IDAT7219 Smart Building Technology

Wi 2 fm Ot o I

Ir Drv. Sam C. M. Hui

| Department of Mechanical Engineering
" The University of Hong Kong
E-mail: cmhui@hku.hk

Sep 2024




Contents

Key factors
Smart office examples

Smart hotel examples

Smart home examples

Smart health living




Key factors

Smart building goals:
Enhance energy efficiency
Ensure safety of the building

Improve users’ comfort

Smart building features:
Connectivity to all systems
Remote facilities management
Advanced analytics

Controlled resources usage
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Key factors

Key opportunities of smart buildings:
Support business activities
Facilitate space versatility & management
Enhance maintenance regime

Can benefit all building types, e.g. residential,
healthcare, commercial, education & industrial

Provide quantifiable data to assess actual
performance to reduce operational costs &
enhance financial & user comfort efficiencies




Smart building benefits from the user, building & portfolio perspective

Smoother experience Easier to get around

Better informed

More control

Tailored information

Pre-emptive issue management

Enhanced brand

Efficient building
Open up new revenue streams management workflows
Alignment with corporate @ More data and greater
values eg. ESG understanding of building
Trend spotting across assets Portfolio Integrated control
Increase asset value

More energy efficient/lower bills

Better briefing for new assets

+ refurbishment Better insight of

occupants’ behaviour

(Source: RIBA, 2024. Smart Building Overlay to the RIBA Plan of Work, Royal Institute of British Architects (RIBA), London.
)




Key factors

The value 1n a Smart Building is not only the
installation of the technology itself, but the
improved outcomes created by the interaction
between the people using the building & the
technology

It 1s at 1ts most powerful when underpinned by
a clear Digital Strategy, robust processes &
appropriately skilled people using the data
generated by a Smart Building
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Key factors

5 basic elements of smart buildings:

1. Automation: to accommodate automatic devices
or perform automatic functions

2. Multi-functionality: to allow the performance of
more than one function in a building

3. Adaptability: to learn, predict & satisfy the
needs of users & the external stress

4. Interactivity: to allow interactions among users

5. Efficiency: to provide energy efficiency & save
time & costs




Key factors

Major considerations & components:
1. End devices (e.g. sensors, smart meters)
2. Gateway
3. Connectivity (e.g. Wif1, Bluetooth)
4. Data management & intelligence
5. User interface (desktop, smart phone, tablet)
6. Users (e.g. building manager, residents)

7. Solution & service providers
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(Source: Xu W., Zhang J., Kim J. Y., Huang W., Kanhere S. S., Jha S. K. & Hu W., 2019. The design, implementation, and deployment of a smart
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lighting system for smart buildings, IEEE Internet of Things Journal, 6 (4) 7266-7281.

Service provider:

Paas, S2aas...

Resident

Desktop

Analytic

Wi-Fi

Wireless:
Sigfox, LoRa

Field
gateway

Sensor

Smart building
framework &
considerations
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Key factors

A smart building is a dynamic entity with
interconnected components constantly
communicating with each other, sharing data,
& responding to real-time & anticipated needs

Each smart building ecosystem can be tailored to
specific users & unique goals

For digital & Al transformations to succeed,
companies need to understand the problems they
want to solve & rewire their organizations for
continuous imnnovation




Key factors

Five factors to accelerate smart building
transformation:

1. Adopt proactive maintenance (with predictive
maintenance model)

2. Invest 1n sustainable modernization

3. Leverage sensors & communicating field
devices (with smart sensors & controllers)

4. Put data to work (with Al & data analytics)
5. Harden building systems (cybersecurity)

(Source: Five factors to accelerate smart building transformation

)
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Key factors '

Approach to support smart building projects:

Early planning & engagement is critical to
successful outcomes & a cost effective project

Must address the crossover of technology,
sustainability & the built environment

Require co-ordination with specialist
supplier/designers to make timely decisions

Must consider the sensitivity of ‘current’
technology & future planning to anticipate
emerging technology with clear requirements




Smart building digital capability categories

= Spatial Engagement:
e.g. location, movement,
environment sensing,
navigation & wayfinding
= Situational Awareness:
¢.g. complex situation
detection, Al situation
composition, analytics

= Connectivity: e.g.
wireless (Wifi, BLE,
LoRa), roaming, human
end user device, IoT
endpoint

= Access & Security: e.g.
identity, authentication,
authorisation, permissions,
context-aware
authorisation,
segmentation

= Performance: e¢.g.
capacity, throughput,
availability, reliability,
accessibility,

responsiveness, scalability

= Architecture Quality:
¢.g. modularity,
interoperability,

extensibility, future-proof,

composability, portability
= Service Management:
¢.g. automation, policy-
based security &
provisioning, monitoring
& alerts, configurable,

multi-tenancy, self-service

= Building Management:
¢.g. HVAC, entry,
monitoring & diagnostics

= Smart Building
Platforms: e.g. integration
broking, automation,
process management,
intelligence

= Asset Management: ¢.g.
fixed and mobile assets,
condition based
maintenance

= Estates & Facilities
Management: ¢.g.
booking, scheduling,
maintenance

= Enterprise
Management:

e.g. ERP, finance,
customer, HR, supply
chain, business intelligence

(Source: RIBA, 2024. Smart Building Overlay to the RIBA Plan of Work, Royal Institute of British Architects (RIBA), London.

)




Key factors

The impact of including smart building
technology on a design or retrofit 1s not
limited to the mechanical & electrical services

In fact, this 1s a multi-disciplinary design
challenge which may impact many spatial,
functional & aesthetic elements of a project

Early inclusion of smart building specialists to
support the design process, construction,
commissioning & building operation




Key factors

Smart Building Specialist

Brings together a deep understanding of
construction, engineering & IT to design,
implement & manage smart building systems

Help clients to understand the digital landscape &
the value that technology & digital services can
bring to a development 1n increased revenue,
reduced bottom line costs, increased productivity
& sustainability, & greater end-user experience
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Key factors '

Duties of Smart Building Specialist:

Work as consultants to design & implement smart
building systems to make buildings more efficient
& sustainable

Consult with stakeholders on smart building
technology options

Analyze & interpret data from smart building
systems to provide insights & recommendations

Provide training & support to building
management teams




Key factors

Latest smart building trends:
1. Integration of IoT & Al in smart buildings
2. Embracing sustainability & green technology
3. Advanced security systems
4. Prioritizing health & well-being
5. Enhanced connectivity & 5G integration
6. Smart building as a service (SBaaS)

7. Cloud-based building management systems

(Source: 7 Smart Building Trends in 2024 )




Smart buildings & IoT trends o
Smart Buildings and loT Trends, 2021 - CCIRCA

How smart building technology is supporting a safe return to the office
EXECUTIVE SUMMARY FINDINGS

Quocirca research study conducted amongst 260 organisations in the UK, France, Germany and the US

Top factors influencing smart building
technology investments

Long term cost savings _ 5
Minimise business risk _ 510/
Improving health and safety _ 48 4
Reducing energy costs _ 45 /0

improving anatyticatinsisnt | 45 7
Occupant comfort and wellbeing _ 44

Smart building technology
being implemented
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Smart office examples '

* Especially during & after COVID-19
Latest trends 1n office workplace:

1. Hybrid/Flexible working (mixture of home,
office & coworking spaces)

2. Digital workplace experience (flexible &
healthy workspaces)

3. Social, collaborative hub (maintain community
& culture 1n the workforce)
Empower employees & enhance the working
experience, linking the virtual & the physical,
and serving the individual & the collective




Smart office examples

Types of office space:
(a) Single office desk 't
(b) Private/soundproof desks/booths

|
(c) Open plan/collaboration areas 4
(d) Meeting rooms «\ -
(e) Retreat areas/break/relaxation areas = =

Use of workplace apps & tools to maximise
value of time spent 1n the office & achieve a
seamless workplace experience




Example of smart office spaces

— [ AcousTIC PARTITION | PERSONAL WORKSTATION |

St | ITALIAN SMART OFFICE
. e dl [l piacere del lavoro agile.

L

" ExecuTIVE SIT/STAND

" wvemioMeETING |
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(Source: )
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(Source:
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Integration of building data network & facil
FACILITIES

BUILDING DATA NETWORK

N

WIFI / WIRELESS
(DAS, Cellular)

>

VIDEO
{Conferencing)

@

VOICE & DATA
(Telephony)

&

WEB
(Internet /
Intranet)

(Source:

ities network in smart office
NETWORK

r—\ E( IRITY
T

Intrusion Detection

O ACCESS / VIDEO

— / Building, Doors, Garage
Elevator

Occupled Suites

Asset and Personnel Tracking

9‘4' FIRE / LIFE SAFETY

Interface Annunciation
View Functionality Only

Schedules

Scenes

Shades

Light-Level Sensing
OCCUPANCY SENSING

ELEVATORS
Elevator Retrieval on Demand

Traffic Performance & Maintenance

HVAC
Air-Handling Units
VAV & CV Boxes

Exhaust Fans
Chilled Water Plant
Hot Water Plant
Energy Control

CO Maonitoring

Alr Quality

ENERGY MANAGEMENT
Utility Monitoring
(Electric / Water / Gas & Oil)
Utility Purchasing
Back-Up Generation

24/7 MONITORING
Alarming & Notifications

Plant Management
Condition Monitoring
Parking Garage Utilization




Comparison of communication interface methods

Power

Method Type |Range|Bandwidth e o Suitability
Ethernet (Wired [Short |High High Suitable for high-speed data transfer
& reliable connectivity
Wi-Fi Wireless |Short [High High Suitable for providing wireless
internet connectivity
Cellular |Wireless [Long [Low to Low to High  |Suitable for remote & ubiquitous
High connectivity
CAN Wired |Long [Low to Low Suitable for high-speed data transfer
High & long distances
LoRaWAN (Wireless [Long |Low Low Suitable for remote areas with low
power consumption
Zigbee Wireless [Short [Low Low Suitable for low-power IoT systems
Z-Wave  |Wireless |Short |Low Low Suitable for low-power IoT systems
with long battery life
Bluetooth (Wireless [Short |Low to Low to Medium|Suitable for remote monitoring &
Medium control with smartphones & tablets
RS-485 Wired |Long [Low to Low to Medium|Suitable for connecting sensors &
Medium controllers in an IoT system

(Source:




Smart office functions supported by AloT (artificial intelligence &
n1Ings)

Meeting Room
Management
A

Smart

Smart Access
Control

(Source:

Internet of T

Worker Health &
Well-being

Space
Utilization

Air Quality

A

Smart
Blinds

Room & Desk
Occupancy
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Smart office examples '

The digital integration of smart building offers
new opportunities for building operators &
building users to interact with building
systems locally or remotely using digital
control systems & applications, e.g.

Offices that allocate desks to employees whose
mobile phone 1s approaching the building

Improve space utilisation & human-centric
building experience through a better understanding
of building user needs




(Source:

5 AM
0-®

6 PM

(s

OVER
NIGHT

= |

Manager arrives Sensors detect
for a global call

(so early!)

[

Q Lights on

HVAC System adjusts airflow =
temperature

Meeting in the
conference
room

Sun pours is
through south-
facing windows

Most of the
building is
empty

When nobody
is in the
building

Security system
car and exterior grants access
lights go on

Lights on when Temperature
adjusts, depending
on the number of
people

people arrive

Daylight harvesting
dims lighting

Following a schedule, lights off,
except where occupancy is
detected (don't work too late!)

HVAC, lights +
security all setback

Example of smart
corporate building
(one day process)




Smart opportunities to enhance the experience of end users in offices

4 Meeting room facilities 4 Smart parking and bike
‘ Events bookin; = Ability to view availability - n“i‘e
= Book space or ticket for and book conference rooms Ability to remotely book
social events from \ remotely storage and get visibility
’ Mobile App of space availability

4 Contextual Awareness
® Synchronised calendar, .
E. show upcoming events and
local recommendations

' Way finding

= Real-time location
tracking and way-finding
using App. Digital signage
screens.,

T Lighting control
Ability to control light
levels using own mobile
devices

Virtual access control

= Bring your own device to
access the building
(smart phones: QR
codes)

' Digital Signage

= OQutdoor and indoor
signage for corporate
comms and messaging.

(Source: RIBA, 2024. Smart Building Overlay to the RIBA Plan of Work, Royal Institute of British Architects (RIBA), London.
)




Smart opportunities to optimise building operation

' Conditional monitoring ' Hardware systems monitoring
= of plant/ fault detection = and remote control:
Use predictive and live Monitoring hardware is running
data for conditional B correctly. Ensuring the Erwironmental
g W monitoring of plant (e.g interactive applications are % monitoring
lighting. HVAC, etc.) running. Capture analytics Monitor air quality to

Ability to reboot/ restart ensure adequate levels _ 4 Energy efficiency

systems remotely. are met. Display data in ® Energy harvesting
dashboards sensors. Reduce CO2
emissions. Reduce water
Temperature monitoring consumption
To ensure visitor comfort.

To keep artefacts safe

t Single pain of glass

= Visualise all building
data from a single pane
of glass and remotely
control via an intuitive
user interface. Building
performance reporting

Automatic building adjustments

® Building identifies high room density
Increases HVAC before CO2 and
temperature rise. Power down lighting
based on presence

(Source: RIBA, 2024. Smart Building Overlay to the RIBA Plan of Work, Royal Institute of British Architects (RIBA), London.
)




Smart building opportunities to improve business performance

g

Data Integration

Single Pane of Glass e predictive and live
Jnified displays to present data from '-‘J';l'.f"r-‘ -ll'l""l'l"'l‘
Owrahonevaluatlon b "D' '/‘g"" BV e "’ bt monitoring of plant (e.g
nterface. Optimise FM efficiency and quality
onditiona Jdld C
ghting. HVAC, et

Report Sustainabulny KPis
’ se live data for reporting ke
ainability metrics.

®
Otcupancv and space utilisation m
G nto spac I
v * ‘mrw " "T ; - " /\/ EnvironmentalSensin;data ‘
CCupancy SOr, U Get insights in
SpAcK being used
. a r quality in communa mjV
AssetTracking = space . -
ated wath GPS, track t 9 6_f
movement and whereabouts ol b X
assets using mobile app

(Source: RIBA, 2024. Smart Building Overlay to the RIBA Plan of Work, Royal Institute of British Architects (RIBA), London.
)




(Source:

Example of smart office elements

Digital signage




(Source:

Example of smart office features

Smart Signage

Smart

Smart WiFi

Smart Meeting

SmartWorkspace

Reception

Smart Energy

Smart Collaboration




Smart building solutions for offices

High-Density Wi-Fi ..
Connectivity

Unfettered Employee,
Visitor Mobile and
Application Usage

Mobile QR code and
Contactless Services

¥ £ )

IPTV, Digital
Signage, Content
Distribution

loT Connected Devices

), ®

360 Analytics for IT, - worem
Operations, Marketing

%

( 5G-LTE and Wi-Fi r >
BG))) Carrier Offload

(Source:

N

Locations-Based
Services and Insights

Biometric Screening
and Payment

Digital POS/Payment,
Touchless Transactions

Interactive Security/
Public Safety

Digital Twin to Stage,
Validate, Deploy a
Network

Intelligent
POE Lighting, HVAC,
Energy Management




Smart office & intelligent spaces
=

Meeting Room ~
Management “' ° @ Temperature, Lighting
\/ ﬂ s ’ / and Power Control
s o

OneCard Lift
Access Control

Tracking Space
((O) Utilisation

Agile Working & Desk
= Space Management

O OneSpace Wayfinding

(Source: )




25 1deas of smart operation building

ARl Santtary todets consisted of
p stain-resistant fixtures

category f}
ey

-LESS \ ~

~EASY p |

-ROBOT C \") -

~ON DEMAND —y

-CLOUD |

Smart-Glass Windows free from
blinds and dedicated MVAC

“ A II..IQ.“"‘I'l!l-l
o A Bierec BuE

PRl Corner-rounded exterior finish
. on which a window wiging
robol can move seamlessly

a Unobtrusive pantry converted
(,- into communication space filled
- with conversations

*
# & X
- . SIS
=5 L —
[ | ——
.

9 Refreshing space for 1
humans and robots

Robot Cleanng/Management
tailored to tenants by Al Learning

(Source:

5

o

(33 ( ¥ Use of smart devices contributing
A to the simple touchless workplace

antralire

building service Systern

Open workplaces with no cellings
for casy inspections

robot concierge connecting

>

cupants and building managers




Smart office examples

6 Amazing Smart Office Buildings From
Around the World

1. The Edge, Amsterdam

2. Legion House, Sydney

3. The Bullitt Center, Seattle
4. Intel SSR, Bangalore

5. The Crystal, London

6. Burj Khalifa, Dubai
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Smart hotel examples '

A hotel can satisty the market as well as guest
demands & become a smart hotel by

Providing frictionless guest experience
Operating sustainable building

Ensuring seamless security

Smart building technology supports
employees to work together as a smooth
service team & enables hotels to become
greener, as well as more profitable




High-Density Wi-Fi .
Connectivity

Unfettered Consumer,
Associate, and
Application Usage

Mobile QR code and

Contactless Services

IPTV, Digital

Signage, Content
Distribution, and
Electronic Shelf Labels

Smart building solutions for hotels

loT Connected Devices

360 Analytics for IT,

Operations, Marketing

(Source:

s

( 5G-LTE and Wi-Fi
SG))) Carrier Offload

ko

1,
A

Location-based
Services and Insights
(wayfinding, asset
tracking, etc.)

Biometric Screening
and Payment

Digital POS/Payment,
Touchless Transactions

Interactive Security/
Public Safety

Digital Twin to
Stage, Validate, and
Deploy a Network

Intelligent POE
Lighting, HVAC, and
Energy Management




Smart hotel examples

Smart hotel features:

1. Automated room controls: utilize IoT
technology to control HVAC, lighting for comfort

2. Voice recognition technology: implement voice-
controlled devices like smart speakers

3. Smart hubs & personalization: hotel services for
easy guest access & personalized experiences

4. Mobile integration: for check-ins, room access,
& communication with hotel staff

5. Data security & management: protect guest data




Smart hotel infrastructure & devices

Application layer

Transport layer Processing layer

Preception layer

- e e e e e e e e

Sensors

Smart Door Lock Smart Switch Thermostat Smart Plug

Smoke Sensor

Motion Sensor

(Source:




Smart hotel technology

Beyond key cards: the technology powering smart hotels

Full control over the staying period
and the room itself through apps.

Big Data allows to gain insights that
000 help admins to understand the needs
000 of each hotel

Robots covering for )

porters and room service @fo

Comprehensive automation
In order to save water and
electricity during the stay

(Source:



Smart hotel examples

Common functionalities of a smart hotel:

Access control & security (CCTV centralised
monitoring system)

Smart rooms (provide information on occupancy,
room service request, comfort temperature, etc.)

Control of building expenditure & consumption

Management of common spaces (meeting rooms,
restaurants, gymnasium)

Parking control (vehicle access & parking space)




(Source:

Examples of smart hotel applications

Mobile room key

Asset tracking personalization

Predictive Operational
maintenance Sensors

Smart event




Basic concept of smart water management

=

P i,
Pump
HTTP OPEN API
m f =t Public APN/
- = TR Private APN I
| [ the:
Sensor Ll loT Hotel System Cloud
—
0
m MQTT OPEN AP
Public Internet
Value
T
Gateway
N
]
L]
]
.
' Zigbee, BLE, Ethernet
'
T SR e e R R S S e Sy S e e A S R e S s i s e e it e
]
| Q)
I
] A ———
[
|
[ Water Level Sensor  Water Quality Sensor Flow Meters Water Temperature Sensor  Leak Sensor Water Pressure Sensor
1

(Source: )
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Smart home examples '

Benetits of smart homes:

1. Convenience: e.g. smart light switch/thermostat
2. Security: e€.g. smart cameras & doorbells
3. Savings: on electric bills & maintenance

4. Entertainment: syncing the entertainment
system (music & video) with streaming libraries

5. For new parents: e.g. smart baby monitor

6. For elderly: safety & health monitor




Elements of the smart home

o

Temperature '
monitoring

h

1111 %r1v
Weather

Media play

v

|
Lighting

L.

-
- 7

CcCTv

Mobile Phone

Laptop
(Source: Pandiyan P., Saravanan S., Usha K., Kannadasan R., Alsharif M. H. & Kim M.-K., 2023. Technological advancements toward smart
energy management in smart cities, Energy Reports, 10: 648-677. )




Example of a smart apartment hardware solution

HTTP OPEN API
e
I

Uesr Private Cloud

m MQTT OPEN API

— — e— — — — — w— w— — — — — p— w— — ww— w—  —  — — w— w—  —

Motion Sensor Smoke Sensor Smart Door Lock Smart Switch

— — — — —_— — — — —_— — — — —_— — —_— — —
LI

— — ce— — — —  — —  —  — — — A — — — — —  — — & — & — & l—ll— l l—

(Source: )




Example of smart home technologies & components

TMZ410H/ TMZ310H/
IMZ712H IMZ121 IRZ130H TMZ 210H/ TMZ 110H
Insert Module Insert Module TV Control 2 Pipe / 4 Pipe
Switch Dimmer AT Tomestet s
' : '@ \ AC Cantrol
MTZ210H Blind Roller / — &= [ . n g
MTZ110H Curtain Motor/ 3 | vy . '| |, .
CSZ131H Curtain Controller |/ gews=—== " | |\ 44 D =)
[ ] g i | U : = S | T SPU1100
[ | o / — / Google
P \‘ . . 7 i / f-"’"‘# — MNest Mini
IMZ711H . ! ' ' e s
PDWE‘F .II —— B m g ';I_'_- & 'I S
Socket | “:\ Bl ' al _ L y -
Module ' e . Iy y. B : i ( | FMU110H
g ) = b . g T o Smart Film]
RMZ310H 1 Yk 3 o

Scene Master

GWZ440H i ‘ N\ Sredon
Smart Home Hub S | | Motion
e \\ > : ./ Sensor
, i '
P ‘ ' | SRZ110H \
{ |Daor .
" / Sensor ' . . \
gﬂnff;ftlhi?r':; SRZAIOH /SRZE10H
PMZ25, # EOZ
{ " PGD829 Temperature ~—— Temperature
[ |Smiart Humidity Humidity
/ Door Lock Sensar Sensor

(Source: )




Smart home examples

Examples of smart home devices:

Smart assistants — e.g. Google Home

Smart switches for lighting & small appliances —¢.g.
Belkin Wemo Min1 Smart Plug

Thermostats — e.g. Nest Learning Thermostat '
Video doorbells — e.g. Nest Hello Doorbell _
Security devices — e.g. Nest Cam Indoor/Outdoor
Smart speakers — e.g. JBL Link Wifi, Bose Solo

Smart streaming — e.g. Google Chromecast Ultra

Smoke & carbon monoxide detectors — e€.g. Google Nest
Protect




m Maotlon detecio

Infedigenily identfes real
thiesls Eu:m fake ones.

Ueeg & siten or smoke
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Q Smart Hub (+ Voice control) |

Brifggt ol ol poust devicieE inlo one
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-
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m G B Smart Light ﬂ Robat fawn mower
Peogrammaed colodul low energy Miwy your lawn Tor you
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(Source:




Smart home examples

Smart enabled home 1n Singapore
Elderly Monitoring System

For the well-being & safety of elderly relatives,
especially if they are living alone at home

The system learns the daily habits of seniors through
the help of motion sensors & alerts you or other
caregivers 1n times of need or when irregular patterns in
behaviour are detected

Utilities Monitoring System

To save energy & water at home




(Source:

Elderly Monitoring System

Miotion h Panic sends signals Sends notifications
to the home and alerts to
Sentors Button h gateway car@cgivers
........................................... GREATER PEACE OF MIND _
-

“Mom is active
in the kitchen”

= Morn-niusive
I lad + Datocts mofion ana alerr
= » Easy 1o install caregivers when |rregular
= Chiscks | the patierns appaar
a.a. when thare is an

= Simple 1o use =

* Elderly can press button L il
in times of distress 8 1
i




Utilities Monitoring System
.

Monitors overall household energy Monitors overall household
consumption and individual home appliances water consumption
........................... \-i:‘qj '_r_; |_".".I - -
F = L =
= Monitor your ovarall housahald
enengy and water usage :
&« Access realtime usage pattarn I .
= Rgcoive tips and sot targoels 1o #
reduce anamy and wator usage
= Automate anergy-saving measures
- -
S ¥+ SMART -
o 1Y HDBHOME | » Monitor eloctricity usage of
B Impiing Cur Lives , Individual home appliances

® Switch on and off your
appliances remotelhy

(Source: )




Smart community digital ecosystem of applications & services

RESIDENTS & COMMUNITY
End User User Feedback
(Engage & Interact) & Interactions
/ AN ECOSYSTEM OF APPS & SERVICES \

=18

services)

Data Consumer Usage Insights &
(Products and Data Analytics "

ui - W

AL LA |2 TRy
[ “!DAa ﬁ'*As A-SERVICE PLATFO?#M M

Adapt insights
for Planning &
Design

Data Foundry
(Mesh useful
data)

DATA PROVIDER
(Public Agencies & Private Companies)

(Source: )




Smart health living

Ageing problem & healthcare 1n the society

All countries face major challenges to ensure that
5 2their health & social systems are ready to make the
="@> most of the demographic shift (population ageing)

The elderly population has greater healthcare needs

Embracing ageing with smarter solutions

Achieve an age-friendly smart city
Data enabled, digitally connected & uses Al technology
) , —  to help older people receive their healthcare, social
il welfare & other necessary services




Hong Kong has a rapidly ageing population - Projection of total

9000 450
e

8000 - + 400

=i LTS
- 300

5000 + - 250
4000 + - 200
- 150

2000 + II|III| - 100
1000 - + 50
Ll INRIREREN NSRRI RN N NI ER RN R

2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029 2031 2033

(o))
o
o
=
}
L 1 L

Population ('000)

w
o
o
o
l

Aged 0-14 mmmmAged 15-64 [—__JAged 65 or above =—El|derly dependency ratio

(Source: Hong Kong Population Projections 2004-2033, Census and Statistics Department)

population, elderly population & elderly dependency ratio, 2007-2033

Elderly dependency ratio
(65+ elderly per 1000 population aged 15 -64)




Leading
Paries

Individuals — &~ — -

Developers

& Property
Managers

Developers
Govermument

Govemment
&

Participatory

Planmng

—_— . —

— o -

Smart approach to ageing problem in the society

Smart design -
Assistive technology
Intergenerational co-living
Elderly-fnendly Design

WELL bwlding Bulding
standard management

Neighbourhood walkability
Public space remvention

Elderly-centric spatial distnbution
of amenities and services

~~-Smart Neighbourhoo

Age-fnendly
planning principles

Smart mobility

o~ Sma tv Governance

Hardware approaches

Software approaches

(Source: SCC, 2022. Smart City Blueprint 3.0 Advisory Report: The Way Forward, Smart City Consortium (SCC), Hong Kong.

)




The future of geriatric healthcare in the home setting

\ —/
Cloud server and
Glucose ECG =
machine learning
—milina_anllla_ JLMN./W\ﬂ‘N .
Creatinine Heart rate Home sensor
60 pM 100 bpm network
Electrolytes Blood pressure
S S SYS 131 mmHg
1 ._r,-r' = (| DIA76 mmHg )|
isol S, BE Remote caregiver Digital
— Bl B . || Temperature 376°C mirror
I T Cardiac Fall-detection |
monitor sensor *
Assistive robot Heoltichetll

1

P Artificial ‘
] ' ' 0 pancreas | a

Integrated
physical/chemical K %3 Doctgr
smart patch — _ appointment
\ | 'F ' P 1:00 am
: - I
\ A

e e

.... / [\ Health Al voice @ m

] = assistant
- < momtonng

’I

»

ww

L«
Robot pet Smart scale : 1i a——
- . - Ll
M Smart pillbox
Motor sensor

— -+ Smart socks
’h‘ Smart shoes
fosah Smart carpet
. = _ Multi-functional _
- ) " smartwatch g

(Source: Chen C., Ding S. & Wang J., 2023. Digital health for aging populations, Nature Medicine, 29: 1623-1630.
)




Role of artificial intelligence (Al) & data analytics in healthcare

Patient details After Data
(scan report, CT, MRI ...) Pre-processing
.
Analytics and
| , ML for analysis
b | of Patient data
J"'f t,z 4

Patient Data Analysis to Docto Self Analysis
for treamen for Patient

Doctor Paitent

(Source: Srinivasa K. G., Siddesh G. M. & Manisekhar S. R. (eds.), 2022. Society 5.0: Smart Future Towards Enhancing the Quality of Society,
Springer, Singapore. )




Smart health platform

Health and activity Sensor Application Code Repository
monitor Gateway Server Server

~ ™ =\ [
\_ Y,

Repository

P ] SVE SHTeE] SBSEOs - e
; External

e 2N
b S SR =
| /
\ P! | & \ =
. s [ : e . 9 l \/
|
| |

Mobile - L Stationary
multisensor multisensor

(Source: Vermesan O. & Friess P. (eds.), 2014. Internet of Things — From Research and Innovation to Market Deployment, River Publishers, New
York. )




Smart healthcare management system
Easily transfer health data to data
center or platform

Healthcare management system

N B - Q00
E—
Vv . | r _]
I |
| . P
2 | o e e e B
< |
. | s il it
[ | O e
[ |
T I =~ | O —— — — —
| ]
| 1 (o)
I :
0, Py Software
s ¥ |
- B Medical Platform
i MarTT (ssL)
& . é ol ',':; Meonitoring Data :
" e
z N )N N
l it Hardware .'""'"'"I""--"-"; ;~-~-------1----------.| ;.-.-_.--._2._.__--_-_:
BLE E BLE ,: BLE E BLE E BLE E BLE E

I
SNNVNRNNNRRRIRRerereeies ¢ S = - .

(Source: )




Example of devices for smart elderly care solution

3

/ \ - 9',\\
\ \t;'; s y
Fan g
Body Composition Smart Pill Health Monitoring
Scale Dispenser Watches

- l
A
5 &S

Wrist Blood
Pressure Monitor

Finger Clip Pulse

) Sleep Tracker
Oximeter P

O

User private cloud

MQTT OPEN API

NN\

Temperature and humidity

Gas alarm

ECG Sticker Fever Sticker CGM Monitors
Door sensor
ot [P On
Dusan
.4
Gateway Door sensor Temperature Leakage

and humidity

(Source:

Human feeling

Gateway

™

zigbee

@

emergency button

Vibration sensor Smoke detector emergency button




Smart health monitoring system & devices

|

loT Gateway

I

—

o ! .
f The Cloud
« Data Processing |
* Protocol Conversion ' « Data Storage
« Data Filtering : _+ Data Analytics
« Communications | . » Medical Interface

-------------- ) @ -------------->
Device Gateway
Dusu
_— PE—
.ﬂ“. D LA n'.'u‘_.ﬂ"-u.
- ’ ) . ‘

(Source: )

Healthcare
DSGW-021 | | Facilities

@

!

Cloud
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Application of smart device/biosensor helping in diagnosis of
dysfunctions in various body organs

o’
-~

Smart Device/

Cardiovascular .
measurement unit losensor
Measures ECG, By
HR, HRV
o .y .
 Knee Joint |
| measurement unit Measures SpO,
| Monitors joints W Pulse rate and BP
using IMUs, GSR,
Sl e < Home Gateway
\ * Central BAN node \
T Activity !' Collects data from
| monitoring unit | BAN connected
Activity related Sensors,
signal zing body Limited storage “
IMUs Monitors and processing,
activities Transmits data to
home gateway

(Source: Sharma K., Kesharwani P., Prajapati S. K., Jain A., Mittal N., Kaushik R. & Mody N., 2020. Smart devices in healthcare sector:

applications, In Hussain C. M. & Di Sia P. (eds.), Handbook of Smart Materials, Technologies, and Devices: Applications of Industry 4.0, Chapter

40, Springer, Cham, p. 1023-1049. )




Wearable devices in providing wholesome medical care based on remote
monitoring of clinical manifestations in patients

Signal processing and ‘“
resource extraction Database

storage

Quantitative data sent

—
Connected to the cell Transforming data
phone into knowledge

Regular monitoring

Data sent to patient

o
YE

Drug Monitor response to Personalized Clinical evaluatio
recommendation intervention service of data collected

c i ©

(Source: Sharma K., Kesharwani P., Prajapati S. K., Jain A., Mittal N., Kaushik R. & Mody N., 2020. Smart devices in healthcare sector:
applications, In Hussain C. M. & Di Sia P. (eds.), Handbook of Smart Materials, Technologies, and Devices: Applications of Industry 4.0, Chapter
40, Springer, Cham, p. 1023-1049. )




Example of smart elderly centre components

RMZ310H
Scens
Master j
GWZ330H Eﬁtﬁﬁﬂ;;gﬁ IMZ712H
Smart Home Hub Bedside  Insert Module
' 2] Infrared Switch
ESTIRIH |\ S Alarm Nl
| Curtain System G . IRZ130H
~—— Controller — . TV Contral
- \ 8\ > . IRZ130H
K / ; ~ AC Control
PMZ110H N { E
Smart Power [ o
Meter . |
\ S | TR
1@ 5%
. EEEEESSE
Smart Anti-
" | wandering
SR7410H Alarm
Motion =
Sensor || f L
s
| . _ * SRZ110H
— Pre. # s e —— Door
= I | Sensar
SRZAIOH SRZE10H IMZ711H
PM25, Coz, , -R i | Power
Temperature —— Temperature J Socket
Humidity Humidity Maodule
Sensor Sensor =

(Source: )




Smart medical facilities with indoor real-time location systems

®» ® &

Temperature Operating Room Patient Fow Asset Infant
Monitoring Throughput Management Protection
£

(Source: Kunst R., Ramos G., Righi R., da Costa C. A., Pignaton E., Binotto A., Favilla J., Ohta R. & High R., 2020. Industry 4.0: applications
and future perspectives, In Hussain C. M. & Di Sia P. (eds.), Handbook of Smart Materials, Technologies, and Devices: Applications of Industry
4.0, Chapter 50, Springer, Cham, p. 1277-1306. )




Process flow of remote patient monitoring systems

- _ i : il Il Cloud based
Data concentration g

. . ® dataanalytics

¥ = CoAP
— S — —>
Measurin
PR S cromete?s H Sensor data
area network p' Gk praanm Cloudlet processing S -
using sensors F— storage
Automated alerts Automated alerts
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Authorized entities

Authorized entities

(Source:




Smart hospital basic plan & features

(Source: Rizwan P., Babu M. R. & Suresh K., 2017. Design and development of low investment smart hospital using internet of things through
innovative approaches, Biomedical Research, 28 (11) 4979-4985.

)




Smart health living

B SS——

Directions of future smart hospitals in HK
(with examples of smart projects):

1. Modernized Healthcare

2. Customized Patient Journey
3. Smart Logistics

4. Intelligent Workplace

FUTURE Hospital

5. Cutting-edge 1nfrastructure o SMART Hospital




Further reading

Become a Smart Building Specialist: A Promising Career 1n
Construction Technology

Smart building jobs in Hong Kong
The smart hotel and why 1t’s part of a brilliant future

KEC Smart Hospital




