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Computational details for : “Differential Dynamic Programming for

Maximum a Posteriori Centroidal State Estimation of Legged Robots”

François Bailly a,b,*, Thomas Flayols a, Justin Carpentier c and Philippe Souères a

This document complements the paper entitled “Differential

Dynamic Programming for Maximum a Posteriori Centroidal

State Estimation of Legged Robots” [1]. The purpose of this

work was to estimate the centroidal dynamics of legged robots

by formulating a maximum a posteriori problem and solving

it thanks to differential dynamic programming (DDP). In the

following, the computations of the partial derivatives of the

unoptimized value function (Qk) are provided for the DDP

algorithm.

APPENDIX I

PARTIAL DERIVATIVES OF Qk

• Qxk = ∇xk
lk +∇xk

Vk+1(f(xk,ωk)),

∇xk
lk = 2

∂(g(xk)− yk)T

∂xk
Σ−1
ηk

(g(xk)− yk),

∂g(xk)

∂xk
=

C(xk)

∂xk
xk + C(xk) =

[
1 0 0 0 0
0 0 2ck× 0 1
0 0 1 0 0
0 0 0 1 0

]
=̂ C̃(xk),

Qxk = 2C̃(xk)T Σ−1
ηk

(g(xk)− yk) + ATV ′x.

• Qωk = ∇ωk
lk +∇ωk

Vi+1(f(xk,ωk)),

∇ωk
lk =

∂||ωk||2Σ−1
ωk

∂ωi
= 2Σ−1

ωk
ωk,

Qωk = 2Σ−1
ωk

ωk + BTV ′x.

• Qxxk = ∇2
xk
lk +∇2

xk
Vi+1(f(xk,ωk)),
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where, the element of ∇2
xk
lk at the ith row and jth

column is denoted by:
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,
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where, ≈
cij ∈ RY s is the stacked vector of

∂C̃T
im

∂xj
for

m ∈ [1..Y ].
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