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ABSTRACT

Uncertainties during prolonged exposure times oray& calibration procedures at the Instrumentsb@ation
facilities at IPEN may suffer from efficiency (antlerefore intensity) variations on the industrialR4y
generator used. Using a transmission chamber amnkme reference chamber during the whole irradrati
process is proposed in order to compensate for stroh source. Also temperature (and pressurejuitions
may arise from the performance limited calibratimom air conditioning system. As an open ionization
chamber, that monitor chamber does require calonlatf a correction factor due to the temperatund a
pressure effects on air density. Sending and pstogsdata from all related instruments (electromete
thermometer and barometer) can be more easily \hiby interfacing them to a host computer runrang

especially developed algorithm using LabVIEWenvironment which will not only apply the proparection
factors during runtime, but also determine the el@mgth of time to reach a desired condition, whéan be:
time period, charge collected, or air kerma, bagedhe previous calibration of the whole systermgsa
reference chamber traceable to primary standaninétry laboratories. When performing such calitmatitwo
temperature sensors (secondary standard thernistoes simultaneously used, one for the transmission
chamber, and other for the reference chamber. Asstibstitution method is used during actual custsme
calibration, the readings from the second thermisém also be used when desired for further caooest Use

of LabVIEW O programming language allowed for a shorter devekat time, and it is also extremely
convenient to make things easier when improvemamismodifications are called for.

1. INTRODUCTION

Automation of the duties which are called for dgrithe tasks of radiation monitor
instruments calibration using open ionization chamalhave been sought after since long [1].
Every year the LCI (Instruments Calibration Laborg} at IPEN performs 200+ calibrations
using its X-ray calibration facilities, plus arouB@ test irradiations for research purposes [2].
Part of the time traditionally expended by the craembers involves manual registration and
determination of the correction factor for temperatand pressure for each calibration essay.
Considering that the exact irradiation time for esided air kerma value can hardly be
achieved because the influence factors (tempergtueesure and especially X-rays intensity
which relates to the efficiency of the generatiggtem) cannot be exactly predicted in prior,
it becomes difficult for the instrument under cedition to receive an exact amount of air
kerma, a desirable feature when it is of the irdBgg type, or when it cannot be turned on
and off after a well determined period of time.siich cases, the technician is challenged to
simultaneously start and stop both the X-rays shuatbntrol and integrating device (typically
an electrometer), resulting in increased overglaexied uncertainties level.

Automatic control of the shutter calls for spec@mpensation techniques in order to
minimize time lag errors [3]. Moreover, it has te tonsidered that, especially during longer



exposure times, variations on any of the relevaarapeters (temperature, pressure and
especially X-rays intensity) are expected to diyetchpair the overall precision that could
otherwise be achieved.

2. MATERIALS AND METHODS

As all related instruments used for such X-raysbeation tasks (electrometer, thermometer
and barometer) could be easily linked to receivi sand data to a local computer using their
standard RS-232C interface, an automatic contrstesy was devised so as to overcome and
reduce known uncertainties sources as describeceals a multifunction card (PCI-6040E
from National Instrumenty was readily available thanks to a supporting gubj4],
providing for digital output control became easyd &he only hardware which had to be
designed and constructed was the shutter intedawctoller, as it was a part from the X-rays
generating system (Agfa NDT Pantak Seifert GmbHWSQT HS 160).

A precision 4-channel thermometer (Hart ScientifE29 Chub E-4) coupled to a pair of
secondary standard thermistors (Hart Scientific158)L was used in conjunction with an
absolute barometer (Drick DPI 142). The electromietethe transmission chamber (PTW
34014) was one UNIDOS E (also from PTW). Calibnaticaceability could be achieved by
substitution method using a secondary standardation chamber PTW 77334, calibrated
by the Primary Standard Dosimetry Laboratory Phaigkh-Technische Bundesanstalt, PTB,
Germany, coupled to a true integrating PTW UNIDQ&teometer suitable also suitable as
secondary standard.

The beam qualities used during the tests had bemnopsly established according to the
IEC 61627:2005 [5] requirements: RQR-2 through RQIRand RQA-2 through RQA-10,
both useful for diagnostic radiology. Intended fradiological protection instruments
calibration, the N-60 through N-150 qualities weeproduced according to ISO 4037-2
standards [6].

Most ionization chambers used require correctiantfie air density against the reference
conditions:

Tref = 20 C and Fe)f = 101,325 kPa (1)

The most widely used expression for the correctiactor [7] for the calibration room
conditions is:
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Among the instruments interfaced to the arrangemére slowest are the UNIDOS
electrometers connected to the ionization chamiien set to the so called “streaming
mode”, they keep a rate of flowing data updatedyee5 s. It was then decided that the
computer program was fast enough to perform alldeéecalculations between two
successive readings, so the resulting correctiotorfa are updated and applied twice per
second, lessening the importance of variations @h temperature and pressure that might
occur during long term irradiations.

Time uncertainties associated with the computeegdgad command for the shutter were
experimentally found to stay under 16ms, allowiogd more accurate exposure time control
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than could have been achieved by manual methods,naaking it possible to devise a
compensation algorithm for the time lag inherenth® mechanical operation of the shutter.
Such algorithm is based on both extrapolation nuttemd empirical results, as described on
an academic work conducted by the technical stafieLClI [8].

3. RESULTS

A main program was developed in LabVIEW strictly aiming to achieve a precise control
of the charge collected by the electrometer comuktd the monitor (transmission) chamber.
The dynamic correction factor calculator subroutimealisabled when extrapolation reveals
that the intended charge is expected to be reawfitach less than 1.5 s, and the predicted
time to close the shutter is delivered after subima of the estimated time lag of the shutter.

Fig. 1 shows the front panel of the application whmtended and actual values can be
compared for good matching.

controle_carga_2.vi Front Panel
File Edit Operate Tools Browse Window Help

q>[@| ..__j-.@ | 13pt Application Font_ iv S e R s

Qualidade
| ROR-3

Dose {mGy)

Tempo Total (<) Média (mGyfs) | —

10,5003

f1zes |

ooz
Média (nCfs)

Desejado (nC)

e

Fator Carga (nc) Faltante (s)
30,12315
_ StopTime

17:38:12,565
4/6/2007

Stark Time

117:37:59,710
46/2007

_ Araytempo

] _ Amay carga
b o |

12,081
12233 |
2,385 |
{2689 |
2840 |
2,992
{5,144 |
1529 7 8 9

I3,44?
W Inicio (s
4 -0,099

Carga (nC)
n
(1)
1
I
|
|
|
|

2,6-

1
11

I
10
Tempo (s)

Abort
STOR

Flutuacio

Figure 1. Front panel of the charge control
LabVIEW 0O routine developed for test proofing
the accuracy of the automatic shutter controller.

A second routine was directly developed startimgnfithis one, aiming to achieve a desired

air kerma value based on calibration factors thastnmave been previously determined. As
new correction factors are generated every 0.®t$eresults are obtained than if using a
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single one (for the initial, final or average cdial), in case of variation of the room
temperature (or even pressure) during the irramhati

A program for periodically refreshing such caliliwat factors has also been developed (see
Fig. 2). It incorporates an auto-ranging feature &dder type UNIDOS electrometer
connected to the reference chamber, as well astamatic decision for using either the true

(capacitive) integrator (which lends to a bettesuaiacy), or thdi.dt option. The UNIDOS E
connected to the monitor chamber always work imexurintegration mode.

| Fle Edt Operate Tools Browse Window Help

Figure 2. Front panel of LabVIEW O program
developed for periodical generation  of
new calibration factors for the monitor chamber.

4. CONCLUSIONS

The choice of LabVIEW] as programming tool proved to be a quick and &ffeanethod
to achieve the desired results, with the advantddeeing easily customizable for the needs
of the laboratory crew, dispensing the need fadtpart developers.

The results obtained were found to be more reliavid accurate than those from the
previous manual methods employed, particularlytreene conditions of very short time

exposures of only a few seconds, or else during ioadiations were the temperature cannot
be held constant. The importance of such corresti@s been often emphasized [9]. Using
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two independent temperature sensors placed in cliegaty of each ion chamber led to
calculation of individual correction factors whiafiowed for a better compensation of the
temperature gradient caused by the heat emanatedifie X-ray generator.

Further improvements could still be obtained byonmporating the periodically generated
calibration factors into a database file which veballow for a closer quality control of the
calibrating system stability over time.

Computer communication with the X-ray generatortcarpanel is another feature that could
not be implemented up to now, due to lack of infation from the manufacturer (Seifert). It
would be obviously advantageous (and easy, fronptbgramming point of view, not to say
safer against operation error) to permit that tlennprogram set the voltage and current at
the beam generator. It is still possible and dbkras a future improvement to include a
checking feature on the current program that warddhpare the air kerma rate with a
previously stored expected value, and sign up witivarning flag in case the difference
exceeds a predetermined value.
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