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Abstract

Execution of long-term tests on infrared radiatiwaves requires the use
of a stable transceiver circuit for infrared radiat The unit developed by the
authors of this paper is an example of possiblgungents that can be used in
such tests. The system is composed of a stabilmagply source for
a transceiver circuit and a programmed temperathemge option for output
signals. The tests were carried out for a two-cehrediation transceiver with
860 and 950 nmwavelengths. The results obtained were analysedtlaeir
expanded uncertainties were determined f@@%level of confidence, based on
the assumed uncertainty budgets. Standard undigtaimere determined using
calculation methods type A and B.

After verification, the developed stand can be usei@st infrared radiation
for two wavelengths. It can also find applicationtiie design of bigger control
systems, where it can play the role of a measuremedule. The examples of
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such applications include, inter alia, tests onttaesmission and reflection of
the infrared light.

Introduction

The result of measurement for any physical quatifigrs from its actual
value. Therefore, the full measurement result igemi together with the
uncertainty of the estimate. Measurement unceptagain be caused by a
number of the following factors [1]:

* Incomplete definition of the measured value;

» Imperfect execution of the definition of the measlvalue;

» Unrepresentative sampling;

* Incomplete knowledge of environmental influencetbe measurement, or
imperfect measurement of environmental conditions;

» Subjective errors in readings;

» Finite resolution or instrument excitability threbdh;

* Inaccurate values assigned to calibrators andeweéermaterials;

» Inaccurate constants and other parameters obt&iodan external source,
and used in data processing procedures;

* Approximations and simplified assumptions inherianthe method and the
measurement procedure; and,

» Changes of values during observations of the valeasured in repeated
seemingly identical conditions.

After eliminating the known systematic errors, #tandard uncertainty of
an estimate can be determined with two methods;Tiype A’ and “Type B”
methods [2]. The Type A evaluation method is basedtatistical analysis in
which Gaussian and t-Student distributions are deedrespectively, a large
number of measurements and few measurements. De#tion of uncertainty
using the Type A evaluation method requires theutation of an arithmetic
mean for anfi” number of measurements,” with the following dependency:

Xy =13 %, (1)

=)

Since measurements of valu€ differ, as a results of, e.g. interactions or
changes in entry values, one needs to calculatesidiye square root from the
estimated standard experimental deviation of thetmeasured resul{e(x))
that characterizes the deviation of from mean value X,”. The standard ex-
perimental deviation is described with the follogiformula:

o(x)= \/ni_lkZ(xk — Xg)? )
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The calculation of standard experimental deviati@mables the
determination of the standard experimental deviadibthe mean value obtained
from the following dependency:

U,(%,) =% @3)

The result of this estimated standard experimethé&iation of the mean
value is called the “Type A standard uncertainty.”

The Type B method uses a pool of information abédld2], with which
changes of input value* can be determined, and which are fixed and unknow
in the experiment. This information may include thkowing:

* Previous measurement data;

» Experience and knowledge of phenomena and propetieelevant materi-
als and instruments;

* Manufacturer’s specifications;

+ Data from calibration and certification; and,

* Uncertainties assigned to reference data taken liambooks.

The use of analogue measuring instruments for #terghination of the
measured value is always connected with the intrboiu of certain limitations
to measurement precision that are determined bgdanmum permissible error
Ag, Which is based on which the standard uncertaufty of the result of a
measurement conducted with a measuring instrumentalculated. Proper
juxtaposition of standard uncertainties forms a glem standard uncertainty
u.(y). Determination of the complex standard uncertaistgms from the
correlation or the lack of a correlation of inpatiwes affecting the result of the
measurement. When these values are not correlatedn be assumed that
complex standard uncertainty(y) is a positive square root from the complex
variance, expressed with the following dependeigy [

w(y) = 2[%} (%) @

When input values are correlated, the variance xigressed with the
following equation [1]:

uf(y)=i_(:fJu( )+ Z——( X) ®

Whereu(x,,X) is the covariance estimate connected with &nd “x;”.
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Determination of the complex standard uncertainyp$ one to obtain
expanded uncertainty [2]. This value is equal to the complex standard
uncertainty multiplied by the coefficient of expams “k,” that is selected,
depending on the required level of confidence:

U =ku,(y) (6)

The outcome of the measurement with the determérpdnded uncertainty
is presented in the following form:

Y=y+U (7)

The analysis of the calculation of uncertainty prded above is
recommended by the guide GUM [1]. This analysiseaimat the estimation of
uncertainty in the measurement of infrared radmiik) in two independent
channels and with different radiation wavelength.

1. Description of the test stand

The two-channel test stand developed by the aufloorsifrared radiation
measurements is composed of a system of a photiteerand a system of a
photo detector (Fig. 1). In the first of them, aldlized current source, a photo
emitter (i.e. the electroluminescent diode for anéd radiation), a transistor
switch, and a generator controlling its work can fband [3]. The output
waveforms of the generator are programmed by th€é Pased on the PWM
modulation.

The system of the photo emitter is responsible tha creation of the
modulated light of infrared radiation. It also helim ensuring a stable level of
intensity of the infrared source (Channel 1 — CQN37Channel 2 -
VSLY3850), in the range of nominal work parametemgpplied by the
manufacturer [4].

The photo detector unit, on the other hand, is aseg of a stabilized
supply source, a voltage source, a photo detegtioot¢transistor), and the
voltage measurement unit. The aim of the photoati@tesystem is to detect the
intensity of the infrared radiation.

It can be assumed that, when leaving the photastans the current is
directly proportional to the intensity of the lighat the constant voltage of
polarization of the semiconductor junction, andtthais a measure of the
intensity of infrared radiation for a wavelengttsted. Measurement of the
current in the photo detector unit is conductechgisan indirect method in
which a voltage value is measured on a resistdr avitonstant and known value
of resistance.
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Fig. 1. Schematic of the two-channel test stand fofrared radiation measurements.
1 — photo emitters, 2 — reference materid% Densitometric Screen S/N012; Eclipse
Laboratories Inc.), 3 — photo detectors

2. Estimation of uncertainty in radiation measuremet

The authors carried out long-term tests on IR isitgrwith a two-channel
stand, during which the values of the current wereorded by the photo
detector, and a programmed temperature of currehitdtions was corrected.
For results obtained in this way, uncertaintiesenestimated using Type A and
Type B methods. The Type A method was used to mhater standard
experimental deviation of the mean fran¥ 87501 verification measurements
of current intensityl;y and I,y sampled a{3 s) intervals. Average arithmetic
values liws and lowse Were estimated from n® measurements based on
dependency (1), their standard deviatieitl) and o(l.w) were determined
according to dependency (2), and standard uncdesirmype A (average
standard deviation9)a(l1w) and ua(low) were estimated based on dependency
(3). These results are presented in Table 1.

The Type B method was used to estimate standardureraent uncertainty
for a phototransistor (SFH309FA) [5], for a lighatiage converter circuit, and a
12-bit A/C converter of the PLC. Additionally, tipeecision of measurements of
IR intensity depended on the distance between hibopemitters and the photo
detectors.

Table 1. Comparison of average arithmetic values\dgtrd deviations, and standard uncertainties
of the current measuremenmig andl,y

l1wsr Iowsr o(law) a(low) Ua(lzw) Ua(low)
[mA] [mA] [mA] [mA] [mA] [mA]

0.7935 0.7027 0.0257 0.0423 0.00009 0.00014
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The temperature range of the light-voltage conveassumed was between
13 to 26°C, where the phototransistor had stable, linear agtaristics.
Therefore, the precision of the measurement wasilyanfluenced by the
precision of the resistor of the light-voltage certer and the precision of the
A/C converter. The maximum permissible error of #yplied resistor with
nominal resistance &30 2 and a tolerance af 1% was4,R = 3.39Q, while
the maximum permissible error of the A/C conve(tgfU) was determined on
the basis of catalogue data for the A/C module (AMRI6HT) of the PLC [6].
The manufacturer assumed a measurement erdoaind the resolution of the
converterL,SB = 2.5 mVThe average indication of the measured voltagthen
measurement resistor was, for the first measurectennel U;x = 395.6 mV
and for the second channdlx = 336.5 mV Since current intensity was
estimated with indirect measurements, the sizehefrheasured current was
determined as a function of other directly measugadntities. Using Ohm’s
law, the authors estimated dependencies between cuegent values measured
in two measurement channels:

[, = U% = 1199mA (8)
e U—I; = 1020mA )

Then, the maximum permissible errors were estimatethe following
manner:

_all,

AU, = +n[LSB= 0.0065/ (10)
10C
AU =222 1 n[1.5B= 0.005%/ (11)

The LM35DZ temperature sensor with the measuremame fromO to
100°Cand precisiont0.9°C [7] was used for the measurement of temperature.
Sensor maximum permissible error was estimaigdl (= 0.9°Q, and the
following temperature correction functions were umsed for the two
measurement channels usddyx = -0.0081T+0.833 for Channel 1, and
lowk = -0.0131T+0.7750or Channel 2.

The error resulting from the changes in the distahetween the photo
emitter and photo detector was insignificant duah® application of a stiff
frame for both photo elements; therefore, it wasstaken into consideration at
the time of uncertainty estimation (its value wasolv 2% of the share in the
complex standard uncertainty [8]).
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Standard uncertainties were determined based ornnmax permissible
errors and considering rectangular probabilityribstion [9], and received the
following values:

A R

ug(R) = \9@ = 1910 (12)
AT

Uy (T) =—%- = 052°C

B NG (13)
AU

Uy Uy) = g\f/élK =0.003% (14)
A, U

Uy (U, ) = %ZK =0.0034/ (15)

Using the law of propagation of uncertainty [1]e thuthors determined the
complex uncertainty for measurements of correlfdadtionsl(T) andl(T).

Covariance associated with estimates of voltagerasidtance input values
was considered to be insignificant, hence compleertainty of measurement
took the following form:

u(llK):\/[;';Kj 00,0+ | w5 +| 2 | w30 = 001ama 1)

u(IZK):\/[(;’L'jKJ 0500 +{ %2 | R+ 22 50010 = 002ams (17)

Because most values measured could be found neaetiire of the range
of variation, and the conditions of the Central ltifiheorem were met, the
authors assumed normal distribution as a modehefiriput value probability
distribution [2]. Therefore, expanded uncertaintiesre estimated for th@9%
level of confidence and the coefficient of expandip= 2.576[1]. The values
obtained are the following:

U () =k, (I, ) = 0036mA (18)

U (1) =k, @(l,) = 0036mA (19)

The value of the IR current intensity measuredwio thannels and its
expanded uncertainties are as follows:
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IlK

I« £U (I ) = 1199+ 0036MA (20)
I =1, £U () = 1020+ 0036mA (21)

Figure 2 presents the mean values of the IR cuind@nhsity measured in

two channels and their expanded uncertainties hegetvith the set of
measurement data.
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Fig. 2. Graphs of measurement data of the IR curkeithh their expanded uncertainties.

a) the data collected for the measurement channdd) lithe data collected for the
measurement channel 2
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The waveforms of measurement data presented cotffiencorrectness of
the adopted model of input value probability dmition, because these values
are mainly concentrated around the centre of thatan range.

The verification of the measurement system andyaisgabf measurement
uncertainty allowed further indications of areas tbé most measurement
discrepancies. These points overlap with the awfasxtreme temperature
functions, where the derivative of the temperafuretion changes its sign.

Summary

The study on the transceiver circuit for infraredliation focused on the
determination of dependencies between current sitief the IR, and time,
and temperature. The tests allowed the authors etermine operational
characteristics of the transceiver circuits for twavelengths of infrared
radiation, 860 and 950 nm The investigations were carried out using G2
transmittance filter by Eclipse Laboratories In&0% Densitometric Screen
S/NO012). In the system developed, the values ottineent of the photo detector
circuit were recorded. Additionally, a programmegimperature correction
system was implemented, which enabled procuremfestiable readings in the
temperature range frodB to 26°C. Verification of the stand during long-term
tests allowed the authors to obtain positive resubecause current output
waveforms for two measurement channels were tindgdemperature stable.

For each result obtained, expanded measurementrtaimties were
estimated for &9% level of confidence. This enabled the procurenaérthe
following results for current intensitiest.199 #0.036 mAfor Channel 1,
and1.020 +0.036 mAor Channel 2.

The estimation of current measurement uncertairgiebled the selection
of the least favourable conditions of operationjchtwere defined as a moment
when the derivative of the temperature functiomngies its sign. It is the source
of the greatest interferences of a measuremengalsign

The developed algorithms of IR intensity measurdraiow the reduction
of these interferences and help in obtaining a &¥atpre stable output signal.

As verified, the developed two-channel transceisgstem for infrared
radiation can be used in the systems for infraraasimission or the reflection of
elastic materials [10, 11] and tests on light traission of biological and
chemical samples [12].
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Szacowanie niepewnrkzi pomiarowej dwukanatowego uktadu do badania
natezenia promieniowania podczerwonego
Stowa kluczowe

Niepewnd¢ pomiaru, promieniowanie podczerwone, detektor pedeieni.

Streszczenie

Realizacja dlugookresowych badanonochromatycznej fali promieniowania
podczerwonego wymaga stabilnego ukladu nadawczmaiego. Jednym
Z rozwizan jest opracowany taki uktad, w ktérym obok stalmlianychzrédet
zasilania toru nadawczego i odbiorczego zastosowangramovy stabilizacg
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temperaturow jego sygnatéw wyciowych. Przedmiotem bafldoyt dwukana-
towy uktad nadawczo-odbiorczy promieniowania o @kagpch fal 860

i 950 nm Wyniki przeprowadzonych baflarktadu poddano analizie i na pod-
stawie oszacowanych bigtéw niepewngci wyznaczono ich rozszerzone nie-
pewnagci 0 99% poziomie ufnéci. Niepewndci standardowe wyznaczono
z oszacowa metodami typu A i B. Zweryfikowane stanowisko panoiwe do
badania promieniowania podczerwonego o dwéch dhigoh fal, mana wy-
korzystywa& w wiekszych systemach sterowania, w ktérych uktad tenitpg
role jednego z modutéw pomiarowych. Przyktadem takiphkacji mog by¢
systemy do badania przepuszczatndub odbiciaswiatta podczerwonego.






