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Abstract
Nowadays, with the continuous development of the field of computer vision and computer graphics, 3D reconstruction 
technology has become an area that has attracted much of people’s attention. 3D reconstruction refers to creating a 3D 
model of an object in the real world by extracting information from multiple 2D images or sensor data. This technology 
has important usages in many fields, including virtual reality, augmented reality, cultural heritage preservation, medical 
image processing, industrial design, etc. This thesis examines the application of 3D reconstruction in various fields, 
discusses the definition of development history, its wide application in life, and its advantages and disadvantages. This 
article is divided into four parts and discusses the algorithm research of 3D reconstruction in four fields. Through an 
in-depth study of 3D reconstruction technology, we can better understand its role in different fields and provide strong 
support for developing and innovating related applications. As more accurate devices and algorithms continue to 
advance, 3D reconstruction technology is expected to show its significant potential in more and more fields and create 
more realistic and useful digital experiences for us.
Keywords: Three-dimensional (3D) reconstruction, AR gaming, surface.

1. Introduction
Three-dimensional (3D) reconstruction, a process of 
converting two-dimensional data into a spatially coherent 
three-dimensional representation, stands as a pivotal 
domain at the intersection of computer vision, graphics, 
and computational geometry. With its starts tracing 
back to the advent of photography and the principles 
of stereoscopy, 3D reconstruction has evolved into a 
transformative field, illustrating how we perceive and 
interact with the world around us. 3D reconstruction can 
be traced back to the 19th century when scientists and 
photographers began exploring techniques to capture 
and visualize scenes’ depth and spatial structure. The 
creation of 3D models developed from photographs 
and advancements in point cloud-based techniques 
laid the foundation for modern 3D reconstruction. The 
emergence of computer vision algorithms, coupled with 
the surge in computer power, propelled the field into new 
realms, enabling the creation of detailed 3D models from 
diverse data sources like images, videos, and even scan 
techniques.
The applications of 3D reconstruction have transcended 
multiple sectors, revolutionized industries, and enhanced 
our daily experiences. In entertainment and gaming, 3D 
reconstruction enables the lifelike creation of virtual 
worlds and characters, providing people with immersive 
experiences. In medicine, it aids in creating specific 
models for surgical planning and simulations, leading 
to improved precision in procedures. Architectural and 
engineering fields allow 3D reconstruction to visualize 

designs, detect flaws, and simulate real-world scenarios. 
Furthermore, autonomous vehicles rely on accurate 3D 
maps for navigation and avoidance, emphasizing their role 
in drawing the future of transportation.
There are more advantages to 3D reconstruction than these. 
It allows us to capture information often lost in traditional 
2D representations, providing a more comprehensive 
understanding of objects and scenes. This technology 
finds utility in scenarios where physical interaction is 
not feasible, such as analyzing archaeological sites or 
dangerous environments. Additionally, it facilitates precise 
measurements and simulations, enhancing decision-
making processes across various domains. However, 3D 
reconstruction also has some challenges. The process 
is extremely complex and computationally intensive, 
demanding sophisticated algorithms and substantial 
computational resources. Accurate reconstruction relies 
on high-quality input data, and noisy or incomplete 
data can result in distorted or erroneous representations. 
Moreover, integrating 3D reconstruction into real-time 
applications remains a hurdle, as rapid reconstruction 
from dynamic scenes is still under much active research. 
This paper discusses the applications and algorithms of 
3D reconstruction in different fields in several areas, the 
possible future development of 3D modeling, and the 
technologies that need improvement and development [1].

2 .  A P P L I C A T I O N S  O F  3 D 
RECONSTRUCTION
2.1 Applications of 3D Modeling in AR 
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Gaming
3D modeling finds application in the development of 
AR games. With the widespread use of smartphones 
and AR glasses, AR gaming has become a popular form 
of entertainment among many young people, and 3D 
modeling is at the core of this gameplay.
Developers can use 3D modeling to combine virtual 
game elements with the real world, creating realistic 
game settings and characters. Players can engage in 
gameplay within the real environment, interacting with 
virtual characters and experiencing a more immersive 
gaming experience. This form of gameplay would provide 
entertainment and a new way for people to interact and 
socialize with others.
1) Object Reconstruction: 3D reconstruction allows the 
creation of virtual models of real objects. AR applications 
can use these models for object recognition, tracking, and 
interaction. By reconstructing the 3D geometry of real 
objects, AR systems can place virtual objects in the scene 
and enable realistic object manipulation accurately.
2) Scene Reconstruction: 3D reconstruction enables the 
creation of 3D maps of real-world scenes. This allows 
virtual objects to be accurately placed and interacted 
with in the real environment. In other applications, Scene 
reconstruction is used in AR games, navigation systems, 
and architectural visualization
3) Human Body Reconstruction: 3D reconstruction 
techniques can be used to reconstruct the shape and pose 
of the human body. This enables applications such as 
virtual try-ons for fashion, virtual fitness trainers, and 
immersive teleconferencing. Accurate body reconstruction 
is necessary for realistic and natural interaction between 
virtual and real humans.
While significant progress has been made in the 
application of 3D reconstruction in AR, several challenges 
still need to be considered. These challenges include real-
time reconstruction, robust tracking, handling occlusions, 
and scalability to complex scenes. Future research should 
focus on developing algorithms and systems to overcome 
these challenges and improve the overall performance of 
AR-based 3D reconstruction.

2 . 2  R e s e a rc h  o n  t h re e - d i m e n s i o n a l 
reconstruction algorithm based on multi-view 
stereo vision
1) Camera calibration: Camera calibration estimates 
the internal and external parameters of cameras used in 
multi-view stereoscopic systems. Accurate calibration 
is important to obtain reliable 3D reconstruction results. 
Many calibration techniques have been developed, 
including planar, checkerboard, and self-calibration 
methods. These techniques are created to accurately 

estimate camera parameters and correct lens distortion.
2) Feature extraction and matching: Feature extraction is 
the process of identifying characteristic points or areas 
in an image to be used as a correspondence between 
three-dimensional points. Various feature extraction 
algorithms include Harris Corner Point, SIFT, and SURF. 
Feature matching algorithms are designed to find feature 
correspondence between multiple images. Matching 
algorithms, such as brute force matching, nearest neighbor 
matching, and RANSAC-based matching, can help to 
establish accurate correspondence for triangulation [2].
3) Depth estimation: Depth estimation calculates the 
depth value or parallax map of each pixel in the scene, 
representing the distance between the scene and the 
camera. Several depth estimation techniques have been 
proposed, including block matching, graph cutting, and 
confidence propagation. These methods are designed to 
accurately estimate depth by considering local smoothing 
constraints and global energy minimization.
4) Surface reconstruction: Surface reconstruction involves 
creating a three-dimensional surface representation 
from a depth or parallax plot. Different algorithms have 
been proposed to reconstruct surfaces, such as Delaunay 
triangulation, Poisson surface reconstruction, and 
Marching Cubes. These methods are designed to produce 
smooth representations that effectively capture the shape 
of objects in a scene [3].

2 . 3  R e s e a rc h  o n  t h re e - d i m e n s i o n a l 
reconstruction drawing algorithm of medical 
images
1) Surface Rendering Algorithms: Surface rendering 
aims to visually represent anatomical structures’ outer 
surfaces. Several algorithms have been developed, 
including marching cubes, marching tetrahedra, and dual 
contouring. These methods convert volumetric data into 
polygonal mesh representations, facilitating a detailed 
view of object surfaces. Applications range from surgical 
planning to anatomical education [4,5].
2) Volume Rendering Algorithms: Volume rendering 
techniques focus on visualizing the internal structures of 
medical images coherently and informally. Direct volume 
rendering, ray casting, and shear-warp rendering are 
prominent algorithms employed in this domain. These 
methods consider the physical properties of tissues to 
simulate the interaction of light with volumetric data, 
resulting in realistic visualizations in many contexts. 
Volume rendering finds applications in fields such as 
radiology and pathology.
3) Hybrid Approaches: Recent research has seen the 
emergence of hybrid approaches that can combine surface 
and volume-render techniques. These methods leverage 
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the advantages of both approaches to generate more 
comprehensive visualizations. Approaches like these are 
gaining popularity in fields requiring precise anatomical 
localization, such as interventional radiology [6].

2.4 Research on scene three-dimensional 
reconstruction algorithm based on line 
segment features
Three-dimensional (3D) reconstruction is a technique that 
utilizes modern computer vision and computer graphics 
technology to extract three-dimensional information from 
a series of 2D images or sensor data. There has been a 
growing interest in using 3D reconstruction methods 
in line-based scenes, where line segments serve as the 
primary features for reconstructing the 3D structure.
Line-based 3D reconstruct ion techniques show 
several advantages over other approaches. First, line 
segments provide robust and distinctive features that 
can handle noisy and cluttered situations. Second, line-
based methods can accurately estimate objects’ 3D 
positions and orientations, which is particularly useful in 
applications like robotics and augmented reality. Third, 
line segments preserve the overall geometry of objects 
and scenes, making them well-suited for architectural and 
archaeological reconstructions. One common approach 
to line-based 3D reconstruction is the “structure-from-
motion” (SfM) technique. This method first estimates the 
camera for a series of images and then triangulates the 3D 
positions of line segments based on their correspondences 
across multiple views. SfM can handle uncalibrated 
cameras and scale to large scenes, making it a popular 
choice for line-based reconstruction. Another important 
technique used in line-based 3D reconstruction is the 
“shape-from-silhouette” method. This method reconstructs 
the 3D shape of objects by analyzing the silhouettes they 
create from different sides. Line segments can be used to 
refine the shape estimates and improve the accuracy of 
the reconstruction. Shape-from-silhouette techniques are 
widely used in applications like industrial inspection [7].
Line-based 3D reconstruction also finds applications in 
object recognition and tracking. Reconstructing the 3D 
structure of line segments makes it possible to recognize 
and track objects in real time. This means a lot in various 
fields, including surveillance, robotics, and autonomous 
driving. Despite the advancements in line-based 3D 
reconstruction, some challenges still need to be addressed. 
One major challenge is dealing with occlusions, where 
line segments are partially or fully obstructed from view. 
Occlusions can cause the reconstruction inaccuracies; 
therefore, new algorithms need to be developed to handle 
this issue effectively.
In conclusion, the application of 3D reconstruction in 

line-based scenes has shown promising results in various 
fields. Using line segments as the primary features allows 
for robust and accurate reconstruction, making it suitable 
for numerous applications. With further research and 
development, line-based reconstruction methods are 
expected to play an even more important role.

3. Conclusion
The development of three-dimensional reconstruction 
technology has great potential and broad application 
prospects in the future. With the continuous advancement 
of computer vision and image processing technology, 3D 
reconstruction will play an important role in many fields.
First, 3D reconstruction will be widely used in virtual 
reality (VR) and augmented reality (AR). People can 
have immersive experiences or interact with virtual 
objects in real environments by converting real-world 
scenes and objects into three-dimensional models. This 
will revolutionize areas such as entertainment, education, 
training, and design. Second, 3D reconstruction will also 
play an important role in architecture, engineering, and 
urban planning. By using 3D reconstruction techniques, 
architects and engineers can more accurately simulate 
and visualize buildings such as infrastructure and urban 
environments. This helps identify potential design issues 
in advance, optimize space utilization, and improve 
project management efficiency. In addition, three-
dimensional reconstruction can be applied to cultural 
heritage conservation and archaeological research. By 
reconstructing ancient buildings, artworks, and sites in 
three dimensions, their digital preservation and virtual 
display can be achieved to preserve and pass on human 
cultural heritage.
3D reconstruction technology can analyze medical images 
and surgical planning in the medical field. By converting 
medical image data into 3D models, doctors can better 
understand a patient’s condition and perform precise 
surgical planning and simulation.
However, the development of 3D reconstruction 
technology still faces some challenges in the future. One 
of them is the cost and complexity of data acquisition. 
High-quality 3D data requires specialized equipment and 
technology, which may limit its application in some fields.
Another challenge is the improvement of algorithms 
and computing power. Although there are already 
some powerful 3D reconstruction algorithms, further 
improvement and optimization are still needed to improve 
the accuracy and efficiency of the reconstruction. At the 
same time, as the scale of data increases, more powerful 
computing power is required to process and analyze large-
scale 3D data. If the input image or sensor data is unclear 
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or lacks critical information, the reconstruction results 
may be distorted or lack accuracy. In addition, if only 
limited data is available or data coverage is limited, the 
reconstruction results may only represent the structure of 
a partial object or scene.
Plus, in the 3D reconstruction of large-scale scenes, 
processing and analyzing huge data sets is a challenge. 
Reconstructing a 3D model of an entire city or vast area 
often requires processing large amounts of images or data, 
which demands the efficiency of computing resources and 
algorithms. In addition, changes in the scene over time 
may make the results of the reconstruction obsolete or 
inaccurate.
Another important challenge is modeling complex 
geometries and surface materials. Some objects or 
scenes have complex geometries and textures, such as 
detailed buildings or natural landscapes. For instance, 
3D reconstruction faces data privacy and security issues. 
When using images or sensor data for reconstruction, 
personal privacy information or sensitive data such as 
face images, building layouts, and so on. Therefore, 
appropriate data protection and privacy safeguards must 
be taken to ensure data security and compliance.
In the future, 3D reconstruction is expected to make 
greater breakthroughs and progress with the further 
development of deeper learning and computer vision 
technology; by combining more data sources, such as 
multi-camera devices or depth sensors, the accuracy 
and robustness of the reconstruction can be improved. 
In addition, machine learning methods can optimize the 
reconstruction process to improve efficiency and accuracy.
Overall, 3D reconstruction technology will continue to 
evolve in the future and play an important role in many 
different fields. With the advancement of technology 
and the expansion of applications, we can expect to see 
more innovations and breakthroughs, bringing more 
convenience and surprises to people [8-10].
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