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Introduction

The rapid growth in urban and interurban mobility demands has placed unprecedented pressure on railway networks
to optimize capacity, safety, and punctuality. At the heart of this transformation are advanced signaling systems, which
are evolving to meet these challenges. Two dominant technologies—CBTC (Communication-Based Train Control) and
ERTMS (European Rail Traffic Management System)—are at the forefront of this evolution. Historically designed for
different environments, these systems are now converging, driven by the integration of advanced automation,
continuous localization, and next-generation mobile communications.

1. Key Performance Indicator: Headway

Headway—the time interval between two consecutive trains—is a critical measure of system performance. CBTC
currently leads in dense metro environments, achieving minimum headways of 90-120 seconds. ERTMS Level 2
typically manages 3—5 minutes on high-speed lines, but Baseline 4 is closing the gap, targeting 100-120 seconds in
metro contexts.

Factors Influencing Headway:

e Signaling technology (moving block vs. fixed block)
e Automation level (GoA2—-GoA4)

e Communication network capacity and latency

® |ocalization accuracy

e Service type (all-stop vs. express)

2. Understanding Technologies

CBTC: The Urban Density Specialist

CBTC is primarily deployed in metro networks. It relies on continuous, real-time communication between trains and
ground infrastructure via dedicated radio networks (Wi-Fi/LTE). This enables advanced automation (up to GoA4—
Unattended Train Operation), high-frequency operation (headways as low as 90 seconds), and precise train
localization. Its architecture is optimized for dense, closed urban environments, offering maximum traffic densification
and responsiveness.
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Advantages:

¢ Extremely short headways (90-120 seconds)
¢ High automation and operational flexibility
¢ Real-time responsiveness for dense traffic

Limitations:

¢ High installation and maintenance costs
¢ Vendor lock-in and limited interoperability
¢ Less suited for long-distance or open networks

ERTMS: The Interoperability Champion

ERTMS was designed to harmonize railway signaling across Europe, focusing on interoperability, safety, and
compatibility with high-speed and regional lines. The latest evolution, ERTMS 2 Baseline 4, introduces moving block
technology, advanced onboard localization (GNSS, IMU, odometry), and the Train Integrity Monitoring System (TIMS).
Communication is shifting to FRMCS (5G), enabling high throughput and low latency.

Advantages:

¢ High interoperability (ETCS/ERTMS standards)

¢ Reduced ground infrastructure (especially with Baseline 4)

¢ Scalability and long-term evolution (ATO, FRMCS, GNSS)

¢ Progressive deployment and coexistence with legacy systems

Limitations:

e Historically longer headways (now narrowing with Baseline 4)
¢ Implementation complexity, especially in urban tunnels
¢ GNSS reliability challenges in enclosed environments
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3. Comparative Analysis: CBTC vs. ERTMS 2 Baseline 4

Criterion CBTC ERTMS 2 Baseline 4 | Strategic Advantage

Capacity / Headway Very high, native Equivalent via ATO + Equality
moving block TIMS

Automation Level Native GoA4 GoA4 with integrated Equality

ATO

Interoperability Low (proprietary High (European ERTMS
systems) standard)

Ground Equipment High Reduced (BL4, TIMS) ERTMS

Costs

Maintenance Costs Vendor-dependent Standardized, lower ERTMS

Scalability Vendor roadmap European roadmap ERTMS

Communication Wi-Fi/LTE FRMCS (5G) ERTMS

Deployment "Big bang" Progressive, ERTMS

Flexibility coexistence

Metro Adaptation Historically deployed | Emerging (BL4 + ATO) CBTC (today)

Radar analysis shows CBTC dominates in dense urban settings, while ERTMS excels in regional and high-speed
scenarios. However, ERTMS’s versatility is increasing, making it a credible alternative even in mass transit and
metro environments.

4. ERTMS Evolution: Bridging the Gap

ERTMS 2 Baseline 4 is undergoing significant enhancements to rival CBTC in high-frequency, urban contexts:

® Moving Blocks: Eliminates traditional track circuits, enabling dynamic train positioning and reduced headways

* Native ATO Integration: Supports GoA2 to GoA4, paving the way for fully automated operation

®  FRMCS (5G): Replaces GSM-R, offering high throughput, low latency, and robust multi-service capabilities

¢ Advanced Onboard Localization: Differential GNSS, IMU, and virtual balises ensure precise positioning, even in
complex environments

e TIMS: Real-time train integrity verification, essential for safe moving block operation without fixed trackside
detectors
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5. ERTMS in Metro: A Credible Alternative

Recent advancements make ERTMS 2 Baseline 4 a viable option for metro networks:

e Technical Requirements: Baseline 4 with moving blocks, FRMCS, integrated ATO (GoA3/GoA4), TIMS, and
advanced onboard localization

e Expected Performance: Headways of 100—-120 seconds (comparable to CBTC), high automation, and superior
interoperability

e Use Cases: New high-capacity lines, modernization of existing lines, and hybrid suburban networks

Strategic Advantages:

® Interoperability with mass transit and regional lines

e |long-term cost reduction (less ground equipment, standardization, open competition)
e Deployment flexibility (coexistence with legacy systems)

e Continuous evolution aligned with European roadmaps

e Technological unification across metro, mass transit, regional, and national networks

6. Industrial Maturity and Pilot Projects

ERTMS 2 Baseline 4 is being implemented in several major projects, including Eurotunnel, S-Bahn Stuttgart, and Delhi-
Meerut RRTS. These initiatives demonstrate the system’s maturity and its readiness for high-capacity, high-frequency,
and highly automated operations. The Eurotunnel project, for example, showcases ERTMS 2 Baseline 4 ability to
deliver metro-like performance in a demanding environment.

Conclusion: Towards a Unified Signaling Model

Today’s convergence of CBTC and ERTMS marks a pivotal shift in railway signaling. While CBTC remains the benchmark
for dense urban metros, ERTMS—especially with its Baseline 4 evolution—is rapidly closing the gap, offering a
universal, interoperable, and future-proof solution. This technological unification promises to modernize
infrastructure, reduce costs, and meet the growing demands of global mobility.

Key Takeaways:

e (CBTC: Best for dense, closed urban environments; excels in automation and frequency

e ERTMS: Increasingly versatile; leads in interoperability, scalability, and cost efficiency

® The future lies in the convergence of these systems, paving the way for unified, automated, open, and
interoperable rail networks worldwide
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