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Abstract: Results of experiments concerning humidity To determine the uncertainty of measurement result
measurements have been presented in the papegrattete during the estimation of experimental results isvexy
humidity sensors were used for the experiments,chvhi relevant problem.
transformed the value measured into a corresponding The estimation of expanded uncertainty of
capacity. The structure of a measuring system waa measurement result is always an approximate &tsbim
described, and the requirements concerning paaticul When deciding about the method of expanded uncgytai
elements of the measuring track were defined. Usitgg estimation, one should be aware of the effectshobsing
regression method, an analytical equation was mddel a particular method from the viewpoint of its aamy. The
combining the output capacity value of the sensibh the basis for estimating the accuracy of applied appnate
examined humidity changes. With the use of expertale methods of the estimation of expanded uncertaistyhe
results as well as the least square method, theesdbr the assumption on the necessity the assessment methibids,
above equation’'s parameters were determined. Theould be regarded as exact one. An essentiallyogpiate
knowledge of coverage factor characteristics foe th concept was adopted, which is taken into consiaerathat
convolution of four selected probability distribatiis was the method based on the command of the convoluifon
used for the research. probability distributions of errors of componentsaynbe
regarded as an exact method. Due to complexitytiamel
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coverage factor, probability distribution, standaodution. distributions of components, the results of suchmating
are, in general, hardly ever published. Therefore,
1. INTRODUCTION approximate methods are generally accepted and
recommended.

Beside temperature and pressure, humidity fornet afs
parameters, which have a very relevant influencamnamy 5 HUMIDITY SENSOR
physical phenomena and technological processexetbe '
need to determine humidity. Now, a large number of humidity sensors are produce

Humidity changes have an influence on operationalvhich vary in working rule, resistance to outer ditions,
reliability and restrictions of elements and desice measurement range, or errors. It was the relati&z89FR2
Therefore, humidity measurement is an exceptionallyype of humidity sensor that went under examinatiothe
important issue. Several main principles of humidit present experiments. The structure of measurirgyitivas
measurement may be distinguished. They have differedescribed and the transformation characteristicghete
applications and give information on different qiigégs sensors were determined.

expressing humidity. FE 09/2 sensors consist of a system of electrodes
The most important principles are as follows: covered with a semiconductor protecting layer, tedaon
= removal of humidity from the air and the measuringceramic base. Their working is based on the ruleutput
of the quantity of water acquired in this way; capacityC change in the function of relative humidiH.

= balancing of water vapour contained in the air withThe basic parameters of these sensors are thaviiogd1]:
the second phase, and the measurement of thissstate = measuring range between 0 and 100% of relative

parameters; humidity,

= observation of temperature decrease, caused by wate « \orking temperature - between — 66 and 200C ,
evaporation from a moistened substance into theidrit = Dasic capacity - (135 + 10) pF

ai, = response time - 10 s,

= changes in mechanical or electrical parameters of linearity < +1.5% of relative humidity.
solid, influenced by relative humidity of the owksiair.



3. EXPERIMENTAL RESEARCH

The transformation characteristics of this sensere
determined on the measuring system shown in Fig.1.
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Fig. 1. Scheme of a measuring system designed &t@mine the
transformation characteristics of humidity sensor

A calibrated sensor was put into a hermeticallysetb
vessel in the environment of vapours of saturataddsrd
solution. The vapours of this solution transpiretoithe
field where the examined sensor was located thrcaeghi-
permeable membrane. Depending on the kind of swluti
used for the experiment, appropriate value of inadat
humidity was acquired. Chlorides and bromide ofedént
elements were used as standard solutions. Forsedgtion
relative humidity is defined in the function of tperature
[2].

The measurement of sensor capacitydependent on
humidity valueRH, was performed with 4263B LCR digital
meter. The temperature inside the vessel was nezsuith
DTM 1010 digital thermometer. As sensor co-opetatin
with the thermometer, a nickel-chromium thermo-edem
was used. A special thread connection between htymid

and temperature sensors inside the vessel and thé

thermometer and the LCR meter prevents the exchahge
temperature and humidity with the outside environime

Statement of measuring results of capadltyin the
function of relative humidity changé®H, for three sensors,
performed in the system shown in Fig.1, was preskeir
Table 1 [3].

Table 1. Statement of measuring results concernirthe determination
of transformation characteristics of humidity sensos

relative | sensor 1 sensor 2 sensor 3

standard solution humidity | capacity| capacity| capacity|
% pF PF pF
Lithium Chloride 12 137.0 | 138.0 | 138.0
Magnesium Chloride 33 142.0 | 143.0 | 142.0
Sodium Bromide 59 151.0 | 152.0 | 151.0
Sodium Chloride 75 155.0 | 156.0 | 155.0
Potassium Chloride 85 159.0 | 160.0 | 160.0

All the measurements were conducted at a temperatu

of T=25°C.

There are many possibilities of presenting
illustrating relations of the values of measurerrzaged
variables. When selecting the shape of empiricalaggn
that presents the experimental data, one should ikemind
two postulates. First — the equation should in Hest

the
experimental data of Table 1 by means of an equatio

values that result from the measurement. Seconghkould
contain the least possible number of constants.yAiray
the measurement results in Table 1, one can astani is
possible to use linear regression to describe épendence
of the influence of relative humidity chang®bl on changes
in output capacity.

Based on the results of the experiment shown ineThb
the estimators of the correlation coefficient lué £xamined
indicators were determined. Hence, a linear regress
equation was accepted to describe the dependemnwedre
the variablefRH andC:

C=a+pBIRH 1)

Estimatorsa and b of parametersa and [ were
determined from trial. Number values of these patens
were determined using the least squares methodniesers
values a and b were determined using the computer
program, hence the empirical regression equatiors wa
assumed:

C=13284+ 030[RH (2)
Fig. 2 presents the experimental characteriStief (RH)
for sensor 1, in the form of measuring points, and
transformation characteristic of the same senséheénform
of regression line with the use of equation (2).
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Fig. 2. Transformation characteristics C = f (RH) in the form of
measuring points together with the determined regrssion line
for sensor 1

4. UNCERTAINTY BUDGET

The expanded uncertainty of this integrated humidit
sensor was evaluated according to an internatado@iment
[4].

There are four uncertainty sources, according ® th
measuring system presented in Fig. 1:

- measurement of capacity value C of calibrated
sensor, performed with LCR digital meters; u
temperature reading inside the vessel, measured
with digital thermometer -
nonlinearity of transformation equation of humidity
SEensor - g
uncertainty of evaluation of relative humidity
standard solutions »u

possible way present the dependence among variables



All uncertainty values were determined. Based am th
results of the experiment, a combined standard rtaiogy
Uc, when variables are independent,
according to dependence:

®3)

In this situation all uncertainties are uncertaistof type
B, because for each standard solution the capadfity
humidity sensor was measured once.

Therefore, four standard uncertainties of type B ar
analyzed, which reflects a standard deviation ofamegular
distribution.

The expanded uncertaintyis determined as:

U =Ky (a ) (i (4)
where coverage factok;;;{a) acquires values of
standardized variable of distributions being contioh of
four rectangular distributions.
The calculations were executed for

for the calculations.

On the presumption that the knowledge of convotutio
of component distributions permits to estimated¢kpanded
uncertainty with strict accuracy, it is assumed #waor, of
which absolute value is described by relationshiyemy

below will be measured as discrepancy between th

approximate and exact method:

5=|U -Uy|

0 ©)

errors resulting from estimation of coverage fastdry
means of the method of imposed values are defiged a

was determined

(7)

Fig.3 presents absolute error values of factor
estimationk(0.95).
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. one selected Fig. 3. Absolute error valuesdof coverage factor estimation in the
probability valuea = 0.95. The Matlab program was used

function of relative humidity RH

5. CONCLUSION

The static transformation characteristics of hutyidi
sensors FEQ09/2 were determined on a designed and
%erformed measuring system presented in Fig. 1.

The measurement results obtained, set up in Tabted1
presented for an exemplary sensor in Fig. 2, tesiifi good
linearity of the sensors examined.

The evaluation of the expanded uncertailtyof the
integrated humidity sensors tested by means ofeatse
saturated standard solution was presented in duerp

Where U is the expanded uncertainty evaluated by The maximum value of an absolute erdbpresented in

means of approximate method ahf} is the expanded
uncertainty estimated “exactly”, on the basis obktedge
of distribution, which in the measuring event ise th
convolution of four rectangular distributions. Tbeverage

Fig.2, for the analyzed probabilitydoes not exceed 7%.
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