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341 Epsilon Optics — Fiber optic

o sensors embedded in race boat

38 foils can be used to measure the

12:59:26

105 lift, drag and horizontal force
"081 generated by the foil in real time.
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Crew: 11

46,000 Construction Hours
> 90,000 Design Hours

75,000-100,000 CNC Machine Hours
17,300 Individual parts
140 sensors onboard

240 metres of hydraulic pipes onboard
50+ Knots estimated top speed (93 KM/H, 57.5 MP/H)
Weight: 6.450 tonnes

Crew weight: Max 990KG

https://youtu.be/HI98nH-dvNUE

https://youtu.be/EVc7f9sUIWI

~ Sensors and external

data sources enable the
comprehensive monitoring of:
« the product’s condition
« the external environment
« the product’s operation

and usage
Monitoring also enables alerts
and notifications of changes

Software embedded in the

product or in the product

cloud enables:

« Control of product functions

= Personalization of the user
experience

Optimization
]

9 Monitoring and control

capabilities enable algorithms

that optimize product

operation and use in order to:

« Enhance product
performance

« Allow predictive diagnostics,
service, and repair

o Combining monitoring, control,

and optimization allows:

« Autonomous product
operation

= Self-coordination of
operation with other
products and systems

« Autonomous product
enhancement and
personalization

« Self-diagnosis and
service
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https://youtu.be/H98nH-dvNUE
https://youtu.be/EVc7f9sU1WI

3. Smart, connected product

2. Smart product
1. Product
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Identity and
Security
Tools that.
manage user
authentication
and system
access, as

well as secure
the product,
connectivity, and
product cloud
layers

-

+

PRODUCT CLOUD
‘Smart Product Applications
ofty running on
control, optimization, and ion of

Rules/Analytics Engine
The rules, business logic, and big data analytical capabilities that populate
e FeS: PUS 3 e

inp {new product nsights

Application Platform External
i execution envit enabling the rapid Information
creation of smart, connected business applications using data access, Sources
visualization, and run-time tools. A gateway for
Product Data Database ; fon
u
e o 5 . from external| .
and management of real-time and historical product data weather, traffic,
commodity and
energy prices,
social media,
and geomapping
that informs
CONNECTIVITY product
capabilities

Network Communication

The protocols between the cloud

.

PRODUCT

Product Software
i onboard softy icati
an enhanced user interface, and product control componer

Product Hardware
Embedded sensors, processors, and a connectivity port/antenna that
d electrical

<

5. System of systems
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Integration
with Business
Systems

Tools that
integrate data
from smart,
connected
products with
core enterprise
business systems
such as ERP, CRM,
and PLM

7/26

<- understanding
Real world
decision*making

Evaluation

Who?
What? Research
Where? Observation
How many? Feedback
When?
Why is?
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@ Designing Applications for the Internet of Things.
@ Embedded Operating Systems and Hardware Platforms.
© Networks, Protocols and Security.
© Data, Analysis and Privacy.
© Performance Evaluation.
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| Intemetof Things - CousePlan
Teaching Approach

Y Lecture

¢ Reading

¢ Audiovisual

Retention 3px ¥ Demonstration

So% ¢ Discussion
5% ¢ Practice Doing

90%

¥ Teach Others

Module 1: Designing Applications

@ Main concepts and design aspects of loT platform enabled
applications.

@ Specific loT application: study of specific use cases.

@ Introduction to research areas.

Readling List

@ Connected Things Connecting Europe, Communications of the
ACM, March 2019.

@ Digital Ubiquity: How Connections, Sensors, and Data Are

Revolutionizing Business, Harvard Business Review, November
2014.

[ ntemnet of Things  — CoursePlan
Course Plan

@ Plan, schedule & material already available at web page:

ichatz.me/Site/Internet0fThings2021

o Course is organized in 5 Modules.
o Reading: Each module is linked to 2 Research Papers.
@ Lecture material:
o Lecture notes,
o Links to research papers,
e Demonstration & Video tutorials,
e Hands-on activities.
@ Announcements, Discussions and Q&A will be carried out
over Slack:

https://iot2021diag.slack.com/

@ Assignments will be handled via Google Classroom:

372j6wc

Module 2: Embedded Operating Systems

@ Overview of loT operatings systems.

@ Hardware prototyping platforms.

Readling List
@ The Future of Sensing is Batteryless, Intermittent, and

Awesome, 15th ACM Conference on Embedded Network
Sensor Systems (SENSYS), November 2017.

@ Internet of Things (loT) Operating Systems Support,
Networking Technologies, Applications, and Challenges: A
Comparative Review, IEEE Communications Surveys &
Tutorials, Vol. 20, No. 3, 2018.
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ichatz.me/Site/InternetOfThings2021
https://iot2021diag.slack.com/

Module 3: Networks, Protocols, Security

o Low-Power Wireless Networks.

o Low-Power Wide-Area Networks.

@ Machine-to-Machine (M2M) communication.
@ Securing the Internet of Things.

Readling List

@ Application Domain-Based Overview of loT Network Traffic
Characteristics, ACM Computing Surveys, Vol. 53, No. 4,
July 2020.

@ A Survey of Enabling Technologies of Low Power and Long
Range Machine-to-Machine Communications, IEEE
Communications Surveys & Tutorials, Vol. 19, No. 4, 2017.

Module 5: Data, Analytics, Privacy

@ Data processing architectures.
@ Amazon Web Services for the Internet of Things.
@ Blockchain for loT.

@ Privacy Preserving Computation.

Readling List
© Analytics for the Internet of Things: A Survey, ACM
Computing Surveys, Vol. 51, No. 4, July 2018.
@ Applications of Distributed Ledger Technologies to the
Internet of Things: A Survey, ACM Computing Surveys, Vol.
52, No. 6, November 2019.

Module 4: Performance Evaluation

@ Network performance, power consumption and energy
efficiency.
@ Tools for conducting performance evaluation.

@ Experimentation-as-a-service: loT Lab.

Readling List

@ Flexible experimentation in wireless sensor networks,
Communications of the ACM, January 2012.

@ A Framework to Implement loT Network Performance
Modelling Techniques for Network Solution Selection, MDPI
Sensors, 16(12), article 2038, 2016.

Hands-on Activities

@ A series of connected hands-on activities covering topics:
@ Embedded Operating Systems,
@ Sensors and Actuators,
© Wireless Communications and Networking,
@ Cloud-based lot Analytics,
© Edge Computing.

@ STM32 Nucleo-64 F401RE Development Board.
o Each student attending lectures will get 1 for free.
e Provided by ST Microelectronics — Thank you !

@ You will need to buy:
@ Electronics Components Kit,
@ Sensors and Actuators

— Information available on web page.




Lecture 3: RIOT
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Lecture 7: AWS loT
" loT Core
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Lecture 6: M2M

Networking in RIOT
MQTT, MQTT-SN
—~COAP

#t:%  Network over USB |:] Virtual Network E

<

—
Rior Riot
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Lecture 9: Mesh Networking
—>802.15.4
—6LowPAN
—RPL

@ Virtual 802.15.4 Virtual 802.15.4 D
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Lecture 10: loT-LAB Lecture 13: LPWAN
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No Written Exam.
Individual Mark.

@ Individual Assignments:
o A total of 3 assignments.
Based on the Hands-on Activities.

° Mark depends on participation in class.
o Use: STM Board + Sen.sors/Actuators + AWS + loT-LAB. Mark depends on quality of individual assignments.
o Instructions already available on web page. O Quality of Code
@ Technical Documentation,
@ Group Project © Performance Evaluation,
e Propose an loT application for Blue Growth. © Demonstration.
°3 PeOP|_e per project. e Mark depends on quality of big-project.
e User-driven Design. @ Participation in group,
o Develop the system using appropriate technologies. @ System design & research,
o Test & Evaluate in real—vyorld conditions. © Quality of Software and Hardware Prototype,
e Open-source — Open-design. @ Performance Evaluation,
e Instructions already available on web page. @ Demonstration.
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@ First Assignment @ First Delivery: Initial Idea Pitch
o Deadline: 29th March 2021 e Deadline: 8th April 2021
e Software: RIOT + AWS. o User-driven Research & ldea Formulation.
o Hardware: STM32 4 2 x Sensors 4+ 2 x Actuators. e Technical Design.
e Technical Documentation. e 5 minutes pitch.
@ Second Assignment @ Second Delivery: Intermediate Presentation
o Deadline: 26th April 2021 o Deadline: 20th May 2021
e Mesh Networking. e Demonstration of Working Prototype.
e Hardware: 1oT-LAB. e Technical Documentation & Preliminary Evaluation.
o Performance Evaluation. e 10 minutes presentation.
© Third Assignment © Exam: Final Presentation
e Deadline: 31st May 2021 e Demonstration.
o Long-Range Low-Power Networking (LoRa) o Evaluation.
o Edge Computing. e Technical Documentation.
o Hardware: 1oT-LAB. e Blog post.
] o
]

Blog Post. 10 minutes presentation.
Video Demonstration.
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