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This pa per in tro duces a mea sur ing sys tem de signed to de ter mine the air den sity cor rec tion
fac tor for ion iza tion cham bers open to the at mo sphere. The sys tem is in tended for use in clin i -
cal and ra dio ther apy fa cil i ties, sec ond ary stan dard do sim e try lab o ra to ries, and other set tings
where open-to-the-air ion iza tion cham bers are com monly uti lized. While there are nu mer ous
uni ver sal and lab o ra tory-grade in stru ments avail able for mea sur ing rel a tive hu mid ity, air
pres sure, and am bi ent tem per a ture, in te grated sys tems that can mea sure these pa ram e ters
and cal cu late and dis play the air den sity cor rec tion fac tor are rare, par tic u larly in the do mes tic 
mar ket in Ser bia. This pa per de tails the de vel oped hard ware, in clud ing spec i fi ca tions for the
sen sors used, as well as the soft ware de vel oped for microcontrollers and per sonal com put ers.
Mea sure ment re sults and sim pli fied mea sure ment un cer tainty bud gets are also pre sented and
dis cussed.
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INTRODUCTION

Mea sur ing am bi ent en vi ron men tal pa ram e ters
such as air pres sure, tem per a ture, and rel a tive air hu -
mid ity is of great im por tance in var i ous fields, es pe -
cially me te o rol ogy, in dus try, and me trol ogy. In this pa -
per, the em pha sis is on the mea sure ment of am bi ent
con di tions in the sec ond ary stan dard do sim e try lab o -
ra tory (SSDL) for the cal i bra tion of do sim e ters in
quan ti ties such as air kerma, ab sorbed dose, am bi ent
and per sonal dose equiv a lents, and oth ers. In the lab o -
ra tory, ion iza tion cham bers open to the at mo sphere are 
used as sec ond ary stan dards, which prac ti cally means
that the in side of the cham ber is filled with air of the
same prop er ties as the at mo sphere sur round ing the
cham ber [1, 2]. Mea sur ing the am bi ent en vi ron men tal
pa ram e ters, es pe cially the tem per a ture and pres sure
near the cham ber, de fines the char ac ter is tics of the gas
prop er ties in side the cham ber. Mea sure ment of these
pa ram e ters is of cru cial im por tance for do sim e try be -
cause air pres sure, am bi ent tem per a ture, and, to some
ex tent, rel a tive air hu mid ity [3] af fect the air den sity
in side the cham ber. By introducing the air den sity cor -
rec tion fac tor kd to ac count for this de pend ence is

acounted for. The in flu ence of the air den sity is well
de scribed in the lit er a ture [1, 2], and ex am ined in sci -
en tific pa pers [3, 4]. Rel e vant in ter na tional guide lines
for do sim e ter cal i bra tion list it as an in flu en tial quan -
tity and pro vide in struc tions for its cor rec tion [5, 6].
There is a large se lec tion of uni ver sal and lab o ra -
tory-grade equip ment in the mar ket for mea sur ing am -
bi ent tem per a ture, air pres sure, and rel a tive hu mid ity,
from in stru ments that mea sure only one quan tity to in -
te grated sys tems for mea sur ing mul ti ple quan ti ties.
How ever, the prices of the sys tems are usu ally high, in
the or der of sev eral thou sand dol lars.

This work aimed to de sign a do mes tic spe cial -
ized in te grated sys tem that would mea sure the men -
tioned am bi ent pa ram e ters us ing mod ern sen sors with
good mea sure ment char ac ter is tics ac cord ing to the ap -
pli ca tion at a fa vor able cost. The pa per de scribes a
mea sur ing sys tem, a MeteoKd soft ware cal cu lat ing
the am bi ent pa ram e ters of the en vi ron ment and de ter -
min ing the air den sity cor rec tion fac tor de vel oped by
the au thor for mea sure ments in an SSDL. Its ap pli ca -
tion can be found in clin i cal and ra dio ther apy fa cil i -
ties, as well as in other places where ion iza tion cham -
bers open to the at mo sphere are used [1, 5, 6]. The
pa per also de scribes the used sen sors and their char ac -
ter is tics. In the me trol ogy lab o ra tory for pres sure, the
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cal i bra tion pro cess for pres sure sen sors is ex plained.
In ad di tion to the de vice, the au thor also de vel oped ac -
com pa ny ing soft ware, which al lows the mea sur ing
sys tem to con nect to a com puter. The mea sure ment re -
sults can then be graph i cally pre sented and saved for
later use and pro cess ing. Be sides, sup ple men tary soft -
ware was cre ated to col lect data from the dig i tal
multimeter dur ing the test ing pro cess. The re sults of
the cal i bra tion and test ing of the mea sur ing sys tem are
pre sented in the pa per. The mea sure ment un cer tainty
bud get for in di vid ual parts and the whole sys tem was
es ti mated, as it is an im por tant in di ca tor of mea sure -
ment accuracy.

IONIZATION CHAMBERS
OPEN TO AIR

Ion iza tion cham bers are one of the old est and most
wide spread gas-filled types of ion iz ing ra di a tion de tec -
tors, hav ing the sim plest con struc tion. In this pa per, the
fo cus will be on open-to-air (vented) cav ity ion iza tion
cham bers. These types of cham bers are used as stan dards 
in SSDL. The vented cav ity ion iza tion cham ber con sists
of a wall usu ally made of graph ite or a spe cial plas tic
(most used is polyoxymethylene) as one elec trode and an 
air-filled cav ity with a col lect ing elec trode in its cen ter. If
the wall is made of a nonconductive ma te rial (plas tic), its
in ner sur face must be lined with a thin con duc tive graph -
ite coat ing and can be used as an elec trode [1, 2]. The
cav ity vol ume, open to the sur round ing at mo sphere
through a vent ing hole, en sures that the air in side has the
same prop er ties (pres sure, hu mid ity, and tem per a ture) as
the sur round ing at mo sphere.

Working principle

Dur ing the pas sage of ion iz ing ra di a tion through
the ac tive vol ume of the cham ber, gas mol e cules are
ion ized (air in this case). When a neu tral gas mol e cule is 
ion ized, an ion pair is cre ated – a pos i tive ion and a free
elec tron. Ions are formed by the di rect in ter ac tion of in -
ci dent ra di a tion with gas or by sec ond ary pro cesses of
charge trans fer in the gas, dur ing which part of the en -
ergy of in ci dent ra di a tion can cause the ejec tion of elec -
trons. Of in ter est is the to tal num ber of elec tron pairs
cre ated along the tra jec tory of the pri mary pho ton
beam. To ion ize the gas, the en ergy of the in ci dent pho -
ton (in the gen eral case of the in ci dent par ti cle) must be
higher than the ion iza tion en ergy of that gas, which is
usu ally from 25 eV to 35 eV per ion pair. Since the ion -
iza tion takes place in the elec tric field es tab lished
within the ac tive vol ume of the ion iza tion cham ber,
sep a ra tion and ac cu mu la tion of pos i tive and neg a tive
charges on the elec trodes of the cham ber oc cur (wall
and cen ter elec trode). This build-up of charge causes a
cur rent to flow be tween the cham ber elec trodes in the

or der of pA or nA. As this cur rent is very low, dur ing the 
con struc tion of the ion iza tion cham bers, the leak age
cur rent of the in su la tor that iso lates the elec trodes is
also taken into ac count. The in su la tor should be pol -
ished and free of de fects to pre vent the ac cu mu la tion of
mois ture, which would in crease the leak age cur rent.
One pole of the power sup ply for po lar iza tion is fed to
the elec trode formed by the in side sur face of the cham -
ber wall. The other pole is con nected to the guard ring
be tween the in su la tors that sep a rate the cham ber wall
from the cen tral elec trode. An electrometer cir cuit links
the cen tral elec trode to a guard ring. As the volt age be -
tween the cen tral elec trode and the guard ring is small,
the leak age cur rent be tween them is neg li gi ble. This
prin ci ple is also used with the triaxial ca ble to avoid sig -
nal deg ra da tion. As the leak age cur rent is neg li gi ble (on 
the or der of fA), the strength of the cur rent reg is tered by 
the electrometer cir cuit de pends only on the amount of
ac cu mu lated charge on the elec trodes of the cham ber.
The bias volt age de pends on the con struc tion of the
cham ber and is usu ally be tween 200 V and 400 V [1, 2].

MATERIALS AND METHODS

Correction for influence quantities
and air kerma

The amount of charge gen er ated (by ion iz ing ra di -
a tion) in side the vented ion iza tion cham ber is in flu enced
by the air den sity and wa ter va por con tent in side it. To ac -
count for this de pend ency, mea sure ment re sults are nor -
mal ized to the ref er ence con di tions, which are: air  tem -
per a ture  Tref  = 293.15 K (20 °C), air pres sure Pref =
1013.25 hPa, and rel a tive hu mid ity href = 50 %. When
mea sure ments are taken un der dif fer ent con di tions than
the ref er ence, an air den sity cor rec tion fac tor kd must be
used. Air den sity is one of the in flu ence quan ti ties since it 
di rectly af fects the mea sure ment re sults.

Air den sity cor rec tion fac tor kd

k k k
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ref
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  (1)

where Tamb is the am bi ent air tem per a ture near the ion -
iza tion cham ber ex pressed in de grees Kel vin and Patm

– the at mo spheric pres sure ex pressed in hPa near and
at the same height as the ion iza tion cham ber [4-6].

The air den sity cor rec tion fac tor kd in creases by ap -
prox i mately 1 % for ev ery 3 °C in crease in tem per a ture
and de creases by ap prox i mately 1 % for ev ery 10 hPa
drop in air pres sure.

The value of the cal i bra tion co ef fi cient Nk for the 
con ver sion of the amount of charge into air kerma is
al ways ex pressed at the stan dard tem per a ture Tref,
pres sure Pref, and rel a tive hu mid ity of 50 %. There -
fore, it is nec es sary to ap ply the ap pro pri ate cor rec tion
fac tors. The mea sured air kerma Ka with ap plied air
den sity kd and rel a tive hu mid ity kh cor rec tion is
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K QN k k ka k d h i (2)

where Q rep re sents the mea sured charge gen er ated in -
side the cham ber, Nk – the air kerma cal i bra tion co ef fi -
cient of the cham ber, and ki – the cor rec tion fac tor for
other in flu ence quan ti ties (e.g., cham ber re sponse to the
ap plied volt age po lar ity kpol, in com plete charge col lec -
tion ef fi ciency of the em ployed ion iza tion cham ber
mainly due to the ion re com bi na tion pro cesses ks, and
oth ers). The same ex pres sion ap plies to other dosimetric
quan ti ties (e. g., ab sorbed dose), just the other cal i bra tion
co ef fi cients are used for dif fer ent quan ti ties.

In this way, the pro vided re sult is the real value
of kerma in the air, in de pend ent of the val ues of the in -
flu ence quan ti ties (Tamb and Patm, in par tic u lar). Air
rel a tive hu mid ity kh is also an in flu enc ing fac tor, but
its max i mum ef fect is up to 0.4 % over its en tire range
typ i cally en coun tered in lab o ra tory con di tions (30 %
to 70 %), so a cor rec tion can usu ally be omit ted and
just ac counted for in the mea sure ment un cer tainty
bud get [3-6].

MeteoKd SYSTEM OVERVIEW

The sys tem has a cen tral unit and four tem per a -
ture probes. A block di a gram of the whole sys tem
hard ware is given in fig. 1. The cen tral unit is pow ered
by a PC USB port or power bank (standalone mode). A
additional power source is connected to the cen tral
unit to pro vide en ergy for the optoisolated tem per a ture 
probes. Optoisolation pro tects the cen tral unit and PC
from ground loops, noise, and volt age surge spikes
that might oc cur in the long ca bles con nect ing the tem -
per a ture probes. The microcontroller in the cen tral
unit man ages the user in ter face, pro cesses data, col -
lects sen sor data from the cen tral unit, com mu ni cates
with the tem per a ture probes, and han dles USB com -
mu ni ca tion with the PC when con nected. 

Sensors

The at mo spheric pres sure sen sor used in the cen tral
unit is LPS33HW, man u fac tured by STMicroelectronics.
It fea tures a mea sure ment range of 260 hPa to 1260 hPa, a
24-bit res o lu tion, and au to matic tem per a ture com pen sa -
tion. The sen sor has a rel a tive ac cu racy of 0.1 hPa within
the 800 hPa to 1100 hPa range and a long-term sta bil ity of
1 hPa per year. Ab so lute ac cu racy with one-point cal i -
bra tion is 1 hPa or better when a proper lab o ra tory cal i -
bra tion is per formed [7].

The rel a tive hu mid ity sen sor used in the cen tral
unit is HTU31D, man u fac tured by TE Con nec tiv ity
Sen sors. It has a mea sure ment range from 0 % to 100 %
with a 0.01 % res o lu tion and 2 % ac cu racy. Its
long-term sta bil ity is better than 0.25 % per year [8].

The pre ci sion tem per a ture sen sor used in the tem -
per a ture probe is TMP117, man u fac tured by Texas In -
stru ments. The mea sure ment range is from –55 °C to
150 °C with a typ i cal ac cu racy of 0.05 °C in the range
from –20 °C to 50 °C and 0.1 °C with a fac tory cal i bra -
tion. This range ex ceeds the in tended use of this probe
for me trol ogy pur poses. Res o lu tion is 7.8125 m°C per
bit,  and long-term sta bil ity is 0.03 °C per 1000 hours
at 150 °C. This sen sor was se lected be cause it has ex cel -
lent ab so lute ac cu racy and is 100 % fac tory tested on a
pro duc tion setup that is NIST trace able and ver i fied
with equip ment that is cal i brated to ISO/IEC 17025 ac -
cred ited stan dards [9].

Central unit

The cen tral unit is the core com po nent of the sys -
tem. It houses all the nec es sary hard ware for pro cess -
ing and com mu ni ca tion, as well as sen sors for at mo -
spheric pres sure and rel a tive hu mid ity. The user
in ter face con sists of a two-line backlit alphanumerical
liq uid crys tal dis play, four push but tons for menu nav i -
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ga tion, and a tog gle power switch on the front side fig.
2(a). On the back side, there are two XLR con nec tors
for re mote tem per a ture probes, an at mo spheric pres -
sure sen sor air in let, a DC power con nec tor, and a Uni -
ver sal Se rial Bus (USB) con nec tor for com mu ni ca tion 
with a per sonal com puter fig. 2(b), from left to right.

Temperature probe

The tem per a ture probe is de signed around a
pre ci sion tem per a ture sen sor that mea sures am bi ent
air tem per a ture. Spe cial at ten tion was paid to the
probe's in ter nal de sign so that the sen sor self-heat ing
and sur round ing com po nents pro duc ing heat have
min i mal ef fect on the mea sure ment. This was
achieved by us ing an air fan and ar rang ing the other
elec tronic com po nents on the printed cir cuit board
suit ably. The air fan also helps the sen sor pack age
achieve faster tem per a ture equi lib rium with the sur -

round ing am bi ent air tem per a ture, thus pro vid ing a
faster mea sure ment re sponse time. Am bi ent air is
sucked in through probe en clo sure slits, and af ter
pass ing over the tem per a ture sen sor is re leased out of
the en clo sure through an air fan, fig. 3. This way, the
air fan is not af fect ing the air tem per a ture. The ca ble
length for con nect ing the probe to the cen tral unit is
usu ally  ten  to  twenty me ters,  but  it  can  be  up  to
100 me ters or more, depen ding on the ap pli ca tion.
The used ca ble is shielded for im proved elec tri cal
noise im mu nity. Two probes can be con nected to one
ca ble (LIYCY 60.14 mm2 or LIYCY 60.25 mm2,
for lon ger dis tances) since one probe uses two wires
for power and one for bidirectional com mu ni ca tion.
The air  fan  is  pow ered  by  5 V di rectly from the ca -
ble, but the  microcontroller and the sen sor are pow -
ered by 3.3 V pro vided by a lo cal volt age reg u la tor
for better volt age sta bil ity and reg u la tion. The data
line is pro tected from overvoltage peaks by a tran -
sient volt age sup pres sion (TVS) di ode.
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Fig ure 2. Cen tral unit front side
with user in ter face (a) and back side
with tem per a ture probe con nec tors, 
air in let, DC power con nec tor, and
USB con nec tor (b)

Fig ure 3. Tem per a ture probe en clo -
sure cross-sec tion; air path di a gram
with po si tion of tem per a ture sen sor
and air fan side view (a) and top
view (b)



SOFTWARE

This de vice can be used as a standalone in stru -
ment or can be con nected to a PC. When pow ered, a
se ries of tests are per formed. The liq uid crys tal dis play 
(LCD) is tested by turn ing all the pix els on, an ex ter nal
power sup ply for the tem per a ture probes is checked,
and if pres ent, probe ini tial iza tion fol lows. All four
chan nels are checked for the pres ence of a tem per a ture 
probe. If the ini tial iza tion is suc cess ful, a mes sage is
dis played on the LCD. 

In standalone mode, at mo spheric pres sure is mea -
sured first, and the re sult is shown on the LCD. A value of 
the tem per a ture probe mea sure ment and cal cu lated kd
value are shown for ev ery in i tial ized probe. Then, rel a -
tive air hu mid ity is mea sured and shown, af ter which at -
mo spheric pres sure is mea sured again. This pro cess re -
peats in def i nitely un til a but ton is pressed.

The PC software – MeteoKd

In PC mode, the de vice com mu ni cates with the
PC run ning the MeteoKd soft ware, de vel oped es pe -
cially for this pur pose. The mea sure ment pro cess is the 
same as in standalone mode, ex cept for the mea sure -
ment re sults, trans ferred to the soft ware for nu mer i cal
and graph i cal rep re sen ta tion.

The user in ter face is in tu itive. In the up per left
part, there is a sta tus in di ca tor that shows if the de vice
is con nected. Be low is the text box for en ter ing the
sam pling in ter val along with the start and stop but tons. 
Fur ther down, there are four text boxes la beled "T1",
"T2", "T3", and "T4", dis play ing mea sure ments from
the tem per a ture probes. Next, there is a text box show -
ing the air pres sure value, fol lowed by four cal cu lated
air den sity cor rec tion fac tors for each tem per a ture
probe la beled "Kd1", "Kd2", "Kd3", and "Kd4". Fi -
nally, there are text boxes for air rel a tive hu mid ity and
in ter nal tem per a ture val ues. On the right side, ta bles
dis play all the data ac quired from sen sors and cal cu -
lated air den sity val ues, with time and date in the
rightmost col umn, fig. 4.

In the lower left part of the win dow, there is a list
of tem per a ture probes ("CH1", "CH2", "CH3",
"CH4") and a "Graph" but ton. Af ter se lect ing the de -
sired chan nel and press ing the but ton, a graph is dis -
played in place of the ta bles, fig. 5. On the graph, there
are three lines: red for tem per a ture, blue for pres sure,
and green for cal cu lated air den sity kd. By click ing the
left mouse but ton, a ver ti cal marker line ap pears, and
mea sured val ues for the se lected point are dis played in
blue be low the graph. Af ter each sam ple, the data is
au to mat i cally saved to the PC stor age lo ca tion for fur -
ther pro cess ing and ar chiv ing.

The de vel oped com puter soft ware en abled the
au to mated col lec tion of a large num ber of mea sure -
ments dur ing cal i bra tion and test ing. With out this au -
to ma tion, it would have been im pos si ble to read and

pro cess such a vast amount of syn chro nized mea sure -
ment. The graphic dis play of mea sured val ues is
par tic u larly use ful dur ing cal i bra tion, as it al lows the
me trolo gist to con tin u ously mon i tor changes in am bi -
ent tem per a ture and air pres sure.

CALIBRATION

Temperature probe sensor

All TMP117 tem per a ture sen sors are fac -
tory-cal i brated and ver i fied dur ing pro duc tion. The
used cal i bra tion equip ment has trace abil ity to the
NIST (Na tional In sti tute of Stan dards and Tech nol -
ogy, Gaithersburg, Mary land, United States) and is
cal i brated to the ISO/IEC 17025 ac cred ited stan dards,
as spec i fied in the sen sor's tech ni cal spec i fi ca tion. No
ad di tional cal i bra tion was per formed since the 0.1 °C 
fac tory cal i bra tion ac cu racy is suf fi cient for this ap pli -
ca tion [9].

Pressure sensor calibration

Pres sure sen sor cal i bra tion was per formed since
the fac tory cal i bra tion ac cu racy of 2.5 hPa was in suf fi -
cient. Cal i bra tion was per formed in an ac cred ited
metrological lab o ra tory spe cial iz ing in the cal i bra tion
of pres sure gauges, The Lab o ra tory for Ther mal En gi -
neer ing and En ergy at Vin~a In sti tute of Nu clear Sci -
ences. The re sults of the cal i bra tion are shown in tab 1.

The mean value of the de vi a tion ps is –0.285 hPa.
Ap ply ing  this  off set  cal i bra tion  value  (p –ps),  the max i -
mum de vi a tion of the off set-cor rected value pm is 0.063
hPa. The con ser va tively es ti mated value of the stan dard
mea sure ment un cer tainty of the cal i bra tion is de ter mined as
the root of the sum of the square of the max i mum de vi a tion
pm and half of the max i mum value of the ex tended mea -
sure ment un cer tainty of com par i son with the stan dard, i. e.,
[(0.063 hPa)2 + (0.50.088 hPa)2]0.5 = 0.077 hPa.

ATMOSPHERIC PRESSURE AND AMBIENT
TEMPERATURE COMPARISON

In the cal i bra tion lab o ra tory of the Ra di a tion and
En vi ron men tal Pro tec tion De part ment at Vin~a In sti tute
of Nu clear Sci ences, two sys tems are used for mea sur ing
at mo spheric pres sure and am bi ent tem per a ture. The first
con sists of an an a log an er oid ba rom e ter and a Keithley
2700 dig i tal multimeter with plat i num re sis tance el e -
ments (Pt100) as probes, while the sec ond sys tem is an
in te grated so lu tion from Titon – Env-Coll 2012 2T  with 
mul ti ple sen sors, shown in fig. 6 (ba rom e ter, hy grom e ter, 
and two tem per a ture probes with plat i num re sis tance el e -
ments Pt1000). Keithley 2700 dig i tal multimeter and
Titon Env-Coll 2012 2T in te grated mea sur ing sys tem
were used for com par i son. The an er oid ba rom e ter was
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not used due to in suf fi cient ac cu racy. All the listed de -
vices are cal i brated in ac cred ited lab o ra to ries with sec -
ond ary or work ing stan dards that are trace able to pri mary 
stan dards.

Keithley 2700 digital multimeter
with Pt100 probes

This in stru ment has a res o lu tion of 0.001 °C [10] 
and an ac cu racy of 0.01 °C 0.06 °C, ac cord ing to the
cal i bra tion cer tif i cate. The es ti mated ex panded mea -
sure ment un cer tainty of this sys tem is 0.1 °C. The au -
thor de vel oped sim ple PC soft ware for data ac qui si -
tion au to ma tion for this multimeter us ing the RS232
in ter face.

Integrated meter of ambient
parameters Env-Coll 2012 2T

The Env-Coll 2012 2T, man u fac tured by Titon
Bt., is an am bi ent pa ram e ters mea sure ment sys tem. It
has two Pt1000 tem per a ture probes, a rel a tive air hu -
mid ity me ter, and an air pres sure me ter. It con nects to a 
per sonal com puter via a USB con nec tion, with out a
standalone mode of op er a tion. This de vice can cal cu -
late the cor rec tion fac tor for air den sity kd. Mea sure -
ment ca pa bil i ties, ac cord ing to the man u fac turer's
spec i fi ca tions, are tem per a ture mea sure ment range
from –5 °C to 60 °C; ac cu racy of tem per a ture mea -
sure ment: 0.03 °C (for the whole range), 0.01 °C (in
the 15 °C to 35 °C range); air pres sure mea sure ment
from 900 hPa to 1100 hPa, ac cu racy 0.3 hPa; mea sure -
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Fig ure 5. MeteoKd PC soft ware – view of the graph with mea sured data from a se lected probe

Table 1. Pressure sensor calibration results

Reference standard
pressure, pe [hPa]

The mean value of the
sensor readings, p [hPa] Deviation, p [hPa] Hysteresis, h [hPa] Extended measurement

uncertainty, k = 2, U [hPa]
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 –0.316 0.048 0.083
962.328 961.987 –0.341 0.034 0.080

Fig ure 6. Env-Coll 2012 2T
mea sur ing sys tem with a
probe for mea sur ing the
rel a tive hu mid ity of air (left)
and MeteoKd (right) with
ex ter nal power sup ply dur ing
test ing



ment of rel a tive air hu mid ity from 10 %  to  90  % with
2 % ac cu racy [11]. The de vice co mes with soft ware for 
dis play ing and log ging mea sured val ues. Ac cord ing to 
the cer tif i cate of cal i bra tion of the tem per a ture probe
T1, the mean de vi a tion from the stan dard mea sure -
ment is –0.25 °C within the spec i fied range of 20 °C to
30 °C.  The ex panded mea sure ment un cer tainty (k = 2)
is 0.26 °C. Con sid er ing the large mea sure ment un cer -
tainty of cal i bra tion, and based on pre vi ous cal i bra -
tions, the es ti mated un cer tainty is 0.1 °C. Ac cord ing to 
the air pres sure sen sor cal i bra tion cer tif i cate, the de vi -
a tion from the ref er ence value is –0.837 hPa at a pres -
sure of 997.705 hPa, with an ex panded mea sure ment
un cer tainty (k = 2) of 0.092 hPa.

Measurement set-up

An ex truded poly sty rene board was placed on
the cal i bra tion bench in the X-ray cal i bra tion room.
The probes of the MeteoKd de vice are placed on the
ex truded poly sty rene board, while the Pt probes of the
Env-Coll and Keithley in stru ments were placed on
sup ports and were free in the air, above the board at the
height of the probe en clo sure slits of the MeteoKd de -
vice, fig. 7.

The at mo spheric pres sure test setup is shown in
fig. 8. A sy ringe was used to set the at mo spheric pres -
sure. A screw was then em ployed to fine-tune and se -
cure the pis ton's dis place ment, thereby pre cisely ad -
just ing the pres sure value. The sy ringe was con nected
to a T con nec tor via a hose, with the pres sure in lets of
both de vices also at tached to the con nec tor.

Through out the test ing, the de vices were con -
nected to a lap top com puter equipped with the ap pro -
pri ate data ac qui si tion soft ware. All mea sure ments
were car ried out in the cal i bra tion lab o ra tory of the Ra -
di a tion and En vi ron men tal Pro tec tion De part ment at
Vin~a In sti tute of Nu clear Sci ences.

MEASUREMENT UNCERTAINTY

The un cer tainty in am bi ent pres sure mea sure -
ment is 0.586 hPa or 0.061 % as a rel a tive com bined
un cer tainty (k = 2) at the low est ex pected pres sure of
960 hPa rep re sent ing the worst-case sce nario. For am -
bi ent tem per a ture mea sure ment, the un cer tainty is
0.061 °C, or 0.021 % as a rel a tive com bined un cer -
tainty (k = 2) at the low est ex pected tem per a ture of
291.15 K, also rep re sent ing the worst-case sce nario.

Rel a tive com bined un cer tainty (k = 2) of the air
den sity cor rec tion fac tor kd cal cu lated based on these
mea sure ments is 0.095 %, with in cluded 0.2 °C tem -
per a ture vari a tion and 0.2 hPa pres sure vari a tion at ex -
treme al lowed lab o ra tory am bi ent con di tions (291,15 K 
and 960 hPa). 

Both tem per a ture and pres sure sen sor mea sure -
ment char ac ter is tics com ply with guide lines stated in the
IAEA Hu man Health Se ries No. 44, Es tab lish ing a Sec -
ond ary Stan dards Do sim e try Lab o ra tory [12] which
states: a ba rom e ter with a 0.5 hPa res o lu tion and better
than 0.1 % cal i bra tion un cer tainty; and a ther mom e ter
with a 0.2 °C res o lu tion.

Cham ber cal i bra tion fac tor Nk un cer tainty is usu -
ally from 0.8 % to 1.3 % (k = 2), and it is a ma jor un cer -
tainty con trib u tor. Air den sity cor rec tion fac tor kd con tri -
bu tion is 0.095 %, ap prox i mately an or der of mag ni tude
lower than cham ber cal i bra tion fac tor un cer tainty.

By com par ing tab. 2 and tab. 3, the dom i nant in flu -
ence on the mea sure ment un cer tainty is the cal i bra tion
fac tor of the ion iza tion cham ber. The mea sure ment un -
cer tainty of the cor rec tion fac tor kd de pends on sev eral
fac tors, so it is pos si ble to use in stru ments with a lower
ac cu racy class than those cur rently used in the lab o ra tory
to mea sure am bi ent tem per a ture and air pres sure.

The mea sure ment un cer tainty of the cal i bra tion
fac tor of the ion iza tion cham ber be ing cal i brated, ob -
tained us ing ex ist ing mea sur ing in stru ments, is com -
pa ra ble to and neg li gi bly higher than when us ing the
MeteoKd de vice (0.86 % com pared to 0.84 %). This
con firms the fea si bil ity of us ing the MeteoKd de vice
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Fig ure 7. Mea sure ment set-up for am bi ent tem per a ture
mea sure ment

Fig ure 8. Mea sure ment set-up for air pres sure
mea sure ment



for mea sur ing am bi ent pa ram e ters and de ter min ing
the cor rec tion fac tor for air den sity kd in metrological
lab o ra to ries and other rel e vant fa cil i ties.

RESULTS AND DISCUSSION

Pressure measurement

Mea sure ments were taken ev ery two sec onds.
For each mea sure ment point dis played on the graph in
fig. 9, the mean value of thirty mea sure ments was
used. The re sults from the Env-Coll 2012 2T de vice
were taken as ref er ences and cor rected ac cord ing to
the cal i bra tion cer tif i cate. The re sults of the MeteoKd
de vice were cor rected ac cord ing to the off set value ob -
tained from cal i bra tion in the metrological lab o ra tory
for the cal i bra tion of pres sure gauges, Lab o ra tory for
Ther mal En gi neer ing and En ergy at Vin~a In sti tute of
Nu clear Sci ences. The es ti mated mea sure ment un cer -
tainty of the MeteoKd de vice is 0.6 hPa, while Env-
-Coll 2012 2T de vice, ac cord ing to the man u fac turer's
tech ni cal spec i fi ca tions, has an un cer tainty of 0.3 hPa.
The dif fer ence in read ings be tween the de vices (Pm –
Pref) is less than 0.2 hPa which is within the mea sure -
ment un cer tain ties of both de vices. Given that there
are no sig nif i cant de vi a tions, the re sults are sat is fac -
tory for this type of ap pli ca tion.

Temperature measurement

Mea sure ments were per formed in the still at mo -
sphere of the cal i bra tion room. Probes were far from
other ob jects on all sides. To min i mize the in flu ence of
tem per a ture gra di ents, the probes were po si tioned
away from other ob jects on all sides, ex cept for the
bot tom. The bot tom side was sup ported by an ex truded 
poly sty rene board, cho sen for its low ther mal mass
and con duc tiv ity. The mea sure ment un cer tainty of the
de vice is MeteoKd: 0.061 °C; Keithley 2700 with
Pt100 probe: 0.1 °C; Env-Coll 2012 2T with Pt1000
probe: es ti mated 0.1 °C, ac cord ing to man u fac turer
spec i fi ca tion: 0.01 °C. The mu tual de vi a tion of the
mea sured val ues does not dif fer by more than 0.05 °C,
which is shown in the graph, fig. 10. The Env-Coll
2012 2T Pt1000 probe ex hib ited a slower re sponse as
the room tem per a ture started to rise, be cause of its
higher ther mal mass com pared to other probes. The
dy namic re sponses of all three sys tems will be in ves ti -
gated in fu ture stud ies. Be cause the ef fect is min i mal,
it does not sig nif i cantly im pact me trol ogy, as cal i bra -
tion mea sure ments are con ducted in a sta ble tem per a -
ture at mo sphere. Also, ion iza tion cham bers, es pe -
cially the large vol ume ones (1 l and 10 l), have a de lay
in the in side air tem per a ture change con cern ing the
sur round ing air tem per a ture, which will also be a sub -
ject of fur ther stud ies since it di rectly af fects the kd.
The re sults are sat is fac tory about the pur pose of the
de vel oped de vice.
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Table 2. Simplified air kerma measurement uncertainty
budget when laboratory instruments are used (Keithley
2700 and aneroid barometer)

Uncertainty
source

Relative
error [%]

Coverage
factor Sensitivity

Relative
standard
error [%]

Chamber
calibration
factor Nk

0.8 2 1 0.4

Temperature 0.13 1.73 1 0.076
Pressure 0.11 1.73 1 0.064
Source
distance 0.1 1.73 2 0.058

Combined measurement uncertainty
(coverage factor k = 1) 0.43

Combined measurement uncertainty
(coverage factor k = 2) 0.86

Table 3. Simplified air kerma measurement
uncertainty budget

Uncertainty
source

Relative
error [%]

Coverage 
factor Sensitivity

Relative
standard
error [%]

Chamber
calibration
factor Nk

0.8 2 1 0.4

Calculated kd 0.095 1.73 1 0.055
Source distance 0.1 1.73 2 0.058

Combined measurement uncertainty
(coverage factor k = 1) 0.42

Combined measurement uncertainty
(coverage factor k = 2) 0.84

Fig ure 9. De vi a tion of mea sured
at mo spheric pres sure with the
de vel oped sys tem and a ref er ence
sys tem



CONCLUSIONS

The MeteoKd sys tem, de signed to mea sure en vi -
ron men tal at mo spheric pa ram e ters, was de vel oped
and pre sented. Its mea sure ment char ac ter is tics are
com pa ra ble with much more ex pen sive sys tems. The
pres sure sen sor read ings dif fer by 0.2 hPa com pared
to a com mer cial de vice, which is within the mea sure -
ment un cer tain ties of both sys tems. The tem per a ture
sen sors were com pared with two com mer cial de vices
used in SSDL, show ing a de vi a tion of no more than
0.05 °C. The dy namic re sponses of the tem per a ture
sen sors in all three sys tems will be in ves ti gated in fu -
ture stud ies. The test re sults are sat is fac tory, com pa ra -
ble to the val ues of com mer cial sys tems, and meet the
re quire ments for mea sure ment ac cu racy. 

The mea sure ment un cer tainty bud get of the de -
vel oped MeteoKd sys tem was es ti mated and com -
pared with the cur rently used com mer cial sys tems.
The mea sure ment un cer tainty of the de vel oped sys tem 
is sim i lar to that of the com mer cial sys tems cur rently
in use. Fur ther ver i fi ca tion of the sys tem in cludes a
more de tailed ex am i na tion of the tem per a ture probes
and mon i tor ing of the long-term sta bil ity of the en tire
sys tem.

The pre sented sys tem is a good start ing plat form
that can be mod i fied, e. g., by re plac ing or add ing dif -
fer ent sen sors in the mea sur ing unit or probe, and it
can be adapted to other pur poses as needed, es pe cially
for me te o rol ogy. Fol low ing ad di tional test ing and ver -
i fi ca tion, MeteoKd could be com mer cially uti lized in
me trol ogy lab o ra to ries for cal i brat ing do sim e ters, in
clin i cal and ra dio ther apy fa cil i ties, and in other set -
tings where ion iza tion cham bers open to the at mo -
sphere are used, as the re sults ob tained thus far have
been sat is fac tory.
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Milo{ V. \ALETI]

RAZVOJ  MERNOG  SISTEMA  ZA  ODRE\IVAWE
KOREKCIONOG  FAKTORA GUSTINE  VAZDUHA  ZA  JONIZACIONE

KOMORE  OTVORENE  KA  ATMOSFERI

U radu je prikazan razvoj mernog sistema za odre|ivawe faktora korekcije gustine vazduha
za jonizacione komore otvorene ka atmosferi. Sistem je namewen upotrebi u klini~kim i
radioterapijskim ustanovama, sekundarnim standardnim dozimetrijskim laboratorijama i na drugim
mestima gde se koriste jonizacione komore koje su otvorene ka atmosferi. Na doma}em tr`i{tu
postoji mno{tvo instrumenata za merewe relativne vla`nosti, vazdu{nog pritiska i tem per a ture
okoline, ali nedostaje integrisani sistem koji mo`e da meri sve ove parametre, kao i da izra~una i
prika`e faktor korekcije gustine vazduha. Prikazan je razvijen hardver sa specifikacijama
kori{}enih senzora, uz razvijeni softver za mikrokontroler i personalni ra~unar. Prikazani su i
analizirani rezultati merewa i pojednostavqen buxet merne nesigurnosti.

Kqu~ne re~i: jonizaciona komora, dozimetrija, gustina vazduha, temperatura vazduha, 
......................... vazdu{ni pritisak, korekcioni faktor, etalonirawe, senzor


