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Scope/Contents

This attitude guidance module creates a dynamic reference frame attitude state message where the
initial orientation relative to the input reference frame is specified through an MRP set, and the angular
velocity vector is held fixed as seen by the resulting reference frame. Besides setting the desired MRP
and angular velocity values directly within the module, they can also be read in from an optional input
message. This input message is checked for new content with each update call. The reset process
will cause these desired attitude states from to be re-read from this input message. If a reset is called
without an input attitude state message, then the last stored attitude states are used to continue the
rotation. Optionally, the compute attitude states relative to the input frame can be fed to an output
message as well.
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1 Model Description
The purpose of this mrpRotation module is to add a constant rotation relative to the input frame R0.
The output reference frame is called R. The initial orientation is specified through an MRP1 set σR{R0,

while the R-frame angular velocity vector RωR{R0 is held constant in this module.
Assume that the input reference frameR0 is given through an attitude state input message containing

σR0{N , NωR0{N and N 9ωR0{N as illustrated in Figure ??. The MRP set is mapped into the corresponding
Direction Cosine Matrix or DCM1 using

rR0N s “ rR0NpσR0{N qs (1)

The goal of the motion is to compute the attitude of R relative to input frame R0 such that

9σR{R0
“

1

4
rBpσR{R0

qsRωR{R0
(2)

RdωR{R0

dt
“ 0 (3)

Assume the initial σR{R0
pt0q set and the R-frame relative invariant RωR{R0

vector are provided to the
module. The current σR{R0

pt0q value is then obtained by Eq. (2). The current DCM of the R-frame is
thus

rRN s “ rRR0pσR{R0
ptqsrR0N s (4)

Next, the angular velocity vector is transformed to inertial frame N -frame components using

NωR{R0
“ rRN sT RωR{R0

(5)

to find the inertial angular velocity of the output reference frame:

NωR{N “
NωR{R0

` NωR0{N (6)
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Finally, the inertial angular acceleration of the output reference frame is found using the transport
theorem:

9ωR{N “

RdωR{R0

dt
` ωR{N ˆ ωR{R0

` 9ωR0{N “ ωR0{N ˆ ωR{R0
` 9ωR0{N (7)

where ωR{N ˆ ωR{R0
“ pωR{R0

` ωR0{N q ˆ ωR{R0
“ ωR0{N ˆ ωR{R0

is used. Expressed in N frame
components, this vector equation is numerically evaluated using:

N 9ωR{N “
NωR0{N ˆ

NωR{R0
`

N 9ωR0{N (8)

2 Module Functions
The mrpRotation module has the following design goals

• Constant Spin: The angular velocity vector between the input and output frame is constant as
see by output reference frame

• MRP attitude representation: The initial and output attitude is described through an MRP
coordinate set

• Flexible Setup: The desired rotation state can be described through an initial MRP and angular
velocity vector specified in module internal variables, or read in through a Basilisk AttStateFswMsg
message.

3 Module Assumptions and Limitations
• On reset the next time step doesn’t yield an integration as the integration time evaluation requires

at least a second time step.

• If the desired rotation states are read in with an input message, then this message is checked each
update cycle for new content. On reset the commanded frame states are reset to zero such that
they are re-read in again in the next update cycle.

• If the desired rotation is specified with module internal states, then on reset the prior internal
states are re-used unless they are over-written after the reset call.

4 Test Description and Success Criteria
The module is run on its own with specified inputs to ensure the outputs are correct. The outputs
are evaluated dynamically using a support python script, and then compared to the Basilisk evaluated
results. A nominal simulation length of 1 second is used with a time step of 0.5 seconds, yielding 3
return values.

If the rotation states are set directly in the module by specifying mrpSet and omega RR0 R, then
the values σR{R0

pt0q “[0.3 0.5 0. ] and RωR{R0
“[0.1 0. 0. ]deg/sec are used. The simulation flag

cmdStateFlag determines if the rotation states are specified through an input message. If yes, then
the values σR{R0

pt0q “[ 0.1 0. -0.2] and RωR{R0
“[0.1 1. 0.5]deg/sec are used instead.

If the simulation flag stateOutputFlag is true then the optional attitude states of R relative to
R0 are provided in an output message.

If the simulation flag testReset is true then the simulation will run an addition 1 second, but after
a reset function is called.

5 Test Parameters
The output variables being tested are listed in Table 3, including the test tolerance value.
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Table 2: Test Scenarios.

Check cmdStateFlag testReset
1 False False
2 True False
3 False True
4 True True

Table 3: Error tolerance for each test.

Output Value Tested Tolerated Error
attRefOutMsgName.sigma RN 1e-12
attRefOutMsgName.omega RN N 1e-12
attRefOutMsgName.domega RN N 1e-12
attitudeOutMsgName.state 1e-12
attitudeOutMsgName.rate 1e-12

6 Test Results
The results of the unit test are listed in Table 4. All of the tests are expected to pass:

Table 4: Test results

Check Pass/Fail
1 PASSED
2 PASSED
3 PASSED
4 PASSED

7 User Guide

7.1 Specifying Desired Rotation

If the mrpRotation module is set directly with the desired rotation states, then the modules variables
mrpSet and omega RR0 R must be set.

If instead the desired rotation states are to be read in, then then input message name desiredAttInMsg
must be specified, and a corresponding message of type AttStateMsgPayload created.

7.2 Required Input and Output Messages

The R0 input reference frame state message is specified through attRefInMsg. The output message
name is specified through the attRefOutMsg.

7.3 Module Reset Behavior

If the module is reset, then the priorTime flag is reset, meaning it take another time step to compute
the sampling period used to integrate the kinematic differential equations.
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