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Fig. 1: MRP_Feedback() Module I/0O lllustration

1 Module Description

The MRP_Feedback module creates the MRP attitude feedback control torque L, developed in chapter
8 of Reference 1. The input and output messages are illustrated in Figure 1. The output message is a
body-frame control torque vector that is outlined in section 3. The required attitude guidance message
contains both attitude tracking error states as well as reference frame states. This message is read in
with every update cycle. The vehicle configuration message is only read in on reset and contains the
spacecraft inertia tensor about the vehicle's center of mass location.

The MRP feedback control can compensate for Reaction Wheel (RW) gyroscopic effects as well.
This is an optional input message where the RW configuration array message contains the RW spin
axis gs; information and the RW polar inertia about the spin axis Iy, ;. This is only read in on reset.
The RW speed message contains the RW speed €2; and is read in every time step. The optional RW
availability message can be used to include or not include RWs in the MRP feedback. This allows the
module to selectively turn off some RWSs. The default is that all RWs are operational and are included.

2 Initialization

Simply call the module reset function prior to using this control module. This will reset the prior
function call time variable, and reset the attitude error integral measure. The control update period At
is evaluated automatically.
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3 Algorithm

This module employs the MRP feedback algorithm of Example 8.14 of Reference 1. This nonlinear
attitude tracking control includes an integral measure of the attitude error. Further, we seek to avoid
quadratic w terms to reduce the likelihood of control saturation during a detumbling phase. Let the
new nonlinear feedback control be expressed as

[Gs]us = —L, (1)

where

L, = —Ko — [P]ow — [P][K[]z — [Irw](—wy + [@]wy) — L
+ ([&7‘] + [Ia/z]) ([IRW]W + [Gs]hs) (2)
and
hs, = Iw,, (QZZ-WB/N + Q) (3)

with Iy, being the RW spin axis inertia.
The integral attitude error measure z is defined through

¢
z=K | odt+ [Irw](dw — dwp)
to
In the BSK module the vector dwyq is hard-coded to a zero vector. This function will work for any initial
tracking error, and this assumption doesn’t impact performance. A limit to the magnitude of the Sio odt
can be specified, which is a scalar compared to each element of the integral term.
The integral measure z must be computed to determine [P][K[]z, and the expression [I/(]\Jz] is
added to [w;] term.
To analyze the stability of this control, the following Lyapunov candidate function is used:

V(bw,o,z2) = %5wT[[RV\/](Sw +2KIn(1+o%a) + %ZT[KI]z

provides a convenient positive definite attitude error function. The attitude feedback gain K is positive,
while the integral feedback gain [K7] is a symmetric positive definite matrix. The resulting Lyapunov
rate expression, solved in Eq. (8.101), is given by

B

¥ = (6o + [ (] g (60) + Ko

Substituting the equations of motion of a spacecraft with N reaction wheels (see Eq. (8.160) in Refer-
ence 1), results in

V = (0w + [K1]2)T (—[@]([Trw]w + [Gs]hs) — [Gs]us + L — [Trw](wy — [@]w,) + Ko)
Substituting the control expression in Eq. (1) and making use of a = w, — [K[]z leads to
V = (6w + [Kr)2)" ( — (@] - [@] + [Kr=)) ([Tawlew + [Gilhy) + (Ko — Ko)
= [Plow = [P][K1]z + [lrw](wr — [@]w;) = [Trw](wr — [@]w;) + (L - L))

= (0w + [K112)" (= (5] + [K72)) ([Irwlew + [Gi]he) — [P](0w + [K1]2))
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Because (0w + [KI]Z)T([&TJ] + [f(?z]) = 0, the Lyapunov rate reduces the negative semi-definite

expression
V = —(0w + [K1]2)T[P) (6w + [K[]2)

This proves the new control is globally stabilizing. Asymptotic stability is shown following the same
steps as for the nonlinear integral feedback control in Eq. (8.104) in Reference 1.

One of the goals set forth at the beginning of the example was avoiding quadratic w feedback terms
to reduce the odds of control saturation during periods with large w values. However, the control in
Eq. (1) contains a product of z and w. Let us study this term in more detail. The w expression with
this product terms is found to be

[Kr2)([Irwlw) = —([Trww])([K][Trwlw + )

If the integral feedback gain is a scalar K7, rather than a symmetric positive definite matrix [K7], the
quadratic w term vanishes. If the full 3 x 3 gain matrix is employed, then quadratic rate feedback terms
are retained.

4 Unit Test

The unit test for this module test_MRP_feedback tests a set of gains K, K;, P on a rigid body with
no external torques, and with a fixed input reference attitude message. The torque requested by the
controller is evaluated against python computed torques at Os, 0.5s, 1s, 1.5s and 2s to within a tolerance
of 1078, After 1s the simulation is stopped and the Reset() function is called to check that integral
feedback related variables are properly reset. The following permutations are run:

e The test is run for a case with error integration feedback (k; = 0.01) and one case where k; is set
to a negative value, resulting in a case with no integrator.

e The RW array number is configured either to 4 or 0
e The integral limit term is set to either 0 or 20

e The RW availability message is tested in 3 manners. Either the availability message is not written
where all wheels should default to being available. If the availability message is written, then the
RWs are either zero to available or not available.

e The control parameter dwy is set to either a zero or non-zero vector

All permutations of these test cases are expected to pass.

5 User Guide

This module requires the following variables:
e opyn as guidCmdData.sigma_BR
o Bupg as guidCmdData.omega_BR_B
e Bupn as guidCmdData.omega_RN_B
e BUprn as guidCmdData.domega_RN_B
e [I], the inertia matrix of the body as vehicleConfigQOut.ISCPntB_B

e ();, speed of each reaction wheel in rwSpeedMessage.wheelSpeeds
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e Gains k, P in moduleConfig.

e The integral gain K; in moduleConfig. Setting this variable to a negative number disables the
error integration for the controller, leaving just Pl terms. The integrator is required to maintain
asymptotic tracking in the presence of an external disturbing torque.

e integrallimit is a scalar value applied in an elementwise check to ensure that the value of
each element of the Sio odt vector is within the desired limit. If not, the sign of that element is
persevered, but the magnitude is replaced by integrallimit.
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