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I. Introduction(1/3"

Q. Why have to control the attitude?

Reaction wheel

Thrust



I. Introduction(2/3)

« Method to obtain a Spacecraft attitude.

Kinematics Dynamics

- Coordinate, Reference frame. - Equation of the motion.

- DCM, Euler, Quaternion, Euler’s Eigenaxis. - Newton Method, Lagrange Method.



CONTROLA

I. Introduction(3/3)

« Method of research for Spacecraft attitude control.

Coordinate Attitude
ﬁ Transformation \ / Control
« Kinematics - Rotational Dynamics
* Direction Cosine Matrix « Newton Method
« Euler Angle (Euler’s rotational Equation)

* Quaternion
« Controller

* Quaternion Feedback

_® @& Y




TT. Body.(1/14)

1. Coordinate Transformation

Kinematics / Direction Cosine IMatrix / EUer: }Jffg/e

r=ri+rj+rk

=rnl+nJ+rK

/ QUALENIION,

'TE . "4.1 1'2 .‘I'. 12 ;1 c E*.E c 3
C=11x V) Vo &y | TGy G COpy
R TR PRI €37 Cap Cg
DCM (DCM) R : transformation
r,=Cr,
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1. Body.(2/14)

1. Coordinate Transformation

Kinematics / DIrEGUOIINOOSTIIENY] Gt Xq / Euler Angle / QUALEIIIION

7 IR A0l 2| S LIEIUE 4. (9,60,¢)
- 7|5P§”‘ oz go7t =t A=t §0.
« 2 AMZoIN SoIFol i 4 Uk
clcv casv —s56 c. e, e
C = | spsBcv —cgsy  spsOsv + cpcv  spcld [c21 €5y c%}
cosBev + sgsv  copssv — sgcv el C1 Cp Gy

DCM (Euler) R

X; = [C=C%" = C(¢) C(6) * C(P)] * x4




1. Body.(3/14)

1. Coordinate Transformation

Kinematics / Djrzeijor) Caosia |41 / CUIersAnge

CONTROLA

y-axis " xC->|-(2| . _IIZ_ x|-k”

+ u = Axis of Rotation (2

[vl= W] =1

Rotation
Plane

.

4 -4 -0 +4,
C= 2(91‘}2 - ‘i'agd}
2g.q, +4,q,)

2[;{}11?3 - qggﬂ,}
2q,9; +q4.)

7 -+ +q

20q4q, +q9.9,)
~q; +q; —¢; +q;
2(1?2‘?3 - g1qd}

Quaternion

etk & ACE
= e84 F4)
&

uc

IS

o

2

DCM (quaternion)
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1. Body.(4/14)

1. Coordinate Transformation

Kinematics

€y G
R? _
1 = |6y G
€y Cyp

13

23

33

Relationsnips witn rotation matrix
R &= DCM, tuler , Quaternion)

P

, -1 Cog - , _ tan- G2
DCM >R-> Euler: ¢=tan —= &d=-sinc, v=tan —=
C3 1
q, = D.5J1+c” +c,, + 0y g =—0'25&;f' —s)
DCM >R-> quat : _0.25(c,, — ;) 0.25(c_—¢,)
1 - - -
Gy s

g, = tan™!

2 (9295 + doth)
45 — 47 — a1+ 43
{"_-.- = —sln_l[2q1q_1_ — 2ggds), —m 2 = {JJ, = T 2

2 ~+ G
6 =tan~!| = w'*‘:z ‘i”q*} - .0 =6 =27
- gy + a4y — 93 —d3 B

i|_—:r =8 =n

Euler >R-> quat :

gy = cosi{t, /2)cos(d, /2] cos(d, /2) + sind 2) sin(@, /2) sin(g_ /.

(8= [
o

g = cos(d, [2)cos(d, /2) sin(@; /2) — sin(8,/2) sin(f, /) cos(d, /

quat 9 R% Euler : g = cm{ﬂ:;’llslnwﬁ;z] cosif /2 + sinujr'-':ﬂ]cns[ﬂ}.;’ﬂ:nsin[{.'r_t,-’

gy = sin{#,/2) cos(#, /2) cos(d, /2) — cos(P,/2) sin(8, /2) sin(d, /

[ |5
e



II. Body.(5/14)

1. Coordinate Transformation

Kinematics /

quat =
0.7133 0.1100 0.3141
DCM =
0.7784 0.5445 0.3124
-0.2306 -0.2148 0.9490
0.5838 -0.8108 -0.0417
EulerAngle =

92.5139 -18.2023 34.9703

0.6168

DCM =
0.7784
-0.2306
0.5838

quat =

0.7133

0.5445
-0.2148
-0.8108

0.1100

0.3124
0.9490
-0.0417

0.3141

0.6168
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1. Body.(6/14)

2. Attitude Control

Attitude Control / Rotational Dynamics / QUAIEIIOIIN-EEA Gk

Q. What is the dynamics? A. Kinematics VS Dynamics

*  ByreamitstEREH)
- BN|7} S SRR I MOl /R

HEA 220|= X[ 252 AE{THS ofA.

- ZE0l= X2 2utE 7| fIsiA

- BIEPNZEEEOPObRMCRE 2 Al Of +=7t2]
=249 £EE Ot Ao 2 M Jts.

- 239 A7|& LEtl= 25 (Momentum)2
£oof S & a40|Ct




l IT. Body.(7/14)

2. Attitude Control

Attitude Control / / QUL N-EEU DG

Q. How can I turn? A. Momentum.
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IT. Body.(8/14)

2. Attitude Control

Attitude Control /

« Law of conservation of Momentum.

« Motion : 1.

Rotating Motion VS Linear Motion (37 2531 415 252| SAHY)

Rotating Motion (|51 25) Linear Motion (2181

L2
sz o4
TiSE 24
oA
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IT. Body.(9/14)

2. Attitude Control

Attitude Control / / QUL N-EEU DG

« Law of conservation of Momentum.

(M8 2s0re) E2F
=nw

(253 =(HERNE) X (Z7|5) (2853 =EF)xB8L)




CONTROLA

1. Body.(10/14)

2. Attitude Control

Attitude Control / Rotational Dynamics / QUAIEIIOIIN-EEA Gk

« Law of conservation of Momentum.

© SEYRE ¢ 1L MREY- Mol Azio| ML Folc
dP
- P=mv, F=ma (ZF :O,E:F,p:const)
2. 24253 - 2250l AZte| s} B HE o]k,
5 dL
- L=mrm,r=la (X27r=0, E=T,L=COI’]S'[)
zotoje] E2)E 2i%
Qutz- IR E S 608 ~ ; ‘ .
N A P o
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33
e WHZOIXNE WHolaE 055% EW
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1. Body.(11/14)

2. Attitude Control

Attitude Control / otational Dynamics / QUaErIONN=

/e

z16/¢

Q)
e
\'\

L

Angular Momentum.

SEUME | ALEY - 225Ul A7 W} FFEO|CH

|
M

-

I

H = C:j—:' (where, H = Jo)

=Jo+ o xJo (Euler'srotational Equation)

S| MXIFEEO| A|ZtD| 29| H3l
AFO|Of| A o] QX|EIE{o| A|ZHO]| CHSH O£ 0| L3

V=Vi+V,j+Vk Viy, =V, +(@xV,i+0xV, j+exVKk)

Vyyr = (V,i+V, j+V,K)+(V,i+V, j+VK) (total derivative) Vi, =V, , +(@x V)



1. Body.(12/14)

2. Attitude Control

Attitude Control / Rotational Dynamic: / QUALEIIIONN-EEL G

« Derivative of omega and quaternion according to input.

Zesys

o

r

p=J"(- input : ¢
0=J (—oxJo+T) Inpu {H(CMG)}

HE L A (KEMZ)

G}l ( G ﬂ}: _{1}.1 ﬂ;.x \ l!f ql
urm > @ > w —> g —> q Qe O e ala] 1,
qg, | 2| @, —@ 0 @ flg,| 2
Input Plant Output _ ‘ ,
_q:l '-\_ﬁ}x _&'}jr —Cﬂ‘__ D Y, ".,111




1. Body.(13/14)

2. Attitude Control

Attitude Control / Heatzpijarlzll BYrlzlirlies / Quaternion Feedback

* Quaternion Feedback control.

y-axis

B i « Fol: E ApHZHe 7S L ShHol BT oE MY 4 QUr)
(el sIHolE, B4 : 47) (22 %, 2 Y| F2)
+ AAFDRYO| ZHERSOL B AAIZH b0 X3
L= 2 RMZOIM S0 glo| RE A EHIHS
Vfon w

._. u=-—-Kq,— Cw

sinla/2)/



CONTROLA

1. Body.(14/14)

2. Attitude Control

Attitude Control / Hatzijorlzl] Byrlziiries / Quaternion Feedoaclk

RyasenivoSystedback Control

Xc -~ w = Ax + Bu

Reference qﬂBUP| 4= 0lw)g Output

Input
npu Plant

Controller

. State



l M. Simulation.(1/2)

1. Spacecraft Attitude Control
Using Quaternion Feedback Simulation.

. | p— | =
Runge-Kutta (RK4) ruler € Euler_result
52 52.0000
T - , 0 -0.0000
| e ; 40 40.0000
et
] Ty —® quat_c = quat_result =
'\\\\‘T?L/i‘ E i :
': e N0 04119 0.4119
3 | . 0.1499 0.1499
: ; : 0.3074 0.3074
Xiv1/2 Xis1 % 08446 08446



l M. Simulation.(2/2)

1. Spacecraft Attitude Control
Using Quaternion Feedback Simulation.

Omeagas Plots
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' IV. Conclusion.(1/1)
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l V. Future Plan.(1/1) v

Moment Gyros.(CMG)

3. DeS|gn the nonlinear adaptlve ccmtroller
using Neural Network.
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