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CyberPhysical Systems (CPS)

* The traditional embedded systems problem

— Embedded system is the union of computing hardware and software
immersed in a physical system it monitors and/or controls. The physical
system is a given. The design problem is about the embedded system only.

* Hybrid Systems

— Mixed discrete and continuous time systems

e The CPS problem

— Cyber-Physical Systems (CPS): Orchestrating networked computational
resources with physical systems

— Co-design of physical system and controller

— Computation and networking integrated with physical processes. The
technical problem is managing dynamics, time, and concurrency in
networked, distributed computational + physical systems.



CPS Relevance:
McKinsey’s Disruptive Technologies




Economic Potential



UTC PRODUCTS

SN .
More integration...more software...

I c 0 plex operating modes



Google Strategy

Google's robotic cars have about $150,000 in
equipment including a $70,000 LIDAR (laser radar)
system. The range finder mounted on the top is

a Velodyne 64-beam laser. This laser allows the vehicle
to generate a detailed 3D map of its environment.

The car then takes these generated maps and
combines them with high-resolution maps of the
world, producing different types of data models that
allow it to drive itself.


http://en.wikipedia.org/wiki/LIDAR
http://en.wikipedia.org/wiki/Velodyne

Google and Facebook

Google acquired Titan Aerospace, the drone
startup that makes high-flying robots which was
previously scoped by Facebook as a potential
acquisition target, the WSJ reports.

The deal comes after Facebook disclosed
purchase of U.K.-based Ascenta for its globe-
spanning Internet plans.

Both Ascenta and Titan Aerospace are in the
business of high altitude drones integral to
blanketing the globe in cheap, omnipresent
Internet connectivity to help bring remote areas
online.

That's not all the Titan drones can help Google
with, however. The company’s robots also
take high-quality images in real-time that
could help with Maps initiatives, as well as
contribute to things like “disaster relief” and
addressing “deforestation,” ....



Apple

This week, years after that first sighting, Tesla announced
plans for what it calls the “Gigafactory,” a 10-million-square-
foot plant for making car batteries. ...But it's not just the
prospect of a gasoline-free future that has sparked such
excitement about the Gigafactory. The same basic lithium-ion
tech that fuels Tesla’s cars also runs most of today’s other
mobile gadgets, large and small. If Tesla really produces
batteries at the scale it's promising, cars could become just
one part of what the company does. One day, Tesla could be
a company that powers just about everything, from the
phone in your pocket to the electrical grid itself.

Earlier this month, as rumors swirled that Apple might want to
buy Tesla, San Francisco Chronicle reported that Tesla CEO
Elon Musk had indeed met with the iPhone maker. Musk
later confirmed that Tesla and Apple had talked, but he
wouldn’t say what about.



http://www.teslamotors.com/blog/gigafactory
http://www.sfgate.com/news/article/Apple-exploring-cars-medical-devices-to-reignite-5239850.php
http://www.bloomberg.com/video/musk-a-sale-of-tesla-very-unlikely-Hfh13_sMQCC%7Ex%7EHzbPKZ4w.html
http://www.bloomberg.com/video/musk-a-sale-of-tesla-very-unlikely-Hfh13_sMQCC%7Ex%7EHzbPKZ4w.html

Needs for Industry of the Future

MEMS, Analog and RF .
devices .
System Engineering .
System Integration .
Multi-physics systems .
Scalable computing .

architectures
Networked-oriented operating

Security/privacy

User interfaces
Collaboration applications
Intelligent learning systems
Program verification

Methodologies for HW/SW
design/evaluation

The single most serieus problem in industry
today Is to find PEOPLE with the right

expertise!






Design “Practice”



TEACH DESIGN SCIENCE:
Principles not Techniques



The Challenges of CPS Design and...Teaching!

a Snake!




EECS 149/249:

Your textbook, written for this
course, strives to identify and
Introduce the durable
intellectual ideas of
embedded systems as a
technology and as a subject
of study. The emphasis is on
modeling, design, and
analysis of cyber-physical
systems, which integrate
computing, networking, and
physical processes.



EE249: “Embedded System Design with
CPS Emphasis”

A graduate 4 unit system design course:

 Emphasis on understanding of system design

— the basic mathematical models representing system behavior
independent of implementation

— Implementation as choice of architecture
— Architecture as platform

— Mapping of behavior into architecture as an exercise in design
exploration

— Software and hardware seen uniformly



Difficulties in teaching CPS

 People who have «physical» competence (mechanical,
civil, chemical, electrical engineering) should learn
abstractions, models of computation and software
architecture

 People who are computer «scientist» should learn

continuous time systems (PDEs, ODEs, discrteization,
sampling, controls...) MUCH MORE DIFFICULT



The Emerging IT Scene!
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Courtesy: J. Rabaey



Computers and mobiles to disappear!

Predictions: 7 trillions devices servicing 7 billion people!
1,000 devices per person by 2025

The Immersed Human

Real-life interaction between humans and cyberspace, enabled by enriched input
and output devices on and in the body and in the surrounding environment

Courtesy: J. Rabaey



Vision 2025

Integrated components will be approaching molecular limits and/or may
cover complete walls

Every object will be smart
The Ensemble is the Function!

Function determined by availability of sensing,
actuation, connectivity, computation, storage and

energy
Collaborating to present unifying experiences or to fulfill common goals

A humongous networked, distributed, adaptive,
hierarchical, hybrid control problem




The Problem Space (TerraSwarm)
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Summary

Education in such a complex world must come from deep
understanding of basic issues

Do not mistake techniques for principles!

Ad hoc engineering solutions should be avoided at all
COSts

Balance of foundations and experience



Dr. Right
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