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1 Model Description

1.1 Module Input and Output Behavior

As illustrated in Figure 1, this module takes an attitude control torque BLr and maps the vector onto
the specific control axes, ĉi. This allows only a subset of BLr to be implemented with the Reaction
Wheels (RWs). The next step is to map reduced control torque onto the available RW spin axes,ĝsj .
The module accounts for the availability of the reaction wheels in the case that not all wheels are
functioning appropriately or are undergoing independent analysis. Assume in this documentation that
the number of available RWs is m, while the number of desired control axes ĉi is n. The number of
installed RWs is N .

The commanded torque message is a required input message and is read in every time step. The
RW configuration message is also required, but only read in during reset. If the RW spin axes b̂si change
then reset() must be called again. The RW availability message is optional. If the availability message
is not used, then all installed RWs are assumed to be available. The output message is always the array
of RW motor torques.

RWArrayTorqueIntMsg
rwMotorTorque

CmdTorqueBodyIntMsg

RWAvailabilityFswMsg

RWArrayConfigFswMsg

BLr
<latexit sha1_base64="MJB14FNd+e3XNP1rIC3ZBHnoCB8=">AAACHXicbVDJSgNBEO2JW4zbuNy8NAmCpzATBT1GvXjwENEskITQ06lJmnTPDN09YhzmW/Sq/+FNvIq/4RfYWQ4m8UHB470qqup5EWdKO863lVlaXlldy67nNja3tnfs3b2aCmNJoUpDHsqGRxRwFkBVM82hEUkgwuNQ9wZXI7/+AFKxMLjXwwjagvQC5jNKtJE69kGLg6/hMUou06TlCXzTkWnHLjhFZwy8SNwpKaApKh37p9UNaSwg0JQTpZquE+l2QqRmlEOaa8UKIkIHpAdNQwMiQLWT8fUpPjJKF/uhNBVoPFb/TiREKDUUnukURPfVvDcS//OasfbP2wkLolhDQCeL/JhjHeJRFLjLJFDNh4YQKpm5FdM+kYRqE9jMFk/M/JBc1O5GIbnzkSySWqnonhRLt6eFcn4aVxYdojw6Ri46Q2V0jSqoiih6Qi/oFb1Zz9a79WF9Tloz1nRmH83A+voFcMaiog==</latexit>

us
<latexit sha1_base64="eu8Kqd3nZxIeoBXAwF7YgsvVX4g=">AAACDnicbVDLTgJBEOzFF+IL9ehlAjHxRHaRRI8YLx4xyiOBDZkdZmHCzOxmZtaEbPgHvep/eDNe/QV/wy9wgD0IWEknlarudHcFMWfauO63k9vY3Nreye8W9vYPDo+KxyctHSWK0CaJeKQ6AdaUM0mbhhlOO7GiWASctoPx7cxvP1GlWSQfzSSmvsBDyUJGsLFSuxcIlPR1v1h2K+4caJ14GSlDhka/+NMbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jcKgMURsqWNGiu/p1IsdB6IgLbKbAZ6VVvJv7ndRMTXvspk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJvQ0pZALP2Q3rQepjYkbzWSddKqVrzLSvW+Vq6XsrjycAYluAAPrqAOd9CAJhAYwwu8wpvz7Lw7H87nojXnZDOnsATn6xcBOpyT</latexit>

Bĝsi
<latexit sha1_base64="LsJWbiqlOdHEvhiBLUBSx/aIa2I=">AAACJ3icbVBNS8NAEN34bf2qehRksQieSlIFPfpx8ahoW6EpYbOdtEt3k7A7EcuSm39Gr/o/vIke/Qv+AtPag1UfDDzem2FmXphKYdB1352p6ZnZufmFxdLS8srqWnl9o2GSTHOo80Qm+iZkBqSIoY4CJdykGpgKJTTD/tnQb96CNiKJr3GQQluxbiwiwRkWUlDe9iVECHepPc2t32No/VDRbh5YE4g8D8oVt+qOQP8Sb0wqZIyLoPzpdxKeKYiRS2ZMy3NTbFumUXAJecnPDKSM91kXWgWNmQLTtqM/crpbKB0aJbqoGOlI/TlhmTJmoMKiUzHsmd/eUPzPa2UYHbWtiNMMIebfi6JMUkzoMBTaERo4ykFBGNeiuJXyHtOMYxHdxJZQTfxgTxpXw5C835H8JY1a1duv1i4PKsc747gWyBbZIXvEI4fkmJyTC1InnNyTR/JEnp0H58V5dd6+W6ec8cwmmYDz8QWOcKdz</latexit>

Fig. 1
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1.2 Torque Mapping

The rwMotorTorque module receives a desired attitude control torque in the body frame BLr. If two
control torques are provided via the second optional control input message, these two are added together
to compute BLr. This torque is the net control torque that should be applied to the spacecraft. Let
ĝsi be the individual RW spin axis, while us is the m-dimensional array of motor torques. The 3 ˆm
projection matrix rGss then maps the control torque on motor torques using

rGssus “ p´
BLrq (1)

The project matrix is defined as
rGss “

“

ĝs1 ¨ ¨ ¨ ĝsm
‰

(2)

Note that here us is the array of available motor torques. The installed set of RWs could be larger than
m.

The projection matrix to map a vector in the body frame B onto the set of control axes ĉi is given
by

rCBs “

»

—

–

BĉT1
...

BĉTn

fi

ffi

fl

(3)

where n ď 3.
To map the requested torque onto the control axes, Eq. (1) is pre-multifplied by rCBs to yield

rCBsrGssus “ rCGssus “ rCBsp´BLrq “
CLr (4)

Note that rCGss is a nˆm matrix.
The module assumes that m ě n such that there are enough RWs available to implement CLr. If

not, then the output motor torques are set to zero with us “ 0.
To invert Eq. (4) a minimum norm solution is used yielding:

us “ rCGsT
`

rCGsrCGsT
˘´1 CLr (5)

The final step is to map the array of available motor torques us onto the output array of installed RW
motor torques.

1.3 RW Availability

If the input message rwAvailInMsg is linked, then the RW availability message is read in. The torque
mapping is only used for RW’s whose availability setting is AVAILABLE. If it is UNAVAILABLE then that
RW output torque is set to zero.

2 Model Functions
The code performs the following functions:

• Maps control torque vector onto available reaction wheels: Takes a desired body-frame
torque from CmdTorqueBodyIntMsg and maps it onto the RW axes.

• Removes torque from unavailable reaction wheels: The module observes the availability of
the RWs and maps the torques to only available reaction wheels.
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3 Model Assumptions and Limitations
This code makes the following assumptions:

• The number of available wheels must be equal or larger than the number of control axes. If this
is not the case a zero output motor torque message is produced.

4 Test Description and Success Criteria
The unit test checks for proper functionality of the module for various numbers of control axes and
reaction wheel configurations, both within and outside expected bounds. The test cases include permu-
tations of:

1. Number of control axes set to 1, 2 or 3

2. Number of RW set to 2, 4 or the maximum allowable device number

3. The optional RW availability message set to:

• (“NO”) – Message not provided

• (“ON”) – Message is provided and all RWs are set to AVAILABLE

• (“OFF”) – Message is provided and all RWs are set to UNAVAILABLE

• (“MIXED”) – Message is provided and half of all RWs are set to UNAVAILABLE and the
remainder are AVAILABLE.

5 Test Parameters
The unit test verify that the module’s output reaction control torques match expectation.

Table 2: Error tolerance for each test.

Output Value Tested Tolerated Error
rwMotorTorques 1e-08

6 Test Results
The unit test results are shown in Table 3. All tests should be passing.

7 User Guide
Input required:

• rwMotorTorqueConfigData.rwMotorTorqueOutMsg: output message which contains RW mo-
tor torque information.

• rwMotorTorqueConfigData.vehControlInMsg: input message which contains the required at-
titude control vector.

• rwMotorTorqueConfigData.rwParamsInMsg: input message which contains information on RW
spin axes.

• rwMotorTorqueConfigData.controlAxes_B: Set the control axes into a single array.

• rwMotorTorqueConfigData.rwAvailInMsg: optional message which contains information on
which RW can be used to apply the desired torque.
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Table 3: Test results

numControlAxes numWheels RWAvailMsg Pass/Fail
1 2 NO PASSED
2 2 NO PASSED
3 2 NO PASSED
1 4 NO PASSED
2 4 NO PASSED
3 4 NO PASSED
1 MAX EFF CNT NO PASSED
2 MAX EFF CNT NO PASSED
3 MAX EFF CNT NO PASSED
1 2 ON PASSED
2 2 ON PASSED
3 2 ON PASSED
1 4 ON PASSED
2 4 ON PASSED
3 4 ON PASSED
1 MAX EFF CNT ON PASSED
2 MAX EFF CNT ON PASSED
3 MAX EFF CNT ON PASSED
1 2 OFF PASSED
2 2 OFF PASSED
3 2 OFF PASSED
1 4 OFF PASSED
2 4 OFF PASSED
3 4 OFF PASSED
1 MAX EFF CNT OFF PASSED
2 MAX EFF CNT OFF PASSED
3 MAX EFF CNT OFF PASSED
1 2 MIXED PASSED
2 2 MIXED PASSED
3 2 MIXED PASSED
1 4 MIXED PASSED
2 4 MIXED PASSED
3 4 MIXED PASSED
1 MAX EFF CNT MIXED PASSED
2 MAX EFF CNT MIXED PASSED
3 MAX EFF CNT MIXED PASSED
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