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Designing Disembodied Conversational Agent to
Communicate Empathy to Lonely Senior Citizens

Problem Statement

Senior citizens living alone have very minimal

interactions outside homes and some of them
are restricted due to mobility issues or have

a reduced group of friends to interact with it.
This creates loneliness in their lives and could
affect their health in the long run.

Loneliness has been identified to cause

other disease such as Depression, Alzheimer’s
and could also worsen their current

medical conditions.

Research Aim & Goal

The Aim is to help senior citizens reduce the
amount of isolation that comes with living alone
and help them to interact more to avoid

health issues that comes along with loneliness.

The Goal is to develop a chatbot that allows
Senior citizens to communicate with them
iInstantly using their smartphone. The chatbot
should communicate care and empathy

to make them feel cared and happy.

Research Approach
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Research Questions & Hypothesis

RQ1: Why are the lonely senior citizens not

interacting much and isolated?

() What are the accessible modes of
communication available for them to
communicate?

(i) What kind of interaction will help a
lonely senior citizen with loneliness?

H1: Lonely Senior citizens that interact with H1 )f é@
someone for at least twice a week have

a reduced amount of depression or loneliness.
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RQ2: What are the challenges in designing a

communication system that communicates

care and empathy?

() How are conversational agents commonly
used right now in the industry?

(i) What is the current communication style and

system that a conversational agent adopts? RC DS1 PS DS2
H2: A simple and easy-to-use communication E Cileraliire Raiiaes Prototype/
system allow Senior Citizens to use the product Experiment
with little effort. = o=,
B 2:;2‘;“"3“; ﬁ a Interview

Expected Contribution

Academic

The Research is expected to enhance the understanding in designing a conversation agent to communicate
empathy. As most conversational agents are still in the stage where the responses are robotic and scripted,
the research will provide a better understanding and method towards designing a better

conversational agent to communicate empathy.

Industry

Successful Implementation of the conversational agent will provide an avenue for lonely senior citizen to interact.
Community organization can only make use of product to keep regular check on senior citizens living alone
without constraining too much manpower for home visits.
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Aviation has historically been one of the most consistently growing in-
dustries. With global 5.4% growth year-on-year over the last two de-
cades representing a 15 year doubling period of passenger numbers re-
sulting in many airports being built. However in 2020, aviation was one
of the worst hit industries due to the global pandemic, before that seeing
resistance due to its contribution to global warming. This has led society
to consider wide spread and potentially radical transformation in avia-
tion to maintain its sustainability.
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Focusing on aerial image analysis we use open access satellite imag-
ery data on the world’s top 1000 airports (based on passenger foot-
fall in 2018), and explore key typology based questions specifically:
airport expandability, land encroachment, and interaction between

Airports can be disruptive, expensive, and take long to build; and when
operating result in land use, exposure to noise and environmental degra-
dation but equally enrichen cities, society, culture and economies. The
lack of readily available data for airport planning and design can be a
problem for governments and decision makers especially in developing
economies where many aviation projects are currently being realised.
This research project aims to tackle this problem of data discovery and

availability for large scale urban infrastructure entities through Machine ~ Urban zones and airport activity. The approach is a scalable method-
Learning and advanced GIS Analytics. ology that can be applied to many airport sites: to explore though
comparative data, current impact of airports on existing land usage,

if airports could expand or contract, and how beneficial or challeng-
ing it would be to do so.
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R MEfArchltecture was used to train all the 1000 airport images, using
Sﬁherrvplcked sample images which were masked manually to repre- e [ e _:1. .':::' chiga
. sent the geographical features such as Built-up (red), Arid (yellow), water = iy :
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Correlation between Passen-

- ger footfall and urbanisation of
. airport showing a trend be-
' tween the two, indicating the
~ possible scope for expansion
of a few strategic airports.

Oslo International Airport visualised
aCross Seasons Over a year |
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REDUCING FRUIT & VEGETABLE

WASTAGE IN COMMERCIAL KITCHENS

IDEATE | PROTOTYPE | REALIZE

Introduction

ldeate

Food Wastage is a global problem and affects
Food Security. Currently, data collection is a
challenge due to the manual process involved and
inaccuracy of recording information by kitchen
staff. The few available solutions in the market are
expensive and require change to operational
workflows; in which Foodservice owners are
resistant to adopt.

Prototype
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In refining the Design of the solution we conducted
a Needs Analysis through the Affinity and Activity
Diagram exercise to produce the Feature
Requirements. Solution concepts were sketched
and the winning idea brought forward for further
development into a prototype that could illustrate
how the solution worked. The prototype was tested
for user feedback and further refinement.

Through a Discovery process of Industry
Observations, Interviews and Environmental Scan
of potential solutions, we Defined the ideas that
would address pain points identified in the user
journey and arrived at the following Problem
Statement: How might we design a simple &
economical method to measure waste so that over-
ordering can be reduced & order demands better
predicted.

Realize

How It Works

Waste weight b image data  Image data is processed Uutput is generatedon a

is collected and senttoa via boogle AutoML for dashboard interface

data processing cloud identification and matched indicating date/ time, type
with the weight data based of waste, volume, cost and

on timestamp. edibility.

In this last phase we begin to Develop the Final
Specifications that will be used to produce a
functional prototype that can be used in a real user
environment. Live data can be collected to prove
or disprove that indeed a simple & economical
wastage measuring tool can help reduce over-
ordering and predict demand better.
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Motivation

How Might We [HMW] measure and plan for Design Impact,

across disciplines and scale?

= Organizations seek systematic approaches to measure
Design Impact
* This must be more than "you know when you see it”

Research Questions

* What are the current ways which design impact is measured?

How is desigh impact measured across disciplines and scale?

As a tangible and extended idea of Design Impact, four Impact
Areas were identified to constitute the framework.

Enabling Economic Transformation

Raising Quality of Life

Advancing Brand, Culture and Community
Making Ground-breaking Achievements in Design

Outcomes and demonstrators were developed to help define and assess each

impact area.

The framework has been used through 2 rounds of the President’'s Design
Award competitions In 2018 and 2020, with more than a 150 design
applications submitted each year. 58 projects have been shortlisted using this

framework.

The design fields of these projects range anywhere from landscape design to
UX design to architectural design.

Enabling Economic Transformation

Improve internal processes/systems

= Save operating and service costs :

« Save resources for the company or organization .

* Demonstrate effective co-creation with users or
stakeholders '

» Make a process more efficient or effective

« Shorten task completion tume (efficiency in some task *
or work)

* Include mherent functionality for
- future improvements,
- quick product-service-system development cycle
time

* Reduce failure potential (likelihood/severity)

= Increase in ability to predict/detect and overcome
failure modes

*  Provide intellectual property protection

» Integration of cutting edge technology that makes a difference

Elicit positive emotion

Enhance employee’s experience

Increase in safety in usage (or other factors

stiich as manufacturing)

Facilitate a short or virtually zero learning

curve

Address or enhance the usage across assistive

technologies (inclusion of persons with
disabilities
or the elderly)

Integration of cutting edge technology that makes

a difference

Advancing Brand, Culture and Community

Increase identity and bonds with country and/or community

Enhance brand reputation -
Enhance culture, commumity, or society

Engage various community sectors

Execute volunteer or outreach programs

Promote understanding or create engagement across
cultural groups

- L] L - L]

Analysing the projects from 2018 and 2020 submissions:

Provide new perspectives, ideas, or

contributions on culture

Demonstrate co-creation with Singaporeans or

user groups

Persuade or motivate user in a positive manner

Promote volunteerism or philanthropy
Increase in sustamability

Improve environmental impact in Singapore

Address or enhance the usage across assistive

technologies (inclusion of persons with
disabilities or the elderly)
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Generate positive outcomes

Enhance brand reputation

Increase in market share

Increase in adoption rate

Increase in revenue

Empower/teach user

Improve user health

Lower living or work-place costs or save
time for user

Increase in sales and/or potential sales
Increase customer, user or stakeholder
satisfaction

Add a new capability

Simplify usage/increase efficiency
Garner positive ratings in Consumer
Reports

Environmental responsiveness and
sustainability

Make a community stronger,

more efficient &/or more effective
Provide high user satisfaction
Improve lives (in terms of happiness,
tine savings, finances, health, play)
Add a new capability
Improve a process
Integrate well into the system or
environment of usage (compatibility)

* Environmental responsiveness and

sustainability

+ Integration of cutting edge technology that makes a difference

There are a total of 57 unique Demonstrators
And they have been used a total of 442 times

4 out of 4 (100%) Impact Areas
13 out of 13 (100%) OQutcomes

53 out of 57 Demonstrators (93%) were used at least once

The Top 10 primary demonstrators are shown in the table below with “Increase
customer, user or stakeholder satisfaction” being most used.
There is also no correlation between the number of demonstrators and Impact

Areas and the assessment of the Impact, as shown.
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= The following is the overall research methodology. We reviewed empirical sources

as stated to see what has already been done.

categorised into a framework.

This was then organised and

* And then we go into the assessment and refinement stage where we evaluated and

refined with the DesignSingapore Council (DSG).
* This was also applied with President’'s Design Award (PDA) over several years.
* Feedback was collected from the PDA design jurors.
* The data from these were then collected, categorised and analysed to develop

Empirical Sources

Elament|

Review
Intemational

Design
Competitions

insights, refinements and recommendations.

Assessment & Refinement

Evaluate &
s Refine with DSg
Council

Element Il

Review Design
Research and
Impact of Design
Research on
Practice (IDRP)
Literature

Organize and
Categorize

Design Impact
Measures in
Framework

Elament lll

Interview Expert
Designers

Element IV

; Review Design

Projects Across

Company Sample
Size

Raising Quality of Life

Make daily tasks more convenient
Save time

. Partners’ Future

____Data Analytics |

Apply to SG
P*DA Over

Multiple Years

Mixed Statistical inter-Rator |
i  Methods Analysis Agreement HE

| Survey P*DA s
! Design Jurists

Apply to
Extarmnal DI

Design Projects

Enhance living experience

Deliverables

Provide opportumties for improvement of lives

- = +  Provide l!.lgl:l user satisfaction * (Create greater hﬂppi]lﬂﬂsfpﬂsitive

*  Add a new capability . Paducecoits emotion

» Facilitate a positive learming experience +  Empower and/or teach the user * Enhance culture, community, or

*  Improve a process _ * Achieve significant positive impact on day-to- Socely _ :

» Integrate well into the system or environment of usage day living * Persnade or motivate nser in a
(compatibility) : « Enhance aesthetics or interactions for better posiive manner

»  Sumplified usage and user expenence, such as experience * Increase sustainability
reduction in number of tasks or task difficulty +  Facilitate expression by and for community(ies) ° Improve environmental impact

* Improve use physically, cognitively + Increase in safety in usage * Garner positive ratings in Consiuner

(e.g.. enhanced RULA score)

Reports

* Reduction in failure potential

*  Address or enhance the usage
across assistive technologies (inclusion
of persons with disabilities or the elderly)

» Integration of cutting edge technology that makes a difference

Making Ground-breaking Achievements in Design

Innovate a process
(design, manufacturing)

Provide a new type of outcome

Exemplify exceptional design

Transform culture or a commumnity

» Make a process more efficient or * Add new, unique capability for » Include inherent functionality for +  Improve people’s lives
effective users future improvements (happiness. time or cost savings,

* Facilitate a positive learning = Provide high user satisfaction * Shorten product-service-system connections to family or
environment *  Attract significant attention such development cycle or deployment time community, health, play)

« Introduce a new or improved as through media or social outlets « Integrate well into the system or » Demonstrate effective co-creation
process with high adoption rate or * Shorten task completion tume or environment of usage (compatibility)  * Teach, persuade, motivate or
coverage make task more convenient « Reduce operating or service cost inform users

» Introduce a new or improved = Enhance or establish brand » Reduce failure potential * Enhance culture, conmunity, or
typology with high potential for reputation * Address or enhance the usage across society
adoption or coverage * Increase revenue, market share assistive technologies (inclusion of

and/or adoption rate

Name of Project:

Maturity of Product - Service - System
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persons with disabilities or the elderly)
= Garner positive ratings in Consumer

Reports
» Increase sustainability

* Improve environmental impact

* Integration of cutting edge technology that makes a difference
* Environmental responsiveness and sustainability

Impactful. Desirable and Useful Design Content

DESIGN IMPACT ASSESSMENT CANVAS

Design Impact
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The nine elements shown were identified as assessment of the projects were done.

Conclusion

To assist organizations, teams, and individuals in measuring Desigh Impact across
disciplines and scale, these elements were assembled into a canvas. The Design

Impact Assessment Canvas, thus, was realised.
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RESA
RETAIL USER EXPERIENCE

» ONLINE HELP

RESA wear is world’s foremost foot-care accessory brand,
making customized medical grade insoles using 3D printing
and foot scanning technologies.

This project is focussed on improving the retail experience
in RESA stores, and to ease the customer onboarding
experience and assist the customers with their foot
scanning process.

RE PRINT

NEW TO SCANNING <

REORDER EASE THE INITIAL ON-BOARDING PROCESS
MODIFY THE INSOLE -
FOR SHOES BRAND SUTDE CUSTOMERS IN SCANNING PROCESS
CONNECTION
BOOK A TIME MODIFY AND CUSTOMIZE
SLOT FOR SCAN customer needs and difficulties s PRODUCT KNOWLEDGE
NEW USER
REGISTRATION HELP AND ADVISE
STORE MEMBERS
ASSISTANCE THROUGH PRAND CONNECTION
PROCESS BRAND CONNECTION WITH THE USERS

SCAN

THROUGH

MOBILE

LONG QUEUES
-WAITING TIME

PAYMENT METHODS
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Project: Robotic, Aircraft Interior Cabin Cleaner

WHAT? HOW?

« Under such space constrained condition

s
-

‘;";. ;"'i-; * Arobot to assist with the cleaning might be the solution to such bad
_— i AL working conditions
¢
Si ngapore ﬂ Narita | B - i Intention of this study is to implement a cleaning robaot,
‘ : generated by the "Design by Robot” study. Which allows
sQ12 flies E " ’ the robot to fit into as much corners as possible in the
SIN (0925) - NRT{ 1730) ﬁ q %11 : et
L
— sQl1 flies 2 And then deploy multiple cleaning robots to do the cleaning
NRT (2010} - SIN {1730} ﬂ : —— of the aircraft cabin. For that the intention is to utilize the
“Multiple Traveling Salesman” solution.
*  Taking a typical Singapore Airlines flight, between Singapore and Tokyo
. Shown on the right would be the flight pattern ﬂ
. Where the same aircraft travels between both locations, almost daily ,
3 forms of cleaning during the different turnaround ﬂ : Study 1 — Stimulated Study of cleaning with optimized robot
*  Turn cleaning : shape (environment)
*  Aircraft will “turn” and fly again. ﬂ — "
« Generally light cleans , -
* Trash removal from the cabin and passenger areas. ﬂ 3
|
*»  QOvernight cleaning | =
= Aircraft that have flown all their routes for the day ﬂ -~
= Remain overnight, generally between 8 to 10 hours =
= (lean is enhanced with a larger focus on the customer areas in and around seats, ﬂ -
* Deep cleaning ! :
= Seat areas and many surfaces are removed and cleaned to expose the inner workings of the seat, ﬂ (a) (b)
compartments, :
* (abinets and storage areas. e General cleaning robot —
* Specialized equipment that helps with a deep clean. q /\\-/ @ typically circular
W H Y ‘) . - : ‘ @ Circular shapes can only clean
- - . - ) so much
\ - . :
g , R atls of the [ah q : ] 0 / @ Sh own in the coverage area in
4 *  Aircraft cabin - space constraints = RN A : the pictures below
. Vacuum cleaner has to be carried {-6kg) 1 = e
* Aisle width ranges 15" - 18" 1 "_ ¥ —

» Seat rows ranges 28" — 33"
Lavatories — 32" — 40"

~ * (Cleaners — constantly in bent and hunched positions

still difficult to reach certain areas

- e e mEe Em L

|
SEEL
T
'."
Y

(a) (b)

Generated optimized shapes as shown managed to cover a much larger
coverage

@ Leaving lesser areas uncleaned

As opposed to circular shaped designs

(a) (b)

Study 2 -
Navigation within
Ll the Aircraft Cabin

o) Traveling salesman
solution

o -ﬁ_ﬂ_.ﬂﬂ_.ﬂ_.ﬂhﬂ.ﬂ..ﬂ_.ﬂh_ﬂ._h

@ Optimizes traveling

s =0 route of journey
- =
- i L.1 - - g
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1 " « . @ Implement multiple
. I', cleaning robots
' :
— * Employs multipl
' : O p '9*5 pE
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i e—— solution
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Mass Customized Urban Residential High-Rise Strategy for

Social Cohesion

Aim/Purpose : To help Users be involved in the process and realization of their ideal
home environment through the collection of data and customization strategies in the
realms of community, sharing and personal preferences while keeping it economical.

This design research is applicable as a guide to develop the computational teools and
developments.
research investigates and explores different types of modeling systems that enable the
generation of massing proposals and fomulates and formalizes the reguirements

used for generation of urban high-rise type residential

needed for these

How — Research and Evaluation

Finding the properties and parameters in an
apartment building development most
crucial to the parties involved.

Analyzing those properties and gathering
relevant data from potential end users and
OWners.

Testing  out  different  methods  of
optimization/ generation of solutions. To find
the optimal method.

Gathering feedb ack from industry
professionals and end users to gain insight
and further development of system.

Modular Units

Urban village Project
bt oo waw prbanyi b g eproject o
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Performance Analysis

By gener al ive-desipn -3 ool ied-on-buildings hLml

Planning

System Operations —

1. In the first step the potential
user’s data is collected and input
together with information of the site
and the housing development.

2. The second step selection process
analyses the collected information
and thru a combination of micro
segmentation and personalization,

SURVEY QUESTI0RS ON
1. DEMOCGRANHIC TO_ERRMCES
2. SIRVICC LeYTR
3 ZHARING QFTIOZH
& COMMUNTY & 2E
E FNFRSY UISAEF
& DYMALI™
7. PR
E. COMS
¥ OWHERSEIP
0 =ERs0OMELTT
1. GENNF T HESULP IR
12. SFACE
13, FURSESHMS

14 PRMACY
includes and groups users into 15, CCOMLTING
“micro communities”. i
3. After the selection, the third step
is the confirmation of the unit that Ve [+ Amwroraver “H;t_;zﬁfﬂ _ j——
was demarcated for the user PREFERENCES 4D

Followed by the planning of the
internal spaces with different levels

of personalization.
4. The fourth step consists of the

generation of the complete model
packaged together with the relevant
data for the engineers and builders
to be developed and wused for
construction planning and

prefabrication.
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Why - Opportunity

With the development and advancement of
computational design and modeling tools. It is
possible to do more using current systems and
technologies. Current processes of building
and apartment design and construction are
outdated.
| want to explore the possibilities of
customizing each unit in an apartment

development for their users/residents.

lpwr Horwerd

Al & GANs Generative
Models

J6th, 2019

What — Proposed Solution

Proposed solution is a system comprising of 4
different Phases.

First phase will be Data collection, collection of
relevant data and information on the users, and the
site.

The second phase analyses the collected information
and translates the information into physical and
positional data to be input into the computational
model.

The third phase is the generation of the solution/s
based on the balanced data from phase 2.

the fourth phase evaluates the performance of the
design based on the initial parameters. Collected data
from the evaluation are fed back into the generation
of the solution.

Phases 3 and 4 are repeated until a satisfactory model
s achieved.
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The architectural discipline has been experiencing a lot of changes to the way in which its professionals engage in design. The perpetual progression of computing hardware and the
significantadvancement of Computer Aided Architectural Design {CAAD) has seen Architecture evolve from a practice of principally analogue technigues to one that relies
practically exclusively on the digital medium. As a result, the tasks of the architect has seen substantial transformation. Architecture, once a discipline of pencil and paper, now
shares creative approaches and applications with Computer Science, Interactive Media, Robotics, and Computer programming. These modern partners provide alternative
views and methods of what it is to be a creative professional, guestioning the practice of architecture to step beyond the preconceived boundaries and means of operating
embodied within conventional practice. Architects can now adapt new approaches for the construction of the built environment,

This research explores developing computational technigues and explores how they can be utilized to augmentthe way in which urban high-rise developments and buildings
may be designed with a focus on highly customized proposals converging around social issues and strategies. This research also adopts the use of a computational design
software called Wallacei - an industry developed generative software used to develop and spawn solutions after analysis and scoring. Through an architectural lens, it explores
the social aspects of cohesion, developing an understanding for these and how these aspects are converted into different fitness values for the program to optimize solutional
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Customers fail to convey their ideas of their dream house

Q to architects/engineers and as a result it takes more time __
HUW MlGHT WE EREATE A and effort to arrive at the customers’desired design. Py«

ONE STOP
SOLUTION FOR HOME DESIGN?

Millions of potential young professionals are unemployed
in Africa due to various reasons, mainly nepotism and lack
of opportunities.

~* The was to simplify the communication between customers
and PerESSIDnals during dESigI"I 'D'f thES and t'D' I"EdUEE the LUSED HOME DESIGNING APP BEFORE WERE ONCE INVOLVED IN DESIGNING ARE WILLING TO DESIGN THEIR HOME
unemployment crisis in the construction sector in Africa. [ ] [@
The was to create a platform/tool (in the form of Website)
for easy, reliable, convenient and efficient self home-designing. : Frsroo e e _ s | e
SAY DESIGNING IS TIME CONSUMING PREFER CHOOSING WHO TO WORK WITH WOULD LIKE COST ESTIMATION
L L I

STAKEHOLDERS

Registration & Certification boards
Professional users

2D & 30 HOME DESIGNING Investors/Businessmen

Ability to design a home in just few Enterprises
clicks. This includes customisation and
specifications to users choices

y e - | EXPECTED OUTCOME
HOME DESIGN CONNECT WITH PROFESSIONALS Home desiging processes will be

Ability to Connect with professionnals easier & faster and employment

Hukaya allews you to design your own home with no
architectural knowledge requined

(Architects & Engineers) directly after

designing a home, will be created.

DESIGN WITHIN BUDGET & TIME PR CONSTRAINTS

Ability to prepare financially for the
. Time: 1 year
construction of your home

Cost: SGD 1000

EUROPE|  |AFRICA

ﬂMERlBA The platform generates The user can download The user can view the list of
especially The user starts by drawing a 3D model from the floor | the designs and possibly Architects and Civil Engineers
Tanzaria walls and |layout. plan. use them as templates. and can select the one with
matching interests.
The user can start from The user can furnish
scratch or continue from and decorate the interior.
® a pre-existing template
-
| 1 2 (3 4]
7l 30 SAVE FINISH
STANDARD USERS i h
Mo prior Architectural
el < * COLLABORATIVE DESIGNING
2§30 CONNECTING e REDUGED
PROFESSIONAL USERS DESIGN TOOL USERS PROFESSIONALS COMPLEXITY
_J VIRTUAL & AUGMENTED REALITY

Interior Designers

Trust

INTERNATIONAL Lee Kuan Yew Temasek e
DESIGN o .08 EIJTj Centre for Innovative Cities EUTj Center for Research in
CENTRE (IDC) TECLNOLOGY AND DESIGN o Laboratories

sl D Digital Manufacturing and Design Centre L}’bEf Security

www.hukayahome.com
Breaking New Ground WWWdDrE'E'n n1ln1 e.com
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PREDICTION OF TURBULENT FLOW BEHAVIOUR USING
MACHINE INTELLIGENCE

| ABSTRACT I METHODOLOGY

Turbulence 1s one of the most complex phenomena _ _ _
Recurrent Neural Network 1s an NN architecture characterized by a

eletizaie it et S el Bl el e Cale i feedback loop. This finds application especially in time-series

progress in the field of Computational Fluid Dynamics

analysis, since the state of the output at a given timestamp t is

CFD has given ri vari nd theori - : :
( B L e e S I e e L B el influenced by the state of the output at previous timestamp t-1.

that attempt to explain turbulence, they fall short due to
various shmrtmmings in each individual methods.

With the advent of Big Data, rapid advances 1in the field of

Machine Learning and rise in the usage of data driven
models and learning algorithms, it has now become feasible n m
to develop frameworks of learning models that can be

custom-tailored to better understand and resolve
turbulence.
The aim of this research is to use advanced neural

networks, a machine learning approach, in order to enhance The LSTM algorithm acts as a gating mechanism that maintains the

and facilitate the computation of turbulent fluid flows so state of the previous output which helps in proper data transmission.

that it would pave the way in the development of a system The keras attention layer is used here. The attention layer facilitates

that would yield results at acceptable tolerance range, the interdependence between the output and the input states and
mptimal resolutions at low cr_}rnputatiﬂnal cost and time also within the input states.

Attention layer

required.

The learning models when executed provide the plot of

both the power spectral density and cumulative power
spectral density against angular frequency.

The parameter that was varied was the skipsize, with

values 30, 40 and 50.

) (b)

Power Spectral Density plot at (a) skipsize = 30 (b) skipsize = 40 (c) skipsize :
| FUTURE WORKS

The learning model will now be tested by varying other factors
such as learning rate, attention layers, etc., to determine the right
set of parameters that would ensure that the outputs predicted

have the highest level of accuracy possible.

Cumulative Power Spectral Density plot at (d) skipsize = 30 (e) skipsize = 40
(f) skipsize = 50
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A methodology to streamline the design process of digital
products by using knowledge-based engineering (KBE)

CUSTOMER PROBLEMS

« As a product designer, | would like to get assurance that the concept | am designing during the

ideation phase is within the project scope, costs and applies all corporate design guidelines
correctly.

 As medium-large company, we would like to reduce the amount of time that product designers

spend ideating solutions that are not within the scope defined by the product manager.
* As medium-large company, we would like to reduce the design inconsistencies with the

corporate design system.

CUSTOMER PROFILE

Medium and large tech companies that have a defined corporate design system

USER PROFILE

Product managers and Product Designers of digital services in medium and large tech companies

OBSERVATIONS

o Decisions made by designers during the ideation phase determine the relevant characteristics ————

of a product, having a huge impact on production time and costs. T e | Lﬂ

« In order to make the right decisions at the earliest time, designers need to have access to e D —

sufficient and reliable information. o

DELIVERABLE

« This research aims to provide a methodology that compiles valuable internal knowledge

along the product development process (PDP) and use it to help designers to make informed

choices within the cost and time boundaries defined by a product manager (PM).

IMPACT METRICS

« Number of times that a design concept is sent back to ideation phase, because PM defines that
it is out of scope.
« Amount of time spent by design manager reviewing the correct implementation of corporate

design system.
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Background

Industrial work environment is changing. Technology is ever-present in virtually every kind of industry today, dramatic changes of all are taking place in
our factories and other industrial environments. Industrial loT (lloT): they are used across multiple industries including but not limited to Electricity,
Nuclear, water and wastewater, oil and natural gas, transportation, chemical, pharmaceutical, pulp and paper, food and beverage, Smart cities, Smart
houses, Pharmaceutical Industries, and discrete manufacturing.

Attacks on Industrial loT (lloT) devices, exploiting inherent vulnerabilities, have intensified over the last few years. Recent large-scale attacks, validate
concerns about the security of lloT devices. To find and avoid this kind of attacks, we suggested to create a Honeypot architecture. Honeypots are
designed to purposely engage and deceive hackers and identify malicious activities performed over the Internet.

Aim
The goal is for those Industrial Automation devices, such as PLC to be discovered and exploited by attacks on the Internet, thereby revealing unknown

vulnerabilities. For detection and examination of potentially malicious traffic, we devise two analysis strategies:

* given an outbound connection from honeypot, backtrack into network traffic to detect the corresponding attack command that caused the malicious
connection and use it to download malware,

« perform live detection of unseen URLs from HTTP requests using adaptive clustering. We show that our implementation and analysis strategies can
detect recent large-scale attacks targeting Industrial Internet of Things (lloT) devices with overall low cost and maintenance effort.

Focus

* Find a most vulnerable Industrial Automation devices such as PLC and design an industrial Automation architecture (Physical or Stimulated) and
connect with this Honeypot architecture to detect the Industrial attacks.

 Design of a honeypot framework that incorporates Industrial Internet of Things (lloT) devices for high interaction, utilizing low-cost commercial VPN
providers

 An implementation of the proposed framework, demonstrating an automated, scalable, and economical approach to integrate lloT devices

* Two live traffic analysis methods to detect large-scale attacks and subsequently 0-day vulnerabilities in lloT devices using our honeypot infrastructure

Prototype Honeypot Network
1 - £ ‘ * Smart Home Prototype is
completed and controlled by VPN Forwarder | /=
PLC through HMI. Finally the | VPN Tunnel T |5
Prototype is connected with S = ¥ v - lz._; m b
Data Analysis | | e IR annete |l P T\
Honeypot through PLC port. ‘I’—l - - = \ el
. = : I n VPN Tunnel .’t’i -Il’__'li -
* HMI Programming Completed, HoT Network Y =¥ servers J°
Necessary buttons are created Do @m r&_ - 2
to ON/OFF the devices. Automaton . AVG Forkift Printer 8
o Devices under attack EHERS = gRetnat
Access Blocked
* Input & Output Module

Connected with Prototype

e R R e,

| through Switches & Relays. -
EIEE /| ' =
EE B ) -
— EIE - .
g_..%!a * PLC & HMI Pragrammlng Event detection Malicious
| synchronized with JIl —— Ngworkswitch & Analysis 01 #1111 | Command
: I rYTi1t 1 o P, lLDetected
workstation TIA portal. k T @ » 101
® i L Z 10101
PLC Port connected with ‘ Maripeding Posi 010101
Honeypot and exposed for \ I e, W Event-driven
attackers. - / S \ Data Analysis
' —
. Command [ J
* Prototype devices are felontnol scov :

Internet Malware Downloader

synchronized with the PLC

Input & Output module. Steps taken during traffic analysis of outbound connections

IPR Conclusion

Ideate - Discovered the topic and proposed potentially innovative ideas about Industrial Automation device to connect with Honeypot for Intrusion

detection, through literature reviews, benchmarking, ideation techniques, design of the architecture, on how to integrate the Automation device to the
loT honeypot framework.

Prototype - Developed Smart Home Prototype using Highly Vulnerable Automation Device (such as Siemens PLC) and connected with Honeypot Network.

Realize - Concluded the study about “Detect the attacks to Industrial Automation device” with some proof-of-concept of the ideas developed and
prototyped. Helps uncovering vulnerabilities and driving innovation in developing defensive tools and frameworks. All this study and experiment will be

used to prepare my thesis.
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VIRTUAL REALITY
30 Roerotic CommAND & CoNTROL SYSTEM

There is an increasing demand for robotic platforms to replace manpower due to aging population and declining birth rates.
Humans control multiple robots through a Robotic Command and Control (RC2) System. As the number of robots increase,
controlling the robots becomes harder and more complicated.

Aim & GOAL
-

-dD

AM My aim is to enhance RC2 operator’s performance

GOAL My goal is to enhance operator’s performance
through interaction design using Virtual Reality
technology

TOMMORROW

A 4

RESEARCH QUESTIONS & HYPOTHESES
)

N )

4 7

RQ1 Does 3D representations of spatial
information improve clarity of the
information?

Spatial information represented in
3D space will improve C2 Operator’s
situation awareness.

IMETHODOLOGY & APPROACH
p

Use-cases Research
Concept of Operation
User Interview
Designer Interview

Research
Clarification

I

Descriptive
Study 1

I

Literature Review on
* Interaction Design
+ Game Design
» Performance
W EEREnE

Conceptualisation

RQ2 Does 3D gesture inputs improve
control of the RC2 system?

H2 3D gesture inputs  will improve
operator’s level of control for spatial
tasks.

Prescriptive
Study

System Design
Experiment

RQ3 How can we minimise cybersickness?

Performance o
Actions
(Output)

£ Training
1 +

Su
Clesg Cffl‘En'g,-,

=

Ability to
Control

C

Ability to Make
Decisions
<C0mpex|ty Df>
Task

Knowledge

Levelof

Awareness

(Intake)

> < Experience >

e

e

: Intuitiveness of
| Planning Ul
l (Subjective)
x +

Density of
Information

)

Descriptive

Study 2

VR Game Experiment +/
Score and Data Analysis 5 Experience )
+

No. of
Interaction
Modal

)

Qualitative and
Quantitative Assessment

Interview
+
GastExper'ence}( Training >

CONTRIBUTION & EXPECTED RESULT

Contribution towards Human-Computer-Interface (HCI) Design and
C2 Ul Design.

Identify areas to enhance C2 operator’s performance in C2 design .

As a Prove of Concept.

Singapore University of
Technology and Design (SUTD)
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_ The robots uses 2 different
Soft robot inspired by hedgehog with intentions to aid in I\ b y ~material such as Eco-flex 30 and

relaxation through the use of acupuncture. Smoothsil which are printed in

hydrogel support bath.

- Depending on the speed of the

¢ print , the “thickness” of the
material will change.

Whisker

I",'|\Jj_fJ f

g ——— / Smooth Sil
(e r\ ..___,""-f'
Eco-flex 30
- Folding Geometry
- Smooth Sil

Air chamber
The parts are then combined with one another with epoxy

glue , with the eco-flex 30 being sandwiched in between
the parts.

When an air is supplied in the air chamber, air gets trap inside the wh

chamber , allowing for the the air chamber to expand which eventually g

allowing the soft body to bend , thus moving the whisker to create a
poke movement.

The idea is to have a soft robot that is inspired by a hedgehog and by
combining the special feauture of hedgehog spikes , acupuncture and
massage, user would be able to relax themselves simply just by having
their palm being poke or having their palm stroke by the robot.

No pressure applied Pressure applied

Method of production and material

gl
HIII'

SECIKY C-C
SCAILEN :2

— — —!'

By combining two different material that have different rigidity , it will

allow the body to have movement that mimics the curl movement of a
hedgehog .

User will have their hand palm to be poke at specific area. When

having this area of the palm poke , it will cause a reaction for the users
to relax and de-stress themselves

R RFHATIONAL - Temasek |TrU St
DESIGN 'll'c

. Center for Research in
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Aim and Goal

v There is growing concern that anthropogenic carbon dioxide v Aim:
(CO,) are contributing to global climate change. ]

v MgO-based absorbents have been recognized as a To capture carbon dioxide in the atmosphere at

promising CO., absorbent at intermediate temperature since room temperature (RT) by adsorption using solid

Magnesium Oxide (MgO) chemically reacts with CO.,, to form adsorbents.
thermally stable Magnesium Carbonate.

v" Though MgO0 shows a high theoretical CO, capture capacity, v Goal
the reported CO, uptake of commercial bulk MgO could be ]
low as a result of the limited base sites.

To develop a novel and a sustainable nano
material which capable of adsorbing inhouse CO,
in the atmosphere at RT & apply the developed
material in inhouse CO, sensor.

Project Questions Project Approach

o What are the researched materials/commercially available — Research Descriptive Prescriptive  Descriptive

materials for CO, adsorption in room temperature. flanﬁcﬂt'ﬂi p il ~ e . ~ K,St”dy" . Literature Review |
[ L]
e In what ways the different CO, adsorption mechanisms | s %— Literature Review |
affect to the capture capacity of a material. Iﬁ|

Initial Experiments
e What are the constrains in current commercial CO, 20
adsorbent materials when using them in inhouse CO, Sensors and — rﬂﬂﬂ-‘ Conceptualization

their properties.

|
ti’

Main Experiments

i G

Characterization

bittern as a raw material in developing CO, capture materials and the = |
effect the CO, capture capacity.

o Is it possible to use the waste product of desalination, the %

5 B2 Ik2
How does the CO, capture capacity of a material use in real- ﬁé@ Evaluation
life applications in RT. 3 yV @ ® % D . y [c)

Optimization

Areas of Contribution Project Deliverables

Physical v A novel composite material based on

Wellness Applications MgO which highly cost effective and

e Health * CO, Sensors high adsorption rate at RT as it Is

Material Lottt 2 LA vital when it comes to mass
Selection 'sirg:,ii?; production incorporated with inhouse

» Cement Industry COE Sensors. ==
e Fuel Industry

Developing a
sustainable

material CO, v' Ability of using desalination waste
capture in R1 material as a raw material to develop
the composite.

Electrospinning

Aesthetics Mass

 Adsorption Production
Properties

* Appearance

,..,..
=
L ']

* Low cost . ]
Environment v’ Apart from that this material can also

* Recycling / be modified to include in applications Z ol
e \Waste material Example of a design of a CO, sensor "=

Adsarption (witth)
Fud Fod

. ? % IIII1II: EI[IlE-rI:- L-.:IIE-I:II‘.‘-II: TlIZIEII.‘. *5:3 1:|lill1:[l 120
usage with developed composite material Time (minutes)
L]
. . . iTrus
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Human-0ODbject Interaction with passive RFID Tag

PROBLEM STATEMENT AIM & OBJECTIVE

How might we enhance the low-cost common RFID
Tag with sensing ability, such that they can detect
human interaction as well as sensing the environment
around the them ?

[ \

*To enhance the day- to-day human
interactions through RFID tag or cards
with ubiquitous components at low cost.

*To design the tag with efficient data

\ protection.

IDEATE

How might we facilitate
the human object
interaction with passive
RFID Tag at low Cost and
high security?

What are some learning
tools needed to train a
model to achieve better
detection performance, In-
order to collect and process
the sensing data ?

PROTOTYPE REALIZE

* |Initially the tag has been tested In the Realized phase the tag
by using Arduino software, on has been mostly simulated
Arduino Mega 2560 board and virtually in order improve the
Reader RC 522. efficiency in all aspects.

CHALLENGES: . (Mh)
Designing the layout of RFID tags :
carefully such that it doesn't

interfere with each other when The above figures reveal some of the initial

read by the reader radiation, gain, VSWR, S - Parameter of the
' antenna designed virtually.

FUTURE WORK CONCLUSION

In future the development of the RFID tag is The developed RFID tag can track human

going to be simulated at optimal frequency interactions and revamp their everyday life with
range in order to increase the efficiency of its efficiently protecting their data.

working to detect human object interaction.

:

&
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NECK PAIN — PREVENTION & PRECAUTION

w I‘ &I Neck pain is getting very common in recent

days. Study shows that the pain and
Vision prﬂblem Thumb arthritis Sleep disorder prugressive medical conditions in the

"

Cubital tunnel
syndrome

cervical spine can be mostly attributed to

poor ergonomics of using mobile devices like

tablets and smartphones for a prolonged
... more period.

Neck pain
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IMPROVING KICKING TECHINQUES IN FOOTBALL

i 4 k
GOAL2034 is the target set by the Football Association of Singapore (FAS) to achieve the goal of
PROBLEM reaching the World Cup Finals for the first time in the nation’s football history. How do we help the
S football team to realize this dream by utilizing scientific research to improve player performance?
/
gl 7 R
GOAL & AIM Help the Singapore football team achieve GOAL2034 by enhancing player performance by designing a
training tool/support to improve kicking techniques.
\.
Y P
- 4 A
- Critical components of a Kick = Accuracy + Power
FACTORS - Operational Definition of “Successful kicks” = Kicks resulting in the intended trajectory and ball
S speed
B
7 ke
HOW MIGHT WE - HMW increase rate of a successful kicks by increasing accuracy in ball trajectory
( HMW ) - HMW increase rate of successful kicks by increasing kicking power to increase ball speed

Review of Existing Training Tools

/ Smart insoles by Adidas and
* :

Jacquard, Google's Advanced
Technology and Projects (ATAP)

Gamification

Eult -in six-

IDEATE

PROLIFERATION OF IDEAS PLAY CONNECTED . /" KEY DESIGN |
e .=' CONSIDERATIONS 2

B | ; _!.' [ . ™ - f 1‘
L P — ' D f s -MdaSSITEI'tEEll

Data Dhven

/ : «  Sudies have been done to showthere is an optinal kick path
/ 1. Qptirvel Kick Path for different types of kicksand the existence of a “sweet spat”
l ~ paint on the ball - that will increase the success of a kick
PROTOTYPE | 2mnee * S AT A
: rai
\ 3 pmvbsg Kk ¢ Fotbellanslyssthe ick eecuted and conparesit tothe o § —> UsrkickPathl
\\ optinel kick path and feedback the analysis tothe user : "> Optial Kick Path/
v ™
/ " () Wist Strap ™ { (i) Smartphane App
: +  Wist-wom —> does nat : : + Morein-depth
inpede kicking process E‘ - analysis i
¥« “Traffic light” colour L iie  Trackand @ :
: system TR nonitor :
2 . nce
REALIZE | ==y [ A8 g0 |G ¢ oo B rdcater ¢ % PR
PRODUCTION OF FINAL Sensar
P R O T O TY P E ::"-.;;.é};;{;g{;i.i.r;.i;;é.é& .................................
: «  Lhobtrusive = does nat interfere with
: kicking surface
»: «  Interchangeability = Insole canbe

] interchangeable with different boots/shoes B b ‘_: j
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Framework For Selection Of Cleaning Robots Using Multiple Attribute Decision Making Approach

Provide standardized attribute-based
specification pertinent to the stakeholder using
Multiple Attribute Decision Making (MADM)
approach, with quantified comparison and
selection of best cleaning robots in the market.

Due to the increasing complexity in requirement
and available features offered by various cleaning
robots in the market, it is very important to have
a framework to select more appropriate robot.

Framework outlining the standardized
attrlbute—based comparison for Designers,
Manufacturers, Suppliers and End Users to select
the cleaning robot available in the market, that
meets their needs.

Introduction Selection Process

Cleaning robots are the machines that are used in the process of removing
o & s = . @Stakehulders
the visible and invisible unwanted substances from the working surface.

@ Potential Robots @ Pertinent Attributes

These unwanted substances could be dry dirt, wet dirt, waste objects,
infectious agents, chemicals, etc., Cleaning process includes dry vacuum,
mopping, wet suction, dry foam, dry powder, hot water, chemical, air jet,
disinfection, polishing, etc., The environment where the cleaning robot are
deployed also ranges from industries, commercial building, offices,
domestic, food courts, public parks, public roads, swimming pools, water
tanks, ships, aeroplanes, etc.,

Reconfigurable pavement sweeping robot (Source: SUTD)

Commercial floor Cleaning robot {Source: Lionsbot)

Shape shifting floor Cleaning robot (Source: SUTD)

increase in the user

rapid
technological advancements, there have been many cleaning robots that
are launched in the market. To select a cleaning robot, stakeholder has to

Considering the requirements and the

to clean, the
It is very difficult

look at different aspects, that includes the material
environment to work, the cleaning process to use, etc,,

and time consuming process for the stakeholder to understand all these
aspects and find the cleaning robot. Therefore a framework needs to be
created, that is simple but can be applied for all stakeholders, to ease the
selection process and reduces the decision-making time.

Ideate-Prototype-Realize

N
Literature Review: Study the
IIII existing methods used in the

f o Define the approach to be i selection processes )
/ used for selection of
leaning robots 4 , , b
! © / :ﬁ Identify various components
-j used in cleaning robots
Determine the attributes for & 5
properties for all identified . "
components Identify pertinent attributes

& that are critical for all the

stakeholders
Document framework to \ J

select the cleaning robots for p
Test the selection process
w with the cleaning robots

various stakeholders
@X@ | available in the market
- >,
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- Designers

h Manufacturers

m Suppliers

.‘. End Users
N

@ Finalized List

[©)

Evaluate and Rank
using mathematical &
graphical methods.
Finalized the cleaning
robot for the specific

-ﬁ

=

&

Identify the list of
potential cleaning
robots available in
the market, that
meets primary needs
of the stakeholder.

. o

@ Evaluation Matrix

' Y
Assign value to
objective and codes to
subjective attributes.
Apply weightage to
these attributes and

Vo=

N Y B fi& ™
#‘_
w—
E g_

.

f_

Apply all the
pertinent attributes
for the potential list
of cleaning robots
chosen from market.

L

@ Obtain Values
-

7 )

[ RS
Bl B

Obtain values for all

pertinent attributes
for all the potential
list of cleaning robots
from their authorized

_stakeholder. o

TOPSIS
(Mathematical Method)

h._ﬁl:lrm a matrix.

_J . .

source.

Evaluation and Ranking Methods

Weighted Normalized
Specification Matrix V

Line Graph & Spider Diagram

(Graphical Methods)

l

Obtain +ve and —ve
benchmark robots

l

Calculate separation
measure from +ve and
—ve benchmark robots

|

Calculate C*, relative
closeness to the +ve
benchmark robot for
all the shortlisted
robots

|

Robot with maximum
C* is the best from the

v :

v

Calculate the area and
obtain +ve and —ve
benchmark robots

Compare all the shortlisted
robots with +ve benchmark
robot for ranking purpose

I

Determine the closeness of
shortlisted robots to +ve
benchmark robot using
Coefficient of Similarity

TECHMOLOGY AND L'-'I:':-IGN

shortlisted robots l

Robot with COS closerto 1
is the best from the
shortlisted robots

v

Best robot is identified from |

the shortlisted robots

Conclusion

The framework helps the stakeholder with a simple and easy selection
process. This avoids time and effort for stakeholders spending on
exploration and research, to identify their appropriate critical attributes for
their selection process. Though the process defined in this framework is
specifically for selecting cleaning robot, this framework can be extended for
any other robots with the refinement to the properties and pertinent
attributes for the type of robot that are involved in the selection process.
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Chitosan Based Organic-Inorganic Composites
Applied in Additive Manufacturing

Ideate — Bioinspired Design
From Shrimp to Metals

What is Chitosan? How can Chitosan be utilised in building larger three
Chitosan 1s a biopolymer derived from Chitin, the second most dimensional structures?
abundant naturally produced organic material. It is usually A potential solution lies in composite materials.
derived from insects and shellfish like shrimp. When cured it Chitosan exhibits good bonding with materials, and exhibits
produces extremely strong sheets which mimic modern plastics. chelating properties, binding well to metals. Chitosan cures
into a solid once it’s moisture content has evaporated. These

Chitosan is being explored as a sustainable material for use in behaviours can be utilised to solve the two key challenges:
fields like medicine and consumer goods. However there are A. Metal powders can be used as the aggregate material,
several Challenges: bound by a Chitosan matrix, thus forming composite.

A. Chitosan polymerises well in the X & Y axes, but not Z. B. Chitosan-Metal gel can be shaped in any manner at

B. Chitosan polymerises as it loses moisture content. room temperature, and will solidify into a solid object

" The objectives of the prototyping phase were:
L

2. Develop a methodology for using the composite
3. Discover how to refine the composite into finished products

The following discoveries and innovations were achieved:
1.
2.

3.
4

once moisture evaporates.

Prototype — Developing a New Composite Material
Methodology for cold shaping metals

Develop a suitable working composition of Chitosan-Metal
paste

Irregular metal particles bond better than spherical particles.

The paste can be extruded into shapes or cast in moulds at room
temperature, making it viable for extrusion 3D printing.

Oven dried samples are solid and can be melted into liquid metal.
Using a benchtop induction heater allows melting of metal in the
composite.

Melting the metal allows the powder to fuse into a solid metal piece

Realise - Future Applications of Chitosan-Metal Composite

" With the Chitosan—-metal organic-lnorganic composite,
several potential applications can be explored.

The first application is Chitosan based 3D printing.
Similar methods have been developed before using Chitosan
fused with cellulose (FLAM) or calcium carbonate. Using
metals as the aggregate ingredient imparts the metal’s
properties to the composite.

The second application is low-cost metal fabrication.
Conventional metal production uses expensive equipment.
Using this composite, objects can be crafted in moulds or
even 3D printed at room temperature, thereafter being
heated until the metal fuses together, resulting in a solid
metal object. This makes metal production accessible to
hobbyists and the backyard scientist for rapid prototyping,

jewellery production etc.
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deForm: Freeform surfaces from controlled shrinkage
in 3D printed planar structures

MOTIVATION

JWwhat

The aim is to develop a prediction model after investigating factors that can

A Why

In Additive manufacturing (AM) processes, when

temperature control is involved, there are common control material deformation, so designers can achieve desired 3D geometries

inaccuracies caused by warping, cracking and just by printing them in 2D.

bending due to material shrinkage.

» What is the significance of material deformations affecting additive
manufacturing processes?

T we understand this phenomena and predict these » Do material deformations improve physical and mechanical properties of

situations, not only can we reduce the inaccuracies, but VNG PavarE]D

we can dlso use it to create 3D geometries without the
use of structural supports, which also eliminates material » In what way can material deformations be controlled or predicted based

wastage and reduces the time for printing. on specific needs?

FOCUS

Deformation Mechanism Materials

After investigating Shape Memory Effect, a Polyurethane
(PU) based Shape Memory Polymer (SMP) is chosen to studuy.
SMPs have the unique characteristic of being able to
‘memorise’ a permanent shape. If heated beyond its glass
transition temperature (Tg), it reverts back to this memorized

The main mechanism to be studied is bending, driven by thermal
control. By varying printing parameters for different layers, the
shrinking rate is different for each layer. The direction of
deformation is perpendicular to print direction. These factors can
provide interesting deformation behaviour in various print

patterns. shape.

Modelling Printing Process

The aim is to devlop a parametric workflow from start to finish. In extrusion based AM processes, there are many variables
Based on desired geometry, a planar geometry is generated by the involved that affects material shrinkage. To have a clear
simulation model, which is then subsequently computed into understanding of the relationship, a matrix of these
geometric code to be sent for printing, with the relevant parameters parameters is designed for experimental study before
essential for accurate deformation. determining the optimal deformation process.

Research Plan & Approach e
eT / °C curvature / pms-? Fixed Parameters
o Literature Review Design of experiment T % @ @

90° [horizontal) PS5 | 15 mm/s FR | 0.04 LH | 0.2 mm

® Parametric workflow - Hypothesis: | 200 ©.84228

geometry to G-code \ @ 6 % @

-— n upper layers

| 195 ©.e6388 dT | 75°C hT | 60°C SW | 0.4 mm ND | 0.4 mm

. . =
O Characterization of | RS i 3/
. 012000
shrinkage factors
I | 19  @.e753@ i Caio
_ The greater the difference in Y o 5 0.08000
o Experimental Study extruder temperature when printing ¢ F
(puttern design) the base and vupper layers, the | 185 @.e8815 §
greater the shrinkage in the overall _ _ - ; o
T 2 el L
_ _ structure. eT | 180 - 210°C S
® Run simulations to Rl 3 —— o000
. . = - 5 2 il -1 e’ 4
optimize deformation = R et e 1 U

Expected Results

An entrepreneurship project - CASTomize, will be an application of this tool.

Academics

Additional Benefits: Thorough understanding of material shrinkage factors builds more

» No need for joints as deformation can layers of foundation in search for potential applications.

serve as mechanism for patient to wear

the cast Practice and Industrg ®

» Shgpe memory effect allows ease of This versatile tool can be beneficial to AM users and designers.
removal and efficiency in storage and Apart from material and time reduction, the movement of material
transport. deformations can be more creatively used in design processes.

\ _ -
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Function Modelling: A Novel Function Modelling Framework

for Complex Software Design

Pujani Abayatilake | | +65 86719298

Engineering Product Development Department | Singapore University of Technology and Design,

Background

Function models describe and visualize the
functionality of the system to be developed.

L What? 1 L Aim (Why?) }

Software development community has been
using numerous function modeling
approaches over past few decades to
conceptualize software systems.

L Relevance? 1

L Goal (What?) W

t has been proven that majority of people
brefer to design software without using a
proper  function  modelling  approach
because of numerous shortcomings in each
approach, even though it is essential to use
function models in designing complex
software  systems. Most  widespread
difficulties stated related to current
approaches are high complexity,
inconsistency, incompleteness and time-
consuming behavior.

L Situation? 1

 foas

Singapore.

Project Aim, Goal and Focus

Enhance the quality of software products
by encouraging people who work in
software development discipline to use
function models more adequately in early
designing stages.

Develop a simplified function modelling
framework for software community to
conceptually design complex software
systems.

ldentify most significant features of
current function models and apply them in
designing a simplified function modeling
framework, through analyzing benefits and
shortcomings of each model.

Design Approach

Lack of usage of function models in early Desien Main
L Problem? 1 design stages leads to poor quality software . Focus
: o Stage Outcome
products while failing to meet expected -
business goals. d Research Fo  Bverviewofthe
Clarificatio research topic and
. . . n (RC) ‘ Goals research area.
ObjECt-O rlentEd FU nCtlon * Objectives and main
research questions

——

Modelling (OOFM) Framework

‘|

‘ ( = Review of function \
D ti modelling theories
Ac f A escrip we and function models
: Impact n;::rs on use AT Basi c S:ggﬁ l prﬂpﬂSEd in
—— Use case — Actor software domain
Use case - : Interactions Interaction View Impact of Means Und?rs literature.
Object View . between i o . tanding = Collection and
3 P it analysis of survey
e S Use cases N Literature - _'\ . ) data on the
Object - g ko review - application of
Object View )| e Tie:w \ function mncleling.-/
B e e e e T Survey
A 4
Conceptualiz L = Most significant -\
ation . PI'&SCI'IptI modelling features
SM““E" ve for complex
equence .
= _ Studv(PS ‘ software designs.
; Synthesis [ y(PS) | Support = Novel function
- . modelling
framework.
Case study - y = Recommendations
l ‘I for application.
Evaluation - N—,
Key Benefits discussion Descriptive
Study |l = |pitial evaluation of
Summarize all modelling aspects in one place using a matrix- (DSlI) Evalua proposed framework
based representation. tion usinga
Clarity of visualizing the content and solutions, hence . - Dy & qUESHenNAIre.
enhance the understandability of the overall system. |
Enhance the collaboration between the teams and clients.
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Small But Red

A General Molecular Design Rule to Cerate Long-wavelength Dyes

Research Approach

Introduction

In the design process of fluorescent dyes for dye-sensitized 1. Wavelength Calculation: The experiment in dioxane

solar cells and biological cell stains, small molecular size
and large absorption wavelength have always been the

focus for the researches to achieve the characteristics of

was restored in using the wB97XD functional with Liner
Response solvent method (Fig. 2). The large in the differ-
ence in DMSO is due to the dehydrogenation of dye 1.

easy synthesis, low effct on cells and overlap with sunlight. a..
5801 e : !
Nowadays, there are three ways to realize the "small but 560 [ 2
540 |
red” in the donor-1T-conjugation-acceptor (D-1-A) dye = 52077 e e e £
£ 500 ® . 61.0nm
design: 1. changing the positions of substituents; 2. chang- Ed80f ¢ {1
A e b s Feza
ing the types of substituents; 3. enlarging the 1-system. 440 | 1
420 .
_ "
The group of Sergei reported two dyes with a thiophene ZEE

o . . - - . pEEﬂBE_E*?f. Yo pﬁE‘ ?pﬂgﬂ”’&' Mﬂﬁg;,: CAMﬁ REUEEP#D
unit in the tr-bridge, differing from the position of methine Functionals

Dipole Moment (Debye): 12.77 (S,) — 18.58(S,) 1

unit, which create a absorption maxima diference of 61 nm Fig. 2 a. Absorption wavelength maxima of two dyes in

in the dioxane to 139 nm in the dimethyl sulfoxide. Howev- 1,4-dioxane by using 7 functions; b. Centroid distance and

er, there is no good computational method to reproduce the dipole moment of dye 1 (up) and 2 (down).

experimental phenomenon or explain the difference. 2. Structures Analysis: Geometrical structures

(bond-length alternation) and electronic structures (orbital

gap and charge transfer degree) are detaliedly analyzed to

explain the difference between two dyes deeply.

Fig. 1 The molecular structures of dye 1 (left) and 2 (right).
3. Molecular Design: Series of molecules are designed by

Main Questions the bridge, donor and acceptor modification. Two dyes (1f

1. Which computational method can reproduce the experi-

and 2f) with long wavelengths in the nonpolar solvent are

HO
Nx 5 H O- OH
H \ N
(—~O—=—] ; n?
N
H

Fig. 3 The Molecular structures of 1f (left) and 2f (right).

mental phenomenon?

2. What does changing the methine unit position cause a

large difference in the absorption wavelength maxima?

3. Can this design strategy can be promoted?

Deliverables

1. Finding out the best computational methods to repro- 1. A paper or report for the study on the deep investigation

duce the experiment via the Gaussian 16 program. of the two dyes.

2. Providing a feasible design strategy for the "Small but 2. Series of large absorption wavelength and coefficient

Red” organic dye. chemicals via exchanging the conjugation order.

Mr. Shen Tianruo (M.Eng Student)
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RESEARCH APPROACH

This project follows the DRM Reseach approach
1st stage - Research Claritfication -

Based on literature, the main focus was set.
2nd stage - Descriptive study (DS1) -

Studied the structure of assessment ot
langugae and music which contributed toward
finding answers to the research questions.

3rd stage - Prescriptive study (PS1) -

Synthesis of a new framework —the Design
Competency Assessment (DesCa) framework.
4th stage - Descriptive study (DS2) -
Evaluated by two design faculty at SUTD and
instantiated as a prototype for one design
course (3007/).

Sth stage - Prescriptive study (PS2) -

Figma (an online interface tool) was used to
create a digital wireframe that illustrates the
overall design of the framework and the
process of using it.

EXi

SUPPORTING
class & lesson planning

The complete design learning structure urges
instructors to plan lessons based on skills
needed to complete design deliverables and
design tasks.

- Besides offering tools/methods for
completing design tasks, DesCA requires
instructors to integrate these tools / methods
with other content (visuals, models,
examples, etc) to scaffold instruction.

IDENTIFICATION of
design competency

An accurate indication of the design
knowledge and skills an individual has at the
end of the designed course/program.

- All programs that use DesCA to design
their curriculum can set their offered ‘level’
of design competence depending on the
course(s) they offer.

- Student’s final design competency is issued
as a grade. This grade is indicative of the
strength/expertise at a certain level.

- Adopting these levels will help learners
choose courses and help instructors/
employers identify design competencies.

PROBLEM STATEMENT

The increase in the use of design has
created a demand for designers and design
education. Many institutes offer programs
and courses in design and assess the level
of design expertise.

However, there is no common reference
system to:

(1) Identify and assess the design
competency of learners, and the level of
competency aimed for by a course.

(2) Universally recognize the design
competency ‘level’ of an individual or
course.
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Hypothesis
Different levels of
design competency
can be identified
and defined irrespective

02
Hypothesis

Every stage of the

of the discipline /

: design process requires
design task. In P 9

specific skills that
contribute to better
insights.

DESIGNING & PLANNING of

design learning curriculums

Providing a clear and comprehensive framework

- All aspects of the design learning process is
covered across and through the framework (The
design process along with accompanying tools,
objectives, tasks and skills are explicitly laid out)

- A detailed framework is offered depending on
the course with suggestions on efficient practices.
- All parts of the framework are customizable by
the instructor/the program administration.

DEVELOPMENT of design skills

with use of tools & methods

Objective identification of all relevant skills for each phase,
each step and each task of the design process.

- DesCA offers instructors a list of skills that are highly
recommended for each phase of the design process and
based on design tasks/deliverables.

- Students can now identify skills that they have, need to
acquire and those that need improvement.

- Offering skills as learning objectives allow learners to
choose programs/courses that target specific skills in
addition to their interest in a certain discipline.

- Design tools/methods are suggested to compliment

skills that are needed/acquired by design learners.

DesCA

DESIGN COMPETENCY ASSESSMENT
FRAMEWORK

00
OO0
OO0

A COMPREHENSIVE STRUCTURE
TO ASSESS DESIGN COMPETENCY
AND MONITOR PROGRESS
IN DESIGN LEARNERS.

MONITORING growth
& progress in learning

Easy tracking of performance based on
set expectations, learning outcomes &
scope for improvement.

- DesCA's enables course leads to define
expectations using a Learning
Expectations and Outcomes (LEO)
matrix. This determines the ‘level’ of the
course. Instructors can then translate this
into level appropriate studio tasks and
facilitate the use of associated skills. This
also allows students to plan their work to
meet these course goals and aim to
move up these levels.

ASSESSMENT / EVALUATION
& teedback to design learners

[N |

INTEGRATION of
design industry needs

Increased transparency in evaluation criteria, break -
up of scores and area of individual improvement.

- Final grades/scores can be back tracked to scores
awarded for a set of skills associated with each step of
the design phase/design task in the design process.
- Assessment and evaluation is based on skills
acquired, in addition to the evaluation of design
deliverables as usually done.

- This provides a more accurate grade/outcome with
minimal dependance on subjective/individual
interpretation of the evaluator.

Timely updates and revision of existing
courses/curriculums  based on the
changing needs of the design industry.

- The framework suggests skills, tasks
and terminology based on current trends
in the industry.

Updates are offered in terms of
suggestions when new trends/skills or
needs arise in the industry. This ensures
education is at par with the industry.

03

Hypothesis
Assessing the design
competency of an

individual contributes to
progress in design
learning.
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Geo-Spatial Analysis Of Singapore’s Household Energy Demands

Introduction

Singapore  Households makeup
14% of total electricity demand 1n
Singapore 1n 2019. 80 % of the
population lives 1n a total of 1.06
million dwelling units of public
housing estates (HDB estates).

Design Aims

1. Map high-resolution maps of electricity
consumption in HDB buildings.

2. Identify statistically significant factors
electricity consumption within HDB
estates.

3. Analyze the main factors which lead to
the geo-spatial difference in electricity
consumption.

Main Contributions

Urbanization & Sustainability

1. First round Hi-Resolution maps to detail the energy performance of all HDB buildings.
2. An cffective method to match BCA “Green Initiatives” to HDB estates.
3. Optimization of New Energy Efficient HDB ¢states

——
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Monthly Electricity Consumpticn in HDB Buildings
Total KWh/maonth

12,000 Dependent Factors

Population of building
Total number of flats
Age of building

Unit Floor Space (sqm)
Household Income
Household expenditure

AU o o o

70,000

Scale: 1:46,000

15 0759 0 1.5 3 4.5 (i)

——— e — K lmetars

Key Findings

Different buildings consume different amounts of electricity.
1. Building Population, Number of Units & Age of Building have positive & significant impact

on Electricity consumption.

2. Household Size, Income & Expenditure are not significant indicators.

At the Town level, there was no significance indicators found to explain the difference in energy

consumption.
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DEVELOPMENT OF A SOFT INERTIAL MEASUREMENT UNIT FOR
USE IN SOFT ROBOTICS

Soft Robotics is a relatively new concept in the field of robotics, where robots are made from compliant materials to withstand
deformation. This provides an advantage over traditional robots as the compliance could allow for the soft robot to operate in
harsh conditions, or to provide a safe working environment where humans and robots work together in close proximity.

An Inertial Measurement Unit (IMU) is used in robots for motion and control. A soft robot would work better with an IMU that is
equally compliant, while providing accurate and reliable motion readings. Therefore, IPR was done to develop a Soft IMU.

IDEATE
7 )
Human Inner Ear: A Natural Soft IMU Methods To Detect Movement Of Fluid
Stirrup Motion is
O Anvil SemiencLiat detected w m
Hammer through the | :
N i movement of H2lEd Bleco . S
IR % L. Resistor
Y s fluids in the
Pmn:/ “ ‘ Audiory SemiCirCUIBr Pﬂtential
Herve canals. Difference
Ear Drum Thermal CG":‘?U"EF
\ Audory / Measurement Vision
ana \ /

PROTOTYPE
/ Using Computer Vision \

EE
(e LN

Ma;\kzrivh:fadeeu.r; Fr(':om Elack Using A Raspberry Pi To Give Position
n Ite Grids Can be .
CAD Model Of Sensor Position In Detected By Computer Vision Board And Camera Estimates
Soft Robot Body K j

REALIZE

After printing the marker, it is left to cure into a piece of soft
PDMS. The marker is placed in fluid to achieve buoyancy,
such that any displacement of the soft robot will cause the
PDMS marker to displace as well.

-
L
o

By placing the camera in line with the marker, Computer
Vision can be utilised to detect the change in motion, and the
information is processed by the Raspberry Pi to give the
displacement of the soft robot.

Printing Of Marker Using Alternative Way Of
PDMS Ink Printing Via Injections
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MotivAID

Aiding Motion through Motivation

TECH

Tan Wei Hua |
Subburaj Karupppasamy | Advisor

User suffered infantile spasms causing lasting damage in mental and physical development.
« Sedentary lifestyle has lead to high BMI, requiring walking exercise.
« Requires heavy assistance on father and helper to stand and walk, who struggle with her weight.
« Her decreased self-awareness hinders drive to increase personal mobility and physical wellness.
« Existing walkers on market are large and bulky and designed with a medical aesthetic,

while the smaller, compact ones offer insufficient support.

Problem Statement

How might we design an assistive walker that is highly functional, encourages pride of use and
ownership, and motivates voluntary engagement?

Scenarios & Insights Benchmarking
Scenarios Insights
Patient is going down a slope without direct support, W alker should provide a speed limitation to prevent [ Electric Tendbke

feels unstable.

W hile outside of home, the patient’s caretaker has to
divert his attention to purchase food, leaving the
patient unattended.

Patient goes on a road trip with her father to
Malaysia, and is excited to explore the new
environment but is restricted to her wheelchair.

Patient loses her grip, being unable to support her
weight any longer and falls to the ground.

Patient feels tired and lazy after a short walk and
chooses to sit on the integrated seat, refusing to
walk any further.

Patient is using the walker and a passer-by

Synthesis & Analysis

uncontrolled/undesired acceleration, and enable
stable movement in intended direction.

Patient should feel calm and relaxed while left alone

on the walker for short periods of time. It should also
be safe enough for her to be left unattended.

W alker should be compact enough in stored state to
be kept in car boot, and be able to replace
wheelchair in most scenarios e.g. short distances.

W alker should possess a failsafe system that
supports the patient only when she releases her grip.

W alker should provide an integrated seat that is
convenient enough to deploy for rest but does not
provide access at patient's disposal.

W alker should be stable enough to retain balance

Wheelchair

Aids

r\) - 'hlL

Walking

=N

SINGAPORE UNIVERSITY OF
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Student

Full support and rest

position available

-l T

training while walking

accidentally collides into her. upon external impact. Arm-holds should be W;t'i;k"ﬂ L 181 Rolator WWolkes ;E:::'“"i
comfortable and easy to grip. nign [Equipment|
Patient is using the walker and in her excitement, W alker should be highly visible such that people M - https://www.rehadat-hilfsmittelde
knocks into an old lady holding a bag of groceries. nearby are able to see it coming. There should not be el &
any sharp protrusions or hard edges.
Patient is using the walker when an unexpected W alker should be designed in such a way that any
rock/pothole/kerb strikes her foot/wheel and she foreign objects in the path are only contacted by the
tumbles over. walker instead of the patient's feet. =
Patient is waiting on her walker in the carpark while W alker should possess a restricted movement mode Para“el PrOtOtyplng
caretaker is facing away. She starts walking into the to ensure that the patient stays in the same spot in
path of an oncoming car. dangerous environments.
\‘\H\"\- — I - __'_'."I'
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Prototype 1 Prototype 2 Prototype 3
. Basic box frame design
- Integrated seat . Minimal support, requires . Baseline for comparison
through swivel mount more effort from user
. Large and bulky . Allows for more strenuous

Pros Large stable resting position able to substitute wheelchair Well balanced Rigid and stable
Compact Simple, compact design
Open feel
Cons Too large and bulky, difficult for user to manoeuvre Extended rear wheel positions User looks/feels too enclosed
Difficulty passing through tight spaces provide stability but interfere with Arm supports on the sides are not

user’s foot movement

ideal

Prototype 2 had the best results of all.
To integrate ideas such as seating position for rest, additional handgrips.
To fix issues with extended rear wheel position.

Conclusion
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Harnessing Mobile-based Technologies
for Caregiving of Persons with Dementia

Ongoing The long
Bereavement
ma nagement QGOd bye (Coping with loss)

(Looking for support) (Balancing expectations)

First symptoms Tests/diagnosis Treatment

(Managing sudden events) (Searching for answers) (Making adjustments)

(Source: AgingWell Hub and Caregiver Action Network)
Information and support services are mapped to the different stages of a careqgiver journe

Reorganised informational

Prototyped app design

Caregiver profiling

Targeted information

Useful support features
Future development/
Recommendations

resources from the e
Dementia Friends mobile il

this journey. Things may seem

app to six stages of a ST
Dementia | caregiving journey

Friends | |

This project reviews, builds on and extends the existing
Dementia Friends mobile app for different caregiver profiles.

v ¢ % & B

Empathise Define Ideate Prototype Test

Caregiver
App

® Design Phenomena

The complexity of supporting families of persons with dementia (PWD)
encompasses a multitude of issues.

Caregiving for Dementia

Connect with a
® Problem/ Opportunity volunteer
An online survey on the use and effectiveness of the Dementia Friends app r——

found that the barriers to access information and support services for  are your worries?
caregiving of PWD are due to lack of awareness and features for caregivers.

| cannot understand why
he is behaving this way.

® Desirable Outcomes

Reduce caregivers’ burden and improve their capabilities in management of
care by matching caregiver needs to informational resources using mobile
technologies.

He is not listening to me.

- Do you know ... ?

® Future Development
A caregiver app that will help caregivers to increase social connectivity.

Reimagining the caregiving journey through co-creation
<&/ william_siew@mymail.sutd.edu.eg
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Processing Unit

This project presents an Al driven Energy Efficient
Recyclable Bin which sorts the recyclables into 4 types
including metal, plastic, paper, and glass.

Sorting Bowl

Rigid Plastic Flap

The image of the recyclable object is captured via
camera, and will be classified and processed by the
depth neural network. After processing, the operating
system drives the servo mechanism to complete the
classification of recyclables. Through this energy
collection system, the above embedded system can be
guaranteed to run without power grid.

Solar Panel

Storage Bins

The design of an Al driven energy efficient recyclable bins

Background Expected results
Research goal

Frc:-m the |::fe.~rs;:Jeotiw;-*-T c_:f eco_nom_ic and > To develop an energy efficient » The development of a device can realize

social development, it is an inevitable solar energy harvesting system; the automatic classification and recovery

trend to realize efficient utilization of of common garbage which can be

resources through garbage > To develop a low-power deployed in a variety of public places

classification. embedded computer vision e.g. out space of HDB, outdoor park;

But there are some problems. processing system; > Develop a large scale collecting system

>Due to the Iapk of_ know!edg_e_ in > To develop a less computing cost based on a amount of dr_eployment of our

garbage classification, it is difficult to neural network framework which former devices to establish a resource

promote garbage classification at the
individual level.

>With the development of deep neural
network(DNN), there are many > To improve clock allocation of
complex networks that can complete computing system to balance the
the task of garbage classification and power consumption and computing
recognition. However, most DNNs performance;

require a lot of computing resources,
which is not conducive to garbage
classification at the personal level.

can be deployed on multiple recovery system;
platforms;

AT L Maneg wniyin

Question & Approach

Cl:Feature Map 7*7 ,64

Research Questions:

p RQ1: What build an efficient energy | i
X harvesting system? | | @Y e veest )
RQZ: How can the system wake up to N
ensure the timeliness of processing? een Newal Network 74, DM>
| RQ3: What data types should be used in e Bt
C2:Feature Map 3*3 64 | neural networks to reduce computational nlplno ,fr —
cost? B g

.
Research Approach

When it's sunny and brighten, the solar panel(19.1V) collect the

= . MmN - Deﬁcrip“w_] [‘Premipmﬂ E,Eﬁcrl-pmﬂ solar energy which charge the !.i-inn pattery gnd transfer to the
Clarfication Study 1 Sauachy Study 2 regulator to supply the processing unit and driver(5V).

- —— 00— Your participation

r 1 Our project is followed MIT License. The source code
var o ' '*. is available on Github. Scan the following QR code
: ME —iFiis and join us.
PL | GL PA | @ L | L |

ResNet-18 which has deployed on PC and our embedded computer
vision system. ResNet DNN is less likely to degradant comparing to
others DNN.

Literature
Review Case Study Simulation Experiment
The picture shows the deep neural network(DNN) structure customized
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Sense of Place and its interplay with
Arts in its creation of values in the Community

AREAS OF RELEVANCE AND CONTRIEUTION (ARC) DI.I'LEH.MI

__.-" ™
I. \‘\ //"" r, i o ;
e e T
o " ", e
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itk A RS e OF vlaa b

tha Comimundy”

__ map out the different layers of 4
_ information (different art places
iy ~ and the residential sales price )
_-‘.I_‘_ - .."'-i!ln:_ . i

-~ over Geographical Information

System (GIS)

Fig 1: Areas of Relevance and Contribution Diagram

Ideate

Besgarch Ouestions an Hypotheses
Multl—v?rlables Ilne.ar The impact of art development in Singapore is “""”‘““"‘“m S e
regression to examine the not well studied and quantified , resulted e
relationships between art misallocation of resources by the various e
places and property price e

stakeholders (planners, artists, public, and
financial institutions)

Fig 2: Research Questions and Hypotheses

The aim of this |-P-R project is to To quantify the o = = R

Survey to understand the i . : — N 2 R e

. socio-economic impact of art development in SR e B .
social impact of art places to : : . o .
. Singapore and give urban planner advise on el [ B MO
community : . el pooo
- their planning process. " —

Literature Review

* Heatmap of Art Places A S )
* Heatmap of Property Prices v msmE e
 Statistic Regression Tests halotall -~ & =

nnnnnn

* Survey to understand the social impact of art s
places on community

[

Fig 5: Heatmap of Property Price adjusted for inflation
from 2007 to 2019 for each year, illustrating the
property price movement over the years.

Dist to Raffles Place MRT (+3km Radius of National Gallery) vs
Property Price

Fig 8: 3D Map of Property Prices (red lines) and the Art
Places (black cone)

* Art places has positive influence on
property prices &community.

* Distance to art places affect the frequency
of visiting art places.

LLEEN

Realize

3D Mapping of Art Places vs Property Prices

Fig 6: Two-Variable Regression: removing confounding
variable such as distance to CBD and proves that distance
to important Art Places, such as National Gallery has
positive impact on property prices.

places, sach 2 At i,
L] - L ] L ] m”“.
Suggestions to art places planning in Singapore e P
Labet Ty 15 peors ol 26 yean ol -0y o 6.5 o hd 5665 s o
. N . . . weety TR I I
Qualitative Analysis on the survey with approximately ot W OB WK .

s

L% IR 1% N U
(00 L iLu% EE il i

Loy i Lus R 0%

Wi

* There should be a decentralizations of art places
as the analysis shows art places has positive
influence on property prices &community

There should be more public involvement in
art planning process as it could improve the
willingness of public participation and the
frequency

300 respondents:

* The household income has no significant impact on
frequency of visiting art places.

* proximity to art places has positive impact on
frequency.

* The mid-age group (36-45y) with children is the group
visit art places most frequently.

* The frequency has positive correlation to perception of
the importance of art places.

* Public participation is important to art planning process.
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Fig 7: Example of survey analysis: pivot table: age
vs. Frequency of visit

Scan for the full survey guestions
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