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Smart Buidings



Smart Building, 
Energy-
management, IoT

• A building’s operations consist 
of various systems:

• heating, ventilation, air 
conditioning, lighting, and 
security.

• Energy management, video 
surveillance, access 
management, and 
environmental monitoring are 
part of the related 
requirements. 



Smart Building, Energy-
management, IoT

• In the modern age, a wide range activity is 
required for commercial buildings. According to 
the UN Global Status Report 2017: 
• “36 percent of energy use and nearly 40

percent of the carbon emissions in the world 
come from buildings.” 

• An energy management and control system has a 
crucial role in the optimization of energy 
consumption without compromising comfort or 
performance 

• Any structure can be converted to a smart 
building through the use of automated processes 
to control its operations. 



Smart Building, Energy-
management, IoT
• The real value of IoT in comparison to the 

traditional control systems of a building are 
related to:
• Real-time monitoring and the possibility 

of adjustments, with the use of sensors, 
actuators, and microchips as well as data 
collection and cloud computing,

• IoT by wireless sensor networks (WSN) 
provides more flexibility

• Economically justifiable



Smart Building, Energy-
management, IoT
• The real value of IoT in comparison to the 

traditional control systems of a building are 
related to:
• Real-time monitoring and the possibility 

of adjustments, with the use of sensors, 
actuators, and microchips as well as data 
collection and cloud computing,

• IoT by wireless sensor networks (WSN) 
provides more flexibility

• Economically justifiable



IoT Market



IoT definition and IoT Market(s): a Mindset shift

Traditional Mindset IoT Mindset

Customer needs Answer to existing 
needs in a reactive 
manner

Address emerging 
needs in a predictive 
manner 

Offering Stand-alone produce 
that becomes obsolete 
over the time

Product refreshes 
thanks to over the 
air updates

Path to profit Sell the next 
product/device

Enabling recurrent 
revenues



Further IoT Definitions…
• IEEE (2015): “Broadly speaking, the Internet of Things is a system consisting of networks of 

sensors, actuators, and smart objects whose purpose is to interconnect ‘all’ things, including 
everyday and industrial objects, in such a way as to make them intelligent, programmable, 
and more capable of interacting with humans and each other”

• National Institute of Standards and Technology (NIST): “Cyber-physical systems (CPS)—
sometimes referred to as the Internet of Things (IoT)—involves connecting smart devices and 
systems in diverse sectors like transportation, energy, manufacturing and healthcare in 
fundamentally new ways. Smart Cities/ Communities are increasingly adopting CPS/IoT 
technologies to enhance the efficiency and sustainability of their operation and improve the 
quality of life.”

• Internet Engineering Task Force (IETF): “The basic idea is that IoT will connect objects around 
us (electronic, electrical, non-electrical) to provide seamless communication and contextual 
services provided by them.”

• International Telecommunications Union (ITU): a network that is available anywhere, 
anytime, by anything and anyone

• Organization for the Advancement of Structured Information Standards (OASIS): ”System 
where the Internet is connected to the physical world via ubiquitous sensors.”

• European Telecommunications Standards Institute (ETSI): “the communication between two 
or more entities that do not necessarily need any direct human intervention.”



IoT use-cases

• Smart City
• Internet of Vehicles
• Internet of Drones
• Smart Grid
• Smart Health
• Smart Home
• Smart Agriculture
• Smart Ship
• Industrial IoT
• Etc…



Application Taxonomy and Ecosystem



5G technologies: three main pillars

• Enhanced Mobile Broadband (eMBB) 
• Ultra Reliability Low Latency Communication(URLLC) 
• massive Machine Type Communication (mMTC) 



IoT for URLLC AND mM2M Communications
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Potential economical impact of sized IoT Applications



IoT Economic Impacts by 2025

Economic impact of the 12 most significant disruptive technologies by 2025, in US$ trillions per year and countries’ 
current GDP in 2014



SUMMARIZING…
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5G and the eMBB
KPIs trend…

What about IoT for Smart 
Buildings and mMTC?

Totally different metrics, 
totally different numbers:

• Sporadic Traffic
• Massive number of 

devises
• Low-power consumption

and maintenance
• Low-cost



The IoT Overturn…



IoT Technologies



Some currently available IoT wireless technologies



Some currently available IoT wireless technologies

https://community.arm.com/iot/b/blog/posts/the-great-iot-connectivity-race

Satellite



• LPWA will represent 20 to 25% of 
the IoT connectivity market by 
2025

• Why so many IoT technologies?

• How to properly compare and 
choose the ‘right one’?

• Different KPIs fot different IoT 
applications

Some currently available IoT wireless technologies



Fields & Applications: one size cannot fit all !!!
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• WiFi and BT (BLE) are widely adopted for personal devices

• Cellular technology fits high data throughput associated application.

• LPWAN offers multi-year battery lifetime and sensors support. Small amount of data
transmission is involved.



Spectrum and Duty-Cycle Regulations



ITU Industrial, Scientific and Medical (ISM) radio band

• Possible allocation strategies: primary, secondary, exclusive or shared utilization

•Type A: designated for ISM applications (subject to special authorization by the administrator)
•Type B: also designated for ISM applications. Other services operating within these bands must accept harmful
interference



Short-range IoT Technologies



Main Short-Range Technologies



IEEE 802.11 Family (Wi-Fi) 



Star Network (e.g. 802.11) Mesh Network (e.g. ZigBee)

IoT topologies

Route selected dynamically based on the network 
connectivity (ad-hoc), appropriate for multisensor
monitoring and control applications

Infrastructure in place, some designated devices 
always act as routers in the network 



IEEE 
802.15.4/ZigBee 

Overview

Short-Range Technologies



Coexistence 
at 2.4 GHz 

AFH disabled all channels that are 
interfered with by a nearby Wi-Fi 
network. The second connection event 
would normally happen on channel 16 
but is instead redirected to channel 24.



Coexistence at 2.4 GHz 



Power Saving MAC Algorithms for IoT

• In IoT, Devices sleep most of the time
• What if we send data to a sleeping device?
• Ok going to sleep, but need to be awake when data is sent to you
• Need some way to:

• coordinate when/how nodes sleep
• Coordinate channel acquisition

Device
A

Device
B

Hello?!  I’m
talking to 

You!



• Self-Forming Network
o in mesh networks, the first FFD device that starts communicating establishes itself as the 

PAN coordinator (i.e., ZigBee coordinator)
o Other devices join the network by sending association requests
o Association and Disassociation services are provided by IEEE 802.15.4

The ZigBee example

PAN coordinator



PAN coordinator

• A ZigBee gateway provides the 
interface between a ZigBee network 
and another network using a 
different standard

802.15.4/ZigBee 
Gateway



802.15.4/ZigBee 
Gateway

• a ZigBee gateway can implement
both
• the ZigBee protocol
• the Internet protocol

• Translate ZigBee packets to Internet 
protocol packet format, and vice 
versa (works in OSI model’s all layer)



LPWAN Tecnologies



Different Key requirements for LPWAN



Different Key requirements for LPWAN



LPWAN Performance Comparison



Sigfox/LoRaWAN/NB.IoT Comparison



Sigfox/LoRaWAN Technology Architectures



Sigfox/LoRaWAN Technology Architectures



Some more details: Device classes, Link-Adaptation…



NB-IoT Technology Architectures (based on 3GPP LTE)



NB-IoT Technology Architectures (based on LTE)



IoT and energy-
efficiency: a huge world 
full of possibilities….

Questions & Answers

Thank you


