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Not counting laptops and
phones, estimate the number
of computers in this
classroom



Class estimates/examples:
TVs

Podium control

Motion sensors

HVAC system, fire alarms, purifier
Speakers

Projector

Smartwatches

Wireless headphones
Switch

Keycard

Lecture capture cameras
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What are some other
examples of embedded
systems you can think of?



Images creative commons. For credits, see last slide
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How many different
embedded systems can you
think of that make up a car?



Transmission

Electrical drives ool

(e.g. mirror, seat, sun roof,
wiper, window)

Connectivity Ao 5y Skt

Engine
Control ADAS
Unit (e.g9. ACC, parking sensor,
olind spot detection, radar,
Power lane change assistance

Trunk
latches
HID, LED
lighting
Diagnosis unit
LED lighting
Climate control
Keyless entry,
Dashboard central lock,
immobilizer Bus interface protection

Telematics, multimedia, infotainment, ABS, ESP, TPMS,
GPS, navigation, E-call, tracking & electro-hydraulic brake,
car alarm system traction control

Thomas Scannel, ‘Automotive Connectivity Evolves to Meet Demands for Speed & Bandwidth®, 2017

Some products are made up of distributed embedded systems



http://connectorsupplier.com/evolution-automotive-connectivity-autonomous-vehicle-technology-drives-need-speed-bandwidth/

o

Choose a device we
mentioned.

Discuss:

@® How does the device interface/interact with the outside world (sensors, buttons,

displays, other devices)?
@ \What sorts of constraints are put on its design (size, cost, safety)?




‘ Embedded systems

Controlled by a microcontroller

CPU, memory, IO in one chip

Contrasted with general-purpose computers, '

embedded systems:

Are made for a specific purpose

May be less “visible”

Interface with the physical world

Have timing constraints that affect correctness (real-time systems)



‘ Challenges

Constraints Real-world interactions

Memory space Interface with peripherals

Form factor Peripheral failure

Power Communication protocols

No OS*/standard API or Harsh environments

architecture

Engineering Verification & Validation

Safety Timing analysis
Software/hardware design Modeling physical properties
process HW and SW testing and debugging

Cost at scale
10



‘ Roadmap of the class

Safety,
Background, hardware Engineering security, and
concepts process correctness

4

Theory, case studies
Examples and interactive work
Hands-on labs How microcontrollers Applications Your cool
work embedded
project!

1



Image from http.//en.wikipedia.org/wiki/\/-Model

: Operation
and

Maintenance

Concept of

Operations Veriﬁ:gtion

a
Validation

Requirements System
Verification

an
Architecture and Validation

Integration,
Test, d

Detailed

, an
Design Verification

‘ Throughout the class

How design, implementation,
verification/validation connect

lmplamentation

Time

How HW influences SW and the other way
around

Societal impacts of embedded technology
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‘ Embedded Systems...

are everywhere
have many different applications

have interesting design challenges




‘ Course structure

Homeworks

..prepare you for... _
further assessed in

Concepts presented in lecture - .
Group project

..prepare you for..

Hands-on experience in lab

Website for details: brown-cs1600.github.io 14



‘ Logistics

Website: brown-cs1600.github.io

Waitlist: through HWO (please drop the class if
you know you won't take it!)
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‘DE&I

Engineering involves working with people to
create artifacts that will be used by people

Your work impacts others

Course has a major participation and teamwork
component — inclusion and respect

| want to hear how | can do better, too

18



‘ Ways you can give me feedback

E-mail

In person (after class, in office hours)
Anonymous form

Via TAs (anonymous or not)

DE&I, accessibility, culture issues: department
and university-wide resources

— Feedback only works if | follow up on it

19
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Think about the classroom
practices that have enabled
your learning in the past.
Where do you see room for a
similar practice in this class?
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0

What is one community
guideline that would help
your learning that you would
like to see in the syllabus?
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"Chevrolet Camaro & Cadillac Escalade" by crash71100 is marked with CCO0 1.0

"Microwave" by Alabama Extension is marked with CCO 1.0

"Airplane" by viZZZual.com is licensed under CC BY 2.0

"2011 BUICK REGAL - Plant assembly line" by 2011 BUICK REGAL is licensed under CC BY 2.0
"Big MRI" by Muffet is licensed under CC BY 2.0

"Bosch SHE3AR75UC Ascenta 24' Stainless Steel Full Console Dishwasher" by Goedeker's is licensed
under CC BY 2.0

"My kronoz smart watch" by chrisf608 is licensed under CC BY 2.0

"File:Nao Robot (Robocup 2016).jpg" by ubahnverleih is marked with CCO 1.0
"ecobeed lite Smart Thermostat" by shop8447 is marked with CCO 1.0

"New traffic light on Bank Plain, Norwich" by sebastiandoe5 is marked with CCO 1.0
"Wind power plant" by Mathias Appel is marked with CCO 1.0

"Carol M. Highsmith’s Texas Photograph" by Carol M Highsmith is marked with CCO 1.0
"XBOX Controller @ BarcampLondon5 - Day 1" by Cristiano Betta is licensed under CC BY 2.0
"Drone 2" by Michael Khor is licensed under CC BY 2.0

24


https://www.flickr.com/photos/152930510@N02/48604924372
https://www.flickr.com/photos/152930510@N02
https://creativecommons.org/licenses/cc0/1.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/184594136@N08/49813857912
https://www.flickr.com/photos/184594136@N08
https://creativecommons.org/licenses/cc0/1.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/22394551@N03/2274726982
https://www.flickr.com/photos/22394551@N03
https://creativecommons.org/licenses/by/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/52248755@N03/4814796133
https://www.flickr.com/photos/52248755@N03
https://creativecommons.org/licenses/by/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/53133240@N00/223220955
https://www.flickr.com/photos/53133240@N00
https://creativecommons.org/licenses/by/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/78234592@N06/12641049743
https://www.flickr.com/photos/78234592@N06
https://creativecommons.org/licenses/by/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/114264438@N03/12739361554
https://www.flickr.com/photos/114264438@N03
https://creativecommons.org/licenses/by/2.0/?ref=ccsearch&atype=rich
https://commons.wikimedia.org/w/index.php?curid=49912982
https://commons.wikimedia.org/wiki/User:Ubahnverleih
http://creativecommons.org/publicdomain/zero/1.0/deed.en?ref=ccsearch&atype=rich
https://www.flickr.com/photos/185514373@N06/49063427053
https://www.flickr.com/photos/185514373@N06
https://creativecommons.org/licenses/cc0/1.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/187071179@N08/49542650222
https://www.flickr.com/photos/187071179@N08
https://creativecommons.org/licenses/cc0/1.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/91501748@N07/16738855353
https://www.flickr.com/photos/91501748@N07
https://creativecommons.org/licenses/cc0/1.0/?ref=ccsearch&atype=rich
https://www.rawpixel.com/image/582587/carol-highsmiths-texas-photograph
https://creativecommons.org/licenses/cc0/1.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/45488928@N00/2909881729
https://www.flickr.com/photos/45488928@N00
https://creativecommons.org/licenses/by/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/27578890@N07/12970826404
https://www.flickr.com/photos/27578890@N07
https://creativecommons.org/licenses/by/2.0/?ref=ccsearch&atype=rich

