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LEGGED LOCOMOTION IS DEFINED
PRIMARILY BY CONTACTS




HOW TO REACH THE PLATFORM ?
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COMBINATORIAL STEP PLANNING
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COMBINATORIAL STEP PLANNING

Feasibility F:
Geometric constraints
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COMBINATORIAL STEP PLANNING

Global path search
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COMBINATORIAL STEP PLANNING

Global path search

Feasibility 7 :

- Geometric constraints
Dynamic constraints




WHICH CONTACT SURFACE?
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WHICH CONTACT SURFACE ?

Convex contact surfaces:
Sj : {p7 Sjp < Sj}
1<j7<n

Footsteps positions:




WHICH CONTACT SURFACE ?

Convex contact surfaces:
Sj : {p7 Sjp < Sj}
1<j3<n

Footsteps positions:

Combinatorial:
nm



CONTACT PLANNINGAS A
FEASIBILITY PROBLEM

find X =[p1...Pm]

s.t. X eF /| Feasibility
XeINng /[ Initial and goal conditions
Vi .
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CONTACT PLANNINGAS A
FEASIBILITY PROBLEM

find X =[p1...Pm]

st. X eF // Feasibility
XeINng /[ Initial and goal conditions
Vi .

p; €S1 V- VP €6y
\/

How to tackle the combinatorics ?



AN EQUIVALENT CARDINALITY
MINIMIZATION PROBLEM

(Sjpi < S; < Pi € Sj
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AN EQUIVALENT CARDINALITY
MINIMIZATION PROBLEM

Slack variables ¢; ; € RT

0.1
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AN EQUIVALENT CARDINALITY
MINIMIZATION PROBLEM

Slack variables ¢; ; € RT

Sijpi — 1¢ij <'s;
¢ij =0

m. C; = [Ci,la ceey Ci,n]

#NonZeros(c;) =n—1=p; on a surface

} :>piESj
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AN EQUIVALENT CARDINALITY
MINIMIZATION PROBLEM

(ﬁnd P:
S.t. piESl\/---\/pieSn

| 1 @
i {ﬁnd b

0.1

min  card(c;)

S.t. Sjpz’ — ]-Ci,j < S; VJ
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AN EQUIVALENT CARDINALITY
MINIMIZATION PROBLEM

find X =[p1...Pm] find X =[p1...Pm]
st. XeF C=lcy...c;]
Xelng éZ; m
i - min Sj card(c;)
' i=1
Pi €SIV VP €8y \ st S;pi—lei; <8V,
X eF
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CONVEX RELAXATION WITH A
SPARSITY INDUCING NORM

[Bach et al. 11]
find X =[pi...pm] find X =[p1...Pm]
C=lci...c,] C=lci...c,]
- Y m
min S:card(cz-) min S: l|cil|1
i=1
s.t. Sjpz 1c; ; <s;Vi,Vj s.t. S;p; — 1c;; <s;Vi,Vj
X eF XeF



RELAXATION GIVES MUCH FASTER
RESULTS... WHEN IT CONVERGES

L1 up to 100x faster than Branch and Bound...
5 steps <0.7 ms

What to do when relaxed problem does not
converge to a sparse solution ?



FEASIBILITY VS OPTIMALITY

SL1M essentially solves a feasibility problem

Optimality of the motion not guaranteed

Does it really matter ?



THAT'S ALL FOR NOWV !

https://stevetonneau.fr for paper, video, source code



https://stevetonneau.fr/

