
also inputted upoh the substantial match of the control
command data with the electromagnet actual status data as

described above, the AND circuit 122 outputs an ON signal
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"1", as a signal (display signal) representing that the
machine has been.brought into a completely ready state, to
the display 39 on the treatment console 37, and also outputs
a similar signal to the AND circuit 123. 'In response to the
display signal, the display 39 indicates that the machine is
in the completely ready state (namely, displays a screen for
finally confirming whether the irradiation is to be started).
When the irradiation instruction switch (or button) 42 is
operatéd, for example, by a doctor (or an operator in some
foreign countries; in Japan, this person must be a doctor in
conformity with legislative regulations from the standpoints
of safety and humanity), a resulting irradiation start
signal is inputted, as an ON signal "1", to one input"
terminal of the AND circuit 123 in the central interlock
system 120. . At this time, since an ON signal "1" serving as
the machine ready signal is inputted to the other input
terminal of the AND circuit 123 as described above, the AND
circuit 123 outputs an ON signal "1" as a signal for_
actuating control to open the second shutter 8 provided in
the first beam transport system 4.

Returning to Fig. 13, the second shutter open signal is
inputted to one input terminal of the AND circuit 124E in
the central interlock system 120, which is related to the
second shutter 8. At this time, as described above, the
signal'inputted to the othér input terminal of the AND
circuit 124E from the dose detection controller 220 through
the NOT circuit 125E is usually an ON signal "1". As a

result, the AND circuit 124E outputs an ON signal "1",
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whereby the second shutter 8 provided in the first beam
transport system 4 is controlled to be open. Similarly to
the first group of shutters 7A to 7D described above, the
second shutter 8 is provided with a not-shown open/close
detecting means (e.g., a known limit switch). Then, upon
the sécond_shutter 8 being opened, a resulting detected
siQnal (sécond shutter open detection signal) is inputted to
one input ferminal of an AND circuit 224 separétely disposed
in the central interlock system 120. At this time, since an
ON signal "1" serving as the second shutter open signal is
inputted to the other input terminal of the AND circuit 224,
the AND circuit 224 outputs an ON signal "1" as an
irradiation (emission) signal and an acceleration signal,
which are supplied respectively to the linac 11 and the
high-frequency acceleration cavity in the synchrotron 12.
Thus, the ion.beam emitted from the charged particle
beam generator 1 .is accelerated by the synchrotron 12, and
the ion beam exiting from the synéhrotron 12 is transported

through the first beam transport system 4 while passing the

- second shutter 8 in the open state. Then, the ion beam is

introduced to one of the second beam transport systems 5A to
5D corresponding to one of the treatment rooms 2A to 2C and
3, ih each of which the patient as the irradiation target is
present, while passing one of the first shutters 7A to 7D in
the open state. Thereafter, the ion beam is irradiated to
the tumor in the body of the patient 30 in an optimum
condition in accordance with the treatment plan through one

of the irradiation units 15A to 15C and 16 in the treatment
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rooms 2A to 2C and 3.

In this respect, as shown in Fig. 13, known dosimeters
(dose detecting means or accumulated dose detecting means)
225 are provided invrespective nozzles of the irradiation»
units 15A to 15C and 16, and resulting detected signals are
inputted to the dose detection controller 220. The.dose
detection controller‘220 usually outputs an OFF signal "0".
Then, when the accumulated dose detected by the dosimeters
225 reaches a predetermined value (that may be a stored
preset value or may be given by reading the value in the
treatment plan per patient (see the column "dose" in the
patient data shown in Fig.7) through‘the CPU 101 in the
central control system 100 each time the irradiation is
started), the dose detection controller 220 outputs an ON
signal "1". Accordingly, OFF signals "0" are inputted to
all the AND circuits 124A to 124E through the respective NOT
circuits 125A to 125E., As a result, the first shutters 7A
to 7D, which have been so far opened, are controlled to be
closed through the shutter drivers 190A to 190C and 210.
Likewise, the second shutter 8, which}has been so far opened,
is automatically closed through the shutter driver 200. An
output of the AND circuit 127 is outputted from the OR
circuit 69 through a NOT circuit. This output serves as the
beam stop signal. One or more of the shutters 7A to 7D,
which are still open, are closed by the beam stop signal
that is applied from an OR circuit 52, shown in Fig. 13, to
relevant one or more of the AND circuits 124A, 124B, 124C,

124D and 124E through a terminal 51 and relevant one or more
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of the NOT circuits 125A, 125B, 125C, 125D and 125E. This
ensures that, when any errbr (abnormaiity) occurs iﬁ the
proton beam therapy system and the beam stop signal is
outputted from the céntral inteflock system 120, i.e., from
the OR circuit 69, any shutter being still open is reliably
closed. Thus, safety in the prdton beam therapy system can
be remarkably improved.

Fig. 18 shows a flow of the abdye-mentioned process
with time. Note that, because the second shutter 8.is
lighter than each of the first shutters 7A'tp 7D, it is
constrﬁcted as one capable of being quickly moved in a

shorter time for the opening/closing operation (particularly

for the opening operation).

The particle beam therapy system of this embodiment,
having the construction described above, can proVide the
following advantages.

In this embodiment, the first shutters 7A to 7D for
shutting off the beam path are provided respectively in the
second beam transport systems 5A to 5D. Stated another. way,
to prevent the beam from being erroneously transported to
the treatment room that is not the irradiation target, the
shutters 7A to 7D for physically blocking the beam itself
are disposed in the respective beam paths. Therefore,
safety can be improved in comparison with the related art
resorting to only reliability of software used in an
electromagnet switching controller.

In this embodimeht, the CPU 101 in the central control

system 100 forms the control command data per patient by
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employing the patient identification information (ID No.),
the treatment room information, and the treatment plan
information of each patient. Therefore, the doctor side is
just required to prepare only the treathent plan information
for each patient, and the operator side is just required to
input only the patient identification information and the
treatment room informatioﬁ, bqth representing who is present
as the patient in which one of the freatment rooms, to the
CPﬁ'lOl from the patient ID input device 43. Based on the
treatment plan information, the patient identification
information, and the treatment room info:mation, the CPU 101
automatically forms the control command data per patient.

As a result, when forming the final control command data per
patient, it is no longer required to prepare a large amount
of data covering all of the treatment plan information for
each patient set from the medical point of view and the
information necessary for operating the therapy system.
Thus, since work for preparing data can be separately
allocated to the doctor side and the operator side, the
system construcfion can be simplified and the treatment can
be smoothly conducted at higher efficiency.

In this embodiment, the beam transport path is
controlled by the First Come First Serve 102 such that the
ion beam is transported with higher priority to the
treatment room in which the'patient has been brought into an
irradiation ready state at earlier timing. It is therefore
possible to freely start preparations for irradiatibn to the

patients in the plural treatment rooms 2A to 2C and 3 as
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appropriate, and to carry out the irradiation of the ion
beam in sequence from the treatment room in which the
preparations for irradiation have been completed. In other
words, unlike the case of, for example, presetting the
irradiation sequence for the respective treatment rooms and
transporting the ion beam in accordance with the preset
sequence, tne treatment room in which the preparations for
irradiation are lasting for a longer time or the patient's
feeling has worsened, for example, can be automatically put
off after the treatment room in which the patient has
already been brought into an irradiation ready state at that
time. With such flexibility, a wasteful waiting time can be
reduced and the therapy system can be utilized at maximum
efficiency. Hence, treatment can be smoothly conducted on a
larger number of patients at higher efficiency. Other
advantages reside in that presetting of the irradiation.
sequence and achedule is not always required, and the
schedule can be flexibly changed with easé. This means that
the time and labor required for the operator during the
treatment can be reduced to a large extent.

In this embodiment, when the CPU 101 forms the control
command data per treatment room depending on aelectionAof
one of the treatment rooms 2A to 2C and 3 and the
electromagnets are operated in accordance with the formed
control command data, the detected signals from the ammeters
143, 153 and 163, etc. associated with the electromagnets
are outputted regardless of which one of the treatment rooms

has been selected. Then, the electromagnet actual status
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data is obtained from the detected signals, and the
determining unit 104 extracts and compares those of the
electromagnet actual status data regarding the selected
treatment room with the control command data per treatment
room provided from the CPU 101, thereby determining a match
between them. Stated another way, the determining unit 104
finally extracts only the data regérding one of the
treatment rooms 2A to 2C and 3, which has been selected to
carry out the irradiation treatment therein, and compares
the selected data with the corresponding control command
data per treatment room. Therefore, e?en when, by way of
example, a trouble occurs in any one of the treatment rooms
2A to 2C and 3 and data other than an ordinary value is
detected as the electromagnet actual status data regarding
the relevant treatment room, selection of the electromagnet

actual status data to exclude the relevant treatment room

from actual use for the treatment enables the determining

unit 104 to reliably fulfill the intended role, i.e., the
comparison between a command value and an actual value,
without being affected by a detected signal having such an
unordinary value. As a result, even in the case of a
trouble occurring in one of the tfeatment rooms, the
treatment operation can be continued by using the remaining
normal treatment rooms. It is hence possible to prevent or
minimize reduction of the treatment capability and to
smoothly continue the treatment. In other words, a durable
therapy system can be realized which undergoes less

reduction of the treatment capability in the event of a
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trouble.

In this embodiment, the switches 1 to 8 of the switch
yard 180 are connected such that, when electric power from
the above-mentioned four power sources 162-1 to 162-4 is
supplied to two or more of three systems, i.e., a system
(including the bending electromagnets 6A, 21A, 23A, 2$A and
26A) related to the second beam transport system 5A, a
system (including the bending electromagnets 6B, 21B, 23B,
25B and 26B) related to the second beam transport system 5B,
and a system (including the bending electromagnets 6C, 21C,
23C, 25C and 26C) related to the second beam transport
system 5C, any beam transport path is not formed in the
second beam transport systems 5A to 5C (namely, when any one
beam transport path is established, electric power is always
supplied to only the group of electromagnets in one system
corresponding to the established path).

With such an arrangement, in a normal condition;
electric power is supplied to only one electromagnets group
system to establish one beam transport path so that the beam
is introduced to only the treatment room in which the
ifradiation is to be carried out. On the ofher hand, if
electric power is supplied to the plural electromagnet group
systems at the.same time because of any error, no beam
transport paths‘are formed and the beam is not introduced to
all of the treatment rooms 2A to 2C and 3. Thus, it is
possible to reliably prevent the beam from being erroneously
introduced to the treétment room in which the irradiation is

not scheduled at that time, and hence to improve safety.
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Further, in this embodiment, when the patient ready
sWitch 38 is operated to input a signal indicating the
patient in the irradiation ready state, the display 39
displays that the preparations for the irradiation in the
charged particle beam generator 1 and the beam transport
systems 4 and 5A to 5D have been completed. Responsively,
an instruction for the start of the irradiation is inputted
through the irradiation instruction éwitch 42.

Accordingly, whether to start the irradiation or not
can be decided on in. one of the treatment.rooms 2A to 2D and
3 (or in the irradiation control room 33 near fhe relevant
treatment room) until a point in time immediately before the
irradiation is actually startedisubsequent to the completion
of the preparations on the machine side after the completion
of the preparations for irradiation on the patient side. As
a result, the irradiation can be canceled in a flexible way
at any point in time until just before the start of the
irradiation, taking into account, for example, that the
patient's condition and feeling are in a state sufficiently
allowable to receive the irradiation treatment, that the
patient's feeling is not worsened, or that the patient does
not want to go to the toilet. Hence, the irradiation
treatment can be performed on each patient in a safe and
prudent manner without problems.

Additionally, in the embodiment described above, when
the determining unit 173 in the switch yard controller 170
determines based on the detected signals from the switches 1

to 8 which one of the treatment rooms 2A to .2C and 3
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corresponds to the actual changeover status of the switches
1 to 8, the actual treatment room information is obtained by
accessing the memory 172 and referring to the table stored
in it. However, the present invention is not limited to
that embodiment. The equivalent function may be provided,
inStead of such software proceséing, by dsing a hardware
configuration (e.g,, a combination of many logical circuits).

According to one feature of the present invention, the
system construction can be simplified and treatment can be
performed at highervefficiency.

According to another feature of the present invention,
a more durable system can be realized which undergoes less
reduction of the treatment capability in the event of a

trouble.

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 particle beam therapy system comprising:

a charged particle beam generator for emitting a
chargea particle beam;

a plurality of treatment rooms in each of which an
irradiation unit for irradiating the charged particle beam
is disposed;

a plurality of beam transport systems communicated with
said charged particle beam generator and transporting the
charged particle beam emitted from said charged particle
beam generator separately to said respective irradiation
units in said plurality of treatment rooms; and

a control information forming unit for forming control
comménd information, which includes control information for
a plurality of elements provided in the beam transport
system introducing the charged particie beam to the
irradiation unit in the selected treatment room, by using at
least treatment room information representing the selected
- treatment room and treatment plan information specified

depending on patient identification information.

2. A particle beam therapy system comprising:

a charged particle beam generator for emitting a
charged particle beam;

a plurality of treatment rooms in each of which an
irradiation unit for irradiating the charged particle beam

is disposed;
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a first beam transport system conﬁected to said charged
particle beam generator and transporting the charged
particle beam emitted from said charged particle beam
generator;

a plurality of second beam transport systems provided
respectively corresponding,to said treatment rooms,
connected to said first beam transport system, and
transporting the charged particle beam transported through
said first beam transport system to the corresponding
irradiatidn unifs disposed in said treatment rooms; and

a control information forming unit for forming control
command information, which includes control information for
a plurality of elements provided in the second beam
transport system introducing the charged particle beam to
the irradiation unit in the selected treatment room, by
using at least treatment room information repfesenting the
selectéd treatment room and treatment plan information

specified depending on patient identification information.

3. A particle beam therapy system according to Claim 2,
wherein one of said plurality of elements is a path
switching device disposed at each of junctions between a
beam path in said first beam transport system and beam paths
in said plurality of second beam transport systems, and
switching the beam path in which the charged particle beam

is introduced.

4. A particle beam therapy system comprising:

73




a charged particle beam generator for emitting a
charged particle beam;

a plurality of treatment rooms in each of which an
irradiation unit for irradiating the charged particle beem
is disposed;

a first beam transport system connected to said charged
particle beam generator and transporting the charged
particle beam emitted from said charged particle beam
generator;

a plurality of second beam transport systems provided
respectively corresponding to said'treatment rooms,
connected to said first beam transport system, and
transporting the charged particle beam transported through
said first beam transport system to the corresponding
irradiation units mounted to rotating gantries disposed in
said treatment rooms;

a path switching device disposed at each of junctions
between a beam path in said first beam transport system and
beam paths in said plurality of second beam transport
systems, and switching the beam path in which the charged
particle beam is introduced; and

a control information forming unit for forming control
command information, which is related to the path switching
device for introducing the charged particle beam to the
irradiation unit in the  selected treatment room, by using at
least treatment room information representing the selected
treatment room and treatment plan information specified

depending on patient identification information.
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5. A particle beam therapy system according to Claim 4,
wherein said control command information does not include
controliinformation for the other path sWitching devices
than said path switching device for introducing the charged
particle beam to the irradiation unit in the selected |

treatment room.

6. A particle beam therapy system éomprising:

a charged particle beam generator for emitting a
charged particle beam;

a plurality of treatment rooms in each of which an
irradiation unit for irradiating the charged particle beam
is disposed;

a charged particle beam transport apparatus having a
plurality of beam paths, communicated with said charged
particle beam generator, and transporting the charged
particle beam emitted from said charged particle beam
generator separately to said respective irradiation units in
said plurality of treatment rooms; and

a control information forming unit for forming control
command information, which includes at. least energy
informatioﬁ for the charged particle beam exiting from said
charged particle beam accelerator and excitation information
for a plurality of electromagnets disposed in the beam path
introducing the charged particle beam to the irradiation
unit in the selected treatment room, by using at. least

treatment room information representing the selected
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treatment room and treatment plan information specified

depending on patient identification information.

7. A particle beam therapy system according to Claim 6,
wherein said control command information does not include
excitation information for other electromagnets than said

electromagnets disposed in said beam path.

8. A particle beam therapy system comprising:

a charged particle beam generator for emitting a
charged particle beam;

a plurality of treatment rooms in each of which an
irradiation unit for irradiating the charged particle beam
is disposed;

a charged particle beam transport apparatus having a
plurality of beam paths, communicated with said charged
particle beam generator, and transporting the charged
particle beam emitted from said charged particle beam
generator separately to said respective irradiation units in
said plurality of tréatment rooms; and

a control information forming unit for forming control
command information, which includes control information for
a plurality of first elementé disposed in said charged
particle beam generator and control information for a
plurality of second elements disposed in the beam path
introducing the charged particle beam to the irradiation
unit in the selected treatment room, by using at least

treatment room information representing the selected
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treatment room and treatment plan information for a patient
whom the charged particle beam is irradiated in the selected

treatment room.

9. A particle beam therapy system according to Claim 2,
wherein said control command information does not include
control information for the other elements than said

elements disposed in said beam path.

10. A particle beam therapy system according to Claim
8, wherein said control command information does not include
control information for the other elements than said

elements disposed in said beam path.

11. A particle beém therapy system according to Claim
2, further comprising a storage for storing the treatment
plan information,vwherein the treatment plan information
specified depending on the patient identification
information is information taken from said storage into said
control information forming unit by using the patient

identification information.

12. A particle beam therapy system according to Claim
4, further comprising a storage for storing the treatment
plan information, wherein the treatment plan information
specified depending on the patient identification
information is information taken from said storage into said

control information forming unit by using the patient
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identification information.

13. A particle beam therapy system according to Claim
6, further comprising a storage for storing the treatment
plan information, wherein the treatment plan information
specified depending on the patient identification
information is information taken from séid storage into said
control information forming unit by usihg the patient

jdentification information.

14. A particle beam therapy systeﬁ comprising:

a charged particle beam generator for emitting a
charged particle beam;

a plurality of treatment rooms in each of which an
irradiation unit for irradiating the charged particle beam
is disposed;

a charged'particle beam transport apparatus having a
plurality of beam paths, communicated with said charged
particle beam generator, and transporting the charged
particle beam emitted from said charged particle beam
generator separately to said réspective irradiation units in
said plurality of treatment rooms;

a control information forming unit for forming control
command information, which includes at least energy
information for the charged particle beam exiting from said
charged particle beam accelerator and excitation information
for a plurality‘of electromagnets disposed in the beam path

introducing the charged particle beam to the irradiation
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unit in the selected treatment room, by using at least
treatment room information representing the selected
treatment room and treatment plan information specified'
depending on patient identification information; and

said electromagnets supplied with excitation currents

controlled based on said control command information.

15. A parficle beam therapy system according to Claim
2, further comprising a plurality of detectors for
outputting detected signals representing respective statuses
of said plurality of elements; and

an information confirming unit for confirming that
element status information based on the detected signals
from said plurality of detectors are matched withAsaid
confrol command information, and outputting confirmation

information resulting from the confirmation.

16. A particle beam therapy system according to Claim
2, further comprising a controller for, based on said
control command information, controlling said elements

disposed ‘in said beam path introducing the charged particle

beam to the irradiation unit in the selected treatment room.

17. A particle beam therapy system according to Claim
4, further comprising a controller for, based on said
control command information, controlling said path switching
device for introducing the charged particle beam to the

irradiation unit in the selected treatment room.
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18. A particle beam therapy system according to Claim
6, further comprising a controller for, based on said
control command information, controlling said electromagnets
disposed in said beam path introducing the charged partiéle

beam to the irradiation unit in the selected treatment room.

19. A particle beam irradiating method for irradiating
a charged particle beam emitted from a charged particle'beam
generator to a patient in selected one of a plurality of
treatment rooms by an irradiation unit in the selected
treatment room, the irradiating method comprising the sfeps
of:

forming a control command information by using
treatment plan information specified depending on patient
identification information representing said patient who has
entered the selected treatment room, and treatment room
information representing the selected treatment room;

forming a beam transport path, which is extended from
saidlcharged particle beam generator to said irradiation
unit in the selected treatment room, by using said control
command information; and

irradiating the charged particle'beam introduced
'through the formed beam transport path to said patient by

said irradiation unit in the selected treatment room.

20. A particle beam therapy system comprising:

a charged particle beam generator for emitting a
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charged particle beam;

a plurality of treatment rooms in each of which an
irradiation unit for irradiating the charged particle beam
is disposed;

a charged particle beam transport apparatus having a
plurality of beam paths, communicated with said charged
particle beam generator, and transporting the charged
particle beam emitted from said charged particle beam
generator separately to said respective irradiation units in
said plurality of treatment rooms;

first element groups disposed respectively in said beam
paths;

a control information forming unit for forming control
command information for the first element group disposed in
the beam path extended into the selected treatment room; and

an information confirming unit for selecting, from
among element information including status information
representing respective statuses of said first element
groups, the status information of said first element group
in the beam path extended into the selected treatment room,
and confirming that the selected status information is
matched with the control command information for the
relevant first element group, which is included in said

control command information.

21. A particle beam therapy system comprising:
a charged particle beam generator for emitting a

charged particle beam;

81




e

a plurality of treatment rooms in each of which an
irradiation unit for irradiating the charged particle beam
is disposed;

a charged particle beam transport apparatus having a
plurality of beam paths, communicated with said charged
particle beam generator, and transporting the charged
particle beam emitted from said charged particle beam
generator separately to said respective irradiation units in
said plurality of treatment rooms; |

first element groups disposed respectively in said beam
paths; | |

a control information forming unit for forming control
command information including control information for a
plurality of first elements included in the first element
group in the beam path extended into the selected treatment
room; and

an information confirming unit for selecting, from.
among ‘element information including detected status
information of respective first elements, the status
information of the first elements included in the first
element group in the beam path extended into the selected
treatment room, and confirming that the selected status
information is matched with the control,information for the
relevant first elements, which is included in said control

command information.

22. A particle beam therapy system comprising:

a charged particle beam generator for emitting a
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charged particle beam;

a plurality of treatment rooms in each of which an
irradiation unit for irradiating the charged particle beam
is disposed;

a charged particle beam transport apparatus having a
plﬂrality of beam paths, communicated with said charged
particle beam generator, and transporting the charged
particle beam emitted from said charged particle beam
generator separately to said respective irradiation units iﬁ
said plurality of treatment rooms;

first element groups disposed respectively in said beam
paths, and a second element group disposed in said charged
particle beam generator;

a control information forming unit for forming control
command information including control information for a
plurality of first elementsvincluded in the first element
group in the beam path extended into the selected treatment
room, and control information for a plurality of second
elements included in the second element group; and

an information confirming unit for selecting, from

among element information in¢luding detected status

information of respective first elements and detected status

information of respeétive second elements, the status
information for said first element group in the beam path
extended into the selected treatment room and the status
information for said second element group, and confirming
that the selected status information is matched with the

control information for the relevant elements, which is
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included in said control command information.

23. A particle beam therapy system according to Claim
20, wherein said information confirming unit outputs an

emission authorization signal after making said confirmation.

24. A particle beam therapy system according to Claim
21, wherein said information confirming unit outputs an

emission authorization signal after making said confirmation.

25. A particle beam therapy system according to Claim
22, wherein said information confirming unit outputs an

emission authorization signal after making said confirmation.

26. A particle beam therapy system according to Claim
44, further comprising:

a first element controller for outputting the control
information for said first elements in said.first element
group, which is included in the control command information
outputted from said control information forming unit; and'

an element information confirming unit for confirming
that the detected status information of said first elements
is matched with the control information for said first

elements.

27. A particle beam therapy system according to Claim
26, further comprising:

a plurality of shutters provided respectively in said
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plurality of beam paths and shutting off the corresponding
beam paths; and

a safety device for generating a beam stop signal for
sfopping the charged particle beam when said confirmation.
has not been made by said element information confirming
unit, tﬁereby closing the shutter provided in said beam path
éxtended into the selected treatment-room in response to

said beam stop signal.

28. A particle beam therapy system according to Claim
22, further comprising:

a first element controller for outputting the control
information for said first elements in said first element
group, which is included in the control command information
outputted from séid control information forming unit;

a second element controller for outputting the control
information for said second elements in said second element.

group, which is included in the control command information

‘outputted from said control information forming unit;

a first element information confirming unit for
confirming that the detected status information of said
first elements is matched with the control information for
said first elements; and

a second element information confirming unit for

confirming that the detected status information of said

second elements is matched with the control information for

said second elements.
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29. A particle beam therapy system according to Claim
28, further comprising:

a plurality of shutters provided respectively in said
pluralit? of beam paths and shutting off the corresponding
beam paths; and

a safety device for generating a beam stop signal for
stdpping the charged particle beam when said confirmation
has not been made by any of said first element information
confirming unit and said second element information
confirming unit, thereby closing the shutter provided in
said beam path extended into the selected treatment room

with said beam stop signal.

30. A particle beam irradiating method for irradiating
a charged particle beam emitted from a charged particle beam
generator to a patient in selected one of a plurality of
treatment rooms by'an irradiation unit in the selected
treatment room, the irradiating method comprising the steps
-Of:

forming control command information for one of element
groups disposed in a plurality of beam paths, which are
communicated with said chaFged particle beam generator and
transport the charged particle beam emitted from said
charged particle beam generator to corresponding ones of
said plurality of treatment rooms, the one of said element
groups being disposed in the beam path extended into the
selected treatment room; and

selecting, from among element information including
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status information representing respective statuses of said
element groups, the status information of the element group
in the beam path extended into.the selected treatment room,
and confirming that thé selected status information is

matched with said control command information.
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31.

32.

33.

5108

88

A particle beam therapy system substantially as hereinbefore described with reference

to the drawings and/or Examples.

A particle beam irradiating system substantially as hereinbefore described with

reference to the drawings and/or Examples.
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 FOURTH day of MARCH 2004
Hitachi, Ltd.

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