Robot networks that are robust to labeling

of control,
1 and communication

Provable emergent response. |

Go from mobile sensor networks to robot
networks that can perform physical tasks
in the real world.

Completel and

g physical tasks in the real world

t— Networked Robots |,
i.e., go from 3-10 people controlling a Hi for network it - \

uman
UAVto 1 person controlling 3-10 UAVs
P 9 .__control and monitoring \

Anticipate the needs and commands rather than \
reacting with delays to human commands. \
- Proactive networks

Fast and precise patient-specific \
mathematical model of biological \

{ Robotic Vehicles }7

structures. § \
Improvement in MEMS and nano- technologies that a N
can fabricate tools and devlce:nsdultable for Challenges in Robotics
of biosamples or bio-objects such as cells.
Information from the 2006 WTEC
Reliable and efficient system integration ( " . " " P - i
of off-the-shelf mmponyems for segcmc Robotics for Biological and Medical Applications Rlnternatéonarl‘gsseslsmem of
- esearch and Development in
medical or biological operations. Robotics )
Special robotic systems that can perform Q Y u

surgery precisely and at low cost.
Solid understanding of life science.

Arms and hands that can perform more than the
simple pick and place common in the industry
Modelling and control enhancement |
Cost-effective, reliable force sensing for assembly
Integration of force and vision sensing in /
support to manipulation /
Robots perceiving 3D environments and

being able to do more complex tasks P ption of

with the real world

and physical

( Industrial, Personal and Service Robots }

Safe human-robot collaboration with
improved software and hardware

bot
Efficient human-robot interface )7

Network of robots, sensors, and users
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~{ Humanoids

- space Robotics |

_Design, Packaging and Power

Mobile Manipulation

Basic studies of kinematics and dynamics
of motion in all domains (ground, air, and
water).

Principle of Motion N o
4;( Micro- and nanoscale mobility

Light and strong materials, with
controllable compliance.
-

_Mechanisms and Mobili

_Material Properties and Design

Better strategies for energy storage,
harvesting and management in order to
have efficient and il power.

Biomimetic approaches to create artificial
muscles using specialized materials and
_methods of micro- and icati

Power and Propulsion

Simplify design principles and criteria in a
manner that will permit more consistent

Hierarchichal Control Structures and verifiable designs

_ Computational and Control

to react to envi
Behavioral Control Structures ~&re significant to the task or behavior at hand.

Integrate learning procedures and mechanisms that
permit the system to adapt to changing conditions and
i it that

Development of microelectronics and

Sensors that monitor the and systems

are used to control il tasks.

"Where am 7"

[ "Do | have a map of this area?"
{; "How do | move in order to

Sensors that are essential to the
igation of a robotic vehicle.

for specific sensors in air and water.

this task?"

Enlarge the size of the mapping domains.

Improve the consistency required to resolve

rarer events that occur at large scale.

Extend the basic approach to enable computational
efficiency of these methods in three

. Sensors and

. Locali
_and Mapping (SLAM)

Di Sensor Networks and Observatories.

_Multivehicle systems -
_Long-term reliable deployment.
Human-robot vehicles

_Interaction with human
4{ Service and entertainment robots

Same as robotics vehicles,
Mobility
Detecting very soft soil and dealing with it.

Advanced sensing is needed to identify and keep

track of which parts of the work volume are
_occupied and where workpieces are to be grasped.

A major advance in safety protocols is

needed to allow humans to occupy the
_work volume of swift and strong robots.

Manage contact forces during
_manipulation in a more evolved way.

Planetary rovers that can operate many
_days without commands.

Analyze science targets from a substantial
| distance with only a single command
Robots that can assemble and construct,
maintain and service space hardware using
 very precise force control, hands.

Manipulation

_Dealing with time delays

Reduce cost of components that are
robust with respect to temperature
changes, radiation, dust, etc

_Extreme Environments

Design and of
[ High efficiency and compact drive

L Better batteries

What are the algorithms for using upper
body momentum management in driving
_lower body legs and wheeled ?

What are the best leg, spine and upper
both

 Bipedal Walking or Wheeled Lower Bodies limb
and sensors, to enable energy-efficient
_walking?

How should robots represent knowledge about
objects perceived, avoided and handled in the
L

? t
and forming a plan to use a tool.

Dexterous hands with tactile skins, finger
tip load sensing, better actuation, etc.

How should vision/laser based perception
be

Dexterous Limbs

to grasp objects?

How can a mobile manipulation robot place its
body to facilitate inspection and manipulation in
a complex workspace, where a small footprint

_and high reach requirements collide?

Exploring the "Ucanny Valley": What roles
do motion and appearance have in making

people accept to work with robots?

 Human-Robot Interaction How can people interact with humanoids
_to form effective and safe teams?




