Ll

Autonomous Intelligent
Assembly Systems
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Ground-based military and emergency-response
roalEis |'|.|rn|-nll1.- nr_-r.llrirt* ihirecl human u|_|-|_=r.l|||_'rr
control, i.e., lele-operation, o conduct operations.
This leaves the operator af risk, requires a high-level
of bandwidth to maintain, and limits the system’s
effectiveness, GPS-based waypoint navigation can
puide the vehicle platform autonomously, but can do
nething once the robot has reached its destination.
Mew algorithms are needed to enable a remote
robol arm to pedorm automatic grasping and

other assembly tasks in unstructured, outdoor

environments,

Approach

Our goal is to implement advanced perception and command and control algorithms onboard

our existing squad of mobile manipulator systems and develop a series of demonstrations that
illustrate key functionality. Rather then working in a completely unstructured world, we utilize
robol-friendly visual features and grasp points, bul otherwise must cope with real-world

lighting variations, communication issues, and vehicle platform uncertainty.

We are developing technology in four key areas. Vision algorithms are being developed to
segment, identify and track known features. Communication algorithms are being developed to
allow multiple agents to communicate efficiently. Command and control algorithms are being
developed to simplify the orchestration of advanced behaviors.  Finally, a six Degree-oi-free-
dom ([MIF) Bayesian Filter framework takes sensor based estimates of objects, landmarks and

robots, and compules measurements of positions and uncertainfies.

Perception Results [

= Initially developed algorithms for
segmentalion and part Titting dala from
a compact commercial LIDAR sensor.
— Dbiained filling accuracies of 5 cm.
- Decided that inherent sensor features
sich as surfaoe war ping would make
precision assembly difficult

= Developed a unigue “Polygon Snake”
alyorithm for tracking painted polygon

features on the sides of objects.
— Algorithm performs high-speed
tracking of colored areas with

mirimel rilmliul.lrh Wi,

- For a priori known features, pose
ﬁ!linﬁ ran be J:Il:".'rl:bmbl'_'l'j.

- Using a dual camera system, obtained
I_tlling accuracies of <1 em al 1 meeber
distance.
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LABORATORY DIRECTED RESEARCH & DEVELOPMENT

= A new object-oriented Command & i
Control Tramework has been developed
for multiple robot control.

— Contains methods for [nit, I"|.e|'|.'I i
Pause, Stop, Rewind, Abort, @ - T
and Maonilor,

- XML based implementation / ' . : i
for savimgs’ retrivving commanids, 4 - _@ .

- Single graphical interface - ; '
enables activation and control Al g g
for every command.

Abstract "Crmd® State Machine

- Commanils can be combsned |
in sequence and in parallel, and L = @
can he execuled inoa disiribuled b
nebwork.

— Command objects have been
developed for visual servo-ing, waypoint following, arm motion, gripper control, etc.

Preliminary Demonstration

= A aulomated visual Site survey,
with precise digital photogrammetry
was recently conducted.
Using an operator generated script,
the mobile robot automatically

proceeded to a series of locations b
and took a series of overlapping
images to create a panoramic visual .

map ol the site.

The demonstration combined
ilistribuied broadeast
communications, automated
commant scripls, and Bayesian
estimations.

¢ Llsing | IJHT}-dMPIuFt-f.[ tonls, the scripl generation took only minufes to generate.

Future Demonstrations
= Sensar deployment demonsizalion will
emulate the deployvment of a sensor grid.
- A navigation/mule robot will retrieve
sensors from base station.
= A& robot arm will dock o sensors, and
then deploy at defined locations.
- DeEmonstraticn illustrates coordination,
precise docking, advanced scripting,
andl large area pperations.

» Brick wall building demonstration will
illustrate a sample construction task.

- Mavigation/mule robot will retrieve Lo
ainiel Carry a few “hricks" &t & time 'i::'_' :

- The mobile manipulator will track and
follow the mule, and retrieve and place
bricks to form a small wall,

- Demonstration illustrates ilnﬂ'iﬁi(u‘l
{sub-centimeter) assembly, advanced
multiple object tracking, and advanced scripting.

Significance

This lH“l'Inﬁh.‘lﬁ':.' will have I-rrI|.|J|1 far mu|rl-|.1h‘ |:m||=ﬂli.i| cusiomers. Thi -ﬁ.rm':,' would [ike to
automatically set up infrastructure in Green Zones, withoul risking the lives of engineers,
MASA needs to aulomate er'LinB antd calsle .3!!!"'“1!!'.!.- for satellites and fulure moon missions.
The Navy hopes to assemble underwater hased sensor arrays.  DOE requires hetter,
more-efficient fechnologies for decommissioning activities in hiﬂllrr.l.lﬁ.'ﬂil:'ln v ranmen s

By establishing a core competency and a series of demonstrations illustrating this competency.
we should be able to attract customsers in multiple industries, and ultimately, reduce costs

ami save [hves.
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