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Angular coordinates
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 c9X8zPujXSPzLniZhXxj8c2b5mjop4FUHzX66umK6NJQJXLGhAx6cy9+rXv7mvFE2Panp+p3IptZqBI5g4M+NYk00Ud0aagSOYODPk0zr101ETZYE31El4YqkTM46NM0fBN9RJeGKpEzOOjTtPbOHRNh
gzXRR3RpqBI5g4M+TcM30Ud0aagSOYODPk3DN9FHdGmoEjmDgz5NldpzE2GDNdFHdGmoEjmDg
z5N wzfRR3RpqBI5g4M+ZbPF6ybCBmiij+jSUCVyBgd9yoZsoo/o0lAlcgYHfcqGbKKP6NJQJXIGB33K
Nj95aCJsgCb6iC4NVSJncNCnbMgm+oguDVUiZ3DQp2zIJvqILg1VImdw0Kdv+tWPTYpVHzVQjQfR
paFK5AwO+vQN00Qf0aWhSuQMDvr0eZvol648QDUeRJeGKpEzOOjTV9itmgjrt4k+oktDlcgZHPTp
G6aJPqJLQ5XIGRz06Tv8+pmJsPz5a6jGg+jSUCVyBgd9+oZpoo/o0lAlcgYHfSZ4m+jLpAzVGBBd
GqpEzuCgz4SFN45MhPXVRB/RpaFK5AwO+kwYuIk+oktDlcgZHPSZULrywETY6tu3UY0B0aWhSuQ
M DvpMGLiJPqJLQ5XIGRz0meBtoj/96seoxoDo0lAlcgYHfVaYCJMtfhN9RJeGKpEzOOizYrAm+ogu
DVUiZ3DQZ8XyW7dMhG1/eopqL4guDVUiZ3DQZ8VgTfQRXRqqRM7goM8KbxN9mZGh2guiS0OVyB
kc
9FlxcP+JibD4TfQRXRqqRM7goM+KwZroI7o0VImcwUGfIQM00Ud0aagSOYODPkPmL94wERaziT6i
S0OVyBkc9BkyQBN9RJeGKpEzOOgzpPjBiYmwmE30EV0aqkTO4KDPkAGa6CO6NFSJnMFBnyEDNN
FH
dGmoEjmDgz5DGi9/NhEmW5wm+oguDVUiZ3DQZ0u/TfQRXRqqRM7goM+WxTdvmgiL00Qf0aWhSu
QM Dvps6beJPqJLQ5XIGRz02dJvE31El4YqkTM46LNlt/LIRFicJvqILg1VImdw0GdLv030EV0aqkTO
4KDPnNwrH5kU69lEH9GloUrkDA76zOmriT6iS0OVyBkc9JnTVxN9RJeGKpEzOOgzZ+PdeybCejbR
R3RpqBI5g4M+c/pqoo/o0lAlcgYHfeb01UQf0aWhSuQMDvrMqf/00kRYzyb6iC4NVSJncNBnkbeJ
fqX2HNUwiC4NVSJncNBnUfwm+oguDVUiZ3DQZ9Hq27dNhEU30Ud0aagSOYODPou8TfTX3rmDah
hE l4YqkTM46LNo5+b3JsKim+gjujRUiZzBQZ9F3ib6M69dRTUMoktDlcgZHPRZFL+JPqJLQ5XIGRz0wiCcWr9+8VscVFednq19aGw46LNu85OHZogEm+gjujRUibrrP8KaY0+vjj2/+LrsNkNN4yyMIkU3
0Ud0aagSdTdAhLV3hb/CCKNIp09fyIhRW7CJPqJLQ5VsVv/ppWrYmz9/TebdpSsPIj4LeQD9R1jn
5eG39890/MiSEUa9RDTRR3RpqJLNvK0uzSZjYOGNo8Judf9uPXhvTV8YYTRuEU30EV0aqmQz70eI
dtvmL95Y3/myfKPW7XNhBscIo8TJ1YQZu74m+oguDVWymUyyZCLmnXpHb+p6UwZGMtebjDBKXE
QT fUSXhipNBIkkmZFJPHnbxkVv069+vPjmTXW9ie/Sr74jrPUzytfv38XuuHHQW0CuF8wY9TXRR3Rp 2eyjzwjLumKxiBGk5XK5nj/9YYrRwEJ7hKVyw0QcjLBMK5fLGEEeMT+IQVLM1z5s9e3bOEbUXaFQ
wFBrSfGGiTgYYdm1v78fvIVCJvk4HEP1UYMpRgOQC0YZe3Nzc+neMBEHIyyjKpVK8IfZGxsbOBxb
MMXWd77EMSL7McKyqF6vB28BW15exuE+HX79zPfZRYXdzH2UFtFgGGGZY7roeEllmHsImWI0qR
hh
mRPs7SszsuF/GHRw/0nH506uX9n+NBO3JhINgxGWLcFbCqenp5P6COXdyiOmGE0YRliGlEol5JaW
y+WS/ai+YIrt3Pwex4gsxAjLim5ddHA4OR0f3bZ+RRJNcg3HiGzDCMuE6C46iWOK0cRghKWvWq0G
O2Gura3h8GiUrjzwptj0qx8ffv0Mx4jswQhLWb1eD7Y0WVxcxOFRKuxWmWLkdXx8fOHCha2trceP
H6MUUC6X5Rw5E/tpY4Slqa8uOqMQTDE2enXZycmJGoTdFmH39vbUCXImSmljhKUp2EUnn88ndQt
F TGxXTV4yw1JDMXQitrS0JIfkHOxnACMsNb5+AGJ6XJ8e6sMUIyNiIpbBKZhghKVje3tbjQYjl8vF
7KIzCr6m+2xX7bJuEzH1ISCZmoIJRlgKhu+ikzg23ScjdCJ2dHSkipmagglG2Lgl1UUnccEUm794
g41e3RSciGVzCiYYYWN1enoa7KKzsrKCw2lju2pSzERsb29PdjM7BROMsPFpNBrBD1JbWFgYpotO


 BFyNfYEmQpLL+apng0zHZFKGku69LUXs20NyyuUuOokbZ9N9uYpUv4rvcvLkx4aqX771A0pkuSQjudVKrkKhUKlUcIwsd1IsfpTL+dIquH08Pd3v0lg3p09fbH96unLpC3VPGdsf2s6CCNvZ2cnn8+vr
60yuifS8Uuk5Hbs1mtuS1c392CE7WRBhfELbBV+srPhiy7s96PyQBCLDjrUwmmD1/f2es7BnvDOZ
umCEUWrkElKuEH1pFdyuhX3gMZHCCKMUNKpV322uEZuciZcRBTgXYdVCQf7xxw6N3ZODg24zL5
lt 1crl4NFTfpILdedWhH2/syNviY9yuXsbG0n9kJ5ikj/8o4UFbzaZ7ePp6ZNiUf2NPCiVfEdlyqa+6ftxby+4PT8+xmEi6o4RlrInBwe+5jlm+2xpSbIM5xFRGEZYyiSkVGDVymU1//rh8uV7586ZIJNd
nEpEAYywlJkIa5ycoNTyolaTWZg69PLxY1SJqBMjLGXdIkyYQ/wkDqJuGGEpi4gwqahDcg5KRNSJ
EZayiAh7fnysDnEWRtQNIyxlERH2zdaWOvSiVkOJiDoxwlIWGmEvHz+ulcuqLl+gSkQBjLCUmQi7
d+7cVxcuyHa8tqYqsvGOCqJojLCUmQgLbsFLSyLyYYSlzETYk4MDySzZZOalKp8tLfGOMKJojLCU
ha6FvajVVFGuK1EiojCMsJSFRpgwy/m8nCSKwAhLWbcIk0tIVf9mawslIgpghKWsW4QJc18YV8SI
umGEpSwiwszd+XIOSkTUiRGWsogIE6pZxfHaGvaJqBMjLGXREWZusHh2dIQSEXkwwlJmuraGPghp
FvX5mBFRKEYYEVmMEUZEFmOEEZHFGGFEZDFGGBFZjBFGRBZjhBGRxRhhRGQxRhgRWYwRRk
TW+uWX /w8gnRewXP7SEgAAAABJRU5ErkJggg==The
[[[:Modèle:JavaDoc3.4]]/org/orekit/utils/AngularCoordinates.html AngularCoordinates] class contains
an orientation and its associated rotation rate. Its use is similar to
[[[:Modèle:JavaDoc3.4]]/org/orekit/utils/PVCoordinates.html PVCoordinates].

Orientation

The orientation is described by a rotation. This Rotation is the one that transforms the reference
frame into the frame of interest. It is expressed in the reference frame.

(% style="text-align: center;" %) [math]\vec{X_{int / ref}} = R(\vec{X_{ref / ref}})[/math]
[math]\vec{Y_{int / ref}} = R(\vec{Y_{ref / ref}})[/math] [math]\vec{Z_{int / ref}} = R(\vec{Z_{ref
/ ref}})[/math]

Rotation Rate

The Rotation Rate is a 3D vector expressedin the frame of interest. Its norm is the angular
velocity of the frame of interest. Its direction is the instant axis of spin. Here is the case of a spin
around the Z axis :

http://patrius.cnes.fr/index.php/Fichier:Orientation.png
http://patrius.cnes.fr/index.php/Fichier:RotationRate.png


Rotation Acceleration

The Rotation Acceleration is a 3D vector expressedin the frame of interest. Its norm is the angular
acceleration of the frame of interest. As the rotation rate, its direction is the instant axis of spin (see
image above).

As the classes implementing [[[:Modèle:JavaDoc3.4]]//org/orekit/attitudes/AttitudeLaw.html
AttitudeLaw], the computation of this acceleration must be desactived (see [ATT_ALW_Home
Attitude law description]) at construction of an instance of the class using the boolean in
constructor :

AngularCoordinates(final PVCoordinates u1, final PVCoordinates u2,
                   final PVCoordinates v1, final PVCoordinates v2,
                   final double tolerance, final boolean
spinDerivativesComputation)

One can obtain more details about using this constructor reading
[[[:Modèle:JavaDoc3.4]]//org/orekit/utils/AngularCoordinates.html AngularCoordinates].

Use example : time shifting the orientation

The orientation can be basically shifted in time using the rotation rate. Here is an example of code
realizing this computation. It allows some reflexions about the different frames of expression
involved.

// getting the content of the angular coordinates
Vector3D rotation_acceleration = angularCoordinates.getRotationAcceleration()
Vector3D rotation_rate = angularCoordinates.getRotationRate();
Rotation orientation = angularCoordinates.getRotation();
 
// To compose two rotations, they must be expressed in the same frame.
// The orientation is expressed in the reference frame, so the shift
(evolution of the rotation) has to be expressed in the reference frame too.
// To create it, the rotation rate has itself to be expressed in the
reference frame.
// Here is how it shall be obtained :
Vector3D rotation_rate_in_ref_frame = orientation.applyTo(rotation_rate);
 
// the rotation shift can then be created ("dt" is the time duration of the
shift) :
Rotation shift = new Rotation(rotation_rate_in_ref_frame,
rotation_rate_in_ref_frame.getNorm()* dt);
 
// the new orienation can finally be computed
Rotation finalRotation = shift.applyTo(orientation);

The shifted rotation can be directly retrieved using the methodshiftedBy of
[[[:Modèle:JavaDoc3.4]]/org/orekit/utils/AngularCoordinates.html AngularCoordinates].



AngularCoordinates shifted = angularCoordinates.shiftedBy(dt);
Rotation shiftedRotation = shifted.getRotation();

Attitude
An attitude object contains all the information about the satellite's orientation at a date :

The time stamped angular coordinates of the frame of interest in the reference frame (wich can be●

the "satellite frame" or another according to the user's needs)
The reference [[[:Modèle:JavaDoc3.4]]/org/orekit/frames/Frame.html Frame]●

The convention used to describe the orientation of the frame of interest in
[[[:Modèle:JavaDoc3.4]]/org/orekit/attitudes/Attitude.html Attitude] is the same as in
[[[:Modèle:JavaDoc3.4]]/org/orekit/utils/AngularCoordinates.html AngularCoordinates] :
the rotation returned by Attitude.getRotation() is the one that transforms the reference frame
into the frame of interest.

The Attitude class also provides a static method (Attitude.slerp(date, attitude1,
attitue2, frame)) to perform interpolation with SLERP method. In term of computational time, it
is more performant than Attitude.interpolate(...) but to perform more accurate
interpolation, the user should use Attitude.interpolate(...) .

Use example : changing a vector's frame of expression

This convention implies that if one wants to change the frame of expression of a vectorfrom the
reference frame to the frame of interest, the computation shall involve the inverse of the
orientation :

Vector3D vector_in_ref_frame = new Vector3D(a, b, c);
 
Rotation orientation = myAttitude.getRotation();
 
Vector3D vector_in_sat_frame =
orientation.applyInverseTo(vector_in_ref_frame);

Transform
iVBORw0KGgoAAAANSUhEUgAAAg0AAAG3CAIAAAC4w/FNAAAAAXNSR0IArs4c6QAAAARnQU1BA
ACxGLx5II+FemphYUEeq/xAGpETQFIcnOkMzadu6/2Zq+/fVXkgwVA9e109Xv7GG42DI/VYNokNfbaHOQFguLEXQIUFyAkAw426ACrzEzYhJwCEMtICqMxP2IQ3EkAoIy2AyvyETcgJAKGMtwAqLEBOAAhl
pAVQmZ+wCTkBIJSRFkBlfsImvJEAQhlpAVTmJ2xCTgAIa4wFUGEBcgJAWOEXQGV+wibkBICwwi+A
yvyETXgjAYQVfgFU5idsQk4ACGuMBVBhAXICQFjhF0BlfsIm5ASAEYRcAJX5CZvwRgIYQcgFUJmf
sAk5AWAEoy6ACguQEwBGEHIBVOYnbEJOABhByAVQmZ+wCW8kgBGEXACV+QmbkBMARjDqAqi
wADkB
YDRhFkBlfsIm5ASA0YRZAJX5CZvwRgIYTZgFUJmfsAk5AWA0Iy2ACguQEwBGE2YBVOYnbEJOABhN
mAVQmZ+wCW8kgJENXQCV+QmbkBMARhZ+AVRYgJwAMLKhC6AyP2ETcgLAyIYugMr8hE14IwG
MbOgC
qMxPhHFwpvPJ9meuHegDxsOtZ5y/3hNBvRZnh5wAMLLwC6Ai0O0Tnb9Gfx5cujwgP+JBTgAYR/AC
qMxPhNSvpEhWMSHICQDjCF4AlfmJ0HpKioQVE4I3EsA4ghdAZX4ivO6SInHFhCAnAIwj5AKoCEFl
w6tbNz/++Oa1xYQVE4KcADCO4AVQmZ8YjbrWdOr26VOJKyYEOQFgHMELoDI/MSJ9ucnZElZMCN5
I AOMIXgCV+YmRqZJiaDEhp808SMgJAGMKswAqQlM3Pl0+rXcHGCsnnKnyU7f1zujICQBjClgAlfmJ
0ZETAKwTsAAq8xOjG5wT6iYoZ3t164w3JzyzGp4X6htt1fk3veecXTzTvw98MN5IAGMKWACV+YnR
DcoJZ6B3x/fOOW5OODdHuVWCkw3quBMq/i9CPQEgHmEWQEVoA3LCN+6b607O8c5HLjR5+fEnM
HyT
4eQEgHgELIDK/MToBuSEcx/UoJzQf/nu5saG+5S5ykROAIjNoAVQmZ+ITFA90RMqXZzgUYUFOQEg
NoMWQGV+IjrOcK8rA1Uo6PkJ77xFX84JxzmhXzUOcgLA+IYugIoIHF9iunxaHh+P+F33MukkcK5T
uUdMDeF+Be53AjBrgxZAZX7CJuQEgPENWgCV+Qmb8EYCGN+gBVCZn7AJOQFgIsELoMIC5ASAif
Rdg1QVEoojLQ+XOuQEgMiYBVBzXziV3vmJ+v5dGfpLg/vuSWysvXjFmstKQ5ETACIj46YZTL//p2ma L8Dh4eHc3Ny0G4ZHguVRk4CcAJJo8l5+g6gaQqIiIZ+WGMq7PKo81kcxQ+QEkCxDevlNUEaIer0uIRW3/EOSnBCZuj6LeM2ml5/63u69z1XioVQqpXRJiWjV9++qnJBt9+ItfXR86iMUalrCe+9TP+REjYdOCYqJLEhmGWGou2CFigemH4LV9++ae5zMJgXE/q2HZnlUs2189x39MgyTypwYRP2LEnp/LKRE IejlB2QcOYEg9PIDQE6gvw/v3fzpzhd82aA2evkBmUJOoA96+QEwyAl0oZcfAB9yAsf+8s//iF5+
AHzICThowgFgEHIC9PIDEIScyDTKCABDkRMZRRMOACGRE1lELz8A4ZET2UIZAWBU5ESG0MsPw
BjI iUyglx+AsZET9qOXH4BJkBM2C+7lRxkBIAxywlr08gMQCXLCQvTyAxAhcsI2Ab38KCMAjIGcsAdN
OABMAzlhCXr5AZgSciL1KCMATBU5kWJDm3BQRgCYHDmRVvTyAzAb5ET60MsPwCyREykT3MuPM
gJA
5MiJ1KCXH4BYkBPpQC8/AHEhJ5Luw3s3B5UR9PIDMAPkRKLRyw9A7MiJhKKXH4CEICeSiDICQHK
Q E8lCEw4ASUNOJAi9/AAkEDmRCJQRABKLnIiZasIxqIyglx+A2JETcaKXH4DkIyfiQS8/AGlBTsTA



6eU3oIyglx+ApCEnZopefgBSh5yYHXr5AUgjcmIW6OUHIL3IiamjCQeAVCMnpohefgAsQE5MC2UE
ADuQE9GjCQcAm5ATEaOXHwDLkBORoYwAYCVyIgLBvfze/86XKSMApBc5MSl6+QGwGzkxPnr5Acg
C
cmJMAb38bn11gTICgDXIiZHRyw9AppATo6GXH4CsISfCCujlRxkBwGLkRCg04QCQWeTEEPTyA5Bx
5EQQyggAICf6C27C8cGP/kSfBwC2Iyf6oJcfABjkRBd6+QGADzmhOU04vvcVevkBgA854aCXHwAM
kvWcoJcfAATLdE787Mo5evkBQLCM5gS9/AAgpCzmBL38ACC8bOUEZQQAjCpDOUETDgAYQyZygl5
+ sWi3241GQ/6r9wGkk/05QRkRl6WlJXkvisXi7u6uPgQghWzOicc3377zXNmXDWqjl98MFAoF/X7k y8v6KADACpPmxN7eHg3DAcBiE+VEq9UyH5WgYTgAWGlITqytrc3Pz/ft80rDcADIgqCc2NvbUzHQ
O+vQbreXlpbUs/l8vtFo6CcAAHYJyglzF9Pq6qo+5FpZWVFPCRqGA4DFgnJibW1NJYHv8xAbGxvq
uKBhOADYLSgnTBMO72Wl7e1tdVD01hkAAMsMzIl2u21ueDU9X+v1ujoiaBgOAFkwMCeazabKg7m5
OXOEhuEAkDUDc8IsSKdudmq1WjQMB4AMGpgTpq/f5uamlA40DAeAbBqYE+bjEbu7uzQMB4DMGp
gT ZipieXlZPRDeG2T39/el1FAfyab9HwDYqn9OtFotFQxeqmG4Nx681AsBAJbpP757W4UrEgx940FI Transform object describes the position, velocity, orientation
and rotation rate of a "destination" frame in an "origin" frame.

Transform provides the methods tranformVector(...), tranformPosition(...),
tranformVelocity(...), etc... that change the frame of expression of those objects from "origin"
to "destination".



The convention used to describe the orientation and rotation rate of the "destination"
frame in [[[:Modèle:JavaDoc3.4]]/org/orekit/frames/transformations/Transform.html
Transform] is the same as in
[[[:Modèle:JavaDoc3.4]]/org/orekit/utils/AngularCoordinates.html AngularCoordinates] :
the rotation returned by Transform.getRotation() is the one that transforms the basis vectors
of the "origin" frame into the ones of the "destination" frame.

The position and velocity of the "destination" are expressed in the "origin" frame.

Use example : creating a satellite frame

In the following example, the "origin" is a terrestrial frame and the "destination" is a frozen satellite
frame : the position and velocity in Transform are the ones of the spacecraft.

// CREATION OF THE TRANSFORM AND SATELLITE FRAME
//<del></del><del></del><del></del><del></del><del></del><del></del><del></de
l><del></del><del></del><del></del><del></del>---
 
// satellite pvCoordinates in GCRF
PVCoordinates pvCoordinates = new PVCoordinates(position, velocity);
 
// satellite Angular Coordinates
AngularCoordinates attitudeCoordinates = attitude.getOrientation();
 
// transformation "from GCRF to satellite frame"
Transform gcrf_to_sat = new Transform(date, pvCoordinates,
attitudeCoordinates );
 
// satellite frame creation
Frame satFrame = new Frame(FramesFactory.getGCRF(), gcrf_to_sat, "satFrame");
 
// USE OF THE TRANSFORM
//<del></del><del></del><del></del><del></del><del></del><del></del><del></de
l><del></del><del></del><del></del><del></del>---
 
// X vector of the satellite frame
Vector3D x_satFrame = Vector3D.PLUS_I;
 
// the same vector expressed in GCRF
Vector3D x_sat_in_GCRF =
gcrf_to_sat.getInverse().transformVector(x_satFrame);

More code examples
Here is an example of code that may help understanding the use of rotations in attitudes and frames
transformations.

// GCRF, reference frame

http://patrius.cnes.fr/index.php/Fichier:Transform.png


final Frame gcrf = FramesFactory.getGCRF();
 
// Axis of the GCRF frame, expressed in GCRF
final Vector3D xGCRF_inGCRF = Vector3D.PLUS_I;
final Vector3D yGCRF_inGCRF = Vector3D.PLUS_J;
final Vector3D zGCRF_inGCRF = Vector3D.PLUS_K;
 
// Directions associated to those axis
final IDirection xGCRF = new ConstantVectorDirection(xGCRF_inGCRF, gcrf);
final IDirection yGCRF = new ConstantVectorDirection(yGCRF_inGCRF, gcrf);
final IDirection zGCRF = new ConstantVectorDirection(zGCRF_inGCRF, gcrf);
 
// Creation of a "zero" PV provider
final PVCoordinatesProvider pvProv = new PVCoordinatesProvider() {
public PVCoordinates getPVCoordinates(AbsoluteDate date, Frame frame)
throws OrekitException {
return new PVCoordinates(Vector3D.ZERO, Vector3D.ZERO);
}
};
 
// a date...
final AbsoluteDate date = new AbsoluteDate(2014, 10, 2, 11, 46, 00,
TimeScalesFactory.getTAI());
 
// Axis of the satellite frame, expressed in the satellite frame
final Vector3D xSat_inRSat = Vector3D.PLUS_I;
final Vector3D ySat_inRSat = Vector3D.PLUS_J;
final Vector3D zSat_inRSat = Vector3D.PLUS_K;
 
// The attitude law :
//- axe Xsat on Y_GCRF,
//- axe Ysat "as close as possible" to Z_GCRF.
// We are implicitly defining the orientation of the satellite frame.
final AttitudeLaw attLaw = new TwoDirectionsAttitude(yGCRF, zGCRF,
xSat_inRSat, ySat_inRSat);
 
// Attitude computation,
// and getting of the associated rotation.
Attitude att = attLaw.getAttitude(pvProv, date, gcrf);
Rotation rot = att.getRotation ();
 
// Computation of the axis of the satellite frame in the GCRF
Vector3D xSat_inGCRF = rot.applyTo(xGCRF_inGCRF);
Vector3D ySat_inGCRF = rot.applyTo(yGCRF_inGCRF);
Vector3D zSat_inGCRF = rot.applyTo(zGCRF_inGCRF);
 
// Print
System.out.println("xSat_inGCRF: " + xSat_inGCRF);
System.out.println("ySat_inGCRF: " + ySat_inGCRF);
System.out.println("zSat_inGCRF: " + zSat_inGCRF);
 



// getting the attitude quaternion
Quaternion q = rot.getQuaternion ();
System.out.println("quaternion: " + q);
 
// Printing the axis and angle of the rotation,
// to visualize its "right" definition.
System.out.println(" axis: " + rot.getAxis());
System.out.println(" angle: " + rot.getAngle());
 
// Creation of the satellite frame
AttitudeFrame attFrame = new AttitudeFrame(pvProv, attLaw, gcrf);
 
// getting the transformation from the satellite frame to the GCRF
Transform transform = attFrame.getTransformTo(gcrf, date);
 
// Changing the expression frame of Xsat from Rsat into GCRF
// to match the previous result :
System.out.println("xSat_inGCRF: " + xSat_inGCRF);
System.out.println("transform.transformVector(xSat_inRSat): " +
transform.transformVector(xSat_inRSat));
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