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iPn5g9ckfZBausbWdF/NuWST60fZViOyc7+7p47SZEg4wsTly5fxpm+x716w/f39YBedzc1NHKYk
BFNsFI1ea09fqO+v7rFQX6s404mRfIQJdYOF8C3tZx+761zNeJruX771g/dX4b1gk2ckEWYWwpOO
sPbHokR810bA2EVnnMbWdF/dYCGbb2mf{JkPyEWaWw]QELySbAZbghzd1Cu2ilxXeAjY6wRQbRbtq
tQQmGyNsIliUcYTLnUm/+cov60qHl/F4fdD4cmW2p360hMzLeAjZqwXbVyaaYWQJTW+iF5N33r8uh
M+8/xz5Z]eElkzmXvPnV9aNQi2LJ3FSR9Cdoeq2vr7dSq41ddMYmmGJJNd2X0Zf6huU/1 MxN+cHI
fEaY1ZKMMPMskXnGyFxUJnBr68gijF10UicpNop21TLnkm+1rh91U4tiSdxU8d1Z+Ule+g571Kok
[0yt4st/sd+imLyX+y3tOJIrgn18nz78rDjc8xNuaMgkksydtH]JiGC76rV37uDYQMyzROYZI3NR
OfStrYywDEkswsyEy9dvxzxj5H3MuxVhTR1LW6ramVvtsBrBLOzw8DB4C1ixWMRhGq9km+61rVXzf
k95qlib/xb5y83Mpnr2Jvdbu5zIK37tkfifXL36Lg+qq0701D1Eqgkomw6GUvKapOMM12VFj58ii4
XN+smJOSjrBqtTozM9P6fbX5ppA0Zkk13TcTLI+/HfOMUcd]j3iER1jxHr449v/i67DZDTeMsLEOS
iTC1ii9Cf/ho1shMy8OwOAommDpNIxKNsHq9Pjs7q35XBrvoZEEwxTY/eYhj8UQveOlRfdt2s52w
CGvvCn+FEZYhCUSYeS4y4hYw8/i3moh1jbAQyUdYaBedubk53kKREUM?23Ver+LKFPktk1sjal.Q9D
Iqzz8vDb+2c6fmTJCMuQJ]Jfz44s5C+uQXIStrq6q2DLy+Ty76GRKsOl++Uaslr/mucilZ4nM49+Y
iDHCbJadCOsVUQIFWKFQQG5p7KKTTeNrus8Is112IgxV70SsWTC7SUSYeWDAi110MmtMTfcZYTbL
UoQ1lda6lea8rh44wdtGxUTDFkm/02neEtX5G+fr9Ya8IKAnpRNj4VSqVYBedjYONHKYMG3nT/b4j
DJXW76fzTBo7]yLs9PQ02EVnZWUFhynzgk33KzVPo]DD]j/CGo1G8IPU2EXHOmMNruk92mfwlYxed
iTG2pvtkkQmPsNAuOrwFzF6+F]stXh9Fo1eyiJURJnOo/f39nleCpVIJuaXlcjkbP9GSvMbTd]9s
YV+E7e7uqp8tzszMRNySurOzo2LLS404TNYKbbgfeLtqsoV9Eeb92eL.8/DyqndhFZ7INOHR{3ZmR
e+Uj/ihzwlgWYdVgFYHUInGGAx7souOCfpvum2eVFt706 GdHtrMswnyXh3Nzczigdeuig8M0QYIp
tnLpCxzr]GeacyTLeNUSSSyLsI2NDcRSi29u1l WgOFhYWcEyTmOMtYJNKsilm0/3ZYrvb6v5d3liz
OSyLMNINXqVSCQdaVIZWCcEBjF52]F2xXvb7z]Y55e0/GGKaiINWWNZRHmW+Ty3iER7KIzZPT3NLjou
iNN03/u4+0Kb5nllspSNEVav1xFOmrlC3N7eRknL5XLsouOOnk33]JebMITkTVbKfTRHm+8C02d1Z
Uw/eQiGhpo6SI4Ip5SmtX7T2afMceSolNEea72161mpBLRXbRISW66b73tv7SIQeokuVsijDfan2x
WGQXHIIJNt3fufm90uTtOyZxpopk05sizHfD1870TrCLzsLCAm+hcFy3pvty8WiK+fPX1MIlkO2si
TIIJKaUF80syLthFp1KpxHkmnCZJt6b73mhjo57]JYE2EHRwcIKi68HXRkeQqFApm4iZ5xx5hTvGl
2HSrXfXCG0em4lvsJ0tZE2Gbm5sqjEKZLjq+5P]JaX19X340mxv7demG3Wrry[PTh7WDTfe+Kfrf7
+MkulkTY2toaoihMqSUOuYzI5WV8L50IElve+yTy56+tvXNn5+b33kcgfe2qvdver3+Pk8hm1kTY
/Pw8omggcpm5v7+P70UTYbfyy]JdKasu98pHMtjY/eahWuy]SjLOSJ4A1ERa8eTU+mX/xSaP]c/r0
ha9TRXCbLV5f3/nS+4y3dzP3W5C97IgwCSCkUT8kuba3t7mKnxHPK5X6/r5sL5P7G5FrRpltyZzL
+6PG+FvoA+FkFzsirFwul5ZiWFhY2NzcZH]JljSTX7dXVK1NTZruWzx8tLMh2a3m5WijIdlIsqpiT
7ec+740R60q]JN/z3tHb/MUbeDFZy441C34QUZBKrtNT/qQ8054cHFyfnfUGWcINzpeYuxf70bFK
7XnpygNfZ+rQTeZubH900zsibHFXEUEVMDc3VyqV2BTMIjK9kjzy5VTPTeZoeH1sEk/IG7XVt2/P
vHbVF15mY/tD29kRYcEHuUWdnZ51cVpPp2135eVOORWxyaYIXDuTw62fFD06Cy//Bzm]kFwsiTHIK



udVKrkKhUKIUcIwsd1IsfpTL+dIquH08Pd3v0lg3p09fbHI6unLpC3VPGdsf2s6CCNvZ2cnn8+vr
60yuifS8Uuk5Hbs1mtuS1c392CE7WRBAfELbBV+srPhiy7s96PyQBCLDjrUwmmD1/f2es7BnvDOZ
umCEUWTrKEIKuEH1pFdyuhX3gMZHCCKMUNKpV322uEZuciZcRBTgXYdVCQf7xxw6N3Z0Dg24zL5
It 1crl4ANFTfpILdedWhH2/syNviY9yuXsbG0n9k]5ikj/804UFbzaZ7ePp6ZNiUf2NPCiVfEdlyqga+
A1GQQxEm75CrMzPmjSFfy5sKx2hkXpyeSjxFPFT05fq698HvZ4eH3qPyQhwgCuNQhIU+1CLzAI5X
joL8gyFXhTcXF31/4GaTufCdthXQGZZMysxpEnCoEoVxKM]JkOtBtCfmLIZUhn18hQ/4k5¢c/ZG00+
Tea/Mi+LaLnjDT70lCmac8v5Tw40£j83Z294h3k2uWU63t71GNhjJGkku76V6clv5]1wtFMxLEmwu
RhPJuQhTHmM5udpsmSFOuXriEHIe6WpQ5bMScSzY5Kukm/3jgZb3IPE698MbSPEPpEXTgaYUL+eb+z
tmbeZsFNLmck6eTyEy+gFvlze7S7e29j106fCfkzHGBiK+erZ78HaLBDrnE3whSZbcm7MfryRy48
5b3k8jMuEltynSiT027X4L5NLhhPisVhZrLq9gsuUF]PrkeYIv/sy2Sh57TiWjdvEzeZg+BIE02m
n33FIlmxy50NSKZGf8Mq/KzIR63f6Rg5ihHWQqdbt1dU4Hawk7+TtLcE3MbMzmWr]rEf+jySmI27j
Cm7yRyH]JlezqoaSnXIRih6g7RlgleTM/3Ny8tbwc]8tkk9INUc/dauWzLzwGeHBzIdFIukCWy5Tcf
8//UbBJb8v8r32FEEyX5K2CDHYqDERZF3p8yHZBZSfRiWXCTU]JBJhASERKFMbdLNNfnV5fcgiSCh
[78xuRz2/W5jbv]a+T+ShzWe6zt)MXxF1B0jLC65Y]Q3cPyFoeBmPnNMokS+1YnnA8cG+LmnvMS8
XOJJvaFscm2rfgnZ+03d4KZmlyq28KsSZQwjrG+SHeoSTOZZ0fdD2bh]JRsv/I8Rr/Nu4iFLECBuW
XKbVymV1jdbvilK6mb5pk3V5dVIMsPitKNmKE]JUyuNyUOzDVdXz/aG+kmvxN1VaiW57jSRJOBETYO
akH9+50dSRDZ1A8BZUvkOIS +ifpust1ZW10/hGxytSu/qGwu35RLE48RIhU/NxoqcWJueBmR2xhh
RGQxRhgRWYWRRkQWY4QRkcUYYURKMUYYEVMMEUZEFMOEEZHFGGFEZDFGGBFZjBFGRBZjh
BGRxRhh
6ftxby+4PT8+xmEi604RIrInBwe+5jlm+2xpSbIM5xFRGEZYyiSkVGDVymU1//rh8uV7586ZIJNd
nEpEAYywlJkla5ycoNTyolaTWZg69PLxY1S]JqBMjLGXdIkyYQ/wkDqJuGGEpi4gwqahDcg5KRNS]
EZayiAh7fnysDnEWRtQNIyxIERH2zdaWOvSiVkO]JiDoxwlIWGmEvHz+ulcugLl+gSkQBjLCUmMQi7
d+7cVxcuyHa8tqYqsvGOCqJojLCUmQgLbsFLSyLyYYSIzZETYk4MDySzZZ0alKp8tLfGOMK]JojLCU
ha6FvajVVFGuK1EiojCMs]SFRpgwy/m8nCSKwAhLWbclk0tIVI9mawslIigpghKWsW4QJc18YV8SI
umGEpSwiwszd+XIOSkTUiRGWsogIE6pZxfHaGva]qBMjLGXREWZusHh2dIQSEXkwwlJmuraGPghp
FvX5mBFRKEYYEVMMEUZEFmOEEZHFGGFEZDFGGBFZjBFGRBZjhBGRxRhhRGQxRhgRWYwRRk
TW+uWX /w8gnRewXP7SEgAAAABJRUSErkJggg==The
[[[:Modele:JavaDoc3.4]]/org/orekit/utils/AngularCoordinates.html AngularCoordinates] class contains
an orientation and its associated rotation rate. Its use is similar to
[[[:Modele: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 [[[:Modele: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 ul, 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
[[[:Modele: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
[[[:Modele: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 [[[:Modele:JavaDoc3.4]]/org/orekit/frames/Frame.html Frame]

The convention used to describe the orientation of the frame of interest in
[[[:Modele:JavaDoc3.4]]/org/orekit/attitudes/Attitude.html Attitude] is the same as in
[[[:Modele: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, attitudel,
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

iVBORWOKGgoAAAANSUhEUgAAAGOAAAG3CAIAAAC4wW/FNAAAAAXNSROIArs4c6QAAAARNQU1BA
ACx
jwv8YQUAAAAJcEhZcwAADsMAAA7DAcdvgGQAACxrSURBVHhe7d1/jBvnnd9x3rXpsfmLCXoFAxTX
PeCAbooC5V3RYrvwH4vrP/yj6e0fBbLoPOlrAWFzvRabAk5XVISL8wVg4BjgGmd061yDRXVBtgkb
EDOkYqPkjgpO9lgGT3QEy2trFVOGrKx+VFILOplRZ]/7HT7PPDscksMhOeTMPPN+YWBxhsOVLK6e
z37nGX6{3McAAAXGTgAAgPATAIAgS5AQATAg5AQAIQk4AATKQEWD60PrgsX40lmazWa/X9Q5SjpwA
OMfC1sX6/129M7pyuTw/P99ut/U+00ycAOC3f+thbvls4eR5eaAPjaJWq+U6qtWqPoQO0IycA+K3X
rkpOyDb39CujXoCSGmJubk7IRD6fPzw81E8gtcgJAF3ajz8qPvWyygnZyi9cOk+EUGIUVEgoq6ur
+gmkFjkBoEvtOhOTEmqT8kI/N4xUD1]D61jo1BPy32azqZ9GOpETQExuXlvsHo6924nRfoiPkhQQ
vj+MbDsXQl0+WIZkWBYX15udGxsbMhugVTSTyOdyAkgJonMicP7j3x/ErXInzy3d+2ePmmAvb(09
VUPs7++1rl+12ulgsysGdnR11BGIETgBJosPjla2b+sCMbdZbvoQwW/Gpl1t3g+5zlbpBImF9{fV0e
L3X1g93dXTkoacE9sulFTgDJ8XDrGWdEjvGi09zTr6hUmK+8gh6snHqzcPK8erywdbH9+CN9ajep



GLx5II+FemphYUEeq/xAGpETQFIcnOkMzadu6/2Zqg+/fVXkgwVA9e109Xv7GG42DI/VYNokNfbaH
ub60vb2tjgj5CfW42WzKU97rUUgXcg]JIBn3F6f]pvR8DyQAVBuulq3vX7qnHUljIUyY2ZKv88F11
viG1giRBwHz16ugqgnFAul/U+UoWCcA]lg/itOh/cf5Z88p5Kg+d6Dow8eq8eyqWitNay9eMUdqgl+60
VwmpEtT9r3t7e/qQZ35CMFfL1mo1fQjpQU4A8YvIipMwFUPpa6+pl+bTdqp7h6 TFwtZFdcThOmN5
eVKCQP6rdhU5IvVROR7ValSNzc3NMaKcOOQHELeQVpOuXc89c09A70ZN4UBkggaGOLD3/ujpiqgep
OcxEtzwrRxgNhoz+Uiv4+nN45ycUiQfVz8PMYSAtyAkgXrdPdIbd4Vecxso]p11JUaaY2Yj8k+dM
Qydzock71dF874G6PCW1hezu7+/L6B+y358kx/z8PJeeUoecAO]J0+pQzEle64jTNnDCR4L2dyVy]
8t3jJFGxWWS8F{5bCNz+BVCMngPjI008MxIOvOB1/ZvvVrTPenNDz3r6X63kOdf5N7zInF88EdQg3
15gaB0f6kOc2WTNjEZ4zO9E9P4H0400E4jL0ipMz0Lvje+dkNyecKsStEpxsUMedUPFHTsh6Qi]B
0s]3w6vp4VE4eV4{fCql3fgLpRU4AMdHFXIBNBnffuG+uOznHvY09JEI6u53iw5c6IXNiEHONnrGSG
PoTsISeAmAzNCeeEQTnhO9+NDfcpcbVpwpwwNOGNugYq8xM21SeApAqq]/zX1705F61UYTFhTphP
aJubZUNifsImv]JFAYjnDva4MVKGg5ye88xZ90Scc54R+1TgqP3xX5¢cTailf0oXCYn7AJOQEk2PEIL
psunbfHxiN91L5NOAu+FLFENDuF8h+H6nQczadqOufggbhkBMABmq+90DIRPGpl/WhcJifsAkSAWCg
9uOPVE71Zj6nHQbzEzbhjQQQxCxYNHTdUy/mJ2xCTgAIsvyNN1RO7Fzo6vSH7CAnAATZ+047Kifk
gT4UAVMTNIiEnAATZfumGygkpLPShE]JifsAlv]JIAgvgVQQ2]+wibkBIAgvQugImvICQBD+BZADYP5
CZuQEwCG6F0AdSjmJ2zCGwlgiL4LoAZjfsIm5ASAIQYtglqMICcADDHGAqMT9iEnAAwxBgLoDI/
YRPeSADDjboAKVMTNIEnAAw39gKosAASAWC4URAAZX7CJuQEgOFGXQCV+Qmb8EYCGG7UBVCZ
n7AJ
OQFguLEXQIUFyAkAw426ACrzEzYhJwCEMtICqMxP2IQ3EkAoly2AyvyETcgJAKGMtwAqLEBOAAhI
pAVQmMZ+wCTkBIJSRFkBIfsImvJEAQhlpAVTm]2xCTgAla4wFUGEBcgJAWOEXQGV+wibkBICwwi+A
yvyETXgjAYQVigFUb5idsQk4ACGuMBVBhAXICQFjhFOBIfsIm5ASAEYRCcAJX5CZvwRgIYQcgFUJmf
sAkBAWAEoy6ACguQEwBGEHIBVOYnbEJOABhByAVQmZ+wCW8kgBGEXACV+QmbkBMARjDgAqi
wADkB
YDRhFkBIfsIm5ASAOYRZAJX5CZvwRgIYTZgFUJmfsAkSAWAQOIy2ACguQEwBGE2YBVOYnbEJOABhN
mAVQmZ+wCW8kgJENXQCV+QmbkBMARKZ+AVRYgJWAMLKhC6AyP2ETcgLAyIYugMr8hE14IwG
MbOgC
gMxPhHFwpvP]9meuHegDxsOtZ5y/3hNBvRZnh5wAMLLwC6Ai000Tnb9Gfx5cujwgP+]BTgAYR/AC
gMxPhNSvpEhWMSHICQDjCF4AlfmJOHpKioQVE4I3EsA4ghdAZX4ivO6SInHFhCAnAIwj5AKoCEF]
w6tbNz/++0alxYQVE4KcADCO4AVQmMZ8YjbrWdOr26VO]JKyYEOQFgHMELoDI/MS]9ucnZEIZMCNS
I AOMIXgCV+YmRqZ]JiaDEhp808SMgJAGMKswAqQIM3P10+rXcHGCsnnKnyU7f1zujICQBjClgAlfm]
0ZETAKwTsAAg8x0jG5wT6iY0Z3t164w3]zyzGp4X6htt1fk3veecXTZTvwISMNSIAGMKWACV+YnR
DcoJZ6B3x/fOOW500DdHuVWCkw3quBMq/i9CPQEgHMEWQEV0A3LCN+6b60708c5HLjR5+fEnM
HyT
4eQEgHgELIDK/MToBuSEcx/UoJzQf/nubsaG+5S5ykROAJNoAVQmMZ+ITFA90RMgXZzgUYUFOQEg
NoMWQGV+IjrOcK8rA1Uo6Pk]77xFX84]xzmhXzUOcgLA+IYugloIHF9iunxaHh+P+F33MukkcK5T
uUdMDeF+Be53AjBrgxZAZX7CJuQEgPENWgCV+Qmb8EYCGN+gBVCZn7AJOQFgIsELoMIC5ASAIf
Rd
AJX5CZuQEwAmOncBVOYnbMIbCWAIfRAAZX7CJuQEgIkEL4AKC5ATAChSdwFUb5idsQk4AmEjfBVCZ
n7AJbySASfUugMr8xMxs11tLz7++curN7ZdutO629dFIkKRMAJThWwACqmytvaXW1zT7+y9uKV3Yu3
TGO30XICwKR6FOBIfmJmzH3]JvVvpa6/JO+LIXMtdyAkAk+pdAJX5iVnav/VQ3gLbyzefje/dyi9c
qvzw3eZ7D/RrRsSEbCWBSvQugMj8RF3kvNuutha2l JiF8W+HkeSIBzZExXSGOQEgEKFLICKuEjpIDWE
eV+8mxwioW0iJwBEwWLCcAKVMTsZDA3r14a/Vbb809/YpJBd82akglcgJABHwWLoDI/MUuNg60N775j
GjIGbGOEhOCNBBAB3wKozE9IMmIRt1bPXZdwfNHet5iHMR1tkGy8kBDkBIAKDFkBFhA7vP9q5cLj6
rbfMVb7eTQo7c1+TadE029ghlcgJABHWLYDK/ESE5092vXY14LKSFAlygpzmTQJJFHPCJCEhyAKA
EfAtgMr8xISkIJBqQMZ3M9b7NikppHSTMOi7jGCEISFAIWFEW7sAKvMTY1CXIWTO0D7is]JIP+0I/L
RRsSgpwAEI2+C6AimAzitUt31mtXvRPOvk3+YtV]jJf2aQN6QkBdGOuW]nAAQDfIBWA1P1bPXmZ8I
pidrmZuJezcpKVa/9dagyOqDTCMkBDkBIBrm7hrnHInm]3q07ra3X7ohaVo4ed6M5t4t/+S58guX
JGWDLysNIoliLvl FGBKCNxJANLwLoDI/ochgLX8tEpzBl5Ui6epqciLakBDkBIBoyE/BauArehZA
zaahzfjUZaXdi7dGuqwOlLwFUr]MPnHtQO04AilYMT2YcfOKfIbM2P2GaewdcVp]ng2evgxZYKUJO
AljM8dWVz/zZ9LMxPHHX67q29eCWg7566rNQ4ONKvSSFyAkBkzAKo//G/2zw/ofruBVxWkthQI5Wi
nSelCzkBIDIyeqqBUh70Q7ZQffcC1oxTI5W2X7qRustKQ5ETACIjo6QaNP/Wh/9XC+YnDu8/Grqc



g1QVEo00jLQ+XOuQEgMiYBVBzXziV3vm]+v5dGfpLg/vuSWysvXjFmstKQ5ETACIj46YZTL//p2ma
n2i+96A6bDkHdVmpdbetX5MZ5ASAKJkedsm/TH8YYjmHha2L. m/WW3ZeVhilnAET]9Cz6B7+1pg8l
SfvxR/XOcgdBH5CWp9ZevFK7dCcjlsWGIicARMIp7qQG3H/8r/ShBFB998qDI3NQq4Rm87LSUOQE
gChV3QVQf/PZs/pQTGTE3+ks5zDoA9KyLWxdIPzI+GWlocgJAFGqdy+AOmNhInOQp+QEOS3yPki2
licAROnQXQD1r/+7/6MPTZ8UBFIWBHxAWI11WkvKCy0pjICcARMzcWhptM1Sfocs5yLb0/OuSH+Mt
5wCDnAAQMIM]JtcnXVPAScpdzCPiAtLqs]L8115W8Wh16Z0TkBICIyc/4asiunr2uD01m79g94L57
xadeVpeVplrBpFo+n8/lcuvr60dHI3eu]ScCARMy7AKo+NDqznMOgD0jLVn7hEpeVQtrY2HCWos31
CoXC9va2PhoOOQEgYjXPAqj6UDhHneUcgvvulb72mrqspF+DO0JrN5tLSkkqLUgkUvvE7OQEgYVvID
vhrTQy6AqpZzCOi7p1Y]5bJSJHZ3d4vFokqL5eXlw8ND/cRg5ASAIHkXQB3U+kIt5xDQd082eVbO
4bJSS5SNrt9ubmppaxkP/KYzmin+uHnAAQvU9+8X+psd77UWepBtRlpYC+e1]VSG3BZaUZkEpCo6glV
WEIFIXWGfqIHOQEgernPfUWN+zsXDmXQX69dHXpZSSKEy0qz12g0SqWSSoulpaVms6mf8CAnAET]
UevCz66cU9vn/tPXnQz43dPePPBu+SfPOV35fv1{5j79K+rlaqgjicSyPt7e31WOxtrbmm7TQZwOA
8Vc/b8tY37585t73vuld7jxX9m43vvTp9373k32376/knZLiS/54cKqK]07k/k5]/UZqYOJx719b
rZZ6L0bn5+v1ujpBOWcDgPL45tuHv/ervnF/100f/ubndDZ86eyv/P6euqzEcg4]5]3TLhQK1WpV
P+FBTgDocvTNE75Bf9Tt11cX3r524+/+vv4AMxMqpN/WXRs]475HtvdxkkBMAutz9+ud94/6020/+
7yn5002DI111SrJ+VYK]J9cSREs9IcWFhQCSEP9vb29BP9kBMAunzwoz/xjfsjbXsn/rb+Qp617Qon
z3MvUOQJI0SClg0qI4NthDXICgJ9ExU93vnDnufL73/mydx774St/PPSq1L3XvqO/SucDd2a90FF7
eGAaKpVKoVCQhMjn8xshGyF7ApITAEL58061//dffsuXCr7t11cX9NmuvWv3VE7ItnNhelsITEmj
0Zifn1dIRLIc3t/f10+EQE4AGO7+mWcD70I1mxQi+gUem/WWyon8k+dYTidu606m3ntewyAnAARS
fPPt288u+fKg79ZbTCjtxx+ZD2MvPf+6PorZ2u417uM0OCDkKkBYKCAMuLm5md9R/oWEOrzvQem31/1
h+/qo0gJcgJAH49aF27+QcmXBGqT4z+7ck6gB+/BQcWEYRYvksDYv/VQHOUakBMAuvzVz9v3/vd/
9maAd50n5IRrP/hvwvuMBxYROFidtfe01 Fq9OEXICwLHgMkKelXPa7fa53/6U96mhxYTSuts2V582
620u6Y/ZlycAOD764P2j//HvvaO/2W586dP3vvcVKSPUmeMVE8r2SzdUTkhgeJemQJKREwA+bl8+
M6j33+1nlx7{fFuf1 2ksOurMhM/S86+rqJivvMrVp1QgJ4BMc8qIAR+xljLi/pln9XkdlUrln/+9
vO+08MWEcnj/UeHkeRUV67Wr+igSjJwAskuG+EF1x]3nyt4yQllfX//+SldOjFpMKDsXDIVOyNY4
CNUG6AjEiJ4As+vDezUFNOH7y5GcevvLH+jxXq+VMO8urfCePWkwYK6feVDkx9/QrrEuRcOQEKDkS
AxIGvhFfbRIeEgh6PNf+/n6hUFhZWXI14 +13vx+7GKyaUw/uPik+9rK]i9Vtv6aNIJHICy]BRywil
OWhITiwvL8vjh6/9T3W+hMSHd6+pE8ZTu3RH5YRs9f27+1iSh5wAsiKgCcfRN0989MH7 +jyPdrut
1jiTksKOBnrUuvCzK+{6nj8qqSRUTkhtwQIViUVOAPYL60V3+Hu/2r58Rp/XQ2qlYrHYbDb1{tSO
Png89zTLoyYdOQFYbowyQjk60lpYWCgUCtPLCeFdHpUFKpK]JnACs9ah1wfeZOLOpXn76vH7Ub5aZ2
uz3VkFBYHjXhyAnAQmF6+elT+6nX67lcbnt7W+9PGcujJhw5AdgmTC+/YJVKRX]JifX1d70+fd3nU
7Zdu6KNIBnICsMdHH7z//ne+7MsGtfl6+Q2iLjeJRqOhHswMy6MmFjkBWCJ8L79Bjo605ufny+ Wy
PNCHZsi7POrC1kV9FAIATgCpN 11IvwwDNZrNYLM7NzcWSE4LIUZOJnADSbdRefoO0oK06tDnUkFt71
USU29FHEipwAOmg8Jhx9VavVQqEw+zm]JvlgeNWnICSCVRu31F6xcLudyuVqtpvdjxfKoSUNOACKT
YRkh1FREu92ul+vqSBKY5VFIY3nU2JETQJeffvu]b3/7Q08kz9hNOPpqtVrFYrFSqej9JGF510Qg
JwA/iYrt33nup3ovKcbu5Rdgd3c318uVy2XTCzY5vMujrr14RRIFHMgJZE39B+W/sR1mS1JURFtG
CAkGIQ31€j2uu2CHYnnUhCAnAL9E1ROTIPILsLKysrCWkNiEMMzygMWnXmZ51LiQEOCX5MxPTNj
L L8Dh4eHc3Ny0G4ZHguVRk4CcAJJo815+g6gaQqlilZ+WGMq7PKo81kcxQ+QEkCxDevINUEalerOu
ZUSiboENg+VR40VOIIucGQjfrLXZnolzD]2811+w1dXVXC63sbGh91PCuzzq8jfe0EcxK+QEsmpv
rRMMT/zFdX3g448P/u]3VFqs/VgfmZ20evkNYu583dnZUQ/SheVRYOROIKuuP/dtf04INypmW1UE
9PKLplyQkCiVSqkri3zWaldVThROnmeBilki]5BZ6oMUvpxwLOnN6r7YaJtwDFKv1/P5/Pz8fP]v
hA3gXR516fnX9VFMHzmBzArMiZlceoq2198g60pTo9GIt2F4]JFgeNRbkBDIrznpiNmWEqFQqpVL]
rGZqAe/yqPu3HugimCZyApnVNyf0/MQP9vT+NAQ34YigjBBSSczPz+dyudTdCBuA5VFnj5xAZvXm
xNQnsafRy28Qdbnp60golatKREjKiCkuUHHz2qLzIlV/d6snrgzOd2ZFTt/V+ZpATyCyVE77Nfxkq
QpH38gugGobblxDGV]JdHPX3K+cr+PBicHIY]]5BZ/ecnpuFR68KgMuLmH5SiLSOU9fX1XC63vLys
921klkedwgIVt090vvK]S3pfqPBYPJPFGRFyApk1i5yYXi+/oarVqvlsnZW8y6NufPcdfTQqly47
X/mZa70lpG83Y8gJZNbUc2]6viwCSA2xtramd2w3zeVRH249Ywol/dhbXmQKOYHMmm]JOfPTB+4PK
iM17+QXY29vL5/0FQsGCj0gEVH 7hksqJuadfifjgk56QuLyV1elrgbxAVvXv2xGBaffyCyZRkZaG
47GY6vKoekLb2bI4fW3YIhM2f74106VzIsqPSky711+AWq02Pz+fnTLCy7s8an3/rj4aCV1SZLqY
EFbIRLvdnpublyowlL+veBQfmJhqGSHf2wH{2PLswsJCLperVqvoUMZMZ3IUPS2htqD]JiUuX7Z27i
tionNjY2rL8XEAkOgyYc5X15n88HAPGTp7a3t/VOIniXR5XMOEcnZ05xGnqz01g54XxqLyV1ij05



IRW3/EOSnBCZuj6LeM2ml5/63u69z1XioVQqpXR]JiWjV9++qn]Bt9+I1tfXR86iMUalrCe+9TP+RE
WkgZoUJCyL8cfRSYmpn18ms2m40+q6vVKt/wRoTLo/pbdLj3Pp3W+56pC8mSM96c8F6t0j5ff0F1
/s2uK1r]/+ye]TIRr9c7AXEssxdqMRv3zzw7qlyltpefkH]BvgVXV1b0f{jf5Vs/m9HUv7/Ko5Rcm
+LBDbyr4m3k4A707vncqDzcnnNPcdHGyQR13vmDXVxPUEzMIxbj8PKXiwSgWi0xoYxpm2ctPUU04
fD/6bG5urq6u9l6]yrihy6OunHqzcP]84Mqpg64yeabE+cZ9c93]0e69g1ZeYs73z4STEzOISu9e
8q9LnwFEZ]Ja9/lylpSX5fvb2BpefgdSMxd7eNBugp5NZHjX/5Dnf8qiH9x+pp0pfe00f6jV411pf
O5KnnHMG5YTz9T2bGxvuUyZ+yInZkX8whUKhkwtINJtNfR4wmdn38jPUd7jvZif53mb6uq+A5VEI]
NtTxuadfOYfGE1RP+K8vdXOKEIVYkBOzo0OpyodZjUcyctvwgps8DxhVjLz+xv78v38nFYIHtSjyU
SiUSqHbRI3d51MoP39VHOxFijutDY3KGel0ZqE]B1x/eeYu+nBOOc6]Jf1ZJA6c4]JdR+1UqvVIKNCc
znuPrMUt+DEDsfTy81Lf20ZTQepnoOx0+hvboOVRTUSM2gzq+BLT5dPy+HjE77qXSSeBupalNIND
uF8hMFcSId050a7bmn9F6rGQx+0zd0J+EGOuD201g5efj/pOlv+qXflm3tzc7P2WIggDjw15SQx4
10c1qWBuiPJNXSBAinPCFBBSOqgyX00KeSz/kCQh1K78u+q8Aggr315+XuVyWb6H5btdHvR+41pK
50qlYi667u7ubicwYHIUM3UR+Sp4FktrTnhjwNzXpHaF2pV/M2pXgoQbzBFSjL38+1L{5xIG8195
rGaz5fub5Wql6bweXb/KVIZWAxh7Z5F0eVS1QsfT86+pI44C/q7DSmhNSIqh/Ht7LSuqlULtCNUCT
5vKu38HWojqjnxOBNy7APskpI5TDwOP5PiwUCv]YgkGqCikpzOVWoe]BfiTqvRKVQdWz12Xz9QH0
LY+6/1031G4UvT2ylpU5YW4eF95CWx0Rer970rv/1VtyAh0za8IxEnVxdW5ujngYSsZ9FQCFk+{X
aldN3w7v8qhy3PT2CPyoHbgkMifMzISUC/pQhzoo9H6HuXF2hFkKKHR6LW6m4Zw0TmO00vvzGoyOle
Uhnv70wQD728n8SWThJh7cUrarLauzygKS/MjAWGSmVOyD8S+WGqd1UW/S+pOyeOjo7kB7FyuRy
6
jYdOCYqJLEhmGWGou2CFigemH4LV9++ae5zM]JgXE/q2HZnlUs2189x39MgyTypwYRP2LEnp/LKRE
dgT08vvpzhdiLCMMqYaJh1HVLt0xk9VmM2WE2SQ/9AswDDnRjZTThtn38sOMNQ60emsI77b8jT0
qRiGnPAiJTThlI5 +iEXzvQfmBiffSmvOhADkxDFSwnpBvfw2P0sZYavW3ba5zcls85VX9dMYhpxw
kRJWi7eXH5JA0mK9dtXcIztpy9gsISeUOyc6L5wk]ZwvMfhO2uBnMVWx9/Kbvdbm5vVq9ZHVS3V9
1G7£2t09ajRG+t88vP9047vvFE6el6jQhzAMOeGIICWQSAGY9/GSztYyQAfRcPn8215PtUrl8uLM;j
R/Rzdnm4v/9aqaT+Ty8uLLy+tKQCUsKjHdiqb+iDx3x+1jxylkxK6GtSHeY0ednilthxa50vo57U
X9DVOeg+63ypE6fNGZQYU5S0JhwzI8Gghk6zSWy8tbp617MinjUkAt9cWIHI/5pNUKTCQ/5CINKY
Czmhh2wz/PfohIT7tGdHvfD4dW4SyK969FeZ0HmyKydMPLgHEbGk9fKbscdHRzlyyvjoGzRle71Y
vLq+Lj+G61NtcWN725RQvu2Vubng2g]DZT4n1Gg/iAzi3sHeYWLAP8jrfV84uAWDe3b3l/OcgKhk
tozoJePjubXKq/PzvgFTNhk9pcKQOLFgDL23tyfhjxHo+3+UjZCIBDkxLCfcAd51Bnr/E+7+8djv
PcN9TE5MO0Yf3bt79+ud92aC2nzz5mb/88z/S52XPg2bzytpa35FUNpUZt3Z30zLvLX/O07Xa0xsh
fWsmsxESUcl8Tgw1Tj1hdCVCZ4+cm]bE9V]LILv1ukTCoEsOsknxIYkimZGOEVai7sb2tvzh+5ZH
VRShESFyYqjOwO807c¢50n2rBofflF+9RFzkxPQnv5ZdM9/b23q1 ULpXLAZkh28WFhTeWl1ubm+00
1NncNyW/i/xeEmny+6qi4Xyh4PuDebfXSqWr6+vyEINeEBLRIifCcAZ57XhYd0d+19n3nH18vvss
ORGxB3/2hwnv5Zd8ITNDbT]ky3AsNYcM4vIgGZ29m/6Kw3hf4s0DiSXfbzdok5P1V{JaE13yQP35
CYnIlkRMR8xQcDoJgeujINwOmM2S09Y7LsW8vF4tS2VyvVuVPqP+s3e7UanlalTENSETETFXR4UsN
RIZefrPxoNIUP++/tbo69PpPV]JuUB{]7qYpBNgkbwtzIe3VInZCYEnlick42GIRESH5+/Uf080ouR
mjw43NIRg7iMzmpMV1uYKkR9cNpsavb DXclaVCuEIV+Kk]JgScgKpQS8/DCLpRUhNMDzmBdMhgLz8g
Icg]]B11BBAvcgKJRhMOIHbkBBIq4738gOQg]5BEIBEpdPpyz61NZ3MnbutnkWLkBJKFXn6p1Tcn
n02yp20B00icQILQyy/NVE54C4iDa4sqKqgq0o2cQCLQyy/9enNCqlOL1/i8aZgRE4gfviysODcn
VEIBTqQbOYE40cvPIgH1BNed002cQGzo5WeX3khwbye8/feRQuQEYhDQy48yIrVUTVRShET6kROY
KZpw?2KtfThASViAnMDv08rOa77qTe9FpceuhPoK0licwC5QRGdA7P6ErDD5nl3bkBKYuuAnHz6//
SJ+HdOvNiY8fbil SUIIAnMAUOcsvS/rkhHuQz0+kGzmBaaGXX8b0zQm3pGBCO83ICUQvu]ffgz/7
Q30erN1/jz4+2HqVkiLlyAlEjF5+gGXICUSGXn6AlcgJRCOgl9/dr3+eMgJIL3ICk6KXH2A3cgIT
0ZcfYD1yAmOijAAygpzAyGjCAWQKOYHROMsPyBpyAmFRRgDZRE4glPblMzc3P+vLBrXRyw+wGzm
B 1ejlB2QcOYEg9PIDQE6gvw/v3fzpzhd82aA2evkBmUJO0A96+QEwyAlOoZcfAB9yAsf+8s//iF5+
AHzICThowgFgEHICI9PIDEIScyDTKCABDKkRMZRRMOACGRE1IELzZ8A4ZET2UIZAWBUSESGOMsPw
Bjl iUyglx+AsZET9qOXH4BJkBM2C+71RxkBIAxywlr08gMQCXLCQvTyAxAhcsI2Ab38KCMAjIGcsAdAN
OABMAZzIhCXr5AZgSciL1KCMATBUSkW]Dm3BQRgCYHDmRVvTyAzAbSET60MsPwCyREykT3MuPM
gJA
5MiJ1KCXH4BYkBPpQC8/AHEh]5Luw3s3B5SUR9PIDMAPKRKLRyw9A7MiJhKKXH4CEICeSiDICQHK
Q EBICEw4ASUNO]JAiI9/AAKEDmRCJQRABKLnliZasIxqlyglx+A2]JETcaKXH4 DkIyfiQS8/AGIBTsTA



6eU3olyglx+ApCEnZopefgBShS5yYHXr5AUgjcmIW60OUHIL3IiamjCQeAVCMnpohefgAsQESMC2UE
ADuQE9GjCQcAMSATEaOXHwWDLkBORoYWAYCVyIgLBvfze/86XKSMApBc5MS16+QGwGzkxPnr5Acg
C
cmJMAb38bn11gTICgDXIiZHRyw9AppATo6GXH4CsISfCCujlRxkBwGLkRCg04QCQWeTEEPTyA5Bx
5EQQyggAICf6C27C8cGP/kSfBwC2Iyf60]cfABjkRBd6+QGADzmhOU04vvcVevkBgA854aCXHWAM
kvWco]cfAATLAE787Mo05evkBQLCM5gS9/AAgpCzmBL38ACC8bOUEZQQAjCpDOUETDgAYQyZygls
+ sWi3241GQ/6r9wGkk/05QRkRI6W1]XkvisXi7u6uPgQghWzOicc3377zZXNmXDWqjl98MFAoF/X7k
cgsLC3t7e/0]JAKlibU7Qyy92EgxSTOi3pGNtbe3w8FA/DSAILMyJX/vUL9LLLyHa7fbm5mY+nldv
jZAio1KpMGkBpIhVOfFLfy33H/7]]378RX88ql1efnGRGmMJ5eVkHRcf8/Hy9XtdPAOg2q3Li5D/9
hC8b1EYvvyRoNBoSDz000srl8v7+vn4aQFJZIRO//MlfaP7rv+kLCXr5]Uq1WvXOb4uNjY2joyP9
NIDksSonFhcX/81i0STE91fyv1 H8RT0alcGKxeL29rZ+FwEkjD050Ww28/n8E0888c1/8Us//uln
/+0/4+0QehJASCwsLFBZAAIMSE61Wa25uTg03v/z]X/i1 TIFGpMzKygq3zAL]JZENOyA+hpV]JDTeF
QkEyQz+B5]JF3plwuqzdLkfeOj+ABSZb6nGi322bcyefzjDiJJXG+sbHh+ywF0xJA8qU+J1ZXV/Wo
k8vVajVIFAmzu7vr+2z2+vo6sxFAKqQ7]yqVih51criqtaqPlkmazebCwo]+kzgWlpb42ASQlinO
CfkRVQ88ncZB+igS4/DwUN4X/Q51SEIBzQekTlpzotFomCvd5X]ZHOWSeMslebM2Nzdp6wSkUSpz
Yn9/33ymt1QqMfokk5mQWF5e5p5XIL3SIxMy4piPSsgDBgDE2tvbkxpCKj+9DyCdUpYTUjp4PyrR
bDb1EwCA6UNZTpj21P18nsbUADADacq]9fV1FR]JiZ2dHHWUATFNqcqJareql6 HSi1kcBAFOWjpyo
1Wo06IjoN4/RRAMDOpSAn9vb2zEcllpaWuAs2dQ62Fp03b3HrQB8wIDMnTut9AAmMU9JxotVrmNvz5
+Xk6AgXT6ROdd9ICIB+pwn/wAkCCJzglJBbOiMg3DU61{SUExAaRDcnOi3W4vLS05AwWkNw23QU1JQ
TAApkdycWF1Z6QwsDprHWaC7pKCYAFIjoTmxsbHhjCIdNAy3hcqGTIB4HgJluCTmxM70TicgHDQM
t4q61nTitPurPgwgyRKXE/V6nYbh9tKXmxwUEOBK]CsnmsOmDcMtp+ezKSaA1EhQTrRaLRqGZ8Ck
15yc1w+uRYKfBTCGpOSEr2E46yfbi7k]IGWSkhPlcrmTETQMt15ATnhmIL45PkPMXt7Y6L+o0cdF6v
nlRfyegcd]91vpQ7Xy4oMYDx]SInvKvt0zDcdmrsNjFgdELCPezZ8Z/v]JoH8qkd/IQmd]7tywsSD
exDAOOLPiUql4owDHZubm/0orOUf9zXvYO8wMeAf5PW+1xzcgsE9u/vLeU4AMKqYc2]3d7cTEA4a
hmeDMO5L3yQl3gHeZgd7/hLt/PPZ723ATkxNAZOLMCRqG49g49YTRIQidPXICiExsOdFqtcxHJWgY
DjWym6Hd2elTLTj0vvziPeo0iJ4DIxZMTkgrmoxLFYpGG4ehwBnnteFh3R36X2fecfXy++yw5AUQm
hpxot9sLCwvgXzcNwzEeT8HhIAiIA6Ykh]5aX11VICBqGYzymqujwpQaAKMO06]9bX13VEODACE3Gy
wSAkgOmZaU5sb2/rf9abnASGPgoASLDZ5US9XtcRQcNWAEiPGeVEs9kOH5WgYTgApMgscqLVahWL
RRUSNAwHgHSZek4cHR3Nz8+rkKBhOACkznRzot1u0zAcAF]JtujmxurqgQkLQMBwAOmiKObG5uakj
gobhAJBa080JqR50RNAWHADSbC050Wg0aBgOAHalPif29/dpGA4Alog4Jw4PD2kYDgA2iTIn2ul?2
qVRSIZHP55vNpn4CAJBaUeaE+aiEoGE4ANghspygYTgAWCman]BgOBFBw3AASESEOVGr1XRESHL
L y8v6KADACpPmxN7eHg3DAcBIiE+VEq9UyH5WgYTgAWGIITqytrc3Pz/ft80rDcADIgqCc2NvbUzHQ
O+vQbreXlpbUs/18vtFo6CcAAHY]yglzF9Pq6qo+5FpZWVFPCRqGA4DFgn]JibW1N]JYHv8xAbGxvq
uKBhOADYLSgnTBMO72W17e1tdVD01hkAAMsMzIl2u21ueDU9X+v1ujoiaBgOAFkwMCeazabKg7m5
OXOEhuEAkKDUDc8IsSKdudmglWjQMB4AMGpgTpq/f5uamlA40DAeAbBqYE+bjEbu7uzQMB4DMGp
gT ZipieX1ZPRDeG2T39/el1FAfyab9HwDYqn90tFotFQxeqmG4Nx681AsBAJbpP757W4UrEgx940FI
5cFHsgHAVv1zwvu]60EkHIZXV0eYrjjYWnRet7h10A8Y+pkTp/U+ACAx+ueEd07CJ5/PjxYPHqdP
dL6ELw8G5wcAIHbI9c6]YLHZGIGM SDysrK7u7ubN9BrtPUqghDpAQAJFOfnDg60uoM5prUFhPHg4cv
FkgJAEi2PjmhmjhJPOzs7EyhOYf3MhMTEwWCQdH1y4vDwcLq9m9x02CIIACDx+s9PTJuepnBwyQkA
Ei2enHBLCo0JAEi6WHLCpISDpACA]IsjJ8w9ThPc70S8dPALg58FAIQ3+5zwhoP33icAQBLNOif8
d8L694X3qpQ5LumyulXViZjOQSdt1JMqd4z0OQfdZ50udOG30II8AYGSzzYk+qeCO8/pY5wz3ec+0O
Ouv4hW4SyK969FeZ0HmyKydMPLgHAQAjmGVO6]To+aleZUDnsHewd5gY8A/yet8XDu6Xds/u/nKe
EwAAIcOw]5zBu/+1n+MAcQd4lxno/U+4+8djv/cM9zE5AQCTmv08dqDugd0ztHt TwKH3dcloXYnQ
2SMnAGBSCcsJNfC7Q7uz06dacOh9+cV71EVOAEBUkpYTwhnkteNh3R35XWhbfc/bx+e6z5AQATCqB
OTECT8HhIAgAIHLpzglTVXT4AUgMAEIF054TKBoOQAIDIpTOnAADTRU4AAIKQEWCAIOQEAGCwjz/+
/wWtp0jaFmF8AAAAAEIFTkSuQmCCA 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 [[[:Modele:JavaDoc3.4]]/org/orekit/frames/transformations/Transform.html
Transform] is the same as in
[[[:Modele:JavaDoc3.4]]1/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
1><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
1><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);

}

b

// 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 AttitudelLaw 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 g = 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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