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Course Introduction

Training Course on Deep Learning for 3D Point Cloud Analysis delves into the cutting-edge
domain of Deep Learning for 3D Point Cloud Analysis, equipping participants with essential
skills to effectively work with complex 3D datasets generated by LiDAR, depth cameras, and other
advanced sensors. Participants will gain expertise in processing, understanding, and generating
insights from unstructured 3D point cloud data, which is crucial for autonomous systems, robotics,
augmented reality, and smart manufacturing. The course bridges the gap between theoretical
concepts and practical real-world applications, ensuring attendees can immediately apply their
knowledge to solve challenging problems in 3D perception and spatial computing.

The program emphasizes hands-on experience with state-of-the-art deep learning frameworks like
PyTorch and TensorFlow, focusing on specialized architectures for point clouds such as PointNet
and PointNet++. Through a blend of lectures, practical exercises, and industry-relevant case
studies, learners will master techniques for 3D object detection, semantic segmentation, shape
classification, and point cloud registration. This comprehensive training empowers professionals
to innovate and develop advanced AI solutions that leverage the rich geometric and semantic
information embedded in 3D point clouds, driving progress in fields reliant on robust 3D computer
vision.

Programme Curriculum

Training Course on Deep Learning for 3D Point Cloud Analysis

Introduction

Training Course on Deep Learning for 3D Point Cloud Analysis delves into the cutting-edge
domain of Deep Learning for 3D Point Cloud Analysis, equipping participants with essential
skills to effectively work with complex 3D datasets generated by LiDAR, depth cameras, and other
advanced sensors. Participants will gain expertise in processing, understanding, and generating



insights from unstructured 3D point cloud data, which is crucial for autonomous systems, robotics,
augmented reality, and smart manufacturing. The course bridges the gap between theoretical
concepts and practical real-world applications, ensuring attendees can immediately apply their
knowledge to solve challenging problems in 3D perception and spatial computing.

The program emphasizes hands-on experience with state-of-the-art deep learning frameworks like
PyTorch and TensorFlow, focusing on specialized architectures for point clouds such as PointNet
and PointNet++. Through a blend of lectures, practical exercises, and industry-relevant case
studies, learners will master techniques for 3D object detection, semantic segmentation, shape
classification, and point cloud registration. This comprehensive training empowers professionals
to innovate and develop advanced AI solutions that leverage the rich geometric and semantic
information embedded in 3D point clouds, driving progress in fields reliant on robust 3D computer
vision.

Course Duration

10 days

Course Objectives

1. Understand LiDAR data, RGB-D sensors, and point cloud data formats for robust input.
2. Learn point cloud properties, sparsity, irregularity, and inherent challenges.
3. Apply PointNet, PointNet++, DGCNN, and Transformer-based models for 3D data.
4. Develop models for accurate shape classification and object recognition in complex scenes.
5. Segment point clouds into meaningful categories using advanced deep learning techniques.
6. Implement real-time 3D object detection for autonomous driving and robotics.
7. Understand and apply deep learning for efficient 3D registration and alignment.
8. Learn about 3D GANs and autoencoders for point cloud generation and completion.
9. Apply GNNs for geometric feature learning on irregular point structures.

10. Utilize appropriate metrics for 3D vision tasks and troubleshoot deep learning models.
11. Gain experience with datasets like KITTI, ScanNet, and ModelNet for training and

validation.
12. Understand strategies for model deployment in real-world applications.
13. Explore state-of-the-art advancements and future directions in 3D deep learning.

Organizational Benefits

Empowering teams to develop and deploy cutting-edge AI solutions for 3D data analysis,
leading to new products and services in areas like autonomous vehicles, smart cities, and
digital twins.
Automating tasks such as quality inspection, asset management, and environmental
monitoring through accurate 3D perception, reducing manual effort and errors.
Deriving deeper insights from complex spatial data, enabling more informed strategic
decisions in urban planning, construction, and resource management.
Leveraging 3D point cloud analysis for predictive maintenance and optimized logistics,
leading to significant cost savings and improved resource allocation.
Enhancing safety and security in critical infrastructure and hazardous environments through
precise 3D mapping and anomaly detection.
Building internal capabilities in a high-demand, specialized field, retaining top talent and
fostering a culture of data-driven innovation.
Unlocking opportunities in 3D reconstruction services, augmented reality applications,
and robotics solutions by mastering advanced 3D vision techniques.



Target Audience

1. AI/ML Engineers.
2. Data Scientists.
3. Robotics Engineers
4. Computer Vision Researchers.
5. Software Developers.
6. GIS Specialists.
7. Architects & Urban Planners.
8. Manufacturing Engineers

Course utline

Module 1: Introduction to 3D Point Clouds and Deep Learning Foundations

Understanding 3D data representations: point clouds, meshes, voxels.
Overview of 3D data acquisition sensors: LiDAR, RGB-D cameras, photogrammetry.
Challenges of processing irregular and unordered point cloud data.
Recap of fundamental deep learning concepts: neural networks, CNNs, backpropagation.
Introduction to deep learning frameworks (PyTorch, TensorFlow) for 3D.
Case Study: LiDAR Data for Autonomous Driving: Analyzing raw LiDAR scans from
urban environments to understand density, sparsity, and noise characteristics, and the need for
robust deep learning approaches.

Module 2: Point Cloud Preprocessing and Feature Engineering

Data loading, visualization, and manipulation using Open3D and PyTorch3D.
Point cloud filtering: noise removal, outlier detection, downsampling (voxel grid, Farthest
Point Sampling).
Normal estimation and curvature calculation for geometric feature extraction.
Data augmentation techniques for 3D point clouds.
Introduction to spatial data structures: k-d trees and octrees for efficient neighborhood search.
Case Study: Noise Reduction in Industrial Scans: Applying advanced filtering techniques
to noisy point clouds from factory floor scanners to prepare data for automated quality control
of manufactured parts.

Module 3: Point-Wise Multi-Layer Perceptrons (MLPs) and PointNet

The concept of permutation invariance in point clouds.
Architecture of PointNet: shared MLPs, max pooling for global features.
Implementing PointNet for 3D object classification.
Understanding T-Nets for input alignment.
Limitations of PointNet in capturing local structures.
Case Study: Furniture Classification in Indoor Scenes: Using PointNet to classify various
furniture items (chairs, tables, sofas) from scanned indoor point cloud datasets like ScanNet,
highlighting its ability to recognize global shapes.

Module 4: Hierarchical Feature Learning with PointNet++

Addressing PointNet's limitations: multi-scale grouping and hierarchical feature learning.
Set Abstraction (SA) module: sampling, grouping, and PointNet layer.
Feature Propagation (FP) module for upsampling and point-wise predictions.
Implementing PointNet++ for 3D semantic segmentation.
Comparing performance of PointNet and PointNet++ on segmentation tasks.



Case Study: Semantic Segmentation of Urban Environments: Applying PointNet++ to
segment large-scale outdoor point clouds (e.g., from KITTI dataset) into categories like road,
building, vegetation, and vehicles for autonomous driving maps.

Module 5: Graph Neural Networks (GNNs) for Point Clouds

Introduction to graph theory and its relevance to irregular data.
Constructing graphs from point clouds (k-NN graphs, radius graphs).
Deep Graph CNN (DGCNN) and EdgeConv layers for local feature aggregation.
Implementing GNNs for point cloud classification and segmentation.
Advantages of GNNs in capturing local geometric relationships.
Case Study: Analyzing Cultural Heritage Sites: Using GNNs to process scanned point
clouds of historical buildings for fine-grained segmentation of architectural elements,
leveraging the relational information between points.

Module 6: Convolutional Operations on 3D Data

Challenges of applying standard convolutions to unordered point clouds.
Overview of voxel-based convolutions (3D CNNs).
Point Convolutional Neural Networks (PCNNs) and spherical convolutions.
Kernel Point Convolution (KPConv) for flexible and efficient convolutions.
Sparse convolution techniques for efficiency in large 3D scenes.
Case Study: Medical Image Analysis: Applying 3D CNNs to volumetric representations
derived from medical point clouds (e.g., MRI scans) for tumor detection or organ
segmentation.

Module 7: 3D Object Detection from Point Clouds

Anchor-based vs. Anchor-free 3D object detection methods.
Single-stage and two-stage detectors for 3D scenes.
Implementing Frustum PointNets for RGB-D based 3D object detection.
VoxelNet and PointPillars for LiDAR-based 3D object detection.
Evaluation metrics for 3D object detection: mAP, IoU in 3D.
Case Study: Real-time Vehicle Detection in Autonomous Driving: Developing and
evaluating a 3D object detection model on the KITTI dataset to accurately identify and
localize vehicles, pedestrians, and cyclists from LiDAR point clouds.

Module 8: Semantic and Instance Segmentation

Differentiating between semantic and instance segmentation in 3D.
Advanced semantic segmentation architectures beyond PointNet++.
Methods for instance segmentation (e.g., VoteNet, SGPN).
Handling large-scale point clouds for segmentation: tiling and hierarchical approaches.
Applications in scene understanding and scene graph generation.
Case Study: Indoor Scene Understanding for Robotics: Performing semantic and instance
segmentation of indoor point clouds (e.g., from Matterport3D) to enable robots to understand
room layouts, identify objects, and navigate complex environments.

Module 9: Point Cloud Registration and Localization

Classic registration algorithms: Iterative Closest Point (ICP).
Deep learning approaches for point cloud registration (e.g., PointNetLK, Deep Global
Registration).
Learning robust feature correspondences for registration.



Global and local registration techniques.
Applications in 3D reconstruction and SLAM.
Case Study: LiDAR Scan Alignment for 3D Mapping: Automatically aligning multiple
LiDAR scans of a construction site or forest area using deep learning-based registration to
create a seamless, large-scale 3D map for monitoring progress or environmental assessment.

Module 10: Generative Models for 3D Point Clouds

Introduction to Generative Adversarial Networks (GANs) and Variational Autoencoders
(VAEs).
Point Cloud GANs for generating realistic 3D shapes.
Point cloud completion: filling missing parts of scanned objects.
Point cloud upsampling for increasing density.
Applications in 3D content creation and data augmentation.
Case Study: Completing Scanned Archaeological Artifacts: Using generative models to
fill in missing sections of partially scanned archaeological artifacts, aiding in digital
preservation and virtual reconstruction.

Module 11: Transformers and Attention Mechanisms in 3D

Review of Transformer architecture for sequential data.
Adapting Transformers for unordered point clouds.
Point Transformer and other attention-based models for 3D.
Self-attention and cross-attention mechanisms in point cloud processing.
Benefits of Transformers for long-range dependency modeling.
Case Study: Large-Scale Point Cloud Classification with Transformers: Applying
Transformer-based models to classify entire outdoor scenes or large urban blocks,
demonstrating their ability to capture global context effectively.

Module 12: Few-Shot and Self-Supervised Learning for 3D Point Clouds

Challenges of data scarcity in 3D point cloud datasets.
Introduction to few-shot learning techniques for 3D.
Self-supervised learning objectives for point clouds (e.g., masked point modeling,
reconstruction).
Contrastive learning for learning robust 3D representations.
Transfer learning and domain adaptation in 3D.
Case Study: Adapting Pre-trained Models for Niche Industrial Scenarios: Fine-tuning a
self-supervised pre-trained model on a small, specific dataset of industrial equipment to
detect anomalies with limited labeled data.

Module 13: Robustness and Explainability in 3D Deep Learning

Adversarial attacks and defenses in 3D point cloud models.
Handling noisy and incomplete real-world data effectively.
Techniques for improving model robustness and generalization.
Explainable AI (XAI) methods for understanding 3D deep learning decisions.
Interpreting feature importance and activation maps in 3D networks.
Case Study: Ensuring Robustness in Autonomous Driving Perception: Analyzing the
failure modes of a 3D object detector under adverse weather conditions or sensor noise, and
applying techniques to improve its robustness.

Module 14: Deployment and Optimization of 3D Deep Learning Models



Model quantization and pruning for efficient inference on edge devices.
Using ONNX and TensorRT for model deployment.
Real-time considerations for 3D perception in robotics and AR/VR.
Cloud deployment strategies for large-scale 3D processing.
Ethical considerations and biases in 3D AI applications.
Case Study: Deploying a 3D Semantic Segmentation Model on a Robotics Platform:
Optimizing a trained semantic segmentation model for real-time inference on a robot's
embedded system, considering computational and power constraints.

Module 15: Future Trends and Research Directions

Neural Radiance Fields (NeRFs) and other implicit 3D representations.
Large-scale foundation models for 3D point clouds.
Fusion of 2D image data with 3D point clouds for multimodal perception.
Advancements in simulation-to-real transfer for 3D training.
Emerging applications in metaverse, smart cities, and digital twin creation.
Case Study: Exploring Future City Planning with Digital Twins: Discussing how
advanced 3D deep learning and multimodal data fusion are enabling the creation and dynamic
updating of highly detailed digital twins for urban environments, supporting predictive
modeling and smart infrastructure management.

Training Methodology

This course adopts a blended learning approach, combining theoretical foundations with
extensive practical experience.

Interactive Lectures: Engaging presentations covering core concepts, algorithms, and state-
of-the-art models.
Hands-on Coding Labs: Practical sessions using Python with PyTorch and TensorFlow for
implementing, training, and evaluating deep learning models on real and synthetic 3D
datasets. Participants will work on guided exercises and progressively complex projects.
Case Study Analysis: In-depth examination of industry-relevant case studies to understand
real-world applications, challenges, and solutions in various domains.
Demonstrations:Upcoming Scheduled Sessions

Start Date End Date Location Price

10 Aug 2026 21 Aug 2026 Online $2,200

17 Aug 2026 28 Aug 2026 Online $2,200

24 Aug 2026 04 Sep 2026 Online $2,200

31 Aug 2026 11 Sep 2026 Online $2,200

07 Sep 2026 18 Sep 2026 Online $2,200

14 Sep 2026 25 Sep 2026 Online $2,200



Start Date End Date Location Price

21 Sep 2026 02 Oct 2026 Online $2,200

28 Sep 2026 09 Oct 2026 Online $2,200

Ready to enroll or request a customized program? Book online or contact us:

Register Online Now

Email: info@fineskilltrainingcenter.com | Website: www.fineskilltrainingcenter.com

https://www.fineskilltrainingcenter.com/courses/training-course-on-deep-learning-for-3d-point-cloud-analysis

