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ABSTRACT

Landscape architects are facing unprecedented
challenges and complexities associated with design
projects of today. To better adapt and evolve in light
of these issues, the toolbox for the profession is
currently expanding beyond traditional implements
and devices to include emerging tools that have
originated in other industries. The barriers to entry
for these tools are continuously being lowered due
to more user-friendly hardware, more intuitive
software, and increased affordability, allowing
them to get into the hands of more people. Yet,
many of these emerging tools now available to
professionals originated elsewhere and cannot

be simply transferred over to the design world.
This article argues that there is a need to critically
evaluate and assess new technologies for use in
landscape architectural practice. It unpacks how
the XL Research and Innovation Lab at SWA Group
has experimented with and tested the limitations
of three new tools — unmanned aerial vehicles,
immersive environment technologies, and machine
learning algorithms — to better understand their
potential for design. For each tool, the article
provides an overview of its technology, a case
study testing the technology for use in landscape
architectural practice, a list of observed strengths
and limitations, and a projected roadmap for future
applications.
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Tools; Technologies; Devices; Unmanned Aerial
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1 Introduction

The practice of landscape architecture is rapidly changing.
Professionals are having to tackle bigger issues, larger sites,
increased competition, and faster schedules. To deal with these
complexities, the toolbox for landscape architects is expanding
beyond traditional implements of vellum, parallel bars, and
drafting pencils to include a spectrum of experimental devices
(Fig. 1). Yet, many of the technologies that are currently on

the horizon were not originally developed for the architecture,
engineering, and construction (AEC) industry; thus, they cannot
be simply adopted or streamlined into the design process.

Over the past three years, XL Research and Innovation Lab
(XL Lab) at SWA Group has critically evaluated unmanned
aerial vehicles (UAVs), immersive environment technologies, and
machine learning algorithms, to better understand the potential
for each of these technologies in landscape architecture. The
approach, rather than being overly positive or celebratory, has
instead been analytical. The lab simply puts the tools into a
“sandbox” and tries to break them.

In assessing the potential value of these devices for design,
XL Lab has focused on three primary research questions: 1)
How does the new technology change our perception of space?
Does it offer a new lens, or a new perspective, from which we
can view the landscape? 2) Do the outputs from the technology
make us more informed, not just during the traditional design
process, but also during site analysis and post-construction
evaluation? 3) Can we, as designers, be pro-active in the
development of the technology to make it work for us? Is

collaboration and adaptation possible?

2 Eye in the Sky

UAVs are flying machines that are either autonomous or
remotely piloted. Commonly known as drones, UAVs have
a long history of being employed in the military, for both
reconnaissance and predatory exercises. In the mid-2010s, with
the rise of civilian vehicles, a new wave emerged, focusing on
recreational use. More recently, the use of UAVs has expanded
into professional fields. For the AEC industry, specifically, the
technology has been primarily employed for marketing and
promotional purposes; high-quality imagery and video taken
from the aircrafts are typically used to document a project post-
construction.

In an effort to explore additional, more analytical uses
of UAVs for the field of landscape architecture, XL Lab

experimented with an aircraft as part of a social performance
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study of Hunter’s Point South, a 4.5-hectare waterfront park
located along the East River in Long Island City, New York.
The post-occupancy assessment for the park was performed
through the Landscape Architecture Foundation’s Case Study
Investigation program, which pairs academic researchers
with firm liaisons to evaluate the environmental, social, and
economic benefits of built work'".

While the research team collected data through
traditional channels — such as aggregating private, city, state,
and federal data, interviewing project-related personnel,
and tabulating and mapping park usage on the ground —
the team also experimented with UAV footage. The overall
goal of the aerial documentation and analysis was to reveal
patterns not visible from the ground by providing a “social
snapshot” of the park. First, the UAV took a series of still
images of the waterfront which were stitched together to
understand usage along the edge of the East River (Fig. 2).
The team also conducted two fly-through videos that covered
the entire park from end to end. This footage was intended
for recording user behavior across the whole site at the same
moment in time. The last piece of documentation involved
hovering videos capturing localized pedestrian movement
across portions of the park.

Using a UAV for the Hunter’s Point South post-occupancy
study proved to be a more affordable alternative to chartering
a helicopter or Cessna to get the same shots. For example, the
cost to charter a helicopter or Cessna for four hours could
easily add up to over USD 5,000, whereas the full lifetime
cost of a mid-range commercial drone is a quarter of that.
The UAV also allowed the team to capture a wider swath of
park at once, which significantly sped up the data collection
process. For example, instead of a researcher spending thirty
minutes in three different zones of the park to collect data
on user behavior, one thirty-minute clip from above could
capture the same amount of information. Furthermore, all
of the outputs from the UAV were visually impressive and
could be used not only for post-occupancy analytics but also
for marketing and promotional purposes. As for limitations,
the team quickly ran into a range of technical issues, from
battery life to dealing with high-wind conditions. Privacy was
also a major concern given the social focus of the study.

So what does the future hold for UAVs? Across a range
of industries — including journalism, shipping, disaster
management, search and rescue, healthcare, agriculture,
and law enforcement — drones are already being tested for
important professional applications. They fight forest fires,

conduct maintenance inspections on aging infrastructure,
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monitor agricultural production, enforce building and planning
code, and even rescue drowning swimmers from dangerous

rip tides”. With increased investment and experimentation, on
top of technological improvements such as the development

of smaller aircrafts, longer battery lives, and integrated
robotics, more powerful applications for the AEC industry will
undoubtedly emerge, from aerial urban transportation to flight-
assembled construction.

3 The Experience Theater

Immersive environment technologies is a term used to
describe a range of visualization tools with similar perceptual
outputs. Included in this group are spherical panoramas, 360°
video, virtual reality (VR), and mixed reality (MR). Spherical
panoramas are static renders that are stitched together so that
the viewer can look around in 360 degrees. 360° video is similar
but records real places and events in a spherical format, allowing
the viewer to see all around while the video is running. VR
creates a modeled and textured space that a person can move
through virtually (Fig. 3). Lastly, MR, also known as augmented

@ © Anya Domlesky, XL Lab
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reality (AR), overlays digital 3D models or animations onto real
world places. While originally developed for gaming, immersive
environment technologies like these are gaining traction in the
AEC industry.

As part of a larger study on immersive environments, XL Lab
collaborated with a design team to show a series of virtual spaces
to a group of project stakeholders®. The design project, located in
San Jose, California, was a new urban campus for county offices
with a 20-year build-out period. To set up the technology for the
event, the team first exported spherical panoramas of the design
from a rendering program. The panoramas were then loaded
onto smart phones using an app and the phones were placed into
Google Cardboards. A viewing station was set up onsite, at the
location of the proposed design, so that county project managers,
county employees, facility managers, and members of the general
public could experience the spaces.

By employing an immersive environment technology at a
stakeholder event, the team was able to get more engagement
with their proposed design, and, as a result, more feedback.
People tended to spend twice as much time exploring the
immersive visualizations when compared to flat, 2D drawings
such as plans, sections, and perspectives. In a way, this
increased accessibility allowed viewers to make faster decisions
on what they liked, what they did not like, and why. That
being said, the technical process for embedding the panorama
into the viewer was far from seamless and the visual quality
of organic material was not very realistic. Also, some of those
viewing the immersive environment became disoriented, and
instinctively looked away. In addition, with VR and MR, the
hardware tends to be expensive and clunky and the software has
a steep learning curve.

At this point, immersive environment technologies are
primarily being used as communication tools in a range of
industries including gaming, entertainment, and journalism.
Technological improvements including more realistic
representations, more intuitive software, and more user-friendly
and comfortable hardware are on the horizon, though, which
might open up more uses and applications. For the AEC sector,
this might mean moving beyond rendering and visualization
applications to embedding the technologies as part of the larger
design and construction process. For example, in the future, it
might be possible to actually design within these environments,
and use the technologies for immersive analytics — to analyze
aspects of the built environment that we cannot easily see such as
daylight or human behavior. Immersive environment technologies
might also increase construction efficiency and accuracy and help

with the assessment of post-occupancy effects.
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on the study, please
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4 Deep Design

Machine learning is a branch of artificial intelligence that
uses algorithms to perform tasks without specific instructions
from humans. Once trained with a series of data, the system
learns how to identify patterns, creating an automated
process with minimal intervention. Up until recently,
machine learning has been primarily associated with the
tech sector. It is the power behind a range of day-to-day
applications such as virtual personal assistants, email
filtering, product recommendations, and traffic mapping
predictions, and it is also contributing to larger efforts like
autonomous vehicles. For the AEC industry, applications
in machine learning are scarce, given its relatively recent
development.

Intrigued by its potential for the field of landscape
architecture, XL Lab used machine learning to better
document and understand the spatial distribution of
people in built environment. To do this, the team designed
a study that revisited the seminal work of William H.
Whyte, 40 years after the publication of The Social Life of
Small Urban Spaces". Loosely structured around Whyte’s
original project but with some key updates, the study was
intended to identify new patterns of social life in cities
by providing glimpses into how public spaces are used
today. Using New York City as a laboratory, the study
focused on 10 recently constructed publicly and privately
owned sites®. Data was collected both through traditional
methodologies and a machine learning algorithm, which
was developed with an external data science consultant.
For the machine learning component, the team collected
video footage of each site, and ran the footage through
the algorithm. The algorithm, focused on object detection
and tracking, was able to identify people in each space
and recorded where they traveled. What ultimately
resulted from the machine learning exercise was a series
of pedestrian heat maps, indicating areas of low traffic to
areas of high traffic within each site (Fig. 4).

In using machine learning for the study, the research
team saved time as there was no need to manually tabulate
user behavior data from the ten sites. The algorithm,
while slow to process the footage given the large amount
of computing power necessary for analysis, was able to
run on its own, with minimal input from the team. For
example, to count and produce a heat map for one hour
of video footage, it took the algorithm roughly eight hours
of processing. Furthermore, the resolution of the machine
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learning data was extremely high and the algorithm

produced a very accessible, easy-to-understand summary

graphic. At the same time, while the machine learning

technology was powerful in this application, it required a
very specialized skillset to code and run the software. Also,

in developing the project, the team ran into issues with

algorithm bias and general privacy concerns.

Machine learning is still very much in nascent stages of
development for the design world given concerns regarding

privacy, high computing power, and specialized coding

skills. In the future, though, if the technology is more widely

accepted and accessible, there could be a number of new

applications for the field of landscape architecture. For

example, machine learning could help predict programming

needs, energy usage, maintenance needs, and parametric

design options, among others. The technology might also give

designers more time to actually design by handling repetitive

and data-heavy analytical work.

Table 1: Comparison of the current status of UAVs, immersive environment technologies, and machine learning for use in design
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Smartphone-integrated headset
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360° camera, smartphone-
integrated headset or computer
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Design communication
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Time-saving, high resolution / accuracy,
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Limitations
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Short battery life, hard to stabilize in
wind, privacy concerns
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Limited experiential quality
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Limited experiential quality, software
editing skills needed
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Technical software, disorienting,
unrealistic rendering, expensive
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Technical software, heavy / cumbersome
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Specialized coding experience needed,
algorithm bias, privacy concerns
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5 An Expanding Toolbox

The barriers to entry are being lowered for emerging
technologies such as UAVs, immersive environment technologies,
and machine learning (Table 1). The hardware is becoming more
user-friendly and comfortable, the software is becoming more
intuitive, and the technologies are becoming more affordable. As
a result, these tools are getting into the hands of more people, a
fact that is, in turn, increasing experimentation, innovation, and
the development of new applications.

The potential for these tools to directly impact the AEC
industry is substantial. In the future, these tools may give
designers the ability to more easily adapt, evolve, and address
increasing challenges associated with a changing climate
and economy. Given the original applications of these tools,
though, it is not possible to simply adopt them into practice.

In taking an analytical approach to these tools, XL Lab has
critically evaluated them, understood their potential strengths
and limitations, and tested whether we, as designers, could
help shape and tailor the tools for use in our work by
collaborating with developers. The hope is that, in trying

to “break” these technologies from afield, designers might
actually get closer to the landscape rather than being further

removed from it. LAF
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