The New Robotics Ecosystem
for Defense & Security

Prof. Michael A. Gennert
Robotics Engineering Program Director

May 2014



Talk Roadmap

Technology Context
Current State of Robotics
Robots as Co-X

Future Robotic Ecosystem



Popular Electronics, Dec 1958



Driving Factors

Exponentials — x2 at regular intervals
 Moore’s Law — Processors — 1.5 years
* Kryder’'s Law — Storage — 1.5 years
» Butter’'s Law — Network — 9 months
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* 54 years later...
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Butter’s Law

“NEC and Corning achieve petabit optical
transmission”

SPIE Optics.org, 22 Jan 2013

1 Pb/s = 10 b/s = Entire LoC in 0.01 s



Robotics Follows Exponential

Stanford Al Lab Cart 1979, 3meters/hr

DARPA Grand Challenge 2005, 30Km/hr
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10,000x in 26 years, 2x every 2 years
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A Robot in Every Home
Scientific American, January 2007
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ROBOTICS
ENGINEERING

PROJECT TEAM:

ADAM BLUMENAU - ALECISHAK — BRETT LIMONE
ZACHARY MINTZ-COREY RUSSELL — ADRIAN SUDOL
ADVISORS:
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Robotics Research

Assistive ESEIEE
Robotics EHies



http://web.cs.wpi.edu/~rail/projects/
http://aimlab.wpi.edu/research/
http://www.youtube.com/watch?v=L6nqWQ8SfVA&feature=youtu.be
http://sites.google.com/site/padirlab/home

Tree-Climbing Robot

Invasive insect detection
C4?
Drones over desert v

Drones over jungle %8
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DARPA Robotics Challenge

Fukushima Disaster Too bad robots can’t ...

* Traverse rubble

e Attach hose

* Close valves

* Open doors

* Climb ladders

Too dangerous for e Use tools

humans ... * Remove debris

.. send a robot * Drive vehicle ...YET!







Other Disasters Hurricane Katrina

Deepwater Horizon




Capabilities Gap

* Supervised Autonomy
* Not tele-op

* Mobility
e Go where needed

* Manipulation

e Operate in human environment

* Perception
All hard — integrating harder still



DARPA Robotics Challenge

1. Virtual Robotics Challenge — Simulation SW
Best teams have 5 months for SW - HW
S2M Atlas Robot + $750K Funding

2. DRC Trials — Select winners
Best teams have 12+ months
S1M Funding

3. DRC Final — Select winner
S2M Prize



DARPA Robotics Challenge

Sim Port to ATLAS
> ﬁ\ .

Build June 2013 Dec 2013 Spring 2015



Virtual Robotics Challenge

Perform subset of tasks ...

... in simulation ... How hard can this be?

... port to robot later. How hard can this be?
Using

* ROS

* Gazebo simulator

* Rviz visualization
 Some Boston Dynamics, Inc. software



Manipulation
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DARPA Robotics Challenge

Build June 2013 Dec 2013 Spring 2015



Boston Dynamics Inc. ATLAS

28 DOF

— 6 perlimb

— 3 back

— 1 neck (pitch)
Interchangeable hands
— Sandia / iRobot / Robotiq
— Custom-made pipes
Sensors

— MultiSense Head

— KVH IMU

— Foot pressure sensors
Power

— Hydraulic with on-board pump
— Tether for 480V / Cooling / Comms
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Fingers

DoF 5 12 4

Wt (kg) 1.5 3.0 2.3

Drive Worm gear Gears Worm gear

Max tensile stress (lbs) 3/11/5 17/24/1 Palm: 50+ / 50+ / 20
Tip: 50+/20/ 20

Max shear stress (lbs) 32/14 11/9 Palm: 25 /45

Tip: 17/ 25



Head

Carnegie Robotics

MultiSense SL
* Stereo
* LIDAR
* Video







Situational Awareness Cameras

WPI-CMU DARPA Robotics @ WPI
Challenge Team Carnegie

University




Software Packages

* Robot Operating System (ROS)

* Gazebo — Simulation

* Movelt! — Manipulation

* RVIZ — Visualization

 OpenCV - Open source Computer Vision Lib
* Point Cloud Library
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Door Handle Move It

WPI-CMU DARPA Robotics

Carnegie
Challenge Team MVellon

University




Door Reality

I




Movelt Valve Turn

WPI-CMU DARPA Robotics

Carnegie
Challenge Team MVellon

University




Atlas ready
for Manipulation

Perception

'

Segment Object of
based on User Input

High Resolution,

Low Speed Scan

'

Shape detection to
determine object type

Environment

l

Determine contact point

based on user

Determine
Error vector

Segment Image
Hand Area

:

Perform Alvar tag
Detection

l

'

Track Object

Change

Low Resolution,
High Speed Scan

l

Integration

Robot Manipulation

Active

Determine Hand tip
location based on tag

Track Alvar Tag
in 3D

Robot

Change



DARPA Robotics Challenge
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How We Did It

Kept eye on the prize

Understood our strengths & weaknesses
Compensate for shortcomings by

— Partnering with engineers & CMU

— Get ready for ATLAS before anyone else
— Use ATLAS the most (312 hrs vs. 260 hrs)

Maintain esprit de corps
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In Progress

Full body control
Razor controller
Better collision detection
Fall & recovery behavior



Full Body Controller

-




Full Body Controller




Self-Collision Detection




What’s Happening Now

http://drcvideo.wpi.edu/zm/index.php



http://drcvideo.wpi.edu/
http://drcvideo.wpi.edu/zm/index.php
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Tech Drivers

Robotics rode Moore’s Law
Robotics will drive future exponentials

Laser range finder:

— Pa st Laser Scanner Cost

100000

— Present:

10000

— Future:

1000

100

10

1

2004 2014 2024
Year



Robotics Ecosystem

* Systems Engineering
— Life cycle analyses
— DOTMLPF
* Software
— How to engineer & compose behavior

* Simulation

— For developing future systems

— In future systems

— Need better physics-based simulation
* Human-in-the-loop

— Cyber-Physical Systems (CPS)



Lessons from Radiation Protection

e Distance

* Shield Barsier thickness




Robotic Warflghter Protection

e Distance
Packbot

* Shield

Talos “lron Man”
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Challenge: Can we use robotics to increase speed of operation?



The Next Disruptive Technology

WIRED
FOR WAR




The Future ... ... Is Here
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