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A design and implementation of a smart ionization chamber suitable for connection into
gamma radiation monitoring networks is presented in this paper. The smart ionization cham-
ber consists of air-equivalent one liter ionization chamber with associated electronics and a
built-in memory for storage of electronic data specifications. Generally, operating and mea-
surement characteristics of the used ionization chamber are written into the memory chip at-
tached to the chamber. A microcontroller-based data acquisition system with a mixed-mode
interface has been implemented for the purpose of reading electronic data specifications from
the memory chip, and for configuration and interfacing of the ionization chamber to the mon-
itoring network using plug-and-play concept. The details of smart ionization chamber imple-
mentation and test results are included in the paper.
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INTRODUCTION

A monitoring network with remote sensing tech-
nology should be used in order to provide for timely
protection and minimal individual exposurein an un-
expected event of anuclear accident withrelease of ra-
diation at nuclear facilities. Although sensor net-
works, especially wireless sensor networks, are
considered one of the key technologies of the 21% cen-
tury, these still have not found their full applicationin
the radiation monitoring field. Main reasons for this
situation originatein thefact that the contemporary ra-
diation monitoring systems use very little or hardly
any plug-and-play (PnP) technology, otherwise pres-
ent in the computer industry. At the same time, there
are no commercialy available radiation detectors ca-
pable of PnP connection to multivendor networks.

In order to apply PnP concept in the field of the
monitoring and sensor networks, it is necessary that
individual devices, such asradiation detectors, include
“self-describing” features that provide the most im-
portant information about the device. Based onthisin-
formation it is possible to identify the devices con-
nected to the network and communicate with them
through standardized communication interfaces using
standardized communications protocols. Due to the
development of sensing technology in thelast decade,
smart sensors that contain a“ self-describing” feature
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emerged on the market [1-4]. Such sensors include
data in a form of a transducer electronic data sheet
(TEDS) located in the sensor.

With the aim to define a standard for a net-
worked smart transducer and to provide for
interoperability of equipment from various vendors,
the |IEEE 1451 set of standards has been proposed,
with the expectation that it would be well received by
both the producers and the users of sensing networks
technology [5, 6]. In addition to the Smart Transducer
Interface Standards, ANSI/IEEE N42.42 standard is
proposed, which specifies the data format that should
be used for all dataavailable at the output of radiation
measurement instruments. The N42 data format is
aimed at facilitating manufacturer-independent trans-
fer of information from radiation measurement instru-
ments [7].

lonization chambers are very convenient for
continuous monitoring of ambient gammadoseratein
vicinity of nuclear facilities, aswell asin medical fa-
cilities, industrial X-ray facilities and in radiography.
Thewideuseof theionization chambersinthesystems
of thekind isbased ontheir good measurement charac-
terigtics, high reliability and relatively low cost. The
ionization chambers have approximately uniform re-
sponse in awide range of gamma and X-ray energies,
provide for precise discrimination between beta and
gamma components of a radiation, and represent the
best choice for measurement of high levels of gamma
radiation.
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The objective of this paper is to develop smart,
network capable ionization chamber that would lead
to self-configuration of monitoring system based on
this type of detector. The goal is to advance the PnP
concept in the field of radiation monitoring by devel-
oping an electronic data specification corresponding
to dc current typeionization chambers, so that amoni-
toring system could be implemented and configured
quickly and easily and without errors which often oc-
curswhen asystem s configured manually. Based on
the literature that was available to the authors, there
has been no attempt to make use of the PnP conceptin
interfacing of radiation detectors with built-in elec-
tronic sensor specifications.

Thispaper isorganized inthefollowing way: the
section Interfacing of Smart |onization Chamber pro-
videsboth aconcept and detail s of interfacing of smart
ionization chamber and description of electronic data
specification of ionization chamber. The section Pro-
posed Electronic Data Sheet for ionization chamber
focuses on the systematization of ionization chamber
characteristics and adesign of TEDS template for the
ionization chamber. Experimental results are pre-
sented in the section Testing of Smart lonization
Chamber. Finally, the conclusionsare givenin the last
section.

INTERFACING OF SMART
IONIZATION CHAMBER

Current type ionization chamber used in this
study measuresthe averageionization produced by in-
coming radiation. This is achieved by measuring di-
rect current (DC) generated in the chamber using
electrometer amplifier. Conceptual design of opera-
tional amplifier based electrometer for current to volt-
age conversion isshown in fig. 1.

Major design difficulty in application of ioniza-
tion chamber is a precise measurement of small cur-
rents whose magnitudes are of the order 1022 A. The
extremely low current generated by radiation inside
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Figure 1. Interfacing of ionization chamber with
amplifier based electrometer for current to voltage
conversion

the chamber imposes the use of highly sophisticated
guarding techniques and an ultra low input bias cur-
rent operational amplifier in order to make the entire
system usable in environmental monitoring [8].

At equilibrium, a constant voltage V,,; is devel-
oped acrossthe known resistance R;, whichisgiven by
Vit = Rilg In thisway, saturated ionization current |
can be measured by measuring the voltage V, ;. When
theionization current | ;isknown for an air-equivalent
ionization chamber, the exposure rate is given by the
ratio of ionization current | and the mass M contained
in the active chamber volume

o
X v (1)

The air mass M is calculated from the values of

the chamber volume and the density [8]

M [kg] =1203V = 10 )
Py T

where Vis the chamber volumein m®, P —the air pres-
sure within the chamber, Py — the standard pressure
(101.325 kPa), T—the air temperature within the cham-
ber, and T, — the standard temperature (273.15 K).

lonization chamber represents an analog trans-
ducer becauseitsoutput providesonly the anal og mea-
surement signal. In order to add “intelligence” to the
analog ionization chamber it is necessary to include
electronic data specification with most important el ec-
trical and measurement characteristics of the ioniza-
tion chamber. This is achieved by attaching a small
semiconductor memory to the ionization chamber. In
this study, theionization chamber specificationsin the
form of transducer electronic data sheet (TEDS) and
the transmission of digital data between memory chip
and data acquisition system (DA Q) are accomplished
in compliance with IEEE 1451.4 standard [9], as
shown in fig. 2.

The air-equivalent ionization chamber M 1000
manufactured in Vin¢a Institute of Nuclear Science,
Belgrade, Serbia, is used for the realization of the
smart ionization chamber in thiswork. Theionization
chamber was built on the basis of the concept of
Novkovi¢ et al. [10]. The ionization chamber is pow-
ered by 5V obtained viaUSB bus. Thisvoltageiscon-
vertedto a400V by using acombination of boost con-
verter and voltage multiplier [11]. Electrometer
amplifier is designed using an ultra-low bias current
op amp Ti LMP7721.

As suggested in egs. (1) and (2), the exposure
rate of air-equivalent ion chamber depends on the am-
bient temperature and pressure. Therefore, a digital
temperature and pressure sensor with 12C interface is
embedded inthe smart chamber to provide corrections
to ambient conditions.

Data acquisition system (DAQ) is based on a
low-cost 8-hit microcontroller with USB, 1°C and
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UART communication interfaces and 10-bit ana-
log-to-digital converter (ADC). DAQ system per-
forms multiple tasks: communications over
mixed-modeinterface (MMI) with TEDS memory, the
analog signa processing and conversion, temperature
and pressure sensor readings, and USB communica-
tion with PC or network processor. After connecting
the smart ionization chamber to the DAQ system, the
microcontroller detects presence of TEDS memory
and reads ionization chamber specifications. Digital
data transmission between TEDS memory and DAQ
system is accomplished by means of One-wire proto-
col [12]. One-wire protocol uses just onewire for se-
rial datatransfer and power supply for the TEDS mem-
ory chip.

Analog voltage output of electrometer amplifier
isconverted to adigital signal using the ADC embed-
ded inthe microcontroller. Digital signal, measured at
the electrometer amplifier output, is converted to an
appropriate exposure rate based on the ionization
chamber's calibration factor previously read from
TEDS memory. Since the ionization chamber is
equipped with the digital temperature and pressure
sensor, the microcontroller is used to acquire ambient
parameters through 12C interface, and perform mea-
surement corrections to the ambient conditions. The
resulting value of the exposure rateis sent to the com-
munication processor using a USB interface.

The TEDS, attached to the ionization chamber,
is implemented in accordance with the |IEEE 1451.4
standard. The TEDS is divided into three major sec-
tions: Basic TEDS, Transducer TEDS and Calibration
TEDS (fig. 3). Basic TEDS is mandatory, while other
TEDS sections are optional.

Thesizeof theBasic TEDSis64 bits, and it con-
tainsthe basicinformation about the transducer: Man-
ufacturer identification, Model number, Version | etter,
Version number, and Serial humber. It is possible to
perform auniqueidentification of asensor onthebasis
of thedatafrom the Basic TEDS. The datain this sec-

|IEEE 1451.4 complient
data acquisition system l

Manufacturer ID
. Model number
?ggg Version number
Version letter
Serial number
Measurement range
Tranaducar Output signal range
TEDS Sensitivity
Power supply ...
Calibration or Calibration or
correction correction data
TEDS in a table format

Figure 3. Sructure of TEDS for ionization chamber

tion of the memory is defined by the manufacturer and
the user is not able to changeit.

The Transducer TEDS section contains el ectri-
cal and measurement characteristics of the given sen-
sor, for example the measurement and the output sig-
nal ranges, sensitivity, power supply requirements,
etc. The data, acquired by reading of TEDS memory,
are used in the automatic detector configuration. The
TEDS memory may aso contain calibration data
stored in the memory's third section.

In order to keep memory usage requirements
low, TEDS bit mapping is accomplished through the
concept of templates [9]. Transducer type templates
have been standardized in |[EEE 1451.4 for awide se-
lection of sensors, such as accelerometers, strain
gauges, thermocouples, etc. However, this standard
does not offer template for ionizing radiation sensors,
thus significantly hampering the implementation of
the |IEEE 1451.4 standard in a network interfacing of
radiation sensors.
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The TEDS template for the ionization chamber
has been proposed and implemented in this work.
Readout of the ionization chamber TEDS datais per-
formed by means of the implemented DAQ system
while the data read is the basis for identification and
automated configuration of theionization chamber, in
accordance with the well known and widely accepted
PnP concept.

In addition to standard templates, smart sensor
manufacturers may create and use their own tem-
plates. Thisapproach coversthe sensorsnot supported
by the | EEE standard; some authors used the opportu-
nity and proposed their own customized templates[ 13,
14]. In order to preserve the interoperability and en-
able PnP capability a new template for the ionization
chamber, based on the 1451.4 property commands, is
proposed and implemented in this paper, aswill be de-
scribed in the following section.

PROPOSED ELECTRONIC DATA
SHEET FOR IONIZATION CHAMBER

Electronic sensor specifications in the form of
TEDSplay key rolewhen performing automatic network
connection and configuration of a sensor in accordance
with PnP concept. This section focuses on the systemati-
zation of theionization chamber characteristicsand stan-
dardization of TEDS information for this type of detec-
tor. Based on the latter analyses, TEDS template for the
ionization chamber is proposed and designed.

For a standardized definition of the content of
TEDS sectionsfor theionization chamber, one should
be familiar with basic identification data, as well as
with construction, electrical and measurement charac-
teristics of the ionization chamber. Therefore, a short
review of construction, electrical and measurement
characteristics of theionization chamber will be given
below. Special attention will be paid to the air-equiva
lent dc current ionization chamber that is used in this
study for the implementation of smart ionization
chamber for a network connection.

Although ionization chambers have simple con-
struction, and are certainly the simplest of al the
gas-filled detectors, there are different types of ioniza-
tion chambers. Thefollowing chamber typesare com-
monly used depending on the construction: free-air
chamber, vented chamber, sealed low pressure cham-
ber, high pressure chamber, and research and calibra-
tion chamber.

Any fill gascan be used for theionization cham-
ber, but air is required in those chambers designed for
the measurement of gamma-ray exposure. In addition
to air, ionization chambers can befilled with nitrogen,
argon, tissue equivalent gas, etc. Thefill gas pressure
is often 1 atm*, although higher pressures are some-
times used in order to increase the sensitivity.

"1 atm = 101325 Pa

Theionization chambers vary greatly in dimen-
sions and geometry to suit application. The eectric
field between platesis uniform with ionization cham-
bers with parallel plate or planar technology. loniza
tion chambers with cylindrical geometry, where the
field is inversely proportional to the radius, are fre-
quently used as well. Analytical methods for predic-
tion of current-voltage characteristics of chambers of
various geometries are given in [15].

A change of temperature and/or pressure affects
the air density and, consequently, a sensitivity of the
ionization chamber. Thisimpliesthat the environment
parameters should be taken into account if a precise
measurement is desired.

M easurable radiations with ionization chambers
areX, y, neutron, and B-ray. For detection of betaradia-
tion, theionization chamberswith thinwindow that al-
lowsthe penetration of beta particlesinto the detector
are used. Betaparticles are effectively prevented from
being detected when the window is covered. The
chamber wall must be thicker in ionization chambers
with high pressure, disallowing detection of betaradi-
ation as well as low energy gamma and X radiation
(below approximately 40 keV).

Electrical characteristics of an ionization cham-
ber comprise input power supply, operating voltage,
maximum operating voltage, voltage plateau, mode of
operation, current measurement range or range of
electric charge, leakage current, and operating temper-
aturerange. Therelation between applied high voltage
and saturated ionization current for the same radiation
source is important for a current ionization chamber.
When an ionization chamber is in the ionization re-
gion, aslight increase of the applied voltage should re-
sult in a negligible change of the measured current.

Measurement characteristics of ionization cham-
ber include the type of measurable radiation, energy
range, measurement range, sensitivity to the measured
radiation, energy response, angular dependence, etc.

The proposed TEDS template for ionization
chambers consists of five fields: Template ID, Gen-
eral, Measurement, Electrical, and Calibration and
miscellaneous (tab. 1). Template ID field is8-bit inte-
ger number used for unique identification of the tem-
plate. The General field provides most important me-
chanical characteristics of the ionization chamber
such as: chamber type, fill gas, fill pressure, and effec-
tive volume.

M easurement fiel d specifiesthe sensor measure-
ment characteristics and defines physical to electrical
mapping operation performed within the sensor. De-
pending on the construction specifications, ionization
chambers can be designed to detect X, gamma, neu-
tron or betaradiation. Thefirst parameter in thisfield,
Type of radiation, defines the type of radioactive
sources that ionization chamber is sengitive to. It is
possible to specify more than one type of radiation
with corresponding list of parameters. In order to de-



V. R. Drndarevi¢, et al.: Smart Ionization Chamber for Gamma-Ray Monitoring
194 Nuclear Technology & Radiation Protection: Year 2014, Vol. 29, No. 3, pp. 190-198

finethe end of the Measurement field, thelast parame-
ter, Next type of radiation, must be set to thevalue No
source.

Electrical field defines electrical characteristics
of ionization chamber, electrometer amplifier, and
power supply. Electrical characteristics of sensor out-
put are specified usingionization chamber current out-
put range and corresponding electrometer amplifier
voltage output range. Specification of operational
voltage for ionization chamber is provided with rec-
ommended and maximum high voltage supply param-
eters. Input power supply for smart ionization cham-
ber is defined using Input power supply parameter.

Additional parametersaredefinedin Calibration
and miscellaneous field. Calibration dateis set asthe
number of days elapsed since 1st February 1998. Cali-
bration period is used to warn the user if ionization
chamber needsto bere-calibrated. M easurement loca-
tion ID parameter serves as user-specified ionization
chamber location ID.

Calibration data of each sensor can be stored in
the TEDS memory using standardized templates: Cali-
bration table or Calibration curve. Based on the cali-
bration data, corrections of the measured physical
guantity using corresponding el ectrical equivaent can
be carried out.

| onization chamber response depends on the ra-
diation energy and incident angle of theradiation rela-
tive to the chamber axis. These dependences have an
influence on the measurement results and therefore it
is important to find a way to incorporate corrective
data in the transducer TEDS memory. These correc-
tionscould be very efficiently storedin thecalibration
table. However, the standard |IEEE 1451.4 templates
do not provide apossibility to make correctionsto the
measured physical quantity based on an arbitrary do-
main parameter such as energy, angle of radiation,
temperature, pressure or any other parameter which
may be of interest. For this reason, a new Correction
table template is proposed in this paper and shown in
tab. 2.

Correction table template consists of three
fields: Template ID, table header, and table entries.
Template | D providesuniqueidentification of thetem-
plate. Table header field stores data about physical
quantity that influences measurement. Domain name
parameter provides string description and minimum
domain value and maximum domain vaue define
range of interest for the physical quantity. Number of
entries parameter is used to specify size of the Correc-
tion table. Up to 127 entry points are allowed. Every
table entry has two co-ordinates defined with domain
value and correction factor value parameters. Using
the correction table template, the energy and angular
dependence of ionization chamber as well as correc-
tionsdueto changesin pressure, temperatureand other
parameters can be written into TEDS.

Table 1. Transducer TEDS template for gamma ray
sendgtive ionizing chamber

Field Data type and range
Template ID 8D, integer (0-255)
Genera field

3b, enum: 0 = free-air,
1 =vented, 2 = low pressure,

Chamber type 3 = high pressure,
4 = research and calibration
Fill gas 30b, string

Fill pressure [mmHg] 16b, integer (0-65534)

Eff. volume [x10™cm’] 18b, integer (0-262142)

Measurement field for gammaradiation

3b, enum: 1 = beta,
2 =gamma, 3= X,
4 = neutron, 0 = no source

1b, enum: ®°Co, *¥'Cs
32b, floating point
32b, floating point
32b, floating point

3b, enum: 1 = beta,
2 =gamma, 3= X,
4 = neutron, 0 = no source

Type of radiation

Radiation
Sensitivity [ACkgs]
Min. exposure rate [Ckg™s™]

Max. exposure rate [Ckg™'s™

Next type of radiation

Electrical field

Min. IC current out [A] 32D, floating point
Max. IC current out [A] 32b, floating point
Min. electrom. out [V] 10b, dec (0-10, step 1072
Max. electrom. out [V] 10b, dec (0-10, step 107?)
9b, integer (0-5100, step 10)
9b, integer (0-5100, step 10)
9b, integer (0-51, step 0.1)

Recom. HV supply [V]
Max. HV supply [V]
Input power supply [V]

Calibration and miscellaneous field

Calibration date 16b, integer (0-65534)
Calibration period [day] 22D, integer (0-4094)
Measurement location ID 11b, integer (0-2046)

Table 2. Correction tabletemplate

Field Data type and range
Template ID 8b, integer (0 to 255)
Table header
Domain name 30b, string

Minimum domain value 32D, floating point
32b, floating point

7b, integer (0-127)
Table entries

14b, dec (0-100, step 1072

21b, dec (0-21, step 10°°)

Maximum domain value

Number of entries

Domain value [%]?
Correction factor value®

*Repeated number of entries times

TESTING OF SMART
IONIZATION CHAMBER

The M1000 is an air-equivalent ionization
chamber with volume of 1000 cm? and wall thickness
of 2mm (fig. 4). Theinner surfacesof thechamber are



V. R. Drndarevié, ef al.: Smart lonization Chamber for Gamma-Ray Monitoring
Nuclear Technology & Radiation Protection: Year 2014, Vol. 29, No. 3, pp. 190-198 195

Figure4. Theionization chamber M 1000 under test with
X-ray machine

coated with aconductive air-equivaent layer. Recom-
mended operating voltage is400 V.

To evaluate the characteristics of ionization
chamber, it was calibrated at the Laboratory for radia-
tion measurements, Vincéa Institute of Nuclear Sci-
ence, Belgrade, Serbia. X-ray beam at effective ener-
gies of 46 keV, 114 keV, and 195 keV generated by
Philips MG320 X-ray machine, and dosimetric
gamma ray sources 3’Cs and 8°Co were used for the
calibration. Theionization current is measured using
the Keithley 610 C electrometer with a relative error
lessthan £3%. Thetotal relative error of measurement
islessthan +5%. Theionization chamber responsevs.
energy is shown in fig. 5.

Ascanbeseenfromfig. 5, theenergy responseis
relatively uniform in the range from 46 keV to the
1.25 MeV with arelative deviation within the +8%.
Gammaray sensitivity of the ionization chamber was
tested with the collimated ®Co source. The chamber
saturated current I ;asfunction of exposurerateisillus-
trated in fig. 6.

Based on theionization chamber M1000 charac-
teristics and our proposals for TEDS template for
gammaradiation ionization chamber (tab. 1) and Cor-
rections template (tab. 2), TEDS for smart ionization
chamber has been designed according to the proposal
which is presented in this paper.

For reading and writing of smart ionization
chamber TEDS data in EEPROM memory, applica-
tion software TEDS Editor isdeveloped. TEDS Editor
isaPC-based application developedin LabVIEW pro-
gramming environment [16] applying the concept of
virtual instrumentation. Graphical user interface of
TEDS Editor is shown in fig. 7.

Basic sensor data are entered by selecting “ Edit
Basic TEDS’ option from TEDS Editor front panel.
Details about the mechanical, measurement, electri-
cal, and additional characteristics of ionization cham-
ber are entered by selecting “Edit Transducer TEDS’
option. These data are stored in TEDS on the basis of
the proposed Transducer template for ionization

Relative response
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Energy [keV]

Figure5. Therelativeionization chamber sensitivity asa
function of X and gamma radiation energy
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Figure 6. The M 1000 ionization chamber saturated
current vs. exposurerate

chamber presented in tab. 1. lonization chamber en-
ergy response, shown in fig. 5, is entered in TEDS
memory according to proposed Correction table tem-
plate (tab. 2) using “Edit Correction TEDS’ option
from graphical user interface. Gammaray sensitivity
asafunction of exposurerate, showninfig. 6, isstored
in TEDS memory using “Edit Calibration TEDS” op-
tion from graphical user interface. Sensitivity dataare
stored in TEDS according to IEEE 1451.4 standard
Calibration template [9].

After creating TEDS table, the user may store
datain“EEPROM memory” or “virtual TEDS’ fileby
choosing appropriate “target location”. “EEPROM
memory” option providesdatatransfer between TEDS
Editor and TEDS EEPROM memory using |EEE
1451.4 compliant DAQ connected to the PC viaUSB
bus. DAQ uses Mixed-mode interface and One-wire
protocol for detecting presence of EEPROM memory
and transfer of TEDS data. Alternatively, TEDS Edi-
tor allows user to read or write datato “virtual TEDS’
filewhen EEPROM memory cannot be attached to the
Sensor.

To test smart ionization chamber and DAQ,
which aredesigned and implemented within thiswork,
LabVIEW client application is designed. As this pro-
gramdesign isnot thefocus of this paper, it will be de-
scribed only briefly.
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File Edit View Project Operate Tools Window Help
»®|[@[n
Field Value Hardware TEDS
Manufacturer ID 16382
Model Number 0
Version Number 1000 C:\Users\Nenad\Documents\LabVIEW Data\
Version Letter M IC_TEDS.ted
Serial Number 0
Template ID 45 - lon Chamber
Chamber type 0 - free air
Fill gas AirEqv DS_2433
Fill pressure [mmHg] 760
Eff. volume [0.1cm’] 10000
Type of radiation 2 - Gamma 23 [Fl2¢ [Fl6o [l AB [§loo [Floo [Eioo EiBC
Radiation 0-60Co
Sensitivity [Akgs/C] 137E-3
Minimum dose rate [C/(kgs)] 8.83E-10
Maximum dose rate [C/(kgs)] 147E-5
Next type of radiation 0 - No source
Minimum IC current output [A] | 1.03E-12
Maximum IC current output [A] | 1.71E-8
Minimum electrometer output [V] | 0
Maximum electrometer output [V] | 5

Figure 7. Front panel of TEDS editor for smart ionization chamber

The front panel of client applicationisshownin
fig. 8. Client application allows aremote client to ac-
cess the smart ionization chamber through the net-
work. In these experiments a PC is used as a network
capable application processor (NCAP). By choosing
theappropriate sensor fromtheclient application front
panel, TCP/IPconnection between client and NCAPis
established, and TEDS datafrom the sel ected detector
isobtained. In addition to basic information about the
detector shown in graphical user interface (fig. 8), the
user can request detailed TEDS data by selecting
“View TEDS’ option.

Based on the data regarding el ectrometer ampli-
fier and the ionization chamber's sensitivity specified
in TEDS memory, NCAPautomatically performscon-
version from voltage measured at the amplifier output
to appropriate exposure rate. The data obtained from
the temperature and pressure sensor embedded in the
ionization chamber are used for refining the measure-
ment of exposure rate to ambient conditions. Further
corrections of calculated exposure rate is performed
using Correction table TEDS data. If either isotope or
energy of ionizing radiation is known, these data can
be entered through the graphical user interface of the
client application. Based on these data and the data
stored inthe Correction TEDS, appropriate correction
of the measurement result is performed. Similarly, if

the radiation incidence angle to the ionization cham-
ber is known, then exposure rate value can be
corrected based on the data stored in angular depend-
ence Correction table section of TEDS memory.

After entering correction dataand sensor config-
uration, client application periodically requests trans-
fer of relevant measurement results and graphically
displays or/and records obtained data, at the user's
convenience.

CONCLUSIONS

Thispaper presented design and implementation
of smart ionization chamber which can be connected
to the monitoring network in accordance to the PnP
concept.

In order to perform automatic network connec-
tion and configuration of the ionization chamber, an
appropriate TEDS template containing all therelevant
construction, electrical and measurement characteris-
tics of theionization chamber should be available. As
thistemplate isnon-existent within | EEE 1451.4 stan-
dard, it was developed within this work. Also, a new
correction table template for the correction of mea-
surement results is proposed in this paper. Based on
the calibration data stored in TEDS memory, correc-
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Figure 8. Graphical user interface of client application for remote access to the smart ionization chamber

tion of the measured physical quantity based on corre-
sponding electrical equivalent is carried out.

|EEE 1451.4 compliant data acquisition system
has been designed for interfacing of smart ionization
chamber. The experimental set-up includesionization
chamber with an embedded EEPROM memory chip
for data specifications, electrometer amplifier and as-
sociated el ectronics, and DA Q based on low-cost 8-bit
microcontroller with Mixed-mode interface. Through
the DAQ, thesmart ionization chamber isconnected to
the PC for data processing and network communica-
tion.

The proposed system for PnP interfacing of
smart ionization chamber has been tested with the
air-equivalent 1 liter ionization chamber. The ioniza-
tion chamber has been calibrated with X -ray beam and
dosimetric gamma radiation sources *3’Cs and 5°Co.
The data obtained by the calibration of the ionization
chamber aswell as construction and electrical charac-
teristics of the ionization chamber have been written
into TEDS memory associated to theionization cham-
ber. By means of the implemented DAQ system, the
concept of automatic interfacing and configuration of
an ionization chamber as well as a correction of the
measured value based on the calibration datais dem-
onstrated.

Withtheaimtotest the smart ionization chamber
and DAQ system, LabVIEW client application is de-

signed. As shown, the proposed smart ionization
chamber can beaccessed over thenetwork and theuser
is provided with the measurement results and detailed
information about connected radiation detector, detec-
tor location and measurement result.
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Byjo P. IPHIAPEBUR, Henan J. JEBTUR,
Baagumup M. PAJOBU'R, Cp6ossyo J. CTAHKOBHUH

INAMETHA JOHU3AIMOHA KOMOPA 3A MOHUTOPUHI TAMA 3PAYEIHA

Y oBOM pajly OmcaH je IOCTyNak NpojeKTOBawka 1 peanu3alyje NaMeTHe jOHU3allnoOHe KOMOpe
MOTOfHE 3a MOBE3UBAKE Y MPEXKY 32 MOHUTOPHHT TaMa 3pauea. [laMeTHa joHn3a1mOHa KOMOpa cacToju
ce Ol Ba3AyX-€KBUBAJICHTHE jOHM3AIMOHE KOMOpE 3alpeMMHE jeflaH JHUTap, npaTche elNeKTpOHHMKE M
yrpabene memopwuje 3a mamheme €IEeKTPOHCKHUX crnenu@uKanyja joHu3alone kKomope. Y yrpabenn
MEMOPHjCKH YAN YIIICAHE CY OCHOBHE, pPaJJHE I MEPHE KapaKTEPUCTHKE KOPHUITheHE jOHN3AI[MOHE KOMOpE.
3a ounTaBame EJEKTPOHCKUX cHenu(UKanyja jOHH3AIMOHE KOMOpE U3 MEMOpPHjCKOr 4Yuma u 3a
KOH(PUTYpUCAHE U TOBE3MBAC jOHU3AIMOHE KOMOpPE Ha MOHUTOPHHI MPEXY Y CKIaAy ca KOHIEITOM
OpuKJBYIH U pamu (plug-and-play), peannm3oBaH je MHUKPOKOHTPOIECPCKH aKBU3WIMOHH CHCTEM ca
CTAaHApAM30BaHUM MEULIOBUTHM HHTepdejcoM. Y pajiy cy JaTH AeTalbl peaju3alyje U pe3yaTaTu
TeCcTUpamka NaMEeTHE jOHU3AIOHE KOMOpE.

Kwyune peuu: nameinian ceH3op, jOHU3AUUOHA KoMopa, ilose3usarse, mpexca, IEEE 1451, TEDS



