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Task Space Inverse Dynamics

A(nother)

control framework
for prioritized
motion and force control
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Prioritized Control Frameworks

* Efficiency

e force control

° Capabilities e underactuation |

* Inequalities

* Optimality




- = =task 1 solutionsg

O Pti m al ity ,\Q — taks 2 sblutions

Two velocity tasks: .

ig — qu ——Hligher priority

T 1 — J 1 C] —— Lower priority

Two approaches:

i = Jf#5 + (JiNo) V(i — S J5 i)

iy = J3 i + NoJj i)



State of the Art

Framework Optimal  Efficient Force Ctrl Under. Out.
TASK SPACE INVERSE DYNAMICS ( X ) T
(TSID)

Peters et al. [2007] (UF) X X T
Sentis and Khatib [2005] (WBCEF) X X (X) T
Mistry and Righetti [2011] X X T
Saab et al. [2011a] X X X T
De Lasa and Hertzmann [2009] X X X T
Jeong [2009] X X T/q
Chiaverini [1997] X q
Siciliano and Slotine [1991] X X q
Baerlocher and Boulic [1998] X X q

Nakamura et al. [1987] X i/




Prioritized Control Problem

Cost of task i <

lask I Jacobian

\

Contact constraints

Jéq:::_".cq
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gi(T) = ||.Jig + ]lq - ITHZ
9i(1) = ||fi = fII7
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Desired acceleration

Desired force

s at Midh=r gi=—Jg
ri = min g;(7) st. Mi+h=1 Jg=—Jcg
TeR™
p)=ry Vi
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Prioritized Control Problem

SOLUTION

" =M+ h—J; [
Gi =Git1 + (JiNpy) " (&) — Jiq — JiGiv1)
Np(iy =Np(i+1) = (Jit1 Np(i1)) " Jit1 Np(i)






Related to  Soundness Optimality Efficiency

Controller F Error T2 Error TI1 Error P Error Computation

(N) (mm) (mm) (°) Time (ms)
TSID 046 [ 03 0.7 | 104  [0298
WBCF 0.46 0.1 0.9 10.4 \0.681J

UE 0.46 (1397 1452) 62 0.316

*TSID: Task Space Inverse Dynamics

*WBCF: Whole Body Control Framework

*UF: Unifying Framework
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Task

Space

Partial Feedback Linearization

T = Nj_léj;f +STh

Hybrid dynamics

it = (JS) (&% — Jg+ JyM, "hy) + (I — (JS){ JS)dj0

JS = J; — JyM, " My,

Generalized |acobian

L M
M — y
My, M;

N, N

-1 b bj
M= INE N

[Shkolnik and Tedrake 2008]
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What would you like to control?

n+6 n+6-k k

N\

State =|Accelerations +Forces

Control
N
3 CASES
mm/\/loﬂon
[some| + +

Motion some Forces all Forces




Motion (only) control

7 =(N.S" YT N. (Mo + h)

Gi

=Giy1 + (JiNpy)) T (&
Np(i) —

— Jig — Jiig1)
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No Force Measurements!

=N

Constraint-consistent
motion always
feasible

=N

Constraint
Nullspace
Projection

[Aghili 2005]



Motion (only) control

T = (JM;'NST)T (i — Jg
+ JM; " (Neh + JFJeq)) + N7o
M, = N.M + JIJ,

Constraint-consistent motion
k<6 |
may be unfeasible




Partial Force Control

:(NCST)_I_NC(MQO + h — J?f*)
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Constraint-consistent
motion Is always
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Partial Force Control

= (M ST (g T Te = Tp)g+ M h = JN T g

Vo = Orthogonal base of constraint nullspace

may be unfeasible

nstraint-consistent motion
k<6 > Constraint-consistent motio




Complete Force Control
——PFL

T == (JS) f*+ N o+ ST h

Gi = Giv1 + (JiSNyo)) T (&5 — Jig
+ (U My (hy — I3 f) — Siiv))

N

p
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~ Partial Feedback Dynamic
Linearization singularities




What would you like to control?

[some| Motion some Motion

[some| + +
Motion

some Forces all Forces

" NO MOTION
T'ON STABJLITY!
ABILITY!
Dunamic Constraint Dunamic ~Partial
Cg i Nullspace Cg)/ i Feedback
ping Projection ping Linearization

k = number of uncontrolled constraint forces



Partial

orce Control

==== Desired force
== = R eference force
— Force
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Switching support leg
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System Dynamics

Unconstrained Constrained
Inverse dynamics Inverse dynamics
Fully
4 + +
actuate Prioritized acc. ctrl Prioritized acc. ctrl
k=6
Constr. Nullspace Proi.
Under P '
actuated

Dynamic coupling

k<6




Future work

inequalities (joint/torque limits, ZMR friction)
constraint switching/selection
instantaneous/local optimality
computational cost

implementation (11a5C, SoT)
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