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Abstract

The RIBF control system is based on EPICS and connects to many TCP/IP-based devices, both commercial and in-
house. However, unexpected power loss of devices or network switches can break socket communication, and
reconnection is often not established, leading to operational issues. Mitsubishi Electric’s MELSEC series PLCs are also
employed in some cases, where EPICS IOCs typically communicate with the PLC over TCP/IP from a separate Linux
machine. To improve communication reliability in such configurations, we tested embedding EPICS IOC directly on the
MELSEC iQ-R “C Intelligent Function Module”, which runs Linux. As this controller requires native compilation, Python
was used for initial device support development, utilizing PyDevice to interface with EPICS. This paper reports on the
development approach, implementation status, and future prospects of Python-based EPICS device support on the

MELSEC iQ-R platform.
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Table 1 IZC EEALTIVY = MEREZ =y D/ N—F

U= T AEERE R T[12], KEZREVE RD5S5UP06-V 1A
£V 128 MB & RD55UP12-V (% 1 GB VW) HETHD, 4
#], RD55UP06-V TBAF AT > Ty, AEVARET
OOM killer WEAFENHATZ, V—hrX—FT a1z
4 GByte ?® swap file ZAFA$2FTxiL7z, Figure 1
T NARY R =P IZBIT DA AN— STz
RD55UP12-V Ok 14577,

Table 1: Hardware Specifications of C Intelligent Function
Modules

RD55UP06-V RD55UP12-V
CPU ARM® Cortex®-A9 ARM® Cortex®-A9
Dual Core Dual Core
Memory 128 Mbyte 1 Gbyte
Ethernet 1 2
port
number

Figure 1: The C Intelligent Function Module RD55UP12-
V, which was installed in the test environment, is mounted
in the rightmost slot of the base unit.

23 TrexHA

C SiEAVTIV=V MR B =y NE, v —F W
CPU EDOMTT 7 8ATATZU(CITL) A LTZil(E Ik
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BT — 2 a5 BEEZTLHEANTHDL, ZOH A
X, B2 T — 2 A B A B D — FEAL BRI Z i L
THY, e E A EAE A & Tnd,

AW Tl ETILEIMERE I KO AR 2 EED
EIEAHAEL T, mdrSend BX Y mdrReceive B%%
v /2 MDR 815 7 A UCEREL TR A 72, AR
#9972 MDR JB(E H R TLIRZCT 7B AT 57050
% Listing 1 (2777,

Listing 1: Example Python Program that Reads and
Displays the Value of Register D100

#!/usr/bin/python3
ffrom CITL_LinuxPy import *

def main():
# WL
mdrApplnit()

# WEF vV =12(Bus 77ER), SHEEE =0(BURIEE), 1 LTD
I =100ms
IPath =[]
ret = mdrOpen(12, O, IPath, 10)
ifret I=0:
print(f"[ERROR] mdrOpen failed, ret = {ret}")
return
print(f"[INFO] mdrOpen success, IPath = {IPath[0]}")

#D @A L

dev_code =13 #DLIUARH
addr =100

ISize = [2] #17—K
sData = [0]

ret = mdrReceive(IPath[0], 4, 0, 0, 0, 0, dev_code, addr, ISize, sData)

if ret == 0 and sData:
val = sData[0] & OxFFFF  # (455721 16bit B4 (225 e
print(f"[INFO] D{addr} = {val}")

else:
print(f"[ERROR] mdrReceive failed, ret = {ret}, sData = {sData}")

# & TALEE
mdrClose(IPath[0])
print("[INFO] mdrClose done")

if__name__=="__main__"
main()

3. EIIFIREEET
3.1 Linux

ARz=vMZIX. Debian GNU/Linux 10.11 (Buster) %
AR—RALLTAFIA A Linux 2SEIEL TS, OS A A—Y
W IR —k Web A N14] X0 EENTRBY, Zivx SD
H—RIZEZIATZET, Y —Ro b0 E ) 7l 52
IROWERL CoD, 7 7 AN AT NIAEHER)7R Linux D7
AL RURERRICHERL TEBY, CITL 747 7V
fust/lib/citl/ LA N IZHLE S AL TVD,

A=y MNIZOARRERREEZLEEE T 1T 47
BN RECHLI-D, 2—F TV —ar OfdiE
BIOBHF L /root/ T 4L 7R FTIT-> T, BHFEER
BEEL T apt N\ —VEHI AT AEFIHL, gee R
make 2 DY — NV F 2 —LFEATAHZLET, 2=y |
TOHEBPEEIVREFIBIL TS,

T, EBRIIEELRFHOA—F Ry T = — R
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ZJrLC SSH ([ZXAVE—Fas AU RN AEETHY , WH
@ Debian AT ALRIBEIZTLRTIA L _N— XA TOH:
YEDMTZ5,

3.2 PyDevice & 2T /A AR —h

EPICS 10C OEERBI I NT NA AP R —hO%
At EBEEICHIZ->TE, K=y ETC FFEIZLD7—
RZ#BEE make L CE/VREZATIBHFEAZ A/LIL, CPU 1%
RECBIRERE O HIKINDRIRALITF W, £Z T,

SiE iRt TV AT A7 ZU% Python 6/ AT
S TRRBETHERNHTIENARETOARICERL, £
FNIA L H T VAR SFETHS Python ZHWTT /3AA
PR—=FOYHIBRFEAITOZEE LT,

Python |ZXDBAFEIZIT, WERMNOFIHIERDH D
PyDevice[15, 16]7L— AU — 2% L7=, PyDevice I,
Python T EPICS DT NAAYR—R IS 570D
A THY | LRI 5 IS RE DA TEERA A A BE T
HDHZEND RIFFRIZBIT DT ab AT FFE O BT
BRTHHEHIBILT,

3.3 BRFSEREE

A alDBAEREE CHIA L=/ N—Ya % Table 2 | TR
9, EPICS AIRIZHNZ T, Sequencer, 7% EED H Bh{#
77 (AutoSave) , BLT Python ~_X—ADT /A ZAHR—
RBAZEIZ V2 PyDevice D3 —a & BHEELTUWND,
KA R—x b0 B % R-D7-%, RIBF #l##2T
LEERFEOH DL N —Tar BREL,

Table 2: Software Versions Used in the Development
Environment

Package Version
EPICS base base-3.15.9
Sequencer R2.2.9
AutoSave R5-11
PyDevice R1.2.1
Python 3.73

4. TNARYR—DIRET

4.1 FAHAHLT AR

CITL 747 ZV% W Ty —7 % CPU DLV AX %
BeA T LERE — I, WK (mdrApplnit) (ZfEV
T, #fE R O e (mdrOpen) , 2~ > KD % AE
(mdrSend) | & D45 (mdrReceive) . &L TR IS O
% (mdrClose) &\ ) —H DO BIEIE OV LIZ L » THERK S
B[12], AEIT, 1#15 2Rk 2 mdrOpen & mdrClose
ZAER I T D86 L, mdrOpen (ZJOHEN L7 18(5 1%
A HERFLU 7= F £V L mdrSend / mdrReceive & 31T
THBRELT, FNFNDL I ARG LT D DI
MaT NI T 0 s T DR U EHIE LT,

(0] mdrOpen 335U mdrClose #5347 T D LY A
% 100 fEFEA T 7 ANEAT ST R, BT 7.0 sec
L, 1 LUAXHTZ0H) 70 msec DALELRFR E72p o7z,
ZAUZHIL . mdrOpen / mdrClose % 1 [B]DAFATL, %

DR LT FE D LU 2Z% 100 fAFe 354
W2k, AFFT 0.656sec £/ 1 LIUREBHTZVH
6.6 msec EEIEILSIL, ZOZEDD, EAIZBW TR
mdrOpen (ZELEEREEAMERL, EBHICLIoRs%x
A EETHHANEFLV I ED,

IHIZ, B E R a BT AR R R T D70,
D LA %% 1,000 fEFEA LB ZATO AL v R A& 2 D
WHNZFEATT DT AT -T2, EORER, HEALYREL
WALEREERT I35 10.6 sec THY, 1 LI AXBHTZD D57 I
HUBERRTIER 10 msec 7057, ZOKE Ens, = x
7 al O RIRHE FIXEIR X RTEE TH L, HIRT
ORI LTI M ERE M _RIX R o3, ERAME
[RERTHDHEE ZDHID,

42 WEEREOAL YRR E RIS 5

CITL 777V % i\ /= MDR i#{Z TlZ. mdrOpen (2
KRGS NLEE R~ RV (Path) 1L, N RL%
BELIEALVYRNTOREHTHLERHY, ALK
AL TCOM AL TEAV, ZAUIER EofIK
ToHH7-%, mdrOpen ~ mdrClose (Z&5—HDIEF
BRI E T R TR —AL Yy RN TRESE DXL ERH D,
SFY HBEDOAL YRR T AT [Path 2345
WAUIEH TERWD LU D 2 A RE LTz, —
DX —IN Iy ERTHY, UL UARET 7' A
LHR Z g ST L7 e AL LTy EEL . EPICS & 1%
UNIX KAy Mk b7 av AR#(E (IPC) 2179
R CTHD, 7 AT LI 1Path AR FF CE DA
HRBHD, bHI—DNFT— I —AL R TR THD, 21
ITHE—7 v ANTLIOAE T 7B ABHOT — 1 — %
Ly RZEEL, Avt—VF2—FTALyNH#EEZ
1THRERRIT 72> CUD, mdrOpen &AL RNIZEALIASD
TEHETED720, RO AL R — 7 AT
&5,

43 w—h ol

a—A Wy b AT, mdrOpen~mdrClose %%
T» MDR JR{E LR AR 7t 2L LU T4y BEL . EPICS 10C
MDOTvEALIT UNIX KAy et U ClE 21T
9, MDR 1#{E 7 0B A X, Y7y bl g L= 3R
WS T —4 0% CPU DLV AR FEREXZIT, £
DOFERAINEEL TRET 5,

ZOHAROF R, BEQAEN T 2R TN L
TN TRA R R —=MANIH = b @ 0 ry
MBS T /A A (7z& 21X asynDriver X°> StreamDevice) T
HDOMDINNTFEETEDRICH D, OFEY, EPICS X
VMR TCT — 2 %1555 T 5720 TR KL v
72 PLC 778 ADFEMIZYIVEEL TEEET 2 HNTED,
—J57C,10C EENFICT —H =27 7 AL (db) LV
SEITHE 7T e A LB T AN ENH LD AZ—RT
v P27V M(st.emd) D FLIR NASCIE HER FHZ A T D E
BERRETHD, ZOSRNERE TOEADLIHEE
LGBk,

EEIIZZOFREBRA L ->72b D0, TV a—
LD BFE AWM D HE D HITAE 1R T —F T 7T
Y THY A% OSSR~ L TF 2=y hsts eV~ T- 8
RCORGFHEL B ESNDHXETHD,
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EPICS IOC 71 ANIZ MDR /g B DAL v R (U
—H—AL ) AR, DAL Y RINSDOE R A F IR
WERT 2T — 1 — ALy R FERXTOT RA AR —FD
B Z4T o7, Figure 2 (2779 L1, EPICS 10C (235
\F5 record ALEEZY PyDevice ~X—ADT /A APHR—h
IZBE#ET AL, read/write DERIIF 2 —IZFEHHIL, /N
I TR TEWET AT —H — ALy RICEEES NS, U
—H—AL Rt ERNFIGU T CITL 947700
mdrSend 35O mdrReceive BAZZNERFEFONEL, v —
% CPU EDfEZEFATT DI LR T D,

MDR #1512 E 2 T (mdrApplnit) 38 X OVEAE
B OMeNT (mdrOpen) (X7 —H— AL v RN T—E 21T
1TV, ZDHDOLIRET 72 AL T _CE—AL vy RN
THEAMTHIOE L TWD, ZHIUZEY, CITL 747 7V
DOALERIC A~ 7222 27050 E LB S AT RE L 72 > CUND,
I POSIX ALy REFHAEEAE W, ALY RET
DOIEFHIE R OB LS B E FZBIL TWD, Fz,
e U BER EEX AL BLR A SHEL, EXIAL TR
BRI T DB S A E O oYy 718 AL T
WD, ZHUZED | HlHEE Sl OIS EENEH SN
BIZB T, EBEIALBBIED RN HIL TS, BE%E
SNIZT NARAY R = efioleT — X —2ADf %
Listing 2 {27897,

[ EPICS 10C J

read() call Record Processing write() call

Device Support using PyDevice

Message Queue Message Queue

( Worker Thread j

mdrSend ] mdrReceive
[ CITL Library J
[ Sequencer CPU unit J

Figure 2: Overall architecture of the device support using
PyDevice. Read and write requests from EPICS IOC are
handled by the device support layer, which pushes requests
to a message queue. A worker thread receives the requests
and communicates with the Sequencer CPU unit via the
CITL library functions (mdrSend, mdrReceive).

5. #MERLRE

T —Hh—ALy R FRIE, =y s R E R
H—7 0t AN TT R COMLBENERE I 5720, st.emd
T AVNIZRBITAHE 7 o A0 EIE 5 & FE AR
FECTHY, EH LoFEMEICEND, 7=, EPICS OF
AR R —REDFAEMD m< PRI LRSS0
TEYLIROH CTHAHFI THLH LRI, A H Rz LBF2%E
R LT, EEEOE M TlL, PyDevice =T —%
— ALy R FRICIY | HEAER L a2 —RTICH D bilbo.,
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longin/longout, waveform Z M7z D LY AZ BN M
LY AZ Ol A R FEBLTE T,

—J5C. PyDevice &7 SAAYPR—RELTHNDY;
A DTYP 74— /VRDEFD pydev’ D IH 7250k (2 FR
ESAL, DTYP % R.72721FCl& MELSEC HH ThHAHZEN
RS nweEWsRERIRD L, £72 .
mbbiDirect/mbboDirect L Z—R B3P AR —FEFL T2
&L AFRORIEL THEIT LN, 5ZIZTNHD
PREEA MR T2 BEL T, AHMEORFEN T
7o — 1 — ALy RIERLAHERFL DD KO FikAe Lok’
A[HEZR asynDriver ~X—ADT /3A AP R — R DB R % 1
D B AHEIIZ RIBF Hil#IR ~OAREEAZ HIF T T7E
Ths,

Listing 2: Example EPICS Database File Using PyDevice

for MELSEC iQ-R C Language Intelligent Function

Module

i# D100 LV AKX (U —R) Fi 4 Iy

record(ai, "plc:d100:ai") {
field(DTYP, "pydev")

field(INP, "@MelThread.read('D100')")
field(SCAN, "1 second")

}

# M100 L AL FEIA L
record(bo, "plc:m100:bo") {

field(DTYP, "pydev")

field(OUT, "@MelThread.write('M100',VAL)")
}

# M96 LT AX (U —N) #HiALx
record(longout, "plc:m96:longout") {

field(DTYP, "pydev")

field(OUT, "@MelThread.writeW('M96',VAL)")
}

# D100 L A% (waveform) fitiA
record(waveform,"plc:d100:wave"){
field(DTYP, "pydev")
field(INP, "@MelThread.read('D100',10)")
field(FTVL, "LONG")
field(NELM, "10")
field(SCAN, "1 second")

}
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