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@Es IEEE POWER & ENERGY SOCIETY
Soenmw-  STRATEGIC DIRECTION: 2021-2025

OUR MISSION : IEEE POWER & ENERGY SOCIETY (PES) WILL

To be the leading provider of scientific and engineering information
on electric power and energy for the betterment of society, and '
the preferred professional development source for our members. : DEVELOP stronger engagement

Approved by the IEEE PES Governing Board, 17 July 2003. with industry and increase its

; involvement in education programs.
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IEEE

World'’s Largest Professional Society of Engineers
Advancing Technology for Humanity

GLOBAL REACH

@ TECHNICAL SOCIETIES & é@
COUNCILS

420,000 160" counrms
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WORLDWIDE MEMBERS INVOLVED

TECHNICAL BREADTH

1,800+ ANNUAL

CONFERENCES

PERIODICALS
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L TECHNICAL DOCUMENTS

Collaboration is our Foundation

180

TOP-CITED

EPEs

Power & Energy Society®

R B,
L4 =0
\\...

-4



There are 8 IEEE Partner Organizational Units. All members of the
groups noted below receive complimentary access to IEEE Smart
Cities material in the Smart Cities Resource Center.

1.IEEE Communications Society - Join IEEE ComSoc

2.IEEE Control Systems Society - Join IEEE CSS

3.IEEE Industry Applications Society - Join IEEE IAS

4.1EEE Power & Energy Society - Join IEEE PES

5.IEEE Systems, Man, and Cybernetics Society - Join IEEE SMCS
6.1EEE Intelligent Transportation Systems Society - Join IEEE ITSS
7.Council on Electronic Automation Design - Join CEDA

8. Council on RFID - Join CRFID

CLEE _ IEEE A : f—?} =
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https://www.ieee.org/membership-catalog/productdetail/showProductDetailPage.html?product=MEMCOM019
https://www.ieee.org/membership-catalog/productdetail/showProductDetailPage.html?product=MEMCS023
https://www.ieee.org/membership-catalog/productdetail/showProductDetailPage.html?product=MEMIA034
https://www.ieee.org/membership-catalog/productdetail/showProductDetailPage.html?product=MEMPE031
https://www.ieee.org/membership-catalog/productdetail/showProductDetailPage.html?product=MEMSMC028
https://www.ieee.org/membership-catalog/productdetail/showProductDetailPage.html?product=MEMITSS038&searchResults=Y
https://www.ieee.org/membership-catalog/productdetail/showProductDetailPage.html?product=CNCCEDA044&searchResults=Y
https://www.ieee.org/membership-catalog/productdetail/showProductDetailPage.html?product=CNCRFID741&searchResults=Y
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The IEEE Smart Cities Initiative Ecosystem

The Smart Cities Initiative Network & Forum -
http://smartcities.ieee.orq

Buenos Aires, Argentina ssy-les-Moulineaux, France

Cape Town, South Africa Medellin, Colombia

Core Cities

A Corufia, Spain Natal, Brazil
Ariana, Tunisia : W 4 Trento Wuxi \ W | Pune, India
Diamniadio, Senegal Sabadell, Spain
Guayaquil, Ecuador . T Sfax, Tunisia

Kansas City,

Good

. Conferences
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Conferences, for example

2023 IEEE International Smart Cities Conference

Home / About

eee D=0l ool e SR R [EEE International -
Sart Cities s R i o Nt 4 rtféILtIeS Cq.nfe _ence-g

th
10 IEEE International
Smart Cities Conference on

June 25-28, 2024
The 10" IEEE International Smart Cities Conference will feature Pattaya Exhibition and Conventional Hall (FEACH)
keynotes, plenary sessions, panels, industry exhibits, paper and Royal Cliff Beach Hotel, Pattaya City, Thailand
paster presentations, and aiso tutonals by worligwide experts on
smart cities. Researchers, practitioners, and students worldwide
are invited to submit papers for consideration to bée presented
at the conference and to discuss the latest trends and emerging The 2024 IEEE International Smart Cities

/, and innovative approaches for smart cities. Conference (ISC2-2024) program will be split

( into the following tracks:

Po-..rerﬁ' Em'-»rm-r Society™® _ l
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Publication, for example
dh

COMMUNICATIONS Explore TEEE Xplore®  1eee M=k

DIGITAL LIBRARY Smart C|J[|eS

‘Inceotves for Motike Crowd Sersing

‘Network Tosting ane Avalytics ‘

Radio Carmanicalions

* |EEE Smart City
Whitepapers

* |EEE International Smart
Cities Conference (ISC)
Proceedings

* News Articles

March 2017
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IEEE Big Data Initiative
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IEEE Workshop on Big Data
Governance and Metadata and
Management (BDGMM 2018),
March 19-20 2018, Berlin
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The IEEE Big Data Initiative
serves as collaboration
platform for a global
community of professionals in IEEE
industry, academia, and
government to work together
to solve the challenges
associated with Big Data, in
particular by developing an
interoperable data
infrastructure through | , 1
extensible governanceand ~ fiee
metadata lifecycle framework.

https://bigdata.ieee.org/
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IEEE Ethics Initiative

The goal is to identify and find
broad consensus on pressing
ethical and social issues and
candidate recommendations
regarding development and
implementations of Artificial
Intelligence and Autonomous
Systems. IEEE

Soclety on
Social
Implications

https://ethicsinaction.ieee.org/ of Technology
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From initiatives to standards setting

Initiatives
Pre-Standardization
IEEE }F Standards Setting

DigitalSenses IEEE s

,Entrepreneurship Publications, videos, interviews,

IEEE w UEP ' webinars, articles, whitepapers,
IEEE | =L\

. Maturity level of results ;40 statements, reports,

E%E)ﬂgl?l'lt[\l\lm Smart Cities l recommendations, guides, etc.
— " IEE Em ’
Future Directions = BigData ! Standardization Projects

IEEE e.g. |c17_005_0:1- : e.g. P2784, P3333.2.x series, P7000 series

'-.—_;-3 ICT
a—— X . Mission, constitution,
IEEE br0|n \@ IEEE Industry COH:W’) business model, governance,
\

' membership, process,
I

VvV IiWVkil
Boundary of an SDO technical competence, etc.

IEEESMART =L SECURITY
MATERIALS

1C17-006-01: Big Data Governance and Metadata Management

P2784: Smart City Planning Guide
P3333.2.x: Standards for 3D Medical Data Management and Visualization

P700x series: Standards for Data Governance (and more)

Power & Energy Society®
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From initiatives to standards setting

Initiatives
Pre-Standardization .
ILEE * Standards Setting
DigitalSenses IEEE T _ o
Entrepreneurship Publications, videos, interviews,
— w UEP ! it i FoasilicE . webinars, articles, whitepapers,
A p— : aturity level or resulits e
rgoo0tng  IEEe L=l : oston satemerts eports,
o ) .E_mm |
Future Directions %, .; BigData Standardization Projects

sz = eg. IC17-006-0:1 st e.g. P2784, P3333.2.x series, P7000 series

S—- ' " Mission, constitution,
lEEE brOln \ IEEE InduStry COI?M business model, governance,

VIO I DL membership, process,
IEEESMART = SECURITY Boundary of an SDO technical competence, etc.

MATERIALS

1C17-006-01: Big Data Governance and Metadata Management

P2784: Smart City Planning Guide

P3333.2.x: Standards for 3D Medical Data Management and Visualization
P700x series: Standards for Data Governance (and more)
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> IEEE Standards for a broad range of technical domains, E MB

» from information and communication technologies (LAN/MAN) to

power and energy,

o from radiation to nuclear, (KEEEE S
‘Q{‘ ®

» from aerospace to broadcast, ,
Power & Energy Society™

» from medical devices to nanotechnologies, etc.
> Base standards e.g. Time Sensitive Local/Metropolitan Area

- 2 , - - ~IEEE
E:' NHH ('lh- Networking (TSN) for many verticals (manufacturing, smart cities, ...) (.omSo_C'“
. I, » Specific standards for vertical industries R
SOClETY » Both Technical AND Ethical Standards  IEEE
@ computer

N IEEE i soclety
i;ij Nanotechnology IEEE & Instrumentation
¥# Counci! Robotics & IAS - & measurement
‘ IEEE C ‘ Automation g weusmy society I E E E
Computational « Society APPLCATIONS 4
i Intelligence S
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Smart Grid e
1EEE 1547™ Series DER !

1EEE 1815™ Distributed Network Protocol
1EEE 2030™ Series Interoperability

1
1
1
1
IEEE C37™ Series Grid Critical Infrastructure !

Intelligent Transportation «
IEEE 1609™ Series Wireless Access Vehicle Environment
1EEE 1901™ Series Power Line Communications (PLC)
IEEE 802.15.4p™ WPAN Rail Communications and Control
IEEE 1512™ Emergency Management System

,-----o

eHealth «
1EEE 11073™ Series Medical Devices

1EEE 139™ RF Emission from ISM Equipment
IEEE 602™ Healthcare Facilities

IEEE 1363 ™ Series Encryption

Energy Efficiency - ~--------~--- -5
IEEE 1801™ Low Power, Energy Aware
Electronic Systems

IEEE P1889™ Hedrical Performance of Energy
Saving Devices

1EEE P1823™ Universal Power Adapter for
Mobile Devices

1EEE P1922.1™-IEEE P1929.1™ Series for
Energy Efficient Systems

Internet of Things (loT) & --
1EEE P2413™ |oT Architecture

1EEE 1588™ Predsion Time Stamp
1IEEE 1451™ Series Sensor Networks
1EEE P1451-99™ Harmmonization of loT
Devices and Systems

5G - —-~-
1EEE P1914.1™ Fronthaul

1EEE P1918.1™ Tactile Intemet

1EEE 802" LAN/MAN

1EEE P1915™-1EEE P1921.1™ Series Software Defined Networks

UPES

Power & Energy Society®

r—-——- Learning Technologies

IEEE 1484™ Series eLearning Technologies

IEEE 1278™ Series Distributed Interactive Simulation
IEEE 1516™ Series Modeling and Simulation

IEEE 1730™ Series Distributed Simulation Engineering
and Execution Process

Smart Home

1EEE 802" LAN/MAN

1EEE 1901 ™ Series PLC

1EEE 1905.1™ Home Network for
Heterogeneous Technologies

1EEE 2030.5™ Smart Energy Profile

eGovernance

IEEE P7002™ Data Privacy Process

IEEE P7004™ Child and Student Data
Governance

IEEE P7005™ Transparent Employer Data
Governance

IEEE P7006™ Personal Data

Artifidal Intelligence (Al) Agent

- —-» Cyber Security
1EEE P802E™ ePrivacy
IEEE 1363 ™ Series Encryption
IEEE 1402™ Physical Security
1EEE 1686™ Intelligent Electronic
Devices (IEDs)




Smart City Definition
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CITIES

e
e Green

Infrastructure
e Energy
e Waste
e Water
e Buildings

Urban
Systems

ICT

Hardware/
Broadband

eBroadband
eSensors
*Mobile Devices
eRobotics

eData Centers

e Citizens — Leaders
eEconomic

ePublic Safety - Health
eEducation
*Neighborhoods

Social
Systems

Software/

Apps

eSocial Media

eSmart Grid

eSmart Meters
eSmart Transportation
*Big Data

16




Smart City
IEEE loT Initiative's Smart Cities Working Group:
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Trends leading to Smart Cities

* Population Growth
 Political Trend

* Technology Trend

e Social Trend

e Environmental Trend
e Etc.
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Image Source: https://ijroth.files.wordpress.com
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Trends leading to Smart Cities

POLITICAL TRENDS

GOVERNMENT

RENCY

INFORMATION




TECHNOLOGICAL TRENDS
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Trends leading to Smart Cities

SOCIAL TRENDS

Image Source:

https://www.triovia.com

Power & Energy Society®




GREEN IS A TREND,
ENvIRONMENTAL TRenps 9UST NAB"JTHS

*'- e

[ M| nsn_ 73 .

e

4 https://www.buildnative.co
m




The Smart City Ecosystem

O, v

Gas/Water EV Charging

Meters i Stations
Quality

Sensors

Gunshot
Detectors

@Ef O 9 IEEE



The Building Blocks of a Smart City

Infrastructure

Smart City

(et

Power & Energy Society®
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Some of the Capabilities and Potential Projects

Advanced Demand ( Smart and Energy- ] Energy Analytics Enary Sertkces Smart and Energy-
Response Efficient Buildings and Visibility y Efficient Lighting
= =
'@ = B
Microgrid/Nanogrid DER Integration
Smart Trafficand [ . 2 [ : . :
Congestion Smart Public Transit EV Charging Station Vehicle to Grid Pedestrian
Management L System J1 Network Management
( Shared Mobility Connected Vehicles Smart Parking
Fleet Management :
Solutions and Transport Management
Smart Crowd " Sman Security | [ Disaster Management Environment .
Management Systems Emergency Solutions Moagg&\gsgnd B AR sl
Open Data and Urban Smart Retail ( Connected int - Economic
[ Info Systems Solutions Community L L i Development
Command Genter Infrastrupture Digital City Work Public Service Digital Cltn_zen
Planning Management Management Self Service
( Connected Water
Water Reclamation Water AMI Monitoring and Smart Agriculture Water Services
L Response Systems

Smart Waste
Collection

‘ [:] ComEd Projects ComEd Capabilities

Battery Second Life/ Waste Diversion

Wasto to Energy Smart Recycling Recycling (Lifecycle Extension)




’ Community ~ \

Mobility \
Microgrids
and \
Nanogrids \

Smart FAA
Lights

Air Quality
Water Smart City and
Metering Initiatives Environmental
Sensors |

Intelligent Grid Data
Substations Analytics
Community
Energy
Storage

@ Short-Term Initiatives

~

s _
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’ Community ~

Mobility

Smart City
Initiatives

Intelligent
Substations
Community

Microgrids
and
Nanogrids

Air Quality
and
Environmental
Sensors

Grid Data
Analytics

@ Short-Term Initiatives @ Long-Term Initiativesl

—
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Global Urban Population

The growth in urban population

6.5 Billion
(70% of the Total

Population)

3.9 Billion

(55% of the Total
Population)
1 Billion .
(30% of the Total
Population)
i|
1950 Present 2050
Year

29
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The Growth of Greenhouse Gas Emissions

@ 50,000 -
40,000 - ]
30,000 4 [ ]

20,000 -

1ite)(elelo) =

Global
Emission (Million Tons)

>
1995 2000 2005 2010 2015

Year

Nitrous Oxide B Methane
Carbon Dioxide
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An example of urban water

A leak in the legacy water
supply infrastructure

contamination

Severe traffic congestion An aging power distribution

@EEES

Power & Energy Society®
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A Power Blackout in New York City
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The Pillars of Urban Sustainability




R~
Smart City Solutions for Modernizing
Urban Infrastructures

Sustainable Urbanization Objectives
Economic Social Environmental
Sustainability Sustainability Sustainability

Smart City Design, Development, and Management

Technological and Social Innovations

Smart Urban Infrastructures

(s

Power & Energy Society
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A Holistic View of a Human—Machine Interface in Smart City Operations
Sustainability, Reliability, Resilient by Optimizing the Flow of Resources

]
J

Smart City Control Center
(Supervision, Coordination, Optimization, and Control)

=

=

: ] :
= tall
< Information and Communication Technologies A
P (Wired, Wireless) by
= c
E ] ] 5
E e
S O
8 Transportation Energy Municipal

Infrastructure Infrastructure Infrastructure

|
|

@Eﬁss
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A Hierarchy of Civil Services in a Smart City

Municipal Transportation Energy
Infrastructure Infrastructure Infrastructure

Water and Waste
Management
System

Public Safety W Street Lighting 'El__ectfric Power [ Natural Gas
System System System System

Traffic Public
Management Transportation
System System
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A Hierarchical Control and Management Framework

Area Controller

Smart City
Control Center

,7~"'x_‘_ i - ——
< - >
- Te ion —‘

Area Controller

[

Area Controller
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An MAS-Based Simulation Platform A Generalized Firewall for Smart

for Smart Cities City Operations
Y- ™
Human Behaviors Communication Information Device
Inefficiency Distortion | *** [ Malfunction
Government Citizens Cvb TVl bilit
(Management Science) (Behavioral Science) il o U o
\ 4 N E N j p
- —— 3 Smart City Design, Development, and Management
JADE . .
G lized F Il
[ (Multi-Agent-System Decision Making) ] i
| ]
[ OMNet++ }
= {CamEcation Nﬁetwork Slmulatlon)’ Communication and Control System
(Electric Power (Solid Waste (Urban Traffic 9
Distribution) Management) System)

Physical Components and Facilities

Cyberphysical Cosimulation
\ / Smart Urban Infrastructures

SUMO: Simulation of Urban Mobility

@iﬁ O 9 IEEE



How to Create a Smart City

Future-proofed cities foster
growth and innovation.

@E ES | e S
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A Cloud-Based IoT Software Platform Helps
to Speed Up the Deployment and Provisioning of a Smart City

Operator Environment

* i | *llh. J

Cloud Servnce Ennvironmment

Data Pilatforrnm
Control Pilatformrm
Netwvwork Platformnm

VWV AN
Access

’\F‘/- Point .\Fa‘

MNMulitiapplication Support

@Es
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An Overview and Technology Comparison of the Wi-SUN, NB-IoT, and LoRa
Wi-SUN: Wireless Smart Ubiquitous Network; NB-loT: Narrowband IoT; LoRa: Long Range

&) NB-loT LoRa

Features and Functionality

Range (Coverage)' - ) @
=d-Tafeldast-1glel=l Reliability . O Q
Scalability @@ ) O

Data Rate ® @ O
Latency ® > >

'Two Way @ <
Over-the-Air Upgrades C q ] M
Communication Pefar i Foct . O O
Voice @™ > G
Mobility C) q ] d |
Communications Module Hardware (P @ i)
EECRIASEEN Firmware q q ) q
APIls and Data Access &P q ) O
Communications Module Energy Use @ > >
Spectrum -] & q
Security &% > q ]

1Assumes obstructed or semiobstructed real-world environments, not a free space.

@3 O 9 IEEE
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A

An example of a mesh-based G A

architecture. B AA
. O

An example of a star-based architecture,
on which LoRaWANs and NB-loT networks
are based.

@Es
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Integrated Energy

Management System
(Energy Internet)

China’s Perspective

U
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El of the National Energy Administration
of China’s 2017 Action Plan

Home/Building Industrial/ Town/City National/International
Commercial Parks

e Smart * 23 Demonstration * Smart City * The Belt and Road
Home/Building Projects with Construction Plan Plan
Standardization Integrated Energy * Investment for e Global Energy

e Encouraging System for the More Than 300 Cities Interconnection
Policy First Batch

Small Scale

_ .
@”Ef O 9 IEEE
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The two perspectives on the Energy Internet (El)

Energy — Internet

Energy System Information System

Internet
Thinking-Based

Internet Technologies
Applied to the Energy

Evolution of System

the Energy System

- ‘_—-_"—'-.. - ‘H-_""-..
_'.___.-F-“"Hr_f ‘-_1‘_"'“"--. - _H__.-""rf ‘-_-H"“'-\‘
_-ﬂ:-_ — - ‘-""""- L

Inltzenger%t?d Prosumer Peer-to-Peer loT, Al, Cgigggeym Energy
Systemn Access Big Data Management e-Commerce
Internet-Like Energy System Internet Plus

@Es

Power & Energy Society®
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The IEMS, the brain of the El

/ Integrated \
Energy System

\ l

@Es
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R
The Walls in the Traditional Energy Ecosystem

-7 Grid e
Rroducers (Energy/Semvice) Consumers (Energy/Service)
Massive
Renewables DERSs c Moving Virtual Power Plants/
[ | SEF onsumers Demand Response
,ﬁ,\“ T-Grid — P

[ R =i
$ ¢ ¢

D-Grid ‘

—

— CHP —
Gas Pipeline - L L il
\ L
e | - oiler -
i &=

Gas Storage

Electricity Heating/ OlI/Gas Transportation
Cooling
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The EIl Architecture

m nn aB IG d “"“”‘“‘ Internet Plus

R ————————

Smart Open Operating System

IoT; Al, Cloud Computing, Blockchain, Energy Management;
e-Commerce; Business Model...

(@)

Gas
Company e

——— T TANS ISSM

Industry and Commerce

ower Grid
Company

Energy Hub

-

= eating
=, Company

Power °°! ﬂ Energy Storage

Storage Cold/Heat
Storage Gas Power

CCHP ﬁi’

Garbage/ Wind
Biogas Power
Generation

Internet-Like Energy System

(b)

(a) Cyber system layer (b) Physical system layer

EPES & IEEE
N N4
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The Architecture of the IEMS

: Security
Optimal At hoatnant Nodal Energy

Dispatch and Control Price
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The Deployment of the IEMS and Its Relationship with Other Facilities

ISO

1

Virtual Power Plant

IEMS
Interaction and —
Management with [Izr;:g Shpiler] Eneray Smart Coordinating
Users iciency Analysis Dispatch

i —

Distributed Control System

\/ \/
Cooling/Heating/ PV Distributed ESS Pipes/Feeders Centrallzed CCHP
Electric Load ESS
Industrial/Commercial Users Controllable Distributed Resources

@iﬁ O 9 IEEE
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A Smart City Industrial System

Communication
Platform

C iding )
(Smart Industrial F’ar@i Data Platform | Smart Building
Smart Environmental
Protection
( Smart Electricity ji
Smart City
Service Center
—( Smart Water Regime j

( Smart Transportation )7

Cloud Platform ( Smart Lighting j

( Smart House )7 —| Smart Port )

GIS Platform

@Es
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The Technical Framework of a Smart City

Smart City Standard Criterion

Electricity

Transportation

Park

Environment

Water

Home

Building

Lighting

\\I

[Govern ment Aﬂairs]

[indus.tr’;.lr Informatiora

[ Public Service J

Cloud

F"og ulation
Database

T aGis " Macro
Database Database
—

Urban Basic Database

Data
Sharing

En?e?pﬁse
Database

Statistic
Analysis

Fusion Decision

Application Layer

S

Data ] [ Intellectual 1

Data Layer

_4

(/_

RFID
™y
Optical Fiber
o ) Camera
) GPS
3G4G/LTE
) -
Radar
' -
Wi-Fi/Zigbee ==
—
Cellphone

Perceptual Layer

Communication Layer

o S

p

C

Smart City Security System

D

Power & Energy Society®

LTE: Long-Term Evolution
3G: Third Generation
4G Fourth Generation

O 9 IEEE
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A Five-Level Smart Electricity Structure

Information
Integration

NI

Main Station
System

Troubleshooting Management Commanding System

Standardized Information Interaction

Distribution Automation

J(

DG Access Control

. . ) S

@Es

N\~
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Communication Optical : = . A - Wireless
Network Network — - [ —_— S Network
= R .
= - 1 ]
-
Distribution ¥
Terminal ]
/
Pole-Top Feeder Distributed
Breaker Switch Generation
Primary ~ A
Equipment -
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A Smart Charging Platform

Third-Party
System Access

|
Payment Service .
I
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Map Service

EV Charging Integrated
Service Network
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The Distribution Structure of a Smart Port

Comprehensive Manage ]
_ L Comprehensive Energy
1) Energy-Efficiency Optimization [* Control System

2) Rational Resources Distribution

TCommunicating

Distribution Automation
System
Feeder Terminal
Unit

T Real-Time State

Unified Control

1) Operation Mode e SRRty Monitoring System
2) Protection Mechanisms

F 5

Control Signal L

State Information

Distributed and Autonomy

3) Converter Synchronization Control Transtainer |

|
|
1) Inner Current Control Loop ELE S Energy | !!| Auxiliary || Container | High-Pole ||
|
4) Control Mode Smooth Switching :

[
|
|
i
2) Power-Voltage Droop Control niER <l el Load Load Lamp
i
|

. _______________________ 1

Controllable Uncontrollable
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A Smart Industrial Park Structure

Park Management Park Service
Layer ﬂ—%ﬁ“ E
Exhibition Monitoring Operation wWeb Portal Moblle
Hall Center Center Terminal

Application Energy E_ngrgy Security Smart Wisitors Emergency

Lawyer Monitoring ﬁg.eng Monitoring Building Identify Response

Park—lntegrated Supervlslcn and Control System

Mu Iti dlmenslcnal Data Stn_lctu re

Platform
Layer

o e e e e e ey
e e

Hurman Macro Energy Enterprise Decision
Resource Econormy Sources Data Support
Data Integration Platformrm
Bearing Communication
Layer Network Internet loT
Perceptual m .'..]l _'- . :1 =
Layer - L L I i
Charging Smart Camera Environmental Access
Pile Sockets Sensor Badges
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A Smart House Control System

Central Control System
Smart House Communication Network
P T T CTT T T T T T T T T T T T T T T T e S !
I Wi-Fi ! Power Line Carrier ! Infrared Communication D} RS485 i
- . e A I
Electrical Smart House Security Energy-Efficient| | Environment
Control Control Igggf;ﬂz? Monitoring Management Monitoring guzfeon?
System System System System System Y
Smart Smart Smart Air Visual Sma_rt Detect Mobile
Switch Lightin Conditi Intercom Electrical Instrument A
witc g g onditioner Terminal pps
Home - .
Smart Video Household Air Home
Plug 'Is'heaier ST Monitoring Power Cleaner Network
ystem
Smart Smart Smart Anti-Theft A”’:fma“c Steam Mobile
Remote Curtain Washer Alarm ete_}r Humidifier Terminal
Reading
Automatic Eéiitl:ﬂrt"c Health
Watering D y Monitoring
oor
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A Smart Building Structure

National Standard and Industrial Standard

——

i Energy Monitoring o Ventilation Control System
: Distribution Monitoring . Public Broadcasting i

- — — — —— — — — — —— — — — — — — —= —_—— e e — — — — — e — — —

[ Basic Data ] [ Business Data J_
[ Operational Data j [ ]
Enfom'lation C:ollecﬁorﬂ L(.":omm and C‘-ontrolj

Real-Time Data
Historical Data §

.
L

Building Entity, Underground Garage, Elevator, Conference Hall,
and Information Technology Room
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A Smart Environmental Production System

Smart Emergency Portal Department Environment Mobile
Application Response Service Coordination Monitoring  Application
SSmf-ztrt Environmental Data Center Application Platform

ervices

Network Cable Network 3G/AG

Transmission

Intelligent . Smart
Sense Video RFID Terminal GPS QR Code

QR: Quick Response
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A smart urban lighting system

Urban Lighting Operation Management System

e e e e e
: Database GIS Server Maintenance
: Cluster Cluster Workstation

I
I = : -
I 3| .
1 | = = : | I
1 : |
1

Astronomical
Clock

Acquisition
Server Cluster

Business
Server Cluster

-t

— —— 5 —

1 1

1 1

| |

— Communications Networks oS <‘1:{>: :
GPRS/3G/M4G, ...) : il :

t | Terminal |

B e Tl

Lighting Devices
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A Smart Municipal Water Structure

Office Water Quality
Water Water Network Collection
Security]] Sources Hydrological

Data Collection

Internet
Geologic Data
Water Water Network Collection
Culture [ Environment Management Pump Station
System Data Collection
Business Data-Management Information Data Acquisition
Applications Platform Network Platform

Security System

Management System

Standard System
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A Future Wuhan Science and Technology City Structure

Exhibition Hall Monitor Workstation
‘7 Jih.ﬁ T
P~ laadl 1
Wuhan Future City
- Electricity Flow
= Information Flow
=
.S p—
(\o\"\\ —— Power t L=
<SS - Saver T‘—
. " - Energy
Distribution \ / Management

Automation System

Integrated Information
Monitoring and
Management System

Smart
Building

Smart ” ‘ﬁ S EV
Home : Microgrid .r?'A

CHP PV

Storage
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loT-Enabled “Humans in the Loop Cyber
Physical System (HiTLCPS)”
for Energy Management Systems

Promoting building occupants’
participation

in optimizing energy consumption
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Humans in the Loop Cyber Physical System
(HITLCPS)

Human (yber Physical

Sensory perception/ Environment
Processing

N

o

Body/brain sensors

Actuators
Embedded system

= J
_
¢

Wireless

body area
ngine/control |
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A General Overview of the IoT for Devices That Interact and Exchange Data
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A multiobjective optimization-building strategy that uses an
HiTL framework for the design of an operational workspace

Energy Saving

Mitigating Pollution

Addressing Consumers’ Comfort Levels

Enhancing Individuals’ Performance Levels
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The taxonomy of the HITL framework referring to the human and the
system interactions

Type 1 Type 2: Type 3:
Humans Actively Control the System Passively Monitors Combination of Type 1 and 2
System Humans and Takes Action

—»Q—o{ G(s) H System }——
9

!

Human Feedback for
Determining the Set Points
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Power & Energy Society®

$IEEE




68

A BEMS framework integrated with the IoT and an HITLCPS to
perform enhanced building functionalities

— The integration of the loT concept with BEMSs
will extend the functionality of BEMSs.
— An loT-enabled BEMS transfornmms the centralized control

system owver a building to a remote-distributed type.

— Data sources, actuators, and controllers will evolve into
the same types.

— The loT framework will provide the BEMS with amn
opportunity to integrate other functionalities, such as
an occupant’s environmental performance enhancement.

Proposed Framework for
the Evolution of a BEMS

— The centralized control and monitoring of the BEMS wvill — The performance and productivity of building occupants
reduce energy charges for performing specific building depends on environmental comfort.
functions. — In an loT-enabled BEMS, a suitable opportunity is

— Sensors are dedicated to explicit functions with limited provided to integrate the humans in BEMS control loops
access to building data and functionalities. to shift the static and standalone architecture of

— The accuracy and efficacy of the BEMS will be promoted conventional BEMSs to an adaptive type, which
significantly if the quality and quantity of data are dynamically considers the real-time mood and behavior
increased. of occupants.

— To perform its objectives, the BEMS cannot individually — HIiTLCPS applications best fit this integration to take
cope with big data collection and processing advantage of a human with erratic behavior as a
individually. component in the building management control loops.

Power & E.r.'lurg',r Society®
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A Schematic of the Proposed BEMS
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Coupled Cyber
and Physical Systems

Embracing smart cities with
multi-stream data flow
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Multi-stream Data Sources in the Era of Smart Cities & IT:
Information Technology

Multidiscipline Data-Driven Applications for Smart Cities

Interdomain Applications

Intradomain
Applications

Cyberlayer
Electricity Data

Communication and IT Networks

A
v
Electricity Water, Gas, and Oil Transportation Human-Activity Security Others
Sensor/Actuator Sensor/Actuator Sensor/Actuator Sensor/Actuator Sensor/Actuator Sensor/Actuator
i &
il
Physical
Electricity Water, Gas, and Oil Transportation Human Activity Security Other

EPES
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Data Sources in Smart Cities

Data sources in smart cities.

Data Sources

Domain Sensor Based Application Based

Electricity Supervisory control and data acquisition Load prediction, solar/wind prediction, energy
(SCADA) voltage/current transformer, smart management system, distribution management
meter, phasor-measurement unit, and so on system, market, along with others

Water Source/district/residential water meters, Water leak detection, water-pressure optimization,
water pipe/tower/well, among others as well as others

Gas and Qil SCADA, drill monitor, pressure/flow/tempera- Drilling control system, leak detection, gas com-
ture sensors, and more pression automation, and more

Transportation Positioning/motion-tracking sensors, acceler- Traffic monitoring, fleet management, traffic-signal
ometer, inclinometer, compass, and so on control, among others

Human Activity Cellphone, social media, energy-use record, Telecare, early detection of disorders, rehabilita-
fitness sensor, web browser, biosensors, as tion, infection-spread analysis, and more
well as others

Security Surveillance camera, motion/infrared detec- Smart home/building security system, privacy
tor, fire sensor, smoke sensor, along with preserving, and so on
others

Others Municipal, environmental, health care, weather,
and more

il

@Es
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A Cross-Layer Cybersecurity Enhancement Framework

Power Distribution Grids

Physical-Security
Enhancement Resources

* Measurement Selection
= Grid Parameter Flexibility
Using Power Electronic Devices

Model-Based Anomaly
Detection in Power Application

Power-Distribution System
Contingency Analysis

Physical Anomaly Detection by
Power Electronic Converter

Cyberphysical
Interdependence Analysis

Emergency
Response Mitigation

|

Cybersecurity Enhancement
Resources

* Access Control
* Authentication
* |dentification

* Encryption

Specification-Based Instruction
Detection

Communication Network
Attack Propagation Analysis

1

Real-Time Uncertainty-Aware
Network Verification

Communication Network




A Coordinated Utility
Emergency Response

Addressing information-sharing barriers for

utilities and emergency response
organizations
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The Data Types and GIS Layering

1) Road Center-Lines GIS World Model

2) Surface Water —~

3) Civil Boundaries Imagery

4) Building/Structure Footprints The Real World

5) Property Parcels Elevation

6) Topographic Maps l Transportation

7) Aerial Photography :

8) FEMA Flood Zones Addresses

9) River and Stream Flood Gauges Boundaries

10) Seismic (Earthquake) Events

11) Weather Forecasts and Watches/ e

Warnings/Advisories Survey Control

12) Rainfall Totals
13) Rainfall Rates Your Data

14) Temperatures
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The preplanning and the start of the flood event. Predicted structures in
100- and 500- year flood zones are shown in blue and green, respectively.

Structures-Flood Zone:

Power & Energy Society®



A flood event 24 h in structures in 100- and 500-year flood zones are
affected. Roads are first impacted in flood zones (red lines), and additional
areas of flooding are outside of historical flood zones (yellow border).

24 h In-Flood Event: Structures in 100- and
500-year flood zones affected, roads are first
impacted in flood zones, and additional areas
of flooding outside of historical flood zones,

and roads impacted.
Fema Flood Report
hetp//gsas.gastechnology.org-9725/Edge/demo

= Ml -
= — B N
{ r—

Floodimpactarea
Hydro-Meteorlogical

At Risk Area

o=

L2

Structures-Flooded-Not in FZ

Structures - Impacted{Flooded)

O

Structures-Flood Zone

Structures-Flood Zone-S00

Structures-Flood Zone *Crit Occupant
o

Structures

FloodHazardzone

Power & E-;;lergv Society®




A flood event 24 h in, where active utilities are
flagged as affected.

24 h In - Active Utilities Flagged
"Impacted." Priority attention will be needed to
inspect service connects.

ector Zones




A flood event 72 h in a full-scale disaster is shown, especially in District 1.
Services and structures affected in predicted flood zones and non-predicted
Impact areas (yellow) are observed. Impassable road sections are shown in red.

72 hin - Full scale of disaster can be seen,
especially in District 1. Services and structures
affected in predicted flood zones as well as
observed nonpredicted impact areas (Yellow).

Impassable road sections shown in (red).

Fema Flood Report
hetp/psas gastechnology. org-9 725/F dge/demo

Murfreesboro

Status
InspectorZones

FloodimpactArea
Hydro-Meteoriogical

At Risk Area

.

.
Structures-Flooded-Not in FZ
Structures - Impacted{flooded)

Structures - At Risk
Structures-Flood Zone
Structures.Flood Zone-500

Structures-Flood Zone +Crit Occupant
o
Structures

HoodHazardZnne
g A

[ AE

i
Landbase

Closed Roads
[

ORTHO_2010_MAY_FLOOD
Red: Band_1

Green: Band_2
Bl Rlue: Rand 3
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A flood event one week in seven days after the initial event, flood waters have
receded in most areas with isolated impacted pockets scattered through the
area. Many roads are now possible. Flood impact areas (yellow) have been
removed from the map based on direct reports and observations.

Utility services are stlll bemg mspected for safe operatlon

1 Week In - Seven days after initial event, flood
waters have receded in most areas, with isolated
impacted pockets scattered through areas. Many
roads are now passible. Flood Impact Areas (Yellow)
have been removed from map based on direct
reports and observations. Utility services are still

[ 1 5);1-4:

being inspected for safe operation.
Fema Flood Report
htpSigsas gastechnology o9 725 dgel/demo

Murfreesboro

Status
InspectorZones

FloodimpactArea - 1 Week
Hydro-Meteoriogical

At Risk Area

=

s
Structures-Flooded-Not in F2
Structures - Impacted({Flooded)

Structures - At Risk
Structures-Flood Zone o = o

[}

Structures-Flood Zone +Crit Occupant
o

Structures

FloodHazardZone
A

L AE

O x
Landbase

Closed Roads
o

ORTHO_2010_MAY_FLOOD
B red:Band 1
. Green: Band_2
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The critical natural gas facilities were impacted,

Critical Facilities Impacted

Structure Type Gas stations Gas and diesel
Occupant Numberof Gathering Place Facility Name
Stories

No Hess
No Hess
No Hess
No Chevran
No Aobile
No Quick Stop
No Chevron
Gas stations Natural gas
Numberof Gathering Place Faciity Name
Stories

Count
Rl
1
2
3
3
L]
2
Structure Type

No Aumos GNG
No Atmos CNG

Facility Name

RBa 3 . : o . £ 4 ‘ Murfreesboro Memorial
Flood Impact Areas w ) 3 3 e » i Physicians Hospital

Assisted Living

Atmos Fueling Gas and Diesel
Atmos Gas Stations Natural Gas
Hospital

Hotels for Mutual Aid Crews

@) Nursing Home

Facility Name

The Big House
Hard Time Prision

e

E;ierg,r Society®




Report Pedod 1 v

Event Calendar
ST

The reporting was designed so that thew
user can create templates and save
specific documents. These documents
can be shared or kept for the user’s use
only. In version 2.0, special social media
groups will be setup for dissemination.

4

Sy Saw lulur\

@Es
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Insert Placehoider

;Q,e.:l

Insert Text
Insert Map
Insert Chart
Insert image
Insert Video
Insert Ticker
Insert Augio
Insert Link
Insert Weather
Master l.;sl

\\

Show Placehoiders

—

/

Using familiar features, users can

. design a one-time use or reusable

template. Symbols and placement
aid in guiding relevant action.

Insert information and
move to the next slide.

There is a status indicator based upon the situation. Version 2.0 can include a Real-Time

Visual indicator, aggregating data and displaying visual cues, guiding the user

to investigate potential problem areas.

The EMRS homepage description.

>

82
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The insert map feature in the EMRS. There are levels of
information, data, and images that can be accessed as

the user creates time-stamped reports for publishing.

Emergency Management Reporting System (EMRS)

InsertMap [ crewReport |>[ FloodLlevel |>| |
i INSERT TEXT ]
Q "'( Insert Maps
O Full Search
O  Search Titles Only
3 -l gy A[.__, Insert Charts
O  Posted Today
dear search : |€3] InserT STILL Imace
Click on the map : . ’ ({1 InserT Vioeo Imace |
to insert into .
document - i INSERT TICKER

o) INSERT AuDIO

Flood level field crew report level 1 map

Aug 23 2014 [_6‘9 INSERT WEB mes]
22:00 CST
. 3 [E‘b INSERT WEATHERJ

* Not actuzl map from Demo ’ ’

Event Calendar ’ (o0 Masten Inserr List |

-
- - . ‘ .
i <J

IEE

,/(Jiss
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Urban Planning
Perspectives
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Element of a Smart City :
Engineering & Urban Planning Perspectives
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" The Sensor Citizen .

#

about environment issues

/  Data Source

N
- Observes, collects, reports and analyses information ,

‘\\ Innovation and Technology

Ay
.

Image Processing (Detection + Count +
Segmentation + Tracking + Vehicle Trajectory)
Export form Sensor (Gas Sensor + Climate)

O

O

" The Collaborative Citizen ™.

,/ Participates in open communities to interact with citizen.
! who share commen sustainability-related concerns

Big Data Center &
Machine Learning

Personal Travel
) Assistant APPPS

———

L3
88

Communication .
Real Time Alert

Multi Model
Transportation Solution Medical Solution

OG

(EPEs

Power & Energy Society®

Al City Innovation for
Sustainable Urban
Development
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“The Sharing Citizen™ .

/
/’ Offers goods & services no longer needed ~

- ‘ and exchange them with ones that are redundant to otheré\
\

“

. . = A —4 \
@ Penz g !
Y S ’
A% !
Language  agricuiture  Promotion  Aging /s
[ and Culture Tourism  Society
X Urban Data & Visualization

Pathumthani Platform

-~ The Entrepreneurial Citizen™.,

N
AY

Create a business that makes more efficient use \
of recourses and is socially inclusive |
]

1InSoung RUN Digital

H RESEARCH
Pu_bllc and 3';:‘% CRiveRsiTy (¢
Private Sectors THAILAND

Investor / Startup /
Developer / Urban
Planner
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Smart city Smart sustainable Sustainable city
city

Source : PricewaterhouseCoopers Private Limited (PwCPL) (2015)
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Incubators, skill development centres,

Employment growth and opportunity specialised business parks, hubs, etc.

] . Strengthen the means
Competitive economy \ End poverty in all Education and of implementation and
its forms Smart education capacity building revitalise the global . .
Incubators, skill development centres,/ everywhere @ partnership for W SanieEion, PUBIE Hedlth aid safety
® specialised business parks, hubs, etc. sustainable

development

/. Water and air quality

/ Smart healthcare
\ Smart environment

\ Smart waste management

Goal 1

Ensure inclusive and
equitable quality
education and
promote lifelong
learning opportunities
for all

@ Sanitation, public health and safety End hunger, achieve
> food security and

Ensure healthy lives
and promote wellbeing
for all at all ages

improved nutrition, and
promote sustainable
agriculture

Smart healthcare

PR R R R R R R R R R R R R R R R R R R R N
L3 *
L R R R R R R R E R R R R R R R R R R R R R g

Goal 2 Goal 3 Goal 4

~-----------------------------------------------------------.--------------------------------------------------------------'

.

Source : PricewaterhouseCoopers Private Limited (PwCPL) (2015)




IUNKUN9U2vNISWAJUNIOVIDASU:

Competitive economy \ End poverty in all
its forms Smart education
PS Incubators, skill development centres, everywhere e
specialised business parks, hubs, etc.

Goal 1

Ensure
@ Sanitation, public health and safety End hunger, achieve
> food security and

improved nutrition, and
Smart healthcare

promote sustainable
agriculture

+H HEEESNEESEDSNEESNSSESENNENESSNEEGDNSNNENESESNENEBED®NSD®BNBD§NB

Goal 2 C

Source : PricewaterhouseCoopers Private Limited (PwCPL) (2015)
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Employment growth and
opportunity Promote sustained,

inclusive and
Competitive economy \ sustainable economic
. growth, full and
Incubators, slglll‘development productive employment,
@ centres, specialised busines S dldecent Vo
parks, hubs, etc. for all

Sustainable transport

Green buildings \ Build resident
Climate change mitigation \ infrastructure, promote
and adaptation inclusive and
sustainable
/ industrialisation, and
foster innovation

@® Smart spaces

@ Smart communications /

Incubators, skill development
@ centres, specialised business
parks, hubs, etc.

5?§;?€:Jr:$t;t v \ Redgce inequality
within and among
Social inclusion, stakeholder countries
engagement and
participation

Conserve and
sustainably use the
oceans, seas and
marine resources for
sustainable
development

Protect,
estore and promot¥
sustainable use of
terrestrial ecosystems,
sustainably manage
forests, combat
desertification and halt
and reverse land
degradation, and

Promote
peaceful and
inclusive societies
for sustainable
development, provide
access to justice for all
and build effective,
accountable and
inclusive institution
at all levels

Natural resource management,
including biodiversity and
green cover

@ Smart environment

Natural resource management,
including biodiversity and
green cover

@ E-governance and citizen
services

< Governance

Source : PricewaterhouseCoopers Private Limited (PwCPL) (2015)
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ATTRIBUTES OF A SMART CITY SOLUTION
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(Smart City Framework (SCF))

Meic British Standards Institute (BSI)
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Element of a Smart City :
Engineering & Urban Planning Perspectives



Community comprised of smarter
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n1sdviasunisiddousoufuniswauuniiiovooase:

INCREASING IMPACT ON THE DECISION
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Smart city infrastructure sectors
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1. Strategic vision of the city’s development SULUUYDVMISHIVIUSIUAU
luanawidvins

2. SWOT analysis of the city @ ) () (F) (&) (®

(strengths, weaknesses, opportunities, threats)

3. Defining strategic goals to develop the City
(including leveraging the benefits of existing “Smart” technologies)

5. Smart City Roadmap containing a list of initiatives and their description

T Social-economic effect Budget and attracting investors
Scope of initiatives Stakeholders agsessment and partners
st IT, utilities and Technologies Regulatory
Priorities and schedule transportation infrastructure and IT solutions support PMO

Source : European Innovation Partnership on Smart Cities and Communities, Strategic Implementation Plan, 2016
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Sustainable Urban Sustainable Districts & Integrated
Mobility Built Environment Infrastructure &
Processes

P Citizen Focus Including citizens into the process as integral actors for transformation
.g e e S A ————————————
[zl Policy & Regulation Creating the enabling environment to accelerate improvement
g =  —— ——— ¢§——+¢———— . — |
e Integrated Planning Working across sectors and administrative boundaries while managing temporal goals
Knowledge Sharing Accelerating quality sharing of experiences to build capacity to innovate and deliver
| R . N
-l Metrics & Indicators Enabling cities to demonstrate performance gains in a comparable manner
‘% Cmmms —
sl Open data Understanding how to exploit growing pools of data, making it accessible while respecting privacy
e ————————————————— {2 —)] ———————————————————————" ——) { ——————— — ——— —————— ——— ————————————————"
Standards Providing a framework for consistency, commonality and repeatability, without stifling innovation
n
T
{ =
=
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Source, pean nhavation Partnership on Smart Cities and Communities, Strategic Implementation Plan, 2016
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