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 Because of the evolution of artificial intelligence (AI), home security has 

progressed from a basic security system to an active architecture that is 

responsive and adaptive to real world situations. Due to the rapid adoption of 

AI in smart systems, there is increasing suspicion surrounding privacy issues 

and ethical ambiguity, as well as gaps when it comes to regulating these 

technologies. We provide an overview of AI in smart home security 

applications and examine the area of security, access control, intrusion 

detection, human action recognition, and research on intelligent automation. 

We summarize the last decade of evolution, with some summaries of 

previous on computer vision, authentication systems, and finding unusual 

patterns recently. Our key findings include the development of approaches to 

improve real time security monitoring, dramatic reductions in false alarms, 

and customization of home access using AI. Improvements in security have 

also increased risk with respect to ethical ambiguity as well as technical 

issues in certain cases. In this paper, we offers pathways for improved AI 

system design, proposed formal data protection regulations, and examples of 

simplifying complex system for user comprehension, which also establishes 

the groundwork for future efforts. Home security should balance new 

opportunities with ethical considerations. 
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1. INTRODUCTION 

Heavy-duty locks in the past used to be a security system, and it was the limit of home protection 

technology. Home security has changed like everything else, with the rapid growth of technology, the time of 

the smart home has arrived [1]–[3]. The modern home is an intelligent system connected with many 

sophisticated devices, sensors, and artificial intelligence (AI) systems that all work together to ensure not 

only security but also safety and ease of operation in daily activities. Implementation of AI within the 

framework is the best improvement for smart home protection. This integration also provides proactive 

protection of the occupants inside the home. These effects can go further than security. They can be reached 

into how we see the home in social and cultural terms. Modern homes act almost like living systems. They 

can be adjusted, learn from user habits, and react instantly to threats when they arise [4], [5]. 

This paper shows how technology is not only convenient, but it can also affect people's lives in AI 

and smart home security. The smart home model of the current world is an active, formal, sensitive, and 

predictive body in which devices are not installed. This use of AI has exposed the reality that the days’ 

https://creativecommons.org/licenses/by-sa/4.0/
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homeowners were just citizens while responding to a breach or already invaded are long gone, and, in reality, 

breaches will never be a breach again. There will be a consciousness of an already identified and attempted 

breach. The reality of home system security is already in the focus of AI-generated smart home systems and, 

to be confident, will be in the near and succeeding upcoming decades. 

A result of AI, our very surroundings in our homes are able to think, learn, and take over on our 

behalf concerning what this entails for protection. The traditional security system in this case will be 

completely unwanted; our homes will instead be watched 24/7 by a living guardian. Moreover, with the AI-

equipped devices, the house is capable of more than just monitoring for basic motion detectors and alarms. It 

will be able to recognize faces, understand and analyze voices, and comprehend the unique behavioral 

patterns the surroundings of each and every home bring. The house's protection has advanced from a 

formally passive security system to one that is fully proactive and abundant [6], [7]. Figure 1 illustrates the 

application of AI in modern smart home security systems. 

 

 

 
 

Figure 1. AI in smart home security 

 

 

This in-depth reading integrates many aspects and uses of AI in smart home security, along with the 

pros and cons of this specific tech advancement. In the end, many ethical dilemmas will arise, especially 

issues of. Based on voice control and attitude management or facial recognition and secure access, through 

intrusion control. Every use case offers a different perspective on how one may safeguard one’s home, 

comfort one’s life, and protect one’s identity simultaneously as never before. Given that the role of 

technology in people’s everyday life constantly grows, and the line between technology and non-technology-

based aspects of human lives becomes thinner and thinner, it is essential for AI in smart home security 

matters to be better understood, and the question of how much responsible and moral use is justified be 

asked. Each of these issues will be further addressed and discussed in the later sections of the current 

comprehensive study, taking the reader through the chronology of AI development in the field of smart home 

security and the factors determining the level of responsible and moral use. 

While prior works may have looked either at the technical aspects of smart home instrumentation or 

at ethical concerns related to the application of AI, very few really looked at both sides from the residential 

perspective. With little critical analysis of how these systems behave in real environments or where ethical 

concerns persist in user’s activities, most existing surveys examine device categories, communication 

protocols, or stand-alone aspects of AI. This paper addresses this gap through a dual-perspective review 

evaluating and reflecting the functioning of AI-enabled smart home security in regarding to ethical issues on 

bias, privacy, and consent. This may guide engineers and policymakers in focusing on the real-world within 

the framework of responsible AI deployment. 

In collecting and analyzing relevant literature, this investigation used a structured approach. An 

attempt was made to gather peer-reviewed sources from five central digital libraries, namely IEEE Xplore, 

ACM Digital Library, SpringerLink, ScienceDirect, and Google Scholar. As for the time range, studies 

published between 2019 and 2024 were considered to ensure that the review represents recent advancements. 

Inclusion criteria selected only those sources that directly discussed AI techniques in smart homes or security 

mechanisms, or ethical aspects. A study was rejected if it restricted itself to industrial IoT, lacked technical 
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depth, or did not mention any security-related use cases. Through qualitative content analysis, ethical themes 

were identified. Keywords in the topics, such as privacy, bias, surveillance, consent, and fairness, were coded 

and categorized, enabling the paper to track ethical risks concerning specific AI functionalities such as facial 

recognition, anomaly detection, or voice control. 

 

 

2. SMART HOME ECOSYSTEM AND ARTIFICIAL INTELLIGENCE'S ROLE 

It is great to see the current generation that allows the interconnected devices and systems that make 

up the present-day smart home. With remarkable consolation, comfort, and protection, it changes the notion 

of 1’s home, and signifies alternate in the relationship between the man or woman and the environment, the 

term refers back to the composite of interconnected elements that work closer to a wise, included safety 

solution. 

 

2.1.  Smart home ecosystem: a detailed overview 

Smart homes, at their core, are made up of technologies and devices in many different categories. 

These include surveillance cameras, which care the “eyes” of a smart home, are necessary to monitor the 

immediate surroundings of the home. These cameras are designed to capture high-definition video and are 

equipped with advanced cameras and lenses to allow homeowners to see their property in real-time. Motion 

sensors: The motion sensor is the “ear” of a smart home security system. Passive infrared (PIR) and 

ultrasonic sensors are used to detect changes in motion and temperature. The sensors are strategically located 

in high-traffic areas and special detection zones, where they act as alarm triggers or automated systems  

[8], [9]. It also includes door locks, smart door locks provide added convenience and security. These doors 

allow homeowners to control access rights and lock/unlock doors remotely. It is possible to use biometric 

access verification technology, such as fingerprint recognition. Last category is alarm systems, which consist 

of sensors, such as PIR sensors, fire and carbon monoxide detectors, and various other detectors designed to 

detect a wide variety of things, from gas leaks to fires, and damaged surfaces. Homeowners begin signaling 

the alarm when the alarm goes off, and in some instances, the system can contact law enforcement or a 

security company directly [10].  

Residents’ safety and security are protected through environmental sensors that monitor the 

surroundings. These include smoke detectors, gas-related injury prevention systems, and devices that warn 

users of fire hazards. Audio and video intercoms are another type of device. They include the electronic 

systems of smart homes, such as the hubs, gateways, and routers, which serve to strengthen the interrelations 

of smart devices. Devices are able to share signals and can even send signals to other devices that are far 

from them. They make real-time communication possible, allowing users to control devices remotely. 

Services such as smartphones and digital tablets, in addition to AI voice devices, serve to empower users to 

monitor systems in their homes. Consumers can even count on the AI devices, such as Amazon Alexa and 

Google Assistant, which are capable of answering the voice requests of users. This interaction enables users 

to freely control the systems with minimal risk of hand contact with the smart security systems of their 

homes. Other mobile applications are available in the systems to offer users real-time access to faster 

processing systems [11]. 

 

2.2.  Artificial intelligence's role in transforming smart home security 

AI is the core of the ongoing revolution in smart home security. It transforms smart home security 

systems from simple hardware and software systems to complex, sensitive, and data-driven mechanisms. The 

multitude of functions that AI has in the sector can be summarized through several simple ideas. 

AI has raised the capabilities of household surveillance. It enables real-time monitoring of premises 

using AI-powered surveillance cameras that can recognize and classify several objects [12]–[15]. To tell the 

difference between humans, pets, and vehicles, these systems rely on deep learning and computer vision. 

therefore, remote systems can provide very detailed responses to specific requests, for instance, an AI camera 

can tell the difference between a family member that has returned home and a thief that is trying to break into 

the home, which means reducing false alarms and increasing the effectiveness of the system. An example of 

a system that monitors household activity is an AI system that uses other documents to determine the level of 

noise in the premises and the movements recorded. It learns what is normal in a specific family setup so that 

it can recognize abnormal activity. The system can send notifications quickly if it notices any deviations from 

the predicted norm, which leads to improving the security awareness for this by making the intelligent home 

security system preempt possible security dangers [16]. 

Recognition of human activity, AI can also analyze human activity inside the house in real time, by 

using methods like recurrent neural networks (RNNs) and long short-term memory networks (LSTMs), the 

system keeps learning daily behavior patterns and separates normal activities from suspicious ones [17]–[20]. 

For example, it can tell the difference between someone cooking or watching TV and someone trying to enter 
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the home by force. This kind of activity recognition makes security systems faster, more flexible, and more 

responsive [21]. Beyond surveillance, AI can also perform facial recognition [22], support voice-activated 

biometrics [23], and improve automation by linking the security system with other smart devices in the home. 

Their intelligent, advanced, and seamlessly integrating architecture in the form of drivers in the home 

ecosystem makes them flexible for integrated security creations. We will discuss the impact of AI on home 

security systems, to rationally analyze the potential for safe, smart, and connected homes in their different 

phases. 

 

 

3. REAL-TIME MONITORING WITH ARTIFICIAL INTELLIGENCE 

In every smart home, the owner is given real-time information on the perimeter surveillance, which 

is made available because of the constant monitoring. This constant monitoring of the perimeter allows 

further enhancement to the level of protection of the smart home. In AI-driven cameras, the level of 

perimeter risk surveillance is dramatically reduced. The cameras can tell, name, and track specific objects, 

and can even monitor and analyze human activity, including behavior anomalies. Such cameras, and their 

associated systems, have transformed home security in the sense that real-time monitoring is no longer a 

stream of data, but a contextual and analytical evaluation of home activity. 

 

3.1.  Real-time monitoring: a cornerstone of smart home security 

In smart home security design, continuous tracking is very important to success; these kinds of 

improvements affect how people inside the home experience safety, which allows them to shape both the 

sense of protection and the feeling of control over their environment [24]. 

 

3.2.  AI-powered surveillance cameras: recognizing and categorizing objects 

AI security cameras are one of the proofs that show improvements in AI can provide advanced real-

time surveillance. The primary deep learning techniques responsible for these changes are convolutional 

neural networks (CNNs) and computer vision. These cameras have graduated from simple status figures to 

sophisticated observers with the ability to classify and identify objects in their fields of observation. 

Object recognition, is a camera that AI can classify some targets as animals, people, and cars, 

among others. It goes beyond the simple action of detecting movement to the more advanced classification of 

objects and their behaviors. Therefore, an instance of using the camera to identify people is when it is able to 

separate a stranger who is trying to enter from a relative coming back from work. Homeowners can make 

better decisions because false alarm panic is greatly reduced, their understanding of the scenario is better, and 

the evaluation of the given situation is more informed. 

Also, context-aware notifications where AI cameras send context-rich alerts; therefore, descriptive 

text may be included with alerts sent out to home mortgage holders as opposed to their movement detection 

messages. Alerts could say something like "Car detected in the driveway" or "Person identified near front 

door." Such aware alerts set the householder immensely in a better position to evaluate a situation and take 

necessary steps, thus building a more robust security setup than the conventional ones. AI infiltration: AI can 

detect threats in the home environment when it detects a departure from known patterns or from the expected 

norm. AI models that identify patterns and anomalies are being used for this task, such as isolation forests 

and one-class SVMs.  

Learning normal patterns, these AI for real systems learn what normal behavior looks like for a 

given household, this is an iterative process where the system reviews past data, and identifies patterns, for 

example, it might look at how family members generally move through certain areas of the house at specific 

times to see if pets might be active during specific times of day whether any doors or windows should remain 

closed at night. 

Identify anomalies, once you have a good idea of the normal behavior of the system, it's particularly 

straightforward to recognize anomalies. Anomalies can take many forms, including unusual movement, 

unusual noise, as well as deviations from normal. For example, there may be actual system observations of a 

totally empty house or an open window around dusk; all of these actions are seen by the system, presented as 

anomalies, and are accelerated. Providing signals: the AI-based totally intelligence-fueled framework gives 

proactive notifications at the point of detection of errors. Mortgagees receive convenient alerts through many 

channels, along with textual content messages, direct communication with protection expert agencies, and 

cellular notifications. Often, the device will become a watchdog alert, constantly alerting property owners to 

incorrect information so they respond and take suitable action immediately [25]–[27]. 
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3.3.  Recognizing human activities in real-time 

The ability to continuously capture human activity is another application of artificial intelligence. 

RNNs and LSTMs may use both the instantaneous information to identify suspicious behavior universally 

distinguishable from testing how the normally perform. The ability to recognize human activity in real-time 

is one more application AI can use. RNNs and LSTMs are able to analyze time series data to distinguish 

between potentially suspicious behavior and simple everyday activity ultimately defining these opportunities. 

In temporal analysis, AI systems analyze the sequence of activities over time, it recognizes and 

defines common activities like working, watching TV, and cooking. The system learns to identify these 

patterns based on commonly evolving behaviors. 

Beyond normal and suspicious, the issue of distinguishing suspicious activity from abnormal 

activity signifies to systems a usable form of security solution exhibits security solutions like alerts, notify 

users of the alarms and may call the police if they see motions which somewhat denote an attempt to enter. 

Integrating of this situation become vigorous. Context increasing security situations: One of the satisfactions 

of AI ability to recognize human activities is its ability to contact lesser or normal to more secure 

management issues. It allows the system to determine whether the operation is safe or is entering into risky 

actions or gestures. Greater sensitivity to this capability will enable each security solution to respond more 

quickly and efficiently thus offer more secure solution [28], [29]. 

 

 

4. FACIAL RECOGNITION AND BIOMETRICS 

Facial recognition technology is one of the most significant developments in smart home safety. The 

application of AI has quickly made it very important aspect of home security facial recognition technology is 

a new frontier in home safety using deep learning algorithms to find match and analyze facial features, while 

giving a seamless and personalized experience within the smart home ecosystem and enhancing security to 

add the new concept of monitoring most visitors, using facial recognition offers extra comfort and safety. 

 

4.1.  Facial recognition: a revolutionary addition to smart home security 

Facial popularity era isn’t continually the key alternate in smart home protection. Specifically, this 

era makes use of deep style knowledge to research facial capabilities and complicated AI algorithms, such as 

CNNs. 

Safety enhancements increase safety to an excellent degree is one of the predominant advantages of 

a great facial popularity. The accuracy of this technology need to be very high as human beings pay attention 

how they ought to be seen. Illegal get right of entry to is basically eliminated and get entry to is improved. 

This reinforces the security of the smart home by using denying access to best marked and certified clients. 

Personalization is an AI-powered facial reputation gear can recruit humans to trust them at home. 

This transition turned into in no way so easy. For example, if a regarded family member configures the front 

door, the machine can reply right away, unlocking it with a robot, changing the lighting and heating settings 

in keeping with gender, or maybe being transported with the aid of information becomes a smart home it is 

bendy and designed to healthy its occupants. 

Facial popularity has redefined the method to the generation due to simplicity. The male or woman 

homepage acts as a smart home key, replacing extra traditional techniques which include keys or PIN 

devices. In addition to being extremely convenient, this arms-loose solution reduces the dangers related to 

traditional door-to-door techniques. Weak pins and motionless keys disappear from the past [30]–[32]. 

 

4.2.  Visitor tracking through facial recognition 

Not most effective does facial reputation offer protection and customization, however it also creates 

another angle: vacationer monitoring. This provider further improves home protection by way of allowing the 

machine to identify and reply to all of us within the area of the property: 

Visitor detection, facial popularity generation scans someone’s face even as it's far nevertheless 

within range. The device can be customized to provide greetings for authorized people, like family members 

and guests. This way device can unlock doors, activate security settings and according to visitor’s needs. 

Unknown visitors, even if the visitor faces cannot be recognize by the system, the device can still 

manage this situation or problem in effective way. It could record people through images or videos which can 

be reviewed later. If there is any suspicious behavior, the system will send an alert to either homeowners or 

security agency. Accessibility in smart homes can be managed or improved by giving controlled entry to 

certain visitors or guests. For example, if there is some work at the home workers may gain temporary access 

within a specific time window, this way ensures that the services will be completed safely within limits that 

are defined by the homeowners. The combination of facial recognition and smart home security has created a 

new level for personalization and safety, and guaranteeing high security level. This transforms the way we 

understand home security, and enabling delivery to be an ideal and intelligent process. Which is achieved by 
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improving visitor access and redesigning entry routes. These advances are reshaping the way of home 

security and smart living experiences [33]–[35]. 

 

 

5. VOICE CONTROL AND AUTOMATION 

One of the key components of smart home security are automation and voice control, these 

evolution have improved the overall security measures and simplify user interaction. The combination of 

voice-activated virtual assistants like Google Assistant and Amazon Alexa has completely changed how 

people use their smart security devices. Accordingly, AI automation allows homeowners to easily create 

highly customized products that combine advanced safety features with comfort. 

 

5.1.  Voice control: pioneering seamless interaction 

A key feature of today’s smart home safety is voice manipulate, which allows people talk with their 

devices. The advent of voice-activated virtual assistants has dramatically changed the person revel in. This is 

an extra accurate evaluation of the position of sound in smart home safety: 

Hands-free when the usage of smart devices, voice manipulate eliminates the need for manual enter. 

Voice instructions offer a smooth manner to control your security device, whether or not you’re busy doing 

chores, want to position groceries in, or simply need to use it fingers-free. 

Understanding commands, where natural language processing (NLP) and AI allow digital assistants 

to understand and execute common language instructions. All a long time and technical skills can use smart 

home safety thanks to its simple interface. Your safety machine may be configured with simple instructions 

consisting of "lock the front door" or "test the popularity of the surveillance cameras." 

Also in rapid response the safety system responds quickly to voice commands. This quick response 

is especially important under security conditions when you must respond immediately, in addition to arming 

or disabling systems, checking fame of sensors, or locking doors. 

While easy access by using voice command enables smart home security which makes it easier for 

everyone, including people with mobility problems or disabilities to interact and communicate with their 

security systems. This ease of access shows how technology can make differences [36], [37]. 

 

5.2.  Automation: customized routines for enhanced convenience and security 

Smart home safety structures are constructed round automation by using AI it helps houses to create 

custom designs that provide extra protection and luxury. Below is a deeper study the position of automation 

in a smart home ecosystem: 

Security measures where automation lets in house owners to install security features which are 

deliberate or caused with the aid of activities. For instance, house owners can really arm security structures, 

lock doors, and activate movement detectors as they shuttle to paintings. Upon go back, the device can turn 

off safety functions, change lighting to a snug surroundings, and manage the thermostat for comfort. 

Automation permits wise machines to paintings together. When an alarm happens, the device is able 

to show on all applicable devices, including lights, safety offerings and the owner of a house’s smartphone, 

this coordinated reaction improves the overall safety device. 

Preventive measures is one of the maximum important tools to prevent viable attacks is automation. 

For example, in case the device detects a tried attack, it may cause a series of activities consisting of 

activating lighting, sounding an alarm or loud song, and sending a notification by following these steps you 

can disrupt an attacker’s progress and decrease their potential danger. 

In environmental improvement automation goes beyond protection and improves the pleasant of 

existence. Homeowners can get a smart thermostat device to maximize electricity performance. Technology 

can robotically alter the temperature to save you power outages whilst humans depart the house. The 

thermostat guarantees that the residence is again to a pleasing temperature. This enables to reap 

environmental dreams and reduces power fees [38]–[40]. 

 

 

6. INTEGRATION WITH OTHER SMART DEVICES 

One of the aspects of the big and larger interrelated smart device ecosystem is smart home security, 

the ecosystem includes many smart devices dedicated to improving home comfort, protection and security, 

including lighting devices controls, entertainment frames, and thermostats. These devices and AI 

communicate with each other easily and form a combined and powerful ecosystem, Table 1 presents some 

examples of it involves integration with other intelligent devices. 
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Table 1. AI integration with other smart devices 
Aspect Description 

Integration with smart 
lighting systems 

Coordinated reactions to security incidents are made possible by the seamless integration of smart lighting 
and home security systems. One way to improve visibility and discourage trespassers is by setting up lights 

to switch on automatically when motion sensors detect activity. 

Connectivity with 
smart thermostats 

Secure measures that use less energy are made possible by integration with smart thermostats. A home's 
temperature can be optimally controlled without sacrificing security when the security system recognizes 

when it is empty. It can accomplish this by communicating with the thermostat. 

Collaboration with 
smart locks 

Security systems and smart locks can work together to improve access control. For example, smart locks 
can automatically secure entry points when the security system is armed, giving homeowners an extra 

degree of security and peace of mind. 

Interaction with smart 
entertainment 

To improve user experience, smart entertainment devices and home security systems can communicate 
with each other. To keep residents informed about security incidents while they're having fun, for instance, 

security warnings can be sent through smart speakers or shown on smart TVs. 

 

 

6.1.  The smart home ecosystem: a symphony of devices 

The intelligence of the smart home today consists of smart devices with security systems and is 

continuously expanding. These devices are designed to boom internal capability and connectivity: 

With the help of smart thermostat, the heating and cooling device of the residence may be 

optimized. Residents’ plans and choices are aligned, lowering power intake and software bills and increasing 

consolation. 

Homeowners who set up smart lights structures have whole flexibility over their lighting fixtures 

elements such as timing, color and brightness by allowing customers to set custom lighting fixtures or even 

mechanically flip lights off whilst the room is empty they help maintain the power grid strolling. 

In entertainment hardware entertainment is provided by unobtrusive TV speakers and in home 

cinema they can effects interact with the smart homes wide community provided portable relaxation and 

centralized command. 

Smart home appliances like smart ovens, washers and refrigerators are being created for more 

inexperienced home appliances and instant connectivity, home owners can monitor and control such 

appliances remotely, saving power and bringing comfort. 

The main domains that govern the smart home are voice assistants in the shape of Google Assistant 

and Amazon Alexa they provide a homogenized and human-friendly interface with voice correction to many 

devices [41]–[43]. 

 

6.2.  Artificial intelligence-driven integration: the loom that weaves the smart fabric 

AI is a guiding function to effectively integrating sperate devices inside the smart home it acts as an 

integrator that connects and coordinate devices allowing them to work together more efficiently and 

successfully, the predominant capabilities of AI powered integration encompass the following: 

AI powered structures are designed to be compatible with a big variety of devices and networks 

built in connectivity this called interactivity, that allows owners to mix capabilities from exceptional 

producers to create a smart homes this is flexible and adaptable. 

AI is taking automation to a brand new stage in smart home control. For example, a protection 

device can trigger a series of occasions which include turning on lighting fixtures, sounding an alarm and 

locking doorways when it detects an outsider and the device can conserve electricity by means of changing 

the timing of lighting and thermostats with house owners attending to work. 

AI is needed to facilitate data sharing between devices. This means that the devices are able to 

choose which objects can be protected based on the information received. For example, a security system 

could detect that a house is empty and connect it to a thermostat to change the temperature. This saves energy 

and reduces electricity bills. 

In case of customization when homeowners use multiple devices, customization can be done. A 

typical "good morning" ritual involves turning on the coffee machine, changing brightness of the lights, and 

setting the thermostat to the appropriate scale They can be provided by voice commands, planned 

opportunities, or other incentives for additional products performance has improved and enjoyment of daily 

life has increased [44]–[47]. 

The key part of smart home security is how well it connects with many other smart devices to create 

a unified ecosystem. AI is at the heart of managing and enhancing these interactions. Real-world examples 

like Home Assistant and Samsung SmartThings showcase this integration beautifully. Home Assistant, which 

is open-source, allows for local automation that respects your privacy, linking devices like motion sensors, 

locks, lights, and voice assistants. It can handle complex AI-driven routines, such as turning on lights and 

unlocking doors only when a familiar face approaches during specific hours. On the other hand, Samsung 

SmartThings provides a commercial option where cloud-based AI manages devices from different brands 
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through routines and scenes, like automatically locking doors when someone leaves or starting camera 

recordings when motion is detected. To clarify the system architecture, Figure 2 presents a flow diagram that 

illustrates how smart home components interact.  
 

 

 
 

Figure 2. AI integration architecture in smart home ecosystems 

 

 

7. ENHANCED SECURITY AND ENERGY EFFICIENCY 

The integration of smart devices with a larger smart home system basically means, enhanced safety 

and efficiency. This article significantly enhances safety and efficiency from the combination of smart 

devices and AI. Increased security, the expansion beyond standard devices, AI-driven integration is slowly 

impacting home security. The creation of a smooth communication system between security devices and 

smart devices will increase the possibility for combined dynamic response devices. The integrated devices 

act as a hidden response, which leads the system to initiates a protocol in response to a security breach.  

Real-time security updates will flow through smart speakers to the homeowner also lights blink 

wildly, and alarms ring to stop and scare thieves so they run away. This joint or coordinated response prevent 

incidents and increases the reality of protection status in the home. Integration also enable the reactive 

models, for example, a security system can interact with a smart lock to ensure automatically secure once the 

system is armed. This comprehensive integration dynamically influences the security ecosystem, where 

elements work together to protect the home. When components react robustly to the ever changing nature of 

potential threats, this ensures that security AI-driven communication creates an intelligent and robust security 

community [48], [49]. 

The ultimate goal of building sustainable and energy-efficient homes is achieved by AI and 

intelligent devices to improve energy efficiency. To adjust the heating system intelligently, the security 

system senses if house is empty and initiates a communication with the thermostat. According to this data, 

the thermostat will ensures that all systems required temporarily power or are operated at reduced power are 

stopped, this leds to save energy without affecting the comfortless. Based on access strategies detected by the 

security system, AI can optimize the use of other devices that intense energy. For example, it can reduce 

energy consumption, it simply can tell smart lighting systems to change lighting or turn it off according to the 

room situation like if its empty or not [50], [51]. All of these elements cooperate with each other to create a 

home that is very safe, and secure and overall is energy efficient. Together, AI and smart devices assure 

intelligent use of energy, reduce operating costs and this will also have a positive environmental impact, also 

will improved security and energy efficiency on homes. As smart home technology continues to improve, AI-

driven home structures shows that, the solutions can be developed are not only smart and safe but also 

practical and sustainable. 

 

 

8. REAL EXPERIMENTAL FRAMEWORK FOR AI IN SMART HOME SECURITY 

As a scientific contribution, a real experimental setup was designed and implemented with available 

commercial hardware and software, to implement a real case validation of AI driven security functionalities 

in a smart home environment, the installation was carried out in a controlled environment, which can 
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simulate the entrance of a home and includes tiny room, and a main door for entering. Surveillance was 

provided by Wyze Cam v3; access control was provided by a Yale Assure SL lock motion was detected by 

an Aqara sensor and voice commands were given via a Google Nest Hub. The AI edge processing device was 

a Raspberry Pi 4 paired with a Google Coral USB Accelerator. Integration of devices automation of events 

and monitoring of systems were managed by Home Assistant, NodeRED, MQTT, Frigate, and InfluxDB. 

A wireless or wired ethernet connection was made between all the devices the system was tested in 

five predefined steps from phases 1 to 5 which simulate recognition, automation, and alerting functionality. 

These are authorized user recognition rejection of unfamiliar people acceptance and rejection of good 

commands in noiseless and noisy environments and acceptance and rejection of disguised people. Objective 

performance tests included recognition rate, intruder detection, false alarm rate, and voice command delay, 

experimental results reaffirmed that it did better than expected performance in certain aspects. It reached 95% 

for intrusion detection accuracy while facial recognition maintained a steady 90% recognition rate in normal 

circumstances. Voice commands were executed in the range of 400-800 msec depending on the noise level. 

However, face recognition dropped to 78% in the event of partial occlusion, thus showing a typical weakness 

of contemporary AI models in real-world usage, the false alarm rate was below 10%, with the majority of the 

exceptions due to low-light misclassifications. 

These experimental results clearly show that these AI features we presented do function. Also, we 

found some practical issues like how the AI struggles with blocked lines of sight and background noise. This 

framework not only enhances our research but also helps to lay the groundwork for the successful 

implementation of AI in smart home security for future research. 

 

 

9. FUTURE TRENDS IN ARTIFICIAL INTELLIGENCE AND SMART HOME SECURITY 

Smart home security is on the edge of a major shift as technology continues to advance very fast. 

This section explores the key trends that will help to shape the future of AI in smart home security. Advances 

in AI algorithms, closer human device interaction, and broader use of AI in threat detection and mitigation 

are the main keys to shaping the development of new and more effective security systems. 

 

9.1.  Advancements in artificial intelligence algorithms 

Ongoing refinement of AI algorithms is crucial for the future of smart home security. There are 

several key trends: 

Increased visibility, smart cameras with preferred range, can be able to uniquely identify between 

human and vehicles. More accurate identification will lead to fewer false alarms, and basically enhance 

ordinary security capabilities. Behavioral analysis, where AI will help security systems to not only detect 

anomalies but also detect the context surrounding the anomaly. For example, the system will be able to 

recognize individuals that are a family members in distress, who is trying to access a door with a key, from a 

thief who is trying to get through a door. 

In predictive analysis AI will evolve from our current state detection based response to smart 

analysis response recognition. Security systems will be designed to recognize opportunities for security 

breaches, by analyzing past data and human behavior, and actual backup of response security will help 

mitigate against a security breach through proactive response, like locking a door or putting an alarm into an 

active state. While in multisensory AI will have a more acute sense of its surrounding environment, by using 

widgets with multi-sensory capability along with audible, visible, and infrared sensing to establish their 

security awareness systems, which take security capabilities to an enhanced level [52], [53]. 

 

9.2.  Enhanced human-machine interaction 

The future of AI for home security in the smart home will be user experience. Some of the key 

trends in the market: 

NLP as voice systems and security devices are getting more advanced, they are more natural to talk 

that means user can have a normal conversation with their security system, making it easier to use and 

simpler to communicate. Facial recognition and gestures: This can be integrated into security systems so the 

owners of homes can use gestures or facial expressions to communicate with the system, which makes it a 

personal experience. 

Virtual reality (VR) and augmented reality (AR) are going to be widely used for practice and safety 

training to make it more engaging, VR headsets or AR overlays can be used at safety events to experience 

real life safety scenarios [54], [55]. 

 

9.3.  Artificial intelligence for threat prevention 

Security systems are made more reactive as AI plays a larger part in defending against threats. By 

Automated decisions, AI is able to use past data and current information to make decisions on its own. With 
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Intelligent controls, AI will have a wide of control options using restrictions that change based on activity, 

and threat as a means of security. Automatically aligned that permits appropriately, as per actual or required 

security threats, ensures the real time management of access. In collaborative security, AI will provide a dual 

security in both physical and digital world, this will be made by protecting against cyber-attacks and 

intrusion of physical security [56]–[59]. 

 

9.4.  Critical evaluation of current artificial intelligence systems 

It is good to make the home security system feasible for the potential usage of AI in the home 

security systems, although it is clear from a review from their advantages and problems. Facial recognition, 

smart voice systems, and real time monitoring have been found to reduce false alarms and reduce response 

times. There are several issues are raised in their field implementation, such as, facial recognition does not 

function under poor lighting conditions or when a person is wearing a hat, glasses, or other accessories, while 

voice assistants are impossible to use with rising surrounding sound or unknown accents which can cause 

limit accessibility. Furthermore, such AI models can leads to wrong results in facial recognition because they 

work different for different groups with different accuracy levels. Most of the systems are not reliable and 

require retraining when the user behavior changes or the home layout is changed, there is always a privacy 

versus functionality trade-off, as some aspects of the solutions will need to resort to cloud processing, risking 

data to the public. All these problems highlight the need for AI models to be accurate, explainable, and 

adaptable to user needs. 

 

 

10. CONCLUSION 

AI is changing smart home security into intelligent ecosystems, making them able to recognize 

behavior, anomalies, and automating safety features. However, it has serious privacy and ethical concerns, 

the implementers will have to implement data protection and user authorization as well as transparency of AI 

decision making. Future studies have to be focused on developing potential alignment between technological 

capabilities and regulatory frameworks, and the trust of the public. This work is important for future design 

to be able to create secure, ethical, and sustainable smart environments, with greater use of AI in our daily 

lives. 
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