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Beginnings:

PROLOGUE: Beginnings
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CHAPTER I

Chapter 1

Design

Innovation Basics
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WHAT IS INNOVATION?

Uses designer’s sensibility
and methods to match
people’s needs with
what is technologically
feasible and what a
viable business strategy
can convert into
customer value and

VIABILITY
(BUSINESS)

DESIRABILITY

(HUMAM]

FEASIBILITY
(TECHNICAL)

=1l

SUTD-MIT - ——— g 354

INTERNATIOMNAL - 4 3

DESIGN i Bk == —
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T. Brown, "Design Thinking," Harvard Business Review, vol. 86 (6), 2008. | I




IDEO DESIGN THINKING MODEL

Design thinking develops

ﬁ 7my7a;’m7/7;ﬂ\ through three stages:

| * Inspiration: identify an
//Mlp /W 24 opportunity

* |deation: conceive

/i/ ﬁm"émfl general solutions

* Implementation: define
detalls

INTERNATIONAL I:l— 4

DESIGN . A . o 5 —

EEEEEE 100 T. Brown, (_Zhange by D§3|gn. How !:)e3|gn Thlnklng Transforms :
Organizations and Inspires Innovation: HarperBusiness, 2009. | |




Mission Statement
Black Box

Activity Diagram
Affinity Analysis

Personas
Functional Modeling
Workflow
Benchmarking

C-Sketch

Design by Analogy
Word Tree
Mindmapping

Bio-Inspired
Brainstorming
Co-Creation
Morphological Matrix
SCAMPER

Prototyping

User-Validation

Scaled Prototypes

Iterative Prototypes Required

Isolated Subsystem
Mock-ups

Parallel Testing
Requirement Relaxation
Design of Experiment

Testing (Spiral Plan) Recommended

Extended
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Innovations: In History

)

I‘3ipl-ane

Wright Brothers.

T,

Gutenberg Printing Press  Kilby’s Integrated Circuit Ford Model T
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www.nandahome.com
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Recent Innovations

Airplane

Transition Drivable

www.makezine.com
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Case Study
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“Demand Focused Smart Energy
Management in End User Environment for
Sustainable Cities”

Lead PI
Institution/Coy/Org
Co-Pls
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Project Duration
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Prof. Erik Wilhelm, Prof. Suranga Nanayakkara (SUTD)

: Mr. See Gim Kerk (Power Automation)

Prof. Naveed Ul Hassan (LUMS)
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APPROACH & METHODOLOGY

Overall project scope can be broken down as follows:

* Project 1: Focuses research in private spaces, with emphasis on
managing distributed loads with minimal inconvenience to the users.

* Project 2: Focuses research in shared spaces, with emphasis on
designing mechanisms that can fairly distribute cost and benefits.

* Project 3: Focuses on implementation and user behavior studies.

e Testbed development and user interaction studies.

Project 1:

e Scheduling and resource allocation.

e Optimization, queuing, and game theory.

 Load models: shiftable vs throttleable for all load, multi-state vs
thermal-state for thermal load.

* Incentives: dynamic pricing, subscription plans.

Project 2:

* Incentive compatible mechanism design: Generalized AGV
mechanism.

e Fairness criteria: equal allocation of social welfare, and Max-min
fairness.

e Solve parameter optimization problems.
e Development of web-based user interface for preference reporting.
e Experimental study of group decision in shared spaces.

<NRF2012EWT-EIRP002-045> : <Demand Focused Smart Energy Management in End User Environment for Sustainable Cities, Kristin Wood> 19



APPROACH & METHODOLOGY

Project 3:

Testbed and User Interaction Study:

User study in the FLL of simulated everyday behaviour

0 Day-to-day household wasting behaviour identification FUTURE LI
and categorization as design opportunities.

Household energy user preference elicitation studies to
develop smart device systems aiming at different household
market segments

User participatory design through focus group, structured
interviews and surveys to generate new product/service
concepts.

Data and control of air conditioning systems at SUTD service
apartments.

Data and control of appliances at individual space (SUTD).

Data and control of appliances at shared space (meeting
rooms).

Real-time energy wastage identification in SUTD office
rooms.

plugs at HDB.
Data and analysis of cohort classroom energy usage.
Real-time energy usage feedback at FLL.

Real-time demonstration of PA’s smart home gateway and ﬁ ®

<NRF2012EWT-EIRP002-045> : <Demand Focused Smart Energy Management in End User Environment for Sustainable Cities, Kristin Wood> 20



RESULTS AND FINDINGS (PROJECT 1)

~

signal 5l

Control signal

gateway

Home

p

Control signal

Residential
Unit
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EXEMPLAR RESULTS AND FINDINGS (PROJECT 1)

SFC-1 SFC-2 SFC-3

Payment to RU Nshm‘mg of ES from R \ ]
through anctioneer. l‘l\rough auctioneer.

Energy Storage Sharing in Smart Grid: A
Modified Auction Based Approach, IEEE
Trans. Smart Grid, Dec 2015.
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RESULTS AND FINDINGS (PROJECT 2)

* Proposed a fair incentive mechanism for energy management in shared spaces :
Efficiency, Incentive Compatibility, Budget Balance and Equal Ex-ante Payoff.

0.4 : 15
Prminm it o v =e=: Agent 1 (Standard AGV) i
0.3F T N g 5 | o5l| -0 Agent 2 (Standard AGV) | ‘]
. . - ! . . .
: By & | rosiaiSENGIHAGY) i e Max-min Fairness of Generalized AGV
5 02;---'-;.--;:g--'-'--.,,;' : 1 o —&— Agent 1 (The proposed) ;i ! A
> st T 11| —e— Agent 2 (The proposed) |77 e mechanisms, |IEEE Conference on
O O g g g L || e ACent 3 (The proposed) Lo .e.ei=i= d ! ..
- s o o o —o IO | L o s Decision and Control, Dec 2015
= '=e='Agent 1 (Standard AGV) | | o : i'
i =e=: Agent 2 (Standard AGV) » =3 : e =i
@ 4| e Agent3(StandardAGv) | T 8 0spmmemimiem-eem
" | —e—Agent 1 (The proposed) Piig kS Lt DL T
_0.2] —®—Agent 2 (The proposed) o = = S 0.25 i oy 1
—— : S
Agent 3 (The [\{roposed) _ 3 _ .- 4 b {eiield £
g LI TR e ] i i
0 0.5 1 15 2 0 0.5 1 15 2
u, (1) u, (1)

Agents’ ex-ante payoffs and Variance of ex-post payoffs, under different u,(1).

e Built a web interface for collecting

Cost of Changing Temperature (5$)

Vi < o . Te - Cooler (-1°C) Current (£0°C) Warmer (+1°0
2UDMIt prefrerence
users’ temperature preferences and preferenc .
m User Name: user_1
the paymentS- Mow at: Session_A, Round-1. Select your preference
This is an Actual Voting Session. Cooler ==
Current temp Balance : A L
24°C 55% Willing pay (5%
c £0°C e
Cost of Changing Temperature (5%) i . .
Cocler (-1°C) Currant (:0°C) Warmer 1+1°C) | TY . * -
i ype
| 06 | 03 | L] ] === - - .

Select your preference

Willingness to pay (551

Outcome

1

yped 0 1 ]

Type s o 1 1 Temp. change (*C): 0
Tupe 1 3 0 Your payment (55):  0.08

- Results -qund
I ‘ Rd | Ini.T | Pref. | S. | Pay. | AT. |

Quicome
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RESULTS AND FINDINGS (PROJECT 2)

* An on-going experiment with human A new approach that efficiently schedules
subjects on group decision making in a meetings in commercial or institutional
shared space. buildings with environmental considera-
DMechamsm C]Database tions taken account.

(Matlab) (MysQL) : .
Cost

Server (Apache) X
estimate  (Energy Model

User Interface .
(HTML + Angular J5) (EnergyPlus) w0 : Comparison of the
average costs

computed by three

20 methods for 9 meeting

10-
2 6..0

Shared Space (Meeting Room)

User Preferences Temperature

control

15 20 25 30

Mumber of meetings: 9 rooms

* Proposed a mechanism keeps the good properties of Ex-post Efficiency, Bayesian
Incentive Compatibility, Ex-post budget balance, and “Max-min Fairness”: expected
value of minimum ex-post payoff among all agents is maximized.

w rf* — e — o — Expected value of minimum ex-post payoff of
T L R R S A Sl S all agents, under different u,(1) and C(1).

I | Max-min Fairness of Generalized AGV
mechanisms, submitted to IEEE Trans.
Automatic Control, Jan 2016

B

Expected minimum ex—post Payoff
|
Expected minimum ex—post Payoft

—A— Standard AGV
—e—The proposed

|| —e—The proposed
—a— Standard AGV |

4 T T i i it i £ : .
B 135 =13 o s =0 5 = = -4

14 -135 -13 -125 -12 -115 -11 -105 85 075 1 125 15 175 2 225 25
u (1) )
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RESULTS AND FINDINGS (PROJECT 3)

— Low awareness on energy efficient methods to complete
day-to-day tasks

Good, Missed .
Identifying and Did not knows and opportunities The behaviour was
categorizing change | doesit Q: Unintentional
opportunities for — Intentional
design for sustainable (from the interview
user behaviour. Chanaed ZZ;’WS Misconceptions| responses)

ange
IDETC/CIE, Aug. 2014, “19N9 does not or
guesses
do
Correct Wrong

Identify high waste activities to help

users reduce consumption

Opened Blinds

Did not
change . Q
Changed| @) )
Correct Wrong
Storing Hot Cereal
Did not
change
Changed O 6

Correct Wrong

Opened Window

Did not
change

@

Changed

O | o

A

Correct Wrong

ppliance Selection

Did not
change

@ s

Changed

© @

Correct Wrong

Severity
149%
Likelihood
89%
Magnitude
0.98KW

Severity
158%
Likelihood
43%
Magnitude
0.03KWh

Severity
93%
Likelihood
36%
Magnitude
0.61KW

Severity
39%
Likelihood
20%
Magnitude
0.03KWh

Vacuum Power

Severity
300%
Likelihood
76%
Magnitude
1.2KW

Severity
3%
Likelihood
14%
Magnitude
15w

Severity
4%
Likelihood
1%
Magnitude
20W

Did not
change . Q
Changed| Q ®
Correct Wrong
Standby Mode
Did not
change . G
Changed| O
Correct Wrong
Running Appliances, Lights
Did not
change
Changed| °
Correct Wrong

Sustainable design

opportunity classification
based on user understanding.
Journal of Mechanical Design
(under review).
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Preference

0.101
0.051
-0.004
—I].I}E:

-0.101

User preference studies to compare various smart grid packages

RESULTS AND FINDINGS (PROJECT 3)

e User study participants from HDB apartments are willing to accept the smart
device packages with more benefits, and low break even times

e They are willing to share power consumption information, and participate in a

peak shedding program with incentives and discounts

e User study participants from condominiums want to use smart device

packages as home automation systems

e Participants are looking for alternative benefits such as child care, elderly care,

and security
* Cost, privacy and security are the key user concerns

User Property Bedrooms Tnfo. Control Package

T T @ @ S & 3 9 a3 a 9 a @ a3 o
— Par) (2 - )

S 3 5 7.8 2 3. & £ PEE 2 £ 2% 8% 2 e B sg

E = © 91T & ¢ £ - Qa g o1 & ®© S5 9 £ o8

(3] D D O «© I—::(G __lm-c._U>Em

LL < (“,")80 mg

(o) | D =

_l.Q

1
1
)
1
1
1
1
1
1
:
1
}
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Household user needs, expectations and preferences on smart grid enabling
devices: An explanatory study (working paper for IEEE Trans. Smart Grid).

Basic Package
Standard Package

Premium Package

Smart Management Savings ~ $200
Litility Load Shedding Rebate ~ $650
(9AM - BPM, All Smart Loads)

Total Savings i:SESI]/y\r}

Benefits

- You can remotely monitor, schedule and control
aircon, water heater, |0 outlets and 4 light zones

- Complete data privacy and ownership

Price $/1300

v 1
Your Rating: } +
¥ 3 4 5 & 7 8B 8§ [
Would not Would
buy certainly hwl
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RESULTS AND FINDINGS (TESTBED)
Home Gateway (PA Smart Plug)

40 ! ! ! ! ! ! !

o e o

[5]
=]

=]
o

Total power (kW)

Total load profile wihout DRM
I Base load profile
—— Total load profile with DRM
= = = Peak limit

0 3 6 9 15 18 21 24

12
Time (Hours)

Demand Response Management for Residential Smart
Grid: From Theory to Practice, IEEE Access, Oct 2015.

Faculty Housing (Panasonic Aircon)
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control acs
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|-~ control compressors on
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Related publication is in preparation.
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ALIGNMENT WITH SMART NATION VISION

]'DA Connect Emmﬁg

Collect
SINGAPORE Comprehend B dli

Connect ED J .
Wider avallablllty Of Real-time data monitor, collection &
. . control devices
COﬂﬂECtIVIty to catalyse
sensor deployment

Collect and Comprehend
Better situational

awareness through better
real-time data

Intelligent control based on real-time data
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Engineering Grand Challenges of
the 215t Century

KMake =olar energy
economical

Manage the
nitrogen cycle

Advance heatth
informatics

Prevent nuclear
terror

Advance
personalized
learning

Provide energy
from fusion

Provide access fo
clean water

Engineer better
medicines

®u| Secure

cyberspace

Engineer the tools
of scientific
dizcovery

Cevelop carbon
sequestration
methods

Restore and
improve urban
infrastructure

Reverse-engineer
the brain

Enhance virtual
reality
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