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Quick clarification of the PI controller of the gradient-based (MS) model implemented
in RAPTOR, with a little help from [Haugen) [2010].

We start from eq. 2.7 of | Teplukhinal [2018], generalised to p € {pine, fire }:

ot
p=p(ty) + K, -et) + K; - / e(t)dt (1)
We discretise eq. [1] using Euler’s Backward differentiation method, namely:

() = %‘f(tk*l) 2)

The key thing here (which is also the confusing one) is that we actually want to compute
the incremental control value:

Ap(ty) = p(tr) — plte—1) = At - fi(te), (3)
such that one must take the time derivative of eq.

flt) = i (t) + Kpé(tr) + Kie(ty)

() _A,:ff(tk_l) LK, % + K - elty). (4)

Hence, by multiplying /i(tx) with the time step At we get the p increment:
Ap = Ap(ty) + Ap™(ty) (5)

such that, for each time iteration:

plte) = pltr—1) + Apf (te) + Ap™ (1) (6)

with
Apf(ty) = p"(tr) — p" (tr-1) (7)

and:
Ap(ty) = Kp - [e(tr) — e(ti—1)] + K; - At - e(ty) (8)

In practice in the code, the errors are computed from the previous state estimate
z(tp—1) and the p value computed at time iteration k is u(tg—1), using the error e(tx—1).
In chi_MS.m and vpdn_-MS.m, the errors are expressed respectively:

¢ (1) = HE (k1) — HE (1)

™ (te—1) = ni (tr—1) — n (te—1)

9)

Final note: in the code, the g; gain is equivalent to K;At.
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