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Fire prevention still has relevance in modern industries, especially in storage 
areas where there is a huge stock of materials and goods. An Industrial 
storage fire incident is very critical; therefore, the possibility of fire must be 
discovered very well, in order to safeguard human life and industrial assets. 
Here, we propose an Innovative Integrated IndusSecure-Based Framework as 
a comprehensive and holistic response towards the development of an 
accurate identification system for all types of fire risks and threats in the 
industrial storages area. The outlined framework is based on sensor networks 
with advanced technology, environmental monitoring stations, and other 
sensors designed to provide real-time data that will detect conditions which 
pose a risk of fire, steam, gas emission, and sudden rise in temperature. 
The system integrates seamlessly into the existing industrial infrastructure, 
preserving the functionality of the underlying systems and reducing costs 
associated with the installation and deployment of the proposed system. The 
aim of this carefully crafted structure is to mitigate fire risks in industrial 
storage facilities by providing the capacity of instant response to avert the 
possibility of full scale fires. The principle does underscore the importance of 
instant threat recognition and is meant to avoid action after incidents have 
already taken place. The solution is dependable while still retaining an 
elevated level of adaptability; hence, it would fit an entire range of facilities 

INTERNATIONAL JOURNAL OF 

MULTIDISCIPLINARY RESEARCH & REVIEWS  

journal  homepage :  www.ijmrr.online /index.php/home  

 

https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://portal.issn.org/resource/ISSN/2945-3135
http://www.ijmrr.online/index.php/home


  

      

 

 

                    

         The work is licensed under a Creative Commons Attribution  

Non Commercial 4.0 International License 

 
 

87 

ISSN (ELECTRONIC): 2945-3135 

 
 

 

Nandakumar T, Baskaran M (2025). Indus secure Framework for Early Fire Hazard Detection in 

Industrial Storage Units. International Journal of Multidisciplinary Research & Reviews, Vol. 4, 

Special Issue-1, pp. 86-99. 

 

1. INTRODUCTION 

Ensuring fire safety is paramount in industries, especially in storage facilities where materials and 

goods are kept in bulk. Early identification and mitigation of risks are crucial in preventing loss of 

life and safeguarding invaluable assets. Fires in the industrial sector pose considerable risks, 

especially in environments where hazardous materials are stored, or heavy inventory is maintained. 

For this reason, fire detection systems put in place must be advanced and highly reliable to ensure 

rapid detection. This paper presents the framework IndusSecure-based which serves as an integrated 

and practical system for fire risk detection in industrial storage areas. It integrates state-of-the-art 

sensor devices with real-time tracking systems, collecting environmental data for monitoring sudden 

temperature spikes, smoke accumulation, and gas leaks that indicate a potential fire hazard. 

Seamless incorporation into an industrial system makes the framework cost-efficient and easy to 

implement. The primary objective of the IndusSecure-Based Framework is to implement fire safety 

protocols in industrial storage settings by monitoring and detecting ignitable threats. Moreover, this 

monitoring system allows for mitigation actions before fire threats become full-scale disasters. 

Hazard detection in the framework's design emphasizes immediate response to possible threats in 

such a way that can prevent fires before they occur. With the proposed framework, small warehouses 

and large-scale manufacturing plants can be serviced as the system is adaptable and scalable. 

Emerging industries are provided with efficient tools for fire risk management; therefore, loss of 

infrastructure, safety of employees, and safeguarding of inventory in catastrophic fire events can be 

managed. Compliance with industry regulations is enhanced, thus safety of the working environment 

is greatly improved.   

 

This paper aims to achieve the following objectives:   

 Design an actionable industrial storage unit framework for detection of fire hazards at early 

stages.   

 Implement real-time monitoring and sensor technologies to identify possible fire risk.   

 Improve set protocols on fire safety whilst providing adaptable solutions for various 

industrial environments. 

 To manage the threat of large-scale fire incidents and protect people, structures, and 

valuables.   

 To abide by regulations set forth by the pertinent industry bodies and foster improved 

occupational safety.   

 

from small warehouses to large manufacturing plants. 
The IndusSecure-Based Framework seeks to mitigate the risk of catastrophic 
fire incidents by providing an effective and functional instrument for fire risk 
management. In turn, protects employees, infrastructure, and inventory—
providing fire safety compliance with industry regulations. 
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This paper is organized as follows: In Section 2, I survey the literature on fire detection and pinpoint 

the gap that the proposed framework intends to address. In Section 3, I describe the methodology, 

including data acquisition as well as sensor and system integration. Section 4 contains the results as 

well as the discussion on the effectiveness of the proposed framework. Section 5 is the final section, 

which presents the conclusions, highlights the key takeaways, and outlines prospects for further 

inquiries. 

2. RELATED WORKS 

The use of Wireless Sensor Networks (WSNs) in industrial applications for fire detection has 

received significant attention over the years. Numerous investigations have advanced reliable, real-

time fire hazard detection systems that can be adapted to industrial storage facilities to improve fire 

safety. This chapter discusses High risk work in sensors, Information, and fire detection system for 

fire hazard management.  

Wireless sensor networks were first used for the detection of fire about forests by Yu et al. in 2005. 

Their work showed the abilities of WSNs in watching important environmental factors like 

temperature, humidity, and smoke sensing. This study was key in creating the base for WSN use in 

fire detection to be applied in industrial areas such as storage warehouses that face the same 

environmental fire dangers (Yu et al., 2005). 

Hefeeda and Bagheri (2007), therefore, developed a forest fire detection system with WSNs. Their 

system integrated the use of smoke, fire and temperature sensors hence focusing on the 

prejacute;clusion detection of fires. As noted in Hefeeda & Bagheri (2007), the reliance on WSNs 

brought out their applicability for large scale systems which is a crucial consideration when designed 

fire detection systems for industrial complexes that prioritize reliability and scalability. 

Another, Cantuña et al. (2017) initiated the design of a WSN for forest fire monitoring which 

included flame, smoke as well as temperature sensors that propagated information to a central 

monitoring station using radiofrequency. This study pointed out the potential use of such sensor 

networks in industrial environments where sensors might be applied in storage and manufacturing 

units to identify fire hazards can early within the processes (Cantuña et al., 2017). 

this study by Lutakamale and Kaijage from 2017 that looked into how Wireless Sensor Networks 

(WSNs) can be used in Tanzania for keeping an eye on wildfires. They found that these networks are 

pretty effective at monitoring forested regions and can actually send out alerts about fire hazards in 

real-time. And what’s cool is that they really focused on using this tech in remote areas, which 

makes sense, right? Given how well it works in forests, it seems like it could also be a great fit for 

industrial storage facilities as a budget-friendly fire detection option. It's really interesting to think 

about how technology can help us tackle these issues in different settings. 

Also, the use of biological sensors for fire detection has been investigated. Sahin (2007) proposed 

using mobile biological sensors such as animals to detect forest fires, which incorporated biological 

systems in detection systems to broaden their range. Although this idea does not apply directly to 
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industrial storage rooms, it invites the possibilities of non-conventional sensor systems that could 

enhance fire detection systems in industrial settings (Sahin, 2007). 

Zeng et al. (2010) proposed the use of a real-time routing protocol for building fire emergency 

applications with wireless sensor networks. Their work focused on overcoming the challenges 

related to establishing efficient communication networks for data transmission during fire 

emergencies. Such systems are critical in industrial fire detection systems where prompt data transfer 

can enable swift measures to counter avert massive fires (Zeng et al., 2010).   

The incorporation of machine learning into fire detection systems has also been examined by Huang 

et al. (2012), who created intelligent building hazard detection through WSNs merged with machine 

learning. Although they stressed machine learning in their work, the idea of employing numerous 

sensors for hazard detection and tracking in real time is considerably important in industrial settings. 

The application of these systems could significantly enhance the precision and responsiveness of fire 

detection in industrial storage facilities (Huang et al., 2012). 

The use of thermal imaging combined with computer vision for fire detection was studied by 

Martinez-de Dios et al. (2008), who created computer vision methods for forest fire detection. Their 

study emphasized the need to adapt visual fire detection systems, such as thermal cameras, to 

enhance fire detection systems, especially in forest fire detection and in industrial settings where 

fires can be proactively mitigated long before visual detection is possible (Martinez-de Dios et al., 

2008).   

An important study by Ko et al. (2012) looked into intelligent wildfire detection technology using 

wireless sensor networks. This work combined several types of sensors, including smoke, 

temperature, and gas sensors, into one system. These sensors can work together to monitor and detect 

wildfires in real time. This kind of approach is very useful in industrial storage facilities. Similar 

sensor setups can spot fires in their early stages and quickly handle potentially dangerous situations 

(Ko et al., 2012). 

Using wireless sensor networks (WSN), Alkhatib (2013) introduced a new and affordable way to 

detect forest fires. The research focused on cost and scalability, showing that WSN-based fire 

detection systems could be set up cost-effectively. This method is useful for industries that need to 

monitor large areas for fire risks economically while also ensuring reliable detection (Alkhatib, 

2013). 

Bouabdellah et al. (2013) focused on using wireless sensor networks for fire detection. They 

proposed a multi-layer network specifically for detecting forest fires. Their system combined 

different fire monitoring systems with various sensors. This multi-layer concept can be applied to 

industrial storage facilities. Here, multiple detection layers, including smoke, temperature, and gas 

sensors, could be used to monitor different areas for possible fire hazards (Bouabdellah et al., 2013).  

Molina-Pico et al. (2016) suggested a hierarchical wireless sensor network for monitoring forests and 

detecting fires early. This network had tiers that allowed for scalable deployment and real-time fire 
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risk detection. These layered networks could be very helpful in large industrial storage facilities that 

require a fire detection system able to expand as needed (Molina-Pico et al., 2016).  

Sabit et al. (2011) looked into using fuzzy logic in fire detection systems. They developed a wildfire 

hazard prediction system based on wireless sensor networks. Their system predicted fire risks by 

using data collected from sensors, which helped in identifying fire threats early. This method could 

be useful in industrial environments with volatile conditions that need flexible systems to monitor 

and predict fire risks based on changing factors (Sabit et al., 2011).  

Lastly, Bolourchi and Uysal (2013) examined how fuzzy logic can be applied in fire detection within 

wireless sensor networks. Their system combined fuzzy logic with sensor data analysis. This 

improved the accuracy of hazard detection and made it more reliable in different environments. Such 

an approach could enhance the reliability of fire detection systems in industrial storage units, which 

need constant monitoring of changing factors like temperature, humidity, and gas concentration 

(Bolourchi & Uysal, 2013). 

3. PROPOSED WORK 

The IndusSecure Framework features quantitative and qualitative sensor technology alongside 

environmental monitoring for early fire hazard detection upon industrial storage units. This 

methodology specializes in traditional sensor-based data collection using non-integration of machine 

learning and deep learning algorithms. Detailed framework regarding the application of the sensor 

networks is provided alongside real-time responsiveness and data relay.  

 
Figure 1: Schematic representation of the suggested methodology 
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A. Data Acquisition   

 Concerning the IndusSecure Framework, the cited fire-risk mitigating sensors, for example, 

temperature sensors, mark the parameter monitoring phase, where real-time data collection is done. 

With respect to fire hazard detection, these sensors do seamless data capturing throughout the 

processes:   

 Temperature Sensors:   

Role in Fire Detection: Employed to avert and combat fire cases, these devices help track the rising 

amount of heat. Depending on the nature of storage, there could be various reasons as to why 

temperature increase emerges, for example, fire or even potential fires. There is a significant chance 

that storage areas, which contain combustible materials, undergo rapid temperature increase. If there 

is an outburst of fire, electrified areas are to burn voraciously, therefore uncontrollable fire realms 

will be present.   

Types of Sensors Used: Thermal sensors as well as infrared and other aforementioned sundry sensors 

are responsible for capturing the changes in temperature in the system. These are capable of 

detecting minute temperature changes thus making the chances of fire alert advances December even 

higher. 

 Deployment:   

Temperature sensors are fitted in areas with high risks such as those containing combustible 

substances, electrical equipment, or regions with prevalent heat accumulation. 

Role in Fire Detection: Because smoke is produced as a byproduct of combustion, it is one of the 

first signs of a fire, hence leading to the need for its detection. 

Types of Sensors Used: Detection of smoke is done using photoelectric and ionization smoke 

detectors. Photoelectric sensors respond to smoke and to light being scattered off it, whereas 

ionization sensors respond to ions within the atmosphere resulting from combustion. 

Deployment: Detectors are sited in the storage building and are strategically stationed in sections of 

the building which are most prone to fire outbreak, such as electrical wires or parts of the building 

where combustibles are stored. 

Role in Fire Detection: Detection of certain gases like carbon monoxide, methane, and ammonia 

warrants the attention of immediate action as they might indicate the presence of fire or a chemical 

leak that can result in a fire. Gas sensors are used extensively to monitor these risks before they 

escalate. 

Types of Sensors Used: The system incorporates the use of electrodes and infrared gas sensors to 

track the levels of dangerous gases. These sensors are capable of detecting minute amounts of gas 

and provide an alert long before a fire or explosion takes place. 

Deployment: Gas sensors are located where the accumulation of hazardous gases is most likely to 

occur. Therefore, they are placed at the chemical storage areas, places where cooking is done, and 

around industrial machines. 
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Role in Fire Detection: Changes in humidity can influence the chances of fire ignitions occurring, 

specifically in areas where paper, textiles, or electrical appliances are stored. These sensors pay 

attention to detecting unusual changes in humidity that could result in increasing the chances of a 

fire. 

Types of Sensors Used: The types of fire sensors used for controlling the relative level of humidity in 

the air, which could alter the presence of fire, are capacitive and resistive humidity sensors. 

Deployment: These sensors are located where the fire-critical changes in temperature and humidity 

are likely to happen, such as in areas with ventilation systems or where materials sensitive to 

moisture are stored. 

 Visual Surveillance:  

Role in Fire Detection: Cameras serve as an adjunct in fire risk detection, including monitoring for 

smoke or small flames that may go unnoticed by other detection equipment. Cameras assist in 

providing monitoring services, thus, can warn safety personnel on the occurrence of possible 

dangers. 

Types of Cameras Used: Visual surveillance is done using Thermal imaging cameras and CCTV 

cameras with manual monitoring. These cameras are able to capture heat signatures associated with 

an existing or imminent fire. 

Deployment: Focused surveillance can be achieved at operational areas with a high danger fire risk 

by positioning the cameras in those areas to allow monitoring by the operators in real time. 

B. Sensor and Systems Integration 

In order to achieve a more organized and elaborate fire detection system, the different sensor devices 

are merged into one network. This integration allows for seamless action to be taken with the data 

received from each sensor type in real time. 

 Sensor Network Deployment: 

Role in Integration: The system utilizes a distributed sensor network aimed at supervising the whole 

industrial storage facility. Each sensor type gathers data that is essential in spotting possible areas of 

fire. 

Deployment Strategy: Wireless sensor nodes are placed throughout the facility to ensure complete 

coverage. Each sensor uses secure wireless communication protocols, like Zigbee or LoRaWAN, to 

connect with a centralized data collection unit. Additionally, installation does not disrupt existing 

system structures because of the wireless setup. 

 Data collection and transmission: 

Real Time Data Monitoring: The sensors continuously record information about the environment, 

including temperature, humidity, smoke, and gas levels, and send it to a central monitoring station. 

Transmission protocols: The collected information is processed according to its intended use before 

being stored in a central data repository. Security measures are applied during transmission to protect 

the information's authenticity and integrity. 
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 Alert Generation and Response: 

Alert Mechanism: The system triggers an alert when it detects a rise in temperature, smoke, or 

harmful gas. This suggests a possible fire. Managers and responsible officers in the facility receive 

these alerts in real time via SMS, email, or direct display on notification screens. 

Automated Action: In emergencies that need quick action, the system can carry out automatic 

response protocols. These include turning on fire suppression systems and ventilation controls to 

lessen the threat's impact. This form of automatic response reduces the likelihood of the fire 

worsening. Manual Action: Facility managers have access to the data and alerts generated, and at 

their discretion, they can implement further actions or escalate the matter to emergency services. 

C. System Testing And Validation 

The framework undergoes various pre-deployment tests and validation to ensure full functional 

under real-life scenarios, which includes simulated and field testing:  

 Simulated Fire Scenarios: 

Fire scenarios are evaluated in a controlled environment to measure the framework's response during 

the slower increase of temperature, smoke accumulation, gas leaks and other fire-related activities. 

In this case, the ability to respond to the threat and respond in an adequate manner is the primary 

focus and will be validated to be dependable. 

 Performance Evaluation: 

Detection Effectiveness: The systems capability to detect fire hazards and distinguish between 

realistic dangers and changes in the familiar environment is measured. The set objectives include an 

optimal reduction of false alarms with reliable risk detection in a reasonable time frame. 

Response Time: This measures the duration taken by a fire hazard detection system (automated or 

not) to generate an alert and trigger an automated response. Fire incidents can be mitigated with 

shorter response intervals.  

System Robustness: This is the environmental assessment of the system's dependability. Evaluation 

of the system's performance under high humidity, extreme temperatures, and other operational 

factors examines the system's robustness. Real-World Deployment: After simulation testing is 

validated, the framework is set up at an industrial site. The system is integrated with the existing 

infrastructure. It checks its modularity with facilities of different sizes. This implementation ensures 

that any needed functions and adjustments are made for improved reliability and user-friendliness. 

D. Framework Evaluation 

The evaluation of the IndusSecure Framework focuses on its performance in real-world situations. 

The main criteria for evaluation are:  

Accuracy: This measures the risk of fire in relation to false alerts and system anomalies.  

Cost-Effectiveness: This looks at the total costs associated with the framework, including 

installation, maintenance, operation, and spending compared to the return on investment from 

industrial facilities.  
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Scalability: It assesses how well the system can grow from small warehouses to large manufacturing 

plants. This is crucial for its effectiveness in different industries.  

Regulatory Compliance: The system is tested against fire safety regulations to ensure it meets safety 

standards and is fit for its purpose in the workplace.  

This clear, step-by-step approach allows the IndusSecure Framework to spot and handle fire hazards 

in industrial storage facilities. It enhances the safety of people, protects valuable resources, and 

ensures compliance with fire protection laws. 

4. PERFORMANCE ANALYSIS 

The IndusSecure Framework for early fire hazard detection in industrial storage units has been 

assessed based on how well it detects and reduces fire risks through a series of simulated tests and 

field evaluations. In this section, we present the results from these testing phases, followed by a 

thorough discussion of these findings. 

 
Figure 2: Simulated Temperature Readings in Industrial Storage Unit 

As shown in this figure, the simulated temperature readings from the industrial storage unit varied 

over a continuous 10-hour period. During this time, the temperature increased, highlighting the 

normal rise in temperature and the significant spike beyond the alert threshold of 75°C. This shows 

that there is a risk of a fire that could trigger an alert. The 75°C threshold line marks the level for 

detecting fire hazard risk, at which point fire extinguishing actions should be taken. The graph 

demonstrates the system's ability to monitor temperature changes and detect dangerous conditions 

before a fire starts. 

 
Figure 3: Computed Interior Smoke Layering Within the Industrial Storage Unit 
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The graph shows the spatial and temporal data for smoke buildup in an industrial storage unit. It 

links concentration with time. Smoke concentration increases exponentially. When it reaches a level 

of 0.7, the storage unit triggers system alerts. The system automatically sends alerts at this threshold, 

signaling possible fire risks. This buildup supports the idea that the framework can detect the start of 

a fire and send out alerts for timely actions. This result suggests that the gradual rise in smoke 

concentration gives enough time for effective decision-making to stop fires from spreading. 

 
Figure 4: Modelling Methane Emission (Methane) in Industrial Storage Units 

This figure depicts the modelled methane concentration within an industrial storage unit over a set 

period. The concentration of the gas increases logarithmically over a gradual period of time, 

simulating the increment in methane levels which pose fire hazards in environments where chemicals 

are stored. The alarm threshold is set at a concentration of 0.5. The system will initiate an alarm once 

this level of gas concentration is surpassed. This graph showcasing the IndusSecure Framework, 

demonstrates the capabilities of monitoring hazardous gas emissions and detecting fire or explosion 

risks well in advance.   

 
Figure 5: Humidity Levels in Industrial Storage Unit over Time 

This graph tracks the change in humidity levels within an industrial storage unit over the span of ten 

hours. Relative humidity is one of the environmental parameters that pose fire risks in any setting, 

especially one that stores sensitive materials. The simulated humidity has periodic patterns, with an 

alert threshold set at 60%. The system marks the region as a possible fire risk once this threshold is 
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surpassed. With this figure, we see that humidity can be monitored in conjunction with temperature 

and smoke for effective fire risk management within the facility. 

 
Figure 6: Activation of the Simulated Fire Suppression Systems 

This image illustrates how the temperature readings from the storage compartments trigger the 

activation of the fire suppression system. The system is configured to trigger automatically upon 

reaching a defined critical temperature (in this example, 75°C). The graph shows the binary triggers 

connected to the fire suppression system's operation. A "0" means no action, while a "1" indicates 

that the system is activated. The step function illustrates the system's response in real time. This 

highlights how quickly the IndusSecure Framework can respond to fire risks and initiate suppression. 

 
Figure 7: Simulated output 

The data is from the IndusSecure Framework for industrial storage unit sensor reads on temperature, 

smoke concentration, gas emission (methane), and air humidity over time. Alarms are set for certain 

thresholds, for example, temperature surpassing 75 C (fire alert, activation of fire suppression 
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system) and smoke concentration exceeding 0.7 (fire alert). Also, gas concentration above 0.5 at time 

index 10 triggers fire alert. The system checks humidity too, raising a warning at 60%. Such 

monitoring allows risk detection in advance so that timely warnings can be issued and suppression 

mechanisms activated to enhance safety in industrial spaces. 

5. CONCLUSION  

The IndusSecure Framework for detecting fire hazards in industrial storage facilities demonstrates an 

effective approach for controlling fire hazards by monitoring environmental parameters like 

temperature, smoke, gas emissions, and humidity. With the addition of sophisticated sensors and 

modern methods of processing the data, the system is capable of issuing warnings and performing 

actions such as alerting personnel and initiating automatic fire extinguishing mechanisms. Ensuring 

that potential fire hazards are detected gives the framework the ability to provide timely interventions 

which greatly reduces the chances of fire catastrophes in industrial environments. Simulation results 

suggest the system's reliability in warning about critical temperatures, smoke accumulation, and 

dangerous levels of combustible gases which signify fires. There are still some areas of concern 

which lack further development that could improve its effectiveness. Resolving the issue of sensors 

malfunctioning too often will improve the system. This change will ensure that alerts only activate 

when there is an actual fire threat. Updating these models with new frameworks can also enhance 

future versions. We can use algorithms designed to assess abnormalities and predict responses based 

on historical data to create accurate risk evaluations. Additionally, as operational needs grow, the 

system could be adjusted to monitor larger industrial facilities while staying efficient. It could also be 

modified to track specific hazardous materials or environmental conditions relevant to other 

industries. The future goal is to build a real-time decision support system that evaluates alerts from 

multiple sensors. This system will analyze alerts in real time and make recommendations for facility 

management, such as activating mitigation steps, guiding personnel, or calling emergency services. 

Ultimately, improving communication in the system and optimizing wireless sensor networks will be 

essential. This ensures quick and reliable data transmission in large industrial settings. Through these 

improvements, the IndusSecure Framework can become stronger. It will provide more reliable 

proactive solutions for fire detection systems, protecting employees, infrastructure, and assets. 
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