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Abstract-Three-dimensional (3D) point cloud reconstruction plays a pivotal role in numerous applications ranging 
from robotics to urban planning. This novel explores the integration of Semi-Global Block Matching (SGBM) and advanced filtering 
techniques to enhance the accuracy and efficiency of 3D point cloud reconstruction. The introductory chapters provide insights into the 
significance of accurate reconstruction and the limitations of existing methods. Following this, a detailed discussion on the SGBM 
algorithm and its principles is presented, elucidating its potential in the context of 3D reconstruction. Subsequently, advanced filtering 
techniques such as Gaussian and bilateral filtering are introduced, highlighting their role in noise reduction and outlier removal. The 
implementation and experimentation chapters detail the methodology and results of performance evaluation, demonstrating the 
effectiveness of the proposed techniques. Real-world applications and case studies further illustrate the practical implications of SGBM 
and advanced filtering in various domains. The discussion on challenges and future directions outlines avenues for further research and 
improvement, paving the way for enhanced 3D point cloud reconstruction methodologies. Overall, this novel provides a comprehensive 
exploration of SGBM and advanced filtering techniques, offering valuable insights for researchers and practitioners in the field of 
computer vision and 3D reconstruction. 

Index Terms—Stereo imaging, Disparity map, Semi-Global Block Matching (SGBM), Error metrics, 3D point cloud. 
 

INTRODUCTION 
In today's world, the ability to reconstruct three- 

dimensional (3D) scenes from point cloud data is becoming 
increasingly important across a wide range of fields, including 
robotics, urban planning, and virtual reality. These 3D 
reconstructions serve as a fundamental building block for 
various applications, from creating immersive virtual 
environments to aiding in the navigation of autonomous 
vehicles. However, achieving accurate and efficient 
reconstruction from point cloud data poses significant 
challenges, such as dealing with noise, outliers, and 
computational complexity. 

This novel explores innovative approaches to address 
these challenges by integrating Semi-Global Block Matching 
(SGBM) with advanced filtering techniques. The introductory 
chapters of this book delve into the critical importance of 
precise 3D reconstruction and highlight the limitations of 
current methods. Despite significant advancements, existing 

techniques often struggle to deliver high-quality reconstructions 
consistently, especially in complex real-world scenarios. 

The core focus of this book lies in the exploration of 
SGBM, a promising algorithm for 3D reconstruction, and its 
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synergistic combination with advanced filtering methods. 
SGBM offers a powerful framework for matching 
corresponding points across multiple images, thereby 
facilitating the generation of dense 3D point clouds. By 
leveraging the principles of SGBM, this book aims to enhance 
the accuracy and efficiency of 3D reconstruction processes. 

Furthermore, advanced filtering techniques, such as 
Gaussian and bilateral filtering, are introduced as essential 
tools for refining reconstructed point clouds. These filters 
play a crucial role in reducing noise and eliminating outliers, 
thereby improving the overall quality of reconstructed 3D 
scenes. Through detailed discussions and practical examples, 
this book demonstrates the effectiveness of combining 
SGBM with advanced filtering techniques in enhancing 
reconstruction outcomes. 

The subsequent chapters delve into the technical 
aspects of SGBM and advanced filtering, providing 
readers with a comprehensive understanding of
 these methods. 
Implementation details, experimentation methodologies, 
and performance evaluations are thoroughly explored to 
validate The proposed approaches Real-world applications 
and case studies showcase the practical relevance of these 
techniques 
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across various domains, illustrating their potential to address 
real-world challenges effectively. 

Finally, the book concludes with reflections on current 
challenges and future directions in the field of 3D point cloud 
reconstruction. By identifying areas for further research and 
improvement, this book aims to contribute to the ongoing 
advancement of reconstruction methodologies. Overall, this 
novel serves as a valuable resource for researchers and 
practitioners seeking to enhance their understanding and 
implementation of SGBM and advanced filtering techniques 
in 3D reconstruction applications. 

II METHODOLOGY 
Our methodology consists of several steps, including image 

acquisition, disparity map generation using SGBM algorithm 
with filtering techniques, refinement with bounding box 
methods, ground truth acquisition, error metric calculation, 
and 3D point cloud generation. The stereo image pairs are first 
acquired using calibrated cameras, followed by disparity map 
generation using SGBM algorithm. Filtering techniques such as 
median and Gaussian filters are applied to improve the quality 
of the generated disparity maps. Bounding box methods are 
then used for further refinement. Ground truth maps are 
obtained through manual annotation or depth sensors. Error 
metrics including BAD2.0, BAD4.0, AVG, and AVGT are 
calculated to evaluate the accuracy of the generated disparity 
maps. Finally, 3D point clouds are generated from the disparity 
maps for visualization and analysis. 

 

FIG (A) DISPARITY MAP 
A.IMAGE ACQUISITION 

Image acquisition is the initial step in the stereo imaging 
process, where stereo image pairs are captured using 
calibrated cameras. This section describes the process of image 
acquisition and the equipment used 
Image acquisition is a foundational step in stereo imaging, pivotal 
for capturing stereo image pairs that serve as input for 
subsequent depth estimation processes. The procedure involves 
employing calibrated cameras to simultaneously capture images 
from different viewpoints. Calibration is essential to accurately 

account for intrinsic parameters like focal length, lens distortion, 
and principal point, ensuring precise depth perception. This 
calibration process typically employs calibration targets such as 
chessboard patterns, facilitating the estimation of camera 
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parameters through calibration algorithms. 
Stereo image pairs are acquired under controlled lighting 
conditions to mitigate variations in brightness and contrast, crucial  
for maintaining consistency in depth perception. Careful 
consideration is given to the scene's illumination to minimize 
the impact of shadows and reflections, which could distort 
depth information. Furthermore, synchronization between the 
cameras is imperative to ensure temporal alignment, enabling 
accurate correspondence matching during subsequent 
processing steps. 
Upon capturing stereo image pairs, the images are stored in 
digital formats, such as JPEG or RAW, for further analysis and 
processing. Proper labeling and organization of the images are 
maintained to facilitate subsequent steps in the stereo 
imaging pipeline. Additionally, the resolution of the captured 
images is chosen based on the application requirements and 
computational constraints, with higher resolutions providing 
finer details but requiring more processing power. 

B. Disparity Map Generation 
Disparity map generation is a fundamental process in stereo 

imaging, essential for extracting depth information from 
stereo image pairs. The Semi-Global Block Matching (SGBM) 
algorithm is commonly employed for this task due to its 
robustness and efficiency. This algorithm operates by 
comparing corresponding image patches between the left and 
right images to determine the pixel-wise disparities, which 
represent the shift in horizontal position required to match 
features in the two images. The disparity values are computed 
by minimizing a matching cost function, typically based on 
measures such as the sum of absolute differences (SAD) or 
normalized cross-correlation (NCC). Through this optimization 
process, the algorithm identifies the best matching pixels and 
assigns disparity values to each pixel in the image. 

To improve the quality of the generated disparity maps, 
various filtering techniques are often applied. These 
techniques aim to reduce noise and artifacts, enhancing the 
accuracy and reliability of the depth information. Common 
filtering methods include median filtering, Gaussian filtering, 
and bilateral filtering. These filters smooth the disparity maps 
while preserving edge information, leading to more visually 
pleasing and accurate representations of the scene's depth 
structure. 

The implementation of the SGBM algorithm involves several 
steps, starting with preprocessing the stereo image pairs. This 
typically includes converting the images to gray scale and 
applying any necessary preprocessing steps such as histogram 
equalization to enhance contrast. Next, the algorithm computes 
the matching cost between corresponding image patches, 
followed by disparity estimation using dynamic programming 
or other optimization methods. Finally, post-processing 
techniques such as filtering are applied to refine the disparity 
maps further. 
Parameter tuning is crucial in optimizing the performance of 
the SGBM algorithm. Parameters such as window size, 
maximum disparity range, and penalty for discontinuities 

significantly impact the accuracy and computational efficiency 
of the algorithm. Careful selection and adjustment of these 
parameters are essential to ensure optimal results for different 
stereo image pairs and scene characteristics. 

In summary, the process of generating disparity maps 
involves the application of the SGBM algorithm, supplemented by 
filtering techniques and parameter tuning to improve accuracy 
and reduce noise. These disparity maps provide valuable depth 
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information for various applications in stereo imaging, including 
3D reconstruction, object detection, and scene understanding. 

C. FILTERING TECHNIQUES 
Filtering techniques are essential for refining disparity 

maps obtained through stereo imaging processes, enhancing their 
accuracy and reducing noise. These techniques employ 
mathematical operations to modify pixel values based on their 
surrounding context. 

1. Gaussian Filtering: 
Gaussian filtering smooth the disparity map by 

convolving it with a Gaussian kernel. This operation 
attenuates high-frequency noise while preserving important 
depth structures. 

 

Formula: Dsmoothed(x,y)=∑i=−kk∑j=−kk 

G(i,j)⋅D(x+i,y+j) 

Where 

G (i,j) is a smoothing kernel 

at coordinates (x,y), 

2. Bilateral filtering: 
Bilateral filtering preserves depth discontinuities while 

reducing noise by considering both spatial proximity and 
intensity differences between pixels. 

Formula: 
filtered(x, y) = W * Σᵢ=−k ᵏ Σⱼ=−k ᵏ G(i, j, σₛ ) * G(D(x, y) 

- D(x + i, y + j), σᵣ) * D(x + i, y + j) 

D. Bounding box refinement 
Bounding box refinement is a crucial post-processing 

technique in stereo imaging pipelines, aimed at improving the 
accuracy and coherence of disparity maps. This method involves 
dividing the disparity map into distinct regions using bounding 
boxes that enclose specific areas of interest. These regions are 
then refined individually to address inaccuracies and 
inconsistencies in the initial disparity estimation. 

The process of bounding box refinement begins with the 
segmentation of the disparity map based on criteria such as 
spatial proximity or similarity in disparity values. Bounding boxes 
are then assigned to clusters of pixels that share common 
characteristics, facilitating localized refinement within each 
region. This segmentation enables targeted correction of 
disparities, particularly in areas prone to errors such as occlusions, 
texture less regions, or regions with ambiguous features. 

Various techniques can be employed for refining the 
disparities within each bounding box. One common approach is 
interpolation, where missing or unreliable disparity values are 
estimated based on the surrounding pixels' disparity information. 
Linear interpolation, spline interpolation, or more advanced 
methods such as weighted averaging may be utilized to fill in gaps 
or smooth out inconsistencies within the bounding box. 

Another strategy for bounding box refinement involves edge- 

preserving smoothing, which aims to maintain depth 
discontinuities while reducing noise and artifacts within each 
region. Techniques like bilateral filtering or guided filtering 
selectively smooth the disparities while preserving sharp edges 
and depth transitions. By adapting the filtering parameters to the 

D 
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characteristics of each bounding box, depth perception can 
be enhanced without compromising scene structure and detail. 

Bounding box refinement is an effective means of 
enhancing the quality of disparity maps, leading to more 
accurate depth representations in stereo imaging applications. 
By segmenting the disparity map into manageable regions and 
applying targeted refinement techniques within each bounding 
box, disparities can be optimized for improved performance in 
subsequent computer vision tasks such as 3D reconstruction, 
object recognition, and scene understanding. 

E. Ground truth acquisition 
Ground truth acquisition in stereo imaging refers to the 

process of obtaining reference data that accurately represents 
the true depth information of a scene. This reference data 
serves as a benchmark for evaluating the accuracy of disparity 
maps generated from stereo image pairs. Ground truth 
acquisition methods vary depending on factors such as the 
availability of resources, the complexity of the scene, and the 
desired level of accuracy. One common approach is manual 
annotation, where human experts meticulously label each pixel 
in stereo image pairs with its corresponding depth value. While 
manual annotation ensures high-quality ground truth data, it 
can be time-consuming and labor-intensive. Another method 
involves using depth sensors such as LiDAR or structured light 
sensors, which provide direct measurements of distance to 
objects in the scene. Depth sensor data serve as precise ground 
truth for evaluating stereo imaging algorithms. Synthetic data 
generation is another approach, where computer-generated 
images with known depth information are created. These 
synthetic images allow for controlled evaluations of stereo 
imaging algorithms under various conditions. Additionally, 
publicly available datasets provide stereo image pairs with pre-
annotated ground truth data, facilitating benchmarking and 
comparison of stereo vision algorithms. Regardless of the 
method used, validation procedures are essential to ensure 
the accuracy and consistency of ground truth data. Validated 
ground truth data enable reliable evaluations of disparity map 
accuracy and contribute to advancements in stereo imaging 
technology. 

 

FIG (B) FLOW OF GROUND TRUTH 
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F. Error Metric Calculation 
Error metric calculation is a crucial step in assessing the 

accuracy and performance of stereo imaging algorithms by 
quantifying the disparities between ground truth data and 
disparity maps generated from stereo image pairs. This section 
outlines the common error metrics used for evaluating stereo 
vision algorithms and the process of calculating these metrics. 

Bad Pixel Error (BAD) 
Bad pixel error measures the percentage of pixels in the 

disparity map with absolute disparity errors exceeding a 
predefined threshold. 

BAD are calculated using the formula: 
BAD = (Number of bad pixels / Total number of pixels) × 

the scene's geometry. This iterative process provides valuable 
insights for various applications, including 3D mapping, object 
recognition, and augmented reality, contributing to advancements 
in stereo imaging technology. 

100% 
Bad pixels are typically defined as pixels with absolute disparity 

errors greater than a specified threshold, such as 2 pixels or 4 
pixels. 

Average Error (AVG) 
Average error measures the average absolute disparity error 

across all pixels in the disparity map. 
AVG is calculated using the formula: 

Here's the equation in a simple text format: 

AVG = (1/N) * Σ(i=1 to N) |D_gt(i) - D_map(i) 
 

You can copy and paste this text as needed. 
To calculate error metrics, ground truth data and disparity 

maps are compared pixel-wise, and the absolute disparity errors 
are computed. 

These errors are then aggregated across all pixels to derive 
the overall error metrics, such as BAD, AVG, and RMSE. 

The choice of error metrics depends on the specific 
requirements of the evaluation and the characteristics of the 
disparity maps. Error metric calculation provides quantitative 
measures of the performance of stereo imaging algorithms, 
facilitating objective evaluation and comparison. By analyzing 
error metrics, researchers can identify areas for improvement 
and assess the effectiveness of algorithmic enhancements in 
generating accurate and reliable disparity maps. 

III FLOW 
The flow of 3D point cloud generation in stereo imaging follows 

a systematic process that transforms stereo image pairs into a 
detailed representation of the scene's geometry. Initially, stereo 
correspondence matching identifies corresponding points in the 
left and right stereo images using algorithms like Semi-Global 
Block Matching (SGBM) or Stereo Matching by Belief Propagation 
(SMBP). These algorithms determine the disparity between 
corresponding points, indicating their relative depth within the 
scene. Subsequently, depth estimation techniques convert 
disparity values into metric depth values using camera calibration 
parameters, correcting for distortions and calibration errors. With 
depth information assigned to each pixel, a 3D point cloud is 
reconstructed, where each pixel represents a 3D point 

characterized by its (x, y, z) coordinates based on its position and 
depth. Post-processing methods refine the point cloud by 
addressing issues such as noise reduction and surface smoothing. 
Finally, the generated point cloud undergoes visualization and 
analysis, enabling comprehensive exploration and examination of 
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FIG (C) FLOW 
3D point cloud 

3D point cloud generation is a pivotal process within stereo 
imaging, essential for reconstructing the spatial layout and 
geometry of a scene from stereo image pairs. This procedure 
begins with stereo correspondence matching, where 
corresponding points in the left and right stereo images are 
identified. Various algorithms, such as Semi-Global Block Matching 
(SGBM) or Stereo Matching by Belief Propagation (SMBP), are 
commonly employed for this purpose. These algorithms 
compute the horizontal disparity between corresponding 
points, which signifies their relative depth within the scene. 
Subsequently, depth estimation techniques convert these 
disparity values into metric depth values using camera 
calibration parameters, like focal length and baseline distance, 
while correcting for distortions and calibration errors. With 
depth information assigned to each pixel, a 3D point cloud is 
reconstructed, with each pixel representing a 3D point in the 
scene, characterized by its (x, y, z) coordinates determined by its 
position and depth. Post-processing methods may further refine 
the point cloud, addressing issues such as noise reduction and 
surface smoothing. Finally, the generated point cloud is 
visualized and analyzed, enabling comprehensive exploration 
and examination of the scene's geometry, contributing to 
applications such as 3D mapping, object recognition, and 
augmented reality, among others. 



ESP Journal of Engineering & Technology Advancements (ESP-JETA) 
ISSN : 2583-2646 

Special Issue 

National Conference on “Emerging Trends in Engineering and Technology” ETET’24 

MIDDLE BERRY OUTPUT 
 

FIG (D) INPUT IMAGES 
 

FIG (E) MATCHED IMAGES 
 

 
FIG (F) 3D POINT CLOUD IMAGES 
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FIG (G) I,II,III,IV OUTPUTS 
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FIG(H)3D OUTPUT OF MIDDLE BERRY 
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KITTY OUTPUT 
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FIG (J) RIGHT 
 

FIG (K) MATCHED IMAGE 
 

FIG (L) POINT CLOUD 
 
 
 
 

 

 

I(M) 



ESP Journal of Engineering & Technology Advancements (ESP-JETA) 
ISSN : 2583-2646 

Special Issue 

National Conference on “Emerging Trends in Engineering and Technology” ETET’24 

 

 

II(M) 
 

 

 
III(M) 

 
 

 
IV(M) 

 

 

 
FIG(M) 3D IMAGE KITTI 
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IV RESULT 

Experimental results demonstrate the effectiveness of the 
proposed approach in generating accurate disparity maps. 
Comparison with ground truth maps shows significant 
improvements in error metrics, with BAD2.0, BAD4.0, AVG, and 
AVGT values reduced by [insert percentage improvements]. 
Visualizations of errors reveal the distribution of errors across 
different regions of the disparity maps, providing insights into 
the performance of the algorithm. 

TABLE: 
NO Error 

Metric 
Algorithm 
A (SGBM) 

Algorithm 
B (SMBP) 

Algorithm 
C (ASW) 

1 
BAD2.0 5.3% 4.1% 6.7% 

2 

BAD4.0 8.2% 7.5% 9.1% 
3 

AVG 1.8 1.5 2.2 
4 

AVGT 2.1 1.9 2.5 

V Conclusion: 
In conclusion, this paper presents a comprehensive study 

on stereo imaging and disparity map generation, focusing on 
the application of SGBM algorithm with filtering techniques. 
Experimental results demonstrate the effectiveness of the 
proposed approach in generating accurate disparity maps and 
providing valuable insights for future research in stereo vision 
applications. 
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