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MICROCONTROLLER BASED SYSTEM FOR RADON
CONCENTRATION MEASUREMENT
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Abstract: the paper presents a method for monitoring radmcentration in air using a
detection chamber as transducer, an embedded spstsad on ATmegal6 microcontroller
for measuring the transducer output and a GPRS mddesending measurement data to a
remote center.
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1. INTRODUCTION

Radon is a radioactive noble gas, member in thaydebain of uranium. Being very diffuse gas it eates
from soil and rock with even small content of utamiand its descendants, into air. Radon from airbeabreath
in and is the second cause of lung cancer aftekisipd1]. Thus high concentrations of radon canveey
dangerous and constant monitoring is indicated.

Indoor exposure to radon is generally associateth vincreased health risks; at around 3000 cancer
affections/year. In 2005 respectively 2006, two jpigled studies (European and American) clearlyveldothe

risk of lung cancer due to radon exposure to indadon for all population [2]. In the outside aigncentration
depends on soil, air currents, etc. and varies dmtv-26 Bg/rh Health risks are very low. High concentrations
are found near uranium mines. Inside buildingshéigconcentrations were measured in the basementhan
ground floor depending mainly on soil type, constian materials and insulation from soil [3].

In this paper is presented a system for monitor@mpn concentration. The system is composed frdetection
chamber with photodiode transducer, an analog Hiocketecting and forming spikes, a central preesunit

with ATmegal6 microcontroller, a 128x64 pixel graphCD display and a GPRS modem. The block diagram
of the system is presented on Figure 1.
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Fig. 1. Block diagram of the radon measuring system
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2. SYSTEM SIMULATION

Two possible methods for radon concentration messent were examined, the first one based on signal
integration, the other one based on pulse counting.

The simulations showed that for measuring low catre¢ions of radon such as those occurring in tresd®
area, the integration method is inadequate fortjpacuses. The simulation results were verifiedotigh
practical implementation of both variants, thusvimg the validity of the simulation.

2.1. Simulation of integration principle

The proposed model of the integration measuremettiad achieved with SIMULINK is shown in Figure 2. A
pulse generator simulates the occurrence of aaatie particle at a rate of one particle/10mshwiite signal
amplitude of 10 A and the duration of 0.01% of the period, that@gs. The noise is simulated with a random
numbers generator, with the noise signal amplifde0® A. The photo-cell is simulated with a current smur
and a 10M2 load resistor.
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Fig. 2.SIMULINK " model of the integration measurement method.

Figure 3.a presents the signal variation over tahéhe output of the photo-cell combined with naisehe
absence of the integrator circuit (V1). The shantadion pulses (10s) mixed with a noise signal 1/10 the
amplitude of the useful signal can be easily obegrigure 3.b presents the integrated output kigiza (10ms
period, 1Qus pulse duration. The final value of the outputagé of 1.06x18V, is affected by a 6% noise error.
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Fig. 3. The integrated output signal:
a) pulses and noise before integration, b) integratitput voltage.

For lower gas concentrations, say of one particleuning every 100ms, the error is already of 6@%ich is
unacceptably large. The error increases as the frdguency decreases (fewer particles over tikikgwise,
the error will increase as both pulse duration amgplitude are decreasing (clearly the output edepends on
pulse energy).
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This simulation demonstrates that, for a pulse deegy of one pulse/hour, given the case of low mado
concentration measurements, the integration methodpractical. However, for verification purposescircuit
based on the integration method was built. The tipalccircuit has confirmed the simulation; the auated
noise significantly reduces the accuracy of radamcentration measurement.

2.2. Simulation of the pulse counting principle

The simulation schematic diagram for the pulse tognmeasurement method is shown in Figure 4. The
measurements are deemed perturbed, and there&sidelthe source of useful pulses, two more sowezs
introduced, a source of random noise that simuldtesinternal noise of the photo-element and assiiual
source that simulates the 50 Hz perturbationsrayiiom the AC power mains. A pulse generator sitad the
low amplitude pulses produced by electrical disghgrrocesses and a second pulse generator simthiateigh
amplitude calibration pulses.

Following considerations resulting after simulatigimould be taken into account: the integration measent
method is more adequate when compared to the polseting measurement method in several aspects, but
unfortunately it may be applied for high dischapgdse rates (pulses/ time unit) only, whereas teasurement

of low radon concentrations is associated with alsnumber of discharges over one day.
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Fig. 4. Pulse counting method simulation schengigdgram.

Through integration, the measurement noise legekrbver time causing the saturation of the anakegrator
circuit. The pulse counting method is therefore enadequate for low concentrations measurementtandsi
successfully implemented, however by resorting ntorihe microcontroller’s resources [4, 5]. The dasions
of the work team have also found confirmation ierkture [6], which presents measurements on laerra
concentration levels.

3. THE DETECTION CHAMBER

It is an electrostatic chamber where air can catmubhlmost freely through a particle filter whidimenates all
solid particles. This way only radioactive elem#émat can enter is the gaseous radon. Alpha pastittem
radioactive decay are measured on a photo-serslifieent placed on the middle of the cathode. Eistadtic
field between the anode and cathode drives alphticlea into this photo-sensible element (usuallyPIil
photodiode). The internal structure of the detectbamber is presented on Figure 5.

The LED is used to generate a very low intensigitli just enough to pre-bias the photodiode, irginepits
sensitivity to alpha particles. Every alpha paetitiat hits the surface of the photodiode genertesrent pulse
on the output proportional in amplitude and duratigth the energy of the alpha particle (typicaly 7.7MeV
for radon).

As only radon can enter into the detection chamtbhernumber of current pulses caused by alphactestgive
the concentration of radon in decays/second/volantgg/m3.
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Typical concentrations of radon in open air are- BD Bg/m3. Indoors this concentration can be highee to
stillness of air and possible radioactive contdrtwlding materials. EU regulations state a 40@nBqlimit for
safe level of indoor radon.
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Fig. 5. Detection chamber.

4. THE ANALOG BLOCK

The analog block is responsible of forming the entrpulses generated by the alpha particles hittireg
photodiode into digital pulses that can be couiiethe microcontroller. The output signal from ghtetodiode
is first fed into a differential amplifier with crent input and voltage output. The amplified sigeahen fed into
two Schmitt-trigger comparators. These two compmasasire responsible for detecting whether the pintsa
the photodiode is from radon or not.

If the amplitude of the pulse is lower than thstfithreshold then no digital pulse is generated,ifit is higher
than the second threshold than both comparatomsrgna pulse. Both cases are ignored. Only theepuln the
output of the first comparator for which no pulsepresent on the output of the second one are edast radon
decays.

5. THE CENTRAL PROCESSING UNIT

Built around the ATmegal6 microcontroller it is pessible for counting radon decays, displaying rimfation
locally and sending it through serial link.

The ATmegal6 microcontroller has the following feas used by this system:

« 16kB of flash — used almost entirely for storihg software;

« 1kB SRAM;

« 512B EEPROM - used for storing short term radoa;dat

- 3 timers — one of them is used for the base tinoiindne system, the other two are used for countiniges
from the radon detector;

« UART — used for communication with the GPRS modem;

e« 3210 pins — 15 is used for the LCD display, thheot are used by internal peripherals like UART and
timers.

The main functions of the software in the microcoltér are the counting, the displaying routinesl @he
communication with the GPRS modem. The countirgpise by using a timer in counter mode. In this mibee
timer is incremented on the falling edges of aaigwnnected to an input pin.

There is another timer running in capture mode tvigoables us measuring the time between eventheon t

input. This way is used for two reasons:

« anormal pulse from a radon decay has a durati@npredefined region (experimentally determinedeo
around 1300 - 1400us), if a pulse is much longesharter it is invalidated,;

- if many pulses arrive in short proximity they atscainvalidated as they are much likely to be pastuby
noise than actual radon decays.
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Also if there is a pulse on the second input (meguai high amplitude pulse on the photodiode) tHsepan the
first input is invalidated. The counted values precessed on a hourly basis. The time base is geueby a
third timer. For radon level information two reagénare considered: a short term and a long termagee

For the short term reading a circular buffer of My6e is used. Every hour the counted value foldasehour is
stored in the last position of this buffer. The gsherm value is the average of this buffer. Thisams that short
term readings give the average radon level of #s¢ 10 days approximately. The buffer for the sherm
readings is placed in the EEPROM along with thentgoito the last element, so in case of a powéchgthe
saved counts won't be lost.

For the long term reading a single 32 bit varidblesed (also stored in the EEPROM) where all hyodalta is
summed together, which along with the number ofrbi¢stored in a 16 bit variable) gives an averaagjeer of
radon levels for the last 7.5 years. This valueset after this time is elapsed.

For displaying the radon levels locally a 128x6Xepigraphic LCD is used. The display has its owntzler
(KS107-108 type) which communicates through a 8 daitallel port and 6 control lines. The display is
configured in 2 segments of 64x64 pixels each din8s by 64 columns of groups of eight pixels pthce
vertically. This gives the option of having 8 liney 21 columns text display of standard 7x5 charact
(although these characters have to define in a-lgotable in the microcontroller.

The microcontroller implements software routinesdisplaying text strings. In our case the sharntand long
term readings and the uptime is displayed as predeon Figure 7There is also a possibility to display
graphically the evolution of the short term readafghe radon values.

For this every value from the last 100 hours isveoted into height where a pixel will be displayselin Figure
8. GPRS communication is realized with a GPRS modemmected to the UART of the microcontroller. Data
transmission is initiated hourly, after the shertt and long term calculations are made.

Fig. 7. Text display. Fig. 8. Graphical display.

For transmitting the radon data a GM862-GPRS typdam is used. This modem has a SIM card slot where

SIM which enables GPRS communication must be iedefThe modem implements the Easy GPRS standard

which involves internal TCP/IP stack and connectiandling. This enables a simple connection toreesd>C

by using standard AT commands. The AT commands insaale:

« acommand for setting GPRS properties of all cotioes — issued once at power-up;

- acommand for setting authentication data (likenes®e and password) — also issued once at power-up;

- acommand for setting connection parameters (Fkarld port number) — also issued once;

« acommand for start dialing and connecting to #reer — issued whenever a new transmission is saces
and the connection no longer exists.

Connecting the microcontroller to the modem is didmeugh a RS232 cable. This involves using a MAX28
the microcontroller and a MAX3232 at the modem tmwert to RS232 levels. This was preferred against
directly connecting the modem to the microcontro(arough a 5V-3.3V level shifter) because theedgbn
chamber tends to be very sensitive to electromagimeerference so the modem was placed in sephmatsing.
First a predefined dialing string is sent over th&RT for connecting to the server. After this thesaer from
the modem is compared to the expected string {fer duccessful establishment of the connectionjhef
connection is established the microcontroller sehedollowing information:

1. hexadecimal representation of the current counthfedast hour;

2. hexadecimal representation of the sum of the short buffer (16bit value);

3. hexadecimal representation of the long term coB@tft value).
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After the sending of this data the connection imteated with the sending of a predefined AT comdian

6. EXPERIMENTAL RESULTS

Several parallel measurements have been done withiternative method for the validation of the pregd
measurement system. Both Radon measurement resthtSafety Siren 3 (USA EPA Evaluated) system and

ENEA alpha-track detectors and also with the predoseasurement system were compared and plotted in
Figure 9.

The obtained values prevailed from 6 to 6 hours(lime for Safety Siren 3 and thick line for theoposed
system) are similar to those obtained from theadphack detectors- 108 Bgfrand 125 Bq/rh

The implemented solution for the pulse countingg@ple is unable to detect the type of the captuaglibactive
particle since the analog circuitry alters the puhape.

At present, a discriminator system is being devediopsing a microcontroller with a higher sampliatgralong
with a modified version of pulse capturing.
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Fig. 9. Radon Measurement Results.
The system provides a quick response when the ietplamit of Radon concentration in air exceededlevtiie
computer acquires real-time measurement data femeral networked instruments.
7. CONCLUSIONS

The resulted radon monitor is presented on FigQrelhe measurement data was satisfactory compareithér
radon detectors and was also capable of transmittata to a central computer for long term monitgprof
radon levels in multiple locations.
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Fig. 10. The radon monitor.
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