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Physical experiment

Gas sensor

Schematic design of a semiconductor gas sensor

The principle of operation of the sensor is based on the fact 

that gas molecules binding to the sensor material

affect its conductivity (electrical resistance). 
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Gas sensor

Assembly of sensor elements

Binding degree depends on: 

❑ Type of gas and its concentration 

❑ Sensor material

❑ Temperature

Set of semiconductor sensors

with different doping components

are used to achieve selectivity

when detecting certain gases

1.   SnO₂; 

2.   SnO₂ – Ru; 

3.   SnO₂ – Au; 

4.   SnO₂ – Pt; 

5.   SnO₂ – Pd; 

6.   SnO₂ – Cr – Nb;

7.   SnO₂ – Si; 

8.   SnO₂ – Si – Au; 

9.  TiO₂ – Cr;

10.  TiO₂ – Cr – Au;

11.  TiO₂ – Nb – Au;

12.  TiO₂ – Nb

TiO₂SnO₂



• Binding gas molecules 

decreasing 

with temperature increase

• Heating is necessary 

to bring the sensor 

to original state

• Cyclic heating and cooling 

had to be used to ensure 

the temporal resolution
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Gas sensor

Heating dynamics

Binding degree depends on: 

❑ Type of gas and its concentration 

❑ Sensor material

❑ Temperature

To increase the selectivity of gas determination, 

various temperature operating conditions were used: 

the so-called heating dynamics 

• The electrical resistance 

of semiconductor materials 

also depends on temperature

• Binding gas molecules 

decreasing 

with temperature increase

• Heating is necessary 

to bring the sensor 

to original state

• Cyclic heating and cooling 

had to be used to ensure 

the temporal resolution



Physical experiment

Heating dynamics

❑ Linear heating and cooling 

• Linear long

• Linear short

❑ Stepwise smooth 

increase or decrease in temperature 

• Step up

• Step down

❑ Stepwise smooth 

increase or decrease in temperature

and short-term pulsed temperature 

jumps to maximum

• Step up pulse

• Step down pulse
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Physical experiment

Gas concentrations

The response forms of the 12 sensors were collected 

at 6 various heating dynamics in 6 different gas concentrations 

in an atmosphere of clean air, as well as in air with an admixture of gases: 

CO, H₂, CH₄, NH₃, NO, NO2, H₂S, SO₂, HCOH (only one gas at a time) 



Computational experiment

Data Preprocessing

Data preparation and preprocessing steps:

1. Converting data into the format: 

“1 cycle of heating dynamics –

1 sample of a dataset.”

2. Replacing sensor response values

above 10⁹ Ohms 

with a fixed value of 10⁹ Ohms, 

and below 10 Ohms 

with a fixed value of 10 Ohms.



Computational experiment

Data Preprocessing

Data preparation and preprocessing steps:

3. Exclusion of data sections where 

the experimental setup was purged: 

the first few cycles 

in each separate experiment.

4. Exclusion of the first few cycles

after changing the concentration 

and several cycles immediately 

before changing the concentration



Computational experiment

Data Preprocessing

Data preparation and preprocessing steps:

5. Logarithm of sensory response 

6. Scaling to minimum and maximum 

concentration values
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Data Preprocessing

Data preparation and preprocessing steps:

7. Stratified division into subsets.

From each area

with a fixed concentration of the gas:

• First n cycles were selected 

into training set, 

• Next m cycles –

into validation set, 

• Subsequent k cycles –

into test set 

Then the procedure was repeated 

for other sections 

with a fixed concentration.



Computational experiment

Data Preprocessing

trn vld tst

Data preparation and preprocessing steps:

7. Stratified division into subsets

n:m:k = 40:10:5 
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Data Preprocessing

trn vld tst

Data preparation and preprocessing steps:

7. Stratified division into subsets

n:m:k = 18:5:3 



Computational experiment

Machine learning methods

❑ Linear methods

• Linear regression

• Lasso

• Ridge

❑ Nonlinear methods

• Multi-layer Perceptron

All methods showed 

qualitatively similar results



Computational experiment

Results

Quality of the solution (R²) for Linear regression
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Conclusions

Conclusions

❑ Best heating dynamics - linear long

✓ Reducing the length (linear short) 

leads to a deterioration in the quality of the solution

❑ Heating dynamics with increasing temperature show better results 

than with decreasing temperature

❑ Worst sensor - No. 12 (TiO₂ – Nb)

❑ Applying trained models to repeated measurements 

taken over time leads to complete breakdown of the solution !!!



Thank you 

for your attention!


