IR ARERIFLZEZETARTH

FhEE K AFE LY o PIF - Bragdaerlond 40 B % U SR
B EEBASE A ARSI B P T RPN MY L

T lfg ey poAp § A o A e e Bt AR AP R gy i -
51+ i % f§ 8k

SRR P B T A A IS R R S
VEFZ 2 T 2 TR FLE A TSR % Ak AA TR
¢ Rgks ik £ ¢ < (Center of Mass © COM) » & {72 b 2 Xiih > dg o 0 0
B i Zeh YEhE X ZhhT 2 4 Rk She XS L A LS roll( g, ) >
HEY PR cnE i & LG pitch (o)) » EZ TR 0% i & L5 yaw (g.) © 7k

FRFFL B nE SR f S S s AR R R ks

X, X;
Yo =AY, (5-1)
Z, z

(6-D)7 ¢ > T b LA L A MALE L TR L AR
PhE AR RIS > F A BT A R 2R FE G AL R R
Gl A LEREL .G EBELY g £ Fh

i gdrle o

Xx Axy sz
A=|A4, A, A, (5-2)

B x oy -z For RihkdhendE e B 0 THRA T Bt AR > Glde b i

B A R R E LR Aol AR b o A AR B s A | 4 B
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xb"xi:Axx yb'xiszx Zb'-xizA

X, ) :Axy (5_3)
Xb'Zi:sz v cee
FI* S i TR LRk iz - B h

ALY et 5
5 .

Xy = Amxi + Anyi + szzi (5'4)
(5230 ¢ o d AF L o irE ME LR 2 R ks gt
@%54/55‘_ 'l} ]é;l’-o-l——or} _Ei Q—E‘_PJY%H{EH}”’
AL+ AL+ AL =1

Ab + AL + AL =1 55)
A+ A4+ AL =1

d ik 1 E

\\—

O s TP = A S )

= BE NN R

A A, + A A, +A_A, =0

AxxAz'c + AxyAzy + ArzAzz 0 (5_6)
4,4, +4,4,+4.4.=0

I IR E SRS SO AN

2o NEF ZRBH iﬁ'{ijt‘ﬂb/ ik

TR kP ok i o 4245 (5-5)fr(5-6)F M wE AaEEL 4 B T A
i
AA" =1 (5-7)
[ Himgi s (BN APEE 4 L2 g - %1 0 % BBt pafipd
BArird W RS2 Faggad o

5-2 % #h(Euler axis)/ & $8:V % & £k
R ERELLATEELILF YA B w4
Z50 02 BHERD AR 4o(5-5)fo(5-6) 0 # * 27 > i
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GBS RGP RFPAEIERELS RPN EIM e P>

i
|
A

o
&
4%
™

7 - B F Lenk g g2 (Eulertheory) : WM SEFH 2 8hiz - 4 > 7 d
BB E - b e - BARAFD o P EILKp T IEE A
- B - B LAEET VR R - BAERES 1t ke £ G - Bk

A
&

ETaENehE i+ fe:
e=A4e (5-8)

e g e ik MELARY s 2B AFH LR D
s RApk 0 @ fzfa:m:ms;wﬂ@— BHEHEL Aoty it L fichgdict v B
ghenl = 2 e L EIR LY = B2 wihite e e 0 1 E Bt i &
Do T okbite BERESEEL B o PG 2AB51 v R ok

Phhe 2 04 Spedh @ v a bR e D4 G F B E > & edhehd &

PR OEEOE B aB o ki e 2 IFLEe g v ou:

VZlZ:Z|:asi1n0(exa) (>-9)

uzvxe:asing(exa)xe:asne[a~(e-a)e] (5-10)

W a’ehpEk s v B ou’

u'=cos®-u+sind-v (5-11)

fl* gt g T HRedafra’d T s

a=acosf-e+asinf-u (5-12)

a'=acos@-e+asing-u' (5-13)

#-(5-9) ~ (5-10)f=(5-11)F » (5-13) > 3
=(1-cos®)(e-a)e+CcosD-a+sSinD-(exa) (5-14)
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2L(5-14) 3 B Ay, G A P @ N L E L, 0 T AT S

x, = (L—cosd)(e-x,)e+CcoSD -x,+SinD - (exx,) (5-16)

£ APEe i AR £ 50 0
e=e.x;, + ey +e,z, (5-17)

B(5-17) % » (5-16)% 2 & BAF I cFry, vz ¥ F e e e, , O F e B X Sdch

K A

cf-‘é%

,/i

cos® + e’ (1—cosd) ee, (l-cos®)+e.sin® ee (1-cos®)—e sin®d
A(e, @) =| e,e,(1-cos®) —e_sind cos<1)+e§(l—cos®) ee (l-cosd)+e sind
ee.(l-cos®)+e sin® ee (1-cosd)—e, sind cosd + e (1 - cos D)
=cos®-7 + (1-cosd)-ee’ —sin®-E
(5-18)

ee’hw Rendhff o £ G p g
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e, ,
E=| e, 0 -—e,
—e e 0

(5-19)

fihe fi X Fdh o & OF 5 £ 34 & (Euler angle) » ¥}t iafd % & Wk £ i
AT SR R S R N L I SRR T S5
s Ft|lell=el +el +el =1 o B (5-1)f0(5-18) » T {4 £ gl & G dcsl
2R B L2 Bt e AR o do S e AR > 3T N2 B gl Sl

1 Ayz _AZy
e=— A, — A, (5-18)

2sin®d| -~
Axy —Ayx
1

cosd :E[tr(A) -1] (5-19)
r(A)=A, +A, + A ZFEEEL A G BT L EER DD L > L AL D
PR e E EARFR A R B ) B R R bl & St T e A )
Ale, A®) =1 - AD-E (5-20)

AR S 2 i B AD -

APt OF B AR FaoSehl ke 20LB 520 ¢
fRlE o e R SR P RS R h B

ML EFT UL T D L

A, =C0sp =Ccosd+e’(l-cosd): m=x’yz

PRSEE £ RN RS
m=x -y -z

sin2 2 — (1—efn)23in29 ,
2 2
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#m=x ry rz & B~ (5-22)F #-= N 4P 4 > {7

sin? 2 = L(in2 Ly gin2 2 4 5in? 22y (5-23)
2 20 2 2

O L] PG

1
D= EV o7 + §0y2 +? (5-24)

(5-24)if * * 3= EE fi AmEAL -

Vb
Dy

v

Ox
Xi

Xb

Bl 5-2 £ 8 &7 & H

5-3 AP w A% E Sk
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— - (I)—
e, SlnE
q, )
~ e SIn—
q, q3 e, sin —
q4 CDZ
COS—
L 2

RS S RO Gl i

4 +q; +q;5 +q; =1 (5-26)

I = & 250 COSq):ZCOSZ%—l,Sinq) :23in%cos%? Bk bl & F fLAE

L Ae,®)F e ~E X EEL A

C]12 —6122 _Q§ +‘]§ 2(9,9, +4q54,) 2(9:195 — 9,94)
2 —~ —qlEgh=qi+q; 2 +
A(e,@) :A(q): (qqu q3q4) (/1 qZ q3 C/A Z(QZq:; QI2q4) , (5_27)
2(611%, +4,9.) 2(9,95 = 4:194) -4, =4, 45 +q,

=(q5 4" )1 +299" ~2q,0

(5-27)5 ¢ Q 5 enpt gLt

_ 0 -4 4
0= g3 0 —q
—q, 4 0

1 Ayz h Azy
é = 4_ AZX - AJCZ
Y04, -4, (5-28)

1

4, =2 () +1)?

Bkt > AR ARE S BHEI- BOL S A Bl b Sld
o FRELSAER T2 badke R AP A FE - A RR(RIEL
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g3 *qq SCATE P & Bk WM E LR hehhk e A F ; sadiE & &5 B F ehsR s
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GENZ phAE A S pvert R eFE B Rz Aoz B2 e anE B pyvisE k&

FELRPEL Rz ad ez 2 R B 54 S TR TR Z LD
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REFIR o

pand 2t ARIGEIFE O NSPO A5 £ &M R anTl o @ 8E B OF
AT FIRA G ek o RA R oR i d 307 ol Rdefe o R gk
PR BddR - RS TR -

WA ETH = R R R R s AR e Bz g IR E SRR 0 2
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¢ COSMIC attitude data from ATT records and GOX NAV solutions
v Attitude mode: +xdft
: Data type:
tim: GP3 time: yr, mon, day, hr, win, sec
att: Inertial attitude, as expected by Bernese:
0000 qx, oy, gz, qw 0,00, Quaternion to convert from Inertial True-of-Date (ITOD)
frame to spacecraft frame (described below under sca). That i3, a wector, v, in the
ITOE frame has coordinates v' = g¥vg (* is conjugated) in the spacecraft frame.
The opposite transform: A wvector, v, in the spacecraft frame, has coordinates
v' o= qvg® in the ITOE frame.,
scar  Quaternion to convert Spacecraft reference frame:
Z nadir (TIP) directiomn,
% antenna direction (+% antenna, nowinal anti-velocity direction
T perpendicular to disk of satellite, to the left as one views the -¥ direction
83 one stands on top of the satellite
to orthit local level frame:

I = nadir = -r/|x| (vhere r i3 s/c position veector)
T=(rxw) /| rxv| (vhere v i3 a/e velocity vector)
1=Tx1 (where 'x' 1s vector cross product)

r and v are the position and velocity in the ITOD frame.
L vector, u, in the spacecraff frame, has coordinates w' = gfug in the local
level frame.
L1l gquaterions (type att and sca) are given in order: ox, dy, 4z, qu
where ow = cog(theta/2) and qluyz) = ehat * ain(theta/2)
sad: Solar array drive angle [deg
rat: Attitude rates: rollBate, pitchRace, yawRate (deg/sec

ang: Euler angles: Bank (roll) angle (deg): ingle shout x-axis
Elevation«(pitch) angle (deg):ingle shout y-axis
Heading (vaw) angle (deg): ingle ghout z-axis

If the vaw angle is close to zero, this means the
3/C iz in normal yav wode (+% antenna aft)
L1l angles are in the right-hand sense and follows the so-called lerospace sequence:

3) Bank (roll): the angle shout new x-axis counted positive from new +v toward new +z
pve: Pozition and velocity in Earth Centered Fixed coordinates (k)

% 1, I, Zdot, Tdot, Zdot
pvi: Position and velocity in Inertial True-of-Date coordinates (km)

I, 1, I, Idot, Tdot, Zdot

B 5-3 AR iF= 5LE AL #hendy it
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1) Heading (yaw): the angle sbout +Z local level axis counted positive frow +% toward +7
2) Elevation (pitch): the angle shout new y-axis counted positive from new +z toward new +




tim
att
sca
rat
gad
ang
pwe
pvi
tim
att
sca
rat
gad
ang
pwe
pvi

2006 5 24 13 51 29.00399939
0000 -995.00000000 -959.00000000 -599.00000000 -959,00000000
-0.00447858439 -0.0079590719 -0.0111068465 -0.995935962910
0.01330693 0.00045207 0.01201641
60.0000
-0.50307529 -0.92227133 -1.26878153
-9599,0000000 -999.0000000 -9595,0000000 -959,00000000 -999
-999,0000000 -959.0000000 -9599,0000000 -959,00000000 -959
2006 5 24 13 51 39.0050000
oooo 0.15193494 -0.85310483 -0.25142755 -0.43117527
-0.0050190101 -0.0075177335 -0.0098561813 -0.99592105705
0.01019442 0.00255352 0.01524034
62.0000
-0.56666809 -0.86709350 -1.12521163
-3804.2576411 4502.51261483 3559.2205463 0.61442188 -4
-4510. 6001208 -3794.6740059 3559.2109634 4.59478521 u]

0.0o0

00000000 -995. 00000000
00000000 -995. 00000000

0.0o0

.31678618
L27631709

6.06707226
6.06707377

Bl 5-4 AFfeF= 5% fp & o 0
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