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Abstract Introduction

Constellations of satellites raises an increasiteyest The station acquisition consists in positioning
shown by the numerous prospects concerning mdiely tdifferent satellites on several orbits, in orderfaom a
communication but also related to positioning aadte given constellation and, therefore, to enable each
observation... Of course, one of the main objestive satellite to carry out its mission. The studied
designing a constellation is, given an expecteslis®r constellation geometry is defined thanks to Walker
to find a strategy reducing the cost as much asiipes  parameters

One of important phase in building a constellatis ~ The build up of a constellation can be split wot
the station acquisition phase which is fuel consignsio important steps : first, the affectation of thefeliént
that it is an interesting goal to define optimalnearly satellites and then, the transfer of each satdilie its
optimal strategies for that. The purpose of thipgras initial position to the final one.
to develop such strategy for LEO (Low Earth Orbit) The proposed build up strategy consists on cagrgirt
constellations, by using some beneficial effectshaf the transfer of each satellite in two stages, ushe
Earth oblateness (and thus the irregularity of theffect of the Earth oblateness. Each satellite tél
gravitation) on the orbital parameters. transferred to two intermediary drift orbits before
The optimization is performed in two steps. Atfiope reaching the target one.
consists in satellite affectation, i.e. after theriching of  Such strategy supposes that we are treating tleeafas
the satellites, bring each of them on specific tsrbilow-orbits and that the available drift time is faziént
constituting together the desired constellationfirAt to obtain an effective parameter’s correction. The
optimization is performed by solving a combinatbriarelative duration of each stage, and thereby thesth
optimization problem, working on a simplified m@dd dates, has to be optimized.
and linear oriented procedure. Then, since thdlisate Both the affectation and the maneuver's dates are
orbit affectation is fixed, an optimal orbit traesfis determined in order to minimize the global consuampt
performed on each satellite to provide, for eacthefn, of the constellation. In order to express the date the
the optimal sequence of maneuvers, taking into wtco dynamical model of the satellite has been simplif@d
the operational constraints and working on a monhe affectation problem which is combinatorial eture

realistic model. has been solved through some linear programming
Finally, the above approach is illustrated througprocedur& Out-of-plane maneuvers can be scheduled.
numerical experiments. Once the affectation of the satellites has beeredplthe
next step consists in performing an optimal ontainsfer
Key words : satellite constellation, station for each satellite, from its after launch initiabda to the
acquisition, orbital transfer, linear and nonlineafinal one determined in the affectation phase. @@
programming methods. has to solve, for each satellite, an optimal cdntro

problem which will be undertaken in an successive
approximation approach, by performing successive
refinements on the model, the constraints and ¢t ¢



In this multistage multilevel procedure, the “opaith
solution provided by one level is used to initialithe
new iteration which will provide an enhancementtodf
solution.

So, the global problem of station acquisitiorréated

step by step, by successive approximation angdq

increasing complexity.

The paper will mainly focus on the second steg. (i

optimal orbit transfer) of the procedure.

The Dynamical Model

This paper deals with homogeneous constellation :
satellites composing it have the same altitude and
inclination but with different anomalies and varsou

orbital planes. Orbits are assumed to be quagieirc
For a given time, satellite’s position is charaizied
with four parameters : the orbit semimajor axis (ag

be affected. Their variation in an interval of tifieis
given by :
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where arepresents the equatorial radius of the Earth.
Thereafter, we introduck andB defined by :
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right ascension of the ascending nof®, (the anomaly Thrust Effects

(o) and the inclination (i). These parameters arecaéd
by different perturbations. Indeed, several foraeson
the satellite. Let us express the effects of aupleationy
on these parameters. Let us nofg Vi, VYu the
components of this perturbation along the tangeui-
of-plane and normal directions (i.e. the directafrthe
velocity, direction of the angular momentum vectér

the orbit and the normal direction that completes t

trihedron). Afterwards, we will not consider thermal
acceleration \,=0). The gauss equatidnfor a near-
circular orbits are given by :
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n represents the orbit mean motion (Wa{)*? with p

The thrust will be considered instantaneous. From the
set of equations (1), we can express the evolution of the
orbital parameters resulting from velocity increments
(VIIVW) :
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The effects of the out-of-plane thrust on the anomaly
will be neglected, so that this parameter is only affected
by the variation of the semimajor axis (via the variation
of the orbit mean motion).

From the above equations, we can express the evolution
of the different parameters.

The Orbit Acquisition Strategy

The positioning of each satellite on its final position
will be performed in three steps of maneuvers. The first
one brings the satellite on an orbit so that the differential

the Earth gravity constant). For quasi-circular orbits, thgift hetween the target and the satellite is mainly used

velocity V is given by :
V=a.n (2)

to reach the nominal and final orbital plane (it is first
assumed that the inclination is nominal). This phase is

We will consider two perturbations : Earth oblateness iyiended to correct first the RAAN and out-of-plane

and thrust delivered by the propellant.
J2 Effects

maneuvers can be added when the differential drift is not
sufficient.

As this problem deals with LEO satellites, the inclusiofhe second maneuver is then produced to define an
of the effect of the first-order harmonic is important. Wérbit so that, during the remaining time for station
will assume that only the anomaly and the RAAN wilcquisition, the final anomaly is achieved, always using



a differential drift. The third and final maneuver is giverThe best assignment of the different satellites is the one
to zero this differential drift, i.e. bringing the satellite that minimizes the total build up cost. Once the target
this final position. If used, the out-of-plane maneuveconstellation is well defined and for a given relative
will be constrained to be applied at the same time thaluration of the two stages, this problem can be
the tangential one. Thus, in this strategy one can see tfeomulated as a linear optimization problem :
main phases : the first is intended for RAAN acquisition
and the second for anomaly one. . N N

Let us now express the evolution of the orbital '\g('” (21 kz_lxi,k k) ay
parameters with the proposed strategy. Equations (3), pAEHEE
(5) and (9) give the variation of the RAAN and ) ¢ ,
equations (4) and (6) the evolution of the anomaly. ThEhere % is equal tal when the J satellite has to reach

final values of these two parameters are: the K" position, and) if not. G represents the cost of
the transfer of the"j satellite to the 'R position. It is

given by :
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s represents the index of the maneuver. We assume that
_ Aty My Ay AL the tangential and out-of-plane thrusts are applied at the
af =0dg +\/Eﬁ+\/aﬁ+5§+5 35 same time and that only the anomaly and the RAAN are
4 % a2 corrected.
The solution of this problem is computed by the
Where : Hungarian method developed by H.W. KAuRor that,

Qo anda, represent the initial position, & the initial  the elementary cost;Chas to be computed. A linear
semimajor axis, @(resp.a) the semimajor axis of the formulation has been proposed in a previous fvork
first (resp. the second) phasét, (resp.Aty) is the However, as the dynamics of our system are nonlinear,
duration of the first (resp. the second) phase, ¥whe such assumption can lead to wrong estimation of the
k™ out-of-plane thrust and, is the K anomaly where optimal cost. That is why a nonlinear formulation of the
the thrust is applied. The efficiency of this thrust aa thmodel has been developed (equations (10)).
correction of the RAAN depends on this anomaly. Now, let us present the resolution of an orbit
Afterwards,ay will be taken equal tav2 when the out- acquisition.
of-plane thrust aims to correct only the RAAN. Calculation of the Transfer Cost (Initial Guess)

Each satgllite ha; to reach a given position that can bﬁ\s seen previously,
characterized by its anomalyd], its RAAN (Qq) and its 506 and the satellite is used to correct the two

semimajor axis (@ Therefore, the orbit acquisition n,rameters. The target position and the set of equations
consists in the minimization of the error between the reago) give the constraints to respect. In order to compute

final position and the target one. This represents thge ¢ost we have to find the two intermediary semimajor
constraints of our problem. The figure (1) visualizes th&xis and the three out-of-plane thrusts that satisfy the

proposed strategy. constraints. In a first step, we will first not considee t

the differential drift between the

A out-of-plane thrusts (=0) . The constraints become a
& set of two nonlinear equations depending on two

Semimajor &% —— variables. A Newtonian methdthas been used to find
axis a a solution of this problem. However, such method

assumes that we have a good guess of the solution. This
initial guess is found as follows :
Drift 1) the target position is generally given at the end of

ectation > quration

the station acquisition. But, it can be useful to have
Aty At,

. ; . ; P it at any moment of the station acquisition.
I_:|rst of alﬁ%ﬁ_@ﬁlp&ﬁﬁﬂﬂ@c Q%&H%I{é{ﬁiﬁgbne deals Thanks to the equation (3), we can compute the
with the affectation of the different satellites.

target position at any moment.
For instance, the initial target position is given by:




2)

3)

4)

plane thrusts can be applied in order to correct the

final error in the RAAN.
Qg:Qc_[Ac%} a3
ac’ This initial guess gives a good estimation of the cost of
: At At the transfer of each satellite from its initial positiorato
O¢ =0¢ —[ H—t BCE] a4 given one. As this initial solution is faster than the
ac ac Newtonian one, it will be used in the global optimization

that determine the optimal assignment.
whereA. and B, are given by the equations (5) and

(6) (where the inclination is taken equal to the Drift Times and Target Constellation
target one ()). a. and Q. characterize the final
target position. Our strategy divides the build up in two stages. We

we assume that the first stage is sufficient to correbaive proposed a method to optimize the affectation for a
the RAAN. This mean that we reach the nominajiven relative drift duration. But, the relative duration of
position at the end of the first stage (i.e= @). the two stages remains unknown (no constraints impose
The initial error on the RAAN is corrected thanks tdt). Thus, we have to determine the best distribution of
the differential natural drift between the target anthe drift time.

the satellite. Since the variation of2 is the slowest and the most
expensive, the duration of the first stage will be the
_ _n0 0 . [ i
AQ = 50 arger—32rear = 2%~ ©arget i) longest. The relative duration of the two stages has to be

optimized in order to minimize the cost. However, since
the total duration of the station acquisition is bounded, i
Where, namelydQiger and 8Qiea represents the s enough to optimize only the first one.
natural drift of the target and real RAAN, during the For each value of the drift times, we can optimize the
total build up duration. The right part of theaffectation of the different satellites as seen previously.
equations (15) represents the initial error betweeSometimes, only the global geometry of the
the target and the satellite. constellation is given. In that case, we can also optimize
From the equations (15) and (3), we can determinghe target position. The others are determined
the first semimajor axis and so, we can compute thg that the final geometry is respected.
tangential increments of velocity needed to realizeThe drift time and, possibly, one target position are
this transfer. optimized using the Nelder & Mead simplex
However, the nominal anomaly is generally noCompared to the optimization of the affectation, this
reached at the end of the first stage. That is why thgtimization is in an upper level. Indeed, for each
second stage is necessaryA@;). We can calculate intermediary drift time and target constellation, the
the real final anomaly reached at the end of the firsiptimal affectation is determined and its cost will be the
stage. As for the case of the RAAN, the differencene used as a criterion of the Nelder method.
between the target anomaly and the real one, at the
end of the first stage, has to be corrected by the Optimization of Satellite’s Transfer
differential natural drift in anomaly.
Previously, we presented the global optimization that
16 gives us the relative duration of the two stages, the target
positions, and the affectation of the different satellites.
Now, we have to transfer each satellite from its initial
Where, namely,00arget and d0rea Fepresents the position to the nominal final one. The initial guess used
natural drift of the target and real anomaly, duringefore (when optimizing the affectation) is not optimal.
the second stage. The right part of the equatiofsdeed, the out-of-plane thrusts have been computed to
(16) represents the error between the target and $§rrect the RAAN without optimizing them. In this
satellite at the end of the first stage. From thgection we will propose a method of refinement of the
equations (16) and (4), we determine the value @htained solution.
the second semimajor axis. The orbital transfer can be formulated as a minimization
As the semimajor axis of the second stage change$.a nonlinear criterion (the cost) with nonlinear equality

the differential drift in the first stage can beconstraints (the set of equations (10)). Two formulations
insufficient to correct the RAAN. The three out-of-of the constraints are possible : in the first one, one

— _~1 1
Aa =080 target~ S0 real = O pgq ~ O target



needs to know the number of revolutions done by treach satellite. The first one will be always applied at the
angles. Indeed, the drift presented in (10) does not gibeginning. We can optimize either the date of the
the parameter’s variation ranging between 0 amd\We  intermediary thrust only, or those of the two last ones.

can initialize the number of revolutions of the variatiorFirst, we will optimize the second thrust date. The
with the one given by the initial solution. In this caseproblem we have to solve is a constrained optimization:

the constraints are : The constellation operator defines the interval | to which
belongs the second thrust date (and thus the relative
AQ =350 -30....=09%  —0% 4 omk duration of the two stages). We used the Nelder
target real real target ! (17) simpleX. As this method is a unconstrained optimization
Aa :6ata,get—6area|:a?ea|—a ?arget"' 2nk, method, the constraints on the time will appear in the
criterion:

where the natural drift is computed during the two stages )
(as in (10)). k1 and k2 are the number of revolutions M'n(‘])

given by the initial solution. J:{ optimal_cost(ay az,Vu1, Vi Vus) if Aty k)

The second formulation of the constraints is more ' *° it not

simplified. The set of equations (10) gives the

constraints : the final real parameters have to be equ#iBere optimal_cost indicates the cost for orbital
to the target ones. The difference between them will Bgansfer. This cost is the result of the optimization ef th

expressed between 0 andc2 transfer for a fixed time (using the GRG method).
The variables of optimization are the two semimajofhus, each satellite will have its own intermediary
axis (a,a) and the three out-of-plane thrusts. thrust date that minimizes its consumption.

Since an initial solution is available, we use theln what precedes, the last thrust was scheduled at the

Generalized reduced Gradieht The out-of-plane €nd of the build up. As for the intermediary thrust date,
thrusts vary so that the cost is minimized. Then, V\@IS thrust date can brelaxed so that the solution of the
compute the two semimajor axis that realize the ne@ptimal cost is improved. We use the same method as
constraints (When app|y|ng these out_Of_p|ane thrusté’ﬁfore, where we add a constraint on the final thrust
As the variables of the optimization have to be greaté@te. So the criterion of optimization becomes :

or equal to zero, We have to pay attention to the sign of

the out-of-plane thrusts. Here, the relative duration of optimal_cost(a; a,,Vi1,Vi2:Vws)
the two steps is constant and equal to the value given by i
o 4 _ (At 014) & (At,01,)
the global optimization. Min (J5) / 3= ' yEe a9
Once the optimization of the orbit acquisition of each to if not

satellite is completed, we can verify the validity of the

found affectation. ) ) _ _
The constellation operator will define the intervajs |

Refinement of the Solution and b. The last thrust has to be scheduled at the latest at
the end of the total built up duration.

We have already presented a basic solution of thohmann’s Transfer

problem of the station acquisition. For each satellite|, what precedes, we have presented a solution of the
composing the constellation, the proposed method givggtimal orbit acquisition of a satellite where we assume
the optimal orbital acquisition. Only the RAAN, theinat we deal with circular orbits. The used optimization
anomaly and the semimajor axis have been corrected.dy |ead to important semimajor axis differential gaps,
addition, the same drift times have been considered fg§ that the eccentricity is affected too much. Indeed,
all the satellites. However, the found solution could bgne needs, at least, two tangential thrusts for transferring
sub optimal. Let us now try to improve it. a satellite between two circular orbits. Thus, the station
Relaxation on the Thrust Dates acquisition is achieved in six steps of thrust (instead of

Previously, the thrust dates were optimized so that tiaree). We have to introduce the evolution of the RAAN
total cost of the constellation station acquisition i@nd the anomaly during the Hohmann's transfer. This
minimized. The previous optimization of the relativechanges the constraints (17) and the criterion (12) since
duration of the two stages is equivalent to optimize th&e have three additional thrusts.

date of the intermediary thrust. It was the same for allAS previously, this problem has been solved using the
the satellites. Now, let us optimize the thrust dates f6¢RG method. The thrust dates could be also optimized.



In fact, The previous methods remains valid, only thene and could be improved in order to achieve the
cost and the constraints change, being more involved. station acquisition with the imposed precision.

Correction of the Inclination Since we deal with low Earth orbits, we have
ntroduced the effect of the atmospheric drag for
ifferent values of solar activity. The effect of the

We have not corrected the inclination yet. The satellit
is transferred to a final orbit that can have a differen . . .
S . atmospheric drag on the semimajor axis has been
inclination than the target one. Such a constellatiop X . . R

. _discretized so that we achieve the station acquisition in

"wo stages with several intermediary semimajor axis.

Thus, we have to introduce this new constraint in OuIrhus, the constraints will be similar to (10) but with

problem. However, the effect of the Earth oblateness o !
depends also on the inclination. Thus, depending Several under stages. Successive iterations can be added

inclination’s value, the drift of the orbital parameter(s%0 Improve the precision of the stathn acquisition.
In addition, normal thrusts can be introduced to correct

can be more or less important and o, the cost can tR% eccentricity. In fact, the Hohmann'’s transfer assumes

.SUb. op_tlmal. In fact, we have not qnly 1o correct th‘?ransfer between circular orbits. We used it for quasi-
inclination but also to find the solution that costs the.

X . Circular orbits, which can lead to errors. Sometimes, the
least. To solve directly such a problem will be tog L o :

: . . .Jmposed precision in eccentricity can not be realized.
complicated. Thus, we used the following strategy : t us. normal thrusts has been
inclination is corrected either at the beginning of the .=. . .

. _ ; ._optimized using the Nelder simplex.
station acquisition, or at the end or at the intermediary
thrust date. For each pattern, the cost will be optimized
using the methods presented above. Then, the three
costs will _be compared and the least one will be choser?n this section, we will applied the proposed methods
al‘zg;imlrjgglgr?]fitshgﬁrggggm' Let us now express how tpoe the following example: the station acquisition of a 6-
global p S . satellites constellation on 3 orbital planes and with no
Previously, we have optimized the orbital transfer of 8 2ce qaps between planes (Walker 6/3/0). All the
satellite in two stages, by transferring it to intermediar > gap ~en pla e
atellites have an inclination of 5&nd an altitude of

orbits with the same inclination. Here, the constraint . : .
remains the same with different inclination : eac 280 d;ms' -:—r?i(;atl)lu”(:h:psg?erﬁliifsnggl gﬁ ;agﬁgufa?u;lbti?
intermediary orbit has its own inclination. Dependin ih a ger'nima'ory,axis of 6900 km and at an inclinatior;
on when it is corrected, the inclination is equal to th jor

f 53°. The initial anomaly and RAAN are zero.

initial one or to the target one. The formulation of th - i )
criterion remains the same (12). However, from (8) an owever, launchers generally inject the satellites with
' ome errors. This will be taken into account by

(9), we notice that the efficiency of the out—of—plancsS . . ; S .
thrust depends on where it is applied. Before, we assu tag;gulc)mg stochastic errors In the initial positions
thata was equal tav2. Thus, for correcting both of the '

RAAN and the inclination, the set of equation (8) and Table 1: initial positions of the satellites

Results and Numerical Comparison

(9) gives the out-of-plane thrust and the place where| . Semimajor | Q, 0o o
will be applied : sat. axis
1 [6900.22 km 359.9 |359.96 |52.99
Vy =2V /Ai2+(AQ|3ini)2 2 |6899.74 km| 0.07 0.04 |52.98
et QBini) (20 3 [6900.11km 0.15 [359.93 |52.96
LN 4 16899.17 km 0.17 0.13 |52.97
5 |6899.92km| 359.98 0.07 |52.96
6 |[6900.16 km 0.04 [359.98 |52.96
More Refinement First of all, the global optimization gives us the

s . affectation of the satellites and the drift duration. We
We presented an optimization for the problem of station . o :
timized one target positio®{, ,0¢ ), the others will

acquisition using a simplified model of the satellite ; )
dynamics. However, we can obtain a more accuraee‘jecjuced fromm't'y\gigoggga
solution by successive iterations, using an accurate tool 1= ' ays

of simulation. Thus, the proposed model is a rather good Q= 96.0
O¢o = 117.67



Global cost =1566.33 m/s Vs
Thus, the other target RAAN will be either 216.08 V
336.08 (orbital planes spaced with 120 The other
target anomalies can only be worth to 297.Ghe best We notice that the differential semimajor axis gaps are
affectation of each satellite is given in the table (2). = more important than those found before. For the first
semimajor axis, its value has increased, so the
differential drift of the target and the satellite has

-3 .43 m/s
258.27 m/s

1.36 m/s
261.24 m/s

Table 2: target positions of the satellites

N. sat. Qe e decreased. On the contrary, the second semimajor axis
1 216.08 | 117.67 has decreased and thus the differential drift has
2 216.08 | 297.67 increased. This is due to the fact that we have
3 96.08 | 117.67 introduced a more accurate model. Indeed, we correct
4 96.08 | 297.67 both of the anomaly and RAAN during the two stages
5 336.08 | 297.67 (see equations (17)). Therefore, we need a less
6 336.08 | 117.67 important variation of the RAAN in the first stage and a

more important one in the second one. As a result, the
t-of-plane thrusts decrease and so does the cost. These
above results are given for the relative duration of the
two stages found by the global optimization. This time
can be relaxed. The interval of optimization will be

300 taken centered around the previous second thrust date,
o0 Ofirst semimajor with a variation oft5 days. The optimization of these
7100 s times gives :
7000 M second semimajor tl = 338799 days
6900 — — V =256.91 m/s.

1 2 3 4 5 6

N We notice that the found date is the beginning of the
satellite's number . . . .
Figure 2: semimajor axis found by global optimizaton imposed interval. This could be explained by the fact

From the figure 2, we notice that the satellites ardat tlhe fur?ctlor:jls monotl;)nmljs on lth's (ljnts\r/va_l. H
clustered into three groups in the first stage. This is dJé‘e aﬁt(tj rlu?jt ate car;_) de ask()) rfe axeh ' ?j 'Tpﬁsit.lgt
to the fact that this stage is mainly used to correct tig/S Scheduled at more 5 days before the end of the bul

RAAN. Indeed, the target constellation is composed &P The dates of the two last maneuvers are given by:

three orbital planes, at the rate of two satellites per orbit. t = 338.798 days

In the second stage, the semimajor axis are close to the 12 = 395.00 days

target one. Thus, out-of-plane thrusts we have added_to V= 256'0_8 ms . . .

achieve the RAAN are rather small. The final RAANThUS' the satellite reaches its nominal orbit 5 days

and anomaly have been achieved with a precision df 18efore the end of the station acquisition. This means that

degrees. This allow us to have an idea about the optir‘ﬂigf3 found SOlu“On IS a_local optl_mum. We can probably
prove the cost if the imposed intervals were larger.

affectation and about the relative duration of the twf" il he Hoh tor for th bi
stages. Now, we will realize the orbit acquisition of eac/® WIIl now use the Hohmann transter for the orbit

satellite. We will treat the case of only one satellite (foz?cqwsmon. The found (?OSt would be Ies_s |r_nportant than
instance the first one). that found by the previous method. This is due to the

The orbit transfer is first determined by the globafIaCt that the efficiency of a tangential thrust depends on

optimization and then, optimized. It is given in the tabld'€ Semimajor axis where it is applied (see equation (7)).
below. Indeed, we found a cost about 251.27 m/s.

In addition, such a transfer permits to keep the
eccentricity close to zero and thus, to have a more
operational solution.

The cost used to determine this assignment is comput
from the initial guess showed on the following figure.

semimajor axis

Table 3: solution for the orbit transfer

Initial guess Optimized If the inclination is also corrected, we should have a
solution more important cost. Indeed, the out-of-plane thrusts
a 695140 km 6953.94km have to correct both of the RAAN and the inclination. In
1 7373'50 Kkm 7311'57km this example, the inclination is corrected by a thrust at
V&z 7 2:'3 /s 3 gé m/s the beginning of the second stage (previously, this thrust
VWl 8.42 p— 0 'OO s was found equal to zero). The error in inclination (about
w2 . .



-0.004), is corrected by a thrust of an amplitude ofLasserre, E.; Dufour, F.; Calvet, J.L; Arzelier, D.;
0.55 m/s. Thus the orbit acquisition cost increases andAeliard, J., Vincent, M. Optimal Approach to Station
equal to 258.34 m/s. Acquisition and Station Keeping of Satellite

The atmospheric perturbation can also be adde@onstellations, 2D1STS,Gifu, Japan, 1996
Without taking into account this perturbation in theMinoux, M. Programmation mathématique, théorie et
considered model and for a weak solar activity level, tragorithme, vol. | Dunod,1983
nominal final position is achieved with an error ofLuenberger, D.G. Introduction to linear and nonlinear
about P for the anomaly, 0°1for the RAAN and 2 m programmmgAddlson Wedley,1973.
for the semimajor axis. In this solution, out-of-planéDennis, J.E.; Schnabel, R.B. Numerical methods for
thrusts have not been used. However, when introducikigconstrained optimization and nonlinear equations,
the effect of the atmospheric drag in our model, a moRfenthG Hall,1983.
accurate solution is found and thus the precision fielder, J.A.; Mead, R. A simplex method for function
improved (about 10degrees). minimization,Computer Journal, 1965.

These results show well the efficiency of the
successive refinements in solving the problem.

Conclusion

We have proposed an optimal (or nearly optimal)
strategy for the station acquisition of a homogeneous
constellation of LEO satellites. A build up of the
constellation is achieved in two phases. First, the
affectation of the satellites is optimized. Then, the
optimal orbit transfer of each satellite is performed.

The proposed strategy split the station acquisition into
two stages, enabling to profit the effects of the Earth
oblateness on the orbital parameters. Once the optimal
affectation is fixed, we have performed an optimal orbit
transfer of each satellite. It has been performed by
successive refinements on the model, the cost and the
constraints.

We finally gave some numerical results of our
multistage multilevel strategy. An enhancement of the
solution found is possible by using a simulation thak
works on a more accurate model.

Afterwards, it will be interesting to take into account
the real duration of burns, and thus, to try to perform a
solution of a low-thrust transfer problem, which will
works on the "optimal“ solution provided by the
proposed methods.
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