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Our lives have been immensely improved by decades of automation research - we
are more comfortable, more productive and safer than ever before. Just imagine a
world where familiar automation technologies have failed. In that world,
thermostats don’t work -- you have to monitor your home heating system manually.
Cruise control for your car doesn’t exist. Every elevator has to have a human
operator to hit the right floor, most manufactured products are assembled by hand,
and you have to wash your own dishes. Who would willingly adopt that world - the
world of the last century -- today? Physical systems - elevators, cars, home

it i i -- were more troublesome, more time-
consuming, less safe, and far less convenient.

Now, suppose we put ourselves in the place of someone 20 years in the future, a
future of autonomous systems. A future where transportation is largely autonomous,
more efficient, and far safer; a future where dangerous occupations like mining or
disaster response are performed by autonomous systems supervised remotely by
humans; a future where manufacturing and healthcare are twice as productive per
person-hour by having smart monitoring and readily re-tasked autonomous
physical agents; a future where the elderly and infirm have 24 hour in-home
autonomous support for the basic activities, both physical and social, of daily life. In
a future world where these capabilities are commonplace, why would someone
come back to today’s world where someone has to put their life at risk to do a
menial job, we lose time to mindless activities that have no intrinsic value, or be
consumed with worry thata loved one is at risk in their own home?




What's the difference between an autonomous
system and an automatic system ?

Automation Autonomy
- Fixed set of rules - Goals are fixed, not rules
- All situations are specified - Not all situations are specified
- Rules determine what system can do - Rules only constraint the behavior
- Rules are fixed in advance - Behaviour can evolve
- Testing against inputs to guarantee output - Testing against inputs is harder

Autonomous Systems must be able to operate independently and intelligently
in dynamic, uncertain and unanticipated environments (graceful failure when
goals conflict with the laws that govern its behavior)



Opportunities for Autonomy

- Automated ground transportation

- Automated flight systems

- Disaster response and recovery

- Automation and space exploration

- Automation and agriculture

- Construction automation

- In-home services

- Law Enforcement

- Planetary Science/weather forecasting



Main Challenges in Building Autonomous systems

1. Creating resilient systems that can deal with unforessen situations and
unseen failures and security attacks

2. Interacting with humans in terms of communication, instruction etc.

3. Social, ethical and legal frameworks for reasoning about and controlling these
systems



Path forward

Paths to Autonomy

Engineering of Autonomy
Sensing and Autonomy
Autonomy and Human Interaction

Autonomy and Society



Takeaways

Autonomous systems are fundamentally different from automated systems
Autonomous systems face considerable engineering and scientific challenges

- Need to handle unforeseen situations
- Need to be resilient and fail gracefully
- Need to emphasize system safety

Significant opportunities in diverse domains if we're successful

Need a science of autonomous systems



