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ABSTRACT

With its increasingly wide application in the fields
of architecture and urban planning, intelligent
design tools require a review on its essence,
core value, and evolution. Based on her several
years’ experience of research and practice,

the author points out that one of the essential
characteristics of intelligent design tools is their
ability to actively interact with humans (such

as the assessment, optimization, and feedback
of human designer’'s schemes). The core value
of intelligent design tools lies in that they can
liberate human designers from repetitive work
and break down the barriers in communicating
design knowledge and ideas. Human designers
and intelligent design tools both have their own
strengths in the real practices; the two should
complement each other and make progress
together. Being a product of inspiration and
integration between emerging sciences, such

as artificial intelligence, and traditional design
disciplines, intelligent design tools will enjoy

an ever-expanding realm of application. It will
facilitate cross-disciplinary cooperation in
Architecture, Urban Planning, and Landscape
Architecture at varied scales, which not only
promotes explorations on design philosophy and
deep design values, but also help improve design
quality and the overall efficiency of the industry.

KEY WORDS
Artificial Intelligence; Architectural Design;
Tools; Deep Learning; Intelligent Assistance
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XKool is an Al design
cloud platform that
supports intelligent
design (generating
design proposals

and intelligent
recommendations
through XKool Al Brain
by inputting site map,
defining requirements,
and selecting building
types), intelligent
review (turning a

2D design into a 3D
model, troubleshooting
potential errors, and
outputting multiple
results), and intelligent
report (automatically
outputting a PowerPoint
file that includes site
analyses, proposal
comparison, and
indicator presentation).
After introducing
techniques such as
cloud computing and
feedback, big data
collection and analysis,
machine learning

and deep learning,
XKool integrates

more subjective
considerations such as
aesthetics and sociality
into its operation rules,
to maximize the overall
benefits of the design.
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XKool and a scheme
generated through its
intelligence design
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1 Essential Characteristics and Evolution of Intelligent Design
Tools

In recent years, artificial intelligence (AI) has been more introduced
into the fields of urban planning and architecture, with the
emergence of all sorts of intelligent design tools. At present,
however, professionals’ understanding and recognition on the
concept of “intelligent design tool” is ambiguous and varies,
impacting the overall development of intelligent design tools.

What essentially distinguishes an intelligent design tool from
a traditional design tool is that it can not only generate a design
based on specific site information input by human designers, but
also evaluate the plan according to certain criteria (scientific or
individually preferred) and automatically feedback to designers,
providing a basis for subsequent design. A traditional design tool,
on the other hand, can only be used to generate outputs as what
human designers require but not offering feedback.

The nature of intelligent design tools is defined by the
continuous technological advance of AL The early intelligent design
tools, relying heavily on expert systems for machine learning,
were developed to improve the calculating efficiency in pre-
planning stages with semi-automation technology, in order to help
reduce time and labor cost on massive calculation'". Essentially,
these tools perform to generate all kinds of design possibilities,
with no capability to inform designers with a reference. After
that, the emergence of supervised learning algorithm based on
statistical learning, feature extraction, and optimization techniques,
accompanying with a series of unsupervised learning algorithms
based on deep learning technology, have further improved the
running logic of design tools for exploring an approximate
optimal solution. In 2017, the official publication of AlphaGo
ZERO showed research results that promoted the application of
reinforcement learning technology in developing intelligent design
tools. It freed design tools from the limitations of the database
of real cases towards a direct use of initial models generated by
rules they have learnt in confrontation and iteration. By repeating
this process, a model that best meets (or even exceeds) human
designers’ expectations and has a true potential for exploring the
unknown is finally generated. The above path is best manifested by
the development of XKool (Fig. 1).

The emergence and development of intelligent design tools
helps break down the walls among different design disciplines and
industries and encourage the exchange, integration, and inheritance
of design knowledge, concepts, and languages. Deep learning and
reinforcement learning algorithms have been used in case studies
on design styles or expression techniques. It is expected to learn
and extract a series of design logics and form a new knowledge
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learning on massive
real cases, XKool's
Rosetta Project has
produces a material
libary of millions of
intelligent Modernistic
architecture designs.

2 In2017, XKool launched
its Rosetta Project,
which aims at creating
the "Rosetta Stone" in
the field of Architecture.
The idea is to build
a large database of
design styles, logics,
and ideas by studying
a large number of
existing exceptional
architectural cases. It is
expected to output more
valuable intelligent
design results to inform
human designers.
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N o/

map of the industry — just like the ancient Egyptian Rosetta
Stone that helped people learn the interrelations between
different languages, intelligent design tools can act as a new
library that collects the essence of various design ideas, or a
common tongue that is easier to understand and communicate
among human designers. So far, research targeted at this very
field has already carried out® and seen a progress in inspiring
modern architectural styles of small-scale design practice (Fig. 2).

2 Humans and Tools Complement Each Other in Practice

Despite its significant progress, intelligent design tools also
see inadequacies in dealing with complicated site conditions
and uncertainties of authentic cases, as well as the great
variety among projects. Experienced human designers are still

VOLUME 7/ISSUE 2/ APRIL 2019
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irreplaceable in terms of insight into site issues, communication

with clients, and final decision-makings. The close collaboration
between humans and machines will remain a long-term agenda

in the development of intelligent design tools.

For example, XKool was used in the design and construction
of the second bidding section of the Shenzhen Bay TechCity
project. In the conceptual design phase, the design team used
the XKool prototype to simulate the project’s impact on the
city in vehicle traffic, pedestrian flows, and spatial pattern.
Based on the analyses, the team proposed an overall layout that
was characterized by a multi-layered connection, an uneven
building density, and an architectural form combing small-scale
storefronts with multiple spatial design of upper floors. This
proposal made full use of the existing superior circulation in the
west part of the site and the sound landscapes in the east, which
coincided with a human design pattern (Fig. 3, 4), and won the
design competition of this project. In its implementation, in
order to help facilitate the commercial leasing, the design team
accepted the main traffic plan and the multi-layered connection
layout in the XKool proposal, while improving part of the
circulation design. After the completion, the overall traffic flow
on the site was well organized, which helped basically realize
the expected commercial profits. However, the circulation of the
ground floor of the building was loose, where visitors often get
lost (Fig. 5).

In the future, with the increasing application of such

intelligent design tools, the development team can accumulate

LANDSCAPE ARCHITECTURE FRONTIERS / VIEWS & CRITICISMS
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big data of user solutions, the algorithms would be improved by
introducing more realistic factors for a greater overall benefit
and practical feasibility of design solutions. The feedback and
advice provided by intelligent design tools will better inform
human designers. Therefore, intelligent design tools and human
designers will benefit, complement, and promote each other for

a mutual growth.

3 Intelligent Design Tools in Design Education

So far, intelligent design tools are less applied and explored
in China’s design colleges — intentionally or unintentionally —
which may cause a bigger gap between design talent training and
the overall development needs of the industry. The good news is,
numbers of design students have realized the value of intelligent
design tools and are actively seeking to use them in their course
design or internship for groundworks. This may be a good start
for the reform in design education.

It is predictable that as intelligent design tools become
more and more popular in the classrooms of design colleges,
an increasing number of faculties and students will realize
that a good designer is not trained by lots of repetitive work.
Design students and young designers must foster their thinking
and inductive ability in order to reflect design experience and
lessons, which would really help improve their professional
skills. Intelligent design tools can free designers from repetitive
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Future Architecture
Lab is an experimental
design and research
institute in urban
design and architecture,
with a focus on design
method research

and future cities. It

has built cooperative
relationships with a
number of Chinese
developers and

design institutes and
international and
domestic research
institutes, technology
companies, etc. It

is committed to the
design and research by
integrating emerging
technologies with
urban and architectural
design.
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groundworks, so they can spend more time on studying design
logic and concepts, or engage into more creative and non-profit
practical projects, which would help designers enhance their
core competitiveness and grow into design professionals with

a stronger sense of responsibility and mission. In my opinion,
there is no need to worry that the introduction of intelligent
design tools into design education will weaken young designers’
essential skills.

4 A Synergetic Development between Intelligent Tools and
Design Disciplines

Same as Architecture, Landscape Architecture, and Urban
Planning, intelligent design tools are developed to serve the
users in physical environment. Although the current design
education has less applied Al-assisted design, it still can benefit
the evolution of intelligent design tools by its long-history
disciplinary asset. For example, architects are an indispensable
force in the development team of intelligent architecture tools:
their knowledge and practicing experience are significant for
analyzing users’ feedback and improving product performance.
In addition, the discipline of Architecture itself is facing evolution
and changes. Various emerging theories and methodologies also
provide guidance for and inspire architectural design supported
by Al, and have spawned a series of design and research
institutions such as the Future Architecture Lab® .

Other architecture-associated fields such as urban planning,
urban design, and interior design will also increasingly engage
with Al eventually. Besides the variety in scale and design
element, these fields share a same set of design logics and all
of them focus on improving spatial function, pedestrian flow,
and users’ experience through design methods. The application
of intelligent design tools can extend from site scale to
architectural, neighborhood, and urban design realms.

Landscape design, however, slightly differs from the above
all — if the human living environment is viewed as a multi-level
system, landscape lies on a special position because it shows a
potential to subvert the entire system. In a sense, the logic of
landscape design is exactly reverse to the design of buildings,
neighborhoods, and cities: instead of pursuing a maximum
satisfaction to human desires or a greatest urban growth,
landscape design is to maintain the entire eco-environment
of human settlement. This means that landscape design
professionals cannot adopt the existing intelligent design tools
from Architecture, which also results in the fact that the current
digitalization and intelligence level in Landscape Architecture
is lagging behind that of other disciplines. Even so, such
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5. The completed second
bidding section of
Shenzhen Bay TechCity

interdisciplinary, cross-scale reference offers designers new lenses
to re-examine human living environments. Current temporary
theoretical and technical difficulties would not hinder intelligent
design tools playing roles in more scales and broader fields.
Architects, landscape architects, and urban planners are expected
to engage themselves with it.

5 Intelligent Design Tools: From “Competitors” to “Co-
Workers”

From the above, the challenge by intelligent design tools to the
role of human designers brings a healthy competition, due to the
essential features and orientation of intelligent design tools. XKool,
for example, is conceived to mainly serve real estate development
projects, accounting for about 70% of the total design market;
the rest including public buildings and renewal projects requires a
more comprehensive consideration and coordination and a greater
creativity, where human designers play their roles. I believe that
the emergence of Al design tools inspires human designers and
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encourages them to think critically, work creatively, and explore
proactively. This will further promote professionals’ reflection
on design philosophy, the transition of design disciplines, and
the upgrading of the industry.

Moreover, to the design profession, the challenge by
intelligent design tools also brings more reflections on classic
design paradigms and ideologies. However, its boom does not
necessarily compromise the design craftsmanship: intelligent
design tools improve design efficiency and work with mass
production in industrialized societies; design craftsmanship
emphasizes the uniqueness, individuality, and refinement of
design. The values respectively represented by these two are not
completely opposite but complementary. They will continue
to associate with each other for the diversified demands in the
profession.

Specifically, in the fields of Architecture and Urban
Planning, commercial projects that seek for a larger economic
interest may benefit more from intelligent design tools, while
design craftsmanship would be suitable for elaborating public
building, urban renewal, and historic and cultural preservation
projects, allowing for a better coordination of the interests of
all stakeholders, a celebration of the spirit of the place and local
context, and an improvement of the overall quality and public
benefits. In addition, the design craftsmanship can also manifest
designers’ unique thoughts and expression — an important skill
that a designer must regain in this intelligence era and an estimable
professionalism for the new generation of designers. LAF
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