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Introduction

In August 2023, the Treasure Island Mobility Management Agency (TIMMA), in
collaboration with the San Francisco Municipal Transportation Agency (SFMTA), and
the Treasure Island Development Authority (TIDA), launched operations of the Treasure
Island Shared Autonomous Vehicle (AV) Pilot Project. The project, known as “the Loop”,
was among the first pilots in California to demonstrate shared AV shuttle service on
public roads. It provided a free passenger service open to the public on Treasure Island
for 4 months. The Loop operated daily from 9 a.m. and 6 p.m. along a 7-stop, 1.5-mile
route, at 30 minute frequencies, shown in Figure 0-1. The pilot was funded by grants
from the Federal Highway Administration, Metropolitan Transportation Commission,
and San Francisco County Transportation Authority.

Treasure Island, a neighborhood in San Francisco, sits in the San Francisco Bay apart
from mainland San Francisco. Treasure Island is being transformed into a mixed-use
neighborhood with 8,000 new homes, 27 percent of them affordable, with significant
infrastructure improvements and a new street grid. It is the site of active ongoing
construction. Treasure Island is connected to the mainland by the Bay Bridge, which
provides automobile access and bus service operated by the SFMTA, and by a ferry
that operates from a terminal at the south end of the Island.

The purpose of the Loop shuttle was to demonstrate a first-last mile circulator
application of a shared, autonomous service, and to gauge its technical performance
as well as public opinion. The Loop was originally intended to provide local circulation
and a connection to the ferry terminal to support access to downtown San Francisco.
However, due to challenges providing dedicated pullout spaces for the shuttle along
Seven Seas Avenue, which would have connected the Loop to the ferry terminal, the
ferry connection was removed. The Loop shuttle served residential neighborhoods,
local businesses, and public facilities in the north end of Treasure Island.

Treasure Island Mobility Management Agency PAGE 7
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Figure 0-1.The Loop Route
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The Loop used 3 fully electric shuttles capable of level 3 vehicle autonomy which can
operate on its own under certain conditions, but must have a safety driver present and
ready to take over. The shuttles, provided by Beep and manufacturer Gaussin Macnica
Mobility (GMM, formerly Navya), operate on a fixed, pre-mapped route. The shuttles,
shown in Figure 0-2, could accommodate up to 10 passengers, or 8 passengers and

1 wheelchair passenger. Beep, Inc. (Beep) operated the shuttle service and provided
an on-board attendant/safety driver to navigate stop-controlled intersections, assist
passengers, and deploy manual ramps to support rider accessibility.

Prior to launching service, Beep obtained the necessary federal and state permits
and insurance, and the shuttles were tested for a 30-day period. The team held
workshops with first responders and SFMTA bus operators to ensure both services
could operate along the route simultaneously. Working with One Treasure Island,
TIMMA also conducted outreach to the Treasure Island community to publicize the
service, and met with representatives from labor groups to engage them on pilot
design. TIMMA also set up a survey for riders and non-riders that remained open
throughout the duration of the pilot.

Treasure Island Mobility Management Agency PAGE 8
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Figure 0-2.The Loop AV Shuttle
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Pilot Service Overview

The Loop service operated on Treasure Island from mid August 2023 to mid December
2023. While popular with riders, the service was marked by operational challenges
and unreliability from the beginning. Originally planned as a 2-shuttle operation

with support from a spare vehicle, the service ran with a single shuttle following
launch of the service in late August due to mechanical vehicle issues, and was then
suspended for nearly three weeks, due to a non-injury collision. Service resumed with
a single shuttle in early September and in late September, the Loop operated with 2
shuttles and achieved the target service in late September. Thereafter, following a few
disruptions in October, the Loop operated mostly as planned through November and
early December. Due to changing roadway configurations on the Island, the Loop
service was paused on December 10. TIMMA worked with Beep to explore ways to
resume the service, but the time and cost to re-map the shuttle route was prohibitive.

In early January 2024, TIMMA announced that the Loop demonstration pilot would be
ending early, and work turned to evaluating the four month initial phase of the pilot.

Figure 0-3. Loop Operations Summary

MONTH 1 MONTH 2 MONTH 3 MONTH 4
8/16 - 9/15 9/16 - 10/15 10/16 - 11/15 11/16 - 12/15
P32 9/10: P32 begins service. [Repairs** } } 10/28: P32 reintroduced.
8/23 - 9/9:
Service 12/10:
P66 suspended 10/27: P66 begins service. Service
after minor Ends
collision- 10/23: P84 suffers LiDAR damage fi
: " : suffers Li amage from
P84 @ 2T e eliad Jesd. rainstorm and does not return to service.

*8/16: Service begins with P84 only. P32 does not begin service due to **10/14 - 10/28: P32 undergoes repairs, is briefly returned to service, and
curb strike. P66 remains in testing due to LiDAR issues. undergoes further repairs until being reintroduced to service once again
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Evaluation

The evaluation was conducted utilizing 4 months of operational data for following
reporting timeframes:

Month 1: August 16th, 2023 - September 15th, 2023
Month 2: September 16th, 2023 - October 15th, 2023
Month 3: October 16th, 2023 - November 15th, 2023

Month 4: November 16th, 2023 - December 10th, 2023

Data exports from on-board vehicle equipment logs provided vehicle movement and
location data. All other data was collected manually by on-board attendants. In addition,
TIMMA solicited community feedback through rider and non-rider surveys conducted
online. Utilizing this data the following sections present highlights from evaluation
findings in the areas of mobility, operations, safety, and outreach.

MOBILITY

Ridership

Atotal of 1,177 passengers boarded the Loop. Ridership peaked in month 2 at about
350 riders and remained almost as high in month 3 (see Figure 0-4). Month 1 and
month 4 had lower ridership due primarily to service interruptions. Average daily
ridership was highest from 2 p.m. to 6 p.m. when 61% of boardings occurred.

Figure 0-4. Monthly Ridership
RIDERS
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As shown in Figure 0-5, Avenue B at Chinook Court was the most boarded and most

alighted stop on the route. The Ship Shape Community Center hosts a local food

pantry on Tuesdays between 2 p.m. and 5 p.m. Data for this stop shows that 68% of all

riders who boarded the Loop at the Ship Shape Community Center did so on Tuesdays
between the 2 p.m. and 5 p.m. hours.

Figure 0-5. Mapping of Stop Boarding and Alightings Across All Months
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Note: the Ridership Report by Stop was finalized in September 2023. Please note that ridership data prior to September has

been omitted.

OPERATIONS

Headways

The operational goal for the project was to achieve an average of 27-minute headways.

Consistently meeting the goal of 27-minute headways did not occur until month 4,

when two shuttles were consistently in service. Across all months, headways were

often shorter during midday operations. This is likely due to the 1-hour time block

(12 p.m. -1 p.m.) when, if possible, two shuttles operated simultaneously.

Treasure Island Mobility Management Agency
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Figure 0-6. Average Headways in Minutes by Time of Day
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Service Uptime

Service uptime, measured by the percentage of scheduled runs that were completed,
fell short of the average monthly service uptime goal of 95% in 3 of the 4 months (see
Table 0-1). The Loop service uptime varied widely from 30% to 102% with an average of
78% of planned runs delivered over the duration of the pilot.

Table 0-1. Monthly Service Uptime

TOTAL RUNS EXPECTED RUNS % RUNS

COMPLETED COMPLETED COMPLETED
Month 1 206 682 30%
Month 2 609 645 94%
Month 3 598 682 88%
Month 4 560 528 106%
Total 1,973 2,537 78%

Treasure Island Mobility Management Agency PAGE 12
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SAFETY

Disengagements

Disengagements are instances where the AV disengages autonomous mode and
requests manual operation from the shuttle on-board operator. There were a total of
358 shuttle disengagements during the pilot. The 3 most common causes were:

"Other Road Users” occurred when a vehicle was detected as
an obstacle due to close proximity to the shuttle’s path.

"Obstacle Detection” occurred when an object was detected
within the path and prevented autonomous operation.

“Signal Loss” occurred when the shuttle lost signal to 5G (cellular
communications protocol), global navigation satellite system (GNSS),
or real-time kinematic positioning (RTK) communication links.

Incidents
Two incidents occurred which resulted in service suspension:

On August 16th, during a demonstration run before launching
public service, a shuttle was exiting a stop when its wheels
traversed an adjacent curb. No injuries were reported. An
investigation revealed that the rear LiDAR devices were mis-
calibrated. To mitigate future issues, Beep implemented a
daily pre-service test loop prior to the start of daily operations.
After the LiDAR was recalibrated and testing was complete, the
shuttle was reintroduced to the fleet and resumed service.

On August 23rd, a shuttle was involved in a low-speed collision that
resulted in minor cosmetic damage to both vehicles. No injuries
were reported. There were no passengers on the shuttle and both
vehicles were driven from the scene without assistance. The Beep
shuttle had the right of way, while the other vehicle proceeded

to make a left turn through the intersection after “rolling” a stop
sign. Beep determined that the shuttle detected and maintained
awareness of the other vehicle and performed a hard breaking
maneuver prior to the collision. However, when the other vehicle
failed to yield, the shuttle operator failed to engage the emergency
stop button. Beep implemented various new procedures following
the crash to enhance safety. Once these improvements were made
and testing was complete, service resumed on September 10th.

Treasure Island Mobility Management Agency PAGE 13
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OUTREACH
Survey Findings

TIMMA conducted an online survey to solicit feedback from people who rode or
encountered the shuttle. A total of 80 people provided survey responses. Of the 80
responses received, 32 respondents stated that they rode the Loop, and 32 stated

that they did not ride the Loop. Most riders reported a positive experience using the
shuttle, but provided more mixed views on the shuttle’s reliability. Before riding, most
riders believed that the shuttles were either somewhat safe or very safe. After riding
the shuttle, nearly all believed that the shuttles were either somewhat safe or very safe.
The majority rode the shuttle for the unique experience. Most respondents would have
chosen to walk to their destination if they did not ride the shuttle.

Lessons Learned
The pilot yielded valuable insights and lessons learned for future AV shuttle pilot efforts:

INCIDENT MANAGEMENT AND RESPONSE

With regular service disruptions, Beep and TiImMMA staff worked collaboratively to
establish procedures to review incident reports, develop mitigation strategies, and
provide timely public notices. TIMMA developed a standard operating procedure
(SOP) to establish procedures for testing and returning a vehicle to service
following an incident.

UNRELIABILITY OF TECHNOLOGY AND SERVICE

All three shuttles experienced issues with their LiDAR devices, resulting in extended
outages of one or more shuttles. Moreover “signal loss” was an ongoing issue during
the pilot. Sponsors need to ensure providers provide spares/emphasize the pilot
nature of the service with the public.

COMPLEX OPERATING ENVIRONMENT

The Island environment was relatively low density and low-volume/speed, however
there were major construction activities/site conditions in the area throughout the
pilot. This may have contributed to high shuttle disengagement rates and ultimately
led to early termination of the Loop pilot, due to changing road conditions beyond the
control of TIMMA and Beep.

DEMAND EXISTS FOR FIRST AND LAST MILE SOLUTIONS

Overall, the project showed in many ways that the demand for first and last mile
solutions exists. Throughout the project, the local community was actively engaged and
interested in learning more about a new way to travel around the Island. Additionally,
the community largely shared that they had a positive experience with the AV service.

Treasure Island Mobility Management Agency PAGE 14
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However, the pilot demonstration also showed that shared AV technology still requires
improvements to become a more reliable and convenient mode of travel.

CONTRACTING FOR RISK MANAGEMENT

This pilot utilized a milestone-based contract that set target levels for service to be
delivered as well as requirements for data reporting, testing, training, etc. It did not
anticipate the level of missed service or equipment repairs that occurred during the
pilot. The ultimate level of service interruptions and repairs for the pilot required a
significant amount of project management time and negotiation by both TiIMmA and
Beep, which could potentially be mitigated in the future by employing some additional
contracting strategies.

In order to ensure efficient coordination and management of operational risk, the
operating agreement should be specific about the details of service delivery, e.g.
number of vehicles dedicated to the project, recovery/contingency plans for prolonged
service outages, and requirements to procure and clear consequences for protracted
periods of missed service.

A milestone-based contract has advantages for this type of pilot project as it provides
some protection against performance issues; namely, an agency does not have to pay
for work until milestones are satisfactorily completed. This type of contract also benefits
the provider, allowing flexibility and discretion in delivering the service. Well-specified
milestone-based contract structures are appropriate for / should be considered for
future operating agreements.

Treasure Island Mobility Management Agency PAGE 15
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Introduction

In August 2023, the Treasure Island Mobility Management Agency (TIMMA), in collaboration
with the San Francisco Municipal Transportation Agency (SFMTA), and the Treasure

Island Development Agency (TIDA), launched operations of the Treasure Island Shared
Autonomous Vehicle (AV) Pilot Project. The project, known as “the Loop,” was among the
first pilots in California to demonstrate shared AV shuttle service on public roads. Initially,
the project was intended to be a 9-month demonstration. However, due to evolving road
conditions on the Island, passenger service concluded after approximately 4 months. The
project was funded by SFCTA's Proposition K transportation sales tax program, the Federal
Highway Administration’s (FHWA) Advanced Transportation and Congestion Management
Technologies Deployment (ATCMTD) grant program, and the Metropolitan Transportation
Commission’s (MTC) Innovative Deployments to Enhance Arterials (IDEA) grant program.

PURPOSE OF DOCUMENT
The purpose of this report is to document the implementation phase of the project, evaluate
the operational phase of the project, and share lessons learned with peer agencies seeking
to deploy shared AV technology. The report is divided into the following key areas:

Project Summary: A summary of the project, including
its path to implementation and the 4 months of
operations where passenger service was provided

Mobility: an evaluation of shuttle ridership, including a summary of
shuttle accessibility for passengers who require mobility assistance

Operations: an evaluation of overall vehicle performance and use

Safety: an evaluation of shuttle incidents, disengagements,
and improvements that were made
to improve passenger safety

Outreach: an overview of community Figure 1-1.The Loop AV Shuttle
outreach, partnership efforts and an
evaluation of feedback received from
the community, highlighting the public’s
experiences and perception of the Loop

Lessons Learned: a summary of the
lessons learned during the deployment,
highlighting operational and technology
considerations for peer agencies

. / fide for freq
seeking to deploy a shared AV f ) filoop.com
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Project Summary

The Loop provided a free, shared AV shuttle service for residents and visitors of
Treasure Island from August to December 2023. The Loop operated daily from 9 a.m.
to 6 p.m., approximately every 30 minutes along a one-way route consisting of 7
stops, as shown in Figure 2-1. With the intent of supporting intra-Island trips, the Loop
provided free passenger service along a 1.5-mile route through the center of Treasure
Island, connecting residential areas, local businesses, and on-Island services. The
route paralleled the Muni 25 Treasure Island bus line, which provides service between
Treasure Island and downtown San Francisco every 15 to 20 minutes. The Loop was
initially planned to provide connectivity to the Treasure Island Ferry Terminal as a key
transfer to Downtown San Francisco and local and regional transit. However, due to
permitting issues that are discussed in the following section, the route was adjusted,
and the Treasure Island Ferry Terminal stop was removed.

The Loop used two Gaussin Macnica Mobility (GMM, formerly Navya) AV shuttles’
operated by Beep, Inc. (Beep), an autonomous mobility service company responsible
for overseeing the implementation and operations. The shuttles supported level 3
vehicle autonomy? and always had an on-board attendant to navigate stop-controlled
intersections, assist passengers, and deploy manual ramps to support rider accessibility.
The shuttles accommodated up to 10 passengers or 8 passengers and 1 wheelchair.

The fully electric shuttles were powered by an onboard battery unit and, during non-
operational periods, were parked at a storage facility located on Treasure Island,
approximately two blocks off route. The facility had in-wall charging, a satellite downlink
terminal to support signal connection to the vehicle, and maintenance equipment.

1 Athird AV Shuttle was included in the pilot as a backup vehicle, as needed.

2 https://www.epa.gov/greenvehicles/self-driving-vehicles
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Figure 2-1.The Loop Route
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The following section provides a summary of the key activities that supported the

eventual launch of passenger service for the Loop. To provide context on the length of

time that passed from the project’s early origins to the launch of operations, a timeline

of the project’s implementation phase is shown below.

Figure 2-2.Timeline to Project Implementation

| 2016 | 2017 2018 2009 | 2020 |

2021 | 2022 | 2023 | 2024
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Early Project Planning Concept Development
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RFI Released [

Treasure Island Mobility Management Agency
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AV Contract Award
P T O
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Project Origin and Funding
SFMTA, in collaboration with SFCTA, TiIMMA, and other local partners, was awarded a
US Department of Transportation (USDOT) “Smart City” grant in 2016." Administered by
the Federal Highways Administration (FHWA), the grant program sought to showcase
technology solutions aimed at reducing traffic congestion and creating safer and more
efficient transportation systems. TIMMA partnered with SFMTA to propose testing and
deployment of shared AVs on Treasure Island. The goal was to demonstrate clean,
shared, and accessible first/last-mile autonomous shuttle transportation on Treasure
Island, and to assess technical performance and public perceptions of the novel service.
TIMMA, as the lead transportation agency overseeing Treasure Island'’s transportation
program, led the implementation of the Loop.

In addition to the federal grant, SFCTA provided local Proposition K transportation
sales tax funds to support the planning, procurement, implementation, and
administration of the project. In February 2022, TIMMA also received an award for

the MTC Innovative Deployments to Enhance Arterials Shared Automated Vehicles
(IDEA sAV) grant program to extend the Loop deployment from a 3-month deployment
to a 9-month deployment. The IDEA SAv grant also provided funds to support
additional community outreach efforts, including local partnerships to engage local
labor and educational institutions.

Early Project Planning
TIMMA collaborated with project stakeholders to develop a path towards project
implementation. This proved to be challenging due to the complex nature of Treasure
Island’s redevelopment project. Currently, Treasure Island is being transformed into
a mixed-use neighborhood with 8,000 new homes, 27 percent of them affordable,
significant infrastructure improvements, and new street grid Island. This effort, led
by TIDA, created significant on-Island construction activities, including the complete
rebuilding of roads. For the project to advance, TIMMA led agency coordination with
TIDA and SFMTA to align efforts among the Loop service implementation, Island
construction, and 25 Treasure Island bus service.

To effectively progress from early planning to implementation, TiMmA led ongoing
coordination with first responders, federal and state agencies, and Muni to ensure
the safety of all road users and the public. TIMMA also helped Beep obtain all
necessary insurance, state and federal permits (described further in Section 2.1.5), and
coordinated project requirements with each funder, respectively.

1 Advanced Transportation and Congestion Management Technologies Deployment
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Table 2-1. Project Stakeholders

Treasure Island Mobility Management Agency (TIMMA): The agency responsible for implementing
transportation demand management strategies to support the development of Treasure Island.

Treasure Island Development Authority (TIDA): A non-profit public agency solely dedicated to the
economic development of Treasure Island.

Planning & . San Francisco Municipal Transportation Agency (SFMTA): The local transportation agency that develops
Implementation and oversees transit and parking services throughout San Francisco. The agency is also the recipient of
the ATCMTD grant.

One Treasure Island (OTI): A local 501(c)3 public charity that provides pathways for economic
advancement for lower-income Treasure Island residents. This includes providing employment services for
hiring on-board AV attendants.

San Francisco Police Department (SFPD): The local law enforcement agency.

Emergency San Francisco Fire Department (SFFD): The local fire and emergency response provider.

Services Admiral Security Services: A private security firm that employs security officers who patrol Treasure

Island. Often, these security officers are the first to arrive on scene.

National Highway Traffic Safety Administration (NHTSA): A federal agency within USDOT focused on
transportation safety. The agency is also responsible for providing operating waivers to autonomous
vehicle vendors.

California Department of Motor Vehicles (CA DMV): A state agency responsible for registering motor
Permitting vehicles and issuing driver licenses in California. The agency is also responsible for issuing permits to
manufacturers that test and deploy autonomous vehicles on California public roads.

California Public Utilities Commission (CPUC): A state agency responsible for regulating privately owned
utility companies, including passenger transportation companies. The agency is also responsible for
providing permits to provide autonomous vehicle transportation on public roads in California.

Federal Highway Administration (FHWA): The federal agency within USDOT that oversees and administers
the ATCMTD grant program.

Metropolitan Transportation Commission (MTC): The metropolitan planning organization in the San

Funding Francisco Bay Area that oversees and administers the IDEA SAV grant program.

Oversight
San Francisco County Transportation Authority (SFCTA): The county congestion management agency
for San Francisco that administers local transportation sales tax funds (Prop K/Prop L). The agency also
shares staffing with TIMMA.

Concept Development
The project team developed an initial Concept of Operations (ConOps) that outlined
the proposed AV deployment. The ConOps, shared in Appendix D, provided
stakeholders the opportunity to offer input on the project and created a unified vision
by establishing the technical course for the eventual System Requirements, shared in
Appendix E. Importantly, the ConOps stipulated that the project would procure and
test an existing AV service, rather than develop original technology or equipment.
Additionally, the ConOps included a route planning memorandum that was developed
in coordination with SFMTA. This memorandum identified potential routes for the
shuttle, considerations for stop locations, and minimum expected headways, as well
as possible locations for a storage and maintenance facility. Furthermore, the ConOps
explored the feasibility of providing AV service to both Yerba Buena Island and
Treasure Island to test a range of slopes, grades, and operating conditions. However, it
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was ultimately determined that the operational design domain' of existing AV shuttles

would be limited to supporting trips on Treasure Island only.

Concurrently, the project team developed an evaluation framework for the project

that outlined the Loop’s goals, objectives, and performance metrics. This evaluation

framework served as the foundation of the evaluation and is illustrated in Table 2-2.

Table 2-2. Evaluation Framework

JUNE 2024

Tl AV GOALS

Tl AV EVALUATION OBJECTIVES

WEEKLY SUMMARY REPORT

MONTHLY SUMMARY REPORT

3-MONTH EVALUATION / 9-MONTH EVALUATION

Safety: Without risking safety,
understand the public safety
implications of an AV Shuttle.

1A. Protect the safety of passengers &
road users in Tl during pilot operations.

1B. Explore whether AV shuttle
technology can safely address
the driving challenges of TI.

Total # of Incidents (by type)

Total # of Incidents (by shuttle)

Total # of Disengagements (by cause)
Total # of Disengagements (by shuttle)

Total # of incidents involving
first responders

Total # of Incidents (by type and week)

Incidents Per Mile (by type and week)

Total # of Incidents (by shuttle and week)

Incidents Per Mile (by shuttle and week)

Total # of AV Shuttle Disengagements (by cause and week)
AV Shuttle Disengagements Per Mile (by cause and week)
Total # of AV Shuttle Disengagements (by shuttle and week)
AV Shuttle Disengagements Per Mile (by shuttle and week)

Basic Survey Findings related to Passenger Safety
(total responses, share riders/non-riders, distribution
favorable perception for riders/non-riders)

Summary of Incidents Involving First Responders (if any)
Map of GNSS Outages by Location"

Total # of Incidents (by type and month)

Incidents Per Mile (by type and month)

Total # of Incidents (by shuttle and month)

Incidents Per Mile (by shuttle and month)

Total # of AV Shuttle Disengagements (by cause and month)
AV Shuttle Disengagements Per Mile (by cause and month)
Total # of AV Shuttle Disengagements (by shuttle and month)
AV Shuttle Disengagements Per Mile (by shuttle and month)

Detailed Survey Findings related to Passenger Safety
(everything in Basic plus distributions of
respondes, trends ,and recommendations)

Summary of Incidents Involving First Responders (if any)
Map of GNSS Outages by Location

Map of All Incidents by Location

Map of All AV Shuttle Disengagements by Location"

Mobility: Understand if AV Shuttle
technology can meet TIMMA's intra-island
transportation service needs at TI.

2A. Explore whether AV shuttle service
can be accessible to everyone

2B. Explore AV Shuttle's ability to meet
the intra-island needs of users in TI.

Total Ridership
Total # of ADA Ramp Deployments

Total # of Wheelchair Securements

Total Ridership (by shuttle and week)
Total # of ADA Ramp Deployments (by shuttle and week)
Total # of Wheelchair Securements (by shuttle and week)

Basic Survey Findings related to Passenger Service
(total responses, share riders/non-riders,
distribution of answers by question)

Total Ridership (by shuttle and month)
Total # of ADA Ramp Deployments (by shuttle and month)
Total # of Wheelchair Securements (by shuttle and month)

Detailed Survey Findings related to Passenger Service
(everything in Basic plus trends and recommendations)

Map of Ridership Totals by Stop Location

Operations: Understand TIMMA's
organizational capabilities

and infrastructure needs to
operate an AV shuttle.

3A. Explore whether AV shuttle technology

can meet TIMMA's Tl shuttle operation needs.

3B. Explore whether AV shuttle
technology can meet TIMMA's Tl shuttle
service needs and constraints.

Total # of Servcie Miles
Traveled (by shuttle)

Total # of Service Hours
Traveled (by shuttle)

% Down Time Due to Disruptions
(95% threshold)

Average Battery Life at End-
of-Service (by shuttle)

Total # of Servcie Miles Traveled (by shuttle and week)

Total # of Service Hours Traveled (by shuttle and week)

% Down Time Due to Disruptions (95% threshold) (by shuttle and week)
Average Battery Life at End-of-Service (by shuttle and week)
Average Headways (by Week and Time of Day)

Average Dwell Time (by Week and Time of Day)

Average AV Shuttle Speeds (by Week and Time of Day)

Total # of Service Miles Traveled (by shuttle and month)
Total # of Service Hours Traveled (by shuttle and month)

% Down Time Due to Disruptions (95%
threshold) (by shuttle and month)

Average Battery Life at End-of-Service (by shuttle and month)
Average Headways (by Month and Time of Day)

Average Dwell Time (by Month and Time of Day)

Average AV Shuttle Speeds (by Month and Time of Day)

Map of Average Dwell Time by Stop Location

Map of Average AV Shuttle Speeds Between Shuttle Stops

1 The operational design domain (ODD) is the operating condition under which a vehicle's automated driving system is

designed for and can be safely engaged.
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Procurement
Due to the rapidly evolving landscape of the AV industry, TIMMA utilized a two-stage
procurement approach for vendor selection, issuing an initial Request for Information
(RF1), followed by release of a Request for Proposals (RFP). The RFI solicited input from
the industry on potential turnkey services to plan, design, deploy, test, operate, and
evaluate the AV deployment.

Findings of this process shaped the project’'s Request for Proposals (RFP) and reflected
the cost effectiveness and public benefits of pursuing a longer deployment period
than the originally anticipated 3-month deployment period. Additionally, the use

of ATCMTD federal grant funds meant that the selected vendor must comply with
federal procurement policies, regulations, and procedures including the Americans
with Disabilities Act (ADA), Drug-Free Workplace Act (DFWA), Equal Employment
Opportunity (EEO), Buy America requirements, federally mandated maintenance
policies, and federal prevailing wage rates. TIMMA worked closely with FHWA to ensure
compliance with all federal procurement policies.

A formal RFP was released to the industry in Spring 2022. Following the competitive
procurement process, TIMMA selected Beep as the vendor for the AV demonstration on
Treasure Island.!

Permitting
Before the Loop could begin operations, Beep was required to obtain all necessary
insurance and permits to operate the AV shuttle. This included:

$5 million in (liability/collision) coverage per CA DMV requirements;
NHTSA approval to conduct the pilot demonstration;
CA DMV approval to test the shuttle on California roads; and

CPUC approval to deploy the shuttle (carry members of the public).

NHTSA evaluated the proposed service, including the route, stop locations, and
operational details. This process revealed operational and safety concerns with traveling
on Seven Seas Avenue, the only road available that connects the Treasure Island Ferry
Terminal to residential and business areas of the Island. As a newly constructed road,
Seven Seas Avenue was designed as a “complete street” with narrow travel lanes, bike
lanes, transit boarding platforms for in-lane boarding, and limited parking. The street did
not have dedicated space to create a shuttle pullover area to allow other vehicles to pass
if the slow speeds of the shuttle caused congestion.? As a result, the route was revised to
avoid travel on Seven Seas Avenue which ultimately precluded serving the Ferry Terminal.

1 https://www.sfcta.org/events/treasure-island-mobility-management-agency-board-9

2 The shuttles have a max operating speed of 12 mph.

Treasure Island Mobility Management Agency PAGE 23



THE LOOP FINAL EVALUATION REPORT JUNE 2024

The CA DMV oversees a program that requires all companies that intend to test

and deploy AVs on California public roads to apply for a permit. In addition to
administering this permit, the CA DMV also provided clarification on Title 13, California
Code of Regulations, Division 1, Chapter 1, Article 3.7 Section 227.26 (f), prior to the AV
shuttle operations. Section 227.26 subdivision (f) prohibits charging passengers a fee
for a ride, and the manufacturer from receiving compensation for providing rides to
members of the public. The CA DMV clarified that this prohibition did not apply to the
Loop because the project was a strategic partnership between TIMMA and Beep, where
Beep's costs are reimbursed by TiIMMA and where Beep provides free rides to the public.

The CPUC provides permits for public convenience, or to allow AV vendors to carry
members of the public. Within the CPUC Code, Section 226, there is an exception from the
requirement to possess a certificate of public convenience and necessity. The CPUC found
that the Loop met these exception requirements because the passenger service was on

a fixed route, operated fully within San Francisco, and did not have fare requirements. An
exemption letter was provided to TIMMA, and the project was cleared to begin testing.

Reports and Deliverables
Throughout the permitting process, Beep was also required to develop several
deliverables to support the operational phase of the project. This included a Safety
Plan, Incident Response Plan, Cybersecurity Plan, Data Management & Sharing
Plan, Reporting & Evaluation Plan, Testing Plan, Training Plan, and Operations &
Maintenance Plan. The Safety, Cybersecurity, and Incident Response Plans outlined
key procedures, mitigation strategies, and communication protocol to ensure the
safety of all passengers, operations staff, and the public. The Data Management &
Sharing and Reporting & Evaluation Plans outlined the processes for data collection,
data transmittal, and reporting structure used throughout the operations phase. Lastly,
the Testing, Training and Operations & Maintenance Plans outlined the required
testing, training, and operations and maintenance protocol to support the vendor’s
readiness for operations.

Testing and Training
Prior to launching service, TIMMA required Beep to conduct testing for a 30-day period.
While this 30-day period was not required, TIMMA chose to adhere to AV testing
recommendations provided by CPUC. Early on, Beep determined that two shuttles
would be required to ensure ample battery capacity for daily operations. During the
30-day test period, Beep tested each vehicle for a minimum of 5 hours daily to reflect
the planned service and ensure vehicle reliability and performance.

In week 1, Beep mapped the shuttle route, trained on-board attendants, and conducted
on-route testing to ensure the vehicle was navigating the route as programmed.
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In week 2, Beep hosted field training workshops with first responders and SFMTA bus
operators. The first responders training, which included San Francisco Police
Department (SFPD), the San Francisco Fire Department (SFFD), and Admiral Security,
focused on emergency response planning, interfacing with the AV shuttle during live
operations, and incident coordination. The training with SFMTA bus operators reviewed
scenarios in which buses may interface with the AV shuttle during live operations.
Though the two services did not share stops, the training also included executing
various operational scenarios with an SFMTA test coach and the Loop shuttle to ensure
both vehicles could operate along the route simultaneously, without conflict. The
presence of on-board attendants on the Loop mitigated many of the concerns and risks
identified by the first responders and SFMTA operators.

In week 3, Beep conducted a series of formal tests witnessed by the project team. These
tests were guided by the project’s System Requirements, and included several functional,
operational, and stress tests to ensure all vehicles were prepared for live operations.

In week 4, Beep continued on-route testing and further refined the shuttle’s readiness for
live operations. After the completion of all testing and training, passenger service began.

Capital Improvements
Since the project was a short-term pilot demonstration, no significant capital improvements
were made.' However, to support wayfinding and passenger safety, a small number of
low-cost improvements were implemented along the route. This included the set-up of
temporary signage at each stop location, as well as minor improvements to create a formal
stop location at the Ship Shape Community Center, as shown below.

Figure 2-3.The Loop Stop Signage

N e
i

1 The project added two vehicle charging outlets to the storage space, a satellite downlink terminal on the exterior of the
storage space, and installed striping and tactile treatments at the Ship Shape Community Center shuttle stop.
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Figure 2-4. Ship Shape Community Center Striping Improvements

- 2
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Data Collection and Reporting
TIMMA established data collection requirements based on the project’s goals and objectives
and worked with Beep to ensure all data could be regularly collected during operations.
Table 2-3 summarizes all data provided to the project team. Data exports from on-board
vehicle equipment logs provided vehicle movement and location data. Other data (such
as ridership by stop and time of day, wheelchair securements, ramp deployments, specific
disengagement / incident report findings, and service disruptions) were collected manually
by on-board attendants. Notably, at the start of operations, Beep did not have a process to
collect ridership data by stop and time of day. This data was critical to further understand
on-Island ridership trends and Beep developed a manual data collection process to record
shuttle ridership as it occurred. Training on-board attendants, validating the accuracy of
the data, and implementing quality control processes took several weeks to complete and
was finalized in the second month of operations. In addition to the data provided by Beep,
TIMMA conducted an online rider and non-rider survey.

To support ongoing operations, TIMMA also developed an ongoing reporting structure
for the project, which included:

Weekly Reporting: a weekly summary
highlighting key operational metrics

Monthly Reporting: a monthly summary report highlighting
key operational metrics, including further details
around vehicle performance and survey tracking

Final Evaluation Report:' this report, which is an
evaluation of the Loop at the conclusion of service

1 The project initially intended to develop a 3-month and 9-month evaluation report. Due to the conclusion of operations in
month 4, only one evaluation report was compiled.

Treasure Island Mobility Management Agency PAGE 26



THE LOOP FINAL EVALUATION REPORT JUNE 2024

Evaluation Methodology
The Evaluation Framework shared in Section 2.1.3 guided the evaluation of the Loop

service. For additional information regarding the evaluation methodology used in this

report, please see Appendix A.

Table 2-3. Data Collected During AV Deployment

Weekly Report

Date, Name, Site, Shuttle, Route, Operator
Current Mileage, Loops Completed, Ridership
Starting, Ending Battery Charge %
Wheelchair Securements

ADA Ramp Deployments

Pedestrian, Weather, Congestion Conditions

Passenger Behavior and Other Logged Events

Weekly Hit Ratio Report*

Date, Site, Shuttle, Route
Average Weekly Hit Ratio %

Weekly Ridership Report

Date, Time, Name, Site, Shuttle, Route
Stop Station
Boardings, Alighting

Loop Number

Weekly Mechanical Report

Date, Name, Route, Shuttle, Hit Ratio Validation

Equipment Validation: Key, Dash Cam, Camera PC, Ul, AMD, AC, Suspension, Computers,
Interior Lighting, Seating, Battery, Safety Equipment

Equipment Validation (contd.): ADA Equipment, Microfiber Cloth, External Displays, Tires,
Rims, Windows, Exterior Sensors, Exterior Lights, Body, Charging Cable, Mobile Device

Weekly Disengagement Report

Name, Site, Shuttle, Route, Time, Location, Weather
Vehicle Speed

Number of Passengers

Pedestrians, Other Vehicles, Other Road Objects Involved
Operating Mode, Initiated By

Cause, Cause Description

Weekly Incident Report

Date, Site, Shuttle, Time, Location, Weather

Shuttle Operator, Operating Mode

Incident Type, Reported Injury

Medical Attention

Police, EMS/Fire, Media Involved

Vehicle Speed

Number of Passengers

Pedestrians, Other Vehicles, Other Road Objects, Witnesses Involved
Reported By

Cause, Cause Description

NHTSA Reportable
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Braking Events

Odometer

Speeds
Monthly Vehicle Data

Stops

Telemetry

Time

Date, Shuttle

Service Impact
Monthly Availability Tracker

Reason for Downtime

Preventable, Non-Preventable

Survey Data (conducted &

provided by TIMMA) Survey Responses in English, Chinese, Spanish, and Filipino

OPERATIONS
On August 16, 2023, the Loop began passenger service. During 4 months of operations,
the Loop provided rides to 1,177 passengers. In total, the Loop's AV shuttles traveled
over 3,015 miles across 1,050 service hours. During this time, the project employed on-
board attendants through various local hire recruitment programs and platforms, while
also providing opportunities for community members to engage with the AV shuttles
through several outreach events (discussed further in Section 6.2). In addition, the project
collected 80 online survey responses from members of the public. Generally, the survey
responses pointed to a positive experience for both shuttle riders and non-riders.

Throughout the deployment, there were also several operational challenges that
caused service up-time and reliability issues. These challenges ultimately caused
multiple service disruptions, including a temporary shutdown of service and, later,

the early termination of the pilot. Each of these instances are further described in
Appendix B. Initially, the project intended to have two AV shuttles available to each
provide 5 hours of service every day, with one hour of overlap. Due to the various
service disruptions that occurred, a third shuttle was provided by Beep to support
service continuity. The following is a summary of the service disruptions that caused the
greatest impact to operations during the deployment:

On August 23, 2023, one week after the launch of service,

a shuttle was involved in a low-speed, non-injury collision
(described further in Section 5.2). Service was suspended for
approximately two and half weeks. After safety enhancements
were incorporated and vehicle re-testing was complete,
passenger service resumed on September 10, 2023.

In October, one shuttle was removed from service due to
on-going repairs, and another was removed from service
due to LiDAR damage from a rainstorm (see Section 7.3).
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On December 10, 2023, service was suspended due to changes

in the road configuration along gth Street. TIMMA staff explored
alternatives to complete the pilot, including a re-mapping of the
new 9th Street configuration. However, due to schedule and cost
impacts, it was ultimately determined that the pilot would conclude.

Figure 2-5. Loop Operations August - December 2023

MONTH 1 MONTH 2 MONTH 3 MONTH 4
8/16 - 9/15 9/16 - 10/15 10/16 - 11/15 11/16 - 12/15
P32 9/10: P32 begins service. [Repairs** } } 10/28: P32 reintroduced.
8/23 - 9/9:
Service 12/10:
P66 suspended 10/27: P66 begins service. Service
after minor Ends
collision- 10/23: P84 suffers LiDAR damage fi
: " : suffers Li amage from
P84 @ 2T e eliad Jesd. rainstorm and does not return to service.

*8/16: Service begins with P84 only. P32 does not begin service due to **10/14 - 10/28: P32 undergoes repairs, is briefly returned to service, and
curb strike. P66 remains in testing due to LiDAR issues. undergoes further repairs until being reintroduced to service once again
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Mobility: Understand if AV shuttles
could meet the mobility needs of
Treasure Island residents and visitors

RIDERSHIP

A total of 1,177 passengers boarded the Loop. Ridership peaked in month 2 at about
350 riders and remained almost as high in month 3 (see Figure 3-1). Month 1 and month
4 had lower ridership due primarily to service interruptions. During month 1 service
was suspended in the last two weeks due to a non-injury collision (see Section 5.2) and
during month 4 there was an early conclusion of service due to Island construction.
Throughout the 4 months of operations, the highest weekly ridership total recorded
was 111 passengers, which occurred in month 3 during late October/early November.

Figure 3-1. Monthly Ridership
RIDERS
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352 341

300 287
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200
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Detailed Ridership
Hourly ridership provides more detailed insights into passenger travel patterns.' As
shown in Figure 3-2, between 2 p.m. to 6 p.m. emerged as the peak ridership time
interval, accounting for 40% of service hours, but approximately 61% of ridership. The

3 p.m. hour had the highest concentration in ridership and ridership was lowest during
the AM period.

1 Detailed ridership data was provided by Beep after the re-start of service on September 10th. Therefore, hourly ridership
totals may differ from the monthly totals provided in the prior section.
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Figure 3-2. Hourly Ridership Across All Months
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Ridership by stop is another opportunity to understand on-Island travel patterns.
This evaluation was done by reviewing overall stop boardings (locations where
passengers entered the shuttle) and overall stop alightings (locations where
passengers exited the shuttle).

As shown in Figure 3-3 and Figure 3-4, Avenue B at Chinook Court (near the Treasure
Island Playground & Dog Park, the Mersea restaurant, and the nearest stop to the
Treasure Island Ferry Terminal) was the most boarded and most alighted stop on the
route. The Ship Shape Community Center was the second most boarded stop on the
route. Avenue | at the YMCA was the least boarded and least alighted stop on the route.

In addition to being a local hub for community events, the Ship Shape Community
Center also hosts a local food pantry on Tuesdays between 2 p.m. and 5 p.m. Detailed
ridership data for this stop shows that 68% of all riders who boarded the Loop at the
Ship Shape Community Center did so on Tuesdays between the 2 p.m. and 5 p.m.
hours, a significantly higher proportion compared to ridership on other days of the
week within that specific time frame.
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Figure 3-3. Mapping of Stop Boarding Across All Months
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Figure 3-4. Mapping of Stop Alighting Across All Months

Alightings by Stop
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ACCESSIBILITY
Vehicle accessibility ensures a seamless experience for passengers with mobility
challenges. The Loop’s shuttles had capacity for 1 wheelchair user and utilized a
manually deployed ADA ramp to support boarding/alighting, if needed or requested.
Shuttle operators manually recorded instances of ADA ramp deployments and
wheelchair securements. Table 3-1 and Table 3-2 summarize the distribution of
ADA ramp deployments and wheelchair securement during the pilot. Overall, a
total of 18 ADA ramp deployments and 5 wheelchair securements occurred. The
higher ADA ramp deployments compared to wheelchair securements is likely due to
passengers who do not utilize wheelchairs, but still require mobility assistance to enter
the AV shuttle (i.e., canes, walkers, or a wheeled device, such as a cart).

Table 3-1. Monthly ADA Ramp Deployments

TOTAL
Month 1 1
Month 2 5
Month 3 7
Month 4 5
Total 18

Table 3-2. Monthly Wheelchair Securements

TOTAL
Month 1 1
Month 2 3
Month 3 1
Month 4 0
Total 5
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Operations: Understand the capabilities,
infrastructure, and operational needs that
are required to operate an AV shuttle

OPERATIONAL PERFORMANCE
The following metrics are evaluated in this section to assess the pilot’s ability to provide
prompt passenger service:

Headways: the average time interval between
shuttles arriving at a stop location

Dwell Times: the average time shuttles are stopped
at locations to pick up/drop off passengers

Shuttle Speeds: the average speed of the shuttle
traveling between stop locations

Service Uptime: the ability for the shuttle vendor
to provide ongoing passenger service

Each of these metrics are influenced by stoppages that occur along the route due to
operator shift swaps, breaks (required by state law; these are often lengthy when only
one shuttle is cleared to operate on the route), and external circumstances resulting in
shuttle disengagements (e.g., the presence of other road users or objects that are in
the shuttle’s path). For additional context around these issues, see Section 5.1.

Headways
Headways for each month, by time of day, are shown in Figure 4-1. The time-of-day
periods are defined by an AM period (9 a.m. - 12 p.m.), midday period (12 p.m. - 3 p.m.),
and PM period (3 p.m. - 6 p.m.). The pilot aimed to achieve an operational goal of an
average of 27-minute headways. Consistently meeting the goal of 27-minute headways
did not occur until month 4, when two shuttles were consistently in service. During
month 1 headways consistently exceeded 30 minutes across all time periods, almost
reaching 40 minutes in the AM period. This is likely attributable to the availability of
only one shuttle during this time. Headways decreased during month 2 because of
the reintroduction of previously inactive shuttles. In month 3, several shuttles required
maintenance and were pulled from service, resulting in longer headways. In month 4,
after shuttles were repaired and the project overcame prior operational challenges, the
27-minute headway goal was achieved.

Across all months, headways were often shorter during midday operations. This is

likely due to the 1-hour time block (12 p.m. - 1 p.m.) when, if possible, two shuttles
operated simultaneously.
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Figure 4-1. Average Headways in Minutes by Time of Day
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4.1.2 Dwell Times

Route-wide dwell times for each month, by time of day, are shown in Figure 4-2. Route-
wide dwell times typically averaged between 1.6 to 2.3 minutes, which is high given the
Loop's ridership.’ Long dwell times are reflective of the time on-board operators take
to engage riders/answer questions, communicate status reports to Beep's Command
Center, and submit reports when necessary. Overall, route-wide average dwell times
dropped below 2 minutes in month 4.

Figure 4-3 shows the average dwell times by stop. The longest average dwell times
were at the Ship Shape Community Center, 9th Street at Avenue H, and Avenue | at
the YMCA. Beep noted that shift swaps and operator breaks (when required) occurred
near the YMCA and Ship Shape Community Center stop locations, which is reflected in
these longer dwell times.

Figure 4-2. Route-wide Average Dwell Times in Minutes by Time of Day
9:00 AM - 12:00 PM 12:00 PM - 3:00 PM

3

MONTH 1 MONTH 2 MONTH 3 MONTH 4

1 In a hypothetical scenario where Muni busses are serving the same volume of Beep's recorded boardings and alightings,
estimated dwell times for Muni would be closer to 10 seconds, on average.
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Figure 4-3. Average Dwell Times in Minutes by Stop Location
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Shuttle Speeds
Shuttles maintained an average speed between 4 and 5 MPH during the pilot.
While the shuttles are permitted to travel at a maximum speed of 12 MPH along
the route, average speeds are impacted by stop-controlled intersections and
shuttle disengagements associated with the presence of other road users. During
disengagements, the operator is required to engage manual mode, move the vehicle,
and reengage autonomous mode, which happens in a short sequence at low speeds.
A notable trend is a steady decrease in average shuttle speed month over month.
This decrease in shuttle speed may be associated with an increased frequency of
shuttle disengagement occurrences month over month, which is discussed further in
Section 5.1.

Figure 4-4. Average Monthly Shuttle Speed in MPH
MPH
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Service Uptime
Service uptime is defined as the percentage of time the shuttles were able to provide
passenger service. The project set a goal of an average monthly service uptime of 95%.
In this report, service uptime is evaluated in three ways:

Expected Runs Completed: Illustrates Beep's ability to finish 22 loops
around the Island daily. Expected Runs Completed is calculated
assuming 27-minute headways are achieved during operational hours.

Expected Miles Traveled: Illustrates Beep’s ability to travel 33 miles
daily. Expected Miles Traveled is calculated assuming Beep completes
22 loops daily, with each assumed to be approximately 1.5 miles.
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Expected Hours Traveled: lllustrates Beep's ability to provide
passenger service from 9 a.m. to 6 p.m. daily. Expected Hours
Traveled is calculated assuming passenger service is provided
for 9 hours, with a 1 hour overlap during midday where two
vehicles are operating, equaling a total of 10 hours daily.

As shown in the following tables, there were challenges in providing sufficient service
in month 1, which is mostly attributed to the suspension of service that occurred due
to the non-injury collision (discussed further in Section 5.2). However, in the following
months, as shuttles began to return to service, service uptime generally improved.
Month 3 saw a dip in service reliability, which was likely caused by the hardware and
LiDAR issues that caused several vehicles to be pulled from service intermittently
(discussed further in Section 7.3).

Table 4-1. Expected Runs Completed

TOTAL RUNS EXPECTED RUNS % RUNS

COMPLETED COMPLETED COMPLETED
Month 1 206 682 30%
Month 2 609 645 94%
Month 3 598 682 88%
Month 4 560 528 106%
Total 1,973 2,537 78%

Table 4-2. Expected Miles Traveled

TOTAL MILES EXPECTED MILES % MILES

TRAVELED TRAVELED TRAVELED

Month 1 355 1,023 35%
Month 2 932 967 96%
Month 3 911 1,023 89%
Month 4 817 792 103%
Total 3,015 3,805 79%

Table 4-3. Expected Hours Traveled

TOTAL HOURS EXPECTED HOURS % HOURS

TRAVELED TRAVELED TRAVELED

Month 1 119 310 38%
Month 2 328 293 112%
Month 3 322 310 104%
Month 4 281 240 117%
Total 1,050 1,153 91%

Overall, Beep did not consistently achieve an average monthly service uptime of 95%.
As discussed above, service uptimes were adversely impacted when vehicles were
pulled from service. When only one vehicle was operating on the route, shift changes
and operator breaks created gaps in service and two shuttles could not operate during

Treasure Island Mobility Management Agency PAGE 39



THE LOOP FINAL EVALUATION REPORT JUNE 2024

the 12 p.m. - 1 p.m. hour. There were also several documented instances where AV
shuttle operators called in sick or missed a shift, impacting service uptime for several
hours, and, in some instances, the entire day.

Battery Usage
The all-electric shuttles were charged at an on-Island storage facility overnight and
started each day with 100% battery. Beep established a minimum threshold of 30%
battery, at which point vehicles would need to be charged. Initially, two shuttles were
recommended for the project to ensure sufficient battery range for daily operations.
Concerns about vehicle reliability raised questions on whether a single shuttle could
operate for the full-service period (9 a.m. - 6 p.m.) on a single charge, if needed. As
shown in Figure 4-5, on average, a typical staff shift depleted ' between 15% and 25% of
the vehicle’s battery life. On most days, 2-3 staff shifts were required to provide passenger
service from 9 a.m. to 6 p.m., and the lowest recorded battery life at the end of a staff shift
was 34%. There were no recorded issues directly attributable to battery capacity.

As shown in Figure 4-5, there was also a consistent, month over month decline in the
average battery depletion per staff shift. This is likely attributable to the concurrent
operation of multiple shuttles in the later months, which allowed shift operators to use
a single vehicle for shorter periods of time. Figure 4-6 shows battery depletion by loop
decreased month over month. Specifically, the average battery depletion per loop
nearly halved, decreasing from 4.4% to approximately 2.3% in months 2 and 3 and
approximately 1.3% in month 4.

Figure 4-5. Monthly Average Battery Depletion % per Shift
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1 Battery depletion is defined as the difference between the starting and ending battery charge of a vehicle at the
conclusion of a staff shift or loop.
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Figure 4-6. Monthly Average Battery Depletion % per Loop
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Safety: Understanding the public safety
implications of operating an AV shuttle

DISENGAGEMENTS
Disengagements are instances where the AV disengages autonomous mode and
requests manual operation from the shuttle on-board operator. While not inherently
a safety issue, disengagements can occur for a variety of reasons, as shown in
Section 5.1.1. Additionally, many shuttle disengagements are a result of the AV
determining that a particular driving environment is beyond the vehicle’s ODD.

Definitions of Disengagement Causes

Fault Code/Error Code
Fault Code/Error Code prevented the shuttle from autonomous operation. Shuttle attendant

navigated in manual mode to the next safe stop location to troubleshoot.

Obstacle Detection
An object was detected within the path and prevented autonomous operation. Shuttle attendant

navigated around obstacle in manual mode and returned to autonomous mode.

Other Road Users
A vehicle was detected as an obstacle due to close proximity to the shuttle’s path. Shuttle

attendant navigated around vehicle in manual mode and returned to autonomous mode.

Priority Zone
A(n) object/pedestrian/vehicle was detected within the priority zone and prevented autonomous
operation. Shuttle attendant navigated around obstacle in manual mode and returned to

autonomous mode.

Shuttle Manually Deviated from Approved Path
Shuttle attendant operated manually outside of the NHTSA approved path.

Signal Loss
Shuttle lost signal 5G/GNSS/RTK and was unable to continue in autonomous mode. Shuttle attendant
navigated in manual mode until signal strengthened, then resumed in autonomous mode.

Station Blocked
Station was blocked, preventing autonomous operation into/out of the designated stop station.

Shuttle attendant navigated in manual mode to stop, then resumed in autonomous mode.

Vegetation
Vegetation prevented autonomous operation.

Vulnerable Road Users
Avulnerable road user (VRU) interacted with the shuttle preventing autonomous operation.

Shuttle attendant navigated in manual mode, then returned to autonomous mode.

Weather
Weather prevented autonomous operation.
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As shown in Figure 5-1, there were a total of 358 shuttle disengagements during the
pilot, with “Other Road Users"” as the predominant cause, representing 57% of the total
disengagements reported. The second highest cause was “Obstacle Detection,” which
represented 16% of all disengagements. This cause is followed by “Signal Loss,” "Fault
Code/Error Code,” “Priority Zone,” “Shuttle Deviated from Approved Path,” “Station
Blocked,” "Vegetation,” “"Vulnerable Road Users,” and "Weather,” which accounted for
the remaining shuttle disengagements. Each of these causes of disengagement is
evaluated further in the following sections.

Figure 5-1. Monthly Shuttle Disengagements by Cause
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As shown in Figure 5-1, the total number of disengagements increased between month 1
and month 2, in part due to suspension of service in month 1. Disengagement increased
again in month 3, including notable increases in “Obstacle Detection” and “Signal Loss".
Disengagements then dropped in month 4 due to the early conclusion of service.

Other Road Users
Figure 5-2 illustrates the location of “Other Road User” disengagements. These instances
occurred throughout the route, with notable exceptions along 9th Street between
Avenue H and Avenue C, and on Avenue B between 9th Street and 12th Street. There are
also two noticeable areas of concentration: near the fire station located along Avenue |,
and along Avenue B, south of the Avenue B-Gateview Ave stop. The fire station is known
to have a high concentration of emergency vehicles parked near the station entrance,
which may have caused regular disengagements requiring re-routing the shuttle around
the parked vehicles. The other location, along Avenue B, is a narrow single-lane road in
a residential area that is known to have a high concentration of parked vehicles and the
shuttles likely required manual operation to re-route around parked vehicles.

Figure 5-2. Mapping of “"Other Road Users” Disengagements

Gateview Ave
at Mariner Drive

Avenue B near
Gateview Ave

13th Street
at Avenue H

Ship Shape
Community Center

~# SFFD Fire
Tl Playground (O Station #48

Mersea 1@!
Restaurant

Avenue |
atthe YMCA

Avenue B at
Chinook Court

9th Street
at Avenue H

H 3NN3AY
N 3NNIAY

SW1Vd 3HL 40 INNIAY

Ferry
Terminal

CLIPPER COVE WAY

0 0.25 0.5 Miles ,’V\

Treasure Island Mobility Management Agency PAGE 44



THE LOOP FINAL EVALUATION REPORT JUNE 2024

Obstacle Detection
Figure 5-3 illustrates the location of “Obstacle Detection” disengagements. There is a
concentration of instances occurring north of the 13th Street at Avenue H stop. Several
of these instances occurred in early November and are likely attributable to the road
construction that took place on this stretch of road.

Figure 5-3. Mapping of “Obstacle Detection” Disengagements
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Signal Losses
Figure 5-4 illustrates the location of “Signal Loss” disengagements. As shown, these are
concentrated near the Ship Shape Community Center, though they also occurred at
other locations along the route. Shuttle operators noted that signal losses were more
frequent at Ship Shape Community Center. This is discussed further in Section 7.4.

Figure 5-4. Mapping of “Signal Loss” Disengagements
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Fault Code/Error Codes
Figure 5-5 illustrates the location of “Fault Code/Error Code” disengagements. As
shown, these instances appear in small clusters across the route.

Figure 5-5. Mapping of “Fault Code/Error Code” Disengagements
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Other Disengagements
Figure 5-6 illustrates the location of “Priority Zone,” “Shuttle Deviated from Approved
Path,” “Station Blocked,” "Vegetation,” “Vulnerable Road Users,” and “Weather”
disengagements, which, together, account for 8% of all shuttle disengagements.
Notably, several “Shuttle Deviated from Approved Path” disengagements occurred near
the 9th Street at Avenue H stop. After further investigation, it was confirmed that most
of these disengagements occurred at the start of service when the vehicle had issues
recognizing the stop location. This issue was quickly reviewed and addressed by Beep.

The instances of "Weather” are further discussed in Section 7.3 of this report. Due to
the low sample size of the other examples of disengagement occurrences, no further
investigation was conducted.

Figure 5-6. Mapping of Other Disengagements
@ STATION BLOCKED

Gateview Ave
at Mariner Drive

@ PRIORITY ZONE

Avenue B near
Gateview Ave

13th Street
at Avenue H

© VEGETATION

© VULNERABLE
ROAD USERS

© SHUTTLE MANUALLY
DEVIATED FROM

APPROVED PATH
Ship Shape
Community Center

© WEATHER

g INNIAVY

Tl Playground Station #48

and Dog Park

Mersea 1@!
Restaurant

Avenue |
atthe YMCA

Avenue B at
Chinook Court

H 3INNIAY

9th Street
at Avenue H

N 3INN3IAV

SW1Vd 3HL 40 INNIAY

Ferry
Terminal

CLIPPER COVE WAY

Treasure Island Mobility Management Agency PAGE 48



THE LOOP FINAL EVALUATION REPORT JUNE 2024

INCIDENTS
In the first month of operations, two incidents occurred that required shuttles to be
pulled from service. The first involved a shuttle striking a curb, which TIMMA reported to
CA DMV. The second was a non-injury collision where a passenger vehicle collided with
the shuttle at low speeds. This incident was reported to both NHTSA and CA DMV.

P32 Curb Strike
On August 16th, shuttle P32 was exiting the YMCA stop station when its right-side
wheels traversed the adjacent curb. No injuries were reported. An investigation
conducted by Beep revealed that the rear LiDAR devices were mis-calibrated, resulting
in the vehicle veering off its planned path due to poor localization. Part of the
investigation determined that a metric used to track LiDAR localization quality, also
known as "hit ratio” (the ability for the vehicle to geolocate correctly based on existing
mapping and imaging obtained from active LiDAR sensors), could be used to evaluate
the performance of LiDAR devices. To mitigate this occurrence, Beep implemented a
daily pre-service test route loop prior to the start of any vehicle entering operations.
The test loop allowed for the hit ratios to be assessed daily to ensure precise
localization before the start of service. Average hit ratios above 80% were determined
as the threshold for beginning service.

After the LiDAR was recalibrated and testing was complete, shuttle P32 resumed service
on September 10th. No further issues regarding hit ratios were reported by Beep
during the remaining months of operations.

P84 Collision
On August 23rd, shuttle P84 was involved in a low-speed collision that resulted in minor
cosmetic damage to both vehicles. No injuries were reported. The incident occurred at
the Seven Seas Avenue and gth Street intersection. There were no passengers on the
shuttle and both vehicles were driven from the scene without assistance. At the time
of the incident, the San Francisco Police Department was contacted; however, they
declined to respond since the incident resulted in no injuries or significant property
damage. The incident was reported to both NHTSA and the CA DMV.

After further investigation, the automated driving system logs showed that shuttle P84
detected and maintained awareness of the other vehicle, which included engaging

in a hard breaking maneuver prior to the collision. However, the other vehicle failed

to yield to P84 as it continued through the intersection and the on-board attendant

of shuttle P84 failed to engage the emergency stop button, which may have allowed
the vehicle to have stopped sooner, thereby possibly avoiding the collision. The slight
bend in the shuttle’s path through the intersection (which was in place to accommodate
the lane shift through the intersection), may have reduced the shuttle’s available
stopping distance. As a mitigation, Beep implemented a “priority zone,” — a known area
of pedestrian or irregular vehicle activity where sensors are uniquely tuned to detect
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activity — to account for the bend in the shuttle’s path through the intersection. This
provided an additional safety buffer in the event future vehicles failed to yield to the
shuttle. Additionally, Beep reconfigured all vehicles to drive at slower speeds through
the intersection and provided additional training to shuttle operators on the use of the
emergency stop button.

After updates were made, the P84 shuttle re-entered testing to return to service. Due to
the nature of the incident, Beep conducted 10 consecutive days of testing, including a
review and retesting of System Requirements associated with the automated functions
of the vehicle, including vehicle braking and maneuverability through the intersection.
Once testing was complete, shuttle P84 was reintroduced to the fleet and resumed
service on September 27th.

Outreach

SURVEY FINDINGS
At the start of operations, TIMMA released a publicly available, multilingual online
survey to solicit feedback from Treasure Island residents and visitors. The survey was
promoted on the shuttle with a QR code, on the project website, and paper versions
were available at Ship Shape Community Center. As shown in the table below, a total of
80 people provided survey responses.

Table 6-1. Survey Responses by Language

SURVEY LANGUAGE TOTAL RESPONSES
English 57
Chinese 9
Filipino 7
Spanish 7
Total 80

Of the 80 responses received, 32 respondents stated that they rode the Loop (referred
to as a shuttle “rider”), and 32 stated that they did not ride the Loop (referred to as a
“non-rider”). The remaining survey responses were deemed incomplete due to the lack
of information provided in their responses.' The following sections further evaluate

the survey responses of riders and non-riders. Please note that, while demographic
information was requested in these surveys, demographic information is omitted in this

evaluation due to the limited response rate, making findings unreliable.

1 The majority of survey respondents who did not provide an answer to whether they were a rider or non-rider (the first
question of the survey) submitted entirely blank surveys.
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Survey Findings for Riders

Overall Perception

Of the 32 riders who provided survey responses, 20 provided insights into their overall
perception of their experience riding the shuttle. Eighteen out of 20 responded they
somewhat agreed or strongly agreed that they had a good experience using the
shuttle.

Figure 6-1. Surveyed Riders: “I had a good experience using the shuttle”
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Safety Perception

Of the 32 riders who provided survey responses, 19 provided insights into their
safety perceptions before and after riding the shuttle. Before riding the shuttle, 68%
of respondents believed that the shuttles were either somewhat safe or very safe.
After riding the shuttle, nearly all respondents believed that the shuttles were either
somewhat safe or very safe. These perceptions of safety before and after riding the
shuttle indicate an overall positive shift in safety perception after riding the Loop.

Table 6-2. Surveyed Riders: Perception Change After Riding the Shuttle

BEFORE AFTER
Very unsafe 0 0
Somewhat unsafe 2 0
Neither safe nor unsafe / no opinion 4 1
Somewhat safe 6 9
Very safe 7 9
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Quality of Information

Of the 32 riders who provided survey responses, 19 provided insights on the quality of
information they received about the Loop service. As shown in the table below, most
respondents acknowledged receiving fair to excellent quality of information regarding
the AV shuttle.

Table 6-3. Surveyed Riders: Quality of Information

DRIVERLESS VEHICLE THE PURPOSE OF WAYFINDING AND

TECHNOLOGY THE PROJECT NAVIGATION

Excellent 10 11 7
Good 4 4 7
Fair 4 1 2
Poor 0 3 2
Very Poor 1 0 1

Reason for Shuttle Ride

Of the 32 riders who provided survey responses, 19 provided insights on their reason
for riding the shuttle. As shown in the figure below,' the majority rode the shuttle for the
unique experience it offers.

Figure 6-2. Surveyed Riders: Reason for Shuttle Ride
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1 Survey respondents were able to record multiple selections. Therefore, total reasons for riding the shuttle may be greater
than the total number of survey respondents who responded to this question.
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Other Modes of Travel

Of the 32 riders who provided survey responses, 18 provided insights on other modes
of travel they would have chosen if they did not take the shuttle. As shown in the figure
below, most respondents would have chosen to walk to their destination.

Figure 6-3. Surveyed Riders: Other Modes of Travel

WALK
7
WOULD NOT HAVE TAKEN THE TRIP
4

BUS

2
PERSONAL VEHICLE

2
BIKE

2
CARPOOL

1

RESPONSES 2 4 6 8
Reliability

Of the 32 riders who provided survey responses, 20 provided insights into their
perception of the shuttle’s reliability. Twelve of 20 responded that they somewhat
agreed or strongly agreed that the shuttle arrived in a reasonable amount of time,
indicating mixed perceptions of the shuttle’s reliability.
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Figure 6-4. Surveyed Riders: “The shuttle arrived at my stop within a reasonable amount of time.”
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Subsequent Rides

Of the 32 riders who provided survey responses, 19 provided insights on if they
would ride again. Of these respondents, 17 expressed their willingness to ride the
shuttle again, indicating a positive overall perception and a high likelihood of a
future shuttle ride.

Survey Findings for Non-Riders

Safety Perception

Of the 32 non-riders who provided survey responses, 9 provided insights into their
safety perceptions before and after traveling on the road with the AV shuttles. Before
encountering the shuttles, 6 respondents perceived the shuttles as either safe or very
safe. After encountering the shuttles, only one respondent had a negative perception
change. This one respondent noted that the shuttle was blocking the road at bus

stops and stop signs. The remaining respondents either maintained a neutral stance or
perceived the shuttle as safer after traveling near the shuttle.
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Table 6-4. Surveyed Non-Riders: Perception Change After Traveling Near the Shuttle

BEFORE AFTER
Very unsafe

Unsafe

Somewhat unsafe

Neither safe nor unsafe
Safe

N | DR |k |0k
WIN| R |, |Rr|R

Very safe

Shuttle Predictability

Of the 32 non-riders who provided survey responses, 8 provided insights into their
perception of the Loop behaving predictably. The majority stated that the shuttle
behaved in a predictable manner.

COMMUNITY OUTREACH
During the planning process, TIMMA conducted outreach to the Treasure Island
community to help shape the future Loop service. Through a survey, online townhall,
and discussion with local businesses, the project team received input on stop locations,
hours of operations, and general concerns and opportunities about an eventual launch
of the shuttle service." The project team also organized community partnerships to
increase awareness of career paths in the AV industry.

To introduce the shuttle pilot program, TiIMMA hosted a virtual town hall on October 25,
2022, to provide the community an opportunity to give feedback and learn about the
Loop and the potential route and stops. TIMMA collected feedback through a survey

to understand the travel needs of the community. The survey was open from October
2022 to November 2022 and available in English, Spanish, and Chinese. The survey
received a total of 58 responses. In addition, TIMMA presented to the SFMTA's Multimodal
Accessibility Advisory Committee, One Treasure Island, and Office of Economic
Workforce Development to discuss opportunities for partnership and support.

Prior to implementation of the Loop service, TIMMA and Beep held in-person events to
give future riders an opportunity to experience the shuttle in person and ask the project
team questions. TIMMA hosted a Loop Community Day on July 18, 2023, which was held
at the Ship Shape Community Center. This event had two parts. The first was focused

on the disability community and representatives from Lighthouse for the Blind and
Visually Impaired and SFMTA's Accessible Services Division got a tour of the shuttle and
provided accessibility-related feedback for the project team to consider before launch.
The second portion of the event corresponded with the Weekly Food Pantry hours

and provided the public an opportunity to tour the shuttle and get rider information.

1 Feedback on stop locations emphasized the interest in serving the Treasure Island Sailing Center and Ferry Terminal,
which was ultimately no feasible due to roadway construction and permitting.
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The project team also attended National Night Out on August 1, 2023, a community
event hosted by One Treasure Island, and distributed information about the shuttle to

interested residents.

Figure 6-5.The Loop Community Day
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TIMMA launched the shuttle pilot on August 13, 2023, with a community event held at
Ship Shape Community Center. This event provided the community an opportunity to
be one of the first to ride the shuttle and meet with the project team to ask questions.

Community Partnerships
When TIMMA received the ATCMTD grant, the Board expressed the importance of
using this pilot project as an opportunity to better understand the impacts of future
AV adoption on local labor and workforce. In response, the project team organized
community partnership programs to engage with labor groups and SFUSD.

The project team facilitated a workshop on March 5, 2024, for STEM students at Willie
Brown Jr. Middle School in San Francisco’s Bayview District. Students learned about
the shuttle pilot on Treasure Island, completed activities to learn about AV technology,
and engaged in a discussion about career pathways in the AV and transportation
planning industry.

The project team also facilitated an event on March 15, 2024, for labor unions and
students in automotive and engineering courses from City College of San Francisco.
The event introduced the shuttle pilot on Treasure Island, workforce opportunities, and
key roles needed to support these technologies from maintenance, fleet management,
and monitoring and oversight.

Figure 6-6.The Loop STEM Event
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Lessons Learned

PROCURING SHARED AV SHUTTLES PRESENTS A NEW SET OF
CHALLENGES
Currently, there are a limited number of operators and manufacturers that offer a
shared AV solution for public transportation. This ultimately limits the competitiveness
of the procurement process and presents challenges during selection and
contracting. During TIMMA's procurement of the AV shuttle, the shared AV solutions
that were proposed were all unique and therefore not easily comparable in terms of
qualifications and references. Furthermore, the Loop's route was entirely on public
right of way, which differed from other deployments across the US. In addition to these
concerns, TIMMA was also made aware of the limited number of AVs that are readily
available for use industry wide. During the selection process, it was important to ensure
that prospective vendors could deliver, test, and commission vehicles in a timeline that
did not conflict with other pilots across the US.

In addition to the limited number of AV shuttles that are readily available, there is also a
limited selection of AV shuttle types offered by industry manufacturers. In comparison
to traditional buses, most shared AVs are small and have a capacity for 10 or fewer
passengers. Additionally, capacity is further constrained with the introduction of
wheelchair passengers and other mobility devices brought on board by commuters.
Furthermore, while shared AVs are equipped with ADA ramps to assist with boarding
and alighting passengers, they often require manual deployment from on-board AV
shuttle attendants.

INCIDENT RESPONSE AND COMMUNICATIONS CAN REQUIRE
SIGNIFICANT RESOURCES
As described in Section 5.2, TIMMA worked closely with Beep to return vehicles to
service after the curb strike and non-injury collision incidents. Following both incidents,
Beep pulled the AV shuttles from service until they could be retested and approved by
TIMMA to re-enter service.

After coordinating with regulators to confirm their permission to resume operations,
TIMMA had to develop a formal protocol for returning vehicles back to service. After
discussion with the project team, TIMMA initiated the development of a standard
operating procedure to provide formal guidance if future incidents occurred. This
created a unified approach to returning vehicles to service, highlighted the retesting
of various System Requirements, and provided a recommendation for the number of
testing days required. As shown in Section Table 7-1, the recommended number of
testing days was tiered based on the response of the AV shuttle’s automated driving
system during the incident, and the incident impact to the vehicle and its passengers.
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With regular service disruptions, Beep and TIMMA staff worked collaboratively to
establish procedures and protocols to provide public notices quickly and efficiently.
Communications were distributed via the Loop rider website, hand placed signs at
each of the stop locations, and on the Loop social media accounts. This ultimately
required significant TIMMA staff resources as service disruptions occurred throughout
the pilot for various reasons.

Table 7-1. Return to Service Testing Recommendations

INCIDENT OUTCOME:

NO REPORTED PROPERTY INJURY
ADS RESPONSE: DAMAGES OR INJURIES DAMAGE ONLY REPORTED
ADS Operated As Expected; 1 Consecutive Day of 2 Consecutive Days of ’
No Mitigation Measures Needed Successful Testing Successful Testing N/A — Pilot Suspended
ADS Operated As Expected; 2 Consecutive Days of 4 Consecutive Days of b
Mitigation Measures Put in Place Successful Testing Successful Testing N/A — Pilot Suspended
ADS Did Not Operate As Expected; 4 Consecutive Days of 7 Consecutive Days of b
Mitigation Measures Put in Place Successful Testing Successful Testing N/A — Pilot Suspended

TECHNOLOGY CAN BE UNRELIABLE
As a critical component of the AV, the shuttles are outfitted with two 360-degree
field of view LiDAR sensors and six 180-degree field of view LiDAR sensors. Together,
these sensors provided the automated driving system critical information to conduct
autonomous operations. During operations, all three shuttles experienced issues
with their LiDAR devices, resulting in extended outages of one or more shuttles. These
issues led to an increased need to coordinate with GMM (the AV vehicle manufacturer)
to support as needed LiDAR recalibrations based on testing and technical reviews
completed by Beep. Ultimately, shuttle P66 required a replacement LiDAR device and
calibration delaying its initial startup. P32 also required a LiDAR recalibration after the
existing rear LiDAR device was found to be mis-calibrated, which resulted in the curb
strike incident discussed in Section 5.2. The coordination required between Beep
and GMM included several days of communication, recalibration, and testing, which
ultimately prolonged the time for the vehicles to return to service.

Additionally, in late October, shuttle P84 was removed from service due to LiDAR
damage from local rainstorms. While it is known that LiDAR technology is sensitive

to rain, water and puddling on roads, the team did not anticipate that rain would
damage the LiDAR device itself. Like the prior instances, a full LiDAR replacement

was required, which required further coordination with GMM to recalibrate the new
sensors upon arrival. Overall, this LiDAR replacement and recalibration took nearly one
month to complete.
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'Signal Loss” is defined as a loss of signal to 5G (cellular communications protocol),
global navigation satellite system (GNSS), or real-time kinematic positioning (RTK)
communication links. Each of these are communication media utilized by an AV shuttle
to receive and transmit global positioning data, which is then used to navigate the
route autonomously. As discussed in Section 5.1, many shuttle disengagements were
attributed to instances of “Signal Loss.” In the case of signal loss, the shuttle attendant
is required to navigate the shuttle in manual mode until the signal is strengthened
enough to reengage autonomous mode. Early in the project, signal loss was identified
as a potential issue due to several instances occurring during initial vehicle testing. To
mitigate these concerns, Beep procured a second cellular service provider to improve
signal connectivity between the satellite downlink terminal located at Beep's Treasure
Island garage and the AV. While this did improve overall signal connectivity, ongoing
signal connection issues still occurred at the Ship Shape Community Center. In most
instances, signal connectivity was regained after a brief period of downtime ranging
from 1 to 3 minutes. However, some instances of downtime were longer and required
a hard reset of the vehicle. Ultimately, these signal loss events contributed to a poorer
service quality for passengers.

COMPLEX OPERATING ENVIRONMENT INCLUDING ACTIVE
CONSTRUCTION PRESENTS RISKS TO PILOT DELIVERY
As discussed in Section 5.1, most shuttle disengagements were attributed to
instances of “Other Road Users” and “Obstacle Detection.” Together, these instances
accounted for 72% of all shuttle disengagements. As noted previously, Treasure Island
is undergoing a significant redevelopment and infrastructure transformation. This
resulted in a variety of ongoing changes to the surrounding environment, including
the presence of construction crews, nearby road closures, on-street parking, and
an increased presence of emergency vehicles at the local fire station. As they are
currently designed, many AV shuttles operate on a fixed track and are supported by
geofenced mapping. As such, manual intervention may be required to deviate from
any unplanned obstacles. Furthermore, the Loop ceased operations after 4 months
due to road configuration changes that impacted the AV shuttle’s ability to navigate
the route as expected.

INNOVATIVE DEPLOYMENTS REQUIRE UNIQUE STAFFING AND
RESOURCING
Early on, TiIMMA identified the need to provide specialized staff support for this project.
In doing so, TIMMA staff managed the project with the assistance of consultants at
HNTB. Even with this support, the agency did not anticipate the level of involvement
that would be required throughout the planning, procurement, permitting, testing, and
operational phases of the project, which ultimately exceeded initial staffing estimates.

Furthermore, during the operational phase of the project, the project team dealt with
several issues around ample staffing for on-board shuttle operators. As described
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earlier in the report, service disruptions occurred due to shuttle operator absences
and breaks. Additional redundancy in shuttle operator staffing could have proved
beneficial to the project.

DEMAND EXISTS FOR FIRST AND LAST MILE SOLUTIONS
Overall, the project showed in many ways that the demand for first and last mile
solutions exists. Throughout the project, the local community was actively engaged and
interested in learning more about a new way to travel around the Island. Additionally,
the community largely shared that they had a positive experience with the AV service.
However, the pilot demonstration also showed that shared AV technology still requires
improvements to become a more reliable and convenient mode of travel.

BUSINESS CASE ANALYSIS
The USDOT grant obtained by TIMMA requires a brief business case analysis comparing
AV shuttle service with traditional public transit (Muni) provision of future transit service
on Treasure Island. Appendix C compares the performance, costs, and risks associated
with operating an AV shuttle versus traditional bus service.

CONTRACTING FOR RISK MANAGEMENT
This pilot utilized a milestone based contract that set target levels for service to be
delivered as well as requirements for data reporting, testing, training, etc. It did
not anticipate the level of missed service or equipment repairs which required a
significant amount of project management and negotiation by both TIMMA and Beep.
In order to ensure efficient coordination and manage operational risk. The operating
agreement should be specific about the details of service delivery (e.g. number of
vehicles dedicated to the project) and compensation or consequences for meeting or
not meeting the targets for service.
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Treasure Island AV Shuttle Pilot Project

To: Aliza Paz (SFCTA), Drew Cooper (SFCTA)
From: Esteban Martinez (HNTB), Rich Shinn (HNTB)
Date: 1/15/2024

Subject: Monthly Summary Report — October 2023

The following attachments summarize key performance and evaluation metrics for the AV Shuttle Pilot
Operations in the month of October. Below is a summary of the information contained in the
attachments. It is worth noting that there were multiple shuttles being out of service for some periods
of time due to testing and repairs throughout the month:

e P66 was not in service until the end of October.

10/13 - P32 was taken out of service for repairs.

10/23 - P32 was put back into service.

10/24 - P84 was taken out of service due to LIDAR issues from local rainstorm and was not in
service the remainder of the month.

10/26 - P32 was taken out of service for repairs midday.

10/27 - P66 was put back into service.

10/28 - P32 was put back into service.

Chart 1 - Ridership (total boarded passengers):

o A total of 299 passengers boarded shuttles during the month of October. This is a near 38%
growth in ridership month over month. As shown, total ridership ranges between 80-100
passengers throughout the weeks, except for the final week due to shuttles being pulled out of
service for repairs.

Chart 2 — Average Headways (average time interval between shuttles arriving at stop locations):

e The goal for the project is to achieve 27-minute headways. Average headways remained
consistent for the first two weeks with two shuttles in operation, staying at or below 27 minutes
during the first week and at or below 29 minutes in the second week. From week 3 onwards,
average headways started to increase as shuttles were taken out of service for repairs. To date,
all 3 shuttles have not been operational within the same time frame.

Chart 3 — Average Dwell Time (average time shuttles are stopped at stop locations to pick-up/drop-
off passengers):

e Inthe first two weeks, average dwell times were below 2.5 minutes. With multiple shuttles
running simultaneously, shift swaps were not required and average dwell times remained low.
However, due to some shuttles requiring repairs, the average dwell time increased during the
last two weeks of the month where only one shuttle was operating.
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Chart 4 — Average Shuttle Speeds (average shuttle speeds between stop locations):

e Asshown, shuttles were typically traveling below 5 MPH between stop locations. While the
shuttles are permitted to travel at higher speeds, this average speed considers the need for
shuttles to adhere to stop signs and other stopping/slowing instances along the travel path.

Chart 5 — Disengagements by Cause (instances in which shuttle operators are required to manually
operate the shuttle):

e There was a total of 102 shuttle disengagements in October, nearly twice the amount of
instances month over month. Most disengagements were attributed to activity on the island by
“Other Road Users”. There were also more signal loss events than the prior month, which is
discussed further below in the “Map 1" notes.

Chart 6 — Incidents by Cause (instances in which the shuttle is involved in a near miss, collision, or
otherwise notable safety event):

e Noincidents were reported in October.
Chart 7 — Ridership by Shuttle (total boarded passengers, recorded by shuttle):

e With the introduction of multiple shuttles, ridership was shared among the vehicles throughout
the month except for week 3 when only P84 was operating.

Chart 8 — Disengagements by Shuttle (instances in which shuttle operators are required to
manually operate the shuttle, recorded by shuttle):

e Most disengagements were observed on shuttle P84. The drop in instances for week 3 can be
the result of only P84 operating due to P32 undergoing repairs. In week 4, P66 and P32
attributed for most of the disengagements due to P84 being taken out of service.

Chart 9 - Incidents by Shuttle (instances in which the shuttle is involved in a near miss, collision, or
otherwise notable safety event, recorded by shuttle):

e Noincidents were reported in October.

Chart 10 — Service Miles by Shuttle (total miles traveled while providing service to passengers,
recorded by shuttle):

o A total of 809 service miles were recorded in October which is a 28% increase month over
month as multiple vehicles were running simultaneously throughout the month. Shuttle P84
recorded the bulk of the service miles since P84 was operating most days of the month.

Chart 11 — Service Hours by Shuttle (total hours of service provided to passengers, recorded by
shuttle):

e A total of 286 service hours were recorded in October. Shuttle P84 recorded most of the
service hours, as expected.
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Table 1— Survey Response Tracking (summary of survey respondents monthly and since the start
of the pilot)

There were 13 survey respondents in October. Of these, 62% identified as riders and 38%
identified as non-riders.

Table 2—- Service Uptime (the ability for the vendor to provide on-going passenger service, based
an expected level of service 9AM-6PM daily)

In October, the vendor was only able to provide passenger service 85% of the time (based on
expected time traveled) and completed 88% of their runs (based on expected loops around the
island). This was largely attributed to longer periods of downtime because of the shuttles being
out of service throughout the month.

Table 3 — Additional Service Metrics

There were 5 reported ramp deployments and 3 reported wheelchair securements for the
month.

Average Ending Battery % (the average battery life recorded at the end of an attendant’s shift)
showed there were no issues with battery usage or charging for any week or vehicle in October.
There were no incidents, therefore incidents per mile were recorded as zero.

In additional to having the highest number of disengagements in the month, shuttle P84 also
appears to have a higher number of disengagements per mile. While not conclusive, this may
point to a vehicle specific issue. As additional data becomes available, this will continue to be
monitored.

Map 1 - Reported Signal Losses

There were 14 reported signal losses in the month of October. There appears to be a pattern of
signal loss instances occurring near the Ship Shape Community Center. This will continue to be
monitored in future reporting.
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Table 1 - Survey Response Tracking
Monthly Monthly % Total Total %
Reponses (Rider/Non Rider/NA) Responses (Rider/Non Rider/NA)
13 62% / 38% / 0% 70 39% / 39% / 23%

Table 2 - Service Uptime
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Exception for Hours Exception for Runs
0 0

]
NF )
1

.
o

e

O Av shuttie Stops
"] == AV Shuttle Route

50
40
30
20
) . .
0
10/2-10/8 10/9-10/15 10/16-10/22 10/23-10/29
mP32 mP84 mP66
11 - Service Hours by Shuttle
100
80
60
40
20
0
10/2-10/8 10/9-10/15 10/16-10/22 10/23-10/29
mP32 mP84 mP66
Table 3 - Additional Metrics
Ramp Wheel Chair Avg. Ending Incidents Disengage.
Week Deployments | Securements Battery % | Mile | Mile
10/2-10/8 2 2 66 0 0.181
10/9-10/15 2 0 70 0 0.125
10/16-10/22 0 0 67 0 0.058
10/23-10/29 1 1 78 0 0.124
Shuttle
P32 2 2 77 0 0.056
P84 2 0 65 0 0.168
P66 1 1 80 0 0.136

0.2 0.4 Miles @ Reported Signal Losses - October 2023
]

inc.

boa

Page 2



FINTB

Treasure Island AV Shuttle Pilot Project

To: Aliza Paz (SFCTA), Drew Cooper (SFCTA)
From: Esteban Martinez (HNTB), Rich Shinn (HNTB)
Date: 1/15/2024

Subject: Monthly Summary Report — November 2023

The following attachments summarize key performance and evaluation metrics for the AV Shuttle Pilot
Operations in the month of November. Below is a summary of the information contained in the
attachments. It is worth noting that, on 11/21, shuttle P84 was put back into service. From then on, all 3
shuttles were operating on the route.

Chart 1 — Ridership (total boarded passengers):

» Atotal of 456 passengers boarded shuttles in November. As shown, total ridership averaged
around 90 passengers throughout the weeks, except for week 3. This is likely attributable to
the road work on Treasure Island that was being done during this timeframe.

Chart 2 - Average Headways (average time interval between shuttles arriving at stop locations):

e The goal for the project is to achieve 27-minute headways. Average headways were higher
during the first two weeks, fluctuating between 32 minutes and 24 minutes depending on the
time of day. From then onwards, the average headways stayed below the 27-minute target
once multiple shuttles were in service.

Chart 3 — Average Dwell Time (average time shuttles are stopped at stop locations to pick-up/drop-
off passengers):

» Inthe first three weeks, average dwell times were at or below 2.5 minutes. With multiple
shuttles running simultaneously, shift swaps were not required and average dwell times
remained low. As all 3 shuttles operated from week 4 onwards, dwell times decreased and
stayed below the 2-minute mark.

Chart 4 - Average Shuttle Speeds (average shuttle speeds between stop locations):

» Asshown, shuttles were typically traveling between 4.5-5 MPH between stop locations. While
the shuttles are permitted to travel at higher speeds, this average speed considers the need for
shuttles to adhere to stop signs and other stopping/slowing instances along the travel path.

Chart 5 — Disengagements by Cause (instances in which shuttle operators are required to manually
operate the shuttle):

e There was a total of 171 shuttle disengagements in November. Most disengagements were
attributed to activity on the island by “Other Road Users”, which is attributed to road work
occurring on the island in week 3. In addition, the first instances of disengagements due to
“Priority Zone" occurred, which will be monitored and further investigated in future reports.
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Lastly, there were also more signal loss events than prior months, which is discussed further
below in the “Map 1" notes.

Chart 6 — Incidents by Cause (instances in which the shuttle is involved in a near miss, collision, or
otherwise notable safety event):

* Noincidents were reported in November.
Chart 7 — Ridership by Shuttle (total boarded passengers, recorded by shuttle):

» With the introduction of multiple shuttles, ridership was shared among the vehicles throughout
the month. The drop in ridership for the week 3 can be explained by road work activity on the
island.

Chart 8 — Disengagements by Shuttle (instances in which shuttle operators are required to
manually operate the shuttle, recorded by shuttle):

* Most disengagements were observed on shuttle P66 with the highest concentration in week 3,
as expected.

Chart 9 — Incidents by Shuttle (instances in which the shuttle is involved in a near miss, collision, or
otherwise notable safety event, recorded by shuttle):

* Noincidents were reported in November.

Chart 10 — Service Miles by Shuttle (total miles traveled while providing service to passengers,
recorded by shuttle):

» Atotal of 1178 service miles were recorded in November. While this represents an increase from
prior months, it is expected since multiple vehicles were running simultaneously throughout the
month. Shuttle P32 and P66 recorded the bulk of the service miles since P84 was out of service
during the first 3 weeks of the month.

Chart 11 - Service Hours by Shuttle (total hours of service provided to passengers, recorded by
shuttle):

» Atotal of 419 service hours were recorded in November. Shuttle P32 and P66 shared most of
the service hours, as expected.

Table 1 - Survey Response Tracking (summary of survey respondents monthly and since the start
of the pilot)

» There were 9 survey respondents in November. Of these, 5 identified as riders and 4 identified
as non-riders.

Table 2— Service Uptime (the ability for the vendor to provide on-going passenger service, based
an expected level of service 9AM-6PM daily)

e In November, the vendor was able to provide passenger service 93% of the time (based on
expected time traveled). Because headways were faster than the 27-minute goal during the last
three weeks, the vendor was also able to achieve 106% of their expected runs (based on
expected loops around the island).
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Table 3 — Additional Service Metrics

TREASURE ISLAND

 There were 11 reported ramp deployments and O reported wheelchair securements for the
month.

» Average Ending Battery % (the average battery life recorded at the end of an attendant’s shift)
showed there were no issues with battery usage or charging for any week or vehicle in
November. With several vehicles in use, average ending battery life consistently stayed above
75%.

» There were noincidents, therefore incidents per mile were recorded as zero.

*  While shuttle P66 appears to have a higher number of disengagements per mile, this trend has
not been seen in prior months. This will be evaluated further in future months.

Map 1 - Reported Signal Losses

e There were 20 reported signal losses in November. As observed previously, there appears to be
a pattern of signal losses at the Ship Shape Community Center. This will continue to be
monitored in future reporting.
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Table 1 - Survey Response Tracking
Monthly Monthly % Total Total %
Reponses (Rider/Non Rider/NA) Responses (Rider/Non Rider/NA)
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Table 3 - Additional Metrics
Ramp Wheel Chair Avg. Ending Incidents Disengage.
Week Deployments | Securements Battery % | Mile | Mile
10/30-11/5 5 0 76 0 0.175
11/6-11/12 0 0 77 0 0.112
11/13-11/19 1 0 83 0 0.318
11/20-11/26 2 0 82 0 0.128
11/27-12/3 3 0 83 0 0.043
Shuttle
P32 2 0 82 0 0.128
P84 3 0 85 0 0.112
P66 6 0 77 0 0.170

“! @ Reported Signal Losses - November 2023

* Exceptions Given for Service Uptime: 11/23 was Thanksgiving and service was not provided. This accounted for 10 hours and an estimated 22 runs.
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