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Abstract

Measuring radiation emitted from beam losses during accelerator operation is very important for beam tuning and
equipment protection. However, commercially available radiation detectors are often expensive and it is difficult to install
a large number of them in accelerator rooms. Therefore, we decided to develop an inexpensive and compact radiation
detector that can operate in a radiation environment using a SONY’s Spresense microcontroller and a camera board with
a CMOS sensor. It is known that when the camera's image sensor (CCD, CMOS, etc.) is exposed to radiation, white dots
(stardust) appear as noise in the image, and this is used to measure the radiation dose by counting the white dots (pixels).
Tests in the accelerator room have demonstrated that the system can indeed detect radiation. The results, the analysis
method and the progress of the development will be presented.
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Figure 1: Test Machine

Table 1: Spresense Main Board Spec [4]

Model name
Size
Processor

Maximum Drive
Frequncy

SRAM
Flush memory
Digital Input/Output

Analog Input (A/D
converter)

Camera Input

CXD5602PWBMAINI1
50.0mm x 20.6mm

ARM® Cortex®-M4F x 6cores
156 MHz

1.SMB

8MB

GPIO, SPI, I2C, UART, I2S
2ch (0.7V range)

Dedicated Parallel Interface

Table 2: Spresense Camera Board Spec [4]

Model name
Size

Number of pixels

Driving Voltage

10 Voltage

Camera Interface
Output format
Control Interface
Filter

Sensor Model name
Sensor Type

ISO (Gain)

Exposure Time

CXD5602PWBCAMI1
24.0mm x 25.0mm

approx.5.11M pixels (Effective)
5.04M pixels (Recording)
DC 3.7V

DC 1.8V

CMOS 8bit parallel

Y/C, RGB, RAW and JPEG
12C

IR cut filter

ISX012

1/4 type CMOS image sensor
40 ~ 800

1/8 ~ 1/42000 s
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Table 3: Measurement Condition

ISO (Gain) 400
Exposure Time 1000 ms
Interval Time 10s
Output format JPEG
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Figure 2: Raw Image Data (ISO : 400, Exposure : 1000 ms
@ Downstream of Superconducting wiggler in PF). The
image on the left is without beam (NO radiation). The
image on the right is with a beam (radiation).

EMRDOD, ZOVAT N CHE B AR TETNDLIE
ZRLTCND, RENTIIZOALRZDE 7BV EH Y
VT AZEIZIV I R BT Y T AEE RO H LA
BsJ ., 728, MHTIXTEIZ Python TITH> TV,

4.2 HEGOTL—R 7 — AL

1=420mA @Downstream of Superconducting wiggler in PF

N
o
o

RGB Count
=
o
o

0 0.0 0.2 0.4 0.6 0.8 1.0 1.2
pixel le6
1=420mA @Downstream of Superconducting wiggler in PF
= 200 Enlarged view
>
o
O
M
2 Ll “ | IJ |
L‘L'r.-ql il *Jﬁ“ ,¥ ‘.,tl fadd ;hJ 7!1 L I .“-*;LL
OO 1000 2000 3000 4000 5000
pixel

Figure 3: RGB Count Value (I=100 mA, ISO : 400,
Exposure : 1000 ms @ Downstream of Superconducting
wiggler in PF).
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Figure 4: Gray Scale Count Value (I=0 mA,420 mA ISO :
400, Exposure 1000ms @ Downstream of
Superconducting wiggler in PF).
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Figure 5: The graph above shows the total number of pixels
that exceed the threshold in an image, while the graph
below shows the sum of the number of pixels that exceed
the threshold multiplied by the count value within an
image. (I=0 mA, 200 mA, 420 mA ISO : 400, Exposure :
1000 ms @ Downstream of Superconducting wiggler in
PF).
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Table 4: Measurement Error

I=0mA 1=420 mA
(NO radiation)
Average 10000 822062
Standard Deviation 430 23525
Error Ratio (%) 0.043 0.029
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Figure 6: Area monitor and Spresense camera board.
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Figure 7: Response of dose rate and total count value to
stored beam current.
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