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What Problem Are 
We Trying To Solve?


Sandia’s Protective Force is responsible for protecting
a diverse set of lab resources


– Urban terrain, highly dynamic
– Remote areas
– Classified areas


And they need to train for all of them!


Cost Mitigation


Safety Enhancement


No live fire exercises in Classified/Sensitive areas
Training in the Area 5 Reactor…..? Not with real guns.


Solution: use unreal guns, bullets and bad guys







SAND2006-3634P 


Definition of Augmented Reality
A combination of virtual objects and a real physical 


environment that presents both to a user in a seamless 
and convincing way
– User can move around in space
– Augmentation must occur in  real-time


Turn this into - This…
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Some Applications of AR


• Training – train with virtual people and 
things in real environments


• Collaboration – a number of people can 
see the same world and interact with it


• Medical – can see the patient along with sensor data 
(CAT,MRI) for that patient


• Navigation – can see real world and special info (like targets 
when flying a jet) 


• Entertainment – can see virtual objects but still play part of 
game in the real world







SAND2006-3634P 


ARTS Hardware – wearable AR
Helmet


– Tracking LED’s
– Camera 
– HMD


Lightweight Backpack 
w/ Laptop


Tracked Weapon 
System – M4
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ARTS Hardware 
Precision 3D Motion Tracking


The PhaseSpace 
tracker is based on 
pulsed LED’s and 
multi-view high- 
resolution linear 
camera arrays, 
operates at a high 
frame-rate (480hz), 
and has low latency 
characteristics.  


480hz update rate and < 1mm accuracy
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ARTS Project History
• FY04 – generate prototype hardware using Intersense IS1200 – single shooter, 


multiple adversaries 
– Investigate Prototype Hardware
– $300k – DOE / NNSA
– $250k – DOD / TSWG


• FY05 – 2-person teams, move to PhaseSpace tracker
– Initial multiplayer capability
– $300k – DOE / NNSA
– $300k – DOD / TSWG


• FY06 – Formal HSB study to evaluate appropriateness of the approach, comfort, 
efficacy


– MultiPlayer Beta Test with DOE National Training Ctr.
– $250k – DOE / NNSA
– $250k – DOD / TSWG


• Planned for FY07 – Field Testing, develop new capabilities for Law Enforcement, 
DOD & other DOE applications 


– Field Test at DOE Nevada Test Site
– Field Test at DOE National Training Ctr.
– Evaluate AR Trainer for Local Law Enforcement
– $900k – DOE / NNSA
– $100k – DOJ / NIJ


Evaluations by DOE ProForce, New Mexico State Police SWAT, 
Albuquerque Police Dept., DTRA & AirForce SOCOM
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AR-Training Complements a Wide 
Spectrum of Training Technologies


F.A.T.S. / PRISM
•2D ProjectiveTraining Systems
•3D Avatar moving targets
Exercises tactical movement and 
decision making skills


Live Fire Shoot House
•Real Guns & Simunition
•Paper targets or real people using dye- 
marking cartridges
•Exercises shooting, tactical movement 
and decision making skills.


AR Training System
•3D-Immersive Training
•3D Avatar moving targets
•Exercises tactical movement and decision 
making skills


L
evel   of   R


ealism
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Training Scenario
• Trainees walks into a room and 


observe bad guys doing obvious harm 
to critical infrastructure
– Possible variations include “good-guys” 


or bystanders
• Unobserved bad guy engages from a 


hidden venue
• Bad guys can come from around 


corners, behind occluding obstacles, 
etc.


• Trainees aim and fires weapon at bad 
guys, disabling and killing them
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Videos


Take Down


First Person View
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Videos


Move & Shoot First Person View
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Videos


Move Shoot with a FlashBang


First Person View
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Videos


After-Action Review & Analysis
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Thanks For Your Attention


Any Questions?
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Backups
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Unique & Differentiating Aspects


• Other similar systems require installed 
hardware infrastructure
– All that is needed to run the system in a new 


environment is to survey in paper targets on 
the ceiling


– IS1200 tracker is worn by the user, and is 
therefore portable.


• System can be set up in a sensitive/secure 
facility with no additional infrastructure 
(just paper targets).
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Definition of Augmented Reality
• Need to register (align) real and virtual 


objects with each other for the proper 
effect
– Requirement – Real-Time 6DOF tracking


• User can see and work in the physical 
world, but also see the virtual world 
superimposed on it


• User is not separated from physical 
world as in virtual reality (different set of 
applications)
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Augmented Reality Training System
Project Goals:


•Use Video See-Thru AR to allow the Protective Force to train against virtual 
enemies in real-world DOE environments, indoor & outdoor.


•Enhance the paper target shoothouse that is used today for decision support 
training. 


•Develop a tool that can be used complex-wide in DOE & potentially transferred 
out to other agencies & arms of the government.





		Augmented Reality Training System�for Close Quarters Combat

		What Problem Are �We Trying To Solve?

		Definition of Augmented Reality

		Some Applications of AR

		ARTS Hardware – wearable AR

		ARTS Hardware �Precision 3D Motion Tracking

		ARTS Project History	

		AR-Training Complements a Wide Spectrum of Training Technologies

		Training Scenario

		Videos

		Videos

		Videos

		Videos

		Slide Number 14

		Slide Number 15

		Unique & Differentiating Aspects

		Definition of Augmented Reality

		Augmented Reality Training System






 


 3/16/2007 


   ATI Corp. /  NSRP 
National Shipbuilding Research Program Members 


Visit to Sandia National Laboratories 
Albuquerque, New Mexico 


March 01, 2007 
 


 Ronald Glover, ATI Corp. Richard J. Cliffe, NASSCO, San Diego  
 Brian Piedfort, ATI Corp. Matthew P. Tedesco, NASSCO, Seattle 
 Mike Atkinson, ATI Corp. Daniel W. Dayton, Electric Boat Corp. 
 Gary L. Good, Northrop Grumman David J. Wetherbee, Bath Iron Works 
 Geoff P. Painter, Northrop Grumman Ship Systems 
    


 
 
 
 
 
 
 
 
 
 
 


Objective:  Information Sharing & Discovery 
UGain understanding of Robotics/Automation State of the Art & Challenges 


 
7:15 Meet visitors in hotel lobby, transport to SNL ..........................................................Philip Heermann 
  AmeriSuites, Airport, 1400 Sunport Pl SE, 87106 (505-242-9300) ................... & Larry Shipers 
  
8:00 Welcome and Introductions (895/Auditorium) .........................................................Philip Heermann 
 
8:15 NSRP Overview & Visit Objective.................................................................................... Ron Glover 
 
8:45 Overview:  ISRC (Intelligent Systems, Robotics & Cybernetics).............................Philip Heermann 
 
9:30 Advanced Manufacturing/Application Systems ............................................................Larry Shipers 
 
10:15 Travel to RVR (Robotics Vehicle Range) 
 
10:30 Cooperance/Emergency Response............................................................................... .Phil Bennett 
 
11:15 Sensors and Perception .................................................................................................Phil Bennett 
 
11:45 Travel to ISRC 
 
12:00 Working Lunch: Discussions 
 
1:00 Systems Demonstrations (~20 minutes each) 
           Augmented Reality ...................................................................................................Dan Small  
         WALS.....................................................................................................................Bill Drotning 
           Microassembly......................................................................................................... Red Jones 
           CBU .......................................................................................................................Cliff Loucks 
         Near Human Presence ..............................................................Kristopher Klingler, Nate Weir 
            
3:00 Advanced Mobility/Collectives .........................................................................................Ken Groom 
 
3:30 Swing Free Crane............................................................................................................Ken Groom 
 
4:00 Close Out/Path Forward ................................................................................................................ All 
 
5:00 Departure 
 
6:00 No Host Dinner, Paisano’s Italian Restaurant, 1935 Eubank Blvd NE, 87112, 505-298-7541 


 
* * * * * * * * 


 
Philip Heermann, Hm:  505-298-2067;  Ofc: 505-844-1527Cell:  505-263-2814.  HUpdheerm@sandia.govU 


Larry Shipers, 505-845-7025.  HUlrshipe@sandia.govU 
Admin:  Eileen Devore, 505-844-5434. HUemdevor@sandia.govU 
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Advanced Manufacturing


Larry R. Shipers, Ph.D.
Manager


System Technologies


For more information: www.sandia.gov/isrc







Enabling Capabilities


– Mirco/Nano Manipulation
– Precision Engineering
– Automated Planning and 


Programming
– Sensor and Model-Based Control
– Grasping and Fixturing
– Mobility
– Auto-Navigation
– Rapid World Data Acquisition 


and Model Building
– Geometric Reasoning







High Consequence Manipulation


• Process as lot size of one
• Strict process constraints: 


quality, safety
• Human Assisted Expertise
• Cost Effective Intelligent Technology


Nuclear Weapons


Legacy 
Munitions


Stealth Fighters


Surgery


Emergency Response Remote Response







Automated  disassembly of 
explosive gas generators, 
hot operation in 1997


Stage Right, storage and 
monitoring of retired pits, 
hot operation in 1996


Pit Weigh and Leak Check 
System, Hot Operational 2/01


Thermal Spray Inspection Station, 
areal desisty measurements of 
applied materials, 2 operational in 
NGPF


Canout, Automated SNM  packing 
and processing for removal from 
glovebox, cold operation at LANL


Automated Particulate 
Removal System, reduces 
operator exposure during 
cleaning, operational at 
NGPF 2/01.


DOE Defense Programs


Strategic Reserve Stage Right, 
storage and monitoring of 
stockpile pits, deployment @ 
Pantex in 8/02


Robocal, Automated 
NDA, Readiness Review 
@ LANL complete


Automated Thermal Spray 
Station, increase process 
quality and coating uniformity, 
operational @ NGPF in 7/01


Automated Component Cleaning, 
installed in AS-KCD in 1995, 
second generation with 
reachability developed


Automated Robotic Metallize 
System, applies uniform 
coatings to NG components, 
operational @ NGPF 6/02


Automated Visual Inspection System, 
Inspects NG components for pits, chips, 
and voids, operational NGPF 12/03







DoD Applications


Smart Crane
Customer: Navy NSWC
Demonstrating swing-free ship off-loading 


with sea-state compensation on Navy 
transport ship


155 mm Automated Disassembly
Customer: Army DAC
Developing automated system to disassemble 


projectiles containing grenade & 
antipersonnel mine submunitions


F-117 Robotic Coating System
Customer: Air Force  F-117 SPO
Developed & deployed cost-effective robotic system 


to apply stealth coating for 50 aircraft fleet


LM/SNL R&D project 
Developing automated assembly / 


disassembly & human motion 
planner for aircraft logistics & 
maintenance  operations


F-22 Robotic Coating Upgrades
Customer: Lockheed Martin, Marietta
Developing & implementing hardware & 


control improvements to existing 
robotic coating system


Demilitarization Hazardous Operation Risk 
Reduction


Customer: Army DAC
Demonstrated automated disassembly of  inert 


40mm munitions at Army ammunition plant







Strategic Reserve Stage Right (SR2)


Automated Guided Vehicle


Radiation & Physical 
Inventory Pallet


User Console


Pantex Storage Facility
System Design and Simulation


Graphical 
System 


Controller


Track Right


Video 
Surveillance







Strategic Reserve Stage Right (SR2)







F117A Robotic Coating System


Deployed at LMSW


Development Laboratory


Coating Upper Fuselage


• System designed for variability and flexibility
• Improved quality and reduced cost







Contact Operations Workcell


Software Tools for Design, 
Analysis, and Control


Force-controlled 
tool for finishing 
curved surfaces







WALS/SI Handling Operations







Vision Control for Demilitarization


Robotic machine vision to pick up tilted 
projectiles from a pallet







ADAM Demil System Accomplishments


• System integration into new Munitions Cryofracture Demilitarization 
Facility McAlester Army Ammunition Plant completed summer 2005


• Operations and safety reviews completed fall 2005 
• First “real” projectile disassembly in December 2005
• Operator training, and other facility installations need to complete 


before system operates in a production capacity







ADAM Demil System







AutoGen







Remotely Operated Weapons System







Z-Proof of Principle Experiment







System Technologies 
Applied Research and Development


Near Human Presence


Pawl Washer Assembly 
with 170μm Pin


Adaptive Fixturing


3D Operator Directed Micro Assembly


85 μ


 


m Ball Assembly


Microassembly


Admittance Control


LEO 1430VP SEM with Zyvex 
S-100 Nano-manipulator


Placement of the nanotube 
on a silicon substrate 


Nanomanipulation
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ADAM Projectile Download Workcell
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Workcell at McAlester Army Ammunition Plant
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ADAM Mine and ICM Projectile
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Projectile Download Workcell
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Secretary of the Army – Francis Harvey
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Cluster Bomb Unit (CBU) Assembly and Issues 







Wapman; TCG9 Dec 2006 7


CBU Download Workcell 


Open dispenser 
and unload


Orient bomblet and 
place in fixture
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Coordinated Robot Motion is Used to Remove the Dispenser
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3D Laser Scan of dispenser


1. The camera box contains 
a 3D Laser Scanner 
System, cameras and 
lights.


2. The laser scanner is eye 
safe and provides cloud 
data for analysis. 
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Konica Minolta Scanner


• Low resolution: 320 * 
240  =  76,800 points 
/scan


• High resolution: 640 * 
480  = 307,200 points 
/scan


• Scan rate is 5 seconds 
at high resolution


• The scanner is rated for 
a maximum offset of 2 
meters and has a 
volume of 47.3 x 35.6 x 
15.7 inches, at that 
distance. 
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Cloud Data (307,000 points/scan) 
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Cylindrical and Spherical Data Filters for Data Extraction


1. We have also developed 
box, truncated cone, and 
plane filters.  2. Filters can be cascaded
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Bomblet Removal Robot
• Vision system provides 


x, y, z contact location of 
next bomblet to remove 
and dispenser offset 
location in workcell. 


• Automated path planning 
is used to pick up the 
bomblet based on vision 
data and bomblet 
location in dispenser.


• Robot places bomblet in 
one of 4 pallet pockets 
based on thru beam 
sensor information
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CBU Unloading Laser Scanner / Robot Integration
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CBU Download Workcell 


Open dispenser 
and unload


Orient bomblet and 
place in fixture







Wapman; TCG9 Dec 2006 16


Raised Positions Are Random and Stable 
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Fixture Loading Scanner Robot Operations 
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Locating & Orienting Bomblet 


2


3
1
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Automated Path Planning for Robot Pick Operation
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MLRS Warhead Foam Packs and Hardware


Grenades


Caps


Spacer Rings
8


2


644 grenades 
in a warhead. 
375,000 
warheads to 
demil
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Automated MLRS Warhead Download Workcell


Ten robots will 
download, inspect, 
safe and package 
644 grenades from 
the warhead every 
15.6 minutes.
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Warhead Disassembly System


Grenade 
Removal 
System #2 
Interface


Grenade 
Removal 
System #1 
Interface


2. Robot 
distributes 
foam packs 
for grenade 
unloading.


1. Chipless 
machining 
partitions the 
warhead into 
foam packs.
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Grenade Removal System #1


Warhead 
Disassembly 
System Interface


Robot  removes 21 
grenades at a time from 
each foam pack and 
places on one of three 
conveyor systems
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Grenade Removal Operations
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Fuze Removal Systems 1 - 3 


Fuze Removal 
System #3


Fuze Removal 
System #2


Fuze Removal 
System #1


Grenade 
Removal 
System #1


Robots place grenades 
into a fuze removal station 
every 8.5 seconds
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Fuze Removal Operations
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Prototype Tooling Operations March 2006
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Fixture Loading System
Robot places grenade 
bodies into final 
packaging or places on 
trays for downstream 
processing.
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Lift Assist Concept for EDS


payload


jib crane


Intelligent Lift Assist Device for Loading the EDS Chamber


Current EDS Platform







Side Mounted Jib Crane


- Rotary joint in boom


- 8’ reach


(Dimensions not final)







EDS Lift Assist


Lifting Tool


iLift Hoist


Heavy 
payload


Jib Crane existing EDS 
structure
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Human Directed Assembly of 
Heterogeneous MEMS Devices Using 


Precision Robotics


Track Two: Technologies and Business Practices for Enterprise Transformation
Session: Advanced Manufacturing Technologies


James F. (Red) Jones
Distinguished Member of the Technical Staff


Sandia National Laboratories


Co-Authors: Brian A. Kast, James M. Bailar, Nathan A. Weir & David M. Kozlowski


Future Technologies Conference II


Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, 
for the United States Department of Energy’s National Nuclear Security Administration 


under contract DE-AC04-94AL85000.
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Interest in Assembled Microsystems


Microsystems offer lower mass and smaller volume system components which 
can provide enhanced capabilities for existing and future systems.


• Fuses (Low mass could mean high shock survivability, longer throw, 
improved accuracy, etc.)


• Sensors (Integrate into legacy systems, lower power, expanded 
capability, more covert, etc.)


System is a group of parts interacting to achieve a common function and 
typically can include components for:


Power storage and/or transmission
Sensing, data storage, and/or data processing
Structure/packaging
Communication


Functional micro-Systems are comprised of a variety 
of parts fabricated using a variety of process and/or 
materials in order to meet required performance 
characteristics.


Typically, some assembly required…. Allen-Bradley 42EF Photoswitch®
Courtesy of Allen-Bradley







Red Jones: NNSA Future Tech - Oct 2006 3/13


Manual manipulation of 100μm OD gear*


*Courtesy of John Feddema, Sandia National Laboratories


Why Micro Assembly Is Difficult
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Manual manipulation of 100μm OD gear*


*Courtesy of John Feddema, Sandia National Laboratories


Why Micro Assembly Is Difficult
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Robotic Micro Assembler


Parts positioner
(Parker- Daedal) Tool manipulator


(Adept)


Rendering camera, 
microscope, & stage


Oblique view
camera & microscope 


Actuated tweezers


Operator Console with Phantom Haptic Interface


Operator Directed Robotics
Rapid prototyping
Assess viability of concepts
Establish process for pilot production
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Assembled Structures
Humanoid


Penny Guy


100 µm


Meso-Machined RF Relay


1 mm


CCD Placement 2 mm
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1 mm


Assembled Mechanism - Pivot Bearing


CAD Model
(Fully Assembled)


CAD Model
(Single Flexure) Video of Assembled Pivot Bearing
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Assembled Mechanism - Pivot Bearing


1 mm


CAD Model
(Fully Assembled)


CAD Model
(Single Flexure) Video of Assembled Pivot Bearing
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Force Control Test-Bed


ALIO hexapod robot (10nm resolution on linear actuators)
Supplied PID controller intended for photonic alignments


Low proportional/high integral gains
Poor path following and poor dynamic response


Custom control system achieves necessary precision with high dynamic response
MATLAB®/Simulink® with Real Time Workshop®
xPC Target® real time target OS
Natural Admittance Control (NAC) algorithm


Hexipod robot with control system


ATI Multi-axis 
force sensor


ALIO Hexipod
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Force Controlled Assembly


First attempt Second attempt


• Peg-in-hole insertion under force control
500µm nominal diameter
~1µm clearance


• First attempt jams
Peg orientation not parallel to the hole axis
Peg center not aligned with hole center


• Insufficient force/moment data to infer a correction 
in orientation


• Probing part surface provides proper angular orientation
(not depicted in video)


• Second attempt does not jam
Peg axis parallel but not aligned with hole axis


Video of Peg-in-Hole Assembly 500µm







Red Jones: NNSA Future Tech - Oct 2006 11/13


Force Controlled Assembly


First attempt Second attempt


• Peg-in-hole insertion under force control
500µm nominal diameter
~1µm clearance


• First attempt jams
Peg orientation not parallel to the hole axis
Peg center not aligned with hole center


• Insufficient force/moment data to infer a correction 
in orientation


• Probing part surface provides proper angular orientation
(not depicted in video)


• Second attempt does not jam
Peg axis parallel but not aligned with hole axis


Video of Peg-in-Hole Assembly 500µm
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Status & the Future of the Technology 


Demonstrated the capability to assemble devices where individual 
components range from a few millimeters to tens of microns.


What have we learned?
Human assembly of micro scale structures is not possible without “aids”.
Pick & place micro assembly is possible using precision robotics coupled 


with advanced sensors, controls, and processes.


Applicability of robotic operator directed micro-assembly
Prototyping assembled micro-systems
Low volume production typical to NNSA
Develop and prove in process capabilities


Next Step - Integrate sensors into the assembly process
Facilitates more efficient operator directed micro-assembly,


especially for delicate parts/components.
Help enable automated assembly of 3D heterogeneous micro-systems


for moderate production throughput applications typical to national
defense/security industry.
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Future Applications


Possibility exists to enable very small interesting devices


Near Term (ultra miniature) 
Weapon fuse components
Covert surveillance sensors
Micro optical-electro-mechanical systems


Mid Term (heterogeneous micro systems)
Munitions stability sensors
Smart small munitions


Long Term (integration of hybrid micro/nano systems)
Molecular transistors
Nuclear batteries
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Swing-Free Crane/
Advanced Mobility/Collectives


John T. Feddema


Sandia National Laboratories


Intelligent Systems and Robotics Center


P.O. Box 5800, MS 1003


Albuquerque, NM 87185


Jtfedde@sandia.gov







Swing-Free Developed at Sandia for 
Moving Nuclear Material


Gulfport, Mississippi


Preprogrammed Motion


Operator-in-loop, 
Variable Length







Other Swing-Free Variants


Slosh-FreeRotary Crane







1998 NSWCCD Funded Sandia to Determine 
Applicability of Swing-Free to Shipboard Cranes 


Flickertail State, Advanced Crane Testbed







1999 Demonstrated Shipboard Control 
Algorithms on Sandia 1/16th Scale Crane 







2000: ATD Crane Controller Awarded to 
Sandia.  System ID and Modeling Begun


Turbo Patriot exercise used 
to gather crane ship and 
lighter motion data.


Extensive modeling of 
nonlinear crane hydraulic 
drive system.


Crane structural vibration 
modes modeled.







Built Hardware-In-The-Loop Simulator to 
Facilitate Controller Development 


Crane Simulator duplicated all 
needed electronic signals of 
crane. 


Duplicated hardware and 
software of CC2000 crane 
controller.


High fidelity dynamics 
algorithm derived from 
detailed crane model.







2001 Built/Installed  Shipboard Equipment


Ship motion 
Sensor


PCS


Swing
Sensor


Crane
Operator
Display







Nov 2002 Pier Side Test


Roll Stimulator provided 2 
degree amplitude roll.


RBTS system unsafe at 1 
degree amplitude roll.


PCS payload motion safe for 
0-2 degrees roll.  


• Still some payload motion 
because of nonlinearities in 
crane hydraulics (especially 
actuator saturation). 


Craft Roll Stimulator







Nov 2002 Pier Side Test







Oct 2003: Underway Replenishment Test


Payload transferred between 
Flickertail and Cornhusker 
State at 3 knots.


PCS outperformed RBTS 
systems using payload 
motion as metric


Software upgrade for higher 
speeds was unavailable due 
to funding limitations.







Advanced Miniature-to-Small Mobility


 


Combustion-Based 
Hopping Machines


Miniature Robots


Deployable Unmanned Air Vehicles







Collective Robotic Systems


Indoor Communication/


Navigation Network


Plume Localization


Perimeter Surveillance


Facility Reconnaissance


Cooperative Target Tracking


Self-Healing Minefield


Cave Reconnaissance


Plume Localization







Facility Reconnaissance


DARPA PM:  John Blitch







Self-Healing Minefield and Cave Recon


DARPA PM:  


Tom Altshuller







Coverage with/without Boundaries


DARPA PM:  


Mark Swinson







Plume Localization


DARPA PM:  


Dick Urban







Cooperative UUVs


Nekton Research, LLC 
Ranger Micro-UUV







Fixed vs. Mobile Sensor Networks


For 99% Probability of Detection, 
need 29500 Fixed Sensors over 
55km x 1km barrier


For 99% Probability of Detection, 
need 1000 Gliders over 90km x 
90km area.
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SandiaSandia
1949 - 1993 


1993 - present 







Our Business: National Security


• Core Purpose: to help our 
nation secure a peaceful 
and free world through 
technology.


• Highest Goal: to become 
the laboratory that the 
United States turns to first 
for technology solutions 
to the most challenging 
problems that threaten 
peace and freedom for our 
nation and the globe.







Mission-Driven Laboratory


• Design and development: 
nonnuclear portions of US nuclear 
weapons


• Production: advanced 
components


• Safety, security, use control
• Treaty verification, 


nonproliferation, 
counterproliferation


• Advanced military technologies
• Energy and environment
• Homeland security, countering 


weapons of mass destruction


We serve many agencies of the 
US Government with:







Distributed Facilities to Meet National Needs
Albuquerque, 
New Mexico


Livermore, California


Tonopah Test Range, 
Nevada


Kauai Test Facility,
Hawaii


WIPP, New Mexico


Yucca Mountain,
Nevada


Pantex, Texas







Unparalleled Large-Scale Facilities 
and Test Capabilities


• User facilities
• Designated national 


capabilities
• Z-Machine and radiation 


effects
• Real-life physical test ranges







Highly Skilled Workforce
• More than 8,600 full-time employees
• More than 1,500 PhDs and 2,700                  


MS/MAs
• 2,200 on-site contractors
• $2.33 billion FY06 total budget


Mechanical Engineering - 16%
Electrical Engineering - 22%
Other Engineering - 15%
Other Science - 6 %
Physics - 6%
Chemistry - 6%
Math - 2%
Computing - 16%
Other Fields - 6 %







Our Mission Focus Relies on Strong Science 
and Engineering


Computational and
Information sciences


Pulsed Power


Bioscience


Materials Science and 
Technology


25 nm25 nm (100100)


Engineering Sciences


Microelectronics 
and Photonics
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Man is the best computer we can 
put aboard a spacecraft
... And the only one that can be 
mass produced with unskilled 
labor. 


Wernher
von Braun







Intelligent Systems, 
Robotics & Cybernetics 


Intelligent Systems, 
Robotics & Cybernetics


Technical Staff: ~ 60  Heavy labs: 12
Number of robots: ~60 Light labs: 32


A “Research−Development−Application” Organization


Limited Areas


Property 
Protection 
Area







Intelligent Systems and Robotics What Are We?


Developing systems that can accomplish increasingly complex tasks 
with increasing certainty in less and less constrained environments.


Time


Environment Structure


Human support Required


Increasing System & Environment Complexity


Reduced Need for Human support of Operations


, Development, ResearchSolving
Problems


Intelligent 
Systems


Capabilities







Enabling Capabilities 
Foundation for Robust Solutions


Robust Solution


Automated 
Planning and 
Programming 


Automated 
Planning and 
Programming


Sensor & 
Model-based 


Control 


Sensor & 
Model-based 


Control


Grasping & FixturingGrasping & Fixturing


Rapid World Acquisition 
& Model Building 


Rapid World Acquisition 
& Model Building


MobilityMobility


Auto-NavigationAuto-Navigation


Geometric 
Reasoning 
Geometric 
Reasoning


Point Solution







Size


Larger


Smaller


Applied to products that are
• Small lot but high value
• High consequence if a failure
• High variability


Intelligent Systems in 
National Security Applications


A “Research → Development → Application” Organization
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Mobile Robotics


Near Human Presence


Kristopher Klingler
BECCA Team Lead


krkling@sandia.gov


Nathan Weir
Balancing Robot Team Lead


naweir@sandia.gov


3/9/2007


Intelligent Systems, Robotics, & Cognition Group
Sandia National Laboratories
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Mobile Robotics


Introduction


Targeted need:


• Robots that can physically interact in made for human 
environments.


• Robots that can operate at higher levels of autonomy.


R&D Directions:


• Physical Interaction leveraging Dynamic Balancing
• Brain Emulating Cognition and Control Architecture (BECCA)


Vision:


Near Human Presence (NHP) is SNL’s effort of creating human-like 
robotic mobility, manipulation, and vision that is empowered by a 
cognitive architecture capable of controlling the system in new and 
dynamic environments through learning and applying previous 
experiences.
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Mobile Robotics


Dynamic Balancing


Platform:  Segway RMP
Weight:  200 lbs
Height:  6 ft
Width:  2 ft


Arm:  6 DOF PowerCube
Speed:  8 mph


Turning:  Zero Degree Radius
Range:  15 mile / charge


Climb:  >10 degree
Comm:  Wireless 802.11G
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Mobile Robotics


Physical Interaction


• Most Balancing Work R&D is
– Mobility, Mapping, Sensing, etc.


• Avoiding Physical Interaction
– Why?  It is a difficult problem.


• Stability under contact constraints


• What are they missing?
– Take advantage of balancing platforms unique 


capabilities to address problems:
• Opening a door, pushing/pulling object, picking up 


objects of significant mass, etc.
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Mobile Robotics


BECCA Overview


• BECCA observes Sequences of Discrete Events


• As BECCA executes exploratory commands, the updating sensor states are 
passed to BECCA as discrete “Event Sequences”.


• BECCA stores Event Sequences in a Sequence Library


• Observed event sequences of sensor states are stored in a “Sequence 
Library” to serve as an growing experience base of actions and their results.


• BECCA searches the Sequence Library to Achieve Goals


• At intervals, BECCA searches through the Sequence Library looking for 
sequences that begin at (or near) the current state and end in the goal state.  


• When BECCA finds a Event Sequence, it is used as a plan to attempt to 
reach the goal state.


• In this manner, previously observed Event Sequences become predictions of 
what outcome to expect given a course of action(s).
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Mobile Robotics


BECCA Learning


• Learning not Training
– “Learning means better performance 


through experience.”
– BECCA bootstraps experience 


through-out it’s life-time through 
experimentation and observation.


• Early Success
– Compass “Toy Problem”


• Green bins are goal locations
• The purple line on the graph is 


experimentation percent of time
• The red line on the graph is path 


planning effort
– Human Arm Visual Servoing


• The Red box is a goal location 
that the hand is trying to reach


• Yellow lines are previous 
experiences being used as paths 
to reach the goal.


• BECCA Challenges?
– Learning Time
– Storage Space
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Mobile Robotics


Conclusion


Goal: Combine both Dynamic Balancing and BECCA to 
learn balancing manipulation tasks.


• Leading R&D in Dynamic Balancing Interaction Control
– Taking advantage of balancing platform’s strengths over 


statically stable robots to do Physical Interaction.


• Leading R&D in Artificial Intelligence (AI) Autonomy
– Building on new AI learning techniques, by replacing:


• Static:  “Path Planning in Model state space”
• Adaptive:   “Path Planning in Experience state space”


• Our R&D will be reused in Applications requiring:
– Robots capable of Physical Interaction in our challenging 


made for human environments.
– Robots capable of Higher Levels of Autonomy through next 


generation Command and Control (C2) Architecture.







Mobile Robotics


Near Human Presence


Kristopher Klingler
BECCA Team Lead


krkling@sandia.gov


Nathan Weir
Balancing Robot Team Lead


naweir@sandia.gov


3/9/2007


Intelligent Systems, Robotics, & Cognition Group
Sandia National Laboratories
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Multi-Robot Cooperance 
• Cooperative monitoring
• Flexible fixturing
• Pack mule
• Marsupial operations
• Chaining, roping and 


lassoing
• Medium package x-ray
• Large item x-ray
• Package stabilization
• Dual grab and lift
• Cooperative door/hood 


opening
Remote Assembly LDRD







Shipboard Robotic Coating
Challenge:
Repainting Aircraft Carriers
Use existing Navy-procured 
equipment


33’ Schilling hydraulic arm
11 DOF


Technologies:
SMART controller
Structured light modeling / 
registration
Automated planning / 
programming







ARMMS and Flail
Accident Response Mobile 
Manipulation System (ARG 
asset)
Video


2002 Mini Flail conversion to
Manipulator using JAUS 
(JPO UGS, Combat Engineers)







Visual Servoing enables inexpensive, 
autonomous target/obstacle tracking


• Tracks movement
– Target object 
– Platform
– Relative motions
– Real-time


• Targets center of mass
• Inexpensive


– Single color camera
• Robust


– Changing shape
– Changing shading
– Changing aspect ratio







Perception Projects


Simultaneous Localization and Mapping


Facial Recognition


Neutron 
Generator 
Part 
Inspection


Augmented Reality


Real-Time Shape Tracking


Geometric Modeling & Texture Mapping


Submunition 
location and 
identification
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