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Radiation Sensor Interface Circuit

Digitization
(MCA, ADC, etc.)

Detector
(S1PM, etc.)
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Radiation Measurement

Detector Preamp Digitization PC
(SiPM, etc.) (CSA, etc.) (MCA, ADC, etc.)
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Radiation Measurement
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[Fukushima nuclear disaster, 2011] [Reactor building decommissioning, US NRC]

- Very long time (10 hours ?!)
- Radiation information required IMEEDIATELY

>> We need a real time radionuclide identification technique.
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Experiment setup

Circuit for detecting radiation

» 16 cha. SIPM & plastic scintillator

- only one channel was used.

- The scintillator was boned to SiPM
with the optical glues.

- To prevent optical loss, the scintillator
was enveloped with the Teflon tape.

Radiation
source
position

» Input voltage

COM voltage of opAmp ; -5V, +5V

Overvoltage(sum of the breakdown voltage of

SIPM and excess voltage.); 25V

» Experiment setting

- The distance was a 4cm between
scintillator and radiation source.

- A radiation source with a smaller
activity in complexed source was
placed closer to the scintillator.

» Radiation source

- Cesium (Cs -137); activity = 5 pCi
- Cobalt (Co - 60); activity = 0.604 uCi
- Measurement target
=> Background, Cs-137, Co-60,
Cs-137 + Co-60
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Experiment setup

- Experlment configuration
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Fig.1. Power supply setting. —

5V(left), 25V, 5V(right).

\ 'I‘: s
e .|
h Jn__"rT
o,

1

Fig. 3. 16 ch.

SiPM(SensL)

Fig.2. reverse voltage peak data.
Trigger was 120mV

Ch.16 SiPM: Array J-30035_16P-PCB_SensL
Breakdown voltage : 24.2 V - 24.7 V
Excess voltage: 1 V - 6 V{Min - Max}
Scintillator; size: 3mm x 3mm x 20mm
Material: LySo




Experimental Data

Measurement Num. of
time (h:m:s) measured data

0 Background 1:35:27 10° aunts
1 Cs-137 1:05:53 10° wunts
2 Co-60 1:10:14 10° wunts
3 Cs-137+Co-60 1:13:29 10° wunts




Experimental Data

- Background histogram (each data size)
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Experimental Data

- Cesium histogram (each data size)
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Experimental Data

- Cobalt histogram (each data size)
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Experimental Data

- Complexed source histogram (each data size)
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Experimental Data

- Histogram peak fitting & FWHM(Full Width at Half Maximum)

FWHM:30.8870

N
\\

o FWHM:21.02%

FWHM:10.031%

R N 1 |

Amplitude(mV)

| » Source peak energy FWHM:

FWHM:Tst 29.73% | . ‘ e
|V . o COEMONEd2KeV gamma ray

FWHM:2nd 2670% Co-60 : 15t 1173 KeV, 2nd 1332KeV
- » Peak Fitting

Lorentz Eq. :

y= (/8250 +ep (~433)

o
Amplitude(mV)




o 31

Trained set

Model Output

Measure set

BRI =
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- 4 Hidden layers
- INPUT & Hidden layers >> Relu &=

- OUTPUT layer= Softmax &f+5 &9
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Low Accuracy

Below 80%
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Raw data Pre-processing

a Background
y Back scatter
. Cs-137

¢ ﬁ Photo peak
" CO 60
’ Compton edge
A Cs-137 + Co-60
Data Integration Processed data
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# of data in one dataset

Cs-137 + Co-60

# of data in one dataset

Background

Cs-137

Co-60

Cs-137 + Co-60
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& testg_1.csv

Project

sds [test] ke 5
T Trained dataset +%:
: Attribute(X)2} class)E &%

| BE

Measure dataset T+A:
S HE A|EE 7Y

B o D& 41 layer= rely, 2 layere
& cotor softmax 2dst g+2 74

fecolor_test.py

h_norm. py
5 dropout . py
include
test@b2b
4: Run  i=6: TODO. ™ Terminal

8: block comment should start with ' -
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In the international standard of ANSI N42.34, the true positive identification
accuracy should be over 80% for radionuclide identification devices.

moriginal M processing

ANSI, American National Standard Performance Criteria for Hand-Held Instruments
for the Detection and Identification of Radionuclides, vol. N42.34, 2006.
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Conclusion & Future Work
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|. Kwon, D. Shin, J. Oh, C. -H. Kim and H. Kim, "Preprocessing Energy Intervals on
Spectrum for Real-Time Radionuclide Identification," in IEEE Transactions on Nuclear

S%ience, vol. 68, no. 8, pp. 2202-2209, Aug. 2021, doi: 10.1109/TNS.2021.3097389.
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