M. Djaleti¢, Development of a Measuring System for Determining the Air ...
Nuclear Technology & Radiation Protection: Year 2024, Vol. 39, No. 2, pp. 127-137 127

DEVELOPMENT OF A MEASURING SYSTEM FOR
DETERMINING THE AIR DENSITY CORRECTION FACTOR
FOR IONIZATION CHAMBERS OPEN TO THE ATMOSPHERE

Milos V. DJALETIC

Department of Radiation and Environmental Protection, Vinca Institute of Nuclear Sciences,
National Institute of the Republic of Serbia, University of Belgrade, Belgrade, Serbia

Scientific paper
https://doi.org/10.2298/NTRP2402127D

This paper introduces a measuring system designed to determine the air density correction
factor for ionization chambers open to the atmosphere. The system is intended for use in clini-
cal and radiotherapy facilities, secondary standard dosimetry laboratories, and other settings
where open-to-the-air ionization chambers are commonly utilized. While there are numerous
universal and laboratory-grade instruments available for measuring relative humidity, air
pressure, and ambient temperature, integrated systems that can measure these parameters
and calculate and display the air density correction factor are rare, particularly in the domestic
market in Serbia. This paper details the developed hardware, including specifications for the
sensors used, as well as the software developed for microcontrollers and personal computers.
Measurement results and simplified measurement uncertainty budgets are also presented and

discussed.
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INTRODUCTION

Measuring ambient environmental parameters
such as air pressure, temperature, and relative air hu-
midity is of great importance in various fields, espe-
cially meteorology, industry, and metrology. In this pa-
per, the emphasis is on the measurement of ambient
conditions in the secondary standard dosimetry labo-
ratory (SSDL) for the calibration of dosimeters in
quantities such as air kerma, absorbed dose, ambient
and personal dose equivalents, and others. In the labo-
ratory, ionization chambers open to the atmosphere are
used as secondary standards, which practically means
that the inside of the chamber is filled with air of the
same properties as the atmosphere surrounding the
chamber [1, 2]. Measuring the ambient environmental
parameters, especially the temperature and pressure
near the chamber, defines the characteristics of the gas
properties inside the chamber. Measurement of these
parameters is of crucial importance for dosimetry be-
cause air pressure, ambient temperature, and, to some
extent, relative air humidity [3] affect the air density
inside the chamber. By introducing the air density cor-
rection factor k4 to account for this dependence is
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acounted for. The influence of the air density is well
described in the literature [1, 2], and examined in sci-
entific papers [3, 4]. Relevant international guidelines
for dosimeter calibration list it as an influential quan-
tity and provide instructions for its correction [5, 6].
There is a large selection of universal and labora-
tory-grade equipment in the market for measuring am-
bient temperature, air pressure, and relative humidity,
from instruments that measure only one quantity to in-
tegrated systems for measuring multiple quantities.
However, the prices of the systems are usually high, in
the order of several thousand dollars.

This work aimed to design a domestic special-
ized integrated system that would measure the men-
tioned ambient parameters using modern sensors with
good measurement characteristics according to the ap-
plication at a favorable cost. The paper describes a
measuring system, a MeteoKd software calculating
the ambient parameters of the environment and deter-
mining the air density correction factor developed by
the author for measurements in an SSDL. Its applica-
tion can be found in clinical and radiotherapy facili-
ties, as well as in other places where ionization cham-
bers open to the atmosphere are used [1, 5, 6]. The
paper also describes the used sensors and their charac-
teristics. In the metrology laboratory for pressure, the
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calibration process for pressure sensors is explained.
In addition to the device, the author also developed ac-
companying software, which allows the measuring
system to connect to a computer. The measurement re-
sults can then be graphically presented and saved for
later use and processing. Besides, supplementary soft-
ware was created to collect data from the digital
multimeter during the testing process. The results of
the calibration and testing of the measuring system are
presented in the paper. The measurement uncertainty
budget for individual parts and the whole system was
estimated, as it is an important indicator of measure-
ment accuracy.

IONIZATION CHAMBERS
OPEN TO AIR

Ionization chambers are one of the oldest and most
widespread gas-filled types of ionizing radiation detec-
tors, having the simplest construction. In this paper, the
focus will be on open-to-air (vented) cavity ionization
chambers. These types of chambers are used as standards
in SSDL. The vented cavity ionization chamber consists
of a wall usually made of graphite or a special plastic
(mostused is polyoxymethylene) as one electrode and an
air-filled cavity with a collecting electrode in its center. If
the wall is made of a nonconductive material (plastic), its
inner surface must be lined with a thin conductive graph-
ite coating and can be used as an electrode [1, 2]. The
cavity volume, open to the surrounding atmosphere
through a venting hole, ensures that the air inside has the
same properties (pressure, humidity, and temperature) as
the surrounding atmosphere.

Working principle

During the passage of ionizing radiation through
the active volume of the chamber, gas molecules are
ionized (air in this case). When a neutral gas molecule is
ionized, an ion pair is created — a positive ion and a free
electron. Ions are formed by the direct interaction of in-
cident radiation with gas or by secondary processes of
charge transfer in the gas, during which part of the en-
ergy of incident radiation can cause the ejection of elec-
trons. Of interest is the total number of electron pairs
created along the trajectory of the primary photon
beam. To ionize the gas, the energy of the incident pho-
ton (in the general case of the incident particle) must be
higher than the ionization energy of that gas, which is
usually from 25 eV to 35 eV per ion pair. Since the ion-
ization takes place in the electric field established
within the active volume of the ionization chamber,
separation and accumulation of positive and negative
charges on the electrodes of the chamber occur (wall
and center electrode). This build-up of charge causes a
current to flow between the chamber electrodes in the

order of pA ornA. As this current is very low, during the
construction of the ionization chambers, the leakage
current of the insulator that isolates the electrodes is
also taken into account. The insulator should be pol-
ished and free of defects to prevent the accumulation of
moisture, which would increase the leakage current.
One pole of the power supply for polarization is fed to
the electrode formed by the inside surface of the cham-
ber wall. The other pole is connected to the guard ring
between the insulators that separate the chamber wall
from the central electrode. An electrometer circuit links
the central electrode to a guard ring. As the voltage be-
tween the central electrode and the guard ring is small,
the leakage current between them is negligible. This
principle is also used with the triaxial cable to avoid sig-
nal degradation. As the leakage current is negligible (on
the order of fA), the strength of the current registered by
the electrometer circuit depends only on the amount of
accumulated charge on the electrodes of the chamber.
The bias voltage depends on the construction of the
chamber and is usually between 200 V and 400 V[1, 2].

MATERIALS AND METHODS

Correction for influence quantities
and air kerma

The amount of charge generated (by ionizing radi-
ation) inside the vented ionization chamber is influenced
by the air density and water vapor content inside it. To ac-
count for this dependency, measurement results are nor-
malized to the reference conditions, which are: air tem-
perature T, = 293.15 K (20 °C), air pressure P =
1013.25 hPa, and relative humidity 4= 50 %. When
measurements are taken under different conditions than
the reference, an air density correction factor k; must be
used. Air density is one of the influence quantities since it
directly affects the measurement results.

Air density correction factor &4

Tam Pre
kdszkpzT bP f (1)

ref * atm

where Ty, is the ambient air temperature near the ion-
ization chamber expressed in degrees Kelvin and Py,
— the atmospheric pressure expressed in hPa near and
at the same height as the ionization chamber [4-6].

The air density correction factor k, increases by ap-
proximately 1 % for every 3 °C increase in temperature
and decreases by approximately 1 % for every 10 hPa
drop in air pressure.

The value of the calibration coefficient N, for the
conversion of the amount of charge into air kerma is
always expressed at the standard temperature 7.,
pressure P, and relative humidity of 50 %. There-
fore, it is necessary to apply the appropriate correction
factors. The measured air kerma K, with applied air
density k4 and relative humidity &, correction is
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K, =ONkqkyk; 2

where Q represents the measured charge generated in-
side the chamber, N, — the air kerma calibration coeffi-
cient of the chamber, and k; — the correction factor for
other influence quantities (e.g., chamber response to the
applied voltage polarity k,q, incomplete charge collec-
tion efficiency of the employed ionization chamber
mainly due to the ion recombination processes k, and
others). The same expression applies to other dosimetric
quantities (e. g., absorbed dose), just the other calibration
coefficients are used for different quantities.

In this way, the provided result is the real value
ofkerma in the air, independent of the values of the in-
fluence quantities (7, and P, in particular). Air
relative humidity 4, is also an influencing factor, but
its maximum effect is up to 0.4 % over its entire range
typically encountered in laboratory conditions (30 %
to 70 %), so a correction can usually be omitted and
just accounted for in the measurement uncertainty
budget [3-6].

MeteoKd SYSTEM OVERVIEW

The system has a central unit and four tempera-
ture probes. A block diagram of the whole system
hardware is given in fig. 1. The central unitis powered
by a PC USB port or power bank (standalone mode). A
additional power source is connected to the central
unit to provide energy for the optoisolated temperature
probes. Optoisolation protects the central unit and PC
from ground loops, noise, and voltage surge spikes
that might occur in the long cables connecting the tem-
perature probes. The microcontroller in the central
unit manages the user interface, processes data, col-
lects sensor data from the central unit, communicates
with the temperature probes, and handles USB com-
munication with the PC when connected.

Liquid crystal display
2x16 characters

Push buttons for

CENTRAL UNIT

Optoisolators

Microcontroller h 214

Line drivers

an !
voltage protection 01 0
s iy igin

Sensors

The atmospheric pressure sensor used in the central
unit is LPS33HW, manufactured by STMicroelectronics.
It features a measurement range of 260 hPa to 1260 hPa, a
24-bit resolution, and automatic temperature compensa-
tion. The sensor has a relative accuracy of £0.1 hPa within
the 800 hPa to 1100 hPa range and a long-term stability of
+1 hPa per year. Absolute accuracy with one-point cali-
bration is £1 hPa or better when a proper laboratory cali-
bration is performed [7].

The relative humidity sensor used in the central
unit is HTU31D, manufactured by TE Connectivity
Sensors. It has a measurement range from 0 % to 100 %
with a 0.01 % resolution and £2 % accuracy. Its
long-term stability is better than 0.25 % per year [8].

The precision temperature sensor used in the tem-
perature probe is TMP117, manufactured by Texas In-
struments. The measurement range is from —55 °C to
150 °C with a typical accuracy of £0.05 °C in the range
from—20 °C to 50 °C and £0.1 °C with a factory calibra-
tion. This range exceeds the intended use of this probe
for metrology purposes. Resolution is 7.8125 m°C per
bit, and long-term stability is £0.03 °C per 1000 hours
at 150 °C. This sensor was selected because it has excel-
lent absolute accuracy and is 100 % factory tested on a
production setup that is NIST traceable and verified
with equipment that is calibrated to ISO/IEC 17025 ac-
credited standards [9].

Central unit

The central unit is the core component of the sys-
tem. It houses all the necessary hardware for process-
ing and communication, as well as sensors for atmo-
spheric pressure and relative humidity. The user
interface consists of a two-line backlit alphanumerical
liquid crystal display, four push buttons for menu navi-

Temperature probe 1 (2,3,4)

Line drivers Microcontroller
; and over -
‘voltage protection

Precision
temperature :

sensor
5V DC P |EL 2

menu navigation = . — — r S
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Personal computer
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Figure 1. System hardware overview
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Figure 2. Central unit front side
with user interface (a) and backside
with temperature probe connectors,
air inlet, DC power connector, and
USB connector (b)

Temperature
sensor

% Air fan
_/V

"

Figure 3. Temperature probe enclo-
sure cross-section; air path diagram
with position of temperature sensor
and air fan side view (a) and top
view (b)

(@) } T K (b)

gation, and a toggle power switch on the front side fig.
2(a). On the back side, there are two XLR connectors
for remote temperature probes, an atmospheric pres-
sure sensor air inlet, a DC power connector, and a Uni-
versal Serial Bus (USB) connector for communication
with a personal computer fig. 2(b), from left to right.

Temperature probe

The temperature probe is designed around a
precision temperature sensor that measures ambient
air temperature. Special attention was paid to the
probe's internal design so that the sensor self-heating
and surrounding components producing heat have
minimal effect on the measurement. This was
achieved by using an air fan and arranging the other
electronic components on the printed circuit board
suitably. The air fan also helps the sensor package
achieve faster temperature equilibrium with the sur-

rounding ambient air temperature, thus providing a
faster measurement response time. Ambient air is
sucked in through probe enclosure slits, and after
passing over the temperature sensor is released out of
the enclosure through an air fan, fig. 3. This way, the
air fan is not affecting the air temperature. The cable
length for connecting the probe to the central unit is
usually ten to twenty meters, but it can be up to
100 meters or more, depen ding on the application.
The used cable is shielded for improved electrical
noise immunity. Two probes can be connected to one
cable (LIYCY 6x0.14 mm? or LIYCY 6x0.25 mm?,
for longer distances) since one probe uses two wires
for power and one for bidirectional communication.
The air fan is powered by 5 V directly from the ca-
ble, but the microcontroller and the sensor are pow-
ered by 3.3 V provided by a local voltage regulator
for better voltage stability and regulation. The data
line is protected from overvoltage peaks by a tran-
sient voltage suppression (TVS) diode.
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SOFTWARE

This device can be used as a standalone instru-
ment or can be connected to a PC. When powered, a
series of tests are performed. The liquid crystal display
(LCD) s tested by turning all the pixels on, an external
power supply for the temperature probes is checked,
and if present, probe initialization follows. All four
channels are checked for the presence of a temperature
probe. If the initialization is successful, a message is
displayed on the LCD.

In standalone mode, atmospheric pressure is mea-
sured first, and the resultis shown on the LCD. A value of
the temperature probe measurement and calculated &4
value are shown for every initialized probe. Then, rela-
tive air humidity is measured and shown, after which at-
mospheric pressure is measured again. This process re-
peats indefinitely until a button is pressed.

The PC software — MeteoKd

In PC mode, the device communicates with the
PC running the MeteoKd software, developed espe-
cially for this purpose. The measurement process is the
same as in standalone mode, except for the measure-
ment results, transferred to the software for numerical
and graphical representation.

The user interface is intuitive. In the upper left
part, there is a status indicator that shows if the device
is connected. Below is the text box for entering the
sampling interval along with the start and stop buttons.
Further down, there are four text boxes labeled "T1",
"T2","T3", and "T4", displaying measurements from
the temperature probes. Next, there is a text box show-
ing the air pressure value, followed by four calculated
air density correction factors for each temperature
probe labeled "Kd1", "Kd2", "Kd3", and "Kd4". Fi-
nally, there are text boxes for air relative humidity and
internal temperature values. On the right side, tables
display all the data acquired from sensors and calcu-
lated air density values, with time and date in the
rightmost column, fig. 4.

In the lower left part of the window, there is a list
of temperature probes ("CHI1", "CH2", "CH3",
"CH4") and a "Graph" button. After selecting the de-
sired channel and pressing the button, a graph is dis-
played in place of the tables, fig. 5. On the graph, there
are three lines: red for temperature, blue for pressure,
and green for calculated air density k,. By clicking the
left mouse button, a vertical marker line appears, and
measured values for the selected point are displayed in
blue below the graph. After each sample, the data is
automatically saved to the PC storage location for fur-
ther processing and archiving.

The developed computer software enabled the
automated collection of a large number of measure-
ments during calibration and testing. Without this au-
tomation, it would have been impossible to read and

process such a vast amount of synchronized measure-
ment. The graphic display of measured values is
particularly useful during calibration, as it allows the
metrologist to continuously monitor changes in ambi-
ent temperature and air pressure.

CALIBRATION
Temperature probe sensor

All TMP117 temperature sensors are fac-
tory-calibrated and verified during production. The
used calibration equipment has traceability to the
NIST (National Institute of Standards and Technol-
ogy, Gaithersburg, Maryland, United States) and is
calibrated to the ISO/IEC 17025 accredited standards,
as specified in the sensor's technical specification. No
additional calibration was performed since the £0.1 °C
factory calibration accuracy is sufficient for this appli-
cation [9].

Pressure sensor calibration

Pressure sensor calibration was performed since
the factory calibration accuracy of 2.5 hPa was insuffi-
cient. Calibration was performed in an accredited
metrological laboratory specializing in the calibration
of pressure gauges, The Laboratory for Thermal Engi-
neering and Energy at Vinca Institute of Nuclear Sci-
ences. The results of the calibration are shown intab 1.

The mean value of the deviation Ap, is —0.285 hPa.
Applying this offset calibration value (p—Ap,), the maxi-
mum deviation of the offset-corrected value Ap,, is 0.063
hPa. The conservatively estimated value of the standard
measurement uncertainty of the calibration is determined as
the root of the sum of the square of the maximum deviation
Ap,,, and half of the maximum value of the extended mea-
surement uncertainty of comparison with the standard, i. e.,
[(0.063 hPa)? + (0.5-0.088 hPa)*]*> = 0.077 hPa.

ATMOSPHERIC PRESSURE AND AMBIENT
TEMPERATURE COMPARISON

In the calibration laboratory of the Radiation and
Environmental Protection Department at Vinca Institute
of Nuclear Sciences, two systems are used for measuring
atmospheric pressure and ambient temperature. The first
consists of an analog aneroid barometer and a Keithley
2700 digital multimeter with platinum resistance ele-
ments (Pt100) as probes, while the second system is an
integrated solution from Titon — Env-Coll 2012 2T with
multiple sensors, shown in fig. 6 (barometer, hygrometer,
and two temperature probes with platinum resistance ele-
ments Pt1000). Keithley 2700 digital multimeter and
Titon Env-Coll 2012 2T integrated measuring system
were used for comparison. The aneroid barometer was
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Figure 5. MeteoKd PC software — view of the graph with measured data from a selected probe

Table 1. Pressure sensor calibration results

ressure pe[hPa] | sensorseadings.p nPa] | Deviation, Ap (nPa] | Hystresi,h hPal | ety RS ER,)
1048.674 1048.429 -0.245 0.048 0.086
1030.638 1030.383 ~0.256 0.059 0.088
1005.764 1005.510 ~0.255 0.037 0.082
994.755 994.462 ~0.294 0.065 0.087
979.028 978.712 0316 0.048 0.083
962.328 961.987 -0.341 0.034 0.080

Figure 6. Env-Coll 2012 2T
measuring system with a
probe for measuring the
relative humidity of air (left)
and MeteoKd (right) with
external power supply during
testing

not used due to insufficient accuracy. All the listed de-
vices are calibrated in accredited laboratories with sec-
ondary or working standards that are traceable to primary
standards.

Keithley 2700 digital multimeter
with Pt100 probes

This instrument has a resolution 0f0.001 °C[10]
and an accuracy of 0.01 °C £0.06 °C, according to the
calibration certificate. The estimated expanded mea-
surement uncertainty of this system is 0.1 °C. The au-
thor developed simple PC software for data acquisi-
tion automation for this multimeter using the RS232
interface.

Integrated meter of ambient
parameters Env-Coll 2012 2T

The Env-Coll 2012 2T, manufactured by Titon
Bt., is an ambient parameters measurement system. It
has two Pt1000 temperature probes, a relative air hu-
midity meter, and an air pressure meter. It connects to a
personal computer via a USB connection, without a
standalone mode of operation. This device can calcu-
late the correction factor for air density k. Measure-
ment capabilities, according to the manufacturer's
specifications, are temperature measurement range
from -5 °C to 60 °C; accuracy of temperature mea-
surement: 0.03 °C (for the whole range), 0.01 °C (in
the 15 °C to 35 °C range); air pressure measurement
from 900 hPato 1100 hPa, accuracy 0.3 hPa; measure-
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ment of relative air humidity from 10 % to 90 % with
2 % accuracy [11]. The device comes with software for
displaying and logging measured values. According to
the certificate of calibration of the temperature probe
T1, the mean deviation from the standard measure-
ment is —0.25 °C within the specified range of 20 °C to
30 °C. The expanded measurement uncertainty (k=2)
is 0.26 °C. Considering the large measurement uncer-
tainty of calibration, and based on previous calibra-
tions, the estimated uncertainty is 0.1 °C. According to
the air pressure sensor calibration certificate, the devi-
ation from the reference value is —0.837 hPa at a pres-
sure of 997.705 hPa, with an expanded measurement
uncertainty (k= 2) of 0.092 hPa.

Measurement set-up

An extruded polystyrene board was placed on
the calibration bench in the X-ray calibration room.
The probes of the MeteoKd device are placed on the
extruded polystyrene board, while the Pt probes of the
Env-Coll and Keithley instruments were placed on
supports and were free in the air, above the board at the
height of the probe enclosure slits of the MeteoKd de-
vice, fig. 7.

The atmospheric pressure test setup is shown in
fig. 8. A syringe was used to set the atmospheric pres-
sure. A screw was then employed to fine-tune and se-
cure the piston's displacement, thereby precisely ad-
justing the pressure value. The syringe was connected
to a 7 connector via a hose, with the pressure inlets of
both devices also attached to the connector.

Throughout the testing, the devices were con-
nected to a laptop computer equipped with the appro-
priate data acquisition software. All measurements
were carried out in the calibration laboratory of the Ra-
diation and Environmental Protection Department at
Vinca Institute of Nuclear Sciences.

Figure 7. Measurement set-up for ambient temperature
measurement

Figure 8. Measurement set-up for air pressure
measurement

MEASUREMENT UNCERTAINTY

The uncertainty in ambient pressure measure-
ment is 0.586 hPa or 0.061 % as a relative combined
uncertainty (k = 2) at the lowest expected pressure of
960 hPa representing the worst-case scenario. For am-
bient temperature measurement, the uncertainty is
0.061 °C, or 0.021 % as a relative combined uncer-
tainty (k = 2) at the lowest expected temperature of
291.15 K, also representing the worst-case scenario.

Relative combined uncertainty (k = 2) of the air
density correction factor kd calculated based on these
measurements is 0.095 %, with included +0.2 °C tem-
perature variation and £0.2 hPa pressure variation at ex-
treme allowed laboratory ambient conditions (291,15 K
and 960 hPa).

Both temperature and pressure sensor measure-
ment characteristics comply with guidelines stated in the
TAEA Human Health Series No. 44, Establishing a Sec-
ondary Standards Dosimetry Laboratory [12] which
states: a barometer with a 0.5 hPa resolution and better
than 0.1 % calibration uncertainty; and a thermometer
with a 0.2 °C resolution.

Chamber calibration factor N, uncertainty is usu-
ally from 0.8 % to 1.3 % (k= 2), and it is a major uncer-
tainty contributor. Air density correction factor k, contri-
bution is 0.095 %, approximately an order of magnitude
lower than chamber calibration factor uncertainty.

By comparing tab. 2 and tab. 3, the dominant influ-
ence on the measurement uncertainty is the calibration
factor of the ionization chamber. The measurement un-
certainty of the correction factor &4 depends on several
factors, so it is possible to use instruments with a lower
accuracy class than those currently used in the laboratory
to measure ambient temperature and air pressure.

The measurement uncertainty of the calibration
factor of the ionization chamber being calibrated, ob-
tained using existing measuring instruments, is com-
parable to and negligibly higher than when using the
MeteoKd device (0.86 % compared to 0.84 %). This
confirms the feasibility of using the MeteoKd device
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Table 2. Simplified air kerma measurement uncertainty Table 3. Simplified air kerma measurement
budget when laboratory instruments are used (Keithley uncertainty budget
2700 and aneroid barometer) Relative
Relati Uncertainty | Relative |Coverage Sensitivity | standard
Uncertainty | Relative | Coverage T clative source error [%]| factor o
source error [%]| factor Sensitivity | standard error [%]
error [%] Chamber
Chamber calibration 0.8 2 1 0.4
calibration 0.8 2 1 0.4 factor Ny
factor Ny Calculated k4 0.095 1.73 1 0.055
Temperature | 0.13 1.73 1 0.076 Source distance| 0.1 1.73 2 0.058
Pressure 0.11 1.73 1 0.064 Combined measurement uncertainty
— 0.42
Source (coverage factor k= 1)
: 0.1 1.73 2 0.058 ; :
distance Combined measurement uncertainty 0.84
Combined measurement uncertainty (coverage factor k = 2) :
— 0.43
(coverage factor k= 1)
Combined measurement uncertainty 0.86
(coverage factor k = 2) )

for measuring ambient parameters and determining
the correction factor for air density k, in metrological
laboratories and other relevant facilities.

RESULTS AND DISCUSSION
Pressure measurement

Measurements were taken every two seconds.
For each measurement point displayed on the graph in
fig. 9, the mean value of thirty measurements was
used. The results from the Env-Coll 2012 2T device
were taken as references and corrected according to
the calibration certificate. The results of the MeteoKd
device were corrected according to the offset value ob-
tained from calibration in the metrological laboratory
for the calibration of pressure gauges, Laboratory for
Thermal Engineering and Energy at Vinca Institute of
Nuclear Sciences. The estimated measurement uncer-
tainty of the MeteoKd device is 0.6 hPa, while Env-
-Coll 2012 2T device, according to the manufacturer's
technical specifications, has an uncertainty of 0.3 hPa.
The difference in readings between the devices (P, —
P..¢) is less than 0.2 hPa which is within the measure-
ment uncertainties of both devices. Given that there
are no significant deviations, the results are satisfac-
tory for this type of application.

Temperature measurement

Measurements were performed in the still atmo-
sphere of the calibration room. Probes were far from
other objects on all sides. To minimize the influence of
temperature gradients, the probes were positioned
away from other objects on all sides, except for the
bottom. The bottom side was supported by an extruded
polystyrene board, chosen for its low thermal mass
and conductivity. The measurement uncertainty of the
device is MeteoKd: 0.061 °C; Keithley 2700 with
Pt100 probe: 0.1 °C; Env-Coll 2012 2T with Pt1000
probe: estimated 0.1 °C, according to manufacturer
specification: 0.01 °C. The mutual deviation of the
measured values does not differ by more than 0.05 °C,
which is shown in the graph, fig. 10. The Env-Coll
2012 2T Pt1000 probe exhibited a slower response as
the room temperature started to rise, because of its
higher thermal mass compared to other probes. The
dynamic responses of all three systems will be investi-
gated in future studies. Because the effect is minimal,
it does not significantly impact metrology, as calibra-
tion measurements are conducted in a stable tempera-
ture atmosphere. Also, ionization chambers, espe-
cially the large volume ones (1 1and 10 1), have a delay
in the inside air temperature change concerning the
surrounding air temperature, which will also be a sub-
ject of further studies since it directly affects the k.
The results are satisfactory about the purpose of the
developed device.
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CONCLUSIONS ACKNOWLEDGMENT

The MeteoKd system, designed to measure envi-
ronmental atmospheric parameters, was developed
and presented. Its measurement characteristics are
comparable with much more expensive systems. The
pressure sensor readings differ by £0.2 hPa compared
to a commercial device, which is within the measure-
ment uncertainties of both systems. The temperature
sensors were compared with two commercial devices
used in SSDL, showing a deviation of no more than
10.05 °C. The dynamic responses of the temperature
sensors in all three systems will be investigated in fu-
ture studies. The test results are satisfactory, compara-
ble to the values of commercial systems, and meet the
requirements for measurement accuracy.

The measurement uncertainty budget of the de-
veloped MeteoKd system was estimated and com-
pared with the currently used commercial systems.
The measurement uncertainty of the developed system
is similar to that of the commercial systems currently
in use. Further verification of the system includes a
more detailed examination of the temperature probes
and monitoring of the long-term stability of the entire
system.

The presented system is a good starting platform
that can be modified, e. g., by replacing or adding dif-
ferent sensors in the measuring unit or probe, and it
can be adapted to other purposes as needed, especially
for meteorology. Following additional testing and ver-
ification, MeteoKd could be commercially utilized in
metrology laboratories for calibrating dosimeters, in
clinical and radiotherapy facilities, and in other set-
tings where ionization chambers open to the atmo-
sphere are used, as the results obtained thus far have
been satisfactory.

The author extends gratitude to Valentina
Turanjanin and Biljana Vucicevic from the accredited
metrological laboratory for calibrating the pressure
gauges, and Laboratory for Thermal Engineering and
Energy at Vinca Institute of Nuclear Sciences for cali-
brating the pressure sensor, processing and providing
the calibration results presented in tab. 1.
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Munom B. BAJIETHh

PA3BOJ MEPHOI' CUCTEMA 3A OJPEBLUBAIBE
KOPEKIIMOHOI' ®PAKTOPA IT'YCTUHE BA3IYXA 3A JOHU3AIIMOHE
KOMOPE OTBOPEHE KA ATMOC®EPU

Y pany je npuKasaH pa3Boj MEpHOT cucTeMa 3a ofipebuBame pakTopa KOpeKIyje TyCTHHE Ba3lyxa
3a jOHM3aIMOHE KOMOpe OTBOpeHe Ka atMmocepu. CucreM je HaMeHeH YINOTpeOH Yy KIIMHUYKAM U
ParoTepaNyjCKuM yCTaHOBaMa, CeKYHIapHIM CTaHTapHIM AO3UMETPHjCKIM JabopaToprjama 1 Ha IPYyIAM
MecTHMa T7ie ce KOPHCTE jOHM3aMoHe KOMope Koje ¢y OoTBopeHe Ka atMoctepn. Ha gomaheMm TpskumiTy
MOCTOjY MHOIIITBO MHCTPYMEHATA 32 MEPEIhe pelaTUBHE BIAXKHOCTH, Ba3[yIIHOI MPUTHCKA U TEMIIEPATYpe
OKOJIMHE, i HETOCTaje MHTETPUCAHN CUCTEM KOJU MOKE Jla MEPHU CBE OBE MapaMeTpe, Kao U 1a U3pavyHa u
npukaxke (akTop Kopeknwje ryctmHe Baszfgyxa. [IpwkaszaH je pa3BujeH xapABep ca crenuukanjama
KopuITheHnX CEH30pa, Y3 Pa3BHjeHN CO(PTBEP 32 MUKPOKOHTPOJIEP U IIEPCOHANHE pauyHap. [Ipukaszanu cy u
aHAJTM3UPAHU PE3YJITATH MEPEha U MOjETHOCTABIbEH OYIIeT MepHE HECHT'YPHOCTH.

Kmwyune pequ: joHusayuuona komopa, 0o3umeiipuja, 2yciiuna 8a3oyxa, iiemilepaiiypa 8a3oyxad,
8a30YUIHU UPUTHUCAK, KOPEKUUOHU (PAKTIOD, eMUALOHUDAIbE, CEH3OD



