Constrained trajectory optimization

Augmented Lagrangian trajectory optimization with ProxDDP



Note: to simplify presentation, all the h; are now equality constraints.

The terminal stage value function looks like
Viv(x) = maxn(x) + v T hu(x) = Sl = o4
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The proximal Bellman recursion is

o N Fkyy k2 MRy kg2
Ve(x) = minmax { Qc(e, A, x) = BEIA = A5 P = B v =P} (28)
prox. Iteration

where

Qt(xa u, )‘7 v, X,) d:’Efgt(X’ U) + VTht(Xv U) + AT(&(X’ U) - X/) + VtJrl(X/)' (29)
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General principle. Solve recursion DDP/iLQR-style with a quadratic model!
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General principle. Solve recursion DDP/iLQR-style with a quadratic model!

Recursion hypothesis. We posit that the next-step value function variation is

1
6 Vir1(0x) ~ pl1x + E<5xTPt+15x. (30)

Goal. Close the recursion, by using Bellman's equation!




Then, solve for (du, v, 0Ar+1,dxe11) as functions of dx; as follows:

R. D] B/ Suy re+ S¢ 0xe
Dy —pyl oVt _ c7{‘ — v + Ceoxe (31)
B: —pl =1 OAt+1 5K — kA1 + Ardxe
—1 Pt+1 (5Xt+1 Pt+1
e

where, df = d; + pvk, 55 = s, + [RAK .
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Then, solve for (du, v, 0Ar+1,dxe11) as functions of dx; as follows:

R. D] B/ Suy re+ S¢ 0xe
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B: —pl =1 OAt+1 5K — kA1 + Ardxe
—1 Pt+1 (5Xt+1 Pt+1
e

where, df = d; + puvf, 55 = s¢ + Al . As 6x; is unknown, we can (in DDP fashion)
extract a parametric solution in feedforward/feedback form:

kt Kt ry S;l—

Ct _Zt _ —/C;l _kdé{ — MKVt Ce (32)
ft-s—l =t+1 Sy — Mk)\t-i-l At

my M, Pt+1 0
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The value function model update is given by

P = Q:+ SeKe + C Z: + B =¢ 11
Pt = Q¢ + Stk + CtTCt + B;ft-ﬂ

such that §V;(dx) ~ p/ dx + 26xT P;éx.

Thereby closing the recursion.

(33a)
(33b)
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Initial stage. The initial stage constraint is Xp — xp = 0.

The update (dxp, d\g) satisfies

bl e
—1 —ugd | {6X0 %o

This leaves the way open to some extensions, e.g. initial constraints go(xp) = 0.
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Linear vs. nonlinear rollouts

Once (dxp, 0Ag) is computed, we can reconstruct the update for the trajectory:

Linear rollout (a.k.a. SQP) Nonlinear rollout (DDP-style)
ouy = ki + Keoxe (35a) ut = ur + ke + Kebxe (36a)
ove = Ct + Z1dxt (35b) v = v + G + Zibx (36b)
OAer1 = Erp1 + Zer10xe (35¢) A1 = A + &1 + Se1dxe (36¢)
Ixe41 = My + Medxy (35d) xty = flxt, uf) — mAi, (36d)
OXer1 = X q — Xe1 (36e)




Read the preprint!

PROXDDP: Proximal Constrained Trajectory
Optimization
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Optimal control problems (OCPs) are, by nature, infinite-
dimensional optimization problems, which are largely not solv-
able in closed form. However, they can be solved numerically
On the one hand, there are indirect methods for OCPs, bused
on deriving their optimality conditions (4], On the other hand,
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as the differential dynamic programming (DDP) [12] algorithm,
DDP is one of the earliest such methods and a reference in
nonlinear trajectory optimization, known to have quadratic
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