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ABSTRACT

Modern road systems consist of a large amount of
driving fault-tolerant space for security reasons,
leaving much of the area vacant and underutilized
in off-peak hours. The emerging autonomous
vehicle technology may address this problem while
reshaping the urban structure and space through
transportation technology innovations. Once

the algorithm-controlled vehicles can realize an
accurate running, 80 percent of the existing roads
can be transformed into vegetated permeable
surfaces. As a result, the whole road system will
be converted into a pervasive green infrastructure
network, which provides an opportunity to enhance
the continuity of urban ecosystem. Moreover, the
cloud computing technology may help distribute
more lanes to vehicles during peak hours and
shrink vehicles’ right of way during off-peak hours.
The saved road space could support activities such
as outdoor restaurants and concerts. Finally, the
author encourages more landscape architects

to contribute to a better future of autonomous
urbanism with their visions of eco-environment,
public space, and humanity.

KEY WORDS
Autonomous Vehicle; Technology; Transportation;
Green Infrastructure; Road Softening
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The Society of Automotive
Engineers (SAE
International) classifies
driving automation into six
levels: No Automation (L0),
Driver Assistance (L1),
Partial Automation (L2),
Conditional Automation
(L3), High Automation (L4),
and Full Automation (L5).
For more information,
please visit the official
website of Tesla.
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1 Introduction

Autonomous vehicle technology, in a rapid development,

is leading to a transportation revolution. From technical
perspectives, a range of companies are witnessing
breakthroughs. Waymo’s driverless system has already racked
up 10 million miles of driving experience!; Tesla’s full range
of vehicles have been equipped with autopilot system of SAE
L2 ~ L3% automatic driving®; and Baidu’s auto-driving bus
“Apolong” of SAE L4 has commenced mass production'’.
From policy perspectives, 29 states in the U.S. have enacted
regulations on autonomous vehicles'*. In 2017, the National
Association of City Transportation Officials of the U.S.
released the Blueprint for Autonomous Urbanism, which
explores urban design guidelines for autonomous vehicles in
policy, safety, efficiency, and management’. In 2018, several
governmental agencies of China jointly introduced an official
regulation on drive test of intelligent connected vehicles;
Chinese cities including Beijing and Shanghai have launched
drive test programs of autonomous vehicles.

The advances of transportation technologies like
autonomous vehicle technology will reshape cities in the near
future. For one possibility, due to more efficient transportation
modes, traffic and parking spaces in downtowns might be
reclaimed towards pedestrian-oriented urban neighborhoods,
such as parks, linear green belts, promenades, and stores. For
another more pessimistic possibility, however, ever-advancing
technologies and vehicles might encourage more unnecessary
ride demands and a denser use of traffic and parking spaces,
while pedestrian and green spaces or even the sky and
undergrounds might be occupied for traffic use (Fig. 1). It is
the time to re-examine the right of way between humans and
vehicles.

2 The Fault-Tolerant Space of Modern Roads

The transportation development mirrors the episodes of
human progress. From the invention of wheels to carriages and
steam cars, and to automotive vehicles, trains, and airplanes,
humans always pursue a greater and faster transportation.
However, manned vehicles are exposing themselves with more
and more security problems as transporting speed increases. In
response to this, humans have explored two solutions: one is to
apply sophisticated automation systems (usually in trains and
airplanes) to replace the human drivers in stringent scenarios to
minimize risks; the other is to continue humans’ driving mode
while leaving adequate room for fault tolerance.
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Now, the latter mode has widely applied in the field of
automobile driving. Multi-lane roads and parking lots are two
typical fault-tolerant spaces: although helpful for alleviating
peak traffic, parts of multi-lane roads may be vacant during off-
peak hours; research shows that the average daily vacant hours
of a parking lot of private car is 22 hours (Fig. 2), causing a huge
waste of urban land resource. The current standard of fault-
tolerant space also derives from a consideration on human limits
in response to dangers — for a vehicle with an average width of
2 meters, a 3.5-meter-wide lane and a running gap of 10 ~ 100

6
meters are necessary[ ]

3 Road Revolution of Autonomous Urbanism

In the future, autonomous vehicle technology will make
breakthroughs in a range of aspects. First of all, autonomous
vehicle networks can be completely operated by cloud computing
that would optimize the real traffic volume of each road section
(Fig. 2); empty vehicles can park automatically in suburbs instead
of occupying downtown spaces. Secondly, autonomous vehicles
equipped with radar and LiDAR sensors will detect real-time
traffic and react to accidents immediately”’; other vehicles’ real-
time information, including size, destination, and speed, may also

be easily obtained with the aid of decentralized communication
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%fd?‘?fﬁffm"b”es technology, making it possible for lane switching, moving in and out
of roads, and dropping off passengers'™. Thirdly, as an algorithm-
controlled vehicle can accurately drive itself on urban circulation
systems, the required running gap can be greatly shortened (Fig.

3). Moreover, clean energy will be the main power source for

autonomous vehicles.

ATNEYSERITRIEEE
Road for autonomous vehicles 3.1 The Road Softening Program
As a response to the transportation revolution, I would propose
a Road Softening Program. The program assumes that on the
premise of accurate drive of the autonomous vehicles, a standard

3.5-meter-wide lane can be transformed into a combination of two

W © Luo Yadan

tracks (0.5-meter-wide in total) and three permeable belts (3-meter-
wide in total), which may provide an opportunity to enhance the
continuity of urban ecosystem. Ideally, 80 percent of an existing
lane may be vegetated: the 1.5-meter-wide space between tracks is
perfect for local herb plants resistant to busy traffic environment,
while the two 0.75-meter-wide fault-tolerant space on each side

could offer room for trees’ growing (Fig. 4, 5). As a result, the

2 BAESTENEAS 3.1 B4R whole urban road system can be converted into a pervasive green
§ ggiiiﬁ%@iﬁ% ., B T———— T A2 infrastructure network in the city (Fig. 6, 7), which connects
B LATINEETILY A TR B AHE . {E B H03 Sk G fragmented urban green spaces and creates continuous habitats for

different species. Also, it is possible to convert part roads / streets

’ goar:iz{;:oe;r;in ARG OU0.5m IS A B A BT RO O 3m 2 A 1252 into sponge bioswales through appropriate planting design and
:,Zariz:yn:r:r:l’:s:;e :n i}&?ﬁﬁg*%%ﬂ@ﬁ?éﬁﬁ%{ﬁéﬁﬁfgm TEHRBIDL T, Z980% AT % minimum elevation alteration. Rainwater could infiltrate after being
z:‘a‘;rfm"us"ehide in A AR BO A RR GRS TR PR AR TR 1. Sm B 25 ) purified by the sponge bioswales, which would enhance or even

3. Spaces between ﬁfﬁﬂ?{ﬁélzﬁmﬁ TR & T EARRY), PI450.75m 58 B 25565 2 [a] AT A replace the existing urban drainage system. Today, impermeable
Z::;T:::ﬁ::;poa::s TR ALY (E4, 5) 5 TR R A0S 1 W ] 44 685 5 26 bk 1 4 asphalt pavement dominates urban roads, which results in an
vehicles AN TR I B R E LRI 2% (K6, 7) |—JHT 7 4 R I AR R increasing urban heat island effect: for one thing, it hinders

TGt . R R R v S B B Al . %%ﬁ HEAT rainwater infiltration that would impact the heat-reducing function
BT e . AT I B e S Q% WL 52 A of evaporation; for another, its low albedo increases the solar

heat absorbed by the surface’”. The solution offered by the Road
Softening Program may perfectly respond to these problems, while

EIITRZK AT, DLHORAM A EE R IR T K R 4L é HI, A
ST A AN K 75 S TR T T R RN, — T, TR K TE
T8, ZELARERRERIEZ B I —Jr T, A
TE] PRI S R H A M A A BE I ™, T B 2 pe - Ja e e 3.2 Right of Way Adaptive to Real-Time Demands

REMARAS E A L B, Hop i i 7 A SRAE )W RE S i $2 At The definition of transportation infrastructure will also

I IARB A R] expand as autonomous vehicles integrate themselves into the city’s

providing considerable tree shade for the city.

transportation infrastructure as the basic adaptable unit. Once the
3.2 TPk destination is provided by passengers, the driving process will be
T 6 A I 2 1 L A G 1 S B controlled automatically by cloud computing. The route of each
T S 7 AT R A M 0 0 2 B s 2 o autonomous vehicle can be adjusted instantly according to real-
R ARG HATES . TEZRE T, BN S IRE SRR I 22
AT R BE AR IEA TR . FR LRI DAHEIRT, A SCESAURNG AN T2 [
’"‘HEK#RE(J B xkﬁﬁjm%k T ﬁﬁIEU%A ?93 BRI time traffic demands, instead of physical road curbs, traffic signs, or

time traffic volume. It is predicted that, in the age of autonomous
urbanism, the right of way will be defined by transportation
infrastructure that supports instant distribution according to real-
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Currently, the number of lanes of urban roads depends
mainly on the estimated traffic volume in peak hours. In off-
peak hours, however, most roads are less occupied but exclusive
to pedestrian use. In the future dominated by autonomous
vehicles, cloud computing systems can allocate more rights of
way to vehicles during peak hours (Fig. 9) and shrink it during
off-peak hours by, for example, reducing lanes, lowering speed
limits, and closing some sections of the roads. The saved vacant
space can accommodate activities such as outdoor restaurants,
markets, citizen sports, and concerts (Fig. 10, 11). Eventually,
urban roads will flexibly serve both vehicles and pedestrians

according to real-time demands.

4 The Design of Autonomous Vehicle Lanes

Turning the entire urban road system into soft green
infrastructure is undoubtedly not easy. However, there is
an excellent opportunity for stepping out the first leap of
autonomous urbanism — building autonomous vehicle lanes.
Although scientists studying in autonomous technology
are ambitiously developing vehicles that adapt to any road
driving conditions, we cannot deny the fact that the driving
of autonomous vehicles is impacted by a number of factors
like weather, traffic condition, and signal strength. It makes

transportation infrastructure upgrades an imperative. Related
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please visit the official
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research has been seen across the globe, including the Road
Softening Program. Here the author believes that the street
parking space between vehicle lanes and sidewalks of existing
roads would be a perfect site for a trial of the program. First, there
is no big alteration needed and little impact on the existing urban
road system. Secondly, such a lane will act as both a green barrier
that protects pedestrians from vehicles and a linear bioswales

that collects rainwater from traffic areas. Thirdly, connected with
sidewalks, the lanes can be easily transformed into linear parks in
off-peak hours, creating new urban spaces for pedestrians.

The significance of building a soft lane for autonomous
vehicles also shines in that it encourages automation engineers to
explore how to realize autonomous driving in vegetated urban
areas and harmonize the growth of both vehicles and plants. This
is an issue that has not been fully studied in the autonomous
technology research, which is, however, extremely important for
urban development.

Real-time data, usually collected and owned by government
agencies or enterprises, is also necessary for autonomous vehicle
lane design. Thus, how to access, interpret, and update such data
is the key to a soft lane project’s success. We may have different
strategies to access to various data resource. We can obtain data
for free as many smart-city-related start-ups share Application
Programming Interfaces (APIs) of data with researchers and
partners. For example, the city curb data referred in this article
comes from Coord’s Open Curbs application®. For enterprises
who do not share APIs, users can manually obtain data through
related application interface. For example, the real-time traffic
volumes in this study are all sourced from Google Maps. For
enterprises who refuse to data sharing (such as Uber), researchers
can obtain data through an interpretation of data analyses. For
instance, given that Uber recently launched its Express Pool
service (a sharing ride in addition to its regular carpooling of
UberPool), passengers are asked to arrive the best pick-up / drop-
off point by a short-distance walking (within 5 minutes), so as to
avoid the detours in the pick-up / drop-off commonly seen in the
UberPool mode. The price of Express Pool service is about two
thirds that of UberPool®, which is calculated by Uber’s algorithms
and big data. Accordingly, we could roughly conclude that the
urban walking system can increase the efficiency of the vehicle
system by 50 percent.

5 Conclusion
It is the high time to establish systematic regulation to

future urban transportation. During my field survey to Mcity of

University of Michigan, a connected and automated vehicle test
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site in the U.S., I was shocked that vegetation and public space
within the site were completely wiped out for autonomous
vehicle testing. Will it be true that future ride efficiency would
be improved at the cost of destroying urban ecology? Will the
problem become severer that pedestrians have to give the right
of way to vehicles in future urban construction? Obviously,
it is smart and necessary to integrate ecological restoration
and pedestrian space into future transportation system
construction. This is also the goal of the proposal of the Road
Softening Program.

The New Mobility and Emerging Technologies
Subcommittee (NMETS), established by American Society
of Landscape Architects, aims at providing landscape
architects’ perspectives to future autonomous urbanism in
eco-environment, public space, and humanity. As a NMETS
member, I deeply stand by that landscape architects should
have a voice in this grand revolution. Although the concept
of road softening has to be further tested in economy, society,
policy, as well as specific site conditions, I believe that
conveying the values behind this concept is as important as the
concept itself. As the most extensive urban infrastructure, road
systems are assumed to provide more ecological and social
services — autonomous vehicle technology may offer a great

opportunity for this vision. LAF
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