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ABSTRACT. Inthe paper some studies are presented conne:
of the research gravity field and the kinematics of Mars. By

fange rate radio measurements and with the help of dedic:
Orbiter, Subsatellite, Mars Ground St

ations) the following scie
be achieved:

1. Improvement of the Mars gravity field model up to 3% 3° r,
harmonics development 60,60)

2. Determination of the Martian geoid with accuracy of +1 -2
3. Establishment of the reference sy:

stem on the surface of Ma
of ca. 10 cm
4. Determination of the rotation parameters of Mars
5. Provision of high accuracy orbitography data for the Mars O

The envisioned measuring system will be the modified version ¢
Range and Range Rate Equipment), the extremely precise tv
tracking system. The pseudo-noise coded signal in S-band emittc
station and retransmitted by the remote transmitter will allow ¢

distance with a precision of 1 ¢m and the range rate with a preci.
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1. INTRODUCTION

A detailed model of the Mars gravity field is essential for the study of the internal
structure of the planet and the verification of any hypothesis concerning its
evolution. For the topography mapping of the Mars the reference system is
necessary, consisting of normal figure parameters, geoid (areoid) and some ground
fixed bench marks. Since the Viking mission some Martian gravity models have
‘been published (Balmino et al.,1982; Christensen, Balmino,1979; Christensen,
Wiliams, 1979; Gapcynski et al., 1977), however their accuracy and resolution is
not satisfactory (Lambeck, 1979). The Mars rotation model has also been im-
proved thanks to Viking data (Reasenberg, King, 1979) but there is still much room
for further improvement of the rotation parameters.

Geodesy gathered many experiences in investigating the Earth gravity field. One
of the methods developed recently is that of satellite - to - satellite tracking.

The microwave positioning system PRARE, a follow-on project of the MITREX
experiment, (Hartl et al., 1983) has been developed in the Institute of Navigation,
University of Stuttgart and is scheduled for the 1990 ERS-1 Mission.

In the proposed MAGDA (Mars Global Dynamics Analysis) Project we are going
to exploit all of the above mentioned methods and analyses (Hartl et al., 1990).

2. GENERAL OUTLINE OF THE MAGDA PROJECT

The MAGDA measuring system will consist of the following elements:

1. Orbiter Station (OS). A transmitter and receiver located on board the Mars
Orbiter. Assumed orbit: polar, circular, altitude of about 500 - 550 km.

2. Subsatellite transponder (ST).Located on the small compact subsatellite with
an orbit coplanar to the main Orbiter and an altitude of about 200 - 250 km.

3. Martian ground stations (MG). Minimum one, but if more could be deployed
this would improve the measurement capabilities.

4. Terrestrial observing stations (TO).

The crucial element of the experiment will be the satellite - to - satellite tracking
from the OS to ST. The tracking will consist of range and range-rate measurements
along the line of sight between two satellites. Similar measurements will also be
performed between MG and OS. Eventually OS will be tracked by TO on the
Earth. (Fig. 1 illustrates the scheme).

We assume that the link OS-TO (Orbiter-Earth) will be ind

orbit control system, so some redundancy in the Orbitef
expected.

The following measurement precisions are assumed:

Table 1.

Range Range rate
| (cm) (cm/s)
OS-ST 1 0.003
OS8-MG 1 0.003
OS-TO 4 0.05

The following experiment scenario is proposed:

After insertion of ST into the low orbit the range and rang
OS-ST link begin. Because of the difference in hights
common visibility between two satellites is comparablé

of the lower satellite (ca. 100 min). Then the time of no
longer. So, during one Martian day 2 measurement peri
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For satisfying coverage a 3 month observation campaign is necessary at least, and
with more observations we can obtain more accurate results.

The OS-MG link will function in parallel. The most favourable position for the
ground station MG would be in the polar region. Then many orbital passes of the
Orbiter could be controlled by this station. Two stations in two opposite polar
regions would bring optimal results. However, the location of the MG station can
be accomodated to the mission constraints.

The OS-TO link will work as long as Mars-Earth communication is assured. We
plan to use this data as an enhancement of measurements made on Mars. It is
expected that this data will be used by other experimentators also in the areas of
celestial mechanics, relativity physics, space physics, etc..

3. SCIENTIFIC OBJECTIVES

The objectives of MAGDA are stated as follows:

1. Improvement of the Mars gravity field model up to 3° x 3° spatial resolution
equivalent to the spherical harmonics development 60,60. The best known
model developed by Balmino et al is 18,18. We propose to improve this resolu-
tion by a factor of 3.

2.Determination of the Martian geoid (areoid) with accuracy of +1-2m. Currently
the level surface of Mars is known to within an accuracy of several or tens of
meters. For any morphological analysis of remote sensing data of the surface this
radical improvement is necessary. '

3. Establishment of the reference system on the surface of Mars with an accuracy
of ca. £10 cm. This is important for the operation of future missions and for the
guidance of landing or traveling vehicles as well as for topographical mappings.

4. Determination of the Mars rotation parameters. The long period parameters
are known relatively well, but we know practically nothing about the rotation
changes, polar motion or short period nutation of Mars. The Project will enable
one to start these investigations.

5. Provision of high accuracy orbitography data for the Mars Orbiter.

With MAGDA data the orbit determination of the Mars Orbiter can be improved
by atleasta factor of 100 in the areocentric as well as in heliocentric and geocentric
coordinate systems. This last feature is especially interesting for studies in relativ-

ity.

4. ACCURACY ESTIMATIONS

Now we will calculate the sensitivity of the system described ab
the gravity field signal.

Suppose we are able to determine the motion of the subsatellit
of £0.01 cm/s for the velocity vector and of +3 cmin the positio:
This is a rather conservative supposition compared to the techn
the measurement precision of the system. Nevertheless, it perm
the acceleration along the orbit with an accuracy of +0.001 cm/s
10 s of motion along the orbit 200 km above the surface of Ma
the track of about 33 km or 0.°5 of the central angle. Along a
(proposed resolution) we will have 6 measurement points. This
day, thus during the 3 month duration of the experiment we wil
measurements in one 3% 3° compartment. The results must be
sphere (or other normal figure) with the mean radius of Mar
continuation of the potential field, but fortunately on Mars t)
gravity anomalies with height is two times smaller than on the E

The maximum degree of the spherical harmonic coefficient t
depends on several factors: the measurement precision of the r
the satellites, configuration of the satellites 1.e. low-low or high
satellite-to- satellite tracking method, errors in the solar radiatio
station coordinates errors on the Earth and Mars surface and €
But the most important element is the accuracy of the measures
tions the possibility of estimation of the velocity disturbances
variation of the wave number (degree) n. This velocity distu
approximated at periapsis by (Balmino et al.,1982):

a l-e

Y 1
GM 1+e R ' 2
<6v>n= K —_—— —_l ¥ 21+1 1
R+h

Assuming the measurement precision of relative velocity betwe
0,= 0.03mm/s (Hartl et al., 1990) it is found, that the condition <&
Txmax =57 for hgy= 200 km. Thus, it seems possible, using PR,
Improve the Mars gravity model up to degree 60.
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To prove it, we perform an additional analysis. Namely, we have generated a
simulated model 60,60 and have investigated the influence of that one on the
motion of satellites pair. If the changes of the velocity of satellites caused by higher
harmonics of potential are greater then the measurement precision, we shall attain
our main purpose, i.e. the extension of the gravity model up to degree and order 60.

Our simulated model has been developed on the basis of the 18,18 model (Balmino
et al., 1982). Using this one we have extended it up to 60,60 by stochastic method.

The coefficients for the higher degrees and orders than 18 have been estimated
assuming their random variable character with uniform distribution.The stan-
dardized random variables T generated by uniform random number generator
have been “fitted” to gravity model of Mars using relationship

c
=T o m @
Sn
where
1.3 x 107*
n - 2
n

and expected value m is equel to 0.

According to the scenario of MAGDA experiment described in the motion of two
polar satellites at altitude 200 km and 500 km was considered. An arc has been
selected to demonstrate how the orbits of a pair of the satellites are affected by the
different parts of the gravity spectrum. The positions and velocities of the satellites
are derived basing on force functions modelled by spherical harmonics expansion
up to a certain degree L,,L, respectively. Harmonic coefficients up to 18 degree
and order published in (Balmino et al.,1982) were used in computation. Coeffi-
cients from 19 up to 60 degree and order were simulated in a manner discribed
above and then used in our computations.

The radial relative velocity p is computed from

p=7,% ®)

v
12 12

where v;, = v, - v; ts the difference of the velocities of the two satellites and ey, is
the unit vector pointing from the satellite S; to the satellite S,. Subsequently the

values of the differences of positions and velocities have been der

1Bl = 13, (x) - B (D)1
2 1
22 >
8ol = lp; () = p (¥)]
2 1

Based on the equation of the relative motion the intersatellite di
and the radial velocity variations caused by certain domains of
spectrum (L, - L) were computed .

The sensitivity of the satellite-to-satellite links to different doma
field can be described by mean square deviation and maximum ¢
reveals some practical results of the SST link sensitivity.

Table 2. Effect of different domains of the gravity field spe
harmonics) on the satellite-to-satellite links.

SST domain of the gravity Effects in the SST-
link field spectrum relative dist. radia
degree L2 - degree L1 [m] [em/s
m.s. extr. m.s.
20 x 20 - J2 70 180 12
82 - 81 40 x 40 - 20 x 20 87 230 7

60 x 80 - 40 x 40 16 37 1

Above calculations lead to the conclusion that the expected .
anomaly in one compartment will be within +0.2-0.3 mgal whict
+1-2 m in undulation.

As well as a precision of measurement equally important is -
modeling. Most of the forces acting on the system can be modelle
accuracy, but the atmospheric drag can present a problem. Requit
made so that the error induced by the atmosphere will be s
measurement noises (+£0.003 cm/s for the velocity). Unfortunate
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the Martian atmosphere is rather poor and the dispersion in density approaches
two orders of magnitude.

In this situation the 250 km orbit must be considered as a lower bound for the

gravity field determination if a drag-free system will not be applied.
Now, let us estimate the volume of observing data. Every 10 s the following
measurements will be made:

- distance and velocity between OS and ST,

- distance and velocity between MG and OS,

- velocity from TO to OS.

During one revolution (~ 6500 s) there will be about 650 observation points which

makes 650 x 5 = 3250 observations. In one day we should have two revol'utions
with inter-satellite visibility which makes 6500 observations a day. Thus with the
90 day duration of the experiment we will have approximately 600000 data set.

The number of unknowns will be on the order of 3600 as it is the number of

coefficients of spherical harmonics up to degree and order 60,60.
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MpoexT MAGDA

Hpemnomeﬂxe Mo "HccriegoOBaHAR rpaau’rauaox—moro ToOSTsA Mapca.

PESIOME :

B paboTe npefcTaBeHs HEKOTOPHS HecrnenoOBaHKs CBJABGaHHNEe C
MpoeKTOoM OlipefeneHl# rpasUTALHOHHOPO MOIA  H KHHEMATHKH
Mapca. fipx noMowH pagHoO—HeHepeHnH OTHOCHTE HHX DPACCTOAHHH
i CKOPOCTH HMeXAY KOCHMHYECKHMH annapaTamu COpbuTep Mapca,
CyGcnyTHHK, MapcHaHCKHE cTAHLEED MOXKHO YCHEWHO GaHidThRCeA

Criegy Ly My HayY4YHBIMH TeMaMHu:

1. Yny'-rmeﬁueu MOOeSIH T‘PaBHTaL\HOHHOr“O onsd Mapc:a cO CTEeMNeHb o

~0 ~O

paspeueHsa Ao 3 X 3 CchepuuecKkye MApMOHHKH OO BeriMYHHBI
60,8032,

2. OnpepeneHueM MeOHOH Mapca € TOYHOCTE® + 1 - 2 M,

3. YeTaHOBMEHHeM pedepeHI—CHCTEMH Ha moBepxHocTH Mapca ¢
royHocTr Ao 10 cu,

4. OnpepeneH#eM MapaneTpos ppaueHni Mapca,

5. OBecrneuyennen Opburepa Mapca opSuTorpadHYeCKHN  AAHHBIMHE
BHCOKOH TOYHOCTH.

[IpoeKk THPOBAaHHAS CHCTeMA nemMepeHui LByneT Moy dH LK POBaHHOH

sepcuesi PRARE (Precise Range and Range Rate EquipmentD,

AKCTPEMATIb HO TOYHOH CHCTSMDI MUK POBOSTHOB OO CII@XEeHHA ABOAHOMO

MyTH CHMHasIa. Kogu poBaHHMH CcurHarsl fcepAo—uYMAa B AMaNasoHe S

B BICHISTAESMBIA co CTAHUHK ~MaATEpPH % peTpaHCHH POB aHHbIA c

oOTAAMEHHONO TpaHCHHTEPa NO3BOIHT HBMEePHTh PACCTOAHHE <

TOYHOCTHI 1 CM ¥ OTHOCHTEsEHYD CKOPOCTE < TOYHOCTHI 0. 003

cHM/CeK . B paBoTe onucad cueHapH#i AraHHpYeMol MHCCHHM™ H

npenc’raanex—{bx aHANIUGE TOYHOCTH HGMGPQHH}:{ H‘pelﬂﬁ“—}HYSf{.

NAVIGATIONS




