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Abstract: Digital images play a very important role in computer graphics, computer vision, and real-world applications such as
robotics, augmented reality, and 3D reconstruction. The accuracy of these applications mainly depends on how well camera
models and projection techniques represent real-world scenes. Over the years, many methods have been developed to improve
camera calibration, geometric modeling, and image transformation. This review paper presents a comprehensive study of
mathematical foundations used in camera models and projection techniques. It focuses on important concepts such as pinhole
camera models, homography, camera calibration, and geometric transformations. The paper also discusses recent advancements
where traditional geometry is combined with machine learning and deep learning methods to improve accuracy and robustness.
Various approaches including classical methods, optimization-based techniques, and modern deep learning frameworks are
analyzed and compared. The study highlights the advantages of combining geometric principles with learning-based models for
handling challenges like distortion, noise, and real-world complexity. The main objective of this review is to provide a clear
understanding of existing techniques and identify future directions for improving camera modeling and projection in computer
graphics.
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L. INTRODUCTION
With the rapid growth of digital technology, computer graphics and computer vision have become essential in many applications
such as gaming, virtual reality, medical imaging, and autonomous systems. At the core of these technologies lies the concept of how
a 3D real-world scene is captured and represented as a 2D image. This process is governed by camera models and projection
techniques. Camera models describe how light from a scene is projected onto an image plane, while projection techniques define the
mathematical relationship between 3D world coordinates and 2D image coordinates. One of the most commonly used models is the
pinhole camera model, which provides a simple yet effective representation of image formation. However, real cameras often
introduce distortions due to lens imperfections, making accurate modeling a challenging task. To address these issues, researchers
have developed various camera calibration techniques that estimate intrinsic and extrinsic parameters of a camera. Traditional
methods rely on geometric constraints and predefined patterns, but they often struggle in complex environments. Recent
advancements have introduced learning-based approaches that improve accuracy by combining deep learning with classical
geometry.
Another important concept in computer graphics is homography, which describes the transformation between two images of the
same planar surface. Homography plays a key role in applications such as image stitching, augmented reality, and motion
estimation. While classical methods use feature matching and optimization, modern techniques apply neural networks and
transformer models to achieve better performance in difficult conditions.
In addition, the integration of geometry and learning has opened new possibilities for improving 3D reconstruction, pose estimation,
and image alignment. These hybrid approaches leverage the strengths of both mathematical modeling and data-driven learning to
produce more reliable results.
This review paper aims to study and analyze various techniques related to camera models and projection methods. It provides a
structured overview of traditional approaches, modern learning-based methods, and hybrid techniques, highlighting their strengths,
limitations, and practical applications.
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Figure 1. Mapping between two images using homography transformation.
This figure demonstrates how a planar surface viewed from different perspectives can be mapped using a homography
transformation. It shows the relationship between corresponding points in two images.
(Source: https://www.mdpi.com/2079-9292/12/24/4977)

Figure 2: Image stitching pipeline using homography.
This figure shows the process of image stitching. Features are detected and matched between images, and homography is used to
align them. Finally, images are warped and blended to create a single panorama.
(Source: Online image source)
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Figure 3: Panorama generated using image stitching based on homography.
This figure shows how multiple overlapping images are combined to form a single panoramic image. Homography aligns the
images, and blending techniques ensure a smooth and continuous output.

(Source: Online image source)

Il.  OBJECTIVES

The main objective of this review paper is to study and analyze different camera models and projection techniques used in computer
graphics and computer vision. The paper focuses on understanding how mathematical foundations help in accurate image formation
and transformation. Another objective is to examine various approaches for camera calibration, homography estimation, and 3D
reconstruction. The study includes both traditional geometric methods and modern learning-based techniques to understand their
performance in different scenarios. The paper also aims to analyze how deep learning methods improve accuracy and robustness
compared to classical approaches, especially in challenging environments such as noise, distortion, and lighting variations. In
addition, the objective is to compare different research works based on their methodology, efficiency, and real-world applicability.
This helps in identifying the strengths and limitations of existing techniques. Finally, the paper aims to highlight future research
directions by exploring hybrid approaches that combine geometry and learning for more accurate and efficient computer vision
systems.

1. LITERATURE REVIEW

The authors focused on improving camera calibration by converting real cameras into an ideal pinhole model. This is important
because many computer vision tasks such as SLAM, 3D reconstruction, and pose estimation depend on accurate geometric
measurements. Traditional calibration methods, like Zhang’s method, rely on predefined distortion parameters and iterative
optimization, which often fail when images have strong nonlinear distortions.To solve this problem, the authors proposed a
preprocessing method based on Gaussian Processes (GP). This approach learns the relationship between distorted image points and
a perfect square grid using only a single checkerboard image. The GP model is capable of capturing complex distortions such as lens
defects, mirror effects, and sensor noise. As a result, it generates a corrected image that behaves like a perfect pinhole camera. After
this correction step, the calibration process becomes simpler because it does not require estimating distortion parameters or repeated
optimization. Experimental results on both synthetic and real datasets show that this method reduces reprojection error and improves
straight-line accuracy. The study concludes that this approach provides a more flexible, accurate, and reliable calibration method for
different types of cameras.[1]

The authors proposed a fully automatic method for calibrating LiDAR and camera systems without using any calibration targets or
manual steps. This is important because traditional calibration methods require special patterns, controlled setups, and multiple data
captures, which are difficult to use in real-world applications like robotics and autonomous driving.The proposed method performs
calibration using only a single pair of image and LiDAR point-cloud data. First, dense point clouds are created by combining
LiDAR scans, and a virtual camera is used to generate LiDAR intensity images.
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Then, correspondences between LiDAR and camera images are found using a deep learning-based matching technique.To improve
accuracy, the method applies RANSAC to remove incorrect matches and minimizes reprojection error to estimate the initial
alignment. Further refinement is done using a registration process that considers similarity between LiDAR and image data while
removing occluded points.Experimental results show that the method achieves lower rotation and translation errors compared to
traditional approaches. The study concludes that this single-shot and target-less calibration framework is efficient, accurate, and
suitable for real-world sensor alignment tasks.[2]

This paper focuses on improving the accuracy of stereo camera systems used in close-range photogrammetry. In many practical
situations, camera calibration parameters may change due to vibrations or slight movements, which leads to errors in 3D
reconstruction. Such changes increase triangulation error and reduce measurement reliability. To address this issue, the authors
proposed an optimization-based recalibration method that minimizes reprojection error to recover the correct camera parameters.
The approach considers both simulation and real-world experiments. In the simulation stage, camera position and orientation are
intentionally disturbed and then corrected using the Nelder—Mead optimization algorithm. The method estimates six parameters,
including three translations and three rotations, to achieve accurate recalibration. In physical experiments, a stereo camera setup
with adjustable positions is used along with an image-based measurement technique to validate the results. The experimental results
show a significant reduction in reprojection error, restoring accuracy close to the original calibration even after displacement. The
study concludes that this optimization-based approach effectively improves measurement precision and is useful in dynamic
environments where camera positions may change.[3]

This paper aims to improve the accuracy and robustness of camera calibration by solving common problems such as distortion,
inaccurate feature detection, and unstable parameter estimation. Traditional calibration methods often fail in complex conditions
where images contain noise or lighting variations. To overcome these issues, the authors proposed a hybrid framework that
combines deep learning with classical geometric methods. First, a convolutional neural network is used to correct radial distortion
by transforming distorted images into rectified ones. This step helps in improving the quality of input data for calibration. Next, a
heatmap-based corner detection method is applied, where each corner is represented as a Gaussian distribution. This allows precise
detection of feature points, which are further refined using sub-pixel accuracy techniques and outlier removal. Finally, a simplified
calibration process based on RANSAC is used to select reliable data and estimate stable parameters. Experimental results show that
the method achieves lower reprojection error and better stability compared to traditional approaches. The study concludes that
combining learning-based correction with geometric optimization leads to a highly accurate and reliable calibration system.[4]

This paper focuses on estimating both intrinsic and extrinsic camera parameters using a learning-based approach instead of
traditional calibration methods. Conventional techniques depend on geometric constraints and calibration patterns, which may not
work well in complex real-world conditions. To address this, the authors proposed a multi-task learning framework that integrates
camera model equations directly into a neural network. The model is trained using a special loss function called Camera Projection
Loss, which helps in improving parameter estimation accuracy. The system uses a deep learning architecture with a feature extractor
to analyze input images and predict important camera parameters such as focal length, principal point, and camera position. These
parameters are estimated by projecting 2D image points into 3D space and minimizing reconstruction error. The method is tested
using both synthetic data generated from simulation and real-world datasets. Experimental results show that the approach achieves
better accuracy and lower error compared to traditional and other learning-based methods. The study concludes that combining deep
learning with camera geometry provides a more flexible and reliable calibration solution for practical applications.[5]
This work focuses on providing a strong geometric foundation for understanding concepts used in computer vision and computer
graphics. Many modern techniques depend on mathematical models, but they are often applied without proper understanding of the
underlying geometry. The author aims to connect classical Euclidean geometry with modern projective geometry to improve
practical applications. The study explains important concepts such as coordinate transformations, perspective projection, and camera
models in a structured manner. It also covers key topics like camera calibration, homography, epipolar geometry, and two-view
reconstruction. These concepts help in understanding how 3D scenes are represented and reconstructed from 2D images. Instead of
proposing a new algorithm, the work focuses on explaining mathematical relationships that describe image formation and spatial
understanding. Examples and derivations are used to show how geometric constraints improve accuracy. The study concludes that a
strong understanding of geometry is essential for building reliable and accurate computer vision systems. It highlights that
combining theory with practical applications improves performance and interpretability.[6]

This paper focuses on estimating the homography matrix using only a single image of a planar surface. Normally, homography
estimation requires multiple images, but this study addresses the challenge of working with limited data. The authors proposed an
optimization-based approach that begins by detecting edges in the image using an edge detection technique.
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Then, dominant parallel lines are extracted and their intersections are used to form an initial geometric structure. These points are
used to compute an initial homography using a linear transformation method. After that, the result is improved using a nonlinear
optimization technique to increase accuracy. The method is tested on a dataset of textured surfaces and evaluated using standard
performance metrics. The results show that the approach produces accurate and visually correct rectified images even from a single
input image. The study concludes that reliable homography estimation is possible without multiple views, making the method useful
for applications such as image correction, augmented reality, and image stitching.[7]

This work focuses on improving the performance of 3D computer vision systems by combining geometric methods with deep
learning techniques. The goal is to achieve better accuracy, robustness, and efficiency in tasks such as reconstruction and motion
analysis. The study mainly addresses three important components, which include camera calibration, rotation estimation, and
motion segmentation. It introduces a generalized calibration method that can handle different types of camera distortions effectively.
For rotation estimation, an advanced mathematical approach is used to improve accuracy even in the presence of noise and
uncertainty. The method also includes an efficient optimization technique that reduces computation time while maintaining reliable
results. In addition, a learning-based approach is applied for motion segmentation by grouping similar motion patterns using feature
representations. This helps in simplifying complex motion analysis tasks. Experimental results show that the proposed hybrid
approach performs better than traditional and purely learning-based methods. The study concludes that combining geometry with
learning techniques leads to more accurate, stable, and efficient 3D vision systems.[8]

This paper focuses on improving the accuracy and reliability of camera pose estimation using two images. In many real-world
applications, incorrect feature matches and planar scenes create difficulties for traditional methods. The authors proposed a new
approach called Linear Relative Pose (LiRP), which is based on pose-only imaging geometry. Instead of relying on complex
models, the method uses a linear relationship between translation and depth to simplify calculations. The approach processes
multiple feature points at the same time and uses advanced techniques to reduce the effect of incorrect matches. It combines
weighted estimation methods and robust algorithms to identify and remove outliers effectively. This helps the system maintain
stability even when a large number of incorrect correspondences are present. The method performs well in situations where
traditional approaches usually fail, such as pure rotational motion or planar scenes. Experimental results show that the proposed
method maintains high accuracy even with a high percentage of outliers. The study concludes that pose-based geometry combined
with robust estimation techniques improves performance in challenging vision tasks.[9]

This work focuses on developing efficient methods for understanding 3D environments by combining geometric principles with
deep learning techniques. The aim is to improve performance in applications such as autonomous driving, virtual reality, and large-
scale scene reconstruction. The authors proposed a framework that integrates multi-view geometry with learning-based models.
First, an improved reconstruction pipeline is introduced to generate accurate 3D structures by combining information from multiple
views. The method also enhances neural radiance field training by selecting important data points and using geometric information
as guidance. This helps in improving both speed and accuracy of the learning process.In addition, a transformer-based approach is
used to improve point-cloud representation and enable flexible scaling. The framework also includes model compression techniques
to reduce computational cost and make the system more efficient. Experimental results show improved reconstruction quality, faster
processing, and better performance on devices with limited resources. The study concludes that combining geometry with learning
techniques leads to more scalable and practical 3D perception systems.[10]

This paper focuses on improving image registration accuracy in real-world 3D scenes where depth variations cause alignment
errors. Traditional homography methods assume that the scene is flat and apply a single transformation, which leads to incorrect
results when objects are at different distances. To solve this issue, the authors proposed a depth-aware framework called DPH-Net.
This model uses a deep learning approach to estimate transformations more accurately by considering depth information. The
system first predicts camera motion using a neural network structure and then uses a depth map to apply different transformations to
each pixel. This allows the model to handle complex scenes more effectively. An additional optimization step is included to refine
the alignment by comparing structural similarity between images. This helps in improving the final output quality. Experimental
results show that the proposed method achieves better accuracy and lower error compared to traditional and existing deep learning
approaches. The study concludes that using depth-aware homography significantly improves performance in non-planar scenes and
is useful for applications like image stitching and motion analysis.[11]

This paper focuses on solving the problem of limited datasets available for evaluating homography estimation methods. Many
existing approaches are tested on small or unrealistic datasets, which makes it difficult to compare their performance accurately.

To address this issue, the authors introduced a large-scale dataset called Pi3D, which contains real 3D planar surfaces obtained from
large reconstruction systems. They also developed a Homography Estimation Benchmark that includes a large number of image
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pairs with known transformations. The dataset includes variations in viewpoint, lighting, and scene conditions, making it more
suitable for real-world evaluation. The authors tested both traditional methods, such as RANSAC-based approaches, and modern
deep learning techniques using this benchmark. The evaluation follows a standard training and testing process to ensure fair
comparison between different methods. The results show that combining advanced sampling techniques with deep feature matching
improves both accuracy and robustness. The study concludes that this benchmark provides a reliable way to compare homography
methods and helps in understanding their strengths and limitations for real-world applications.[12]

This paper focuses on estimating homography in situations where traditional feature matching methods do not work well. In
applications like sports videos, images often contain occlusions, zoom changes, and varying viewpoints, making feature detection
difficult. To solve this problem, the authors proposed a modified algorithm called H-RANSAC. Unlike traditional RANSAC, this
method does not depend on matched feature points. Instead, it works with unpaired and featureless points, which makes it more
flexible. The method introduces geometric constraints to remove incorrect configurations during the estimation process. It also
includes a validation step to eliminate unrealistic transformations after computation. Instead of using descriptors, the approach
forms correspondences based on reprojection distance, which improves efficiency and reduces the number of iterations required.
Experimental results show that the method achieves lower error and better alignment compared to traditional and advanced feature-
based methods. The study concludes that this approach is highly effective in challenging scenarios with large viewpoint changes and
limited feature information.[13]

This paper focuses on improving the accuracy and number of feature matches between image pairs. Traditional feature matching
methods often fail in complex scenes where there are repeated patterns, depth changes, or occlusions. To overcome these
limitations, the authors proposed a multi-stage feature matching approach based on homographic decomposition. Instead of using a
single transformation, the method estimates multiple homographies using clustering and iterative refinement. In the first stage, an
initial set of matches is refined by repeatedly estimating transformations and grouping similar regions. Then, Delaunay triangulation
is applied to remove incorrect matches and improve correspondence accuracy. The method also performs localized matching within
smaller regions to detect additional reliable feature points. An extrapolation step is used to identify matches in difficult areas such as
occluded regions.

Experimental results show that the approach achieves higher accuracy, better feature density, and lower error compared to traditional
and learning-based methods. The study concludes that using multiple homographies significantly improves feature matching
performance in complex visual scenes.[14]

This paper focuses on analyzing how different feature detection and matching algorithms affect the accuracy of homography
estimation. These methods are important for applications such as image stitching, alignment, and 3D reconstruction. The study
compares several commonly used algorithms, including SIFT, SURF, KAZE, ORB, and FAST. Each method is evaluated based on
its ability to detect feature points and match them correctly between images. The process involves extracting features, matching
them using distance-based techniques, and estimating homography using a robust optimization method. The performance of each
algorithm is tested under different conditions and settings. The results show that SIFT provides the most accurate and stable
matching results, especially for high-precision tasks. KAZE performs well in preserving image details, while ORB and FAST are
faster but less reliable in complex scenes. The study concludes that the choice of algorithm depends on the application requirements.
Accurate methods are suitable for detailed analysis, while faster methods are useful for real-time systems.[15]

This paper focuses on improving augmented reality (AR) tracking for users who remain mostly stationary. Traditional SLAM-based
methods rely on movement, so they often fail when there is very little motion. To solve this problem, the authors proposed a global
tracking framework that combines spherical motion-based SLAM with global localization techniques. This allows the system to
track position even when the user is not moving much.The method uses feature extraction techniques to detect important points in
images and track them over time. It also estimates camera pose using geometric methods and improves accuracy through
optimization techniques. A local map is first created and then aligned with a global model using precomputed data. This helps in
maintaining consistency and improving robustness in dynamic environments. Experimental results show that the method provides
better tracking accuracy and stability compared to existing systems. The study concludes that combining local tracking with global
alignment improves AR performance, especially in scenarios with limited movement.[16]

This paper focuses on improving pose estimation for rolling-shutter cameras, which capture images line by line instead of all at
once. Traditional methods assume simple motion patterns, which often fail in real-world situations with complex movement. To
address this issue, the authors introduced a new concept called scanline homography.

This method models the transformation for each image row separately, allowing more flexible handling of camera motion. The
approach establishes a relationship between scanline homography and traditional plane homography. It uses smooth mathematical
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functions to model image warping and estimate camera motion accurately. An optimization process is applied to refine the results,
starting from an initial approximation. This helps in improving the accuracy of pose estimation and image correction. Experimental
results show that the method performs well in both simulated and real-world conditions. It provides accurate pose estimation and
effectively corrects rolling-shutter distortions. The study concludes that this approach is reliable and suitable for handling complex
camera motion in practical applications.[17]

This paper focuses on developing an automated system to extract traffic information using existing CCTV cameras. The goal is to
obtain accurate data such as vehicle count, speed, and movement patterns without installing additional sensors. The authors
proposed a three-stage framework for this purpose. First, vehicles are detected using a deep learning model that identifies objects in
video frames. Then, homography transformation is applied to convert the camera view into a top-down perspective. This
transformation helps in reducing occlusion and provides a clearer view of vehicle movement. After that, tracking algorithms are
used to follow vehicles across frames and reconstruct their trajectories. The system also uses a calibration method to convert image
measurements into real-world distances. This allows accurate estimation of speed and position. Experimental results show that the
method achieves high accuracy with minimal error in traffic measurements. The study concludes that combining homography with
deep learning and tracking provides an efficient and cost-effective solution for traffic monitoring.[18]

This paper focuses on improving supervised homography estimation by addressing the problem of unrealistic training datasets.
Many existing models are trained on synthetic data, which does not represent real-world conditions accurately. To solve this issue,
the authors proposed an iterative deep learning framework that improves both dataset quality and model performance. The approach
consists of two main stages: data generation and model training. In the first stage, new training samples are created using real image
pairs along with estimated transformations. This helps in generating more realistic data that reflects actual scene conditions. In the
second stage, the model is trained using this improved dataset, while filtering out low-quality samples to enhance learning. The
process is repeated multiple times, allowing continuous improvement in both data and model accuracy. Experimental results show
that the method achieves better performance and lower error compared to traditional and existing learning-based approaches. The
study concludes that using realistic datasets and iterative training improves the accuracy and reliability of homography estimation in
real-world scenarios.[19]

This paper focuses on improving homography estimation in situations where training data does not have ground-truth labels.
Traditional unsupervised methods often struggle in scenes with multiple planes due to parallax effects. To address this issue, the
authors proposed a framework called HomoGAN, which combines deep learning with geometric constraints. The method uses a
transformer-based model to estimate homography in a step-by-step manner, improving accuracy gradually. A generative adversarial
network is also used to identify important regions in the image and focus on the main planar surface. This helps in reducing errors
caused by multiple planes in the scene. Additional loss functions are introduced to maintain consistency and stabilize the training
process without requiring labeled data. These techniques improve the reliability of the model. Experimental results show that the
proposed method performs better than traditional and existing deep learning approaches, especially in challenging conditions such
as low texture and poor lighting. The study concludes that combining geometry with adversarial learning improves homography
estimation accuracy and robustness.[20]

This paper focuses on improving the accuracy and efficiency of homography estimation between image pairs. This task is important
for applications such as image stitching, SLAM, and augmented reality. Traditional methods either rely on feature matching or use
deep learning with fixed optimization steps, which limits performance. To overcome this, the authors proposed a fully trainable
model called Iterative Homography Network (IHN).The model uses a neural network to extract features from images and calculates
relationships between them. It then updates the homography parameters step by step in an iterative manner to improve accuracy. A
special version of the model is designed to handle scenes with moving objects by identifying reliable regions. A multi-scale
approach is also used to capture both global and local information. Experimental results show that the method achieves lower error
and faster processing compared to traditional and existing deep learning methods. The study concludes that iterative refinement
improves both accuracy and robustness in homography estimation.[21]

This paper focuses on improving visual place recognition by replacing traditional geometric verification methods with a deep
learning approach. Conventional techniques rely on RANSAC, which can be slow and less efficient for large-scale applications. To
address this, the authors proposed a transformer-based Deep Homography Estimation (DHE) network. This model analyzes feature
maps from images and predicts the transformation needed to align them correctly.

The method uses a special loss function based on reprojection error, allowing the network to learn without requiring labeled
homography data. This makes the training process more flexible and efficient. The system follows a two-step process where
candidate images are first selected using global features, and then refined using the deep homography model. This improves
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matching accuracy. Experimental results show that the proposed method achieves higher accuracy and better robustness under
different conditions such as lighting and viewpoint changes. It also reduces computation time significantly. The study concludes that
deep homography estimation provides a faster and more reliable alternative for place recognition tasks.[22]

This paper focuses on improving homography estimation in difficult scenarios such as low-texture regions, limited overlap, and
depth variations. Traditional methods often fail in such cases because they depend heavily on feature matching and cannot capture
complex relationships. To overcome these challenges, the authors proposed a deep learning-based multi-grid homography model.
Instead of using a single transformation, the method estimates multiple transformations for different regions of the image. The
model introduces a special layer to capture relationships between different parts of the image more effectively. This helps in
improving both accuracy and computational efficiency. To handle depth variations, the method uses a depth-aware approach that
maintains consistency only in regions with similar depth. This reduces errors caused by parallax. The model is trained without
labeled data using alignment and structural constraints. Experimental results show improved accuracy, better image quality, and
higher robustness compared to traditional and existing deep learning methods. The study concludes that this approach is highly
effective for complex real-world image alignment tasks.[23]

This paper focuses on improving unsupervised homography estimation by handling instability and motion-related errors in real-
world scenes. Traditional methods often fail when there are moving objects or complex depth variations. To solve this problem, the
authors introduced a new representation called homography flow. Instead of directly estimating transformation parameters, the
method models motion as a combination of predefined motion patterns. The approach also uses a subspace projection technique to
reduce noise and remove unwanted motion effects. This helps in focusing on the main planar motion while ignoring dynamic
objects. Additionally, a consistency-based loss function is used to ensure that features remain stable before and after transformation.
This improves the reliability of the model during training. The system is implemented using a deep learning architecture and tested
on challenging datasets. Experimental results show better accuracy and robustness compared to traditional and previous learning-
based methods. The study concludes that combining motion representation with subspace techniques improves homography
estimation in complex environments.[24]

This paper focuses on improving homography estimation in difficult environmental conditions such as rain, fog, and low-light
scenes. In such cases, traditional feature-based methods fail because image details become unclear and feature detection becomes
unreliable. To address this problem, the authors proposed a deep learning framework called SeFENet. The method combines
semantic information with structural image features to improve matching accuracy. The model uses a multi-scale feature extraction
process to capture both global and local information from images. It also includes a semantic module that identifies important
regions and objects in the scene. A special fusion mechanism is used to combine semantic and structural features, which helps in
reducing incorrect matches. The system is trained using an adaptive learning strategy to improve performance in degraded
conditions. Experimental results show that the method achieves lower error and better robustness compared to existing approaches.
The study concludes that integrating semantic information significantly improves homography estimation in challenging real-world
environments.[25]

This paper focuses on improving both accuracy and efficiency of homography estimation for applications such as image stitching,
SLAM, and video stabilization. Traditional deep learning methods often rely on single-scale refinement, which limits performance
and increases computation time. To overcome these issues, the authors proposed a multiscale neural network called MCNet. The
model processes image features at different resolutions and refines the homography estimation step by step. The approach uses
correlation-based matching to improve feature correspondence between images. It also introduces a special optimization strategy
that increases learning efficiency and improves precision during training.

The network is designed to extract features once and then refine results across multiple scales, reducing computational cost. It can
also handle dynamic objects without requiring additional processing steps. Experimental results show that the method achieves
lower error and faster performance compared to existing approaches. The study concludes that multiscale learning combined with
efficient optimization provides accurate and real-time homography estimation for practical applications.[26]
This paper focuses on understanding how deep learning models for homography estimation perform when applied to new datasets
that are different from the training data. In many computer vision tasks, models fail under such conditions, but homography models
often show good generalization.To study this, the authors designed a lightweight homography estimation network and tested it on
multiple datasets with different characteristics.

They also created a special dataset to analyze how the model behaves under various conditions. The experiments included cross-
dataset testing and visualization of feature attention to understand what the model learns. The results show that the network mainly
depends on local features such as edges and corners rather than high-level semantic information. Further analysis was done by
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modifying texture properties, which confirmed that the model’s performance strongly depends on local geometric details. The study
concludes that deep homography models are naturally robust to domain changes because they rely on consistent texture features.
This makes them behave similarly to classical geometric methods while maintaining the advantages of deep learning.[27]
This paper focuses on improving homography and motion estimation in challenging environments such as rain, fog, and low-light
conditions. Traditional methods often fail in such situations because they rely heavily on image brightness and texture information.
To address this problem, the authors proposed an unsupervised deep learning framework that combines gyroscope data with image
features. The gyroscope provides reliable motion information independent of visual quality. The method converts gyroscope
readings into a motion representation, which helps in capturing global camera movement. This information is then combined with
optical flow obtained from images to improve motion estimation accuracy.A fusion module is used to integrate both sources of
information, and a decoder estimates the final homography transformation. The model is trained without labeled data using
consistency-based learning. Experimental results show that the approach achieves better accuracy and robustness compared to
traditional and existing methods, especially in difficult conditions. The study concludes that combining sensor data with deep
learning improves performance in real-world vision tasks.[28]
This paper focuses on reconstructing 3D planar surfaces from a single image in real-world environments. Many existing methods
work only for specific datasets, such as indoor or outdoor scenes, and do not generalize well across different conditions. To
overcome this limitation, the authors proposed a transformer-based model that can learn plane geometry from diverse datasets. The
model is trained using a large collection of images from multiple sources to improve generalization. The approach uses a two-step
strategy where it first identifies plane orientation and then estimates its position. This helps in achieving stable and accurate
reconstruction results. In addition, the model incorporates depth and surface information to better understand the structure of the
scene. This improves its ability to detect and reconstruct planes correctly. Experimental results show that the method performs better
than existing approaches, especially in unseen environments. The study concludes that combining large-scale training with
geometry-aware learning improves the accuracy and reliability of 3D plane reconstruction.[29]
This paper focuses on improving feature detection and matching between images captured using different camera types, such as
fisheye and perspective cameras. Traditional feature detection methods often fail in such cases due to strong distortions present in
fisheye images. To address this problem, the authors proposed a self-supervised deep learning framework inspired by existing
feature detection models. The method uses a shared neural network to extract features and separate modules to detect keypoints and
generate descriptors. A hybrid homography model is introduced to relate fisheye and perspective images, allowing the system to
learn correspondences between different camera geometries. The model is trained using both synthetic and real datasets to improve
generalization. A contrastive learning approach is applied to ensure that corresponding points from different camera types produce
similar feature representations. This improves matching accuracy and consistency. Experimental results show that the method
performs better than traditional and existing deep learning approaches, especially in highly distorted images. The study concludes
that this approach provides a robust solution for feature matching in multi-camera systems used in applications like SLAM and 3D
reconstruction.[30]

IV.  COMPARATIVE STUDY OF FIVE PUBLISHED RESEARCH PAPERS
The study analyzed five significant research papers related to camera models, calibration techniques, and homography estimation in
computer graphics and computer vision. The table highlights the proposed solutions, methodologies, and outcomes of each paper.
This comparison helps in identifying which techniques provide better accuracy, robustness, and efficiency in real-world
applications. It also gives a clear understanding of the strengths and limitations of different methods.

Table 1: Comparison of Selected Five Research Papers

S.No Title of Papers Year Proposed Solution Methodology Conclusions
1 Gaussian Process Camera 2023 Convert real camera into Uses Gaussian Improves
Calibration ideal pinhole model Process to calibration
correct accuracy and
distortion and map reduces
coordinates distortion
errors
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2 LiDAR-Camera Calibration | 2023 Automatic Uses feature Provides
Toolbox target-less matching and accurate and
calibration optimization robust sensor
between alignment
LiDAR and
camera data
3 Multi-Task 2022 Estimate camera parameters | Neural Improves
Learning using network with accuracy and
Calibration deep learning camera generalization

projection loss
and feature

extraction
4 Depth-Aware Homography | 2023 . . . Deep learning with Handles
Estimation P|>.<eI-W|se transformation depth maps non-planar
.usmg depth and image scenes
information alignment effectively
optimization
5 MCNet 2024 Efficient multi-scale Uses Provides fast
Homography homography correlation and accurate
Estimation estimation learning and real-time results
multi-scale
refinement

V.  CONCLUSION

This review paper presents a detailed study of camera models and projection techniques used in computer graphics and computer
vision. It focuses on important concepts such as camera calibration, homography estimation, and 3D reconstruction. From the
analysis of different research papers, it is observed that traditional geometric methods provide a strong theoretical foundation for
understanding image formation and transformation. However, these methods often face challenges in complex real-world conditions
such as noise, distortion, and varying lighting. Modern approaches based on machine learning and deep learning have shown
significant improvements in accuracy and robustness. These methods are capable of handling complex scenarios and large datasets
more effectively than classical techniques. The comparison of selected research papers shows that hybrid approaches, which
combine geometric modeling with learning-based techniques, provide better performance in terms of accuracy, efficiency, and
adaptability. In conclusion, the integration of mathematical foundations with modern learning methods plays a crucial role in
developing reliable and efficient computer vision systems. These advancements will continue to improve applications such as
augmented reality, robotics, and 3D scene understanding.

VI. FUTURE SCOPE

Future research in camera models and projection techniques can focus on developing more efficient and real-time solutions for
practical applications. As computer vision systems are increasingly used in dynamic environments, there is a need for methods that
can handle complex conditions such as noise, occlusion, and lighting variations more effectively. One important direction is the
integration of advanced deep learning models such as transformers and hybrid networks with traditional geometric approaches. This
combination can further improve accuracy and adaptability in tasks like 3D reconstruction, image alignment, and camera
calibration. Another area of improvement is multi-sensor fusion, where data from cameras, LiDAR, and inertial sensors can be
combined to achieve better performance in applications such as autonomous driving and robotics. Additionally, future work can
focus on developing lightweight and computationally efficient models that can be implemented on mobile and embedded devices
without compromising performance. Overall, the future of this field lies in creating scalable, robust, and intelligent systems that can
operate effectively in real-world scenarios across various domains.
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