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Connected & Autonomous Vehicles (CAVs) Overview

Connected and Autonomous Vehicles (CAVs) combine two distinct advanced
automotive technologies: Wireless Connectivity (V2X communication) and
Autonomous Driving (self-steering, acceleration, and braking).

Connected vehicles continuously share speed, heading, and position data with
nearby vehicles and infrastructure. Autonomous vehicles use onboard sensors
(cameras, radar, LiDAR, ultrasonic) and AI perception algorithms to navigate
without human driver intervention.

When deployed together, CAVs can drive in tightly spaced platoons, eliminate
human driver error (which accounts for over 90% of traffic crashes), optimize
intersection throughput, and dramatically reduce highway congestion.

Integration of wireless connectivity (V2X) and autonomous driving
Onboard sensor suite: LiDAR, radar, cameras, ultrasonic sensors
Elimination of human error (the primary cause of 90%+ road crashes)
Vehicle Platooning: automated close-following trucks to reduce
aerodynamic drag
Impact on highway capacity: higher throughput due to shorter reaction
times
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SAE Levels of Driving Automation (Level 0 to Level
5)

The Society of Automotive Engineers (SAE) defines six standardized levels of
driving automation, ranging from SAE Level 0 (No Automation) to SAE Level
5 (Full Automation).

Level 0 to 2 require the human driver to actively monitor the driving
environment (e.g., Level 1 Adaptive Cruise Control, Level 2 Lane Centering +
ACC).

Level 3 to 5 shift environmental monitoring to the automated system. Level 3
(Conditional Automation) allows hands-off driving under specific conditions,
Level 4 (High Automation) operates without human intervention in defined
geographic zones (Geofencing), and Level 5 operates autonomously
everywhere under all conditions.

Level Name Description
0 No Automation Full human control with basic warnings
1 Driver Assistance Steering OR acceleration support (e.g., ACC)
2 Partial Automation Simultaneous steering AND acceleration support
3 Conditional Automated driving with human backup request
4 High Automation Driverless operation in specific conditions (Geofenced)
5 Full Automation Driverless operation everywhere, all conditions
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Cooperative Intelligent Transportation Systems
(C-ITS)

Cooperative ITS (C-ITS) is an advanced framework where vehicles, roadside
infrastructure, and central traffic platforms share real-time information and
coordinate their actions cooperatively.

Unlike standalone autonomous vehicles that rely solely on their own onboard
sensors, C-ITS enables ’extended perception’. A vehicle can ’see’ around blind
corners or through heavy fog by receiving sensor feeds from roadside units or
preceding vehicles.

Key C-ITS safety applications include Cooperative Forward Collision Warning
(FCW), Emergency Electronic Brake Light (EEBL), Intersection Collision Risk
Warning (ICRW), and In-Vehicle Signage (IVS).
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Smart Parking Management Systems & Guidance

Cruising for parking spaces in urban business districts contributes up to 30%
of total urban traffic congestion and causes unnecessary fuel consumption and
driver stress.

Smart Parking Management Systems utilize IoT occupancy sensors (magnetic
ground pucks, ultrasonic overhead sensors, or AI cameras) to detect real-time
parking space availability.

Data is transmitted to roadside variable message signs and mobile navigation
apps, guiding drivers directly to available spaces, allowing advance slot
reservation, and enabling automated digital payment.

Mitigation of urban cruising traffic (up to 30% of downtown congestion)
Sensory technologies: Ground magnetic sensors, ultrasonic, AI cameras
Real-time guidance via roadside VMS and mobile app interfaces
Advance slot reservation and dynamic parking pricing algorithms
Automated license-plate payment (ANPR) eliminating parking gates
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Electric Vehicle (EV) Infrastructure & Smart
Corridors

The rapid global transition to Electric Vehicles (EVs) requires integrating EV
charging infrastructure with highway network management and electrical
power grids.

Smart Charging Corridors use ITS to inform EV drivers of real-time charger
availability, waiting queue times, and plug speeds at upcoming highway rest
stops, preventing range anxiety.

Furthermore, dynamic V2G (Vehicle-to-Grid) integration and smart grid
balancing optimize energy distribution so that fast-charging heavy buses or
trucks do not overload local power grids during peak hours.

Integration of EV charging stations along highway right-of-way
Real-time display of charger availability, power rating, and queue times
Prevention of driver ’range anxiety’ on long-distance expressways
Smart Grid integration and dynamic demand-response load management
Future concept: Dynamic Wireless Inductive Charging embedded in road
lanes
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AI & Machine Learning for Predictive Traffic Flow

Traditional traffic forecasting relies on static mathematical models (such as
gravity models and macroscopic speed-density equations). Modern ITS
leverages AI and Machine Learning (ML) for short-term predictive modeling.

Deep Learning models (e.g., Recurrent Neural Networks - RNN, Long
Short-Term Memory - LSTM, and Graph Convolutional Networks - GCN)
analyze historical and real-time sensor streams to predict traffic volume and
speed 15 to 60 minutes into the future.

Predictive capabilities allow traffic management centers to take proactive
preventive actions—such as lowering advisory speeds or adjusting signal
splits—before congestion actually forms.

Shift from static travel demand models to real-time AI prediction
Deep Learning architectures: LSTM, GCN, and Transformer models
Short-term traffic state forecasting (15 to 60 minutes ahead)
Proactive congestion mitigation before queue formation occurs
Enhanced accuracy in travel time estimation for navigation systems
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Environmental ITS: Noise & Emissions Reduction

Environmental ITS (e-ITS) applies smart technologies specifically to monitor,
assess, and minimize the environmental impacts of road traffic.

e-ITS integrates roadside air quality monitoring sensors (measuring PM2.5,
PM10, NOx, CO2) and sound level meters with traffic signal controllers.

In Eco-Routing and Low Emission Zones (LEZ), e-ITS dynamically diverts
heavy diesel trucks away from sensitive residential zones or school areas during
high pollution alerts, and promotes eco-driving speeds that optimize fuel
efficiency.

Integration of air quality sensors (PM2.5, NOx, CO2) and noise
monitoring
Dynamic Low Emission Zone (LEZ) enforcement and vehicle access
control
Eco-Routing navigation directing heavy diesel freight away from urban
centers
Green Light Optimal Speed Advisory (GLOSA) to reduce idle emissions
Quantitative environmental impact assessment for urban mobility
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Big Data Analytics & Transportation Cloud
Architectures

Modern transportation networks generate Petabytes of mobility data daily
from GPS probes, connected vehicles, cellular towers, transit smart cards, and
traffic sensors.

Cloud-based Mobility Data Platforms ingest, clean, store, and analyze this Big
Data using distributed frameworks (such as Hadoop or Spark).

Transportation planners and civil engineers use Big Data analytics to generate
origin-destination matrix heatmaps, identify recurring bottleneck locations,
evaluate infrastructure investments, and plan future transit corridors.

Ingestion of multi-source Big Data (GPS probes, cellular data, smart
cards)
Cloud data lake architecture for high-scalable transportation analytics
Automated generation of Origin-Destination (O-D) matrix heatmaps
Identification of recurring bottleneck locations and choke points
Data-driven civil infrastructure planning and asset management
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Policy, Legal, Cybersecurity, and Privacy Issues

The deployment of connected and autonomous ITS technologies introduces
complex non-technical challenges that must be addressed alongside civil
engineering designs.

Key challenges include legal liability (who is responsible when an autonomous
car crashes?), cybersecurity threats (hackers manipulating traffic signal
networks or spoofing GPS), and commuter privacy concerns regarding
continuous vehicle tracking.

Governments are developing strict data privacy laws (e.g., GDPR, Digital
Personal Data Protection Act), ISO cybersecurity standards (ISO 21434), and
automated vehicle safety certification frameworks.

Legal liability frameworks for Autonomous Vehicle (AV) crashes
Cybersecurity threats: Signal network hijacking, GPS spoofing,
ransomware
Data privacy protections for vehicle tracking and commuter location data
ISO 21434 cybersecurity engineering standards for automotive systems
Need for multi-disciplinary policy frameworks involving engineers, lawyers,
and ethicists
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Roadmap for ITS Implementation in India

India’s National ITS Framework, led by the Ministry of Road Transport and
Highways (MoRTH), NHAI, and Smart Cities Mission, outlines a strategic
roadmap for adopting smart mobility.

Key national initiatives include nationwide FASTag electronic tolling,
Automated Vehicle Location Tracking (AIS-140) for public transport, National
Common Mobility Card (NCMC), and Integrated Traffic Management Systems
(ITMS) across 100 Smart Cities.

Future focus areas for Indian Civil Engineers include adapting ITS algorithms
for mixed non-lane-disciplined traffic, expanding rural highway HTMS
coverage, building EV charging corridors, and preparing infrastructure for
C-ITS.

MoRTH & NHAI
ITS Framework

AIS-140 Std.
(GPS & Panic)

NCMC
(Unified Fare)

Mixed Traffic
Algorithms
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Summary: Course Conclusion & Future Directions

In this final lecture of Traffic Engineering (DI04006081), we explored the
future horizon of Intelligent Transportation Systems (ITS).

We covered Connected and Autonomous Vehicles (CAVs), SAE automation
levels, Cooperative ITS (C-ITS), Smart Parking, EV infrastructure, AI
predictive modeling, Environmental ITS, Big Data analytics,
policy/cybersecurity challenges, and India’s national ITS roadmap.

Congratulations on completing Unit 6 and the entire Traffic Engineering
course! You now possess a comprehensive understanding of traffic studies,
control devices, operations, safety, and emerging smart technologies.

CAVs and C-ITS redefine future road safety and network throughput
Smart Parking, EV corridors, and AI prediction enhance urban mobility
Big Data analytics replaces manual traffic surveys with digital insights
Civil engineers play a central role in designing smart digital infrastructure
Course conclusion: Traffic Engineering principles prepare you for modern
infrastructure careers
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