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ABSTRACT

As well as the output of radon data using LCDs ior
photodiode radon counters, the stored data isqat
on the PC using wired communication, and the dg
saved and verified by the server using -Fi
communication. WCDMA wireless communicati
module was also installed to enable rac
concentration monitoring in areas where-Fi is not
possible. Radon monitoring system that can
selected and applied in different situations -
presented through comparison of module price
maintenance cost of WQWA and Wi-Fi wireless
communication.
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l. INTRODUCTION

Radon is emitted almost everywhere on earth, bue:
geographical regions have a higher concentratian
others do. Because inhalingdon and its radioacti-
decay products causes irradiation of lung tis
prolonged exposure to a high concentration of r¢
significantly increases the risk of developing &

There are many commercial instruments

techniques available for measwy radon indoors. |
[1], highly sensitive, electrostatic collection chamk
using Columbia Resin 39 (CB9) plastic tracl
detectorswere developed for measuring |-level
radon. In [2], the unique characteristics and

shortcomings of track detectdi® neutron and rado
dosimetry is described and compared with thos
alternative detector systems. In [3], -cost alpha-
particle sensor systems using speé€lasitive Metal-
Oxide Smiconductor (PMOS) transistors in a float
n-well were developed faradon and radc-daughter
monitoring and dosimetry. In [4], eadon detectc
employed an electrically charged, pressed, pc

metal fiter that permitted radw-gas diffusion while
blocking ambient light. It readily trapped bc
attached and unattached éniun-214 (Po-214) and
Polonium 218 (P&@8) ions present in gas pass
through the fier. The filter was positively charge
relative to the unbiased PN junction of a pl-diode
detector within a detection chamt

There is also much research regar the
measurement of radon concentration in soil
water, and indoor air. In [5], results are presérita
preliminary study of radon concentration in soibg
For the study, AlphaGuard equipment was use
obtain samples from 64 locations within urban
areas in Bulgaria from 2008 to 2012. In |
measurements were taken in Transylvania,
Northwest Romania, of radon concentration in w
and indoor air. The measurements were taken us
LUK-VR system for radon gas measurement:
Lucas cell forwater, and C-39 track detectors for
indoor air. For our experiments, we used a re
counter with a PIN photodiode rac-sensor module
[7]. These radon counters were used to measur
radon concentration of indoor air in houses
workplaces. A radormmonitoring and alarm syste
was also used. The radon concentration data ot
from houses and workplaces was transferred
Wi-Fi and the Internet to a database on a r-
monitoring server systeas shown in Ficl.
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Fig.1. Block diagram of Wi-Fi lsed rador
monitoring system

. PIN PHOTODIODE RADON COUNTER
WITH WI-FI MODULE

The ESP8266 Wk module is a se-contained
system-orchip (SOC) with integrated TCP/
protocol stacks that can give any microcontrc
access to a Wi-Fi network. The ES¥86 is capable ¢
either hosting an application or offloading all -Fi
networking functions to another application prooes
Each ESP8266 module comes pregrammed witl
AT Command Set firmware, meaning the module
be hooked up to an Arduino deviceith about the
same Wi-Fi ability as a Wi shield. The ESP82¢
module is an extremely cosffective board with |
huge, and ever growing, community of users. °
module has powerful enough @ward processing ar
storage capability to allow it to be igrated with the
sensors and other applicatispecific devices throug
its generapurpose input/outputs (GPIOs), w
minimal development ufront and minimal loadin
during runtime. Its high degree of @hip integratior
allows for minimal external ciratry. The fron-end
module is designed to occupy minimal PCB sp
The ESP8266 Wi module is shown in Fi2.

Fig. 2 ESP8266 Wi module

A commercial PIN photodiode can be used to de
radiation, and particularly, alphgarticles. It is low
cost,has good quantum efficiency, and good ent
resolution. It can also work with a low bias vokaA
PIN photodiode is more widely used t a

conventional photomultiplier tube (PMT) becaus:
requires less biasing to operate it is very compact.
The Mega 2560 is a microcontroller board bawon

the Atmega 2560lt has 54 digital input/output pir
(of which 15 can be used Pulse Width Modulation
(PWM) outputs), 16 analog inputs, 4 UAR
(hardwareserial ports), a 16 MHz crystal oscillator
USB port, a power jack, an -circuit serial
programming (ICSP) header, and a reset butto
contains everything needed to pport the
microcontroller; it just needs to be connected 1
computer with a USB cable or powered win AC-

to-DC adapter or battery. The Mega 2560 boar
compatible with most shields designed for the |
and the older Duemilanove and Diecimila boz In

our experiments, we used a radon counter asser
from very low-cost consumer electronics. The circ
designs for the power, high voltage generator, L
switch, LED, buzzer, microprocessor control
(MCU), and sensor circuitvere made Using these
circuit elements we developed the PIN photodio
radoneounter printed circuit board (PCB) lay and
then assembled the PIN photodiode radon col
shown in Fig. 3. In Fig. 4he PIN photodiode radc
counterinstalling ESP8266 V-Fi module is shown.

e

Wi-Fi
module

Fig.4.PIN photodiode radon counter Wit;-Fi module
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[11.  PIN PHOTODIODE RADON COUNTER
WITH WCDMA MODULE
Wideband Code Division Multiple Access (WCDM
is a thirdgeneration (3G) standard that employs
directsequence code division multiple access -
CDMA) channel access method and the frequ-
division duplexing (FDD) method to provide h-
speed and highapacity service. WCDMA is the mc

commonly used vaant of the Universal Mobil

Telecommunications System (UMTS). It w

developed by Japan’s NTT ICoMo and formed the
basis of its Freedom of Multimedia Access (FOM

3G Network. kg. 5 and Fig. 6 show the paramet

and the frequency utilization of WCDM;,

respectively.

Channel bandwidth 5 MHz
Duplex mode FDD and TDD
Downlink RF channel structure Direct spread
Chip rate 3.84 Mbps
Frame length 10 ms

Spreading modulation

Balanced QPSE (downlink)
Dual-channel QPSK(uplink)
Complex spreading circuit

Data modulation

QPSK (downlink)
BPSK (uplink)

Channel coding

Convolutional and turbo codes

Colerent detection

User dedicated time multiplexed pilot (downlink
and uplink). conumon pilot in the downlink

Channel multiplexing in downlink

Data and control chamnels tune multiplexed

Channel multiplexing in uplink

Control and pilot channel time multiplexed
1&Q multiplexing for data and control channel

Multirate

WVariable spreading and nmlticode

Spreading factors

256 (uplink). 4512 (uplink)

Power control

Open and fast closed loop (1.6 kHz)

Spreading (downlink)

OVSF sequences for channel separation
Gold sequences 2'%-1 for cell and user separation

(truncated cvele 10 ms)

Spreading (uplink) OVSF sequences. Gold sequence 2% for wuser
separation (different time shifts in I and Q channel.
truncated cvele 10 ms)

Handowver Soft handover
Interfrequency handover

Fig.5. Parameters of WCDMA
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Fig.6. Frequency utilization with WCDM

Fig.7. KEM-W320 moder
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Fig.8. KEM-W320 block diagram

The KEM-W320 modemchosen in this study fc
wireless communication of radon data and its b
diagram areshown in Fig. 7 and Fig. 8, respective

V. OPERATING EXPENSE AND COST

COMPARISON OF WI-FI AND WCDMA

MODULES

Wi-Fi wireless communications should be basec
Wi-Fi sharing and Internet access, but itnot be
available for some rural or mountainc areas to
connect to WiFi. Just as mobile phones can be L
anywhere in the world, WCDMA wirele:
communication can also be covered by -Fi.

However, there are disadvantages of having |
size, expensive module price ahidh maintenance
cost compared to WH. While the size of th
WCDMA wireless terminal shown in Figur7 is

almost as large and heavy as a mobile phon-Fi

chips have a light benefit as naiked as shown i
Figure 4. The retail price of KEMV320 is about 10
US dollars, while the ESP8266 Wi-module is abou
4 US dollars The maintenance fee is4 US

dollars/lyear for the KEMN320, but the W-Fi
module has the advantage of having no additi
charge.

V. CONCLUDING REMARKS

In this paper, a radon counter using a PIN photie
radonsensor module was discussedor our
experiments, we used a radon counter with a
photodiode radosensor module. Using electroste
collection and the PINbhotodiode, a high sensitivi
radon detector for air hdmeen developel

As well as the otput of radon data using LCDs on |
photodiode radon counters, the stored data isqat
on the PC using wired communication, and the dg
saved and verified by the server using -Fi
communication. WCDMA wireless communicati
module was also insted to enable rado
concentration monitoring in areas where-Fi is not
possible. Radon monitoring system that can
selected and applied in different situations -
presented through comparison of module price
maintenance cost of WCDMA and -Fi wireless
communication.
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