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Development of radiation-resistant in-water wireless transmission system
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As a part of the research and development of a monitoring system for NPPs situations during a severe
accident, a radiation-resistant in-water wireless transmission system has been developed from fiscal 2012. From
a consideration about the properties of in-water transmission methods, visible light was adopted as the
transmission method of the system. From the results of gamma irradiation tests for optical devices, a
2-dimensional LED matrix and a camera were used as the light emitting and receiving devices, respectively.
Interleaving, high-speed scanning and variable digitalization functions were implemented so as to enhance the
system robustness for change of in-water environment. The results of the transmission tests using an in-water
environment simulator suggested that stable wireless transmission between 5 m distance was possible even with
bubble, turbidity, or obstacles. In addition, the results of the irradiation tests of the candidate components
indicated possibility of MGy radiation resistance of the system.
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Table1 Comparison of in-water wireless

communication methods

Method
Radio wave Light Sonic wave
ltem

Several hundred

Several ten meters meters

Range Several meters

v' Electromagnetic

v" Universal free v Long
components v Low attenuation I
Advantages | Fastrate of coefficient g?stn;rr?(u)efncatlon
fransmission v Fastrate of
fransmission
v' High attenuation |v" Interference from |v' Low rate of
! coefficient extemnal light transmission
Disadvantages |, Electromagnetic |v* Scattering and v’ Large size of
sensibility reflection transmitter
Examplesof | In-water : - In-water
usage transceivers Redio for divers transceivers
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Fig.1 Wavelength distribution of absorption coefficient
of light in pure water (red solid line) and the absolute
irradiance of Cherenkov light from KUR core (blue

broken line)
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Table 2 Basic properties of LEDs used for irradiation test
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Fig.2 Appearances of the LEDs before and after
1MGy irradiation
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Fig.3 The total luminous flux of the LEDs after
1MGy irradiation
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Fig.4 Schematic of the in-water wireless transmission

system
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Fig.5 Schematic of the transmitter
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Signal name P1 P2 P3

or
P4
Pattern

Detection of position and rotation angle of LED matrix
(P3 and P4 are alternately inserted between P2 and IL1)

ERER

Data signal
(2" interliving)

Data signal
(1% interliving)

Data signal
(3" interliving)

Data signal
(4" interliving)

Fig.6 Example of 2-dimensional pattern signal

U 7 ZFNANIELFRCED L 1T, Akt
IRFDBIIE A PRI CRRE FTRE & LTz,

VAT LOT—FEE 1 B4 OEEEE Y MIUE
FUT9 % LED O 64 fElZ 5 HRRAV FTIEDHIFFC
wénﬁ%%wt&m%&@_\mféntybf%
%o BIZITY 7V o TEM A 30 B EFHUR AT A
HEHEEL32/30 = K1 By MbERRD,

3.3 Y RTLEFERGROMEHRIE

LED ORGSR & [FRRIC, v SROFREREICNT 5%
BB OFENI LA TIT, B ORI FTHE
RHDIE, Tl —RT VXN A TR VTR
SR OXENI VS A 2 O CHES LI L 7=, Zhlst
DHDITHONTIE, FRERICRERS 2 O TR
DRI AR L 7=,

2.3 FiCEE LI RHIEEN LED 2 HWTRYEL T 2
ot~ b U v 7 AR BRETENICERE L, BRSSO ER
B OHIERE CH D EE S — L TR S ETRET
MR A T o7, TORER, FEFEMESD IMGy 2%
THIOMTENEFTA DT, HEEE L LA ATRE
ThbHIZ e,

mllEal#iE, FPGA(Field-Programmable Gate Array) i
FfL7c, FPGA 137077 I L 7N Lo Tk 7l
HEZ Sk a R/ BRI CH D, FREEESI) D EIRML
L. HilfEEEE & U CEWES 72N B —7 V% L CPC

1.5 - 3
Absorbed dose : 640kGy = : Current

Discharged capacity. 5 apy
before irradiation

— :Voltage | | 2.5

N\

Current [A]
o
Voltage [V]

|
|
|

1
Discharged capacity after :
640 kGy irradiation : 17Ah | 0.5
1 4 0.
|
|
0.5 //// % 0

0 5 10 15 20
Discharge time [h]

Fig.7 Discharge characteristic of a lithium-ion battery
after 640kGy irradiation.
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Fig.8 Performance of analog-digital converter (a)
before and (b) during 0.8 kGy/h irradiation.
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Fig.11 Typical received image of LED matrix by (a)
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