Test any published attitude control law on your bus.
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(1) The porting problem (2) The adapter: four transformations around your law

Published controllers are derived for one actuator set, pointing goal, orbit, and . T T R M L .
disturbance model. Porting one means reproducing the paper, validating the @ Actuator Selection e X X X X @ Torque Compensation
implementation, then changing hardware and mission assumptions together. ovme £ v v, 7,
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Steps 2 and 3 are where the weeks go. In both you change implementation and setup @ Control Law Transformation

o,
together, so a divergence could be a bug or a real result — nothing tells you which. 7, +3,
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Map native actuator commands back to the torque the '
class MyLaw(ControlLaw): P o oo N (}[ o y Translate goals outS|d§ the.contro.ller, \
interface = LawInterface() # full attitude + rate represent, then re-afiocate that torque to the instatle so the law alwayg receives Its natlveavector ol //
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def compute(self, q_err, w_err=None, xxkw): Actuator law Torque law v Quaternion goal Vector goal
return -(self.kp * g_err + self.kd * w_err) — _ _ _ — o
ctrl = PipelineController(sat, MyLaw(), # steps 2-3 Ujaw = (X) Tref = AlawUlaw e = qg®Qq A(gq)b=u

alloc_config=AllocationConfig(method="1p"'))

That is the whole port. Every arrow runs both ways; numbers match the case studies below.

@ Choose the minimal bus

Find the smallest actuator set for a CubeSat-class mission: a
3MTQ+1RW torque volume spans 3D over the orbit, satisfying the
full LTV rank condition before any simulation.

3 MTQ + 1 RW Torque

B1 old B4
B2 B5 now
B3 == R\W X

dimJ,7(t) = 3 < rank W, = 6: the swept magnetorquer planes
plus one wheel axis fill torque space.

(4) Track a moving target

A static-attitude pointing law follows a ground station: the
adapter supplies the target-rate feedforward — the rotating-goal
term 7rame from (4) — that the original law did not include. The
law still sees an ordinary pointing error.
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Final-80 s mean: 2.3° with rate feedforward, 13.0° without.

3U CubeSat (BeaverCube-2 derived), 4kg; 663x693 km, 45°; 3xISIS MTQ
0.2 Am?; 3xCubeWheel Small+ (2.3mNm, 3.6 mMNms).

@ Survive a wheel failure

The wheel on a 3AMTQ+1RW bus fails mid-orbit. The control law
commands the same torque; allocation re-solves over the smaller
polytope and redistributes to the survivors.
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Three wheels degrade to two with no transient. One degrades
to magnetorquers only — relaxing to a boresight goal keeps the
pointing, with no tumbling:

Goal Alloc. Boresight Rate
Full LVLH LP 71.3° 1.01°/s
Full LVLH QP 0.25° 0.06°/s
Reduced LP 13.5° 0.07°/s
Reduced QP 1.66° 0.04°/s

(6) Relax the goal, keep the law

A 3MTQ-only satellite adapts a quaternion-pointing law to vector
alignment: keep the payload direction, free the roll, and give the
magnetic controller more authority.
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The vector goal settles below 10° in 1.46 orbits; the full-attitude
goal does not settle within two. Same law, same bus — only the
goal changed.

4 kg Lovera test satellite; 622 x 2602 km, 45°; 3xideal MTQ 1.0 Am?; no reac-
tion wheels.

Full law Reduced law
Full goal direct alternating sub-goals
Reduced goal quaternion-set selection direct

No goal identity error aligned vectors

(7) Case study: two published laws, one pipeline

Lovera - Wisniewski (published MTQ laws, unchanged) + wheel (3) + compensation (4) + torque mapping (5) + vector goal (6) + LP — results:
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One law, four things changed (100 paired trials): actuator set 1% — 80% — 100%; goal type 49% — 83% at fixed hardware; inertia scale 100% across a 20 x range; wheel failure absorbed

by reallocation.
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§IV-A and the landing page.

law = Lovera_Law(J=sat.J_0, kp=2e-5, kd=2e-2) # unmodified
# published
# + the wheel

mtg_only = PipelineController(sat, law)
with_wheel = PipelineController(sat, law,
alloc_config=AllocationConfig(method="1p"))

class Lovera(ControllLaw):
# law does its own w x (Jw + h), so
# Stage 4 must not add it again:

interface = LawInterface(includes_gyroscopic=True)
A law declares the compensation it performs internally; the adapter adds every term except those.

Runs in your browser

We help you port your law

pip install generalized-adcs

Open source, MIT licensed.
github.com/nscheuer/Generalized_ADCS

Ships the laws above, LP/QP/clipping allocators, MTQ and RW models, UKF-family
estimators, IGRF-13. Bring a law, or bring a bus — we will help you port one.

Simulation setup: paper


https://nscheuer.github.io/Generalized_ADCS/ssc26/paper
https://nscheuer.github.io/Generalized_ADCS/ssc26/run
https://nscheuer.github.io/Generalized_ADCS/ssc26/contact

