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ABSTRACT

Since the mid- to late 1990s, both Artificial
Intelligence and wearable interaction
techniques have dramatically changed the

way how humans interact with the exterior
environment, as such influence will be

greater and greater over time. Wearable
devices and mobile terminals have enhanced
humans’ experience on spatial environment

by improving their perception, understanding,
and ability of control towards certain places.
This paper centers on the advanced efforts of
the augmentation technologies in intelligent
sensing, cognition, and feedback, by introducing
several innovative applications, including 1)
the live-audio augmented project for the
Washington Monument; 2) the CityScope project,
developed by the MIT City Science Lab, which
provides intelligent decision-making aid for
non-professional users; and 3) Nature-X, an
augmented reality application that creates nature
community scenes based on Location Based
Service. All these studied cases of spatial and
environmental planning and design look into
the future opportunities and challenges in the
context of intelligent interaction.
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1 Introduction

The term “landscape” implies the roles of environment and
humans in both the processes of creating and viewing scenes.
Landscape design, and other spatial and environmental planning
and design, somehow can be considered as a special interactive
design that shapes and defines the physical world.

Yet, humans’ role and creativity in interacting with
landscapes have been less discussed. The socialized,
locationalized, and mobile intelligent media technologies are
offering new opportunities for the interactions between human
and the exterior environment: a brand new “human-machine-
environment” interaction network is forming with the support
by the Internet of Things, which makes the human-environment
relationship strongly adhesive, beyond spatial and temporal
limits; people’s demands and understandings on “landscapes”
and “scenes” are undergoing a focus shift from physical logics
of landscape towards human’s behaviors in landscapes; The
emergence of a wide range of observation media supports
the diversity of people’s temporal and spatial preferences and
methods, frequency, and perspectives when viewing a landscape;
The broader promotion of sensing technologies is facilitating
the digitalization of landscape configuration and experience;
Smart applications and programs make landscape creation more
easily cognized by the public, and encourage public engagement
of landscape management. Landscape architects are expected
to comprehensively consider the importance of a place being an
event container that integrates people, time, space, information,
media, and other elements together.

In the past, people cognize the world with our own sensory
systems like vision and hearing, understanding the world based
on the processed sensing information in brains, and managing
the world with hands and tools. Since two or three decades
ago, Artificial Intelligence (Al) and wearable interaction
technologies have brought a revolution on the ways we interact
with environment — It can be foreseen that such influence
will be greater and greater over time (Fig. 1). First, nowadays
wearable sensor technologies can wonderfully generate sensory
augmentation effects. Related technologies, including the
augmented reality (AR) technologies and the virtual reality (VR)
technologies which can be processed by humans’ intuitive brain,
can directly read signals from human brains and capture our
motion control sensations and the brain-computer interfaces
of human brain that are highly developed and control the
regulation of complex cognitive, emotional, and behavioral
functioning (such as prefrontal cortex), to integrate multi-mode

digital information and offer us diverse visual experience. In
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addition, some electrophysiology signals, such as the real-time
skin conductance technology, can identify people’s stress or
emotional changes faster and more accurately than ourselves.

Secondly, intelligent cognitive augmentation helps us
better understand people’s individual behavioral preferences
and needs — quite a few users even have no ideas about
their preferences or needs before using this application —
Cognitive augmentation is largely supported by the mining of
individual behavioral and physiological data through social
computing', urban computing”, affective computing"', and
other computing approaches.

Thirdly, the newly emerging human-computer interfaces
and the Internet of Things offer humans more options on
approaching and managing the reality environment. Remote
operation becomes possible through machine reading on
human’s body languages, expressions, movements, and
minds". It is noteworthy that cognitive augmentation can dig
and further process massive individual real-time data collected
by the intelligent sensory augmentation, and the Internet of
Things would help people’s individual real-time demands get
responded by the exterior environment in a smarter way.

AT and interactive technologies have enhanced people’s
experience on landscapes by improving their perception,
understanding, and ability of control towards certain
places. Landscape architects and other spatial designers
are expected to develop interdisciplinary collaborations
since the operation of such interactive technologies requires
knowledge of environmental design, psychology, neuro-
cognition, signal processing, micro-electronics, etc. This
paper introduces the current research and practice of Al
and interactive technologies from the aspects of intelligent
sensory augmentation, intelligent cognitive augmentation, and
intelligent feedback augmentation, in order to help spatial
designers explore future potentials of Al and interactive
technologies.

2 Intelligent Sensory Augmentation

Humans obtain information from the exterior environment
with sensory systems, and our understanding on the world
is based on the processed sensing information in brains.
When people obtain information from the environment, their
receiving cannot be completely intact or objective; Instead,
people tend to remember the objects or things that strongly
affect them (such as a beautiful scenery and a pleasant
fragrance) — the process is known as affective arousal'*. Such

impressing information often becomes the materials that build
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our cognition and perception to a particular place or spatial
environment.

In landscapes, experience augmentation is to trigger
people’s affective arousals through specific design in order
to offer the viewers a more impressive experience of the
site. The new media musician Ryan Holladay employed a
geo-tagged audio creation technology to augment visitors’
spatial experience in one of his projects’”’. He was inspired
by The Gates, a well-known outdoor installation designed by
environmental artists Christo Yavacheff and Jeanne-Claude
de Guillebon, who set a series of curtain-like bright orange
flags in the Central Park, New York. The artwork not only
decorated the winter scenery of the park and attracted a lot
of visitors, but also highlighted the original design concepts
on the path network and spatial layout of the site, bringing
a unique experience for the visitors (Fig. 2). In Holladay’s
project, he and his brother created a gripping, dramatic
immersing experience around the Washington Monument
by playing an audio of live-music at the site. When visitors
approach the monument, they would hear a short keyboard
solo, followed by a harmonic over the violin. The closer they
get to the Monument, the louder music they will hear. When
visitors finally stand in front of the Monument, the audio
gets the climax, resonating their feelings the most. When
they leave, the audio would be played reversely, allowing the
visitors pacified from the softer and softer tune. When they
completely get out the area of the site, the audio would be

mute.
3 Intelligent Cognitive Augmentation

Our cognition to a certain place or a spatial environment
would not be exactly in accord with the conditions of the site,
but a simplified, abstract impression. Cognitive psychologists
believe that human’s cognition is generated through two
approaches: the logic brain that processes information
relatively slower, and the intuitive brain that processes
information faster'®. Human’s response to surviving demands
is mostly decided by the intuitive brain which can evaluate the
current situation, process relevant information, and instruct
our reactions'”. However, such intuitive processing is often
subconscious. This is why we usually have a vague feeling of
a particular experience — pleasure or horror, for example —
but cannot exactly or objectively figure out the reason why we
feel that way. But, the ways we feel and the reasons triggering
affective arousals are key to environmental design. Cognition
science would help designers methodically understand the
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information processing system in human brain, which would
better inform spatial planning and design that takes care about
the users’ moods when experiencing the places.

The combination of wearable sensor devices with
Machine Learning technologies would significantly improve
our understanding on human’s intuitive feelings about
the exterior environment. Portable biosensors (such as
electroencephalography, skin conductance, facial muscle
electromyography, electrocardiogram, and eye tracking) were
used to study the cognitive activities in human brain through
real multi-sensory stimulation. By recording and measuring
people’s real-time brain reactions to different stimulations,
including beautiful natural sceneries and noisy built urban
settings (Fig. 3), it is found that the brain works at a higher
efficiency on functional linking and information conveying
with lower physical consumption in pleasant, quite natural
environment, which allows for brain rested, helps attention
recovered, and improves cognitive efficiency™"”.

The use of interactive devices can greatly improve humans’
efficiency to cognize and process complex information and
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reduce trial-and-error costs, which allows the public

to participate in professional decision-making process,
optimizes communication interfaces or agencies, and
promotes democratic procedure among stakeholders. For
instance, quite a few civil projects in the United States
move slow or have to be halted because the ordinary
Americans could hardly understand the releasing results
of urban planning and design in forms of CAD drawings

or graphics generated by other cartographic softwares, or
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participate in the decision-making processes, nor get well
informed from the media. The lack of communication and
public engagement has caused a total stuck of 3.7 trillion US
dollars'"”. Kent Larson, et al. from the City Science research
group of MIT Media Lab responded to this issue with an

" which is a slew of tangible

innovative project, CityScope
and digital platforms dedicated to solving spatial design and
urban planning challenges. It provides users-friendly decision-
making aid and other intelligent helps (Fig. 4, 5). To establish
public platforms accessible to all citizens, the team introduced
“human factors” into the intelligent interaction design from
three aspects.

First, tactile interface. The platforms adopt a more
intelligible interface and allow for tactile instructions by
using LEGO modules, enhancing the intuitiveness of users’
interactive experience.

The second is real-time cognitive computation. Comparing
with traditional urban design simulation systems, CityScope
emphasizes the real-time computing as a communication
agency. Since the increasing complexity of urban spatial
models and the surge of the multivariate data, the time
that computation requires would exponentially increase
(for example, the computing of a high-precision simulation
might take a few days), which hinders the coherence of
stakeholders’ decision-making process. To improve the
computation efficiency, CityScope adopts an algorithm of in-
depth neuro-network and establishes a modeling dataset that
draws on the annual sunshine and traffic information of more
than 20,000 cities. Through Machine Learning, the accuracy
rate of prediction can reach 85% to 90%, and the required
time for local computing can reduce to shorter than one
millisecond. Although the visualized results do not perfectly
match the reality, the accuracy is high enough to support
CityScope to conduct real-time intelligent assessments'"".

The third is decision-making aid. CityScope, as an
alternative wearable interactive device, can learn and predict
the users’ private needs and preferences, helping them
better make decisions. Based on the Monte Carlo algorithm
research, CityScope adopts AlphaGo’s search algorithm that
can fetch information from massive sources with a deeper
study. According to users’ variable settings and the spatial
layout of LEGO modules, CityScope responds in real-time
and offers optimal options, while providing voice prompts for
all the stakeholders engaged in the decision-making process. At
the same time, users could feed back their cultural, aesthetic,
or political considerations that are beyond the intelligent

scope of machines, allowing for the optimization of scenarios

VOLUME 6 /ISSUE 2/ APRIL 2018
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simulation and the consensus among the stakeholders'"”. In
2016, the prototype of this platform was employed by the
government of Hamburg, Germany to make decisions on
the Syrian refugee resettlement issue. By simulating different
resettlement plans with LEGO modules, civil leaders and
urban managers could assess the superiority and weakness
of each scenario. The final decision was made respecting and
responding to the demands and desires of all parties — The
sound comments from the public showed the success of the
implementation of intelligent decision-making. In March
2017, the Tongji-MIT City Science Lab, co-established by the
CityScope team® and the College of Design and Innovation
of Tongji University, developed a CityScope platform for

the community building of Siping Road Campus — it was
the first CityScope case implemented in China and will be
discussed later in this paper.

4 Intelligent Feedback Augmentation

People’s cognition on the exterior environment changes:
we explore the world and alter our cognition as we interact
with it. Any strategic decision is a result generated by
assessing the components, constraints, and opportunities
in a given context. In other words, common interests could
strategically lead to an incentive structure of individual
interests'”. In 2011, John Doerr, a partner of KPCB Ventures,
an American venture capital firm, proposed the concept of
SoLoMo!"", i.e. the acronym of social, local, and mobile,
in hope of connecting the virtual world with the realities.
SoLoMo encourages spontaneous aggregate of individual
users with common geographic locations, interests, and
behavioral preferences. Such groups could act as the focus
community of social communication, maximizing the
interpersonal communication in social network, and forming
a brand new pattern of socialized, localized, and mobile
service.

With the development of human-machine intelligent
interaction and the Internet of Things, intelligent feedback
augmentation offers humans new options for trials and
errors. The City Science Lab launched the Revitalizing
Nature Renewal Program, as a response to the Life City
Construction movement advocated by the government, with
a hope to promote a bottom-up nature-friendly campaign
for all citizens. The program aims to encourage biological
landscape creation and eco-friendly behaviors by building
both online and offline eco-communities. The Lab developed

two applications, Nature-X and Succuland, both combining
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the concepts of “creation of physical landscape” and “citizen
science promotion” and exploring possible landscape scenes to
connect people with environmental agencies. The emergence
of the two applications attempt to build a public engagement
mechanism in line with the development of information
technology, and to promote the socialization, localization, and
mobility of landscape creation. By applying the data analysis
method used in social networks into the crowdsourcing mode
that is under dynamic data monitoring, it plays a significant
role in people’s perception, response, and learning from both
real and virtual “ecological environment” with dynamic,
changing characteristics.

Nature-X, a game App featuring augmented reality,
takes the Siping Road Campus of Tongji University as the
empowerment case of a LBS-based natural community (Fig.
6). By mapping the historical and existing flora information of
the site, the App is designed as a mobile nature museum which
allows the campus to become a place for families, youngsters,
and college students to access to natural environments in an
entertaining way, while realizing all-sensory augmentation
on the relationship of spatial layout, floral communities, and
biodiversity. In Nature-X, the interpretation and signage system
of the existing plants in the campus was improved, and by
optimizing geo-tagging system and the visualization of the floral
phenology, indoor environmental classes can be explored as a
broader natural experience throughout the whole campus. It
also encourages public engagement in environmental protection
and landscape management.

Succuland, an App featuring urban gardening and
horticultural design, takes small balconies of residential
buildings in cities as the sites for landscape co-creation.

It employs intelligent detection and scanning-modeling
technologies that allow the users to scan their succulents and
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Nature-X, an
augmented reality
game App.

Succuland, an App
featuring gardening and
horticultural design.
Virtual social network
and real geo-positioning
are combined and
integrated into mobile
terminals, forming a
brand new network that
provides socialized,
localized, and mobile

services.



SR /183

WL, ATECRZT RGBT IXRER AT B, SRR EIOCR, [
JESTTRE A TR, ~#~] . AR RNIEEE A AR MA MRS
VLA R R 7 EBARFE T So Lo Mo RE SR HE sh A Ak f, ff
P Wl B 5 B2 B A8 R S A5 BRI & o SOUEEE A At R
B ot BREVUN . SIE KA SO M T A A S A Z A Y
e G, e NSRS E R R AR R AT RE T i
KAL) S BT IR T 1 s A SRR A A AR BB, SoLoMo

&
g \ Location

HoUHERE | i
AL \ Neighborhood | 1 B
Maximum Social OINMB ; ] ...
Innovation Potential Environment  WHEEEEEEEEEY
W% ._“HIIIIIII!

Network \ [ ITTT] 14

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

=3

o © ®if, FiTiE,

039

upload to this VR platform, and then generate their own
virtual succulent gardens, realizing AR / VR gardening

and supporting intelligent management scenarios (Fig. 7).
This mechanism not only supports the diversity of users’
landscape creation beyond physical limitations, but also
offers possibilities for plant enthusiasts to practice on “floral
aesthetics.” Aided by the LBS and cloud data collection,
Succuland could intelligently generate virtual succulent
gardens at community-, city-, and regional-scales, stimulate
the emergence of groups with common interests, rebuild
neighborhood harmony, and provide individual or group
interaction scenes where citizens could get in touch with,
learn about, enjoy, and protect the natural environments in
cities.

Nature-X and Succuland both rely on SoLoMo and
adopt the data crowdsourcing mode, turning the users from
passive information receivers toward active information
providers. Crowdsourcing collection, analysis, intelligent
detection, verification, and group feedback of landscape
data are conducive to the emergence of common interests
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between individuals or groups, improving individuals’
sensing, feeding back, assessing, and learning capacities

in the interactions with environment. Through such
gamification that takes real places as event containers,
SoLoMo emphasizes the location-based individual
enjoyment, identification, and data sharing, encourages
citizens’ spontaneous aggregation with common locations,
interests, and behavioral preferences, and applies cognitive
augmentation into the real human-environment interaction
processes. The material, form, and mechanism layers of
the integration of the material and virtual agencies would
gradually influence interpersonal communication in social
network!" and simulate collective human-environment

interaction in cities (Fig. 8).
5 Related Potentials for Future Landscape Design

The interaction technologies in the age of Al is
profoundly changing the way how people interact with the
exterior environment, and would greatly influence the future
development of the disciplines of environmental sciences. A
number of efforts on new human-environment interaction
have been seen in Architecture, Urban Planning, and
Landscape Architecture to seek new explorations on spatial
planning and design.

Traditional computer-aided spatial design provides
logic aid and helps on creation. Nowadays, intelligent
computing contributes to spatial design as a co-designer, or a
participant in the entire design process. As the development
of Machine Learning, Al will be developed with a stronger
intuition and thinking ability (for example, the ability to
understand design requirements and intentions), and, of
course, its computing capacity will be much more improved,
which supports independent automatic design. In addition,
the application of digital neuro-feedback signals allows for
the emergence of intelligent products that could sense the
reality world and be intelligently connected with designers,
informing them for better design practices.

Particularly, in the field of Landscape Architecture,
design innovation can be wonderfully supported by the
advanced technologies of Al The increasingly stronger
computing capacity what Al might have would efficiently
help landscape architects understand landscape scales
and functions and develop more reasonable designs.
Furthermore, technologies like Machine Learning and neuro-
networks can help researchers conduct theoretical deduction

to predict the future development of landscape design.
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It can be foreseen that in the next one or two decades, Al
will extensively saturate into architectural and environmental
design and lead us to a more complicated, diverse, and beautiful
world through sensory, cognition, and feedback augmentations.
In future, with new technical supports, design patterns and

modes would draw more academic attention: architectural and
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