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(57) ABSTRACT 
Aparticle beam therapy System comprises a charged particle 
beam generator for generating a charged particle beam, two 
or more treatment rooms provided with respective irradia 
tion devices for irradiating the charged particle beam, a 
beam line for transporting the charged particle beam 
extracted from the charged particle beam generator to the 
irradiation device in Selected one of the two or more 
treatment rooms, a beam detection processing/control unit 
for monitoring a beam State of the charged particle beam in 
one of the two or more irradiation devices, and a Selector for 
Switchably Selecting one of the irradiation devices which is 
to be monitored by the beam detection processing/control 
unit. The selector is controlled Such that the selector estab 
lishes connection with the irradiation device in the Selected 
one treatment room to which the charged particle beam is 
transported through the beam line. The System configuration 
can be simplified while maintaining the operation efficiency. 
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PARTICLE BEAM THERAPY SYSTEMAND 
CONTROL SYSTEM FOR PARTICLE BEAM 

THERAPY 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a particle beam 
therapy System in which a charged particle beam of protons 
or carbon ions is irradiated to the affected part in the body 
of a patient for treatment, and to a control System for particle 
beam therapy. More particularly, the present invention 
relates to a particle beam therapy System having a plurality 
of treatment rooms, and a control System for Such a particle 
beam therapy System. 
0003 2. Description of the Related Art 
0004. There is known a therapy method of irradiating a 
charged particle beam of protons or carbon ions to the 
affected part in the body of a patient, e.g., the cancer, for 
treatment. A large-scaled one of therapy Systems for use with 
Such a therapy method comprises a charged particle beam 
generator, a beam line, and a plurality of treatment rooms. A 
charged particle beam accelerated by the charged particle 
beam generator reaches, through the beam line, an irradia 
tion device installed in a rotating gantry within one treat 
ment room Selected from among the plurality of treatment 
rooms, and is irradiated to the affected part of the patient 
body lying on a treatment bed from a nozzle of the irradia 
tion device (see, e.g., Patent Reference 1; JPA 11-501232). 

SUMMARY OF THE INVENTION 

0005 Generally, a control system for the above-men 
tioned known therapy System having a plurality of treatment 
rooms comprises a central controller for performing Super 
Visory control of the Overall therapy System, a treatment 
planning System in which a treatment plan database is 
Stored, a central interlock device for Stopping the irradiation, 
e.g., when any abnormality is detected, an accelerator con 
troller for controlling extraction and Stop of a charged 
particle beam from the charged particle beam generator, a 
magnet power Supply controller for performing power Sup 
ply control for magnets disposed in predetermined positions 
within the charged particle beam generator and the beam 
line, various controllers installed in each of the treatment 
rooms, and a monitoring function device installed in each of 
the treatment rooms and monitoring the State of the charged 
particle beam being irradiated from the irradiation device. 
0006 The controllers installed in each of the treatment 
rooms include a gantry controller for controlling the rotation 
of a rotating gantry, a bed controller for controlling the 
movement of a treatment bed, irradiation nozzle controllers 
for controlling those units of equipment mounted in the 
irradiation device which are used for forming an irradiation 
field, such as an SOBP forming device and a bolus colli 
mator, and an irradiation controller for controlling the gantry 
controller, the bed controller and the irradiation nozzle 
controllers in a Supervisory manner. 
0007. The monitoring function device installed in each of 
the treatment rooms has not only the function of determining 
whether the beam State during irradiation is within a preset 
allowable range, thereby detecting an abnormality if the 
beam State is outside the allowable range, but also the 
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function of determining whether the dose has reached a 
preset value, thereby detecting attainment of the target dose 
when the dose has reached the preset value. When an 
abnormality of the dose attainment is detected by the moni 
toring function device, the beam extraction from the charged 
particle beam generator is stopped. 

0008. In the therapy system having a plurality of treat 
ment rooms, the charged particle beam extracted from the 
charged particle beam generator is usually irradiated in only 
one of the treatment rooms and is never irradiated in the 
plurality of treatment rooms at the Same time. Taking into 
account that usual situation, it is conceivable to employ the 
controllers and the monitoring function device, which have 
been So far installed in each treatment room, in common 
with the plurality of treatment rooms instead of installing 
them in each treatment room. More specifically, in the 
therapy System having a plurality of treatment rooms, the 
therapy is generally progressed Such that the irradiation is 
performed in one Selected treatment room, while positioning 
of the patient, Setting of the irradiation field forming equip 
ment in the irradiation device, etc. are performed in the next 
treatment room. It is therefore can be said that the gantry 
controller for controlling the rotation of the rotating gantry, 
the bed controller for controlling the movement of the 
treatment bed, the irradiation nozzle controllers for control 
ling the irradiation field forming equipment mounted in the 
irradiation device, and the irradiation controller for control 
ling those controllers in a Supervisory manner are preferably 
installed in each of the treatment rooms in consideration of 
the operation efficiency of the therapy System. On the other 
hand, of the above-mentioned units installed in each treat 
ment room, the monitoring function device for monitoring 
the beam State is not necessarily required to be installed in 
each treatment room because it Serves to monitor the beam 
State during irradiation and is not used in the other treatment 
rooms than that under irradiation. Also, the monitoring 
function device does not take part in the positioning of the 
patient and Setting of the irradiation field forming equip 
ment. Accordingly, sharing the monitoring function device 
by a plurality of treatment rooms will not lead to a reduction 
in the operation efficiency of the therapy System. 

0009 Thus, the known therapy system is still susceptible 
to Simplification because of having a control System con 
figured Such that the monitoring function device for moni 
toring the beam State during irradiation is installed in each 
treatment room in Spite of being Sharable by a plurality of 
treatment rooms. 

0010. In view of the above-mentioned problem with the 
related art, an object of the present invention is to provide a 
particle beam therapy System and a control System for 
particle beam therapy, which can simplify a System configu 
ration while maintaining the operation efficiency. 

0011 To achieve the above object, the present invention 
provides a particle beam therapy System for irradiating a 
charged particle beam to an affected part of the body for 
treatment, wherein the therapy System comprises a charged 
particle beam generator for generating the charged particle 
beam; irradiation devices installed respectively in a plurality 
of treatment rooms and irradiating the charged particle 
beam; a beam line for transporting the charged particle beam 
extracted from the charged particle beam generator to the 
irradiation device in Selected one of the plurality of treat 
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ment rooms, a monitoring unit for monitoring a beam State 
of the charged particle beam in one of the irradiation 
devices, a Selector for Switchably Selecting one of the 
irradiation devices which is to be monitored by the moni 
toring unit; and a first control unit for controlling the Selector 
Such that the Selector establishes connection with the irra 
diation device in the Selected one of the plurality of treat 
ment rooms to which the charged particle beam is trans 
ported through the beam line. 

0012. With those features, since the irradiation device to 
be monitored by the monitoring unit is selected by the 
Selector in a Switching manner and the first control unit 
controls the Selector Such that the Selector establishes con 
nection with the irradiation device in the selected one of the 
plurality of treatment rooms to which the charged particle 
beam is transported through the beam line, the monitoring 
unit can be shared by a plurality of treatment rooms. AS a 
result, the System configuration can be simplified. 

0013. According to the present invention, it is possible to 
Simplify the System configuration while maintaining the 
operation efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014 FIG. 1 is an overall block diagram of a particle 
beam therapy System according to a first embodiment of the 
present invention; 

0.015 FIG. 2 is a schematic view showing a general 
equipment configuration of an irradiation device of the 
passive irradiation type shown in FIG. 1; 
0016 FIG. 3 is a block diagram showing a flow of 
control signals in a control System during operation of the 
particle beam therapy System according to the first embodi 
ment of the present invention; 

0017 FIG. 4 is a flowchart of the functions executed by 
a central controller and a beam detection processing/control 
unit for determining whether the Switching operation of a 
Selector is normally completed; 

0.018 FIG. 5 is a chart showing the functions executed by 
the central controller and the beam detection processing/ 
control unit for determining whether the Switching operation 
of the Selector is normally completed; 

0.019 FIG. 6 is an overall block diagram of a particle 
beam therapy System of Comparative Example 1 in which a 
control System includes a beam detection processing/control 
unit in each treatment room; 

0020 FIG. 7 is an overall block diagram of the particle 
beam therapy System according to the first embodiment of 
the present invention; 

0021 FIG. 8 is an overall block diagram of a particle 
beam therapy System according to a Second embodiment of 
the present invention; 

0022 FIG. 9 is a schematic view showing a general 
equipment configuration of an irradiation device with Scan 
ning irradiation shown in FIG.8; 
0023 FIG. 10 is an overall block diagram of a particle 
beam therapy System according to a third embodiment of the 
present invention; 
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0024 FIG. 11 is an overall block diagram of a particle 
beam therapy System of Comparative Example 2 in which a 
control System includes a beam detection processing/control 
unit in each treatment room; 
0025 FIG. 12 is an overall block diagram of the particle 
beam therapy System according to the third embodiment of 
the present invention; 
0026 FIG. 13 shows a modification of the particle beam 
therapy system, shown in FIG. 12, in which one treatment 
room for passive irradiation is replaced with a treatment 
room for Scanning irradiation; 
0027 FIG. 14 is an overall block diagram of a particle 
beam therapy System according to a fourth embodiment of 
the present invention; and 
0028 FIG. 15 shows a modification of the particle beam 
therapy system, shown in FIG. 14, in which a control/ 
monitoring panel is partly shared by a plurality of treatment 
OOS. 

REFERENCE NUMERALS 

0029) 1 charged particle beam generator 

0030) 2 beam line 
0031) 3A3B irradiation device 
0032 4A4B irradiation device 
0033 7A,7B treatment room 
0034) 8A8B treatment room 
0035) 19 power supply controller (beam line controller) 
0036) 25.33 profile monitor (detector) 
0037) 
0038 
0039) 
0040 
0041) 
0.042 
0043) 
0044) 
0045 57 central interlock device (second control unit and 
third control unit) 

29 energy monitor (detector) 
30 flatness monitor (detector) 
31,38 dose monitor (detector) 
34.35 Scanning magnets 

37 spot position monitor (detector) 
42 display monitor (display) 
44 operating/monitoring panel (display) 

55 central controller (determining unit) 

0046) 66 beam detection processing/control unit (moni 
toring unit, first control unit, and determining unit) 

0047 67 beam detection processing/control unit (moni 
toring unit, first control unit, determining unit, and Scan 
Stroke control unit) 

0.048 70.71 selector 
0049) 100 particle beam therapy system 

0050 110 control system 
0051) 135 beam detection processing/control unit (moni 
toring unit, first control unit, and determining unit) 
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0.052 136 beam detection processing/control unit (moni 
toring unit, first control unit, determining unit, and Scan 
Stroke control unit) 

0053 137 beam detection processing/control unit (moni 
toring unit, first control unit, and determining unit) 

0054) 140 selector 
0055) 300 particle beam therapy system 

0056) 310 control system 
0057 400 particle beam therapy system 

0.058 410 control system 
0059) 600 particle beam therapy system 

0060 610 control system 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0061 Embodiments of the present invention will be 
described in detail below with reference to the drawings. 

First Embodiment 

0062) A particle beam therapy system according to one 
preferred embodiment of the present invention will be 
described as a first embodiment with reference to FIG. 1. in 
the illustrated practical form, a particle beam therapy system 
100 of this first embodiment is constructed as a proton beam 
therapy system. The particle beam therapy system 100 
comprises a charged particle beam generator 1, a beam line 
2 connected to the charged particle beam generator 1 and 
extending downstream from it, and a plurality (two in this 
embodiment) of treatment rooms 7A,7B.. A plurality (two in 
this embodiment) of irradiation devices (i.e., irradiation field 
forming devices)3A, 3B are installed in the treatment rooms 
7A, 7B in one-to-one relation. 
0.063. The charged particle beam generator 1 comprises 
an ion Source (not shown), a pre-stage accelerator (e.g., a 
linear accelerator) 11, and a Synchrotron 12 as a main 
accelerator. Ions (e.g., protons (or carbon ions)) generated in 
the ion Source are accelerated by the pre-stage accelerator 
11, and an ion beam (charged particle beam) exiting the 
pre-stage accelerator 11 enters the Synchrotron 12. The ion 
beam having entered the Synchrotron 12 circulates within 
the Synchrotron 12, and after being accelerated to a preset 
level of energy (e.g., 100-200 MeV), the ion beam is 
extracted from the synchrotron 12. Operations of the pre 
Stage accelerator 11 and the Synchrotron 12 are controlled by 
an accelerator controller 13. 

0064. The ion beam extracted from the synchrotron 12 is 
transported to selected one of the treatment rooms 7A, 7B 
through the beam line 2. The beam line 2 includes Switching 
magnets (bending magnets) 14, 15. The ion beam introduced 
to the beam line 2 is selectively transported to one of the 
treatment rooms 7A, 7B depending on the presence or 
absence of a bending action that is effectuated with Switch 
ing-over between excitation and non-excitation of the 
Switching magnets 14, 15. Numeral 18 denotes a magnet 
power Supply for making Switching-over between excitation 
and non-excitation of various magnets in the beam line 2, 
including the Switching magnets 14, 15, and 19 denotes a 
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power Supply controller (beam line controller) for control 
ling the magnet power Supply 18. 

0065. A downstream end of the beam line 2 on the 
treatment room Side is connected to each of the irradiation 
devices 3A, 3B mounted to respective rotating gantries (not 
shown) which are installed in the treatment rooms 7A, 7B. 
In each of the treatment rooms 7A, 7B, a patient 20 is lying 
on a treatment bed 21 positioned in a treatment cage (not 
shown) that is formed inside the rotating gantry. The ion 
beam exiting the irradiation device 3A or 3B is irradiated to 
the affected part (not shown) in the body of the patient 20. 
0066. The irradiation devices 3A, 3B are each of the 
passive irradiation type in which the ion beam is Scattered by 
a Scatterer and the Scattered ion beam is shaped by a 
collimator in match with the shape of the affected part 
(cancer) in the patient body, followed by irradiation to the 
cancer. FIG. 2 Schematically shows a general equipment 
configuration of each of the irradiation devices 3A, 3B. 

0067. As shown in FIG. 2, each of the passive irradiation 
devices 3A, 3B includes a profile monitor (detector) 25 for 
measuring the centroid and width of the ion beam entering 
the irradiation device 3A, 3B from the beam line 2, a first 
scatterer 26 for scattering the beam, an SOBP (Spread-Out 
Bragg Peak) forming device (e.g., a ridge filter or a range 
modulation wheel) 27, a second scatterer 28, an energy 
monitor (detector) 29 for measuring an energy amount of the 
irradiation beam, a flatness monitor (detector) 30 for mea 
Suring uniformity of the irradiated beam in a direction 
perpendicular to the direction of travel of the beam, a dose 
monitor (detector) 31 for detecting the dose, and a bolus 
collimator 32 for adjusting the range of the ion beam and the 
shape of an irradiation field in the direction perpendicular to 
the direction of travel of the beam to be matched with a 
target shape. Those units 25 to 32 are mounted in the 
irradiation device in the mentioned order from the upstream 
side in the direction of travel of the beam. 

0068 Returning to FIG. 1, treatment control rooms 40A, 
40B where the operations necessary for the treatment, etc. 
are carried out are installed respectively near the treatment 
rooms 7A, 7B. Each of the treatment control rooms 40A, 
40B includes a display monitor (display unit) 42 and an 
operating/monitoring panel (display unit) 44 which are used 
to display the treatment situation and beam information of 
the ion beam, Such as the dose, and also includes a console 
49 provided with an irradiation start button 46 for starting 
the irradiation, an irradiation Stop button 47 for Stopping the 
irradiation, and a beam request button 48 for issuing a 
request for the beam irradiation to the charged particle beam 
generator 1. 

0069. A control system 110 provided in the particle beam 
therapy system 100 of this embodiment will be described 
below. 

0070 The control system 110 comprises a central con 
troller (determining unit) 55 for performing Supervisory 
control of the entirety of the therapy system 100, a treatment 
planning System 56 in which a treatment plan database is 
Stored, a central interlock device (Second control unit and 
third control unit) 57 for stopping the irradiation, e.g., when 
any abnormality of the beam is detected in the irradiation 
devices 3A, 3B, an accelerator controller 13 for performing 
control of the synchrotron 12, and the above-mentioned 
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power Supply controller 19 for controlling a power Supply 
for the magnets in the beam line 2. 
0.071) Furthermore, the control system 110 includes, in 
the treatment rooms 7A, 7B in one-to-one relation, gantry 
controllers 58A, 58B, bed controllers 60A, 60B, irradiation 
nozzle controllers 62A, 62B, and irradiation controllers 
64A, 64B for controlling those corresponding three control 
lers in a Supervisory manner. In each treatment room 7A, 7B, 
the rotating gantry is rotated by controlling the rotation of a 
motor (not shown) by the gantry controller 58A, 58B, and 
the treatment bed 21 is moved and controlled by the bed 
controller 60A, 60B. Also, of the equipment mounted in 
each irradiation device 3A, 3B, those units for forming the 
irradiation field, Such as the first and Second Scatterers 26, 
28, the SOBP forming device 27 and the bolus collimator 32, 
are controlled by the irradiation nozzle controller 62A, 62B. 
0.072 More specifically, when positioning the patient 20, 
a doctor (or an operator) standing near the patient 20 in each 
treatment room 7A, 7B manipulates a nearby operating unit 
(e.g., a pendant) 65 connected to the irradiation controller 
64A, 64B, whereupon a control Start signal or a control Stop 
Signal is transmitted to corresponding one of the above 
mentioned three controllers through the irradiation control 
ler 64A, 64.B. For example, when the control start signal for 
the rotating gantry is outputted from the nearby operating 
unit 65 in the treatment room 7A, the central controller 55 
takes in rotational angle information for the rotating gantry 
with regards to the patient 20 from the treatment plan 
information Stored in the treatment planning System 56 and 
transmits the taken-in rotational angle information to the 
gantry controller 58A through the irradiation controller 64A. 
The gantry controller 58A rotates the rotating gantry based 
on the rotational angle information. 
0073. In addition, the control system 110 comprises a 
beam detection processing/control unit (monitoring unit, 
first control unit and determining unit) 66 for both the 
treatment rooms 7A, 7B. The functions of the beam detec 
tion processing/control unit 66 will be described below with 
reference to FIG. 2. 

0.074 As shown in FIG. 2, of the equipment mounted in 
each passive irradiation device 3A, 3B, those units for 
forming the irradiation field, i.e., the first and Second Scat 
terers 26, 28, the SOBP forming device 27, and the bolus 
collimator 32, are controlled by the irradiation nozzle con 
troller 62A, 62B. Because those units are mounted in match 
with the irradiation target for each patient, the irradiation 
nozzle controller 62A, 62B makes monitoring to avoid a 
possibility that a false unit is mounted. 
0075. On the other hand, the beam information obtained 
from those detectors among the equipment mounted in the 
irradiation device 3A, 3B which are used to detect the beam 
information of the ion beam under irradiation, i.e., the 
profile monitor 25, the energy monitor 29, the flatness 
monitor 30, and the dose monitor 31, is taken into the beam 
detection processing/control unit 66. The beam detection 
processing/control unit 66 has the functions of monitoring 
the beam information obtained by those detectors. More 
Specifically, the beam detection processing/control unit 66 
includes a control/processing Section 66a for taking in the 
information measured by the profile monitor 25, computing 
the centroid and width of the ion beam, and detecting an 
abnormality of the centroid or width when the computed 
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result exceeds an allowable value, a control/processing 
Section 66b for computing an energy distribution from the 
information measured by the energy monitor 29 and detect 
ing an abnormality of the energy distribution when the 
computed result exceeds an allowable value, a control/ 
processing Section 66c for computing flatness of the ion 
beam from the information measured by the flatness monitor 
30 and detecting an abnormality of the beam flatness when 
the computed result exceeds an allowable value, and a 
control/processing Section 66d for monitoring the dose from 
the information measured by the dose monitor 31 and 
detecting attainment of the target dose when the monitored 
does has reached a preset value. 
0076. When any beam abnormality is detected by the 
thus-constructed beam detection processing/control unit 66 
(exactly speaking, by the control/processing Sections 66a to 
66c), the beam detection processing/control unit 66 outputs 
an abnormality Signal to the central interlock device 57, and 
the central interlock device 57 having received the abnor 
mality signal outputs an irradiation Stop signal to the accel 
erator controller 13. Then, an on/off Switch (not shown) 
provided in the Synchrotron 12 is opened under control of 
the accelerator controller 13, whereupon the Supply of RF 
waves to an RF knockout electrode (not shown) is stopped 
and the extraction of the ion beam from the synchrotron 12 
is also stopped. When the attainment of the target dose is 
detected by the beam detection processing/control unit 66 
(exactly speaking, by the control/processing Section 66d), 
the beam detection processing/control unit 66 outputs a dose 
attainment Signal to the central controller 55, and the central 
controller 55 having received the dose attainment Signal 
outputs a beam irradiation end Signal to the accelerator 
controller 13, whereby the extraction of the ion beam from 
the Synchrotron 12 is stopped in the Same way as that 
described above. As a result, excess irradiation and false 
irradiation to the patient 20 can be avoided. 

0077. The control system 110 includes one beam detec 
tion processing/control unit 66 for the two irradiation 
devices 3A, 3B, and one of those two irradiation devices 
from which the beam detection processing/control unit 66 
obtains the beam information (i.e., the irradiation device as 
a monitoring target) is selected by a selector 70. In other 
words, the beam detection processing/control unit 66 is 
shared by the irradiation devices 3A, 3B (or the treatment 
rooms 7A, 7B). 
0078. The selector 70 includes a switching circuit 70a for 
Switching over the profile monitors 25, 25 of the irradiation 
devices 3A, 3B, a switching circuit 70b for Switching over 
the energy monitors 29, 29 of the irradiation devices 3A, 3B, 
a switching circuit 70c for Switching over the flatness 
monitors 30, 30 of the irradiation devices 3A, 3B, and a 
Switching circuit 70d for Switching over the dose monitors 
31, 31 of the irradiation devices 3A, 3B. Those Switching 
circuits 70a to 70d are all always turned to the same side 
when Switched over, without being irregularly turned to the 
different sides. 

007.9 The switching operation of the selector 70 is per 
formed by the beam detection processing/control unit 66 
(more exactly speaking, the switching circuits 70a to 70d of 
the selector 70 are switched by the control/processing sec 
tions 66a to 66d of the beam detection processing/control 
unit 66, respectively) So as to establish connection with the 
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Selected treatment room (i.e., the treatment room to which 
the ion beam is transported through the beam line 2). The 
Switching sequence will be described below with reference 
to FIG. 3. FIG. 3 is a block diagram showing a flow of 
control Signals in a control System 110 during operation of 
the particle beam therapy system 100 according to this 
embodiment. In the following description, it is assumed that 
the treatment room 7A is the Selected treatment room (i.e., 
the treatment room where the irradiation for treatment is 
performed). 

0080. Using the nearby operating unit 65, a doctor (or an 
operator) makes positioning of the patient 20 by driving the 
rotating gantry and the treatment bed 21 under control of the 
gantry controller 58A and the bed controller 60A through the 
irradiation controller 64A, and also makes Setting of the 
equipment in the irradiation device 3A, i.e., the first and 
second scatterers 26, 28, the SOBP forming device 27, and 
the bolus collimator 32, under control of the irradiation 
nozzle controller 62A. Upon completion of the patient 
positioning and the equipment Setting, the irradiation con 
troller 64A outputs a patient positioning end Signal 72 to an 
AND circuit 73 in the central controller 55. On the other 
hand, when a doctor (or an operator) in the treatment control 
room 40A operates a beam request button 48 on the console 
49, a beam request signal 74 is outputted from the console 
49 to the AND circuit 73 in the central controller 55. 

0081. When the patient positioning end signal 72 and the 
beam request signal 74 are both inputted to the AND circuit 
73 and the AND logical condition is satisfied, the AND 
circuit 73 outputs a power supply switching signal 75 to the 
power Supply controller 19. Responsively, the power Supply 
controller 19 Switches over the power supply for the Switch 
ing magnet 14 in the beam line 2 through the magnet power 
Supply 18. AS a result, a beam path toward the treatment 
room 7A is formed, whereby the selection of the treatment 
room is completed. Upon completion of the Selection of the 
treatment room, the power Supply controller 19 outputs a 
Switching end signal 76 to an AND circuit 77 in the central 
controller 55. 

0082) When the Switching end signal 76 and the power 
supply switching signal 75 from the AND circuit 73 are both 
inputted to the AND circuit 77 and the AND logical condi 
tion is satisfied, the AND circuit 77 outputs a treatment room 
Selection end Signal 78 to the beam detection processing/ 
control unit 66. Responsively, the beam detection proceSS 
ing/control unit 66 outputs a monitor Switching Signal 79 to 
the selector 70 and controls the selector 70 such that the 
irradiation device 3A (or the treatment room 7A) is selected 
as a connection destination. Upon completion of the Switch 
ing operation, the Selector 70 outputs an answer back Signal 
69 to the beam detection processing/control unit 66. Based 
on the answer back Signal 69, the beam detection processing/ 
control unit 66 determines whether the Switching operation 
of the selector 70 has been normally completed (as described 
later in detail). If the normal Switching operation is deter 
mined, the beam detection processing/control unit 66 out 
puts a Switching end signal 80 to an AND circuit 81 in the 
central controller 55. 

0.083 Also, when the Switching end signal 76 and the 
power supply switching signal 75 from the AND circuit 73 
are both inputted to the AND circuit 77 and the AND logical 
condition is satisfied, the AND circuit 77 outputs, in addition 
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to the treatment room Selection end Signal 78, an accelerator 
preparation Start Signal 82 to the accelerator controller 13. 
Responsively, the accelerator controller 13 performs Setting 
and preparation of the equipment constituting the charged 
particle beam generator 1, Such as the pre-stage accelerator 
11 and the Synchrotron 12. Upon completion of the Setting 
and the preparation, the accelerator controller 13 outputs an 
accelerator preparation end signal 83 to the AND circuit 81 
in the central controller 55. 

0084. The AND circuit 81 receives the accelerator prepa 
ration end signal 83 from the accelerator controller 13, the 
Switching end Signal 80 from the beam detection processing/ 
control unit 66, the treatment room selection end signal 78 
from the AND circuit 77, and a Switching normal signal 68 
(described later in detail) outputted when it is determined by 
a comparing and determining section 96 (see FIG. 5 
described later) of the central controller 55 that the Switch 
ing operation of the selector 70 has been normally com 
pleted. Then, when the AND logical condition is satisfied, 
the AND circuit 81 outputs an irradiation start preparation 
end signal 84 to an AND circuit 85 based on judgment that 
the irradiation Start preparations for the treatment room 7A 
have been completed. 
0085. On the other hand, when the doctor (or the opera 
tor) in the treatment control room 40A operates an irradia 
tion start button 46 on the console 49, an irradiation start 
signal 86 is outputted from the console 49 to the AND circuit 
85 in the central controller 55. 

0086. When the irradiation start preparation end signal 84 
from the AND circuit 81 and the irradiation start signal 86 
from the console 49 are both inputted to the AND circuit 85 
and the AND logical condition is satisfied, the AND circuit 
85 outputs an irradiation start signal 87 to the accelerator 
controller 13 to start the irradiation. More specifically, the 
on/off switch (not shown) provided in the synchrotron 12 is 
closed by the accelerator controller 13, whereupon the 
supply of RF waves to the RF knockout electrode (not 
shown) is started and the extraction of the ion beam from the 
Synchrotron 12 is also started. 
0087. During the beam irradiation, the information of the 
ion beam under irradiation is detected by the profile monitor 
25, the energy monitor 29, the flatness monitor 30, and the 
dose monitor 31, which are mounted in the irradiation device 
3A, and is inputted to the beam detection processing/control 
unit 66 through the selector 70. The beam detection pro 
cessing/control unit 66 monitors the detected information. 
More specifically, it determines whether each item of the 
beam information detected by the profile monitor 25, the 
energy monitor 29 and the flatness monitor 30 is within a 
predetermined allowable range, and whether the dose 
detected by the dose monitor 31 has reached a predeter 
mined dose. Further, the beam detection processing/control 
unit 66 outputs a beam information signal 88 to the display 
monitor 42 in the treatment control room 40A. As a result, 
the beam information during irradiation is displayed on the 
display monitor 42. 
0088. When the detected dose reaches the preset dose, the 
beam detection processing/control unit 66 outputs a dose 
attainment signal 89 to an OR circuit 90 in the central 
controller 55. On the other hand, when the doctor (or the 
operator) in the treatment control room 40A operates an 
irradiation stop button 47 on the console 49, an irradiation 
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stop signal 91 is outputted from the console 49 to the OR 
circuit 90 in the central controller 55. 

0089. When either one of the irradiation stop signal 91 
from the console 49 and the dose attainment signal 89 from 
the beam detection processing/control unit 66 is inputted to 
the OR circuit 90, the OR circuit 90 outputs an irradiation 
end signal 92 to the accelerator controller 13 to stop the 
irradiation. More specifically, the on/off Switch (not shown) 
provided in the Synchrotron 12 is opened by the accelerator 
controller 13, whereupon the Supply of RF waves to the RF 
knockout electrode (not shown) is stopped and the extraction 
of the ion beam from the Synchrotron 12 is also Stopped. 

0090 When, during the irradiation, the beam detection 
processing/control unit 66 determines that any item of the 
beam information has exceeded the allowable range, the 
beam detection processing/control unit 66 outputs an abnor 
mality signal 93 to an OR circuit 94 in the central interlock 
device 57. Responsively, the central interlock device 57 
outputs an irradiation Stop signal 95 to the accelerator 
controller 13, whereupon the extraction of the ion beam 
from the synchrotron 12 is stopped under control of the 
accelerator controller 13. 

0.091 Although the sequence for selecting the treatment 
room is omitted in the above description, the central con 
troller 55 may be designed, for example, to have the function 
of Selecting one of the treatment rooms from which the beam 
request signal 74 issued from the console 49 in the corre 
sponding treatment room 40A, 40B has been inputted at the 
earliest timing in the State where the positioning of the 
treatment room has been completed. 

0092. While a description is omitted above for the sake of 
simplicity, each of the central controller 55 and the beam 
detection processing/control unit 66 in the therapy System of 
this embodiment has the function of determining whether 
the Switching operation of the selector 70 has been normally 
completed. Unless it is determined by both the central 
controller 55 and the beam detection processing/control unit 
66 that the Switching operation of the selector 70 has been 
normally completed, the irradiation Start preparation end 
signal 84 is never outputted from the AND circuit 81 to the 
AND circuit 85. FIG. 4 shows a flow of that determining 
function. In FIG. 4, the Sequence of processing executed by 
the units (i.e., the central controller 55, the beam detection 
processing/control unit 66, and the selector 70) is shown 
Successively in the vertical direction Starting from the top. 

0.093 First, the treatment room selection end signal 78 is 
outputted from the central controller 55 (exactly speaking, 
the AND circuit 77) to the beam detection processing/ 
control unit 66 (step 101). In response to the treatment room 
selection end signal 78 thus inputted, the beam detection 
processing/control unit 66 outputs the monitor Switching 
signal 79 to the selector 70 (step 102). The target to be 
monitored by the beam detection processing/control unit 66 
is Switched over in response to the monitor Switching Signal 
79 inputted to the selector 70 (step 103). 
0094. Upon completion of the Switching operation, the 
selector 70 outputs the answer back signal 69 to the beam 
detection processing/control unit 66. The beam detection 
processing/control unit 66 compares the monitor Switching 
Signal 79, which has been outputted as a command value, 
with the answer back signal 69 inputted as a response value, 
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and determines whether the Switching operation has been 
normally completed (step 104). If the treatment rooms 
represented by those two signals are matched with each 
other, this is regarded as indicating that the Switching 
operation has been normally completed (step 105). Only 
after thus determining that the Switching operation has been 
normally completed, the beam detection processing/control 
unit 66 outputs the Switching end signal 80, described above 
with reference to FIG. 3, to the AND circuit 81 in the central 
controller 55. Conversely, if the treatment rooms represented 
by the two signals are mismatched, this is regarded as 
indicating that the Switching operation has not been nor 
mally completed (step 106). 

0095 Also, the answer back signal 69 from the selector 
70 is outputted to the comparing and determining section 96 
(see FIG. 5 described later) of the central controller 55 in 
addition to the beam detection processing/control unit 66. 
The comparing and determining Section 96 compares the 
treatment room selection end signal 78, which has been 
outputted as a command value, with the answer back Signal 
69 inputted as a response value, and determines whether the 
Switching operation has been normally completed (Step 
107). If the treatment rooms represented by those two 
Signals are matched with each other, this is regarded as 
indicating that the Switching operation has been normally 
completed (step 108), and the comparing and determining 
section 96 outputs the Switching normal signal 68 to the 
AND circuit 81. Conversely, if the treatment rooms repre 
Sented by the two signals are mismatched, this is regarded as 
indicating that the Switching operation has not been nor 
mally completed (step 109). 

0096. In such a way, if it is determined by both the beam 
detection processing/control unit 66 and the central control 
ler 55 that the Switching operation has been normally 
completed, final determination is made on the normal 
completion of the Switching operation (step 111). In 
response to the final determination, as described above with 
reference to FIG. 3, the irradiation start preparation end 
signal 84 is outputted from the AND circuit 81 to the AND 
circuit 85 in the central controller 55 to progress the prepa 
rations for start of the irradiation. On the other hand, if the 
abnormal Switching is determined by at least one of the 
beam detection processing/control unit 66 and the central 
controller 55, this is regarded as indicating that the Switching 
operation of the selector 70 has not been normally com 
pleted, and whether to retry the Switching operation or not 
is Selected by the beam detection processing/control unit 66 
(step 112). If the Switching operation is not retried, the 
irradiation Start preparation end Signal 84 is not outputted 
from the AND circuit 81 to the AND circuit 85, and therefore 
the irradiation in the Selected treatment room is disabled 
(step 113). 
0097. Incidentally, the above-described monitoring of the 
Switching state of the selector 70 by the central controller 55 
and the beam detection processing/control unit 66 is per 
formed at all times even during the beam irradiation. Should 
the abnormal Switching is determined during the irradiation, 
the central controller 55 outputs the abnormality signal to 
the central interlock device 57, thereby stopping the extrac 
tion of the ion beam from the synchrotron 12 through the 
accelerator controller 13. 
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0.098 FIG. 5 shows, in more detail, the above-described 
Switching determining function executed by the central 
controller 55 and the beam detection processing/control unit 
66. 

0099. As shown in FIG. 5, the switching circuits 70a to 
70d included in the selector 70 are each usually held in a 
position 0 corresponding to a State where neither the treat 
ment room 7A nor the treatment room 7B are selected. When 
each Switching circuit is Switched over to a position 1, the 
corresponding detectors in the treatment room 7A (or the 
irradiation device 3A) are selected, and when it is Switched 
over to a position 2, the corresponding detectors in the 
treatment room 7B (or the irradiation device. 3B) are 
Selected. 

0100. The central controller 55 outputs a command value 
M (corresponding to the above-mentioned treatment room 
Selection signal 78) to the beam detection processing/- 
control unit 66. The command value M is inputted to each 
of the control/processing sections 66a to 66d of the beam 
detection processing/control unit 66. Herein, M=1 repre 
sents the selection of the treatment room 7A, and M=2 
represents the selection of the treatment room 7B. The 
control/processing Sections 66a to 66d of the beam detection 
processing/control unit 66, to which the command value M 
has been inputted, apply the command value M to the 
switching circuits 70a to 70d of the selector 70, thereby 
performing the Switching operations. 

01.01 Selection values N from the detectors 25, 29, 30 
and 31 on the side of the selected treatment room (i.e., the 
treatment room 7A in FIG. 5) are inputted to the Switching 
circuits 70a to 70d of the selector 70, respectively. The 
Switching circuits 70a to 70d output the selection values N 
(each corresponding to the above-mentioned answer back 
Signal 69) to not only the control/processing Sections 66a to 
66d of the beam detection processing/control unit 66, but 
also to the comparing and determining Section 96 of the 
central controller 55. Each of the control/processing Sections 
66a to 66d of the beam detection processing/control unit 66 
compares the command value M with the selection value N 
and determines a match between M and N. Also, the 
comparing and determining Section 96 of the central con 
troller 55 compares the selection values N inputted from the 
Switching circuits 70a to 70d with the corresponding com 
mand values M and determines a match between M and N. 

0102) If the control/processing sections 66a to 66d of the 
beam detection processing/control unit 66 determines a 
match between M and N, respective match Signals are 
outputted to an AND circuit 115. When the match signals are 
inputted from all the control/processing Sections 66a to 66d 
to the AND circuit 115 and the AND logical condition is 
satisfied, the AND circuit 115 outputs the above-mentioned 
Switching end signal 80 to an AND circuit 81 in the central 
controller 55. On the other hand, if any of the control/ 
processing Sections 66a to 66d determines a mismatch 
between M and N, a mismatch signal 118 is outputted from 
an OR circuit 116 to an OR circuit 117 in the central 
controller 55. 

0103). Further, if the comparing and determining section 
96 of the central controller 55 determines a match between 
the command value M and the selection value N inputted 
from corresponding one of the Switching circuits 70a to 70d, 
a match signal is outputted to an AND circuit 119. When the 
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match Signals corresponding to all the Switching circuits 70a 
to 70d are inputted to the AND circuit 119 and the AND 
logical condition is satisfied, the AND circuit 119 outputs the 
above-mentioned Switching normal signal 68 to the AND 
circuit 81. On the other hand, if it is determined that any of 
the Selection values N inputted from the Switching circuits 
70a to 70d is mismatched with the corresponding command 
value M, a mismatch signal 121 is outputted from an OR 
circuit 120 to the OR circuit 117. 

0104. When the Switching normal signal 68 from the 
AND circuit 119 and the Switching end signal 80 from the 
AND circuit 115 are both inputted to the AND circuit 81 and 
the AND logical condition is Satisfied, this is regarded as 
indicating that the Switching operation has been normally 
completed, and the AND circuit 81 outputs the irradiation 
start preparation end signal 84 to the AND circuit 85 to 
progreSS the preparations for Start of the irradiation, as 
described above. On the other hand, if the mismatch signal 
118 from the OR circuit 116 or the mismatch signal 121 from 
the OR circuit 120 is inputted to the OR circuit 117, this is 
regarded as indicating a Switching abnormality, and the 
irradiation in the treatment room 7A is disabled. 

0105. If any of the control/processing sections 66a to 66d 
of the beam detection processing/control unit 66 and the 
comparing and determining Section 96 of the central con 
troller 55 determines that the corresponding selection value 
N is 0, this is regarded as indicating that the System is under 
Switching or the Switching operation is not properly per 
formed, and the Switching operation is repeated. 
0106 With the particle beam therapy system 100 of this 
embodiment, the System configuration of the control System 
110 can be simplified. This point will be described below 
with reference to Comparative Example 1. 
0107 FIG. 6 is an overall block diagram of a particle 
beam therapy system 200 of Comparative Example 1. This 
therapy system 200 differs from the therapy system 100 of 
the first embodiment in that a control system 210 for the 
former includes beam detection processing/control units 
66A, 66B (indicated by hatched areas) provided in one-to 
one relation to the treatment rooms 7A,7B (or the irradiation 
devices 3A, 3B), and that the selector 70 is not provided in 
the former. The remaining configuration is the same as that 
of the control system 100. 
0108. In the therapy system having a plurality of treat 
ment rooms to which Comparative Example 1 and this 
embodiment are applied, as described above, the ion beam 
extracted from the charged particle beam generator 1 is 
irradiated in only one treatment room and is never irradiated 
in a plurality of treatment rooms at the Same time. Therefore, 
the beam detection processing/control units 66A, 66B pro 
vided in one-to-one relation to the treatment rooms 7A, 7B 
in the therapy system 200 of Comparative Example 1 are not 
necessarily required to be installed in the respective treat 
ment rooms 7A, 7B because they serve to monitor the beam 
State during irradiation and are not used in the other treat 
ment rooms than that under irradiation. Also, the beam 
detection processing/control units 66A, 66B do not take part 
in the positioning of the patient 20 and the Setting of the 
irradiation field forming equipment, which are performed 
during the irradiation in the other Selected treatment room. 
Accordingly, sharing the beam detection processing/control 
units 66A, 66B by the treatment rooms 7A, 7B will not lead 
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to a reduction in the operation efficiency of the therapy 
system. Thus, the therapy system 200 of Comparative 
Example 1 is still Susceptible to Simplification in the con 
figuration of the control System. 
0109) In contrast, with the control system 110 for the 
therapy system 100 of this embodiment, the beam detection 
processing/control unit 66 is shared by the treatment rooms 
7A, 7B, as shown in FIG. 7, by providing the selector 70 to 
be able to Switch over the irradiation device monitored by 
the beam detection processing/control unit 66 from one to 
the other, and by controlling the selector 70 such that the 
Selector Selectively establishes connection with the irradia 
tion device in the treatment room to which the ion beam is 
to be transported through the beam line 2. Such a configu 
ration means that the two beam detection processing/control 
units 66A, 66B indicated by hatched areas in FIG. 6 are 
replaced with the one beam detection processing/control unit 
66 and the simple selector 70, which are indicated by 
hatched areas in FIG. 7. Therefore, the system configuration 
can be simplified as compared with the control system 210 
of Comparative Example 1. In addition, the beam detection 
processing/control unit 66 does not take part in the posi 
tioning of the patient 20 and the Setting of the irradiation 
field forming equipment, which are performed during in the 
treatment room not under irradiation, i.e., during the irra 
diation in the other Selected treatment room. The gantry 
controllers 58A, 58B, the bed controllers 60A, 60B, the 
irradiation nozzle controllers 62A, 62B, and the irradiation 
controllers 64A, 64B, which are necessary for performing 
the preparations to Start the irradiation, are installed in each 
of the treatment rooms. Accordingly, the operation efficiency 
of the therapy System is not reduced. 
0110. Further, with the particle beam therapy system 100 
of this embodiment, System extensibility can be improved. 
More specifically, when adding a new treatment room, for 
example, a new beam detection processing/control unit must 
be installed in the case of the therapy system 200 of 
Comparative Example 1 described above with reference to 
FIG. 6. On the other hand, the therapy system 100 of this 
embodiment is adaptable for Such an extension just by 
connecting a newly installed irradiation device to the Selec 
tor 70 and adding a corresponding Switching function to the 
selector 70. It is therefore possible to easily add a new 
treatment room and to improve the System extensibility. 
0111 While the above description has been made, by way 
example, in connection with the therapy System having two 
treatment rooms, the present invention is of course also 
applicable to a therapy System having three or more treat 
ment rooms. The above-mentioned effects of the therapy 
System of this embodiment in Simplifying the System con 
figuration and improving the System extensibility become 
more noticeable as the number of treatment rooms increases. 

Second Embodiment 

0112 A charged particle therapy System according to 
another preferred embodiment of the present invention will 
be described below as a second embodiment with reference 
to FIG. 8. In contrast with the first embodiment in which the 
present invention is applied to the therapy system 100 
having a plurality of treatment rooms for passive irradiation, 
the present invention is applied to a therapy System having 
a plurality of treatment rooms for Scanning irradiation in this 
Second embodiment. 
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0113. A charged particle therapy system 300 of this 
embodiment includes treatment rooms 8A, 8B in which are 
installed respectively irradiation devices 4A, 4B of the 
Scanning irradiation type Scanning a fine beam and irradi 
ating the Scanned beam to the affected part in the body of the 
patient 20. FIG. 9 schematically shows a general equipment 
configuration of each of the irradiation devices 4A, 4B. 

0114. As shown in FIG. 9, each of the scanning irradia 
tion devices 4A, 4B includes a profile monitor (detector) 33 
for measuring the centroid and width of the ion beam 
entering the irradiation device 4A, 4B from the beam line 2, 
Scanning magnets 34, 35 for bending the ion beam to a 
position Suitable for irradiation to a target, a Scatterer 36 for 
deciding the width of the irradiation beam, a spot position 
monitor (detector) 37 for measuring the centroid and width 
of the ion beam bent by the Scanning magnets 34, 35, and a 
dose monitor (detector) 38 for detecting the dose. Those 
units 33 to 38 are mounted in the irradiation device in the 
mentioned order from the upstream Side in the direction of 
travel of the beam. 

0115) A control system 310 for the therapy system 300 of 
this embodiment includes a beam detection processing/ 
control unit (monitoring unit, first control unit, determining 
unit, and scan stroke control unit) 67 for both the treatment 
rooms 8A, 8B. The functions of the beam detection pro 
cessing/control unit 67 will be described below. 

0116. As shown in FIG. 9, of the equipment mounted in 
each Scanning irradiation device 4A, 4B, the Scatterer 36 for 
forming the irradiation field is controlled by the above 
mentioned irradiation nozzle controller 63 A, 63B. Because 
the Scatterer 36 is mounted in match with the irradiation 
target, the irradiation nozzle controller 63A, 63B makes 
monitoring to avoid a possibility that a false Scatterer is 
mounted. 

0117. On the other hand, beam information obtained from 
those detectors among the equipment mounted in the irra 
diation device 4A, 4B which are used to detect the beam 
information of the ion beam under irradiation, i.e., the 
profile monitor 33, the spot position monitor 37, and the 
dose monitor 38, is taken into the beam detection proceSS 
ing/control unit 67. The beam detection processing/control 
unit 67 has not only the function of determining whether 
each item of the beam information detected by those detec 
tors is within a predetermined allowable range, but also the 
function of controlling the Scanning magnets 34, 35. More 
Specifically, the beam detection processing/control unit 67 
includes a control/processing Section 67a for taking in the 
information measured by the profile monitor 33, computing 
the centroid and width of the ion beam, and detecting an 
abnormality of the centroid or width when the computed 
result exceeds an allowable value, a control/processing 
Section 67b for comparing preset current values of the 
Scanning magnets 34, 35 with actually measured current 
values and controlling the Scanning magnets 34, 35 in 
accordance with the compared results, a control/processing 
section 67c for computing the centroid and width of the 
Scanned ion beam from the information measured by the 
Spot position monitor 37 and detecting an abnormality of the 
ion beam when the computed results exceed respective 
allowable values, and a control/processing Section 67d for 
monitoring the dose from the information measured by the 
dose monitor 38 and detecting attainment of the target dose 
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when the monitored does has reached a preset value. When 
the beam abnormality or the dose attainment is detected by 
the beam detection processing/control unit 67, the extraction 
of the ion beam from the synchrotron 12 is stopped in the 
Same way as that in the beam detection processing/control 
unit 66 described above. 

0118 Returning to FIG. 8, the control system 310 
includes one beam detection processing/control unit 67 for 
the two irradiation devices 4A, 4B, and one of those two 
irradiation devices, which is to be monitored by the beam 
detection processing/control unit 67, is Selected by a Selector 
71. In other words, the beam detection processing/control 
unit 67 is shared by the irradiation devices 4A, 4B (or the 
treatment rooms 8A, 8B). 
0119) The selector 71 includes a Switching circuit 71a for 
Switching over the profile monitors 33, 33 of the irradiation 
devices 4A, 4B, a switching circuit 71b for Switching over 
the Scanning magnets 34, 34 of the irradiation devices 4A, 
4B, a Switching circuit 71c for Switching over the Scanning 
magnets 35, 35 of the irradiation devices 4A, 4B, a Switch 
ing circuit 71d for Switching over the Spot position monitors 
37, 37 of the irradiation devices 4A, 4B, and a Switching 
circuit 71e for Switching over the dose monitors 38,38 of the 
irradiation devices 4A, 4B. Those Switching circuits 71a to 
71e are all always turned to the same side when switched 
over, without being irregularly turned to the different Sides. 
0120) The remaining configuration of the therapy system 
300 of this embodiment is the same as that in the foregoing 
therapy system 100. 

0121 With the therapy system 300 of this embodiment, 
as with the first embodiment described above, the system 
configuration can be simplified while maintaining the opera 
tion efficiency, and the System extensibility can be 
improved. In general, the Scanning irradiation is required to 
handle a larger number of input signals from the detectors 
and therefore to use a more complicated beam detection 
processing/control unit than that used in the passive irradia 
tion. For that reason, a greater effect can be obtained in the 
case of applying the present invention to a Scanning irra 
diation therapy System like this embodiment than in the case 
of applying the present invention to a passive irradiation 
therapy System like the first embodiment. 

Third Embodiment 

0122) A charged particle therapy System according to still 
another preferred embodiment of the present invention will 
be described below as a third embodiment with reference to 
FIG. 10. In contrast with the first and second embodiments 
in which the present invention is applied to the therapy 
System having a plurality of treatment rooms for the same 
irradiation method, the present invention is applied to a 
therapy System having a plurality of treatment rooms for the 
different irradiation methods in this third embodiment. 

0123. A charged particle therapy system 400 of this 
embodiment is a System including both the configuration of 
the therapy system 100 described above as the first embodi 
ment and the configuration of the therapy system 300 
described above as the second embodiment. More specifi 
cally, the charged particle therapy system 400 has four 
treatment rooms, i.e., treatment rooms 7A, 7B equipped with 
irradiation devices 3A, 3B of the passive irradiation type and 
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treatment rooms 8A, 8B equipped with irradiation devices 
4A, 4B of the Scanning irradiation type. The equipment 
configuration of each of the irradiation devices 3A, 3B and 
the irradiation devices 4A, 4B is the same as that in the first 
and Second embodiments. 

0.124. An ion beam extracted from a synchrotron 12 in a 
charged particle beam generator 1 is transported to Selected 
one of the treatment rooms 7A, 7B, 8A and 8B through a 
beam line 2. The beam line 2 includes Switching magnets 
(bending magnets) 14 to 17. The ion beam introduced to the 
beam line 2 is Selectively transported to one of the treatment 
rooms 7A, 7B, 8A and 8B depending on Switching-over 
between excitation and non-excitation of the Switching 
magnets 14 to 17 through a magnet power supply 18. The 
magnet power Supply 18 is controlled by a power Supply 
controller 19. 

0125 Treatment control rooms 40A, 40B, 41A and 41B 
where the operations necessary for the treatment, etc. are 
carried out are installed near the treatment rooms 7A, 7B, 8A 
and 8B, respectively. Each of the treatment control rooms 
40A, 40B, 41A and 41B includes a display monitor 42, an 
operating/-monitoring panel 44, and a console 49. 

0.126 A control system 410 for the charged particle 
therapy system 400 comprises a central controller 55, a 
treatment planning System 56, a central interlock device 57, 
an accelerator controller 13, and the power Supply controller 
19. Furthermore, the control system 410 includes, in the 
treatment rooms 7A, 7B, 8A and 8B in one-to-one relation, 
gantry controllers 58A, 58B, 59A and 59B, bed controllers 
60A, 60B, 61A and 61B, irradiation nozzle controllers 62A, 
62B, 63A and 63B, and irradiation controllers 64A, 64B, 
65A and 65B for controlling those corresponding three 
controllers in a Supervisory manner. In addition, the control 
System 410 includes a beam detection processing/control 
unit 66 provided for the two treatment rooms 7A, 7B, and a 
beam detection processing/control unit 67 provided for the 
two treatment rooms 8A, 8B. The configurations and func 
tions of the beam detection processing/control units 66, 67 
are the Same as those in the first and Second embodiments. 
In other words, the beam detection processing/control units 
66, 67 monitor beam information in the irradiation devices 
3A, 3B, 4A and 4B. If a beam abnormality is detected, or if 
attainment of target dose is detected, the extraction of the ion 
beam from the Synchrotron 12 is Stopped, whereby exceSS 
irradiation and false irradiation to the patient 20 can be 
avoided. 

0127. The irradiation devices to be monitored by the 
beam detection processing/control units 66, 67 are Selected 
by the selectors 70, 71, respectively. The configurations and 
functions of the selectors 70, 71 are the same as those in the 
first and Second embodiments. The Switching operations of 
the selectors 70, 71 are performed by the beam detection 
processing/control units 66, 67 (more exactly speaking, 
Switching circuits 70a to 70d of the selector 70 are switched 
respectively by control/processing sections 66a to 66d of the 
beam detection processing/control unit 66, and Switching 
circuits 71a to 71e of the selector 71 are Switched respec 
tively by control/processing sections 67a to 67d of the beam 
detection processing/control unit 67) So as to establish 
connection with the Selected treatment room (i.e., the treat 
ment room to which the ion beam is transported through the 
beam line 2). Whether the Switching operation of the selec 
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tor 70 has been normally completed is determined by both 
the central controller 55 (i.e., a comparing and determining 
Section 96 therein) and the beam detection processing/ 
control unit 66, and whether the Switching operation of the 
selector 71 has been normally completed is determined by 
both the central controller 55 (i.e., the comparing and 
determining section 96 therein) and the beam detection 
processing/control unit 67. Unless the Switching operation 
has been normally completed, the irradiation in the Selected 
treatment room is stopped. 
0128. The remaining configuration of the therapy system 
400 of this embodiment is the same as that of the therapy 
systems 100 and 300 described above. 
0129. With the particle beam therapy system 400 of this 
embodiment, the System configuration of the control System 
410 can be simplified. This point will be described below 
with reference to Comparative Example 2. 
0130 FIG. 11 is an overall block diagram of a particle 
beam therapy system 500 of Comparative Example 2. This 
therapy system 500 differs from the therapy system 400 of 
the third embodiment in that a control system 510 for the 
former includes beam detection processing/control units 
66A, 66B, 67A and 67B (indicated by hatched areas) pro 
vided in one-to-one relation to the treatment rooms 7A, 7B, 
8A and 8B (or the irradiation devices 3A, 3B, 4A and 4B), 
and that the selectors 70, 71 are not provided in the former. 
The remaining configuration is the same as that of the 
therapy system 400. 

0131. In contrast, with the control system 410 for the 
therapy system 400 of this embodiment, the beam detection 
processing/control unit 66 is shared by the treatment rooms 
7A, 7B and the beam detection processing/control unit 67 is 
shared by the treatment rooms 8A, 8B, as shown in FIG. 12, 
by providing the selector 70 to be able to Switch over the 
irradiation device monitored by the beam detection proceSS 
ing/control unit 66 from one to the other, providing the 
Selector 71 to be able to Switch over the irradiation device 
monitored by the beam detection processing/control unit 67 
from one to the other, and by controlling the selectors 70, 71 
such that the selector 70 or 71 selectively establishes con 
nection with the irradiation device in the treatment room to 
which the ion beam is to be transported through the beam 
line 2. Such a configuration means that the four beam 
detection processing/control units 66A, 66B, 67A and 67B 
indicated by hatched areas in FIG. 11 are replaced with the 
two beam detection processing/control unit 66, 67 and the 
simple selectors 70, 71, which are indicated by hatched areas 
in FIG. 12. Therefore, the system configuration can be 
simplified as compared with the control system 510 of 
Comparative Example 2. In addition, the gantry controllers 
58A, 58B, 59A and 59B, the bed controllers 60A, 60B, 61A 
and 61B, the irradiation nozzle controllers 62A, 62B, 63A 
and 63B, and the irradiation controllers 64A, 64B, 65A and 
65B, which are necessary for performing the preparations to 
Start the irradiation, are installed in each of the treatment 
rooms. Accordingly, the operation efficiency of the therapy 
System is not reduced. 
0132) Further, with the particle beam therapy system 400 
of this embodiment, system flexibility and extensibility can 
be improved. This point will be described below with 
reference to FIG. 13. FIG. 13 is an overall block diagram 
of a particle beam therapy system 400' modified from the 
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particle beam therapy system 400 of this embodiment such 
that the irradiation method for the treatment room 7B is 
changed from the passive irradiation to the Scanning irra 
diation (namely, the irradiation device 3B of the passive 
radiation type is replaced with an irradiation device 4C of 
the Scanning irradiation type). 

0133). In FIG. 13, the therapy system 400' has the treat 
ment room 7A equipped with the passive irradiation device 
3A and the treatment rooms 8A, 8B and 8C equipped with 
the Scanning irradiation devices 4A, 4B and 4C, respec 
tively. The treatment room 8C is a treatment room equipped 
with the irradiation device 4C prepared by changing the 
irradiation method in the treatment room 7B from passive 
irradiation to scanning irradiation. Detectors 33, 37 and 38 
and Scanning magnets 34, 35 all mounted in the irradiation 
device 4C are connected to a selector 71" (indicated by a 
hatched area in FIG. 13) which is modified to have a newly 
added Switching function. On the other hand, Since the 
Switching operation on the Side of the irradiation device 3A 
is no longer required, the detectors 25, 29, 30 and 31 
mounted in the irradiation device 3A are connected to the 
beam detection processing/control unit 66 without interpoS 
ing the selector 70 therebetween. 

0.134. When changing the irradiation method for the 
treatment room 7B from passive irradiation to Scanning 
irradiation like Such a modification, in the therapy System 
500 of Comparative Example 2 described above with ref 
erence to FIG. 11, the beam detection processing/control 
unit 66B adapted for the passive irradiation must be entirely 
replaced with a beam detection processing/control unit 
adapted for the Scanning irradiation. In contrast, as shown in 
FIG. 13, the therapy system 400 of this embodiment is 
easily adaptable for Such a modification just by reconnecting 
the new irradiation device 4C of the Scanning irradiation 
type to the selector 71' added with a correspondingly added 
Switching function. Another additional advantage is that the 
selector 70 for the passive irradiation side can be dispensed 
with. It is therefore possible to relatively easily change the 
irradiation method used in the treatment room and to 
improve the system flexibility. 

0.135 Similarly, when adding a new treatment room, the 
therapy system 400 of this embodiment is adaptable for such 
an extension just by connecting an irradiation device 
installed in the new treatment room to the selector 70 when 
the installed irradiation device is of the passive irradiation 
type, and by connecting an irradiation device installed in the 
new treatment room to the selector 71 when the installed 
irradiation device is of the Scanning irradiation type, fol 
lowed by adding a corresponding Switching function to the 
selector 70 or 71. It is therefore possible to easily add a new 
treatment room and to improve the System extensibility. 

0.136. In general, the Scanning irradiation is required to 
handle a larger number of input signals from the detectors 
and therefore to employ a more complicated beam detection 
processing/control unit than that in the passive irradiation. 
Accordingly, the above-mentioned effects in improving the 
system flexibility and extensibility become more noticeable 
particularly when the irradiation method is changed from 
passive irradiation to Scanning irradiation, or when a new 
treatment room for the Scanning irradiation is added. 
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Fourth Embodiment 

0.137 Acharged particle therapy system according to still 
another preferred embodiment of the present invention will 
be described below as a fourth embodiment. In contrast with 
the third embodiment in which the beam detection process 
ing/control unit is shared by the treatment rooms utilizing 
the same irradiation method, this fourth embodiment is 
configured Such that the beam detection processing/control 
unit is further shared by the treatment rooms utilizing the 
different irradiation methods. 

0138 FIG. 14 is an overall block diagram of a particle 
beam therapy system 600 according to the fourth embodi 
ment. AS shown in FIG. 14, a beam detection processing/ 
control unit (monitoring unit, first control unit, and deter 
mining unit) 135 Shared on the passive irradiation side 
includes control/processing sections 135a, 135b for moni 
toring respectively the energy monitorS 29 and the flatneSS 
monitorS 30 among the detectorS mounted in the passive 
irradiation devices 3A, 3B, while a beam detection proceSS 
ing/control unit (monitoring unit, first control unit, deter 
mining unit, and Scan Stroke control unit) 136 shared on the 
Scanning irradiation side includes control/processing Sec 
tions 136a, 136b for monitoring respectively the scanning 
magnets 34, 35 mounted in the Scanning irradiation devices 
4A, 4B and the spot position monitors 37 among the 
detectors mounted therein. Also, a beam detection proceSS 
ing/control unit (monitoring unit, first control unit, and 
determining unit) 137 shared on both the passive irradiation 
and the Scanning irradiation Sides includes control/proceSS 
ing sections 137a, 137b for monitoring respectively the 
profile monitors 25, 33 and the dose monitors 31, 38 among 
the detectorS mounted in the passive and Scanning irradia 
tion devices 3A, 3B, 4A and 4.B. 
0.139. Although the constructions and functions of the 
Selectors 70, 71 are the same as those in the first to third 
embodiments described above, the connection Source Side of 
the Switching circuits 70a, 70d, 71a and 71e is connected to 
a Selector 140 instead of the beam detection processing/ 
control units. The selector 140 serves as a unit for Switching 
over a target, which is monitored by the beam detection 
processing/control unit 137 to obtain the beam information, 
between the passive irradiation side (i.e., the side of the 
passive irradiation devices 3A, 3B) and the Scanning irra 
diation side (i.e., the side of the Scanning irradiation devices 
4A, 4B). Then, the selector 140 has a switching circuit 140a 
for Switching over the profile monitors 25, 33 and a Switch 
ing circuit 140b for Switching over the dose monitors 31, 38. 
In other words, the Switching-over between the profile 
monitors 25, 33 and the Switching-over between the dose 
monitors 31, 38 are each performed in two stages by the 
Selector 140 and the Selector 70 or 71. 

0140. The remaining configuration is the same as that in 
the above-described third embodiment, and hence a descrip 
tion thereof is omitted here. 

0141 Thus, with attention paid to the fact that some 
detectors, i.e., the profile monitor and the dose monitor, are 
in common between the irradiation devices utilizing the 
different irradiation methods, i.e., between the passive irra 
diation devices 3A, 3B and the Scanning irradiation devices 
4A, 4B, the therapy System of this embodiment is designed 
So as to share the beam detection processing/-control unit 
137 by the treatment rooms utilizing the different irradiation 
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methods, in addition to sharing each of the beam detection 
processing/control units 135, 136 by the treatment rooms 
utilizing the same irradiation method as in the third embodi 
ment. As a result, the System configuration can be further 
simplified as compared with that in the third embodiment. 
0142. While the above embodiments have been described 
as providing, for each of the treatment rooms, the display 
monitor and the operating/monitoring panel which are used 
for monitoring the beam information, the display monitor 
and the operating/monitoring panel may also be used in 
common by a plurality of treatment rooms Sharing the beam 
detection processing/control unit. FIG. 15 shows a modifi 
cation of the therapy system 600, shown in FIG. 14, in 
which the control/monitoring panel is partly shared by a 
plurality of treatment rooms. In FIG. 15, reference numeral 
141 denotes an operating/monitoring panel for the treatment 
rooms utilizing the passive irradiation method, 142 denotes 
an operating/monitoring panel for the treatment rooms uti 
lizing the Scanning irradiation method, and 143 denotes an 
operating/monitoring panel shared by both the treatment 
rooms utilizing the passive irradiation method and the 
Scanning irradiation method. To display the item of the beam 
information (e.g., an operating Status) which cannot be 
shared by a plurality of treatment rooms, however, the 
operating/monitoring panel is required to be provided in 
each of the treatment control rooms 40A, 40B, 41A and 41B. 
Also, the console 49 provided with the irradiation start 
button 46, the irradiation stop button 47, and the beam 
request button 48 is required to be provided in each treat 
ment control room from the viewpoint of avoiding a reduc 
tion in the operation efficiency of the therapy System. 

What is claimed is: 
1. A particle beam therapy System for irradiating a 

charged particle beam to an affected part of the body for 
treatment, the therapy System comprising: 

a charged particle beam generator for generating the 
charged particle beam; 

a plurality of irradiation devices installed respectively in 
a plurality of treatment rooms and irradiating the 
charged particle beam; 

a beam line for transporting the charged particle beam 
extracted from Said charged particle beam generator to 
the irradiation device in Selected one of Said plurality of 
treatment rooms, 

a monitoring unit for monitoring a beam State of the 
charged particle beam in one of Said plurality of irra 
diation devices, 

a Selector for Switchably Selecting one of Said plurality of 
irradiation devices which is to be monitored by said 
monitoring unit; and 

a first control unit for controlling Said Selector Such that 
Said Selector establishes connection with the irradiation 
device in Selected one of Said plurality of treatment 
rooms to which the charged particle beam is trans 
ported through Said beam line. 

2. The particle beam therapy System according to claim 1, 
further comprising a display unit for displaying the beam 
State of the charged particle beam in one of Said plurality of 
irradiation devices, 
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wherein Said Selector Switchably Selects one of Said 
plurality of irradiation devices to be displayed by Said 
display unit. 

3. The particle beam therapy System according to claim 1, 
wherein each of Said plurality of irradiation devices includes 
a detector for detecting beam information of the charged 
particle beam, and Said monitoring unit determines whether 
the beam information of the charged particle beam detected 
by Said detector is within an allowable range. 

4. The particle beam therapy System according to claim 3, 
further comprising a Second control unit for controlling Said 
charged particle beam generator to Stop extraction of the 
charged particle beam when Said monitoring unit determines 
that the beam information of the charged particle beam 
exceeds the allowable range. 

5. The particle beam therapy System according to claim 4, 
further comprising a determining unit for determining 
whether said selector has established connection with the 
irradiation device in the Selected one of Said plurality of 
treatment rooms. 

6. The particle beam therapy System according to claim 5, 
further comprising a third control unit for controlling Said 
charged particle beam generator to Stop extraction of the 
charged particle beam when Said determining unit deter 
mines that Said Selector has not established connection with 
the irradiation device in the Selected one of Said plurality of 
treatment rooms. 

7. The particle beam therapy System according to claim 6, 
Wherein said plurality of irradiation devices are constructed 
as irradiation devices utilizing the irradiation method. 

8. The particle beam therapy System according to claim 7, 
wherein Said plurality of irradiation devices are constructed 
as irradiation devices operating in accordance with passive 
irradiation. 

9. The particle beam therapy System according to claim 8, 
wherein each of Said plurality of irradiation devices includes 
a profile monitor for measuring the centroid and width of the 
charged particle beam, an energy monitor for measuring 
energy of the charged particle beam, a flatneSS monitor for 
measuring uniformity of the charged particle beam in a 
direction perpendicular to the direction of travel of the beam, 
and a dose monitor for measuring dose, and wherein Said 
monitoring unit determines whether the beam information of 
the charged particle beam detected by Said profile monitor, 
Said energy monitor and Said flatneSS monitor is within an 
allowable range, and whether the dose of the charged 
particle beam detected by Said dose monitor has reached a 
preset value. 

10. The particle beam therapy System according to claim 
7, wherein Said plurality of irradiation devices are con 
Structed as irradiation devices operating in accordance with 
Scanning irradiation. 

11. The particle beam therapy System according to claim 
10, wherein each of said plurality of irradiation devices 
includes a profile monitor for measuring the centroid and 
width of the charged particle beam, a Spot position monitor 
for measuring the centroid and width of the charged particle 
beam bent by a bending magnet, and a dose monitor for 
measuring dose, and wherein Said monitoring unit deter 
mines whether the beam information of the charged particle 
beam detected by Said profile monitor and Said spot position 
monitor is within an allowable range, and whether the dose 
of the charged particle beam detected by Said dose monitor 
has reached a preset value. 
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12. The particle beam therapy System according to claim 
6, wherein Said plurality of irradiation devices include 
irradiation devices utilizing at least two kinds of different 
irradiation methods. 

13. The particle beam therapy System according to claim 
12, wherein Said plurality of irradiation devices are made up 
of irradiation devices operating in accordance with passive 
irradiation and Scanning irradiation. 

14. The particle beam therapy System according to claim 
13, wherein each of Said plurality of irradiation devices 
includes a profile monitor for measuring the centroid and 
width of the charged particle beam and a dose monitor for 
measuring dose, and wherein Said monitoring unit deter 
mines whether the beam information of the charged particle 
beam detected by said profile monitor is within an allowable 
range, and whether the dose of the charged particle beam 
detected by Said dose monitor has reached a preset value. 

15. A particle beam therapy System for irradiating a 
charged particle beam to an affected part of the body for 
treatment, the therapy System comprising: 

a charged particle beam generator for generating the 
charged particle beam; 

a plurality of irradiation devices installed respectively in 
a plurality of treatment rooms and irradiating the 
charged particle beam; 

a beam line for transporting the charged particle beam 
eXtracted from Said charged particle beam generator to 
the irradiation device in Selected one of Said plurality of 
treatment rooms, 

a Scan Stroke control unit for controlling a Scan Stroke of 
the charged particle beam in one of Said plurality of 
irradiation devices, 

a Selector for Switchably Selecting one of Said plurality of 
irradiation devices to be controlled by Said Scan Stroke 
control unit; and 

a first control unit for controlling Said Selector Such that 
Said Selector establishes connection with the irradiation 
device in the Selected one of Said plurality of treatment 
rooms to which the charged particle beam is trans 
ported through Said beam line. 

16. The particle beam therapy System according to claim 
15, wherein Said Scan Stroke control unit controls a current 
value of Said Scanning magnet for Scanning the charged 
particle beam. 

17. A control System for a particle beam therapy System 
having a plurality of treatment rooms each provided with an 
irradiation device for irradiating a charged particle beam, the 
control System comprising: 

a beam line control unit for controlling a beam line Such 
that the charged particle beam is transported to the 
irradiation device in Selected one of Said plurality of 
treatment rooms, 

a monitoring unit for monitoring a beam State of the 
charged particle beam in one of Said plurality of irra 
diation devices, 

a Selector for Switchably Selecting one of Said plurality of 
irradiation devices which is to be monitored by said 
monitoring unit; and 
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a first control unit for controlling Said Selector Such that 
Said Selector establishes connection with the irradiation 
device in the Selected one of Said plurality of treatment 
rooms to which the charged particle beam is trans 
ported through Said beam line. 

18. The control system for the particle beam therapy 
System according to claim 17, wherein each of Said plurality 
of irradiation devices includes a detector for detecting beam 
information of the charged particle beam, and Said moni 
toring unit determines whether the beam information of the 
charged particle beam detected by Said detector is within an 
allowable range. 

19. A control System for a particle beam therapy System 
having a plurality of treatment rooms each provided with an 
irradiation device for irradiating a charged particle beam in 
accordance with Scanning irradiation, the control System 
comprising: 
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a beam line control unit for controlling a beam line Such 
that the charged particle beam is transported to the 
irradiation device in Selected one of Said plurality of 
treatment rooms, 

a Scan Stroke control unit for controlling a Scan Stroke of 
the charged particle beam in one of Said plurality of 
irradiation devices, 

a Selector for Switchably Selecting one of Said plurality of 
irradiation devices to be controlled by Said Scan Stroke 
control unit; and 

a first control unit for controlling Said Selector Such that 
Said Selector establishes connection with the irradiation 
device in the Selected one of Said plurality of treatment 
rooms to which the charged particle beam is trans 
ported through Said beam line. 

k k k k k 


