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Motivation

Base placement is task-dependent

M base pose M target end-effector pose

B unrcachable pose

optimal base for a llnear path same base for a circular path Joptimal base for a circular path optimal base for both paths

e Input: An ordered sequence of desired end-effector poses
Tyt = [®1, T2, xy] € RO

 Output: An optimal base placement ¢’ = [2",4",6"]" € SE(2)
and feasible joint configurations a1 = a1, 42, - - , q;] € R™*"

Non-convex Task & robot Multi-constraint
wortkspace dependency requirements
Robot workspaces are riddled The optimal base varies with Valid placement must jointly
with discontinuities, singularities, both robot kinematics and task — satisfy path-wide reachability,
and uneven dexterity, making one task's best placement can joint continuity, collision
base placement inherently make another infeasible. avoidance, and task-specific
non-convex. goals across long horizons.

Current methods’ limitations

Solution
optimality @

é Computational
efficiency
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Method

Base placement formulation

minimize q qi;) ZquH q;

q°,q7}
subject to  ¥(q" ,qi):mi, i =1,2,...
m M
¢ <q¢=<q"
" < q" < g™, i=1,2, ...
sd(q°, q") > 0, i=1,2....

Base relaxation
q’ — qiy
Relax problem by treating the fixed base as mobile

Constraint tightening
t

(@l aly: n(h) = flal al)+u()Y  llai—a’|l

i=1
Penalize base movement with an iteration-dependent coefficient
Sequential linearization -
. ~
dc(x) = P(20) + P(20) (T — 20)
Solve sequential LP subproblems inside adaptive trust regions o'
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valid solutions on all
2,400 generated tasks

Visualization of B* optimization process

B  Target end-effector pose Current end-effector pose 1iwa

initialize

=3
4

Franka

Validation

¥ 2026

P 1Y
LT
Qas
e VIENNA

100% 10°x

lower base ATE
than baselines Six

random trajectories,

complexity levels

BN b-10 S b-100 NN b-1000 M B

100

N o0
S -

AN
S

Success rate (%)

Complex1ty level
B b-10 P b-100 MEEEEN b-1000 MMM B*

B L-10 P b-100 s b-1000 P B*
10?4 . )

—
=

—
S
[=]

log;,(time) = 0.376 log, 2 — 0.907
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B* outperforms baselines, achieving a 100% success rate,
higher precision, and superior runtime efficiency.

Real-world validation
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