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ABSTRACT:

Historically, streets have served a range of functions, primarily those associated with traffic circulation
and social interaction. However, in the 20th century, the street design became centered on traffic
movement and maximum space for automobiles, while public lives were marginalized to narrow
sidewalks. Contemporary urban planners and designers have acknowledged that both livability and
efficiency are indispensable components to a city’s sustainable development. However, to achieve them
both is a difficult task with the conventional dominance of automobiles.

This thesis explores the mutual influence of urban design and transport technology, and offers a solution
to rethink streets as urban surfaces, which integrate traffic infrastructure and the public realm with the
application of shared autonomous vehicles. The thesis presents a new design paradigm based on a
three-prong approach: 1) design of shared surfaces for pedestrians, cyclists and vehicles as a continuous
public living room; and (2) inclusion of efficient surfaces that provide dedicated space for shared
vehicles and cyclists to collect and distribute people at a faster speed; and (3) inclusion of the transition
zone between shared surfaces and efficient surfaces. Another feature of this thesis is a new approach to
the design of these autonomous vehicles that combines the self-driving technology of autonomous
vehicles with new robotic features that tell vehicles when to reduce speed to share surfaces with
pedestrians, and when to resume speed on dedicated surfaces.

Using South Boston Waterfront as a case study, the thesis shows that cities do not have to remain under
the dominance of vehicles; and that urban life can gain new spatial integrity that serves the needs of
people and, at the same time, responds to the realities of urban mobility.
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19th Centur
Boulevard

“The distinctive sign of 19th century urbanism
was the boulevard, a medium for bringing ex-
plosive material and human forces together.”

- Marshall Berman

Figure 0.1: Le Boulevard Des Capucines, 1873,
oil painting by Claude Monet

20th Century
Highway

“The hallmark of 20th century urbanism has
been the highway, a means for putting them
asunder.” - Marshall Berman

Figure 0.2: A Contemporary City, 1929, illus-
tration from The City of Tomorrow and its Plan-
ning by Le Corbusier

21st Century
Urban Surface

As proposed by this thesis, the identity of 21st
century will be a new type of urban surface
embracing social mixing without compromise
of traffic efficiency.



Introduction

Historically, streets have served several functions, primarily those associated with traffic
movement and social interaction. Like the 19th century Boulevard, streets belonged

to the people. The Boulevard culture encouraged people from all backgrounds to see
and be seen in the street. However, since the mass application of automobiles in the
20th century, streets have become a machine for traffic where automobiles dominate.
The car-dependent culture perusing personal freedom has a big appetite for space and
has marginalized public lives to narrow sidewalks, or even stripped people off from the
streets. According to Victoria Transport Policy Institute, a single occupant automobile
moving at 20mph requires space 75 times bigger than a pedestrian does. No wonder
that, today in a motorized city, 30-60 % of the urban land is devoted to roads and park-
ing, compared to the 10% mainly for pedestrians in the pre-automobile era (Rodrigue,

2017).

If it is true as Marshall Berman once remarked in his book, All That Is Solid Melts into
Air, “the distinctive sign of 19th century urbanism was the boulevard, a medium for
bringing explosive material and human forces together; the hallmark of 20th-century
urbanism has been the highway, a means for putting them asunder.” Then my question
is that, what is the identity of 21st-century urbanism? Contemporary urban planners
and designers have acknowledged that both livability and efficiency are indispensable
components to a city’s sustainable development. However, to achieve them both is a
difficult task with the conventional dominance of automobiles. Since the application of
transport technology can cultivate lifestyle and shape streetscape, this thesis sees the
transition from conventional automobiles to shared autonomous vehicles as an oppor-

tunity to create a new paradigm for people-centric urban design.
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Thanks to advances in technologies, including GPS, high-definition digital maps, sen-
sors and artificial intelligence, autonomous vehicles could improve our lives by offering
increased safety, optimized efficiency and freeing-up space from cars for pedestrians.
More importantly, the new technologies provide an opportunity to create new forms of
pedestrian experience and new ways of inhabiting cities where efficiency and livability
are both addressed. This is a challenging undertaking requiring interdisciplinary col-
laboration between technologists, who are working to improve the automated driving
systems and hardware, scientists, who are running simulations to ensure efficiency,
and planners, who are revising policies to regulate the use of the new technology. To
complement the studies mentioned above, this thesis calls for reorganization of urban

fabrics, new forms of public space and novel architectural typologies.

The thesis has four chapters, covering history, technology, strategy, and design. Chap-
ter 1 goes back in time to trace the shifting priorities- traffic or people in street design.
The 19th-century Boulevard and the 20th-century Highway are analyzed to demon-
strate the mutual influence of urban design and transport technology. In addition,
contemporary attempts, such as the Shared Space, are studied to learn the potentials
and constraints to re-balance the relationship between traffic and people under today’s

dominance of automobiles.

To establish premises for the new paradigms, Chapter 2 reviews common features

and working mechanism of autonomous vehicles. Moreover, to better realize the peo-
ple-centered urban design, this chapter recommends combining the self-driving tech-
nology of autonomous vehicles with new robotic features that tell vehicles when to
reduce speed to share street and communicate with pedestrians, and when to resume
speed on dedicated areas. Total percentage of space freed up by taking advantages of

the new technologies are calculated base on a typical streets with four traveling lanes.
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By employing a new fleet of shared, electric, autonomous vehicles, Chapter 3 presents
a new design paradigm by rethinking streets as urban surfaces based on a three-prong
approach: 1) design of shared surfaces for pedestrians, cyclists and vehicles as a con-
tinuous pubilic living room; and (2) inclusion of efficient surfaces that provide dedicated
space for shared vehicles and cyclists to collect and distribute people at a faster speed;

and (3) inclusion of the transition zone between shared surfaces and efficient surfaces.

Chapter 4 uses South Boston Waterfront as a case study because the peninsular study
area is one of the piloting sites permitting AVs to move on city streets. More important-
ly, as the site is developing into a world-class innovative district to attract more people
to live, work and play, it faces challenges of increasing traffic pressure and lack of
public space. Therefore, it is essential to update the streetscape with the new design
methodology to improve the traffic efficiency and the public realm. The design proposal
for the full-autonomous era shows cities do not have to remain under the dominance

of vehicles; and that urban life can gain new spatial integrity that serves the needs of

people and, at the same time, responds to the realities of urban mobility.

Urban Designer
* New types of public space
* Novel architectural typologies
* Reorganization of urban fabric

Engineer City Planner
* Traffic simulation * Car ownership
* Cyber Security utonomous * Moral Machine

Urbanism * Unemployment
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Urban Design & Transport Technology

Looking back to the history, regardless of transportation development, walking has
remained the one continual mode of travel for human beings. To satisfy our desires to
go further and faster, various mechanized transportation technologies by sea, by land
or by air, have been invented (Lay, 2015), usually with one replaced the other. Ideally,
those technologies are used to improve our lives, but sometimes our lives are adjusted

to fit the vehicles and infrastructure.

Admittedly, cities are complex and shaped by many forces, while the application of
transport technology is one of the dominant forces that has led to changes in urban
form (Newman, 1999). Since people started using something other than their own feet
to travel, boats, horses, omnibuses, elevators, subways, and cars have all influenced
spatial layout and land allocation in the city. Although the process might be slow, the
accumulated effects could be significant. For example, before the arrival of the automo-
bile, pedestrians occupied most of the street space, which took less than ten percent of
the urban land (Figure 1.1). By comparison, in any typical motorized city today, about
half of the city land is designated for roads and off-street parking. Within this right-of-
way, pedestrian areas use only ten to twenty percent (Figure 1.2). Although vehicular
traffic dominates the landscape, on average, cars are in use less than five percent of
the time; the rest of the time, they are idling on the precious land, which could have

been utilized for other purposes (Rodrigue, 2017).

Reversely, urban form shape our lifestyle and preference over modes of travel. The fol-
lowing analysis of the 19th-century boulevard culture and 20th-century car-dependent
lifestyle gave two examples of how we succeeded or failed to remake the world to fit

our life by applying new technologies.
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Figure 1.1: A Street in Jerusalem shows a
typical street primarily for pedestrians in the
pre-automobile era. Photo from the Internet.

Figure 1.2: Massachusetts Ave, Cambridge, a
typical thoroughfare with four traveling lanes
and street parking.

19



19th Century | Boulevard

Historically, streets have served several functions, primarily those associated with traffic
movement and social interaction. Like 19th century Boulevard, streets belong to the
people. The “boulevard culture” encouraged people from all backgrounds to stroll, win-
dow-shop, see and be seen on the promenades and in the cafés along the city’s wide
streets (Orum, 2010). Although not directly related to transportation, new technologies
during that period — the introduction of pavement and sidewalks, gas and electric illumi-
nation- were all utilized to enable the realization of the new type of street and enhance

public lives (Orum, 2010).

The boulevards were first implemented in Paris by Georges-Eugene Haussmann from
1852 and later were introduced as the basis for public space development in America
under the name of the City Beautiful Movement. Examples include Daniel Burnham’s
1909 plan of Chicago, which intended to promote formal and informal interactions
through diagonal Broadways across the city. As Marshall Berman said, “the street (the
19th-century boulevard) belonged to the people, while in contrast, the highway imple-
mented next century brought up the antithesis: No Streets, No People, but a Machine

for traffic (Le Corbusier, 1927).
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Figure 1.3: The Street Belongs to the People.
Le Boulevard Des Capucines, 1873, oil painting
by Claude Monet

Figure 1.4: The “Boulevard Culture” encour-
aged people from all backgrounds to stroll,
windowshop, see and be seen in the street.
La Parfumerie Violet ,1880, oil painting by Gi-

useppe De Nittis
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20the Century | Highway

From CIAM’s dominate concept of the Functional City in the 1920s, through Le Corbus-
ier’s City of Tomorrow, to the “Buchanan Report” of 1961 addressing the traffic efficien-
cy, the principle of segregation of traffic from pedestrians developed as the foundation
for urban backbones. The familiar elements of signals, signs, marks, curbs, barriers,
underpass and overpass all stem from this principle. The mass application of auto-
mobiles in the 20th century restructured streets to be a machine for traffic where cars
dominate. People were marginalized to the narrow sidewalk or even stripped off from

the street.

The problem is not with the transport technology itself but is associated with the way
we use it and the cultivated lifestyle coming along. In this case, the car-dependent
lifestyle perusing personal freedom has a big appetite for space. For example, a single
occupant automobile moving at 20mph requires space 75 times bigger than a pedestri-
an does. No wonder, today in a motorized city, 30-60 % of the urban land is devoted to
roads and parking, compared to the 10% mainly for pedestrians in the pre-automobile

era.
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amount of square
feetneeded when
not moving

5,000 sq ft

amount of square
feet needed at
a specific speed

1,500 sq ft

95 km/hr
single occupant

50 km/hr
single occupant.

5 km/hr 15 km/hr 50 km/hr

with 40-60
passengers
Comparing Travel Space Needs per Person
How fair and efficient are our streets? A car moving at typical city speed uses
seventy-five times as much space as someone walking. (Infographic by Matthew
Blackett/Spacing.ca, with data from Victoria Transport Policy Institute)
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Figure 1.5: “No Street, No People......A Ma-
chine for Traffic.” A Contemporary City, 1929,
illustration from The City of Tomorrow and its
Planning by Le Corbusier

Figure 1.6: Car-dependent lifestyle perus-

ing individual freedom has a big appetite

for space, including those associated with
traveling and parking. Infographic by Matthew
Blackeett/Spacing.ca



21st Century Challenge

Rejecting to apply highway thinking to urban streets and let them dominated by cars,
urban planners and designers have advocated to bring back human factor on the
street. Those advocates include Jane Jacob and Jan Gehl active in the 20th century,
as well as Janette Sadik-Khan and Jeff Speck who are active in today’s practice. On
the other extreme, many cities, such as Oslo, Madrid and Mexico City, are considering
banning cars in the city center to give space back to the pedestrians (Garfield, 2018).
| am not advocating to ban cars but agree with Alex Wall that the challenge of the 21st
century is “the reworking of movement corridor as new vessels of collective life”. Vehi-

cles should not be banned but be restrained as an equal participant on the street.

Experiment: Shared Space

To achieve this goal, different experiments have been done across the world. One of
them is the Shared Space, which intends to integrate traffic infrastructure and the pub-
lic realm by minimizing the segregation between modes of travel to let pedestrians, cy-
clists, cars use street more efficiently at different times. All street users negotiate right-
of-way through courtesy and interactions, such as eye contact and gesture. Examples
such as Exhibition Road in London have demonstrated positive effects on road safety,
traffic volume and economic vitality. The shared space originated in the Netherland

during the 1960s. It is also known as “Woonerf” or “Home Zone” in different countries.

The most notable pioneer of Shared Space concept is Hans Monderman, a traffic en-
gineer and former Head of Road Safety for the northern provinces of the Netherlands.
Through his practice and observation, Monderman believed that traditional traffic safety

infrastructure endangers pedestrians and cyclists rather than protects them, because
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“In Popular Culture, the instruments and spaces of mobility - especially the
automobile and the freeway- have provided new sites of collective life. A
real challenge to urban design is to accept that infrastructure is as import-
ant to the vitality and experience of the contemporary metropolis as the
town hall or square once was...... to create a new and public type of urban
corridor, collecting, distributing a, and connecting a great range of users
and functions. As we move into the 21st century, one of the primary
roles of urban design will be the reworking of movement corridors as
new vessels of collective life.”

- Alex Wall, Programming the Urban Surface , 1999

Figure 1.7: Portrait of Alex Wall from http://www.alexwall.com/
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all those signs ensure cars of their exclusive use of the road space, and there is no
need to pay attention to the surroundings. Therefore, Monderman proposed to remove
all traffic safety infrastructure and let street users negotiate right-of-way through courte-

sy and interactions, such as eye contact and gestures (Hamilton- Bailliem, 2011).

In his lifetime, Monderman developed more than 100 Shared Space projects in Neth-
erland. Those projects demonstrated that urban streets become safer and more lively
when they are stripped of street safety infrastructure so that drivers must take cues
from observing people and environmental contexts, rather than signs. Later the Shared
Space was adopted by cities in other European countries and in often car- dominated
U.S. cities, with benefits such as less congestion, lower speed, reduced accidents,
increased traffic, and more vibrant and attractive streets. For example, Winthrop Street
at Harvard Square was transformed into the Shared Space in 2007. The conversion led
to more efficient use of space, accommodating pedestrians, cyclists, outdoor diners,
and cars simultaneously or at different times(NACTO). The concept of Shared Space
addresses both livability and efficiency as indispensable factors for a city’s sustainable

development. Cars are not excluded but restrained as equal participants on the road.
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Laweiplein, Drachten, Netherland | 1990s

Among many of Monderman’s successful projects is the Laweiplein intersection in the
town center of Drachten. It was once an unattractive, signal- controlled intersection
(Figure 1.8 (left)). After years of discussion, the junction was remodeled into a “square-
about” which is made up of a roundabout and a square (Figure 1.8 (right)). Around the
roundabout, the lack of demarcation on the street surface made it unclear where the
car zone ends, and the pedestrian zone begins. Under this circumstance, drivers are
required to be more mindful of the surroundings when passing through the junction. At
the square, the fountain on the roadside becomes a popular destination for residents’
meeting and children’s playing, which helps to slow down traffic further (Hamilton-

Bailliem, 2011).

After a few years of operation, vehicular accident rates dropped from twenty-three to
two. Despite the increasing vehicle volume, the time taken to pass the intersection has
fallen by 20 seconds. In general, the remodeling of the intersection has succeeded in
creating a space that has not only increased safety and efficiency but also created a

high-quality public space for the whole town (Hamilton- Bailliem, 2011).
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Figure 1.8: Before and after Laweiplein intersection was converted to a “Squareabout”. Photos from
Towards shared space, 2008, by Ben Hamilton-Baillie
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Exhibition Road, London, UK | 2011

Another successful example is the Exhibition Road, a historic thoroughfare connecting
university buildings, museum districts, commercial and residential neighborhoods in
London. Since the 1960s, the road had been divided into two vehicular traffic lanes,
three parking lanes, and two narrow sidewalks. It was difficult for pedestrians to cross
the street due to the dominance of cars in the street. In general, the appearance of the
Exhibition Road was unattractive and not appropriate for the prestigious institutions

along the street (Figure 1.9 (left)).

In response to the government’s request for proposal, the architect, Dixon Jones pro-
posed a shared surface by removing all existing signs, marks, curbs, and barriers. The
continuous pavement consists of a broad diamond pattern of pale granite on dark,
promoting more convenient diagonal crossing. A row of tall lamps in the center of the

street units the buildings of various characters along the street (Figure 1.9 (right)).

The remodeled Exhibition Road won several awards, including a RIBA reward, for its
successful combination of traffic movement and public space. The project was one of
the very first experiments of Shared Space in London, and was used as the example for
future implementation of the concept in the area. In fact, UK has made the most sig-
nificant progress in transforming segregated roads into Shared Space in recent years

(Hamilton-Billie, 2010).

Unfortunately, a recent accident injuring 9 pedestrians on the Exhibition Road (Figure
10) raised doubts on safety issues of the Shared Space (Mairs, 2017). In fact, it was
not the first time the concept was brought into question. In 2015, a report published

by Lord Holmes accused Shared Space as “architectural conceit” which exposes the
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public to risk (Clark, 2015).

Critics on the Concept of Shared Space

After a thorough reading of Lord Holms’ report, most complaints can be traced back to
driver’s faults, including rule violation, distraction, lack of courtesy, and miscommunica-

tion between multiple users on the road.

Pedestrians complained that, in many areas, drivers violated the speed law and failed
to slow down to allow people to cross. One person commented, “Motor traffic often
failed to give way at “informal crossings,” and lack of pedestrian priority crossings
meant you had to take your chances or wait a long time to cross the road.” (Clark,

2015)

A cyclist on London’s roads said: “sharing is never on equal terms- as a confident but
anxious cyclist, | usually win the sharing transactions, but if a particular driver doesn’t
want to yield, they won’t.” The Shared Space turned out to a battlefield for other modes

of traffic to compete with cars (Clark, 2015).

Drivers, as the document claimed, were equally as concerned about their right on the
streets. One driver who responded to the survey said, “If as a driver you stop to let pe-
destrians across you are often abused by other drivers. | stop, but the cars coming the
other way don’t, so pedestrians don’t know whether to cross or not or they cross and
then have to run.” This type of miscommunication between drivers, and between driv-
ers and other modes of travel harm the overall experience of the Shared Space (Clark,

2015).
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Figure‘1 .9: Before and after Exhibition Road was converted to a Shared Space Street.
Photos from http://www.publicspace.org/en/works/g069-exhibition-road
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Figure 1.10: The concept of Shared space was called into question after an accident on Exhibition Road
(London) in 2017. Complaints go to driver’s error, inattention and miscommunication between different
street users. Photo from https://www.standard.co.uk/news/london/natural-history-museum-crash-police-

appeal-for-witnesses-after-11-injured-in-crash-in-south-a3653131.html
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In short, due to drivers’ error, inattention and miscommunication between street users,
shared space cannot be implemented in larger scale. Although we have acknowledged
both livability and efficiency are indispensable components for cities’ sustainable de-
velopment. However, to achieve both of them is a difficult task with conventional dom-
inance of automobiles and drivers. Since transport technology and its application can
cultivate lifestyle and shape streetscape, this thesis sees the transition from conven-
tional automobiles to shared autonomous vehicles as an opportunity to rework on the

relationship between traffic and people.
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Global Atlas of Autonomous Vehicles

Due to advances in digital maps, sensor technology, and artificial intelligence, auton-
omous vehicles (AVs) could improve our lives by offering increased safety, optimized
efficiency and freeing-up space from cars for pedestrians. Although in an early stage,
global cities are initiating AV piloting programs in hope to take advantages of what the
new technology claims to achieve. According to the Global Atlas of Autonomous Vehi-
cles in Cities released by the Bloomberg Philanthropies, as of December 2017, 50 glob-
al cities, such as Boston, have been hosting AV tests in the designated area, or have
committed to doing so shortly. Another 23 cities are developing proactive policies and

plan to prepare the coming of AVs (Figure 2.1).

Those city governments have seen various potentials of AVs, from transit to freight, and
the most popular anticipation is to firstly integrate AVs into the public transit system for
the last-mile delivery. Regardless cities’ emphasis on a shared system that could al-
low general accessibility, except Paris, which has explicitly expressed its plan to forbid
privately owned AVs, other cities are expecting a reduction in private car ownership but

not ruling out the option of private AVs (Fairs, 2017).

Meanwhile, Indian cities may ban AVs in afraid that the technology will take away jobs
and exacerbate the country’s long-term problem of unemployment. In fact, many cities
have recognized the issue as part of a greater technological disruption brought by the
automation. In contrast to India, Singapore believes AVs can provide greater rewards
than risks to urban life. Researchers at Singapore’s Center for Livable Cities suggest
there are ways to prepare the workforce going through the transition. In the short term,
there will be more jobs to maintain the vehicles. In the long term, those workers whose

jobs depend on driving could be re-skilled to fit the new job market (Wortham, 2017).
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Preparing Cities (23+) Banning Cities (1+)

These cities are hosting AV tests, or have committed to doing so in These cities are undertaking long-range surveys of the regulatory, These cities may ban AVs in afraid that the technology will take
the near future. See the details of each city to learn more about the planning, and governance issues raised by AVs, but have not yet away jobs.
role of city government in the pilots. started piloting.

Adelaide London West Midlands Auckland Seattle Indian Cities
Amsterdam Lyon Wuhan Buenos Aires Sao Paulo

Austin Milton Keynes Wuhu Cambridge Tel Aviv

Boston | Oslo Zhuzhou Columbus ...

Bristol Paris ... Denver

Chandler Pittsburgh Dublin

Chiba City Reno Los Angeles

Detroit Rotterdam Montreal

Dubai San Antonio Nashville

Edmonton San Francisco Orlando

Eindhoven San Jose Palo Alto

O Imapbox

Figure 2.1: Many countries are thinking of ways to introduce autonomous vehicles to urban streets. Map
from Global Atlas of Autonomous Vehicles (AVs) in Cities, by the Bloomberg Philanthropies, https://avsin-
cities.bloomberg.org/global-atlas, retrieved in December 2017.

Figure 2.2: Both traditional automakers and rising tech companies are designing autonomous vehicles
and operating systems. Vehicle types vary from taxi to minivan to bus. Photos from the Internet.
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Common Features of Autonomous Vehicles

Both traditional automakers and rising tech companies are designing autonomous
vehicles and operating systems. Vehicle types vary from taxi to minivan to bus (Figure
2.2). However, no matter how different they look like from each other, the common
feature shared by all fully autonomous vehicles is that there will be no drivers but only

passengers.

To achieve that feature, AVs use GPS and high definition digital map to locate them-
selves and use multiple onboard sensors to detect the distance and speed of surround-
ing objects. The in-taking data is processed by the built-in software with feedbacks in
responding to various road conditions (Figure 2.3)(Lipson, 2016). While in my opinion,
this type of one-way communication will either sacrifice efficiency or lead to worse com-
munication between people and Al driver. Some companies, such as drive.ai and Sem-
con, are incorporating screens to enhance vehicle-pedestrian communication (Figure
2.4 & 2.5). To enhancing safety and efiicienty furhter, | would recommend a new robotic

feature as following.

Recommend a New Feature: Changing Characteristics of AVs

A new approach to the design of these autonomous vehicles that combines the
self-driving technology of autonomous vehicles with new robotic features that tell vehi-
cles when to reduce speed to share street with pedestrians, and when to resume speed
on dedicated areas. In another word, when AVs are on the dedicated areas, they are
regarded as a machine moving at a consistently dominant speed. When AVs are in the
shared space with pedestrians and cyclists, they are regarded as robots moving at the
walking pace of human (Figure 2.6). People inside the vehicles (passengers) and out-

side (pedestrians & cyclists) share equal right-of-ways. When share street at low speed,
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“Fully driverless cars will take you places without anyone in the driver’s seat. Just
hop in the back and let Waymo drive you.”

- Waymo (Formerly, the Google self-driving car Project)
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Figure 2.3: AV’s view of world. Image from video by Waymo,
https://www.youtube.com/watch?v=B8R148hFxPw

Figure 2.4 & 2.5: current devices used by drive.ai (left) and Semcon (right) for vehicle-pedestrian com-
munication. Left image from www.drive.ai. Right image from https://semcon.com/.
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AVs can negotiate right-of-ways through screens or speakers, which talk, not honk.

Fleets & Flexible Service

Regarding ownership, energy, and automation, this thesis takes the shared, electric,
autonomous vehicle as the ideal way to respond to the environmental crisis, guarantee
generalized accessibility, and drastically reduce the production of green house gas. In
the full autonomous era, all vehicles on the streets are connected in the format of taxi,
shuttle or bus. Together with walking and cycling, the future mobility can provide a flexi-

ble service to satisfy various needs (Figure 2.7).

>
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Autonomy
Ride Sharing Electrification
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Machine Moving at a Consistently Dominant Speed (>20mph)

Go ahead, /
I’'m waiting for
you to cross :)

Robot Moving at the Walking Pace of Human (3mph)

Figure 2.6: changing characteristics of autonomous vehicles
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Figure 2.7: Fleets & Flexible Service
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Opportunities

You may often hear reports or quotes saying that AVs will reclaim space from cars for
people without sacrificing efficiency. But how an how much? Here | did a rough calcu-

lation based on a street with four traveling lanes, two rows of street parking and two

“... Re-claim parking space...”
- Anantha Kancherla, Director of Engineering, Lyft Level5 Engineering Center

“The revolutionary (full autonomous) scenario produced almost 50% more space from parking
needs.”
- BCG, Global Management Consulting

“Giving Streets Back To People — Roadways will be reclaimed for people in the form of pe-
destrian zones, bike lanes, community spaces, outdoor cafes, and parklets.”

- Andy Cohen, CO-CEO, Gensler
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Signage

First, signage, such as traffic lights, can be removed due to direct communications be-

tween vehicle and vehicle, and between people and vehicles (Lipson, 2016).

Free up Space Dedicated to Vehicles (total) :

2%
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Parking

Then, street parking can be removed because AVs are shared, and can park them-
selves anywhere when in idle. With reduced off-street parking, more space can be

freed up for alternative uses (Lipson, 2016).

Free up Space Dedicated to Vehicles (total) :

25%
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Lanes

Number of lanes could be reduced in half but keep the same traffic volume because of

the shorter vehicle spacing (Lipson, 2016).
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Free up Space Dedicated to Vehicles (total) :

55%
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Lane Width

Lane width can be kept to minimum, 10’ or less, because of the increased precision in

driving, and smaller vehicle size after removing the engine (Lipson, 2016).

oo
.

Free up Space Dedicated to Vehicles (total) :

60 %
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Flexible/Invisible Lane

Furthermore, lanes are not necessary to be centered, or even marked because com-
puter vision is one of the many technologies AVs utilize to find their way through.
Those features together would lead to almost the whole space between buildings to be

re-imagined.

Free up Space Dedicated to Vehicles (total) :

60 ~ 87%
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To sum up this chapter, on the one hand, we have the power and rights to shape the
development of technologies to better serve our lives; on the other hand, those tech-
nologies together would provide us an opportunity not just to-re-claim parking space,
but to re-imagine public space, as well as its relationship with traffic infrastructure. In
the following chapter, | will introduce my strategy to rethink street as urban surfaces,

which integrate traffic infrastructure and collective space.
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STRATEGY | SURFACE

Shared Surface
Efficient Surface
Transition Zone
Surface Material
Financial Model



Urban surfaces have three components, the two basic types — shared surface and effi-

cient surface, as well as the transition zone between them.

Shared Surfaces (Default)

If not specified, urban surfaces are defaulted as shared surfaces used by pedestri-
ans, cyclists, shuttles and taxis. The speed limit for vehicles is 3 mph when people are
around and 20 mph when streets are less busy. Thanks to AVs’ robotic features as we
defined in the previous chapter, at low speed, all street users are equal and negotiate
their right-of-way through social norms. In another word, people inside and outside
vehicles share the same right-of-way at 3mph. The de-segregation between pedestri-
ans, cyclists, shuttles, and taxis can lead to more efficient use of the space due to uses
of the specific space at different times. Corner-to-corner service is encouraged, while

door-to-door service is kept as an option for people in needs, such as passengers with




disability or businesspersons do not want to wet their suits on rainy days.

Efficient Surfaces

Efficient surfaces provide dedicated areas for buses, shuttles, and taxis to connect peo-
ple to workplace, important nodes (hospitals, schools, monuments, etc.) and different
neighborhoods in a timely manner. Two lanes measuring 10 feet wide each are required
as traveling lanes for AVs, upon which the speed limit is 20 mph in the urban context.
One thing to note is that, efficient surface is the only type of surface buses operate on.
In another word, when there is bus service provided, there is always sufficient surface
to deliver more people at a faster speed. In addition, if bikes are used as transport tool,
they stay on the bike expressway measuring 5 feet wide each with a speed limit of 10
mph. Otherwise, for leisure cyclists, they can stay on the shared surface friendly at a

lower speed.
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Efficient surfaces can be placed in the center of the shared surface, be pushed to one
side, or be split up into two. And The specific location is determined by traffic efficiency,
environmental comfort, adjacent land use and local participants. For example, pedestri-
ans can enjoy a wider walking and sitting surface with more street furniture and vegeta-
tion. Owners of abutting properties can extend their storefront as encroachment along
the street. The lanes can also be pushed to the side where is shaded or has inactive

facade.

Due to different locations of traveling lanes, the turning of the lanes, frequent or not,
would provide a winding experience through cities. According to the Urban Street
Design Guidelines by NACTO, the turning radii is 99 feet at the speed of 20mph. The
turning can also be used as a slowing-down interval to allow pedestrian crossing within

long existing city blocks.

/

v
SR

54



Transition Zone

1. Interval

In the middle of long blocks, intervals are required for pedestrian crossing. In this
scheme, there is at least one interval every 100-200 feet. Also, stopping distance and
accelerating distance of 40 feet are assigned on the two ends of the interval. If there are

pedestrians on the interval, vehicles stop and wait; if no, vehicles keep moving.
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2. Intersection

Intersections are always shared surface, sometimes with a roundabout. A slow- down
zone (40’ L) is provided before vehicles enter the intersection. Through the robotic fea-
tures, AVs negotiate priorities with other street users and then take the way to continue

their journeys.

Roundabouts are set up to mitigate conflicts between vehicles from different directions.
The location of lanes on the opposite sides are mirrored or rotated 90 degrees for a saf-
er and easier transition. If all four ways are of the same configuration, the efficiency is at
the highest level because of the least possible collision points. Within the roundabouts,
monuments, street sculptures and fountains can be set up for people to enjoy. Three

scenarios are discussed in the following to show how to the intersection works.
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Scenario 1: A Bus Delivering Corner-to-Corner Service

Before arriving the corner station, the bus slows down, takes the right turn at the folk,
stops at the station, picks up/drops off passengers, and then circles around the round-

about to the efficient surface on the other side.

Efficient
Surface

undabout

Efficient
Surface
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Scenario 2: A Shuttle Traveling to the Next Block

Before entering the intersection, the shuttle remains on the efficient surface, slows

down to 3mph, circles around the roundabout, and continues its journey on the effi-

cient surface at the speed of 20mph.

Efficient
Surface

Slowdown

Efficient
Surface
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Scenario 3: A Taxi Delivering Door-to-door Service

Before entering the intersection, the taxi remains on the efficient surface, slows down
to 3mph, travels around the roundabout and enters the shared surface at low speed
to complete the door-to-door service. After completing the service, the taxi can either
continues on the shared surface cautiously, or finds the nearest intersection or interval

to get back on the efficient surface and resume to the faster speed.
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3. Edge

Besides the perpendicular transition, the parallel edge between the efficient and shared
surfaces can range from permanent structures (hard) to improvised devices (soft) (Fig-
ure 3.1). It can be a wall with inactive facade to create an relatively isolated condition
for consistent faster speed. It can also be paints or changing LED grid to accommodate
the uncertainties from future. Over the years, the edge condition will go from hard to

soft as people gradually accept AVs as an integrated part of urban life.

With frequent intervals, intersections, and flexible demarcation, efficient surfaces are
added segment by segment on the continuous shared surface when in need (Figure
3.2). In real practice, it requires closer collaboration with traffic engineers to calculated
how much efficient surfaces, and how many interruptions are in need to achieve certain

level of efficiency and livability based on specific situations.
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Building With Inactive Facade Vegetation Stripe

Movable Structure Painted Demarcation

Charging Stations/ Bollards LED Grid

Figure 3.1: List of options for edge conditions between efficient surface and shared surface.
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Figure 3.2: With frequent intervals, intersections, and flexible demarcation, efficient sur-
faces are added segment by segment on the continuous shared surface when in need.




Reprogramming Shared Surfaces

Besides the infrastructure for traveling, shared AVs also require more space for drop-
off and pick up, as well as space for self-maintenance, including cleaning, charging
and minor repairing (Figure 3.4). They can be clustered around the gateways or spread
out as mini depots across the city. Together with public space, including social rooms,
commercial devices, public accommodations, as defined by Anthony Orum (Figure 3.5),
traffic infrastructure can be added on to the shared surface as open spaces, building

extensions, or new structures (Figure 3.3).

Strategy 1: Strategy 2: Strategy 3:

Open Space Building Extension New Structure

Figure 3.3: List of strategy to add new programs on the shared surface.
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Traffic Infrastructure Public Space

[\

Social Rooms

Commercial Devices

(— "~
A= 2829
C 1

Cleaning

ﬂ @

Repairing Public Accommodations

Waiting

Charging

Figure 3.4 (left in blue): List of traffic infrastructure AVs require.
Figure 3.5 (right in orange): List of public amenities as defined by Anothony Orum
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Surface Material

The choice of surface materials is the result of an overall consideration of unit price, du-
rability, and flexibility for add-ons. The material choice includes asphalt, concrete, stone,
brick, macadam, dirt, wood, rubber, grass (earth), water, digital surface, etc. And the way
surface material aggregate can either be unified with standard tiles as Paseo de Gracia
(Figure 3.6) or collaged with different patterns as contributed by abutting property own-

ers on the commercial street in Singapore (Figure 3.7).

Figure 3.6: Paseo de Gracia, Barcelona with standard
tiles well designed by Anthony Gaudi.

Figure 3.7: A commercial street in Singapore wither differ-
ent pavements in front of each storefront.
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Financial Model: From Parking Fee to Rent

As more land is freed up from automobiles in the future, city transportation commis-
sioner will truly become “the largest real estate developer” as Jannet Sadik-Kahn sug-
gested in her book, Street Fight. Kept as public inventory, the freed-up street space
cannot be sold but either directly maintained by the government, or rented and operat-
ed by private developers. Therefore, rent can be collected from commercial activities to
compensate the income loss from parking fee, and to maintain other public amenities,

such as parks and playground.
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DESIGN | CITY

Site: South Boston Waterfront
Existing & Alternative Plans
Examples of Urban Surfaces



Site: South Boston Waterfront

To apply the new paradigm and design urban surfaces based on real world conditions,
| select South Boston Waterfront as a case study because of its development needs,

innovative ethos, and geographic location.

Much of the area in South Boston Waterfront was originally tidal marsh, and was land-
filled for pier construction from 1833. The area was a robust maritime industrial center
by the end of 19th century. However, as the seaport declined in 20th century, much of
the land became a continuous surface parking for commuters working in downtown.
While, the turn of the millennium saw a burst of redevelopment in the area, with res-
idential buildings, office towers, and hotels being constructed along the waterfront

(Boston Planning and Development Agency)(Figure 4.1).

As the area is developing from an industrial wasteland into a world-class innovative dis-
trict to attract people to live, work and play, two of the major challenges it will face are
related to traffic efficiency and the public realm. On the one hand, the increasing traffic
from the influx of people will put pressure on the already congested roads, which are
now dominated by commuting cars. On the other hand, there is limited usable public
open space inboard from the water that allows people to gather and connect with each
other. In this case, the public streets, which typically favor the automobiles as it is today
(Figure 4.2), become one of the most important open space components of the public

realm as it evolves to accommodate more person-trips in the future (vhb, 2015).

Boston is always open to innovation and new technologies. In terms of transportation,
it was the first American city building subway system and initiating ride-sharing ser-
vice (BCG, 2017). In 2016, Boston launched an AV testing program focusing on South

Boston’s Flynn Marine Park. Startup firms spinning-out from MIT, including nuTonomy
70



Marshland Maritime Industrial Zone Parking Lots Mix-Use Redevelopment
(Before 1860s) (1860s -1980) (1980 - 2000) (2000 -)

Figure 4.1: Historical transformation of the South Boston Waterfront. Images from the Internet.

Figure 4.2: Currently, streets typically favor the automobiles, from right to left: Seaport Boulevard, Con-
gress Street, Summer Street. Photos from South Boston Waterfront Sustainable Transportation Plan
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Figure 4.3: The peninsulaf study area with controlled accesses.

71



and Optimus Ride, have been running vehicles to deliver last-mile service. Recently, the
city expanded its testing zone to a wider area in the Seaport and Fort Point neighbor-

hoods after nuTonomy achieved test plan milestones (City of Boston, 2018).

The study area (Figure 4.3) is defined as the 650-acre peninsula bordered by the water-
front and 2nd street with key gateways at bridges, MBTA stations and intersections to/
from the adjacent neighborhood. Because the peninsular site has a clear border con-
dition with controlled accesses, | propose to designate it as a shared AV-only site and
update the streetscape by using the new people-centered design approach in the near

future.

Existing & Alternative Plans

According to Boston Planning & Development Agency (BPDA), the South Boston
Waterfront is well under construction to expect the influx of people by 2035. Current-
ly, more than 50 projects, including condominiums, office towers and tourism-related
buildings have been built or are in development within the site. Those new develop-
ments are mainly located in Seaport Square, Fan Pier, Fort Point, or near Boston Con-
vention & Exhibition Center. In addition, the warehouses in the historic area have been

converted to lofts for living or working.

In terms of public space, future efforts for open space include the extension and en-
hancement of the Harborwalk, pocket parks and small interventions as part of an inter-
connected network. Cultural and civic institutions, such as Children’s Museum, Institute
for Contemporary Art, Bank of America Pavilion, and John Joseph Moakley United
States Courthouse, are spread out as the anchor for each sub-area. Commercials,

including restaurants, cafes and retails, cluster in the historic area, or are along Seaport
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Boulevard. However, as the district is still underway turning into a mix-use neighbor-
hood, there are very few public accommodations, such as schools, libraries or hospi-

tals, pinned on Google Map.

Regardless of its robust development at the moment, as planned by 2035, buildings
only take 32% of the land use, open space only 3%. The rest 65% of land is still space
mainly used by cars for moving or parking (calculated from the latest 3D model provid-

ed by BPDA Online) (Figure 4.4).

Figure 4.4: 100 % Total: 650 acres
Land use by 2035 as planned 32 % Building: 212  acres
3 % Open Space: 20 acres

65 % Space Used by Cars: 418  acres
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From the optimistic aspect, those 65% land are also operable surfaces for reprogram-
ming if it is designated as a shared AV-only site soon. After efficient surfaces are allo-
cated for internal movement and external connectivity (Figure 4.5), all the other space
can be reprogrammed either with new developments such as affordable housings or as
a continuous living room for everyday life. The proposal in Figure 4.6 shows one possi-
bility, while the real implementation will be more dynamic and flexible, to accommodate

the uncertainties from the future.

Figure 4.5: 100 % Total: 650 acres
Land use by 2035, if the site becomes a 32 % Building: 212  acres
shared AV-only district 3 % Open Space: 20 acres

60 % Shared Surface: 385 acres
5 9% Efficient Surface: 33 acres
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In the transition period, people enter/exit the site via public transit, walking or cycling.
Drivers park conventional automobiles in the parking lots near the gateways or along
the bridges, and then transfer to autonomous vehicles to their final destinations. Fre-
quent bus service are provided to connect downtown and South Boston through Sum-
mer Street. In the future as shared AVs are in Boston citywide, those parking areas will

be converted to housing, commercials and public amenities, such as a sports field, etc.

Figure 4.6: 100 % Total: 650 acres
Land Use by 2055 with reprogrammed 32 % Building: 212  acres
urban surfaces. 3 % Open Space: 20 acres

60 % Shared Surface: 385 acres
5 9% Efficient Surface: 33 acres
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Example A:
2nd Street

The Second Street in South Boston is currently a
50-feet-wide residential street mainly for parking
without street life (Figure 4.7). lts conversion to
shared surface will lead to community vitality and
cohesion with more space for vegetation, street
furniture and service structures. Playgrounds,
seating areas, and facilities, such as clinic, will
burgeon out from surrounding residents’ inputs.

At Intersection, AVs slow down to 3mph and
interact with pedestrians and cyclists for right-of-
way, and can speed up to 20 mph in the less busy
area. Corners can serve as drop-off/pick-up zone
for shuttles.

Figure 4.7: Existing road condition of the 2nd Street.
Google Map Street View.
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Example B:
Summer Street

Summer Street is a four-lane thoroughfare con-
necting Downtown and South Boston (Figure 4.8).
Efficient surfaces are added to connect neigh-
borhoods in a timely manner, at the same time,
distribute people to a variety of programs along
the way.

The freed-up space between efficient surfaces
and buildings can be left open as front yard for
culture venues, or can be extension from ground-
floor commercials to promote economic vitality.

If space allows, a new building can be added to
create a covered passage on one side, and dis-
play wall on the other side. Frequent intervals are
provided for easy pedestrian crossing.

Figure 4.8: Existing road condition of Summer Street.
Google Map Street View.
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Example C:
Seaport Boulevard | Thomson PI

Unlike the 19th-century boulevard, Seaport
Boulevard is a 135’ wide street surrounded
by office towers and hotels (Figure 4.5). The T EEEEEEEE ]
crossroad between Seaport Boulevard &
Thomson Place is near the Courthouse T Sta-
tion and has full potentials to be converted to
an intersection for exchange and interaction.

As an extension from the Rose Kenny Gre-
enway, efficient surfaces are added on two
sides of the tree-lined promenade. The wide
side-surfaces can be used for drop-off/pick-
up zone in front of hotels and offices, or ex-
change points to other modes of travel.

Sometimes, dead ends are created when two
split efficient surfaces merge. Those spaces
with lower connectivity can be used as mini
depots for AV’s self- maintenance, while they
still keep the flexibility to be used as event
space when vehicles are out.

Figure 4.5: Existing road condition on Seaport Boule-
vard. Google Map Street View.
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The above three examples show some possibilities to reprogram urban surfaces with public amenities
and traffic infrastructure in a balanced relationship. It is for sure that the real implementation will be more
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dynamic and intriguing to create a unique identity for each specific neighborhood based on local needs
and participation.
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Conclusion & Future Work

At the beginning of this year, Google announced it would launch the first commercial
service via a fleet of autonomous vehicles by the end of 2018. The signal is clear that
the coming of autonomous vehicles is faster than we imagined. In the past century,
urban planners and designers across the world made a vigorous effort to adjust our cit-
ies to the automobile. This time, it is critical to apply the new technology to benefit our
lives, rather than for our lives to be planned around them. Admittedly, it is a challenging
undertaking requiring interdisciplinary collaboration between experts from different
fields. This thesis mainly focuses on the transformation of urban form by envisioning

a new type of street in the full-autonomous era. It also gives recommendations on the
development of technology and policymaking to better deliver an autonomous future

for people.

One thing to keep in mind: every city is different and have different priorities in its public
agenda; this thesis does not try to pave the road under the homogeneous standards

as global cities did in the past century, but provide a flexible people-centered approach
to give unique identity for each specific neighborhood. The design proposal based on
local contexts and participation in South Boston Waterfront gives a good example to
show that cities do not need to design around vehicles but can gain new spatial integ-
rity that meets the needs of people and, at the same time, responds to the realities of

urban mobility.

To conclude and to answer the question | asked in the introduction, if the distinctive
sign of 19th century urbanism was Boulevard, and the hallmark of 20th-century urban-
ism was Highway, then the identity of 21st- century urbanism will be Urban Surfaces

which integrate the traffic infrastructure with the public realm. More important, the new
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way of building streets as urban surfaces will initiate a new lifestyle, which values sus-

tainability, promotes sharing, and encourages interactions.

Future work from the aspect of urban form transformation includes a more detailed
phasing plan, a design proposal for border conditions during the transition period, and
a prototype of mini maintenance depots which can be used for both vehicles and peo-
ple at different times. In addition, a closer collaboration with traffic engineers is required

to calculate the minimum efficient surfaces required for maximum efficiency.
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Something Beyond What Design Itself Could Help...

Education on Street Courtesy

Q: “Purposeful Jaywalker”

A: Technologies are not here to cultivate people to be ruder. It should not be an excuse
for people to disrupt AVs with evil deeds on purpose.

Site: Sea Level Rising

Q: South Boston is facing threatenings from sea level rising, how to solve this problem?
A: 1. Indirect effects: More active modes of travel will lead to less GHG emission.

2. Existing underground garages can be converted to retention ponds.

3. Swales with vegetarian can be added to the free-up space, serving both ecological
and recreational functions.

Terrorist Drivers Struck Pedestrians

Q: Currently, many cities, such as NYC and Toronto, witnessed terrorist drivers struck
pedestrians. If you remove all barriers and bollards, and mix pedestrians and vehicles,
are you risking pedestrians’ safety?

A: 1. Safety is the first priority when introducing AVs to cities.

2. Human drivers are sometimes unpredictable, we probably want to forbid human driv-
ers on the road soon. If all AVs are monitored by security department, terrorist attack
can be controlled.

3. Cyber security needs to be improved.
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Appendix 1: History of transport technology in the format of timeline.

Reproduced based on the video Here to There: An Animated History of Transportation, https://www.
theatlantic.com/technology/archive/2015/12/driverless%ADcars%ADare%ADthis% ADcenturys%AD-
space%ADrace/417672/?utm_source=fbb
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Appendix 2: From Carriage to Car to Autonomous Vehicle
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Appendix 4: From Human Driver to Al Driver

Parietal Lobe:
processes movement of visual
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98



Long Range Radar

Lidar

’ '

Ultrasonic

7

()y))

Camera

99

Halo View

P o
4

- _ Blind Spot
¥ = Baceen
- ol
/

@ m - - -oo-
--

Park
Assistance
Rear Collision
=~ ‘Warning
Traffic Sign e Park Assistance
Recognition
Cross Traffic
Alert
P forcy Braking
Pedestrian Detection R
Collision Avoidancey w3
SurroundView
-~
~eo
e - e am e -



Appendix 3: Design Progress- Phasing Proposal (Version 1)
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Appendix 3: Design Progress - Phasing Proposal (Version 2)

2030: AVs only within the Site
Conventional Cars park near the gateways
and transfer to AVs.

Gateways connecting to Downtown Bos-
ton has better transit connection, people
are expected to come via transit and trans-
fer to AVs to enter the area. Although the
area is fully built out, conventional cars can
park on the bridge, with two lanes left for

AVs.

Gateways connecting to South Boston are
currently adjacent to surface parking lots,
where conventional cars can park during

the transition period

2050: AVs in all Boston
Those parking areas can be converted
to housing and public amenities, such as

parks, sports field, etc.
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Appendix 5: Design Progress- First Iteration of Shared Surface
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Appendix 6: Learning about Autonomous Vehicles at SMART center in Singapore
during the summer of 2017

Autonomous vehicle moving at 3mph on NUS campus
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