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Czujniki parametrów atmosfery kopalnianej 
mobilnego robota inspekcyjnego

Sensors for measurement mining atmosphere 
parameters of mobile inspective robot

o-

e-

gólnych rodzajów czujników zastosowanych do det u-

chowych.

In the paper, build and functions of the measuring system of the mining robot for 

working in explosive hazardous zones were described. Moreover the principle of 

operations of the applied sensors for detection of explosive and toxic gases were 

discussed.

1. WPROWADZENIE

powstawanie gazowych mieszanin wybuchowych 

i toksycznych. W celu odizolowania niebezpiecznej 

izolacyjne po stronie wlotowej i wylotowej danego 

rejonu. Na rys. 1 przedstawiono schemat otamowa-

o-

wy zmechanizowane.

o-

konuje zionych 

w wyrobisku czujników lub przy pomocy analizy 

gazów zasysanych zza tam izolacyjnych. Niestety 

o-

z-

piecznych gazów w otamowanym wyrobisku Instytut 

mobilny robot inspekcyjny przeznaczony do pracy 

owiednie czujniki 

1. INTRODUCTION

In the hard coal excavations, toxic and explosive 

gas mixtures can exist. In order to isolate the haz-

ardous zones from the remaining parts of a mine it 

is necessary to build isolated dams in the inlet and 

outlet sides. Fig. 1 shows the scheme of isolated 

excavation, where valuable mining machines were 

trapped, like a shearer, conveyor belts, powered 

roof supports. 

In order to control gases concentrations the 

measurements are performed with the use of sen-

sors which were also trapped in the isolated exca-

vation or with the help of analysis of gases sucked 

in the neighbourhood of the dams. Unfortunately 

both methods cannot precisely evaluate the exist-

ing hazard.

So as to enable accurate measurements of danger-

ous gases in an isolated excavation, the Institute 

EMAG and Institute PIAP are building a mobile 

inspective mining robot for working in explosive 

hazardous zones. The robot, as a vehicle, will be 

equipped with the appropriate sensors for measuring 

gases concentrations, transmission system, control 
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C – kombajn, D – prze – robot inspekcyjny, F – konsola operatora

Fig. 1. Scheme of the isolated excavation monitored by the robot

A/B – explosion-proof inlet/outlet dams with the 80 cm diameter sluice, 

C – shearer, D – conveyor belts, E – inspective robot, F – operator’s console

mieszaniny gazow enie budowane jest 

e-

tech

minimalnych gabarytów pokonywanych przeszkód 

d

warunków klimatycznych oraz doboru odpowiednich 

materia

Dobór czujników parametrów atmosfery kopalnia-

do-

e-

ciwwybuchowej omówiono w pracy [2]. Modele 

o-

2. FUNKCJE POMIAROWE ROBOTA

G e-

ratora inf i-

ska. Trans

wybuchowego (metanu), 

and visualization systems. The device is built accord-

ing to explosion-proof techniques.

The first and most important problem which had 

to be solved was determining the functional as-

sumptions and the robot technical concepts solu-

tions. In the paper [1] minimal dimensions of the 

robot were specified, as well as the dimensions of 

solid and water obstacles. Moreover the range of 

operation, kinds of analyzed gases, extreme cli-

matic conditions and selection of appropriate mate-

rials were discussed.

Selection of sensors for measuring parameters of 

a mining atmosphere and the analysis of regulations 

and standards concerning the measurements accuracy 

and explosion-proof aspects were described in the 

article [2]. Models of the robot supply and communi-

cation systems were presented in the work [3].

2. ROBOT MEASURING FUNCTIONS

The main task of the robot is transmitting informa-

tion regarding the composition of mining excavation 

atmosphere to an operator. Values of concentrations 

of the following gases are transmitted:

explosive – methane,

toxic – carbon monoxide,

and others – carbon dioxide and oxygen.
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gnikiem

Fig. 2. Model of the robot chassis with furled jib

i-

zastosowanie czujników opartych na takiej zasadzie 

pomiarowej, która nie wymaga w ogóle obecno

o-

a-

nie obra e-

j

rys. 2 przedstawiono widok modelu podwozia robota 

kiem w postaci rurki, poprzez 

który badana atmosfera zasysana jest do miernika 

gazów. Nie we wszystkich wyrobiskach wymagania 

dnicy 80 cm.

a-

a

okazuj d

eszaniny gazowej przed 

podaniem jej na czujniki gazów. Schemat blokowy 

przedstawiono na rys. 3.

a

(U) atmosfera kopalniana (AK) jest zasysana poprzez 

wysi

gazowa jest najpierw osuszana przy pomocy osusza-

cza (O). Na

czujniki pomiarowe (CP), po czym opuszcza obudo-

ia do otoczenia. 

For the sake of limited oxygen content in the te-

sted gas mixture which is due to the inertia process 

(with nitrogen) it is obligatory to apply sensors 

which do not need the presence of oxygen or they 

need very small amounts of it.

Moreover the robot is equipped with temperature 

and humidity sensors for measuring the tested gas 

mixture. The robot also has to transmit video from 

cameras to enable the operator to make an evalu-

ation of excavation conditions and to control the 

robot remotely.

In accordance with the decree of the Ministry of 

Economy [9] it is obligatory to measure methane as 

close to the mine ceiling as possible. Fig. 2 presents 

a view of the robot chassis model with the furled jib 

as a pipe, through which the tested atmosphere is

sucked in to the gases meter. Not in all excavations 

the requirements of the decree will be fulfilled be-

cause the robot has limited dimensions as it has to 

fit in the dam sluices (diameter 80 cm).

In the isolated region there is high humidity usual-

ly close to 100%. Sensor manufacturers usually 

declare that their sensors can work at 95% RH wi-

thout condensation, but in practice their life 

expectancy and accuracy decrease. In this connec-

tion drier system was elaborated which dries the 

tested gas mixture before introducing it to the sen-

sors. The block scheme of the system is shown in 

Fig. 3.

In the elaborated equipment (E) the mining atmo-

sphere (MA) is sucked in from the jib thanks to gas 

pump (GP). The gas mixture is at first dried in the 

dryer (D). Then the tested gas is introduced to the 

sensors (S) and leaves the equipment outside.
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Fig. 3. Block scheme of drier system for explosive and toxic gases in low-oxygen mining 

atmospheres with high humidity

W tabeli 1 podano zakresy pomiarowe czujników. 

he-

e-

gólnych rodzajów czujników. 

Tabela 1
Zakresy pomiarowe czujników robota

Badany gaz Zakres pomiarowy

Metan CH4 0 … 100%

2 0 …5%

Tle 0 … 1%

Tlen O2 0 … 25%

Temperatura -40 … ~+120°C

0 … 100%

3. CZUJNIKI Z PROMIENIOWANIEM 

     PODCZERWONYM

W czujnikach z promieniowaniem podczerwonym 

o-

magne idmo przedstawiono na rys. 4. 

e-

go w zakre

Zakres promieniowania podczerwonego wykorzysty-

wanego w czujni

inie absorpcyjne istotnych 

p-

cyj

u-

a

In table 1 measuring ranges of the robot sensors 

were given. The non-dispersive infrared sensors 

(NDIR) for measuring methane and carbon dioxide 

were applied. For detecting oxygen and carbon mo-

noxide electrochemical sensors were used. In the next 

parts of the paper the principle of operations of the 

sensors were described. 

Table 1 
Measuring ranges of the robot sensors 

Tested gas Measuring range

Methane CH4 0 … 100%

Carbon dioxide CO2 0 …5%

Carbon monoxide CO 0 … 1%

Oxygen O2 0 … 25%

Temperature -40 … ~+120°C

Humidity 0 … 100%

3. INFRARED SENSORS

The infrared sensors use a fragment of electro-

magnetic radiation. The whole spectrum is pre-

sented in Fig. 4. For the visible light the range of 

The range of infrared radiation which is typically 

used in the sensors is between 3-

band there are absorption lines of many essential 

which is used as a reference signal in a reference 

sensor. Besides simple bulbs with filaments emit 

radiatio

filament temperature and bulb enclosure mate-

rial). Moreover within the range 3-5 m there is 

a “water window”, which means that water steam 

does not absorb radiation in this band and thereby 

does not influence the measurements values 

[6,11,13].
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Rys. 4. Widmo promieniowania elektromagnetycznego [12]

Fig.4. Spectrum of electromagnetic radiation [12]

owania 

podczerwonego [12]

Fig. 5. Increase of the amplitude of interatomic bonds vibrations of steam water after absorption 

the infrared radiation [12]

o-

wania podczerwonego wybranych gazów

cych w atmosferze ko

r

,

lecz w skim pasmem. 

Tabela 2

[12-15]

Gaz

Metan CH4 3,32 lub 3,4

xHy 3,0 – 3,5

2 4,2 – 4,3

4,6

a-

d-

awia 

inne gazy, tj. azot, tlen, wodór oraz gazy szlachet-

i-

In table 2 lengths of waves of infrared radiation by 

gases typically occurred in mining atmospheres are 

presented. The sensors manufacturers give different 

values, because an absorption line of a gas is usually 

not a single value but a narrow band.

Table 2
Values of absorption lines of selected gases

[12-15]

Gas Wave length

[ m]

Methane CH4 3,32 or 3,4

Hydrocarbons CxHy 3,0 – 3,5

Carbon dioxide CO2 4,2 – 4,3

Carbon monoxide CO 4,6

Gases, with particles consisting of two or more 

different atoms, absorb appropriate infrared wave 

lengths which are compatible with their natural 

frequency vibrations. The amplitude of the intera-

tomic bonds vibrations increases as well as the 

temperature of the particles (Fig. 5). However 

other gases like, nitrogen, oxygen and noble gases 

cannot be detected using this method.



MECHANIZACJA I AUTOMATYZACJA GÓRNICTWA24

Rys. 6. Zasad cego promieniowanie podczerwone [15]

Fig. 6. Principle of operations of gas sensors with the IR radiation [15]

o-

elektryc o-

o-

o-

elek

e-

y

prawem Beera-Lamberta [11,13].

a

a

–

dobrze znane termopary lub stosy termoelektryczne 

o-

wania, które nie zost

a które pada na czujnik promieniowania. Wykorzy-

[5-8,10]. 

a-

k-

trycznego pod wp

dlatego promienio

sku piezoelektrycznemu, 

y-

-15].

A principle of operation of gas sensors which 

uses a bulb as the radiation source and a pyroelec-

tric detector is shown in Fig.6. The bulb is supplied 

by a rectangular signal with frequency between 

1 to 10 Hz. At the pyroelectric detector output, 

sinusoidal voltage appears with the same frequency 

as the rectangular signal. When the concentration 

of the target gas increases, the amplitude of the 

output signal decreases, according to exponential 

expression described by the Beer-Lambert law 

[11,13].

In the infrared sensors two methods are typically 

used for determination of gas concentration. The 

first one depends on the increase of temperature of 

the gas particles which absorb the radiation energy, 

so it is possible to use well known thermocouples 

or thermopiles. The second method is the measu-

rement of the radiation which was not absorbed by 

the gas particles so it falls on the pyroelectric de-

tector [5-8,10].

Pyroelectricity is the ability of certain materials 

to generate a temporary electrical potential when 

they are heated or cooled. The electric potential 

disappears after a relaxation time, that is why the 

fallen radiation has to be changeable. Thus the 

bulb command signal is a period rectangular one. 

All pyroelectric materials are also piezoelectric 

ones, so it is necessary to protect sensors against 

forces [11-15]. 
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Fig. 7. Structure of an IR gas sensor [13]

aktywnym umieszczono optyczny filtr prze

a-

nego, natomiast w torze odniesienia filtr przepuszczaj

cy promienio

a e-

sienia ma za zadanie kompensowanie zmian parame-

ta

o-

wych. Czujnik odniesienia nie reaguje na gaz badany. 

n-

j-

o-

ania, 

u-

z-

nych c-

a-

y-

o-

a-

tura detektora piroelek -6°C 

r-

niejsze na dzia

skomplikowa

charakterystyka.

4. CZUJNIKI ELEKTROCHEMICZNE

chemiczne do pomiaru y-

In Fig. 7 a structure of an IR gas sensor with two 

measuring channels is shown. In the active channel 

there is an optical filter which passes radiation with 

wave length as the wave length for target gas. In the 

reference channel the optical filter passes radiation with 

wave length 

4 m.

The signal amplitude of active sensor decreases to-

gether with increase of concentration because more 

energy is absorbed by the gas particles. The reference 

channel is used to compensate for changes in source 

intensity, optical degradation and temperature to 

some degree. The amplitude of this detector will not 

show any changes due to the effects of the target gas. 

The target gas concentration is calculated from the 

ratio of the two output peak to peak signals. In practi-

ce more complicated equations are used for measu-

ring concentrations, which compensate the influence 

of temperature and sometimes pressure.

The IR sensors have some essential advantages. 

Unlike catalytic sensors [4] they are unaffected by 

poisoning, they do not require the presence of oxy-

gen, they are not cross-sensitive for hydrogen, they 

do not burn-out if exposed to high gas concentrations, 

their life expectancy is longer and they require less 

recalibration. Due to emitting the radiation from the 

source, the pyroelectric detector temperature is higher 

at about 5-6°C than an ambient temperature so they 

are more resistant to humidity. The main disadvanta-

ges of IR sensors are as follow: longer response time, 

higher supply power, more complicated electronic 

system and non-linear characteristics. 

4. ELECTROCHEMICAL SENSORS

Electrochemical sensors use chemical reactions 

for measurement target gas concentrations. A typical 
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Rys. 8. Konstrukcja typowego czujnika elektrochemicznego [12]

Fig. 8. Structure of a typical electrochemical sensor [12]

o-

dy pomiarowej (roboczej) oraz przeciwelektrody 

oddzielonej elektrolitem. Gaz przechodzi najpierw 

o-

o-

miarowej (rys. 8).

o-

o-

dla badanego gazu. Poprzez ze

pr

e-

iniaturowymi ogniwami 

paliwowymi [10,12,13,16].

j-

e-

trów metrologicznych. W celu eliminacji tego zjawi-

o

o-

d-

odnie

electrochemical sensor consists of sensing electrode 

(working) and counter electrode which are separated 

by an electrolyte (Fig. 8). At first a gas passes 

through the diffusion barrier, charcoal filter and hy-

drophobic membrane and then the reaction on sens-

ing electrode begins.

The target gas reacts at the surface of the wor-

king electrode involving either an oxidation or 

reduction reactions. These mechanisms are cataly-

zed by the electrode materials specifically selected 

for the tested gas. Through an external resistor 

which connects working and counter electrodes 

proportional to the concentration electrical current 

flows. Because of the principle of operation elec-

trochemical sensors are also described as micro 

fuel cells [10,12,13,16].

It is required to have a stable and constant poten-

tial at the working electrode. In reality the sensing 

electrode potential does not remain constant due to 

the continuous electrochemical processes. That is 

why the metrological parameters deteriorate. In 

order to improve the performance of the sensor,

a reference electrode is introduced between the 

sensing and counter electrodes, and to the working 

electrode, a fixed stable constant potential is ap-

plied. No current flows between the sensing and 

reference electrodes.
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Membrana hydrofobowa zapewnia ochron

y-

Wykonana jest zazwyczaj z teflonowej porowatej foli. 

Filtr instalowany jest w celu eliminacji czu

gla akty

jest bardziej selektywny.

Elektrody
szlachetnych,

zapewnia odpowiednie reakcje chemiczne z gazem 

badanym. 

Elektrolit
dzy elektrodami.

Parametry czujników elektrochemicznych w tym czu-

u-

atwiej odparowuje 

t

ktrolitu [12].

dla czujnika tlenu O2 [13]:

reakcja na katodzie: 4H
+

+ O2 + 4e
-

2O,

reakcja na anodzie: 2H2
+

+ O2 + 4e
-
,

reakcja na anodzie: CO + 2OH
-

2 +

                                          H2O+2e
-
,

reakcja na katodzie: ½ O2 + H2O + 2e
-

                                          2OH
-
,

    CO + ½ O2 2.

do popraw

j-

nika, nawet do kilku godzin. Natomiast czujniki tlenu 

o

pary wodnej z otoczenia. Temperatura jest czynni-

o-

o-

y

czujników elektrochemicznych jest ich znikomy 

pobór energii elektrycznej, a w przypadku czujników 

dwuelektrodowych brak zasilania.

The hydrophobic membrane enables a protection 

against humidity and prevents the sensor from drying

out as well as leaking the liquid electrolyte. Moreover 

it allows enough gas molecules to reach the working 

electrode. The membrane is made of thin, porosity 

Teflon.

The filter is installed in order to eliminate cross-

sensitivity for unwanted gases. It is usually made of 

activated charcoal, which filters out most chemical 

compounds except  carbon monoxide and hydrogen 

gases. By correctly selecting the filter, the sensor is 

more selective.

The electrodes are usually made of noble metals 

such as gold or platinum. Every electrode can be made 

of different material, which enables suitable chemical 

reactions with a target gas.

The electrolyte allows carrying the ionic charge 

across the electrodes.

Parameters of electrochemical sensors like sensitivi-

ty, selectivity, response time and lifetime are different 

and depend on the sensor structure. For instance 

a sensor with big sensitivity has a worse diffusion 

barrier but the electrolyte evaporates more easily. Thus 

sensors with bigger sensitivity have a shorter lifetime 

[12].

Typical chemical reactions for measurement of 

oxygen and carbon monoxide are as follows:

for an oxygen sensor [13]:

athode: 4H
+

+ O2 + 4e
-

H2O,

anode: 2H2
+

+ O2 + 4e
-
,

for a carbon monoxide sensor [16]:

anode: CO + 2OH
-

2 + H2O+2e
-
,

cathode:           ½ O2 + H2O + 2e
- -

,

total reaction: CO + ½ O2 2.

As we can see from the above reactions, the carbon 

monoxide sensor needs small amounts of oxygen for 

correct functioning. Too low an amount of oxygen 

causes significant shortening of sensor life (even to 

several hours). The oxygen sensor fills up with water 

thanks to absorption of steam water from an ambient 

environment. Temperature is a factor which has a big 

influence for measurement accuracy. So it is necessa-

ry to compensate it [12,13,16].

Oxygen sensors have the best selectivity. Moreover 

these sensors also have a relatively long lifetime. 

Usually the life is between 1 to 3 years and is depen-

ded on the amount of measured gas, temperature, 

pressure and humidity. The most essential advantage 

of the electrochemical sensors is low power con-

sumption and in the case of two electrodes sensors 

lack any energy supply at all.
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5. STEROWNIK MIERNIKA

a-

zów robota inspekcyjnego jest 8-bitowy mikrokon-

e-

o-

a

(do 100 MIPS) przy niewielkim poborze mocy oraz 

bogatymi peryferiami analogowymi i cyfrowymi. 

Oprogramowanie steruj ika gazów 

o-

ler miernika gazów robota odpowiedzialny jest za 

e-

szere-

ogowo-

cyfrowym,

e-

ikami 

4, O2, CO2, CO, H, T, strumie-

pki gazu,

o-

munikacji, awarie detektorów pomiarowych itp.

z-

nym 12-bitowym, 12- rniku AC. 

Przetwornik posiad

u

i-

kontrolera, dla 

celów diagnostycznych zrealizowano po

ególne detektory.

Sterownik miernika zapewnia odpowiednie warun-

y-

t-

nej o wype o

e-

a

e-

i-

ka AC o krótkim czasie konwersji. Jednoczesne zasi-

o-

gazów. W celu wyeliminowania tego efektu prosto-

o 180 .

5. THE CONTROLLER OF THE GASES METER

The control circuit of the inspective robot gases 

meter is 8-bit microcontroller. It has 128 kB inter-

nal programme memory and 8 kB RAM. It is cha-

racterized by high speed up to 100 MIPS and low 

power consumption as well as rich analogue and 

digital peripheral devices. The software controlling 

the gases meter was created in C language. The 

robot gases meter microcontroller has following 

functions:

Bidirectional asynchronous serial communication 

with primary unit,

Bidirectional synchronous serial communication 

with external analogue-digital converter,

Interaction with 2 synchronous serial buses, 

which communicate with 2 humidity and temper-

ature sensors,

Measurements of concentrations of CH4, O2,

CO2, CO, H, T and flow rate,

Gas pump control,

Diagnosis, like non-compatible voltage levels of 

sensors supply, transmission error detection, sen-

sors failures and others.

The analogue measurements are realized in ex-

ternal 12-bit, 12-channels AD converter. The 

converter has its own internal accurate reference 

voltage and is characterized by high speed conver-

sion and low power consumption. The microcon-

troller communicates with the converter through 

the I2C bus. The internal AD converter of the 

microcontroller measures supply voltages of the 

sensors for diagnosis. 

The microcontroller of the gases meter ensures 

appropriate conditions for infrared sensors. The 

bulbs are supplied with rectangular signal with 

duty cycle 50% and frequency 4 Hz. At the output 

of pyroelectric detectors there are sinusoidal sig-

nals with amplitudes proportional to concentra-

tions of target gases (see Fig. 6). The measured 

concentration is proportional to the ratio of peak 

to peak values of the active and reference sensors 

so high speed convertor is required. Simultaneous 

supplying of bulbs of all sensors caused fluctu-

ations of supplying current. In order to eliminate 

this phenomena the rectangular signals before 

introducing to bulbs are shifted in phase with 

180 .
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peratora a miernikiem gazu ro-

Stacja nad

a miernik gazu „slave’a”. Master wymusza komuni-

unikacyjnego jest 

0×

FE

0×

01

Ad

res
Dane CRC L CRC H

0×

03

0×

F0

gdzie:

0×FE, 

0×01

–

komunikacyjnej,

Adres – adres dla czujnika gazów,

–

Dane – tablica danych (np. typ czujnika,

omiarowe, statusy itp.),

CRC L       –

CRC H – starszy bajt sumy kontrolnej,

0×03, 

0×F0

–

komunikacyjnej.

w protokole zastosowano su

Poza czujnikami do pomiarów temperatury i wil-

o-

operatora. 

mo o-

wych i statusowych miernika gazów.

6. PODSUMOWANIE

d-

stawowe zadania przewidziane dla mobilnego robota

górniczego przeznaczonego do monitorowania nie-

a-

a

przeciwwybuchowej.

W mierniku gazów robota zastosowano detektory 

atowe w dziedzinie pomiarów. Ponadto dla 

minimalizacji gabarytów i masy, zarówno miernik 

o-

niczne, wykonano z wykorzystaniem elementów do 

Between the operator’s console and the robot gases 

meter the bidirectional communication was realized. 

The primary unit (console) fulfils a role of “master” 

and the gases meter a role of  “slave”. The master 

forces the communication via questions and the slave 

answers. The protocol structure is as follows:

0×
FE

0×
01

Ad-
ress

Quan
tity

Da
-ta 

CRC L CRC H
0×
03

0×
F0

where:

0×FE, 

0×01

– markers of the beginning 

of the communication frame,

Address – address for the gases meter, 

Quantity – number of bytes in the „Data” 

field,

Dane – data table (e.g. sensor type, 

measurements, statuses etc.),

CRC L       – LSB of control sum, 

CRC H – MSB of control sum,

0×03, 

0×F0

– markers of the end 

of the communication frame.

In order to protect the data against errors, CRC16 

control sum was applied in the protocol.

Except the temperature and humidity sensors, the 

remaining sensors require periodic recalibrations. 

The calibration process is realized by a software pro-

gramme which is installed at the operator console. In 

this programme it is possible to view the present 

measurements and statuses of the gases meter.

6. SUMMARY

The discussed functions describe the basic tasks 

which were assumed for the mobile inspective robot 

for monitoring hazardous zones in hard coal mines. 

Apart from the metrological requirements, specially 

accuracy of the measurements, the robot subassem-

blies have to fulfil regulations and standards concer-

ning explosion-proof construction.

In the gases meter of the robot the most modern 

state of the art detectors were applied. In order to 

minimize dimensions and weight of the gases meter 

as well as other electronic subassemblies, SMD tech-

nology elements were used.
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Przewiduje s a-

z-

o-

ibracji w 

izowanych 

– atmosfery niskotle-

mperatura. 
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It is expected that the explosion-proof regulations 

will be easily fulfilled. However the guidelines con-

cerning the metrological accuracy can be difficult to 

obtain. It is due to the fact that the robot will be uti-

lized in isolated excavations and recalibrations will 

be available very rarely. For measurement accuracy 

the influence of environmental factors, will have a 

big impact, i.e. low-oxygen atmospheres, high hu-

midity and temperature.
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