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ABSTRACT

A simple state feedback method for satellite trajectory design on a halo orbit is developed. The communication link
using satellite trajectory control is from the earth to the satellite and then to the far side of the moon. The
nonlinearities inherent to the halo orbit problem are treated as trajectory-dependent, persistent disturbance inputs.
A controller has been designed along with a full order estimator of linear state variable feedback using pole
placement method. This type of compensated linear controllers gives satisfactory performance for limited dynamic
range and limited input. The design has been made by specially constructed programs and the results have been
checked up using MATLAB tools.
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INTRODUCTION

Satellite is placed into orbit around the Earttentplanets, or the Sun. It has come into use rergntly. Now-a-
days, artificial satellites play key roles in commuation industries, in military intelligence, amdscientific study
of both Earth and outer space. For direct accessa the earth controller section by the space, garby lunar
operation is processed. At far side lunar operatifum the earth moon space communication it is \ffycult
until an uninterrupted link is established. Withethelp of adhoc network communication techniquegelay
satellite is launched to follow the uninterruptécklbetween the earth and the space satellite mysthis relay
satellite follows the orbit that would provide comtous communication coverage for most of the medat side.
In 1966 this concept was developed for eliminatimg complexity at far—side communication betweetheaoon
space satellites. This so-called orbit actuallyedots halo orbit. Halo orbits are large three-disienal orbits
shaped like the edges of a potato chip. The y-dotdi of the Genesis halo orbit extends from theig-to the
maximum y-value of the orbit. The computation ofocharbits follows standard nonlinear trajectory quutation
algorithms based on parallel shooting. The papesiders the satellite trajectory control in the tBaMoon
orbital system. The objective is to determine aprapriate method for the stabilization of a spaa#do the halo
orbit, while simultaneously stabilizing the attiridbf the spacecraft to stay inertial fixed. Haldits follow
unstable limit cycles centred on the collinear lzagyian points that are unforced solutions to tistricted 3-body
problem. The halo orbit is particularly interestingcause Lagrangian points are behind the Moonpanduse it
is the point with the lowest gravitational potehgaergy needed to escape the Earth-Moon systesatdlite or
space station following a sufficiently large haldio trajectory can facilitate communication betwegarth and
the far side of the Moon, and also serve as a lapad for far away space missions. Using statebeld we are
able to develop control schemes that stabilizeetliegectories.

PRIVILEGESOF STATE FEEDBACK OVER OUTPUT FEEDBACK

Output feedback is sufficient for many systemstesfaedback is very useful for MIMO (multi-input ftitoutput)
systems and for control systems with optimal camsts such as those requiring minimal control ¢ffwrminimum
time to final value. The response for one particsgket of gains is shown in the scope plot in Figln2lusion of
velocity feedback adds damping to the system (reslvershoot) and speeds up the system respornbedse
settling time).
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POLE PLACEMENT USING STATE FEEDBACK
The state equation for state x with input u is giby a relation a
dx(t)/dt=Ax(t)+Bu(t (1)
y(t) =Cx(t)+Du(t] (2)

In the above state space equation A is callegsysnatrix, B the input coupling, C the output cauglmatrix anc
D input- output coupling or direct transmission matThe controllability matrix is then defined

[B ABA®B ...A™B],
where n is theystem order or equivalently the number of statdse Theorem concerning pole placement is 1
introduced.

The system is controllable (i.e., the clc-loop poles can be placed in any desired positiotiei determinant of th
controllability matrix

[B AB A%B ...A"'B]
is nonzero. The controllability model for a system isrttiatroduced. It is shown that for any given setiesirec
poles, a set of feedback gains can be derivedaiwepghe system clos-loop poles at the desired positions. Fine
Ackermann’s formula is introduced to compute the -feedback gains to place the poles in the desiaddé@ions

Satellite Trajectory Control
We want to design a model of state feedback systekeepthe satellite on a halo orbit trajectoThe translunar
satellite halo orbit is shown in Fic

Moon's orbit

Fig.3 Thetranslunar satellite halo orbit

The linearized (and normalized) equations of motiérihe satellite around the translunar equilibripoints are
given by the equation [3]:

0 0 0 1 00} [o] fo] [o]
0 0 0 0 10| [o] [o] o
- 0 0 0 0£112{+me1+me2+sz‘¢3 3)
73808 0 00 20| [t [o]* |0
0 =214 0 =2 0 0] [of |1 0
0 0 -anw o0 0 0) (o] o] [
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The state vector x yields the satellite positiod aelocity, and the inputs, dor i= 1,2,3 are the engine thrust
accelerations in thé, n and( direction respectively. First, we check whether translunar equilibrium point is
stable location or not. The problem is to desigroatroller that commands the satellite thrustersuch a manner
that the actual orbit remains near the desiredt.of®efore commencing with the design, we investgat
controllability independently.

We also check system controllability for, u, and g by using MATLAB.

For input ug;
[0 0 0 1 0 0
0 0 0 0 1 0
Az O 0 0 0 0 1
~ 7.3809 0 0 0 2 0
0 —2.1904 0 -2 0 0
0 0 —-3.1904 0 0 O]
B=[0 0 0 1 0 0]
C=[0 1 0 0 0 0]
D =[0]
Check for controllability of the system fof u
Compute controllability matrix
[0 1 0 3.3809 0 20.1921
0 O -2.0 0 —2.3810 0
PC:O 0 0 0 0 0
1 0 3.3809 0 20.1921 0
0 -2 0 —2.3810 0 —35.1688
0 0 0 0 0 0]
n=det(Pc)
n= determinant of controllability matrix
n=0
The system is not completely controllable for u
For input u,:
[0 0 0 1 0 O
0 0 0 0 1 0
A= 0 0 0 0 0 1
7.3809 0 0 0 2 0
0 —2.1904 0 -2 0 0
0 0 —-3.1904 0 0 0]
B=[0 0 0 1 0 0]
cC=0 1 0 0 0 0]
D =[0]

Check for controllability of the system fof u

Compute controllability matrix

[0 0 2 0 2.3810 0
0 1 0 —6.1904 0 8.7975
P = 0 0 0 0 0 0
0 2 0 2.3810 0 35.1688
1 0 —-6.1904 0 8.7975 0
0 0 0 0 0 0]
n=det(Pc)
n=0
The system is not controllable fof u
For input us:
[0 0 0 1 0 0
0 0 0 0 1 0
A= 0 0 0 0 0 1
~ 7.3809 0 0 0 2 0
0 —2.1904 0 -2 0 0
0 0 —-3.1904 0 0 O]
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0 0 0 1]
0 0 0 0]
D =[0]
Check for controllability of the system fof u
Pc=ctrb(A,B);
n=det(Pc)
n=0
The system is not controllable for u3.

Suppose that we can observe the position im ttheection. Then we determine the transfer funcfrom uton.
Lety=[0 1 0 0 0 O]x

[0 0 0 1 0 0
0 0 0 0 1 0
az O 0 0 0 0 1
7.3809 0 0 0 2 0
0 —2.1904 0 -2 0 0
0 0 31904 0 0 0]
B=[0 0 0 0 1 0]
cC=[0 1 0 0 0 0]
D =[0]

[num,den]=ss2tf(A,B,C,D);
printsys(num,den)
1s™M +5.7239e-016 s"3 - 4.1905 s"2 + 1.8262es0153.548

num/den =
s"6 + 4.4409e-016 s"5 + 1.9999 sM + 2.9575e-035 §9.9653 s"2  + 4.9155e-015 s - 51.5796
For wton
. s"4 — 4.1905s”"2 — 23.548
Transfer function T(s)=

s"6 + 2 s"4—19.9653 s"2— 51.5796

T(s) can reduced by eliminating common factor af€3.1834)

The reduced transfer function is
sA2-7.3815
s"4—1.1837 s"2— 16.2030

sys tf=T(s) =

The state space representation of the transfetifumis given bellow:

[A,B,C,D]= tf2ss(n,d)

[0 0 0 1 0 0

0 0 0 0 1 0

az O 0 0 0 0 1
7.3809 0 0 0 2 0

0  —2.1904 0 -2 0 0

0 0 —-31904 0 0 0]

B=[1 0 0 0]
c=[0 1.0000 0 —7.3815]

D =[0]

Check for controllability of the system
Pc=ctrb(A,B);
n=det(Pc)
n=1

The system is controllable

Using state feedback > ®-KX

We calculate the gain matrix K which places tharddspoles (using Ackermann's formula)
>> p=[-1+i;-1-i;-10;-10]
>> k=acker(A,B,p)
k= 22.0000 143.1837 240.0000 216.2030
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Simulation of the System Response to Check Specifications

The system response can be generated using the WMBTiommands step or Isim; but for better understamof
the feedback system, this can be done by building SIMULINK using the State Variable block. Théobk
diagram for Satellite Trajectory Control system #mel system response are shown in Fig. 4.

o= RetBy

y = CuvDy
State-Space

Feedback Gam
Fig. 4 (a) State Feedback Controller for halo orbit trajectory control

C=p10)  Soore

Fig. 4 (b)

In our proposed work we check the closed-loop peleforces the validity of Ackermann’s formula ath pole-
placement technique. This is a useful “replacemefitthe proofs included in a more rigorous counsestate-

feedback control.

DESIGNING OBSERVERSFOR STATE ESTIMATION

State estimates can provide valuable informaticmuabmportant variables in a physical process,eikample feed
composition to a reactor, environmental forcesnactin a ship, load torques acting on a motor,letthis case, the
actual state is replaced by an estimate of thée starived from a state estimator or a state olbseHere shown a
step-by-step procedure for designing a state e&inman example of state estimation is to contha pitch angle of
helicopter. The performance specifications for dbatroller are the same as those outlined in tegipus section.
The initial conditions for the estimator are albasied to be zero. The state-feedback controllerstatd estimator
are built using SIMULINK. The system block diagramd the system response are shown in Fig. 5.
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Fig. 5
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CONCLUSION

In this paper, we proposed a design method of aptae tracking controller to keep the satelliteahalo orbit
trajectory that can be seen from the earth solitieg of communication are accessible at all timé& first present
a system test for controllability and observabiltyd proceed to describe one procedure for detergnan optimal
control system. Using the powerful notion of statgiable feedback, we introduce the pole placenuzsign

technique. Ackermann’s formula can be used to deter the state variable feedback gain matrix tcelthe

system poles at the desired locations. The closagl $ystem pole locations can be arbitrarily pladeand only if

the system is controllable. The state-feedbackrotbet and state estimator are built using SIMULINK
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