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ABSTRACT 

Fire accidents cause devastating consequences in smart cities, the buildings and valuable property is 

destroyed by fire accidents, not only property but it also shows effect on the natural environment and the 

endangering lives also, So the fire detection system is useful to keep the people updated about the fire 

accidents. The fire detection system can be implemented by using many ways such as machine learning, 

and it can be implemented using IOT also. It keeps the people safe and its accuracy and speed is also 

important as it reduces the false alarms and improves the accuracy. The smoke sensor can also be used 

to detect the smoke in case of the gas leaks or floodings. It is useful in forest manages and to save 

endangered lives. The early detection of fires is a very important task in preventing large-scale accidents. 

This can increase the accuracy and reduce the false detection rate of existing fire detection models that 

are not adaptive to space. 
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1. INTRODUCTION 

Among the disasters that might occur in a city, fire accidents can gradually spread their harm, causing property 

loss as well as damage to human life.one of the most devastating fire accidents in India was the 1997 fire at the 

uphaar cinema in Delhi [1]. On June 13,1997, a fire broke out during the screening of a movie, leading to the 

deaths of 59 people and injuries to more than 100 people [2-5]. Therefore, fire prevention requires considerable 

effort. Sensors for fire detection were conducted. Gas sensors offer an advantage over smoke sensors as they 

can operate faster than smoke sensor. A critical issue of smoke detectors is their inability to discriminate 

between smoke particles from genuine fires and particles generated by other sources, such as dust or dense 

water vapor [3-7]. This results in a high rate of FPs, which raises serious concerns related to costs. Fire detection 

and suppression methods have been largely the same for many years, using people in fire towers for ignition 

reporting, and a map and pencil to pinpoint the location for its suppression [4-8]. A smarter, more dependable 

detecting system is needed, using modern technologies such as cameras, sensors, satellites, robots and artificial 

intelligence. However, there are challenges with the associated costs, and there is a lack of confidence in the 

reliability of these technologies. 

 

2.LITERATURE SURVEY 

 We use a real-time fire detection system based on the nearest measure classifier with a time series. A detailed 

description of the problem is as follows Assuming that we have P fire sensor signals, each forming time series 

data, the objective of this research is to classify each point in time as fire or non-fire and estimate the true fire-

starting time based on historical fire sensor signals [9-11].  

Similarity measures for fire sensor data  

As mentioned earlier, fire sensor signals observed during different fire types and locations show distinct patterns 

[12-16]. In order to deal with the aforementioned characteristic, a major challenge is to design a flexible 

similarity measure to compare the closeness of the current sensor signals with other representative non-fire 

sensor signals and fire sensor signals obtained from different fire types. Euclidean distance (ED) is a classical 

similarity measure that has been used for evaluating the closeness of two different sequences [17-20]. ED uses 

a linear mapping technique to align two sequences when measuring the distance. 

However, although applying ED as a similarity measure has the advantages of using current and past 

measurements as a single feature, ED neglects temporal autocorrelation that existed in time series data, and thus 

cannot capture temporal information that characterizes sensor signals [21-24]. In addition, ED measure is very 

sensitive when time distortion exists in each sequence. Interactive machine learning: Experimental evidence for 

the human in the algorithmic loop 

In this paper, Overall, a fire detection system is an important safety measure that can help protect lives, 

property, and financial assets Industries including coal, biomass, industrial laundry, wood processing, trash 

bunkers, and metal recycling can benefit from a fire detection system [25-28]. They are employed in 

http://www.jetir.org/


© 2024 JETIR November 2024, Volume 11, Issue 11                                             www.jetir.org (ISSN-2349-5162) 

JETIRGO06002 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 12 
 

applications such as oil and gas industry, fuel and gas monitoring, combustion control systems, warehouses. 

By detecting flames, these sensors ensure the safe operation of industrial equipment and help prevent accidents 

or explosions. Fire detection systems are designed to discover fires early in their development when time will 

still be available for the safe evacuation of occupants. Early detection also plays a significant role in protecting 

the safety of emergency response personnel [29-31]. Property loss can be reduced and downtime for the 

operation minimized through early detection because control efforts are started while the fire is still small. 

Most alarm systems provide information to emergency responders on the location of the fire, speeding the 

process of fire control. 

These systems have numerous advantages as discussed above. The one major limitation is that they do nothing 

to contain or control the fire. Suppression systems such as automatic sprinklers act to control the fire. They 

also provide notification that they are operating, so they can fill the role of a heat detection-based system if 

connected to notification appliances throughout the building [32-35]. They will not, however, operate as 

quickly as a smoke detection system. This is why facilities where rapid notice is essential, even when equipped 

with sprinklers, still need detection and alarm systems. 

Fire detection and suppression methods have been largely the same for many years, using people in fire towers 

for ignition reporting, and a map and pencil to pinpoint the location for its suppression [37-39]. A smarter, more 

dependable detecting system is needed, using modern technologies such as cameras, sensors, satellites, robots 

and artificial intelligence. However, there are challenges with the associated costs, and there is a lack of 

confidence in the reliability of these technologies. This is the way the fire detection is implemented using IOT. 

Fire detection systems are designed to discover fires early in their development when time will still be available 

for the safe evacuation of occupants [40-44]. Early detection also plays a significant role in protecting the safety 

of emergency response personnel. Property loss can be reduced and downtime for the operation minimized 

through early detection because control efforts are started while the fire is still small. Most alarm systems 

provide information to emergency responders on the location of the fire, speeding the process of fire control. 

The most basic alarm system does not include detection. It has manual pull stations and sounds only a local 

alarm. This level of system is not what is typically used; it relies on an occupant to discover the fire, which can 

cause a significant delay [45]. The more quickly you want to be notified of the fire, the more costly the system 

you must install. Speed of detection is expensive.  

The most basic alarm system does not include detection. It has manual pull stations and sounds only a local 

alarm. This level of system is not what is typically used; it relies on an occupant to discover the fire, which can 

cause a significant delay [46]. The more quickly you want to be notified of the fire, the more costly the system 

you must install. Speed of detection is expensive. The slowest system to detect a fire is a heat detector, which 

is also the least expensive. An air-aspirating smoke detection system provides the most rapid indication of fire, 

but these systems are five to 10 times as expensive. 

This research proposes an integrated IoT–fog–cloud framework for real-time detection and prediction of forest 

fires. Initially, a Bayesian belief network is used to detect the outbreak of wildfire at fog layer followed by real-
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time alert generation to the forest department offices and fire-fighting stations. Bushfires are devastating to 

forest managers, owners, residents, and the natural environment [47]. 

Recent technological advances indicate a potential for faster response times in terms of detecting and 

suppressing fires. However, to date, all these technologies have been applied in isolation. This paper introduces 

the latest fire detection and suppression technologies from ground to space. An operations research method was 

used to assemble these technologies into a theoretical framework for fire detection and suppression. 

The framework harnesses the advantages of satellite-based, drone, sensor, and human reporting technologies as 

well as image processing and artificial intelligence machine learning. The study concludes that, if a system is 

designed to maximize the use of available technologies and carefully adopts them through complementary 

arrangements, a fire detection and resource suppression system can achieve the ultimate aim: to reduce the risk 

of fire hazards and the damage they may cause[48.carefully adopts them through complementary arrangements, 

a fire detection and resource suppression system can achieve the ultimate aim: to reduce the risk of fire hazards 

and the damage they may cause. 

 

Fire detection system using IOT 

Fire detection and suppression methods have been largely the same for many years, using people in fire towers 

for ignition reporting, and Increasing demand and costs for health care s a challenge because of the high 

populations and the[48] To place the best resources at the right location in suppression management, it is 

important look at landscape information with regards to fuel type, route map (minimum travel time), water 

points, behavior with regard to moisture, wind speed and direction, the facilities available crews, tankers, trucks, 

aircraft and to whom they belong) and the management program (Martell 2007). Some of the traditional methods 

of dealing with fire have been redirected such as burning with regard to moisture, wind speed and direction, the 

facilities available (fire crews, tankers, trucks, aircraft and to whom they belong) and the fire management 

program (Martell 2007). Some of the traditional methods of dealing with fire have been redirected such as 

prescribed burning difficulty to cover all patients by the available doctors. The healthcare data processing and 

management became a challenge because the problems with the data itself like irregularity high-dimensionality, 

and sparsity. A number of researchers worked on these problems and provided some efficient and scalable 

healthcare solutions.  

Some of the traditional methods of dealing with fire have been redirected such as prescribed burning difficulty 

to cover all patients by the available doctors. The healthcare data processing and management became a 

challenge because the problems with the data itself like irregularity high-dimensionality, and sparsity. A 

number of researchers worked on these problems and provided some efficient and scalable healthcare solutions. 

we present the algorithms and systems for healthcare analytics and applications and some related solutions. 

The solution what we propose is depending on adding a new layer as middleware between the sources of 

heterogeneous data and the Map reduce Hadoop cluster. The solution solved the common problems of dealing 

with heterogeneous data effectively. 
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DISADVANTAGESOF THE EXISTING SYSTEM 

Fire detection and alarm systems may be prone to false alarms or malfunctions, leading to unnecessary 

evacuations, disruptions, and loss of productivity. Malfunctions in fire suppression systems can also occur, 

compromising their effectiveness during emergencies. 

 

 Pollution: Air Quality and Water Quality. 

 Health: Respiratory and Cardiovascular. 

 Property: Loss of Property, Crops, Animals, Resources. 

 Ecology: Effects on Animals and Plants 

 

3. PROPOSED SYSTEM  

Photo electric, and heat. All smoke detectors sound an alarm. When they identify smoke, notify a building's 

occupants.  

What differentiates these detectors from one another is the way that they detect smoke. Wireless sensor networks 

(WSNs) are self-configured and infrastructure-free wireless networks that help monitor physical or 

environmental conditions and pass these data through the network to a designated location or sink where the 

data can be observed and analyzed. 

  

 

 

 

 

Fig 1: System architecture of a fire detection system. 

 

UML DIAGRAMS 

  1. CLASS DIAGRAM 

The cornerstone of event-driven data exploration is the class outline. Both broad practical verification of the 

application's precision and fine-grained demonstration of the model translation into software code rely on its 

availability Class graphs are another data visualization option. The core components, application involvement, 

and class changes are all represented by comparable classes in the class diagram. Classes with three-participant 

boxes are referred to be "incorporated into the framework," and each class has three different locations: 

• The techniques or actions that the class may use or reject are depicted at the bottom. 
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Fig 2: Class diagram for fire detection system 

 

2.USECASEDIAGRAM 

A use case diagram in the Unified Modeling language A Use Case Diagram is a vital tool in system design, it 

provides a visual representation of how users interact with a system. It serves as a blueprint for understanding 

the functionality requirements of a system from a user’s perspective, aiding in the communication between 

stakeholders and guiding the development process Table 

 

 

 

 

 

 

Fig3: Fire detection system in the form of use case diagram 

 

3.SEQUENCE DIAGRAM 

A sequence diagram in Unified Modeling Language (UML) is a kind of interaction diagram that shows how 

processes operate with one another and in what order. It is a construct of a Message Sequence Chart. Sequence 

diagrams are sometimes called event diagrams, event scenarios, and timing diagrams. 

The sequence diagram for fire detection system can be shown below and it includes: 

A scheduler, a sensor, an actuator, and the blackboard. Here we measure, process, cache the value, send request 

and cache the value. 

 

 

 

 

 

 

Fig 4: Shows the Sequence Diagram 
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4. RESULTS 

 

Fig5: Flame sensor detection results 

The IOT layer in a smart city consists of physical devices, sensors, and actuators connected to the Internet that 

collect and exchange data. Sensors detect environmental changes, actuators control and move systems, and 

effectors interact with the environment. Data collected from sensors are stored and processed to analyze patterns, 

detect anomalies, and predict future events. 

The proposed system utilizes a deep neural network that is trained on a large dataset of images containing fires 

to detect and locate fires in real time with a high precision rate of 97.1% for all classes. The evaluation of the 

system on a benchmark dataset showed that it achieves high accuracy and outperforms existing fire detection 

methods. The proposed system is robust to various environmental conditions, such as smoke, and can detect 

fires at different scales and orientations. 

A fire detection system can help to protect the building and its contents from damage by detecting a fire early 

and alerting the authorities so that they can respond quickly. It is an important safety measure that can help to 

protect assets and minimize the impact of a fire on a business or organization. 

Reduce the amount of destruction to a building. 

 

 

 

 

 

 

 

Fig 6: preprocess the data  
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Fig 7: Output of the code 

 

A fire detection system can help to protect the building and its contents from damage by detecting a fire early 

and alerting the authorities so that they can respond quickly. It is an important safety measure that can help to 

protect assets and minimize the impact of a fire on a business or organization. 

Reduce the amount of destruction to a building. 

 Fire alarms provide early detection of fire. Provide insurance discounts. Life safety and property safety. 

A fire alarm system is a building system designed to detect, alert occupants, and alert emergency forces of the 

presence of fire, smoke, carbon monoxide, or other fire-related emergencies.                           

The fire detection model can be implemented using IOT without any system failures or wrong detections. It can 

be very useful to detect the natural environmental changes and fire disasters. 

Now click on ‘Accuracy Comparison Graph’ button to get graph learned from a dataset simulating possible fire 

conditions at the site created by combining field recording cameras and virtual fires was sufficient to detect small 

initial fires at the site with very high  confidence. 

 

 

 

 

 

 

Fig 8: Accuracy Comparison Graph 

5.CONCLUSION 

In this study, we propose a model that automatically generates digital based field learning data for the early detection 

of fires. It was confirmed that the detection model learned from a dataset simulating possible fire conditions at the 

site created by combining field recording cameras and virtual fires was sufficient to detect small initial fires at the 

site with very high confidence. This experiment confirmed that a fire detection model based on virtual fire synthesis 

data has great potential for the rapid detection of initial fires. In addition, we developed a system that can detect fires 

at the site early with little error by overcoming scientific practices that inevitably occur in the process of learning 

models optimized for the site through postprocessing. 
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