Autonomous Vehicles (Self-Driving Cars)
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· Level 0: No Driving Automation
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· Level 1: Driver Assistance
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· Adaptive Cruise Control
· Lane Keeping Assist
· Automatic Emergency Braking
· Level 2: Partial Driving Automation
· Combined Function Automation
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· Tesla Autopilot and Similar Systems
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· Level 3: Conditional Driving Automation
· Hands-Off, Eyes-Off in Limited Scenarios
· System Limitations and Handover
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· Human Fallback Responsibility
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· No Human Intervention Required in Domain
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Sensor Technologies and Hardware Components
· LiDAR (Light Detection and Ranging)
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· Range and Accuracy Specifications
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· MEMS-Based LiDAR
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· High Accuracy and Resolution
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· Three-Axis Acceleration Detection
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· Signal Structure and Processing
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· Real-Time Kinematic (RTK) GPS
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· Principles of Operation
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· System-on-Chip (SoC) Solutions
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· Intel Mobileye EyeQ Series
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· Power Consumption Optimization
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Environmental Perception and Scene Understanding
· Object Detection and Recognition
· Detection Algorithms and Techniques
· Traditional Computer Vision Methods
· Deep Learning-Based Detection
· Real-Time Processing Requirements
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· Car and Truck Recognition
· Motorcycle Detection
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· Adult Pedestrian Recognition
· Child Detection Challenges
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· Cyclist and Micromobility Detection
· Bicycle Recognition
· E-Scooter and E-Bike Detection
· Rider Behavior Prediction
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· Traffic Cones and Barriers
· Construction Equipment
· Debris and Road Hazards
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· Object Tracking and Motion Prediction
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· Data Association Algorithms
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· Sidewalk and Curb Detection
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· Temporal Consistency
· Lane and Road Geometry Detection
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· Temporary Lane Markings
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· Traffic Control Device Recognition
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· Signal State Recognition
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· Regulatory Sign Classification
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Localization and Mapping
· Localization Fundamentals
· The Localization Problem
· Absolute vs. Relative Positioning
· Coordinate Systems and Transformations
· Accuracy and Precision Requirements
· Localization Challenges
· GPS-Denied Environments
· Dynamic Environment Changes
· Computational Constraints
· High-Definition (HD) Maps
· Map Creation and Generation
· Survey-Grade Mapping Techniques
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· Map Content and Features
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· Traffic Control Device Locations
· Landmark and Reference Points
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· Map Maintenance and Updates
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· Incremental Map Updates
· Version Control and Distribution
· Map Data Formats
· OpenDRIVE Standard
· Lanelet2 Format
· Proprietary Map Formats
· Simultaneous Localization and Mapping (SLAM)
· SLAM Problem Formulation
· State Estimation Framework
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· Online vs. Offline SLAM
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· Feature-Based Visual SLAM
· Direct Visual SLAM
· Monocular vs. Stereo SLAM
· LiDAR SLAM
· Point Cloud Registration
· Scan Matching Techniques
· 3D SLAM Algorithms
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· Graph Optimization
· Drift Correction Techniques
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· Tightly Coupled Integration
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· Error State Kalman Filtering
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· Feature-Based Methods
· Direct Methods
· Stereo Visual Odometry
· LiDAR Odometry
· Point Cloud Registration
· Iterative Closest Point (ICP)
· Normal Distributions Transform (NDT)
· Map-Based Localization
· Particle Filter Localization
· Monte Carlo Localization
· Map Matching Algorithms
· Multi-Sensor Localization
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· Robust Localization Methods
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Path Planning and Decision Making
· Global Path Planning
· Route Planning Fundamentals
· Graph-Based Representations
· Cost Function Design
· Multi-Objective Optimization
· Search Algorithms
· Dijkstra's Algorithm
· A* Algorithm
· D* Algorithm for Dynamic Environments
· Hierarchical Planning
· Multi-Resolution Planning
· Coarse-to-Fine Approaches
· Road Network Abstraction
· Behavioral Planning
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· Rule-Based Behavior Systems
· Finite State Machines
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· Scenario-Based Decision Making
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· Context-Aware Planning
· Risk Assessment and Management
· Maneuver Planning
· Lane Change Decision Making
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· Learning-Based Behavioral Planning
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· Reinforcement Learning for Driving
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· Trajectory Generation
· Polynomial Trajectory Planning
· Spline-Based Methods
· Bezier Curve Trajectories
· Sampling-Based Planning
· Rapidly-Exploring Random Trees (RRT)
· Probabilistic Roadmaps (PRM)
· Lattice-Based Planning
· Optimization-Based Planning
· Model Predictive Control (MPC)
· Quadratic Programming Approaches
· Nonlinear Optimization Methods
· Collision Avoidance
· Static Obstacle Avoidance
· Dynamic Obstacle Prediction
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· Real-Time Constraints
· Computational Complexity Management
· Anytime Algorithms
· Hierarchical Planning Approaches
· Multi-Agent Planning
· Interaction-Aware Planning
· Game-Theoretic Approaches
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· Cooperative Planning
· Prediction and Planning Integration
· Joint Prediction-Planning Frameworks
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· Risk-Aware Planning
Vehicle Control Systems
· Longitudinal Control
· Speed and Acceleration Control
· Throttle Control Systems
· Proportional-Integral-Derivative (PID) Controllers
· Model Predictive Control for Speed
· Braking Systems and Control
· Friction Braking Control
· Regenerative Braking Integration
· Anti-Lock Braking System (ABS) Integration
· Emergency Braking Systems
· Adaptive Cruise Control (ACC)
· Distance Keeping Algorithms
· Stop-and-Go Functionality
· Cut-In and Cut-Out Handling
· Comfort and Efficiency Optimization
· Powertrain Integration
· Internal Combustion Engine Control
· Electric Motor Control
· Hybrid Powertrain Coordination
· Lateral Control
· Steering Control Systems
· Electric Power Steering Integration
· Steering Angle Control
· Torque-Based Steering Control
· Path Tracking Algorithms
· Pure Pursuit Controller
· Stanley Controller
· Linear Quadratic Regulator (LQR)
· Model Predictive Control (MPC)
· Lane Keeping and Centering
· Lane Departure Warning Systems
· Lane Keeping Assist (LKA)
· Lane Centering Control
· Stability and Safety Control
· Electronic Stability Control (ESC) Integration
· Rollover Prevention
· Understeer and Oversteer Compensation
· Vehicle Dynamics and Modeling
· Vehicle Dynamic Models
· Bicycle Model
· Single Track Model
· Multi-Body Dynamics
· Tire Models
· Linear Tire Models
· Pacejka Tire Model
· Tire-Road Friction Estimation
· Control System Design
· Feedback Control Principles
· Feedforward Control
· Robust Control Methods
· Actuator Systems and Interfaces
· Drive-by-Wire Systems
· Electronic Throttle Control
· Brake-by-Wire Systems
· Steer-by-Wire Systems
· Shift-by-Wire Systems
· Communication Protocols
· Controller Area Network (CAN) Bus
· FlexRay Protocol
· Ethernet-Based Protocols
· Time-Sensitive Networking (TSN)
· Fault Detection and Handling
· Sensor Fault Detection
· Actuator Fault Diagnosis
· Graceful Degradation Strategies
· Emergency Stop Procedures
Artificial Intelligence and Machine Learning
· Machine Learning Fundamentals
· Supervised Learning Applications
· Classification Problems
· Regression Problems
· Training Data Requirements
· Unsupervised Learning Applications
· Clustering for Scene Understanding
· Dimensionality Reduction
· Anomaly Detection
· Reinforcement Learning Applications
· Policy Learning for Driving
· Reward Function Design
· Multi-Agent Reinforcement Learning
· Deep Learning Architectures
· Convolutional Neural Networks (CNNs)
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· Object Detection Networks
· Semantic Segmentation Networks
· Real-Time CNN Optimization
· Recurrent Neural Networks (RNNs)
· Long Short-Term Memory (LSTM)
· Gated Recurrent Units (GRUs)
· Sequence-to-Sequence Models
· Transformer Architectures
· Attention Mechanisms
· Vision Transformers
· Multi-Modal Transformers
· Generative Models
· Generative Adversarial Networks (GANs)
· Variational Autoencoders (VAEs)
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· Specific AI Applications
· Computer Vision Tasks
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· Depth Estimation
· Optical Flow Estimation
· Scene Flow Estimation
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· Time Series Analysis
· Sensor Data Processing
· Predictive Maintenance
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· Training Data and Datasets
· Data Collection Strategies
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· Simulation-Based Data Generation
· Synthetic Data Creation
· Data Annotation and Labeling
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· Active Learning Approaches
· Dataset Challenges
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· Data Privacy and Security
· Data Augmentation Techniques
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· Synthetic Scenario Generation
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· Model Training and Optimization
· Training Methodologies
· Transfer Learning
· Fine-Tuning Strategies
· Multi-Task Learning
· Model Compression and Optimization
· Quantization Techniques
· Pruning Methods
· Knowledge Distillation
· Hardware Acceleration
· GPU Optimization
· TPU Deployment
· Edge Computing Optimization
System Integration and Communication
· Software Architecture and Frameworks
· Middleware Systems
· Robot Operating System (ROS)
· ROS 2 for Automotive Applications
· Data Distribution Service (DDS)
· Automotive Software Standards
· AUTOSAR (Automotive Open System Architecture)
· Adaptive AUTOSAR for Autonomous Driving
· ISO 26262 Software Development
· Real-Time Operating Systems
· QNX for Automotive
· Linux-Based Real-Time Systems
· Safety-Critical Operating Systems
· Vehicle-to-Everything (V2X) Communication
· Communication Technologies
· Dedicated Short-Range Communications (DSRC)
· Cellular V2X (C-V2X)
· 5G and Beyond for V2X
· Vehicle-to-Vehicle (V2V) Communication
· Cooperative Awareness Messages
· Collision Avoidance Coordination
· Platooning Applications
· Vehicle-to-Infrastructure (V2I) Communication
· Traffic Signal Priority
· Road Condition Updates
· Dynamic Route Guidance
· Vehicle-to-Pedestrian (V2P) Communication
· Pedestrian Detection and Alerts
· Vulnerable Road User Protection
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· Vehicle-to-Network (V2N) Communication
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· Over-the-Air Updates
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· Data Management and Processing
· Data Storage Systems
· On-Board Data Storage
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· Edge Computing Solutions
· Data Processing Pipelines
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· Personal Data Protection
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Testing, Validation, and Verification
· Simulation-Based Testing
· Software-in-the-Loop (SIL) Testing
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· Scenario-Based Simulation
· Hardware-in-the-Loop (HIL) Testing
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· Edge Case Testing
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Safety, Security, and Reliability
· Functional Safety
· ISO 26262 Standard
· Safety Lifecycle Management
· Hazard Analysis and Risk Assessment
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Regulatory, Legal, and Societal Aspects
· Legal and Regulatory Frameworks
· Liability and Insurance Models
· Product Liability
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· Insurance Industry Adaptation
· Traffic Law Compliance
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· New Legislation for Autonomous Vehicles
· International Harmonization Efforts
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· Government Agencies and Standards
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· Economic Impact and Business Models
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· New Job Creation
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· Mobility-as-a-Service (MaaS)
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· Social Impact and Acceptance
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· Disability Accommodation
· Environmental Considerations
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· Reduced Emissions
· Improved Fuel Efficiency
· Traffic Congestion Reduction
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