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1 ͸͡Ίʹ

RaspberryPi (RPi)[1] ͸ɼARMϓϩηοαΛ౥͠ࡌ

ͨखͷͻΒαΠζͷγϯάϧϘʔυίϯϐϡʔλʔͰ͋

Δʢਤ 1ʣɻখܕαΠζͳ͕Βɼ1GB RAM Λ౥͠ࡌɼ

4 ϙʔτͷ USBɼEthernetɼGPIO ΠϯλʔϑΣʔε

Λඋ͑ɼແઢ LAN΋࢖༻Մೳɼͱ͍͏༏Ε΋ͷͰ͋Δ

ʢRPi3Ϟσϧ Bʣɻ͔͠΋ɼඇৗʹ҆ՁͰ͋Δʢ∼5000

ԁʣɻ͜ͷ RPiΛ༻͍Δͱɼ҆ՁͰՄൖੑʹ༏Εͨଌఆ

ޚ੍ث ·σʔλऩूγεςϜ͕ߏஙͰ͖ΔɻݶΒΕͨ༧
ͱͬͯɼ҆ʹࣨڀݚͱεϖʔεͰӡӦ͍ͯ͠Δେֶͷࢉ

ՁͰখܕͰ͋Δ͜ͱ͸ɼॏཁͳϙΠϯτͰ͋Δɻ

ຊߘͰ͸ɼRPiΛ༻͍ͨଌఆثσʔλऩूγεςϜʹ

͍ͭͯɼ1)େཱࢢࡕେֶɼ2)େࡕେֶɼ3)J-PARCͰͷ

࣮ྫΛ঺հ͢Δɻ·ͨɼRPiͱ͸ผͷখܕγϯάϧϘʔ

υίϯϐϡʔλʔΛ༻͍ͨྫͱͯ͠ɼ4)KEK-PF·cERL
Ͱͷ࣮ྫʹ͍ͭͯ΋঺հ͢Δɻ

2 େཱࢢࡕେֶͰͷྫ

େཱࢢࡕେֶɼӉ஦ૉཻࢠ෺ཧֶ࣮ࣨڀݚݧͰ͸ɼֶ

෦ 4೥ੜͷଔڀݚۀͱͯ͠ɼRPi ʢRPi3 Ϟσϧ BʣΛ

༻͍ͨωοτϫʔΫ෼ޚ੍ثػܕࢄγεςϜΛߏங͠

ͨɻRPi ͷ OS ͸ɼެࣜϗʔϜϖʔδ͔Βఏ͞ڙΕΔ

Raspbian(Linux)Λ࢖༻͍ͯ͠ΔɻRPi͸microSDΧʔ

υ͔ΒOSΛಡΈࠐΈىಈ͢ΔͨΊɼRaspbianͷΠϝʔ

δϑΝΠϧΛmicroSDΧʔυʹॻ͖ࠐΜͰಋೖͨ͠ɻ

ਤ 1: RaspberryPi3Ϟσϧ B

͜ͷRPiʹɼωοτϫʔΫ෼ޚ੍ܕࢄΛͨ͏ߦΊͷι

ϑτ΢ΣΞɼEPICS(Experimental Physics and Indus-

trial Control System [3])Λಋೖͨ͠ɻEPICS͸ڞࡍࠃ

ಉ։ൃ͞ΕͨΦʔϓϯιϑτ΢ΣΞͰɼૉཻࢠɾࢠݪ

Ε͍ͯ͞༺࢖౳ͰݧɼӉ஦ɼॏྗ೾࣮ثɼՃ଎ݧ࣮֩

ΔɻEPICSͰ͸ɼσόΠεΛ௚઀੍͢ޚΔͨΊͷࢉܭ

Λػ IOC(Input Output Controller)ɼૢ࡞ɾࢹ؂Λ͏ߦ

ͨΊͷػࢉܭΛ OPI(Operator Interface)ͱݺͿɻֶੜ

Ͱ͸ɼRPiΛݧ࣮ IOCͱͯ͠ɼثػΛ੍ͨ͠ޚɻ੍͠ޚ

͸ɼϚϧνϝʔλʔثػͨ (IWATSU VOAC7523)ɼσ

δλϧΦγϩείʔϓ (Keysight InfiniiVision DSO-X

2002A)ɼ͓ΑͼArduino[3](Arduino UNO)Ͱ͋Δɻػ

ͱͷ௨৴͸ɼEthernet௨৴ɼ·ͨ͸USB-γϦΞϧ௨ث

৴Ͱͨͬߦɻɹ

͜͜ͰɼArduino͸ɼAVRϚΠίϯɼσδλϧɾΞφϩ

189



2

ά৴߸ೖग़ྗϙʔτΛඋ͑ͨ҆Ձͳج൘Ͱ͋Δʢ∼2600

ԁʣɻެࣜϗʔϜϖʔδ͔Βఏ͞ڙΕΔ IDEʢ౷߹։ൃ

ΔͨΊͷιʔείʔ͢ޚʣΛ༻͍ͯɼArduinoΛ੍ڥ؀

υʢεέονϑΝΠϧʣΛ࡞੒͠ɼج൘ʹΞοϓϩʔυ

Ͱ͖ΔɻArduino UNO͸ɼ10-bitͷ ADCΛ౥ͯ͠ࡌ

͍ΔͨΊɼArduinoΛɼηϯαʔ͔ΒͷΞφϩά৴߸Λ

σδλϧมͤ͞׵ΔͨΊͷ ADCͱͯ͠࢖༻ͨ͠ɻ

Arduinoͷ IDEʹ͸ɼ༷ʑͳαϯϓϧεέονϑΝΠ

ϧ͕ɼ͋Β͔͡Ί༻ҙ͞Ε͍ͯΔɻRPiʹArduino IDE

Λಋೖ͠ɼαϯϓϧεέονϑΝΠϧΛ༻͍ͯɼLED

఺౮΍ɼԹ౓ηϯαʔ͔ΒͷԹ౓σʔλऔಘ౳Λ͍ߦɼ

ArduinoʹΑΔޚ੍ثػΛͨͬߦɻ࣍ʹɼArduino IDE

ʹ༻ҙ͞ΕͨγϦΞϧϞχλΛ࢖༻͠ɼRPi͔ΒͷγϦ

Ξϧ௨৴ʹΑΓɼಡΈࠐΈɾॻ͖ࠐΈ໋ྩΛ͏ߦϓϩά

ϥϜΛ࡞੒ͯ͠ɼArduinoͷ੍ޚΛͨͬߦɻ

Arduino͸ద༻ྫ͕ଟ͘ɼWEB্ͰϓϩάϥϜྫΛ

Λֶश͢ΔπʔૅجͷޚΔ͜ͱ΋ՄೳͰ͋Γɼ੍͢ࡧݕ

ϧͱͯ͠खܰʹ࢖༻͢Δ͜ͱ͕Ͱ͖ΔɻελʔλʔΩο

τ౳΋๛෋ʹ͋Γɼֶੜ͕ࣗΒɼϓϩάϥϛϯάͱ࣮श

ΛਐΊΔ͜ͱ͕Ͱ͖ΔɻҰ࿈ͷ࣮शͰɼֶੜ͕Arduino

ͷऔѻ͍Λशಘͨ͠ޙɼRPi্ʹ͋Δ EPICSΛ༻͍ͯɼ

γϦΞϧ௨৴ʹΑΓ Arduinoͷ੍ޚΛ͏ߦϓϩάϥϜ

Λ࡞੒ͨ͠ɻ

ਤ 2ʹɼRPiʹΑΔԹ౓ηϯαʔ͔Βͷσʔλऔಘͷ

ηοτΞοϓΛࣔ͢ɻԹ౓ηϯαʔʢφγϣφϧ ηϛ

ίϯμΫλʔ੡ LM35DZʣͰࣨԹΛଌఆ͠ɼηϯαʔ

͔ΒͷΞφϩάిѹ৴߸ΛɼϚϧνϝʔλʔɼ͓Αͼ

ArduinoʹΑͬͯͦΕͧΕADม͠׵ɼϚϧνϝʔλʔ

͔Β͸ Ethernet௨৴ͰɼArduino͔Β͸γϦΞϧ௨৴

ʹΑΓɼRPi͕औಘ͢Δߏ੒ͱͨ͠ɻ

ਤ 2: RPi ʹΑΔԹ౓ηϯαʔ͔Βͷσʔλऔಘͷϒ

ϩοΫਤ

ArduinoʹΑͬͯಘΒΕͨଌఆԹ౓ʢଌఆਫ਼౓ 0.5౓ʣ

ͱɼϚϧνϝʔλʔ͔Βಉ࣌ʹಘΒΕͨଌఆԹ౓ʢਫ਼౓

0.001౓ʣΛൺֱͨ͠ͱ͜ΖɼArduinoͷଌఆਫ਼౓ 1Ϗο

τ෼ͷͣΕ͕ΈΒΕͨͷ΋ͷͷɼྑ͍Ұக͕ΈΒΕͨɻ

Arduino͔Βͷग़ྗσʔλΛߍਖ਼͢Δͱɼ͞Βʹྑ͍Ұ

க͕ಘΒΕΔͱࢥΘΕΔɻ2600ԁͷ ADCͩͱ͍͏͜

ͱΛྀ͢ߟΔͱɼඇৗʹຬ଍ͷ͍݁͘ՌͰ͋Δɻ

·ͨɼRPiͱArduino͸ɼͲͪΒ΋ίϯύΫτͳαΠ

ζͰɼ͔ͭ௿Ձ֨Ͱ͋ΔͨΊɼछʑͷߨश ·࣮शΛ͏ߦ
ͷʹద͍ͯ͠Δɻզʑ͸ɼࢁຊʹΑΔ RPi·Arduino·ϒ
ϨουϘʔυ 1ɼͱ͍͏૊Έ߹ΘͤΛ࢖༻ͯ͠ɼEPICS

ɻ2017೥ͨͬߦशձΛߨ 2݄ʹେཱࢢࡕେֶͰ࣮ͨ͠ࢪ

EPICSߨशձʢ11໊ग़੮ʣͰ͸ɼ্هͷRPi+Arduino

Λ 5ηοτ࢖༻࣮ͯ͠शΛͨͬߦɻ2017೥ ࡍࠃʹ5݄

ϫʔΫγϣοϓ [4]Ͱ࣮ߨͨ͠ࢪशձͰ͸ɼࢣߨ༻ͱࢀ

Ճऀ༻ʹɼRPi+ArduinoΛ̓ηοτ༻ҙͨ͠ɻ͜ͷߨ

शձͰ͸ɼࢀՃऀ͕ 30໊Λ௒͑ͨͷͰɼ̒ͭͷάϧʔ

ϓʹ෼͚ͯɼ֤ࣗͷϊʔτ PC͔Β RPiʹϦϞʔτϩ

άΠϯ࣮ͯ͠शΛͨͬߦɻRPiʹ͸ແઢ LAN͕༻ҙ͞

Ε͍ͯΔͷͰɼωοτϫʔΫӽ͠Ͱͷ࣮शʹ΋ɼඇৗʹ

ศརͰ͋ͬͨɻ

େֶӃੜ͚޲ͷڭҭͱͯ͠ɼσδλϧΦγϩείʔ

ϓ͔Βͷ೾ܗऔಘ࣮श΋͍ͯͬߦΔɻσδλϧΦγϩε

ίʔϓΛɼEthernet௨৴Ͱ੍ͯ͠ޚɼϦϞʔτͰ৴߸ಡ

ΈऔΓϨϯδΛม͠ߋɼ೾ܗσʔλΛऔಘ͢Δ࣮श಺༰

ͱͨ͠ɻ͜͜ͰɼΦγϩείʔϓͷ੍ޚϓϩάϥϜ͸ɼ

1)PythonͰϓϩάϥϛϯάΛ͍ߦ socketϞδϡʔϧΛ

੍͍ͯ༺ϓϩάϥϜͱɼ2)EPICSΛ͏ߦΛޚ੍͍ͯ༺

੒ͯ͠ɼͦΕͧΕͰ੍࡞ϓϩάϥϜɼೋछྨΛ͏ߦΛޚ

Ͱɼࣄ͏ߦΛೋͭͷΞϓϩʔνͰޚ੍ثػɻͨͬߦΛޚ

ΑΓޮՌతʹڭҭΛ͜͏ߦͱ͕ग़དྷͨɻʮRaspberry Pi

ͷ”Pi”͸ɼPythonͷུͰ͋Δ [5]ʯͱ͋Δ௨ΓɼRPi͸

PythonΛ࢖༻͢Δ͕ڥ؀੔͍ͬͯΔɻ

3 େࡕେֶͰͷྫ

େࡕେֶࢁத୎ࣨڀݚͰ͸ɼਤ 3ͷΑ͏ʹɼRPiͱ

΍ճ࿏Λ઀ଓ͍ͯ͠ΔɻEPICSΛհͣ͞ɼ௚઀ثଌܭ

Linux ίϚϯυɼPythonɼC Λޚଌ੍ܭ͍ͯ༺Λޠݴ

Δɻ·ͨɼArduinoͷΑ͏ͳϚΠίϯΛհͣ͞ɼ͍ͯͬߦ

௚઀γϦΞϧ௨৴ΠϯλʔϑΣʔεΛͭ࣋ ICͱ௨৴Λ

ೳΛ௥Ճಋೖ͠ͳ͍ɻػΓ஥հ͓ͯͬߦ

オシロスコープ 
直流電源

マルチメータ 
ソースメジャーユニット 

高圧電源ラズベリーパイ

熱電対読み出しIC 
温度・湿度・気圧センサーIC 

ADC IC

リレー
開閉

ファン
制御

GPIO

LAN-LXI (VXI-11) USB-Serial(RS-232C)

USBカメラ

ਤ 3: େࡕେֶͰͷ RPiͱܭଌثɼճ࿏ͷ઀ଓ

3.1 ͱͷ઀ଓثଌܭ

ද Δɻͤࡌͷ઀ଓྫΛثଌܭʹ1

14.1 અͰɼৄࡉΛ঺հ͍ͯ͠Δɻ
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ද 1: ઀ଓͨ͠ܭଌثͷྫ
LAN-LXI(VXI11)

Φγϩείʔϓ TDS3000 Tektronix

Φγϩείʔϓ DPO/MSO Tektronix

௚ྲྀిݯ PMX-A KIKUSUI

USB-Serial(RS-232C)

Ϛϧνϝʔλ VOAC75xx IWATSU

ιʔεϝδϟʔ 2400/2410 Keysight

ݯѹిߴ NHS6xxx iseg

ද 2: SCPIίϚϯυྫ
*IDN? ͤ߹ମࣝผ໰͍ݸثػ จྻࣈฦ৴

:READ? σʔλಡΈग़͠ จྻࣈฦ৴

• LAN-LXI(LAN eXtensions for Instrumentation)

PCͷ LANϙʔτͱɼLXIثػΛ LANέʔϒϧ

Ͱ઀ଓ͢ΔɻPCɼLXIثػͷ IPΞυϨεΛ༻͍ɼ

TCP/IPΛϕʔεͱ͢ΔVXI-11ϓϩτίϧͰ௨৴

͢ΔɻCޠݴʹΑΔ Linux༻ͷϥΠϒϥϦ͕ެ։

͞Ε͓ͯΓɼ͜ΕΛҰ෦ม͠ߋMac OSX༻ʹ΋Ҡ

২ͨ͠ɻTektronixͷΦγϩείʔϓʹΑΔܭଌ੍

։ͨ͠ެʹڞϓϩάϥϜͱޚ [6]ɻ

• USB-Serial

PC ͷ USB ϙʔτͱ RS-232C(Recommended

Standard 232c) ΛɼUSB-Serialثػ ม׵έʔϒ

ϧΛհ͠઀ଓ͢ΔɻLinux Ͱ͸ USB-Serial ͱ͍

૊Έ͕ඪ४૷උ͞Ε͓ͯΓɼ/dev/ttyUSB0࢓͏

ͳͲͷσόΠεͱͯ͠ೝࣝ͞ΕΔɻPC ͔Βಛ

ఆͷίϚϯυจྻࣈΛૹ৴͠ (echo จྻࣈ >

/dev/ttyUSB0)ɼඞཁͰ͋Ε͹ثػଆ͔Βͷจࣈ

ྻฦ৴Λड৴͠ɼม਺ʹͭΊΔ (read -n จࣈ਺

ม਺ < /dev/ttyUSB0)ɻಛఆͷίϚϯυจྻࣈ͸

௨Խ͕ਤΒڞຖʹఆٛ͞Ε͍ͯΔ͕ɼ͋Δఔ౓ثػ

Ε͓ͯΓɼSCPIʢεΩοϐɼStandard Commands

for Programmable InstrumentsʣίϚϯυͱݺ͹Ε

Δ (ද 2)ɻ

3.2 ճ࿏ͱͷ઀ଓ

RPiͰಛʹศརͳ఺͸ɼGPIO(General Purpose In-

put Output)ϐϯΛ૷උ͠ɼ֤ PinͰσδλϧೖग़ྗ͕

Մೳͳ఺Ͱ͋Δɻ͜ΕΛ༻͍ͯϦϨʔ੍ޚɼϑΝϯճస

਺੍ޚΛ͏ߦɻ೤ిରಡΈग़͠΍ ADCػೳͳͲΛ΋ͭ

ICͱͷ௨৴ΛऔΓ্͛Δɻ

ද 3: SPI௨৴Ͱ༻͍Δ഑ઢ
SCLK Serial Clock

MOSI Master Out Slave In

MISO Master In Slave Out

SS Slave Slect Bar

GND Ground

3.2.1 ϦϨʔ։ด

AC100VثػΛ੍͢ޚΔͷʹɼϑΥτΧϓϥೖྗͷι

ϦουεςʔτϦϨʔOMRON G3CN-202PΛ༻͍ͨɻ

3.3V(2.2mA)Ͱ։ดಈ࡞ՄೳͰ͋ΓɼGPIO3.3V͔Β௚

઀੍͠ޚɼύτϥϯϓͱϒβʔͷ࡞ಈʹར༻ͨ͠ɻ

3.2.2 ϑΝϯճస਺੍ޚ

GPIO3.3V Λ௚઀τϥϯδελʹ͢څڙΔ͜ͱͰɼ

5VTTLʹϩδοΫϨϕϧม͠׵ʢਤ 4ʣɼϑΝϯͷճస

਺Λ Pulse Width Modulation(PWM)Ͱ੍ͨ͠ޚɻ5V

΋RPiͷϐϯ͔Β͠څڙɼ5mAఔ౓ͷిྲྀফඅͰ͋Δɻ

GPIO 
0V/3.3V

5V

25kHz 5V
1V

FAN PWM input

FAN GND

10k
1k

ਤ 4: PWM༻ GPIO઀ଓճ࿏ (఍߅஋ͷ୯Ґ͸ Ω)

3.2.3 γϦΞϧ௨৴

೤ిରಡΈग़͠ɼԹ౓ؾѹ࣪౓ηϯαʔɼADCػೳͳ

ͲΛ΋ͭγϦΞϧ௨৴ػೳΛඋ͑ͨ IC͕͋ΔɻRPiͷ

GPIOϐϯʹΑΓͱ͜ΕΒͱ௨৴͠ɼ༷ʑͳܭଌ͕Ͱ͖

Δɻࠓճ͸୅දతͳγϦΞϧ௨৴ SPI (Serial Peripheral

Interface)ΛऔΓ্͛ΔɻSPIͰ͸ද 3ʹ͋ΔΑ͏ʹɼά

ϥϯυΛআ͖ɼ4ຊͷ഑ઢͰ௨৴Λ͏ߦɻSCLK͸Ұఆ

पظͰ͋Δඞཁ΋ͳ͘ɼSCLKͷΤοδͳͲͰͷMOSI

΍MISOͷ৴߸ϨϕϧΛ༻͍ͯɼICͰఆΊΔن໿ʹैͬ

ͯ௨৴Λ͏ߦɻෳ਺ͷ ICؒͰɼSCLKɼMOSIɼMISO

͸ڞ௨ͷόεͱͯ͠ར༻Ͱ͖Δɻ֤ ICʹରͯ͠ɼSSϥ

ΠϯΛઃ͚ͯɼ͜ΕΛ Lowʹ͢Δ͜ͱͰɼ௨৴ઌͷ IC

Λࢦఆ͢Δɻද 4ʹ SPI௨৴Λඋ͑ͨ ICͷྫΛͤࡌΔɻ
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ද 4: SPI௨৴ػೳ౥ࡌ ICͷྫ
೤ిରಡΈग़͠ MAX31855 Maxim

Թ౓࣪౓ؾѹηϯαʔ BME280 Switch Science

ADC MCP3204 Microchip

3.3 RPiܭଌ੍جޚ൘

͜Ε·Ͱ঺հͨ͠ػೳΛඋ͑ͨܭଌ੍جޚ൘Λ࡞Γར

༻ͨ͠ɻਤ 5ͷΑ͏ʹɼ10cm×20cmͷϚβʔج൘্ͷ

40pinϝεϔομʹ RPiΛᎎ͢ɻSPI௨৴Մೳͳ IC͸

υʔλʔج൘ʹ࣮૷͠ɼϚβʔج൘ʹૠͯ͠ར༻͢Δɻ

͜ͷ༻్ʹ 10pin ͷϑϥοτέʔϒϧίωΫλΛ 6 ݸ

༻ҙͨ͠ɻϑϥοτέʔϒϧܦ༝Ͱɼ཭Εͨ৔ॴʹυʔ

λʔج൘Λઃஔ͢Δ͜ͱ΋Ͱ͖Δɻ͜ͷଞʹɼGPIOग़

ྗΛϦϨʔ։ดʹ༻͍ͨΓɼPWM੍ޚʹΑΓϑΝϯͷ

ճస਺੍ޚΛ͏ߦɻ

20cm

PWMx1
SPIx6

GPIOx5

熱電対

温度湿度気圧センサー

RaspberryPi40-pin socket

10-pin socket

熱電対読み出しIC

Fan

ਤ 5: RPiܭଌ੍جޚ൘

ҎԼԠ༻ྫΛࣔ͢ɻ

3.3.1 νΣϯόΨεڅڙγεςϜࢹ؂

J-PARC KOTO࣮ݧʹ͓͚ΔΨεϫΠϠνΣϯόͷ

ΨεڅڙγεςϜͷࢹ؂Ͱ͋Δɻ֤ॴͷԹ౓ɼՄ೩Ψε

ೱ౓ηϯαʔͷग़ྗΛ SPI௨৴Մೳͳ ICͰϞχλ͢Δɻ

͜ͷଞʹɼ௨ৗͷ USBΧϝϥΛ༻͍όϒϥͷࢹ؂Λߦ

͏ɻҟৗͷࡍ͸ɼύτϥϯϓٴͼϒβʔͰ΋͢ࠂܯΔɻ

KOTO࣮ݧʹͯ 2015೥ΑΓӡ༻தͰ͋Δɻ

3.3.2 γϦίϯϐΫηϧηϯαʔྫྷ٫γεςϜ

HL-LHCʹ͚ͨ޲γϦίϯϐΫηϧηϯαʔͷςε

τϏʔϜʹ͓͚Δɼηϯαʔྫྷ٫γεςϜͷίϯτϩʔ

ϧٴͼϞχλͰ͋ΔɻηϯαʔٴͼϑϩϯτΤϯυճ࿏

Λஅ೤ശ಺ʹઃஔ͢Δɻஅ೤ശ಺ͷྫྷౚػϔουʹର͠ɼ

ճస਺੍ͨ͠ޚϑΝϯʹΑΔ಺෦ۭؾ॥؀Λ٫ྫྷ͍ߦΛ

ɼԹ͍ߦ࿐͕ͳ͍Α͏஠ૉΨεϑϩʔΛ݁࣌ɻྫྷ٫͏ߦ

౓࣪౓ΛϞχλ͢ΔɻγϦίϯηϯαʔΛ−33◦Cʹྫྷ

ͱʹ੒ޭͨ͠ɻ͜͏ߦΛݧࢼ٫ͯ͠

3.3.3 MPPC੍ޚγεςϜ

2018೥౓ʹ༧ఆ͢ΔKOTO࣮ݧͷΧϩϦϝʔλΞο

ϓάϨʔυʹ͓͍ͯɼundoped CsI݁থԼྲྀଆͷ PMT

ʹՃ͑ɼ্ྲྀଆʹ΋MPPCΛͱΓ͚ͭɼγϯνϨʔγϣ

ϯޫΛಡΈग़͢ɻ͜ͷMPPCͷҹՃిѹͷ On/OffΛ

PhotoMOSϦϨʔͰ͍ߦɼ҉ిྲྀग़ྗͱԹ౓Λ SPI௨

৴ػೳ෇͖ ICͰϞχλ͢Δɻͪ͜Β͸ผͷઐ༻ج൘Λ

༻͍͍ͯΔ͕ɼ঺հͨ͠ RPiͷػೳΛͦͷ··༻͍ͯ

͍ΔɻLXIػೳΛඋ͑ͨ٠ਫిࢠͷిݯʹΑΔMPPC

΍ΞϯϓͷిѹҹՃ΋ɼRPi͔Β͏ߦɻ

4 J-PARCͰͷऔΓ૊Έ

KEKͷՃ଎ࢪثઃ͕ӡ༻͢ΔՃ଎ثͷଟ͕͘ɼEPICS

Λϕʔεʹ։ൃ͞Ε͍ͯΔɻEPICSͷίΞͱͳΔ IOC

ιϑτ΢ΣΞ͓Αͼ௨৴ϓϩτίϧͰ͋ΔCA(Channel

Access) ϥΠϒϥϦ͸ Posix ४ڌͷ Unix Ͱಈ͢࡞Δɻ

J-PARC ηϯλʔ/KEK ͷՃ଎ޚ੍ثάϧʔϓͰ͸ɼ

EPICSͷڭҭ༻πʔϧͱͯ͠ͷԠ༻Λ౰ॳͷ໨తͱͯ͠ɼ

RPi΍ ArduinoͳͲͷ௒খܕίϯϐϡʔλʔΛ EPICS

Ͱར༻͢Δڥ؀ͷ੔උΛ͖ͨͯͬߦɻՃ଎ثͷ੍ޚ΁ͷ

௚઀ͷԠ༻͸ͳ͍͕ɼؾԹɼؾѹͳͲͷڥ؀σʔλͷऔ

ಘͳͲ΁ͷԠ༻΋ݕ౼͞Ε͍ͯΔɻ·ͨɼ์ࣹઢۀ࡞த

ͷ์ࣹઢඃമྔ؅ཧ΁ͷԠ༻Λ૝ఆͨ͠։ൃͳͲ΋ͬߦ

͍ͯΔɻ

4.1 Arduino for EPICS training

EPICS͸֤छͷLinuxɼMacOSXɼWindows Subsys-

tem for Linux ͳͲͰಈ͢࡞Δɻಛʹ Virtual Box ͳ

ͲͷԾ૝্ڥ؀ͷ LinuxͰ΋ಈ͢࡞Δɻ͜ͷ͜ͱ͔Βɼ

EPICSͷಋೖڭҭͰ͸डऀߨ͸֤ࣗͷڥ؀ͰEPICSι

ϑτ΢ΣΞΛಈͤ͞࡞Δ͜ͱ͕Ͱ͖ΔɻEPICSڭҭͰ

͸͜ͷΑ͏ͳ࣮श (Hands On)͕ॏཁʹͳΔɻ࣮शͷࡍ

ʹ͸ɼ࣮ࡍʹʢLED΍εΠονͳͲͷ୯७ͳ෺Ͱྑ͍

ͷ͕ͩʣ૷ஔΛ EPICSܦ༝Ͱ੍ޚʗ͢ࢹ؂Δ͜ͱ͕༗

192



5

ޮͰ͋Δɻ͜ͷΑ͏ͳ࣮शͷࡍʹ؆୯ͳೖग़ྗͷ૷ஔͱ

ΔΑ͏ʹɼArduinoΛ͑࢖ͯ͠ ϕʔεʹͨ͠ηοτΛ

༻ҙͨ͠ʢਤ 6ʣ[7]ɻ

ਤ 6: EPICS trainingͷͨΊʹ༻ҙ͞Εͨ Arduino IO

sampleΩοτɻϒϨουϘʔυʢӈ্ʣʹ LEDɼεΠο

νɼԹ౓ηϯαʔʢαʔϛελʣɼর౓ηϯαʔ (CdS)

ͳͲ͕഑ஔʢࠨɿ഑ઢਤʣ͞Ε͍ͯΔɻ͜ΕΒͷ෦඼

͸ɼϒϨουϘʔυͷԼͷArduinoʢӈԼʣʹ઀ଓ͞Ε

͍ͯΔɻ

Arduino͸ EPICS IOCͱͳΔ PCͱUSB઀ଓ͞Εɼ

EPICS IOC͔Β͸γϦΞϧ઀ଓͷ૷ஔͱͯ͠ೝࣝ͞Ε

Δɻ͜ͷγϦΞϧ઀ଓܦ༝Ͱ EPICS IOC͔ΒArduino

Λ੍͢ޚΔͨΊʹEPICS/StreamDevice 2Λͨͬ࢖ɻ؆

୯ͳγϦΞϧ௨৴্ͷϓϩτίϧΛఆٛ͠ɼ͜ΕΛ࣮૷

͢Δ ArduinoଆͷϓϩάϥϜͱ EPICS IOCଆͷϓϩ

τίϧϑΝΠϧΛ։ൃͨ͠ɻ

EPICS Ͱɼ্ͨ͠ڙҭͰ͸͜ΕΒͷඞཁͳઃఆΛఏڭ

EPICS DBͷߏங΍ɼEPICS Sequencer ϓϩάϥϜͷ

࣮शͳͲΛ͏ߦɻ

4.2 EPICS on RPi

RPiͷ CPUͰ͋Δ ARM͸ҎલΑΓ EPICSͰͷα

ϙʔτʹؚ·Ε͓ͯΓɼRaspibianͰͷ EPICS ߏڥ؀

ங͸ɼେ͖ͳ໰୊ͳ࣮͘ߦͰ͖ΔɻΑΓ؆୯ʹRaspbian

༺EPICSΛΠϯετʔϧ͢ΔͨΊʹɼRaspibianʹڥ؀

όΠφϦΛؚΉEPICS baseΛ tar.gzϑΝΠϧͱͯ͠༻

ҙ͍ͯ͠Δɻ

RPi͸Ϣʔβʔ͕ࣗ༝ʹ͑࢖ΔGPIOΛ΋͕ͭɼADC

ɼArduinoͳͲ͚ͯ޲ʹҭڭͳ͍ɻEPICSͨ࣋ೳΛػ

ͷADCػೳΛ΋ͭϘʔυ΍ɼI2C/SPIͳͲͰ઀ଓՄೳ

ͳADCͳͲΛ༻ҙ͢Δඞཁ͕͋ΔɻArduinoͷ৔߹ʹ

͸ɼલઅͱಉ༷ʹ USB઀ଓͰ RPi্ͷ IOC͔Β͜ͷ

ADCػೳΛ͍͜࢖ͳͤΔɻ

2StreamDevice ͸ EPICS ͰɼγϦΞϧɼGPIBɼVXI-11 ͳͲ
ͷ઀ଓΛαϙʔτ͢ΔͨΊʹ൚༻ϥΠϒϥϦͰ͋Δɻ

EPICS ίϛϡχςΟͷதͰ΋ RPi͸ධՁ͕ਐΜͰ͓

ΓɼGPIO ೖग़ྗ΍ɼI2C/SPI Λαޚ༝Ͱͷ૷ஔ੍ܦ

ϙʔτ͢ΔͨΊͷσόΠεαϙʔτ͕ଘ͍ͯ͠ࡏΔ [8]ɻ

4.3 Processing Ͱͷڥ؀ EPICSར༻

Processing[9]͸ JavaϕʔεͷϓϩάϥϜڥ؀Ͱ͋Δɻ

ϓϩάϥϛϯάΛઐ໳ͱ͢ΔํͰͳͯ͘΋ը૾ॲཧͳͲ

ͷ༷ʑͳ࣮ؒ࣌ॲཧΛ͏ߦΞϓϦέʔγϣϯΛ࡞੒Ͱ͖

Δ͜ͱΛ໨తʹ։ൃ͞Ε͍ͯΔɻProcessingڥ؀Ͱ͸ɼ

AR(Augmented Reality)ϚʔΧʔͷॲཧ͕؆୯ʹར༻

Ͱ͖Δ͜ͱ͔ΒɼηϯαʔͷϞχλʔ஋Λը૾্ͷϞχ

λʔҐஔʹॏͶͯදࣔ͢ΔϓϩτλΠϓʢਤ 7ʣΛ࡞੒

ͯ͠Έͨɻ

CPUෛՙͷ෼ࢄΛྀ͢ߟΔͱɼը૾ॲཧΛ୲౰͢Δ

Processingڥ؀ͱɼηϯαʔ͔ΒͷσʔλΛऔಘ͢Δϓ

ϩηεʹ෼཭͍ͨ͠ɻProcessingڥ؀Ͱ EPICS CAͷ

ೖग़ྗ͕Ͱ͖Ε͹ɼ͜ͷΑ͏ͳγεςϜ͸؆୯ʹߏஙͰ

͖ΔɻEPICS CAϥΠϒϥϦʹ͸ੑ׵ޓͷ͋ΔC/C++

൛ͱ Java൛ͷೋ͕ͭ͋Δɻ Processing͸ Javaϕʔε

Ͱ͋Δ͜ͱ͔Β Java൛ͷEPICS CAϥΠϒϥϦΛPro-

cessing ڥಋೖͨ͠ɻ͜ΕʹΑΓɼProcessing؀ʹڥ؀

ͰEPICS IOC͔Βऔಘͨ͠ηϯαʔσʔλΛɼUSBΧ

ϝϥ͔Βऔಘͨ͠ը૾্ͷ ARϚʔΧʔͷҐஔʹදࣔ

͢ΔΞϓϦέʔγϣϯ͕؆୯ʹߏஙͰ͖Δ͜ͱ֬ೝͯ͠

͍Δɻ

ਤ 7: ग़ɻݕ͍ͯ༺ηϯαʔͷҐஔΛARϚʔΧʔΛؾ࣓

Χϝϥը૾ͷͦͷ৔ॴʹɼ࣓৔ΛϕΫτϧͱͯ͠දࣔ͠

͍ͯΔɻ

5 KEK-PF/cERLͰͷऔΓ૊Έ

5.1 EPICS಺ଂσόΠεαʔόʔ

খܕΧʔυαΠζͷγϯάϧϘʔυίϯϐϡʔλʔͱ

ͯ͠͸ RPi͕ಛʹ༗໊Ͱ͋ΔҰํɼ΄͔ʹ΋ଟ͘ͷ੡
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඼͕ࢢ৔ͰೖखՄೳͱͳ͍ͬͯΔɻKEK-PF/cERLͰ

͸ɼͦΕΒͷத͔Β “BeagleBone Black” (BBB) [10]Λ

ͯ͠༺࢖ RS232CثػΛԕִ͔Β੍͢ޚΔͨΊͷখܕ

σόΠεαʔόʔΛ։ൃͨ͠ɻ͜Ε͸࣮ࡍʹ์ࣹઢͷϞ

χλʔ΍Թ౓ɾ࣪౓ϞχλʔͳͲʹ࢖༻͓ͯ͠Γɼ਺೥

ʹΘͨͬͯ҆ఆͯ͠࿈ଓՔಇ͍ͯ͠Δɻ

ਤ 8: RS232CثػΛԕ੍ִ͢ޚΔࡍͷయܕతͳϒϩοΫ

ਤɻ ɿ্ϝσΟΞίϯόʔλΛ࢖༻ͨ͠৔߹ɼԼɿEPICS

಺ଂͨ͠σόΠεαʔόʔͰͷߏ੒ɻ

USBثػ΍ RS232Cثػ౳ͷγϦΞϧ઀ଓσόΠε

ΛEthernetܦ༝Ͱԕִૢ͢࡞Δͱ͖ɼ΋ͬͱ΋୯७ͳํ

๏͸੍ޚର৅ثػʹ Ethernet-RS232 มث׵Λ઀ଓ͠ɼ

TCP/IP Socket ௨৴౳ͰίϚϯυΛ΍ΓͱΓ͢Δํࣜ

Ͱ͋Ζ͏ɻϝσΟΞίϯόʔλʔͱͯ͠ൢࢢ඼΋ଟ͋͘

Γɼੑೳ΍ػೳʹԠͯ͡Ձ֨΋༷ʑͳબ୒͕͋ࢶΔɻ੍

Δϗετଆ͕͚̍ͭͩ͢ޚ໛͕খ͍͞৔߹΍ɼ੍نͷޚ

ͷ৔߹͸͜Ε͚ͩͰ΋े෼͔΋͠Εͳ͍͕ɼՃ଎ثͷΑ

͏ͳେن໛૷ஔɼͦͯ͠ଟ͘ͷ։ൃऀ΍ӡసһ͕͔͔Θ

Δڥ؀Ͱ͸੍ڞޚ௨ͷʮݴ༿ʯͰ௨৴Λ͢Δඞཁ͕͋Γɼ

EPICS ͷ৔߹͸طʹઆ໌͞Ε͍ͯΔ CAϓϩτίϧͰ

͋Δɻਤ 8 ্ਤʹࣔ͢Α͏ʹɼయܕతʹ͸αʔόʔܭ

ͳͲʹιϑτ΢ΣΞϕʔεͷೖग़ྗίϯτϩʔϥʔػࢉ

(IOC) Λஔ͖ɼσόΠεͱͷؒΛ Socket௨৴ɼEPICS

ϗετͱͷ௨৴ΛCAϓϩτίϧͰߏ͏ߦ੒͕Α͘࢖༻

͞Ε͍ͯΔɻ

௨ৗɼRS232Cثػͷ௨৴଎౓͸ Ethernetثػʹൺ

΂ͯ஗͍ͨΊ͜ͷΑ͏ͳํࣜͰ΋ωοτϫʔΫଳҬʹର

ͯ͠ӨڹΛ༩͑Δ΄ͲͰ͸ͳ͘ɼ໰୊ʹͳΔ͜ͱ͸ແ͍ɻ

͔͠͠ɼωοτϫʔΫΛ৑௕ͳ௨৴σʔλ͕ྲྀΕΔ͜ͱ

͸࣮ࣄͰ͋ΓɼޙࠓσόΠεͷ਺͕૿͑ͨΓɼߴ଎௨৴

Λ͏ߦΑ͏ʹͳΔͱσʔλ௨৴ྔ͕૿Ճͯ͠͠·͍໰୊

ʹͳΔՄೳੑ΋͋Δɻͦ͜ͰRS232CΠϯλʔϑΣʔε

Λ༗ͨ͠ EPICS IOC Λ੡͢࡞Ε͹ԕ੍ִޚʹඞཁͳ

σʔλͷΈΛEthenetଆʹྲྀ͢͜ͱ͕ՄೳͱͳΔɻ࠷ॳ

ʹ 1ͭͷ BBB͔Β 4୆ͷγϦΞϧثػΛ੍͢ޚΔϞσ

ϧΛ࡞੒͠ɼͦͷޙͰΑΓখܕԽΛ໨ͨ͠ࢦ 1ϙʔτϞ

σϧΛ੡ͨ͠࡞ɻਤ 9ʹ 4ϙʔτϞσϧͱ 1ϙʔτϞσ

ϧͷࣸਅΛࣔ͢ɻ

RPi Ͱ΋΄΅ಉ͡ػೳΛ΋ͭϋʔυ΢ΣΞΛ੡͢࡞

Δ͜ͱ͸ՄೳͰ͋Δ͕ɼBBB ͸૊ΈࠐΈΛྀͯ͠ߟ

“Cape”ͱݺ͹ΕΔ֦ுϘʔυͷ͕֨نఆΊΒΕ͍ͯΔ͜

ͱɼDigital I/Oϐϯͷ਺͕ଟ͍͜ͱɼUSB΍HDMIΛ

ਤ 9: EPICS಺ଂσόΠεαʔόͷࣸਅɻࠨɿ4ϙʔτ

Ϟσϧɼӈɿ1ϙʔτϞσϧɻ

͸͡Ί֤छͷ I/Oϙʔτ͕Χʔυͷ୹ลํ޲ʹूதͯ͠

഑ஔ͞Ε͍ͯͯ૊ΈࠐΈ༻్ʹద͍ͯ͠Δ͜ͱɼUART

4ϙʔτΛಉ࢖ʹ࣌༻ՄೳͳσβΠϯ͕࠷ॳ͔Β༻ҙ͞

Ε͍ͯΔ͜ͱɼͳͲͷཧ༝Ͱզʑ͸ BBBΛ࠾༻ͨ͠ɻ

੡඼ൺֱ΍ಋೖͷܦҢͳͲɼৄ͘͠͸Ճ଎ֶثձͰͷൃ

ද ड़͍ͯ͠Δʢͨͩ͠هʹ[11] 2014೥࣌఺Ͱͷ৘ใͳ

ͷͰࡏݱͰ͸গ͠ঢ়͕گมΘ͍ͬͯΔ෦෼΋͋Δʣɻ͜

ΕΒͷϋʔυ΢ΣΞٴͼ EPICSιϑτ΢ΣΞ৘ใ͸͢

΂ͯޙड़͢Δ wikiʹެ։͍ͯ͠ΔͨΊɼͩΕͰ΋੡࡞

ՄೳͰ͋Δɻ੡଄ʹ͋ͨͬͯ͸Webܦ༝Ͱ CADਤΛ

ૹΔͱϓϦϯτج൘Λ੡͢࡞ΔαʔϏεΛར༻ͨ͠ɻج

൘αΠζ΋খ͍ͨ͞Ί҆Ձ͔ͭ 1िؒఔ౓ͷ୹ೲظͰ੡

଄ՄೳͰ͋Δɻ

5.2 BBB for EPICS training

EPICSڭҭʹ͓͍ͯɼHands-on ࣮श͕ॏཁͰ͋Δ͜

ͱ͸ J-PARCͷऔΓ૊ΈͰऔΓ্͛ͨ௨ΓͰ͋Δɻ͜

͜Ͱ͸࣮श໨తͱͯ͠ͷ BBBʹ͍ͭͯड़΂Δɻ

BBBͷେ͖ͳಛ௃ͱͯ͠ɼʮΞφϩάೖྗ͕͋Δʯ͜

ͱ͕͛ڍΒΕΔɻ7νϟϯωϧͱ͍͏ଟೖྗ਺͸ັྗత

Ͱ͋ΔҰํɼೖྗిѹ͕ 0 - 1.8 V ͱগ͍͜͠ڱͱ΍෼

ղೳ͕ 12 bit ͔͠ͳ͍͜ͱɼGND͕ڞ௨Ͱ͋Δ͜ͱͳ

Ͳɼຊ֨తͳܭଌʹ࢖༻͢Δʹ͸গ͠ྼݟΓ͢Δεϖο

Ϋͱͳ͍ͬͯΔɻ͔͠͠ɼBBBຊମ͚ͩͰΞφϩάೖ

ଌՄೳͱ͍͏ͷ͸ಛʹॳֶऀʹͱͬͯͱͯ΋ັྗܭ͕ྗ

తͰ͋Γɼ؆୯ʹʮϋʔυ΢ΣΞʯͱʮιϑτ΢ΣΞʯ

ͷ૬࡞ޓ༻Λ࣮ײͰ͖ΔϓϥοτϗʔϜͱͯ͠ɼಛʹڭ

ҭ༻్ʹద͍ͯ͠Δͱ͍͑Δɻۙ࠷Ͱ͸ BBBͱͦͷ೿

ੜ൛Ͱ͋Δ BeagleBone Green (BBG) Λͯͬ࢖ EPICS

ೖ໳ͷߨशʹ࢖༻͓ͯ͠Γ (ਤ 10)ɼྫ͑͹

• ϒϨουϘʔυͱ BBBΛ͍࢖ LED఺໓
• EPICS͔Β LED੍ޚ
• Push Switch ͷׂΓࠐΈͰ EPICSΛಈ͔͢
• ΞφϩάԹ౓ηϯαʔ ICΛ EPICSͰϞχλʔ
• ϊʔτ PCʹ EPICS GUI Λߏங੍ͯ͠ޚ

ͱ͍߲ͬͨ໨Λ࣮ૅجशͱͯͨͬ͠ߦɻ͜͜Ͱ͸ಛʹ

ϋʔυ΢ΣΞׂΓࠐΈͰ EPICSϨίʔυΛϓϩηεͰ
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͖Δ͜ͱΛ࣮ͯ͠ײ΋Β͏͜ͱΛॏ͍ͯ͠ࢹΔɻಉ࣌ʹ

EPICS࠷େͷϝϦοτͰ͋ΔɼωοτϫʔΫ෼ޚ੍ࢄ

͕ՄೳͰ͋Δ͜ͱ΋͜͜ͰମײͰ͖Δɻޙࠓ͸࣮शऀͷ

शख़౓ʹԠͯ͡ I2CɼSPI ͳͲΛհͨ͠ηϯαʔ͔Βͷ

ೖग़ྗΛͨͬߦΓɼιϑτ΢ΣΞ։ൃʹڵຯ͕͋Δ৔߹

͸ࣗ෼Ͱ EPICS Base/Module ιϑτ΢ΣΞΛ BBB্

शͳͲɼཁ๬࣮࡞ங͢Δԋश΍σόΠεαϙʔτ੡ߏʹ

ʹԠ֤ͯ͡छͷτϐοΫεΛऔΓ্͍͛ͯ͘͜ͱΛ༧ఆ

͍ͯ͠Δɻ·ͨɼ࣮शʹ࢖༻͍ͯ͠Δࡐڭ΍ EPICSΠ

ϝʔδͷߏஙํ๏ͳͲ͸ޙड़͢ΔwikiͰެ։͍ͯ͠Δɻ

ਤ 10: EPICS ࣮श༻Ωοτ

5.3 ೔ຊޠʹΑΔ EPICS৘ใ

ैདྷΑΓ EPICS͸ྗڠࡍࠃͱͯ͠։ൃ͞Ε͖ͯͨͨ

ΊɼӳޠͰͷϝʔϦϯάϦετ [12]Ͱ͸ൃ׆ʹ৘ใަ׵

͕ͳ͞Ε͖ͯͨɻ͠ ͔͠ɼಛʹEPICSॳ৺ऀ΍ೖ໳ऀʹ

ͱͬͯ͸͍͖ͳΓӳޠMLʹ࣭໰Λ౤͢ߘΔ͜ͱ͸͔ͳ

Γෑ͍ߴ͕ډͱ͍͏ͷ΋࣮ࣄͰ͋ͬͨɻ͍͖͓͍ɼपΓ

ͷਓ΍஌ਓͷπςͰ࣭໰͢Δ͚ͩʹͳͬͯ͠·ͬͯ৘ใ

ͷڞ༗͕ਐ·ͳ͍ͱ͍͏ঢ়͕گଟ͘ݟΒΕͨΑ͏ʹ͏ࢥɻ

ͦ͜Ͱ 2012೥ʹ͸೔ຊޠͰͷٞ࿦͕Ͱ͖ΔϝʔϦϯάϦ

ετͱͯ͠ “EPICS Users ML” Λ։ઃͯ͠ɼKEK͸΋

ͪΖΜେֶ΍ؔػڀݚɼҰൠۀاͷํ΋ؚΊͯ৘ใަ׵

͕Ͱ͖Δڥ؀ͱͳ͍ͬͯΔɻMLͰ࿩୊ʹ্ͬͨτϐοΫ

εͷ΄͔ɼ͍Ζ͍Ζͳ։ൃΞΠςϜ΍ͪΐͬ ͱͨ͠Tips

ͳͲɼ৘ใΛڞ༗͢ΔͨΊͷ wiki αΠτ΋࡞੒ͯ͠

͍Δ (ਤ 11ɼhttp://cerldev.kek.jp/trac/EpicsUsersJP

[13])ɻۙ࠷Ͱ͸ຊߘͰऔΓ্͍͛ͯΔσόΠεαʔόʔ

Λ͸͡Ί؆қͳԹ౓ଌఆγεςϜͳͲͷ੡࡞৘ใ΋ࡌه

͍ͯ͠Δ΄͔ɼEPICSೖ໳ࢿྉΛ·ͱΊ͍ͯΔͷͰڵຯ

ͷ͋Δํ͸ΞΫηεͯ͠௖͖͍ͨɻMLͳͲ΁ͷϑΟʔ

υόοΫΛ௖͚Ε͹͍޾Ͱ͋Δɻ

ਤ 11: EPICS ೔ຊޠ৘ใ wiki αΠτ

6 EPICSͱRPiʹ͍ͭͯ

6.1 EPICSॳ৺ऀͷօ͞Μʹ͚ͯ޲

EPICSͰՃ଎ޚ੍ثγεςϜΛ։ൃͨ͠ KEK΍ J-

PARCͰ͸ɼաڈʹ EPICSʹ͍ͭͯਘͶΒΕͨΓɼߨ

शձΛͨͬߦΓ͖ͯͨ͠ɻEPICSͷ Document͸େྔ

ʹ͋Δɻͨͩ͠ӳޠͷ reference manualతͳ΋ͷ͕ଟ

͘ɼॳ৺ऀ͸๲େͳจॻͷத͔ΒԿΛ࠷ॳʹಡΉ΂͖

͔Θ͔Βͳ͍ɻͦͷதͰ͸ɼաڈʹ։͞࠵Εͨߨशձ

ͷࢿྉʢྫ͑͹ [14]ʣ͕ద౰ͱࢥΘΕΔ͕ɼॳ৺ऀͷಠ

शʹ͸ෑ͔͍ߴ͕ډ΋͠Εͳ͍ɻ೥ʹ 2ճ͋Δ EPICS

collaboration meeting[15]ͷߨशձʹࢀՃͰ͖Ε͹ਃ͠

෼ͳ͍͕ɼࠃ಺։࠵͸ͳ͔ͳ͔ճͬͯ͜ͳ͍ɻ

EPICS͸༷ʑͳπʔϧͷू߹ମͰ͋ΔɻϨΰʹྫ͑

Ε͹͍Ζ͍ΖͳܗͷϒϩοΫͰ͋Δɻ੍ޚ΍ DAQ Λ

EPICSͰ։ൃ͢Δ͜ͱ͸ɼͦͷϒϩοΫͰंΛ࡞Δ͔

͓৓Λ࡞Δ͔ɼͱ͍͏࿩ʹ૬౰͢Δɻπʔϧʹ͸ෳ਺

ͷબ୒͕͋ࢶΓɼྫ͑͹GUI editorͰ͸ɼmedm/edmɼ

CSS-BOYɼQt-baseͳͲ͓ֆ͔͖͔ܥΒɼSAD[16]΍

Python-base ͳͲ script ΋͋Δɻࣗ෼ͷ໨తʹ͸Ͳܥ

ΕΛબͿ΂͖͔ཧղ͕଍Βͳ͍··։ൃʹணख͢Δͱɼ

EPICS-baseͰ΋όϥϯεΛ͍ܽͨมͳ΋ͷ͕ग़དྷΔɻ

ΨΠυͱͳΔ৘ใʢಛʹ೔ຊޠʣ͕ແ͍ͷ͕࣌ݱ఺ͷ

໰୊Ͱ͋ΔɻJ-PARCݐઃॳظʢ2004೥ࠒʣɼ෦ୂ͸

JAEA৬һʢՃ଎ثͷ͕ݧܦແ͍ਓ͕ओྗʣͱKEK-PS

৬һ͕ଟ͔͕ͬͨɼ͍ͣΕ΋ EPICSͷݧܦ͸ແ͔ͬͨɻ

౰࣌KEKBʹ͸ EPICS͕ऀݧܦଟ਺͍͕ͨɼJ-PARC

ʹ͸͋·Γҟಈ͠ͳ͔ͬͨɻͦ͜ͰɼJ-PARCؔऀ܎Λ

೦಄ʹ EPICSڭҭ༻ࢿྉʮminiEPICSʯͷ੔උΛਐΊ

ͨ [17]͕ɼࢲʢ্ాۼʣ͕ J-PARCݐઃͰ๩͞ࡴΕɼ୲

౰ऀ΋ҟಈ͠ɼ࢒೦ͳ͕Β׬਱͠ͳ͔ͬͨɻ͔͜͠͠ͷ

ྉ͸ɼ2012೥ࢿͷ࣌ 12݄ʢΠϯυʣ΍ 2017೥ 5݄ʢژ

େࢠݪ࿍ʣͷEPICSߨशձͰߏ࠶੒͞Εར༻͞Εͨ [4]ɻ
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6.2 ͷۙ࠷ EPICSࣄ৘ͱRPi

EPICS͸ɼࠃ಺Ͱ͸KEKɼJ-PARCɼRIBFɼKURRI

ͳͲͷՃ଎ޚ੍ثʹಋೖ͞Ε͍ͯΔɻੈքͰ͸ଟ਺ͷՃ

଎ثͰಋೖ͞Ε͍ͯΔ͕ɼ৽نͷେܭܕըͰ΋ྑ͘࠾༻

͞ΕΔʢྫ͑͹ESS΍FRIB΍CSNSͳͲ;CERN͸ಠ

ࣗ࿏ઢʣɻۙ࠷͸ɼՃ଎ثҎ֎΁ͷ EPICSಋೖ͕໨Λ

Ҿ͘ɻITERʢ֩༥߹ʣ͕ EPICSಋೖΛܾΊɼؔ࿈͢Δ

QST-੨৿ (IFMIFʣ΍ QST-ಹՑ΁ EPICS͕೾ͯ͠ٴ

͍Δɻ·ͨɼLIGOʢॏྗ೾ʣͷ্࠷Ґ෦෼ (Guardian)

͕EPICSͰߏங͞Ε͓ͯΓ [18]ɼKAGRAͰ΋EPICS

͕ಋೖ͞Ε͍ͯΔɻQST΍KAGRAͷ EPICSঢ়گ͸ɼ

2017೥ 5݄ͷ EPICS meetingʹใ͕͋ࠂΔ [4]ɻ

ࢧΔ͕ɼ͍ͯͬ·޿Ҏ֎ΛؚΊEPICS͕ث಺ͰՃ଎ࠃ

͑Δਓࡐ͸গͳ͍ɻ୹ظతʹ͸֎ࠃͷ EPICSऀݧܦΛ

ೖΕΔ͔͠ͳͦ͞͏ͩɻ௕ظతʹ͸ɼKEK΍ J-PARC

ͳͲͷ EPICSߨ͕ऀݧܦशձΛ։͠࠵ɼࠃ಺ͰEPICS

ମऀݧΛ૿΍͢౒ྗΛ͢΂͖Ͱ͋Ζ͏ɻ

ͯ͞ɼຊߘͰ΋঺հ͕͋ΔΑ͏ʹɼRPiʹEPICS base

Λ࣮૷͢Δ͜ͱࣗମ͸೉͘͠͸ͳ͍ɻڀݚɾڭҭ༻ʹɼ

RPi͸खܰͰ௿ίετͳ EPICS systemʹͳΔɻ·ͨɼ

ੈʹ͋;ΕΔ IoT device Λ RPi Ͱ EPICS Խ͢Ε͹ɼ

EPICS ͷ༷ʑͳ൚༻πʔϧ (GUIɼArchiverɼ..) ͕ར

༻Ͱ͖Δɻଟ਺ͷ IoT deviceʢEPICSԽͨ͠ RPiʣΛ

DAQͨ͠Γ࿈ͨͤ͞ܞΓ͢Δͷ͸ɼEPICSͷಘҙٕͰ

͋ΔɻRPiͱ IoT deviceͰEPICSߨशձͷࡐڭΛ࡞Γɼ

ࠓΛ૿΍͍ͯ͘͠ɾɾɻऀݧܦɼEPICS͠࠵शձΛ։ߨ

ऩᏑ͍͖ͯͦ͠͏Ͱ͋Δɻʹ޲ಈ͸ɼ͜ͷํ׆ͷޙ

7 ·ͱΊ

ຊߘͰ͸ɼRPi΍ BBBͱ͍ͬͨɼখܕγϯάϧϘʔ

υίϯϐϡʔλʔΛ༻͍ͨଌఆثσʔλऩूγεςϜ

ͷ࣮ྫΛ঺հͨ͠ɻ͜ͷྫͰ͸ɼPythonɼCɼ͋Δ͍͸

EPICSΛ༻͍ͨޚ੍ثػΛ͍ͯͬߦΔɻۙ࠷ͷൢࢢখ

γϯάϧϘʔυίϯϐϡʔλʔ͸ɼ௿Ձ֨Ͱඇৗʹίܕ

ϯύΫτͰ͋Γͳ͕Βɼڭҭ΍ڀݚ໨తͰ࢖༻Մೳͳػ

ೳ΍ੑೳΛඋ͍͑ͯΔɻޙࠓ΋༷ʑͳ༻్ʹ࢖༻Ͱ͖Δ

͜ͱ͕ظ଴͞ΕΔɻ
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