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In high-energy experiments, photo detectors using photomultiplier tubes require detection
materials that absorb the energy of incident particles and convert it into an optical signal.
These materials must exhibit high geometric efficiency, scintillation efficiency, and light output.
The most common detection materials that satisfy these characteristics are utilized in the form
of liquid scintillators where certain organic scintillation solutes are dissolved in a solvent. In
order to achieve a high signal-to-noise ratio, this paper is focusing efforts on the development
of next-generation liquid scintillators as detection materials and the saturation response of
photomultiplier tubes to high-energy gamma rays as photo detector response characteristics.
As a preliminary step towards achieving a high signal-to-noise ratio, to date, basic several
research that has not been reported was performed on the recognition of detector output sig-

nal patterns and predictive maintenance of triggered detectors through signal preprocessing studies.
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Fig. 1. (Color online) This illustration shows a cylindrical detector filled with a liquid scintillator (LS) with a volume
of about one ton. To measure the optical signal generated by the LS, photomultiplier tubes are mounted close by to
boost the detection efficiency. Some of the plastic scintillators and light guides used to veto cosmic ray events are
missing from this figure. In addition, the LS can be doped (or loaded) with materials that have high neutron capture
or photoelectric absorption cross sections, allowing for the observation of the desired physical interactions.
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Fig. 2. (Color online) This illustration provides an overview of the structure and operation of a standard fluorescence
spectrometer from an optical perspective.
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Fig. 3. (Color online) This figure provides an overview of the acquisition of the waveform signals utilized in this
study. The actual data acquisition and processing equipment is depicted in miniature for illustrative purposes. The
radioisotope was mounted on top of the liquid scintillator vessel, rather than immersed in the liquid scintillator within

the vessel.
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Fig. 4. (Color online) The excitation-emission matrices (EEM) with a fluorometer (Varian Cary Eclipse) to samples
A and B in 10 ml cuvettes are presented in figure (a) and (b), respectively. (a) Sample A (Ref. LAB) is a laboratory-
synthesized LS sample comprising LAB, PPO, and bis-MSB, with a ratio of 11 for LAB, 30 mg/] for bis-MSB, and a
total of 3 g/1 for PPO. (b) Sample B (EJ309) is a commercial LS sample, EJ309 from the EJ technology company.
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Fig. 5. (Color online) (a) The charge histogram was generated using a KFADC 500 MHz USB module with a 2-inch
PMT H7194 and standard 370 kBq *37Cs and 2°2Cf radioisotope (RI) sources. The mounting of the radioisotope was
constructed in such a way that it was attached to the top of a 100 ml container containing Sample A (Ref. LAB) and
Sample B (EJ309), as illustrated in Fig. 3. The supply voltage of the PMT was set at 1750 V, and the data acquisition
(DAQ) settings were configured to align with the recommended settings for liquid scintillators. Given that the voltage
gain ratio of the DAQ system is 10, the leading edge discrimination trigger threshold (thr) of the DAQ is, in fact, 20
mV. (b) The following plot illustrates the dependence of the detector response on the kernel of detector resolution.
The detector response is modelled as a convolution between the charge distribution signal and the kernel of detector
resolution, which is assumed to be normally distributed with a standard deviation of oyormal-
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Fig. 6. (Color online) These (a)—(d) waveforms were generated using a KFADC 500 MHz USB module with a 2-inch
PMT H7194 and standard 370 kBq *"Cs and 2°2Cf radioisotope (RI) sources. These (e)—(f) waveforms represent the
first derivatives (or convolutions with a Sobel kernel) of the waveforms illustrated in figure (a)—(d). The mounting of
the radioisotope was constructed in such a way that it was attached to the top of a 100 ml container containing Sample
A (Ref. LAB) and Sample B (EJ309), as illustrated in Fig. 3. The supply voltage of the PMT was set at 1750 V, and
the data acquisition (DAQ) settings were configured to align with the recommended settings for liquid scintillators.
Given that the voltage gain ratio of DAQ system is 10, the leading edge discrimination trigger threshold (thr) of the
DAQ is, in fact, 20 mV.

3) =9 FyokA] skt A A 24 Aol Wi w7 o+

A EiAl mabel] A g A mAR AlE 27), HE]

BCLE R gup B, YuAl Ay gid 54 F2 74, 98 74, 43 5715 duE ud §

& 5o, bRt PAMAS WETT [24]. ESHE HolHe 2 @A S A9 Folvh ME9] EEM2 MES9] AR

B3 &g neely WTCs Bot 220f0] B B AR FEE G5 T 5 ok HHE F9], o] A7y A%

S AT E AL F2S & ek viskd A7 2 W ey AE2 99 S9EEA ] AR E3ls el
A o5} %

@A, SR £ 7o) 4TAre FeE 17 9 kel oich. A2 B7H A2 A 1tk 9 Hugte] o
A o

B3l PSD Hgsts 1l 5] deto] Hct.
A ool WA, ALE, A4, B Ug gEiAd] uE  ARCT o 1 of7] whg g9 ZH Qlo], AR AdA
| g4 AT & Do} gk LS 4719k ke Bad oluAst o Ak AL 2 4 glon], ®
PMT 7te] 24 & Aotstar

45Tk, Figure 5(a)o] RI ¢ 5k dlolelol A B2 F3o] o go] dofh 218 &
M2 FUY RS SA0] Holk AL g A WA 4 drk FAR AT gubA AAS PRSHE A5
(veto)3HA] pok A7) wvtolch. i $F41 (cosmic-ray  MPMEE PSDolth LS JI9 #27] 8 AL BAE
background) 7 A% B 7ke] ATAGNA WA 2 AESH] I8 B AT W AT o) FHE DA A
A QWA WES} T A W Aol RTh AL LS AA,  oln], o] B4 FEo| G2 J|2u g0 oA Helse
A% seo] B3 457 FHoR v S5 MAE  WmA P27 vs) AdHoR I, & Ast (uA)



Study of Signal Pattern Recognition and Predictive Maintenance --- — Sang Yong Kim et al. 1123

=
A o] 134 m|i uhy Ha
ol L PSD L8] E Aol Aol
B o

14e A 5 9drke omjolct.

—

II1. e Y2} =2[2] oS 72| 24+ S8

9] @AM o5 G4 B (4] BA, predictive
maintenance)= H& T o T2 I 75 =2 Alo]7]
(programmable logic controllers, PLC)&} 217+t 714 7+
9] B (human machine interface, HMI)E ZAgs}o]
SRS, T A9 AZ0 = PLC, HMI 12)3 YES
2 540 BeE A9 Bele] 24 Aol L Hole B
(supervisory control and data acquisition, SCADA) Y
H2 $fHT. $4% Het Z2H Eox= SCADA §
7t AT HEHS. A Alo] a2 e {3t A 7]
(finite-state machine) S8 © 2 ZFAJs)H, 71 Z
° EE t}olo]18l (block diagram) S 2 FATICE ©o]F
F A Aol AL 29 ARl A & =, AFdA oA
npo] A2 AT E (microsoft) AFQ] Y= (windows)e=
AHEZF ] 9 2] ol SHOA AL E = G AA 0]
o} dpst fFofoll= eHg/dol SE BEA (linux) A E ol
Ao HETHT, k2] 2]-G Y (central processing unit, CPU)
= g 9" WHgo] He A (advanced reduced
instruction set computer machine, ARM)7} WZ&= W3t
d A AH (embedded system)d} 4 Ao A|AH =
N5 33V, 5 V 2go] Az} AgE A L Aol
Aladlol= A7 12V, 24 Vb 355 Yo s AR EL
QIEP®. SCADAS o 47 22 AR 44 Aol 714
Al2~H (slow control and monitoring system, SCM)o]| T
e

oli r‘

¢

16 Acjzist Ao EE B Aold A Be] D AR Ao] A~
(experimental physics and industrial control system, EPICS)9|
AL EL Ao AHE A Y Y E SCADA A 2813 241 Aof Al~
& (ditributed control system, DCS) -3-2]u]gt 2fo]= glom, thx]
A7) Aoje] W Apolg g}

17 &7 o ¢z} B8 oA Red Hat Enterprise Linux (RHEL),

Rocky Linux, Alma LinuxZ J&i5}1 ¢Jth

SCADAY|A A% 7R A8 A 1V - 5

20 mA ofolct. W AAFIS] T g2

g0 et 1.7V, A48 A7 e 9 HE AY 9 Ve

At} Al St w2 A= 12 V olUl R A5

1

oo

9 A% 1 mA -
redst A4le A7

1) 712 44

ol AT (25014 QF Xilinxe] Lz T 7Hs 7
232 (field programmable gate arry, FPGA) ®2-&°] W
Z =] National Instrument (NI)2] compact DAQ (¢cDAQ)
A2"= A4S A AEIQl Raspberry Pi 4, Raspberry Pi
Pico, Arduino Mega R &S A 43 =<l v|&A =4
a7} Sale] oA BAS S ALOR 13 SHn
0] wreh 249] 744 Alo] 2L SCADA G4 A
AE A¥st= 49 “HR 2 S APA 7HEEA
st 2 (laboratory virtual instrument engineering
workbench, LabVIEW)& A =5} c}.

cDAQ A|AHIS 0]83F LabVIEW T2 Jafi]e 9
F2of A o] Qlof YHrAde Y I 7ee 4
stal AAslof gttt FA|HQ] Hils AW FZ o gbx]

o =

o, S F& A ABEe B AR5yl e
oF B Hul B 735ttt LabVIEW 2 Linux Device Drivers
o] A4 HAAL g=A ATEY o Bzt 7 (Red-
Hat package manager, rpm)E 53| 555t 555 NI
QA Agao] Bls AXEo] el Wo] (Dandi-
fied Yum, dnf)E 4 2520 dole 9= @ 455
€4 (data acquisition measurement and automation ex-
plorer, DAQmx) ¥} 74 2] A E o] A (virtual
instrument software architecture, VISA), NI 22| 2]z},
18] LabVIEW Z2 738 d=ghrto,

7] (hardware) 2 7] Al0] 570 2 Pralole 252 7]
o] B4 o] A4 ATE Yol e 1Y BE
(general serial port) AE]E 2F2lstct. SCADA FAIAA
oA glojefHo] A= B @ 40]7] wofl, E Aol A=
A ol o] A2 MariaDB (or MySQL)ZS A &5}t
o] 4 LabVIEW X2 Teje] A% 2 TAshec)

2) & A 7

rel

o] HilofA= 2k OEZ ] 49| H3of upet 2|7k
o] Hgtth= ] o] &3t A9t 2% HE7] (resistance
thermometer detector, RTD) B4 2 &5}t RTD 2
A WAL 4404 58 38 40] Wo] AR, L5 AE
AR WF, 34 AL 1001000 Q hele] AT
t}. A2 AH) 2= NI 9217 RTD 441 RET} Pt 100

19 sudo dnf install ni-labview-2024-community ni-dagmx ni-visa ni-
hwecfg-utility ni-dagmx-labview-support ni-visa-labview-support
sudo dkms autoinstall
sudo reboot
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with an NI 9217 RTD slot, with an RTD probe connected.

Fig. 7. (Color online) (a) The photograph depicts an NI 9217 RTD slot connected to RTD probes and an NI 9215 voltage
module with no probe connected, mounted and operational within the cDAQ. (b) The main block diagram comprises
two sub-logic controls. The main block diagram comprises a DAQmx channel node (analogue input), which directly
controls the NI 9217 RTD receive module; a DAQmx timing node (sample clock), which generates a synchronous
signal; a DAQmx stop node, which aborts signal acquisition; and a DAQmx eraser node, which clears the buffer.The
sub-logic blocks located below the main block diagram comprise a node for visualising the waveform, a node for
displaying the current time, and a loop period node. The sub-logic block located above the main block consists of the
following components: a DAQmx read node to read the temperature value, an array node to process the waveform,
a loop period node, and a Python node that manipulates ‘onepush_python.py’ for the purpose of pushing each piece
of information to the database. To ensure the operational correctness of the block diagram, the start and end of each
DAQmx and Python session sequence were constructed outside of the sub-logic loop.
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Fig. 8. (Color online) (a) The Raspberry Pi Pico has a limited number of ADC, UART (TX, RX) and 12C (SDA, SCL)
channels that it can support. For further details on the assigned communication channels, please refer to the official
Pico documentation. (b) The sensors and displays were connected to the Raspberry Pi Pico, an embedded system,
and monitored and controlled using micro-python. In this figure, the micro-USB connection was used for testing the
5V voltage supply, not for communication. The communication with a desktop computer was conducted through the

GPIO port using UART protocol and voltage supply.
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Fig. 9. (Color online) The block diagram and front panel of the LabVIEW prototype that implements the communi-
cation between the embedded system and the computer shown in Fig. 8.
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APPENDIX

Code Listing 1. onepush_python.py (MariaDB version).

import mariadb
import sys

def add_aacount (date, time, RTD_valuel, RTD_value2):
conn = mariadb.connect (
host="localhost", port=3306,
user="SCM_TEST", database ="SCM_TEST_DB",
password="XXXX")
cur = conn.cursor() # Instantiate Cursor
"""This command verifies the existence of the table in the specified account database, creates it
if necessary, and populates the table with the
specified value"""
cur.execute ("CREATE TABLE if not exists SCM_test_table(date DATE, time TIME, RTD_valuel NUMERIC(4,
2), RTD_value2 NUMERIC(4,2), PRIMARY KEY (date,
time)) ;")
cur.execute ("INSERT INTO SCM_test(date, time, RTD_valuel, RTD_value2) VALUES (?, ?, ?, ?)", (date,
time, RTD_valuel, RTD_value2))
conn.commit () # Push the values to DB
conn.close() # Close Connection
#print (date, time, RTD_valuel, RTD_value2)
return date, time, RTD_valuel, RTD_value2




	서론 및 동기
	액체섬광검출용액 준비와 파형 신호 측정 결과
	실험 준비
	측정 및 결과 분석
	액체섬광검출용액 스펙트럼
	파형 신호
	논의


	핵 입자 물리의 예측 유지 보수 응용
	기본 설정
	온도 감시 구현
	내장형 시스템


	요  약
	감사의 글
	REFERENCES
	APPENDIX

