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Abstrac t- Coal mine methane is a term given to the methane gas produced or emitted in association with coal 
mining activities either from the coal seam itself or from other gassy formations underground. The amount of 
methane generated at a specific operation depends on the productivity of the coal mine, the gassiness of the coal 
seam and any underlying and overlying formations, operational variables, and geological conditions. The 
primary reason for measuring methane  is to improve the safety of the mines. In recent years, there have been 
many fatalities in underground coal mine explosions in which methane was a contributing factor. The rapid 
detection of methane is very important from the point of view of safety of mine workers. This paper presents a 
concept of fast methane detection by reconstituting its concentration in the dynamic states [1]. 
 

I. Introduction 
 
Methane is a dangerous gas witch occurs mainly in coal mines. The concentration of methane in some zones may 
pass through a range between 5% and 15%, known as the explosive range. In this range, methane can be ignited 
easily with the presence of an ignition source to create a violent methane explosion that may propagate in the 
presence of combustible coal dust [20]. Coal mine methane has always been considered as a danger for 
underground coal mining as it can create a serious threat to mining safety and productivity due to its explosion 
risk [17]. One of the most important duties of ventilation in underground coal mines is to keep methane levels 
well below the explosive limit by diluting methane emissions that occur during mining. From these reasons the 
methane concentration should be controlled by continuous measurements [9, 12]. 

Methane sensors use different detection technologies according to the three gas categories and these are 
pellistors, electrochemical, and infrared devices [2]. Typically pellistors are used for detecting methane and any 
flammable gas [4, 19]. One of the disadvantages of pellistor sensor is a long response time [10, 13]. This defect 
can be significantly reduced by using a dynamic correction method [14,15,16]. Such a method was shown in [1]. 
Article shows a way for use the correction method for pellistor sensors in coal mines for reducing the time to 
detect methane. 
 

II. Principle of operation of pellistor sensor 
 
Pellistors are gas sensors that detect combustible gases and vapours in air (or atmospheres containing oxygen), in 
concentrations approaching the explosive range. In this case, they are operating in a catalytic mode where the 
target gas is burnt and the heat liberated is measured by the sensor. The working principle of catalytic sensors is 
based on flammable gas oxidation: when a combustible gas comes in contact with the catalyst surface it is 
oxidised. The reaction releases heat, which causes the resistance of the wire to change. 

A catalytic palletised resistor (or “Pellistor”) consists of a very fine coil of platinum wire, embedded within 
a ceramic pellet (fig.1). On the surface of the pellet is a layer of a high surface area noble metal, which, when 
hot, acts as a catalyst to promote exothermic oxidation of flammable gases. This active bead is known as the 
Detector bead. In order to compensate for environmental factors such as temperature and pressure, the active 
bead is matched with an inactive reference or Compensator bead. This pair of beads is generally run in a simple 
Wheatstone bridge circuit. The signal produced is proportional to the gas concentration up to the lower explosive 
limit, or LEL [6]. The sensor will detect all combustible gases and vapours, although the response to higher 
hydrocarbons may not be high [11]. 
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Figure 1. Pellistor gas sensor and a build of measuring head (Wheatstone bridge) 

 
The thermal conductivity sensor comprises two beads, one of which is exposed to the target gas (the 

Detector) and the other sealed inside a chamber containing air (the Compensator). Both beads are heated as 
before and run in the same type of circuit as the catalytic sensor. When the detector bead is exposed to a gas 
whose thermal conductivity is significantly different to that of air, the rate of heat loss from the bead will change, 
as will its resistance. This change measured is compared with the compensator bead [4]. 

The catalytic sensor is excellent for the detection of a wide range of combustible gases within the Lower 
Explosive Limit. The response time depends on the gas being detected: the greatest is the gas weight or the 
molecular dimension the longer will be the response time. A T90 time response to methane detection is usually 
provided in 5 - 10 seconds; a slight increase occurs when the sensor is protected by a sintered filter [11, 12].  

Because of catalytic combustion the pellistor sensor must be placed behind a flameproof enclosure [5]. 
It normally contains a sintered metal flame arrester that also acts as a primary diffusion barrier through which the 
gas must pass before reaching the sensing element [3, 7]. Sintered metal materials are a popular choice because 
these highly engineered materials consist of a uniform, interconnected porosity that can be fabricated to allow 
precise gas flow control while providing a non-shedding, mechanically sound, media to quench the flame front. 
Sintered metal provides cost effective solutions for high volume devices, especially for applications that require 
the prevention of a flame front in the event that an intense explosion occurs. Porous sintered metal media can 
also be formed into net shapes and easily joined to hardware to create unique assemblies [6]. 

Having passed through this initial barrier, there is a second (less critical) barrier at the entrance to the 
sensor can before the gas reaches the vicinity of the sensor beads. Once near the catalytic detector bead, there is 
a third barrier that is formed by diffusion of combustion products away from the detector that produces a 
depletion layer around the surface of the detector. This depletion layer changes the rate of diffusion of fuel to the 
catalyst surface. All of this factors cause the much longer time to receive the stable value of a concentration of 
methane in the case of its rapid growth [18]. 

 
III. Dynamic correction of methane concentration 

 
Measurement errors can be divided into two types: static and dynamic [8]. Static errors are the ones that 

cause registration errors even when the user's viewpoint and the objects in the environment remain completely 
still. Dynamic errors are the ones that have no effect until either the viewpoint or the objects begin moving. 
Correcting for dynamic errors is important because they are usually the largest contributors to measurements 
error. Dynamic errors are primarily caused by system delays. In this case dynamic error is caused by delay 
introducing by flameproof arrester. This delay can be variable because the shield is placed in dusty and polluted 
places in mine. Changes of time constant may be large what illustrates the figure 2. 

Determination of a dynamic correction algorithm of a real measuring sensor requires knowledge of its 
dynamics (time constant) in the form of differential equations and of the dynamics the entire measurement 
system. Therefore, correction algorithms must always be determined for specific measuring transducers and 
measurement systems, and the resultant equations must only be applied to the particular sensors. Prediction or 
correction is an important technique to compensate for system delays. Nowadays says about programming 
correction because of evolution of microcontrollers witch realizes the mathematical calculations almost in real 
time. 
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Figure 2. Changes of pellistor sensor time constant 

 
Dynamic properties of methane sensor can be modeled by a linear differential equation of n-th order 
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where: an-1,...,a0 are constant coefficients, x is the input quantity (methane concentration), y is the sensor output 
quantity. This equation can be written as: 

dynxy δ+= ,      (2) 
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is an expression that describes the dynamic processing error. When changes of y quantity occurs respectively 
slow, the parts of expression (3) containing derivatives take values close to zero and equation (2) takes the form 
of the equation of ideal processing. According to formula (2) sensor output can be represented as the sum of the 
input quantity and dynamic error specified by expression (3). This relationship allows us to determine the 
dynamic error at the output of the transducer to any changes of known input quantity. 

In the case when transducer can be described by first order equation, it takes the form 
xbyay 00 =+ ,       (4) 

where 00 ba = when the equation (4) is ideal statically (static sensitivity is equal to 1). In such a situation 
xyyT =+ ,       (5) 

where 
0

1
a

T =   is a sensor time constant. 

Dynamic correction is usually realized by microcontroller due to its numerical complexity. We assume that 
the measured value x is converted to quantity y and the model of this processing can be described by function:  

( )xfy = .       (6) 
Dynamic correction is based on solving the inverse function to (6) witch is taken from measurement of the y 
quantity according to the equation 

( )yfx 1ˆ −= .       (7) 
Combining equations (6) and (7) we obtain 

( ) ( )[ ] xxffyfx === −− 11ˆ ,      (8) 
which means that the output values x̂  are equal to the values of the measured quantity. It could be said that the 
measuring circuit performs tasks of ideal transducer. Assuming that the above measures are performed by ADC 
then the equation (8) takes the form:  

  ( ) ( )kkˆ txtx = ,       (9) 
which means that the instantaneous values ( )kˆ tx  of the transducer output repeat the instantaneous values of the 
measured quantity ( )ktx  at times kt , where k is the number of sampling times, k = 0, 1, .., n. 
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In general case the showed algorithm has a recurrent solution witch was described in [1]. First order model 
is a special case, for which there is no form of recursive algorithm correction and the algorithm has simply form 

( ) ( ) ( )kyAkyAkx kk
~1~ˆ 1 ++= + .      (10) 

The values of the coefficients from equation (10) can be determined as follows: 
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where T
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e
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=ϕ , Td is a sampling period and T is a time constant of first order differential equation. 
 

0

0,2

0,4

0,6

0,8

1

1,2

0 2 4 6 8
Time, s

N
or

m
al

iz
ed

 g
as

 c
on

ce
nt

ra
tio

n

Measured data

Data after correction

 
Figure 3. Results of dynamic correction for methane concentration 

 
Figure 3 shows a experimental results of methane dynamic correction for the sudden change in the 

concentration of methane. It can be seen than the algorithm of correction works properly with a delay equal to 
two sampling periods. This accelerate the measurement almost several times.  

 
IV. Conclusions 

 
Method described in this paper lead to the conclusion that it is possible the current dynamic error correction of 
penetration of methane by flameproof arrester, based on the instantaneous values of methane concentration 
inside the enclosure measured using pellistor sensor. Correction is performed on the basis of dynamic correction 
of the discrete changes of the concentration outside the enclosure, and the result is a significant decrease in time 
to obtain a result. This method can significantly helps to improvement the work safety of miners. 
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