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Abstract
The rapid technological advancements worldwide have intensified competition among companies, each striving to attract customers through various strategies. One of the most promising techniques emerging recently is Augmented Reality (AR). This innovative technology offers unique possibilities that other technologies struggle to deliver. Today, numerous AR applications are utilized across diverse industries and have gained global traction. AR is poised to transform how people perceive the world around them.
Currently, AR is still in the early stages of research and development at various universities and high-tech institutions. Over recent years, AR applications have become more portable and widely accessible on different devices. Moreover, AR is increasingly finding its place in audio-visual media and is being applied in various sectors, including news, sports, e-commerce, marketing, design, and business. Additionally, AR enhances the learning experience by allowing students to access location-specific information from multiple sources. This rapid growth and adoption of AR applications have intensified competition among organizations, each striving to win over customers. This paper presents a comprehensive study of AR, covering its history, architecture, applications, current challenges, and future trends.
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1. Introduction
Technological advancements significantly impact our lives and behavior. Augmented reality is transitioning from specialized industrial applications to mainstream technology. [1] Augmented Reality (AR) is a technology that overlays digital information onto the real world, enhancing our perception and interaction with it. It involves using devices like smart phones, tablets, or special AR glasses to project virtual elements, such as images, videos, or 3D models, onto the physical environment. It can be described as a new form of practice that enhances the real world with computer-generated content linked to specific locations and events. In other words, augmented reality allows digital content to be seamlessly integrated into our perceptions and understanding of the real world.[2] 
Augmented reality can be seen as a technology that creates a "next-generation, reality-based interface."[3] Despite the increasing research interest in Augmented Reality (AR), its definition remains somewhat elusive among researchers. Furthermore, AR can be realized through a variety of innovative technologies, including wearable computers, smartphones, and immersive devices.[4] 	
2. Historical Context and Development of AR Technologies
	
Augmented Reality (AR) is a technology that overlays digital information directly or indirectly onto the physical world, enhancing or augmenting our perception of reality. This information is generated by computers and seamlessly integrated into our environment. [5,6]
Milgram and Kishino[2] Mixed reality (MR) encompasses a spectrum of experiences, ranging from fully virtual environments to augmented reality (AR), where digital content is overlaid on the physical world. While virtual reality (VR) completely immerses users in a digital world, augmented virtuality (AV) combines real and virtual elements, allowing users to interact with both. In contrast, AR focuses on enhancing the real world with digital information, rather than replacing it. As shown in Figure 1. 			
Mixed Reality (MR)
			 

Real			Augmented	               Augmented			Virtual
Environment      	Reality (AR)  		Virtuality (AV)                          Environment 
	                               Figure 1. Reality-virtuality consecutive [5]
While the concept of augmenting reality with digital information has been explored in various forms throughout history, the modern development of AR technologies can be traced back to the mid-20th century. The availability of AR-enabled apps has surged dramatically, expanding beyond location-based search to encompass social networking, gaming, educational, lifestyle, and personal healthcare applications.[7] Figure 2 This timeline illustrates the historical development of augmented reality.










Figure 2: Augmented Reality throughout History 
Early Concepts and Experiments
· 1950s: Morton Heilig, a cinematographer, designed the Sensorama, a multi-sensory theater experience that included stereoscopic 3D visuals, sounds, smells, and tactile sensations. While not technically AR, it laid the groundwork for immersive experiences.
· 1960s: Ivan Sutherland, a computer scientist, created the "Sword of Damocles," a head-mounted display system that allowed users to see computer-generated graphics superimposed on the real world. This early device was heavy and cumbersome but demonstrated the potential of AR.
Technological Advancements (1990s)
· 1992: Louis Rosenberg created "Virtual Fixtures," an early AR system for the U.S. Air Force that allowed users to interact with virtual objects in a physical space.
· 1999: The term "Augmented Reality" gained traction, largely due to the work of researcher Hirokazu Kato, who developed ARToolKit, a pioneering software library for AR applications.
Commercialization and Expansion (2000s)
· 2000s: AR began to find its footing in commercial applications, especially in fields like medicine, education, and military training. Mobile devices started becoming powerful enough to handle AR applications.
· 2009: The launch of the first AR-enabled smartphone apps, like Layar, which used GPS and camera data to overlay information on the real world.
Current Trends and Future Directions (2020s)
· 2020s: AR continues to integrate with technologies like Artificial Intelligence (AI) and the Internet of Things (IoT), enhancing user experiences in various domains, from retail to remote collaboration.
· The rise of AR in industries such as real estate, healthcare, and manufacturing highlights its potential to improve efficiency and user engagement.
· Ongoing advancements in hardware, like more sophisticated smart glasses and headsets, are expected to drive further growth and adoption of AR technologies.
Cultural Impact and Challenges
· Cultural Adoption: AR has influenced gaming, marketing, and education, transforming how users interact with information and each other.
· Challenges: Privacy concerns, technical limitations, and the need for robust infrastructure pose ongoing challenges for widespread AR implementation.
3. Importance of AR in today's digital landscape
· Enhanced User Experience: AR provides immersive experiences that engage users more deeply than traditional media. This interactivity can lead to greater brand loyalty and customer satisfaction.
· Marketing and Advertising: Brands leverage AR to create unique campaigns, allowing customers to visualize products in their environment before purchasing. This can lead to increased conversion rates and reduced return rates.
· Education and Training: AR is transforming educational methods by providing interactive simulations that enhance learning. In fields like medicine and engineering, AR helps students practice skills in a risk-free environment.
· Remote Collaboration: As remote work becomes more common, AR tools facilitate collaboration by allowing teams to visualize and manipulate 3D models together, enhancing productivity and innovation.
· Gaming and Entertainment: The success of AR games, like Pokémon GO, shows how AR can create social experiences and drive engagement in entertainment, attracting a wide audience.
· Retail Transformation: AR in retail allows customers to try on clothes virtually or see how furniture fits in their homes, improving the shopping experience and boosting sales.
· Real-Time Information: AR overlays digital information onto the real world, providing users with immediate access to relevant data, whether for navigation, maintenance, or tourism.
· Healthcare Applications: AR assists in surgeries and diagnostics, offering real-time data overlays that help professionals make informed decisions during critical procedures.
4. Architecture of the Augmented Reality System
AR systems typically perform four key functions: Scene capture: Acquiring a real-world environment. Scene identification: Determining the specific elements within the scene. Information selection: Choosing the appropriate digital content to enhance the scene. Scene visualization: Rendering the augmented scene, combining real and virtual elements.[8,9] A more detailed breakdown of these tasks is as follows:
4.1 Scene Capture
Scene capture devices are physical components that capture the real-world environment for augmentation.One type of device is video-through, which captures the environment directly through a lens, similar to a video camera or smartphone.[9]. See-through devices overlay digital information directly onto the real-world view, often using head-mounted displays to provide a seamless experience.[9] 
4.2. Scene Identification Techniques
Scene identification involves categorizing and understanding different real-world scenarios. It's a crucial step in AR and can be achieved through two primary methods:
Marker-based: This technique relies on visual markers, such as tags or symbols, placed within the real-world scene. The AR system recognizes these markers to determine the location and orientation of the virtual content.[9] Figure 3 shown the example of marker
[image: ]
Figure 3. Example of Marker [10]
Non-marker-based AR systems utilize advanced technologies to identify scenes without relying on visual markers. For example, AR browsers can use location data and image recognition to provide contextually relevant information. Imagine using your AR browser to explore a city. By pointing your device at a restaurant, you can instantly access reviews, menus, and directions. As you move around, the browser can continuously provide information about nearby points of interest, such as shops, clinics, or attractions.[11]As shown in Figure 4.
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Figure 4: Example of non-marker [10]
4.3. Scene Processing
Once the AR system determines the position and orientation of a marker in the real world, it searches for the corresponding 3D virtual model associated with that marker.
4.4. Visualization Scene
At the end, the system produces the image of the projected 3D object and real space and passes on the scene image that mixes reality and virtuality in case using marker and present digital information when used non marker scene of identification techniques 
5. Current Challenges of Augmented Reality
The existing challenges facing augmented reality are outlined and categorized as follows:
5.1 Environment
There are certain perceptual issues related to the environment itself. These issues may lead to future problems due to the interaction between the environment and the augmentations.[12] The key challenges confronting the environment are as follows:
· Lighting and weather conditions present significant challenges. In outdoor environments, many features in natural images do not correspond to actual physical elements. Shadows created by objects obstructing light can cause corners and lines to appear and shift as lighting or weather changes. As a result, numerous outliers and discrepancies affect localization quality, regardless of the chosen algorithm[13].
· The color scheme and diversity of an environment can hinder overall perception and lead to significant issues when visualizing it. Furthermore, variations in lighting conditions can exacerbate problems related to the environment's color scheme. Finally, surfaces with high color variability can affect the reflectiveness of projected images in projector-camera systems.
5.2 Display Device
There are several technical issues related to the display device. These include: Camera quality and performance can suffer in poor lighting conditions, leading to decreased imaging capabilities of the sensors commonly found in devices. As a result, images may appear blurry, and colors can experience significant distortion.[13] Color fidelity in outdoor environments is regarded as a particularly challenging issue. Changes in external conditions have a greater impact on optical see-through displays compared to video see-through displays. In video see-through, both the real world and the overlays are presented within the same color gamut.[12] Despite the advancements in hardware, there are still significant challenges to overcome. Therefore, we conclude that we are not yet fully able to integrate AR as a standard feature on smartphones.
5.3 Content Management
Many current handheld AR systems are lacking in their ability to effectively integrate new content. In this generation, such systems are governed by a limited number of professional fields. Only application developers have the authority to add new content, accessible through the app's backend, as programming skills are required to connect existing systems to the data source. Regular users, including visitors and businesspeople in mobile AR systems, should be able to add their personal content with minimal technical effort. Additionally, these systems should include a user-generated feature that allows all users to easily combine content they've created from various sources into a cohesive handheld AR view.[14]
5.4 Users
User concerns pose challenges for AR, with location being a central element in any AR system.
6. Future Trends of Augmented Reality
AR is still in its early stages, which means its potential applications are limitless. Advanced research in AR envisions a future where interactions between individuals and information occur seamlessly, without the need for intermediary devices. As shown in Figure  22. The MIT Media Lab's "Sixth Sense" project is a leading example of AR research, while Parviz's contact lens proposal envisions an environment where information is visible only to the user.[5] Additionally, augmented reality offers a chance to substitute and enhance absent senses for individuals with impairments. For instance, AR can serve as an alternative sensory tool, providing visual signals for the hearing-impaired to help them catch missed auditory cues, while offering auditory signals to the visually impaired to guide them toward unseen visual events.[6] In the future, some AR applications may face challenges related to social acceptance, privacy issues, and ethical concerns.[6] 
Additionally, a limited number of studies have been conducted to assess the approval and usability of AR systems and innovations in manufacturing instructions and training, indicating a need for further investigation and research in the future. Nevertheless, many experts and researchers have highlighted the significant potential of AR in industrial and commercial sectors. This suggests that AR could expand into various fields such as manufacturing, services, government, and other industrial environments. In particular, there is a promising opportunity for AR in the occupational safety and health (OSH) sector. For example, AR could enhance safety inspections in power plants and oil refineries, provide OSH training for executives and staff in computer-generated 3D environments, and facilitate AR games and simulations focused on managing hazardous materials.[2]
Another app developed by Crowd Optic could lead to new advancements in augmented reality applications. This innovative technology allows fans at events like concerts or sports games to be highlighted in focus.[15]
 In the future, augmented reality will create opportunities for businesses and retailers to invest their resources in new AR fields. Researchers projected that the total revenue from augmented reality applications would reach $5,155.92 million by 2016.[16] Total mobile AR revenues from 2012 to 2017 are expected to reach $5.2 billion on mobile devices, distributed across various application categories.[17]
7. Conclusion
Augmented reality has been recognized as a capability that has existed for years. While it remains in its early stages, the potential applications are limitless. Numerous AR products have emerged in various forms and are gaining traction worldwide. By layering information over 3D space, AR creates entirely new experiences and facilitates the shift from desktop to mobile computing, offering fresh perspectives on accessing information and new learning opportunities. Although AR is widely used in consumer sectors like social engagement, entertainment, and marketing, new applications are constantly emerging. It can easily serve as a tool for developing innovative apps. Furthermore, AR is expected to become more accessible in the near future, becoming an integral part of our daily lives.
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