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Abstract :  Chemical labs usually involve heat-sensitive reactions and possible fire risks. This paper discusses the design and 

development of an intelligent temperature and smoke monitoring and control system that has real-time detection, control, and 

alerting mechanisms. The system is developed using an ESP32 microcontroller, MQ-2 gas sensor as smoke detector, and DS18B20 

temperature sensor for monitoring. The configuration allows for maintenance of reaction chamber temperature in the range of 30 °C 

and 38 °C, which is appropriate for biochemical operations like fermentation of yeast. When temperatures go above 38 °C, a cooling 

fan on, while heaters provide conditions in case of  temperatures below 30 °C. Safety provisions also include a buzzer, a fire 

sprinkler system, and GSM-based alerting to users and fire authorities. In addition, a web-based dashboard supports real-time 

monitoring, graphical visualization, and data logging for analysis. This system enhances laboratory safety, reduces manual 

intervention, and provides accurate thermal regulation. 
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INTRODUCTION 

In contemporary chemical and biochemical laboratories, ensuring safety and stable environmental conditions is one of the most 

severe problems for scientists and laboratory technicians. Experimental laboratory work contains sensitive reactions that need 

special thermal conditions, conditioned environment, and continuous monitoring. Even the slightest change in the temperature or 

the appearance of harmful smoke can not only impact the reliability of experimental outcomes but can also cause life-threatening 

accidents, such as fire breakouts. Conventionally, such monitoring and controlling duties were performed manually, thus escalating 

the chance of human error and the delayed response. Hence, the need for smart and automated monitoring systems increased 

dramatically over the past few years, and it gained more momentum with the development of Internet of Things (IOT) technology. 

IOT revolutionized the development of monitoring and control systems through the integration of sensors, microcontrollers, and 

communication modules into a single, network-enabling platform. Such systems can make repeated real-time measurements, 

perform automatic control actions, and initiate instantaneous alerts for users through smartphone, dashboard, and GSM 

communication. In laboratory applications, the employment of IOT-based control and safety systems provides an efficient and 

reliable alternative for the classical approach of manual observation, not only providing accuracy for maintaining the reaction 

conditions but also the safety of personnel and facilities. 

A very common laboratory response to careful temperature control is yeast fermentation, especially involving saccharomyces 

cerevisiae, which is best operated within the temperature intervals of 30 ° C and 37 ° C. Beyond intervals, enzymes can cause 

prohibition or deforestation of effect and thus affect the progression of fermentation. This is an example of how small changes in 

temperature can affect the use of laboratory experiments. 

Similarly, for chemical reactions associated with solvent vapor, the development of smoke or flammable gases can quickly make the 

laboratory into serious hazards for practical if it is not quickly identified and not treated. Therefore, an overall system that can monitor 

temperature and smoking levels, as well as start automated corrective measures, is crucial for the modern laboratory. The system 

proposed in this work, referred to as the Intelligent Smoke and Temperature Monitoring and Control System, addresses these 

challenges by combining multiple functionalities within a single framework. At its core, the system employs an ESP32 
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microcontroller, chosen for its high processing power, built-in Wi-Fi capabilities, and compatibility with IOT applications. The 

DS18B20 digital temperature sensor provides accurate thermal readings, ensuring that the reaction chamber is maintained between 

30 °C and 38 °C. If the temperature rises above 38 °C, a cooling fan is automatically activated to bring it down, while a heating 

element or bulb is switched on whenever the temperature falls below 30 °C. This dual regulation mechanism ensures that sensitive 

reactions are consistently maintained within their desired range. 

Besides the function of temperature regulation, the system encompasses the MQ-2 smoke sensor, which possesses the ability to 

identify smoke, liquefied petroleum gas (LPG), and various flammable gases. Upon the detection of dangerous smoke concentrations, 

the system promptly engages an audible alarm to notify individuals in close proximity. Concurrently, a water sprinkler mechanism is 

activated to mitigate the risk of fires at their inception. In addition to these immediate actions, the system integrates a GSM module 

(SIM800L), which autonomously initiates calls or transmits SMS alerts to laboratory personnel and the fire department, thereby 

broadening the safety protocol beyond the confines of the laboratory. 

The system stated in this paper, the Intelligent Smoke and Temperature Monitoring and Control System, derives solutions to the 

problems above multifacetedly and integrates them in one system. The central component of the system is an ESP32 

microcontroller, which is the most powerful one available, having built in Wi-Fi and being IOT ready. In addition, the DS18B20 

digital temperature sensor is used because it can provide accurate readings of the temperature within the reaction chamber. The 

reaction chamber is kept within the boundaries of 30 °  and 38 ° C. If the temperature exceeds the upper limit of 38 °, it is brought 

down immediately by automatic cooling fans and if the temperature falls below 30 °, it is automatically heated by a heating element 

or bulb. Thus, sensitive reactions are kept within the desired temperature ranges at all times. 

The system also features integration of the MQ-2 smoke sensor which can detect smoke, flammable LPG, and other gases and scans 

the environment for possible threats. Beyond smoke detection, the system also analyzes and classifies the smoke to ascertain 

whether the surrounding atmosphere is dangerous. Upon detection of excess hazardous smoke, the system also releases actuated 

alarm buzzers to signal nearby users of the potential danger. At the same time, the actuated alarm triggers water sprinkler systems 

geared toward early stage fire suppression to dampen the fire danger condition. The other way out systems also gives features like 

a GSM module, SIM800L, which makes calls and sends out text messages to the designated lab staff as well as the fire brigade and 

extends response to the tire from lab boundary. 

A notable characteristic of the system is its web-based dashboard, which can be accessed via Wi-Fi utilizing the ESP32 module. 

This dashboard facilitates real-time observation of temperature and smoke concentrations, presents graphical depictions of historical 

data, and permits the downloading of reports for additional examination. Furthermore, it enables users to adjust threshold values 

remotely, thereby providing adaptability for experiments that necessitate varying thermal conditions. 

This research aims to develop a reliable solution that enhances laboratory safety while maintaining the integrity of temperature-

sensitive reactions at low cost. This system provides a comprehensive solution to laboratory monitoring and control through the 

integration of temperature regulation, smoke detection, fire suppression, SMS control, and remote dashboards. The scope of this 

system goes beyond chemistry labs and can be applied to any industry or aseptic processing unit, pharmaceutical laboratories, and 

research institutions where safety and accuracy are critical. 

 

LITERATURE SURVEY 

[1]   S. Zafar, G. Miraj, R. Baloch, & K. Arshad, (2018). An IOT Based Real-Time Environmental Monitoring System Using Arduino 

and Cloud Service. August 2018, Engineering, Technology & Applied Science Research 

Early IoT implementations focused on gathering fundamental environmental parameters such as temperature and humidity. A 

representative example couples an Arduino UNO with a DHT11 sensor and an ESP8266 Wi-Fi module to stream readings to the 

ThingSpeak cloud platform, where MATLAB analytics provide visualization and simple forecasting [1]. Related efforts replace 

Arduino with Raspberry Pi or ARM-based boards such as the LPC2148 to enable additional processing capability [1]. These studies 

confirm that continuous, low-power monitoring is feasible at modest cost and can be deployed rapidly using commercial off-the-

shelf components. Nonetheless, authors consistently note that the DHT11 sensor offers limited precision and requires regular 

calibration, and that most deployments remain single-node pilots rather than dense multi-sensor networks. 

   

[2] Aju Krishnan A.K., Akash J., Aswin Surendran, Shyam J., Veena R., & Rijul M. (2023). IOT-Based Fire Alerting System. April 

2023, International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET). 

Another active line of research targets fire prevention and smoke detection. One notable IoT fire-alerting system combines 

temperature and flame sensors with wireless communication to provide early notification to both occupants and local authorities 

[2]. Projects such as Fire and similar IoT alarm frameworks extend these ideas with automated water-sprinkler actuation, 

highlighting the life-safety benefits of remote notification and immediate counter-measures. 

[3] Sarthak Jagtap, Hemlata Jadhav, Prachiti Doshi, Prathamesh Gatkal, & Aditya Kulkarni. (2023). Fire and Smoke Detector Alarm 

Using Arduino and MQ2 Sensor. September–October 2023, International Journal For Multidisciplinary Research (IJFMR) 

Complementary designs use low-cost gas sensors. For example, an Arduino-based prototype employing the MQ-2 sensor detects 

combustible gases and airborne particulates, triggering a buzzer and visual display when thresholds are exceeded [3]. To reduce 

false alarms, other researchers integrate flame sensors or relay-controlled exhaust fans, while some combine GSM modules for 

SMS alerts with cloud-based dashboards. Despite their sensitivity, MQ-series sensors are prone to spurious readings from cooking 

fumes or cigarette smoke, leading many authors to recommend multi-sensor fusion—combining smoke, flame, and temperature 

data—to improve reliability. 
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[4] Dirja N. Ilham, Rudi A. Candra, Muhammed S. Talib, Mario di Nardo, & Khusnul Azima. (2021). Design of Smoke Detector 

for Smart Room Based on Arduino Uno. September 2021, Brilliance: Research of Artificial Intelligence. 

Indoor smoke-specific applications refine this approach further. An Arduino-driven neutralization system detects cigarette smoke 

using an MQ-135 sensor, activates a fan to remove contaminants, and simultaneously sends SMS notifications through a GSM 

module [4]. The authors review a broad range of similar projects, including classroom air-quality alarms, GSM-enabled fire 

detectors, and multi-warning systems. Collectively, these studies show that low-cost embedded platforms can provide effective 

indoor air-quality surveillance, but they also underscore how sensor placement, room geometry, and ventilation significantly 

influence detection performance 

[5] Nurul Fahmi, Fahrul Shobri and Eko Prayinto (2021). Implementation and Monitoring: Heart Rate and Body Temperature using 

IOT. 2021, Proceedings (SCITEPRESS) 

Parallel to environmental and safety applications, IoT technologies have been adapted for personal health tracking. A typical design 

measures both heart rate and body temperature using a photoplethysmographic pulse sensor and a DS18B20 digital thermometer. 

Data are forwarded to a mini-PC gateway that stores information in a MySQL database and displays it on a secure web interface 

[5]. Comparative testing against commercial smartwatches reveals temperature deviations under one degree Celsius but larger 

differences in heart-rate readings, highlighting calibration and sensor-placement challenges. The cited literature within this work 

broadens the context to include Wireless Body Area Networks, smartphone-based pulse oximetry, and multi-parameter heart-

disease monitoring, all illustrating the feasibility of continuous, low-power physiological sensing. However, privacy, data-security, 

and medical-grade validation remain largely unaddressed. 

[6]  Smith, J., & Anderson, K. (2020, May). "Low-Cost Environmental Monitoring Systems Using Arduino Microcontrollers". 

Journal of Embedded Systems 

A study in the Journal of Environmental Sciences (Elsevier, 2020) reported that harmful gases like formaldehyde, acetaldehyde, 

and acetone are major pollutants released from combustion and smoke sources. Their high levels during burning periods highlight 

the need for early detection of smoke and temperature changes. This supports the importance of systems like the Intelligent Smoke 

and Temperature Monitoring and Control System to help prevent harmful emissions and improve air safety. 

[7]  Patil, R. V., Jadhav, S. F., & Kapse, K. S. (2021, July). "IOT Based Fire Detection System". International Journal of Advanced 

Research in Science, Communication and Technology (IJARSCT), 7(1). 

Rashmi Patil et al. (2021) developed an IoT-based Fire Detection System that integrates temperature, smoke, and flame sensors 

with communication modules like GSM, Bluetooth, and NodeMCU. The system sends real-time alerts to the user via SMS and 

buzzer alarms, while continuously updating sensor data to the ThingSpeak cloud. This work highlights the importance of IoT in 

improving fire detection accuracy and response time, supporting the goal of the Intelligent Smoke and Temperature Monitoring and 

Control System to provide early warning and remote monitoring for enhanced safety. 

[8]  Magableh, M., Ibrahim, M. H. bin, Marie, Z., Jusoh, J. A., Mohamed, R. R., & Kumar, R. (2025, April). "Using Arduino IOT 

Modules as a Low-Cost Environmental Research Monitoring System". 2023 International Conference on Computer Science and 

Emerging Technologies(CSET). 

Murad Magableh et al. (2023) designed a low-cost environmental monitoring system using Arduino IoT modules and various 

sensors to measure temperature, humidity, air quality, and soil moisture in real time. The study proved that Arduino-based systems 

can reliably collect and transmit environmental data with good accuracy, even in low-resource areas. The paper highlights the 

benefits of IoT integration, wireless communication, and solar-powered operation for continuous monitoring. These findings 

strongly support the development of the Intelligent Smoke and Temperature Monitoring and Control System, showing that Arduino 

and IoT modules are practical, cost-effective, and su itable for real-time environmental detection and safety applications. 

 

RELEVANT WORKS 

Our project integrates ideas from multiple research works: from Zafar et al. [1], we adopted the concept of Arduino-based 

environmental monitoring with IoT connectivity for continuous data observation; from Aju Krishnan et al. [2], we derived the fire 

alerting approach using temperature and smoke/flame detection for early warnings; from Sarthak Jagtap et al. [3], we utilized the 

MQ-2 sensor to detect smoke and trigger alerts like a buzzer or fan; from Dirja Ilham et al. [4], we followed the indoor smoke 

control principle by using a fan to neutralize smoke and provide multi-warning notifications; and from Nurul Fahmi et al. [5], we 

employed the DS18B20 temperature sensor along with IoT-based real-time monitoring to enhance accuracy and reliability. 
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  Flow Chart of Our system  

 
 

METHODOLOGY OF REVIEW 

The review was conducted through a review of literature from academic sources, including scholarly journal articles, conference 

proceedings, and technical reports produced between 2015 and 2025. Sources of literature included prominent scientific databases 

such as IEEE Xplore, ScienceDirect, Springer Link, and Google Scholar. A combination of keywords and Boolean search operators 

covering subjects like "IoT-based fire detection," "ESP32-based monitoring system," "smoke and temperature sensors," 

"environmental control," and "monitoring laboratory safety" were all used to conduct the literature search. Studies were ultimately 

screened for their relevance to intelligent monitoring systems, microcontroller-based monitoring system design, and inclusion of 

IoT and control components. Research grounded in practical applications, proven reliability of systems, and ability to provide real-

time alerts based on environmental conditions through the use of devices and modules such as Arduino, NodeMCU, and ESP32 

were prioritized in the review of literature. Studies with a comparative focus of sensor performance, communication technology, 

and energy efficiency were also integrated into the analysis to determine the most efficient resources for a design emphasis within 

the Intelligent Smoke and Temperature Monitoring and Control System 

 

 

CURRENT TRENDS AND ADVANCEMENTS : 

Recent advancements in intelligent monitoring systems have introduced cloud connectivity, data logging, and machine learning-

based predictions. ESP32 microcontrollers provide built-in Wi-Fi and Bluetooth, making them ideal for IOT applications. 

Dashboards now allow real-time visualization of temperature and smoke levels, historical data storage, and downloadable reports 

for safety audits. Integration of GSM modules enables automated calls and SMS alerts to laboratory staff and fire services. 

Additionally, sprinkler systems are being automated to suppress fire outbreaks, while smart fans and heaters maintain safe laboratory 

conditions. 

 

CHALLENGES AND RESEARCH GAPS : 

Despite significant progress, several challenges persist in intelligent monitoring system : 

 

•Sensor calibration and drift affecting accuracy. 

 

• High false alarm rates due to dust, humidity, or electrical interference. 

 

• Limited power efficiency of IOT-enabled systems. 

 

• Dependence on internet connectivity for dashboard monitoring. 

 

• Integration challenges between hardware components and cloud services. 

 

• Lack of standardized safety protocols across laboratories. 
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FUTURE SCOPE  

Future intelligent monitoring systems can leverage artificial intelligence and predictive analytics to forecast hazardous conditions 

before they occur. Edge computing on ESP32 or similar microcontrollers can reduce dependence on cloud services and ensure faster 

response times. Enhanced security protocols can protect laboratory data from cyber threats. The integration of mobile applications 

with dashboard systems can provide real-time safety status to laboratory staff. Additionally, future designs may focus on energy-

efficient sensors and self-powered systems to improve sustainability. 

 

CONCLUSION  

Intelligent smoke and temperature monitoring systems represent a crucial advancement in laboratory safety. By integrating ESP32 

microcontrollers, MQ2 smoke sensors, DS18B20 temperature sensors, fans, sprinklers, buzzers, and GSM modules, laboratories 

can achieve real-time monitoring and automated hazard mitigation. The addition of IOT dashboards and data visualization tools 

enhances usability, while GSM and cloud connectivity ensure prompt emergency response. Although challenges such as sensor 

accuracy and system reliability remain, future innovations in AI and edge computing hold the potential to revolutionize laboratory 

safety systems. 
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