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Abstract: In this paper the idea and the selected results gfropagate within the instrument circuits. Finatlyey affect

numerical simulation of an
procedure in the measurement channel equipped ADG

is presented. The basic principles of that prooedurbe useful

uncertainty designationthe measurement channel characteristics changesudn

conditions another kind of test is to be considetedould
to carry out the test of the instrument

implementation are shown in [5,6]. The assessmént aharacteristics on-line. The main aim during thasidered

correctness of the mentioned procedures is the aiainof
the carried out simulations.

test should be the characteristics of channel dasign and
the accuracy of measurement result assessment.
Usually, in measurement operations it is importarget

Keywords: uncertainty assessment, ADC, measuremerthe measurement result with possibly high accurbtyhe

instrument.

1. INTRODUCTION

The classic, commonly used instruments for
measurements and the visualisation of ship opemtare
realised on the basis of electromechanical metdrs. state
limits, to a considerable extent, the possibilityopervising
and monitoring the dynamics of the controlled peses.
Nowadays, the traditional analogue instruments Haeen
mostly substituted by microprocessor measureme
instruments equipped with analog-to-digital coneest
(ADCs).

th

The stand alone ADCs and ADC equipped instrument

are traditionally tested as described in IEEE 10994 and
1241-2000 standards [1,2,3,4]. The aim of the mesti
standards is to provide common terminology and te
methods for the evaluation of
instruments. The standards identify error sourcesl a
provide test methods to perform error measureméihsy
are intended to evaluate and compare the propedtidise
considered ADCs and instruments in the conditidmet t
close to the laboratory conditions. Some of itientioned
standards recommendations can be usésb in the
instrument usage conditions.

Nevertheless, it is not possible and even not afilésto
perform in the exploitational conditions the tedtscribed
in the standards. The instrument exploitational ditions
can drastically differ from the laboratory ones.idtvery
often difficult to determine the external factorgliencing
the measurement process. The ship operations ¢t@ukh
example.

Because of the variability of the instrument usag
environment, it is difficult to point out how théstlrbances

S
ADCs and relatedSte

ship operation practice, the assessment of accwhdlye
measurement results is still omitted [7]. Suchtaasion is
connected, among others, with difficulties to detee the
measurement conditions in the ship hostile enwirant and

equite complicate algorithms must be carried out tloe

result uncertainty designation since there are nfangors

that should be made allowances for.

Taking into account such circumstances, the appatspr
measurement channel configuration and the adequate
icroprocessor program aided algorithms were ektbdr
nabling the measurement result correction as agetheir
uncertainty estimation and indication, for the attu
instrument use conditions. The subject of the mefeaims
8t realising this idea by including the appropriatecuit
configuration and program into functional tasks dhe

rpeasurement instrument.

The considered procedure is performed in the faligw
ps:

- the measurement
procedure,
designation of the actual characteristics of the
measurement channel,

- correction of the measurement result and
uncertainty assessment,

- visualisation of the obtained results.

In the instrument auto-calibration phase, the ingfuthe

considered measurement channel is supplied witlsitivel

source generating pattern, linearly rising (ramp)t)
voltage (Fig.1). The measurement channel consikstano
analogue part (including ADC) and a digital (pragj)eart.

On the output of ADC the digital fil§Y} is obtained,

containing the elements depending on interactirgjofa,

channel auto-calibration

its

e



violating the channel characteristics and the nremsent
process.

In the next step, applying the linear regressiorhio
the file{Y} can be used to design the elements of {Yie
digital file (Fig.1) (the estimation of theactual
characteristics of the measurement channel). Thmearits
of the{Y"} file determine the digital representation of the
pattern characteristics of the tested channel assumetieby t
designer of the instrument. They are calculated aby
microprocessor on the basis of the course,(t).

The comparison of{Y'} and{Y"} files enables us to
execute the measurement result correction, by remov
systematical interaction effects causing the chianng
characteristics changes (characteristics error).

The dispersion of{Y} file elements in relation tfY"’}
file elements can be used to determine the measutem
result uncertainty following the rules described5r6,7].
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Fig. 1. Digital representation of the input signafor the pattern and
real characteristics ofthe measurement channel

2. THE ALGORITHMS EXAMINATION

The examination is performed to optimise the
measurement result uncertainty designation proeedtine
tasks connected with the considered simulationcareed
out by the integrated programming environment LabWl

In the first part of the examination, during thenguter
simulation, the model of the whole measurement oékn
was applied programmatically.

The second part of the examination consists 0
experimental tests carried out in the real chaphel virtual
instrument.

The simulations concern the above-mentioned thre
digital files: {Y}, {Y'} and {Y"}. Fig.2 shows the
dependencies between the defined digital files &mel
procedures used to complete the set task.

In the simulation process, the measurement chann
model is assumed. It is possible to apply the cabmodel
having any desired complicity.

Similarly, the model of uncertainty designationwsll-
known. The input of the measurement channel is Igp

with a pattern signal containing some distributaamtrolled

disturbances [8,9].
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Fig. 2. Configuration of the testing procedure

For every discrete point, in the whole range of the
channel characteristics, designated uncertainty btan
compared with the uncertainty caused by input distoce
distribution.

A selected part of the simulati@iagramis presented in
Fig.3. It contains some LabVIEW functions used toded
channel properties as well as the disturbancesending
transmitted signals in the measurement channel.
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Figure 3. The selected part oDiagram used inthe simulation

In the considered example, the characteristics haf t
measurement channel is described by a simple farmul

y=(x+2)2 1)

go each from 5000 points of the channel charadiesisthe

isturbance Gaussian white noise) is added. The mean and
variance values of an input disturbing sequence are
computed. The regression functiohirar fit) designates
fhe dope and intercept coefficients of the linear
approximation of the input data set.
Some results of the simulations are shown in Fitn4his
figure, for 10 exemplary results, the values of thaance
8 pending on disturbance distribution and re&an square
error of channel output elements in reference toltst fit
line (white fields) are calculated. Almost impercepibl
differences between the respective values resaih fthe

random nature of the analysed process and canreotiiie
assumption that applying the regression method hio t



actual characteristic of measurement channel designadion
justified. The values of themean square error calculated for

the best fit line are strictly connected with the disturbance

process distribution.
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Figure 4. A selected part ofront panel used inthe simulation

The measurement result
algorithms can be applied in the
measurement channel as well as in a virtual ingnipalso
consisting of distributed units and equipped witly &ind of
communication interface.

The instrument analogue channel accuracy, togetiier
ADC properties, can be assessed using the tesequoss
elaborated preliminarily for examination micropreser
channel algorithms.

The voltage input of the virtual instrument hashe
supplied with a suitable pattern ramp signal.
configuration of an exemplary arrangement is shdwn
Fig.5. The pattern source supplies the instrumgniti with
the linearly growing voltage changing inside theun
operating range. The described above digitalditaments
are obtained by measuring the signals, not likeviptsly
simulated in the examining program, but transmiftedhe
real channel. A few other procedures are commorbédn
the presented applications.
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Figure 5. The configuration of the test arrangement

The subject of the research is the measuremennehan
which consists of theData acquisition board PCI-730
distributed by Eagle Technology, installed
working under LabVIEW environment. TH2AQ board is
equipped with 16 analogue input channels (ADC) wark
with the maximal input sampling rate of 100 kS/d atso 4
analogue output channels (DAC). The resolution lod t

uncertainty designatiol
microprocesso

analogue inputs/outputs is equal to 14-bits. Tteree also
present i.e. three 8-line digital I/O ports.

The PAO and PAldigital lines (Fig.5) are used for
initialling the generation of the pattern ramp sigo,(t).
The control signals are managed by the test pragidma
pattern source supplies th#l0 input of theDAQ board and
sends thend signal to thePBO digital line of DAQ after the
uu(t) voltage achieves the value equal to 2,5V. The
registered course af,(t) voltage is shown in Fig.6. The

pattern signal is used for designating the actual
characteristics of the measurement channel.
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Figure 6. The course of a pattern ramp signal

The experimental test program is arranged withube
of LabVIEW two-frameSequence structure.
During Sequence0 of the test program (Fig.7), the

Thechannel actual characteristics for the measured dat is

estimated with the regression meth@®gg linear fit). The
mean square error (mse) is calculated on the basis of the
measured data set and the channel actual chasgicteri
expressed by its estimating line coefficients.
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The characteristics of the measurement channel
described by the formula, also simple as in theviptes
simulation:

y=X (2

The test program (Fig.7) is prepared also to siteulae
disturbing signals with the desired distributiorurgently:
uniform distribution).

During Sequencel of the test program (Fig.8), the
measurement of input voltage in channelCH{ analogue
input — Fig.5) is carried out as well as the vimalon of
the measurement results and their uncertaintyqJ-ig.

In the presented conditions, the virtual voltmdtgyut

was supplied with the measured voltage equal t(tlne

2,000(two)V. The coverage factor for the expanded
uncertainty calculation was equal to 2 [8].
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Figure 8. TheDiagram of theinput voltage measurement andhe
obtained result uncertainty visualisation Sequencel)
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Figure 9. The exemplary measurement result and theexpanded
uncertainty visualisation

To carry out the presented examination procedur
possibly clearly, some of its parts were omittedy. ¢he

B

jsrocedures connected with the measurement resudl fi
correction.

The examination of uncertainty designation algonish
was carried out in the measurement channel of malir
voltmeter supported by the DAQ board. The prelamyn
results achieved in the experiment realistic cooid justify
further investigations.

3. CONCLUSIONS

Under the ship operations, the measurement result
uncertainty is still difficult to determine, espaity in
indefinable ambience conditions.

The presented investigations aim to check and agdim
algorithms of uncertainty designation applied tihe
program of the ADC aided measurement instruments&h
algorithms are intended to apply, first of all, the

microprocessor measurement channel. Finally,
elaborated LabVIEW application can be used forine-|
accuracy estimation in the equipped with DAQ
measurement channel of virtual instrumentation.

Besides the numerical simulations, the experimeatib
of real measurement channel of virtual instrumenere
carried out.

In the paper the achieved simulation preliminagutes
are presented and discussed.

the
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