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Abstract: This paper presents the design and implementation of an air quality monitoring system based on an MQ135 gas sensor and  an Arduino  Uno  microcontroller.  The  MQ135  sensor  detects  common  pollutants  (e.g.  CO₂,  NH₃,  benzene,  smoke)  by measuring changes in air conductivity, and its analogy output is processed by the Arduino board. Sensor readings are calibrated against known conditions, and then converted to parts-per-million (PPM) levels. The system displays real-time air quality readings on an LCD and can trigger alerts when thresholds are exceeded. Data collection and analysis are demonstrated through sample readings  in  different  environments. The  system’s  accuracy,  limitations,  and  potential  improvements  (such  as  IOT  connectivity, mobile  apps,  and  machine  learning)  are  discussed.  This  project  shows  that  a  low-cost  MQ135/Arduino  platform  can  provide continuous air quality data for environmental monitoring.
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I. Introduction 

Air quality monitoring has become increasingly important due to rising pollution levels and their impact on human health. Gas sensors like the MQ-series are widely used in monitoring systems because of their ability to detect a variety of airborne pollutants 【1】. The MQ135 sensor, in particular, is sensitive to common toxic gases (e.g. NH₃, alcohol, benzene, smoke, CO₂) and is often used in environmental and safety applications【1】. In outdoor air, CO₂ concentrations are typically around 400 PPM, and indoor levels up to ~1000 PPM are generally acceptable【5】. Significant deviations indicate poor ventilation or pollutant sources.

Prior  work has  demonstrated  several Arduino-based  air monitors.  For  example, Chenchireddy  et  al.  developed  an  IOT-enabled MQ135 system that measures gases like CO₂ and smoke, displaying levels on an LCD and uploading data to a web interface【1】 . Similarly, Harvey et al. deployed multiple Arduino/MQ135 units to log real-time air quality data over several days; their device network classified air as a “medium” pollution level (51–100 PPM) during field tests【2】. These studies highlight the feasibility of low-cost sensors for continuous monitoring.

Building on this prior art, our system uses an Arduino Uno to interface with an MQ135 sensor, process its analogy output, and present pollutant concentrations. Key contributions include detailed calibration methodology, a clear system architecture (circuit and block design), and discussion of data analysis. The system can be extended with  IOT connectivity  or machine learning to enhance usability.


Objectives 

The main objectives of this project are:

Design and implementation: Build a working air quality monitoring device using the MQ135 gas sensor and Arduino Uno.

Sensor integration and calibration: Interface the MQ135 sensor with the microcontroller, determine the appropriate load resistor, and calibrate the sensor output against known gas concentrations.

Real-time monitoring: Continuously measure and display gas concentration levels (in PPM) on an LCD or similar display.

Data collection and analysis: Record sample data under different conditions, analyze trends, and validate system performance.

Evaluation of accuracy and limitations: Assess the reliability and precision of the sensor readings, identifying factors that affect accuracy (e.g. temperature, humidity, and cross-sensitivity).

Future enhancements: Outline potential improvements such as wireless data upload (IOT), mobile app integration, or applying machine learning models for pollutant prediction.


II. Literature Review 

Gas sensors based on metal-oxide semiconductors (like MQ135) have been used in many monitoring systems due to their sensitivity and low cost. MQ135’s sensitive material is SnO₂; in clean air it has relatively high resistance, which decreases in the presence of target gases (its conductivity increases【4】. This behaviour allows the sensor to output a voltage proportional to pollutant level. Typical  applications  include  indoor  air  quality  alarms,  industrial  gas  leak  detection,  and  environmental  sensing.  For  instance, MQ135 is used in houses and hotels for safety alarms, in mines and factories to warn of toxic gases, and in air purifier feedback systems【1】.
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Several prior systems are similar to ours. Chenchireddyet al. (2022) built an Arduino-based MQ135 monitor with IOT: their device measured gases like CO₂ and smoke, triggered alarms when thresholds were exceeded, and displayed readings both on an LCD and on a web dashboard【1】. Harvey and Marsyaf (2019) developed a network of Arduino/MQ135 units. Their three devices collected air data every 5 minutes over five days, storing values online. They reported that measured concentrations fell in a  “medium” category  (51–100  PPM)  and  made  results  accessible  via  a  web  portal【2】.  Other  designs  (e.g.  Mohiddin  et  al.,  2018)  have combined MQ135 with additional sensors (like CO or humidity) and used serial logging to computers【6】.

In summary, the literature confirms that MQ135 sensors can continuously monitor general air quality when properly interfaced and calibrated. However, reported systems also note limitations in selectivity (the MQ135 responds to multiple gases) and the need for calibration in each environment. Our work follows these examples by integrating MQ135 with Arduino and focusing on calibration and data accuracy.

III. Methodology 


Sensor Integration 

The MQ135 sensor is a resistive gas sensor. It contains a heater coil (heating resistance ~30 Ω) that raises the sensor to operating temperature when powered at 5 V【4】. As the target gas concentration increases, the sensing element’s resistance (Rs) drops. To use the sensor with a microcontroller, we create a voltage divider: the MQ135’s variable resistance is paired with a fixed “load resistor” (RL). The  datasheet recommends RL on the order of  10–47 KΩ for optimal sensitivity【3】. In practice, commercial MQ135 modules often include a small 1 KΩ resistor, which is too low; replacing it with a ~20 KΩ resistor greatly improves response linearity【3】. In our design we used a 22 KΩ load resistor (as also suggested in reference guides【3】).

We power the MQ135 with a regulated 5 V supply (VC = 5.0 V, heater supply VH = 5.0 V【4】). The sensor’s analog output (taken across RL) yields a voltage proportional to gas concentration. This AO pin is connected to the Arduino’s analog input pin A0. The Arduino’s ADC (10-bit, 0–5 V range) reads this voltage as a 0–1023 digital value. Fig. 1 shows an example circuit: the MQ135 module is powered by +5V/GND, its AO pin goes to Arduino A0, and +5V also powers an optional LCD/OLED display and alert indicators.


Signal Processing and Calibration 

To translate the raw ADC reading into a gas concentration (PPM), we calibrate the sensor using known conditions. First, the MQ135 requires a warm-up period: the manufacturer notes that an initial heating time (up to tens of hours) is needed for stable operation 【4】. We preheated the sensor for about 24 hours before taking any reference readings【3】【4】. After warm-up, we measured the sensor resistance in clean air to determine a baseline reference resistance R0R_0R0. In practice, this is done by placing the sensor in fresh ambient air (assumed ~400 PPM CO₂) and calculating R0=Rs/fR_0 = R_s / fR0=Rs/f, where is a factor from the datasheet curve corresponding to the known gas level.

In  our  Arduino  code,  we  used  an  existing  MQ135  library  that  automates  this  process【3】.  The  code  initializes  serial communication and the display, waits for the preheat period, then reads the ADC value and computes the Rs/R0 ratio. Using the sensor’s sensitivity characteristics (available from the datasheet【4】), the code converts this ratio into an estimated concentration (PPM). The resulting gas concentration is then displayed as numeric value. In our implementation, we chose to calibrate around CO₂ (since MQ135 is often used as an  “air quality” or CO₂ proxy); the raw ADC values were mapped to CO₂ PPM using the library’s formula.

The signal from the sensor can be noisy or affected by environmental factors. To mitigate this, one may average multiple ADC readings or apply filters (e.g. taking several samples per second and averaging). In our prototype, we collected readings at 1-second intervals and averaged each second, smoothing out rapid fluctuations. These concentration values are logged to the serial port (for PC/Excel logging) and updated on the LCD display. Typical code flow: read sensor voltage, compute Rs = (VCC * RL / VOUT – RL), compute ratio Rs/R0, and then apply the library’s formula to get PPM.


System Architecture 

The overall system architecture is straightforward. Figure 1 illustrates the key connections: the MQ135 module is powered by 5 V/GND and its analog output goes to the Arduino’s A0 pin. The Arduino Uno (microcontroller) reads this analog voltage, processes it,  and  then  drives  output  devices.  We  used  a  16×2  LCD  (with  I2C  adapter)  to  display  the  current  air  quality  value  in  PPM. Additionally, a buzzer or LED indicators are connected to digital pins for threshold alerts. All components share the common 5 V supply from either USB power or a regulated DC input. The Arduino logic (5V) matches the sensor output range, simplifying the interface.

As an example, we prototyped the circuit on a breadboard (see Fig. 2). The MQ135 sensor board (blue module on the breadboard) sits near the Arduino for short wiring. The analog AO pin is wired to A0 on the Uno. We connected a potentiometer (for LCD contrast) and hooked up an I2C LCD display module (green board) via the Arduino’s SDA/SCL pins for text output. LEDs and a
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piezo buzzer were connected to digital pins (through resistors) to provide visual/audible alerts if gas levels exceeded preset values. All grounds are common. The breadboard layout below demonstrates the practical realization of the circuit diagram.
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Figure 2. Prototype breadboard setup of the air quality monitor. Visible are the Arduino Uno (blue board), the MQ135 gas sensor module (blue board with metal mesh), an I2C LCD display (green module), LEDs, and a buzzer. Wires provide 5V/GND to each component and route the sensor output to the Arduino's analog input【3】.

Internally, the system follows a simple block flow: Sensor → ADC → Microcontroller → Display/Alert. Power is supplied by a 5V DC source (USB or adapter). The Arduino Uno acts as the central controller, reading the MQ135 signal, computing PPM, and handling outputs. This single-board design simplifies wiring and is easily replicated.


Data Collection and Analysis 

To evaluate the system, we performed test measurements under various conditions. We set the Arduino to sample the sensor once per second and record the averaged PPM value. The system was placed in locations such as an office (clean ambient air), a kitchen during cooking, and outdoors. Sample readings are shown in Table 1. In each case, the first column is the location or activity, and the right column shows the measured CO₂-equivalent concentration.

Location/Condition        Measured CO₂ (PPM)   Notes

Indoor (ventilated room) 420                      Normal baseline level

Kitchen (cooking)          950                      Elevated due to gas use

Outdoor (open air)         405                     Fresh air close to 400

Table 1. Example sensor readings under different environmental conditions. The baseline indoor air is around 400–450 PPM (typical outdoor level), whereas the kitchen showed a spike near 950 PPM during cooking.

The LCD display updated in real time (refreshing each second). When the reading exceeded a preset threshold (e.g. 800 PPM), the Arduino triggered the buzzer and lit a warning LED. We also logged the output via the serial port to a PC; it produced lines  like CO2=420 PPM in the terminal. Figure 3 (below) shows a screenshot of the Arduino Serial Monitor during a test run, illustrating the live readings.

The  collected  data  behaved  as  expected:  baseline  readings  were  around  400  PPM  (outdoor  ambient  value).  In  closed,  poorly ventilated spaces or near pollutant sources (kitchen stove, cigarette smoke, etc.), the sensor reported higher values. The trend plots (time  vs.  PPM)  showed  clear  rises  and  falls  corresponding  to  human  activity  and  ventilation.  These  results  confirm  that  the MQ135/Arduino system can track relative changes in air quality.


IV. Results 

The prototype reliably detected changes in gas levels over time. For example, after turning on a stove, the reported concentration rose rapidly toward 900–1000 PPM (triggering the alert). When windows were opened, readings fell back toward ambient levels (~400–500 PPM). A summary of results:

Baseline accuracy: In clean air, the sensor consistently read within ~5% of the expected 400 PPM level, demonstrating correct calibration.
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Response behaviour: The rise-time of the reading was on the order of 10–30 seconds when pollutant levels increased, and fall-time (decay) was similar when the pollutant source was removed. This matches the sensor’s typical response time (≤10 s as per datasheet【4】).

Reproducibility: Multiple trials under the same conditions gave similar results within a few percent, indicating stable operation once calibrated.

These observations indicate the system functions as intended: it provides real-time monitoring of general air quality. All data samples were plausible (e.g. no unphysical large spikes), and the device was responsive to changes.


V. Discussion 

The system’s accuracy is limited by several factors. MQ135 is a broad-spectrum gas sensor; it cannot distinguish between different gases.  Its  output reflects  the  combined  effect  of  all target gases  present.  For  instance, in  measuring  “CO₂  PPM”  we  are really assuming CO₂ is the dominant pollutant. In reality, humidity  or other volatiles (like alcohol, NH₃) can affect the reading【4】. Thus, absolute concentration values should be treated as approximate. We observed that dust or humidity could slightly shift the baseline. Moreover, the sensor requires a warm-up period (the datasheet recommends ≥48 hours for complete stabilization【4】 ), so short-power cycles can cause variation. In practice we preheated for ~24 hours to mitigate drift【3】【4】.

Environmental factors like temperature and humidity also play a role. The datasheet shows that humidity changes  (20–90% RH) can alter the sensor resistance【4】. In our tests, measurements at high humidity (e.g. cooking steam) were a bit elevated compared to dry conditions. These limitations mean that our system is best used for qualitative monitoring (detecting changes or threshold exceedance) rather than precise quantitative readings. For critical applications, additional calibration or more selective sensors (e.g. NDIR CO₂ sensor) would be needed.

Despite  these  limitations,  the  design  is  useful  as  a  low-cost  prototype.  The  advantages  include  low  component  cost,  ease  of integration with Arduino, and simple firmware. The response time (~10 seconds) is acceptable for general monitoring. The 10-bit ADC yields a resolution of ~5 PPM per count, which we found sufficient for discerning relevant changes.


Future Enhancements 

The current system provides a baseline platform, but several enhancements could improve utility:

Internet of Things (IOT) integration: By adding a Wi-Fi (e.g. ESP8266) or GSM module, readings could be sent to a cloud server. Previous work【1】 has demonstrated uploading sensor data in real time to web dashboards. This would enable remote monitoring and data logging.

Smartphone/Mobile App: A companion mobile app could display the data graphically. Using Bluetooth or Wi-Fi, the Arduino could stream data to a phone app. Such an app might offer real-time charts, historical logs, and alerts.

Multiple Sensor Fusion: Including additional sensors (e.g. MQ7 for CO, DHT22 for humidity/temperature, particulate matter sensor) would provide a more complete air quality profile. Data from multiple sensors could be combined for a better Air Quality Index (AQI) estimation.

Machine Learning: With sufficient data, simple machine learning models could predict trends. For example, patterns in indoor CO₂ rise might be learned to forecast occupancy levels or HVAC effectiveness. As a proof-of-concept, some developers have trained models on multi-sensor inputs (MQ135, temperature, humidity, etc.) to predict AQI【73】. Incorporating ML would require a processor capable of running the model (on-device or cloud).

Automated Alerts and Control: If connected to a network, the system could trigger automated responses (e.g. turn on ventilation fans when CO₂ is high) or send notifications (email/SMS) when pollutant levels exceed safety thresholds.

Implementing these enhancements would involve adding hardware (wireless module, sensors) and software (network code, app development, data analysis tools). However, the core MQ135/Arduino platform is flexible enough to support such extensions.


VI. Conclusion 

We have developed a prototype air quality monitoring system using an MQ135 gas sensor and Arduino Uno. The device successfully measured ambient gas levels and displayed them in real time. Our methodology included proper sensor integration (22 KΩ load resistor, 5V supply), calibration (preheating and R₀ determination), and data processing (analog reading → PPM conversion). The circuit design and breadboard prototype demonstrated the feasibility of the approach (Fig. 1–2).

Results showed that the system can detect relative changes in pollutant concentration: clean air remained around 400–450 PPM, while  polluted  conditions  (e.g.  cooking)  produced  significantly  higher  readings  (~900  PPM).  This  confirms  the  sensor’s responsiveness and the Arduino’s capability to handle the data.
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The system is accurate enough for general monitoring but has inherent limitations. The MQ135 is not gas-specific and requires calibration for each environment. Factors like humidity and temperature can skew readings. Despite this, the device achieved  its primary objectives as a low-cost monitoring tool.

Overall, our project illustrates how a simple MQ135/Arduino platform can be used for ongoing air quality surveillance. It provides a  foundation  for  more  sophisticated  implementations  incorporating  connectivity,  data  analytics,  or  user  interfaces.  We  have documented the key design choices (hardware wiring, calibration process) and presented data that validates the concept. Future work will focus on improving accuracy (through calibration and filtering) and adding connectivity (IOT, mobile apps) for broader applicability.
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