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1 INTRODUCTION
Inverse optimal control (IOC) is a growing field of research that has gained significant traction in human motion
prediction and learning. However, current methods for solving IOC have several problems ranging from computation
time to handling noisy data.
This work builds upon the foundation laid by Colombel et al. [1] in their attempt to explain the IOC through the lens
of Karush–Kuhn–Tucker (KKT) optimality conditions and the concept of singularity curves. This abstract tackles the
issue of finding metrics to relate parametric representations of trajectories to discrete measurement error.

2 GENERAL TOPIC
The use of discrete trajectories is common in solving IOC problems. However, the high dimensionality of the data has
a big impact on the computation time. An alternative is to use parametric representations where a trajectory s(α, t) is
a function of a number of parameters α = (α0, . . . , αm). An example of a parametric representations are polynomials

s(α, t) =
∑d

k=0 αkt
k. Collocation allows for further reduction of the number of free parameters by including linear

constraints like initial and end conditions in coefficient calculations.
A trajectory s(α∗) is the solution to a Direct Optimal Control (DOC) problem for a cost function C(s) and equality
and inequality constraints g(s) and f(s) if it verifies the optimization problem 1.

α∗ = argmin
α

C(s(α)) s. t. f(s(α)) = 0, g(s(α)) ≥ 0 (1)

The IOC is the inverse problem. From a trajectory s(α∗) assumed to be optimal, a basis of cost functions B =
(C1(s), . . . , Cn(s)), it aims to find a weight vector ω = (ω1, ω2, . . . , ωn) such that the trajectory s(α∗) is optimal for
the cost function C(s) =

∑n
k=1 ωkCk(s) .

The stationarity condition for the IOC problem in KKT can be written as in equation 2. This equation is at the origin
of the concept of a singularity curve which is the set of trajectories s(α) such that J(s(α)) is singular, in that case,
an SVD decomposition is sufficient to find ω.

∃λ ∈ Rnf ,∃µ ∈ Rng ,
(

∂C
∂α

T
(s(α∗)) ∂f

∂α

T
(s(α∗)) ∂g

∂α

T
(s(α∗))

)
︸ ︷︷ ︸

J(s(α∗))

ω
λ
µ

 = 0 (2)

A common solving algorithm for the IOC [1,2] is the orthogonal projection on the singularity curve defined in equation
3 where αM is the paramectric approximation of the noisy observation and α∗ is the optimal orthogonal projection.

α∗ =argmin
α

∥s(αM )− s(α)∥22 s. t. det(J(s(α))TJ(s(α))) = 0 (3)

3 CONTRIBUTION
Performing an orthogonal projection assumes that the distance used is directly related to the measurement error.
However, this is no longer true in a parametric representation of the trajectory. This can be solved by a simple
rescaling as this section shows.

Let α =
(
α1 α2 . . . αm

)T
be a parametric trajectory. The equation linking α to its corresponding discrete

trajectory is of the form s = Aα + v with A a tall matrix. This means that ∥∆s∥22 = ∆sT∆s = ∆αTATA∆α. Then
by a truncated SVD where A = USV T such that S is square, the equation becomes ∥∆s∥22 = ∆αTV SSV T∆α. By
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rotating the parametric space with the orthogonal matrix V T , and rescaling it with the diagonal matrix S, a new set of
coordinates is made such that α

′
= SV Tα. The previous equation then becomes ∥∆s∥22 = ∆α

′T∆α
′
= ∥∆α

′∥22. Thus
the distance in parametric space after rescaling is equal to the induced measurement error and orthogonal projections
can be safely done.

4 RESULTS
In order to illustrate the importance of rescaling the coordinates let us consider the example of a two-joint rigid arm.
A trajectory has been selected at random from the data used by Berret et al in [3]. The IOC problem constraints
are the initial and end positions as shown in Figure 1 with zero velocity and acceleration at both ends. A polynomial
approximation of degree 7 was used for both joints meaning that θ1(t) =

∑7
n=0 αnt

n and θ2(t) =
∑7

n=0 βnt
n. Collo-

cation is used in order to include start and end constraints in the polynomial coefficient calculations, further reducing
the number of free parameters to only (α6, α7, β6, β7).

Figure 1: IOC Problem definition.

The Basis of cost functions B = (C1, C2) used is Angle acceleration C1 =
T∑

t=0
(θ̈1(t)

2 + θ̈2(t)
2) and Torque C2 =

T∑
t=0

(τ1(t)
2 + τ2(t)

2). The polynomial trajectory is then projected orthogonally on the singularity curve generated by

this basis in the parametric space (α6, α7, β6, β7) with and without rescaling. The comparison between the resulting
orthogonal projections and the original trajectory can be seen in Figure 2 showing that orthogonal projection with
rescaling resulted in a closer trajectory to the original than without rescaling. Objectively, the orthogonal projection
without rescaling resuted in an RMSE of 1.47743 compared to the polynomial approximation of the original trajectory,
while the trajectory with rescaling resulted in an RMSE of 0.16341.

Figure 2: Orthogonal projection with and without homogenization.
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