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General objective

The ultimate goal of the project is the development of a mobile compound composition tester, able to be used in the field (e.g. on retread tyre).

Goodyear entrusted F.U.L. with a first six months task, with the limited aim of studying the feasibility of a detection principle at the laboratory level.

The compound composition tester that F.U.L. intends to develop is based on the local heating of the compound (either pyrolysis or combustion), generating a gaseous emission. This emission is typical of the compound composition and can be identified by a suitable system consisting in a gas sensor array and a discrimination software tool.

The first phase (6 months) consists in a feasibility study, at laboratory level, of the identification principle.

It is considered that this limited goal is reached when the system is able to discriminate, with acceptable repeatability, three tire compositions : natural rubber (NR), polybutadiene (PBD) and styrene-butadiene copolymer with 23 % styrene (SBR), and, possibly, mixtures NR-PBD, NR-SBR, PBD-SBR.

Those tests are made on "clean" samples supplied by Goodyear.

It is important to notice that this feasibility study is held at the laboratory level on a specific testing bench, whose size and operational conditions are not adapted to field working yet.

In the case of success of this first phase, the partners may decide upon continuation of the research to a subsequent phase towards the development of a mobile tester prototype.

It is obvious that, during this possible second phase, a much more simple solution should be considered, with lighter devices and autonomous microprocessor-driven control board.

Material and methods

Compound samples

Goodyear supplied us with 7 types of compound samples (80 ( 80 ( 5 mm), with 7 various polymer compositions  (table 1) :

	Compound #
	Polymer composition

	144601
	100% Natural Rubber (polyisoprene) (NR)

	144604
	100% Styrene-Butadiene copolymer (23% Styrene) (SBR)

	144607
	100% Polybutadiene (PBD)

	144610
	mixture NR:PBD 70:30

	144613
	mixture SBR:PBD 70:30

	144616
	mixture NR:SBR 70:30

	144619
	mixture SBR:PBD 70:30 different Carbon black level (SBR+PBD/C)


Table 1 : Polymer composition of the Goodyear compounds given to FUL

Gas preparation assembly

Definitions

Combustion is a chemical reaction in which a substance combines with oxygen, producing heat and eventually light and flame.

Pyrolysis is a chemical decomposition of a material by the action of heat in oxygen-free condition (without the oxidation of the components).

Assembly

Without prejudging the best solution for the heat treatment of the compound samples (either pyrolysis or combustion, or something between), the tests are carried out in an one-liter box either under nitrogen flow, or under air flow, with the help of a laser diode.

The box is made in Perspex®. During the feasibility step of the project, and for the whole assembly, we decided indeed to work as far as possible with transparent material, in order to visualize phenomena (smoke aspect, direction of flow, laser impact on the sample, …).

The box is a 10x10x10 cm cube. The inlet of the laser beam is a 1 cm split grooved in the middle of the front side and surrounded by a soft Teflon® gasket to reduce gas leakage through that opening (later, a glass sheet has been placed on the split to reduce excessive leakage).

On lateral sides, two opposite fittings allow the flow of incoming carrier gas and exhaust gas mixture respectively (see figure 1).

[image: image16.wmf]
Figure 1 : Gas generation assembly

The compound sample is a 80x80x5 mm slice. It is placed on a metallic surface and it is held laterally by two aluminum strips. After sliding the whole sample holder assembly against the back side of the box, an airtight cover is placed and screwed on the top.

With that device, the laser beam path is about 9 cm long from the diode to the impact on the compound sample.

Laser diode

The laser beam is generated by an array of laser diodes : model TH-C1417-P0 from Thomson-CSF. It emits a beam in the near infrared, at 807.1 nm (figure 2).
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Figure 2 : Laser diode characterisics

The device is used at 13 A, 1.65 V (optical power of the beam ( 4 Watts) for first test and at 18 A, 1.75 V (optical power of the beam ( 7.5 Watts) for further tests.

The power is supplied by an ELECTRO-AUTOMATIK instrument, current or voltage limited, in the range 0…16 V and 0…40 A.

In order to maintain the diode at about 20°C, or below, the heat is drained by water through plastic pipes coupled to two suitable fittings on the diode. The circuit closes in a refrigerated circulator (RTE-200D from NESLAB), designed to provide temperature control. The unit consists in a circulation pump, stainless steel reservoir (6 liters) and a temperature controller.

Photo 1 shows the gas generation test box.
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Photo 1 : View of the gas generation test box.

Sensor array

Different types

Many gas sensors capable of detecting the components of the gas mixture are commercially available :

· metallic oxides

· MOSFET's

· conducting polymers

· quartz microbalances

· surface acoustic waves

· pellistors

· electrochemical sensors

· thermal conductivity sensors

The experiments are carried out with metallic oxide sensors (either thick film technology or thin film technology) and with MOSFET's.

Metallic oxide sensor – thick film technology

For the metallic oxide sensors with thick film technology, we chose to work with discrete components from the Japanese manufacturer FIGARO.

Table 2 shows the 8 sensors chosen for the application.

	Reference number
	Recommended application

	TGS842
	Methane

	TGS822
	Organic solvent vapors

	TGS813
	Combustible gas

	TGS800
	Air contaminants

	TGS824
	Toxic gases and ammonia

	TGS825
	Hydrogen sulfide

	TGS2180
	Water vapor

	TGS2610
	Combustible gases


Table 2 : Eight FIGARO sensors chosen for the feasibility study, with the application recommended by the manufacturer.

The sensing material in TGS gas sensors is metal oxide, most typically SnO2. When a metal oxide crystal, such as SnO2, is heated at a certain high temperature (300 … 350 °C) in air, oxygen is adsorbed on the crystal surface with a negative charge, with a net effect of generating an electrical resistance in the sensor.

In the presence of a deoxidizing gas, the surface density of the negatively charged oxygen decreases, so the sensor resistance decreases.

The relationship between the sensor resistance and the concentration of deoxidizing gas can be expressed by the following equation over a certain range of gas concentration :

[image: image18.bmp]
where 


R = electrical resistance of the sensor


A,  = constants


[C] = gas concentration

Sensor selectivity is improved by the addition of some catalyst materials (Pt, Pd, …), allowing the manufacturer to propose some recommended applications (see table 2). However, any sensor may reacts to any deoxidizing gas. This first feasibility step considers thus a 8-sensor array : the obtained results could show that only some of these sensors could be retain for further prototyping, according to their particular sensitivity to the compound composition.

TGS sensors are designed to show optimum sensitivity characteristics under a certain constant heater voltage, around 5 V. A single 5 V power supply is used to heat the eight sensors in parallel, consuming a total current of about 1 A.

The eight sensors are mounted on an electronic board (Eurocard 160x100 mm format). A 10-contact screw terminal allows the connection to the heating power supply and a 50-pin flat cable connector is compatible with the data acquisition board.

The signal output is obtained through 10 k load resistors in series with the sensor resistor (figure 3).

[image: image19.bmp]
Figure 3 : Potentiometer assembly chosen for the application.

In a first design, the 5V voltage was supplied by the acquisition board, but we have noted that the signal stability was improved when the reference voltage for the sensor measurement was provided by the power supply already used for the sensors heating.

Metallic oxide sensor – thin film technology

In the final design of the mobile instrument, we should use compact sensor array with suitable miniaturized electronics. That is the reason why we visited the Swiss sensor manufacturer MICROSENS s.a. on May, 29th 1998 and why a complete MICROSENS measuring system, with associated software was purchased, together with 5 sensor-array prototypes.

The multisensors series form Microsens is based on thin-film, metal-oxide technology. Thin-film metal-oxide technology is important for its compatibility with the high precision of semiconductor manufacturing processes. This compatibility ensures reproducible, reliable, and economical sensors and enables the integration of the sensor with sophisticated functions such as signal conditioning, self-calibration, and communication. The multisensor series features an embedded heater layer to raise the temperature of the metal-oxide film to be sensitive to the target gas and micromachined silicon diaphragm for reduced power consumption.

Microsens offers customized batch manufacturing of integrated sensors. There are no standard product : sensor specifications are defined by the user. The multisensors differ either by the sensitive layer (either SnO2, doped with palladium or platinum, or Nb2O5), or by the electrode geometry (either standard, or interdigited = lower distance between electrodes). They are packaged in standard TO8 metal can (12 pins) and each package contains either 4 or 6 sensors.

Table 3 shows the characteristics of the 5 multisensors provided by Microsens.

The sensor selectivity is ensured by the type of sensitive layer or by the type of electrode geometry, but also by the operational conditions : heating temperature level (generally between 100 and 500°C) and heating sequence (continuous, step, triangle, pulse).

	Multisensor identification
	Number of sensors
	Sensitive layer
	Electrode geometry

	14A08
	4
	1 and 3 SnO2 undoped

2 and 4 SnO2 Pd-doped
	standard

	1AE
	4
	1 : SnO2 undoped

2 : Nb2O5
3 : SnO2 Pd-doped

4 : SnO2 Pt-doped
	standard

	14D19
	6
	undoped SnO2
	1, 2 and 3 : standard

4, 5 and 6 : interdigited

	01D28
	6
	SnO2 Pd-doped
	1, 2 and 3 : standard

4, 5 and 6 : interdigited

	1CEC5527
	6
	1, 3 and 4 : SnO2 undoped

2 : SnO2 – Pd-doped

4 : SnO2 – Pt doped

6 : Nb2O5
	standard


Table 3 : Characteristics of the 5 multisensors supplied by Microsens

In order to test the various possibilities, we have purchased by Microsens a multisensor evaluation electronic board, able to manage up to 6 sensors in the same chip : both heating (temperature level and heating sequence) and signal recording are provided by that board. It can be connected to a computer through the standard RS232 serial line and a software is also supplied to drive the evaluation board.

Unlike the TGS sensors, the Microsens multisensors aren't recommended for given classes of applications. The user must test himself the multisensors, choosing the right sensitive layer and electrode geometry for his specific application, as well as fitting the heating conditions for best sensitivity and selectivity.

For each multisensor, there are more than 100 possible combinations, and we got 5 multisensors !

It is almost impossible to test systematically all the sensors in all the possible combinations. For this feasibility study, we tested only one sensor (the 14A08) with very simple operational conditions. If that test gives already good results, a more optimal choice will give still better results : it should be sought in further research phases.

The TO8 package containing the 4 or 6 sensor-array is plugged into a Teflon socket at one end of a cable, the other end being connected to the evaluation board through a DB25 connector.

MOSFET's

Figure 4 shows the structure of a MOSFET in which the gate is made of a gas-sensitive metal, e.g. palladium. 
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Figure 4 : Structure of a Pd gate gas-sensitive MOSFET

These microsensors, first proposed by Lundström in 1975, like familiar MOSFET's, exhibit a threshold voltage VT between source and gate for which a current passes between source and drain. But the gas sensible MOSFET's show a shift VT which depends upon the gas concentration.

These devices are particularly sensitive to hydrogen down to the ppm level. The use of other gate materials (Ir, Pt, …) and of different operation temperatures has led to reasonable specificity to gases such as NH3, H2S and ethanol. However, the commercial success of the MOSFET chemotransistor has been limited through their poor stability when compared to other metallic oxide gas sensors.

We have tested MOSFET's only during one-off experiment with the commercial e-nose from the Swedish manufacturer NST (see below).

Gas flow

The recommended operation with metallic oxide-based sensors is :

· firstly creating the "base line" with a reference gas, usually, clean and dry air;

· secondly laying the test gas gently flow onto the sensor and measuring the sensor resistance after stabilization.

The effective signal is the relative difference of the sensor resistance values respectively with reference air and with test gas.

For our testing bench, we chose to "clean" the sensors by a static contact with the laboratory air : after a measurement, the recovery time before reaching the base line back is about 15 minutes.

However, in order to avoid sensor reaction delay, dynamic operation is chosen for the measurement itself, with direct flow of a carrier gas onto the sensor (at very low flow rate).

Thus, the sensor signal can be characterized either by the static contact with the air of the laboratory (base line), or by the dynamic flow of the carrier gas (nitrogen or air), before heat treatment, or finally by the dynamic flow of the carrier gas loaded with the vapor generated by the laser beam onto the compound during the heat treatment.

For piping and connectors, as well as for boxes and supports, we try to use neutral materials to avoid gas adsorption on the surfaces (Perspex®, Tygon®, …).

For TGS sensors, the carrier gas passes through 4 cross connectors placed in series (figure 5).


Figure 5 : The array of 8-TGS sensors and the fittings used for gas flow

The electronic board and gas flow fittings are integrated in a Perspex box, as shown in photo 2.
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Photo 2 : Electronic board with the 8 sensors array and gas fittings

For the Microsens multisensor, the end of the cable, with the chip plugged into a socket, is simply inserted in a small cast aluminum box (45 x 40 x 25 mm), as shown in photo 3.


Photo 3 : Small cast aluminum box used as sensor chamber for the Microsens multisensor (the box is open to see the sensor)

In the NST 3220 Lab Emission Analyzer, the reference air is supplied by a gas bottle or alternatively, the air of the laboratory is pumped through suitable filter. The sample gas is allowed to flow into the sensor chamber through a needle and at regulated flow rate of 5 to 150 ml/min. The NST 3220 employs an advanced gas sensor array with 10 NST MOSFET sensors and 5 MOS sensors.

Of course, a commercial instrument should give better results than experimental assemblies. It is well known that commercial e-nose give always good results if the gas sensor array, the operational procedure, and the pattern recognition mathematical tool are sufficiently optimized (to the detriment of simplicity). If we just wish to prove that the e-nose technology is adapted to the recognition of the vapor generated around the tire compounds, we have simply to buy a commercial electronic nose ("e-nose"), and to test samples coming from our laser chamber. But the aim is somewhat different in the context of this feasibility study : the final goal is to design a prototype of mobile instrument, easy to handle, able to work in the workshop conditions and with results easily understood by the operator. So, although the design of the mobile instrument is beyond the scope of the actual first phase, we try to carry out the tests with operational conditions close to the workshop ones : sensor chamber as "open" as possible, avoiding as far as possible clean reference air and strict flow rate control for the inlet gas.

It is expected, even before the measurements, that the results obtained with such material and conditions should be worse than those obtained with "true" laboratory analyzers. But if we nevertheless achieve a good classification with our experimental devices, we could conclude at the feasibility of the compound composition tester.

Data acquisition

For the TGS sensors, data acquisition is performed with the help of a National Instruments AT-MOI-16XE-50 plug-and-play board for the PC-AT and compatible computers. This board features 16-bit analog to digital converter with 16 single-ended or 8 differential analog inputs. Input signals ranges are software selectable between ±0.1 V and ±10 V either bipolar or unipolar. 

We use 8 single-ended analog inputs.

The data acquisition board is driven by LabView, a program development software package designed for data acquisition and control applications. It features interactive graphics, a state-of-the-art user interface, extensive libraries and a powerful graphical programming language.

The whole system makes up a high performance assembly, allowing versatile operation, which is essential for this first feasibility study (figure 6).

Figure 6 : Whole testing bench drawn up for the feasibility study.

For the test of Microsens multisensors, the "data acquisition" and "heating voltage" boards of figure 6 are replaced by the evaluation board and the "LabView" software is replaced by a specific computer code supplied by Microsens.

For the operation with the NST Emission Analyzer, the gas produced by heat treatment ("gas outlet" of figure 6) is sampled in Tedlar bags and presented to the NST electronic nose, located in an other room.

Classification methods

General considerations

Classification methods are used with the aim of discriminating the odor origin (NR, PBD, SBR, or mixtures, ...) on the basis of concentrations of a limited number of sensors signals. Two kinds of methods may be used : either unsupervised procedures, or supervised procedures.

Unsupervised procedures are free to respond to input data and to build up a "model" which is able to cluster the observations into some groups showing similar behavior with regard to the observed variables. Rules or models derived like this should possibly serve to allocate new observations to one of the set of defined classes. Nevertheless, the aim of those procedures is chiefly to bring out patterns of similarities or typical differences among observations, not to allocate them. Such methods are qualified as exploratory methods, since they are mostly used to achieve a description of relationships and associations amongst the variables or amongst the observations.

On the contrary, supervised techniques have a teacher providing target groups, besides the input stimuli. Each such procedure has as its basis, a series of variables, here corresponding for example to the eight signals from the sensor array whose membership in a specific group (e.g. NR, SBR or PBD) is well known.

A new item is then diagnosed by determining how typical its individual pattern of variables is of a given group.

So, that new item can be assigned to that group.

For each procedures type, we should use either statistical methods or neural networks methods.

Statistical methods belong to the so-called "multivariate analyses", able to handle many variables, sometimes nearly as numerous as the observations. They are generally based on the correlation matrix between the variables under investigation or on the concept of distance between observations : those lying close to another one being placed in the same group. They involve also a graphical layout allowing to identify the different groups by a simple visual examination.

Neural networks are composed of many simple elements operating in parallel. These elements are inspired by biological nervous systems. The network function is determined largely by the connections between elements.

With artificial neural networks (Anns), it is not necessary to obtain an explicit representation of a solution but rather let the network come up with its own implicit representation.

Representation of problems with Anns may be qualified as "parallel", i.e. information processing takes place in many neurons at the same time, and "distributed", i.e. there is no central memory, but that representation is stored in the connections between the neurons.

Statistical methods

Principal components analysis (PCA) aims to achieve a parsimonious description of the problem, that means essentially reducing the number of variables whilst preserving as much of the original information as possible. To reach this latter goal, rather than simply choosing a subset of the original variables, PCA constructs a number of new variables (the principal components) which are linear combinations of the original. The coefficients of these linear combinations are chosen so that the new variables are uncorrelated and, in addition, are such that the first few of them retain most of the information included in the original variables. This procedure allows often to only retain the first two principal components and to represent in a X-Y plot both the original variables and the scores of each observation, as individual points in the X-Y plane. A small distance between two such points means that the two variables or the two observations or the variable and the observation are linked together.

Cluster analysis aims at the classification of the observations based on similarities and differences among them. Identifying such groups involves an assessment of relative distances between the points. An Euclidean distance may be used, but in some instance, measures of "similarity" between pairs of observations rather than distances are calculated.

Finally, discriminant analysis may be defined as an assignment technique using a priori knowledge of groups of observations. The goal is to construct some discriminant functions, which are linear combinations of the original variables, and which can be used to discriminate the different classes. So, further observations, for which the group membership is unknown, may be classified easily.

This latter method is a supervised procedure unlike the three former ones.

Discriminant analysis is the one that is particularly used in the frame of this report to illustrate the classification results.

Neural networks

A neuron is simply an elementary block receiving inputs from other neurons or from input data. The connections between neurons are realised by adaptive synapses which are weights with positive or negative values.

The artificial neuron "fires" (represented by an output 1) if the weighted sum of its inputs exceeds some threshold value. If this sum lies below the threshold, the output is zero.

The mathematical transfer function of the neuron is thus simply a hard limit function exhibiting either 0 or 1.

Generally, a more complex neuron is used : the log-sigmoid one, which is a more "continuous" version of the former, but the principle is the same.

The neural network is generally made up of an input interface connected to input data, of an output layer of neurons giving the problem "solutions" at their outputs and of one or more intermediate hidden layers of neurons. Pattern classification task is achieved by presenting a specific input pattern (specific values of a set of variables, here the sensors signals) to the network while simultaneously showing the "solution", i.e. the class information (NR, SBR, PBD, …) , to its outputs. All the weight values and the threshold values for all the neurons in the network adjust themselves in order to give the right response to the input vector.

Training the network consists in presenting several times all the available input vectors (i.e. all observations) to the network in order to update weights and thresholds until process convergence.

At this time, any input may be presented to the network and it will respond with the correct output target vector. If an observation not belonging to the training set is presented to the network, the network will respond with an output (a classification) similar to that exhibited for input observations close to this new one.

The learning rule mostly used by FUL is the "backpropagation" algorithm and is a supervised algorithm.

In the frame of the present study, for the test with our own detectors, we used off-line data processing, either with STATISTICA (for statistical methods) or with MATLAB (for ANN). For the tests with the NST instrument, we used the computer program driving the analyzer which is also able to process the data.

Results

Physico-Chemical Analysis

Firstly, some GC-MS analyses are carried out in order to give preliminary ideas of the main components present in each tire compounds.

Gas volumes generated by the heat treatment are sampled in charcoal cartridges (type ORBO 32S) at a flowrate of 100 ml/min during 15 minutes, either under nitrogen flow (true pyrolysis), or under air flow (approaching combustion conditions).

Later, the gas is extracted from the cartridges with a solvent (200 l CH2Cl2) during 40 minutes with continuous stirring, and then injected in the GC-MS for analysis.

Direct gas sampling, with a gas-tight syringe, followed by GC-MS analysis, is also tested.

Chemical composition of pyrolysis gases varies according to the polymer type and according to operational conditions. A wide range of linear and cyclic C5-C10 alkanes and alkenes is produced from natural rubber under nitrogen. Higher cyclic alkanes and alkenes are formed from styrene-butadiene copolymer and polybutadiene in same conditions. Benzene and its alkylderivatives are found as well. Under air, oxygenated substances, like alcohols, aldehydes, ketones and esthers are observed.

Surprisingly, methyl isobutyl keton is found in all gas samples and limonene is observed in all samples with exception of PBD.

Visual distinction

The operation with the laser diode works well : with the described assembly, the impact on the compound is a ±15 mm groove.

A first result is straight off visible : the form of the impact for natural rubber differs from the SBR and PBD ones. The impact on natural rubber is a deep, well-defined groove (figure 7a), when the impacts on the SBR and PBD are more superficial, looking like broad lips (figure 7b).


Figure 7 : Form of the impact of laser beam on the compounds

a : natural rubber

b : artificial polymer

This obvious difference could already constitute a first coarse distinction between natural and artificial compounds. It is probably due to differences in thermal conductivity values of the samples.

Surprisingly, the impact formed on the mixture SBR:PBD 70:30 with different Carbon black level (#144619, ref SBR+PBD/C) looks like the natural rubber one (fig. 7a).

Influence of carrier gas on the metallic oxide sensor response

The carrier gas can influence the response of the sensors in two ways.

Firstly, the heat treatment is closer to a true pyrolysis when the carrier gas is nitrogen, and closer to a combustion when air is used. As above mentioned, the components present in the generated gas mixture should be different and so, the response of the sensors should also be different from a carrier gas to another one.

Secondly, the metallic oxide sensors need the presence of oxygen in order to reach an initial equilibrium state. When nitrogen is used as carrier gas, that equilibrium state is reached by a static contact of sensors with ambient air, prior to the pyrolysis itself. When air is used, the initial state results on a dynamic flow on the sensors of the oxygen present in the air, resulting probably in a different response kinetic during the next measurement.

Figure 8 shows the responses of the 8 TGS sensors (raw signal, without reference to base line), respectively for NR, SBR and PBD, each time with nitrogen and with air as carrier gas.

The figure shows some differences in the relative behavior of signals when the carrier gas changes. For some sensors, the signal (proportional to the odor intensity) is higher for the air, and for some others, the signal is higher for nitrogen, with variations with respect to the compound (NR, SBR or PBD). This latter remark is interesting in the frame of a possible compound classification. Both carrier gases are user in further tests.
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Figure 8 : Comparison of signals generated with three samples (resp. NR, SBR and PBD) on the 8 TGS sensors when the carrier gas is either nitrogen or air.

Influence of the laser power on the metallic oxide sensor response

As seen in figure 2, the laser optical power increases about linearly between 0 and 18 W when the current in the laser diode increases from about 7.8 to about 33 A. Of course, the choice of the optimal power for the laser depends on the assembly chosen for the experiments : the beam intensity at the sample level is influenced by the distance from the laser to the sample and by the type of slot and/or frame made in the test box.

The only aim of the present test is the optimization of the laser power for efficient gas detection in the limits of the feasibility study.

Figure 9 shows the relative behavior of the signal evolution with the laser current (average for the 3 main compound compositions and for 5 minutes of pyrolysis under nitrogen flow).


[image: image4.wmf]-2

-1.5

-1

-0.5

0

0.5

1

1.5

13

14

15

16

17

18

19

20

Current (A)

Relative signal evolution

 TGS 842

TGS 2180

TGS 2610

TGS 825

TGS 824

TGs 813

TGS 822

TGS 800


Figure 9 : Relative evolution of the sensor signals versus laser beam current, averaged for the three main compound compositions (vertical axis units are unimportant).

As shown in this figure, some sensor signals (TGS842 and TGS2180) exhibit a maximum for 15 A, some others (TGS824, TGS800, TGS822) saturate or decrease for current exceeding 18 A and the others are strictly growing with the laser beam current. The difference of the signal evolution for the various sensors shows that different components are probably released in the samples when the laser beam power increases. However, the effect of the compound composition on that evolution isn't really significant. When the heat treatment is made with air flow, the signals are generally continuously rising, but with a saturation around 18 A. In consequence, a 18 A laser beam current is chosen for further experiments with the test assembly.

Classification with the NST e-nose

The first classification results concern the tests with an "ideal" instrument, considered as a reference for future development : the Swedish "Emission Analyzer", from NST, distributed in Belgium by Wilten Analytika (Mr Hanse).

The gas produced by the heat treatment on the compound is sampled in Tedlar bags and presented to the NST electronic nose. The heat treatment and the sampling are performed under nitrogen flow, but the operation in the NST detector consists in the measurement of the difference between the "base line", resulting from dry air flow on the sensors, and the signal corresponding to the flow of the gas sample on the sensor array, after 1 minute. A total of twelve runs are performed : 3 with NR, 5 with PBD and 4 with SBR. Figure 10 shows the results of a Principal Component Analysis on the signals coming only from 2 sensors (a MOSFET and a MOS) : the groups are perfectly classified.

It should be mentioned however that those results are obtained after some first unreliable tests carried out with bad operational conditions (position of tubes, valve and extraction needle operation, …), showing that, even with that "ideal" instrument, one should care about the experimental conditions.

Neural Networks give the same kind of results. However, we must insist on the fact that figure 10 refers to PCA analysis, which is an unsupervised procedure : that means that the groups are formed independently of a learning phase. That shows the very good quality of that classification result. At this stage, we may already conclude that a compound composition detector is feasible with this kind of method. Further tests will chiefly be aimed at the simplification of the measurement technique with respect to a commercial instrument.
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Figure 10 : Principal Component Analysis with 12 compounds samples tested with the NST electronic nose.

Classification with FUL detection system : nitrogen flow, no heat treatment

With the laboratory assembly shown in figure 6, we have first tested as operational variable for the classification mathematical methods the signal supplied by the sensors before the pyrolysis, i.e. when nitrogen just flows over the compound samples, without any smoke generated by the laser beam.

The results of the discriminant analysis are shown in figure 11. Obviously, the diagram exhibits a very good discrimination. Thus, the odor simply generated naturally by the compound samples is sufficient to discriminate the composition. Nevertheless, such good classification results obtained only with the surface odor wouldn't probably occur with samples cutted out real used tires.
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Figure 11 : Results of discrimant analysis on the natural odor generated by 23 compound samples (without pyrolysis)

Classification with FUL detection system : nitrogen flow, heat treatment

The next classification test uses as operational variables the sensors responses during the heat treatment and under nitrogen flow (later on referred as "pyrolysis"). The laser beam current is 18 A and the carrier gas flow rate is 300 ml/min.

The operation consists in waiting an equilibrium state under nitrogen flow (later on referred as "base line"), switching the laser on during 2 minutes , and then continuing to record the signals during the recovery phase, still under nitrogen flow.

The following sets of variables are tested : 

· S1 :  the raw signals after 1 min of pyrolysis

· S2 : the raw signals after 2 min of pyrolysis

· S3 : the raw signals 1 min after the pyrolysis (3th min of recording)

· S5 : the raw signals 3 min after the pyrolysis (5th min of recording)

· S7 : the raw signals 5 min after the pyrolysis (7th min of recording)

· D1 = S1 – base line

· D2 = S2 – base line

· D3 = S3 – base line

· D5 = S5 – base line

· D7 = S7 – base line

The best discrimination results are obtained with S2  and S3, eventually normalized with respect of the 8 sensors.

Figure 12 shows the representation in the plane of the two discrimination functions of the 31 measurement points related to the 3 main compounds, NR, PBD and SBR, for the variable S2.
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Figure 12 : Results of the model calibration by discriminant analysis, with 31 compound samples (NR, SBR or PBD) and pyrolysis operation.

As seen in that figure, the classification model is rather well calibrated, although some measurements are misclassified. A total of 87 % of the samples are well classified. In the 13 remaining percent, one "NR" is put in the "SBR" group, two "PBD" are put in the "SBR" group and one "SBR" is put in the "NR" group.

Now, if we try to classify the compound mixtures (NR+PBD, SBR+PBD, NR+SBR and SBR+PBD/C) using the model calibrated as above with only the three main compound compositions, the NR+SBR mixture is always classified in the "NR" group, the NR+PBD mixture is sometimes classified in the "NR" group and sometimes in the "PBD" group, the PBD+SBR mixture is classified either in the "NR" group, or in the "PBD" group, and the SBR+PBD/C is always classified in the "NR" group. The latter result confirms the observation of the laser beam impact on the SBR+PBD/C mixture (see above, the point "Visual distinction").

Finally, the whole set of compound samples, including the mixtures, can be used in the learning phase.

Figure 13 represents the model calibrated with the discriminant analysis for 64 measurements carried out on the 3 main compound compositions as well as on the 4 possible mixtures (still for the "raw" signal, after 2 minutes of pyrolysis).
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Figure 13 : Results of the model calibration by discriminant analysis, with 64 compound samples (NR, SBR, PBD, NR+PBD, NR+SBR, SBR+PBD or SBR+PBD/C) and pyrolysis operation.

The model leads to a rather good classification, remembering that the above figure shows only the projection on the plane of the first two discrimination functions on a total of 6 functions (and thus hiding a part of the information). But a total of 84.4 % of the samples are well classified. In the 15.6 remaining percent one "NR" is in the "SBR" group, three "PBD" are in the "SBR" group, one "SBR" is in the "NR" group, one "NR+SBR" is in the "SBR+PBD" group, one "NR+PBD" is in the "PBD" group and two "SBR+PBD" are in the "NR+PBD" group.

The discriminant analysis applied on the sensors signals during pyrolysis leads thus to satisfactory results, but not sufficiently reliable to be used for a precise recognition in the field. Moreover, it is awkward to explain the relative location of the groups formed by the discriminant analysis and their relation with the sensor role. In other words, the "signature" of each compound composition, i.e. the pattern formed by the 8 sensors for a given composition, is not typical and constant for all the measurements on the same sample type. The only explanation which could be attempted from the analysis illustrated by figure 12 is that the TGS825 sensor (typical of H2S) seems reacting more for "NR" compounds and TGS822 sensor (typical of solvents) seems favorable to "PBD" with respect to "SBR". For the analysis including the mixtures (figure 13), the explanation of the sensors role is less obvious.

We may conclude from the test during the pyrolysis operation that a classification should be possible, but it wouldn't be 100 % reliable.

Classification with FUL detection system : air flow, heat treatment

For the next classification test, the heat treatment is carried out under air flow (later on referred as "combustion"). Still, the laser beam current is 18 A and the carrier gas flow rate is 300 ml/min.

For the discriminant analysis, the best classification is obtained with S3, i.e. 1 minute after the end of combustion in the test chamber. That could be explained by the fact that, at that time, the reaction gas reaches the sensor board in a well mixed state.

Figure 14 shows the representation of the 22 measurement points in the plane of the two discrimination functions.

Now, the classification is perfect : 100 % of the samples are well classified and the groups are better separated than in figure 12.

Again, the signal of TGS825 sensor (more sensible to H2S) characterizes the left side of the figure (i.e. "NR"), together with TGS822 (solvents) and TGS800 (air contaminants), while TGS2180 (water vapor) characterizes more the right side ("artificial compounds"). The vertical separation "PBD"/"SBR" is less easy to explain : TGS825 (H2S) seems more favorable to PBD (the upper part of the figure), while TGS813 (combustible gases) seems favorable to SBR (lower part).
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Figure 14 : Results of the model calibration by discriminant analysis, with 22 compound samples (NR, SBR or PBD) and combustion operation.

On the basis of the same set of variables, we may also try to classify the compounds using a neural network procedure. Figure 15 shows the network architecture tested. All the neurons are "logsigmoid" ones and the backpropagation algorithm is used.
















Figure 15 : Architecture of the neural network tested with the backpropagation algorithm for the classification of compound composition

With that method, if we impose 1-0-0, 0-1-0 or 0-0-1 at the outputs of the three neurons of the output layer, for input signals generated repectively by NR, SBR or PBD, the model calibrated on the basis of the 22 samples recognizes at 100 % the three compound compositions.

Despite of that latter very good result, we shall not use neural network in the future, because it doesn't allow a clear understanding of the physical behavior of the combustion and of the sensors reaction.

At last, in order to appreciate the ability of the sensor array to classify the compounds by itself, a principal component analysis is applied on the data. Figure 16 shows the representation of the measured points in the plane of the two first principal components (90 % of the variability). 
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Figure 16 : Representation of the 22 measured points in the plane of the two first principal components (90 % of the variability)

The separation is good, despite of some confusion between PBD and SBR. In the case of pyrolysis (nitrogen flow), no separation was visible in the PCA plane. That is an encouraging result which shows the efficiency of the detection principle with those eight sensors, and with air as carrier gas.

Concerning precisely the sensors, a more accurate analysis of the PCA results shows that the right part of figure 16, i.e. the "NR" compound is less under the influence of TGS2180 (water vapor) and TGS842 (methane) than the left part. Nevertheless, it is not possible to identify a subset of the 8 sensors which shouldn't be relevant for the classification purpose : every sensors seems participating to the discrimination.

Before concluding that the method is successful, we have still to validate the calibrated model. Actually, figure 14 shows only the results of the learning (or calibration) phase. The further running phase would consist in using the calibrated model to affect unknown samples to a group.

So, 3 measurements are extracted from the previous data set to be used as validation results : we choose at random one "NR", one "SBR" and one "PBD". Then, we calibrate the model with the discriminant analysis applied on the remaining data set. Moreover, we measure mixtures "NR+SBR", "SBR+PBD", "NR+PBD", "SBR+PBD" and "SBR+PBD/C" and we look at they localization in the root1/root2 diagram.

Figure 17 shows that diagram, calibrated with the 19 remaining samples, with 8 additional points corresponding to validation data (large black circles). To find the position of those points, we used the model previously calibrated, but without telling it the origin of the new samples. As observed, the three pure compound composition samples are well classified, and the compound mixtures are rather logically placed : NR+SBR in the "NR" group, NR+PBD between "NR" and "PBD" (but affected to "NR" group), SBR+PBD in the "PBD" group and SBR+PBD/C in the "NR" group (still confirming the previous results about that compound composition).

That mixtures classification shows that the presence of SBR in a binary compound mixture is generally masked by the effect of the second component.
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Figure 17 : Validation of some cases in the plane of the two discriminant functions.

On sight of figure 17, we may thus conclude that the designed system is able to recognize rather well the compound composition.

Nevertheless, in order to be aware of limitations and of possible improvements concerning the used method, some remarks should be made :

· We didn't use the mixtures for the learning phase, that means that we calibrated the model only for three pure compositions. The main reason is the lack of time to carry out all the measurements. But, anyway, the more numerous are the groups, the more difficult the recognition will be, including for the pure composition compounds. For future phases of the study, rather than trying absolutely to classify all the possible mixtures, it should probably be preferable to calibrate the model for pure composition only, and so, at least insuring a good classification for those cases.

· The three points labeled with a question mark in figure 17 (black triangles) correspond to doubtful measurements : the signal was not stabilized before the heat treatment (probably due to the interference with other odors in the lab) : those points are misclassified (excepted SBR). That shows the importance of the operational conditions reproducibility. Moreover, for future portable instrument, it will be very difficult to work with an "open" system, which may react to any ambient odor : the proposition would be to supply a continuous "pure" air flow on the sensor array and to "inject" in that flow the gas mixture generated by the heat treatment on the tire samples.

· Concerning the misclassification of the "SBR+PBD/C" sample, and the fact that that sample is always considered as of "NR" type, we got an explanation from Goodyear. It seems that there actually was a labelling mistake : the sample is in reality a mixture NR:PBD 70:30 with different Carbon black level. However, that doesn't completely explain why the sample looks really like natural rubber : other NR:PBD samples actually give different results (for example, for other NR:PBD samples, the laser impact on the rubber is typical of the one observed on synthetic rubber). 

Anyway, that observation validates the used method : the discriminant analysis on the sensors signals localized that "unknown" sample near the NR:PBD one.

· Some further tests were also carried out with "new" samples supplied by Goodyear. Although the compound composition was the same as the one of the first sample set, the ageing was different. The first sample set was tested 6 months after the vulcanization (vulcanization on June 6th, 98, test in December 98), and the second one was tested only 2-3 months after the vulcanization (vulcanization on October 29th, 98, test in December 98 and January 99). The measurement points corresponding to the "new" set fall outside the frame of figure 17. Not only the points lies far from the former ones, but the main directions are not correct. Such observation was already made when we tried to classify environmental odors : if the model calibration is made with particular conditions (e.g. high humidity level), further recognition of the same odorous gas measured in other conditions (e.g. lower humidity level) is impossible. Thus, the learning phase must imperatively concern all the possible variants of a given compound. Actually, the "new samples" do not present the same ageing state as the "old" ones, and that is sufficient to justify a new calibration of the model.

In order to verify the latter, we did the training with both sample sets : "old" and "new" ones. Figure 18 shows the Root1/Root2 diagram obtained with the discriminant analysis. Despite of 3 misclassified cases on a total of 34, the results remain rather good, and the natural and synthetic rubbers are still well separated. Notice that there is only a mixing between PBD and SBR groups and that the misclassified cases comes either from the new sample set or from the old one. Notice also that the calibrated model is different from the one which was built with only the "old" sample set. It is normal : the calibrated model always depends on the data presented during the learning phase. Nevertheless, the larger the data set is, with a broad range of very different conditions, the more "definitive" the model will be. From a sufficient quantity of data, the model will converge towards a final form which can recognize a compound in any condition.

Anyway, from the latter results, we may observe that the ageing state appreciably influences the sensors reaction, perhaps more than the chemical composition itself.
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Figure 18 : Results of discriminant analysis on samples coming both from the "old" set and from the "new" one.

The conclusion is that the quality of the classification will improve with the system training and the actual misclassification of some validation cases doesn't seem to be a drawback for future development.

But, identifying the real cause of the classification by the sensor array could be more awkward. Indeed, what the sensors "smell" could be the bulk composition of the compound, as expected, but it could be also the effect of vulcanization, or ageing, or something else. 

We attempted to verify the real cause of the sensors reaction by adding to the tested samples some other ones which didn't undergo any treatment, like vulcanization. 

Figure 19 shows the results of the model validation : discriminant analysis on vulcanized samples and validation with "pure" samples (pointed by arrows).
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Figure 19 : Discriminant analysis : model calibration with vulcanized samples, validation with "pure" samples (pointed by arrows)

Nearly all points behave like natural rubber, though "NR" points are still rather well separated from synthetic rubber ones. The model always recognizes well the "pure NR" samples, the "pure SBR" points are located too much towards the "NR" direction, but generally remain near the "SBR" group. The "pure PBD" seems completely misclassified : too much towards "NR" and "SBR", and far from the "PBD" group.

Even when the classification model is calibrated with the pure samples, considered as belonging to the input data set, the results are not as good as expected. All the "NR" samples are well classified, but not the synthetic ones. This latter result probably shows that the vulcanization takes a great part in the recognition process.

At last, we tested some vulcanized samples from "unknown" origin, labeled by Goodyear : 464-11, 464-16, R464-16, N545, A78X and 32RY6089-O.

After testing them in the same conditions as previously, we tried to localize the corresponding points in the Root1/Root2 diagram of figure 18 (resulting from the previous calibration, with vulcanized samples).

Again, those new points fall far outside the frame of the diagram, and their location is rather erratic. The only common feature of all those new points is their localization in the "NR" part of the diagram.

However, considering the actual classification method, based on the training of various samples, that result can't be considered necessarily as a bad result.

Again, those new sample types were not took into consideration by the calibrated model. It should be possible to re-calibrate the model with those new samples, but we didn't know to which class (NR, PBD or SBR) the "pure" samples should be assigned.

Anyway, that disturbing result is important for us and suggests to systematically test, in possible further study, the real cause of the discrimination.

Classification with Microsens multisensors system : air flow, heat treatment

The last test concern the same system as the latter one, but with the Microsens multisensor system in place of the array of TGS sensors.

As above mentioned, for this first exploratory test, we chose the simplest available multisensor : the 14A08 (see table 3). It is a 4-component multisensor, with sensors 1 and 3 undoped and sensors 2 and 4 Pd-doped. In order to reach a relative selectivity, we chose to operate with different temperature levels for similar sensors. Thus sensors 1 and 2 operate at 500°C (heating voltage : 2.548 V), and sensors 3 and 4 operate at 400 °C (heating voltage : 2.17 V).

As the box containing the multisensor is much smaller than the TGS array one (see photo 3), the time response of the system is also much shorter. Consequently, the operation is somewhat different than previous one.

Firstly, the 1-liter heat treatment chamber is filled with the combustion gas (laser diode "on" for 15 seconds).

Then, the gas is allowed to flow for 10 seconds on the multisensor in the box.

After that, the multisensor is "cleaned" with pure air for about 2 minutes.

A second puff of combustion gas is injected in the box for a second measurement and so forth.

Generally, 4 measurements are so carried out with the same combustion gas.

Figure 20 shows the representation, in the plane of the two discriminant functions, of the 33 measurement points.

In spite of poor system optimization (we chose a simple multisensor and, randomly, two temperature levels), the classification is rather good. The figure still exhibits a good separation left/right between natural rubber and artificial one. The separation PBD versus SBR is less obvious : a "SBR" is misclassified in the "PBD" group and a "PBD" is misclassified in the "SBR" group.
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Figure 20 : Discriminant analysis diagram for 33 measurement points with the Microsens multisensor.

Unlike the case of TGS sensors array, it is here difficult to extract the role of each sensor from the results of this discriminant analysis. At first sight, sensors 3 and 4 seems giving redundant information (correlation coefficient close to 1), while the sensor 1 response differs clearly from a compound to another. However, relating that sensor signal to a given chemical family is not straightforward.

Further studies should focus on the optimal choice of multisensor type and operational conditions.

General conclusion and trends

The first and more important concluding remark is that the used principle proves to be efficient for tire compound recognition.

The feasibility study is very promising for further development of a mobile prototype : both the laser heat treatment and the recognition with a gas sensor array are adapted to the set target.

Nevertheless, we must be aware of operational conditions and of some details of the future design :

· the heat treatment chamber, where laser beam locally heats the compound, must be sized for a given laser diode and a given laser current;

· working with air instead of nitrogen is recommended;

· cleaning the sensors with a pure air flow before each measurement is essential;

· working with dynamic gas flow instead of static contact of the sensor with the generated vapor is preferable;

· the sensor array must be optimized for the application (choice of sensor type and of heating voltage and operation);

· the reproducibility of operational conditions is of paramount importance : same reference air, same flow rate, same sensor heating voltage, same laser current, same heat treatment duration for every measurement;

· the model calibration with discriminant analysis (learning phase) must be carried out with a large number of samples of each type, in all possible conditions;

· a miniaturized sensor array, like Microsens multisensors, can be used, but the choice of the right sensible layer and of the right heating voltage must be optimized. That requires accurate and systematic tests of all possible combinations;

· the instrument should be periodically updated to take into account new compound compsitions;

· a periodical calibration is recommended to minimize the effect of sensor drift;

· …

The conclusion is thus that such instrument is feasible, but now the real research phase will begin : the test bench used in the frame of this feasibility study is far from being a portable instrument and the lab conditions are far from the workshop one.

The main lesson learnt from the first feasibility phase is the general trend for a future mobile instrument.

Some different solutions could be considered, but the gas sensor array being in the "pyrolysis" chamber in static contact with the generated gas should probably be discarded. Rather, the trend is to work with sensors in a closed box and with dynamic flow. Though the true mobile compact instrument is possible, we should also consider solutions where the generated gas is sampled with some simple device (rubber syringe, …) at the "pyrolysis" level and later on injected in a stand alone detector. Such solution would guarantee more reproducible operational conditions. It would also facilitate the operation with gas sensors which must be continuously heated.

In summary, if some rules are respected, notably to reduce interference effects, the design of a compound composition tester using the above described method is workable.
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		SBD24		0.8775908947		1.9956932068

		SBD25		0.6115486622		1.7905235291

		SBD26		0.4157712162		2.2917461395

		SBD27		0.0203416087		1.6770496368
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Graph2

		-11.5542697906		3.7065832615		4.5721230507

		-11.8757371902		3.3490784168		5.5985121727

		-11.4215373993		3.9439489841		5.6205534935

		-8.9972372055		6.3840136528		5.2554726601

		-9.8450260162		4.5592427254		5.2467751503

		-12.0378217697		4.8821310997		5.8328499794

		-9.2091856003		4.2567782402		6.5844244957

				5.148422718
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new

		NROX1		-11.5542697906		-0.7466272116		NR

		NROX2		-11.8757371902		0.0566221699		NR

		NROX3		-11.4215373993		-0.2497056425		NR

		NROX4		-8.9972372055		0.1304022372		NR

		NROX5		-9.8450260162		0.8303953409		NR

		NROX6		-12.0378217697		0.1404539645		NR

		NROX7		-9.2091856003		0.9014440775		NR

		SBOX1		3.7065832615		-1.8955835104		SBR

		SBOX2		3.3490784168		-2.803145647		SBR

		SBOX3		3.9439489841		-2.4124481678		SBR

		SBOX4		6.3840136528		-4.8402132988		SBR

		SBOX5		4.5592427254		-0.9800027609		SBR

		SBOX6		4.8821310997		-0.2505143583		SBR

		SBOX7		4.2567782402		-2.2876503468		SBR

		SBOX8		5.148422718		-1.7658799887		SBR

		PBOX1		4.5721230507		1.6371580362		PBD

		PBOX2		5.5985121727		2.6860053539		PBD

		PBOX3		5.6205534935		0.8355451822		PBD

		PBOX4		5.2554726601		2.4926154613		PBD

		PBOX5		5.2467751503		3.2522475719		PBD

		PBOX6		5.8328499794		2.9163405895		PBD

		PBOX7		6.5844244957		2.3525969982		PBD
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valid

		NROX1		-13.8412094116		0.7045459747

		NROX2		-13.6859998703		-0.0183696579

		NROX3		-14.45		0.2323208004

		NROX4		-9.051404953		-0.0641536564

		NROX5		-12.0143461227		-0.7968616486

		NROX6		-14.1635904312		-0.096857056

		NROX7		-11.6606836319		-0.8378925323

		SBOX1		4.260225296		1.7681941986

		SBOX2		3.7001187801		2.6355953217

		SBOX3		4.3734617233		2.2330951691

		SBOX4		7.4302678108		4.5294361115

		SBOX5		5.473048687		0.8764705658

		SBOX6		6.7104659081		0.2334232479

		SBOX7		5.3783383369		2.1424617767

		SBOX8		5.4443516731		1.6409473419

		PBOX1		6.2978320122		-1.5527973175

		PBOX2		7.2863888741		-2.5579090118

		PBOX3		6.8920044899		-0.8164806366

		PBOX4		6.8764300346		-2.3368244171

		PBOX5		6.2014374733		-3.0927715302

		PBOX6		6.7470078468		-2.7851390839

		PBOX7		7.2436728477		-2.2540493011

		SBPBCOX1		-12.3532524109		-2.7754650116

		NRPBOX1		-5.9264979362		-1.9533252716

		SBPBOX1		2.6127927303		-2.2618579865

		NRSBOX1		-18.4668159485		-0.65

		PBOX8		1.1035983562		1.3314723969

		NROX8		9.581817627		0.6

		SBOX9		4.7656712532		1.6464328766

		SBOX10		8.4276		-9.3146

		NROX9		-7.9597		-18.8978
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new

		NROX1		1.5946201398		-0.2831929985		NR

		NROX2		1.6917270381		0.3851908543		NR

		NROX3		1.4366253782		-0.6932001209		NR

		NROX4		1.1358906468		0.0866151749		NR

		NROX5		1.6082200922		-0.3718767313		NR

		NROX6		1.5635061194		0.298611674		NR

		NROX7		0.4954048694		-1.9657085236		NR

		SBOX1		-0.5554483705		-0.1280104322		SBR

		SBOX2		-0.5934661745		-0.1596719619		SBR

		SBOX3		-0.5392911499		0.3830728848		SBR

		SBOX4		-0.594188729		1.3786967806		SBR

		SBOX5		-0.2965467995		1.4193554881		SBR

		SBOX6		-0.5097801996		0.9398160929		SBR

		SBOX7		-0.3741156885		0.7583654402		SBR

		SBOX8		-1.2048647716		-2.2262609082		SBR

		PBOX1		-0.7750540657		-0.686557275		PBD

		PBOX2		-0.9425640598		-0.8663973073		PBD

		PBOX3		-0.9729184969		-0.3863114087		PBD

		PBOX4		-0.7121561111		-0.2140084919		PBD

		PBOX5		-0.5062474741		0.6163266349		PBD

		PBOX6		-0.6629118816		-0.239140048		PBD

		PBOX7		-0.2864403117		1.9542851828		PBD
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DIODE

		power_x		power_y		Current (A)		Voltage (V)		Optical Power (W)

		6.56E-01		1.34E-01		1.30E-01		1.47E+00		0.134

		6.71E+00		1.34E-01		5.86E-01		1.50E+00		0.134

		7.01E+00		1.68E-01		1.35E+00		1.53E+00		0.134

		7.31E+00		2.52E-01		2.82E+00		1.57E+00		0.134

		7.67E+00		3.36E-01		4.19E+00		1.60E+00		0.134

		7.97E+00		5.04E-01		6.37E+00		1.63E+00		0.134

		3.29E+01		1.77E+01		6.71E+00		1.63E+00		0.134

		3.32E+01		1.79E+01		7.01E+00		1.63E+00		0.168

						7.31E+00		1.63E+00		0.252

						7.67E+00		1.64E+00		0.336

						7.97E+00		1.64E+00		0.504

						8.45E+00		1.64E+00		8.33E-01

						1.11E+01		1.66E+00		2.68E+00

						1.41E+01		1.68E+00		4.72E+00

						1.74E+01		1.70E+00		6.99E+00

						2.08E+01		1.74E+00		9.36E+00

						2.47E+01		1.76E+00		1.21E+01

						2.80E+01		1.78E+00		1.43E+01

						3.11E+01		1.79E+00		1.65E+01

						3.29E+01		1.79E+00		17.72

						3.32E+01		1.80E+00		17.87

						3.33E+01		1.80E+00		1.80E+01

						3.33E+01		1.81E+00		1.80E+01
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Feuil1

		5. minute de la pyrolyse:

		Fichier		Pyrolyse		Date		Time		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		PBD 14		13 A		9/17/98		10:41:25		0.739		0.335		0.405		2.44		1.484		0.348		1.728		1.571

		PBD 14		scan 30		9/17/98		10:36:25		0.722		0.335		0.375		1.742		1.044		0.32		1.344		1.22

		PBD 27		15 A		9/25/98		14:31:40		0.952		0.444		0.431		2.708		1.335		0.355		1.564		1.344

		PBD 27		scan 30		9/25/98		14:26:41		0.955		0.452		0.375		1.645		0.831		0.308		0.984		0.928

		PBD 30		18 A		9/29/98		12:50:17		0.94		0.429		0.48		3.056		1.53		0.421		2.286		1.85

		PBD 30		scan 30		9/29/98		12:45:17		0.904		0.43		0.397		1.512		0.763		0.355		1.176		1.077

		PBD 29		20 A		9/29/98		11:24:06		0.99		0.443		0.472		3.073		1.378		0.423		2.184		1.891

		PBD 29		scan 30		9/29/98		11:19:06		0.949		0.446		0.398		1.357		0.661		0.369		1.178		1.031

		NR 20		13 A		9/9/98		14:24:00		0.776		0.382		0.447		2.519		1.553		0.369		1.537		1.493

		NR 20		scan 30		9/9/98		14:19:00		0.76		0.383		0.396		1.581		0.858		0.339		1.116		1.071

		NR 26		15 A		9/30/98		14:31:55		0.977		0.433		0.451		2.805		1.242		0.385		2.262		1.709

		NR 26		scan 30		9/30/98		14:26:55		0.942		0.43		0.376		1.35		0.654		0.339		1.125		0.973

		NR 27		18 A		9/30/98		15:46:06		0.939		0.413		0.496		3.519		1.85		0.4		2.729		2.231

		NR 27		scan 30		9/30/98		15:41:06		0.9		0.417		0.377		1.437		0.738		0.326		1.187		0.986

		NR 28		20 A		9/30/98		17:10:17		0.964		0.421		0.603		3.755		1.842		0.438		2.506		2.327

		NR 28		scan 30		9/30/98		17:05:17		0.901		0.419		0.383		1.463		0.736		0.329		1.146		1

		SBD 6		13 A		9/14/98		17:24:51		0.762		0.352		0.351		2.295		1.288		0.289		1.258		1.226

		SBD 6		scan 30		9/14/98		17:19:51		0.761		0.357		0.337		1.585		1.019		0.288		1.13		1.048

		SBD 14		15 A		10/2/98		12:16:37		0.792		0.353		0.444		2.586		1.054		0.415		2.022		1.52

		SBD 14		scan 30		10/2/98		12:11:37		0.779		0.354		0.408		1.517		0.653		0.391		1.277		1.114

		SBD 15		18 A		10/2/98		13:23:49		0.775		0.35		0.453		2.942		1.435		0.438		2.409		1.849

		SBD 15		scan 30		10/2/98		13:18:49		0.77		0.355		0.409		1.43		0.675		0.389		1.224		1.042

		SBD 16		20 A		10/2/98		14:43:48		0.798		0.348		0.517		3.151		1.265		0.412		2.413		1.888

		SBD 16		scan 30		10/2/98		14:38:48		0.753		0.353		0.401		1.28		0.57		0.381		1.102		0.944

		PBD Signal Brute

		Fichier		Pyrolyse		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		PBD 14		13 A		0.739		0.335		0.405		2.44		1.484		0.348		1.728		1.571

		PBD 27		15 A		0.952		0.444		0.431		2.708		1.335		0.355		1.564		1.344

		PBD 30		18 A		0.94		0.429		0.48		3.056		1.53		0.421		2.286		1.85

		PBD 29		20 A		0.99		0.443		0.472		3.073		1.378		0.423		2.184		1.891

		PBD Signal-Ligne de Base

		Fichier		Pyrolyse		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		PBD 14		13 A		0.017		0		0.03		0.698		0.44		0.028		0.028		0.384

		PBD 27		15 A		-0.003		-0.008		0.056		1.063		0.504		0.047		0.58		0.416

		PBD 30		18 A		0.036		-0.001		0.083		1.544		0.767		0.066		1.11		0.773

		PBD 29		20 A		0.041		-0.003		0.074		1.716		0.717		0.054		1.006		0.86

		NR Signal Brute

		Fichier		Pyrolyse		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		NR 20		13 A		0.776		0.382		0.447		2.519		1.553		0.369		1.537		1.493

		NR 26		15 A		0.977		0.433		0.451		2.805		1.242		0.385		2.262		1.709

		NR 27		18 A		0.939		0.413		0.496		3.519		1.85		0.4		2.729		2.231

		NR 28		20 A		0.964		0.421		0.603		3.755		1.842		0.438		2.506		2.327

		NR Signal-Ligne de base

		Fichier		Pyrolyse		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		NR 20		13 A		0.016		-0.001		0.051		0.938		0.695		0.03		0.421		0.422

		NR 26		15 A		0.035		0.003		0.075		1.455		0.588		0.046		1.137		0.736

		NR 27		18 A		0.039		-0.004		0.119		2.082		1.112		0.074		1.542		1.245

		NR 28		20 A		0.063		0.002		0.22		2.292		1.106		0.109		1.36		1.327

		SBD Signal Brute

		Fichier		Pyrolyse		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		SBD 6		13 A		0.762		0.352		0.351		2.295		1.288		0.289		1.258		1.226

		SBD 14		15 A		0.792		0.353		0.444		2.586		1.054		0.415		2.022		1.52

		SBD 15		18 A		0.775		0.35		0.453		2.942		1.435		0.438		2.409		1.849

		SBD 16		20 A		0.798		0.348		0.517		3.151		1.265		0.412		2.413		1.888

		SBD Signal-Ligne de Base

		Fichier		Pyrolyse		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		SBD 6		13 A		0.001		-0.005		0.014		0.71		0.269		0.001		0.128		0.178

		SBD 14		15 A		0.013		-0.001		0.036		1.069		0.401		0.024		0.745		0.406

		SBD 15		18 A		0.005		-0.005		0.044		1.512		0.76		0.049		1.185		0.807

		SBD 16		20 A		0.045		-0.005		0.116		1.871		0.695		0.031		1.311		0.944

		2. minute de la pyrolyse

		Fichier		Pyrolyse		Date		Time		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		PBD 14		13 A		9/17/98		10:38:25		0.736		0.336		0.401		2.241		1.294		0.338		1.598		1.429

		PBD 14		scan 30		9/17/98		10:36:25		0.722		0.335		0.375		1.742		1.044		0.32		1.344		1.22

		PBD 27		15 A		9/25/98		14:28:40		0.953		0.452		0.404		2.236		1.036		0.343		1.245		1.081

		PBD 27		scan 30		9/25/98		14:26:41		0.955		0.452		0.375		1.645		0.831		0.308		0.984		0.928

		PBD 30		18 A		9/29/98		12:47:17		0.933		0.435		0.466		2.868		1.386		0.413		2.056		1.647

		PBD 30		scan 30		9/29/98		12:45:17		0.904		0.43		0.397		1.512		0.763		0.355		1.176		1.077

		PBD 29		20 A		9/29/98		11:21:06		0.989		0.444		0.488		2.913		1.341		0.42		2.103		1.749

		PBD 29		scan 30		9/29/98		11:19:06		0.949		0.446		0.398		1.357		0.661		0.369		1.178		1.031

		Signale Brute

		Fichier		Pyrolyse		Date		Time		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		PBD 14		13 A		9/17/98		10:38:25		0.736		0.336		0.401		2.241		1.294		0.338		1.598		1.429

		PBD 27		15 A		9/25/98		14:28:40		0.953		0.452		0.404		2.236		1.036		0.343		1.245		1.081

		PBD 30		18 A		9/29/98		12:47:17		0.933		0.435		0.466		2.868		1.386		0.413		2.056		1.647

		PBD 29		20 A		9/29/98		11:21:06		0.989		0.444		0.488		2.913		1.341		0.42		2.103		1.749

		Signale-Ligne de base

		Fichier		Pyrolyse		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		PBD 14		13 A		0.014		0.001		0.026		0.499		0.25		0.018		0.254		0.209

		PBD 27		15 A		-0.002		0		0.029		0.591		0.205		0.035		0.261		0.153

		PBD 30		18 A		0.029		0.005		0.069		1.356		0.623		0.058		0.88		0.57

		PBD 29		20 A		0.04		-0.002		0.09		1.556		0.68		0.051		0.925		0.718

		Fichier		Pyrolyse		Date		Time		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		SBD 6		13 A		9/14/98		17:21:51		0.763		0.354		0.355		1.979		1.171		0.297		1.31		1.324

		SBD 6		scan 30		9/14/98		17:19:51		0.761		0.357		0.337		1.585		1.019		0.288		1.13		1.048

		SBD 14		15 A		10/2/98		12:13:37		0.783		0.353		0.436		2.317		0.94		0.414		1.815		1.449

		SBD 14		scan 30		10/2/98		12:11:37		0.779		0.354		0.408		1.517		0.653		0.391		1.277		1.114

		SBD 15		18 A		10/2/98		13:20:49		0.779		0.353		0.454		2.739		1.164		0.421		2.329		1.607

		SBD 15		scan 30		10/2/98		13:18:49		0.77		0.355		0.409		1.43		0.675		0.389		1.224		1.042

		SBD 16		20 A		10/2/98		14:40:48		0.771		0.352		0.456		3.046		1.285		0.454		2.339		1.698

		SBD 16		scan 30		10/2/98		14:38:48		0.753		0.353		0.401		1.28		0.57		0.381		1.102		0.944

		Signal Brute

		Fichier		Pyrolyse		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		SBD 6		13 A		0.763		0.354		0.355		1.979		1.171		0.297		1.31		1.324

		SBD 14		15 A		0.783		0.353		0.436		2.317		0.94		0.414		1.815		1.449

		SBD 15		18 A		0.779		0.353		0.454		2.739		1.164		0.421		2.329		1.607

		SBD 16		20 A		0.771		0.352		0.456		3.046		1.285		0.454		2.339		1.698

		Signal Brute-Ligne de base

		Fichier		Pyrolyse		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		SBD 6		13 A		0.002		-0.003		0.018		0.394		0.152		0.009		0.18		0.276

		SBD 14		15 A		0.004		-0.001		0.028		0.8		0.287		0.023		0.538		0.335

		SBD 15		18 A		0.009		-0.002		0.045		1.309		0.489		0.032		1.105		0.565

		SBD 16		20 A		0.018		-0.001		0.055		1.766		0.715		0.073		1.237		0.754

		Fichier		Pyrolyse		Date		Time		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		NR 20		13 A		9/9/98		14:21:00		0.778		0.385		0.432		2.218		1.301		0.361		1.359		1.29

		NR 20		scan 30		9/9/98		14:19:00		0.76		0.383		0.396		1.581		0.858		0.339		1.116		1.071

		NR 26		15 A		9/30/98		14:28:55		0.969		0.433		0.434		2.574		1.164		0.386		2.023		1.477

		NR 26		scan 30		9/30/98		14:26:55		0.942		0.43		0.376		1.35		0.654		0.339		1.125		0.973

		NR 27		18 A		9/30/98		15:43:06		0.963		0.417		0.465		3.125		1.449		0.39		2.451		1.731

		NR 27		scan 30		9/30/98		15:41:06		0.9		0.417		0.377		1.437		0.738		0.326		1.187		0.986

		NR 28		20 A		9/30/98		17:07:17		0.926		0.424		0.518		3.664		1.931		0.49		2.465		1.981

		NR 28		scan 30		9/30/98		17:05:17		0.901		0.419		0.383		1.463		0.736		0.329		1.146		1

		Signal Brute

		Fichier		Pyrolyse		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		NR 20		13 A		0.778		0.385		0.432		2.218		1.301		0.361		1.359		1.29

		NR 26		15 A		0.969		0.433		0.434		2.574		1.164		0.386		2.023		1.477

		NR 27		18 A		0.963		0.417		0.465		3.125		1.449		0.39		2.451		1.731

		NR 28		20 A		0.926		0.424		0.518		3.664		1.931		0.49		2.465		1.981

		Signal Brute-Ligne de Base

		Fichier		Pyrolyse		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		NR 20		13 A		0.018		0.002		0.036		0.637		0.443		0.022		0.243		0.219

		NR 26		15 A		0.027		0.003		0.058		1.224		0.51		0.047		0.898		0.504

		NR 27		18 A		0.063		0		0.088		1.688		0.711		0.064		1.264		0.745

		NR 28		20 A		0.025		0.005		0.135		2.201		1.195		0.161		1.319		0.981
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GraphPBD

		13		13		13		13		13		13		13		13

		15		15		15		15		15		15		15		15

		18		18		18		18		18		18		18		18

		20		20		20		20		20		20		20		20



TGS 842

TGS 2180

TGS 2610

TGS 825

TGS 824

TGs 813

TGS 822

TGS 800

Current (A)

Sensor signal (V)

0.739

0.335

0.405

2.44

1.484

0.348

1.728

1.571

0.952

0.444

0.431

2.708

1.335

0.355

1.564

1.344

0.94

0.429

0.48

3.056

1.53

0.421

2.286

1.85

0.99

0.443

0.472

3.073

1.378

0.423

2.184

1.891



GraphNR

		13		13		13		13		13		13		13		13

		15		15		15		15		15		15		15		15

		18		18		18		18		18		18		18		18

		20		20		20		20		20		20		20		20



TGS 842

TGS 2180

TGS 2610

TGS 825

TGS 824

TGs 813

TGS 822

TGS 800

Current (A)

Sensor signal (V)

0.776

0.382

0.447

2.519

1.553

0.369

1.537

1.493

0.977

0.433

0.451

2.805

1.242

0.385

2.262

1.709

0.939

0.413

0.496

3.519

1.85

0.4

2.729

2.231

0.964

0.421

0.603

3.755

1.842

0.438

2.506

2.327



GraphSBR

		13		13		13		13		13		13		13		13

		15		15		15		15		15		15		15		15

		18		18		18		18		18		18		18		18

		20		20		20		20		20		20		20		20



TGS 842

TGS 2180

TGS 2610

TGS 825

TGS 824

TGs 813

TGS 822

TGS 800

Current (A)

Sensor signal (V)

0.762

0.352

0.351

2.295

1.288

0.289

1.258

1.226

0.792

0.353

0.444

2.586

1.054

0.415

2.022

1.52

0.775

0.35

0.453

2.942

1.435

0.438

2.409

1.849

0.798

0.348

0.517

3.151

1.265

0.412

2.413

1.888



GraphPBDrel

		13		13		13		13		13		13		13		13

		15		15		15		15		15		15		15		15

		18		18		18		18		18		18		18		18

		20		20		20		20		20		20		20		20



TGS 842

TGS 2180

TGS 2610

TGS 825

TGS 824

TGs 813

TGS 822

TGS 800

Relative signal (V)

Laser current (A)

-1.4730136452

-1.4870796781

-1.1904818017

-1.2488878213

0.5766210234

-0.9494859084

-0.6087425979

-0.3627594648

0.4142158672

0.5977008352

-0.4535168768

-0.3663514044

-1.0677145266

-0.7779658733

-1.0785486499

-1.24820461

0.3078930777

0.3108044343

0.9353785585

0.779628719

1.0842682401

0.8392230287

0.9897438474

0.7255189296

0.7509047004

0.5785744085

0.7086201201

0.8356105067

-0.593174737

0.888228753

0.6975474004

0.8854451452



GraphNRrel

		13		13		13		13		13		13		13		13

		15		15		15		15		15		15		15		15

		18		18		18		18		18		18		18		18

		20		20		20		20		20		20		20		20



TGS 842

TGS 2180

TGS 2610

TGS 825

TGS 824

TGs 813

TGS 822

TGS 800

Relative signal (V)

Laser current (A)

-1.4784394309

-1.3890622512

-0.7192315748

-1.081632134

-0.2383741246

-0.9824395412

-1.3943918719

-1.108734076

0.6749397402

0.9528278252

-0.6641707844

-0.5909948773

-1.3166919827

-0.4404039323

0.0067642017

-0.5729699588

0.2678332302

0.0344395599

-0.0447368922

0.6338827494

0.7914020936

0.0677544511

0.909301976

0.7217933247

0.5356664605

0.4017948661

1.4281392514

1.0387442619

0.7636640136

1.3550890224

0.4783256941

0.9599107101



GraphSBRrel

		13		13		13		13		13		13		13		13

		15		15		15		15		15		15		15		15

		18		18		18		18		18		18		18		18

		20		20		20		20		20		20		20		20



TGS 842

TGS 2180

TGS 2610

TGS 825

TGS 824

TGs 813

TGS 822

TGS 800

Relative signal (V)

Laser current (A)

-1.205860959

0.563734521

-1.3197702975

-1.1826995934

0.1752516886

-1.4775236292

-1.4120477134

-1.2707479554

0.6258265736

1.0147221378

0.0402146074

-0.4153292886

-1.3159808619

0.3935113183

-0.0064393055

-0.3243264256

-0.4121296948

-0.3382407126

0.1718260498

0.5234467543

1.1120516242

0.7350494437

0.7055639063

0.7347643339

0.9921640802

-1.2402159462

1.1077296403

1.0745821278

0.028677549

0.3489628672

0.7129231126

0.8603100471



PBD5

		Current (A)		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		13		0.739		0.335		0.405		2.44		1.484		0.348		1.728		1.571

		15		0.952		0.444		0.431		2.708		1.335		0.355		1.564		1.344

		18		0.94		0.429		0.48		3.056		1.53		0.421		2.286		1.85

		20		0.99		0.443		0.472		3.073		1.378		0.423		2.184		1.891

		Current (A)		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		13		-1.4730136452		-1.4870796781		-1.1904818017		-1.2488878213		0.5766210234		-0.9494859084		-0.6087425979		-0.3627594648

		15		0.4142158672		0.5977008352		-0.4535168768		-0.3663514044		-1.0677145266		-0.7779658733		-1.0785486499		-1.24820461

		18		0.3078930777		0.3108044343		0.9353785585		0.779628719		1.0842682401		0.8392230287		0.9897438474		0.7255189296

		20		0.7509047004		0.5785744085		0.7086201201		0.8356105067		-0.593174737		0.888228753		0.6975474004		0.8854451452
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NR5

		Current (A)		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		13		0.776		0.382		0.447		2.519		1.553		0.369		1.537		1.493

		15		0.977		0.433		0.451		2.805		1.242		0.385		2.262		1.709

		18		0.939		0.413		0.496		3.519		1.85		0.4		2.729		2.231

		20		0.964		0.421		0.603		3.755		1.842		0.438		2.506		2.327

		Current (A)		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		13		-1.4784394309		-1.3890622512		-0.7192315748		-1.081632134		-0.2383741246		-0.9824395412		-1.3943918719		-1.108734076

		15		0.6749397402		0.9528278252		-0.6641707844		-0.5909948773		-1.3166919827		-0.4404039323		0.0067642017		-0.5729699588

		18		0.2678332302		0.0344395599		-0.0447368922		0.6338827494		0.7914020936		0.0677544511		0.909301976		0.7217933247

		20		0.5356664605		0.4017948661		1.4281392514		1.0387442619		0.7636640136		1.3550890224		0.4783256941		0.9599107101
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SBR5

		Current (A)		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		13		0.762		0.352		0.351		2.295		1.288		0.289		1.258		1.226

		15		0.792		0.353		0.444		2.586		1.054		0.415		2.022		1.52

		18		0.775		0.35		0.453		2.942		1.435		0.438		2.409		1.849

		20		0.798		0.348		0.517		3.151		1.265		0.412		2.413		1.888

		Current (A)		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		13		-1.205860959		0.563734521		-1.3197702975		-1.1826995934		0.1752516886		-1.4775236292		-1.4120477134		-1.2707479554

		15		0.6258265736		1.0147221378		0.0402146074		-0.4153292886		-1.3159808619		0.3935113183		-0.0064393055		-0.3243264256

		18		-0.4121296948		-0.3382407126		0.1718260498		0.5234467543		1.1120516242		0.7350494437		0.7055639063		0.7347643339

		20		0.9921640802		-1.2402159462		1.1077296403		1.0745821278		0.028677549		0.3489628672		0.7129231126		0.8603100471
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Moy

		13		13		13		13		13		13		13		13

		15		15		15		15		15		15		15		15

		18		18		18		18		18		18		18		18

		20		20		20		20		20		20		20		20



TGS 842

TGS 2180

TGS 2610

TGS 825

TGS 824

TGs 813

TGS 822

TGS 800

Current (A)

Relative signal evolution

-1.3857713451

-0.7708024694

-1.076494558

-1.1710731829

0.1711661958

-1.1364830263

-1.1383940611

-0.9140804987

0.571660727

0.8550835994

-0.3591576846

-0.4575585235

-1.233462457

-0.2749528291

-0.3594079179

-0.7151669981

0.0545322044

0.0023344272

0.3541559054

0.6456527409

0.9959073193

0.5473423078

0.8682032432

0.7273588627

0.7595784137

-0.0866155572

1.0814963372

0.9829789654

0.0663889419

0.8640935475

0.6295987357

0.9018886341



Feuil5

		Current (A)		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGs 813		TGS 822		TGS 800

		13		-1.3857713451		-0.7708024694		-1.076494558		-1.1710731829		0.1711661958		-1.1364830263		-1.1383940611		-0.9140804987

		15		0.571660727		0.8550835994		-0.3591576846		-0.4575585235		-1.233462457		-0.2749528291		-0.3594079179		-0.7151669981

		18		0.0545322044		0.0023344272		0.3541559054		0.6456527409		0.9959073193		0.5473423078		0.8682032432		0.7273588627

		20		0.7595784137		-0.0866155572		1.0814963372		0.9829789654		0.0663889419		0.8640935475		0.6295987357		0.9018886341



&A

Page &P



Feuil6

		



&A

Page &P



Feuil7

		



&A

Page &P



Feuil8

		



&A

Page &P



Feuil9

		



&A

Page &P



Feuil10

		



&A

Page &P



Feuil11

		



&A

Page &P



Feuil12

		



&A

Page &P



Feuil13

		



&A

Page &P



Feuil14

		



&A

Page &P



Feuil15

		



&A

Page &P



Feuil16

		



&A

Page &P




_969363173.xls
Graph2 (5)
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Discriminant analysis : learning with 23 samples without pyrolysis
7 "NR", 8 "PBD" and 8 "SBD"

ROOT2

ROOT1

ROOT2

-3.6985685636

-3.2244090412

-2.8429520843

-1.3510224335

-0.5939102936



Base_norm

		COMPOUND		ROOT1		ROOT2

		NR1		3.7048315455		-2.3472152631

		NR2		4.0746895821		-1.2203288313

		NR3		3.2146830524		0.3242609438

		NR4		4.1067552635		1.0885901052

		NR5		3.6594482695		0.1752609713

		NR6		2.1895081959		-0.2611527151

		NR7		1.0104460561		0.8736135527

		SBD1		-0.4048827283		0.7335098575

		SBD2		-2.5891771088		1.3650360211

		SBD3		-0.7242983796		0.537807241

		SBD4		-2.1985912009		0.7057976111

		SBD5		-0.4127727331		0.5069473123

		SBD6		-1.1558878321		1.4936780312

		SBD7		-0.7857567415		1.7394967156

		SBD8		0.1177918039		2.325121431

		PBD1		-2.0462089429		-2.7703626178

		PBD2		-2.102986243		-2.1479338433

		PBD3		-1.6538975232		-1.5844471205

		PBD4		-2.1934817955		-0.0319319881

		PBD5		-3.2909868152		-0.4336496152

		PBD6		-1.4527044872		-0.9072521784

		PBD7		-0.1675437034		0.32118658

		PBD8		-0.8989297883		-0.4859910966

		NR8		2.8322269575		-1.9975596852

		NR9		3.0090466523		-2.5136495677

		NR10		3.9617568962		-2.9638285953

		NR11		2.9450071214		-2.2316380168

		NR12		3.1370407959		-1.3362099103

		NR13		4.8869529541		-1.6619316498

		NR14		5.0512556795		-1.4069508931

		PBD9		5.731058318		-2.2055920078

		PBD10		2.5896734839		-2.054778951

		PBD11		3.2585175177		-1.8152462292

		SBD9		4.3657319565		-0.661279731

		SBD10		4.3635032646		-1.1957964301

		SBD11		4.1731455473		-1.0941396182

		NRPBD1		-2.8060681086		-2.8286305972

		NRPBD2		-1.4333526674		-0.030626078

		NRPBD3		-2.5706124437		-1.8448229069

		NRPBD4		-2.7726720612		-0.8469322273

		SBDPBD1		-1.449672381		-3.6985685636

		SBDPBD2		-3.0232293432		-3.2244090412

		SBDPBD3		-2.1237909455		-2.8429520843

		SBDPBD4		-2.5115039797		-1.3510224335

		NR15		-3.4272554449		-0.5939102936





Graph2 (4)
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Discriminant analysis : learning with 23 samples without pyrolysis
7 "NR", 8 "PBD" and 8 "SBD"

ROOT2

ROOT1

ROOT2
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2.2467895031

0.5145907555

0.8298658714

1.0295640249

0.7110200357

-0.9133532228

-0.9319787502

-2.8641971226

-0.8111583986

-2.5939018335

-1.049172143

-2.2416363726

-1.0881711035

-1.0950515528

2.5771049919

1.5245480728

1.376759964

-0.6677647858

-0.7803827372

0.2178293009

1.0725875063

1.4934167786



Travail_base_norm

		Raw Coefficients (compound_3.sta)						Compound		ROOT1		ROOT2

		for Canonical Variables								3.7048315455		-2.3472152631

										4.0746895821		-1.2203288313

				Root 1		Root 2				3.2146830524		0.3242609438

		TGS842RN		-178.6833496094		173.5594177246				4.1067552635		1.0885901052

		TGS2180R		644.8653564453		-0.2131361812				3.6594482695		0.1752609713

		TGS2610R		-202.8067016602		243.0090942383				2.1895081959		-0.2611527151

		TGS825RN		120.8348236084		188.1105041504				1.0104460561		0.8736135527

		TGS824RN		47.7383728027		147.7635803223				-0.4048827283		0.7335098575

		TGS813RN		101.8920898438		-135.3156433105				-2.5891771088		1.3650360211

		TGS822RN		114.2897872925		160.2729797363				-0.7242983796		0.537807241

		TGS800RN		79.9945983887		184.8117370605				-2.1985912009		0.7057976111

		Constant		-194.6701049805		-381.534362793				-0.4127727331		0.5069473123

		Eigenval		5.0516133308		0.9705147147				-1.1558878321		1.4936780312

		Cum.Prop		0.8388419151		1				-0.7857567415		1.7394967156

										0.1177918039		2.325121431

										-2.0462089429		-2.7703626178

										-2.102986243		-2.1479338433

										-1.6538975232		-1.5844471205

										-2.1934817955		-0.0319319881

										-3.2909868152		-0.4336496152

										-1.4527044872		-0.9072521784

										-0.1675437034		0.32118658

										-0.8989297883		-0.4859910966

										2.8322269575		-1.9975596852

										3.0090466523		-2.5136495677

										3.9617568962		-2.9638285953

										2.9450071214		-2.2316380168

										3.1370407959		-1.3362099103

										4.8869529541		-1.6619316498

										5.0512556795		-1.4069508931

										5.731058318		-2.2055920078

										2.5896734839		-2.054778951

										3.2585175177		-1.8152462292

										4.3657319565		-0.661279731

										4.3635032646		-1.1957964301

										4.1731455473		-1.0941396182

										-2.8060681086		-2.8286305972

										-1.4333526674		-0.030626078

										-2.5706124437		-1.8448229069

										-2.7726720612		-0.8469322273

										-1.449672381		-3.6985685636

										-3.0232293432		-3.2244090412

										-2.1237909455		-2.8429520843

										-2.5115039797		-1.3510224335

										-3.4272554449		-0.5939102936





Graph2 (3)
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Discriminant analysis : learning with 23 samples with pyrolysis
7 "NR", 8 "PBD" and 8 "SBD"
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Pyrolyse_norm

		COMPOUND		ROOT1		ROOT2

		NR1		0.9648637677		-0.9470146874

		NR2		3.2682366091		0.5787659442

		NR3		4.5004684309		-1.903373597

		NR4		4.7933116148		-1.9921035721

		NR5		1.8782017576		0.3922238654

		NR6		3.310831917		0.3133593395

		NR7		1.4938596053		-0.3027780603

		SBD1		1.4402576803		1.506483967

		SBD2		-0.1156522216		2.4847422533

		SBD3		-0.6425993572		0.1781851924

		SBD4		-0.8195628997		0.4458548108

		SBD5		-1.4560622376		1.0868402185

		SBD6		-0.5369146872		0.3623509509

		SBD7		-0.512806254		1.8189357702

		SBD8		0.28624013		2.3193909898

		PBD1		-2.2620950948		-1.686235501

		PBD2		-3.0184120832		-1.1852190584

		PBD3		-2.256095225		-1.3055272059

		PBD4		-2.4913928955		-1.0344347363

		PBD5		-2.189393526		-0.0462409572

		PBD6		-1.4299402131		1.399369443

		PBD7		-1.7964109927		-0.8810503386

		PBD8		-2.4091690226		-1.6027216388

		NR8		1.7005242264		-4.967859832

		NR9		1.1252243838		-4.5625309824

		NR10		3.7794912039		-3.2903424904

		NR11		2.8445781318		-4.4508858892

		NR12		2.3246990218		-1.4225003645

		NR13		5.316623786		-2.2593379073

		NR14		4.8281376876		-4.8954987399

		PBD9		3.1516640829		-2.1900922724

		PBD10		2.8836789098		-3.7186875102

		PBD11		5.1601044095		-3.1489907454

		SBD9		4.8458311655		-2.6044507086

		SBD10		5.9746366497		-3.2571952282

		SBD11		7.0118370348		-2.7274642182

		NRPBD1		-3.8258816424		-1.2214436801

		NRPBD2		-2.7361057451		-0.2515880097

		NRPBD3		-2.1213747982		0.6201565641

		NRPBD4		-1.921758351		0.0191428893

		SBDPBD1		-7.5489471599		-2.7315812222

		SBDPBD2		-8.0577708961		0.4441001927

		SBDPBD3		-4.1249560677		0.9797124094

		SBDPBD4		-1.7836753506		3.123052254

		NR15		-3.789688819		2.9982008162





Base

		COMPOUND		ROOT1		ROOT2

		NR1		-6.8516056585		1.4426876135

		NR2		-4.4954851065		2.2467895031

		NR3		-4.5868072639		0.5145907555

		NR4		-4.1003205318		0.8298658714

		NR5		-4.8636864886		1.0295640249

		NR6		-3.2311550221		0.7110200357

		NR7		-2.6805489068		-0.9133532228

		SBD1		-0.3771625342		-0.9319787502

		SBD2		0.5549515686		-2.8641971226

		SBD3		0.1347279058		-0.8111583986

		SBD4		-0.1382788887		-2.5939018335

		SBD5		-0.7476994705		-1.049172143

		SBD6		-0.6598780732		-2.2416363726

		SBD7		1.2169003472		-1.0881711035

		SBD8		0.1992225165		-1.0950515528

		PBD1		5.3348089046		2.5771049919

		PBD2		4.2879131479		1.5245480728

		PBD3		3.951400846		1.376759964

		PBD4		2.8600623851		-0.6677647858

		PBD5		4.1654602065		-0.7803827372

		PBD6		2.7473611612		0.2178293009

		PBD7		2.7643454003		1.0725875063

		PBD8		4.5154674215		1.4934167786

		NRPBD1		6.5044090662		1.8199434118

		NRPBD2		5.0770937486		0.8703991623

		NRPBD3		4.5264928269		0.4273667698

		NRPBD4		3.8934069796		-0.4888647318

		NR8		-6.0004199295		0.8088277388

		NR9		-2.4765220699		3.4275238914

		NR10		-1.7790122862		5.0861784515

		NR11		-2.4093117108		3.4250048666

		NR12		-4.1865211658		1.467763133

		NR13		-3.6258259201		3.361774785

		NR14		-2.8337653766		3.8022783918

		PBD9		-1.7636720328		6.0297608004

		PBD10		-1.4855990338		3.41807827

		PBD11		-1.3969919462		3.7521061726

		SBD9		-3.323312571		2.6435469933

		SBD10		-4.2906730242		2.637209775

		SBD11		-5.0883646469		2.332699543

		NRPBD1		6.5044090662		1.8199434118

		NRPBD2		5.0770937486		0.8703991623

		NRPBD3		4.5264928269		0.4273667698

		NRPBD4		3.8934069796		-0.4888647318

		SBDPBD1		19.2859807253		9.5474887238

		SBDPBD2		20.5280412674		8.4372778273

		SBDPBD3		19.1521899023		8.3409879827

		SBDPBD4		15.9967264147		5.7129932861

		NR15		15.6506672502		4.2632227201





Travail_pyrolyse_norm

		Raw Coefficients (compound_3.sta)						Compound		ROOT1		ROOT2

		for Canonical Variables								0.9648637677		-0.9470146874

										3.2682366091		0.5787659442

				Root 1		Root 2				4.5004684309		-1.903373597

		TGS842NO		97.6912078857		154.3642120361				4.7933116148		-1.9921035721

		TGS2180N		285.8918457031		-150.2946929932				1.8782017576		0.3922238654

		TGS2610N		125.8436737061		222.2847290039				3.310831917		0.3133593395

		TGS825NO		333.4595031738		225.8330688477				1.4938596053		-0.3027780603

		TGS824NO		190.7714080811		116.1636886597				1.4402576803		1.506483967

		TGS813NO		55.1953620911		-107.3941650391				-0.1156522216		2.4847422533

		TGS822NO		205.8887481689		90.8253936768				-0.6425993572		0.1781851924

		TGS800NO		209.5091705322		146.6656341553				-0.8195628997		0.4458548108

		Constant		-531.7150878906		-323.3619384766				-1.4560622376		1.0868402185

		Eigenval		4.9441566467		1.0084671974				-0.5369146872		0.3623509509

		Cum.Prop		0.8305844069		1				-0.512806254		1.8189357702

										0.28624013		2.3193909898

										-2.2620950948		-1.686235501

										-3.0184120832		-1.1852190584

										-2.256095225		-1.3055272059

										-2.4913928955		-1.0344347363

										-2.189393526		-0.0462409572

										-1.4299402131		1.399369443

										-1.7964109927		-0.8810503386

										-2.4091690226		-1.6027216388

										1.7005242264		-4.967859832

										1.1252243838		-4.5625309824

										3.7794912039		-3.2903424904

										2.8445781318		-4.4508858892

										2.3246990218		-1.4225003645

										5.316623786		-2.2593379073

										4.8281376876		-4.8954987399

										3.1516640829		-2.1900922724

										2.8836789098		-3.7186875102

										5.1601044095		-3.1489907454

										4.8458311655		-2.6044507086

										5.9746366497		-3.2571952282

										7.0118370348		-2.7274642182

										-3.8258816424		-1.2214436801

										-2.7361057451		-0.2515880097

										-2.1213747982		0.6201565641

										-1.921758351		0.0191428893

										-7.5489471599		-2.7315812222

										-8.0577708961		0.4441001927

										-4.1249560677		0.9797124094

										-1.7836753506		3.123052254

										-3.789688819		2.9982008162





Travail_pyrolyse

		Raw Coefficients (compound_3.sta)						Compound		ROOT1		ROOT2

		for Canonical Variables								-4.3285347524		0.0343467845

										-3.3405596037		-0.4148298605

				Root 1		Root 2				-5.2987868996		1.6798032358

		TGS842		16.3831920624		-15.9843111038				-6.0344867697		1.557895255

		TGS2180		-154.2911376953		30.3969593048				-4.2609142232		-0.4414767039

		TGS2610		33.1619033813		-38.4559173584				-4.1741277699		0.0789331031

		TGS825		5.3292608261		-4.521458149				-2.1241996608		0.4559569096

		TGS824		-1.4767155647		-0.0401406176				0.2970761328		-0.7823017229

		TGS813		-57.23254776		29.3238639832				0.6572334428		-2.0988338174

		TGS822		6.3187184334		13.6483440399				-0.3551871758		-0.6050673247

		TGS800		-4.9771800041		-6.68872118				0.8990131202		-0.2915294371

		Constant		34.8483734131		7.1806468964				1.3131822982		-1.5365326772

		Eigenval		9.9507694244		0.9097287059				0.2929174671		-0.4351327233

		Cum.Prop		0.9162350893		1				0.7023049154		-2.0588922275

										2.1297839818		-1.7680596428

										2.6932116523		2.165711461

										4.0948763227		1.4911925537

										2.7178573251		1.3643234682

										3.9147021961		1.2879406227

										3.2407939014		0.134801918

										1.1667558379		-1.9945332331

										2.2494772916		0.7869813175

										3.5475908103		1.3893023928

										-4.8241284475		4.9212139377

										-3.5116948314		4.3536632342

										-4.9747913785		3.7345503057

										-3.5983669763		4.8081510336

										-4.4892780499		0.7517538231

										-5.2303291101		2.1314288663

										-5.134885622		4.3015040612

										-4.2315072784		2.7320084983

										-3.3145417795		4.0376534152

										-4.420282917		3.4418674292

										-4.7529095736		2.9509135583

										-5.842122611		3.3610569789

										-7.1493595443		2.7389090144

										3.2159917955		-0.0150866821

										3.0345637546		-0.6184971719

										2.1280277495		-1.7836182369

										1.5648268485		-1.150708029

										13.9708776464		2.893276146

										15.271624845		-0.6578458733

										10.8135825181		-0.3875227173

										10.4200186949		-1.5070956728

										10.1631760445		-2.8332322141
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Travail_base

		Raw Coefficients (compound_3.sta)						Compound		ROOT1		ROOT2

		for Canonical Variables								-6.8516056585		1.4426876135

										-4.4954851065		2.2467895031

				Root 1		Root 2				-4.5868072639		0.5145907555

		TGS842RE		-19.6082782745		-98.5874862671				-4.1003205318		0.8298658714

		TGS2180R		-122.568939209		156.3777618408				-4.8636864886		1.0295640249

		TGS2610R		52.7685089111		-90.0371017456				-3.2311550221		0.7110200357

		TGS825RE		15.3414697647		17.6666030884				-2.6805489068		-0.9133532228

		TGS824RE		-7.1892514229		-13.6580467224				-0.3771625342		-0.9319787502

		TGS813RE		-95.3124008179		22.8244037628				0.5549515686		-2.8641971226

		TGS822RE		10.8043823242		17.2943687439				0.1347279058		-0.8111583986

		TGS800RE		-17.4387664795		-14.8218450546				-0.1382788887		-2.5939018335

		Constant		56.7905502319		24.2107200623				-0.7476994705		-1.049172143

		Eigenval		12.6429510117		1.5397200584				-0.6598780732		-2.2416363726

		Cum.Prop		0.8914365768		1				1.2169003472		-1.0881711035

										0.1992225165		-1.0950515528

										5.3348089046		2.5771049919

										4.2879131479		1.5245480728

										3.951400846		1.376759964

										2.8600623851		-0.6677647858

										4.1654602065		-0.7803827372

										2.7473611612		0.2178293009

										2.7643454003		1.0725875063

										4.5154674215		1.4934167786

										-6.0004199295		0.8088277388

										-2.4765220699		3.4275238914

										-1.7790122862		5.0861784515

										-2.4093117108		3.4250048666

										-4.1865211658		1.467763133

										-3.6258259201		3.361774785

										-2.8337653766		3.8022783918

										-1.7636720328		6.0297608004

										-1.4855990338		3.41807827

										-1.3969919462		3.7521061726

										-3.323312571		2.6435469933

										-4.2906730242		2.637209775

										-5.0883646469		2.332699543

										6.5044090662		1.8199434118

										5.0770937486		0.8703991623

										4.5264928269		0.4273667698

										3.8934069796		-0.4888647318

										19.2859807253		9.5474887238

										20.5280412674		8.4372778273

										19.1521899023		8.3409879827

										15.9967264147		5.7129932861

										15.6506672502		4.2632227201
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Pyrolyse

		COMPOUND		ROOT1		ROOT2

		NR1		-4.3285347524		0.0343467845

		NR2		-3.3405596037		-0.4148298605

		NR3		-5.2987868996		1.6798032358

		NR4		-6.0344867697		1.557895255

		NR5		-4.2609142232		-0.4414767039

		NR6		-4.1741277699		0.0789331031

		NR7		-2.1241996608		0.4559569096

		SBD1		0.2970761328		-0.7823017229

		SBD2		0.6572334428		-2.0988338174

		SBD3		-0.3551871758		-0.6050673247

		SBD4		0.8990131202		-0.2915294371

		SBD5		1.3131822982		-1.5365326772

		SBD6		0.2929174671		-0.4351327233

		SBD7		0.7023049154		-2.0588922275

		SBD8		2.1297839818		-1.7680596428

		PBD1		2.6932116523		2.165711461

		PBD2		4.0948763227		1.4911925537

		PBD3		2.75		1.3643234682

		PBD4		3.9147021961		1.2879406227

		PBD5		3.2407939014		0.134801918

		PBD6		1.1667558379		-1.9945332331

		PBD7		2.2494772916		0.7869813175

		PBD8		3.5475908103		1.3893023928

		NR8		-4.8241284475		4.9212139377

		NR9		-3.5116948314		4.3536632342

		NR10		-4.9747913785		3.7345503057

		NR11		-3.5983669763		4.8081510336

		NR12		-4.4892780499		0.7517538231

		NR13		-5.2303291101		2.1314288663

		NR14		-5.134885622		4.3015040612

		PBD9		-4.2315072784		2.7320084983

		PBD10		-3.3145417795		4.0376534152

		PBD11		-4.420282917		3.4418674292

		SBD9		-4.7529095736		2.9509135583

		SBD10		-5.842122611		3.3610569789

		SBD11		-7.1493595443		2.7389090144

		NRPBD1		3.2159917955		-0.0150866821

		NRPBD2		3.0345637546		-0.6184971719

		NRPBD3		2.1280277495		-1.7836182369

		NRPBD4		1.5648268485		-1.150708029

		SBDPBD1		13.9708776464		2.893276146

		SBDPBD2		15.271624845		-0.6578458733

		SBDPBD3		10.8135825181		-0.3875227173

		SBDPBD4		10.4200186949		-1.5070956728

		NR15		10.1631760445		-2.8332322141
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Feuil3

		Comparaison de la pyrolyse dans l'air et dans l'azote

		Signal brut

		Fichier		Scan		Date		Time						Gaz		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		SBD 17		30		10/7/98		12:41:03						N2		0.802		0.363		0.436		0.993		0.401		0.43		1.024		0.909

		SBD 18		30		10/9/98		13:20:49						Air		0.992		0.454		0.557		1.242		0.466		0.554		1.021		1.053

																TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		SBD 17		35		10/7/98		12:42:03						N2		0.796		0.36		0.439		1.215		0.42		0.434		1.079		0.972

		SBD 18		35		10/9/98		13:21:49						Air		1.026		0.462		0.562		1.56		0.501		0.561		1.108		1.108

																TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		SBD 17		40		10/7/98		12:43:03						N2		0.804		0.361		0.452		1.543		0.474		0.439		1.266		1.034

		SBD 18		40		10/9/98		13:22:49						Air		1.016		0.459		0.566		1.725		0.56		0.572		1.155		1.141

																TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		SBD 17		45		10/7/98		12:44:03						N2		0.805		0.362		0.454		1.757		0.522		0.444		1.303		1.082

		SBD 18		45		10/9/98		13:23:49						Air		1.018		0.454		0.578		1.904		0.61		0.567		1.202		1.215

																TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		SBD 17		50		10/7/98		12:45:03						N2		0.804		0.359		0.457		1.92		0.554		0.445		1.394		1.119

		SBD 18		50		10/9/98		13:24:49						Air		1.015		0.456		0.585		2.019		0.639		0.564		1.183		1.19

																TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		SBD 17		55		10/7/98		12:46:03						N2		0.799		0.36		0.451		1.769		0.559		0.441		1.32		1.1

		SBD 18		55		10/9/98		13:25:49						Air		1.023		0.456		0.582		2.072		0.658		0.568		1.213		1.198

		Signal-Ligne de base

		Fichier		Scan		Gaz		TGS 842						TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		SBD 17		35		N2		-0.006						-0.003		0.003		0.222		0.019		0.004		0.055		0.063

		SBD 18		35		Air		0.034						0.008		0.005		0.318		0.035		0.007		0.087		0.055

								TGS 842						TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		SBD 17		40		N2		0.002						-0.002		0.016		0.55		0.073		0.009		0.242		0.125

		SBD 18		40		Air		0.024						0.005		0.009		0.483		0.094		0.018		0.134		0.088

								TGS 842						TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		SBD 17		45		N2		0.003						-0.001		0.018		0.764		0.121		0.014		0.279		0.173

		SBD 18		45		Air		0.026						0		0.021		0.662		0.144		0.013		0.181		0.162

								TGS 842						TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		SBD 17		50		N2		0.002						-0.004		0.021		0.927		0.153		0.015		0.37		0.21

		SBD 18		50		Air		0.023						0.002		0.028		0.777		0.173		0.01		0.162		0.137

								TGS 842						TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		SBD 17		55		N2		-0.003						-0.003		0.015		0.776		0.158		0.011		0.296		0.191

		SBD 18		55		Air		0.031						0.002		0.025		0.83		0.192		0.014		0.192		0.145

		Signal brut

		Fishier		Scan		Date		Time				Gaz		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		NR 29		30		10/8/98		14:29:35				N2		1.129		0.49		0.582		1.241		0.372		0.602		0.931		0.922

		NR 30		30		10/9/98		11:57:02				Air		0.95		0.443		0.533		1.175		0.431		0.537		0.965		0.996

														TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		NR 29		35		10/8/98		14:30:35				N2		1.144		0.493		0.596		1.927		0.389		0.611		1.072		1.058

		NR 30		35		10/9/98		11:58:02				Air		0.974		0.446		0.544		1.749		0.539		0.555		1.107		1.129

														TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		NR 29		40		10/8/98		14:31:35				N2		1.149		0.494		0.599		2.166		0.417		0.615		1.192		1.18

		NR 30		40		10/9/98		11:59:02				Air		0.994		0.442		0.56		2.142		0.694		0.574		1.319		1.296

														TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		NR 29		45		10/8/98		14:32:35				N2		1.144		0.49		0.604		2.312		0.443		0.615		1.258		1.228

		NR 30		45		10/9/98		12:00:02				Air		1.012		0.446		0.569		2.451		0.844		0.572		1.443		1.485

														TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		NR 29		50		10/8/98		14:33:35				N2		1.144		0.49		0.611		2.397		0.469		0.617		1.294		1.264

		NR 30		50		10/9/98		12:01:02				Air		1.027		0.444		0.599		2.701		0.996		0.607		1.523		1.678

														TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		NR 29		55		10/8/98		14:34:34				N2		1.146		0.49		0.608		2.334		0.467		0.614		1.297		1.291

		NR 30		55		10/9/98		12:02:02				Air		1.036		0.447		0.573		2.831		0.995		0.585		1.604		1.842

		Signal- ligne de base

		Fichier		Scan		Gaz		TGS 842				TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		NR 29		35		N2		0.015				0.003		0.014		0.686		0.017		0.009		0.141		0.136

		NR 30		35		Air		0.024				0.003		0.011		0.574		0.108		0.018		0.142		0.133

								TGS 842				TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		NR 29		40		N2		0.02				0.004		0.017		0.925		0.045		0.013		0.261		0.258

		NR 30		40		Air		0.044				-0.001		0.027		0.967		0.263		0.037		0.354		0.3

								TGS 842				TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		NR 29		45		N2		0.015				0		0.022		1.071		0.071		0.013		0.327		0.306

		NR 30		45		Air		0.062				0.003		0.036		1.276		0.413		0.035		0.478		0.489

								TGS 842				TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		NR 29		50		N2		0.015				0		0.029		1.156		0.097		0.015		0.363		0.342

		NR 30		50		Air		0.077				0.001		0.066		1.526		0.565		0.07		0.558		0.682

								TGS 842				TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		NR 29		55		N2		0.017				0		0.026		1.093		0.095		0.012		0.366		0.369

		NR 30		55		Air		0.086				0.004		0.04		1.656		0.564		0.048		0.639		0.846

		Signal brut

		Fishier		Scan		Date		Time		Gaz		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		PBD 37		30		10/8/98		13:02:59		N2		1.137		0.498		0.594		1.247		0.403		0.617		0.983		0.986

		PBD 38		30		10/12/98		9:08:13		Air		0.936		0.426		0.518		1.205		0.413		0.512		0.891		0.894

												TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		PBD 37		35		10/8/98		13:03:59		N2		1.131		0.498		0.596		2.121		0.44		0.62		1.128		1.055

		PBD 38		35		10/12/98		9:09:13		Air		0.934		0.431		0.525		1.855		0.464		0.529		0.994		0.945

												TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		PBD 37		40		10/8/98		13:04:59		N2		1.139		0.498		0.606		2.091		0.489		0.632		1.217		1.057

		PBD 38		40		10/12/98		9:10:13		Air		0.956		0.432		0.54		2.152		0.564		0.534		1.124		1.065

												TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		PBD 37		45		10/8/98		13:05:59		N2		1.145		0.498		0.611		2.24		0.526		0.634		1.308		1.18

		PBD 38		45		10/12/98		9:11:13		Air		0.959		0.43		0.539		2.215		0.614		0.536		1.165		1.161

												TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		PBD 37		50		10/8/98		13:06:59		N2		1.152		0.5		0.611		2.322		0.569		0.638		1.366		1.3

		PBD 38		50		10/12/98		9:12:13		Air		0.959		0.426		0.546		2.35		0.645		0.532		1.232		1.213

												TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		PBD 37		55		10/8/98		13:07:59		N2		1.143		0.501		0.607		2.332		0.575		0.633		1.392		1.255

		PBD 38		55		10/12/98		9:13:13		Air		0.957		0.431		0.547		2.358		0.677		0.535		1.196		1.171

		Signal-ligne de base

		Fichier		Scan		Gaz		TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		PBD 37		35		N2		-0.006		0		0.002		0.874		0.037		0.003		0.145		0.069

		PBD 38		35		Air		-0.002		0.005		0.007		0.65		0.051		0.017		0.103		0.051

								TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		PBD 37		40		N2		0.002		0		0.012		0.844		0.086		0.015		0.234		0.071

		PBD 38		40		Air		0.02		0.006		0.022		0.947		0.151		0.022		0.233		0.171

								TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		PBD 37		45		N2		0.008		0		0.017		0.993		0.123		0.017		0.325		0.194

		PBD 38		45		Air		0.023		0.004		0.021		1.01		0.201		0.024		0.274		0.267

								TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		PBD 37		50		N2		0.015		0.002		0.017		1.075		0.166		0.021		0.383		0.314

		PBD 38		50		Air		0.023		0		0.028		1.145		0.232		0.02		0.341		0.319

								TGS 842		TGS 2180		TGS 2610		TGS 825		TGS 824		TGS 813		TGS 822		TGS 800

		PBD 37		55		N2		0.006		0.003		0.013		1.085		0.172		0.016		0.409		0.269

		PBD 38		55		Air		0.021		0.005		0.029		1.153		0.264		0.023		0.305		0.277
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