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Abstract 

This paper presents the development of a prototype electronic nose based on an array of MQ gas sensors. The 

main characteristics of the employed sensors and their combined application for detecting various gas mixtures 

are described. The hardware architecture of the system is presented, along with a virtual instrument developed in 

the LabVIEW environment, which enables data acquisition, visualization, and storage in a suitable format for 

subsequent processing. Experimental tests were conducted to investigate the influence of temperature on the 

sensor readings. The obtained results demonstrate that the developed device represents a low-cost and accessible 

electronic nose platform, which may find applications in industry, medicine, ecology, and security.  
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INTRODUCTION 

In recent years, electronic nose (e-nose) 

systems have been established as a 

promising technology for the analysis and 

classification of various odors and volatile 

organic compounds. These are multisensor 

devices that mimic the human sense of smell 

by employing an array of gas sensors in 

combination with data processing 

algorithms and machine learning methods. 

The application of electronic noses is 

particularly active in the food industry, 

where product quality and freshness are of 

critical importance. 

Numerous studies have demonstrated the 

effectiveness of electronic noses in meat 

quality assessment. For instance, systems for 

identifying beef freshness using sensor 

arrays and neural networks [1], as well as for 

chicken meat classification with the aid of 

methods such as Support Vector Machine 

and machine learning [2,3], have shown high 

accuracy and reliability. Similar approaches 

have been applied to classify mixtures of 

meat products [4], predict microbial 

populations in seafood [5], and evaluate the 

quality of crabs [6]. 

The development of electronic noses for 

seafood has also been the subject of active 

research—for example, in shrimp [7]—

where correlations between sensor data and 

physicochemical indicators have been 

established. 

Applications in plant-based products are 

also widespread. Various authors have 

developed electronic noses for determining 

tomato ripeness using deep neural networks 

[8–10], as well as for monitoring tomato 

paste quality through neural networks and 

fuzzy logic [11,12]. Electronic noses have 

also been employed in assessing avocado 

quality [13], as well as for general 

monitoring of spoilage in fruits and 

vegetables [14]. 

Beyond food, the technology has been 

applied to spices [15], oils [16,17], coffee 

[18], rice wine [19], spirits [20], and olive oil 

[21,22]. In these studies, electronic noses are 
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combined with a variety of algorithms—

from classical approaches such as Principal 

Component Analysis (PCA) and Support 

Vector Machine (SVM), to modern deep 

learning methods, which significantly 

enhance the selectivity and accuracy of the 

systems. 

These developments emphasize that 

electronic noses have the potential to 

complement or replace traditional laboratory 

methods, which are often expensive, time-

consuming, and require complex sample 

preparation. In this context, the present work 

focuses on the development of a prototype 

electronic nose based on cost-effective MQ 

gas sensors, which can be utilized as a 

compact and low-budget platform for food 

and food product research.   

MQ GAS SENSORS: MAIN 

CHARACTERISTICS 

The MQ series of gas sensors are among 

the most widely used low-cost 

semiconductor sensors for detecting various 

gases. Each type is optimized for a specific 

gas or group of gases, operating on the 

principle of a change in the resistance of the 

sensitive layer (typically SnO₂) upon contact 

with certain gas molecules. 

Table 1. Sensors used in the electronic nose 

Sensor Target gases 

MQ-2 
LPG, Propane, Methane, 

Hydrogen 

MQ-3 Alcohol (Ethanol) 

MQ-4 Methane (CH₄) 

MQ-5 LPG, Natural Gas 

MQ-6 LPG (Butane, Propane) 

MQ-7 Carbon Monoxide (CO) 

MQ-8 Hydrogen (H₂) 

MQ-9 
Carbon Monoxide (CO), 

Methane (CH₄) 

MQ-135 
Ammonia (NH₃), NOₓ, 

Benzene, CO₂, Smoke 

Most of these sensors are not selective to 

a single gas but respond to several, while 

being most sensitive to a specific type. 

Therefore, they are often used in 

combination or in so-called electronic noses, 

where different MQ sensors are integrated 

and the data are processed with algorithms 

for the recognition of gas mixtures. 

Table 2. Sensors suitable for detecting specific gases 

Gas 
Suitable MQ 

sensors 

Methane (CH₄) 
MQ-2, MQ-4, MQ-

5, MQ-9 

Propane / Butane 

(LPG) 

MQ-2, MQ-5, MQ-

6, MQ-9 

Hydrogen (H₂) 
MQ-2, MQ-5, MQ-

8 

Carbon Monoxide 

(CO) 

MQ-7, MQ-9, MQ-

135 

Carbon Dioxide 

(CO₂) 

MQ-135 (partial 

sensitivity, not 

primary) 

Alcohol (Ethanol, 

Methanol, etc.) 
MQ-3 

Gasoline vapors / 

Benzene (C₆H₆) 
MQ-3, MQ-135 

Ammonia (NH₃) MQ-135 

Nitrogen Oxides 

(NOₓ) 
MQ-135 

Smoke / general 

combustible gases 
MQ-2, MQ-135 

ELECTRONIC NOSE DEVICE 

The electronic nose device comprises a 

set of gas sensors (MQ-3, MQ-7, MQ-9, 

MQ-6, MQ-8, MQ-4, MQ-5, MQ-135, MQ-

2), as illustrated in the block diagram in Fig. 

1. 

MQ2 MQ3 MQ4

MQ5 MQ6 MQ7

MQ8 MQ9 MQ135

Pic18F45K22

SHT30-ARP-B

FT230XS

Power 
supply

USB
interface

12V DC

Fig. 1. Block diagram of the sensor array 

Additionally, the sensor array includes a 

temperature and relative humidity sensor 

SHT30-ARP-B, manufactured by Sensirion. 

The SHT30-ARP-B integrates temperature 

and humidity sensing elements within a 

single package, along with an analog-to-

digital processing circuit and factory 
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calibration. The device measures humidity 

in the range of 0–100 %RH with an accuracy 

of ±3 %RH, and temperature from –40 to 

+125 °C with an accuracy of ±0.3 °C. The 

measurements are output as analog voltages 

through two separate outputs for temperature 

and humidity. The sensor operates at a 

supply voltage of 2.4–5.5 V and features low 

power consumption for this type of device. 

The data from the gas sensors and the 

temperature and humidity sensor are 

digitized using the built-in 10-bit analog-to-

digital converter (ADC) of the 

PIC18F45K22 microcontroller. During the 

digitization of the analog signals, software-

based smoothing filters are applied in the 

microcontroller. 

The acquired data are transmitted via a 

USB interface implementing a virtual serial 

port to an external personal computer, which 

collects the sensor measurements for 

subsequent processing. 

The developed electronic nose system is 

shown in Fig. 2.  

Fig. 2. Electronics of the electronic nose 

The electronic system is housed in a 

tightly sealed enclosure, ensuring that the 

volatile compounds and gas emissions from 

the tested substances remain within the 

enclosure volume. Fig. 3 shows the final 

version of the developed e-nose. 

Fig. 3. General view of the electronic nose 

LABVIEW-BASED DATA 

ACQUISITION SYSTEM 

A LabVIEW virtual instrument, compiled 

into an application, was developed for data 

acquisition from the electronic nose. The 

main features of the virtual instrument 

include data collection from all gas sensors, 

as well as from the temperature and humidity 

sensor; data visualization; and recording of 

the measured values in an .xlsx file. Fig. 4 

shows the developed virtual instrument. 

Fig. 4. LabVIEW virtual instrument for data 

acquisition from the electronic nose 

TESTING OF THE ELECTRONIC NOSE 

Tests were conducted with the developed 

electronic nose to demonstrate the changes 

in gas sensor readings due to variations in 

ambient temperature during measurements. 

The structure of the data recorded in the .xlsx 

file is shown in Fig. 5. 
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Fig. 5. Measured data from the electronic nose 

The collected data can thus be easily 

imported into specialized environments for 

mathematical processing, such as 

MATLAB. In these environments, the data 

can be visualized. 

An example from testing the developed 

electronic nose is the determination of the 

influence of ambient temperature on the 

sensor readings. Figure 6 shows a 

visualization of the changes in sensor 

responses as a function of temperature 

variation. 

Fig. 6. Changes in gas sensor readings with 

variations in ambient temperature 

CONCLUSION 

In this work, a prototype electronic nose 

based on an array of widely available MQ 

gas sensors has been presented. The system 

comprises both hardware, enabling the 

collection and analysis of gas mixtures, and 

a software platform implemented in the 

LabVIEW environment, providing data 

visualization and recording for subsequent 

processing. Experimental tests demonstrate 

that the developed device responds clearly to 

changes in gas composition and ambient 

temperature, and that the collected data can 

be effectively used for mathematical 

modeling and classification in environments 

such as MATLAB. 

The results confirm that a combination of 

different MQ sensors is suitable for building 

compact, low-cost, and accessible electronic 

nose systems, which can be applied across a 

wide range of fields including the food 

industry, medical diagnostics, 

environmental monitoring, and security. 

Future developments may include the 

implementation of various data processing 

algorithms and machine learning techniques 

to further enhance the selectivity and 

reliability of measurements performed with 

the electronic nose. 
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