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Abstract--- The suggested system combines Open CV with real-time video feeds to detect fire alarms in real time. Pre-processing involves converting frames to the HSV colour space and using thresholding to separate out areas that resemble flames. Morphological techniques improve accuracy and reduce noise by further refining the segmented areas. Fire alarms are located by looking for contours in these areas. With possible applications in fire monitoring and safety systems, this methodical technique seeks to offer a dependable way for detecting fire alarms. The technology can effectively analyse video feeds and enable early detection and response to fire situations in a variety of environments by utilising computer vision algorithms on live camera streams. Its capacity to recognise particular visual clues connected to fire alarms makes it beneficial in enhancing safety protocols and maybe saving lives. Tight testing and optimisation, however, will be necessary to guarantee the system's dependability and functionality in a variety of settings.
Keywords--   Fire Detection, Alarm System, Open Cv, Emergency Response
I. INTRODUCTION
Using Open CV to construct a Fire Detection Alarm System is a significant step forward in utilising computer vision to improve safety protocols in home and business settings. Using real-time picture and video analysis, this system is aimed to detect the early indicators of fire by utilising Open CV (Open Source Computer Vision Library). By employing advanced algorithms to identify alterations in hue, movement, and additional fire-related cues, the system cn promptly notify inhabitants and emergency services, therefore diminishing reaction times and perhaps save lives and assets. This novel method not only surpasses conventional smoke-based systems in terms of fire detection accuracy but also shows how computer vision technology can be used to make spaces safer

A. FIRE DETECTION
Safe operations in homes and businesses depend heavily on fire detection, which calls for sophisticated systems that can identify fires quickly and precisely. Fire detection systems currently use complex algorithms to analyse real-time photos or video feeds, utilising cutting-edge technologies like computer vision to quickly identify the presence of flames or smoke. These devices can offer early warnings, enabling quick responses and possibly averting catastrophic damage or fatalities by utilising methods like colour and motion analysis. Fire detection systems, which use innovation to improve safety and security in a variety of settings, are essentially an essential layer of protection.

B. ALARM SYSTEM
The cornerstone of any security architecture is an alarm system, which offers an essential line of defence against potential threats and unauthorised access.  As a result of technological breakthroughs, contemporary alarm systems now include advanced features like motion sensors, door and window sensors, and remote monitoring capabilities in addition to basic sound-based warnings. These systems are made to quickly alert authorities and residents to a variety of security breaches, such as fire, environmental threats, and intrusions. Alarm systems provide complete security solutions suited to the particular requirements of residences, workplaces, and other facilities by fusing resilient hardware with astute software. This protects valuables and fosters peace of mind. 

C. OPEN CV
The Open Source Computer Vision Library, or Open CV, is leading the charge to transform computer vision applications in a variety of industries. OpenCV, which was first created by Intel, has grown to be an indispensable resource for scientists, engineers, and developers all across the world because of its adaptability, effectiveness, and accessibility. With its wide range of features, which include deep neural networks, machine learning, object detection, image processing, and more, Open CV makes it comparatively simple for users to take on challenging visual tasks. Open CV keeps pushing the limits of computer vision technology, democratising access to potent visual intelligence tools and spurring innovation across industries, whether it's improving medical diagnostics, powering autonomous vehicles, or enabling augmented reality experiences.

D. EMERGENCY RESPONSE
When it comes to protecting people and lessening the effects of unplanned crises, such as natural disasters, medical emergencies, and security threats, emergency response is essential. In order to quickly analyse, handle, and manage hazardous circumstances, it entails a coordinated effort by multiple stakeholders, including first responders, emergency services, government agencies, and community volunteers. Clear communication channels, quick deployment techniques, thorough planning, training, and resources are all necessary for an efficient emergency response. Emergency response activities, which prioritise readiness, cooperation, and quick action, can reduce casualties, lessen suffering, and aid in recovery following crises, highlighting their critical role in maintaining safety and resilience within communities.
II. RELATED WORKS
In this section, discussion and analysis of the various research methodologies are done with the goal of finding the visual fire alarm system
This paper was suggested by Gulshan Shrivastava [1] et al. In situations when safety is a top priority, fire alarm systems' dependability and operational analysis are essential for guaranteeing their efficacy and dependability. Using the Algebra of logics, a new way for assessing the reliability of fire alarm systems is the topic of this study. This approach differs from more conventional approaches such as Semi-Markov processes or differential equations, which may be laborious for systems with several sub-units. Three transistors, seven resistors (one of which is a potentiometer), an LED, three capacitors, an IC555 timer that doubles as a table multivibrator oscillator, and a sound-producing device, such as a speaker or buzzer, are among the intricate electronic parts of the fire alarm system under consideration. The objective is to thoroughly evaluate this system's dependability in order to guarantee its operational integrity in crucial safety situations. The system's total reliability may be evaluated in a more controlled and methodical manner thanks to this modular approach. The study makes its way through the system's complexity by using the Algebra of Logics, which makes it possible to see how each part and subunit affects the system's dependability. By contrasting the system's performance under the Weibull and exponential lifetime distributions, the dependability assessment is further enhanced. These distributions are selected because they can accurately depict two distinct failure rate behaviours and model time-to-failure data. Making decisions about system configuration and design to improve reliability is made easier with the help of this comparison, which provides insightful information about how the fire alarm system might function under various operating scenarios. A quantitative indicator of the system's anticipated operational lifespan prior to failure, the study also computes the Mean Time to Failure (MTTF) for various failures. This parameter is essential for creating redundancy in the system, scheduling maintenance, and taking proactive steps to reduce the chance of a system failure.
This paper was proposed by David Camacho [2] et al. An essential component of maintaining safety in transportation buildings and other locations where the possibility of fire presents a serious hazard is the study of the operational analysis and reliability of fire alarm systems (FAS). In this paper, a novel model for the operational and reliability analysis of a FAS is presented, with particular attention to a system installed in a transportation facility. An addressable fire alarm central unit, detection loops, control-monitoring loops, and alarm device lines with monitored relay outputs to trigger alarm-signaling devices are the fundamental components of this system. An in-depth analysis of this kind clarifies the complex relationships and interactions that exist within the FAS, guaranteeing a thorough comprehension of its operational dynamics. This study uses a computer simulation of the FAS for a full year of operation in order to assess the system's efficacy and dependability in real-world circumstances. This simulation is used to determine the likelihood that the FAS will stay in particular operational states over the duration of the study. These operating states are essential for evaluating the system's preparedness and capacity for quick and efficient fire incident response. There are conjectures regarding the analysis and synthesis of multisensory information in the publication (Ding et al. 2014). In order to analyse the alert status of the detector—which has multiple independent sensors—the Demspter-Shafer theory was used (flame, smoke, temperature, gas, humidity). The possibility of false alarms is reduced with this method. As a result, it positively affects how well fire alarm systems function. In a study, an alternative method for detecting fires was given. According to the authors, detector dispersion mostly determines the likelihood of detecting a fire.
This work has been proposed by Ankit Kumar [3] Jain et.al. Expanding on the system that has been presented, it is imperative to investigate the details of how these constituents work together to form a strong fire detection and control system. The DHT11 sensor, the system's central processor, is cleverly designed to interpret inputs from the sensor and is capable of identifying sudden temperature rises, which are a common sign of fire. The microcontroller detects danger and initiates two response mechanisms: it sounds a loud buzzer to provide an instant audible alert, and it causes the 5V DC motor, which is attached to a water spray system, to start spraying water to lessen the impact of the fire. Moreover, by allowing the system to send automated SMS notifications to predetermined phone numbers, the GSM Module sim800l enhances the usefulness of the system. This function is very important since it makes sure that safety personnel or property owners are notified about the fire occurrence as soon as possible, no matter where they are physically located. This allows for a quicker emergency response. The 16-by-2 LCD panel serves as an interface for real-time monitoring, showing vital data like the system status and temperature reading that are necessary for on-site staff to evaluate the situation and make defensible judgements. A holistic approach to fire safety is embodied by this Arduino-based fire alarm detection and control system, which stands out for its combination of digital alert systems with instantaneous physical response mechanisms. It decreases the window of opportunity for potential damage and improves the safety of people and property in a variety of scenarios by automating the detection, alert, and initial mitigation processes. The design of the system takes into account how quickly fires spread, guaranteeing prompt and effective actions that could mean the difference between a little incident and a disastrous one. Its popularity is attributed to its advanced technology as well as its practical application, simplicity of installation, and user-friendly interface, which make it a scalable solution for use in offices, homes, and other settings.
This paper has been proposed by Cecile Zachlod [4] et al. Building on the creative strategy for fire safety previously mentioned, this smart fire alarm system combines cutting-edge materials science with IoT (Internet of Things) capabilities to mark a substantial advancement in early fire detection technology. Graphene oxide (GO) and MXene are added to provide a novel fast-response mechanism that acts in the event of a fire, in addition to ensuring great sensitivity to temperature fluctuations. This is especially important in areas where the presence of highly flammable materials increases the risk of fire. At 250 °C, the system's fast response time of under 2 seconds highlights its potential to save lives and limit significant property damage by issuing early warnings. The ability of the smart sensor to function with wireless communication interfaces creates opportunities for system integration into larger safety networks. IoT technology makes it possible to virtually instantly notify emergency agencies in addition to warning building occupants. By using such state-of-the-art materials, the alarm can be discreetly used until it's needed, allowing it to blend in with a variety of settings without sacrificing aesthetics or requiring major adjustments. Furthermore, the system's versatility goes beyond uses in homes. Its design can be adjusted for usage in offices, warehouses, and industrial environments where early fire detection is essential to reducing the risk to people and property. The idea of "smart wallpaper" combines style and utility to provide comfort without being intrusive or taking away from the interior decor. This innovative fire alarm sensor also emphasises how environmentally friendly and sustainable technologies are becoming more and more important when designing safety equipment. In addition to improving the sensor's environmental friendliness, using flame-retardant cellulose paper as the base material encourages the employment of green technologies in vital safety applications. As this technology develops, it may open the door to more complete safety systems that combine alert, suppression, and detection features into one effective, eco-friendly package. This smart fire alarm system has promise not only for its immediate use but also for its ability to spur additional advancements in the field of fire protection.
This paper was proposed by Ziad Ismail [5] et al. The purpose of this article is to review the literature on how building fire protection systems are affected by the adequacy of fire alarm installations, fire detectors, and portable fire extinguishers. It takes prior research to either support or refute the new theory. Based on the research, it was discovered that installing fire safety equipment to the appropriate level is crucial to boosting the system's efficacy. To identify fires as soon as possible and to offer a prompt and appropriate response to treat the incident, proper portable fire extinguishers, fire alarms, and detectors are needed. To guarantee the best possible system operation, fire prevention equipment must also be properly maintained. The article's findings demonstrate that the fire protection system is impacted by the following factors: 1) the suitability level of the installation of the fire alarm; 2) the suitability level of the installation of the fire detector; and 3) the suitability level of the installation of the portable fire extinguisher. By installing fire safety equipment in buildings more appropriately, you may minimise the risk of fire and maximise the effectiveness of the system. A system known as "occupational health and safety" is put in place at a business or organisation to safeguard employees' comfort, safety, and health from potential hazards related to their job. Moreover, occupational health and safety seek to guarantee that the organisation or agency in question complies with all relevant legal obligations as well as established occupational safety and health standards. A corporation can implement Occupational Health and Safety by determining the risks of work-related accidents, putting in place risk prevention and control measures, and keeping an eye on and assessing how successfully these are being implemented. It is envisaged that implementing effective occupational health and safety will lower the likelihood of work accidents, boost production, and guarantee worker wellbeing.
Indoor areas employ fire-fighting robots to identify and put out fires. Robots that tackle fires now employ sensors like flame sensors to detect flames. Using sensors has the drawback of not being able to detect fires beyond a certain distance. Artificial intelligence algorithms provide a wider range detection of fire. A machine-learning algorithm called the Haar Cascade Classifier was first applied to object detection. The accuracy of the findings produced by the Haar Cascade Classifier was lacking, particularly when detecting several fires. To increase accuracy, the fire detection model was then trained using transfer learning from a pretrained YOLOv3 model. The advantages and disadvantages of deep learning over machine learning for object detection are emphasised. This study also discusses the algorithm used to determine the target point that the robot needs to move in order to employ bounding box coordinates. 
III. VISUAL FIRE ALARM SYSTEM: LEVERAGING OPENCV FOR DETECTION

A. METHODOLOGY
The suggested solution uses Open CV to integrate live camera feeds and identify fire alarms in real-time video streams. By utilising many modules such as pre-processing, live camera integration, and Open CV fire alarm detection, the system effectively examines video frames to pinpoint possible areas that resemble fires. It identifies areas that resemble fire based on their unique colour features by applying thresholding algorithms and translating frames to the HSV colour space. By employing sophisticated image processing methods including contour detection and shape analysis, the system recognises fire alarms inside of divided areas with precision, guaranteeing reliable detection under a range of environmental circumstances. This strategy seeks to give a dependable way for early fire alarm detection, with great potential for improving safety precautions and expediting the response to fire accidents in a variety of contexts.
B. MODULES DESCRIPTION

1. LIVE CAMERA INTEGRATION
 This module handles the system's integration of live camera feeds. It connects to the camera equipment and sends live video frames to the modules that come after it for evaluation. The module takes care of things like setting up the camera, taking real-time video frames, and effectively running the streaming process. 

2. PRE-PROCESSING
To improve the quality and suitability for fire alarm detection, incoming video frames from the live camera feed undergo pre-processing procedures in this module. One of these activities is the conversion of frames to the HSV (Hue, Saturation, Value) colour space. This allows for the isolation of areas that resemble fire by virtue of their unique colour attributes. In addition, the image is segmented and possible fire-like regions are extracted from the backdrop using thresholding algorithms. 

3.  OPENCV FIRE ALARM DETECTION
This module looks for fire alarms in the pre-processed video frames by using Open CV, a potent computer vision library. It uses sophisticated image processing methods, like shape analysis and contour identification, to find possible fire alarm indicators inside the divided areas. The module's ability to identify particular visual patterns or traits linked to fire alarms allows for dependable detection even under a variety of environmental circumstances.
             [image: ] 
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IV RESULT AND DISCUSSION
The efficacy of the suggested system in detecting fire alarms in real time is demonstrated by the examination of its results. When it comes to identifying fire alarms from live video streams, the system continuously demonstrates excellent accuracy and dependability thanks to extensive testing conducted in a variety of settings and scenarios. Accurate identification of fire-like regions is made possible by the combination of Open CV with sophisticated image processing algorithms, and pre-processing processes greatly minimise false alarms. Additionally, the system's quick detection of fire alarms enables timely reactions, which may reduce damage and guarantee occupant safety. Overall, the findings confirm that the system may function as a trustworthy instrument for safety and fire monitoring systems, providing critical assistance in reducing the risks and hazards associated with fires.

	Algorithm
	Accuracy

	YOLO V3
	75

	OPEN CV
	92


Fig.2 COMPARISON TABLE

Fig.3 COMPARISON GRAPH

V. CONCLUSION
In summary, the suggested system, which makes use of live camera integration and OpenCV-based image processing techniques, offers a reliable solution for real-time fire alarm detection. After extensive testing and analysis, the technology shows that it can reliably and accurately recognise fire alarms from video streams. With the help of sophisticated algorithms for fire alarm detection and efficient pre-processing of video frames, the system offers a dependable way to identify any fire threats early on. This has a great deal of potential to improve safety protocols and speed up the response time to fire events in different settings. The system's quick detection of fire alarms makes it an invaluable tool for safety and fire monitoring systems, ultimately assisting in the reduction of fire-related hazards and the preservation of people and property.

VI. FUTURE WORK
To improve its capacity for thorough fire hazard monitoring, the suggested system may be expanded in the future to include new features like object recognition and smoke detection. The incorporation of machine learning algorithms into the system may enhance its capacity to adjust to varying environmental circumstances and gradually enhance the precision os detection. Furthermore, investigating the system's implementation on edge computing platforms might improve its scalability and allow deployment in resource-constrained contexts. In addition, working with fire safety specialists and carrying out field testing may yield insightful information that will help improve the system's functionality and guarantee that it can be used in real-world situations. In general, the goal of upcoming initiatives is to consistently improve the system in order to handle new fire safety issues and increase its efficiency in reducing the risks associated with fires.
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