Grades of Automation (GoA
0-4)
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Chapter Overview

* GoA is the most consequential strategic decision in any CBTC project — it determines staffing,
cost, regulation, and scalability

* GoA and CBTC are NOT synonymous: CBTC enables higher GoA but is a signaling technology, not
an automation level

* |EC 62290-1 defines five GoA levels (0-4), each with distinct responsibility allocations
*  GoA 2 (Semi-Automatic) dominates US deployments; GoA 4 (Unattended) is the frontier globally

* Section 8.5 provides a decision framework integrating labor, regulatory, financial, and technical
factors



GoA Framework and Definitions

cbtcbook.com



What Is GoA and Why It Matters

GoA codifies WHO does WHAT: setting train in motion, stopping, door closure, obstacle
detection, disruption response, evacuation

Enables procurement clarity, safety certification scoping, labor negotiation, and public
communication

Always specify GoA level (0-4) — avoid ambiguous terms like "automatic" or "driverless"

*  GoA O: fully manual, no ATP — GoA 1: manual with ATP — GoA 2: ATO with driver — GoA 3:
driverless with attendant — GoA 4: unattended

Safety case complexity scales with GoA: GoA 3-4 require 2-3x more analysis and 6-12 months
longer certification



GoA Responsibility Matrix (IEC 62290-1)

Function GoAO GoA 1 GoA 2 GoA3 GoA 4
Setting train in D D D Auto Auto
motion

Stopping train D D D/ATP Auto/ATP Auto/ATP
Door closure D D Auto Auto Auto
Obstacle detection Manual ATP ATP/ATO Auto Auto
Disruption response D D D A C/Auto
Passenger D D D A C/Auto
evacuation



GoA 0-4 Responsibility Matrix
IEETIXXN GOA 0-4 RESPONSIBILITY MATRIX (1) | cHAPTER 8

RESPONSIBILITY ALLOCATION FOR CBTC OPERATIONS ACROSS GRADES OF AUTOMATION (GoA)

GoA 0 GoA 1 GoA 2
FONCTION SEMURTTNATER onnr Facse

TRAIN DRIVING - DRIVER - DRIVER . SYSTEM SYSTEM ! SYSTEM
DDOR @ [ ]
nu OPERATION ) DRIVER =3 DRIVER . SYSTEM SYSTEM 4 SYSTEM
7 2% OBSTACLE [ [
( k\ DETECTION & DRIVER == DRIVER e SYSTEM . . SYSTEM <. : SYSTEM
EMERGENCY [=] [ ] [ ] 1
& MANAGEMENT = DRIVER an DRIVER s DRIVER aik ATTENDANT X, SYSTEM
PASSENGER [ =) - -
jEI EVACUATION P9 DRIVER an DRIVER ail ATTENDANT Ak ATTENDANT : . SYSTEM
@ ORIVER S  ATTENDANT SYSTEM Bl manvaL . B REFERENCES
Ml Human driver in the @iy Onboard attendant System (CBTC/ATO) I semi-AuTOMATED : E T 1ec 62290.2024 |
train cab. responsible. automatically responsible. FULLY AUTOMATED i - 1EEE 1474.1-2014 '

Mote: Responsibility allocation is shown for normal operations. Local regulations may define adddiitional requirements.

Figure 8.1 — Visual representation of responsibility allocation across the five Grades of Automation.
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GoA Progression Ladder

SEETEXEE GOA PROGRESSION LADDER

GOA LEVEL STAFFING MODEL KEY TECHNOLOGY ENABLER REAL-WORLD EXAMPLE
o s, () Full automation (UTO) :
INCREASING URATTERDER /% 7y Noonhoand (g e A0, ek Paris Metro
AUTOMATION Train operation [} s i staff o A , pla nr;‘n Line 14
without onboard e e o £ SCHoan: COOns, reimote
1 staff e eLB m monitoring & control S~ (France)
DRIVERLESS [ ] Y ATO (GoA 3
_ = Onboard - ) Dubai Metro
Train operation attendant CBTC, platform
without driver; 1 staff screen doors, (UAE)
onboard attendant attendant HMI
I present
I SEMI-AUTOMATIC Driver ATO (GoA 2) NYC Subway
Automated train onboard 2 CBTC (ATP + ATS), L Line
I op.eration with 1 staff =2 driver supervision (usa)
driver
- () ot o
\ . ) i i
1 ot onboard CBTC / Track circuits | ) (Various Lines)
with ATP protection 1 staff for train protection (UK)
DECREASING
STAFFING MANUAL Driver Track circuits / Historical
g Line-of-sight onboard Fixed block signaling Conventional Lines
operation 1 staff Wayside signals (Various)
K . Mo onboard | ATP = Rutomatic Train Protection CBTC = Communicaticns-Based Train Control
Driver Attendant } staff ATO = Rutomatic Train Operation UTO = Unattended Train Operation
ATS = Automatic Train Supervision HMI = Human-Machine Interface

Figure 8.2 — From GoA 0 (fully manual) to GoA 4 (unattended): increasing automation, decreasing human involvement.
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GoOA 2: Semi-Automatic Train
Operation
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Why GoA 2 Dominates US Transit

* Labor unions: preserves operator role — TWU Local 100 (NYC), BLET, and equivalents negotiated
ATO operator agreements

* Regulatory acceptance: FTA and state safety agencies have mature frameworks for GoA 2; GoA 3-
4 require new pathways

* Gradual automation strategy: validate ATO reliability over 2-3 years, then evaluate upgrade path

*  Cost savings: avoids platform screen doors ($8-12% capital) and advanced obstacle detection
required for GoA 3-4

*  Public perception: operator-in-cab model gains municipal support and rider trust



GoA 2 Driver Role and ATO Authority

y ATO controls: acceleration, speed y Driver retains: door operation, emergency
regulation, coasting, precision braking brake, mode transitions, fallback driving
(0.3 m) g Both ATO and driver retain emergency

y ATO tracks target speed profile with PI brake authority
regulator, energy-optimized coasting *  Training: 400-600 hours (30-50% longer

° Comfort limits: <1.0 m/s* acceleration, than manual-drive training)
<0.5 m/s® jerk rate .

Annual recurrent training: 16 hrs + 5-10
y Energy savings: 10-15% vs. manual simulated failure scenarios
driving through optimized coasting



GoOA 2 Performance Benefits

10-15% 99.2% 87%

Energy savings vs. manual driving NYC L Line on- time performance Passenger satisfaction (was 78%)




GOA 3: Driverless Train Operation
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GOA 3: The Rare Intermediate Step

* Nodriver in cab — ATO is fully responsible for train motion and station stops
* Attendant onboard for passenger safety, emergency response, and manual override
*  Very limited deployment: cost nearly equal to GoA 4, but attendant eliminates labor savings

*  Higher safety case complexity than GoA 2: redundant sensors, diverse computation,
comprehensive fault detection

*  Used mainly as a stepping stone on APMs (Automated People Movers) toward GoA 4



GoOA 4: Unattended Train
Operation
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GoA 4: The Frontier of Automation

* Nodriver, no attendant — all motion, stopping, door, and emergency functions automated
* Highest engineering cost: redundancy at multiple levels, SIL 4 safety rigor, exhaustive validation
* Lowest operational labor cost — savings often justify capital over 25-40 year system life

*  Paris Métro Line 14 (1998): first modern GoA 4 metro; since followed by Copenhagen, Singapore,
Dubai

* Requires platform screen doors, advanced obstacle detection (LIDAR/radar), and automated
evacuation protocols



GoOA 4 Prerequisites

GoA 4 TECHNICAL PREREQUISITES STACK

CHAPTER 8

CBTC SYSTEMS ENGINEERING

TOP
(ENABLING) @ SYSTEM FAULT TOLERANCE TYPICAL COST PREMIUM
N+1 redundancy architecture and graceful degradation + e
-+ to maintain safe operations under failures. 2 @ 3 5%
OCC ENHANCED VISIBILITY TYPICAL COST PREMIUM
CCTV, platform cameras, and onboard cameras provide -+ 8 e 1 5 %
continuous train and platform situational awareness.
})) PASSENGER EMERGENCY INTERCOM TYPICAL COST PREMIUM SN s
Direct two-way voice communication between passengers +3—6% ' @ H
and OCC for emergencies. H . . ‘
Cost premium indicates '
typical additional CAPEX |
AUTOMATED YARD OPERATIONS TYPICAL COST PREMIUM a8 2 pevcentege of & :
Driverless depot and yard movements including shunting, +10—-18% GoA 2 CBTC baseline ]
stabling, and automatic route setting. .
3 . CONTROL & .
2003 VOBC TYPICAL COST PREMIUM : - RESILIENCE :
Triple-redundant Vital Onboard Computer ensures the -+ R ] OPERATIONS &
highest availability and fault tolerance. 15-25% . INFORMATION :
] ONBOARD & :
DOOR SUPERVISION TYPICAL COST PREMIUM ] STATION :
Automated door control with obstruction detection 4+ 4 — 8 9% : :::::Clz:s .
and dwell management, : I:l PHNBICAL
OBSTACLE DETECTION TYPICAL COSTPREMIUM | "~~~ """ 777777 "=-~ .
Cameras, LiDAR, and trackside intrusion sensors +10—-20%
detect obstacles in the train path and platform gap.
v PLATFORM SCREEN DOORS (PSD) TYPICAL COST PREMIUM
FOUNDATION Full-height platform barriers ensure passenger and +15—-30%
track isolation across all operating conditions.
1 All eight prerequisites are essential and interdependent for safe, reliable driverless (GoA 4) operations.

Figure 8.4 — Technical, safety, and infrastructure prerequisites for unattended train operation.

cbtcbook.com




GoA Adoption: US vs. International

IEEITECEN GoA ADOPTION: U.S. VS. INTERNATIONAL SYSTEMS
SYSTEM A
SCALE Cines 15 14

(driverless UTO} adoption.
@ Honolulu Rail

- 10M rides/yr

>10 million Singapore NEL
annual riders ~230M rides/yr . U.S. Systems
- International Systems
LARGE i
1-10 millien London Elizabeth Line Dubai Metro Bzﬂj ;8 2"?::25
annual riders ~200M rides/yr ~190M rides.yr 3.6B rides/yr GoA LEVEL REFEREN
' ' o] No Autoemation
' 1
MEDIUM ' : 1 Driver Assistance
250k—1 million @ nNYCLLine ! i 2  Semi-Automated
annual riders ~1.38 ridk ! ' (Driver in Cab)
| 1
' & ADOPTION GAP . 3 Driverless
@ BART I U.S. systems lag in d (Attendant in Train}
SM?“-L ;ﬂ?c‘jlh"“r:lm' ¥ g GoA 3 (driveriess with - 4 Driverless
<250k @ MuniMetro | attendant) and GoA 4 i (UTO)
annual riders A60M rides/y s 1
: i

. — .
+ + +* * + L
3 4 GoA 4: [ { ttended
Mo Automation Driver Assistance Semi-Automated Driverless Driverbess U,nn i _"[‘-":I'tsJ%'-‘? L
(Driver in Cab) (Attendant in Train) (UTO) Ll b Lot -t

GoA LEVEL (GRADE OF AUTOMATION)
| KEY TAKEAWAY: U.S. rail systems are concentrated at GoA 2. No U.S. systems have adopted GoA 3 or GoA 4 to date,

while numerous international systems have successfully implemented higher levels of automation.

NOTE:

nual riders (or rides) shown are approximate and reflect typical recent pre-pandemic or latest reported values. SOURCE: Transit Agency Reports; UIC GoA Definitions; Industry Publications.

Figure 8.3 — North America lags Europe and Asia in GoA 3-4 adoption due to labor, regulatory, and cost factors.
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US GoA 4 Deployments

° JFK AirTrain (2003): Bombardier CITYFLO ° US barriers to GoA 4: strong labor unions,
350, 8.2 km, fully GoA 4 risk-averse procurement

g Honolulu Skyline (2023): GoA 4 g Regulatory fragmentation: FRA
automated people mover (commuter) vs. FTA (metro) oversight

y Denver A-Line: hybrid GoA 4 segments y Cost-benefit: high capital cost, long

y Las Vegas Monorail: partially GoA 4 payback in lower-wage regions

y Existing infrastructure: retrofit to GoA 4
dwarfs labor savings



Choosing the Right GoA for Your
System
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GoA Decision Flowchart
m GoA SELECTION DECISION FLOWCHART

CHAPTER 8

Onboard driver performs all driving tasks

ATP enfarces speed and route supervision

Mo platform screen doors {PSDs) required
Typical minimum headway: = 90 s

Lower CAPEX; lower implementation complexity

START

New CBTC Project

Greenfield
or retrofit?

Retrofit
PSDs feasible

{budget + station
geometry)?

Gof 2 MAX
(PSDs not feasible)

GoA 4 vendor
available and
proven?

No onboard driver in normal operation

ATO handles driving: staff on board

PSDs required

Typical minimum headway: ~ 6090 s

Higher automation with operational flexibility

QQiilé

i <> Decision
—— Yes / Favorable

No / Constraint

Favors higher GoA

H Constraint gutcome

GoA 4
DRIVERLESS (UNATTENDED)

Mo onboard staff in normal operation

UTO (unattended train operation)
PSDs required
Typical minimum headway: < 60's

Highest automation and capacity potential

@ @oiilow

Note: Local regulations, safety case, and lifecycle cost analysis must validate the final GoA selection.

Figure 8.5 — Decision framework integrating labor, regulation, finance, and technical readiness.
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GoOA Selection Decision Factors

Labor environment: union agreements, workforce transition plans, attrition-based staff reduction
* Regulatory readiness: existing frameworks for GoA 2 vs. new pathways needed for GoA 3-4

* Capital vs. operating cost: GoA 4 saves labor but adds platform doors, obstacle detection, safety
case complexity

*  New-build vs. retrofit: new systems (Honolulu) are more economical for GoA 4; legacy retrofits
favor GoA 2

* Phased strategy: start at GoA 2, validate ATO for 2-3 years, then evaluate upgrade to GoA 3 or 4



Phased GoA Implementation Roadmap

PHASED GOA UPGRADE ROADMAP: GOA 2 TODAY TO GOA 4 TOMORROW

(X

PHASE 1
YEARS 0-5

Deploy GoA 2 with GoA 4-ready infrastructure
Install PSD conduits along line and in yards
to enable future platform screen doors (PSDs)

Provision obstacle detection mounting points
Install power, network, and mounts for future
obstacle detection sensors.

Use 2003-capable VOBC
Deploy vehicle on-board computer (VOBC)
‘with 2-out-of-3 (2003) architecture.

Design ATS for unmanned operations
Implement Automatic Train Supervision (ATS)
with full functionality for unattended cperation,
operator only.

PSD conduits installed | -==mmmmmmeeee

Obstacle detoction mounting |
points and power, network

2003-capable VOBC

ATS designed for
unmanned operations

)
o
)

DESIGN NOW IN PHASE 1 TO ENABLE PHASE 3

ENABLES FUTURE PSD
ENABLES RAPID SENSOR DEPLOYMENT
OVIDES SAFETY ARCHITECTURE FOUNDATION

ENABLES UTO WITH MINIMAL SYSTEM CHANGE

PHASE 2

YEARS 5-10

Retrofit PSDs
Install and integrate platform screen doors
(PSDs) across all stations.

Install obstacle detection
Deploy and integrate obstacle detection
sensors on track and in yards.

Negotiate labor transition
Execute transition plan: training, redeployment,
and new roles for GoA 4 operations.

Certify driverless safety case
Complete safety case to applicable standards
(g EN 50126/8/9, EN 50128, EN 50129)
and obtain regulatory ap )

@
&)

MAX SAFETY

CHAPTER 8

PHASE 3

YEARS 10-15

GoA 4 cutover — remove drivers
Transition to unattended train operation (UTO)
with no onboard driving staff.

Automate yard
Enable automated yard routing, shunting,
and dwell management.

Enable full UTO
Operate in UTO mode across line and yard
with centralized monitoring and backup.

END STATE: GOA 4

L] SR

MAX CAPACITY LOWEST 0PEX BETTER SERVICE

MENT --

Full UTO with centralized supervisio

PRINCIPLE: INVEST EARLY IN INFRASTRUCTURE, ARCHITECTURE, AND PROCESSES TO DE-RISK AND ACCELERATE THE JOURNEY TO GOA 4, :

| LEGEND

Phase 1 (Years 0-5)

Phase 2 (¥ears 5-10)
Phase 3 (Years 10-15)
| ---- Enables { Contributes to

—» Leads 1o
| @ Phase 3 Ovtcome

Figure 8.6 — Multi-decade roadmap: GoA 2 baseline = GoA 3 interim — GoA 4 target for new-build metros.
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Key Takeaways

1. GoA is a responsibility allocation framework (IEC 62290-1), not a technology choice —
CBTC enables higher GoA but is not synonymous with it

1. GoA 2 dominates US transit CBTC: preserves operator role, uses proven regulatory
frameworks, avoids platform door costs

1. GoA 4 offers lowest lifecycle labor cost but requires highest capital investment, safety
rigor, and platform infrastructure

1. US adoption of GoA 3-4 lags international peers due to labor agreements, regulatory
fragmentation, and retrofit economics

1. Phased GoA strategy (2 = 3 — 4) reduces technical and organizational risk while
building toward full automation
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Fnd of Chapter 8

Next: Chapter 9: Operating Modes and Mode Transitions

Questions & Discussion

Companion to Communications-Based Train Control - cbtcbook.com - © 2026 Chunjun Wang
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