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Abstract 

Due to health-related environmental regulations, the detection of volatile organic compounds 

(VOCs) is becoming increasingly important. Normal VOCs are benzene, naphthalene, 

formaldehyde, and tetra chloroethylene; however, there are a lot more in the climate and in 

application. They can cause skin irritation and respiratory infections if you are exposed to them. 

Interest is filling in as of late in guideline of scent builds having a direct/circuitous impact. The 

odor monitoring of volatile organic compounds (VOCs) with MOS sensors is the primary focus of 

this article. The goal is to create and improve a VOCs detector model that can be used for indoor 

and outdoor environmental monitoring, both at the source and on the impact side, for a variety of 

industries. 

 
Keywords: E-Nose, VOC, MOS, GAS. 

 
INTRODUCTION 

 

Anaerobic digestion and composting are two modern methods for reducing organic waste. It safely 

transforms waste into products that are safer and more useful. Pollutants and odor are introduced by 

composting. Compounds of nitrogen and sulfur as well as volatile organic compounds (VOCs) are 

produced through composting is gas emissions [1]. Anaerobic digestion also produces volatile organic 

compounds [2, 3]. Exploratory factor examinations and important part examinations have been the most 

important ways to study low-dimensional subspaces to find connections between subjects, factors, and 

their interrelationship [4]. Additionally, incomplete aeration in composting yields sulfur compounds, and 

incomplete aerobic degradation yields alcohols, ketones, and organic acids [6]. This Kronecker item-

based methodology is also detailed as far as the list documentation, providing a unique and succinct 

formalism for both matricizing tensors and composing tensor models [5]. The following phases of 

composting are associated with emissions of volatile organic compounds (VOCs): alcohols, aldehydes, 

etc. ketones, organosulfur compounds, and terpenes are produced during the hemophilic phase and the 

initial phase. In the cooling stage sulfides, terpenes and alkali are created. These mixtures goes about as 

natural waste and started during microbial corruption [2]. VOCs can also be found in the air and gas 

from landfill facilities [8]. 

 
The most common concern regarding VOC is the presence of odors [9]. Connection of VOC smells 

identification utilizing e-nose is researched in natural cycle. According to E-nose records, as biological 

stability increases, the odor decreases. The proposed strategy yields gigantic ideal conditions, owing to 

the consolidation of smooth PARAFAC decay for divided tensors and the useful assurance of models with 

the ultimate objective to restrict the tensor position [10]. As to an effective connection-fitting model 

between the scent records and the substance, compound based assurance is not advanced. VOC observing 

applications with target gases. Very few methods of monitoring are 
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very sensitive to VOC. Because sensors respond to virtually all VOCs, sensor-based monitoring 

contributes to overall improvement of temporal resolution. Another tool compartment for MATLAB is 

displayed to help upgraded portrayal and affectability examinations of PARAFAC models in 

fluorescence spectroscopy [11]. 

 
Based on the above-mentioned literature review, the subject of this article is the creation of an optimized 

odor predictor with MOS sensors that are readily available in the market. The classifier utilized here is 

PARAFAC and the endeavors are provided in finding with an ideal arrangement of least quantities of 

sensors in an exhibit that aspect by appropriate determination of sensors of various sorts. Additionally, 

this method can be found to be useful in the design of odor detection models and models for organic 

pollutants in the environment due to its low cost, energy efficiency, and reduced preprocessing steps. 

Multi-way data is depicted by a couple of S&S of variables that are assessed in a crossed way. 

Compound points of reference could be fluorescence release spectra assessed at a couple of excitations 

[12]. 

 

AIR QUALITIES 

According to studies conducted by the World Health Organization (WHO), air pollution causes 

approximately 3 million deaths annually. World Energy Congress (WEC) announced that at the ongoing 

fills holds utilization rate, the natural contamination in 2025 will cause serious ecological harm. Long 

haul openness to air contamination causes aggravation and influences the heart capability. Particulate 

matter inhalation has been linked to higher mortality rates, particularly in patients with diabetes, chronic 

pulmonary disease, and inflammatory diseases, according to medical studies. Air contamination presents 

synthetic compounds, particulate, or natural matter that damages to living creatures, or cause harm to the 

common habitat. According to the Blacksmith Institute, the world's most serious pollution issues in 2008 

were indoor air pollution and poor urban air quality. This tainting brings about the devastation of 

biodiversity, as well as the corruption of human health[14]. Air toxins are gathered as essential or 

optional. Primary are directly emitted, such as SOx and NOx from factories and vehicle exhaust. As 

primary pollutants interact, secondary pollutants form in the air. Illustration of an optional poison is 

ground level ozone - one of numerous auxiliary contaminations makes photochemical brown haze. 

 
Major primary pollutants: 

 

• Nitrogen oxides (NOx): toxic gas emitted due to high combustion, reddish brown color, most 

common pollutant in air. 

• Carbon monoxide (CO): very poisonous gas, source is exhaust of vrehicles. 

• Carbon dioxide (CO2): non-toxic greenhouse gas, sources combustion, respiration & cement 

industry. 

• Volatile organic compounds (VOCs): important outdoor air pollutant, methane (CH4) and non-

methane (NMVOCs) types. 

• Formaldehyde (HCHO): most dangerous indoor pollutants. HCHO and VOCs are produced, cause 
sick-building syndrome. 

• Ammonia (NH3): emitted from agricultural processes, caustic and hazardous. 

• Sulfur dioxides (SO2): source: volcanoes and industrial processes, causes acid rain. 

• Particulate matter (PM): fine particles suspending in a gas and its high level in air causes 
health hazards (heart and lung). 

• Chlorofluorocarbons (CFCs): harmful to ozone layer. 

• Persistent free radicals in as fine particles in air 
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• Toxic metals : copper, cadmium and lead 

• Odors from garbage, sewage and the industries 

• Radioactive materials and radiations, sources: nuclear explosions/weapons. 

 

❖ Similarly secondary pollutants: 

 

• PM genrarted due to primary pollutants in photochemical smog.Mixture of smoke and sulfur 
dioxide, automobile and industrial emissions in atmosphere effected by UV rays from the sun 

• O3 (Ground level ozone) acts as a pollutant and a constituent in the smog. 

• PAN (Peroxyacetylnitrate): generated due to NOx and VOCs. 

 

ENVIRONMENTAL GAS SENSORS 
 
Typical methods for monitoring air pollutants include spectroscopy, chromatography, chemi- 

luminescence, and non-dispersive infrared (NDIR). These are cumbersome, costly, time-consuming, and 

cannot be utilized in real time. The performance of capacitor-type NiO/ZnO sensors, potentiometeric 

devices with an electrolyte membrane, and semiconductor films has recently improved. They have 

minimal expense and weight however, identification edge and selectivity of these sensor exhibits is 

restricting, and reports numerous hardships. In addition, finding a connection between the measured signal 

and the odor characteristic presents a challenge. 

 
The e-nose sensors detect heavy metals, nitrogen/sulfur-based hydrides, and carbon/sulfur-related oxides 

as inorganic chemical pollutants. E-nose sensors are used to detect volatile organic compounds (VOCs) 

in industrial solvents like chloroform, methanol, toluene, and benzene, which are considered carcinogens 

and toxic due to their flammability. Microbial breath items (alcohols/aldehydes/carboxylic acids) are 

discharged during starches aging. Refrigerators and aerosol can propellants both contain CFCs. 

 
Table 1. E-nose technologies detection for hazardous inorganic compounds and VOCs found in 

environment. 

 

Chemical pollutants E-nose Model1 Sensor2 Processing 

Inorganic compounds    

As, Cd, Pb, Zn BH-114 CP(14) PCA 

H2S, NO2, SO2 Experimental MOS (6) DFA 

Hg gas and  heavy metals Edosimeter DOS RA 

NH3 Experimental QCM (6) RP & PCA 
 PANi MOS ARA 
 Kamina MOS (38) PCA 

CO, NO2, NOx Experimental MOS (5) MVC 

VOCs    

Carboxylic acids and 

organic acids 
Experimental CBCD 

(13/16) 
PCA 

Chloroform Experimental FOS GA 
 Kamina MOS (38) PCA 

Petroleum by products ProSAT CP (8) PCA 

Ethanol solution ITO MOS RA 
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 Experimental MOS & 

CMOS 
CBM/RA 

 Experimental MOS (12/6) PCA/DFA 

Methanol solution ITO MOS RA 

 PPy CP SAE 

 Experimental CBCD/M OS RA 

Organic solvents Experimental EPSS SPRM 

 Experimental QCM (6) RP, PCA 

 Experimental  
MOS(1/6) 

CA/DFA 

Toluene Experimental FOS GA 

Trimethylamine Experimental QCM RA 

Volatile amines Experimental CBCD (13) PCA 

 

 

RESULT AND DISCUSION 

Metal oxide sensors have low selectivity so they do not answer just to the compound for which they are 

improved yet in addition to different substances. A method for enhancing the selectivity of electronic 

noses (e-noses) based on an array of Metal Oxide Semiconductor (MOX) sensors is to use a pattern 

recognition algorithm to examine the array's response. The layout and procedure for gathering a set of 

nose readings for classification purposes will be described in this section. This part is organized as follow: 

The first section details the various odor samples used in the experiment, the second section explains how 

the e-nose was exposed to the target gases, and the third section explains how the e-nose readings are saved 

to a file. 

 
The information record comprise of e-nose yields from various VOCs to foster an example 

acknowledgment calculation reasonable for this sort of issues. It has 69 scent tests by openness to the e-

nose sensor cluster towards the seven distinct gas beats: four VOCs are business cocktails and three are a 

business clean remover comprising CH3)2CO, ethanol and lighter's gas i.e butane essentially. 
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This study evaluates a low-complexity sensor array module with a high degree of relationship to organic 

gases and VOC because they have a significant negative impact on our environment. In this approach one 

of the advantages is that effective discovery is performed with least number of sensors with no 

contribution of sub steps like preprocessing, highlight reflection, denoising and so on. This makes this 

approach quick, decrease intricacy and savvy. This approach assists with identifying natural gasses with 

modest number of sensors estimation utilizing PARAFAC investigation. The samples and the voltage are 

represented by the Y-axis of the gas sensor's output. Since there are three distinct gases, there are nine 

responses for each of the five sensors, each of which has three responses for each color. Figures 1 through 

4 depict various sensor responses to various gases. The informational collection utilized in this work 

comprise of exhibit of 9*4000*6 aspect address nine record of three gasses (three record of each gas) 

.4000 information test and six sensors. We rehashed the PARAFAC investigation on this information 

multiple times of various arrangement of sensors. Next, we recorded the score and plotted the loading to 

determine whether the principle component cluster's overlapping at the reduced dimension was good, 

average, or poor. Fig. The TGS2600 sensor's response to ethanol gas is shown in Figure 1. The voltage 

response is shown on the y-axis, and the number of samples is shown on the x-axis. In a similar vein, the 

responses of MICS5521 to three exposures to acetone gas are depicted in figure 2. These responses are 

referred to as A1, A2, and A3. The response of TGS2602 to Acetone, ethanol, and propane is depicted in 

Fig. 3. The sensor response varies in peak value, base value, fall time, and settling time, as we can see. As 

a result, it demonstrates that sensor response varies with odour gas variation. Fig 4 addresses reaction 

of two 

Acetone 

Ethanol 

Propane 

v
o
lt
a

g
e

 
v
o
lt
a

g
e

 

v
o
lt
a

g
e

 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                     Volume: 07 Issue: 07 | July - 2023                                SJIF Rating: 8.176                     ISSN: 2582-3930   

 

© 2023, IJSREM      | www.ijsrem.com                           DOI: 10.55041/IJSREM24752                         |        Page 6 

unique gases for three distinct gases. Here we can see that the voltage reaction fluctuates from 0.5volt to 4.5 

volt as far as pinnacle worth and there is likewise variety in the ascent time and settling season of the two 

sensors for various gases and the two sensors MICS5521 and MICS5135 reaction contrastingly with 

high responsiveness as far as pinnacle and fall time for CH3)2CO gas. Fig 5 to 8 shows the means 

followed during the execution of calculation for PARAFAC examination with various blends of sensor in 

a sensor exhibit. In the beginning, the data set is imported from a specific directory. In Fig. 5, we can see 

that the data are saved in the MATLAB data format. 
 

 

 

Fig. 5: Accessing Data Set 

Fig. 6: voltage response of all sensors for all 
 

 

 

Fig. 7: Selection of sensors Fig 8: Pre-processing step 

 

CONCLUSION 
 
The sensor sets that make up the gas sensor array have an impact on the array's response. It has been 

demonstrated the way that detecting and identification of gases can be improved to an exceptionally high 

precision level by an ideal arrangement of sensors. Different determination set of sensors at various 

cluster size are taken for deciding the recognition of combination of natural gases utilizing PARAFAC 

(Equal component examination) method. In terms of the data generated on the score plot, loading plot, and 

variance plot, the performance is confirmed by three distinct measurements. It has been observed that 

with fewer sensors of various types, we can achieve higher detection accuracy at reduced dimensions. The 

outcome affirm that higher precision is acquired involving just three sensors in an array(M2T2T4) rather 

than utilizing sensors cluster of 4 to 6 sensors. The elimination 
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of data pre-processing steps also reduces the complexity of the algorithm. As a result, the developed 

model can detect the raw data of a gas mixture with a small number of sensors without any 

preprocessing. As a result, it can be suggested for use in air quality monitoring due to its low cost, low 

complexity, and high quality for detecting mixtures of organic gases. 
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