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10.2.3 Computational Considerations

So is direct shooting uniformly better than the direct transcription approach? I think it is not. There
are a few potential reason that one might prefer the direct transcription:

e Numerical conditioning. Shooting involves calculating A" for potentially large n, which can
lead to a large range of coefficient values in the constraints. This problem is sometimes
referred to as the "tail wagging the dog", or in very deep neural networks as "vanishing
gradients" and/or "exploding gradients". In trajectory optimization, it is not simply an artifact
of the shooting transcription, but is a real property of the problem we have formulated: the
control input u[0] really does have more opportunity to have a large impact on the total cost
than control input u[N — 1]. The direct transcription approach combats the numerical issue
by spreading this effect out over a large number of well-balanced constraints.

e Adding state constraints. Having x[n] as explicit decision variables makes it very
easy/natural to add additional state constraints; and the solver effectively reuses the
computation of A™ for each constraint. In shooting, one has to unroll those terms for each
new constraint.

e Parallelization. For larger problems, evaluating the constraints can be a substantial cost. In
direct transcription, one can evaluate the dynamics/constraints in parallel (because each
iteration begins with x[n] already given), whereas shooting is more fundamentally a serial
operation.

For linear convex problems, the solvers are mature enough that these differences often don't
amount to much. For nonlinear optimization problems, the differences can be substantial. If you
look at trajectory optimization papers in mainstream robotics, you will see that both direct
transcription and direct shooting approaches are used. (It used to be that you could guess which
research lab wrote a paper simply by the transcription they use!)

https://underactuated.mit.edu/trajopt.html


Mayank Sewlia
https://underactuated.mit.edu/trajopt.html
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