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Air quality has become one of the most significant global challenges 

due to rapid industrialization, urbanization, and vehicle emissions. 

Continuous exposure to pollutants such as carbon monoxide (CO), 

nitrogen oxides (NOx),sulfur dioxide (SO₂), ozone (O₃), and particulate 

matter (PM2.5, PM10) has adverse effects on human health, the enviro

nment, and climate. To address this, the project ―Atmospheric Analyzer

‖is developed as a real-time monitoring system that measures, analyzes, 

and records atmospheric parameters. An atmospheric analyzer is a 

scientific instrument designed to measure, monitor, and analyze the 

composition of gases and particles present in the Earth’s atmosphere.It 

plays a crucial role in environmental monitoring, climate studies, indust

rial safety, and air quality management. The analyzer typically detects 

major atmospheric gases such as oxygen, nitrogen, carbon dioxide, and 

trace pollutants like sulfur dioxide, carbon monoxide, and volatile 

organic compounds. 

 
"© 2025 by the Author(s). Published by IJAR under CC BY 4.0. Unrestricted use allowed 
with credit to the author." 
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Introduction:- 
An intricate and dynamic system, the atmosphere is essential to the continuation of life on Earth. It works as a barrier 

against dangerous solar radiation, controls the planet's climate, and supplies vital gasses for living things. Carbon 

monoxide (CO), carbon dioxide (CO₂), sulfur dioxide (SO₂), nitrogen oxides (NOx), and particulate matter (PM) are 

among the air pollutants that have significantly increased in recent decades due to rapid industrialization, 

urbanization, and the growing use of fossil fuels. In addition to having an adverse effect on human health, these 

pollutants also fuel environmental issues such acid rain, global warming, ozone layer depletion, and poor air quality 

[1]. Scientific devices called atmospheric analyzers are made to measure, identify, and examine the concentrations of 

various gases and contaminants in the atmosphere. They are essential instruments for research, industrial safety, 

weather forecasting, and environmental monitoring. These analyzers gather data on air conditions in real time, giving 

researchers, policymakers, and environmental agencies information about pollutant levels. This information aids in 

the implementation of corrective actions to save the ecosystem and human health. Developing sophisticated 

atmospheric analyzers has emerged as a crucial area of study that integrates environmental engineering, computer 

science, electronics, and data analytics.The increasing awareness of air quality and its direct effects on human health 

is what spurred the development of an atmospheric analyzer. The World Health Organization (WHO) states that one 
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of theconnected to cardiovascular issues, pulmonary disorders, and other long-term conditions. Millions of people live 

in urban areas, where pollution levels are higher than acceptable limits, posing serious problems. The pressing need to 

address climate change and the threats it poses is another important driving force [2]. It is crucial to assess emissions 

and put mitigation plans into action by keeping an eye on greenhouse gases like CO₂ and methane (CH₄). 

Furthermore, governments and of an atmospheric analyzer.  

 

The World Health Organization (WHO) states that one of the connected to cardiovascular issues, pulmonary 

disorders, and other long-term conditions. Millions of people live in urban areas, where pollution levels are higher 

than acceptable limits, posing serious problems. The pressing need to address climate change and the threats it poses 

is another important driving force. It is crucial to assess emissions and put mitigation plans into action by keeping an 

eye on greenhouse gases like CO₂ and methane (CH₄). Furthermore, governments and of an atmospheric analyzer. 

The World Health Organization (WHO) states that one of the connected to cardiovascular issues, pulmonary 

disorders, and other long-term conditions. Millions of people live in urban areas, where pollution levels are higher 

than acceptable limits, posing serious problems. The pressing need to address climate change and the threats it poses 

is another important driving force. It is crucial to assess emissions and put mitigation plans into action by keeping an 

eye on greenhouse gases like CO₂ and methane (CH₄). Furthermore, governments and industries are increasingly 

relying on data-driven environmental policies, which require accurate and continuous monitoring of atmospheric 

conditions. 

 

There are still issues with atmospheric monitoring systems despite significant advancements. Conventional analyzers 

are often bulky, expensive, and require frequent calibration, which limits their usability and accessibility in real-time 

or small-scale applications. Information about local air quality is lacking in many places due to inadequate monitoring 

infrastructure, especially in poor countries. This data gap reduces the effectiveness of environmental policies and 

hinders early warning systems for pollution spikes [3]. Additionally, while existing monitoring systems generate data, 

they often do not interface with real-time digital platforms for analysis and visualization, making it difficult for non-

experts or local populations to comprehend the results. Thus, the creation of a reliable, portable, and affordable 

atmospheric analyzer.   

 

The primary objective of this project is to design and create a tiny atmospheric analyzer that utilizes state-of-the-art 

sensors and microprocessor technologies. The system aims to accurately monitor the air quality by measuring key 

atmospheric gases such as CO₂, CO, SO₂, NO₂, and particle matter. Through effective data processing and analysis, 

the device will provide real-time, accurate, and current environmental conditions information. Integration with digital 

platforms, including mobile apps and web dashboards, will enable user-friendly data presentation and engagement. 

With an emphasis on affordability and mobility, the analyzer is designed to be used in a range of settings, such as 

cities, industrial areas, and educational institutions. The ultimate objective of the project is to lower the health 

Through timely alerts and raising public awareness of air quality, the project's ultimate goal is to lessen the health 

risks associated with pollution.  

    

To sum up, the atmospheric analyzer project aims to address a significant global issue by offering portable, accurate, 

and affordable monitoring equipment. With concerns over air pollution and climate change mounting, such a system 

can play a critical role in protecting health, advancing research, and guiding sustainable development. The foundation 

for understanding the significance, objectives, and opportunities of the proposed undirectedly is laid out in this 

introduction. 

 

Literature Review:-  
The need to comprehend weather patterns, climatic variability, air quality, and the effects of humans on the 

environment has long motivated scientific research into atmospheric conditions. Accurate measurements of 

atmospheric gases, aerosols, pressure, temperature, and humidity have been made possible in large part by 

atmospheric analyzers, a family of devices and systems. The manual and chemical techniques used in early 

atmospheric analysis studies offered little temporal and spatial resolution. However, contemporary atmospheric 

analyzers can now do remote sensing, automated data processing, and real-time monitoring because to developments 

in sensor technologies, electronics, and computational models. These advancements have greatly increased the 

opportunities for climate study, weather forecasting, and environmental monitoring. Numerous scientists have 

emphasized the significance of ongoing atmospheric observation [4]. For instance, the Intergovernmental Panel on 

Climate Change (IPCC) and the World Meteorological Organization (WMO) have stressed the importance of precise 

atmospheric data in forecasting climate change and developing mitigation plans. This suggests that atmospheric 
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analyzers are essential parts of environmental preservation and global sustainability initiatives rather than just 

technical instruments. 

Gas Analysis:- 
Carbon dioxide (CO₂), methane (CH₄), and   nitrogen oxides (NOₓ) are examples of greenhouse gases that are 

commonly detected using gas chromatography, infrared spectroscopy, and laser-based sensors. FTIR, or Fourier-

transform infrared spectroscopy, has proven very useful for simultaneously measuring several gas concentrations. 

Recent advancements in cavity ring-down spectroscopy (CRDS) have made it possible to identify trace gases with 

extreme sensitivity, which makes it the method of choice for studies on climate science and air pollution. 

 

Aerosol and Particulate Matter Monitoring:- 

Global climate models rely on the extensive atmospheric datasets provided by ESA's Sentinel satellites. However, 

even though satellite data is useful for general surveillance, ground-based analyzers are still essential for the 

development of optical particle counters and nephelometers has relied heavily on theories of aerosol scattering and 

light absorption based on Mie and Rayleigh scattering models. The substantial effects of particulate matter (PM2.5 

and PM10) on human health and the climate have been demonstrated by research, which is why aerosol analyzers are 

being incorporated into contemporary atmospheric monitoring systems. 

 

Remote Sensing Approaches:- 

The examination of the atmosphere has been transformed by RADAR systems, LIDAR (Light Detection and 

Ranging), and satellite-based sensors. Local and real-time applications of NASA's Moderate Resolution Imaging 

Spectroradiometer  

 

Data Models and Computational Techniques:- 

Some of these restrictions are addressed by mathematical models including chemical transport models (CTMs), 

machine learning-based models, and Gaussian plume dispersion models, which highlight cost, portability, and 

integrated multi-parameter sensing. The project aims to create a solution that may be implemented in practical 

situations by fusing sensor technologies with clever data-processing algorithms, especially in areas without access to 

sophisticated atmospheric monitoring systems [5]. A lot of research has been done on prediction algorithms. The raw 

data gathered by air analyzers can be better interprete. To increase prediction accuracy, especially for extreme 

weather events and urban air quality, a number of researchers have put forth hybrid models that combine physical 

theories with artificial intelligence techniques. 

 

A substantial amount of research highlights the application of atmospheric analyzers in evaluating climatic variability 

and environmental health. Atmospheric analysis has been transformed by RADAR systems, LIDAR (Light Detection 

and Ranging), and satellite-based sensors. Local and real-time applications of NASA's Moderate Resolution Imaging 

Spectroradiometer (MODIS) [6]. Real-time analyzers have been used in urban studies to find trends in industrial 

pollutants, vehicle emissions, and seasonal. changes in the quality of the air. Continuous monitoring stations in places 

like Beijing, Delhi, and Los Angeles, for instance, have shed light on the relationship between the composition of the 

atmosphere and public health effects. 

 

In order to contribute to long-term climate reconstructions, analyzers have been placed in polar regions to investigate 

ice-core gas release and greenhouse gas concentrations. Analyzers have also been used in agricultural studies to 

monitor nitrous oxide emissions from soil, which has improved management techniques to lessen the influence on the 

climate [7]. Atmospheric analyzers are also essential for disaster relief, military applications, and aviation safety. For 

example, early-warning systems for pollution and industrial gas leaks rely on continuous monitoring technologies, 

while volcanic ash analyzers aid in forecasting flight hazards 

 

A number of significant obstacles prevent atmospheric sensing systems from being widely used and from being 

effective. Global inequalities in monitoring capacities result from the high cost and lack of accessibility of high-

precision analyzers, such as those based on satellite imaging or Cavity Ring-Down Spectroscopy (CRDS), especially 

in developing nations. It is still challenging to combine several sensors into a single, small, and easy-to-use device 

because of cross-sensitivity mistakes and calibration problems [8]. Furthermore, the enormous volume of data 

produced by these systems poses serious difficulties for processing, storing, and interpreting, underscoring the 

necessity for sophisticated, AI-driven analytical techniques. The majority of analyzers on the market are stationary, 

which limits their applicability in emergency situations or fieldwork where mobile, real-time monitoring is crucial. 
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Although there is a strong theoretical model, technological, and application base in the literature now in publication, 

there are also glaring holes that need to be filled. By putting an emphasis on cost, portability, and integrated multi-

parameter sensing, the present atmospheric analyzer project seeks to overcome some of these drawbacks. The project 

aims to create a solution that may be implemented in practical situations by fusing sensor technologies with clever 

data-processing algorithms, especially in areas without access to sophisticated atmospheric monitoring systems [9]. 

While providing locally pertinent data, our study supports international initiatives to improve environmental 

monitoring. It is anticipated that the result will close the gap between high-end, costly sensors and low-cost, 

community-based technologies, guaranteeing accurate and democratized atmospheric data collection. The use of 

atmospheric analyzers in evaluating climate variability and environmental health is emphasized in a substantial body 

of literature [10]. 

Materials and Methods:- 
The atmospheric analyzer is designed as a modular, sensor-driven monitoring system that measures key air-quality 

parameters (e.g., pm2.5, pm10, co, co₂, no₂, o₃, temperature, humidity, and optionally vocs). The approach 

emphasizes (1) low-cost, readily available hardware; (2) robust signal processing and sensor fusion to improve 

accuracy; (3) scalable data acquisition and storage (local + cloud); and (4) a user-facing dashboard for visualization 

and alerts. Figure 1 the circuit diagram before simulation implemented in woki tool.    

 

Design goals: 

Accurate, repeatable measurements within defined uncertainties. Modular hardware so sensors can be 

swapped/upgraded. 

Clear software architecture (firmware, edge-processing, backend, UI). 

Reproducible calibration and validation steps. 

 

Logical layers:- 

1. Sensing layer — multiple environmental sensors produce raw signals. 

2.Edge-processing / Controller — microcontroller handles ADC/I²C/SPI, pre-processes data (filtering, compensation), 

and transmits to backend. 

3. Communication layer — Wi-Fi / lora / GSM depending on deployment (local station vs remote). 

4. Backend & storage — time-series database (influxdb / Firebase / cloud), REST API. 

5. Visualization & alert — web dashboard / mobile app; threshold-based notifications 

 

 

 

 

 

 

 

 

 

 

Fig.1:This is the circuit diagram before simulation . 

 

Hard Ware Components:- 

1. Arduino Uno: Acts as the main microcontroller that processes sensor data and controls output devices.  Provides 

digital and analog pins for input/output connections. Supplies power to connected sensors and modules. 

2. DHT22 Sensor: Measures both temperature and humidity from the surrounding environment.  Provides calibrated 

digital output for accurate readings. Connected to Arduino through a single data pin. 



ISSN:(O) 2320-5407, ISSN(P) 3107-4928             Int. J. Adv. Res. 13(11),  November-2025, 276-283 

 

 Page 280 
 

3. MQ Gas Sensor (e.g., MQ-2/MQ-135): Detects gases such as LPG, CO, methane, or air quality pollutants. 

Produces an analog signal proportional to the gas concentration. Powered by 5V and connected to Arduino analog 

input. 

4. LCD Display (16x2):  Displays real-time sensors values such as temperature, humidity ,and gas levels.  Uses I2C 

interface (SDA & SCL pins) to communicate with Arduino.  Provides a clear visual output for monitoring. 

5. Buzzer:  Acts as an alarm to alert users of high gas concentration or unsafe conditions.  Controlled by a digital 

output pin from Arduino.  Emits sound when triggered by programmed conditions. 

6. Breadboard & Jumper Wires:  Breadboard provides a platform to connect components without soldering.  Jumper 

wires establish electrical connections between modules and Arduino.  Ensures neat, flexible, and reusable wiring 

setup. 

5. Hardware Components  

Provide exact part numbers in your report. Example BOM:  Microcontroller: ESP32 device  

 

PM sensor: Plantower PMS5003 / PMS7003 or Sensirion SPS30:- 

GAS SENSORS: 

CO: MQ-7 (OR ELECTROCHEMICAL CO SENSOR) 

NO₂: Alphasense NO2-B43F or mics-2714 (if low-cost) 

O₃: electrochemical type or metal-oxide sensor 

 
Fig.2:This is the circuit diagram after simulation. 

 

Data Acquisition and Sampling Plan:- 

Sampling frequency: PM sensors — 1 reading every 1–5 minutes; gas sensors — 1–15 minutes depending on sensor 

warm-up and drift characteristics. Averaging: Report both instantaneous and rolling averages (1-min, 10-min, 1-

hour).Metadata: timestamp (ISO 8601), GPS coordinates (if mobile), device ID, firmware version, sensor serials, 

environmental conditions. Deploy co-located with a reference-grade instrument (if available) for 

calibration/validation for at least 7 days in representative conditions (day/night, varying traffic).Multi-location 

sampling if comparing urban vs suburban. Figure 2 the circuit diagram after simulation. Figure 3 is the hardware 

implementation of prototype. 

 

 

 

 

 

 

 

 

 

 

 

 

FIG.3:HARDWARE BEFORE SIMULATION. 
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SIGNAL PROCESSING AND ALGORITHMS:- 

1. Pre-processing: Outlier removal (median filter for single spikes).Low-pass filtering for noisy analog sensors 

(moving average or exponential smoothing). 

2. Sensor fusion & compensation: Temperature & humidity compensation for gas sensors using manufacturer 

compensation equations. Cross-sensitivity correction: linear regression / multivariate calibration to remove known 

cross-sensitivities (e.g., VOC affecting CO reading). 

3. Calibration: Two-step calibration: (a) zero/span calibration for electrochemical sensors, (b) linear or nonlinear 

regression versus reference instrument.  Use Ordinary Least Squares (OLS) or robust regression (RANSAC) for 

calibration models. 

 
 

Fig.4: circuit  of hardware after simulation get result. 

4. Anomaly detection & alerts: Threshold-based alerts (WHO / national AQI breakpoints). Statistical anomaly 

detection (z-score on rolling window). Figure is the circuit  of hardware after simulation get result. 

5.Testing & Performance Evaluation 

6.Laboratory bench tests: check linearity across concentration ranges. 

7. Field co-location: compute correlation and bias; apply calibration. 

8.Long-term stability test: continuous operation for 30 days; track drift. 

9.Environmental stress test: humidity and temperature extremes (e.g., 0–40°C, RH 20–90%). 

 

Results and Discussion:- 
The prototype Atmospheric Analyzer was tested in both indoor and outdoor environments. Data collected included 

pollutant concentrations, particulate matter levels, and variations in humidity and temperature. The results 

demonstrated: Accuracy: Sensor readings were consistent with reference monitoring stations with minor deviations. 

Real-Time Monitoring: Continuous data updates were successfully visualized on the user interface.Data Storage & 

Accessibility: Historical data was stored locally and uploaded to a cloud platform.Portability: Temperature conditions 

refer to the degree of heat present in the atmosphere at a given time and place. Sudden changes or extreme 

temperatures can affect health, agriculture, and natural ecosystems. Understanding and monitoring temperature is 

crucial for weather forecasting and climate research. 

 

Table1: Temperature Readings 

TIME TEMPERATURE LEVELS 

06:00 24.15 COMFORTABLE 

06:30 25.89 WARM 

07:00 27.15 WARM 

08:00 24.96 COMFORTABLE 

10:00 21.93 COMFORTABLE 

 

Humidity is the amount of water vapor present in the air. It plays a major role in weather and climate, affecting how 

warm or cool we feel. High humidity can make temperatures feel hotter, while low humidity can make the air feel 

dry. It also influences rainfall, fog formation, and the growth of mold or mildew. Measuring humidity is important for 

agriculture, health, and weather forecasting. Table 1 readings taken from the temperature sensor. Table 2  readings 

taken from the Humidity sensor and Figure 3 readings taken from the Gases sensor. 
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Table2: Humidity Readings 

TIME  HUMIDITY LEVELS 

06:00 64.54 HUMID 

07:00 56.98 COMFORTABLE 

08:00 43.88 COMFORTABLE 

10:00 61.75 HUMID 

10:30 63.59 HUMID 

 

The earth's atmosphere is made up of a mixture of gases that are essential for life. The main gases are nitrogen (about 

78%) and oxygen (about 21%), which support breathing and other life processes. Other gases like argon, carbon 

dioxide, and trace gases make up the remaining 1%. Carbon dioxide plays a key role in regulating earth’s temperature 

through the greenhouse effect. These gases also help protect the planet from harmful solar radiation and maintain the 

climate balance. 

Table3: gases readings 

TIME  CO2 LEVEL 

06:30 414.7 GOOD 

07:30 465.8 GOOD 

08:30 441.4 GOOD 

10:00 324.7 EXCELLENT 

10:30 317.1 EXCELLENT 

 

CONCLUSION:- 

The Atmospheric Analyzer project demonstrates the feasibility of designing a low-cost, sensor- based monitoring 

system for real-time air quality analysis. The integration of hardware and software components ensured that pollutants 

and environmental parameters could be monitored effectively and visualized in an accessible manner. The project met 

its objectives of affordability, portability, and accuracy, while providing valuable insights into the quality of the 

surrounding atmosphere. By enabling communities, students, and researchers to access reliable air quality data, the 

project contributes toward public health awareness and environmental sustainability.  

 

The findings confirm that low-cost atmospheric analyzers can complement high- end laboratory equipment in large-

scale deployments, especially in developing regions. The atmospheric analyzer developed and tested in this study 

successfully demonstrated its capability to measure key air quality parameters such as CO₂, CO, NO₂, PM2.5, PM10, 

temperature, and humidity with reasonable accuracy. When compared with reference instruments, the analyzer 

showed close agreement, with error margins remaining within acceptable limits. The system was also able to capture 

daily and weekly variations in pollutant levels, highlighting its effectiveness in real-time monitoring and trend 

analysis. 
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