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We present the results of a first stage of development work on a new type of analyzer for hydrogen and C,—C; hydrocarbons
concentration measurements in the lower explosive limit range, based on single pellistor sensor with artificial neural network data

postprocessing.

1. INTRODUCTION

In a wide range of industries, especially on drilling plat-
forms and in oil well installations, there is a need for qual-
itative and quantitative information about various explo-
sive gases. The main interest, in a case of aforementioned
installations, lies in main components of natural gas, such
as methane, ethane, propane, and butane. For these anal-
yses the most commonly used analytical instruments are
simple process chromatographs. Unfortunately such devices
have many flaws. They are bulk, costly, they require skilled
personnel to operate, and, what is most important, they
cannot work in an in-line system. But they have a serious
advantage—they are selective. The other instruments used
for such type of analyses are different types of sensors—
thermoconductive, thermocatalytic, semiconductor, and op-
tical [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12]. While in compari-
son with process chromatographs they are small, cheap, easy
to operate and can very well fit in an in-line measurement
system, they lack what is an advantage of bigger apparatus—
they are in principle nonselective.

A universal sensor, with the possibility of working pa-
rameters’ regulation, could heighten selectivity achieved by
optimization of those parameters for specific analytical tasks.
Setting the sensor’s working conditions can be made by soft-
ware means and the program itself can be modified to suit
the needs of an analytical process, according to actual knowl-
edge. This kind of sensor can be classified as a new class
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of sensors—the software-defined sensor. A conventional cat-
alytic combustion sensor (pellistor) with power supply and
analytic signal circuits controlled by specialized software may
be a good example of this new approach to chemical sensors
[13].

2. EXPERIMENTAL SETUP

Hydrogen (99.999%), methane (99.5%), ethane (99.5%),
and propane (99.5%) used for preparation of gaseous mix-
tures were obtained from Linde AG (Gdansk, Poland) and
were used as received. Air was obtained from the atmosphere
with the help of a compressor.

All measurements were conducted using the experimen-
tal setup presented in Figure 1, which consists of the follow-
ing:

(1) alaboratory-made generator of standard gas mixtures;

(2) alaboratory-made measurement cell;

(3) pellistor sensor model OLC20 obtained from Oldham
(Dortmund, Germany);

(4) HP 7090A measuring system from Hewlett-Packard
(Calif, USA);

(5) alaboratory-made power supply;

(6) an HP 9000/310 instrument controller, data postpro-
cessing was done using a PC with STATISTICA Neu-
ral Networks software from Statsoft (Krakow, Poland),
http://www.statsoft.pl.

Gaseous mixtures of required concentrations of individ-
ual components were prepared by dynamic mixing of pure
gas streams in a mixing chamber of generator. The gases were
delivered to the mixing chamber from gas cylinders through
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TaBLE 1: Results obtained from NN for test dataset.

Hydrogen Sum of methane, ethane, and propane
Dataset number Known value Measured value Deviation Known value Measured value Deviation
(% voltage) (% voltage) (%) (% voltage) (% voltage) (%)
1 0.9 1.1 22 6.44 4,93 23
2 1.2 0.9 25 6.90 5.14 25
3 1.2 0.8 33 5.80 5.28 9
4 1.5 1.0 33 4.87 5.63 16
5 1.5 0.8 47 6.70 5.22 22
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FiGure 1: Schematic diagram of experimental setup.
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FIGURE 2: Supply voltage run chart.

a system consisting of pressure regulators and capillaries.
In this way a low, stable, and laminar stream of gases was
achieved. Flows through each capillary were previously cali-
brated and flow value to pressure on capillary inlet relation
was determined.

The gaseous mixture of known composition from the
generator was flowing through the measurement cell with a
pellistor sensor mounted. Measurements of pellistor signals
were performed in a typical system of an unbalanced Wheat-
stone bridge. The sensor was supplied by a laboratory-made
power supply with a “sawlike” voltage curve increasing from
0to 3.0 V in a time of 300 seconds, then decreasing in a sim-
ilar way and so on, as presented in Figure 2.

The voltage arising from destabilization of a bridge as a
result of catalytical reaction on the surface of the sensor was
measured by a digital voltmeter and recorded by computer as
a destabilization voltage versus time chart. A supply voltage

versus time chart was also recorded. The data sets obtained
this way were then fed to STATISTICA Neural Network
software and neural networks were automatically con-
structed and tested. An equivalent of the sum of concen-
trations of methane, ethane, and propane was calculated ac-
cording to (1)

C

ethane
~_ 0
C Yethane +
methane

Cpropane

%eq = Ymethane + %propane: (1)

Cmethane

where % is a concentration and C is a heat of combustion of
corresponding hydrocarbons.

3. RESULTS AND DISCUSSION

After supplying of 552 sets of data, each consisting of
300 inputs—destabilization voltage values (1 value per sec-
ond of supply voltage increase) and 2 outputs—known
concentration values (hydrogen and the sum of C;—C;
hydrocarbons), to ANN generator, the best neural network
was found. It had 3 layers: the first consisting of 177 input
neurons, the second consisting of 21 hidden neurons, and the
third built from 2 output neurons. The results obtained with
this network fed with test data set are presented in Table 1
and Figure 3.

As shown in this paper the new analyzer works quite well
for this stage of development. It discriminates hydrogen from
hydrocarbons, however the discrimination among individual
hydrocarbons is still low, hence an equivalent of the sum of
hydrocarbons had to be used. The accuracy and precision is
quite average and further work, especially finding of better
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FIGURE 3: Results obtained from NN for test dataset in (a) hydrogen, (b) sum of hydrocarbons.

neural network models, is needed to improve these param-
eters. A new power supply will be used to allow to precisely
manipulate the voltage value and a set of new supplying volt-
age curves will be tested.
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