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| Agenda

1. TTC AV Strategy and Plan

2. West Rouge Automated Shuttle Trial
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| Overview: What is AV Technology

+ Vehicle may have an automated system that

Level 0: No Automation Level 1: Driver Assistance

» No driving automation - Human operator and automated system

+ Human operator performs all aspects of the share control over the vehicle with majori
dynamic driving task of driving performed by operator

+ Operator assistance includes steering,
acceleration etc.

momentarily issues warnings or intervenes

Level 2: Partial Automation Autonomous Vehicle Level 3: Conditional Automation
Automated system takes full control
of the vehicle accelerating, braking,
and steering

Operator is still required to monitor
environment and be prepared to
immediately intervene

- + Level 3 and above are considered
Capable of sensing its “automated driving systems” as they
environment and navigating monitor environment & make decisions
« Under certain conditions, the automated
system will manage most aspects of

driving

with varying levels of human
input and intervention.

Level 4: High Automation Level 5: Full Automation
The operator can safety turn attention away from . No human intervention is required
driving task for a sustained period of time . Driverless vehicle would be able to
Automated driving would operate without human operate in the same environment as a
intervention under specific circumstances such human operator
as city centre that is geo-fenced
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| Overview: What is AV Technology

Gradual rollout of the ‘levels of automation’

No Autonomy

S\ /2

Autonomy
Level

Driver
Assistance
(“hands-on”) Partial
) Autonomy
(“hands-off”)
E Conditional
_) Autonomy

; ) (“eyes off”)

Short-Term Potential Benefits

« Safety (L1-L5): AV tech can reduce
the number of collisions caused by
human error by aiding drivers

+» Ride Comfort, Fuel Cost and

Pollution (L2-L5): AV technology can
assist with improving overall driver
performance — minimize hard
acceleration and breaking, which
improves rider comfort, reduces fuel
consumption, lowers fuel cost, and
reduces GHG emissions.

L4
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High Autonomy
(“mind off”)

Full
Autonomy
(“steering wheel
optional”)

L5

S\ /=

Long-Term Potential Opportunities

% Increased access to public transit
(L5): AVs may assist with
addressing the first/last mile
access problem

< Innovative/ efficient service models

(L4-L5): AVs can drive innovative
service models.

+« Efficient fleet utilization (L1-L5): In

high-ridership corridors, the use of
high-capacity, interconnected AVs
can reduce vehicles on the road. In
low-ridership corridors, autonomous
shuttles can be used in conjunction
with other methods to provide on-
demand service.
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| TTC AV Strategy

Safety and Security is the cornerstone to the TTC’s Corporate Plan to ensure the
safety and security of customers and employees alike.

Autonomous vehicle technology can help the TTC achieve its corporate objectives
and plans particularly as it pertains to safety and efficiency of its vehicle operations.

TTC has been involved in a variety of initiatives such as City of Toronto’s inter-
divisional AV working group, the implementation of Automated Train Control, and has
— I received funding with the City of Toronto test autonomous shuttles

TTC AV Strategy over the next 5 years:
0 Continue Subway ATC
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| TTC AV Timeline & Approach

Develop an AV Strategy \
Year 1 (2019 Assuming Approval of this plan)

Review
incident data to
determine need
/ likely benefits

Engage
Transportation
Technol Develop
. . ecnnolo i
Streetcar Driver Assistance Evaluation Business

Process Case

Year 1 - 2 Evaluate & Prototype / Year 3-5 Adopt

Bus Driver Assistance
Year 1 - 2 Evaluate & Prototype / Year 3-5 Adopt

_______________________________________________________________

High Level Roadmap & Timeline

Prototyping
and
Evaluation

Wheel-Trans Driver Assistance
Year 1 - 2 Evaluate & Prototype / Year 3-5 Adopt

Full Scale
Adoption

Non-Revenue Vehicles Safety
= Year 1 - 2 Evaluate & Prototype / Year 3-5 Adopt
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West Rouge Automated Shuttle Trial

Denton's 2"d Annual Canadian Smart Cities Virtual Summit

November 12, 2021
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| Agenda

Overview

« Trial Project Objectives

« Trial Project Concept

« Trial Service Plan

* Olli 2.0 Vehicle Information
« Olli 2.0 Interior

« Accessibility Features

« Safety & Testing

« Stop Locations

* Infrastructure Changes

* Vehicle & Stop Branding

« TTC Communications Plan
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‘ Tl’la| PrOJeCt ObJeCtlveS Capacity building & learning for

the City, TTC, and Metrolinx

To increase understanding and knowledge of:

« The technical requirements to operate an automated shuttle

« The administrative requirements to deliver service through an automated shuttle

* The interaction of an automated shuttle in the transit and transportation system
 Human response to an automated shuttle

« The value of an automated shuttle service in the transit and transportation systems

Further, to:

* Increase public support for the use of innovation in the public transit system

 Develop a plan to increase the attractiveness of Toronto for investment in the development
and export of automated transit vehicle technology

 Provide leadership in automated vehicle preparedness at the municipal level through
knowledge transfer and exchange
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| Trial Project Concept

0-0-0-0-

MON-FRI

Free weekday peak hour
service to GO Station

SAT-SUN |

Free weekend service GO
Station to Rouge National
Park and West Rouge
Community Centre

Schedule aligned to
GO Train connections

2

=
<

Fixed route and
fixed stops

QI

Operator (AutoGuardian
by SmartCone)

@__
l__[\.;:l

Ride booking
service

e o i

Automatedshutiei@) .|
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| Trial Service Plan

Selected Trial Area

* Potential transit riders outside of the

existing TTC 400m service area
m_ (0]
« Close proximity to a major transit hub e
(GO / TTC / Durham Region Transit) A oo
« Many Rouge Hill GO Station users ; I ko onao
currently drive to the station ——PFNEA
Rouge Hill GO

Inside TTC 400m catchment area i
[ Outside TTC 400m catchment area -@. ﬁmj
=== TTC |ocal route
=== TTC express route

=== Dyrham Transit route
=== GO rail
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Trial Service Plan

@b

Weekday Service:

Clearlake Ave

« Every 30 minutes

+ 6a.m.to9am. and 3:30 p.m. to 6:30 p.m. e .8
« Aligned with GO schedules / \ |
Q : gg?mzmé\,e z:vzrsrfrgggg; 9270 Rouge Hills Dr
Weekend Service: >ﬁz’5’n":;rk
s ra Lawrence Ave E/
v Rouge Hills Dr

« Every 30 minutes
« 11:30 a.m. to 1:30 p.m. and 3:30 p.m. to 5:30 p.m.
« Aligned with GO schedules

Starspray Blvd
(Westbound only)

Free for passengers
Advanced booking is required

All stops are accessible | S
Service expected to launch late-October/Mid-November o co s & oxx sl
EEDED D
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| AV Shuttle - Olli 2.0 — Vehicle Information

« Low-speed (20 km/h) in automated mode; capable of up to 40 km/h when operated by an
attendant in manual mode (to/from storage location)

« Fully accessible

* Mostly self-driving vehicle (a human attendant will always
be on board during the trial to take over driving if needed)

» Electric (zero-emissions)

« Guided by sensors using Light Detection and Ranging - Ao«?w s
(LIDAR) and Radio Detection and Ranging (Radar) | ‘

« Equipped with cameras both inside and outside (for liability
and learning purposes) but are blurred to protect individual

privacy

13 | November 12, 2021



\ AV Shuttle - Olli 2.0 — Vehicle Information

Olli LiDARs Olli Radars Olli Cameras
. Direct measurement of range and direction « Direct measurement of range » High Resolution
. Not affected by lighting conditions « Direct measurement of relative velocity « Direct measurement of color and direction
. Degraded by dust or fog - Not affected by lighting conditions « Sensitive to lighting conditions
- Less sensitive to dust or fog « Sensitive to dust or fog
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| AV Shuttle - Olli 2.0 — Vehicle Information

» The shuttle operates only in predetermined mapped routes.
If the shuttle is placed outside the predetermined route, the
autonomous mode does not engage.

« The shuttle confirms all Operational Design Domain (ODD)
limits and functionality such as ability to stop the shuttle or
initiate an emergency stop, top speed limitation,
autonomous mode restriction to pre-defined route on
designated roadways only.

« The shuttle sensors are capable of detecting various
objects such as:
» vehicles

» pedestrians

« small animals

« large tree branches or other obstructions or inclusions
in its path

16 November 12, 2021



| Olli 2.0 = Interior

* During the trial, pre-booking a
trip is required with a maximum
capacity of five seated
passengers or one passenger
in a mobility device and one
seated passenger

* During the trial, passengers
must be from the same
household - COVID-19 safety
precaution

Steward position will
move slightly back to
create less crowding
with the person in front

Prototype only shown.
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| Accessibility Features

» Access for passengers using mobility
* On-board mobility device securement devices will be via a ramp deployed
manually by the onboard safety attendant
* Due to size and passenger limitations, only
one passenger with a mobility device
(wheelchair, electric scooter or other of
similar size) can be accommodated at a time

« Stop announcements audible inside and 3 A
Wy Automated

torontd.cafavshuttie

outside of vehicle ' g Shitlg

« Digital information screens inside and outside

« Safety attendant will always be onboard to
provide assistance as needed

19 | November 12, 2021 _@.



\ Safety & Testing

* Independent safety review (Peer Review) of all vehicle
testing, quality control, safety procedures, onboard
systems and operational procedures was produced

* Route specific review was performed identifying any
irregularities or inclusions that may effect the safe
operational of the shuttle

» Cyber Security assessment was performed on the
shuttle and infrastructure

* Onsite first responders training was conducted
» Detailed hazard log with mitigations was produced

* Operational procedure walkthroughs performed with the
operator

OLLI=10°"  J0:54:14 2021/09/13
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\ Safety & Testing

MTO guidelines and ISO testing guidelines
for Autonomous vehicles were used

The ISO 22737 standard for Autonomous -
vehicles specifies:

* requirements for the operational design
domain

e sSystem requirements

* minimum performance requirements

« performance test procedures

« Pass/Fall criteria

22 | November 12, 2021 -@.



| Safety & Testing

Hazard Identification and risk assessment:

« To identify hazards and risks present in the existing
shuttle operation plan.

« Verify that operational mitigations are provided through
training and operating procedures.

« Assist in the identification of new operational control
measures that could be used to reduce risk.

* Propose additional safety validation tests to be
conducted by the Vendor

» Assess the change in risk which could result from a
change in the operating strategy.

23 | November 12, 2021



| Stop Locations

« The criteria for locating stops included:
e appropriate spacing for transit service
« Safety and accessible waiting area
« user need, and community input.

« Maximize number of customers who can
access within a 5 minute walking radius

24 | November 12, 2021



| Infrastructure Changes

Ny

CAUTION

SLOW MOVING
AUTOMATED
SHUTTLE ROUTE

Frequent Stops

Caution Signage implemented Passing to be allowed along Lawrence
along the route

25 | November 12, 2021 =



| Infrastructure Changes

Narrow intersection for
shorter crossing distance

194 /

Rouge Hills Drive
at Lawrence Ave E

WDg
:

WEE |WEE

Pedestrian Crosswalks & Ramp to
south-side shuttle stop
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| Vehicle & Stop Branding

West Rouge

Automated i Tonowo <&
Shuttle - METROLINX

toronto.ca;‘avshuttle

27
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| Vehicle & Stop Branding

* The vehicle livery and program
identity are designed to be N—
consistent with other City transit
initiatives (e.g. RapidTO,
Electric Bus, Hybrid Bus)

165 mm (n)

West Rouge

Automated Automated Shuttle text

Shuttle 575 mm (w) x 415 mm (n)
1" white reflective tape
1*()

1" white reflective tape
1°(n)

» Use of a bright blue colour and
the incorporation of reflective
film gives the vehicle increased
visibility, and differentiates it
from other transit vehicles in the K
West Rouge area.

150 mm {w) x 150 mm (n)

Automated Shuttle logo
1135 mm {w) x 165 mm (n)

Automated Shuttie text
675 mm (w) x 415 mm (h)

1" white reflective tape
1*(h)

* The vehicle is clearly identified
with large graphics and

AV Shuttle wrap

Locai Motors OFli AV Shuttie

messaging. e | G

28 | November 12, 2021 o ] /.



| Vehicle & Stop Branding

Automated Shuttle - Pilot Project

Design for Curbside Stop Markers

« Stops utilize a stop marker
design consistent with |
those found throughout the Shuttle Bus
city, for easy identification
by TTC customers

Layout for standard round Stop Marker, w/ Infopost frame

A Mmed
Wag
"éﬂm:, Auto;:ied
Shuttle

0

« Stop markers feature the
same brand elements as the
vehicle livery design to
differentiate them from other
TTC stops in the area

 Incorporates a standard

TTC -style route map, Stop Marker Decal Stop Marker Mockcup e w/ StondardFrame H Stop Mockup
highlighting connections
to other transit services o | Sesitnrd | Eemmereee | e, Stop HankerComponens & Layouts | o ‘m:m e
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\ AV Shuttle - TTC Communication Plan

TTC website
» Home page feature
» Dedicated landing page — linking to City of Toronto website: Toronto.ca/AVShuttle
» Update the Emergency Evacuation Procedures page

» Platform video screen ads in subway stations

« Social media:
» Twitter @TTCNotices (awareness and retweet City of Toronto posts), Facebook, Instagram,
LinkedIn
» Note: feedback from social media and customer complaints will be evaluated and shared with
partners and will form part of final report

« On-board bus announcements for awareness directing customers to ttc.ca on 38A Highland Creek,
54A Lawrence East, 954 Lawrence East Express and 85A Sheppard East routes

* Internal communications for employee awareness
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