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Remote control and data transmission module for in-situ 7-radiation measurements system under severe radiation

conditions was developed. Testing showed reliability of wired controlled system for short distances and radio controlled

system for long distances for real measurements.
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1. INTRODUCTION

The problem of remote control and data transmis-
sion often occurs during research activities in a com-
plex radiative environment. The typical examples are
”Shelter” object of Chernobyl Nuclear power plant
(NPP), NPP power units in the process of their
decommissioning, operating nuclear power facilities,
storages of radioactive waste and spent nuclear fuel,
etc.

In particular, during design and implementation
of projects to strengthen ”Shelter” building struc-
tures a large amount of radiation environment stud-
ies were carried out to ensure the required level of
personnel radiation protection. The necessary equip-
ment for measurements of angular and energy charac-
teristics of the gamma-fields and surface beta contam-
ination under strong gamma-ray background was de-
signed by ISP NPP together with NSC KIPT [1,2]. It
includes a series of collimated dosimeters, collimated
gamma-ray spectrometers SEG-04K based on CsJ
scintillation detector and KGS-01 based on CdZnTe
semiconductor detector, collimated beta dosimeter
based on Si-detector. Also, currently multi-detector
facility ShD is upgraded from thermoluminescent de-
tectors to Geiger counters.

Research experience for the severe radiation envi-
ronment pointed to the need for remote control and
data transfer. This will allow personnel to provide
measurements behind biological shielding and will re-
duce the dose rates substantially. Also measurement
time could be extended to improve accuracy and reli-
ability. Remote data transmission system will enable
to carry out data processing in the laboratory and to
provide necessary measurement process adjustments.
This will improve the efficiency of measurements and

will additionally reduce the dose rates.

Another benefit of remote control system is pos-
sibility of measurements at hard-to-reach zones, de-
livering equipment to the measurement point using
lifting gear (crane), or remote-controlled devices (ro-
bots). The first will be required during installation,
sliding and operation of the new safe confinement arc,
while the second - during later stages of the ” Shelter”
transformation for the project design of fuel contain-
ing materials extraction.

The existing experience showed the necessity
of additional equipment: global positioning sys-
tem (GPS), orientation system, remote control and
data transmission system, closed circuit television
(CCTV), autonomous data storage, temperature sen-
sor, etc. It was therefore decided to create a modular
system for field measurements management. Such
system will provide measurements of different types
on wide range of radiation-hazardous facilities. The
proposed design allows construction of a complex sys-
tem containing up to 127 modules. In this paper, we
describe remote control and data transmission sys-
tem.

2. GENERAL DESIGN PRINCIPLES

Firstly we have worked out the main requirements for
a remote control and data transmission system:

e minimal measurements impact;

e distance to the measurements site varies from
several meters to several hundred meters de-
pending on site conditions (for example, mea-
surements using crane on the ”Shelter” roof and
inside);

e lossless data transmission;
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e low off-line mode power consumption.

The following solutions on minimization of remote
control and data transmission system impact were
suggested:

e optical insulation of measurement board and in-
terface board;

e time gap between measurement and data trans-
mission;

e independent power supply for measurement
board and interface board.

Depending on the required distance for remote con-
trol and data transmission the following design solu-
tions are feasible:

e wired connection at distances up to 10 meters
or when wireless communication is hampered.
The main drawbacks are necessity of wire wind-
ing / unwinding with consequent decontamina-
tion in the case of contaminated site surfaces;

e radio communication. Operation range for this
case is up to 600 m for unlicensed frequencies
433 and 866 MHz and depends on the environ-
ment (metal and concrete obstacles, etc);

e cellular network communication. For this case
cellular network must be present at measure-
ment site. The cellular network could be used
in the following ways:

— dial-up networking;
— SMS messaging;
— GPRS networking.

To avoid data losses during the measurement process
following solutions are provided:

e checksum verification when transmitting / re-
ceiving;

data receive acknowledgment;

data storage in nonvolatile memory;

e autonomous operation mode.

3. CONTROL SYSTEM DESIGN AND
TESTING

We have developed (Fig.1) and constructed (Fig.2)
universal board, which consists of microcontroller
(1), 433 MHz transceiver (based on TRC102
chip ) (2), non-volatile memory measurements
and stack commands storage (3,4), Lilon (LiPo)
battery charger (5), power load switch (6).
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Fig.1. Universal board basic circuit

Fig.2. Universal board design

For communication with external devices, the scheme
can use the SPI, I12C and UART hardware interfaces.
The following devices can be connected to the scheme
via those interfaces:

e accelerometer;

temperature sensor;

e camcorder;

additional memory modules;
e PC;

e GSM module;

e other sensors and modules.

The board allows to implement wired and wireless re-
mote control, data transmission, data storage up to
4 Mb, Lilon (LiPo) battery charging and control, etc.
Remote control and data transmission system is oper-
ated using the instruction set developed, which allows
flexible management of all modules installed. Com-
puter codes were developed for PC and microcon-
trollers for universal board and spectrometer board.
Laboratory tests were performed both for radio con-
trol and wired control systems. Two variants of wired
control system were tested: with UART and RS485
interfaces.

For UART interface, depending on the cable used,
the data transmission distance was from 1.5 meters
(for unshielded flat or round cable) to 15 meters
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(shielded twisted pair) at 115200 bps. To over-
come this limitation one can use converters UART
- RS485 (with full software compatibility). In this
case distance can be increased up to 1 km at a speed
of 9600 bps. The disadvantages of the RS485 in-
terface are complicated construction (two convert-
ers and an additional battery for converter power
supply). RS485 interface was implemented using
two UART - RS485 converters on MAX13485 chips.
With galvanic coupling of spectrometer board and
PC spectrum measurements are hampered by signif-
icant increase of noise level. Connection via opti-
cal insulators based on 6N137 chips lowers noise to
inessential level. Therefore, for all subsequent mea-
surements, data transmission was always carried out
only through optical insulator located in close to mi-
crocontroller board (to reduce the antenna effect of
the connecting wires).

Data transmission via UART interface was per-
formed at speed of 115, 200 bits per second over a
distance of 2 meters and via RS485 interface at the
same speed over a distance of 15 meters. Data was
transmitted by 512 byte packets every 2 seconds. Af-
ter 30...60 minutes of operation data transmission
failure usually occurred. To handle the problem we
have modified the PC program used. In the case of
wrong data packet received data transmission request
was repeated 10 times. This modification have com-
pletely eliminated data transmission failures.

Wireless data and instructions set transmission
was tested at 433 M Hz. The transmission was car-
ried out at a speed of 2400 bps by 64 byte packets
with 2 checksum bytes. Inside the building sta-
ble lossless data transmission range achieved was
about 30 meters, through the window frame — up to
100 meters. According to the TRC102 chip devel-
oper tests for transmitter at a height of 3 meters and
receiver at a height of 1.5 meters above the ground
level the achievable direct view transmission range is
675 meters.

4. CONCLUSIONS

The research have shown that it is expedient to design
and create universal remote control and data trans-
mission unit to improve measurement quality and ac-
curacy. It could be used with a number of setups:
dosimeters, spectrometers (including collimated spec-
trometers), multi-detector facilities, gamma-vision
facilities, etc. The possible fields of application in-
clude contaminated areas, radiation hazardous ob-
jects, hard-to-reach spots in radiation environment.
Such a unit should have a modular structure and
consist of a number of different modules depending
on the current application.

Remote control and data transmission module is
one of the most important constituents of modular
system. Qur research showed for distances up to
15 meters wired communication based on UART of
RS485 interface is the most efficient. For long dis-
tances (about 600m for open areas) 433 M H z radio
communication is more suitable. It could be imple-
mented using Trc102 chip.
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CUCTEMA NJNCTAHIIMOHHOTI'O YIIPABJIEHUA N IIEPEJAYN JAHHBIX OJIA
ITPOBEAEHU A NSMEPEHVN B CJIO2KHBIX PAIMAIIVMOHHBIX YCJIOBUAX

B.I. Bamut, H.A. Kounes, B.B. Cearoxosa, /[.B. @®edopuenxo, M.A. Xaorcmypados

Paspaborana cucrema JucTaHINOHHOrO yipasienus u nepegaqdn ganubix (CAYII/), koropas sBisiercss Mo-
JTyJieM ODIeil CHCTEMBI ITPOBEIEHNUsI TIOJIEBBIX U3MEPEHUI B CJIOXKHBIX PaMAIMOHHBIX ycjoBusX. IIpoBeen-
HBI€ UCIBITAHUS IOITBEPIUIN HAEKHYIO IIepeIady [TaHHBIX depe3 IIPOBOIHYIO JIMHUIO Ha HEDOJIBIINX Pac-
CTOSTHUASIX U ITOCPEICTBOM PAJMOCBSI3U HA OOJIBINNX PACCTOAHUX B IIOJEBBIX YCIOBUIX.

CUCTEMA JIVMCTAHIIIVTHOTO VIIPABJITHHS TA IIEPEJAYI JAHUX JJI5
IIPOBEJIEHHSI BUMIPIOBAHD V CKJIAJHUX PAJIAIIIMHIX YMOBAX

B.I. Bamiti, M.A. Kounes, B.B. Cearoxosa, /].B. ®edopuenro, M.A. Xaoscmypados
Pospobuiena cucrema qucTaHIitHOrO ynpasiinas Ta nepegasanis gannx (CYIII), sika € MOmyIeM 3arajb-
HOI CHCTeMU IIPOBE/IEHHS TI0JIbOBUX BUMIPIOBaHb Y CKJIJIHUX paJialiiinux ymoBax. [IpoBeieni BupobyBaHHst

MATBEPAUIN HAJiiHE TIepeJlaBaHHs JAHUX KPi3b JPOTOBY JIHIIO HA HEBEJMKUX BiJICTAHIAX Ta 3 BUKOPHUCTAH-
HAM PaJIio3B 3Ky Ha BEJINKHUX BiJACTAHAX y MOJHOBHX YMOBAX.
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