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Abstract 

A measurement control system takes control and provides management of dose measurement, and controls peripherals 

at HIMAC, NIRS. The dose measurement is most important and needs to be strictly managed in radiotherapy. 

Replacement of the measurement control system in a treatment room was highly desirable, because the present system 

had a lot of problems it was difficult to maintain and enhance its functions due to design-time technical limitations, and 

the system was complicated and used many special devices, which led to an increase in breakdown due to 

superannuation and hard-to-finding of the spare items. The new measurement control system was designed using 

standard devices, general-purpose industrial PLCs for easy maintenance and enhancement, and a touch panel for device 

status displays and instrument setup. The base system constructed according to the same design concept has been 

operated in a biological experiment room since 2006. Based on the good performance of the basic system, the new 

measurement control system in the treatment room was developed and upgraded to add such a necessary function for 

clinical usage as a measurement of leak beam current caused by a beam-off signal delay. This new measurement control 

system enabled a highly-reliable control and management of the dose measurement. 
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１．はじめに 

(⊂)ᨺᑕ⥺་Ꮫ⥲ྜ◊✲ᡤ HIMAC࡛ࠊࡣⅣ⣲⥺
ᐇ⌮≀࣭≀⏕ࡿࡼ࡟✀᰾࡞ࠎᵝࠊࡸ἞⒪ࢇࡀࡿࡼ࡟
㦂ࠋࡿ࠸࡚ࢀࢃ⾜ࡀHIMACࡢ↷ᑕᐊࠊࡕ࠺ࡢ἞⒪
⾜ࢆᐇ㦂⌮≀࣭≀⏕ࠊ࡜(ࢺ3ᐊ/4࣏࣮)἞⒪ᐊ࠺⾜ࢆ
࡜ไᚚࡢ 㔞ィ⥺ࠊࡣ࡛(ࢺ1ᐊ/1࣏࣮)ᑕᐊ↷≀⏕࠺
ࢫࢩィ ไᚚࠗ࡟ไᚚࡢィ ࿘㎶ᶵჾ࡟ࡧ୪ࠊ⌮⟶
 ࠋࡿ࠸࡚ࢀࡉ⏝౑ࡀ࣒࠘ࢸ

ィ ไᚚ1994ࠊࡣ࣒ࢸࢫࢩᖺࡢ⮫ᗋ㛤ጞࡾࡼ㐠⏝
ᶵ⬟㏣ࡸಙ㢗ᛶྥୖ࡟࡛ࡲࡿ⮳࡟ᅾ⌧ࠊࢀࡉ㛤ጞࡀ
ຍࡢ࡝࡞┠ⓗ࡛ᩘᗘࡢᨵ㐀ࡋ࠿ࡋࠋࡿ࠸࡚ࢀࢃ⾜ࡀ
࡞᭦ࠊࡸᑐᛂࡢ࡬ቑຍࡢ἞⒪ேᩘࡣ㏆ᖺ࡛ࠊࡽࡀ࡞
ィ⾜⌧ࠊࡾ࠶ࡘࡘࡾ࡞࡟ᅔ㞴ࡀ⌧ᐇࡢไᚚ࡞㧗ᗘࡿ
 ไᚚࡁ⨨࡟࣒ࢸࢫࢩ᥮ࡿࢃ᪂ࢆ࣒ࢸࢫࢩᵓ⠏ࡿࡍ
ᚲせࠋࡓࡗ࠶ࡀ 

ᮏ✏࡛ࠊࡣィ ไᚚࢆ࣒ࢸࢫࢩ᭦᪂ࡢࡵࡓࡿࡍ᪂
 ࠋࡿࡍሗ࿌࡚࠸ࡘ࡟࣒ࢸࢫࢩ

２．計測制御システムの概要 

ィ ไᚚࠊࡣ࣒ࢸࢫࢩ⥺㔞ィ ไᚚ࡜⥺㔞 ᐃ࡟
㛵ࡿࢃ࿘㎶ᶵჾࡢไᚚྛࠊࡾྖࢆไᚚᣦ௧ୖࡣ఩ィ
⟬ᶵࢆࢡ࣮࣡ࢺࢵࢿࡾࡼ௓࡚ࡋ㏻▱ࠋࡿࢀࡉ 

௨㝆࡟௦⾲ⓗ࡞ไᚚᶵჾࡢࡑ࡜ᴫせࠋࡍ♧ࢆ 

2.1  ⥺㔞ࣔࢱࣥ࢘࢝ࢱࢽไᚚ 

 ↷ᑕᐊࠊࡣ࡟ୖࣥ࢖࣒࣮ࣛࣅṇ࣭๪1࣭๪2࣭ᖹᆠ
ᗘࡢࡘ4ࡢ⥺㔞ࣔࡀࢱࢽタ⨨ࠊࡾ࠾࡚ࢀࡉ↷ᑕ⥺㔞
࠺ᢸࢆࣉࢵ࢔ࢡࢵࣂࡢࡑࠊ࡜ࢱࢽṇࣔࠊࡣ࡟ไᚚࡢ
๪1ࣔࡀࡘ2ࡢࢱࢽ౑⏝ࠋࡿࢀࡉ 

඲࡚ࡢࡽ࠿ࢱࢽࣔࡢ㟁㞳㟁ὶࠊࡣI/Fࢆࢱ࣮ࣂࣥࢥ
௓࡛ࢱࣥ࢘࢝ྛࡣࢫࣝࣃࡢࡑࠊࡋィ ࠋࡿࢀࡉṇ࣭
๪1ࡢไᚚ⏝࢝࢘ࣥࡀ್ࢺࣥ࢘࢝ࠊࡣ࡛ࢱணୖࡵ఩
ィ⟬ᶵࡽ࠿タᐃࡓࢀࡉணᐃ⥺㔞(ࣥ࢘࢝ࢺࢵࢭࣜࣉ
ࡣຍ㏿ჾ࡛ࠊࡏࡉసືࢆ஢ಙྕ‶ࠊ࡜ࡿࡍ㐩࡟(ࢺ
 ࠋࡿࢀࢃ⾜ࡀ㛢ືసࡢࢱࢵࣕࢩ࣒࣮ࣅࡸ㐽᩿࣒࣮ࣅ

ไᚚ⏝࢝࢘ࣥࠊࡣ࡛ࢱ↷ᑕ㔝⏕ᡂ⿦⨨ືࢆⓗ࡟ไ
ᚚ࡚ࡋ↷ᑕ࠺⾜ࢆ✚ᒙཎయ↷ᑕἲ[1]ືྛࠊ࡚࠸࠾࡟
సᶵჾືࡢ࡬స㛤ጞ࢞ࣜࢺಙྕࢆฟຊࡿࡍ(ᅗ1)࡞
ࡋ⥆㐃࠺కࢆ㐽᩿࣒࣮ࣅࠊࡌᛂ࡟ࢻᑕ࣮ࣔ↷ྛࠊ࡝
 ࠋࡿࡍᑐᛂࡶ࡟ᑕไᚚ↷ࡓ

2.2  ィ ჾไᚚ 

 ⥺㔞 ᐃࡿࢀࡽ࠸⏝࡟㟁఩ィࠊࡸከࣝࢿࣥࣕࢳ㟁
㞳⟽ᑓ⏝ࡢಙྕฎ⌮ไᚚᅇ㊰ྛࡢ࡝࡞✀ィ ჾࠊࢆ
GPIBࡸEthernet⤒⏤࡛ไᚚࠋࡿࡍ 
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㔞ࣔ⥺ࠊࡣ࡟㝿ࡢᑕ↷ࡓࡋ⥆㐃࠺కࢆ㐽᩿࣒࣮ࣅ
 ࠋ࠺⾜ࢆไᚚ࡚ࡋᮇྠ࡜ࢱࣥ࢘࢝ࢱࢽ

 

ᅗ1㸸✚ᒙཎయ↷ᑕ᫬ືࡢసᴫせ 

 ไᚚࡵ఩⨨Ỵࢱ࣮ࣔ  2.3

⥺㔞 ᐃࡿࢀࡽ࠸⏝࡟⥺㔞ィࡢ࡝࡞఩⨨ࢫࠊࡣ
ไᚚࡵ㐲㝸఩⨨Ỵࠊ࡚ࡗࡼ࡟㥑ືࢱ࣮ࣔࢢࣥࣆࢵࢸ
⬟ྍࡀ࡜ࡇࡿࡍ㥑ື࡟᫬ྠࢆࢱ࣮ࣔࡢ3㍈ࠋ࠺⾜ࢆ
ࡓࡋᮇྠ࡜ࢱࣥ࢘࢝ࢱࢽ㔞ࣔ⥺࡟ᵝྠ࡜ィ ჾࠊ࡛
ไᚚࠋ࠺⾜ࡶ 

2.4  ୖ఩ィ⟬ᶵࡢ࡜㏻ಙไᚚ 

἞⒪↷ᑕࡸ⥺㔞 ᐃ᫬ࠊࡣணᐃ⥺㔞ࡸ↷ᑕ㛤ጞ㸭
⤊஢ྛࡢ✀ᣦ௧ୖࡀ఩ィ⟬ᶵࡾࡼEthernet⤒⏤࡛㏻
ືࡢᶵჾྛࡓࡋඛ㏙࡚ࡗᚑ࡟ᣦ௧ࡽࢀࡇࠋࡿࢀࡉ▱
సࢆ➼ࢫࢱ࣮ࢸࢫࠊࡸ㏉㏦ࠋࡿࡍ 

2.5 ↷ᑕグ㘓 

ᨺᑕ⥺἞⒪ࠊ࡚࠸࠾࡟↷ᑕ⥺㔞ࡶ᭱ࡣ㔜せ್࡛࡞
ࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࢀࡉ⌮⟶グ㘓࣭࡟☜ṇࠊࡾ࠶
HIMAC࡛࠺࠸࡜ࢫ࢖ࣛࢫࡣ༢఩࡛ࢡ࣮ࣆࢢࢵࣛࣈ
ᒙࢆ㔜ࡿࡡ✚ᒙཎయ↷ᑕἲ࡛ࡢ἞⒪ࡿ࠸࡚ࢀࢃ⾜ࡀ
⥺ᑕ↷࡟ẖࢫ࢖ࣛࢫࠊ࠼ຍ࡟ᑕ⥺㔞↷ࡢ඲యࠊࡵࡓ
㔞ࡢグ㘓ࡀᚲせ࡛ࠋࡿ࠶ 

ィ ไᚚࠊࡣ࡛࣒ࢸࢫࢩ↷ᑕ୰ࢫ࢖ࣛࢫ࡟ẖࡢ↷
ᑕ⥺㔞ࡢグ㘓ࠊ࠸⾜ࢆ㟁Ꮚ᝟ሗ࡚ࡋ࡜ಖᏑࠋࡿࡍಖ
Ꮡࡓࡋ㟁Ꮚ᝟ሗࠊࡣ↷ᑕ⤊஢᫬ୖ࡟఩ィ⟬ᶵࡀFTP

࡛ྲྀᚓࠋࡿࡍ 

３．現行システムの問題 

■ ไᚚᶵჾ࡟࡜ࡈᑓ⏝ࡢ㏻ಙ࣭ኚ᥮ࣔࡀ࣮ࣝࣗࢪ
ᚲせ࡛ࠊ㒊ရⅬᩘࡀከࠊࡃணഛရࢆከࡃಖ᭷ࡿࡍᚲ
せࠋࡿ࠶ࡀ 
■ ྛไᚚᶵჾ(࣮ࣔࣝࣗࢪ)ࡢ⮬⊃ࠊࡣLAN࡛᥋⥆
ࡇࡿ࡞࡟⬟㏻ಙ୙ࡀ࣮ࣝࣗࢪࣔࡿ࠶ࠊࡀࡿ࠸࡚ࢀࡉ
ࡀࣝࣈࣛࢺ㏻ಙࡾ࡞࡟୙Ᏻᐃࡀ඲య࣒ࢸࢫࢩࠊ࡛࡜
Ⓨ⏕ࠋࡿࡍ 
■ ⪁ᮙ໬ࡿࡼ࡟ᨾ㞀ࡀቑຍ࠸ྂࠊࡀࡿ࠸࡚ࡋ〇ရ
 ࠋᅔ㞴ࡀධᡭࡢ஺᥮ရ(ணഛရ)ࡣ
࡞ᖖ᫬␗ࠊࡵࡓ࠸࡞ࡀ⬟ែ⾲♧ᶵ≦ࡢ࣒ࢸࢫࢩ ■
 ࠋ࠸㎞ࡋᢕᥱࡀἣ≦࡟࡝
ࡼ࡟ᨵ㐀ࡢ࡛ࡲࢀࡇࡸไ㝈ࡿࡼ࡟ᵓᡂ࣒ࢸࢫࢩ ■

 ࠋࡿ࠸࡚ࡗ࡞࡜ែ≦࡞ᅔ㞴ࡀ➼ᶵ⬟㏣ຍࠊࡾ
ୖグ࡞࠺ࡼࡢၥ㢟ࠊࡾ࠶ࡀィ ไᚚࢆ࣒ࢸࢫࢩ᭦

᪂ࡢࡵࡓࡿࡍ᪂ࡢ࣒ࢸࢫࢩ㛤Ⓨ࣭ᵓ⠏࡜࡜ࡇ࠺⾜ࢆ
 ࠋࡓࡗ࡞

４．新システムの概要 

4.1  ᴫせ 

■ Ᏻᐃᛶ࣭ᣑᙇᛶ࣭ಖᏲᛶࢆ㧗ࠊࡵࡓࡿࡵỗ⏝⏘
ᴗ⏝PLCࢆ୺ᵓᡂྛࠊࡋ࡜ไᚚ࣭㏻ಙࢆPLCྛࡢᶵ
ࡋ⏝౑ࡣィ⟬ᶵ࣭PCࠋࡿࡏࡉ⌧ᐇ࡚࡟ࢺࢵࢽࣘ⬟
 ࠋ࠸࡞

ࣃࢳࢵࢱࠊࡣቃタᐃ⎔✀ྛࡸ♧⾲ែ≦࣒ࢸࢫࢩ ■
 ࠋ࠺⾜࡚࡟ჾ♧⾲ࣝࢿ

ࠊࡋ ィࢆࢺࣥ࢘࢝ࢀ₃ࡿࡍ⏕Ⓨ࡟㐽᩿᫬࣒࣮ࣅ ■
↷ᑕ⥺㔞ࠋ࠺ᢅ࡚ࡋ࡜ 

■ ↷ᑕ⥺㔞ィ ࡢಙ㢗ᛶࢆ㧗ࠊࡵࡓࡿࡵH/Wࡳࡢ
࡛⥺㔞ࢆィ ࣭⾲♧ࢆࢱࣥ࢘࢝ࡿࡍᐇ⿦ࠋࡿࡍ 

 

 ἞⒪ᐊ⏝ࡢ࣒ࢸࢫࢩ᭦᪂࡟ඛ❧ࠊ࡚ࡗᇶᮏᶵ⬟ࢆ
᭷ࢆ࣒ࢸࢫࢩࢫ࣮࣋ࡓࡋ㛤Ⓨ2006ࠊࡋᖺᗘࡾࡼ⏕≀
↷ᑕᐊ⏝ࢆື✌࡚ࡋ࡜࣒ࢸࢫࢩ㛤ጞࠋࡓࡋ 

4.2  ἞⒪ᐊ⏝࣒ࢸࢫࢩᵓᡂ 

ᇶᮏᶵ⬟ࢆᐇ⌧ࡓࡋ⏕≀↷ᑕᐊ⏝ࠊࢆ࣒ࢸࢫࢩ἞
⒪ᐊ⏝࡚ࡋ࡜࣒ࢸࢫࢩᶵ⬟ᣑ඘ࡾࡼࠊࡋⓎᒎࡓࡏࡉ
 ࠋࡍ♧࡟ᅗ2ࢆᵓᡂࠋࡓࡋ㛤Ⓨ࡟2008ᖺᗘࢆ࣒ࢸࢫࢩ

 

୺ᵓᡂࡿ࡞࡜PLCࠊࡣᶵ⬟ࢺࢵࢽࣘ࡟࡜ࡈ໬ࢀࡉ
ࠋࡿࢀࡉᐇ⿦࡟MCU(Measurement Control Unit)ࡓ
MCUࡣィ3ࣘࡢࢺࢵࢽᵓᡂࠊࡋ࡜PLC⏝ගࢺࢵࢿ
 ࠋࡿ࠸࡚ࡋ࡜⬟ྍࢆ᝟ሗఏ㐩ࡢ࠸஫࡛ࢡ࣮࣡

ྛMCUࡢไᚚ࣭ᶵ⬟ࠋࡍ♧࡟1⾲ࢆ 

 

⾲1㸸ྛMCUไᚚ࣭ᶵ⬟ 

 ไᚚ࣭ᶵ⬟ 

MCU1 

࣭㺚㺛㺡㺯⤫ᣓࠊ┘ど ࣭㺞㺍㺟㺨㺽㺦㺷 

࣭ୖ఩ィ⟬ᶵࡸィ ჾࡢ࡜Ethernet㺐㺻㺞
㺪㺈㺎㺛 ࣭↷ᑕグ㘓 ࣭FTP㺙㺎㺨㺼 

MCU2 

࣭㺱㺤㺞㺔㺑㺻㺢 ࣭㺐㺻㺞㺹㺍㺖 

࣭㺩㺼㺎㺯ධᑕ㺞㺐㺮㺻㺖㺼ࡿࡼ࡟㺐㺫㺼㺻㺢Ⓨ⏕ 

࣭㺔㺑㺻㺞‶஢ࡿࡼ࡟㺩㺼㺎㺯㐽᩿㺢㺶㺔㺼 

࣭H/W㺔㺑㺻㺞ືస㺢㺶㺔㺼 

MCU3 

࣭ィ ჾࡢ࡜GPIB㺐㺻㺞㺪㺈㺎㺛 

࣭㺱㺎㺞఩⨨Ỵࡵ 

࣭㺩㺼㺎㺯㺒㺦㺷㺕㺼㺎ㄪᩚ㺪㺆㺷㺞ᅽ✵㥑ື 

 

ࣔࡢ⏝ᑓ࡟࡜ࡈไᚚᶵჾࠊࡣ࡛࣒ࢸࢫࢩ⾜⌧
PLCࠊࡣ࡛࣒ࢸࢫࢩ᪂ࠊࡀࡓࡗ࠶ᚲせ࡛ࡀ࣮ࣝࣗࢪ

ࠊ࡚ࡗࡼ࡟࡜ࡇࡿࡍ⏝౑ࢆࢺࢵࢽࣘ⬟ᶵྛ࡞ᶆ‽ⓗࡢ
ỗ⏝ᛶ࣭ಖᏲᛶࠊࡓࡲࠋࡿࡍୖྥࡀᶵ⬟ẖ࡟MCU

Ᏻࠊࢀࡽᅗࡀศᩓ໬ࡢCPU㈇Ⲵࠊࡵࡓࡿ࠸࡚ࡅศࢆ
ᐃືసࢆᐇ⌧ࠋࡓࡋ 

㈇Ⲵศᩓ໬ࠊ࡚ࡋ࡜ࢺࢵ࣓ࣜࡢᑗ᮶ࡢᶵ⬟࣭ᶵჾ
㏣ຍࡢ࡝࡞ᨵಟ᫬ࠊࡣ࡟ᙳ㡪⠊ᅖࡀ㝈࠿࡜ࡇࡿࢀࡽ
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ࡿࡁ࡛⦰▷࡟኱ᖜࡀᕤᩘ࣭ࢫ࣮ࢣヨ㦂ࡢᨵಟᚋࠊࡽ
 ࠋࡿࢀࡽࡆᣲࡶ࡜ࡇ

➼㏣ຍࡢࢺࢵࢽࣘ⬟ᶵࠊࡸኚ᭦࣒ࣛࢢࣟࣉࠊࡓࡲ
 ࠋࡿ࠸࡚ࢀࡉ៖⪄ࡶᣑᙇᛶ࠺ࡼࡿ࠼⾜࡟ᰂ㌾ࡶ

⥺㔞࣒ࣔࢸࢫࢩࠊࡿࡍ࡜ࡵࡌࡣࢆࢺࣥ࢘࢝ࢱࢽ≧
ែࠊࡣ἞⒪⏝᧯స➃ᮎࡢ㏆࡛ࡃ☜ㄆ࡛ࡀ࡜ࡇࡿࡁᮃ
ࠊࡣࢱࣥ࢘࢝ࢱࢽ㔞ࣔ⥺ࡢ࣒ࢸࢫࢩ⾜⌧ࠊࡀ࠸ࡋࡲ
NIM࡟ࣥࣅ཰ࠊࡵࡓࡓࡗ࠶࡛࣮ࣝࣗࢪࣔࡿࡵタ⨨ሙ
ᡤࡀ㝈ࠊࡾ࠾࡚ࢀࡽ᧯స⪅ࡀどㄆ࠸ࡍࡸࡋ఩⨨ࡣ࡟
タ⨨࡛ࠋࡓࡗ࠿࡞ࡁ᪂ⷧࠊࡣ࡛࣒ࢸࢫࢩᆺࢳࢵࢱࡢ
ࡀタ⨨⮬⏤ᗘࠊࡾࡼ࡟࡜ࡇࡓࡋ⏝᥇ࢆჾ♧⾲ࣝࢿࣃ
ቑࠊࡋ᧯స➃ᮎࡢ㏆࣒ࢸࢫࢩ࡛ࡃ≧ែࡀᢕᥱ࡛ࡿࡁ
 ࠋࡓࡗ࡞࡟࠺ࡼ

ᅗ3ࡀ἞⒪⏝᧯స༟࡛ࠊࡾ࠶෗┿ྑഃࡀ἞⒪⏝᧯
స➃ᮎ࡛ࠊᕥഃࡀ᪂ࣝࢿࣃࢳࢵࢱࡢ࣒ࢸࢫࢩ⾲♧ჾ
 ࠋࡿ࠶࡛

 

 

 

 

 

 

 

 

 

 

 

 

 

ᅗ3㸸἞⒪᧯స༟ 

 

ྛࡢPLCࡀ࣮ࣝࣗࢪNIMࣔࡢ࣒ࢸࢫࢩ⾜⌧ࠊࡓࡲ
ᶵ⬟ࣘࡁ⨨࡟ࢺࢵࢽ᥮ࠊࡵࡓࡿࢃNIMࡀࣥࣅ୙せ࡟
ࡋᐇ⿦ࢆࢱH/W࢝࢘ࣥࠊࡣ࡟ࢫ࣮࣌ࢫࡓ࠸✵ࠋࡿ࡞
࡟ኚ᭦ࡢタ⨨ᶵჾࡽࢀࡇࠋ(ᅗ4)ࡿࡍ⨨タࢆMCUࡓ
 ࠋࡿࢀࡉᨵၿࡶ㇟༳࡞どぬⓗࡿ࠼୚࡟⪅἞⒪ᝈࠊࡾࡼ

 

 

 

 

 

 

 

 

 

 

 

 

ᅗ4㸸H/W࢝࢘ࣥࢱෆⶶMCU 

５．まとめ 

἞⒪ᐊ⏝ࡢ᪂࡞ࡓィ ไᚚࠊ࡚ࡋ࡜࣒ࢸࢫࢩᚑ᮶
ࢩࡓࡋ⌧ᐇࢆ㧗ᗘ໬ࠊ࡟ࡶ࡜࡜ࡿࡍᨵၿࢆၥ㢟Ⅼࡢ
ࠊࡣ௒ᚋࠋࡓࡋ᏶஢ࡀ࡛ࡲQAヨ㦂ࠊࡋ㛤Ⓨࢆ࣒ࢸࢫ
ṧࢺ3࣏࣮ࡾศࠊ࡚࠸ࡘ࡟〇స࡜ヨ㦂ࢫࢩࠊ࠸⾜ࢆ
 ࠋࡿ࠶ணᐃ࡛ࡿࡍᐇ᪋ࢆࢫ࣮ࣞࣉࣜࡢ࣒ࢸ
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