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Unmanned Air Vehicles
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Assembly

® Structured

® Mass/Batch
® Indoor

® Human intervention
usually always possible

® Process tolerance

< 0. mm
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Construction

® Unstructured
® Customized

® Outdoor

® Potentially remote,
hostile environments

® Process tolerance

> 5 mm




Assembly and Construction of 3-D Structures
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Assembly and Construction of 3-D Structures

This talk .

Special Cubic Structures




Assembly Primitives
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Tolerances and Variation
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Assembly Primitives
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Special Cubic Structures

Structures consisting of layers/strata

® No holes in any 2D stratum

® No cantilevered sections

Z

y

L.

L.

?chnn
¥ Engineering




Wavefront Raster (VWFR) Algorithm

|: Build any square in the 2-D region
2: while not finished do

3: mark squares immediately connected to already built
region
4: for (leftmost column) to (rightmost column)
5: build marked squares in column from bottom to top
Wave front 1 Wave front 2 Wave front 3




Quad Rotors
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Cooperatlve Grasplng and L|ft|ng
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Gripper
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Force Feedback

® Can estimate mass, moments of inertia

® Confirm stable prehension

Feel/respond

to forces
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Assembly Modes
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Assembly

Hover at P,

T

Execute

trajectory from
P, to P,
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Failed assembly,
repeat attempt
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Assembly Errors

//7|'// /*/ - - \\\\\ \\+\\
05 o 7 PR NN | RS
Ve - N N I N h N
0 .lf | A7 - | | | | | S — \‘_/
-0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.0
X (m)
1 i + & * )
o -7 R
05t o 7 - S
¥ 7/ 7 ¥
0 [ ‘/ I I I I I I . |
-0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.0
y (m)
1r - -6 -
- - T P N \\ \\\ ~
P / B _ ///// Z ~N : \\\ \\ -
0.5p g -4 \\\§\x|.\
_ - ;/ ~ N \\\\
0_——®’|/ Q/ I I I I I \\N \|\= \’
-0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05

gy

~ Penn
!‘, Engineering 2 2




mayn)

S

Penn

sineering
Engineering

23




Assembly Results with Three Robots

Simulation
Number of Parts 32 34
Successful Trial | 32 33
Attempts Trial 2 32 34
Actual Time 449.6 486.6
450.7 486.2
Column retries 5 3
5 I
Beam retries 4 2
5 2
Time (in simulation) 443.6 480.4

24




o Penn
&, Engineering

Challenges

® Distributed assembly
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Challenges

® Distributed assembly

® Unstructured environments
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Challenges

® Distributed assembly
® Unstructured environments

® Part design and payloads
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Robotic Assembly/Construction
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Conclusion

®Agile, small, aerial robots create new
opportunities for robotics

®5SWAP constraints
®Force feedback enables adaptation

®Networks enable functionality beyond
what can be achieved by individual robots
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