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Abstract 

Augmented reality technology is a computerized human-computer interaction technology 
developed on the basis of virtual reality, which is an extension of virtual reality technology. 
The goal of augmented reality technology is to superimpose computer-generated virtual 
objects, scenes, or system prompt information into real scenes, thereby enhancing the real-
life scene. This article provides an overview of the key technologies in augmented reality. 
Firstly, the research contents and development of augmented reality technology are 
summarized. The key technologies of augmented reality are introduced in detail. The 
algorithm of 3D registration is introduced. Secondly, the use field of augmented reality is 
introduced. Finally, the augmented reality technology is prospected. 
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1. Introduction 

Augmented Reality (AR), also known as Augmented Reality, is a new technology that superimposes 

real-world information and virtual world information. It is a space that has been in the real world for 

a certain time. Entity information that is difficult to experience inside, through image recognition and 

other technologies, superimposes after simulation, superimposes virtual information into the real 

world, and is perceived by human senses, thus achieving an experience beyond reality. In the visual 
augmented reality, the user uses the helmet display or the glasses display to combine the real world 

and the computer graphics to realize the indiscriminate superposition of the real scene and the virtual 

object. The relationship between them is as shown in Figure 1： 

  
Figure 1 The relationship between real environment and virtual environment 

The research on augmented reality technology began in the early 1990s and has developed into a 

comprehensive science and technology in computer graphics, computer vision, image processing, 

pattern recognition, optoelectronic technology, multi-sensor technology and other disciplines. In 

recent years, China has set up a virtual reality topic in the information technology field of the 863 

Program during the 11th Five-Year Plan period, which has greatly promoted the development of 

domestic virtual reality and augmented reality technology, and made breakthrough progress. Beijing 

Institute of Technology has independently completed the head tracking device and the lightweight 

helmet-type display based on optical tracking, realized the visual optical system of free-form surface, 
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and filled the gap in related fields in China; Zhejiang University has studied the reconstruction of 

large-scale motion structure. The non-continuous feature automatic tracking method effectively 

solves the problem of efficient and stable tracking of loop loop sequences and automatic matching of 

multiple video sequences, which greatly improves the accuracy and scale of scene space structure 

reconstruction; Beijing University of Aeronautics and Astronautics in high-precision positioning 

devices, Technological breakthroughs have been made in virtual and solid helmet displays, contact 

force interaction devices, virtual and real fusion rendering software, multiplayer collaborative 
network software and portable interactive devices. 

Augmented reality technology is developed from virtual reality. Augmented reality is to bring virtual 

objects into the real world, and superimpose them to enhance the real world. With the development 

of science and technology, augmented reality technology is getting closer to people. Life has become 

one of the hotspots of research in recent years[1], and it has been widely used in medical, education, 

military, games, tourism, training and other fields. 

2. Key Technologies of Augmented Reality  

Augmented reality technology is a discipline developed on the basis of computer graphics, computer 

image processing, and machine learning. It superimposes virtual information into the real world 

through computer technology, and is perceived by human senses to achieve a sensory experience that 

transcends reality. In order to improve the interaction between the user and the virtual object, the 
augmented reality system must provide a high frame rate, high resolution virtual scene, tracking and 

positioning device and interactive sensing device. Therefore, three-dimensional registration 

technology, system display technology and human-computer interaction technology are the basis of 

augmented reality [2]  

2.1 3D registration technology  

The virtual object should be matched in the real scene, which means that the observed virtual object 

can be consistent with the real scene in real time while changing the position and the angle of 

observation. To achieve this goal, it is necessary to clarify the exact pose of the virtual object to be 

rendered into the real scene, as well as the real-time perspective of the observer. Once these two 

pieces of information are obtained, the coordinate system can be reconstructed according to the 

observer's field of view, and the display pose of the virtual object at that moment can be calculated 
and drawn into the scene video. This process is three-dimensional registration, and its commonly used 

methods can be divided into the following three. As shown in Figure 2： 

 
Figure 2 Augmented Reality Registration Technology Classification Map 
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2.1.1 Hardware-based registration technology 

The hardware-based tracking registration technique installs a physical tracker at the observer's head 

to detect and track the spatial position and orientation of the user's head in the real environment. These 
trackers mainly include magnetic field trackers, gyroscope trackers, GPS global positioning system 

trackers, etc., each with advantages and disadvantages. 

Magnetic field based tracking technology. A magnetic field-based tracking technology system 

generally includes three components: a transmitter, a receiver, and a data calculation unit. The 

magnetic field tracking technique generally captures the position of the target object and the six 

degrees of freedom parameters. The advantage of the magnetic field-based tracking technology is that 

it has no impact on obstacles, has a high refresh rate, and has good real-time performance. But sensor-
based tracking technology also has obvious shortcomings. Especially based on the electromagnetic 

field tracking technology, if there is metal substance or other electromagnetic field in the tracking 

range, it is easy to be disturbed by the electromagnetic interference caused by the position data of the 

acquisition space. And relatively speaking, the operating range of the magnetic field-based AR system 

is relatively limited. Poor tracking for a wide range. 

Gyro based tracking technology. It is used to determine the angle of rotation of the user's smart device 

and the three-dimensional angular velocity of the motion. It can only be used to simply measure the 
motion mode of the device, so it is often used in conjunction with the acceleration sensor. The 

acceleration sensor measures the user's motion acceleration by the principle of inertia. It is used 

together with the inertial tracker to form an inertial navigation positioning system. This method has 

high positioning accuracy and strong anti-interference ability, but it also has disadvantages. After 

using for a period of time. Data interaction between various sensors can cause accumulation errors, 

resulting in poor tracking performance. 

GPS global positioning system tracking technology. The GPS global positioning system is often used 

in a large-scale outdoor augmented reality display system to determine the geographic location of the 

user, and the obtained positioning data is uploaded to the server through the mobile communication 

module, so that the location can be queried on the smart device. However, the accuracy of GPS 

positioning is only about 15 meters, and the accuracy is not enough. Therefore, in practical 

applications, we only use the data it locates as an original rough position, and then use other tracking 

registration algorithms to obtain a more accurate three-dimensional registration result. 

2.1.2 Visual-based registration technology 

Visual-based tracking registration technology calculates the position and posture of the camera fixed 

in the viewer's head in the real scene by tracking one or more video images. This kind of technology 

has low cost, easy to develop and high robustness, and has been playing a leading role in the field of 

augmented reality research. According to the characteristics of markers, visual registration 

technology can be divided into strong marker tracking technology and weak marker technology. 

TTracking technology based on strong identification. The tracking technology based on strong 

identification needs to place a marker first as an identification mark in the real scene. The purpose of 

using the identifier is to be able to quickly detect the marker in the real scene to create a virtual scene 

in the spatial location where the marker is located. Thresholding and edge detection of a single 

artificial identification image, extracting the edge of the artificial marker, using Hough transform to 

obtain the line where the four edges are located, and calculating the intersection coordinates of the 

adjacent straight lines, and obtaining the coordinates of the fixed point of the marker, according to 

the real space. 3D coordinates of the four corner points and projection of the screen, rendering the 3D 
model at the right position. 

Common markers are simple black-and-white rectangular blocks or markers with special geometric 

shapes. Patterns on markers contain different virtual objects, different markers contain different 

information, and different methods of extracting markers. Reasonable selection of artificial markers 

can effectively improve the accuracy of recognition results. 
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Tracking technology based on weak identification. Weak markers are all pictures with natural features. 

Because the template of the marker is partially overlapped or can continue to be recognized, its 

template has no strict restrictions and can adopt arbitrary shape. Although the template selection of 

weak identification is more convenient, the image of template is very complex, the detection and 

extraction of feature points are more complex, and the amount of calculation needed is relatively 

large, so the application of weak identification must be on the computer side. 

Weak marking is to match the natural pictures captured in the video with the standard natural pictures 

stored in advance. The geometric transformation matrix is obtained by matching the feature points. 

The position relationship of the natural pictures in the real scene is obtained by the transformation 

matrix and the three-dimensional model is displayed. The most common algorithms are SIFT and 

SURF.[3] 

2.1.3 Mixed Registration Technology 

In some special augmented reality scenarios, it is sometimes difficult to meet the registration 

requirements of scenes using only vision-based registration method, so some sensor-based tracking 

registration technology is needed. Hybrid registration technology refers to this kind of registration 

technology based on vision and sensor coexistence[4][5].  

2.2 System Display Technology. 

The problem that must be solved in display technology is how to make users easily perceive the visual 

integration between real scene and virtual object. At present, in augmented reality applications, the 

perspective head robber display is often used to achieve this function. Perspective head robbery 

display is divided into optical perspective head robbery display video perspective head robbery 

display two kinds. 

Among them, the Video Perspective Head Pirate Display will synthesize the real scene and the virtual 

object before playing out in the display. Although the virtual and real are synchronized, the real scene 
will also be lagged behind. In addition, once the video pirate display is wrong, it may cause users to 

temporarily lose video information. 

Optical perspective head robber display uses translucent lens, which can directly observe the actual 

scene. The virtual object is projected onto the lens through the display above the lens to form a virtual 

and real swallowing. This kind of display can observe the real scene in real time, but there may be 

some time delay between the virtual and the real due to the processing time difference. [6] 

3. Interaction technology  

In augmented reality, interactive mode is particularly important for users. To achieve the user can 

"touch" to the virtual object, you can pick up and drop it at will, and even feel the hard and soft weight 

of the virtual object, etc., but in fact, it is not easy to achieve such interaction. 

In recent years, the commonly used interactive means include gesture recognition, speech recognition, 

force feedback devices, data gloves, six-degree-of-freedom mouse, special logo, and newly launched 

gaze rendezvous. These interaction modes need to set the corresponding actions of each instruction 

in advance, and operate according to prior knowledge in the process of system recognition, such as 

using different movement modes of signs, using the occlusion of signs and so on. Each of them has 

its own application environment, and most of them need complex scenario layout. They have different 

combinations for different application requirements. [7] 

4. Application fields of Augmented Reality Technology 

4.1 4.1System Display Technology. 

Augmented reality technology can be used in medical field to make medical staff have "perspective 

eyes". Using CT, MRI and ultrasound technology to collect patient data and make 3D images, and 

then accurately superimpose them on the patient's lesions. Doctors can use the virtual images they 
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see to assist in the localization of surgical lesions and navigation of the surgical process. In medical 

training, augmented reality technology can also be used to enhance the operation level of medical 

staff, and also can be applied to medical teaching, including virtual surgery, virtual human function, 

virtual human anatomy and remote surgery. 

4.2 Industrial Manufacturing and Maintenance 

The earliest application of augmented reality technology is in the field of industrial manufacturing 

and maintenance, which is used to assist and assemble the maintenance of complex machinery. 
Updating the mechanical CAD model and maintenance information in time can effectively reduce the 

labor intensity and improve the efficiency and quality of the work. In recent years, virtual assembly 

and maintenance based on Augmented Reality in industrial design has become a research hotspot. In 

addition, augmented reality technology is also widely used in industrial training and plant design 

planning.  

4.3 Military field 

In the military field, augmented reality technology can be used on the fighter helmet of Air Force 

pilots to superimpose navigation flight data and enemy-friend target information on the pilot's field 

of vision in real time; in the army combat, soldiers can also view the current terrain and building 

information through the translucent OLED glasses on the helmet to provide timely geographic 

navigation for soldiers. 

4.4 Business field 

In the commercial field, the virtual fitting system introduced by major e-commerce websites uses 

augmented reality technology, which enables consumers to try on clothes, hats and glasses without 

leaving home, thus bringing fresh sense of interaction to consumers and stimulating consumption 

desire. Another application of augmented reality in commerce is commercial advertisement and 

exhibition, utilizing the virtual reality of augmented reality technology itself. In recent years, 

Augmented Reality (AR) technology has attracted more and more attention and favor from more and 

more manufacturers.  

4.5 Game Entertainment and Education 

In the field of game entertainment, the use of augmented reality technology can make the players feel 

more authentic and enhance the players'sense of game. In the field of education, with the help of 
augmented reality technology, students can no longer confine their knowledge to books' pictures and 

plane videos. Real 3D model interactive experience can improve students'interest in learning and 

learning efficiency. 

4.6 Restoration of Monuments and Protection of Digital Cultural Heritage 

In museums, the information of cultural monuments can be provided to visitors by augmented reality, 

and the missing parts of cultural relics can be reconstructed in a virtual way, so that visitors can see 

the original appearance of cultural relics before they are destroyed, and at the same time, visitors can 

better understand the cultural background of cultural relics, and increase visitors'understanding and 

feeling of cultural relics. 

5. Conclusion 

After experiencing the stage of conceptual hype, augmented reality technology has entered the 

precipitation period before commercialization. At present, a large number of immature AR 

technology is being eliminated. People have a clearer understanding of AR technology, but it is 

undeniable that the development of AR technology is still in the bottleneck stage. Image recognition 

technology must be judged by combining the relative position of the observer, three-dimensional 
coordinates and other information. It is a technical difficulty to locate the object in Jin Jin's position 

and judge its position and real-time requirement. Single positioning technology can not meet the 
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precise positioning requirement. Secondly, in terms of hardware, the popularity of larger equipment 

is not high, and wearable equipment has the problems of graphic distortion and dispersion, which is 

also the popularity of augmented reality technology. Another obstacle to surgery. 

Today, the development and popularization of augmented reality technology is an inevitable trend in 

the development of science and technology. It will not only give us a more convenient way of life, 

but also improve the efficiency of our work and learning, improve our perception of the outside world, 

and the future development space of augmented reality technology is immeasurable.. 
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