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Abstract

The heat in the conductor of the coil of magnet is cooled by water. In PF-AR, the bus-bar is installed between the
magnet and the power supply. The bus-bar is also water-cooled, but has no interlock against water shortage. This paper
proposes a new interlock by Al technology. The temperature is measured by a thermistor and the voltage sent to the input
of ADC module in the building on the ground. The long cable is under the power supply operation noise. The Kalman
filter treatment reduces the noise. The trend of the heating is estimated by the state-space model.
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Figure 1: The magnet system in PF-AR is shown. The bus-
bar is installed to feed the current. The sensor is set on the
surface of the stainless pipe.
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Figure 2: The red line shows input data to AD convertor.
The blue line shows data after the Kalman filter treatments.
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Figure 3: The blue line is data after the Kalman filer
treatments. The Y-axis is enlarged compared to Fig. 2.

B LIV AT A IBE R — L T —3I %%
A TWb, BIFIEIE OIS 22—/ Arduino
UNO 7o~ Xy MESETHOr —7 V%, iEkA %
—ay 7 LTS — LR OB THY, #
DEXE 30~40m H5, Fugidh—IxZIZ, thFlx

Arduino UNO @ ADC ¥ IZ S CUND, IBEE T
WXEIR A RXNAD, 2D IARXE, BIRDO ATV
BIRLCTWAD, T —HEFAIATe XA 7 HIERIH
THHNG, AL T 57259, FBIL-SGE, K&/E
JEWZ72 503, KIAMEE L TLER4- A2 2c LTz,

SCER[1IC & AU, Arduino B EEDN—AL CHTHY,
FNEREITHIRWIS A THD, LT > T
SERED B\ DT a7 F 7%, Arduino SRETEX,
BN~ T ANEDEENT CHHTENTWS, AIFZET
X, CH++TEVW- B EE% Kalman 238 A L7-, 2,
FUHE BT F—T TV THD,

10bit O AD G ASTZEET —H % X 2 DR
#TRT, Arduino UNO @ AD Z8#a13 10 bit TL2 R
WO TEFALENTWEIONR RTINS, IV~ r T4
VAR T3 RAFHR TR, ) 2 Tl HEVICH
BUZUTN DT, X 312V T, MEhoRs E%E 7=,

3. SLit#E
3.1 REEZERET L

%5y, 78 2 D AR (H CEFET L CERB TS
L5, D,

Yn =01 Yp-1 T 0y Yn2 TtV

ZZTC.v, ~N(0,6%)v, ~ N(0,02) ThHS,
TNk I T4V EOIREEZEM T L TR
%[2],

Xp = Fy Xp_1 + Gv, (ATLETIL)
Yo = H, x, +Rw, (#HETIL)
ZZ T,
_ yn _ al a2
S A I P
_[1 _
G = [0] H=[1 0]
Q =o? R=0

JHATECERR T T 5TV, DFEVL U R0NHD
LELL Toicis,

Yn = 2Yn-1 = Yn-2+p

SFV. a4 =2 a, =1 [ZTHDT, RELHI WD,
JA R, D5 IIRIEO ThHDH, IEH LT 5,

REEHEE 2B W CIE, HEEETZ T Tl 2D
RKDHMERDH D, BNEY, DARRET VLR EEx, D
RERHET V%

ynNh(ynlxn)
Xn Nf(xn |xn—1)

LT D, ZOREFITSHAAEHEREERHTHD, £
TO~IX, LD DOERELN, T ORI Fr
ER

- 426 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

RIATETE) %, = E(xyly)
FAEATETH PR = Var (xly)

ZROLMELL T, b d,

32 AR
NAZXDERIT

P(B|A)P(A
P(A|B) =7( 1'3(1)3)( )
THHN, ZOBDOEyE T — X ICEET 5,
ARAZHEEIZIBN T, FERMERp (x|y) D Dx DHEEE A
RDLDTHLN, FHMERLRRNET Dxibo Tl
HEEME T 252 )7 C, Bl T — 2%, &bEIVT
WEPEZSTERTHDHET D,

BMEY, G = 1,...,n) DEDITIE REBHEE DR
%Eﬂi\lf}@%&“f‘iﬁﬁbxn@*#ﬁ% PP (2, | V) % KD
LS D,

Pl (20 [YVn—1)
POnlYn-1)

p(xnlyn) =

BLE y,@ﬁﬁﬁi AT, WEORRE, ..., x LB
By, . Yo b ;t{zkfbiﬁb\ Zid~ v L
AN NI e S 4| J:of;jjﬁﬁ’{lé:%{*%f‘%éﬁﬁ
HTHo,

RAEOZFFORERINET VDO LEIX, RENOKE
;‘f/_‘\ﬁlij = {yl'yZ" 'yN}ﬁ)E‘%—%ﬂéH%\ %@ﬁﬁ%ﬁﬁgi
B FE B # A VT

fo (Yal0) = fro1 (Vo110 0n V-1, 0)

CD X725 AR IR Ui LT Fofé i

N
n Pn nlYn-1,6)
n=1

Thb, ZOMERSAiZ ER AL L T, BEREKEE
E£75,

~(x;-6)°

N
1
L(8,0) = 1_[ e 97
j=1 V2o

ZORDORE AT | R LT BT O AR D,
BRI, RLEIDSTWVWIENEETZEEZD
(A ER) .

p(X1 =x,X; =Xg,..., X =x,)
Hp(x = %) —Hf(xJIH)

3% 0D E AT

PASJ2025 WEP077

L) = [ [£Gle)
j=1

LiE, TNERERABEMES, 72720 p(011Y,, 0) =

[i0n10) THD, fFHIER LT D,
2RO RET VL, A RZI T KRy S E A
TN TRRTHENTED,

33 T &

7% Raspberry, FfiL% Arduino &35 AT LM
RLTOA[3],

Arduino 1Z OS DENNTWVRN, 1 DDOALEEA EL T4
DI T NERAT | TEWET %, il )| Raspberry 1% OS
MDY & DIEIE 72 MR IR VENENTE D, Ll
Raspberry TOREERREEHIEIT, Linux O F

IR WRETH D, £o, AN T VXGRS LIN7R
b\cDT T a G H 3N DT VAT EZ TAR
Do T2, 7 a5 5 DM Arduino (T, =
— W — A B —T = A A% Raspberry |24 35, WiHE D
FPr- TR 323020 i ED il Th o,

3.3v
sénallcommunication]'oop]

Syc adantey

o)
2
1>

x
o

ga
PICO

Sa g8
PICO

ga
PICO

Figure 4: Raspberry PI5 as I2C master and Pico as slave
are adopted.
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