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Scope/Contents

This module creates a time varying attitude reference frame message that allows the orbit correction
burn direction to rotate at a constant rate. A message is read in containing the base ∆v direction,
the burn duration, as well as a nominal rotation axis. A base burn frame is created relative to which a
constant rotation about the 3rd frame axis is performed. The output message contains the full reference
frame states including the constant angular velocity vector and a zero angular acceleration vector.
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Fig. 1: Illustration of the module input and output messages.

1 Model Description

1.1 General Functionality

The purpose of this module is to create an attitude reference frame suitable for an orbit trajectory
correction burn that has a constantly rotating direction. Assume the initial burn direction is given by
∆v as illustrated in Figure 2. The module assumes that the burn direction is always along the current
reference frame 1 axis. If this is not the case, the attTrackingError module can be setup to align a
different body frame with R.

While the following developments are done in a vectorial manner, all vector components are assumed
to be taken with respect to a common inertial frame.

1.2 Base Burn Frame Definition

The current burn frame is developed in a two-stage process. First a base frame is developed which is
then rotated about the 3rd axis. Let Bu,b “ tb̂ub,1, b̂ub,2, b̂ub,3u be the inertially fixed base burn frame.
The DCM of Bu,b relative to an inertial frame N is defined as

rBu,bN s “

»

—

—

–

N
b̂Tub,1

N
b̂Tub,2

N
b̂Tub,3

fi

ffi

ffi

fl

(1)
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b̂ub,1
<latexit sha1_base64="jHlKmIXJlx8xAleUp083dSwuKN4=">AAACHHicbVDLSsNAFJ3UV62vaJduhhbBhZSkCrqsuHFZ0bZCE8LMdNIOnUnCzEQIIb+iW/0Pd+JW8Df8ApM2C9t64MLhnHu59x4ccaa0ZX0blbX1jc2t6nZtZ3dv/8A8POqrMJaE9kjIQ/mIkaKcBbSnmeb0MZIUCczpAE9vCn/wRKViYfCgk4i6Ao0D5jOCdC55Zt2ZIJ06WECceWns4TM788ym1bJmgKvELkkTlOh65o8zCkksaKAJR0oNbSvSboqkZoTTrObEikaITNGYDnMaIEGVm86Oz+BJroygH8q8Ag1n6t+JFAmlEoHzToH0RC17hfifN4y1f+WmLIhiTQMyX+THHOoQFknAEZOUaJ7kBBHJ8lshmSCJiM7zWtiCxcIP6XX/vgjJXo5klfTbLfu81b67aHYaZVxVcAwa4BTY4BJ0wC3ogh4gIAEv4BW8Gc/Gu/FhfM5bK0Y5UwcLML5+AfwxodI=</latexit>

b̂ub,2
<latexit sha1_base64="0ZVGEU57TnEr9MPWGRXQRCDPgk0=">AAACHHicbVDLSsNAFJ3UV62vaJduhhbBhZSkCrqsuHFZ0bZCE8LMdNIOnUnCzEQIIb+iW/0Pd+JW8Df8ApM2C9t64MLhnHu59x4ccaa0ZX0blbX1jc2t6nZtZ3dv/8A8POqrMJaE9kjIQ/mIkaKcBbSnmeb0MZIUCczpAE9vCn/wRKViYfCgk4i6Ao0D5jOCdC55Zt2ZIJ06WECceWns4bN25plNq2XNAFeJXZImKNH1zB9nFJJY0EATjpQa2lak3RRJzQinWc2JFY0QmaIxHeY0QIIqN50dn8GTXBlBP5R5BRrO1L8TKRJKJQLnnQLpiVr2CvE/bxhr/8pNWRDFmgZkvsiPOdQhLJKAIyYp0TzJCSKS5bdCMkESEZ3ntbAFi4Uf0uv+fRGSvRzJKum3W/Z5q3130ew0yriq4Bg0wCmwwSXogFvQBT1AQAJewCt4M56Nd+PD+Jy3Voxypg4WYHz9Av3WodM=</latexit>

r̂
<latexit sha1_base64="jIT7AI9ZuH+3sjgVYIu9nwpnmYw=">AAACEnicbVDLSsNAFJ34rPVVdelmaBFclaQKuqy4cVnRPiAJZTKdtEPnEWYmQgn9C93qf7gTt/6Av+EXOGmzsK0HLhzOuZd774kSRrVx3W9nbX1jc2u7tFPe3ds/OKwcHXe0TBUmbSyZVL0IacKoIG1DDSO9RBHEI0a60fg297tPRGkqxaOZJCTkaChoTDEyVvKDETJZEHGopv1Kza27M8BV4hWkBgq0+pWfYCBxyokwmCGtfc9NTJghZShmZFoOUk0ShMdoSHxLBeJEh9ns5Ck8s8oAxlLZEgbO1L8TGeJaT3hkOzkyI73s5eJ/np+a+DrMqEhSQwSeL4pTBo2E+f9wQBXBhk0sQVhReyvEI6QQNjalhS0RX/ghu+k85CF5y5Gskk6j7l3UG/eXtWa1iKsETkEVnAMPXIEmuAMt0AYYSPACXsGb8+y8Ox/O57x1zSlmTsACnK9ffFeedw==</latexit>

b̂ut,1
<latexit sha1_base64="kfkUXwRIiCEqUKjN1sZW/Wdk8NQ=">AAACHHicbVDLSsNAFJ3UV62vaJduhhbBhZSkCrqsuHFZ0bZCE8JkOmmHziRh5kYoob+iW/0Pd+JW8Df8AqePhW09cOFwzr3ce0+YCq7Bcb6twtr6xuZWcbu0s7u3f2AfHrV1kinKWjQRiXoMiWaCx6wFHAR7TBUjMhSsEw5vJn7niSnNk/gBRinzJenHPOKUgJECu+wNCOReKHE4DvIsgDN3HNhVp+ZMgVeJOydVNEczsH+8XkIzyWKggmjddZ0U/Jwo4FSwccnLNEsJHZI+6xoaE8m0n0+PH+MTo/RwlChTMeCp+nciJ1LrkQxNpyQw0MveRPzP62YQXfk5j9MMWExni6JMYEjwJAnc44pRECNDCFXc3IrpgChCweS1sCWUCz/k1+37SUjuciSrpF2vuee1+t1FtVGZx1VEx6iCTpGLLlED3aImaiGKRugFvaI369l6tz6sz1lrwZrPlNECrK9fGf6h5A==</latexit>

b̂ut,2
<latexit sha1_base64="9qZwPJkcvcJ+JyT3NZOc7gssJF4=">AAACHHicbVBNS8NAEN3Ur1q/oj16WVoED1KSKuix4sVjRdsKTQib7bZdupuE3YlQQv+KXvV/eBOvgn/DX+Cm7cG2Phh4vDfDzLwwEVyD43xbhbX1jc2t4nZpZ3dv/8A+PGrrOFWUtWgsYvUYEs0Ej1gLOAj2mChGZChYJxzd5H7niSnN4+gBxgnzJRlEvM8pASMFdtkbEsi8UOJwEmRpAGf1SWBXnZozBV4l7pxU0RzNwP7xejFNJYuACqJ113US8DOigFPBJiUv1SwhdEQGrGtoRCTTfjY9foJPjNLD/ViZigBP1b8TGZFaj2VoOiWBoV72cvE/r5tC/8rPeJSkwCI6W9RPBYYY50ngHleMghgbQqji5lZMh0QRCiavhS2hXPghu27f5yG5y5Gskna95p7X6ncX1UZlHlcRHaMKOkUuukQNdIuaqIUoGqMX9IrerGfr3fqwPmetBWs+U0YLsL5+ARujoeU=</latexit>

b̂ub,3 = b̂ut,3
<latexit sha1_base64="SKQx7itqI4DVKoEN7WQmr67zlVw=">AAACMnicbZDLSgMxFIYz9VbrrerSTWgRFKTMtIJuhIoblxXtBdoyJGnahiYzQ3JGKEOfwZfRrT6H7sStK5/A9LKwrT8Efr5zDifnp5EUBlz33UmtrK6tb6Q3M1vbO7t72f2DmgljzXiVhTLUDUoMlyLgVRAgeSPSnCgqeZ0Obsb1+iPXRoTBAwwj3lakF4iuYAQs8rOnrT6BpEUVpiM/iX16VhrhK7xAwVI/m3cL7kR42Xgzk0czVfzsT6sTsljxAJgkxjQ9N4J2QjQIJvko04oNjwgbkB5vWhsQxU07mZw0wseWdHA31PYFgCf070RClDFDRW2nItA3i7Ux/K/WjKF72U5EEMXAAzZd1I0lhhCP88EdoTkDObSGMC3sXzHrE00Y2BTntlA1d0NyXbsfh+QtRrJsasWCVyoU787z5dwsrjQ6Qjl0gjx0gcroFlVQFTH0hF7QK3pznp0P59P5mramnNnMIZqT8/0Ly/CqaQ==</latexit>

✓(t)
<latexit sha1_base64="p5M41ZW6R0qeVynGCRRG6f8IwVQ=">AAACEXicbVDLTgJBEJzFF+IL9ehlAjHBC9lFEz1ivHjEKI8IGzI7zMKEmdnNTK8J2fAVetX/8Ga8+gX+hl/g8DgIWEknlarudHcFseAGXPfbyaytb2xuZbdzO7t7+wf5w6OGiRJNWZ1GItKtgBgmuGJ14CBYK9aMyECwZjC8mfjNJ6YNj9QDjGLmS9JXPOSUgJUeOzBgQHAJzrr5olt2p8CrxJuTIpqj1s3/dHoRTSRTQAUxpu25Mfgp0cCpYONcJzEsJnRI+qxtqSKSGT+dXjzGp1bp4TDSthTgqfp3IiXSmJEMbKckMDDL3kT8z2snEF75KVdxAkzR2aIwERgiPHkf97hmFMTIEkI1t7diOiCaULAhLWwJ5MIP6XXjfmxD8pYjWSWNStk7L1fuLorVwjyuLDpBBVRCHrpEVXSLaqiOKFLoBb2iN+fZeXc+nM9Za8aZzxyjBThfv71CnXY=</latexit>

✓(t)
<latexit sha1_base64="p5M41ZW6R0qeVynGCRRG6f8IwVQ=">AAACEXicbVDLTgJBEJzFF+IL9ehlAjHBC9lFEz1ivHjEKI8IGzI7zMKEmdnNTK8J2fAVetX/8Ga8+gX+hl/g8DgIWEknlarudHcFseAGXPfbyaytb2xuZbdzO7t7+wf5w6OGiRJNWZ1GItKtgBgmuGJ14CBYK9aMyECwZjC8mfjNJ6YNj9QDjGLmS9JXPOSUgJUeOzBgQHAJzrr5olt2p8CrxJuTIpqj1s3/dHoRTSRTQAUxpu25Mfgp0cCpYONcJzEsJnRI+qxtqSKSGT+dXjzGp1bp4TDSthTgqfp3IiXSmJEMbKckMDDL3kT8z2snEF75KVdxAkzR2aIwERgiPHkf97hmFMTIEkI1t7diOiCaULAhLWwJ5MIP6XXjfmxD8pYjWSWNStk7L1fuLorVwjyuLDpBBVRCHrpEVXSLaqiOKFLoBb2iN+fZeXc+nM9Za8aZzxyjBThfv71CnXY=</latexit>

�v(t)
<latexit sha1_base64="uN/i6HszY8sob91wpOneSTyJ38g=">AAACFXicbVDLTgJBEJzFF+IL9ehlAjHBC9lFEz1i9OARozwSdiWzwwATZnY3M70kZMN36FX/w5vx6tnf8AscYA8CVtJJpao73V1+JLgG2/62MmvrG5tb2e3czu7e/kH+8Kihw1hRVqehCFXLJ5oJHrA6cBCsFSlGpC9Y0x/eTP3miCnNw+ARxhHzJOkHvMcpASM9ubdMAHF9iUclOOvki3bZngGvEiclRZSi1sn/uN2QxpIFQAXRuu3YEXgJUcCpYJOcG2sWETokfdY2NCCSaS+ZXT3Bp0bp4l6oTAWAZ+rfiYRIrcfSN52SwEAve1PxP68dQ+/KS3gQxcACOl/UiwWGEE8jwF2uGAUxNoRQxc2tmA6IIhRMUAtbfLnwQ3LdeJiYkJzlSFZJo1J2zsuV+4titZDGlUUnqIBKyEGXqIruUA3VEUUKvaBX9GY9W+/Wh/U5b81Y6cwxWoD19QvF558T</latexit>

�v(t0)
<latexit sha1_base64="FdUCuodL+ppcow4yOD5Z+YJQXH4=">AAACGXicbVDLTsJAFJ36RHxVXbqZQExwQ1o00SVGFy4xyiOhDZkOA0yYaZuZWxLS8CW61f9wZ9y68jf8AgfoQsCT3OTknHtz7z1BLLgGx/m21tY3Nre2czv53b39g0P76Liho0RRVqeRiFQrIJoJHrI6cBCsFStGZCBYMxjeTv3miCnNo/AJxjHzJemHvMcpASN1bNu7YwKIF0g8KkHHOe/YRafszIBXiZuRIspQ69g/XjeiiWQhUEG0brtODH5KFHAq2CTvJZrFhA5Jn7UNDYlk2k9nl0/wmVG6uBcpUyHgmfp3IiVS67EMTKckMNDL3lT8z2sn0Lv2Ux7GCbCQzhf1EoEhwtMYcJcrRkGMDSFUcXMrpgOiCAUT1sKWQC78kN40HicmJHc5klXSqJTdi3Ll4bJYLWRx5dApKqASctEVqqJ7VEN1RNEIvaBX9GY9W+/Wh/U5b12zspkTtADr6xeAx5/n</latexit>

Fig. 2: Burn frame unit vector Illustration.

The first base vector is defined as the normalized ∆v direction using

b̂ub,1 “
∆v

|∆v|
(2)

To create a full three-dimensional reference frame, a vector r̂ is provided in the input message. The
second base Burn frame vector is then defined as

b̂ub,2 “
r̂ ˆ∆v

|r̂ ˆ∆v|
(3)

The final base frame vector is then defined as

b̂ub,3 “
b̂ub,1 ˆ b̂ub,2

|b̂ub,1 ˆ b̂ub,2|
(4)

Note that if r̂ and ∆v are orthogonal to begin with, then r̂ “ b̂ub,3. In this case the r̂ vector defines
the axis about which the ∆v vector will rotate.

1.3 Burn Time

The input message contains a time tag tstart when the ∆v burn is to begin. The time since this start
time is thus evaluated using

∆t “ t´ tstart (5)

where t is the current time. A negative signed ∆t is a valid burn duration and corresponds to a rotation
towards the nominal attitude at the start of the burn.

1.4 Current Burn Frame

The current burn frame is defined as Bu,t “ tb̂ut,1, b̂ut,2, b̂ut,3u. It differs from the base burn frame

through a third base-frame axis rotation. The rotation rate 9θ is given in the input message as
dvRotVecMag. The current angle θ is

θptq “ 9θ∆t (6)

The DCM going from the base to the current burn frame is

rBu,tBu,bs “

»

–

cos θ sin θ 0
´ sin θ cos θ 0

0 0 1

fi

fl (7)
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The final output reference frame is then computed as

rRN s “ rBu,tN s “ rBu,tBu,bsrBb,tN s (8)

which is mapped into the equivalent σR{N MRP set for the output message.
The reference frame angular velocity vector is computed as follows. Note that because Bu,b is

inertially fixed then ωBu,b{N “ 0. The angular velocity vector between the current and the base burn
frame is

ωBu,t{Bu,b
“ 9θb̂ub,3 “

9θb̂ut,3 (9)

The desired inertial reference frame vector is then given by

ωR{N “ ωBu,t{N “ ωBu,t{Bu,b
` ωBu,b{N “

9θb̂ut,3 (10)

As 9θ is constant and b̂ut,3 is inertially fixed, the reference angular acceleration is zero.

9ωR{N “ 9ωBu,t{N “ 0 (11)

2 Module Functions
• Read in ∆v information: The nominal ∆v maneuver information is read in to establish a base

burn reference frame

• Allow for a constant rotation: The reference frame is rotated at a constant rate during the
burn duration.

3 Module Assumptions and Limitations
The module assumes the rotation rate is constant. Further, the burn direction is assumed to be along
the first reference frame axis.

4 Test Description and Success Criteria
The unit test computes setups up a sample ∆v maneuver message and runs the module for 3 time steps.
This ensures that the θptq angle updates are occurring correctly.

5 Test Parameters

The test sets up N∆v “ r5, 5, 5s m/s while Nr̂ “ r1, 0, 0s. The commanded reference frame rotation
rate is 0.5 rad/sec, and the burn start time is set to 0.5 seconds.

The unit test verify that the module output message vectors match expected values.

Table 2: Error tolerance for each test.

Output Value Tested Tolerated Error
sigma RN 1e-09
omega RN N 1e-09
domega RN N 1e-09

6 Test Results
All of the tests passed.

Table 3: Test results

Check Pass/Fail
1 PASSED
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7 User Guide
This section contains information directed specifically to users. It contains clear descriptions of what
inputs are needed and what effect they have. It should also help the user be able to use the model for
the first time.
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