




The word robot comes
from a star,; and play
produced in /921 called
R U.R (jar Rossum's
LJniuersai Robots), by
Karel Capek, In Czech
the lUord robot m eans
"w orker: bur the
English trans larion in
1923 retained the
original term

RETRVIR
(pronounced "retrieuer"J
is able to perform
tasks in hazardous
enuironments, reducing
risks to u.orkers.
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them to be like at the beginning of the new millenn ium And, the
science fict ion expectation of what robotics technology can accomplish
is far diffe rent than w hat the technology has accomplished, That's
because the goal of real-life robo tics and intelligent systems research
today is not to create machine mimics of living organisms, but rather to
develop high ly specialized tools-tools that extend or enhance human
physical capabilities; too ls that work in place of people in hazardous
environments; tools that increase the speed, accuracy, and effic iency
of manufacturing and industrial processes; and tools that w ill solve
problems that are at the present time unsolvable,

So, this is the challenge of the 15RC: As a premier robotics and intelli
gent systems research organization, bring the technology to a level
of maturity that transforms science fiction to science fact.

Leaping the "What if' Boundary

In the current state of technology, robotic devices are qui te accom
plished at repetit ive tasks in mass product ion such as welding trunk
hinges on a specific model of car or installing batteries in a specif ic
mode l of cellular phone. The robot performs a very limited set of
identical act ions on ident ical parts, each of w hich is delivered to the
robot in a well-defined and narrowly constrained locat ion.
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And while there is still much refinement and enhancement to be accom
plished in the world of mass prod uction, irs the "what if " boundary that
intelligent systems techn ology must now leap: What if each car is un ique?
What if each phone is shaped to fit the buyer's hand? This is called mass
custornization. one of the new frontiers of robotics and intelligent systems
technology-a frontier where Sandia 's ISRC is a leading pioneer.

Manufacturing and industrial environments-even those where mass cus
tomization will be at w ork- are sti ll relatively structu red. This differs from
the world people encounter in daily life, an unstructu red environment that
requires we react. interact. and make countless decisions. I t is the unstruc
tured environment that roboticists regard as the greatest challenge, and it
is the unstructured enviro nment that is the arena for some of the ISRCs
most visionary goals and innovative accompli shments-accomplishment s
as diverse as robotic systems that can negotiate the complex terrain of a
waste site and perform remediation tasks, or microsurgery instruments
tha t prevent the accidenta l incision of nerves or blood vessels.

The ISRC: A National Resource

Fundamental to intelligent systems and robot ics development is the seamless
integration of disparate technologies. That means bringing together
researchers from many different diSCiplines: physicists; mechan ical, civil,
nuclear, and electrical eng ineers; chemi sts; compu ter, aerospace and
aerodynam ics scientists; statisticians; and technicians. More than 150 highly
edu cated, diversely talented professionals work together at the ISRC w ith
the common purpose of advancing the develop ment of intelligent systems
and robotics.

The ISRC is a w ell of information constantly replenished wi th new ideas
and new visions tha t produce new intelligent systems and robotic solu
t ions to w idely varied, real-w orld problems. We've worked on cars. We've
worked on weapons. We've worked on systems tha t will be used in outer
space and systems that can be used in food handl ing. We've even w orked
on a better way to sew blue jeans . This depth and breadth of experience
and intellectual capabilities, coupled with the Robotic Manufacturing
Science and Engineering Laboratory, an extraordi nary 73,OOO-square-foot
building designed specifically to house intelligent systems and robot ics R&D,
makes the ISRC unmatched by any other single organization or facility.
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A Partner in Advancing
America's Economic Interests

The innovati on and problem
solving resources of the ISRC are
available to private industry
through partnering and licensing

of intellectua l property. Even many physical
resources of the Robot ic Manufacturing

Science and Engineering Laboratory, such as equipment and computers, are
available for use in our partnerships w ith industry.

But partnering and licensing aren't the only ways the ISRC can help businesses
and industry. We can serve as a "skunk works'-an R&D facility with a mission
to rapidly explore extremely creative solutions-for the private sector. Even
research-intensive companies can benefit from our exper tise, especially if a
particular prob lem falls outside their R&D efforts . For example, a high-tech
electronics firm might look to us for manufacturing technology to produce
high-value, low-cost niche consumer electronics in order to provide the quality
demanded by today's consumers.

Firms come to the ISRC for a sing le project or for a long-term relati onship such
as a company might have with a most trusted supplier. The cont ractua l
processes are in place to make the resources of the ISRC accessible to priva te
industry and ensure the flexibility of our business relationships.

Intelligent Systems & Robotics Center



arching r Probl rs to So ve

Bring us a problem. The ISRC is a truly market-driven techn ology develop
ment team with the goals of making products or processes "taster. safer,
cheaper, or better:
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Automated Planning and Programming-lnstead of develop ing
tedious step-by-step instructions for an industrial process such as assembling
a motor, au tomated plann ing and programming technologies build the
instructions from input such as a computer-generated model. An eXi!lJ1ple
is ISRCs Archimedes. A manufactu ring engineer can spend a month plan
ning product assembly. Archimedes reduces this time to hours. Hours
An ISRC customer recently used Archimedes to plan the assembly of a

IS Technologies 'So "'ng ,.

The myriad techno logies under development at ISRC fall into three t ate
gories: automated plan ing and programming , the "brains" or reason i~"

for robots and intelligent systems; sensor and model-based control, the
"eyes" that accumulat and interpret d a;and technologies of integra
t ion, the art of putting it alf-together, cooroinating th~ardware, soft
w are, and mechanical components th at are a robot~c device. H) re's a
sample of how these technologies are solving problems in real-w orld
environment s today.

We have successfully negotiated the pat hs of many complex problems
and constantly seek ne challenges to-stretch ou skills. d, 1f the ISRC
doesn't have a solution, the entire depth and breadth of andia National
Laboratories' collective expertise is available. As a primary provider of the
engineerin and science need d to assure national security requirements,

~"""'''a:::'nd ia as developed nu erous techno oges that have po tential appl ica
t ions in manufacturing, materials hand lng, m dicine, and industry:'"'Making •
these techn ical resources available to l!:ie- ivate sector is )let another w ay
sandia Na tional LaR.Qrat es ca~t its mission of.rende rrng -exceptl" nal
servic in mena Tonal mt est" _--

~
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product w ith more than 500 parts . The high level of accuracy and precision planning
capabilities of this tool were considered a major advant age in the customer's bid to
prod uce this product.

Besides Archimedes. the ISRC has automated planning and programming tools that
per form automatic design for fixtures. grippers. and other grasping devices; automatic
path planning for robot navigation; and automatic generation of robot vision programs.

6 Intelligent Systems & Robotics Center



Sensor and Model-Based Control- These tech
nologiesare the key to the industrial applicat ions
of mass customization and robotic operation in
an uncontrolled environment. Sensors "see" the
terrain in a robot's environment. and modeling
software instantaneously translates this information
into three-dimension al "maps," which the robot
uses to negotiate and perform tasks, Sensor and
model-based control defines how movement s
and operations can be adj usted to variable condi tions,
from the edge of a seam in garment manufacturing to
automated paint ing .

An ISRC sensor and model-based control system is being used by
Rocketdyne to improve the quality and lower the cost of producing
the space shuttle main booster engine.

Sandia National Laboratories

Technologies of Integration-These are the tech
nologies that allow the ISRC to rapidly build systems
from the many components we work w ith. Many
of the technologies of integration are software tools
that function as adapters to link dissimilar technolog ies.
They can be used to create whole new systems. or
increase the capabil ity or flexibili ty of an exist ing
system. The dissimilar technologies may be other
software systems like automated programming and
planning system software. hardware-based systems
like sensor and model-based cont rol systems, or
mechanical devices such as robotic arms and grippers.
Each different technology or system "plugs" into the
technology of integrati on tool. w hich then acts to
coordinate, translate, or act on the data fed to it .
For instance. an ISRC technology of integra t ion too l
called GISC (Generic Intelligent System Control)
made it possible to link equ ipment from six differe nt
labora tories to create a completely new system tha t
demonstrated environmental cleanup capabilities .
Technologies of integ rat ion not only help build sys
tems faster. they also create the flexi bili ty necessary
to change the system to meet new needs.
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Contact
Jerry Stauffer
(505)845-8966
e-mail: jdstau f@sandia.gov

Opening Doors to the Future

Intelligent systems performing tasks that are too difficult or too dangerous for
people-or that are current ly hindering Am erican compe ti tiveness. This is the
vision guidi ng the work at ISRC. Jt is work grounded in the fundamental prac
ticality of serving our country 's security and advancing the eff iciency and
competi tiveness of U.S. business and industry. ISRC is crossing the technological
threshold that separa tes potent ial from performance. And we believe tha t
maj or breakthroughs in techn ology are achieved only by those bold enough
to conceive ideas th at are impossible to accompli sh today. and w ho pursue
them wi th the determina tion that they w ill be possible tomorrow.

I

http://jdstaufQsandia.gov


Intelligent Systems &
Robotics Center

Fact Sheet

Robotic Manufacturing Science &
Engineering Laboratory

Description

Intelligent systems bring diverse technologies together: computers, soft
ware, sensors, vision systems, and hardware such as robots. At Sandia
National Laboratories, combinations of these technologies are merged
to create robotic and intelligent systems tha t range from micro to mega.
Sandia National Laboratories and the Depart ment of Energy created the
Robotic Manufacturing Science and Engineering Laboratory (RMSEL) for the
Intelligent Systems and Robot ics Center IISRC) to advance the evolution
of robotic and inte lligent system technologies. It is the first centra lized
facility designed specifically for bring ing intelligent machine technologies
and technologists toge ther.

The 73,OOo-square-foot RMSEL facility was designed as a special environ
ment to accommoda te the uni que needs of robotics and intelligent
systems research. A second-floor viewi ng gallery concourse overlooks
ground-floor laboratories used for the development of large-scale robot ic
systems. In addition to staff offices, there is work space for visitin g collabo
rators. Special conference facilit ies are another way RMSEL provides collab
oration opportunities with indust ry, government, and academ ic partners.

The state-of-the-art physical resources coup led w ith ou tstand ing intellectual
resources make RMSEL unique in robotic and intelligent systems research
and development.

One of the main purposes of RMSEL is encouraging collaborative deve l
op ment with industry and academic partners. In an effort to make its
resources as accessible as possible, ISRC has invested in Virtual Collaborative

a U,S, Department of Energy mulliprogram R&D laboratory

~
Sandia

r • , National
Laboratories



Features

• High-bay labs for large-scale precision gantry and pedestal robots
• An agile manufacturing prototype system for part handling

and assembly
• Manufacturing processes such as brazing. soldering. welding.

and cutting
• Labs for assembly of microsystems
• Sensor. control. and vision systems
• Computer modeling and simulation capabilities
• Remote intelligent vehicles
• Virtual reality environments
• Outdoor test area for mobile robotic experiments such as

demining. waste remediation. or construction

Engineering IVCE), a ma trix of technolo
gies that allow s scient ists, engineers,
technicians, and robotics operato rs
from any location to collaborate with
the ISRC staff. Virtual Collaborative
Engineering enables collaborators
scattered over great distances to ef fi
ciently solve complex engineering prob
lems, saving travel time and expense .
Using VCE technologies, researchers
can test theories, valida te models, and
advance new control operations in
their own labs using the ISRC robots.
Designers can access machining centers
to fabricate prototypes. Ma nufacturers
can model, simulate, and measure the
performance of robotic systems before
purchasing them.

By continually refining VCE technologies
and developing other processes of
value to th e pr ivate sector, RMSEL aims to
be a model of industry, university. and
government teaming.

tst Floor
_ Stairs

_ Hallway.
_ Exit,

2nd Floor
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Stage of Development
RMSEL is in the final stages of completion and available for industry and
academic collaboration.

Contact
Jerry Stauffer

(505)845-8966
e-mail:jdstauf®sandia.gov

http://jdstauR3sandia.gov


Intelligent Systems &
Robotics Center

Fact Sheet

Precision Metallization Lab
Description

The Precision Metallization Laboratory IPMLJ is designed for characteriz
ing , modeling, and deployin g high-energy. automated manufactu ring
processes such as welding, plasma spray, laser cutting, heat treating,
and ablation. The goal is to f ind ways to streamline manufacturing
processes, accelerate the produ ct ion cycle, and to mon itor and make
immediate adjustments to these automated processes w hen necessary

The PML integra tes advanced manufacturing path-planning software
developed at Sandia National Laboratories w ith sophisticated, real-time,
sensor-based cont rol. Path-planning software is used to optimize the
efficiency of automated manufacturing processes by allowing the direct
fabrication of components from compu ter-aided deSign based models,
eliminating intermediate prototyping and test ing steps and reducing the
time required for programm ing robots.

Real-time, sensor-based control involves the use of sensors to feed
informat ion back to a computerized cont rol center w here necessary
adjustments to processes are made instantly The real-time sensor inpu t
can come from commonly available off-the-shelf uni ts or custom sensors
we design for highly specialized applications

For the Department of Energy, the PML is aiding in the design and
production of highly reliable containers for the safe and secure transpo rt
and storage of nuclear materials. Using robotic delivery systems, sensor
and model-based control of j oining processes is being developed to
improve the quality of container product ion.

Features

• Precision, six-degree-of-freedom gantry robot with 9-foot by
It -foot by 6-foot work volume

• Tungsten and inert gas welding equipment
• High-power laser welding equipment
• Laser cutting devices
• Laser Engineered Net Shape (LENS) module for direct

manufacturing without prototyping
• Automated, model-based motion planning
• Sensor-based control

a U,S. Department of Energy multiprogram R&D laboratory (.&.) Sandiar • 'I National
laboratories



Collaboration

The Precision Metallization Laboratory is available for collaborative use. It can
be used for a comprehensive R&D effort and to answer such questions as:

• Is a new technological approach feasible?
• What fabrication capabilities must be communicated to designers

to enable better product or process design?
• What will make the process better, safer, faster, or cheaper?
• What will it take to streamline the fabrication process for maximum

efficiency and economy?
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Contact
G. Randy McKee

(505)844-38 1I
e-mail: grmckee@sandia.gov

http://grrnckeeQsandia.gov


Intelligent Systems &
Robotics Center

Fact Sheet

MegaLab
Description

MegaLab is a multipur
pose facility designed for
two distinct types of R&D
effor ts. MegaLab sup
ports proj ects requiring
the development and
testing of a complete
manufacturing process
line It also is equipped
for R&D on processes
involving large Itens of
feet) or heavy Ihundreds
of pounds) pieces of
equipment.

By providing a means for
prototyping and testing
such processes, MegaLab
reduces the risk associated w ith the introduction of new process systems
to the manufacturing floor. The facility is rapidly and inexpensively
reconfigurable between projects of wi dely varying applicat ions such as
an integrated group of unit process cells, advanced material handling, or
manipulation of large or heavy objects. MegaLab researchers, for example,
have developed and refined coordinated robot control for complex
assembly applications tha t involve movements beyond the capabilities of
most industrial robots .

MegaLab is also develop ing software too ls for something we call
"virtual manufacturing."' Virtual manufacturing goes beyon d current
concepts of integrated product and process design by providing models
and simulations of production facilities to produc t design ers to ensure
cost-effect ive manufacturability

MegaLab is also used for the development of 'te .erooork" technologies.
In a number of applications important to the Departm ent of Energy,
such as the cleanup of environmentally contaminated sites, human
operators and intelligent machines must cooperate. This is telerobotics 
automation of some remote operat ions, direct human control of the
robot in others.

a U.S. Department of Energy multlproqram R&D laboratory (..) Sandiar • , National
Laboratories



Features

• A precision gantry system equipped with machining tools for soft materials such as aluminum, plasma arc
cutting, and accurate pick-and-place capabilities for assembly

• A high-payload gantry system capable of lif t ing objec ts up to 1,500 pounds
• Tw o high-payload pedestal robots to perform manipulation tasks, such as assembly, and processing , such

as welding or painti ng
• One medium-payload pedestal robot for controls development
• Real-time sensor and model-based control of all robots in the lab
• Advanced controls software permit ting cooperating action among any group of robots in the lab
• Pedestal robots mounted on specially designed movable platforms for rapid reconfigurat ion
• Powerful communica tions and programming interfaces for rapid system prototyping
• Ouick-change tool adapters that allow robots to au tomatically change grippers or other tools
• Auxiliary hoist for 4,00o-pound payload lift
• Common software platforms for rapid reconfiguration.
• Virtual collaborative control interfaces, which allow progra mming and remote control of the MegaLab

robots from any loca tion
• Multi-capability manufacturing lab for rapid prototypin g of parts

Collaboration

The MegaLab is availa ble for co llabo rative use on the R&D problems of the manufacturing or service industries.
MegaLab can be used for a comprehensive R&D effort, to solve one part of a manufacturing problem, or can
provide subcontractual serv ices as part of a larger team. MegaLab can be used to answer such questions as:

• Is a new techn olog ical approach feasible?
• W hat fabricati on capabilit ies must be communicated to product designers to enable better product or

process design?
• W hat system capabilit ies must be communicated to users or designers of a service facility to enable

better productivity?
• What will make the process better, safer, faster, or cheaper?
• W hat will it take to st reamline the process for maximum eff iciency and economy?

Collaborators can develop:
• Agile process and tooling technologies
• Agile architectures
• Virtual manufacturing technologies
• Virtual facilities

Contact
Michael J. McDonald

1505)845-9852
e-ma il: mack@sandi a.gov

http://mackQsandia.gov


Intelligent Systems &
Robotics Center

Fact Sheet

MicroManipulation Lab

Description

Microscopic machines are the focus of the MicroManipu lat ion Laboratory. Created to investigate the automated
assembly of microelectromechanical systems IMEMSJ components, the laboratory is developing techn ologies for
a robotic workcell that can assemble MEMS parts 10 to 100 microns in size-about the diameter of a hu man
hair-into t iny machines for use in weapons components, survei llance devices, and microsurgery.

Currentl y. one of the maj or limiting factors in micromach ine technology is the assembly process. Manu al
assemb ly is prohibitive ly expensive. and the required precision, operator stress. and eye strain associated with
assembling such minu te part s under a microscope make it impractical. The MicroMani pu lation Lab w ill develop
technologies tha t w ill make such assembly easier and more cost-effective. thereby enabl ing practical appl icat ions
for micromachin es.

Sandia National Laboratories is current ly investigating tw o methods of producing micromachine parts. The first is
a surface machin ing technique similar to the way integrated circuits are developed. In surface machin ing, a silicon
layer is built up on a substra te, and selected parts of the layer are etched away by a photoli thographic process.

a U.S. Department of Energy multlprcqram R&D laboratory (..) Sandiar • 'I National
laboratories



The process is repeated un t il a finished component-a microscopic spring, roto r,
gear, diaph ragm, or other mechanism-is produ ced. The advantage of surface
machining is that all parts are fUlly assembled du ring fabricati on.

The second method of forming parts is called L1GA (Lithography Galvanoforming
Abformingj. This method uses a silicon substrate as a mold in w hich electroplated
parts are formed. Although making metal parts instead of silicon has advantages,
one of the disadvantages is that L1GA parts must be assembled into a device
af ter they are formed .

The MicroManipulat ion Laboratory is in the early stages of development. We
are current ly manipu lat ing parts 100 microns in size using a teleopera ted robotic
system and recent ly used a pair of microtw eezers to pick up and stack f ive poly
silicon gears. We have developed preliminary image-processing routines that can
automat ically locate and guide the robot ic system w hile assembling the parts.

Features

• State-of-the-art motion control equipment inclUding a robotic
workcell with 40 nanometer positioning resolution

• Long-distance microscopes
• Real-time image processing equipment
• Laser interferometer equipment
• Microtweezers and actuators
• Portable class 100 clean room
• Automated precision agile assembly workcell
• Real-time computer vision to control servo mechanisms and

motors for the alignment and assembly of parts with
sub-micron tolerances

Collaboration

In optoe lectronics and optomechanics manufacturing , precision opt ical
and mechanical assembly of increasingly small devices is a critical technology that
will enable U.S. industrial competitiveness. The MicroMa nipu lation Laboratory
is available for collaborative research in such manufacturing applications as fiber
op t ic alignment, integrated circuit assembly. and assembly of oth er computer
related devices. In add it ion to manufacturing , micromanipulation has potentia l
app licat ions in microbiology and microsu rgery.

Contact
John Feddema
(505 )844-0827

e-mai l:jtfedde@sand ia.gov

mailto:jtfedde@sandia.gov


Intelligent Systems &
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Fact Sheet

A.gile Manufacturing Prototyping System

Description

In today's rapidly evolving marketplace, manufacturers must be able to

quickly update and reconfigure production processes, hence the buzz

word "agile" manufacturing. The Agile Manufacturing Prototyp ing

System (AMPS) at Sandia Nat ional Laboratories is a un ique resource that

makes such responsiveness possible w hile reducing the risks associated

wi th the tradi tio nal t rial-and-€rror approach to introducing new processes

or products into the manufacturing cycle.

AMPS is designed for the development and test ing of agile product ion

processes and their integration into existing manufacturing cycles. The

facility brings together the most advanced manufacturing technologies

and leading-edge automation technologies to create a resource for

industry un like any other in the country As a national testbed, the

AM PS facility provides an unparalleled opportu nity for industrial users to

test system-level concepts for flexible automation, for university researchers

to test their ideas in an environment that more closely reflects the com

plexity of the factory floor, and for both to interact w ith one another to

fUlly exploit complementary skillsand needs.

a u.s, Department of Energy multiprogram R&D laboratory (..] Sandiar., National
Laboratories



AM PS consists of state-of-the-art flexible manufacturing hardware and software

enhanced wi th Sandia advancements in sensor and model-based control:

automated programming. assembly. and task planning: flexible fixturing: and

automated reconfiguration technology.

AMPS is also developing software tools for something we call "virt ual manu

tacturmq ." Virtual manufacturing goes beyond current concepts of integrated

product and process design by providing models and simulations of production

processes to product designers to ensure cost-effective manufacturability.

In an era of declining defense spending. the Department of Energy fDOEj-Jike

industry-needs exceptionally "agile- production facilities so that manufactu ring

is quickly responsive to change without time-consuming prototyping and retoo l

ing . Sandia and its DOE partners design and produce a vast range of mechani

cal. electronic. and electromechanica l components and systems. ranging in size

from the microscopic to those weighing several tons. AM PS focuses on agile

production processes for electromechanical systems in the "bread box" size range.

Collaboration

AMPS is available for collabo rative use. It can be used for a comprehensive

R&D effort. to solve one part of a manufacturing problem. or it can provide

subcontractual services as part of a larger team. AMPS can be used to answer

such questions as:

• Is a new technological approach feasible?

• What fabrication capabilities must be communicated to designers to

enable better product or process design?

• Exactly what will make the process better, safer, faster, or cheaper?

• What will it take to streamline the fabrication process for maximum

efficiency and economy?

Collaborators can:

• Develop agile process and tooling technologies

• Develop agile architectures

• Develop virtual manufacturing technologies .

Contact
Cliff Loucks

(505)844-9098
e-mail: loucks@sand ia.gov

http://loucksQsandia.gov
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