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ABSTRACT

With the rapid population growth in cities, the existing transportation system exposes insurmountable problems
due to restrictions of conventional technologies. In this circumstance, some emerging transportation technologies
become potential solutions, while relevant research is mainly from the domain of engineering and information tech-
nologies. From the perspectives of city planners and urban designers, this research aims at exploring the question
about how can street design response to the advent of those new technologies and regard this transformation as an
opportunity to revive street life. By identifying the key features of four main technologies: autonomous vehicles (AVs),
automated mass transit, shared bicycle or scooters, and better delivery systems, this research tries to find out proac-
tive alteration of streets to accommodate those elements and become more human-centred spaces. A tool-kit, which
consists of five tools, shows the spatial design guidance for different circumstances on streets and the deployment
of street facilities. The tool-kit is applied in a specific site in Tianhe Central Business District in Guangzhou, China.
By examining the proposed tool-kit and demonstrating the possibility of embedding those transportation technologies
into our urban environment, this research presents a probable prospect of vibrant, versatile, safe and resilient streets,
which contain multiple transport modes and support our urban life.

Keywords: intelligent transportation; street design; autonomous vehicles; automated mass transit; shared bicycle;
delivery system.




INTRODUCTION




Transportation is one of the most crucial activities in cit-
ies (Corbusier, 1943). We have been finding better ways
for mobility, which is the fundamental desire and need for
human (Norberg-Schulz, 1971). A hundred years ago,
automobiles powered by internal-combustion engines
and fossil fuel were invented and soon replaced horse-
drawn vehicles (William, Christopher and Lawrence D.
Burns 2010). In the past century, diverse automobiles
have been serving cities by transiting people, goods and
services and keep metropolises working and growing.
However, because of its intrinsic features and surging

Research Question
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transport demands in urban areas, the shortcomings of
conventional transportation system have become more
and more conspicuous while facing rapid urbanisation
and exploding population. A new generation of transpor-
tation system is coming and expected to be the solution
of existing predicaments such as congestion, fossil fuel
shortage, greenhouse gas emissions, traffic accidents
and parking occupancy (Litman, 2015).

o e P

Fig. 1.1: The evolution of human mobility.

How can urban streets respond to the advent of intelligent transportation technologies and be-

come more human-centred spaces?

In the past two decades, appearances of innovative
transportation have been coming into the public eye and
betokening the advent of transportation system transition
(Fishman, 2014). This system consists of several com-
ponents: innovative vehicles, energy supply, street and
road infrastructure, land use pattern, market mechanism
and policy groundwork (Mitchell et al., 2010). Among
those constituents, street infrastructure are comparative-
ly lagging behind the others (Fishman, 2014). The mod-
ified street spaces are supposed to accommodate those
new vehicles and adapt to new urban lifestyles. On the
other hand, this is also an opportunity for urban streets to
become more vibrant and versatile by providing flexible
and human-centred space (NACTO, 2017).

However, research and studies predominantly concen-
trate on the working and operating mechanism of trans-
port technologies and they are usually driven and lead by
transportation manufacturers such as Airbus, Tesla, Audi

and Toyota or high-tech company such as Alphabet and
Uber (Fishman, 2014). There is little research referring to
potential alteration of transportation infrastructure. That
results in the sluggish reaction on the infrastructure side
while comparing to the vehicle side(Bishop, 2011). This
research tries to fill in this research gap by discussing
the reasonable transportation deployment and probable
urban street configuration from the perspective of urban
design when those innovative technologies are adopted
in future.

Therefore, researching and exploring probable pros-
pects of urban street evolution coming with intelligent
transportation has practical significance. It is a response
to the evolution of contemporary transportation from ur-
ban design and planning.
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Problems of Existing Transportation

In the past century, the progress of transportation indus-
trial enhanced personal mobility and extend the accessi-
ble scope of human being. According to report from UN
(UN News, 2008), it is estimated that over 70% people
in the world would live in urban areas by 2050. The ex-

Space Occupancy

35-50.

Land-use proportion of roads and parking lots in automo-
bile dependent cities (Rodrigue, 2017).

96%

The proportion of time that private cars stay parking
(Bates and Liebling, 2012).

Those single-use places deprive urban land
which was supposed to be used by all inhab-
itants and make them become vehicle-centred
spaces. Low rate of usage makes existing
transportation unsustainable and inefficient.

Pollution'
(Data Source: Mitchell et al., 2010)

-1 8 million barrels

Oil consumed for driving cars everyday in the world.

2 " 7bil|ion tons

Carbon dioxide emitted to the atmosphere each year.

0.36.

The proportion of electric cars in the world in 2017.

Most of vehicles now are still powered by in-
ternal combustion engines and energised with
petroleum. The street becomes an unfriendly
space to stay and stroll because of polluted air
and annoying noise.

ploding urban population and growing demands of com-
muting bring huge pressure to the transportation system
and expose four inevitable problems.

KOServer, 2016.




Congestion
(Data Source: Mitchell et al., 2010)

8O0 e

The sum of cars and trucks worldwide.

< -1 Omiles per hour

The average speed of vehicles in dense city centre

34 ...

Average time that a commuter spent on traffic conges-
tion in 2010 in America. The number of that in 1982 was
14 hours.

$100 ...

The annual cost of congestion in America.
(Data Source: Mitchell et al., 2010)

ANNUAL COST OF CONGESTION

$175M

AVERAGE
ANNUAL
COMMUTER
DELAY

$133M
$101M

The low usage rate of personal vehicles re-
sults in the high volume of car ownership and
congestion problem. Commuters spend more
and more time and money on their ways to the
destination instead of the destination itself.

y

Fig. 1.6:
Annual cost of congestion in America. Source: Mitchell et al., 2010.
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Fig. 1.7:

The increment of transportation cost in Britain (in %)
Source: Department for Transportation, UK

Housing $18,572(33.2%)
Teansportation [ G o737 0749
Food 58,158 (14,6%)
Other $7.569 (13.5%)
Insurance and pensions $6,801 (12.2%)
Health 54,034 (7.2%)

Apparel and services 5995 (1.8%)

Fig. 1.8:

Transportation expenditure ranks the second in all categories of house-
hold cost in US, 2017

Source: U.S. Department of Labor Bureau of Labor Statistics, 2017

The increasing transportation cost constrains
people’s expenditure on other categories such
as food and recreation, which could reduce
the quality of life.
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Benefits of the New Generation of Transportation

Widely Connected

Vehicles in future will become part of an integrated and
sophisticated transportation network. The nexus among
vehicles, passengers, infrastructure, service providers,
road facilities and the interaction between different ve-
hicles are the essence that makes the transportation
autonomous, which is considered as the key to tackle
congestion (NACTO, 2017).

Detection Detection °

__--" Pedestrian-

- -~

i . .+" User-end "~ _+* Commuters |
Smart Parking S L Platform L ;
/ - < .
' . R K
-l S
Mass Transit Shared Rides Shared Bicycle

Fig. 1.9: Widely connected transportation system.

More Efficient

Due to frequent information exchange, real-time traffic
condition monitoring and adjustment become feasible.
Autonomous vehicles can reduce traffic congestion sig-
nificantly and make transportation much more efficient
and safer by communicating with each other.

Fig. 1.11: Traffic flows at different junctions.
Source: NACTO, 2017.

I | .

:

Electrified

More and more countries including France, China, Ko-
rea, Germany and America have restricted the use of
petrol vehicles and encourage electric cars (Rolandberg-
er 2018). Besides its contribution to sustainable develop-
ment, the electrified vehicles also possess advantages
such as smaller size and quieter operation.

— 3 Hghkaa

Duty cyzie

Ugmies  ——

Fig. 1.10:
Application matrix of electric-drive vehicles. Source: Mitchell et al., 2010.

More Accessible

The big data collected from numerous sensors and ve-
hicles can integrate different traffic modes and distrib-
ute the transport resources reasonably. The commuting
will become more accessible by multiple transportation
choices with lower cost (Litman, 2019).

Fig. 1.12: Multiple modes.




A Solution to Tackle the Problems

According to the relevant research and literature ( e.g.
Fitchard, 2012), new generation of transportation fea-
tures not only sustainable energy source but also the
competence of high-level autonomy. More importantly,
with significant changes in developing industry, the new
transportation focuses more on people throughput in-
stead of vehicle throughput. Thus, the passengers and
commuters will substitute for cars to become the main
characters of transiting in this human-centred framework
(Fishman, 2014).

Existing Problems Benefits from the New Generation
of Transportation

Space Occupancy

Pollution
} Make the street a more
human-centred place by
Emerging Transportation
X Technologies
Congestion

High Use-cost

Fig. 1.13: Relation between problems and benefits.
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Research Objective & Contribution

The transformation of transportation infrastructure is not a passive assignment but a proactive

attempt to revive street life in the digital age.

This research aims at making a proactive response from
the viewpoint of urban designers and planners. It is not
just about making the infrastructure adapt to new tech-
nologies but also exploring the contribution beyond those
technologies and endeavouring to reclaim the street
spaces. Streets could be converted from places just ac-
commodating cars and trucks to vibrant public realms,
which encourage social interaction and various activities.
Three objectives are expected to be accomplished:

«  Creating vibrant and versatile public realm on streets;
« Building safe and resilient street environments;
+ Creating an integrated transportation network that

keeps pedestrians and vehicles flowing more effi-
ciently and continuously.

Three Objectives

=

Vibrant & Versatile Public Realm

More space on streets is released due
to the promotion of traffic efficiency and
streets become more quiet and clean
thanks to electric power. Streets are
converted into accessible and delightful
public realms.

Safe & Resilient Street

The road fatality will decline through
the deployment of detectable vehi-
cles and more intelligent monitoring
system. By more efficient space uti-
lisation, street layout is readjusted
to promote its resilience for coping

Those three objectives are based on the human-centred
design principle and supported by emerging transporta-
tion technologies.

This report tries to comprehend how transportation infra-
structure will look like and how they can collaborate with
other components such as vehicle engineering, policy
and regulation frameworks in this synergistic process.
More precisely, its contribution focus on three aspects:

= Design guidance for different types of street spaces;
«  Deployment and utilisation of street facilities;

- Street management and operation advice.

Integrated Network

Through integrated and real-time in-
formation of different traffic modes,
the transfer among them becomes
more seamless and user-friendly.

with harsh condition.




The Research Problem

Research problem:

Existing infrastructure are not ready to greet the advent of new transportation system.

Research and investigation about the situation of existing
transportation systems indicate that the present trans-
portation infrastructure are not able to adequately match
the requirement of new transport modes. There are two
interrelated aspects which obstacle or influence the de-
velopment of new transportation: existing infrastructure
and current policy frameworks. The relevant palicies,

regulations, design guidance and principles which de-
termine the street form are serving for the conventional
transportation system. As a result, the advancement of
transportation infrastructure lags behind the other com-
ponents in this revolution.

Deficiencies of the Existing Transportation Infrastructure

In most countries, roads are spread wider and wider
while pavements are shrunk and street life is eliminated
(Sadik-Khan, 2017). Generally, the following elements of
infrastructure are missing now, which hinders the devel-
opment of new transportation:

Smarter Intersections

An autonomous and adaptive traffic light system can ad-
just signal phases by communicating with surrounding
intersections and analysing dynamic traffic condition.
(Sidewalk Labs, 2017). Direct interaction with passing
autonomous vehicles can create agile and reactive traf-
fic network.

Sensors & Intelligent Control Systems
Sensors for collecting real-time information are the foun-
dation of data-driven transportation management. The
existing TMCs (Transportation Management Centres)
operated by humam will be replaced by more agile sys-
tems such as SCATS, SCOQOT, ATC-Lite (Ng, 2017).
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Dynamic Kerbs

The kerb is the most contested space accommodating
diverse urban activities (Dawson, 2018). However, there
are few regulations regarding the management of those
upcoming dynamic kerbs.

Sufficient Charging Facilities

Wherever the electricity comes from, it will be transited
into the vehicles by different charging facilities including
domestic charging outlets and public charging stations.
Both sufficient charging points and high-capacity electri-
cal grids are indispensable to run this electric-drive sys-
tem (Mitchell et al., 2010). For instance, Amsterdam is
at the forefront of encouraging electric cars but it is still
facing the charging point deficiency of 13,000 at least
(Ren, 2019).

Space for Shared Vehicles

With the rapid growth of shared vehicles, how to manage
the conflict between their parking space and the occu-
pancy of public realms is an inevitable issue. In China,
Guangzhou has prohibited new deployment of shared bi-
cycles to control their number (Wei, 2019). Sufficient and
appropriate space for shared vehicles is the foundation
of this sustainable transportation mode.

Integrated Platform

Seamlessly experience among multiple transportation
modes requires an integrated platform that interlinks dif-
ferent mobility providers, diverse data sources, price in-
quiry, vacancy query and payment systems. Integration
of traffic information is regarded as the fundamental el-
ement of Maas (mobility as a service), which is believed
to become crucial mobility pattern in future (Dixon et al.,
2019).

In-car operational system (such as Android Auto and
CarPlay), connectivity standard (such as GTFS) and
unified application programming interface (API) are nec-
essary components. Although there are companies like
Google and Car Connectivity Consortium are working on
it, a unified and generic platform is still far away from
practical application (Fishman, 2014).

A

oe:]feng, 2017




Present Situation of Relevant Policy Framework

There are rapid technological innovations in the follow-
ing three regions. As Regards regulation and standardi-
sation, there is considerable progress in North America.
Many states in America, such as Nevada and Florida,
have launched relevant regulations to facilitate autono-
mous vehicles’ (AVs) experiment and utilisation. How-
ever, on a worldwide scale, most countries do not have

nationwide guidance, which confines the road test and
further deployment of AVs (Frost & Sullivan, 2018). For
instance, there are only six cities in China that allow
the road test of AVs with limited time and place control
(Zhao, 2019).

Europe North America Asia
Technology Innovation v v v
Regulation &Standardization — Vv —

Nationwide Guidance

Value Chain Evolution

JOwn  —Missing

Table 1.1: Developmental Assessment of Different Regions
Information Source: Frost & Sullivan, 2018

According to the report of 2019 Deloitte City Mobility In-
dex, which reviews the transportation development of 56
important cities in the world, there are 54 per cent of cities
rated under “top performer” in the metric of “regulatory
environment”, which focuses on operation of ride-shar-
ing, relevant regulations for innovative transport, support
to AVs and future mobility strategies. In the other metric
called “Innovation”, there are 46 per cent of cities have
not reach “top performer” or higher standard. This is the
performance of the biggest cities in the world and it can
be imagined that other smaller cities may also not ready

@ Global Leader @ Contender @ Aspiring

Top Performer

Fig. 1.19: Transportation Regulatory Environment Assessment
Information Source: Dixon, 2019

for the new transportation system in terms of regulation
and policy framework.

The research from MIT (Hudson et al., 2019) also re-
veals similar dilemma in the United States where has
the most advanced and open policy framework for new
transportation. It indicates that only 36 per cent of the
largest cities have regulation or plan referring to AVs.

@ Global Leader @ Contender

Top Performer

@ Aspiring

Fig. 1.20: Transportation Innovation Assessment
Information Source: Dixon, 2019
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CASE STUDY
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Autonomous Vehicles

History of Autonomous Transportation

Initial trials began The first truly automated car

R g

o) o<

= =

1950s

The development of formal autonomous vehicles dates
back to 1950s when the RCA Labs tested their full-size
system in the United States (Nancy, 2017). While it
comes to 2000s, technologies of autonomous vehicles
had great process mainly by the support of government
such as the Defense Advanced Research Projects Agen-
cy in the United States (Dudley, 2014). In the past ten
years, the development of autonomous vehicles comes
to a peak when different private and public power join
the game. With more and more road tests emerging, this

Review and Analysis of Mainstream Systems

After comparing the most advanced and well-known
autonomous or semi-autonomous vehicles, several key
features can be identified:

Firstly, most companies expect the application of AVs
can be achieved at the beginning of the 2020s. In Singa-
pore, where has introduced the world’s first self-driving
taxi service (Maxwell, 2016), the secretary of the Ministry
of Transportation Peng (2017) indicates the AVs will be
applied in Singapore in the next ten to fifteen years when
this technology becomes feasible.

Secondly, most autonomous vehicles now belong to lev-
el 2to level 4 according to the criteria of SAE. Actually, it
is widely believed that in the near future level 5 autono-
mous vehicles will not appear. As Waymo's CEO Krafcik
(2019) argues, autonomy will always have limitations,
and the level 5 autonomous vehicle without any control

SAE Level Kilometers per

Level 4 17,856.8

Level 4

Disengagement

Y

Fig. 2.1: History of Autonomous Transportation (Refer to appendix 1)

2013
2014
2016
2018

new transportation mode is believed to become a reality
shortly (Walker, 2019; Liu, 2019; Niel, 2014).

A widely accepted standard to indicate the automation
level is set out by the Society of Automotive Engineers in
2014 (Shuttleworth, 2019):

I.EVEL L] LEVEL 1 I.EVEL 2 LEVEI. 3 LEVEL 4 LEVEI. 5

Fig. 2.2: J3016 Levels of Automated Driving (Refer to appendix 2).
Source: SAE International.

from man may never exist. Hence, human drivers and
AVs are going to coexist on roads in future. On the other
hand, there will be a period that traditional vehicles coex-
ist with AVs since it takes time to make self-driving cars
universal (Marx, 2019).

Thirdly, those systems are predominantly tested on elec-
tric or hybrid power cars rather than petrol ones. There-
fore, the supply of consistent and clean energy is one of
the critical missions of urban infrastructure (Mitchell et
al., 2010)

Finally, some of the participants, such as Waymo, Zoox,
Uber and Baidu, are not conventional car manufacturers
since passengers and mobility services will become the
centre in future (Fishman, 2014).

Power Source Application Condition

Over 5 millon road miles test
completed. Formal service was
launched at the end of 2018

Electric Mainly

2021 is the estimated time of
autonomy

Electric

Table 2.1: Comparison of mainstream autonomous vehicles
(Refer to appendix 3 for full comparison)
Information Source: State of California, et al.




Changes on Streets

By reviewing relevant literature, it is believed that the following eight changes will appear on streets following the

advent of AVs:
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Dynamic Kerbs

The National Association of City Transportation Officials
(NACTO, 2017) believes the further potential of kerb-
side can be activated by dynamic pricing systems and
visualising inventory. It also depicts a prospect which
delivery, dining, retails and resting are fused in kerbside
by reasonable management. To make dynamic kerbs
more accessible, Ng (2019) suggests to remove raised
concrete kerbs and use LED-embedded pavement to
indicate different functions and designated area in dif-
ferent slots.

Drop-off and Pick-up Areas

The future drop-off and pick-up modes are different
from today (Mitchell et al., 2010). The passengers will
board or get off vehicles mainly on kerbside rather than
parking lots since AVs are capable to locate passen-
gers then bring them to destinations based on real-time
traffic condition. Some scholars like Peter Colijn (2015)
are working on intelligent pick-up and destination in-
tegration scheme for ride-sharing route planning. All
those changes require a redesign of existing drop-off
and pick-up areas.

R\
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Charging Facilities

The transformation of power brings unprecedented de-
mand for electricity. Mitchell, Borroni-Bird and Burns
(2010) reveal six charging modes for electric-powered
vehicles: domestic slow charging, quick recharge sta-
tions, exchange discharged batteries swapping sta-
tions, inductive charging pads on kerbside, embedded
charging coil lines and Witricity (a system allowing
longer distance inductive charging through the air). As
the authors argue, the first two conductive ways and
inductive charging pads are more feasible modes in the
near future.

Parking Areas

Smaller footprints of AVs, intelligent parking guiding
and employment of mobility-on-demand services are
three factors that reduce the demand of parking area in
cities (Mitchell et al., 2010). Gruel and Stanford (2016)
demonstrate that the number of private cars will decline
due to the promation of traffic efficiency and higher us-
age rate of single vehicles, which also help to reduce
parking areas. Those spaces released from parking
bring opportunities to develop new urban functions.
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Changes on Streets

Intelligent Intersections

Around 40 per cent of crashes happen at intersec-
tions (Federal Highway Administration, 2009) and near
one-fifth of total time on roads is spent at intersections
(Brookes, 2019), but this problem is expected to be
solved by AVs. Ng (2017) believes intersections in fu-
ture will be more intelligent and agile to reduce waiting
time. The Jaguar Land Rover is testing a technology
for autonomously choosing the best route and avoiding
congestion by analysing traffic information from smart
intersections (Bennett, 2019). High efficient intersec-
tions are indispensable elements to satisfy growing
traffic demand with less car lanes.

o o)
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Longer Gaps between Fleets

Connected AVs can create much more steady and con-
tinuous traffic flow with longer distances between ve-
hicle fleets (NACTO, 2017). Therefore, more crossing
opportunities are expected to appear in future, which
helps to build more walk-able and safer streets.

On-road Sensors

Real-time information plays an essential role in the fu-
ture transportation system (Fishman, 2014), while ubig-
uitous sensors on roads are the foundation. The data
from sensors provides a reference for route selection of
AVs, dynamic pricing mechanism, real-time monitoring
and long-term transportation planning, which all con-
tribute to provide better mobility experience for human
in future (Ng, 2017).

Dedicated Lanes

Although dedicated lanes for AVs can promote the
efficiency, wider configuration of them is neither eco-
nomical nor suitable for building human-centred streets
since they occupy extra road space and are only af-
fective while in medium AVs penetration rates (Ye and
Yamamoto, 2018).




Automated Mass Transit

Review and Analysis of Mainstream Systems

Automated mass transit has a long history and plays a
crucial role in the urban mobility system. The first au-
tomatic public transportation system is Victoria Line in
London opened in1968 (Brian,2002), and now 53 fully
automated metro or tram lines are distributed in 36 cities
(Wilkins, 2016). Some of them such as Barcelona Met-
ro line 9 and Copenhagen line 1 have already reached
Grade-of-Automation 4 (GoA4) degree, which means ful-
ly automated operation is available and human drivers
are unnecessary on vehicles (IEC, 2014). It is estimated
that over 2,200 km of automated metro lines will be op-
erated in the world by 2023 (Wilkins, 2016). As for au-
tomated buses, Volvo and Nanyang Technological Uni-
versity are testing the world's first fully autonomous bus
in Singapore, and it is expected to serve commuters by
2022 (Wei, 2019). There are also delivered automated
buses operated in small scale site such as Mcity Driver-
less Shuttle Bus in the University of Michigan.

Changes on Streets
There are four changes from automated mass transit:

Intelligent Platforms or Stops

More information including bus arrival time, vacancies on
board, traffic condition and local guidance will be pre-
sented by the support of display devices and internet
connection on platforms and stops (e.g., Geetha and
Cicilia, 2017).

Drop-off and Pick-up Area

Smaller footprints of automated mass transit and new
street facilities around stops both require redesign of
drop-off and pick-up areas.

Some common features of automated mass transit can
be found from literature and practical examples. The Cit-
yMobil2 project (CORDIS, 2016) reveals that automaton
or autonomy relies on GPS, cameras, radars and obsta-
cle-avoidance technology. Wilkins (2016) argues that
mutual communication among vehicles, stops and trans-
portation control centre is another key aspect to achieve
automation. Another feature of new buses refers to the
size of vehicles. For example, the automated buses from
Volvo and Mercedes Benz have similar shapes with con-
ventional buses, while most of the others are featuring
smaller size and more agile operation such as WEpod,
EasyMile EZ10, Olli and Navly (e.g., IEEE, 2016).

In terms of advantages, automated mass transit can pro-
mote safety, reliability and flexibility of traffic system sig-
nificantly while compared with conventional public trans-
port (Wilkins, 2016).

Charging Facilities

Similar to AVs, automated mass transit is mainly
electric-powered (Mitchell et al., 2010). Terminal station
recharging is more reasonable for public transport and
prototype of inductive charging strip on road surface
demonstrated by KAIST (2009) can be another solution

in future.
(= |

Shorter Headway

Connectivity among vehicles brings shorter headway
with no promise on safety and connotes more frequent
buses or metros during peak hours (NACTQO, 2017).
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Shared Bicycle and E-scooters

Review and Analysis of Mainstream Systems

The earliest shared bicycle was introduced in Amster-
dam in 1965 (Shaheen et al., 2010) and the latest gen-
eration of shared bicycles which feature large-scale cov-
ering, electronic locker, mobile payment and real-time
information dates back to the programme called Velib in
Paris with instant success in 2007 (Collinson, 2017). Ac-
cording to the report from Roland Berger (2018), there
are around 1,250 bike sharing systems operated in 71
countries in 2017 and China is the biggest market with
over 2.35 million bikes deployed.

Docking station shared bicycles, and dock-less shared
bicycles or e-scooters are two mainstream categories of
shared bicycle service. Those two systems have differ-
ent spatial features since the first relies on fixed docks
on streets for renting and returning, and another one can
be rent and returned more freely (Shaheen et al., 2010).
In the past few years, electric bikes and scooters appear
and become another form of shared vehicles, and they
can be operated in either way above.

tﬂ}l}
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Fig. 2.3: Distribution of shared bicycle system in the word
Source: Roland Berger, 2018
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The spreading deployment of shared bicycles in cit-
ies can encourage the usage of bicycle and facilitate
the “last miles” commuting experience (Paul, 2009). It
shares the same advantages with conventional bicycles,
including low pollutant emission, conducive to health,
and economical (Heinen et al., 2009).

There are also challenges coming with shared bicycles
and scooters. The surge of bicycles and scooters pro-
duce unprecedented pressure on transportation infra-
structure, and many cities do not have adequate parking
facilities for them. Another challenge is the lack of ded-
icated lanes, which compels cycles to share the same
lane with motor vehicles. Some cities like Seattle failed
to tackle the dilemma and shut down the service (Re-
trieved, 2017).
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Changes on Streets
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Shared bicycles and e-scooters require following corresponding changes to maximise their efficiency:

C

Dedicated Lanes

Dedicated lanes with physical separation have a positive
impact on promoting cycle safety, efficiency and comfort
(e.g., Liu et al., 2012). Distinguishable painted surface,
vertical barriers and elevated lanes are common ways to
demarcate bicycles and other motorised vehicles (peo-
pleforbikes, 2014).

How to configure cycle lanes in urban areas is anoth-
er factor affecting user experience. Alrutz et al. (2012)
demonstrate that deploying two-way cycle lanes on one-
way streets can increase accessibility to residential are-
as and avoid arterial streets for cyclists.

Cycle-friendly Facilities

Dedicated street facilities are key vital components to
promote cycle experience and encourage usage of bicy-
cle. (Roland Berger, 2018). Designated waiting area at a
signalised intersection, detectable bicycle traffic signals,
bicycle lift, oblique trash cans and road condition indica-
tors are proved to be conducive to cycling (e.g. Clark and
Page, 2000).

| A

Parking Areas

Dock-less mode is regarded as the trend in future (Ro-
land Berger, 2018), and it requires more flexible and
diverse parking plots. Parking management is a crucial
issue to cope with the spreading deployment of shared
small vehicles in larger city scales (Spek and Scheltema,
2015). Moreover, geofencing technologies have been
used in some practical programmes such as Urbee and
Mobike to regulate specific parking areas by restricting
pick-up and unlock while using the application on smart-
phones (Waes et al., 2018).

e

Charging Facilities

Charging facilities are necessary for electric bicycles and
scoaoters since the battery capacity of these vehicles is in-
sufficient for full-day operation (Christopher et al., 2010).
Christopher et al. (2010) also indicate that battery charg-
ing and photovoltaic solar panels are two key compo-
nents at electric bicycle stations. As for dock-free mode,
the e-scooter programme Bird appeals to their users to
recharge those e-scooters at home with a payment of 5
to 20 dollars per scooter per charge (Yakowicz, 2019).
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Better Delivery System

Mainstream System Review and Analysis

Freight and delivery are essential activities in urban
transportation (Crainic et al., 2004). With the rapid de-
velopment of electronic commerce and food delivery
service, the demand for delivery in cities surges in the
past decade (Morganti et al., 2014). China has a total
e-commerce transaction value of 31.63 trillion in 2018,
and over 5 billion parcels were delivered to customers
(Zhao, 2018).

To cope with the huge amount of delivery, pick-up points
in stores and automated lockers networks are intro-
duced (Morganti et al., 2014). DHL Packstation service
launched in 2001 is regarded as the pilot in this field.
Similar service has spread in many metropolia such as
ParcelMotel in the Republic of Ireland, SmartPOST in
Finland, Degnpost in Denmark and Fengchao in China.
They are usually deployed in shopping centres, stores
or other public domains. Take the Amazon Locker as
an example, it partners with convenient stores such as
7-Eleven in the US (Chao, 2015) and Co-operative Food
and Morrisons in the UK (Gampbell, 2012).

Changes on Streets

Goodchild and Ivanov (2017) argue that the final 50 feet
is a segment of the whole delivering online purchases
and they believe city department of transportation is the
key role to control kerb space, streets, alleys and side-
walks where trucks load or unload cargo and purchasers
collect their goods.

= Final 50 Feet -
ACity Truck Load/Unlead Space - via Delivery Person - Final Consumer)

= Last Mile -

(Distribution Center - via Truck -Retail Stare or Truck Delivery Space)

- National or Regional -
(Part - via Truck/RailShip/Air/Barge - Distribution Center)

= Glabal -
(Goods Production Source - vin Ship/Rail/Air - Port)

Fig. 2.4: Supply Chain Segments.
Source: Goodchild and Ivanov, 2017.

For better final delivery, streets should provide following elements:

Delivery Lockers

It is be proved that delivery locker
can elevate the success rate of the
first delivery attempts and reduce
the fragmentation of final deliver-
ies. Also, their deployment can de-
crease congestion and pollution due
to freight activities (Morganti et al.,
2014).

T
B

Loading and Unloading Area
Managed and bookable loading and
unloading area is important for freight
in urban areas since it can reduce
delivery time by assisting drivers to
approach their desirable loading area
efficiently (McLeod and Cherrett,
2011).

[
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620
Dispatch Station on Streets
Through a practical test of light elec-
trical vehicles used for last-mile de-
livery in European seven cities, it
is demonstrated that dispatch sys-
tems on streets have great benefits

on business cost, environment and
transportation (Lia et al., 2014).
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Case Studies - Changes on Streets

Fig. 2.5: Tesla's quick charge station. Fig. 2.6: Dedicated pick-up area for Uber and Lyft in Las Vagas.
Source: Freightwaves, 2019. Source: Thepointsguy, 2016.
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Fig. 2.7: Fig. 2.8: Intelligent intersections illustration
Parking area comparison between AVs and normmal cars. Source: Smartcitiesword, 2017.
Source: Mitchell et al., 2010.
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Fig. 2.10: Shandong Kaich Intelligent bus stop in Shandong.
Source: Kaichsmartcity, 2018.

Fig. 2.9: Momentum’s 200 kW wireless charging system in Wenatchee.
Source: Ridden, 2018.
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Case Studies - Changes on Streets

Fig. 2.12: Dockless shared bile parking plot in Singapore.
Source: Land Transport Authority, 2018.

\g. 2.13: har dbycle docking station in London.
Source: Stanford, 2012.

Fig.2.11: We\lequwppsd. cy;éle lane in Manchester.
Source: David Edgar, 2017.
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Fig. 2.14: Trash can for cyclists in Copenhagen.
Source: Acharya, 2017.

. PN BT
Fig. 2.15: Delivery lock beside a tube station in the UK.
Source: Inpost, 2017.

ig. 2.16: Daymak wireless E-Bike charging stations.
Source: Teal, 2017.

Fig. 2.17: Delivery lock beside 7-Eleven.
Source: Vega, 2017.
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Case Study - Quayside in Toronto

This is an urban regeneration project on 4.9 hectares (12
acres) of land in south Toronto developed by Waterfront
Toronto and planned by Sidewalk Labs.

One of the key topics in this project is the smart city and
intelligent transportation system. Different traffic modes
and corresponding facilities including trams, buses,

-

Fig. 2.18: Perspectivg

shared bicycles, e-scooters, dynamic kerbside and au-
tomated delivery system are discussed in this project.
Therefore, it is a suitable reference for studying how in-
telligent technologies are integrated and coordinate in
one place.
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Fig. 2.19: Accessibility Map of the Site.
Source: Sidewalk Lab, 2018.
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Findings of Kerhside Usage

« Conventional elevated kerbs are removed so that pedestrians, passengers and stalls can access more easily.

« Digital and dynamic management enable multifunctional kerbside at different time, which transforms kerbside to
extensible public realms and blurs the edge between pavement and vehicle lanes.

+ Movable furniture and in-pavement indicators are crucial components to achieve flexible street configuration.

Fig. 2.21: Dynamic Kerb Deployment.
Source: Sidewalk Lab, 2018.

Curb uses become dynamically managed Street designs anticipate Transit-priority

with a combination of digital signage, autonomous vehicles (AVs) by and transit-first

moveable furniture, and tactile paving to removing curbs and using medular achieved with 4
ensure accessibility and safety for all pavement o prioritize pedestrians / LRT expansion

£ i

ha e e i) k. e N

Bike lane expanded from Queens

sw‘;:telt tu;;e:lmc_i ﬂz;“y | 4 Quay West by 1.4m. Heated pavement

ex] ion of s\devl.-r;gk ¢ reduces the barriers to cycling, and
Pand ! Py green wave lighting speeds cyclists

Pick-up/Drop-off Space
made more efficient with digital
management system coupled with
moveable furniture, in-pavement
lighting and tactile indicators

Expanded Public Realm
created with same toolkit when
low pick-up/drop-off demand
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Findings of Bicycle and E-scooter

Parking or renting area is embedded beside or within buildings to make the usage of them more convenient.
Bicycles or e-scooters are integrated with mass transit systems (Trams and buses). By creating seamless trans-
fers among them, the project can encourage active mobility patterns and reduce private car usage.
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M Bike Racks - 510 Spaces
B sike Hubs - 700 Spaces
M Bike Share - 204 Spaces
B e-Blke - 45 Spaces
—— ™ e-Scooter - 197 Spaces
== Bike Route - Frimary —————-—____________
s Bike Rouie - Secondary & =
== Transit Facilities

Fig. 2.22: Bike Paths, Parking and Sharing Map.
Source: Sidewalk Lab, 2018.

Cycle routes are separated on main roads but integrated on peripheral paths. Both types of cycle routes are con-
nected to form a complete and permeable cycle network, which promotes cycling experience and accessibility.
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Fig. 2.23: Bike Network.
Source: Sidewalk Lab, 2018.
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Deficiencies & Challenges

* No charging facility
The proposal does not mention any charging facility for AVs, electric cars and bicycles (or e-scooters), which is a
fundamental element in larger sites for supporting electric-led mobility.

« Lack of Intelligent Intersection
Intelligent intersections can prioritise non-motorised traffic modes (NACTO, 2017). The lack of them will make it dif-
ficult to organise pedestrian flows, cyclist flows and vehicle flows with more complex circumstance.

* Deployment of other mass transit
Other public transport such as metro or BRT is not discussed in this project, which makes it not a useful reference for
those areas without tram systems.

+ Unclear connection with wider urban area
The connection between other areas in the city is important, but it is missing in the proposal

- No parking and waiting areas for vehicles
Suitable parking and waiting areas are important for larger sites since there is a large traffic volume in peak hours.
The lack of those areas connotes that vehicles have to wait outside the site bringing traffic pressure to other places.




TOOL-KIT FORMATION







34

Tool-kit Formation

The tool-kit starts with the reviewed literature of four traffic modes to
figure out the required changes. Then certain changes are integrated to
form different design tools. Therefore, every tool not only reflects differ-
ent changes on the streets but also responds to different traffic modes.

Traffic Mode

Autonomous Vehicles

Automated Mass Transit

Shared Bicycles and E-scooters

Better Delivery System

Fig. 3.1: Tool-kit formation map.




Tool-kit*




Tool A

Versatile Kerbside (With One-way Cycle Lane)

Tool A is the most vital tool to maximise the potential of
streets. The overall idea is modularising the kerbside both
spatially and temporally. This tool explores the possibility
of more accessible public realm on streets for humans.

When the traffic efficiency and the usage rate of single
vehicles are promoted by new traffic modes , streets can
support the same transport volume with less car lanes

Peak Hours

Enclosing
Building

e

One-way Dedicated Cycle Lane
Buffer

Charging & Dynamic Kerbside
Plant Separation
Dedicated Bus Lane

Kerbside Dynamic Management

AV and Electric Vehicle Charging

0 AM.

and parking area. Then more spaces are released to be
transformed to wider pavement, continuous cycle lane,
greening, more comfortable queueing area and other
urban functions for humans. On the other hand, the de-
crease of private cars help to build more quiet and walk-
able kerbside environment for people.

ﬁ Shared Bicycle and E-scooter Station

Drop-off and Pick-up Area for
Multiple Transport Modes

Safe and efficient drop-off
and pick-up experience for
commuters.

Freight For Passengers Outdoor Dinr

6 A.M.
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From vehicle-centred to human-centred

Meeting Commuting

fic Efficiency ’ M‘

Greening Dining

Fig. 3.2: Versatile Kerbside (With One-way Cycle Lane).

Off-peak Hours

Dining, Food Delivery, Food Truck,
Stall, Meeting, efc.

Dynamic management brings opportuni-
ties to small business and pop-up market.
Food delivery and outdoor dinning can be
integrated so that people can escape from
tiring indoor working then enjoy their meal
and gossip with each other.

Food Truck and Delivery Collection Outdoor Dinning and Casual Meeting Place

iing, Food Delivery and Other activities For Passengers Outdoor Dinning Freight

12 P.M. 6 PM. 10 PM. 12 A.M.




Tool A
Versatile Kerbside (With Bidirectional Cycle Lane)

Here is another type of versatile kerbside with a bidirec-
tional cycle lane on one side, which can even offer more
spaces on the side without cycle lane for strip gardens.

Multiple Transport Modes
Peak Hours
Shared Bycle and E-scooter Station
&

Enclosing

Building

Pavement
One-way Dedicated Cycle Lane
Charging & Dynamic Kerbside
AV and Electric Vehicle Charging Freight For Passengers Outdoor Dinr

[
0 A.M. 6 A.M.




39

E‘& E?@ =)

Fig. 3.3: Versatile Kerbside (With Bidirectional Cycle Lane).

Dining, Food Delivery, Food Truck,
Stall, Meeting, etc.

Off-peak Hours

Food Truck and Delivery Collection Outdoor Dinning and Casual Meeting Place

iing, Food Delivery and Other activities For Passengers Outdoor Dinning Freight

12 P.M. 6 PM. 10 PM. 12 A.M.
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trnatives to create more space for human -li!; (\?@ f&;%?:g

Delivery and Freight Station

Dedicated unloading and loading area
can provide delivery boxes for commuters
and also distribute packages to final place
with scooters.

1
A
X2 Retail and Convenient Stores

y i - Metro Station
..y

Bus St::\p ! !

| 2

Interactive Traffic Assistant

Interactive traffic assistant on the site
can provide real-time traffic information
and suggest the best traffic combination
to the destinations.
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Tool C
Smart Intersection

This tool aims at providing better passing through experi-
ence for pedestrians and cyclists and also keeping traffic
flow moving more smoothly. More efficient intersections
make streets with less car lanes become possible.

Dynamic Turning Indicator

Turning indicators on some lane are variable according to
real-time traffic condition. Cooperating with AVs, vehicles
can choose faster routes avoiding congestion intersection
automatically, which reduces people’s time wasted on
commuting.

Fig. 3.5: Smart Intersection.

Indicator on Corner Buffer

Indicators & Detectable Pavement

Embedded sensors in pavements can detect the people
waiting for crossing streets or passing cyclists. Then this
B el s data is sentto the indicators on cycle lanes (or car lanes) to
e 1 warn cyclists (or drivers and AVs) to slow down their speeds.

Indicator on Cycle Lane The traffic light phases can adjust automatically according to
number of waiting people and cyclists. This reduce accidents at
intersections and promote safety of all kinds of people.
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Tool D
Street Garden

Road spaces released from side parking can be used
to deploy more urban greening. Those generated
green patches can designed as leisure space, educa-
tional gardens, healing gardens and even city farms

With Bidirectional Cycle Lane

i
|
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With One-way Cycle Lane

Strip Garden

Boarding Island

Evaporation

\;- Fig. 3.8: Low Impact Development on Streets

- R 4 Source: Zhang et al., 2012
Rain Storage Permeation




Tool E
Crossing Gateway

This tool is derived from an intrinsic feature of longer
gaps between autonomous vehicle fleets. It brings the
opportunity of more frequent crossing on our streets.

Fig. 3.9: Crossing Gateway.

Cyclists and Pedestrians

Sensors and indicators also coordinate to reduce conflict
between cyclists and pedestrians by intelligent traffic lights
on cycle lanes.




Safer Crossing

The embedded sensor in gateways can detect the coming
pedestrians and tell nearby AV fleet that someone is going
to cross the street so that fleets can slow down before they
approach the crossing gateway.

47
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Tool-kit Benefit Assessment Matrix
How do people benefit from different tools?

=

Vibrant and Versatile Public Realm

Transformed kerbside becomes vibrant and ver-
satile urban public space for different kinds of
people and revives street life.

This tool provides services beyond transporta-
tion such as retail stores, pocket garden and de-
livery collection for people.

Strip gardens alongside roads create widely-dis-
tributed space for people to have various activ-
ities. Trees provide shade and also decrease
noise from roads.

Crossing Gateway can encourage walking and
strolling on street which stimulates the retail foot-
age and brings vibrancy to adjacent commercial
facilities.




Safe and Resilient Street

49

Table. 3.1: Tool-kit benefit assessment matrix.

tochmmid

Integrated Transport Network

This tool builds safer streets for people by allo-
cating dedicated transport space and narrowing
down motor lanes. Street resilience is also pro-
moted by increased green land alongside roads.

This tool provides flexible space to support multi-
ple traffic modes right beside the pavement, and
well-organised cycle lanes promote active mobil-
ity experience.

Ordered pedestrian and vehicle flows promote
street safety.

This tool contributes to creating more integrated
transport experiences and simplifying commut-
ers’ daily traffic transfers.

Majority of traffic accidents occur at the moment
of turning and crossing. Dedicated cycle lane
and pavement with protective buffer and embed-
ded sensors can promote street safety and re-
duce fatality significantly.

The left turn pocket can leave the lane for ve-
hicles going straight. Queue jumping lane for
buses is demonstrated to promote efficiency of
public transport (NACTO, 2017)

The crucial contribution of this tool is promoting
city resilience by increasing green coverage ratio
in dense urban area and help to create a more
pedestrian-friendly environment.

Street gardens help to build a more walkable city
that not just for private cars but multiple traffic
modes.

Shorter cross distance and coordination between
AVs and infrastructure can promote street safety
significantly.

More frequent crossing opportunities can reduce
detour distance for pedestrians and enhance the
active mobility network.
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Methodology

The research question and research gap are put forward
at the beginning. A brief research background referring to
the significance of the new generation transportation re-
veals the immense potential of intelligent technologies for
tackling traffic problems and making better streets. After
that, research objectives are set out to conduct the whole
investigation. By reviewing deficiencies of the existing
infrastructure and global regulatory environment, the re-
search problem is put forward. The main research meth-
ods in this stage are library research and field research.

After comparing development level, possibility in the near
future and application condition of different technologies,
the literature review focuses on four mainstream innova-
tive transportation modes: autonomous vehicles, automat-
ed mass transit, shared bicycles and scooters, and better
delivery system. Transportation policy documents, laws,
government work reports, academic dissertations and
books are the studied documents.

Through literature, corresponding changes on streets from
different transportation modes are found and become the
foundation of tool-kit. Different precedents and a compre-
hensive case in Toronto, which has significant progress
on testing, applying, operating and managing the similar
transportation systems, are reviewed as reference for both
tool-kit formation and later proposal.

In tool-kit section, different changes on streets are inte-
grated into five tools containing the deployment of four dis-
cussed traffic modes. Explicit description of different tools
is showed with axonometric drawings and the benefits for
people and cities from the tool-kit is discussed to ensure
all tools are following the set-out research objectives.

The applications section starts with the existing situation
of the site, followed by the discussion about why it is not a
human-centred place now. To better understand the traffic
problems, interview of local commuters and data investi-
gation are also utilised in this section. Strategies based
on set-out tool-kit are put forward to transformed those
single-function traffic spaces to more human-centred plac-
es. Space syntax is also used to justify the chosen street
for strategy application. Since the tool-kit covers different
types of space such as roads, intersections and stations,
the proposed strategies can be considerably practical.
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( Research Question & Research Gap )

(

(Research Background

Meaning of New Transportation )
)

Research Objectives and Contribution

One Aim

Transform streets to more human-centred spaces

Three Objectives

1. Vibrant and Versatile Public Realm
2. Safe and Resilient Street

3. Integrated Network

& Missing Elements of Infrast

Identify the Research Problem
ructure
Worldwide Regulatory Environment

( Literature Review & Case Study )

New Tranport Modes

1. Autonomous Vehicles
2. Automated Mass Transit

52A1123(q0 YuM 11001 3y} 55355y

3. Shared Bicycles and Scooters
4.Better Delivery System

Changes on Existing Streets

| Case Studies l

C

Tool-kit Formation

(Urban Design Guidance) )

C

Site Application

)

(

Conclusion

)

Fig. 4.1: Methedology map.




Project Site

The site is the Tianhe CBD in Guangzhou, China. In
country scale, transportation in China still over relies on
private cars. Up to the end of 2018, its gross road mo-
tor vehicle number exceeds 332 million which ranks the
first in the world (Traffic Management Bureau of China’s
Ministry of Public 2018, cited in Molly, 2018). Meanwhile,
China has positive attitudes towards the new transpor-
tations: The quantity of renewable-energy-powered ve-
hicles is expected to overtake that of United States by
2020 reaching the number of 5.85 million (People’s Re-
public of China, 2015) and the Chinese shared bicycle
services have over 235 million users (liMedia Research
2018). Huge traffic volume, dense population and paosi-
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Fig. 4.2: Location of application site.

tive circumstance of new transportation are all beneficial
for the application of tool-kit.

As for the city scale, Guangzhou is a typical Chinese me-
tropolis. Its centre, the CBD is the densest and most vi-
brant area with a complex and enormous transportation
network. The overall site is around 1.1 km?® and consists
of various urban functions and comprises diverse street
levels. The enormous transportation reqguirement and
the comprehensive street hierarchy baoth strongly sup-
port the application of tool-kit.

Location: Guangzhou, China
Site Area: 1.1 km?
Population: 300,000

Guangzhou International Airport
30 mins

-

_,_ <

DH\Qh speed RHM Sta
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Research Timetable

Schedule Rationale

Initial literature review & proposal |To have an overlook of the whole field and identify the most relevant literature
1/1-4/4/2019 of the research topic.

In-depth literature review To review the filtered literature following the research question and problem set
out in the proposal for figuring out what problems have been sorted or what the-

4/4-1/5/2019 ories were put forward by previous studies.

Draft tool-kit A generic tool-kit based on reviewed literature is the crucial element to solve the

1/5-10/5/2019 research problem in different circumstances.

Case study & improve the tool-kit |The tool-kit needs to be improved and optimised by reviewing cases and justify-

10/5-20/5/2019 ing the feasibility in real life.

Site visit Collecting data and understanding local context can make the tool-kit applica-
tion more reasonable and practical. Specific interview to commuters reveals the

20/5-5/6/2019 fundamental deficiencies and challenges of its transportation.

Project application
5/6-30/6/2019

To demonstrate the feasibility of the tool-kit, and also assess its impact and
influence in real life.

Editing & Proofing To ensure the preciseness and correctness of writing, also optimise the logical-
30/6-19/7/2019 ity of the discourse.

Revision
19/7 - 2
2/9/2019 - Final Submission

Revised based on supervisor's comments.

Table 4.2: Research timetable.
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Fig. 5.1: Map of application site.
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Existing Situation

Transportation Analysis

Fig. 5.2: Analysis maps of application site.

-

Vehicle Flows Public Transport Absence of Cycle Lanes
The internal traffic relies on an an- There is an automated metro sys- Most of the roads lack dedicated
ticlockwise one-way road, and the tem passing through the site in cycle lanes (in pink line).

rest of all the roads are two-way. south-north direction with four met-

Four east-west direction tunnels ro stations. Bus stops are mainly

cross the site to leave the ground located on these two primary roads

floor to the park. in the west and east.

Ground Floor Use Analysis
Ground floors are mainly office
- buildings in the south, includ-
ing city library, museum, opera
house and teenager centre. All

of these parcels surround a huge
central park.

Office

Retail

- Public Building

Green Land

- Water Surface

S|
Fig. 5.3: Ground floor use map of application site.
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Investigation Statistics

1.65 300 v 300 s

Person-time every day on average Car-time every day on average Employment positions
Data source: AECOM, 2017.

Commuting Way Investigation
The interview sample is 100 randomly chosen people in Tianhe CBD. Three questions were asked:
How do you commute everyday?

How’s your walking experience?
How’s your Cycling experience? (For those who cycle)

(People)

N 32

30 29 Satisfaction degree of walking
20 20

° 2 8
3 3 °1"°
0

T Satisfaction degree of cycling
Metro Private Car Taxi/DiDi Bus Walk Cycle

Fig. 5.5: Commuting modes distribution.

Active Mobility Proportion Comparison pata source: Sohu, 2017.

32. 50. 53. 47.

Tianhe CBD Berlin Rotterdam Shanghai
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Problems

Road Condition

Road system here is built
for automobiles. This kind
of street with multiple car
lanes and high speed can
be found in many places in
the area. Although some of
them are equipped with cy-
cle lanes, but no one wants
to cycle in such roads.

Cycling Experience
A sufficient number of
streets here have no ded-
icated cycle lanes which
force Cyclists to share the
same space with cars,
which sometimes causes
traffic accidents.

Walking Experience
Roads are too wide to
cross, and there are few
crossing gateways. Pedes-
trians have to detour a long
distance to find one, and
some of them cross the
road directly.

Ground Vibrancy

According to the human
activity map and land-use,
the most vibrant place in
the area is a metro station
entrance. Retail facilities in
orange have few pedestri-
an flows surrounding.

Fig. 5.6: Intersection of Huaxia Road.

" . - - 3
Fig. 5.9: Pedestrian flow map. Data source: Amap.
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Vehicle-oriented Transportation System

09
X [t

Unsatisfying Walking Experience

%

-

Sluggh Ground Floor

Non-continuous Cycle Network

This is not a human-centred place.




Strategy One: Revive Street

Relevant Tools: Integrated Service Hub, Street Garden, Crossing Gateway, Smart Intersection
Solved Problems: Road Condition, Cycling Experience

This strategy aims at reviving the internal anticlockwise
street, which has four one-way lanes but lacks cycle lane
at present. A new two-way cycle highway which showed
in blue on the map is supplemented and extended to the
south to link the existing river bank cycle lane.

An integrated service hub is deployed in the north, and
a new autonomous shuttle bus is connected to provide
a better alternative commuting way. It is an action to re-
duce private car usage within site.

B Two-way Cycle Highway +——
The highway is deployed on the inward
side for keeping away from frequent
turning vehicles on the outward side.

I Autonomous Shuttle Bus

——
ﬁ

=

Integrated Service Hub

ﬂ |

\ /
Fig. 5.10: lllustration of service hub, cycle highway and autonomous shuttle bus.




Fig. 5.11: lllustration of strategy one.

Jl integrated Service Hub

[l Autonomous Shuttie Bus

Two-way Cycle Highway

N Existing Cycle Lane
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Strategy Two: Smart Block

Relevant Tools: Versatile Kerbside, Street Garden
Solved Problems: Road Condition, Walking Experience, Ground Vibrancy

This strategy mainly focuses on the application of versa-
tile kerbside, which is the key to transform streets from
linear transport spaces to multifunctional places. By en-
couraging diverse activities on kerbside, adjoining retail

I Transport-oriented Kerbside

and building frontages can be activated. People working
nearby can have new public realm for communication
and resting.

I Versatile Kerbside

! Chosen Block

The outside kerbs adjoining the main roads
are transport-oriented since they connect
the busy transport streets with high de-
mands of drop-off and pick-up throughout
the day.

On the other sides close to that anticlock-
wise street, are versatile kerbs with shifting
functions that are mentioned in the tool-kit
section.

The proposal has considered the position
of garage entrances to avoid the conflict
with vehicle flows.

Fig. 5.12: Example of smart blocks.
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Fig. 5.18: lllustration of strategy two.
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Strategy Three: Optimise Non-motorised Network
Relevant Tools: Smart Intersection, Grossing Gateway, Street Garden
Solved Problems: Road Condition, Cycling Experience, Walking Experience, Ground Vibrancy

The last strategy is to optimise the non-motorised net-
work and improve cycling and walking experience. Three
tools are deployed in this strategy:

Optimised Pavement
and Cycle Lane

Optimised pavement and supplementary cycle lanes are
added to streets lacking them. This action works with the
cycle high way in strategy one to form a complete active
mobility network.

Crossing
Gateway

Crossing gateways can help to enhance the connection
among different plots and lead the pedestrians to the cen-
tral park. Unlike conventional speed bumps, this facility
can instruct approaching vehicles to slow down without
annoying passengers.

I Smart Intersection

Smart Intersections are deployed to promote traffic ef-
ficiency and safety across the site. It is also the crucial
action to encourage cycling and public transportation by
providing a better experience in intersections.




Fig. 5.148llistration of strategy three.

Smart Intersection Two-way Cycle Highway
\ I |l||
I 1ty

|

Optimised Pavement
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Strategy Three

Prospect of Smart Intersection - Cooperative Intersection Network

All those intersections can cooperate closely to promote traffic ef-
ficiency. The information including turning direction, speed, vehicle
volume, cyclist volume, pedestrian volume and emergency is col-
lected in each intersection then mutual communication among those
intersections form a comprehensive traffic data network for guiding
AV's to select the best route for passing the area. Moreover, the whole
process is imperceptible since the traffic system itself can learn how
to avoid congestion before it happens.

Fig. 5.15: Cooperative intersection network.
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Justification of Strategy Application

The internal circular street is affected by all three strat-
egies. Below is the justification about why it is the best
choice to be transformed into completely human-centred
places.

Geometrically, the potential road should have a low
choice degree so that it can get rid of high traffic volume.
Secondly, the road should have a higher integration
level, which connotes better accessibility. That ensures
people are willing to come to this place. So this anticlock-
wise street is the best choice to deploy all those tools.

Fig. 5.16: Anticlockwise street in Tianhe CBD.

Space Syntax Analysis (Radius: 2 km)

Fig. 5.17: Space Syntax analysis - choice level, Fig. 5.18: Space Syntax analysis - integration level,|
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Fig. 5.19: Section position.

Building Frontage Versatile Kerbside Car Lanes Cycle Pavement Central Park

Highway

Fig. 5.21: Section A-A after transformation.
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Design Prospect: Zhujiangxi Road

Fig. 5.23: Proposed design of the Zhujiangxi Road.
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Safer Crossing
Autonomous vehicles stop au-
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Usage Indicator
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langxi Road and its position.

Versatile Kerbside
Dynamically-managed kerbside activates
those depressed frontages.

Food Delivery Collection
Food delivery service and dinning are =g
integrated in the same place.




Design Prospeg 1

Supplementary lane enhances the connection
between west and east ,and encourages cycling
for daily commuting.

~

1 fOrcygleslaEand, its




Period-management reminds cyclists to slow
down speeds during off-peak hours to balances
the connection of cycle lanes and the experience
of pedestrians.

Slow down during
10:00-12:00
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Design Prospect: Intersection

o
Fig. 5.28: Present condition of the Intersection. e
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: Position of the Intersection,

fter expanding corners at intersections, pe-
estrians have capacious and stores have
more usable outdoors space.

Bus jumping area is combined with
stops to prioritise public transport.

Pavement detects the number of
aiting people so that traffic light
can change reasonably.

Fig. 5.29: Proposed design of the Intersection.




CONCLUSION




Reiteration of Research GContent

Widely
Connected

Intelligent
Transportation

More Efficient

More Accessible

More
Autonomous

More
Reactive

The research starts with four inherent features of intel-
ligent transportation, which make the new transporta-

tion system more autonomous and reactive. With the
promotion of traffic efficiency, the decline of vehicle
number becomes possible and accompanying oppor-
tunity to rearrange our street space is in front of us.

Following three objectives, a tool-kit based on chang-
es from intelligent transportation is created to accom-

Decline

plish an ultimate vision: transforming streets to more

human-centred space.

Contribution of Research

At most time, our streets are re-
garded as a space with clear de-
marcation. Vehicles and people are
constrained within a certain space
in a still condition. However, human
behaviours and transportation are
dynamic.

This research takes the new trans-
port system as an opportunity to re-
design our streets by modularising
flexible spaces. It transforms streets
from linear traffic space to multifunc-
tional public realm with the devel-
oped tool-kit.

of Vehicle Number

Fig. 6.1: Overall structure of the whole research.

More
Human-centred
Space

i

Rearrange Street

Space

)
f@@%ﬁ@

Integrated Network

Fig. 6.2: Transformation of road form.

It blurs the previous demarcation and
makes streets more flexible to accom-
modate various activities dynamically.
The research helps those high-densi-
ty areas to develop available public
space from existing urban skeleton
rather than occupying extra land or
demolishing built environment.

Vibrant and Versatile

Safe and Resilient Street




Limitation of Research

In this research, four new transportation modes are dis-
cussed, and the choice of them is based on their rel-
atively mature development, high possibility of wide-
spread deployment and strong support from previous
research and literature. However, other technologies
might change transportation such as delivery drones, fly-
ing taxi service, super-speed underground tunnels and
modularised automated light train. The impact on urban
space of those technologies could be studied in future
while they become more feasible and mature.

Because of the present development of the industry, a
built project which successfully applied all four technol-
ogies cannot be found as a reference, which is another
limitation of this research. The proposed tools are based

on respective precedents, and that might ignore the syn-
ergy or conflict between different traffic modes.

Moreover, the assessment of the tool-kit is qualitative
instead of quantitative due to the lack of transportation
simulation or related quantitative analysis. This could
reduce the viability of tool-kit performance and benefits.
In further research, programs such as Adobe Infraworks
can be used to simulate the traffic impact of those are-
as with tool-kit applied for presenting more precise influ-
ence.

Further Research Opportunity

Research Background

New transportation system is a broad topic, and this
research only discusses part of the corresponding spatial
design on streets.

In the same subtopic of spatial design, more specific
design guidance referring to the measurement of certain
components, typology of different types of streets and
variation under different cultural backgrounds can be
investigated in future research.

Beyond this subtopic, the relevant policy framework is
another significant aspect that impacts urban space and
transportation evolution in future. On the other hand, the
progress of technologies changes rapidly and sometimes
unpredictable. That brings both opportunities and

Different view points

Focus of This Research

Fig. 6.3: Relevant topics in the same field.

challenges to city planners, and the potential of emerging
technologies can always inspire further research and
generate new concepts. Furthermore, the ethics side
of the new transportation system is controversial all the
time. For example, how can we judge who should take
responsibility for a fatal accident caused by autonomous
a car or will autonomous vehicles substitute for all human
drivers and lead to industrial unemployment?

In conclusion, this research only reveals a possible
prospect of urban streets while facing the advent of new
transportation but diverse entry points can be found from
different aspects for discussing the future further.
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Appendices

Appendix 1: History of Autonomous Vehicles

1950s Initial trials began

1977 The first truly automated car

1980s  Autonomous prototype cars appeared

1990s

Semi-autonomous cars such as VaMP, Vita-2 and ParkShuttle were tested on roads.

1991 The United States Congress passed the ISTEA Transportation Authorization bill to license the demonstration of AVs .

2004 The first Grand Challenge was held

2008 The first commercial autonomous mining haulage system

2009 Google started its self-driving cars

2013  Many major automotive manufacturers began their tests of driver-less systems
2014 Tesla announced its first version of AutoPilot.
2016  The first self-driving taxi service appeared in Singapore

2018  The first fatal crash involving a self-driving vehicle happened




Appendix 2: J3016 Levels of Automated Driving graphic
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Appendix 3: Comparison of mainstream autonomous vehicles
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