
Background Information

Iterative LQR
Start with a guess for 𝑋, 𝑈 (random noise, Bdot)

Evaluate 𝐽 = 𝑙௙(𝑥ே) + ∑ 𝑙(𝑥௞, 𝑢௞)ேିଵ
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while ห𝐽 − 𝐽௣௥௘௩ห > 𝑡𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒

𝐽௣௥௘௩ = 𝐽

𝐾, 𝑑, Δ𝑉 ← 𝑩𝒂𝒄𝒌𝒘𝒂𝒓𝒅𝑷𝒂𝒔𝒔(𝑋, 𝑈)

𝑋, 𝑈, 𝐽 ← 𝑭𝒐𝒓𝒘𝒂𝒓𝒅𝑷𝒂𝒔𝒔൫𝑋, 𝑈, 𝐾, 𝑑, Δ𝑉, 𝐽௣௥௘௩൯

𝑟𝑒𝑡𝑢𝑟𝑛 𝑋, 𝑈, 𝐽

Backward Pass
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for 𝑘 = 𝑁 − 1: −1: 0 (Bellman's Optimality Principle)
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if 𝑄௨௨ invertible:
𝛿𝑢௞ = −(𝑄௨௨ + 𝜌𝐼)ିଵ(𝑄௨௫𝛿𝑥௞ + 𝑄௨)

else:
𝜌 ↑ and try again

return sequence of 𝐾, 𝑑, Δ𝑉 for every timestep

Forward Pass
𝛼 = 1
𝑓𝑜𝑟 𝑘 = 0: 1: 𝑁 − 1

𝑢ത௞ = 𝑢௞ + 𝐾௞(𝑥̅௞ − 𝑥௞) + 𝛼𝑑௞

𝑥̅௞ାଵ = 𝑓(𝑥̅௞, 𝑢ത௞)

𝐽 = 𝑙௙(𝑥ே) + ෍ 𝑙(𝑥̅௞, 𝑢ത௞)
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If 𝐽 has actually decreased (line search condition), return. Else, decrease 𝛼 and try again

Choosing 𝛼
Choosing 𝛼, or how aggressively we want to track a feedback controller, is tricky business. The main performance criterium is an adequate decrease in cost. 

We may determine a radio of actual decrease to expected decrease:

𝑧 =
𝐽(𝑋, 𝑈) − 𝐽(𝑋ത, 𝑈ഥ)
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As you may notice, since we are running our controller with 𝛼𝑑௞, our expected cost should also use 𝛼𝑑௞.

Failure in 𝛼
We accept a trajectory if 𝑧 ∈ [0.0001, 10]. If not, we decrease scaling by 𝛼 ← 0.5𝛼.

Failure in 𝜌
If the Forward Pass still fails repeatedly, go to Backward Pass and increase the regularization.
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