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1.0 Introduction

A major concern of interplanetary flight has been the accuracy to which an
unmanned vvehicle may be landed on a distant planet. Landing position accuracy
requirements come in all sizes, eg., for Viking the requirements were on the order
of 1 00 km. The Mars Rover Sample Return Mission (MRSRM), on the other hand,
may have much stricter requirements. One scenario for MRSRM has two
unmanned spacecraft (s/c) to be sent to Mars, one cairying a rover equipped to
acquire geological samples, and the other carrying a return module which will bring
these sampies back to the Earth (Reference 1). Once the return module has landed
on the surface, the second s/c, which carries the Mars fover, must be landed as
close as possible to the first. The limits to the range of the rover require the landing
accuracy to be on the order of one kilometer. When it is taken into consideration
that there may be terrain baﬁiers which increase the distance the rover might need
to travel, this requirement could drop to much less than one kilometer. Earlier
studies have suggested that with conventional Earth-based tracking techniques,
accuracy to within 3 km. can be achieved (Reference 2). The components which
contribute to this 3 km. error are:

(1) | Orbit determination errors - - - - - - - < - - - - . ~ 1-2 km.

2) Deorbit maneuver errors - - - - - - ----_._._.__ ~ 1-2 km.
(3) Lander position errors - -----------_._.__~ 1-2 km.



Recently, Klumpp (Reference 3) has proposed using an on board optical landmark
tracker which achieves an accuracy on the order of one meter. Although this
greatly improves the final error, the approach requires a whole new technological
development.

This paper considers the benefits to be gained by having a tracking link
between the lander already on the surface and the second lander prior to its deorbit
maneuvér. The Lander/Orbiter (L/O) tracking link which is considered is shown in
Figure 1, along with the standard Earth/Orbiter (E/O) and Earth/Lander (E/L) links.
The addition of this tracking link is to improv¢ the knowledge of the positions of
both the orbiting s/c and the lander, but also to address several problems which

arise from Earth-based tracking.



2.0 Orbit Determination and Lander Position Determination

When the L/O link is cohsidered, lander position and orbit determination
errors should be significantly reduced since the relative positions of the two s/c are
established. Two other problems v?hich are improved upon are the lander Z-
coordinate singularity and the "plane of the sky" problem. These will be discussed
later as the investigation requires. It was not attempted to achieve an accuracy on
the order of the Klumpp paper, mainly due to the differgnces'in the technology
level required for each, but it was attempted to show the advantage gained over
conventional Earth-based tracking alone.

For this analysis, the following assumptions were made. It was assumed
that there was one s/c already on the surface of the planet and another s/c in orbit
about the planet. The goal is to land the s/g in orbit within a certain distance of the
other s/c already on the surface. Since we are dealing only with knowledge of orbit
errors, it was assumed that a perfect deorbit maneuver occurred. Using several
different tracking scenarios and a statistical analysis, the covariance matrix of the
errors in the knowledge of the two s/c positions was developed and then mapped to
the surface. The final covariance on the lanaer and orbiter states was calculated for
all combinations of two data types as well as for all three data types. Earth-based

tracking was done from the center of the Earth, ignorin g tracking station rotations.



2.1 Lander Z-coordinate Singularity

Three different Earth-Mars géometries were investigated in this analysis.
For one geometry, the Earth declination from Mars is approximately zero, i.e. the
Earth on the Mars equator. This geometry is a singular case where the z-
coordinate of the lander is very hard to determine (Reference 4). Itis'seenin
Figure 2a that when the Earth has a non-zero declination that an error in range
measurements maps into an error of the same order of magnitude in the lander z
coordinate direction. In Figure 2b it is seen that when tile Earth is on the Mars
equator, the error in range produces a very large error in the lander z coordinate.
Vijay suggests that to remove this singularity one should use AVLBI (Very Long
Baseline Interferometry) (Reference 14). The AVLBI process is very complicated
and has not yet been performed at anroperational level. One purpose of this simple
L/O tracking link is to reduce the effects of .this singularity and thus improve the
overall relative error.
2.2 Plane of the Sky Problem

The other singularity which arises is referred to as the "plane of the sky"
problem. This problem was first discovered when scientists were attempting to
determine the orbits of spectroscopic binary stars (Reference 5). It also occurs -

when tracking a s/c orbiting a distant planet with conventional earth-based



techniques (very similar io the binary star problem). If the orbit of the s/c is rotated
about thg centerline from Earth to the distant planet, the tracking data will not be
changed (Figure 3). If tracking is done for a long enough period, so that the Earth
moves substantially with respect to Mars, the geometry singularity can be
eliminated. On the other hand, the dynamics of the satellite are uncertain due to the
unknown gravity field of Mars. Lack of knowledge of the gravity field limits the
ability of long tracking arcs to improve the knowledge of the satellite state.
Reference 1 shows that a tracking arc length of at least 4 orbits is needed to
minimize mapping errors. Even for these arcs, the lack of knowledge of the gravity
field magnifies the plane of the sky problem into the major source of error. By
utilizing tracking data to tie the orbiter to the lander, whose position can be
determined fairly well, the effects of this singularity should be reduced as well. It
is also noted that when the areocentric declination of the Earth is approximately
zero, this is also a worst case geometry for the orbiter determination. In Reference
6, Esposito shows an increase in orbit determination errors from 1 - 2 km to around

16 km for this geometry. The results of this study will show a similar trend.



2.3 Other Earth/Mars Geometries
The second geometry has the Earth with a Mars declination of -23 degrees.
From Figure 2a, it was shown that this geometry no longer contains the z-
coordinate singularity but there is still the effects of the "plane of the sky" problem
which can be reduced by rthe orbiter-lander tracking link. Past study (Reference 7)
has shown this to be a very good geometry for conventional Earth-based tracking.
For the third geometry, the Earth is in the northern hemisphere of Mars, i.e.
an areocentric declination of +23 degees. This geometry was tested to see if any
problemé occured when the Earth is nearly in the orbital plane of the orbiter.
2.4 Summary
As mentioned earlier, the purpose of this investi gation is to determine the
benefits of a tracking link between the orbiter and the lander. The two error
contributions, discussed above, which are improved upon by adding this s/c to s/c
tracking link are:
¢y Orbit determination errors: By improving the knowledge of the
orbit of the second s/c, the error contributions from the orbit
determination are reduced significantly. This results from the
reduction of the "plane of the sky" problem.
2) Errors in location of first lander: These errors are also reduced”
because the relative positions of the orbiter and lander are now
established. This s/c to s/c tracking reduces the large error in the

location of the lander parallel to the spin axis of Mars (z-coordinate
singularity). '



Vs

It is noted that although the errors associated with the two s/c positions are reduced
with this analysis, there is still a 1 - 2 km error associated with the deorbit
maneuver remaining. The deorbit errors are not dealt with in this study. Therefore,
the overall error remains above the 1 km required for the MRSR mission. But, in
Reference 8, it can be seen that the error which occurs during the deorbit maneuver

can be kept to a minimum if additional tracking is done during the s/c descent.



3.0 Statistical Data Analysis and Weighted Least Squares

For this analysis, it is assumed that a weighted least squares (WLS) method
is' used to analyze the tracking data. The purpose of this error analysis is to produce
the covariance matrix which will give the relative error in the state at the time of
landing of the second s/c. The data analyzed is the ran ge and range-rate data from
the different combinations of the three separate tracking links shown in Figure 1
(L/O, E/O, and E/L). The state matrix, for this analysis, includes the orbiter
position and velocity, and the lander position. The observation equation is then
given by

Yy=Ax + Bz + ¢ (D

where y is the observables ( range, p, and range rate, p), X is the state vector, A is
the matrix of partial derivatives of the observables with respect to the state (shown
in Figure 4), z is called the "consider" state vector (dynamic errors, in this case,
errors in the knowledge of the gravity field), B is the matrix of partial derivatives of
the observables with respect to the unestimated, but uncertain, variables (Figure 5),

and ¢ is random noise (Reference 9). The WLS best estimate for x is given by

% =( Atr'elA )'I(A‘r'ely) , Q)



where rs is the uncertainty matrix for the observables (Reference 9). If B =0,

assuming perfect knowledge of the s/c dynamics, i.e. perfect knowledge of the

Mars gravity field, from Reference 10, it is shown that the final covariance is

t -1 -1
I“F=(A rs A) . (3)

This estimate of the covariance assumes perfect knowledge of all physical constants
in the universe, including ephemerides, planetary masses, e;nd Earth tracking station
locations.
If all the terms are estimated, then (1) is written
y=Cw+g¢ , (€))

where

C=|'A:B! and w = |x:z|t .

The WLS estimate for w would then be
t-1_ -1 t-1
%=(crEC) (CT_'y), (5)
and the covariance on w is defined by
t . -1_.-1
FF—(C I“e C) . (6)

Another approach is to "consider" the parameters in z. If the dynamic

variables are considered, then the full observation equation, (1), is used in the



covariance definition. Equation (2) is still the WLS best estimate and the final

covariance, FT, is defined to be the sum of two terms (Reference 11)

FT = FF + I‘I . @)
where FF is given by equation (3) and
r=r(A'r Byr.@'rayr (8)
I 'F £ Z £ F ‘

which is the contribution of the consider parameters. FZ is a matrix containing the

uncertainties in the knowledge of the dynamic variables.

When the dynamic variables are considered (equation (7)), the final
covariance will be more conservative than if these same variables were estimated
(equation (6)), which in turn is more conservative than if thc same were ignored
(eqilation (3)). This is consistent with the results obtained with this study.

FT is a9 x 9 covariance matrix describing the uncertainties in lander and

orbiter positions, as well as orbiter velocity. The orbiter covariance matrix is
mapped to the surface, and then used to compute the uncertainty in the relative
positions of the two spacecraft. This derivation is given in Appendix B. It is found
that the final covariance of the relative position is

L= Tom™ TLan TLo ToL

10



where I’ Orb™S the 3x3 submatrix corresponding to orbiter position, I‘Lanls the 3x3

submatrix corresponding to lander position, and I“L Oand r oL 2¢ the 3x3 submatrices

corresponding to the orbiter and lander position cross correlations (I"OLis the

).

transpose of 1"L 0

The I“s matrix is the weight matrix for the different types of tracking data.

For Earth-based tracking, the following uncertainties were used (Reference 1):

o =10 meters ‘ o. =1lmm/s
p p

For the Lander/Orbiter tracking link, the following weights were utilized:

cp = 150 meters c.p =10mm/s .

. o -2 -2
I‘e is a diagonal matrix with components of cp ando. .

11



4.0 Gravitational Harmonics

The gravitational potential function used for this error analysis is
represented by the spherical harmonic model

®E, ) =p ng ( mgo( rzlars/ A P n®[C cosmi+S sinmi])

where € =z /1, A =longitude, and r = magnitude of orbiter vector.

P are the associated legendre polynomials, C andS are the spherical harmonic
nm nm nm

coefficients to be considered in the analysis (Reference 12). When m =0, the

equation above reduces to

N n n+l
@ (8) =u nEO (rmars/r

)P (©)] .
The harmonic coefficients to be considered in this analysis will be forn < = 5,
m=0,andn <=5 m=n. This gravity field was selected as the one with the
smallest number of terms that would give enough higher frequency variations in

both the latitude and longitude directions during the orbital period.

To derive the uncertainties in the gravity field, i.e. the matrix I' , four
z

separate gravity fields were found in the literature (References 7, 13, and 14), and
the values for each of the 12 gravity terms needed were obtained. These values are

shown in Table 1. The values used for the actual uncertainty were the standard

12



deviations for each gravity harmonic, derived from these four fields. These values
are also shown in Table 1. Plotted iﬁ Figure 6 is the difference from the mean,
divided by the standard deviation, for each gravity term. The author does realize
that this is a small sample of data from which to derive gravity field uncertainties,
but when the uncertainties calculated (Table 1) were compared with those given in
References 7, 13, and 14, they compared quite well.

To perform the above study, computer programs are needed to provide
positions and velocities of the Earth, Mars, and the twc; spacecraft, along with all of
the required partial derivatives. Programs have been developed in the past to
perform this type of study, and were utilized during the Viking mission analysis.
Unfortunately, none of these programs could be resurrected, therefore, this study
was begun without the benefit of that work. Consquently, a number of simplifying

assumptions went into the development of this analysis.
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5.0 Planetary Ephemeris

To obtain the relative position of Earth and Mars, an analytic ephemeris was
utilized. Equations were obtained from the Explanatory Supplement to the
American Ephemeris (Reference 15), and are shown in Appendix A, for the
following orbital elements of all the minor planets as a function of time:

a = semi-major axis

€ = eccentricity

1 = inclination

Q = longitude of the ascending node

o = argument of periapses
Mo= mean anomaly at epoch

The fundamental reference plane for planetary orbits is the ecliptic, and the primary
axis is the Earth vernal equinox of date. Given a time of observation (in Julian
date), planetary drbital elenients may be computed and are then converted to
rectangular cartesian coordinates for position and velocity. A Newton iteration
scheme is used to convert mean anomaly to eccentric anomaly (E). The following
equations were used in the cpnversion process (Reference 16):

M =E -esinE

n n n

E =E+‘M—Mn
n+1 n

1- ecosE
n

14



M is the actual mean anomaly, and is related to the time by

M=n(t-to)

where n is fhe mean motion. This iteration scheme converges very quickly for near
circular érbits with the first guess for eccentric anomaly being the value of mean
anomaly. Once eccentric anomaly is calculated to a sufficient number of significant
digits, its value is then used to calculate true anomaly (v) from the following three
equations (Reference 16):

cosv=(e-cosE)/(e cosE-1)

sinv=[a(l -ez)'5 sinE]/r

r=a(l-ecosE).
The values of the orbital elements for the Earth are not given directly, but are given
in the form of the elements of the sun. It can be easily seen that all of the elements
for the Earth would be the same except argument of periapses, which would be
rotated by an angle of n. The element given in the ephemeris is I, the mean
longitude of perigee, which is Q + @. This value is given because we are
calculating the orbital elements in the plane of the orbit (the ecliptic), and thus Qs

undefined. For the Earth, Qis taken to be zero, and wis taken tobe I' - .

15



Once the orbital elements (a, ¢, i, Q, ®, v) have been calculated, expressions

for r and v in the perifocal system (a coordinate system with the primary plane as

the plane of the orbit and the x axis pointing to perifocus) can be\written

immediately (Reference 16):

r=rcosvP+rsinvQ

v=(u/p)'5[-sinvP+(e+cosv)_Q].

Since the primary plane is the ecliptic, this r and v are in that coordinate system for

the Earth. But this is a perifocal system, and other planetary orbits are inclined

with respect to the ecliptic. These values for r and v must be transformed into the

ecliptic coordinate system by the following transformation matrix:

where

R=

)

11 12 13
21 2223

31 32 33

oA
~ oA X
~ B X

" R, . =cosQcos - sin Qsin ®cosi

11

R12= -cos Q sin @ - sin Q cos ® cos i

R13= sin Qsin 1

21= sin Q cos ® + cos Q sin ® cos i

R22= -sin Q sin @ + cos Q cos ® cos i

R23= -cos 2sini

R31= sin ® sin 1

R32= Cos @ sin 1 i

R33= cos 1.

)

16



Therefore,

r. T \'2 v
i p 1 P

T, =R |r and v.l= R \%
J q J q

rk rW vk \Y

which gives the position and velocity in a heliocentric, cartesian coordinate system,
with the x-y plane as the ecliptic and the x-axis as the vernal equinox of date.

To check the ephemeris based on these equations for accuracy of the
relative positions of the planets, the right ascension, a, and declination, 8, of the
planets relative to the Earth were calculated for many different dates and compared
to the values listed in the American Ephemeris (Reference 17). To calculate o and
& of another planet, say Mars, relative to the Eérth, first the position vectors must
be rotated into an Earth equatorial system. This is done by rotating the vectors

(reand rm) about the vernal equinox (x-axis) direction by an angle equal to the

obliquity of the ecliptic, which is the angle the Earth’s equator makes with its orbit
about the sun. Then the Mars position relative to the Earth-centered, equatorial

systemisr - r and this value shall be referred to as r. If the components of r are
m

X, y, and z, then & and § are given by the following equations:

o =arctan (y/x)

8=arcsin[z/(x2+y2+22)'5]

17



The values of a and & were then compared to the values in Reference 17 to check
for accuracy of this analytic ephemeris. The results were within .5 degrees.

The coordinate system chosen for this study has the origin at the center of
Mars, the primary axis to be the Mars vernal equinox, and the primary plane to be
the Mars equaior. The Earth vector had to be rotated from a sun-centered ecliptic
coordinate system to a Mars-centered equatorial system. The rotations were made

as shown in Figure 8, and again, equations were used from Reference 16.

18



6.0 Position and Velocity to Orbital Elements Program

Two program modules were needed which conyerted orbital elements to
position and velocity components, and vice versa. The first of these has already
been explained in the discussion of the ephemeris program. The secdnd of these
modules is a little more involved and is executed in the following way. All of the
equations utilized were acquired from Reference 16.

Given r and v, the specific mechanical energy, E, and semi-major axis, a,

are calculated from

E= v2/2 - wr

a=p/(2E)
where r and v are the magnitudes of r and v, respectively. The angular mome.ntum
vector, h, is found by

h=rxv

h = mag(r x v)
The node vector, n, and the eccentricity vector, e, are calculated by

n=kxh

- n=mag(k x h)

e=[(v2-(u/r))r-(r-V)V]/u

19



Now the orbital elements may be calculated as follows:

2
p=h /u
€ =mag(e)

cosi= (hk/ h)
cosQ= (ni/ n)

cos ®=(n-e)/ (ne)

cos v =(e-r)/(er)

This completes the conversion from x, y, z, X, y,andzto a, e, 1, Q, @, and v.

20



7.0 Kepler Solution Subprogram

A program was needed to solve the Kepler problem, i.e. given the initial

position and velocity of a satellite at an initial time to’ and a subsequent time t,

determine the postion and velocity at the later time. It is basically the solution to
the equations (Reference 16):
r=f r0 +g v0
v=f ro+gv.
where

f=1- ?0(1 - cos AE)

g=(t-t)- (a>/ 1wy >(AE - sin AE)

(o)

g=1-%(1 - cos AE)
To get the values for the f and g expressions, Kepler’s equation
M=E-esinE
where

M=n(t-T)

21



and

3.5
n=(u/a’)
must first be solved.
M can be obtained from the following equation:

M=n(t-t )-2kn+M .
o o
From ro and v0 one can determine ro, a, e, p, and vo. Then, given the time of flight,
(t- to), the value of M can be calculated, and the time of flight equation solved for

E, as shown with the Newton iteration scheme earlier. Then r can be found from
the following equation:

r=a(l-ecosE).
Now the f and g expressions can be used to solve for r and v at the later time t.

These values for r and v are the values after the amount of time (t - to) has passed.

22



8.0 Integration of Variational Equations of Motion

8.1 Introduction

To calculate the A and B matrices, partial derivatives of p and p are needed
with respect to the state variables and the gravity terms. The actual derivation of
these terms will be shown later, but it can easily be seen that the chain.rule will be
needed to calculate these numbers. When the chain rule is used, it is seen that the

partials of the state variables with respect to the initial state and gravity terms are

needed. Partial derivatives of x, y, z, X, y, and z of the orbiter with respect to the
initial state as well as the gravity coefficients are called variational effects. They
describe how the state at a later time depends on changes in the state at the initial
time as well as changes in the gravity field. For this analysis, the orbit is assumed
to be two-body, i.e. the only force acting on the s/c is the central term, but the

gravity partials (such as 0x/d] 2) still have meaning. To compute the above partial

derivatives, the following analysis was utilized.
8.2 Integration

As an illustration, and also as a test case, initially only the gravitational

effects of the J ) term were included, because there are approximate analytical

23



solutions for the orbit perturbations due to J

5 So, beginning with the equations of

motion;

&= i) (1- T,(32) (¢ [ SCehy - 11)
Gl = uye) (1-1,30) /01511 )

G = -(war) (141,62) (013 - 521 )
Let any one of the terms be represented by xo~( initial position and velocity
components ). The partial derivatives with respect to X, can be taken analytically
ignoring the gravity contributions.

G4 (3x/3%) = ((@x/2x) B/ 1] + (aylax) Bxy/) + (32/x) Bxz/)} (W)
et dy/ax) = (@y/ax) By 11 + (32/0%) Gyzle™) + @xtx) GxyiD)) (ue)

g't g‘f (az/ax% = {(82/8)% {3(z/r)2- 1]+ (8x/8x2) (3xz/r2) + (ay/x% (3yz/r2)} (u/rs)

Similar equations can be found for the partial derivatives with respect to the J2

terms. Since this a second order system, it has to be converted to a six equation
first order system. The solution matrix shall be called Y and has the following

components:

24



Y1) = odx

ax

o)

Y(2)= 9x
Jx

0

Y(3)= 2y
dx

0

Y4 = dy
ox

0

Y5)= 9z
Jx

o)

Y(6)= a9z
Jx .

0

Taking the partial derivatives of the Y’s with respect to time where

dY()
dt =DYDT(1)
then
DYDT(1)= Y(@)

DYDT(2)= 9%

DYDT(.3) - Y(4)
DYDT@) = 3y

DYDT(GS)= Y(6)
DYDT(®6)= 9z

The equations for the partial derivatives with respect to X are identical for each

component of X 80 the only difference between these six sets of six. equations is

25



the set of initial conditions with which the integration is begun. The differential
equation routine solver (Reference NASA Mathlibrary routine VOASED) needs to
be called six times to achieve the thirty-six partial derivatives required. These
partial derivatives are evaluated at a particular time. The values used in the
equations for x, y, and z are acquired from the Kepler subroutine discussed earlier.

As a check for this program module finite difference partials were
calculated using the 2 - body equations. The results showed accuracy to within five
decimal places, which was sufficient.

Another technique was used to check the accuracy of the partials with

respect to the J, harmonic. The position and velocity at any time t, when gravity

2
terms are accounted for, should be the two-body position and velocity plus any

effects due to the gravity anomalies. To a linear approximation with J ) this means:

X + JZ(aX/aJZ)

=X
2-body

where the partial derivative was calculated from above. The perturbed postions and

velocities were converted to a set of perturbed orbital elements which were

compared to the analytical secular variations due to J, 5 The comparison agreed to

within a few percent, which was considered accurate enough for an error analysis.
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Once the program was tested to give the proper results for the partials of x

with respect to X and J 5 the other gravity terms to be considered were added, and

the necessary equations were derived using the chain rule method as on page 24.

These other terms are J_ ,J, ,J_,C._,C

3747522 33’C

,C S S..,S,. ,andS__. Thus, for

44° 755772277337 T 44 55

each time step, At, an 18 x 6 partial derivative matrix was formed.

27



9.0 Calculation of Lander Position and Derivatives

The lander position, rL, and velocity vector, VL’ are also needed, along with

the partial derivatives with respect to the initial postions xL 0, yL (0), and zL(O). The

other three lander state variables are the pole location and the spin rate of Mars.
From Reference 4, it is seen that these components are known to an accuracy much
better than the one kilometer goal required for this study, therefore they are ignored
in this analysis, i.e. taken to be known perfectly. To get the lander position,

Reference 15 gives: (1) the angle of the zero meridian of Mars, eo, with respect to

its vernal equinox direction at a certain date (JD), and (2) the mean daily motion of

Mars, Qo. LetQ 1 be the rotation in radians per second. Therefore, in a non-rotating,

Mars-centered coordinate system, 6 is the angle of the lander projection into the x-y
plane with respect to the vernal equinox direction and is found by

0=Qt+0 +Qt +A
1 0 oo

where t is the time in seconds which has elapsed since the beginning of integration,

to is the time in days elapsed from time ID to the beginning of integration, and A is

the longitude of the lander from the prime meridian. When 6 is calculated, the

position components of the lander can be found by

28



X = Rmcoslcose

yL = Rrn Cos A cos B

7 = R sinA .
m
Velocity components are simply the time derivatives of these positions.

To get the partial derivatives of the six elements of X with respect to the

initial positions, the chain rule is used. For example,

axL/KL(O) = (BXL/Br) ar/axL(O) + (ale/B A) Bk/axL(O) + (BXL/B A) Bk/axL(O)

where the partials on the right side of the equation can be found easily by analytical

methods.
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10.0 Calculation of Range and Range-rate Partials

Methods for calculating the partial derivatives of the lander and orbiter
states have been described above for each time step, along with the positions and
velocities of the Earth, orbiter, and lander with respect to the center of Mars. It
remains to determine the partial derivatives of range and range rate for the A and B
matrices which, again, are seen in Figures 4 and 5. These partials are done
analytically using the chain rule. For example, to calculate the partial derivative of

range from the Earth to the orbiter with respect to the J 5 gravity term, begin with the

range vector equation

0" To

where PEO is the range vector from the Earth to the orbiter, rE is the Earth position
vector, and r 0 is the orbiter position vector, as shown in Figure 8. Next, dot the
equation with itself to get an equation in terms of the magnitude of range,

PEo = (g Kg) + O Y + (o 200
and take thé partial deﬁvative with respect to J 5 Since the orbiter components are
the only terms which depend on the gravities, then these are the only ones which

are used in the chain rule.
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P50, = [k xQ)(ax /03, + 2y~ y ) 3y /0T) + 2z 20)( 2 JI )]/ oy

where all times are evaluated at the time of observation. Likewise, partial

derivatives of range and range-rate are taken with respect to the other consider and

estimated parameters.
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11.0 Assumptions for Analysis

For this analysis, it is assumed that one s/c has already landed on the
surface, and the other s/c is in orbit about Mars. The orbiting s/c was "placed" in a
500 kilometer, near circular orbit, with the following orbital elements:

a =3808.11796 km

e=.01

i =30. degrees
Period =7116.375885 s

® =90. degrees
e -.2302904 radians

The value of Q, the longitude of the ascending node, was changed for the three
different Earth geometries, corresponding to three different Julian dates, so that the
lander and the orbiter could be "seen" from the Earth during the landing phase. The
integration program was used to calculate the partial derivatives of the orbiting s/c’s
position and velocity for each minute of a twenty four hour period. Also calculated
for each time step of one minute was the Earth position relative to Mars (the
ephemeris program), the orbiter position ( Kepler program ), and the lander position
and partial derivatives. Therefore, for each time step, a 24 X 6 matrix was
calculated containing all of this information. It is shown in Figure 9a. The déta
from this matrix was used in calculating the partial derivatives of the range and

range-rate data for the weighted least squares analysis, as shown earlier.
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‘The lander was "placed"” at a latitude of 30 degrees, so the orbiter would not |
be required to make a plane change when the deorbit maneuver occured (the
inclination of its orbit was 30 degrees ). The descent was accomplished by a

Holhman transfer, which, in effect, maps the final covariance matrix, I‘t , to the

surface at the lander position. When the integrator had reached a point near the end
of the 24 hours of integration which was one half of an orbit away from the landing
site, the deorbit maneuver was made to place the orbiter on its descent trajectory.
Intégration of the variational equations was continued during this half orbit for
mapping the relative position uncertainty at deorbit to the landing site. The orbital
elements for the descent ellipse were as follows:

a=13621.59957 km

e =.062016677

i =30. degrees

period = 6600. s

® =90. degrees
v0= 0. degrees

Q was chosen to be the same value as for the tracking orbit. The longitude of the
lander was chosen so that the orbiting s/c would land directly on top of the lander.
These orbitél elements were carefully calculated so as to be sure there were not any
discontinuities when the deorbit maneuver occured, and also that the error would be

mapped to the proper position on the surface of Mars, i.e. the lander position.
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The above data calculations were completed for each of the Earth
geometries discussed earlier. For each of these geometries, the final covariance
matrix was calculated for the different combinations of tracking data. An example
tracking schedule for the areocentric Earth declination approximately zero is shown
in Figure 9b. The bars occur when the two objects involved in that particular
tracking link can "see" each other. The L/O data was produced with a 10 degree
elevation mask, i.e. data was only taken when the lander could "see" the orbiter 10
degrees above the horizon. E/O and E/L data were taken when there was 90
degrees or less between the two vectors involved. As one would expect, the lander
is tracked from the Earth for approximately half of the day, and the orbiter is
tracked for half an orbit every orbit. One noticeable thing is the very limited
amount of L/O data. This occurs because the planet is rotating beneath the orbit
and therefore they can not "see" each other except at the beginning and end of the
tracking day. Lower latitude landing sites, along with a low inclination orbit,
would provide more L/O data.

Results were also calculated with the trackin g data ending one orbit earlier,
so that the errors are mapped ahead one and one-half orbits to the surface. This was
done see if mapping ahead the additional time would cause a significant increase to

the final relative error.
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12.0 RESULTS

12.1 Plane of the Sky Problem and Calculated Results

As discussed earlier, Earth-based tracking alone is limited by the plane of
the sky problem. One of the intentions of this study was to reduce the effects of
this singularity with the addition of the L/O tracking link. Investigations ought to
be done to see how the problem might manifest itself in the final covariance matrix.
For the plane of the sky problem, the final error ellipse on the orbiting s/c’s position
ought to have the eigenvector corresponding to it’s largest eigenvalue lying in the
plane of the sky, i.e. a long, skinny ellipse perpendicular to the line of sight vector
to the Earth, in a direction corresponding to a rigid rotation of the orbit. If the
vector cross product of the orbiter position and a unit vector along the line of sight
to the Earth is taken, the resulting vector should lie in the plane of the sky, parallel

to this largest eigenvector, e . If the dot product of these two vectors is then

Amax
taken, and divided by the magnitude of the orbiter vector, the result is the cosine of

the angle between them, 0. In other words,

r . xe e
orb earth) Amax = cos®O.
mag | r |

Xe
orb earth
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If plane of the sky singularity is indeed the mMajor error contributor to the orbiter
uncertainty matrix, then the | cos 6 | should equal approximately 1. If plane of the
sky is not the major error contributor, then this value will be somewhat less than 1.

Plotted in Figures 10 and 11 is the variation of © due to the different types
of tracking data used. Figure 10 utilizes tracking up to deorbit and Figure 11
includes a one orbit delay between the end of tracking and the deorbit maneuver.
From Figure 10, whenever the E/O data is not included, the cosine is much less
than 1, for example 10b, where the othef data combinations give a result of
practically 1. This suggests that, even when the L/O link is utilized, the majof
contributor to the orbiter position error is still .the plane of the sky problem, i.e. the
magnification due to the gravity uncertainty. In Figure 11, the results are the same,
just not as dramatic due to the lon ger mapping time.

Figures 10 and 11 therefore suggest that plane of the sky is still a problem
even with the L/O tracking link. To tell the rest of the story, though, one must look
at Figures 12 and 13. These figures plot the largest eigenvalue of the orbiter error
ellipse for the different combinations of trackin g data. With the exception of 12¢
and 13c ( the Earth in the southern hemisphere of Mars), there is a dramatic
reduction in the size of the largest eigenvalue when the L/O link is included. As

mentioned in the introduction, when the Earth is at a ne gative declination, this is

36



very good geometry for conventional Earth tracking, therefore there is not much, if
any improvement in these cases. Also to be noted from Figures 12a, 12b, 13a, and
13b, the overall error for orbit determination has been reduced to less than 1 km,
from as much as 8 km in the worst case geometry for orbiter determination (Earth
declination approximately zero). This 8 km error compares quite well with the 16
km error for this geometry case from Reference 6.
. 12.2 Improvement of Lander Z-coordinate

As mentioned earlier, when the areocentric declination of the Earth is
approximately zero, it is very difficult to determine the z-coordinate of the s/c dn

the surface of Mars. Therefore, in the final covariance submatrix, I‘L, showing the

error in the lander position, the error in the z direction should be orders of
magnitude larger than either the error in x or the error in y. Therefore, looking at

the diagonal components of this submatrix, and taking their square roots to get the

e . . 2
deviation in x, y, and z (the diagonal components are actually the variances: ¢ ,
_ X

ci ,and ci), the error in the three lander components is calculated. The lander error

ellipse should be very long and skinny, like a pencil, whenever the Earth is on the
Mars equator, and more like a ball when the Earth is at its peak in the northern and

southern hemispheres. To get an idea of how spherical the error ellipse is, plotted
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in Figures 14 and 15 is the ratio of sigma z to sigma x, i.e. the ratio of the etror in z
to the error in x, for the different combinations of tracking data utilized. In most
cases, except for 14c and 15c, it is seen by thé fact that the ratio is greater than 1,
that the major error for the lander is in the z direction, but the ratio is by far the
largest when the Earth is on the Mars equator and there is no L/O link established.
In this case, Figures 14b and 15b, the ratio has a value of over 400 with Earth-based
tracking alone, and drops to less than 10 when the 1/O data is included. The
exception here occurs when the E/O data is excluded, and in this case the value of
the ratio is around 50 to 70. This value is still quite large, but is a significant
reduction from the value it had when using Earth-based data only. When the Earth
is at its peak declination in the northern and southern hemispheres, the error in the z
direction should be around the same size as the error in X, and this is shown in
Figures 14a, 15a, 14c, and 15¢. In these graphs, the value of the ratio is much less
than 10 in all cases but one.

So again, much like the plane of the sky problem, the effects of this
singularity have been reduced dramatically, but the singularity still remains.
12.3 Final RSS Position Error Results

Plotted in Figures 16 and 17 is the trace of the lander, the orbiter, and the

relative covariance submatrices for the different combinations of tracking data.
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Since the diagonal components of these submatrices is the square of the deviations
in that coordinate direction, these are summed and then the square root of this sum
is taken to get the magnitude of the error of that matrix.

When the Earth is at a declination of +23 degrees, Earth-based tracking
alone produced a relativé error of approximately 3 km (Figures 16a and 17a). Since
there were no consider parameters on the lander, it is noted that the final error for
the lander is only around 2 meters. This would increase, but would be still less than
1 km, if there were some ephemeris errors consideréd in the study (Reference 4),
but the relative error results would be similar. The major error for this case is the
orbit determination error, of 3 km. When the L/O tracking data is included, the
relative error is reduced to around 1 km, coming close to the requirements for the
study. An interesting phenomenon occurs, though, in that the accuracy of the
lander position is corrupted by the L/O data. This suggests that the WLS estimator
may not be the best approach for this type of study, since it does not seem to be
taking advantage of all the data in an optimal fashion.

Removing the E/O data from the calculations, it is seen that the overall error
is reduced again, to around 200 meters. This suggests that the effects of the plaﬁe
of the sky problem are the major source of error. When the E/O data is included

and the E/L data is excluded, the results are approximately what they were whén all
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three tracking links were established. Again, this suggests that the effects of the
plane of the sky problem are the major source of error, overshadowing the benefits
to be gained by the E/L data.

Removing all Earth tracking data, and perfbrming the analysis with the L/O
data only, advantage is taken of the correlation in the data. This is seen by the fact
that the relative error for L/O data only (Figure 16a) is approximately half of either
the lander or the orbiter error. Although the positions of either the lander or the
orbiter are not known very well, because their relative positions are established due
to the L/O link, the relative error is comparatively small.

Figures 16b and 17b show the results for the areocentric declination of the
Earth approximately zero. As mentioned earlier, this is the worst case geometry for
Earth-based tracking in determining both the orbiter and the lander positions.

When comparing the E/O, E/L column in 16b with the same in 16a, it is seen that
the lander position error has increased by two orders of magnitude, and the orbiter
error has almost tripled in size (from around 3 km to approximately 8). But even
with the much larger relative error from the Earth tracking only, when the L/O data
is included, the overall error still drops to around 1 km with all three data types, and
down to approximately 200 meters with the E/O data excluded. The trends are very

comparable with what they were for the Earth at +23 degrees.
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When the Earth is at its minimum declination (-23 degrees), and the landing
site %s in the northern hemisphere of Mars, this has proven to be a very good
geometry for conventional Earth-based tracking. This study confirms that, as
shown in Figures 16¢ and 17¢c. The relative error with Earth-based tracking alone is
less than the 1 km required for this study (of course with consider parameters on the
lander, it would be somewhat larger). Again, it is suggested that a better estimator
could be developed to take better advantage of all the data types. The addition of
the L/O data does not help in this case, but makes things worse, though not much.
For this zgeometry case, there is not ml;Ch, if any, benefit to be gained with the

addition of the L/O link.
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13.0 Conclusions

The results presented in this study clearly show that there are significant
benefits to be gained with the L/O tracking link. In nearly all cases (with the
exception of the Earth declination equal to -23 degrees) there was approximately an
80 - 90 % decrease in the relative error at landing. The addition of the L/O link
thus improved the landing accuracy to less than the 1 km requirement for the
MRSRM. When the Earth was at a declination relative to Mars of -23 degrees,
there was no improvement with ;he L/O data. This is attributed to the fact that this
is a very good geometry case for conventional Earth-based tracking. For the worst
geometry case (Earth on the Mars equator), the best error with the L/O link was
approximately 200 - 300 m, decreased from approximately 8 km. It is also noted
that although the absolute errors of either the orbiter position or the land¢r position
are quite large in some cases, the L/O link reduces the relative error to a reasonable
level. The effects of the two singularities which affect Earth-based tracking, i.e. the
plane of the sky singularify and the lander z-coordinate singularity, have also been

reduced significantly.
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14.0 Suggestions for Future Study

As mentioned earlier, the WLS estimator may not be the best approach to
this type of study. This was seen in the results when the L/O data was added, the
knowledge of the orbiter position improved greatly, but the lander position
knowledge was made worse. Some research ought to be done to obtain a better
estimator which will take more advantage of all the data types.

A more realistic tracking sequence ought to be studied. In "real life"
missions, there is usually about a 24 hour delay between the end of tracking and
deorbit. This delay is to allow time to calculate and send a command load to the s/c
for its deorbit and descent. The errors at the end of tracking are then mapped ahead
to the deorbit and through to the surface. In this study, the maximum mapping time
was approximately 3 hours, far from the typical 24 hours. It is expected that the
results (final rss error) woula be worse, but the relative error would not be affected
much. Also, it could be realistic to send a partial command load to the s/c, one
which could be modified slightly in the final orbit before deorbit.

To improve the error analysis, a more realistic gravity field should be
considered. The gravity field utilized had enough terms to give higher order
- variations in both the latitude and longitudé regions, but it could be made more

accurate with the addition of more harmonics.
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Also, to improve the error analysis, some consider parameters should be
added to the lander state. In most cases, with the exception of the Earth declination
relative to Mars approximately zero, the lander pdsition error was quite small. This
value would increase, though, with the addition of the effects of ephemeris errors
on the lander state. The final relative position of the lander to the orbiter would
likely not be affected significantly.

Although these suggestions are very worthwhile to look into, it is expected
that the final results would look quite similar, i.e. the L/O liﬁk is very beneficial in

improving final relative landing error.
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Mars Lander
Z-coordinate Singularity

Range Error

Equator

To the Earth
When the Earth has a negative declination, an error in
the Z-coord. is of the same order as an error in Range.
Figure 2a.
Z-error
To the Earth Equator

Range Error

When the declination of the Earth is approximately zero,
an error in range causes a very large error in z.

Figure 2b.
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apelo(tl) 8pe/0(t1) ape/o(tl) .......... .. 8pet0(t1)
8x0rb axorb ayorb .......... cen. azlan
8pe/0(t1) 8pe/o(t1) ape/o(tl) .......... e 8pe 0(tl)
axorb axorb ayorb .......... et azlan
ape/l(tl) apeﬂ(tl) apeﬂ(tl) .......... cee 8pe (tl)
8x0rb axorb ayorb .......... azlan
8pe/1(t1) 8pe/1(tl) ape/l(tl) e e e .. 8pe (tl)
axorb axorb 8y0rb .......... azlan
8pe /o(tz) ) P /o(tz) 8pe /o(tz) .......... . 8pe [o(t2)
8x0rb axorb 814 .......... e azlan
8pe /O(tz) 8pe /0(t2) 0 pe /o(t2) .......... . ap (t2)
8x0rb axorb ayorb .......... azlan
a P, /o(tn) ape /o(tn) ape /o(tn) .......... .... dp (tn)
axorb axorb ayorb .......... azlan

Figure 4. A Matrix.




ape/O(tl) 8pe/0(t1) ape/o(tl) .......... . 8pe 0(tl)
8J2 8J3 _8J4 .......... 8855
ape/o(tl) ape/o(tl) ape/o(tl) .......... 8pe O(tl)
812 813 8J4 e 8355
ape/l(tl) ape/l(tl) apeﬂ(tl) .......... ape (tl)
812 8J3 aJ4 .......... 8355
ape/l(tl) apell(tl) ape/l(tl) .......... 8pe (tl)
812 8J3 8J4 .......... 8355
ape/o(tZ) ape/o(tz) ape/o(tz) .......... R ape 0(t2)
8J2 8J3/ 814 .......... 8855
ape/O(t2) apelo(tz) ape/o(tz) .......... - 8pe c)(tz)
8J2 813 814 .......... 8855
ape /o(tn) ape /o(tn) ape /o(tn) .......... ce.. dp 0(tn)
8J2 813 '814 .......... 8855

Figure 5. B Matrix.
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Figure 9a. Data Matrix.
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Effect of L/O Tracking:
Plane of the Sky Problem
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Figure 10. One-half orbit mapping.

1
E/OLO



Earth Declination

23 degrees

0 degrees

-23 degrees

Effect of L/O Tracking:
Plane of the Sky Problem

Rigid Rotation Component

EQEL  EMEALUO EALO
@

Rigid Rotation Component

EOEL  EOFELUO ELLO E/O,LO vo
o)

Rigid Rotation Component

E/QEL EIOE/L.L/O EN. /O E/Q,L0 o
{c)
Figure 11. One and one-half orbit mapping.
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Figure 12. One-half orbit mapping.
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Figure 13. One and one-half orbit mapping.




Effect of L/O Tracking:
Lander Z-coordinate Singularity
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Figure 14. One-half orbit mapping.
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Figure 15. One and one-half orbit mapping.
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ADPAIDI X

The orbital elements of the Sun and Mars are given in ref. 1, pages 98 and 113.

Epoch 1900 January .5 E.T. = I.D. 241 5020.0
Mean Equinox of Date

Mean elements of Mars

semi-major axis
a = 1.5236915 A.U.

eccentricity

2
e = 0.09331290 + 0.000092064 * T - 0.000000077 * T~

inclination

i =1%51 01".20 - 2"403 *T + 0".0454 *TZ

longitude of the ascending node

Q = 48°47 1119 + 2775".57* T - 0".005 * ’1"2 +0".0192 * T3

longitude of perihelion

B = 334°13°05".53 + 6626".73 * T + 0".4675 * T2 - 0".0043 * T

mean anomaly

Mo = 3190.529425 + 095240207666 *d+ 0.0000013553 * D2+ 09000000025 * D3

where T is the time interval from epoch, measured in Julian centuries of 36525

ephemeris days, D =3.6525 *T,andd = 10000 *D. §=Q + o , where o is
argument of perihelion.



Mean elements of the Sun

a = 1.0000 A.U.
e = 0.01675104 - 0.00004180 * T - 0.000000126 * T2
i = 0°.000000

mean longitude of perigee

r = 281°.220833 + 0°.0000470684 * d + 0°.0000339 * D

o]

2 3

+0°.00000007 * D

mean anomaly

g = 358°.475845 + 0°.985600267 * d - 0°.0000112 * D2 - 0°.00000007 * D°

mean obliquity of the ecliptic

e = 23°.452294 - 0°.0035626 * D - 0°.000000123 * D + 0°.0000000103 * D>

The longitude of the ascending node, Q, is undefined, so its value will be taken as
zero. These orbital elements are the same for the Earth revolving around the Sun,
except for I, which is rotated by 180 degrees, and used in the equations as @,
argument of perihelion.



APPENDIX B
CALCULATION OF RELATIVE ERROR MATRIX



The covariance on the relative error is defined by the equation

)]

1‘f =E][ (ro- rL)(rO-rL

where r 0 is the orbiter position vector, rL is the lander position vector, and E[x] is

the expectation operator.

t (xO - ’i)(xo - ’i) (xO - ’i)(yo - yL) (xo - ’i)(zo - zL)
(ro- rL)(rO-rL) = (xO - xL)(yO- yL) (yO - yL)(yO - yL) (yo - yL)(zO -zo)
X=X )CEg 2) G6-y)CG-7)) @5 2)E5-7)

After multiplication of all the terms, and separating:

*o*o *o’o *o0% 0 T RS 5 8
Te=F [*o¥0 Y00 Yo% | * ML VLY %1%

*o%*0 Y0%0 %0% LA LAL LA

“L*0 YL*0 o[ |*o™L Yo*L Zo*L
“["Yo Y0 Aol |*o'L Yo'L Zo'L
“L*0 YL%0 %! X% YoiL %04
When the expected value is then taken, this just reduces to

L= Torn ™ TLan 1o~ ToL

is the orbiter covariance submatrix, T’ is
Orb Lan

the lander covariance submatrix, and I‘L 0 is the covariance submatrix corresponding

to the cross- correlations on the lander and orbiter positions. T OL is the transpose of

Where I’ ¢ is the relative error matrix, I

FLO'



APPENDIX C
CALCULATED RESULTS



EARTH DECLINATION +23 DEGREES
ONE-HALF ORBIT MAPPED AHEAD
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,

ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.

WEIGHTS:

EARTH/ORB:
RANGE =15.00000000015 M RAN RATE =1. MM/S

EARTH/LAN:
RANGE =15.00000000015 M RAN RATE =1. MM/S

LAN/ORB:
RANGE AND RANGE RATE DATA NOT USED FOR L/O.

DELAY FROM LAST TRACKING POINT TO DEORBIT
0. SECONDS

ATWA INVERSE MATRIX

.405E-06 .467E-07 .349E-06 .000E+00
.467E-07 .373E-06 .266E-06 .000E+00
.349E-06 .266E-06 .187E-05 .000E+00
.000E+00 .000E+00 .000E+00 .215E-06
.000E+00 .000E+00 .000E+00 .416E-09
.000E+00 .000E+00 .000E+00 .430E-06
.000E+00 .000E+00 .000E+00 .447E-09
.000E+00 .000E+00 .000E+00 .818E-06
.000E+00 .000E+00 .000E+00 .7T70E-09

DETERMINANT OF ATWA

1.035251329825E+85

CONDITION NUMBER = 1.436339653812E-23
LANDER UNCERTAINTY MATRIX

.000E+00
.000E+00
.000E+00
.416E-09
.223E-11
.148E-08
.256E-11
.226E-08
.451E-11

.000E+00
.000E+00
.000E+00
.430E-06
.148E-08
.119E-05
.166E-08
.199E-05
.287E-08

.405E-06 .467E-07 .349E-06 .215E-06 .430E-06 .818E-06
.467E-07 .373E-06 .266E-06 .430E-06 .119E-05 .199E-05
~ .349E-06 .266E-06 .187E-05 .818E-06 .199E-05 .351E-05
STANDARD DEVIATIONS
.637E;03 .611E-03 .137E-02 .464E-03 .109E-02 .187E-02
MAGNITUDES
.163E-02 .222E-02
EIGENVALUES
.314E-06 .340E-06 .200E-05 .454E-08 .747E-07 .484E-05
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX
.223E-11 .256E-11 .451E-11 .621E-06 .476E-06 .117E-05
.256E-11 .295B-11 .520E-11 .476E-06 .156E-05 .225E-05
.451E-11 .520E-11 .924E-11 .1178-05 .225E-05 .539E-05
STANDARD DEVIATIONS
.149E-05 .172E-05 .304E-05 .788E-03 .125E-02 .232E-02
MAGNITUDES
.380E-05 .275E-02
EIGENVALUES
.808E-14 .258E-13 .144E-10 .341E-06 .537E-06€ .669E-05

.000E+00
.000E+00
.000E+00
.447E-09
.256E-11
.166E-08
.295E-11
.249E-08
.520E-11

ORBITER POSITION UNCERTAINTY MATRIX

.000E+00
.000E+00
.000E+00
.818E-06
.226E-08
.199E-05
.249E-08
.351E-05
.430E-08

.000E+00
.000E+00
.000E+00
.T7T0E-09
.451E-11
.287E-08
.520E-11
.430E-08
.924E-11
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FINAL MATRIX OF UNCERTAINTIES

.405E-06 .467E-07 .349E-06
-467E-07 .373E-06 .266B-06
.349E-06 .266E-06 .187E-05
.000E+00 .000E+00 .000B+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00

NUMBER OF EARTH-SATELLITE DATA POINTS

NUMBER OF EARTH-LANDER DATA POINTS

NUMBER OF LANDER-SATELLITE DATA POINTS

.000E+00 -000E+00
.000E+00 -000E+00
-000E+00 .000E+00
.117E+00 .339E-03
.339E-03 -430E-05
.286E+00 .358E-02
.381E-03 .484E~-05
.494E+00 -493E-02
.703E-03 -812E-05

706
784
0

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 1490

LANDER UNCERTAINTY MATRIX
-405E-06 .467E-07 .349E-06
.467E-07 .373E-06 ..266E-06
.349E-06 .266E-06 .187E~-05

STANDARD DEVIATIONS

.637E-03 .611E-03 -137E~-02

MAGNITUDES

.163E-02

EIGENVALUES

.314E-06 .340E-06 .200E-05

ORBITER VEL UNCERTAINTY MATRIX
.430E-05 .484E-05 .812E-05
.484E-05 .543E-05 .813E-05
.812E-0S5 .913E-05 .154E-04

STANDARD DEVIATIONS

.207E-02 .233E-02 .392E-02

MAGNITUDES

.501E-02

EIGENVALUES

.254E-09 .207E-07 .251E-04

.117E+00 .286E+00
.286E+00 .300E+01
.494E+00 .412E+01

.342E+00 .173E+01

.298E+01

.878E+01 -119E+00

RELATIVE ERROR MATRIX

.117E+400 .286E+00
.286E+00 .300E+01
.494E+00 -412E+01

.342E+00  .173E+01

-298E+01

.323E-03 .119E+00

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR
.97200E+00 .23718E+00

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR
.70786E-01 .15000E+01

-000E+00
.000E+00
.000E+00
.286E+00
.358E-02
-300E+01
.403E-02
-412E+01
.676E-02

.494E+00
-412E+01
.578E+01

.240E+01

.323E-03

-494E+00
-412E+01
.578E+01

.240E+01

.878E+01

.000E+00
.000E+00
.000E+00 -
.381E-03
.484E-05
.403E-02
.543E-05
.553E-02
.913E-05

ORBITER POSITION UNCERTAINTY MATRIX

.000E+00
.000E+00
.000E+00
-494E+00
.493E-02
.412E+01
.553E-02
.578E+01
.S36E-02

.000E+00
.000E+00
.000E+00
.703E-03
.812E-05
.676E-02
.913E-05
.936E-02
.154E-04
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.
WEIGHTS: -

EARTH/ORB:
RANGE =15.00000000015 M RAN RATE =1. MM/S

EARTE/LAN:
RANGE =15.00000000015 M RAN RATE =1. MM/S

LAN/ORB:
RANGE =100. M RAN RATE =10. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT
0. SECONDS

ATWA INVERSE MATRIX

.215E-06 .357E-07 .136E-06 .315E-07 -~.865E-10
.357E-07 .267E-06 .153E-06 .634E-07 .182E-09
.136E-06 .153E-06 .105E-05 .106E-06 .471E-10
.315E-07 .634E-07 .106E-06 .124E-06 .799E-10
~-.865E-10 .182E-09 .471E-10 .799E-10 .553E-12
-.501E-08 .159E-06 .135E-06 .172E-06 .336E-09
-.112E-09 .201E-09 .211E-10 .684E-10 .635E-12
.513E-07 .278E-06 .336E-06 .390E-06 .493E-09
-.202E-09 .349E-09 .424E-10 .108E-09 .113e-11

DETERMINANT OF ATWA = 4.465560741929E+86

~.501E-08 -~
.159E-06
.135E-06
.172E-06
.336E-09
.376E-06
.362E-09
.694E-06
.584E-09

.112E-09
.201E-09
.211E-10
.684E-10
.635E-12
.362E-09
.746E-12
.486E-09
.132E-11

" CONDITION NUMBER = 6.852078483021E-23

LANDER UNCERTAINTY MATRIX ORBITER POSITION UNCERTAINTY MATRIX
.215E-06 .357E-07 .136E-06 .124E-06 .172E-06 .390E-06
.357E-07 .267E-06 .153E-06 .172E-06 .376E-06 .694E-06
.136E-06 .153E-06 .105E-05 .390E-06 .694E-06 .142E-05

STANDARD DEVIATIONS

.464E-03 .516E-03 .103E-02 .352E-03 .613E-03 .113E-02
MAGNITUDES

.124E-02 .13%E-02
EIGENVALUES

.191E-06 .240E-06 .110E-05 -444E-08 .453E-07 .187E-05
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX

.553E-12 .635E~-12 .113E-11 .276E-06 .149E-06 .369E-06

.635E~12 .746B-12° .132E-11 -149E-06 .325E-06 .435E-06

.113E-11 .132E-11 .240E-11 .369E-06 .435E-06 .180E-05

STANDARD DEVIATIONS

.7T44E-06 .864E-06 .155E-05 .525E-03 .570E-03 .134E-02
MAGNITUDES

.192E-05 .155E-02
EIGENVALUES

.741E-14 .230E-13 .367E-11 .150E-06 .243E-06 .201E-05

.513E-07
.278E-06
.336E-06
.390E-06
.493E-09
.694E-06
.486E-09
.142E-05
.784E-09

-.202E-09
.349E-09
.424E-10
.108E-09
.113E-11
.584E-09
-132E-11
.T84E-09
.240E-11
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FINAL MATRIX OF UNCERTAINTIES

.686E-02 .149E-02 .257E-01
.149E-02 .641E-02 .263E-02
.257E-01 .263B-02 .102E+00
.223E-01 .114E-01 .818E-01
~-.376E-04 .220E-04 -.168E-03
-.457E-01 .276E-01 ~_194E+00
-.396E-04 .233E-04 -.177E-03
-.369E-01 .499E-01 -171E+00
-.470E-04 .476E-04 .230E-03

NUMBER OF EARTH-SATELLITE DATA POINTS

NUMBER OF EARTH-LANDER DATA POINTS

NUMBER OF LANDER-SATELLITE DATA POINTS

-223E-01 -.376E-04 -.457E-01 -.
.114E-01 -220E-04 .276E-01
.818E-01 ~-.168E-03 -.194E+00 -
.804E-01 -.948E-04 -.109E+00 -
.948E-04 .391E-06 -450E-03
.108E+00° - .450E-03 .544E+00
.996E-04 .414E-06 .476E-03
.580E-01 .502E-03 .612E+00
.101E-03 .620E-06 .696E-03

706
784
43

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 1533

LANDER UNCERTAINTY MATRIX
.686E-02  .149E-02  .257E-01
.1498-02  .641E-02 .263E-02
.257E-01  .263E-02  .102E+00

STANDARD DEVIATIONS

.828E-01 .800E-01 .31%E+00

MAGNITUDES

.338E+00

EIGENVALUES

.266E-03 .643E-02 .108E+00

ORBITER VEL UNCERTAINTY MATRIX
.391E-06 .414E-06 -.620E-06
-414E-06 .439E-06 .658E-06
.620E-06 .658E-06 .103E-05

STANDARD DEVIATIONS

.626E-03 .662E-03 .102E-02

MAGNITUDES

.137E-02

EIGENVALUES

.272E-09 .229E-07 .184E-05

-804E-01 -.109E+00 -.580E-01
-.109E+00 .544E+00 .612E+00
-.580E-01 .612E+00 .761E+00

.284E+00 - .737E+00 .872E+00

.118E+01

.128E+01 .100E+00 .320E-03

RELATIVE ERROR MATRIX

-428E-01 -.732E-01 ~-.772E-01
-.732E-01 .495E+00 .759E+00
-.772E-01 .759E+00 .120E+01

.207E+00 .703E+00 -110E+01

.132E+01

.605E-03 .477E-01 .163E+01

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR
-.91552E+00 .27276E+01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR
.70786E-01 .15000E+01

396E-04

.233E-04
.177E-03
.996E-04
.414E-06
.476E-03
.439E-06
.530E-03
.658E-06

ORBITER POSITION UNCERTAINTY MATRIX

~-.369E-01
.499E-01
-.171E+00
-.580E-01
.502E-03
.612E+00
.530E-03
.761E+00
.827E-03

470E-04

.476E-04
.230E-03
.101E-03
.620E-06
.696E-03
.658E-06
.827E-03
.103E-05
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA, GRAVITY TERMS INCLUDED.
WEIGHTS: B

EARTH/ORB: )
RANGE AND RANGE RATE DATA NOT USED FOR E/O.

EARTH/LAN:
RANGE =15.00000000015 M RAN RATE =1. MM/S

LAN/ORB:
RANGE =100. M RAN RATE =10. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT
0. SECONDS

ATWA INVERSE MATRIX

.387E-06 .392E-07 .340E-06 .446E-06 ~-.

.392E-07 .358E-06 .261E-06 .150E-06

.340E-06 .261E~-06 .174E-05 .542E-06
.446E-06 .150E~-06 .542E-06 .261E-05 -

-.198E-09 .105E~-09 .314E-10 ~.210E-08

" .845E-~-07 .333E-06 .205E-06 -.160E-06

~-.206E~-09 .157E-09 -.397E-09 -.101E-08

. 609E-06 .S50E-06 .144E-05 .103E-05

-.171E~-09 .122E-09 ~.290B~09 -.334E-08

DETERMINANT OF ATWA 1.067339618279E+77

198E-09

.105E~-09
.314E~10
.210E-08
.365E-11
.101E-08
.229E~-11
.124E~-08
.711E-11

.845E-07 ~
.333E-06

.20SE-06 -
.160E-06 -.
.101E-08
.164E-05
.754E-09
.244E-05
.113E-08

.206E-09
.157E-09
.397E-09

101E-08

.229E-11
.754E-09
.229E-11
.205E-09
.604E~-11

CONDITION NUMBER = 3.613786872883E-24
LANDER UNCERTAINTY MATRIX ORBITER POSITION UNCERTAINTY MATRIX
.387E~-06 .392E~-07 .340E~-06 .261E-05 -.160E-06 .103E-05
.392E-07 .358E~-06 .261E~-06 -.160E-06 .164E-05 .244E-05
.340E-06 .261E~-06 .174E~05 .103E~-05 .244E~-05 .583E-05
STANDARD DEVIATIONS
.622E-03 .598E~03 .132E-02 .162E-02 .128E-02 .242E-02
MAGNITUDES
.158E-02 .318E-02
EIGENVALUES
.287E-06 .331E-06 .186E~05 .371E-06 .260E-05 .712E~-05
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX
.365E-11 .229E~-11 .711E-11 .210E-05 -.356E-06 .216E~-06
.229E-~-11 .229E-11 .604E-11 ~-.356E-06 .133E-05 .194E-05
.711E-11 .604E-11 .201E-10 .216E-06 .194E-05 .469E-05
STANDARD DEVIATIONS
.191E-05 .151E~05 .448E-05 .145E-02 .116E-02 .217E~02
MAGNITUDES
.510E-05 .285E-02
EIGENVALUES
.419E-12 .100E-11 .246E~10 .349E-06 .220E~-05 .558E-05

.609E~-06
.550E-06
.144E-05
.103E-05
.124E-08
.244E-~-05
.20SE~-09
.583E-05
.265E~-09

-.171E-09
-122E-09
-.290E-09
-.334E-08
.711E-11
-113E-08
.604E-11
.265E-09
.201E-10
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FINAL MATRIX OF UNCERTAINTIES

.210E-04 .156E-04
.156E-04 .135E-04
.115E-03 .945E-04
-.613E-04 -.123E-04
.107E-05 .871E-06
-.615E-03 ~-.505E-03
.485E-06 .361E-06
-.232E-04 .493E-04
.932E-06 .491E-06

NUMBER OF EARTH-SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER-SATELLITE DATA POINTS

TOTAL NUMBER POSSIRBRLE

.115E-03
.945E-04
.922E-03
.399E-03
.826E-05
.425E-02
.391E-05
.316E-03
.469E-05

.613E-04 .107E-05 -.
.123E-04 .871E-06 -
.399E-03 .826E-05 -
.181E-02 -.320E-05
.320E-05 .753E-07 -
.103E-02 -.392E-04
.361E-05 .344E-07 ~
.316E-02 -411E-05 -
.166E-04 .366E-07 -~

=0

= 784

= 43

4320 TOTAL ACHIEVED = 827

LANDER UNCERTAINTY MATRIX

.210E-04 .156E-04
.156E-04 .135E-04
.115E-03 .945E-04

STANDARD DEVIATIONS

.458E-02 .368E-02
MAGNITUDES

.308E-01
EIGENVALUES

.115E-05 .911E-05

.115E-03
.945E-04
.922E-03

.304E-01

.946E-03

ORBITER VEL UNCERTAINTY MATRIX

.753E-07 .344E-07
.344E-07 .190E-07
.366E-07 .374E-07

STANDARD DEVIATIONS

.274E-03 .138E-03
MAGNITUDES

.540E-03
EIGENVALUES

.730E-09 .730E-07

.366E-07
.374E-07
.197E-06

.444E-03

.218E-06

.181E-02 .103E-02
.103E-02 .215E-01
.316E-02 -.258E-02
.425E-01 .147E+00
.178E+00

.220E-01 .936E-02

RELATIVE ERROR MATRIX

.195E-02 .167E-02
.167E-02 .226E-01
.370E-02 .172E-02
.442E-01 .150E+00
.182E+00

.287E-03 .994E-02

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR
.28519E+00

.12816E+01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR
.70786E-01

.15000E+01

615E-03

.505E-03
.425E-02
.103E-02 -
.392E-04
.215E-01 -
.169E-04
.258E-02 -
.164E-04

.316E-02
-.258E-02
.841E-02

.917E-01

.361E-03

.370E-02
.172E-02
.870E-02

.933E-01

.230E-01

.485E-06
.361E-06
.391E-0S
.361E-05
.344E-07
.169E-04
.190E-07
.268E-05
.374E-07

ORBITER POSITION UNCERTAINTY MATRIX

.232E-04
.493E-04
.316E-03
.316E-02
.411E-05
.258E-02
.268E-05
.841E-02
.340E-04

.932E-06
.491E-06
.469E-05
.166E-04
.366E-07
.164E-04
.374E-07
.340E-04
.197E-06
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA, GRAVITY TERMS INCLUDED.
WEIGHTS: -

EARTH/ORB:

RANGE =15.00000000015 M RAN RATE =1. MM/S
EARTH/LAN:

RANGE AND RANGE RATE DATA NOT USED FOR E/L.

"LAN/ORB:

RANGE =100. M RAN RATE =10. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT
0. SECONDS

ATWA INVERSE MATRIX

-497E-06 .171E-06 .122E-06 .779E-07 -.
.171E-06 .977E-06 .323E-06 .221E-06
.122E-06 .323E-06 .255E-05 .231E-06
.779E-07 -221E-06 .231E-06 .165E-06
~.134E-09 .645E-09 .188E-09 .174E-09
-275E-07 .560E-06 .333E-06 .263E-06
~.179E-09 .716E-09 .145E-09 .170E-09
.166E-06 .971E-06 .776E-06 .559E-06
~.332E-09 .124E-08 .275E-09 .283E~-09

DETERMINANT OF ATWA = 2.035734930398E+85

CONDITION NUMBER = 2.9806094627658-23
LANDER UNCERTAINTY MATRIX

.497E-06 -171E-06 .122B-06 .165E-06

.171E-06 .977E-06 .323E-06 .263E~-06

.122E-06 .323E-06 .255E-05 .559E-06
STANDARD DEVIATIONS

.705E-03 .988E-03 .160E-02 .407E-03
MAGNITUDES

.201E-02 .171E-02
EIGENVALUES

-442R-06 -957E-06 .262E-05 .4482-68

ORBITER VEL UNCERTAINTY MATRIX

-9278-12 -1068-11 -187E-11 .507E-06

.106E-11 -123g-11 .216E-11 .187E-06

.187E-11 -2168E-11 .386EB-11 -284E-06
STANDARD DEVIATIONS

.963E-06 .111E-05 .196E-05 .712E-03
MAGNITUDES

.245E-05 .203E-02
EIGENVALUES

.799E-14 .246E~-13 .598E~-11 .293%E-06

.263E-06
.616E-06
.111E-05

.785E-03

.566E-07

RELATIVE ERROR MATRIX

-187E-06
.473E-06
.126E-06

.688E-03

-643E-06

.275E-07 -
.560E-06
.333E-06
.263E-06
.621E-09
.616E-06
.679E~-09
.111E-05
.113E-08

.559E-06
.111E-05
.215E-05

.147E-02

.287E-0S

.284E-06
.126E-06
.315E-05

.177E-02

.318E-05

-179E-09
.716E-09
.145E-09
-170E-09
.106E-11
.679E-09
.123E~-11
.995E-09
.216E-11

ORBITER POSITION UNCERTAINTY MATRIX

-166E-06
.971E-06
.776E-06
.559E-06
.956E-09
.111E-05
.995E-09
.215E-05
.166E-08

-.332E-09
.124E-08
.275E-09
.283E-09
.187E-11
.113E-08
.216E-11
.166E-08
.386E-11
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FINAL MATRIX OF UNCERTAINTIES

.1838-01 .156E-01
.156E-01 .93%B-01
.811E-01 -.305E-01
.426E-01 .405E-01
-.326E-04 .163E-03
-.383E-01 .181E+00
-.353E-04 .176E-03
-.278E-02 .286E+00
-.257E-04 .316E-03

NUMBER OF EARTH-SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER-SATELLITE DATA POINTS

TOTAL NUMBER POSSIBLE

.811E-01
~.305B-01
.543B+00
.200E+00
-.432E-03
-.459E+00
.468E-03
.383E+00
-634E-03

-426B-01 -.326E-04 -.383E-01 -.

.405E-01 .163E-03 -181E+00
.200E+00 -.432E-03 -.459E+00 -
-104E+00 -.805E-04 -.839E-01 -
.80SE-04 .555E-06 .595E-03
.839E-01 .595E-03 .660E+00
.873E-04 .600E-06 .643E-03
.616E-02 .699E-03 .781E+00
.712E-04 .936E-06 .990E~-03

706
0
43

4320 TOTAL ACHIEVED = 749

LANDER UNCERTAINTY MATRIX

.183E-01 .156E-01

.156E-01 .939E-01

.811E-01 -.305E-01
STANDARD DEVIATIONS

.135E+00 .307E+00

MAGNITUDES

.809E+00

EIGENVALUES

.166E-02 .9€67E-01

ORBITER VEL UNCERTAINTY

.555E-06 .600E-06

.600E-06 .650E-06

.936E-06 .101E-05
STANDARD DEVIATIONS

.745E-03 .806E-03

MAGNITUDES

.168E-02

EIGENVALUES

.270E-09 .235B-07

.811E-01
-.305E-01
-543E+00

.737E+00

-.556E+00
MATRIX
.936E-06

-101E-05
.163E-05

.128E-~02

.2828-~05

.104E+00 -.839E-01 .616E-02
-.839E-01 .660E+00 .781E+00
.616E-02 -781E+400 .104E+01

-323E+00 .812E+400 .102E+01

.134E+01

.166E+01 .150E+00 .323E-03

RELATIVE ERROR MATRIX

.375E-01 -.706E-01 .110E+00
-.706E~-01 .391E+00 .923E+00
-.110E+00 .923E+00 .235E+01

.194E+00 .626E+00 .153E+401

-167E+01

.307E-02 .536E-01 .272E+401

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR

.94248E+00 .34083E+00
COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR

.70786B-01 -15000E+01

353E-04

.176E-03
.468E-03
.873E-04
.600E-06
.643E-03
.650E-06
.755E-03
.101E-05

ORBITER POSITION UNCERTAINTY MATRIX

-.278E-02
-286E+00
-.383E+00
.616E-02
.699E-03
.781E+00
.755E-03
-104E+401
.123E-02

257E-04

.316E-03
.634E-03
.712E-04
.936E-06
.990E-03
-101E-05
.123E-02
.163E-05
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.
WEIGHTS: .

EARTH/ORB:
RANGE AND RANGE RATE DATA NOT USED FOR E/O.

EARTH/LAN:
RANGE AND RANGE RATE DATA NOT USED FOR E/L.

LAN/ORB:
RANGE =100. M RAN RATE =10. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT
0. SECONDS

ATWA INVERSE MATRIX

.100E-04 -.2238-05 .848E-05 .107E-04 -

~.223E-05 .104E-04 .667E-05 .691E-06

.848E-05 .667E~05 .277E~04 .125E-04 -
.107E-04 .691E-06 .125E-04 .145E-04 -

~.609E-08 .505E~-08 ~-.685E~09 -.719E-08
-.900E-06 .914E-05 .620E-05 .142E-05
~-.741E-08 .604E~-08 -.580E-08 -,755E-08

.121E-04 .120E-04 .289E-04 -180E-04
-.600E-08 .482E-08 -.438E-08 -.865E-08

DETERMINANT OF ATWA = 1.460190201899E+73

CONDITION NUMBER = 4.717445108744E-27
LANDER UNCERTAINTY MATRIX

.100E-04 -.223E-05 .848E~05 .145E-04 .142E-05
-.223E-05 .104E-04 .667E~05 .142E-05 .954E-~-05
.848E-05 .667TE~05 .277E-04 .180E-04 .137E-04
STANDARD DEVIATIONS
.316E-02 .322E-02 .526E~-02 .380E~-02 .309E-02
MAGNITUDES
.693E-02 " .818E-02
EIGENVALUES
.321E-05 .1248-04 .324E-04 .130E-05 .103E~04
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX
.870E-11 .798E-11 .117E-10 .311E-05 -.600E-06
.798E~-11  .103E-10 .124E-10 -.600E-06  .163E-05
.1178-10 .124E-10 .251E-10 .183E-05 ©221E~05
STANDARD DEVIATIONS
.295E-05 .321E-05 .501E-05 .176E-02 .128E-02
MAGNITUDES
.664E-05 .419E-02
EIGENVALUES
.146E-11 .386E~11 .388E-10 .798E-06 .3258-05

.609E-08 -~

.505E-08
.685E~-09
.719E-08
.870E~-11
.476E-08
.798E-11
.454E-10
.117E-10

.900E-06 -
.914E-05
.620E-05 -
.142E-05 -.
.476E-08
.954E-05
.546E~-08
.137E-04 -
.486E-08

.180E-04
.137E-04
.430E-04

.655E-02

.553E-04

.183E-05
.221E-05
.128E-04

.358E-02

.135E-04

.741E-08
.604E-08
.580E-08

755E-08

.798E-~-11
.546E-08
.103E-10
.3439E-08
.124E-10

ORBITER POSITION UNCERTAINTY MATRIX

-121E-04
.120E-04
.289E-04
.180E-04
.454E-10
.137E-04
-.349E-08
.430E-04
-.268E-08

.600E-08
-482E-08
.438E-08
.865E-08
.117E-10
.486E-08
.124E-10
.268E-08
.251E~-10



File: solve Printed Fri Apr 7 20:08:29 1989 Login: PERRY Page: 2

FINAL MATRIX OF UNCERTAINTIES

.140E-01 .109E-01 -498E-01
.109E-01 .106E-01 .442E-01
.498E-01 .442E-01 .204E+00
.180E-01 .161E-01 -686E-01
.291E-04 .268E-04 .124E-03
-.692E-02 -.548E-02 -.266E-01
.420E-05 .357E-05 .196E-04
.462E-01 .431E-01 .188E+00
.179E-04 .602E-05 .448E-04

NUMBER OF EARTH-SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER-~SATELLITE DATA POINTS

TOTAL NUMBER POSSIBLE = 4320

LANDER UNCERTAINTY MATRIX

.140E-01 .109E-01 .498E-01

.109E-01 .106E-01 .442E-01

.498E-01 .442E-01 .204E+00
STANDARD DEVIATIONS

.118E+00 .103E+00 .452E+00
MAGNITUDES

.478E+00
EIGENVALUES

.958E-03 .170E-02 .226E+00

ORBITER VEL UNCERTAINTY MATRIX

.770E-07 .116E-07 .145E-07

.116E-07 .352E-08 .154E-07

.145E-07 .154E-07 .172E-06
STANDARD DEVIATIONS

.278E-03 .594E-04 .415E-03
MAGNITUDES

.503E-03
EIGENVALUES

.736E-09 .760E-07 .176E-06

.180E-01 .291E-04 -.692E-02
.161E-01 .268E-04 -.548E-02
.686E-01 .124E-03 -.266E-01
.25%E-01 .414E-04 -.935E-02
.414E-04 .770E-07 -.163E-04
.935E-02 -.163E-04 .412E-02 -
.470E-05 .116E-07 -.202E-05
.678E-01 .116E-03 -.251E-01
.743E-05 .145E-07 -.161E-05

=0

=0

= 43

TOTAL ACHIEVED = 43

.259E-01 -.935E-02 .678E-01
~.935E-02 .412E-02 -.251E-01
.678E-01 -.251E-01 .185E+00
.161E+00 .642E-01 .430E+00
.463E+00
.213E+400 .915E-03 .659E-03
RELATIVE ERROR MATRIX
.384E-02 -.768E-02 .278E-02
-.768E-02 .257E-01 .250E-02
.278E-02 .250E-02 .116E-01
.620E-01 .160E+00 .108E+00
.203E+00
.371E-03 .125E-01 .282E-01

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR

-.83057E+00 .25509E+01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR

.70786E-01 .15000E+01

.420E-05
.357E-05
.196E-04
.470E-05
.116E-07
.202E-05
.352E-08
.144E-04
.154E-07

ORBITER POSITION UNCERTAINTY MATRIX

.462E-01
.431E-01
.188E+00
.678E-01
.116E-03
.251E-01
.144E-04
.185E+00
.103E-04

.179E-04
.602E-05
.448E-04
.743E-05
.145E-07
.161E-05
.154E-07
.103E-04
.172E-06



EARTH DECLINATION +23 DEGREES
ONE AND ONE-HALF ORBIT MAPPED AHEAD
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.
WEIGHTS: -

EARTH/ORB:
RANGE =15.00000000015 M RAN RATE =1. MM/S

EARTH/LAN:
RANGE =15.00000000015 M RAN RATE =1. MM/S

LAN/ORB:
RANGE AND RANGE RATE DATA NOT USED FOR L/O.

DELAY FROM LAST TRACKING POINT TO DEORBIT
7200. SECONDS

ATWA INVERSE MATRIX

.585E-06 .656E-07 .681E-06 .000E+00
.656E-07 .417E-06 .248E-06 .000E+00
.681E-06 .248E-06 .256E-05 .000E+00
.000E+00 .000E+00 .000E+00 .302E-06
.000E+00 .000E+00 .000E+00 .695E-09
.000E+00 .000E+00 .000E+00 .684E-06
.000E+00 .000E+00 .000E+00 .757E-09
.000E+00 .000E+00 .000E+00 .124E-05
.000E+00 .000E+00 .000E+00 .127E-08

DETERMINANT OF ATWA = 1.996282364163E+84

CONDITION NUMBER = 4.658439468939E-24
LANDER UNCERTAINTY MATRIX

.585E-06 .656E-07 .681E-06 .302E~-06 .684E-06

.656E-07 .417E-06 .248E-06 .684E-06 -197E-05

.681E-06 .248E-06 .256E-05 .124E-05 .327E-05
STANDARD DEVIATIONS

.T65E-03 .646E-03 .160E~-02 .549E-03 .140E-02
MAGNITUDES

.18%E-02 .281E-02
EIGENVALUES

.368E-06 .395E-06 .280E-05 .510E~-08 .837E-07
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX

.329E-11 .375E-11 .646E-11 .887E-06 .T49E-06

.375E-11 -430B-11 - .740B-11 .T49E-06 .239E-05

.646E~11 .740E-11 .128E-10 .192E-05 .352E-05
STANDARD DEVIATIONS

.181E-05 .207E-05 .358E-05 .942E-03 .1588E-02
MAGNITUDES

.452E-05 .338E-02
EIGENVALUES

.915E-14 .388E-13 .204E-10 .381E-06 .785E-06

.000E+00
.000E+00
.000E+00
.695E-09
.329E-11
.237E-08
.375E-11
.370E-08
.646E-11

.000E+00
.000E+00
.000E+00
.684E-06
.237E-08
.197E-05
.266E-08
.327E-05
.448E-08

.124E-05
.327E-05
.562E-05

.237E-02

.781E-05

-192E-05
.352E-05
.818E~-05

.286E-02

.103E-04

.000E+00
.000E+00
.000E+00
.757E-09
.375E-11
.266E-08
.430E-11
.410E-08
.740E-11

ORBITER POSITION UNCERTAINTY MATRIX

.000E+00
.000E+00
.000E+00
.124E-05
.370E-08
.327E-05
.410E-08
.562E-05
.689E-08

.000E+00
.000E+00
.000E+00
.127E-08
.646E-11
.448E-08
.740E-11
. 689E-08
.128E-10
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FINAL MATRIX

.585E-06
.656E-07
.681E-06
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

NUMBER OF EARTH-SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER-SATELLITE DATA POINTS

TOTAL NUMBER POSSIBLE =

OF UNCERTAINTIES

.656R-07
.417B-06
.248E-06
.000B+00
.000B+00
.000E+00
.000E+00
.000E+00
.000E+00

.681E-06
.248R-06
.256E-05
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00
.000E+00

.000E+00 .000E+00
.000E+00 .000E+00
.000E+00 .000E+00
-114E+00 .399E-03
-399E-03 -477E-05
-341E+00 .410E-02
.448E-03 .534E-05
.562E+00 .568E-02
.806E~-03 .884E-05

= 647

= 664

=0

4320 TOTAL ACHIEVED = 1311

LANDER UNCERTAINTY MATRIX

.585E-06
.656E~-07
.681E-06

.656E~-07
.417E-06
.248E-~06

STANDARD DEVIATIONS

.765E-03

MAGNITUDES

.189E-02

EIGENVALUES

.368E-06

.646E~-03

.395E-06

.681E-06
.248E-06
.256E-05

.160E-02

.280E-05

ORBITER VEL UNCERTAINTY MATRIX

.477E-05
.534E-05
.884E-05

.534E-05
.597E-05
.988E-05

STANDARD DEVIATIONS

.218E-02

MAGNITUDES

.521E-02

EIGENVALUES

.329E-09

.244E-02

.260B-07

.884E-05
.988E-05
.164E-04

.405E-02

.271E-04

.114E+00 .341E+00
.341E+00 .354E+01
.562E+00 .490E+01
.338E+00 .188E+01
.325E+01

.104E+02 .106E+00

RELATIVE ERROR MATRIX

.114E+00 .341E+00
.341E+00 .354E+01
.562E4+00 .490E+01
.338E+00 .188E+01
.325E+01

.396E-03 .106E+00

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE
AND EARTH VECTOR

.97185E+00

.T70786E-01

.23784E+00
COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR
AND EARTH VECTOR

.15000E+01

-.000E+00
-000E+00
.000E+00
.341E+00
.410E-02
.354E+01
.458E-02
.490E+01
.757E-02

.562E+00
.490E+01
.688E+01

.262E+01

.396E-03

.562E+00
-490E+01
.688E+01

.262E+01

.104E+02

.000E+00
.000E+00
.000E+00
.448E-03
.534E-05
.458E-02
.597E-05
.635E-02
.988E-05

ORBITER POSITION UNCERTAINTY MATRIX

.000E+00
.000E+00
.000E+00
.562E+00
.568E~02
-490E+01
.635E-02
.688E+01
-106E-01

.000E+00
.000E+00
.000E+00
.806E-03
.884E-05
.757E-02
-988E-~-05
-106E-01
-164E-04
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.
WEIGHTS: :

EARTH/ORB: _
RANGE =15.00000000015 M RAN RATE =1. MM/S

EARTH/LAN:
RANGE =15.00000000015 M RAN RATE =1. MM/S

LAN/ORB:
RANGE =100. M RAN RATE =10. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT
7200. SECONDS

ATWA INVERSE MATRIX

.335E-06 .491E-07 .309E-06 .344E-07 -
.491E~07 .302E-06 .145E-06 .745E-07
.309E-06 .145E-06 .144E-05 .153E-06
.344E-07 .745E-07 .153E-06 .157E-06
-.122E-09 .210E-09 .109E-09 .148E-09
© =.122E-07 .192E-06 .238E-06 .253E-06
~.157E-09 .231E-09 .810E-10 .142E-09
.520E-07 .335E-06 .534E-06 .536E-06
~.289E-09 .388E~09 .116E-09 .215E-09

DETERMINANT OF ATWA = 6.852272295963E+85

CONDITION NUMBER = 2.233865283218E-23
LANDER UNCERTAINTY MATRIX

.335E-06  .491E-07 .309E-06 .157E-06 .253E-06

.491E-07  .302E-06 .145E-06 .253E-06 .604E-06

.309E-06  .145E-~06 .144E-05. .536E-06 .108E-05
STANDARD DEVIATIONS

.579E-03 .550E-03  .120E-02 .397B-03  .7772-03
MAGNITUDES

.144E-02 ".169E-02
EIGENVALUES

.251E-06 .287E-06 .154E-05 .502E-08 .558E-07
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX

.801E-12 .916E-12  .158E-11 .424E-06  .240E-06

.916E-12  .107E-11 .183E-11 .240E-06  .522E-06

.158E-11  .183E-11 .324E-11 .640E-06 .655E-06
STANDARD DEVIATIONS

.895E-06  .103E-05 .180E-05 .651E-03  .722E-03
MAGNITUDES

.226E-05 .185E-02
EIGENVALUES

.848E-14 .350E-13 .507E-11 .217B-06  .338E-06

.122E-09 -.
.192E-06
.238E-06
.253E-06
.553E-09
.604E-06
.602E-09
.108E-05
.946E-09

.210E-09
.109E-09
.148E-09
.801E-12
.553E-09
.916E-12
.843E-~09
.158E-11

122E-07 -.
.231E-09
.810E-10
.142E-09
.916E-12
.602E-09
.107E-11
.866E-09
.183E-11

.536E-06
.108E-05
.210E-05

.145E-02

.280E-05

.640E-06
.655E-06
.247E-05

.157E-02

.286E-05

157E-09

ORBITER POSITION UNCERTAINTY MATRIX

.520E-07
.335E-06
.534E-06
.536E-06
.843E-09
.108E-05
.866E-09
.210E-05
.135E-08

-.289E-09
.388E-09
.116E-09
.215E-09
.158E-11
.946E-09
.183E-11
.135E-08
.324E-11



File: solve Printed Mon Apr 10 19:03:07 1989 Login: PERRY Page: 2

FINAL MATRIX OF UNCERTAINTIES

.790E-03 .141E-02
.141E-02 .299E-02
.279E-02 .616E~-02
.513E-02 .107E-01
.392E-05 .473E-05
.305E-02 .56%E-02
.428E-05 .517E-05
.979E~02 .195E-01
.129E-04 .190E-04

NUMBER OF EARTH-SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER-SATELLITE DATA POINTS

TOTAL NUMBER POSSIBLE

-279E~02 .S513E-02 .392E-05 .305E-02
.616E-02 .107E-01 .473E-05 .569E-02
-149E-01 -300E-01 -.241E-04 -.241E-01 -
.300E-01 -720E-01 -.116E-03 ~.130E+00 -
.241E-04 .116E-03 .577E-06 .633E-03
.241E-01 .130E+00 .633E-03 .723E+00
.256E~04 -123E-03 .617E-06 .676E-03
.117E-02 .948E-01 .719E-03 .823E+00
.153E-04 .135E-03 .930E-06 -998E-03

= 647

= 664

= 31
4320 TOTAL ACHIEVED = 1342

LANDER UNCERTAINTY MATRIX

.790E-03

.141E-02
.141E-02 .299E-02
.279E~-02 .61l6E~02

STANDARD DEVIATIONS

.281E-01 .546E-01
MAGNITUDES

.137E+00
EIGENVALUES
' .858E-04 .508E-03

.279E-02
.616E-02
.149E-01

-122E+00

.180E-01

ORBITER VEL UNCERTAINTY MATRIX

.577E-06 .617E-06
.617E-06 .660E~-06
.930E-06 .996E-06

STANDARD DEVIATIONS

.760E-03 .812E-03
MAGNITUDES

.167E-02
EIGENVALUES

.348E-09 .280E-07

.930E-06
.996E-06
.156E-05

.125B~02

.277E-05

.720E-01 -.130E+00
-.130E+00 .723E+00
-.948E-01 .823E+00

.268E+00 .850E+00

.134E+01
.171E+01 .824E-01

RELATIVE ERROR MATRIX

.626E-01 -.143E+00
-.143E+00 .715E+00
-.132E+00 .834E+00

.250E+00 .845E+00

.134E+01
.519E-03 .552E-01

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR
-.91440E+00

.27248E+01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR
.70786E-01

.15000E+01

-.948E-01

.823E+00
.997E+00

.998E+00

.397E-03

.132E+00
.834E+00
.101E+01

.100E+01

.173E+01

.428E-05
.517E-05
.256E-04
.123E-03
.617E-06
.676E-03
.660E-06
.768E-03
.996E-06

ORBITER POSITION UNCERTAINTY MATRIX

.979E-02
.195E-01
-117E-02
-948E-01
.719E-03
.823E+00
.768E-03
.987E+00
.118E-02

.129E-04
.190E-04
.153E-04
.135E-03
.930E-06
.998E-03
.996E-06
.118E-02
.156E-05
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,

ORB/LAND TRACKING DATA,G!

WEIGHTS:

EARTH/ORB:

RAVITY TERMS INCLUDED.

RANGE AND RANGE RATE DATA NOT USED FOR E/O.

EARTH/LAN:

RANGE =15.00000000015 M

LAN/ORB:

RANGE =100. M

RAN RATE =10. MM/S

RAN RATE =1. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT
7200. SECONDS

-ATWA INVERSE MATRIX

.573E-06
.557E-07
.671E-06
.599E-06

. =-.157E-09
.274E-06
-.241E-09
.113E-05
-.193E-09

.557E-07
.403E-06
.246E-06
.391E-06
.607E-09
.702E-06
.443E-09
.762E-06
.528E-09

.671E-06
.246E-06
.238E-05
~104E-05
-.105E-09
.363E-06
~.600E-09
.229E-05
-.499E-09

DETERMINANT OF ATWA = 4.475064866368E+74

CONDITION NUMBER

LANDER UNCERTAINTY MATRIX

.573E-06
.557E-07
.671E-06

.587E-07
.403E-06
.246E-06

STANDARD DEVIATIONS

.757E-03

MAGNITUDES

.183E-02

EIGENVALUES

.336E-06

.635E-03

.390E-06

.671E-06
.246E-06
.238E-05

.154E-02

.263E-05

ORBITER VEL UNCERTAINTY MATRIX

.433E-10
.229E-10
.376E-10

.229B-10
.135e-10
.225E-10

STANDARD DEVIATIONS

.658E-05

MAGNITUDES

.101E-04

EIGENVALUES

.714E-12

.367E-05

.620E-11

.376E-10
.225E-10
.443E-10

.666E-05

.942E-10

= 3.220422382188E-26

.599E-06 -.157E-09 .274E-06 -
.391E-06 .607E-09 .702E-06
.104E-05 -.105E-09 .363E-06 -.
.551E-04 -.471E-07 -.286E-04 -
.471E-07 .433E-10 .268E-07
.286E-04 .268E-07 .191E-04
.237E-07 .229E-10 .146E-07
.111E-04 .136E-07 .118E-04
.372E-07 .376E~10 .214E-07

.241E-09
.443E-09

600E-09

.237E-07
.229E-10
.146E-07
.135E-10
.730E-08
.225E-10

ORBITER POSITION UNCERTAINTY MATRIX

.551E-04 -.286E-04
-.286E-04 .191E-04
-.111E-04 .118E-04

.T42E-02 -437E-02

.932E-02

.524E-06 .116E-04

RELATIVE ERROR MATRIX

.545E-04 -.284E-04
-.284E-04 .181E-04
-.126E-04 .109E-04

.738E-02 .426E-02

.911E-02

.534E-06 .828E-05

.111E-04
.118E-04
.126E-04

.356E-02

.748E-04

.126E-04
.109E-04
.104E-04

.323E-02

.742E-04

.113E-05
.T62E-06
.229E-05
.111E-04
.136E-07
.118E-04
.730E-08
.126E-04
.105E-07

-.193E-09
.528E-09

-.499E-09

-.372E-07
.376E-10"
.214E-07
.225E-10
.105E-07
-443E-10
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FINAL MATRIX OF UNCERTAINTIES

.245E-05 .163E-05 .142E-04 -.390E-04 .102E-06 ~-.
.163E-05 .182E-05 .616E-05 -.580E-04 .613E-07 ~-.
.142E-04 .616E~05 .808E-03 .51%E-02 .253E-05 -.
-.390E-04 -.580E-04 .519E~02 .908E-01 -.195E-04 -,
.102E-06 .613E-07 .253E-05 -.195E-04 .320E-07
-.117E-03 -.531E-04 -.771E-02 -.911E-01 .216E-05
.771E-07 .521E-07 .922E-06 -.252E-04 .224E-07
-.146E-03 -.110E-03 -.208E-02 -.160E-01 -.244E-05
.542E-06 .464E-06 .807E-06 -.848E-04 .507E-07
NUMBER OF EARTH-SATELLITE DATA POINTS =0
NUMBER OF EARTH-LANDER DATA POINTS = 664
NUMBER OF LANDER-SATELLITE DATA POINTS = 31
TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 695

LANDER UNCERTAINTY MATRIX

.245E-0S .163E-05 .142E-04

.163E-05 .182E-05 .616E-05

.142E-04 .616E-05 .808E-03
STANDARD DEVIATIONS

.156E-02 .135E-02 ~284E-01
MAGNITUDES

.28S5E-01
EIGENVALUES

.452E-06 .352E-0S .808E-03

ORBITER VEL UNCERTAINTY MATRIX

.320E-07 .224E-07 .507E-07

.224E-07 .181E-07 .486E-07

.S07E-07 .486E-07 .233E-06
STANDARD DEVIATIONS

.179E-03 .135E-03 .482E-03
MAGNITUDES

.532E-03
EIGENVALUES

.960E-09 .254E-07 .256E-06

117E-03
S531E-04
771E-02
S11E-01 -

.216E-0S
-110E+00
.141E-04
.295E-01 -.
.405E-04

.771E-07
.521E-07
.922E-06
.252E-04
.224E-07
.141E-04
.181E-07

608E-06

.486E-07

ORBITER POSITION UNCERTAINTY MATRIX

.908E-01 -.911E-01
-.911E-01 .110E+00
-.160E-01 .295E-01

.301E+00 .331E+00

.467E+00
.198E+00 .183E-01

RELATIVE ERROR MATRIX

.909E-01 -.909E-01
-.909E-01 .110E+00
-.210E-01 .373E-01

.301E+00 .331E+00

.473E+00
.173E-02 .204E-01

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR

-.31599E+00 .18923E401

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR

.70786E-01 .15000E+01

-.160E-01
.295E-01
.180E-01

.134E+00

.248E-02

-.210E-01
.373E-01
.230E-01

.152E+00

.202E+00

.146E-03
-110E-03
.208E-02
.160E-01
.244E-05
.295E-01
.608E-06
.180E-01
.286E-04

.542E-06
.464E-06
.807E-06
.848E-04
.507E-07
.405E-04
.486E-07
.286E-04
.233E-06
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA, GRAVITY TERMS INCLUDED.

WEIGHTS:

EARTH/ORB:

RANGE =15.00000000015 M

EARTH/LAN:

RAN RATE =1. MM/S

RANGE AND RANGE RATE DATA NOT USED FOR E/L.

LAN/ORB:

RANGE =100. M

RAN RATE =10. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT

7200.

SECONDS

"ATWA INVERSE MATRIX

.876E-06
.240E-06
.389E-06
.764E-07
.292E-09
.325E-07
.369E-09
.108E-06
.687E-09

.240E-06
.113E-05
.301E-06
.257E-06
.721E-09
.666E-06
.795E-09
.116E-05
.133E-08

.389E-06
.301E-06
.352E-05
.367E-06
.443E-09
.649E-06
.411E-09
.136E-05
.668E-09

. 764E-07
.257E-06
.367E-06
.213E-06
.284E-09
.387E-06
.288E-09
.777E-06
.461E-09

DETERMINANT OF ATWA = 2.455515012207E+84

CONDITION NUMBER

LANDER UNCERTAINTY MATRIX

.876E-06 .240E-06
.240E-06 .113E-05
.389E-06 .301E-06

STANDARD DEVIATIONS

.936E-03 .106E-02
MAGNITUDES

.235E-02
EIGENVALUES

.719E-06 .119E-05

ORBITER VEL UNCERTAINTY

.132E-11 .149E-11
.149E-11 .172B-11
.257E~11 .295E-11

STANDARD DEVIATIONS

.11SE-05 .131E-05
MAGNITUDES

.286E-05
EIGENVALUES

.907E-14 .379E-13

.389E-06
.301E-06
.352E-05

.188E-02

.362E-05

MATRIX

.257E~11

.295E-11
.517E-11

.227E-05

.815E-11

= 9.872362627951E-24

-.292E-09
.721E-09
.443E-09
.284E-09
.132E-11
.963E-09
.149E-11
.151E-08
.257E-11

-.325E-07 -
.666E-06
.649E-06
.387E-06
.963E-09
.963E-06
.105E-08
.170E-05
.171E-08

.369E-09
.795E-09
.411E-09
.288E-09
.149E-11
.105E-08
.172E-11
.160E-08
.295E-11

ORBITER POSITION UNCERTAINTY MATRIX

.213E-06 .387E-06

.387E-06 .963E-06

.777E-06 .170E-0S

.462E-03 <~ 981E-03
.209E-02

.50SE-08 .663E-07

.777E-06
.170E-0S
.317E-0S

.178E-02

.428E-05

RELATIVE ERROR MATRIX

.937E-06 .402E-06

.402E-06 .763E-06

.691E-06 .193E-06

.968E-03 .873E-03
.238E-02

.412E-06 .112E-05

.691E-06
.193E-06
.397E-05

.199E-02

.415E-05

.108E-06
.116E-05
.136E-05
.777E-06
.151E-08
.170E-05
.160E-08
.317E-05
.259E-08

-.687E-09
.133E-08
.668E-09
.461E-09
.257E-11
.171E-08
.295E-11
.259E-08
.517E-11
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FINAL MATRIX OF UNCERTAINTIES

.499E-02 -113E-01 .116E-01 .105E-01 .286E-04
.113E~-01 .3588-01 .491E-01 .426E-01 .443E-04
.116E-01 .491E-01 .898E-01 -860E-01 -.432E-04 -
.105E~-01 .426E-01 .860E-01 -914E-01 -.899E-04 -
.286E-04 .443E-04 -.432E-04 -.899E-04 .582E-06
.268E-01 .475E-01 -.430E-01 -.105E+00 .642E-03
.309E-04 .480E-04 ~-.4S55E-~04 ~-.949E-04 .623E-06
.475E-01 .111E+00 .384E-01 -.388E-01 .760E-03
.625E-04 .115E-03 -.908E-05 -.802E-04 .958E-06

NUMBER OF EARTH-SATELLITE DATA POINTS = 647
NUMBER OF EARTH-LANDER DATA POINTS =0
NUMBER OF LANDER-SATELLITE DATA POINTS = 31

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 678

LANDER UNCERTAINTY MATRIX

.499E-02 .113E-01 .116E-01 .514E-01 -.105E+00
.113E-01 .358E-01 .491E-01 -.105E+00 .736E+00
.116E-01 .491E-01 .898E~-01 -.388E-01 .868E+00

STANDARD DEVIATIONS

.707E-01 .189E+00 .300E+00 .302E+00 .858E+00
MAGNITUDES

.361E+00 .140E+01
EIGENVALUES

.554E-03 .913E-02 .121E+00 .182E+01 . .124E+00
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX

.582E-06 .623E-06 .958E-06 .755E-01 ~-.163E+00

.623E~06 .667E-06 .103E-05 -.163E+00 .677E+00

.858E-06 .103E-05 .165E-05 ~-.161E+00 .849E+00

STANDARD DEVIATIONS

.763E-03 .817E-03 .128E-02 .275E+00 .823E+00
MAGNITUDES

.170E~-02 .137E+01
EIGENVALUES

.347E-09 .301E-07 .287E-05 .298E-02 .683E-01

INDICATOR OF THE PLANE OF THE SKY PROBLEM

COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE
AND EARTH VECTOR

.93281E+00 .36867E+00

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR
AND EARTH VECTOR

.70786E-01 .15000E+01

.268E-01

.475E-01

-430E-01 -
-105E+00 -.
.642E-03
.736E+00
.687E~-03
.868E+00
.103E-02

-.388E-01
.868E+00
.112E+01

.106E+01

.397E-03

-.161E+00
.849E+00
.113E+01

.106E+01

.181E+01

.309E-04
.480E-04
.455E-04

949E-04

.623E-06
.687E-03
.667E-06
.813E-03
.103E-05

ORBITER POSITION UNCERTAINTY MATRIX

.475E~01
©.111E+00
.384E-01
.388E-01
.760E-03
.868E+00
.813E-03
.112E+01
.129E-02

.625E-04
.115E-03
.908E-05
.802E-04
.958E-06
.103E-02
.103E-05
.129E-02
.165E-05
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MATRICES FORMED WITH EARTH/ORSE, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.
WEIGHTS: -

EARTH/ORB:
RANGE AND RANGE RATE DATA NOT USED FOR E/O.

EARTH/LAN:
RANGE AND RANGE RATE DATA NOT USED FOR E/L.

LAN/ORB:
RANGE =100. M RAN RATE =10. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT
7200. SECONDS

ATWA INVERSE MATRIX

.521E-04 -.215E-04 .475E-04 .839E-04 -

-.215E-04 .241E-04

.817E-05 -.503E-04

.475E-04 -1817E-05 .657E-04 .69%E-04 -
.839E-04 -.503E-04 .699E-04 .207E-03 -

-.555E-07 .462E-07
~.199E-04 .334E-04
-.524E-07 .380E-07

.352E-07 -.160E-06
.184E-05 -.868E-04
.405E-07 -.126E-06

.591E-04 .262E-05 .801E-04 .580E-04 -

-.535E-07 .415E-07

.391E-07 -.144E-06

DETERMINANT OF ATWA = 1.384579877917E+70

.555E-07 ~-.
.462E-07

.352E-07 -
.160E-06 -.
.137E-09
.858E-07
.104E-09
.978E-08
.124E-09

CONDITION NUMBRER = 1.22881826173E-29 '
LANDER UNCERTAINTY MATRIX
.521E-04 -.215E-04 .475E-04 .207E-03 -.868E-04
-.215E-04 .241E-04 -.817E-05 -.868E-04 .673E-04
.475E-04 -.817E-05 .657E-04 .580E-04 .310E-04
STANDARD DEVIATIONS
-722E-02 .491E-02 .811E-02 .144E-01 .820E-02
MAGNITUDES
.119E-01 .200E-01
EIGENVALUES
.375E-05 .266E-04 .112E-03 .194E-05 .138E-03
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX
.137E-09 .104E-09 .124E-09 .912E-04 -.381E-04
.104E-09 .847E-10 .979E-10 -.381E-04 .247E-04
.124E-09 .979E-10 .125E-09 -.235E-04 .221E-04
STANDARD DEVIATIONS
.117E-04 .920E-05 .112E-04 .955E-02 .497E-02
MAGNITUDES
.186E-04 .122E-01
EIGENVALUES
.383E-11 .683E-11 .336E-09 .223E-05 .262E-04

199E-04 -

.334E-04
.184E-05 -.

868E-04 -

.858E-07
.673E-04
.617E-07
.310E-04 -
.738E-07

.580E-04
.310E-04
.126E-03

.112E-01

.261E-03

-.235E-04
.221E-04
.319E-04

.565E-02

.119E-03

.524E-07
.380E-07

405E-07

.126E-06
.104E-09
.617E-07
.847E-10
.256E-07
.979E-10

ORBITER POSITION UNCERTAINTY MATRIX

.591E-04
.262E-05
.801E-04
.580E-04
.978E-08
.310E-04
.256E-07
.126E-03
.183E-07

.535E-07
-415E-07
.391E-07
.144E-06
.124E-09
.738E-07
.979E-10
.183E-07
-125E-09



File: solve Printed Tue Apr 11 10:12:21 1989 Login: PERRY Page: 2

FINAL MATRIX OF UNCERTAINTIES

.288E-02 .913E-03 .491E-02 -.229E-02 .366E-05 -142E-02 .241E-05
.913E-03 .766E-02 .284E-01 .156E-01 .161E-04 -.141E-01 .361E-05
.491E-02 .284E-01 -110E+00 .576E-01 .632E-04 -.533E-01 .151E-04
-.229E-02 .156E-01 .576E-01 .817E-01 .332E-05 -.729E-01 -.189E-04

.366E-05 .161E-04 .632E-04 .332E-05 .562E-07 -.479E-05 .246E-07
.142E-02 -.141B-01 -.533E-01 -.729E-01 -.479E-05 .661lE-01 .164E-04
.241E-05 .361E-05 .151E-04 -.189E-04 .246E-07 .164E-04 .163E-07
.186E-02 .165E-01 .625E-01 .220E-01 .444E-04 -.204E-01 .146E-04
.214E-04 .931E-05 .396E-04 -.596E-04 .550E-07 .522E-04 .435E-07

NUMBER OF EARTH-SATELLITE DATA POINTS =0

NUMBER OF EARTH-LANDER DATA POINTS =0

NUMBER OF LANDER-SATELLITE DATA POINTS = 31

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 31

LANDER UNCERTAINTY MATRIX ORBITER POSITION UNCERTAINTY MATRIX
.288E-02 .913E-03 .491E-02 .817E-01 -.729E-01 .220E-01
.913E-03 .766E-02 .284E-01 -.729E-01 .661lE-01 -.204E-01
.491E-02 .284E-01 .110E+00 .220E-01 -.204E-01 .406E-01

STANDARD DEVIATIONS

.537E-01 .875E-01 .332E+00 .286E+00 .257E+00 .201E+00
MAGNITUDES

.348E+00 . .434E+00
EIGENVALUES

.277E-03 .271E-02 .118E+00 .155E+400 .328E-01 .554E-03
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX

.562E-07 .246E-07 .550E-07 .892E-01 -.891E-01 -.326E-01

.246E-07 .163E-07 .435E-07 -.891E-01 .102E+00 .448E-01

.550E-07 .435E-07 .228E-06 -.326E-01 .448E-01 .261E-01

STANDARD DEVIATIONS

.237E-03 .128E-03 .478E-03 .299E+00 .319E+00 .161E+00
MAGNITUDES

.549E-03 .466E+00
EIGENVALUES

.297E-08 .435E-07 .254BE-06 .101E-02 .141E-01 .202E+00

INDICATOR OF THE PLANE OF THE SKY PROBLEM

COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE
AND EARTH VECTOR

.11155E+00 .14590E+01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR
AND EARTH VECTOR

.70786E-01 .15000E+01

.186E-02
.165E-01
.625E-01
.220E-01
-444E-04
.204E-01
-146E-04
.406E-01
.275E-04

.214E-04
.931E-05
.396E-04
.596E~-04
.550E-07
.522E-04
.435E-07
.275E-04
.228E-06



EARTH DECLINATION APPROXIMATELY 0 DEGREES
ONE-HALF ORBIT MAPPED AHEAD
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.
WEIGHTS: E

EARTH/ORB:
RANGE =15.00000000015 M RAN RATE =1. MM/S

EARTH/LAN:
RANGE =15.00000000015 M  RAN RATE =1. MM/S

LAN/ORB:
RANGE AND RANGE RATE DATA NOT USED FOR L/O.

DELAY FROM LAST TRACKING POINT TO DEORBIT
0. SECONDS

ATWA INVERSE MATRIX

.331E-06 -.155E-07 -.213E-04 .000E+00 .000E+00 .000E+00
-.155E~-07 .367E~06 .504E-04 -000E+00 .000E+00 .000E+00
-.213E-04 .504E-04 .694E-01 .000E+00 .000E+00 .000E+00

.000E+00 .000E+00 .000E+00 .353E-06 -.226E-10 .630E-05

.000E+00 .000E+00 .000E+00 -.226E-10 .251E-13 -~-.574E-09 -

.000E+00 .000E+00 .000E+00 .630E-05 -.574E-09 .127E-03

.000E+00 .000E+00 .000E+00 .216E-09 -~.124E-13 .381E-08

.000E+00 .000E+00 -000E+00 .133E-07 -~.126E-11 .267E-06

DETERMINANT OF ATWA = 1.059985725899E+80

CONDITION NUMBER = 4.464432223978E-18
LANDER UNCERTAINTY MATRIX

.331E-06 -.155E-07 ~.213E-04 .353E-06 .630E-05 ~.331E-06
-.155E-07 .367E-06 .504E-04 .630E-05 -127E-03 -.629E-0S
-.213E-04 .504E-04 .694E-01 ~.331E-06 ~.62%E-05 .326E-06

STANDARD DEVIATIONS

.575E-03 .605E-03 .263E+00 .594E-03 .112E-01 .571E-03
MAGNITUDES

.263E+00 .113E-01
EIGENVALUES

.324E-06 .330E-06 .694E-01 .403E-08 .483E-07 .127E-03
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX

.251E-13 -.124B-13 -.126E-11 .684E-06 .629E-05 -.216E-04
-.124E-13 .1338-12 .804E-11 .629E-05 .127E-03 .441E-04
-.126E-11 .804E~-11 .565E-09 -.216E-04 .441E-04 .694E-01

STANDARD DEVIATIONS

.159E-06 .365E-06 .238E-04 .827E-03 .113E-01 .263E+00
MAGNITUDES

.238E-04 ) .264E+00
EIGENVALUES

.147E-13 .264E-13 .565E-09 .363E-06 .127E-03 .694E-01

.000E+00
.000E+00
.000E+00
.216E-09
.124E-13
.381E-08
.133E-12
.000E+00 .000E+00 .000E+00 -.331E-06 .260E-10 -.62%E-05 ~.

199E-09

.804E-11

ORBITER POSITION UNCERTAINTY MATRIX

.000E+00
.000E+00
.000E+00
.331E-06
.260E-10
.629E~-05
.199E-09
.326E-06
.133E-07

.000E+00
.000E+00
.000E+00
.133E-07
-126E-11
.267E-06
.804E-11
.133E-07
.565E-09
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FINAL MATRIX OF UNCERTAINTIES

.331E-06 ~-.155E-07 -.213E-04
-.155E-07 -367E-06 .504E-04
-.213E-04 .504E-04 .694E-01

.000E+00 .000E+00 .000E+00

.000E+00 .000E+00 .000E+00

.000E+00 .000E+00 .000E+00

.000E+00 .000E+00 .000E+00

.000E+00 .000E+00 .000E+00

.000E+00 .000E+00 .000E+00

NUMBER OF EARTH-SATELLITE DATA POINTS

NUMBER OF EARTH-LANDER DATA POINTS

NUMBER OF LANDER-SATELLITE DATA POINTS

.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
-151E+00 -265E-04 .297E+01
.265E-04 .629E-07 .687E-03
.297E+01 .687E-03 .619E+02
.876E-04 .168E-07 .179E-02
-165E+00 -.383E-04 -.321E+01 -.
.601E-02 .119E-05 .125E+400

695
647
0

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 1342

LANDER UNCERTAINTY MATRIX
.331E-06 -.155E-07 -.213E-04
-.155E-07 .367E-06 .504E-04
-.213E-04 .504E-04 .694E-01
STANDARD DEVIATIONS

.575E-03 .605E-03 .263E+00

MAGNITUDES

.263E+00

EIGENVALUES

' .324E-06 .330E-06 .694E-01

ORBITER VEL UNCERTAINTY MATRIX
.629E-07 .168E-07 .119E-05
.168E-07 .524E-07 .361E-05
.119E-05 .361E-05 .252E-03

STANDARD DEVIATIONS

.251E-03 .229E-03 .159E-01

MAGNITUDES

.159E-01

EIGENVALUES

.646E-09 .573E-07 .252E-03

.151E+00 .297E+01 -.165E+00
.287E+01 .619E402 ~.321E+01
~-.165E+00 -.321E+01 .183E+00

.389E+00 .787E+01 .428E+00

-789E+01

.622E+02 .248E-01 .135E-02

RELATIVE ERROR MATRIX

.151E+00 .297E+01 -.165E+00
.297E+01 .619E+02 .321E+01
-.165E+00 -.321E+01 .253E+00

.383E+00 .787E+01 .503E+00

.789E+01

.788E-02 .875E-01 .622E+02

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR
.99940E+00 .34593E-01

COsS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR
-.50155E+00 .20962E+01

.000E+00
.000E+00
.000E+00
.876E-04
.168E-07
.179E-02
.524E-07

941E-04

.361E-05

ORBITER POSITION UNCERTAINTY MATRIX

-000E+00
.000E+00
.000E+00
.165E+00
.383E-04
.321E+01
.941E-04
.183E+00
.648E-02

.000E+00
-000E+00
.000E+00
.601E-02
.119E-05
.125E+00
.361E-05
.648E-02
.252E-03
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.

WEIGHTS: -

EARTH/ORB:
RANGE =15.00000000015 M

EARTH/LAN:
RANGE =15.00000000015 M

LAN/ORB:
RANGE =100. M

RAN RATE =10. MM/S

RAN RATE =1. MM/S

RAN RATE =1. MM/sS

DELAY FROM LAST TRACKING POINT TO DEORBIT

0. SECONDS

ATWA INVERSE MATRIX

.213E-06 .159E-09 -~.315E-08
.15%E-09 .286E~-06 ~.215E-07
~.315E-08 -.215E-07 .232E-05
.618E-08 .116E-07 .597E-07
~-.471E-12 -.33%E-12 .411E-10
~.446E-08 .223E-06 .286E-07
.386E~-11 .710E-11 .456E-10
-.318E-08 -~.113E-07 -.186E-07
-.877E-11 .469E-09 - .716E-11

-618E-08 ~.471E-12 -.446E-08
.116E-07 -.339E-12 .223E-06
.597E~-07 .411E-10 .286E-07
.389E~07 .625E-11 -196E-07
.625E~11 .213%E~-13 .158E-10
-196E-07 .159E-10 .345E-06
.257E~10 .497E-14 .129E-10
-.187E-07 -.312E-11 -.177E-07 -
-334E-10 -.137E-13 -694E-09

DETERMINANT OF ATWA = 5.555883690035E+87

.386E-11
.710E-11
.456E-10
.257E-10
.497E-14
.129E-10
.184E-13
.975E-11
.201E-13

CONDITION NUMBER = 1.485959777254E-15
LANDER UNCERTAINTY MATRIX ORBITER POSITION UNCERTAINTY MATRIX
.213E-06 .159E~09 -.315E-08 .389E-07 .196E-07 -.187E-07
.15%E-~-09 .286E-06 ~.215E-07 .196E-07 .345E-06 -.177E-07
~.315E-08 ~.215E-07 .232E-05 -.187E-07 -.177E-07 .142E-07
STANDARD DEVIATIONS
.461E-03 .534E-03 .152E-02 .197E-03 .587E-03 .119E-03
MAGNITUDES
.168E-02 .631E-03
EIGENVALUES
.213E-06 .285E-06 .232E-05 .401E-08 .467E-07 .347E-06
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX
.219E-13 .497B-14 -.137E-13 .23%E-06 .126E-07 -~.783E-07
.497E-14 .184E-13 .201E~-13 .126E-07 .184E-06 -.564E-07
-.137E-13 .201E~-13 .151E-11 ~.783E-07 -.564E-07 .237E-05
STANDARD DEVIATIONS
.148E-06 .136E-06 .123E-05 .489E-03 .429E-03 .154E-02
MAGNITUDES
.124E-05 .167E-02
EIGENVALUES
.145E-13 .254E-13 .151E-11 .181E-06 .238E-06 .237E-05

.318E-08
.113E-07
.186E-07
.187E-07
.312E-11
.177E-07
.975E-11
.142E-07
.327E-10

.877E-11
.469E-09
.716E-11
.334E-10
-137E-13
.694E-09
.201E-13
.327E-10
-151E-11
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FINAL MATRIX OF UNCERTAINTIES

.869E-02 .278E-04 -.861E-01
.278E~04 .126E-03 .267E-03
~.861E-01 .267E-03 -8578+00
.148E-02 .886E-03 -.101E-01
~.195E-04 .161E-06 .196E-03
~.642E-01 .395E~03 . 640E+00
.309E-06 -178E-06 -.265E-05
.312E-02 -.122E-02 -.382E-01
~.429E-04 -.568E-~06 .422E-03

NUMBER OF EARTH-SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER-SATELLITE DATA POINTS

TOTAL NUMBER POSSIBLE = 4320

LANDER UNCERTAINTY MATRIX

.869E~02  .278E-04 -.861E-01
.278E-04 .126E-03 .267E-03
-.861E-01 .267E-03 .857E+00
STANDARD DEVIATIONS
.932E-01  .112E-01 .926E+00
MAGNITUDES
.931E+00
EIGENVALUES
' .200E-04  .154E-03  .866E+00

ORBITER VEL UNCERTAINTY MATRIX

.633E~07 -.317E-09 .611E-07
~.317E-09 .560B-09 -~.213E-08

.611E-07 -.213E-08 .313E-06
STANDARD DEVIATIONS

.252E-03 .237E-04 .560E~03
MAGNITUDES

.614E-03
EIGENVALUES

.54SE-09 .491E-07 .327E~-06

-148E-02 -~.195B-04 ~-.642E-01
.886E-~03 .161E-06 .395E-03
-101E-01 .196E~-03 .640E+00 -

-816E-02 -.107E-05 ~.708E-02
.107E-05 .633E-07
.708E-02 .157E-03 .485E+00 -
.143E-05 -.317E-09 -.185E-05

-108E-01 -.123E-04 -.304E-01 -
.354E-05 .611E-07 .290E-03 -

695
647
43

TOTAL ACHIEVED = 1385

-816E-02 -.708E-02 -.108E-01
-.708E-02 .485E4+00 -.304E-01
-.108E-01 -.304E-01 .188E-01

.903E-01 .697E400 .137E+400

.T16E+00

.487E+00 .245E-01 .405E-03
RELATIVE ERROR MATRIX

.13%E-01 .563E-01 -.898E-01

.563E-01 .485E+00 ~.669E+00
~.898E-01 -.669E+00 .952E+00

.118E+00 .696E+00 .976E+00

.120E+401
.140E-02 .141E-01 .144E+01

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR

-99936E+00 .35847E-01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR

~.50155E+00 -20962E+01

.309E-06
.178E-06
.265E-05
.143E-05
.157E-03 -.
.185E-05
.560E-09
.129E-05
.213E-08

317E-09

ORBITER POSITION UNCERTAINTY MATRIX

.312E-02
.122E-02
-382E-01
.108E-01
.123E-04
-304E-~-01
.129E-05
.188E-01
.188E-04

-429E-04
.568E-06
-422E-03
.354E~05
.611E-07
.290E-03
.213E-08
.188E-04
.313E-06
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA, GRAVITY TERMS INCLUDED.

WEIGHTS:

EARTH/ORB:

RANGE AND RANGE RATE DATA NOT USED FOR E/O.

EARTH/LAN:

RANGE =15.00000000015 M RAN RATE =1. MM/S

LAN/ORB:
RANGE =100. M RAN RATE =10. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT

0. SECONDS

ATWA INVERSE MATRIX

.310E-06 -.971E-09 -.411E-06
-.971E-09 .321E-06 .556E-07
-.411E-06 .556E~-07 .154E-04

.387E-06 ~-.613E-08 -.693E-06
-.631E-10 .322E-09 .129E-08

" -.876E-07 .262E-06 .978E-06

.804E-12 .256E~-10 .396E-08
-.660E-06 .358E-07 .857E-05

.905E-10 -.140E-09 -.481E-08

DETERMINANT OF ATWA

.387E-06 -.631E-10 -.876E-07
.613E-08 .322E-09 .262E-06
.693E-06 .129E-08 .978E-06
.180E-05 -.527E-09 -.394E-06
.527E-09 .548E-11 .262E-08 -
.394E-06 .262E-08 .244E-05 -
.282E-09 -.582E-12 -~.583E-09
.250E-05 -.684E-09 -.735E-06
.137E-08 -.836E-11 -~.229E-08 -.

1.16762139562E+76

CONDITION NUMBER = 1.008184667435E~-19
ORBITER POSITION UNCERTAINTY MATRIX

LANDER UNCERTAINTY MATRIX
.310E-06 -.971E-09 -.411E-06
-.971E-09 .321E-06 .556E-07
-.411E-06 .556E-07 .154E-04
STANDARD DEVIATIONS

.557E-03 .567E-03 .392E-02

MAGNITUDES

.400E-~-02

EIGENVALUES

.299E-06 .321E-06 .154E-04

ORBITER VEL UNCERTAINTY MATRIX
.548E-11 -.582E-12 -.836E-1l
-.582E-12 .171E-11 -.827E-12
-.836E~-11 -.827E-12 .190E-10

STANDARD DEVIATIONS

.234E-05 .131E-05 .436E-05

MAGNITUDES

.511E-05

EIGENVALUES

.698E~-12 .247E~-11 .230E-10

.180E-05 -.394E-06 -.250E-05
-.394BE-06  .244E-05 -.735E-06
-.250E-05 -.735E-06 .873E-05

.134E-02 .156E-02 .312E-02

.374E-02

.857E-06 .261E-05 .105E-04

RELATIVE ERROR MATRIX

.133E-05 -.301E-06 -.156E-05
-.301E-06 .224E-05 -.169E-05
-.156E-05 -.169E-05 .798E-05

.115E-02 .150E-02 .282E-02

.340E-02

.641E-06 .219E-05 .872E-05

.804E-12
.256E-10
.396E-08
.282E-09
.582E-12
.583E-09
.171E-11
.282E-08

827E-12

.660E-06
.358E-07
.857E-05
.250E-05
.684E-09
.735E-06
.282E-08
.973E-05
.320E-08

.905E-10
.140E-09
.481E-08
.137E-08
.836E-11
.229E-08
.827E-12
.320E-08
.190E-10
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FINAL MATRIX OF UNCERTAINTIES

.330E-04 -.639E-05 -.130E-02
-.639E-05 .380E-05 .104E-03
.130E-02 .1048-03 .893E-01
.689B-03 .175E-03 .276E-01
.135E-05 -.243B-06 -.731E-04
.5178-03 .387E-04 .303E-01
.870E-06 .783E-07 .544E-04
.412E-03 -.149E-03 .520E-01
.799E-06 .438E-06 -.780E-05

NUMBER OF EARTH-SATELLITE DATA POINTS

NUMBER OF EARTH-LANDER DATA POINTS

NUMBER OF LANDER-SATELLITE DATA POINTS

-.6898-03 .135E-05 -.5178-03 -.

-175B-03 -.243E-06 .387E-04
.276B-01 -.731E-04 .303E-01
.156E-01 .300E~-04 .104E-01

-104E-01 - .252E-04 .123E-01
.180E-04 -.454E-07 .205E-04
.634E-02 -.317E-04 .194E-01
-186E-04

0
647
43

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 690

LANDER UNCERTAINTY MATRIX
.330E-04 -.639E-05 -.130E-02
-.639E-05 .380E-05 .104E-03
-.130E-02 -104E-03 .893E-01
STANDARD DEVIATIONS

.574E-02 .195E-02 -299E+400

MAGNITUDES

.299E+00

EIGENVALUES

.174E-05 .160E-04 .893E-01

ORBITER VEL UNCERTAINTY MATRIX
.681E-07 ~.454E-07 -.212E-07
~.454E-07 .358E-07 -.164E-07
~.212E-07 -.164E-07 .216E-06
STANDARD DEVIATIONS

.261E-03 .189E-03 - .465E-03

MAGNITUDES

.566E-03

EIGENVALUES

.728E-09 .996E-07 .220E-06

.212E-07 -.130E-04 -.

870E-06

.783E-07
.544E-04
.180E-04
-.300B-04 .681E-07. -.252E-04 -.
.205E-04
.358E-07
.340E-04

454E-07

164E-07

ORBITER POSITION UNCERTAINTY MATRIX

.156E-01 .104E-01 .634E-02
.104E-01 .123E-01 .194E-01
.634E-02 .194E-01 .504E-01

.125E+00 -111E+00 .224E+00

.280E+00

.607E-01 .172E-01 .444E-03

RELATIVE ERROR MATRIX

.170E-01 .107E-01 -.221E-01
.107E-01 .123E-01 -.107E-01
-.221E-01 -~.107E-01 .356E-01

.130E+00 .111E+400 .189E+00

.255E400

.996E-03 .848E-02 .554E-01

INDICATOR OF THE PLANE OF THE SKY PROBLEM

COS OF ANGLE BETWEEN ORBITER ERROR
AND EARTH VECTOR
~.34065E+00 -19184E+01

ELLIPSE

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR
'~ -.50155E+00 .20962E+01

-412E-03
.149E-03
.520E-01
-634E-02
.317E-04
.1394E-01
.340E-04
.504E-01
.601E-04

.799E-06
.438E-06
.780E-05
.196E-04
-212E-07
.130E-04
.164E-07
.601E-04
.216E-06
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.

WEIGHTS: -

EARTH/ORB:
RANGE =15.00000000015 M

EARTH/LAN:

RAN RATE =1. MM/S

RANGE AND RANGE RATE DATA NOT USED FOR E/L.

LAN/ORB:
RANGE =100. M

RAN RATE =10. MM/sS

DELAY FROM LAST TRACKING POINT TO DEORBIT

0. SECONDS

ATWA INVERSE MATRIX

.618E-06 .408E-08 -~.809E-08
.408E-08 .213E-05 -~.171E-06
-.809E-08 -~.171E-06 .233E-05
.181E-07 .865E-07 .535E-07
-.135E-11 -~.272E-11 .413E-10
~.101E-07 .166E-05 -.878E-07
.113E-10 .527E-10 .419E-10
~.939E-08 -.841E-07 -.126E-07
~-.195E-10 .349E-08 -~.252E-09

.181E-07 -.135E-11 -.101E-07
.865E-07 -.272E-11 .166E-05
.535E-07 .413E-10 -~.878E-07
.423E-07 .613E-11 .T78E-07
.613E-11 .218E-13 .141E-10
.778E-07 -141E-10 .147E-05
.278E-10 .489E-14 .483E-10
-.218E-07 -.301E-11 -.743E-07 -
.156E-09 -~.17SE-13 .305E-08

DETERMINANT OF ATWA = 2.570297880233E+86

CONDITION NUMBER
LANDER UNCERTAINTY MATRIX

.618E-06 .408E-08 -~_809E-08
.408E-08 .213E-05 -~-.171E-06
-.809E-08 -~.171E-06 .233E-05

STANDARD DEVIATIONS

.786E-03 .146E-02 .153E-02
MAGNITUDES

.225E-02
EIGENVALUES

.618E-06 .203E-05 .243E-05

ORBITER VEL UNCERTAINTY MATRIX

.219E-13 .489E-14 -, 175E-13
.489E-14 .196E-13 .947E-13
~-.175E-13 .9478-13 .648E-11

STANDARD DEVIATIONS

.148E-06 .140E-06 .255E-05
MAGNITUDES

.255E-05
EIGENVALUES

.146E-13 .255E8-13 .648E-11

= 3.291720138208E-16

.113E-10
.527E-10
.419E-10
.278E-10
.489E-14
.483E-10
-196E-13
.117E-10
.947E-13

ORBITER POSITION UNCERTAINTY MATRIX

.423E-07 .778E-07 ~-.218E-07
.T78E-07 .147E-05 -~.743E-07
~.218E-07 -.743E-07 .171E-07
.206E-03 .121E-02 .131E-03
*.124E-02
.401E-~08 -472E-07 .147E-05
RELATIVE ERROR MATRIX
.624E-06 .553E-08 -.740E-07
.553E-08 .273E-06 -.732E-07
~.740E-07 -.732E-07 .237E-05
.790E-03 .522E-03 .154E-02
.181E-02
.270E-06 .621E-06 .238E-05

.939E-08
.841E-07
.126E-07
.218E-07
.301E-11
.T43E-07
.117E-10
.171E-07
.152E-09



File: solve Printed Mon Apr 10 17:06:00 1989 Login: PERRY Page: 2

FINAL MATRIX OF UNCERTAINTIES

.730E-01 .212E-02 - ,250E+00
.212E~-02 -700E-02 ~-.370EK-02
~.250E+00 -.370E-02 -861E+00
.577E-02 .695E~02 .156E~01
~-.567E~04 .468E-08 .197E~03
-.186E+00 .378E-02 . 642E+00
.182E~-05 .152E~-05 .583E~-05
.823E-02 -,911E-02 .350E-01
-.123E-03 .313E~-05 .424E~-03

NUMBER OF EARTH-SATELLITE DATA POINTS

NUMBER OF EARTH-LANDER DATA POINTS

NUMBER OF LANDER-SATELLITE DATA POINTS

695
0
43

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 738

LANDER UNCERTAINTY MATRIX
.730E-01 .212E-02 -.250E+00
.212E-02 .700E-02 -.370E-02

-.250E+00 -.370E-02 .861E+00

STANDARD DEVIATIONS

.270E+00 .837E-01 . 928E+00

MAGNITUDES

.970E+00

EIGENVALUES

.185E~03 .713E-02 .934E+00

ORBITER VEL UNCERTAINTY MATRIX
.634E-07 ~-.999E-09 .626E-07
-.999E-09 .653E-09 -.165E-08
.626E-07 ~.165E-08 .314E-06
STANDARD DEVIATIONS

.252E-03 .256E~04 .560E-03

MAGNITUDES

.615E-03

EIGENVALUES

.636E~-09 .487E~-07 .329E-06

.883E-02 -.606E-02
-.606E-02 .492E+00
-.112E-01 ~.347E-01

.940E-01 .701E+00

.721E+00

.494E+00 .250E-01

RELATIVE ERROR MATRIX

.703E-01 .175E+00
.175E+00 -491E+00
~.254E+00 -.672E+00

.265E+00 .701E+00

.123E+01

.719E-03 .140E~-01

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR
.99949E+00 .32035E-01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR
-.50155E+00 .20962E+01

.577E-02 -.567E-04 ~-.186E+00
.695E~02 .468E~-08 .378E~02
.156E~01 .197E~-03 .642E+00 -
-883E-02 ~.217E-05 -.606E-02
.217E-05 .634E-07 .158E-03 -.
-606E-02  .158E-03 .492E+00 -
-172BE-05 -.999E-09 -.310E-05
-112E-01 -.117E-04 -.347E-01 -
.358E-05 .626E-07 .297E-03 -

~-.112E-01
~.347E-01

.192E-01

.139E+00

.448E~-03

.254E+00
. 672E+00
.951E+00

.975E+00

.150E+01

.182E-05
.152E-05
.583E-05
.172E-05

999E-09

.310E-05
.653E-09
.144E-05
.165E-08

ORBITER POSITION UNCERTAINTY MATRIX

.823E-02
.911E-02
.350E-01
.112E-01
.117E-04
.347E-01
-144E-05
-192E-01
.304E-04

~.123E-03
.313E-05
-424E-03
.358E-05
.626E-07
-297E-03
-.165E-08
-.304E-04
.314E-06
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.
WEIGHTS: )

EARTH/ORB:
RANGE AND RANGE RATE DATA NOT USED FOR E/O.

EARTH/LAN:
RANGE AND RANGE RATE DATA NOT USED FOR E/L.

LAN/ORB:
RANGE =100. M RAN RATE =10. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT
0. SECONDS

" ATWA INVERSE MATRIX

.698E-05 -.514E-06 ~-.921E-05 .871E-05 -.190E-08 -

-.514E-06 .120E-04 .231E-05 -.820E-06
-.921E-05 .231E-05 .272E-04 -.117E-04

.871E-05 -.820E-06 =-.117E-04 .122E-04 -

-.190E-08 .121E-07 .530E-08 -.300E-08
-.237E-05 .988E-05 .527E-05 ~-.338E-05

.870E-11 .848E-09 .406E-08 .280E-09
-.148E-04 .214E-05 .274E-04 -.202E-04

.121E-07
.530E-08
.300E-08 -
.176E-10
.127E-07
.238E-12
.425E-08

.221E-08 - ,522E-08 -.828E-08 .410E-08 -.139E-10 -

DETERMINANT OF ATWA = 1.396158496053E+73

.237E-05
.988E-05
.527E-05
.338E-05
.127E-07
-109E-04
.836E-10
.494E-05

.870E~-11
.848E-09
.406E-08
.280E-09
.238E~-12
.836E-10
.176E-11
.288E-08
.701E-08 ~-.

117E-11

CONDITION NUMBER = 5.772425084705E~22
LANDER UNCERTAINTY MATRIX ORBITER POSITION UNCERTAINTY MATRIX
.698E-05 -.514E-06 -.921E-05 .122E-04 -.338E-05 -.202E-04
-.514E-06 .120E-04 .231E-05 -.338E-05 .109E-04 .494E-05
~.921E-05 .231E-05 .272E-04 ~.202E-04 .494E-05 .400E-04
STANDARD DEVIATIONS
.264E-02 .346E-02 .522E-02 .349E-02 .330E-02 .632E-02
MAGNITUDES
.679E-02 .794E-02
EIGENVALUES
.340E-05 .117E-04 .311E-04 .150E-05 .101E-04 .515E-04
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX
.176E-10 .238B-12 -.139E-10 .175E-05 ~-.708E-06 -.289E-05
.238E-12 .176E-11 -.117E-11 -.708E-06 .311E-05 -.164E-06
-.139e-10 -.117E-11 .217E-10 -.289E-05 -.164E-06 .123E-04
STANDARD DEVIATIONS
.419E-0S .133E-05 .466E-05 .132E-02 .176E-02 .351E-02
MAGNITUDES
.641E-05 .41SE-02
EIGENVALUES
.164E-11 .572E-11 .337E-10 .786E-06 .333E-05 .131E-04

-.148E-04
.214E-05
.274E-04

-.202E-04
.425E-08
.494E-05
.288E-08
.400E-04

-.815E-08

.221E-08
.522E-08
.828E-08
.410E-08
.13%E-10
.701E-08
.117E-11
.815E-08
.217E-10
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FINAL MATRIX OF UNCERTAINTIES

-166E-01 -.592E-02 -.502E-01
~.592E-02 .542E-02 .117E-01
-.502E-~-01 .1178-01 .130E400

.425E-02 -.280E-03 -.120E-01

.213E-04 -.283E-05 -.912E-04
~.206E-01 .731E-02 .675E-01
-.196B-04 .317B-05 .T94E~-04
~.427E-01 .618E-02 .165E+00
~.118E-04 .139E-04 -.512E-06

NUMBER OF EARTH-SATELLITE DATA POINTS

NUMBER OF EARTH-LANDER DATA POINTS

NUMBER OF LANDER-~SATELLITE DATA POINTS

.425E-02 .213E-04 -.206E-01 -
-280E-03 -, 283E-05 -731E-02
-120E-01 -.912E-04 .675E-01
.203E-02 .505E-05 -.465E-02 -
.505E-05 -466E-07 -.295E-04 -~
.465E-02 -~ _.295E-04 .278E-01
.499E-05 -~.390E-07 .283E-~04
.125E-01 -.794E-04 .590E-01
.177E-05 .669E-08 -~.247E-05 -~

0
0
43

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 43

LANDER UNCERTAINTY MATRIX

.166E-01 -.592E-02 ~.502E-01
-.592B-02  .542B-02 .117E-01
-.502E-01  .117E-01 .190E+00
STANDARD DEVIATIONS

.129E+00 .736E-01 .436E+00

MAGNITUDES

.460E+00

EIGENVALUES

- .104E-02 .662E-02 .204E+00

ORBITER VEL UNCERTAINTY MATRIX
.466E-07 -.390E-07 .669E-08
~-.390E-07 .360E-07 -~.220B-07
.669E-08 -~.220E-07 .195E-06
STANDARD DEVIATIONS

.216E-03 .190E-03 .441E-03

MAGNITUDES

.527E-03

EIGENVALUES

.112E-08 .774E-07 .199E-06

-203E-02  -.465E-02 -.125E-01
~.465E-~-02 .278E-01 .590E-01
-.125E-01 .590E-01 .154E+00

.450E-01 -167E+00 .393E+00

.429E+00

.178E+00 .458E-02 .101E-~02

RELATIVE ERROR MATRIX

.101E-01 .103E-01 ~-.796E-02
.103E-01 .186E~-01 ~.301E-02
-.796E-02 ~.301E-02 .149E-01

-100E+00 .136E+00 .122E+00

.208E+00

.114E-02 .134E-01 .291E-01

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COs OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR
.29432E+00 .12721E+01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR
-.50155E+00 .20962E+01

.196E-04
.317E-05
.794E-04
.499E-05
.390E-07
.283E-04
.360E-07
.735E-04
.220E-07

ORBITER POSITION UNCERTAINTY MATRIX

.427E-01
.618E-02
.165E+00
-125E-01
.794E-04
.590E-01
.735E-04
.154E+00
-348E-04

-118E-04
-139E-04
-512E-06
.177E-05
.669E-08
.247E-05
.220E-07
.348E-04
.135E-06



EARTH DECLINATION APPROXIMATELY 0 DEGREES
ONE AND ONE-HALF ORBIT MAPPED AHEAD
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,

ORB/LAND TRACKING DATA, GRAVITY TERMS INCLUDED.

WEIGHTS: -

EARTH/ORB:
RANGE =15.00000000015 M RAN RATE =1. MM/S

EARTH/LAN:
RANGE =15.00000000015 M  RAN RATE =1. MM/S

LAN/ORB:
RANGE AND RANGE RATE DATA NOT USED FOR L/0.

DELAY FROM LAST TRACKING POINT TO DEORBIT
7200. SECONDS

- ATWA INVERSE MATRIX

.464E-06 -.821BE-07 -.834E-04 .000E+00
-.821E-07 .496E-06 .934E-04 .000E+00
-.834E-04 .934E-04 .100E+00 .000E+00

.000E+00 .000E+00 .000E+00 .527E-06 -

-000E+00 .000E+00 .000E+00 ~-.181E-11

.000E+00 -000E+00 .000E+00 .933E-05 -

-000E+00 .000E+00 .000E+00 .325E-09
.000E+00 .000E+00 .000E+00 -.487E-06

.000E+00
.000E+00
.000E+00
.181E-11
.317E-13 -
-173E-09
.466E-15
.565E-11 -

.000E+00 .000E+00 .000E+00 -196E-07 -.430E-12

DETERMINANT OF ATWA = 1.796661555372E+79

CONDITION NUMBER = 1.572002563892E~18
LANDER UNCERTAINTY MATRIX

.464E-06 -.821E-07 -.834E-04 .527E-06
-.821E-07 .496E-06 .934E-04 .933E-05
-.834E-04 .934E-04 .100E+00 -.487E-06

STANDARD DEVIATIONS

.681E-03 .704E-03 .316E+00 .726E-03
MAGNITUDES

.316E+00 " .135E-01
EIGENVALUES

.393E-06 .410E-06 .100B+00 .451E-08

ORBITER VEL UNCERTAINTY MATRIX

.317E-13 .466E-15 -.430B-12 .991E-06
.466E-15 .203E-12° .120E-10 .925E-05
~-.430E-12 .120E-10 .801E~-09 -.839E-04

STANDARD DEVIATIONS

.178E-06 .450E-06 .283E-04 .995E-03
MAGNITUDES

.283E-04 .317E+00
EIGENVALUES

.179E-13 .350E-13 .801E-09 .439E-06

.933E-05
.180E-03
-.903E-05

.134E-01

.539E-07

RELATIVE ERROR MATRIX

.925E-05
.181E-03
.844E-04

.135E-01

.181E-03

.000E+00
.000E+00
.000E+00
.933E-05
.173E-09
.180E-03
.572E-08
.903E-05 -
.380E-06

-.487E-06
~-.903E-05
.467E-06

.683E-03

.181E-03

-.83%E-04
.844E-04
.100E+00

.316E+00

.100E+00

.000E+00
.000E+00
.000E+00
.325E-09
.466E-15
.572E-08
.203E-12
.297E-09
-120E-10

ORBITER POSITION UNCERTAINTY MATRIX

.000E+00
.000E+00
.000E+00
.487E-06
.565E-11
.903E-05
.297E-09
.467E-06
.190E-07

.000E+00
.000E+00
-000E+00
.196E-07
-430E-12
.380E-06
.120E-10
-190E-07
.801E-09
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FINAL MATRIX OF UNCERTAINTIES

.464E-06 -.821E-07
-.821E-~07 .496E-06
-.834E-04 .934E-04

.000E+00 .000E+00

.000E+00 .000E+00

.000E+00 .000E+00

.000E+00 .000E+00

.000E+00 .000E+00

.000E+00 .000E+00

NUMBER OF EARTH-SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER-SATELLITE DATA POINTS

TOTAL NUMBER POSSIBLE

~.834E-04
.934E-04
-100E+00
.000E+00
-000E+00
.000E+00
.000E+00
.000E+00
-000E+00

4320

LANDER UNCERTAINTY MATRIX

.464E-06 ~.821E-07
-.821E~07 .496E-06
~.834E-04 .934E-04

STANDARD DEVIATIONS

.681E-03

.704E-03
MAGNITUDES
.316E+4+00
EIGENVALUES
.393E-06 .410E-06

-.834E-04
.934E-~04
.100E+00

.316E+00

-100E+00

ORBITER VEL UNCERTAINTY MATRIX

.921E-07 .292E-07
.292E-07 .570E-07
.204E-05 .383E-05

STANDARD DEVIATIONS

.304E-03 .239E-03
MAGNITUDES

.161E-01
EIGENVALUES

.719E~-09 .761B-07

.204E-05
.383E-05
.261E-03

.161E-01

.261E-03

.000E+00 .000E+00
.000E+00 -.000E+00
.000E+00 .000E+00
.162B+4+00 .467E-04
.467E-04 .921E-07
.314E+01 .114E-02
.944E-04 .292E-07
-177E+400 -.624E-04 -
.631E~02 .204E-05

= 636

= 527

=0

TOTAL ACHIEVED = 1163

.162E+00 .314E+01
.314E+01 .650E+02
~.177E+00 -.340E+01
.403E+00 .806E+01
.809E+01
.654E+02 .283E-01

.000E+00
.000E+00
.000E+00
.314E+01
.114E-02
.650E+02
.191E-02
.340E+01 -~
.130E+00

-.177E+00
~.340E+01
.196E+00

.443E+00

.157E~02

RELATIVE ERROR MATRIX

.162E+00 .314E+01

.314E+01 .650E+02
~.177E4+00 ~-.339E+01

.403E+00 .806E+01

.80SE+01

.933E-02 .120E+00

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR
.99940E+00

.34672E-01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR
-.50155E+00

.20962E+01

-.177E+00
~.339E+01
.29€E+00

.544E+00

.654E+02

.000E+00
.000E+00
.000E+00
.944E-04
.292E-07
.191E-02
.570E-07
.101E-03
.383E-05

ORBITER POSITION UNCERTAINTY MATRIX

.000E+00
.000E+00
.000E+00
.177E+00
.624E-04
.340E+01
.101E-03
.196E+00
.679E-02

.000E+00
.000E+00
.000E+00
.631E-02
.204E-05
.130E+00
.383E-05
.679E-02
.261E-03
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MATRICES FORMED WITH EARTH/ORE, EARTH/LAND,
ORB/LAND TRACKING DATA, GRAVITY TERMS INCLUDED.
WEIGHTS: B

EARTH/ORB:
RANGE =15.00000000015 M RAN RATE =1. MM/s

EARTH/LAN:
RANGE =15.00000000015 M RAN RATE =1. MM/S

LAN/ORB:
RANGE =100. M RAN RATE =10. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT
7200. SECONDS

- ATWA INVERSE MATRIX

.283E-06 .139E-07 -~.276E-07 .617E-08 -
.139E-07 .353E-06 .954E-08 .126E-07
-.276E-07 .954E-08 .296E-05 .491E-07
.617E-08 .126E-07 .491E-07 .445E-07
. -.458E-12 .385E-14 .395E-10 -818E-11
" .319E-07 .271E-06 -.173E-06 .287E-07
.378E-11 .T66E-11 .395E-10 .296E-10

DETERMINANT OF ATWA = 9.008844526154E+86

CONDITION NUMBER = 6.138529015091E-16
LANDER UNCERTAINTY MATRIX

.283E-06 .139E-07 -.276E-07 .445E-07
.139E-07 .353E-06 .954E-08 .287E-07
-.276E-07 .954E-08 .296E-05 -.211E-07

STANDARD DEVIATIONS

.532E-03 .594E-03 .172E-02 .211E-03
MAGNITUDES

.190E-02 .742E-03
EIGENVALUES

.280E-06 .355E-06 .296E-05 .449E-08

ORBITER VEL UNCERTAINTY MATRIX

.311E-13 .652E-14 -.810E-16 .315E-06
.652E-14 .213E-13 .311E-13 -.195E-08
-.810E-16 .311E-13 .207E-11 -.936E-07

STANDARD DEVIATIONS

.458E-12
.385E-14
.395E-10 -
.818E-11
.311E-13
.309E-10
.652E-14
-.409E-08 -.1298-07 -.767E-08 ~-.211E-07 -.
.677E-10 .570E-09 -.430E-09 .494E-10 -.

436E-11 -
810E-16

.287E-07
.491E-06
-.251E-07

.700E-03

.525E-07

-.195E-08
.301E-06
.170E-06

.548E-03

.176E-06 .146E-06 .144E-05 .561E-03
MAGNITUDES

.146E-05 .190E-02
EIGENVALUES

.177E-13 .342E-13 .207E-11 .289E-06

.313E-06

.319E-07
.271E-06
.173E-06
.287E-07
.309E-10
-491E-06
.193E-10
.251E-07 -
.973E-09

-.211E-07
-.251E-07
.158E-07

.126E-03

.494E-06

RELATIVE ERROR MATRIX

-.936E-07
.170E-06
.299E-05

.173E-02

.300E-05

.378E-11
.766E-11
.395E-10
.296E-10
.652E-14
.193E-10
.213E-13
.112E-10
.311E-13

ORBITER POSITION UNCERTAINTY MATRIX

.409E-08
.129E-07
.767E-08
.211E-07
.436E-11
.251E-07
.112E-10
.158E-07
.462E-10

.677E-10
.570E-09
.430E-09
.494E-10
.810E-16
.973E-09
-311E-13
.462E-10
.207E-11
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FINAL MATRIX OF UNCERTAINTIES

.230E-02 .201E-03
.201E-03 .767B-04
-.236E-01 -.237E-02
.183E~03 .699E-03
~.119E~04 -~.981E-06
~.418E-01 -.377E-02
~.331E-07 .122E-06
.254E-02 ~.716E-03
~.381E-04 -.382E-05

NUMBER OF EARTH-SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER~SATELLITE DATA POINTS

TOTAL NUMBER POSSIBLE

~.236E-01
~-.237E-02
.247E+00
-.568E-02
.123E-03
.438E+00
-.995E-06
~-.225E-01
.397E-03

LANDER UNCERTAINTY MATRIX

.230E~02 .201E-03

.201E-03 .767E-04

-.236E-01 -.237E-02
STANDARD DEVIATIONS

.480E-01 .876E-02

MAGNITUDES

.500E+00

EIGENVALUES

.254E-04 .751E-04

-.236E-01
-.237E-~02
.247E+00

-497E+4+00

.249E+00

ORBITER VEL UNCERTAINTY MATRIX

-912E~-07 -~.783E-10

~.783E-10 .631E-09

-157E-06 -.161E-08
STANDARD DEVIATIONS

.302E-03 .251E-04

MAGNITUDES

.891E-03

EIGENVALUES

.626E-09 .531E-07

.157E-06
-.161E-08
.702E-06

.838E-03

.740E-06

-183E-03 -.119E-04 -, 418E-01 -
-699E-03 -_981E-06 -.377E-02
.568E-~02 .123E-~03 .438E+00 -~
-906E-02 -~.640E~06 -.864E-02
.640E-06 -912E-07 .243E-03 ~
.864E-02 .243E-~03 .810E+00 -
-151E-05 -.783E-10 -.159E-05
-122B-01 -.175E-04 -.458E-01 -
.604E-05 .157E~06 .661E~-03 -

636
527
31

4320 TOTAL ACHIEVED = 1194

-906E-02 -.864E-02 -.122E-01
~.864E-02 -810E+00 ~.458E-01
~.122E-01 -.458E-01 .220E-01

.952E-01 .900E+00 .148E+00

.817E+00

.813E+00 .279E-01 .489E-03

RELATIVE ERROR MATRIX

.110E-01 .327E-01 -.327E-01
.327E-01 -818E+00 -.486E+00
~.327E-01 -.486E+00 .314E+00

.105E+00 .904E+00 .560E+00

-107E+01

.211E-02 .261E-01 .112E+01

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELILIPSE

AND EARTH VECTOR

-.99938E+00 .31065E+01
COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR

' ~.50155E+00 .20962E+01

.331E-07
-122E-06
.995E-06
.151E-05
.783E-10
.159E-05
.631E-09
.132E-05
-161E-08

ORBITER POSITION UNCERTAINTY MATRIX

.254E-02
.716E-03
.225E-01
.122E-01
.175E-04
.458E-01
.132E-05
.220E-01
.365E-04

.381E~04
.382E-05
.397E-03
.604E-05
.157E-06
.661E-03
.161E-08
.365E-04
.702E-06
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.

WEIGHTS:

EARTH/ORB:

RANGE AND RANGE RATE DATA NOT USED FOR E/O.

EARTH/LAN:
RANGE =15.00000000015 M

LAN/ORB:
RANGE =100. M

RAN RATE =10. MM/S

RAN RATE =1. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT

7200. SECONDS

ATWA INVERSE MATRIX

.380E-06 -.100E-07 -.631E-06
~.100E-07 .405E-06 .689E-~07
~-.631E-06 .689E-07 .226E-04

.479E-06 -~_.162E-06 .343E-05

.271E-09 .934E-09 -.323E-07

.264E-06 .930E-06 -.362E-04
~.121E-09 -~.150E-09 .157E-07
~.109E-05 -~.967E-07 .276E-04

.653E-10 -.298E-09 .594E-09

.479E-06 .271E-09 .264E-06 -
.162E-06 .934E-09 .930E-06 -.
.343E-05 -.323E-07 -.362E-04
.891E-05 -.321E-07 -.368E-04
.321E-07 -201E-09 .222E-06 -.
.368E-04 .222E-06 .248E-03 -.
.118E-07 -.693E-10 -.778E-07
-108E-04 -.991E-07 -.110E-03
.582E-08 -.407E-10 -.377E-07

DETERMINANT OF ATWA = 1.562257775381E+73

.121E-09
150E-09
.157E-07
.118E-07
693E-10
778E-07
.260E-10
.370E-07
.101E-10

CONDITION NUMBER = 3.049643270491E-22
LANDER UNCERTAINTY MATRIX ORBITER POSITION UNCERTAINTY MATRIX
.380E-06 -.100E-07 -.631E-06 .891E-05 -.368E-04 .108E-04
~.100E-07 .405E-06 .68%E-07 -.368E-04 .248E-03 -.110E-03
~-.631E-06 .689E-07 .226E-04 .108E-04 -.110E-03 -629E-04
STANDARD DEVIATIONS
.616E-03 .636E-03 .47SE-02 .298E-02 .158E-01 .T93E-02
MAGNITUDES
.483E-02 .179E-01
EIGENVALUES
.360E-06 .406E-06 .226E-04 .109E-05 .149E-04 .304E-03
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX
.201E-09 -.693E-10 -.407E-10 .833E-05 -.369E-04 .781E-0S
-.693E-10 .260E-10 .101E-10 -.369E-04 -247E-03 -.734E-04
-.407E-10 .101E-10 .254E-~10 .781E-05 -~.734E-04 .303E-04
STANDARD DEVIATIONS
.142E-04 .510E-05 .503E-05 .289E-02 .157E-01 .551E-02
MAGNITUDES
.159E-04 .169E-01
EIGENVALUES
.1058-11 .179E-10 .234E-09 .131E-05 .953E-0S .275E-03

.109E-05
.967E-07
.276E-04
.108E-04
.991E-07
.110E-03
.370E-07
.629E-04
.135E-07

.653E-10
.298E-09
.594E-~09
.582E-08
.407E-10
.377E-07
.101E-10
-135E-07
.254E-10
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FINAL MATRIX OF UNCERTAINTIES

.135E-04 .438E-05 -.651E-03
.438E~05 .214E-05 -.265E-03
-.651E~-03 -~.265E-~03 .648E~-01
~.237E~-03 ~.253E-04 .308E-~02
~.375E-06 -.150E-06 -.,216E-04
~.178E~-02 -.641E-~03 .603E-01
-.135E~-06 ~.598E~07 .252E-04
.335E-03 -.996E-~-06 .360E-01
~.345E~06 .446E-07 -.807E-05

NUMBER OF EARTH-SATELLITE DATA POINTS

NUMBER OF EARTH-LANDER DATA POINTS

NUMBER OF LANDER~SATELLITE DATA POINTS

-237E-03 -.375E-06 -.178E-02 -~
-253E-04 -.150E-06 -.641E-03 -
-308E-02 -.216E-04 .603E~01
-154E-01 -.255E-05 .182E-01
.255E~05 .147E-06 .203E-03 -
.182E-01 = .203E-03 .435E+00 -
.105E~05 -.341E-07 -.173E-04
.258E-01 ~.825E~04 ~.111E+00
.397E-04 ~.792E-07 -.1l00E-03

0
527
31

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED =.558

LANDER UNCERTAINTY MATRIX

.135E-04 .438E-05 -~.651E-03
.438E-05 .214E-05 -.265E-03
~.651E-03 ~.265E-03 .648E-01

STANDARD DEVIATIONS

.368E-02 .146E~02 .254E+400

MAGNITUDES

.255E+00

EIGENVALUES

.601E-06 .T4SE-05 .648E-01

ORBITER VEL UNCERTAINTY MATRIX
.147E-06 ~.341E-07 -.792E-07
~.341E~-07 .155E-07 .613E-08
~.792E-07 .613E-08 .214E-06

STANDARD DEVIATIONS

.383E~03 .125E-03 .463E-03

MAGNITUDES

.613E-03

EIGENVALUES

.617E-08 .101E-06 .269E-06

.154E-01 .182E-01 -.258E-01
.182E-01 .435E400 -.111E+00
~.258E-01 ~.111E+00 -111E+400

-124E+00 .660E+00 .333E+00

.750E+00

.471E%00 .821E-01 .858E-02

RELATIVE ERROR MATRIX

.159E-01 .200E~-01 ~.298E-01
.200E-01 .437E+00 -.172E+00
-.298E-01 -.172E+00 .104E+00

.126E+00 . 661E+00 .322E+00

. T46E+00

.116E~02 .440E-01 .511E+00

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR
-.97348E+00 .29108E+01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR
-.50155E+00 .20962E+01

.135E~-06
.598E~07
.252E-04
.105E-05
.341E-07
.173E-04
.155E-07
.294E-~-04
.613E-08

ORBITER POSITION UNCERTAINTY MATRIX

.335E-03
.996E-06
.360E-01
.258E-~-01
.825E-04
.111E+00
.294E~04
.111E+400
.432E-04

-345E-06
.446E-07
.807E~05
.397E-04
.792E~-07
.100E-03
.613E-08
.432E-04
.214E-06
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MATRICES FORMED WITH EARTH
ORB/LAND TRACKING DATA,

WEIGHTS:

EARTH/ORB:

RANGE =15.00000000015 M

EARTH/LAN:

/ORB, EARTH/LAND,

GRAVITY TERMS INCLUDED.

RAN RATE =1. MM/S

RANGE AND RANGE RATE DATA NOT USED FOR E/L.

LAN/ORB:
RANGE =100. M

DELAY FROM LAST TRACKING

7200. SECONDS

ATWA INVERSE MATRIX

.107E-05 .447E-06
.447E-06  .271E-05
-.883E-07 .242E-07
.371E-07  .103E-06
-.165E-11 -.726E-12
.422E-06  .211E-05
.227B~10 .628E-10
-.297E-07 -.103E-06
.890E=09 .443E-08

RAN RATE =10.

MM/S

-.883E-07
.242E-07
.296E-05
.484E-07
.396E-10

-.166E-06
.390E-10

-.742E-08

-.416E-09

POINT TO DEORBIT

.371E~07 -.165E-11

.103E-06 -.726E-12
.484E-~07 .396E-10 -
.482E~07 -813E-11
.813E-11 .311E-13
.100E-06 .303E-10
.319E~10 .649E-14
.247E-07 ~.432E-11 -~
.200E-09 -.145E-14

DETERMINANT OF ATWA = 3.333180286748E+85

CONDITION NUMBER =

LANDER UNCERTAINTY MATRIX

.107E-05 .447E-06
.447E-06 .271E-05
~.883E-07 .242E-07

STANDARD DEVIATIONS

.103E-02  .164E-02
MAGNITUDES

.260E-02
EIGENVALUES

.951E-06 .282E-05

-.883E-07
.242E-07
.296E-05

.172E-02

.297E-05

ORBITER VEL UNCERTAINTY MATRIX

.311E-13 .649E-14
.649E-14 .227E-13
-.145E-14 .123E-12

STANDARD DEVIATIONS

.176E-06 .151E-06
MAGNITUDES

.291E-05
EIGENVALUES

.177E-13 .342E-13

-.145E-14
.123E-12
.842E-11

.290E-05

.843E-11

1.393031747837E-16

-422E-06
.211E-05
.166E-06
.100E-06
.303E-10
.193E-05
.630E-10
.963E-07 -.
.399E-08

.227E-10
.628E-10
-390E-10
.319E-10
.649E-14
.630E-10
.227E-13

134E-10

.123E-12

ORBITER POSITION UNCERTAINTY MATRIX

.482E~07 .100E-06
.100E~06 .193E~05
-.247E-07 -.963E-07
.220E-03 .139E-02
.141E-02
.449E-08 .528E-07

RELATIVE ERROR MATRIX

.104E-0S .215E-07
.215E-07 .418E-06
-.132E-06 .197E-06
.102E-02 .647E-03
.211E~02
.402E-06 .104E-0S5

-.247E-07
-.963E-07
.194E-07

.139E-03

.194E-05

-.132E-06
.197E~06
.300E-05

.173E-02

.302E-05

.297E-07
.103E-06
.742E-08
.247E-07
.432E-11
.963E-07
.134E-10

.194E-07
.196E-09

.890E-09
.443E-08
.416E-09
-200E-09
.145E-14
.399E-08
.123E-12
-196E-09
.842E-11
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FINAL MATRIX OF UNCERTAINTIES

.334E-01 .174E-01 ~.321E-01 -253E-02 -~.453E-04 -.145E+00 .668E-06 .772E-02 -.115g-03
.174E-01 -120E-01 -.487E-01 .623E-02 -, 225E-04 ~.719E-01 -129E-05 -.285E-02 -.571E-04
-.921E-01 -.487B-01 -257E+00 -.866E-02 .125E-03 -406E+00 -.281E-05 -.205E-01 .319E-03

.253E-~02 .623E-02 -.866E-02 -949E-02 -.206E-05 -.935E-02 -168E-05 -.123E-01 -.159E-05
~.453E~04 -~.225E-04 -125E-03 -.206E-05 .913E-07 -225E-03 -.948E-09  -.164E-04 .118E-06
~.145E+00 -.719E-01 -406E+00 -.935E-02 .225E-~03 -681E+00 -.377E-05 -.427E-01 .469E-03

.668E-~06 -129E-05 -.281E-05 -168E-05 -.948E-09 -.377E-05 .678E-09 -_132E-05 -.257E-08

-772E-02 -.285E-02 ~.205E-01 -.123E~01 -.164E-04 -, 427E-01 -.132E-05 .220E-01 -.350E-04
-.115E-03 -.571E-04 .319E-~03 -.159E-05 .118E-06 -469E-03 -.257E-08 -.350E-04 .466E-06

NUMBER OF EARTH-SATELLITE DATA POINTS = 636
NUMBER OF EARTH-LANDER DATA POINTS =0
NUMBER OF LANDER-SATELLITE DATA POINTS = 31

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 667

LANDER UNCERTAINTY MATRIX ORBITER POSITION UNCERTAINTY MATRIX
.3343-01 -174E-01 -.921E-01 -949E-02 -.935E-02 -.123E-01
.174E-01 -120E-01 -.487E-01 ~.935E-02 .681E+00 -.427E-01

-.921E-01 -.487E-01 .257E+00 ~.123E-01 -.427E-01 .220E-01

STANDARD DEVIATIONS

.183E+00 .109E+00 .S07E+00 .974E-01 .826E+00 .148E+00
MAGNITUDES
.550E+00 .844E+00
EIGENVALUES
:.4262-03 .268E-02 .299E+00 .684E+00 .281E-01 .489E-~03
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX
-913E-07 -.948E-09 .118E-06 .37%E-01 -147E+00 -.103E+00
-.948E-~09 .678E-09 -.257E-08 -147E+00 .837E+00 -~.495E400
-118E-06 -.257E-08 .466E-06 ~.103E+00 -~.495E+00 .320E+00

STANDARD DEVIATIONS

.302E-03 -260E-04 .682E-03 .195E+00 . 915E+00 .566E+00
MAGNITUDES

.747E-03 .109E+01
EIGENVALUES

.663E-09 .575E-07 .499E-06 .140E-02 .284E-01 .117E+01

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE
AND EARTH VECTOR
.99938E+00 .35297E-01
COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR
AND EARTH VECTOR
-.50155E+00 .20962E+01
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.

WEIGHTS:

EARTH/ORB:

RANGE AND RANGE RATE DATA NOT USED FOR E/O.

EARTH/LAN:

RANGE AND RANGE RATE DATA NOT USED FOR E/L.

LAN/ORB:
RANGE =100. M

RAN RATE =10. MM/sS

DELAY FROM LAST TRACKING POINT TO DEORBIT

7200. SECONDS

ATWA INVERSE MATRIX

-153E-04 -.185E-04
-.185E-04 .566E-04
-.262E~04 .344E-04

.263E-04 -.447E-04
-.335E-07 .123E-06
-.339E-04 .123E-03

-310E-08 ~.179E-07
-.364E-04 .312E-04

-159E~-07 -.444E-07

DETERMINANT OF ATWA =

CONDITION NUMBER

.153E-04 -.185E~-04
-.185E-04 .566E-04
~.262E-04 .344E-04

STANDARD DEVIATIONS

.392E-02 .752E~-02
MAGNITUDES

.118E-01
EIGENVALUES

.387E~-05 .272E~04

ORBITER VEL UNCERTAINTY MATRIX

.470E-09 ~.110E-09
~-.110E-09 .324E-10
-.135E-09

.236E-10

STANDARD DEVIATIONS

.217E~-04 .569E~-05
MAGNITUDES

.237E-04
EIGENVALUES

.294E-11 .241E-10

.262E-04 .263E-04 -~
.344E-04 -.447E-04
.666E-04 -.418E-04
.418E-04 .584E-04 -
.319E-07 -~.121E-06
.287E-04 -.126E-03
.S08E-08 .226E-07 -~
.870E-04 -.456E-04 -~
.285E~-07 .425E-07 -

4.554071987486E+69

= 5.452594815124E-25
LANDER UNCERTAINTY MATRIX

~.262E-04 .584E-04
-344E-04 ~-.126E-03
.666E-04 ~.456E-04
.816E-02 .764E~02
.270E-01

.107E-03 .225E~05

.335E-07 ~.
.123E-06
.319E-07
.121E-06 -
.470E-09
.491E-06
.110E-09 -
.490E-07 -
.135E-09 -,

~.126E-03
.518E-~03
~.586E-04

.228E~01

.169E-03

-.135E-09 .211E-04 -.660E-04
.236E~10 . ~.660E-04 .329E-03
.601E~10 .640E-05 -~.842E-04
.775E-05 .459E-02 .181E-01

.198E-01
.535E-09 .200E-05 .270E-04

339%E-04

.123E-03 -
.287E-04
.126E-03
.491E-06 -~
.518E-03 -
.118E-06
.586E-04

133E-06

~.456E-04
~.586E~04
.151E~-03

.123E-01

.556E~03

RELATIVE ERROR MATRIX

.640E-05
~.842E-04
.434E-04

.659E-02

.364E-03

.310E-08
.179E-07
.908E-08
.226E-07
.110E-09
.118E-06
.324E-10
.345E-07
.236E-10

ORBITER POSITION UNCERTAINTY MATRIX

.364E-04
.312E-04
.870E-04
.456E-04
.490E-07
.586E-04
.345E-07
.151E-03
.149E-07

.159E-07
-444E-07
.285E-07
.425E-07
-135E-09
.133E-06
.236E-10
.149E-07
.601E-10
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FINAL MATRIX OF UNCERTAINTIES

.672E-02 -.432E-03 -.194E-01 .337E-03 -.622B-05 ~-.338E-01 -.249E-05 -.207E-02 -.148E-04
-.432E-03 .959E-02 -.164E-01 .246E-02 .220E-04 .402E-02 -.101E-04 -.233E-01 .161E-04
-.194E-01 -.164E-01 .105E+00 -.961E-03 -.583E-04 .647E-01 .378E-04 .668E-01 .283E-04

.337E-03 .246E-02 -.961E-03 .247E-02 -.800E-05 -.135E-01 .151E-05 .238E-03 .918E-05
-.622E-05 .220E-04 -.583E-04 -.800E-05 .188E-06 .184E-03 -.569E-07 -.113E-03 -.518E-07
-.338E-01 .402E-02 .647E-01 -.135E-01 .184E-03 .357E+00 -.250E-04 -.615E-01 -.639E-04
-.249B-05 -.101E-04 .378E-04 .151E-05 -.569B-07 -.250E-04 .231E-07 .436E-04 .822E-08
-.207B-02 -.233g-01 .668E-01 .238E-03 -.113E-03 -.615E-01 .436E-04 .881E-01 .951E-05
-.148E-04 .161E-04 .283E-04 .918E-05 -.518E-07 -.63SE-04 .822E-08 .951E-05 .181E-06

NUMBER OF EARTH-SATELLITE DATA POINTS = 0
NUMBER OF EARTH-LANDER DATA POINTS =0
NUMBER OF LANDER-SATELLITE DATA POINTS = 31
TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIRVED = 31
LANDER UNCERTAINTY MATRIX ORBITER POSITION UNCERTAINTY MATRIX
.672E-02 -.432E-03 -.194E-01 .2472-02 -.135E-01  .238E-03
-.432B-03  .959E-02 ~-.164E-01 -.1358-01 .357E+00 -.615E-01
-.194B-01 -.164E-01 .105E+00 .238E-03 ~-.615E-01 .881E-01
STANDARD DEVIATIONS
.820E-01 .979E-01  .324E+00 .497E-01  .598E+00  .297E+00
MAGNITUDES
.348E+00 .669E+00
EIGENVALUES
.1058-02  .904E-02 .111E+00 .371E+00  .748E-01  .190E-02
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX
.188E-06 ~-.569E-07 -.518E-07 .852E-02 .174E-01 -.161E-01
-.569E-07 .231E-07 .822E-08 .174B-01  .359E+00 -.11SE+00
-.518E-07 .822E-08 .181E-06 -.161E-01 ~-.119E+00 .595E-01
STANDARD DEVIATIONS
.433E-03  .152E-03  .425E-03 .923E-01  .599E+00  .244E+00
MAGNITUDES
.626E-03 .653E+00
EIGENVALUES
.4998-08  .140E-06 .246E-06 .171B-02  .233E-01  .402E+00

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE
AND EARTH VECTOR
-.98858E+00 .29904E+01
COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR
AND EARTH VECTOR
-.50155E+00 .20962E+01



EARTH DECLINATION -23 DEGREES
ONE-HALF ORBIT MAPPED AHEAD
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA, GRAVITY TERMS INCLUDED.

WEIGHTS: N

EARTH/ORB:

RANGE =15.00000000015 M RAN RATE

EARTH/LAN:

RANGE =15.00000000015 M RAN RATE

LAN/ORB:

RANGE AND RANGE RATE DATA NOT USED

=1. MM/S

=1. MM/S

FOR L/O.

DELAY FROM LAST TRACKING POINT TO DEORBIT

0. SECONDS

ATWA INVERSE MATRIX

.529E-06 .942E-07 .298E-06
.942E-07 .934E-06 .135E-05

.298E-06 .135E-05 .431E-05
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00

.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00

DETERMINANT OF ATWA = 1.909979023981E+86

CONDITION NUMBER = 1.571555110346E-17
ORBITER POSITION UNCERTAINTY MATRIX

LANDER UNCERTAINTY MATRIX
.529E-06 .942E~-07 .298E-06
.942E-07 .934E-06 .135E-05
.298E~-06 .135E-05 .431E-05

STANDARD DEVIATIONS

.728E-03 -966E-03 .208E-02

MAGNITUDES

.240E-02

EIGENVALUES

.460E-06 .509E-06 .480E~05

ORBITER VEL UNCERTAINTY MATRIX
.470E-13  .194E-13  .512E-13
.194E-13  ,131E-12 .155E-12
.512E-13  .155E-12 .286E-12

STANDARD DEVIATIONS

.217E-06 .361E-06 .535E-06

MAGNITUDES

.681E-06

EIGENVALUES

.264E-13 .472E-13 .390E-12

.256E-06 -.292E-07
-.292E-07 .521E-07
-.163E-08 -218E-08

.506E-03 .228E-03

.558E~03

.350E-08 .481E-07

RELATIVE ERROR MATRIX

.785E-06 .650E-07
.650E-07 .986E-06
.296E-06 .135E-05

.886E-03 .993E-03

.247E-02

.502E-06 .768E-06

.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.256E-06 ~-.585E-10 -.292E-07 -
.585E-10 .470E-13 -.332E-10
.292E-07 -.332E-10 .521E-07
.170E-09 .194E-13 .440E-10
-163E-08 -.294E-11 .218E-08
.245E-09 .512E-13 .317E-10

-.163E-08
.218E-08
.360E-08

.600E-04

.260E-06

.296E-06
.135E-05
.431E-05

.208E-02

.481E-05

.000E+00
.000E+00
.000E+00
.170E-09
.194E-13
.440E-10
.131E-12
.283E-11
.155E-12

.000E+00
.000E+00
.000E+00
.163E-08
.294E-11
.218E-08
.283E-11
.360E-08
.294E-11

.000E+00
.000E+00
.000E+00
.245E-09
.512E-13
.317E-10
.155E-12
.294E-11
.286E-12
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FINAL MATRIX OF UNCERTAINTIES

.529E-06 .942E-07 .298E-06
.942E~-07 .934BE-06 .135E-05
.298E-06 .135E-05 .431E-05
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00

NUMBER OF EARTH~SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER~SATELLITE DATA POINTS

TOTAL NUMBER POSSIBLE = 4320

LANDER UNCERTAINTY MATRIX

.529E-06 .942E-07 .298E-06

.942E-07 .934E-06 .135E-05

.298E-06 .135E-05 .431E-05
STANDARD DEVIATIONS

.728E-03 .966E~03 .208E~02
MAGNITUDES

.240E~-02
EIGENVALUES

.460E-06 .509E-06 .480E-05

ORBITER VEL UNCERTAINTY MATRIX

.209E-08 .283E-08 .113E-07

.283E-08 .142E-07 .599E~07

.113E-07 .599E-~-07 .338E-06
STANDARD DEVIATIONS

.458E-04 .119E-03 .581E-03
MAGNITUDES

.595E~03
EIGENVALUES

.140E~-08 .380E-08 .349E-06

.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
-401E-01 ~.528E-05 ~-.668E-03 -
.528E~05 .209E-08 = ~.288E-05
.668E-03 -~ 288E-05 .975E-02
.171E-04 .283E-08 .203E-05
.107E-01 .426E-05 -.926E-02
.332E-~04 .113E-07 .570E-05

= 695

= 512

=0

TOTAL ACHIEVED = 1207

-401E-01 -.668E-03 =~-,107E-01
-.668E~03 .975E~02 -.926E-02
-.107E-01 -.926E-02 .148E-01

.200E+00 .987E-01 .122E+00

.254E+00

.443E-01 .191E-01 .128E-02
RELATIVE ERROR MATRIX

-401E-01 ~-.668E~03 ~,107E-01
~-.668E~03 .975E-02 -.926E-02
-.107E-01 ~.926E-02 .148E-01

.200E+00 .987E-01 .122E+00

.254E+00
.129E-02 .191E-01 .443E-01

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COs OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR

-.91297E+00 .27213E+01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR

-.80765E+00 .25110E+01

.000E+00
.000E+00
.000E+00
.171E-04
.283E-08
.203E-05
.142E-07
.602E-05
.599E-07

ORBITER POSITION UNCERTAINTY MATRIX

.000E+00
.000E+00
-.000E+00
.107E-01
.426E-05
-S26E-02
.602E-05
.148E-01
.231E-04

.CO00E+00
.000E+00
.000E+00
.332E-04
.113E-07
.570E-05
-599E-07
.231E-04
.338E-06
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.
WEIGHTS: - ’

EARTH/ORB:
RANGE =15.00000000015 M RAN RATE =1. MM/S

EARTH/LAN:
RANGE =15.00000000015 M RAN RATE =1. MM/S

LAN/ORB:
RANGE =100. M RAN RATE =10. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT
0. SECONDS

ATWA INVERSE MATRIX

.272E-06 .181E-07 .965E-07 .121B-06 -
.181E-07 .318E-06 .229E-06 -.155E-07 -~
.965E-07 .229E-06 .140E-05 .137E-07 -
.121E-06 -.155E-07 .137E-07 .179E-06 -~
-.260E-10 ~-.139E-10 -~.575E-10 ~-.424E-10
.143E-07 .226E-07 .657E-07 -~-.198E-07 -
.740E-10 .192E-10 .369E-10 -.123E-09
.103E-08 .114E-08 .565E-08 -.111E-08 -
.133E-09 .183E-10 -.295E-~-10 -~.160E-09

DETERMINANT OF ATWA = 7.904673658603E+87

CONDITION NUMBER = 2.641088261583E-17
LANDER UNCERTAINTY MATRIX

.272E-06 .181E-07 .965E-07 .179E-06 -.198E-07

.181E-07 .318E-06 .229E-06 -.198E-07 .469E-07

.965E-07 .229E-06 .140E-05 -.1118-08 .176E-08
STANDARD DEVIATIONS

.521E-03 .564E-03 .118E-02 .423E-03 .216E-03
MAGNITUDES

.141E-02 .479E-03
EIGENVALUES

.264E-06 .272E~-06 .146E-05 .349E-08 .440E-07
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX

.410E-13 .119E-13 .327B-13 .210E-06 .282E~-07

.119E-13 .100E-12 .105E-12 .282E-07 .319E-06

.327E-13 .105E-12 .192E-12 .827E-07 .164E-06
STANDARD DEVIATIONS

.203E-06 .316E-06 .438E-06 .458E-03 .565E-03
MAGNITUDES

.577E-06 .139E-02
EIGENVALUES

.257E-13 .41%E-13 .266E-12 .201E-06 .298E-06
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.260E-10 -.
.226E-07
.657E-07

.139E-10
.575E-10

.424E-10 -.
.318E-10
.469E-07
.353E-10
.176E-08
.222E-10

.410E-13 -
.319E-10
.118E-13
.277E-11
.327E-13

143E-07 ~-.
.192E-10
.369E-10
.123E-09
.119E-13
.353E-10
.100E-12
.224E-11
.105E-12

198E-07 -

-.111E-08
.176E-08
.356E-08

.597E-04

.182E-06

.827E-07
.164E-~06
.139E-05

.118E-02

.143E-05

740E-10

ORBITER POSITION UNCERTAINTY MATRIX

.103E-08
.114E-08
.565E-08
.111e-08
.277E-11
.176E-08
.224E-11
.356E-08
.246E-11

-.133E-09
.183E-10
-.295E-10
-.160E-09
.327E-13
.222E-10
.105E-12
.246E-11
.192E-12
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FINAL MATRIX OF UNCERTAINTIES

-195B+00 -.672B-01 .222B400 ~.114E+00 .361E-04 -~.304E-02 .282E-04 -.225E-01 -.344E-04
~.672E~-01 .23782-01 -.771B-01 -433B-01 -~,132E-04 -220E-02 ~.106E-04 -574E~02 .131E-04
«222E4+00 -.771E-01 .284E+00 ~.152B+00 .457E-04 .686E~03 .449E-04 -.270E-01 .154E-04
-.114E+00 .433B-01 -.152E+00 -106E+00 -.274E-04 .270E-02 -.285E-04 .547E-~02 .657E-05
.361E-04 -~.132E-04 -457E-04 -.2748B-04 -S909E-08 -.341E-05 .778E-08 -.577E-06 .366E-08
~.304E-~-02 .220B-02 . 686E~03 .270E-02 . -,.341E-05 .908E-02 -.134E-06 -.936E-02 -.738E-06
.282E-04 -.106E-04 -449E-04 -_.285E-04 .T78E~08 ~_134E-06 .977E-08 -.175E-05 .155E-07
~.225E~01 .574E-02 -.270E-01 -547E-02 -.577B-06 -.936E-02 -~.17SE-05 .150E-01 .448E-05
~.344E~-04 .131E-04 .154E-04 .657E~05 .366E-08 -.738E-06 .155E-07 .448E-~05 .150E-06

NUMBER OF EARTH-SATELLITE DATA POINTS

= 695
NUMBER OF EARTH-LANDER DATA POINTS = 512
NUMBER OF LANDER-SATELLITE DATA POINTS = 43

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 1250

LANDER UNCERTAINTY MATRIX ORBITER POSITION UNCERTAINTY MATRIX
.195E+00 -~-.672E-01 .222E+00 .106E+00 .270E~02 .547E-02

-.672E-01 .237E-01 -.771E-01 .270E-02 .908E-02 ~.936E-02
.222E400 -.771E-01 -284E+00 .547E-02 ~.936E-02 .1S0E-21

STANDARD DEVIATIONS

.442E+00 .154E+400 .532E+00 .326E400 .953E-01 .122E+00
MAGNITUDES

.709E+00 : .361E400
EIGENVALUES

.581E-03 .140E-01 .488E+00 .107E+00 .218E~01 .194E-02
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX

.909%E~08 .778E-08 .366E-08 .529E+00 -.105E+00 -402E+00

.778E-08 .977E-08 .155E~07 -.105E+00 -284E-01 ~.929E-01

.366E-08 .155E~07 .150E-0¢ -402E+00 -.929E-01 .352E400

STANDARD DEVIATIONS

.953E-04 .988E-04 .387E-03 . 127E+00 .169E+00 .594E+00
MAGNITUDES

.410E-03 .954E+00
EIGENVALUES

.116E~08 .159E~07 .151E~06 .362E-02 .312E-01 .875E+00

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE
AND EARTH VECTOR
-88099E+00 .49286E+00
COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR
AND EARTH VECTOR
~.80765E4+00 .25110E+01
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA, GRAVITY TERMS INCLUDED.

WEIGHTS:

EARTH/ORB:

RANGE AND RANGE RATE DATA NOT USED FOR E/O.

EARTH/LAN:

RANGE =15.00000000015 M

LAN/ORB:
RANGE =100.

M RAN RATE =10. MM/S

RAN RATE =1. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT

0. SECONDS

ATWA INVERSE MATRIX

.493E-06
.330E-07
.146E-06
.433E-06
-.176E-09
.709E-07
-.450E~-09
-.128E-06
-.938E-10

.330E-07
.605E-06
.619E-06
.209E-06
-.353E-09
.713E-06
.149E-09
~.564E-06
~.260E-09

.146E-06
.619E-06
.262E-05
.236E-06
-.873E-09
.T7SE-06
.301E-09
.350E-06
-.508E-09

.433E-06 -.176E-09 .709E-07 -.
.209E-06 -.353E-09 .713E-06
.236E-06 -.873E-09 .775E-06
.266E~-05 -.160E-08 .277E-06 -
-160E-08 .163E-11 -.523E-09
.277E~-06 -.523E-095 .205E~-05
.243E-08 .179E-11 .321E-09
.688E-06 -.923E-09 ~.246E-05 -
.126E-08 -.171E-11 -241E-09 -.

DETERMINANT OF ATWA = 3.134946275597E+76

CONDITION NUMBER =
LANDER UNCERTAINTY MATRIX

.493E-06
.330E~-07
.146E-06

.330E-07
.605E-06
.619E-06

STANDARD DEVIATIONS

.702E-03

MAGNITUDES

.193E-02

EIGENVALUES

.429E-06

.778E-03

.484E-06

.146E-06
.619E-06
.262E-05

.162E-02

.281E-05

ORBITER VEL UNCERTAINTY MATRIX

.163E-11
.179E-11
-.171E-11

-179E-11
.497E-11

~.698E-11

STANDARD DEVIATIONS

.128E-0S

MAGNITUDES

.477E-05

EIGENVALUES

.594E-12

.223E-05

.236E-11

~-.171E-11
~.698E-11

.161E-10

.402E-05

.198E-10

9.600201095282E-23

450E-09

.149E-09
.301E-09
.243E-08
.17%E-11
.321E-09
.497E-11
.118E-08

698E-11

ORBITER POSITION UNCERTAINTY MATRIX

.266E-05 .277E-06 .688E-06
.277E-06 .205E-05 -.246E-05
.688E-06 -.246E-05 .520E-0S

.163E-02 .143E-02 .228E-02
".315E-02
.543E-06 .276E-05 .661E-05

RELATIVE ERROR MATRIX

.229E-05 .308E-07 .726E-06
.308E-07 .123E-05 -.205E-05
.726E-06 -_.205E-05 .712E-05

.151E-02 .111E-02 .267E-02

.326E-02

.548E-06 .224E-05 .785E-05

.128E-06
.564E-06
.350E-06
.688E-06
.923E-09
.246E-05
.118E-08
.520E-05
.188E-09

.938E-10
.260E-09
.508E-09
-126E-08
-171E-11
.241E-09
.698E-11
.188E-03
.161E-10
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FINAL MATRIX OF UNCERTAINTIES

.323E-04 .768E-04 .260E~03
.768E-04 .241E-03 -777E-03
.260E-03 .777E-03 .265E~-02
-.302E-03 -.579E-03 ~,221E-02
-.865E-06 -.231E-05 -~.878E-05
.560E-03 .174E-02 .696E~02
-.961E-06 ~-.308E~05 -~.117E-04
.230E-03 .140E-03 -.430E-04
.370E~-07 .169E-05 .744E-05

NUMBER OF EARTH-SATELLITE DATA POINTS

NUMBER OF EARTH-LANDER DATA POINTS

NUMBER OF LANDER-SATELLITE DATA POINTS

-302E-03 -.865E-06 .560E-03 -~
.579E-03 -.231E-05 .174E-02 -
.221E-02 ~.878E-05 .696E-02 -
.404E-02 .970E-05 -.617E-02
.970E-05 .358E~07 ~.294E-04
.617E-02 ~.294E-04 .27%E-01 -
.903E-05 .451E-07 -.41%E-04
.42%E-02 .776E-06 -.904E-02
.792E-05 ~.23%E-07 .406E-04 -

0
512
43

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 555

LANDER UNCERTAINTY MATRIX
.323E-04 .768E-04 .260E-03
.768E-04 .241E-03 .777E-03
.260E-03 .777E-03 .265E-02

STANDARD DEVIATIONS

.568E-02 .1535E-01 .515E-01

MAGNITUDES

.541E-01

EIGENVALUES

' .666E-05 .120E-04 .290E~02

ORBITER VEL UNCERTAINTY MATRIX
.358E~07 .451E-07 -~.238E-07
.451E-07 .652E-07 -~-.668E-07

~.239E-07 -~.668E-07 .210E-06

STANDARD DEVIATIONS

.18%E-03 .255E-03 .458E-03

MAGNITUDES

.S58E-03

EIGENVALUES

.633E-09 .669E-07 .243E-06

.404E-02 -.617E-02 -.429E-02
-.617E-02 .279E~-01 -.904E-02
-.429E-02 -~.904E-02 .183E-01

.636E-01 .167E+00 .139E+00

.226E+400

.33%E-01 .171E-~01 .208E-03

RELATIVE ERROR MATRIX

.468E-02 -~.608E-02 -.211E-02
~-.608E~02 .247E-01 -.154E-01
~.211E-02 ~.154E-01 .220E-01

.684E-01 .157E+00 .148E+00

.227E4+00

.264E-03 .121E-01 .391E~-01

INDICATOR OF THE PLANE OF THE SKY PROELEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR
.24202E+00 .13264E+01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR :
-.80765E+00 .25110E+01

.961E-06
.308E-05
.117E-04
.903E-05
.451E-07
.419E-04
.652E-07
.128E-04
.668E-07

ORBITER POSITION UNCERTAINTY MATRIX

.230E-03
-140E-03
-430E-04
.429E-02
.776E-06
.804E-02
.128E-04
.193E-01
.524E-04

.370E-07
.169E-05
.T44E-05
.792E-05
.239E-07
.406E-04
.668E-07
.524E-04
.210E-06
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MATRICES FORMED WITH EARTH/ORE, EARTH/LAND,
GRAVITY TERMS INCLUDED.

ORB/LAND TRACKING DATA,

WEIGHTS:

EARTH/ORB:

RANGE =15.00000000015 M

EARTH/LAN:

RAN RATE =1. MM/S

RANGE AND RANGE RATE DATA NOT USED FOR E/L.

LAN/ORB:
RANGE =100. M

DELAY FROM LAST TRACKING

0. SECONDS

ATWA INVERSE MATRIX

.566E-06 .628E-08
.628E-08 .621E-06
.172E-06 -~.469E-07
.253E-06 ~.384E-07
-.526E-10 -.854E-11
| -.324E-07 .241E-07
-.157E-09 .271E-10
-.228E-08 .275E-09
~.280E-09 .508E-10

RAN RATE

.172E-06
-.469E-07
.260E-05
.540E-07
~.988E-10
.102E-06
.471B-10
.101E-07
-.921E-10

=10. MM/S

POINT TO DEORBIT

DETERMINANT OF ATWA = 9.227236568063E+86

CONDITION NUMBER =

LANDER UNCERTAINTY MATRIX

.566E-06 .628E-08
.628E-08 .621E-06
.172E-06 -~.469E-07

STANDARD DEVIATIONS

.752E-03 .788E-03
MAGNITUDES

.195E-02
EIGENVALUES

.550E-06 .621E-06

.172E-06
~.469E-07
.260E-05

.161E-02

.262E-05

ORBITER VEL UNCERTAINTY MATRIX

.445E-13 .183E-13
.183E-13 .125E~12
.464E-13 .146E-12

STANDARD DEVIATIONS

.211E-06 .353E-06
MAGNITUDES

.661E-06
EIGENVALUES

.260E-13 .443E-13

.464E~13
.146E-12
.268E~12

.517E-06

.367E-12

1.796354002615E-17

.253E-06 -.526E-10 -.324E-07
.384E-07 -.854E-11 .241E-07
.540E-07 -.988E-10 .102E-06
.240E-06 -~.543E-10 -.284E-07 -.
.543E-10 .445E-13 - .316E-10
.284E-07 -.316E-10 .499E-07
.161E-09 .183E-13 .420E-10
.167E-08 -.280E-11 .202E-08
.228E-09 .464E-13 .313E-10

157E-09

.271E-10
.471E-10

161E-09

.183E-13
.420E-10
.125E-12
.273E-11
.146E-12

ORBITER POSITION UNCERTAINTY MATRIX

.240E-06 -.284E-07
-.284E-07 -4998-07
~.167E-08 .202E-08

.490E-03 .223E-03

.542E-03
.350E-08 .458E-07

RELATIVE ERROR MATRIX

.300E-06 .486E-07

.486E-07 .622E-06
.119E-06 -.147E-06
.547E-03 .789E-03
.187E-02

.284E-06 .622E-06

~.167E-08
.202E-08
.359E-08

.599E-04

.244E-06

.119E-06
~-.147E-06
.259E-05

.161ER-02

.260E-05

.228E-08
.275E-09
.101E-07
.167E-08
-280E-11
.202E-08
.273E-11
.35%E-08
.301E-11

-.280E-09
.508E-10
~.921E-10
-.228E-09
-464E-13
.313E-10
.146E-12
.301E-11
.268E-12
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FINAL MATRIX OF UNCERTAINTIES

.875E+00 -.499E+00 -123E+01 .168E-01 .186E-04 -.206E-01 -~.620E-04 ~-.470E-01 -.334E-03
-.499E+00 .295E+00 -.738E+00 .276E-01 -.138E-04 .121E-01 .280E-04 .22%E-01 .172E-03

.123E+01 -.738E+00 .189E+01 -.777E~-01 .354E~04 -.196E-01 -.570E-04 -.658E-01 ~.35%E-03
-.168E-01 .276E-01 -.777E-01 .387E-01 -.571E-05 .425E-03 -.111E-04 -.669E-02 -.524E-05
.186E-04 -.138E-04 .354E-04 -.571E-05 .250E-08 -.322E-05 .899E-09 .256E-05 -110E-08
-.206E-01 .121E-01 -.196E-01 .425E-03 -.322B-05 .979E-02 .236E-05 -.861E-02 .835E-05
-.620E-04 .280E-04 -.570E-04 -.1l1l1E-04 .899E-09 .236E-05 .107E-07 .484E-05 .449E-07

-.470E-01 .229E-01 -.658E-01
-.334E-03 .172E-03 -.359E-03

.669E-02 .256E-05 -.861E-02 .484E-05 .150E-01 .185E-04
.524E-05 .110E-08 .835E-05 .449E-07 .185E-04 .267E-06

NUMBER OF EARTH-SATELLITE DATA POINTS = 695
NUMBER OF EARTH-LANDER DATA POINTS =0
NUMBER OF LANDER-SATELLITE DATA POINTS = 43

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 738

LANDER UNCERTAINTY MATRIX ORBITER POSITION UNCERTAINTY MATRIX
.875E+00 ~.499E+00 .123E+01 .387E-01 .425E-03 -.669E-02
-.499E+00 .295E+00 ~-.738E+00 .425E-03 .979E-02 -.861E-02
.123E+01 -.738E+00 .189E+01 -.669E-02 -.861E-02 .150E-01

STANDARD DEVIATIONS

.935E+00  .543E+00  .138E+0l .197E400  .990E-01  .122E+00
MAGNITUDES

.175E+01 .252E+400
EIGENVALUES

.196E-02  .495B-01  .301E+01 .4072-01  .198E-01  .299E-02
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERRCR MATRIX

.250E-08  .899E-09  .110E-08 .947E+00 -.506E+00  .135E+01

.899E-09  .107E-07  .449E-07 -.506E+00  .281B+00 -.750E+00

.110E-08  .449E-07  .267E-06 .135E+01 -.750E+00  .204E+01

STANDARD DEVIATIONS

.S00E~-04 .103E-03 .517E-03 .973E+00 .530E+00 .143E+01
MAGNITUDES

.530E-03 .181E+01
EIGENVALUES

.203E-08 .355E-08 .275E-06 .270E-02 .352E-01 .323E+01

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE
AND EARTHR VECTOR
.91156E+00 .42372E+00
COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR
AND EARTHE VECTOR
-.80765E+00 .25110E+01
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA, GRAVITY TERMS INCLUDED.

WEIGHTS:

BARTH/ORB:

RANGE AND RANGE RATE DATA NOT USED FOR E/O.

EARTH/LAN:

RANGE AND RANGE RATE DATA NOT USED FOR E/L.

LAN/ORB:
RANGE =100. M

DELAY FROM LAST TRACKING

0. SECONDS

ATWA INVERSE MATRIX

.107E-04 .120E-05
-120E-05 .927E-05
-.404E-05 -.118E-04
.988E-05 .460E-05
-.225E-08 -.445E-09
.196E-05 .106E-04
-.107E-07 -.112E-08
-.696E-05 -.191E-04
-.137E-08 -.166E-08

RAN RATE =10. MM/S

-.404E-05
-.118E-04
.285E-04
-.853E-05
-.206E-08
-.133E-04
.560E-08
.316E-04
.908E-09

POINT TO DEORBIT

.988E-05 -.225E-08
.460E-05 -.445E-09
.853E-05 -.206E-08
.127E-04 -.339E-08

.339E-08 .249E-11
.576E-05 -.779E-09
.119E-07 .362E-11

.126E-04 -.726E-09
.369E-09 -.127E-11

DETERMINANT OF ATWA = 1,435413947187E+73

CONDITION NUMBER

LANDER UNCERTAINTY MATRIX

.107E-04 .120E-05
.120E-05 .927E-05
-.404E-05 -.118E-04

STANDARD DEVIATIONS

.328E-02 .304E-02
MAGNITUDES

.696E-02
EIGENVALUES

.363E-05 .101E-04

-.404E-05
-.118E-04
.285E-04

.534E-02

.348E-04

ORBITER VEL UNCERTAINTY MATRIX

.24%E-11 .362E-11
.362E-11 .1538-10
-.127E-11 -.580E-11

STANDARD DEVIATIONS

.158E-05 .391E-05
MAGNITUDES

.586E-05
EIGENVALUES

.153E-11 .105E-10

. =.127B-11

-.580E-11
.166E-10

.407E-05

.223E-10

= 2.561230649125E-25

.196E-05 -

-.133E-04
.576E-05 -
-.779E-09
.133E-04 -
.167E-08
-.237E-04
.143E-08 -

.107E-07
.106E-04 -.
.560E-08
.119E-07
.362E-11
.167E-08
.153E-10
.632E-08
.580E-11

112E-08

ORBITER POSITION UNCERTAINTY MATRIX

.127E-04 .576E-05 -.126E-04
.576E-05 .133E-04 -.237E-04
-.126E-04 -.237E-04 .486E-04
.356E-02 .364E-02 .697E-02
.863E-02
.132E-05 .896E-05 .642E-04
RELATIVE ERROR MATRIX
.365E-05 .397E-06 -.121E-05
.397E-06 -143E-05 -.308E-05
-.121E-05 -.308E-05 .139E-04
.191E-02 .119E-02 .373E-02
.435E-02
.703E-06 .351E-05 .147E-04

.696E-05
.181E-04
.316E-04
.126E-04
.726E-09
.237E-04
.632E-08
.486E-04
.287E-08

.137E-08
.166E-08
.908E-09
.369E-09
.127E-11
.143E-08
.580E-11
.287E-08
.166E-10
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FINAL MATRIX OF UNCERTAINTIES

.384E-02 .464E-02
.464E-02 .298E-01
-.109E-01 -.737E-01
.435E-02 .255E-01
.374E-05 .360E-04
-.752E-03 .758E-02
.514E-05 .339E-04
-.542E-02 -.730E-01
-.211E-04 -.394E-04

NUMBER OF EARTH-SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER-SATELLITE DATA POINTS

TOTAL NUMBER POSSIBLE

-.109E-01
.737B-01
-193E+00
-.640E-01
-.939E-04
-.196E-01
-.881E-04

.189E+00

-944E-04

.435E-02 .374E-05 -.752E-03
.255E-01 .360E-04 .758E-02
-.640E-01 - .939E-04 -.196E-01 -
.225E-01 .318E-04 .606E~-02
.318E-04 .477E-07 .104E-04
.606E-02 -104E-04 .340E-02
.292E-04 .426E-07 .889E-05

4320 TOTAL ACHIEVED = 43

LANDER UNCERTAINTY MATRIX

.384E-02 .464E-02

.464E-02 .298E-01

-.10%9E-01 -.737E-01
STANDARD DEVIATIONS

.620E-01 .173E+00

MAGNITUDES

.476E+00

EIGENVALUES

.136E-02 .329E-02

~-.109E-01

-.737E-01
.193E+00

-440E+00

.222E+00

ORBITER VEL UNCERTAINTY MATRIX

.477E-07 -426E-07

.426E-07 .404E-07

-.287E-07 -.462E-07
STANDARD DEVIATIONS

.218E-03 .201E-03

MAGNITUDES

.556E-03

EIGENVALUES

.130E-09 .691E-07

-.287E-07
-.462E-07
.221E-06

.470E-03

.240E~-06

.514E-05
.339E-04
.881E-04
-292E-04
.426E-07
.889E-05
-404E-07
~.636E-01 -.970E-04 <-.226E-01 -.
-.281E-04 -.287E-07 -.378E-05 -,

856E-04
462E-07

ORBITER POSITION UNCERTAINTY MATRIX

.225E-01 .606E-02 -.636E-01
.606E-02 .340E-02 -.226E-01
-.636E-01 -.226E-01 .200E+00

.150E+00 .583E-01 .447E+00

.475E+00

.222E400 .278E-02 .187E-03

RELATIVE ERROR MATRIX

-177E-01 -.140E-01 -.507E-02
-.140E-01 .180E-01 -.374E-02
-.507B-02 -.374E-02 .144E-01

.133E+00 .134E+00 .120E+00

.224E+00

.930E-03 .173E-01 .313%E-01

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR

.49718E+00 .10504E+01
COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR

-.80765E+00 .25110E+01

.542E-02
.730E-01
.189E+00
.636E-01
-970E-04
.226E-01
-856E-04
.200E+00
.526E-04

.211E-04
.394E-04
.944E-04
.281E-04
.287E-07
.378E-05
.462E-07
.526E-04
.221E-06



EARTH DECLINATION -23 DEGREES
ONE AND ONE-HALF ORBIT MAPPED AHEAD
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA, GRAVITY TERMS INCLUDED.
WEIGHTS: -

!
EARTH/ORB:
RANGE =15.00000000015 M RAN RATE =1. MM/S

EARTH/LAN:
RANGE =15.00000000015 M RAN RATE =1. MM/S

LAN/ORB:
RANGE AND RANGE RATE DATA NOT USED FOR L/O.

DELAY FROM LAST TRACKING POINT TO DEORBIT
7200. SECONDS

ATWA INVERSE MATRIX

.764E-06 .194E-06 .682E-06 .000E+00
.194E-06 .104E-05 .141E-05 .000E+00
.682E-06 .141E-05 .517E-05 .000E+00
.000E+00 .000E+00 .000E+00 .347E-06 -
.000E+00 .000E+00 .000E+00 -~-.770E-10
.000E+00 .000E+00 .000E+00 -.465E-07 -
.0C0E+00 .000E+00 .000E+00 -.250E-09
.000E+00 .000E+00 .000E+00 -183%E-08 ~
.000E+00 .000E+00 .000E+00 .295E-09

DETERMINANT OF ATWA = 3.613007283321E+85

CONDITION NUMBER = 6.719151529357E-18
LANDER UNCERTAINTY MATRIX

.764E~-06 .194E-06 .682E-06 .347E-06 ~.465E-07

.194E-06 .104E-05 .141E-05 -.465E-07 .616E-07

.682E-06 .141E-05 .517E-05 ~.189E-08 .291E-08
STANDARD DEVIATIONS

.874E-03 .102E-02 .227E-02 .589E-03 .248E-03
MAGNITUDES

.264E-02 .642E-03
EIGENVALUES

.604E-06 .667E-06 .571E-05 .386E-08 .543E-07
ORBITER VEL UNCERTAINTY MATRIX RELATIVE ERROR MATRIX

.551E-13 .324E~13 .621E-13 .111E-05 .147E-06

.324E-13 .204E-12 .198E-12 .147E-0¢ .111E-05

.621E-13 .198E-12 .317E-12 .680E-06 .141E-05
STANDARD DEVIATIONS

.235E-06 .452E-06 .563E-06 .105E-02 .105E~-02
MAGNITUDES

.759E-06 .272E-02
EIGENVALUES

.365E~13 .615E~13 .478E-12 . 653E~06 .102E~-05

.000E+00
.000E+00
.000E+00
.770E-10 -.
.551E-13 -~
.348E-10
.324E-13
.360E-11
.621E-13

.000E+00
.000E+00
.000E+00

465E-07 -

.348E-10
.616E~-07
.632E-10
.291E-08
.404E-10

~.189E-08
.291E-08
-400E~-08

.633E~-04

.354E-06

.680E-06
.141E-05
.517E-05

.227E~-02

.572E-05

.000E+00
.000E+00
.000E+00
.250E-09
.324E-13
.632E-10
.204E-12
.35%E-11
.198E-12

ORBITER POSITION UNCERTAINTY MATRIX

.000E+00
.000E+00
.000E+00
-189E-08
.360E-11
.291E-08
.35%E~-11
-400E-08
.306E-11

.000E+00
.000E+00
.000E+00
.295E-09
.621E-13
.404E-10
.198E-12
.306E-11
-317E-12
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FINAL MATRIX OF UNCERTAINTIES

.T64E-06 -194E-06 .682E-06
.194E-06 .104E-05 -141E-05
.682E-06 .141E-05 .517E-05
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .C00E+00 .000E+00

NUMBER OF EARTH-SATELLITE DATA POINTS

NUMBER OF EARTH-LANDER DATA POINTS

NUMBER OF LANDER-SATELLITE DATA POINTS

.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.000E+00 .000E+00 .000E+00
.377E-01 -.464E-05 .320E-03 -
.464E-05 .167E-08 - .255E-05
.320E-03 - -.255E-05 .931E-02
.152E-04 .205E-08 .138E-05

.117E-01 .372E-05 -.957E-02
.258E-04 .657E-08 .850E-05
= 637
= 392
=0

TOTAL NUMBER POSSIBLE = 4320 TOTAL ACHIEVED = 1029

LANDER UNCERTAINTY MATRIX
.764E-06 -194E-06 .682E-06
.194E-06 .104B-05 .141E-05
.682E-06 .141E-05 .517E-05

STANDARD DEVIATIONS

.874E-03 .102E-02 .227E-02

MAGNITUDES

.264E-02

EIGENVALUES

.604E-06 .667E-06 .571E-05

ORBITER VEL UNCERTAINTY MATRIX
.167E-08 .205E-08 .657E-08
.205E-08 .127E-07 .583E-07
.657E-08 .583E-07 .376E-06

STANDARD DEVIATIONS

.409E-04 .113E-03 .613E-03

MAGNITUDES

.625E-03

EIGENVALUES

.113E-08 .398E-08 .385E-06

-377E-01 .320E-03 -.117E-01
.320E-03 .931E-02 -.957E-02
-.117E-01 -.957E-02 .172E-01

.194E+00 .965E-01 .131E+00

.253E+00

.436E-01 .190E-01 -168E-02

RELATIVE ERROR MATRIX

.377E-01 .320E-03 -.117E-01
.320E-03 .931E-02 -.957E-02
-.117B-01 -.957E-02 .172E-01

.194E+00 -965E-01 .131E+00

.253E+00

.169E-02 .190E-01 -436E-01

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR
-.88029E+00 .26473E+01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR
-.80765E+00 -25110E+01

.000E+00
.000E+00
.000E+00
.152E-04
.205E-08
.138E-05
.127E-07
.718E-05
.583E-07

ORBITER POSITION UNCERTAINTY MATRIX

.000E+00
.000E+00
-000E+00
.117E-01
.372E-05
.957E-02
.718E-05
-172E-01
.259E-04

.000E+00
.000E+00
.000E+00
.258E-04
.657E-08
.850E-05
.583E-07
.259E-04
.376E-06
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MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,

ORB/LAND
WEIGHTS:

EARTH/ORB:

RANGE =15.00000000015 M

EARTH/LAN:

RANGE =15.00000000015 M

LAN/ORB:
RANGE =100. M

DELAY FROM LAST TRACKING

7200. SECONDS

ATWA INVERSE MATRIX

.360E-06 .268E-07
.268E-07 .437E-06
.930E-07 .279E-06
.135E-06 -.225E-07
-.351E-10 -.876E-11
~.915E-08 .190E-07
~.792E-10 .213E-10
~.293E-09% .907E-09
~.149E-09 .238E-10

RAN RATE

TRACKING DATA, GRAVITY TERMS INCLUDED.

RAN RATE =1. MM/s

RAN RATE =1. MM/S

.930E-07
.27S8E-06
.174E-0S
.43%E-07
-.652E-10
.636E-07
.213E-10
.617E-08
~.702E-10

=10. MM/S

POINT TO DEORBIT

.135E-06 -.351E-10 -.
.225E-07 -.876E-11
-439E-07 -.652E-10
.276E-06 -~.622E-10 -
.622E-10 .493E-13 -
.376E-07 -.333E-10
.207E-09 -259E-13
-152E-08 -.336E-11
.218E-09 .448E-13

DETERMINANT OF ATWA = 1.061097671011E+87

CONDITION NUMBER

LANDER UNCERTAINTY MATRIX

.360E-06 .268E-07
.268E-07 .437E-06
.930E-07 .279E-06

STANDARD DEVIATIONS

.600E-03 .661E-03
MAGNITUDES

.159E-02
EIGENVALUES

.351E-06 .382E-06

ORBITER VEL UNCERTAINTY

.493E-13 .259E-13
.259E-13 .175E-12
.448E-13 .152E-12

STANDARD DEVIATIONS

.222E-06 .418E-06
MAGNITUDES

.676E-06
EIGENVALUES

.356B-13 .5428-13

.930E-07
.279E-06
-174E-0S

.132E-02

.180E-05

MATRIX

.448E-13

.152E-12
.233E-12

.483E-06

.367E-12

= 8.938784488975R-18

915E-08 -.
.190E-07
.636E-07
.376E-07 ~-.
.259E-13
.545E-10
.175E-12
.304E-11
.152E-12

.333E-10
.562E-07
.545E-10
.246E-08
.322E-10

792E-10

.213E-10
.213E-10

207E-09

ORBITER POSITION UNCERTAINTY MATRIX

.276E-06 -.376E-07
~.376E-07 .562E~-07
-.152E-08 .246E-08

.525E-03 .237E-03

.580E-03
.384E-08 .500E~-07

RELATIVE ERROR MATRIX

.365E-06  .209E-07

.209E-07 .455E-06
.479E-07  .216E-06
.604E-03  .674E-03
.160E-02

.361E-06 .422E-06

-.152E-08
.246E~-08
.396E-08

.629E-04

.282E-06

.479E-07
.216E-06
.173E-05

.132E-02

-177E-05

-.293E-09
.907E-09
.617E-08

~.152E-08

~.336E-11
.246E-08
.304E-11
.396E-08
.280E-11

=.149E-09
.238E-10
-.702E-10
-.218E-09
.448E-13
.322E-10
-152E-12
.280E-11
.233E-12
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FINAL MATRIX OF UNCERTAINTIES

.392E+00 -.121E+00
-.121E+00 .375E-01

.323E+00 -.994E-~01
~.189E+00 .596E-01
.550E-04 -~.170E-04
.307E-02 -.111E-02
.667E-04 -~.209E-04

-.321E-01 .973E-02
-.542E-04 .177E-04

NUMBER OF EARTH-~SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER-SATELLITE DATA POINTS

TOTAL NUMBER POSSIBLE =
LANDER UNCERTAINTY MATR.
.392E4+00 -.121E+00
~.121E+00 .375E-01
.323E+00 ~.994E-01

STANDARD DEVIATIONS

.626E+00 .194E+00

MAGNITUDES

.841E+00

EIGENVALUES

" .105E-03 .T42E-02

ORBITER VEL UNCERTAINTY
.952E-08 .115E-07
.115E-07 .173E-07
.868E-10 .115E-07

STANDARD DEVIATIONS

.976E~04 .132E-03

MAGNITUDES

- .446E-03

EIGENVALUES

.102E-08 .250E-07

.323E+00
~-.994E-01
-277E+00
~-.163E+00
-472E~04
-426E-02
.617E~04
-.263E-01
-.248E-05

.189E+00
.596E-01 -
.163E+00
.128E+00 -
.314E-04
.361E-03 -
-443E-04
.572E-02 -
.158E-04

637
392
31

4320 TOTAL ACHIEVED

IX

.323E+00
~.994E-01
.277E+00

.527E+00

.700E+00
MATRIX
.868E-10

.115E-07
.172E-06

.414E-03

.173E-06

.128E+00
~.361E-03
.572E-02

.357E+00

.392E+00

.128E+00

.550E-04
.170E-04
.472E-04
.314E-04
.952E-08
.209E-05
.115E-07
.964E-06
.868E-10

1060

.307E-02
-.111E-02 -
-426E-02
-.361E~03 -
-.209E-~05
.886E~-02
-413E-06
-.105E-01 -
.183E-06

-.361E-03 .572E-02
.886E-02 -.105E-01
~.105E-01 .174E-~01

.941E-01 .132E+00

.242E-~01 .176E~02

RELATIVE ERROR MATRIX

.898E+00
-.184E+00
.523E+00

. 948E+00

-114E+01

.369E-02

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELI.IPSE

AND EARTH VECTOR

~.89252E+00 .26737E+01
COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR

-.80765E+00 .25110E+01

~.184E+00 .523E+00
.485E-01 ~.124E+00
-.124E+00 .347E+00

.220E+00 .589E+00

.356E~01 .125g+01

.66TE~-04
.209E-04
.617E-04
.443E-04
.115E-07
.413E-06
.173E-07
.224E-05
.115E-07

ORBITER POSITION UNCERTAINTY MATRIX

.321E-01
.973E-~02
.263E-01
.572E-02
.964E-06
.105E-01
.224E-05
.174E-01
.672E-05

~.542E-04
.177E-04
-.248E-05
.158E-04
-868E-10
-.183E-0¢
.115E-07
.672E-05
.172E-06



File: solve Printed Mon Apr 10 17:(:2:24 1989 Login: PERRY Page: 1

MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.

WEIGHTS:

EARTH/ORB:

RANGE AND RANGE RATE DATA NOT USED FOR E/O.

EARTH/LAN:

RANGE =15.00000000015 M

LAN/ORB:
RANGE =100. M

RAN RATE =1. MM/S

RAN RATE =10. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT

7200. SECONDS

ATWA INVERSE MATRIX

.7136E-06 .184E-06
.184E-06 .949E-06
.611E-06 .121E-05
.427E-05 .873E-05
-.207E-08 -.447E-08
-.226E-06 -.771E-07
-.371E-08 -.700E-08
.131E-05 -273E-05
-.692E-09 -.167E-08

.611E-06
.121E-05
.460E-05
.206E-04
-.108E-07
-.146E-05
-.169E-07
.893E-05
-.385E-08

.267E-03 -,129E-06 -
-.129E-06 .635E-10
-.266E-04 .125E-07
=-.224E-06 .109E-09

-108E-03 -.527B-07 -~
~.426E-07 .195E~10

.427E-05 -.207E-08 -~
.873E-05 -.447E-08 -.
-206E-04 -.108E-07 ~.

DETERMINANT OF ATWA = 3.562105865291E+73

CONDITION NUMBER

LANDER UNCERTAINTY MATRIX

.T36E-06 .184E-06
.184E-06 .949E-06
.611E-06 .121E-05

STANDARD DEVIATIONS

.858E-03 .974E-03
MAGNITUDES

.251E-02
EIGENVALUES

.587E-06 .642E~-06

ORBITER VEL UNCERTAINTY

.635E-10 .109E-09
.109E-09 .192B-09
.195E-10 .285E-10

STANDARD DEVIATIONS

.797E-05 .139E-04
MAGNITUDES

.168E-04
EIGENVALUES

.782E-12 .206E-~10

-611E-06
.121E-05
.460E-05

.214E-02

.506E~05
MATRIX
.195E-10

.285E~10
.252E~10

.502E-05

.260E-09

= 2.766480459847E-25

.226E-06 -~

146E-05 ~

.266E-04 -.
.125E-07
.618E-05
.241E-07
.153E-04 -.
.348E-08

.371E-08
.700E-08
.163E-07

224E-06

.109E-09
.241E-07
.192E-09

924E-07

.285E-10

ORBITER POSITION UNCERTAINTY MATRIX

.267E-03 -.266E-04
~.266E-04 .618E-05

.108E-03 -.153E-04

.163E-01 .249E-02

.180E-01

.632E-06 .921E-05

RELATIVE ERROR MATRIX

.259E-03 -.350E-04
-.350E-04 .129E-05
.862E-04 -.153E-04

.161E-01 .270E-02
.174E-01
-905E-06 .956E-05

.108E-03
-.153E-04
.511E-04

.715E-02

.314E-03

.862E-04
-.153E-04
.379E-04

.615E-02

.294E-03

.131E-05
.273E-05
.8393E-05
.108E-03
.527E-07
.153E-04
.924E-07
.511E-04
.163E~-07

.692E-09
-167E-08
.385E-08
.426E-07
.195E-10
.348E-08
.285E-10
.163E-07
.252E-10



File: solve Printed Mon Apr 10 17:08:24 1989 Login: PERRY Page: 2

FINAL MATRIX OF UNCERTAINTIES

.521E-04 -.414E-04 .543E-04
~.414E-04 .101E-03 .910E-04
.543E-04 .910E-04 .336E-03
~.469E-02 .456E-02 -~ .326E-02
.784E-06 ~.547E-06 .912E-06
.159E-02 -.191E-02 .729E-03
.204E-05 -~.207E-05 .104E-05
-.189E-02 .202E-02 -.146E-02
.175E-05 -.621E-06 .436E-05

NUMBER OF EARTH-SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER-SATELLITE DATA POINTS

TOTAL NUMBER POSSIBLE = 4320

LANDER UNCERTAINTY MATRIX

.521E-04 -~.414E-04 .543E-04
~.414E-04 .101E-03 .910E-04
.543E-04 .910E-~04 .336E-03
STANDARD DEVIATIONS
.T22E-02 .100E-01 .183E-01
MAGNITUDES
.221E-01
EIGENVALUES
.117E-05 .116E-03 .372E-03

ORBITER VEL UNCERTAINTY MATRIX

.167E-07 .387E-07 .125E-07

.387E-07 .101E-06 .202E-07

.125E-07 .202E-07 .219E-06
STANDARD DEVIATIONS

.129E-03 .318E-03 .468E-03
MAGNITUDES

.581E-03
EIGENVALUES

.153E-08 .111E-06 .224E-06

.469E~02 .784E-06 .159E-~02
-456E-02 -.547B-06 -.191E-02 -
.326EB-02 .912E-06 .729E~-03
-460E+00 -.791E-04 -.152E+00 -
.791E~04 .167E-07 .204E-~04
.152E+00 .204E-04 .697E~01
.207E-03 .387E-07 .577E~04
.178E4+00 -.253E-04 -.851E-01 -.
.117E-03 .125E-07 .829E-04

=0

= 392

= 31

TOTAL ACHIEVED = 423

.460E4+00 -.152E+00 .178E+400
-.152E+00 .697E-01 -.851E-01
.178E+00 -.851E-01 .109E+00
.678E+00 -264E+00 .330E+00
.799E+00
.592E+00 .450E-01 .146E-02
RELATIVE ERROR MATRIX
.470E+00 -.158E+00 .183E+00
~.158E+00 .7T36E-01 -.877E-01
.183E+00 -~.877E-01 .112E+400
.685E+00 -271E+00 .335E+00
.809E+00
.248E-02 .451E-01 .607E+400

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR

=.78970E+00 -24811E+401

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR

-.80765E+00 -25110E+01

.204E-05
.207E-05
.104E-05
.207E-03
.387E~-07
.577E-04
.101E-06

650E-04

.202E-07

ORBITER POSITION UNCERTAINTY MATRIX

-189E-02
.202E-02
.146E-02
-178E+00
.253E-04
.851E-01
.650E-04
.109E+00
.117E-03

.175E-05
.621E-06
.436E-05
.117E-03
.125E-07
.829E-04
.202E-07
.117E-03
.219E-06



File: solve Printed Mon Apr 1017, . -=: 1989 Login: PERRY Page: 1

MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.

WEIGHTS:

EARTH/ORB:

RANGE =15.00000000015 M RAN RATE =1. MM/S

EARTH/LAN:

RANGE AND RANGE RATE DATA NOT USED FOR E/L.

LAN/ORB:

RANGE =100. M RAN RATE =10. MM/S

DELAY FROM LAST TRACKING POINT TO DEORBIT

7200. SECONDS

ATWA INVERSE MATRIX

.756E-06 .502E-07 -.129E-06
.502E-07 .967E-06 -.287E-07
-.129E-06 -~.287E-07 .318E-05
.279E-06 -.655E-07 .139E-07
-.627E-10 .325E-11 -.964E-10
-.306E-07 .200E-07 .115E-06
-.172E-09 .388E-10 .790E-10
~.180E-08 -.340E-09 .11%E-07
-.303E-09 .788E-10 -.596E-10

.279E-06 -.627E-10 -.306E-07 -
.655E-07 .325E-11 .200E-07
.139E-07 -.964E-10 .115E-06
.334E-06 -.743E-10 -.448E-07 -~
.743E-10 .529E-13 -.331E-10
.448E-07 -~.331E-10 .587E-07
.242E-09 .323E-13 .602E-10
.187E-08 -.343E-11 .269E-08
.281E-09 .585E-13 .394E-10

DETERMINANT OF ATWA = 1.114068132581E+86

CONDITION NUMBER = 5.95414353989E-18
ORBITER POSITION UNCERTAINTY MATRIX

LANDER UNCERTAINTY MATRIX
.756E-06 .502E-07 -.129E-06
.502E-07 .967E-06 -.287E-07

-.129E-06 -.287E-07 .318E-05

STANDARD DEVIATIONS

.870E-03 .983E-03 .178E-02

MAGNITUDES

.222E-02

EIGENVALUES

.73%E-06 .977E-06 .319E-05

ORBITER VEL UNCERTAINTY MATRIX
.529E-13 .323E-13 .585E-13
.323E-13 .198E-12 .191E-12
.585E-13 .191E-12  .302E-12

STANDARD DEVIATIONS

.230E-06 .445E-06 .549E-06

MAGNITUDES

.743E-06

EIGENVALUES

.362E-13 .581E-13 .458E-12

.334E-06 -.448E-07 -.187E-08
~.448E-07 .587E-07 .269E-08
~.187E-08 .269E-08 .398E-08

.578E-03 .242E-03 .631E-04

.629E-03

.385E-08 .517E-07 .341E-06

RELATIVE ERROR MATRIX

.532E-06 -102E-06 -.143E-06
.102E-06 .985E-06 -.140E-06
~.143E-06 -.140E-06 -316E-05

.729E-03 .993E-03 .178E-02

.216E-02

.505E-06 .994E-06 .318E-05

.172E-09
.388E-10
.790E-10
.242E-09
.323E-13
.602E-10
.198E-12
.341E-11
.191E-12

.180E-08
.340E-09
.118E-07
.187E-08
.343E-11
.269E-08
.341E-11
.398E-08
.310E-11

-.303E-09
.788E-10
-.596E-10
-.281E-09
.585E-13
.3%4E-10
.191E-12
.310E-11
.302E-12



File: solve Printed Mon Apr 10 17:10:30 1989 Login; PERRY Page: 2

FINAL MATRIX OF UNCERTAINTIES

.148E401 -.793E+00 .101E+01
~.793E+00 .430E+00 -~.557E+00
.101E+01 -.SS7B+00 .752B+00
~.387E-01 .282E-01 -.455E-01
.254E-04 -.147E-04 .214E~04
~.200E-01 .922E-02 ~-.873E-02
-.583E-04 .267E-04 -.233E-04
~.620E-01 .329E-01 -.422E-01
-.480E-03 .238E-03 -.238E-03

NUMBER OF EARTH-SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER-SATELLITE DATA POINTS

TOTAL NUMBER POSSIBLE =

LANDER UNCERTAINTY MATRIX

.148E+01 ~.793E+00 .101E+01
~.793E+00 .430E+00 -.557E+00
.101E+01 -.S557E+00 .752E+00
STANDARD DEVIATIONS
.122E+01 .656E+00 .867E+00
MAGNITUDES
.163E+01
EIGENVALUES
.468E-03 .401E-01 .262E+01

ORBITER VEL UNCERTAINTY MATRIX

.218E-08 .106E-08 -.139E-08
.106E-08 .874E-08 .407E-07
-.139E-08 .407E-07 .315E-06
STANDARD DEVIATIONS
.467E-04 .935E-04 .562E-03
MAGNITUDES
.571E-03
EIGENVALUES
.142E-08 .419E-08 .321E-06

.387E-01 .254E-04 -.200E-01 -.
.282BE-01 -.147E-04 .922E~02
.455E-01 .214E-04 -.873E-02 -~
.379E-01 -.547E-05 .134E-02 -.
.547E-05 .218E-08 -~.284E-05
.134E-02 -.284E-05 .924E-02
.110E-04 .106E-08 .976E-06
.806E-02 .245E-05 -.937E-02
.178E-05 -.139E-08 .795E-05

= 637

=0

= 31

4320 TOTAL ACHIEVED = 668

.379E-01 .134E-02 -.806E-02
.134E-02 .924E-02 -.937E-02
-.806E-02 -.937E-02 .173E-01
.195E+00 .961E-01 .132E+00
.254E+00
.413E-01 .204E-01 .275E-02
RELATIVE ERROR MATRIX
.159E+01 -.800E+00 .111E+01
-.800E+00 .421E+00 ~.590E+00
.111E401 -~.590E+00 .853E+00
.126E+01 .648E+00 .8924E+00
.169E+01
.433E-02 .545E-01 .281E+401

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COs OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR

~.88383E+00 .26548E+01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR

~.80765E+00 .25110E+01

583E-04

.267E-04
.233E-04

110E-04

.106E-08
.976E-06
.874E-08
.563E-05
.407E-07

ORBITER POSITION UNCERTAINTY MATRIX

.620E-01
.329E-01
.422E-01
-806E-02
.245E-05
-937E-02
.563E-05
.173E-01
.222E-04

-.480E-03
.238E-03
-.238E-03
.178E-05
-.139E-08
.795E-05
.407E-07
.222E-04
.315E-06



File: solve Printed Mon Apr 10 17:13:50 1559 Login: PERRY Page: 1

MATRICES FORMED WITH EARTH/ORB, EARTH/LAND,
ORB/LAND TRACKING DATA,GRAVITY TERMS INCLUDED.

WEIGHTS:

EARTH/ORB:

RANGE AND RANGE RATE DATA NOT USED FOR E/O.

EARTH/LAN:

RANGE AND RANGE RATE DATA NOT USED FOR E/L.

LAN/ORB:
RANGE =100. M

RAN RATE =10. MM/sS

DELAY FROM LAST TRACKING POINT TO DEORBIT

7200. SECONDS

ATWA INVERSE MATRIX

.487E-04 .292E-04 -.126E-04
.292E-04 .325E-04 -.103E-04
~.126E-04 -.103E-04 .574E-04
.220E-03 .201E-03 .828E-04
-.972E-07 -.921E-07 -.525E-07

" .164E-04 .183E-04 -.292E-04

-.187E-06 -.165E-06 ~.686E-07
.395E-05- .66SE-05 .925E-04
-.349E-07 -.349E-07 ~.171E-07

.220E-03 -.972E-07
.201E-03 -.
.828E-04 -~.525E-07 -

921E-07

.190E-02 -.3906E-06
.906E-06 .436E-09 -
.251E-04 -.544E-08
.158E-05 .753E-09 -
.371E-03 -.196E-06 -
~-.325E-06 .155E-09 -.

DETERMINANT OF ATWA = 1.727364009225E+69

.164E-04 -.
.183E-04 -
.292E-04 -.
.251E-04 -.
.544E-08

.260E-04 -
.178E-07

.499E-04 -

456E-08

187E-06

.165E-06

686E-07
158E-05

.753E-09
.178E-07
.132E-08
.311E-06
.263E-09

ORBITER POSITION UNCERTAINTY MATRIX

CONDITION NUMBER = 8.511166653191E-29
LANDER UNCERTAINTY MATRIX
.487E-04 .292E-04 -.126E-04
.292E-04 .325E-04 -.103E-04
-.126E-04 -.103E-04 .574E-04
STANDARD DEVIATIONS
.698E-02 .570E-02 .758E-02
MAGNITUDES
.118E-01
EIGENVALUES
.103E-04 .465E-04 .818E-04

ORBITER VEL UNCERTAINTY MATRIX

.436E-09 .753E-09 .155E-09

.753E-09 .132E-08 .263E-09

.1SSE-09 .263E-09 .747E-10
STANDARD DEVIATIONS

.209E-04 .364E-04 .864E-0S
MAGNITUDES

.428E-04
EIGENVALUES

.394E-11 .219E~-10 .181E-08

.190E-02 .251E-04
.251E-04 .260E-04
.371E-03 -.499E-04
.436E-01 .510E-02
" .461E-~01

.192E-0S .147E-03

RELATIVE ERROR MATRIX

.151E-02 -.163E-03
~.163E-03 .219E-04
.272E-03 -~.378E-04
.389E-01 .468E-02
.401E-01
.126E-05 .263E-04

.371E-03
~.499E-04
.201E-03

.142E-01

.198E-02

.272E-03
-.378E-04
.734E-04

.857E-02

.158E-02

.395E-05
.665E-05
.925E-04
.371E-03
.196E-06
.499E-04
.311E-06
.201E-03
.657E-07

.349E-07
.349E-07
-171E-07
.325E-06
.155E-09
-456E-08
-263E-09
.657E-07
.747E-10



File: solve Printed Mon Apr 10 17:13:50 1989 Login: PERRY Page: 2

FINAL MATRIX OF UNCERTAINTIES

.944E-02 -.847E-02 .692E-02
-.847E-02 .343E-01 -.299g-01
.692E-02 -.299E-01 .653E-01
-.502E-01 .179E+00 -.927E-01
-107E-04 -.455BE-04 -.321E-05
.141E-02 -.186E-01 .531E-02
.229E-04 -.881E-04 .862E-05
.191E-02 .236E-01 .291E-01
-.706E-05 ~.687E-04 .849E-04

NUMBER OF EARTH-SATELLITE DATA POINTS
NUMBER OF EARTH-LANDER DATA POINTS
NUMBER OF LANDER-SATELLITE DATA POINTS

TOTAL NUMBER POSSIBLE =

LANDER UNCERTAINTY MATRIX

-944E-02 -.847E-02 .692E-02
-.847E-02 .343E-01 -.299E-01
.692E-02 -.299E-01 .653E-01
STANDARD DEVIATIONS
.972E-01 .185E+00 .256E+400
MAGNITUDES
.330E+400
EIGENVALUES
.667E-02 .176E-01 .849E-01

ORBITER VEL UNCERTAINTY MATRIX

.110E-06 -195E-06 .635E-07

.195E-06 .351E-06 .122E-06

.635E-07 .122E-06 .258E-06
STANDARD DEVIATIONS

.332E-03 .593E-03 .507E-03
MAGNITUDES

.848E-03
EIGENVALUES

.124E-08 .188E-06 .530E-06

4320 TOTAL ACHIEVED

.502E-01
.179E+00 -
.927E-01 -
.105E+01 -
.311E-03
.115E+00
.579E-03
.203E+00 -
.280E-03

0
0
31

.105E+01
-.115E+00
.203E+00

.103E+01

.108E+401

-111E+01

.107E-04
.455E-04 -
.321E-05
.311E-03 -
.110E-06
.376E-04
-195E-06
.895E-04 -
.635E-07

31

-.115E+00
.155E-01
~.313E-01

.125E+00

.519E-01

-141E-02
.186E-01 -
.531E-02
-115E+00 -
.376E-04
.155E-01
.681E-04
.313E-01 -
.362E-04

.203E+00
-.313E-01
.918E-01

.303E+00

.130E-02

RELATIVE ERROR MATRIX

.116E+01
-.304E+00
.301E+00

.108E+01

-116B+401

.983E-03

INDICATOR OF THE PLANE OF THE SKY PROBLEM
COS OF ANGLE BETWEEN ORBITER ERROR ELLIPSE

AND EARTH VECTOR

-.86390E+00 .26138E+01

COS OF ANGLE BETWEEN ANGULAR MOMENTUM VECTOR

AND EARTH VECTOR

-.80765E+00 .25110E+01

~.304E+00
.870E-01
-.901E-01

.295E+00

.248E-01

.301E+400
-.901E-01
.989E-01

.315E+00

.132E+01

.229E-04
.881lE-04
.862E-05
.579E-03
.195E-06
.681E-04
.351E-06
.150E-03
.122E-06

ORBITER POSITION UNCERTAINTY MATRIX

.191E-02
.236E-01
.291E-01
.203E+00
.895E-04
.313E-01
-150E-03
.918E-01
.383E-04

-T06E-05
.687E-04
.849E-04
.280E-03
.635E-07
-362E-04
.122E-06
.383E-04
.258E-06



APPENDIX D
COMPUTER MODULES



PROGRAM INT

This program integrates the 2 - body equations of motion using J2 effects.
It utilizes the subroutine VOASED, a first order ordinary differential eqn
integrator, from the main math library.

REAL MARS,LAN

DIMENSION WK(108),D(6,24),YX(6),YXDOT(6),YY(6),YYDOT(6),YZ(6)
C YZDOT(6),YJ2(6),YJ3(6),YJ4(6),YJ 5(6),YC22(6),YC33(6),
C YC44(6),YC55(6),YS22(6),YS33(6),YS44(6),Y555(6),
C EARTHI(6),EARTH2(6),PV(6),MARS(6),LAN(6),
C YIx(6),YLy(6),Y1z(6),R(3),V(3),DATA(4,6,4)
common/orbit/a(6),2(6),bn,tp,eo,u,rmars

EQUIVALENCE (D(1,1), EARTH1(1)),(D(1,2),LAN(1)),
(D(1,3),Y1x(1)),(D(1,4), YLy(1)),(D(1,5),Ylz(1)),
(D(,6).PV(1)),(D(1,7),YX(1)),
(D(1,8),YXDOT(1)),(D(1,9),YY(1)),(D(1 ,10),YYDOT(1)),
(D(1,11),YZ(1)),(D(1,12),YZDOT(1)),(D(1,13),YI2(1)),
(D(1,14),YJ3(1)),(D(1,15),YJ4(1)),(D(1,16),YI5(1)),
(D(1,17),YC22(1)),(D(1,18),YC33(1)),(D( 1,19),YC44(1)),
(D(1,20),YC55(1)),(D(1,21),YS22(1)),(D(1,22),YS33( 1),
(D(1,23),Y844(1)),(D(1,24),YS55(1))

EXTERNAL DY DYI2,DYJ3,DYJ4,DY]J 5.DYC22,DYC33,DYC44, DYC55
C ,DYS22,DYS33,DYS44,DYS55

OPEN (UNIT = 1, STATUS = 'NEW’, FILE = '"PART3’)

open (unit = 5, status = "old’, file = *data’)

pi =3.141592654

N=6

T=0.

TEND = (.
TOL = 1.E-10
MTH=1
HMIN = 1.25E-10
HMAX = 20,
H=.125E-5
iflagl =1
iflag2 = 1
D(2,1)=0.
D(3,1)=0.
D@,1)=0.
D(5,1)=0.
D(6,1)=0.
DO12R2=1,6

YX(12)=0.

YXDOT(12) = 0.

YY(12)=0.

[}
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YYDOT(12) = 0.
YZ(12) = 0.
YZDOT(12) = 0.
YJ2(12)=0.
YJ3(12) =0.
YJ4(12) = 0.
YJ5(12) = 0.
- YC22(12) = 0.
YC33(12) = 0.
YC44(12) = 0.
YC55(12) = 0.
YS22(12) = 0.
YS33(12) = 0.
YS44(12) = 0.
YS55(12) = 0.
12 CONTINUE
YX(1)=1.
YXDOT(@2)=1.
YY(3)=1.
YYDOT(4)=1.
YZ(5) = 1.
YZDOT(6) = 1.
U =4.305E4
RMARS = 33972
CALL SUBDAT(DATA)
read (5,%)tjd0
READ (5,*)ALAT
READ (5,*)ALONG
ALAT = ALAT*PI/180.
ALONG = ALONG*PI/180.
DO 10 I=1,1440
T =TEND
if (i.le.55) then
if (iflagl.eq.1) then
read (5,*%)(a(im),im=1,6)
call orbtox(z,a,u)
bn = (u/a(1)**3)** 5
tp = 2.*pi/bn
eo=0.
iflagl =2
endif
else
if (iflag2.eq.1) then
read (5,*)(a(im),im=1,6)
call orbtox(z,a,u)
bn = (u/a(1)**3)** 5



tp = 2.*%pi/bn
e0=.2
iflag2 =2
“endif
endif
TEND = 60.0*FLOAT()
CALL VOASEDIN,T,TEND,YX,TOL,DY ,PD,MTH,HMIN LJHMAX H,WK,IERR)
T = TEND-60.0
CALL VOASED(N ,T,TEND,YXDOT,TOL,DY,PD,M'I'I—I,I—HVHI\I LHAMAX H,WK,IERR)
T = TEND-60.0
CALL VOASED(N ,T,TEND,YY,TOL,DY ,PD,MTH,HMIN,HMAX,H,WK IERR)
T = TEND-60.0
CALL VOASED(N,T,TEND,YYDOT,TOL,DY,PD,M'I‘H,HMIN,HMAX,H,WK,IERR)
T = TEND-60.0
CALL VOASED(N ,T,TEND,YZ,TOL,DY,PD,MTH,HMIN,I-IMAX,H,WK,IERR)
T = TEND-60.0
CALL VOASED(N ,T,TEND,YZDOT,TOL,DY,PD,M'I‘I-I,I—HVHN,HMAX,H,WK,IERR')
T =TEND - 60.
CALL VOASED(N ,[,TEND,YJ2 TOL.,DY]J 2,PD,M'I'H,I-MN,HMAX,H,WK,IERR)
T = TEND - 60.
CALL VOASED(N,T,TEND,YJ3,TOL,DYJ 3,PD,MTH,HMIN,HMAX ,H,WK IERR)
T =TEND - 60.
CALL VOASED(N ,T,TEND,YJ4,TOL,DYJ4,PD,M’IH,HMIN,HMAX,H,WK,IERR)
T =TEND - 60.
CALL VOASED(N,T,TEND,YJ5,TOL.DYJS ,PD,MTH,HMIN,HMAX H,WK,IERR)
T =TEND - 60.
CALL VOASED(N,T,TEND,YC22,TOL,DYC22,PD,MTH,HMIN,I—IMAX,H,WK,IERR)
T =TEND - 60.
CALL VOASED(N ,T,TEND,YC33,TOL,DYC33,PD,M'I'I-I,HMIN,I—IMAX,H,WK,IERR)
T = TEND - 60. ‘
CALL VOASED(N ,T,TEND,YC44,TOL,DYC44 PD MTH,HMIN ,JHMAX,H, WK I[ERR)
T = TEND - 60.
CALL VOASED(N ,T,TEND,YCSS,TOL,DYCSS,PD,M’I'H,HMIN,}MAX,H,WK,IERR)
T =TEND - 60.
CALL VOASED(N ,T,TEND,YSZ2,TOL,DYS22,PD,MTH,HMIN,HMAX,H,WK,IERR)
T =TEND - 60.

CALL VOASED(N ,T,TEND,YS33,TOL,DYS33,PD,MTH,HMIN,HMAX,H,WK,IERR)
T =TEND - &0. '
CALL VOASED(N ,T,TEND,YS44,TOL,DYS44,PD,MTH,HM]N,HMAX,H,WK,IERR)

T =TEND - 60.
CALL VOASED(N ,T,TEND,YSSS,TOL,DYS55,PD,MTH,H1\/I]I\I,H1\/IAX,H,WK,IERR)
CALL KEPLER(Z,A, T .Ea,U,TP,BN .R,V.RMAG)
PV(1) =R(1)
PV(2)=V(1)
PV(3)=R(2)
PV4)=V(2)



PV(5)=R@3)
PV(6)=V(3)
N7=3
TID = tjd0 - T/86400.
CALL MEPOS(DATA,N7,TID,EARTH2 EPS,ZI,ZOM)
TID = tjd0 - T/86400.
N3=4
CALL MEPOS(DATA,N3,TJD,MARS EPS Z1,Z0M)
CALL RADEC(TID,EPS EARTH?2 MARS Z1LZOM,EARTH1)
CALL PLAND(T,TJDO,TID,ALAT,ALONG LAN YIx,Yly,Ylz)
WRITE (1,992)T
WRITE (1,993)((D(L,II),[=1,6),I1I=1,24)
10 CONTINUE
992 FORMAT (el1.5)
993 FORMAT (6¢20.13)
STOP
END



The next set of programs provide the partial derivatives required by the integration subroutine VOASED.

SUBROUTINE DY(N,T,Y,DYDT)
IMPLICIT REAL(A-H,0-Z)
common/orbit/a(6),z(6),bn,tp,eo,u,rmars
DIMENSION Y(6),DYDT(6).R(3),V(3)
IF (T.GT.0.) THEN
CALL KEPLER(Z,A,T,Eo,U,TP,BN ,R V.RMAG)
GOTO 10
ELSE
R() =Z(1)
R(2)=Z(2)
R(3) =2(3)
RMAG = (R(1)**2+R(2)**2+R(3)**2)** 5
ENDIF
10 DYDT() = Y(2)
DYDT(2) = (U/RMAG**S)*(Y(I)*(3.*R(1)**2-RMAG**2)+Y(3)*3.*R(l)*R(Z)
C + Y(5)*3.*R(1)*R(3))
DYDT3)=Y(®4)
DYDT4) = (U/RMAG**5)*(Y(3)*(3. *R(2)**2 -RMAG**2)+Y(5)*3.*R(2)*R(3)
C + Y(1)*3*R(1)*R(2))
DYDT(S5) = Y(6)
DYDT(6) = (U/RMAG**5)*(Y(5)*(3.*R(3)**2- -RMAG**2)+Y(1)*3.*R(1)*R(3)
C + Y(3)*3.*R(2)*R(3))
RETURN
END



SUBROUTINE DYJ2(N,T,Y,DYDT)
common/orbit/a(6),z(6),bn,tp,co,u,rmars
DIMENSION Y(6),DYDT(6),R(3),V(3)
IF (T.GT.0.) THEN
CALL KEPLER(Z,A,TEo,U,TP,BN R,V,RMAG)
GOTO 10
ELSE
R(1)=2Z1)
R(2)=Z(2)
R(3)=2(3)
RMAG = (R(1)**2+R(2)**2+R(3)**2)** 5
ENDIF
10DYDT(1) = Y(2)
DYDTQ2) = (U/RMAG**5)*(Y(1)*(3.*R(1)**2-RMAG**2)+Y(3)*3.*R(1)*R(2)
C + Y(5)*3.*R(1)*R(3) + 1.5*2.236067977*R(1)*RMARS **2*
c O *REBV/RMAG)**2-1.))
DYDT(3) = Y(4) :
DYDT@4) = (U/RMAG**5)*(Y(3)*(3.*R(2)**2-RMAG**2)+ Y(5)*3.*R(2)*R(3)
C + Y(1)*3*R(1)*R(2) + 1.5%2.236067977*R(2)* RMARS**2*
c (5.*(R(3)/RMAG)**2-1.))
DYDT(5) = Y(6)
DYDT(6) = (U/RMAG**5)*(Y(5)*(3.*R(3)**2-RMAG**2)+Y(1)*3.*R( 1)*R(3)
C + Y(3)*3.*R(2)*R(3) - 1.5*2.236067977*R(3)*(RMARS**3/
c RMAG)*(3.-5.*(R(3)/RMAG)**2))
RETURN
END



SUBROUTINE DYI3(N ,L,Y,DYDT)
common/orbit/a(6),2(6),bn,tp,eo,u,rmars
DIMENSION Y(6),DYDT(6)R(3).V(3)
IF (T.GT.0.) THEN
CALL KEPLER(Z,A,T,EO,U,TP,BN,R,V,RMAG)
GOTO 10
ELSE
R(1) =2Z(1)
R(2) =Z(2)
R(3)=2Z(3)
RMAG = R(1)**2+R(2)**2+R(3)**2)** 5
ENDIF
10 DYDT(1) = Y(2)
DYDT(2) = (U/RMAG**S)*(Y(I)*(3.*R(1)**2-RMAG**2)+Y(3)*3.*R(1)*R(2)
C + Y(5)*3.*R(1)*R(3) - 2.5%2.64575131 1*R(1)*(RMARS**3/
c RMAG)*(3.*(R(3)/RMAG)-7,*(R(3)/RMAG)**3))
DYDT(3)=Y4)
DYDT(4) = (U/RMAG**S)*(Y(3)*(3.*R(2)**2-RMAG**2)+Y(5)*3.*R(2)*R(3)
C + Y(1)*3.*R(1)*R(2) - 2.5%2.64575131 1*R(2)*(RMARS**3/
c RMAG)*(3‘*(R(3)/RMAG)—7.*(R(3)/RMAG)**3))
DYDT(5) = Y(6)
DYDT(6) = (U/RMAG**S)*(Y(S)*(3.*R(3)**2-RMAG**2)+Y(1)*3.*R(l)*R(3)
C + Y(3)*3.*R(2)*R(3) - 1.5%2.64575131 1*RMARS **2%(10.*
c (R(3)**2/RMAG)-(35./3.)*(R(3)* *4/RMAG**3)-RMAG))
RETURN
END



SUBROUTINE DYJ4(N,T,Y.DYDT)
common/orbit/a(6),z(6),bn,tp,eo,u,rmars
DIMENSION Y(6),DYDT(6),R(3),V(3)
IF (T.GT.0.) THEN
CALL KEPLER(Z,A,T,Eo,U,TP,BN,R,V,RMAG)
GOTO 10
ELSE
R(1)=Z(1)
RQ) =7Z(2)
R(3) =Z(3)
RMAG = (R(1)**2+R(2)**2+R(3)**2)** §
ENDIF
10DYDT(1) = Y(2)
DYDT(Q2) = (U/RMAG**S)*(Y(I)*(3.*R(1)**2—RMAG**2)+Y(3)*3.*R(1)*R(2)
C +Y(5)*3*R(1)*R(3) + (5./8.*R(1)*(RMARS**2/RMAG **2*
C 3.*(3.-42.*(R(3)/RMAG)**2+63.*(R(3)/RMAG)**4))
DYDT(3) = Y(4)
DYDT@4) = (U/RMAG**S)*(Y(3)*(3.*R(2)**2-RMAG**2)+Y(5)*3.*R(2)*R(3)
C + Y(1)*3*R(D*R(2) + (5./8.*R(2)*(RMARS**2/RMAG )**2*
C 3.*(3.-42.*(R(3)/RMAG)**2+63.*(R(3)/RMAG)**4))
DYDT(S5) = Y(6)
DYDT(6) = (U/RMAG**S)*(Y(S)*(3.*R(3)**2-RMAG**2)+Y(1)*3.*R( 1)*R(3)
C +Y(3)*3.*R(2)*R(3) + (5./8.Y*R(3)*(RMARS**2/RMAG)**2*
C 3.*(15.-70.*(R(3)/RMAG)**2+63.*(R(3)/RMAG)**4))
RETURN

END



SUBROUTINE DYJ5(N,T,Y,DYDT)
common/orbit/a(6),z(6),bn,tp,eo,u,rmars
DIMENSION Y(6),DYDT(6),R(3),V(3)
IF (T.GT.0.) THEN
CALL KEPLER(Z,A,T,EO,U,TP,BN,R,V,RMAG)
GOTO 10
ELSE
R(1)=2Z(1)
R2)=Z()
R(3)=7Z(3)
RMAG = (R(1)**2+R(2)**2+R(3)**2)** 5
ENDIF
10DYDT(1) = Y(2) :
DYDT(2) = (U/RMAG**5)*(Y(1)*(3.*R( 1)**2-RMAG**2)+Y(3)*3.*R(1)*R(2)
C + Y(5)*3.*R(1)*R(3) + (3./8. Y*R(1)*(RMARS**5/RMAG**3)*
C 3.311662470*(35*(R(3)/RMAG)-210. *(R(3)/RMAG)**3+231 *
c (R(3)/RMAG)**5))
DYDT(3) = Y(4)
DYDT@4) = (U/RMAG**S)*(Y(3)*(3.*R(2)**2-RMAG**2)+Y(5)*3.*R(2)*R(3)
C + Y(1)*3*R(D*R(2) + (3./8.)*R(2)*(RMARS**5/RMAG**3)*
C 3.31 1662470*(35*(R(3)/RMAG)-210.*(R(3)/RMAG)**3+23 1.*
c (R(B)/RMAG)**5))
DYDT(5) = Y(6)
DYDT(6) = (U/RMAG**5)*(Y(5)*(3.*R(3)**2- -RMAG**2)+Y(1)*3.*R(1)*R(3)
C + Y(3)*3*R(D*R(3) + (1./8. Y*(RMARS**5/RMAG**3)*
C 3.311662470*(315*(R(3)**2/RMAG)-945. *REBY**4/RMAG**3)+
c 693.*(R(3)**6/RMAG**5)-15 *RMAG))
RETURN
END



SUBROUTINE DYC22(N ,L,Y.DYDT)
common/orbit/a(6),z(6),bn,tp,e0,u rmars
DIMENSION Y(6),DYDT(6),R(3),V(3)
IF (T.GT.0.) THEN ‘

CALL KEPLER(Z,A,T,Eo,U,TP,BN,R,V,RMAG)

GOTO 10
ELSE

R(1) =Z(1)

R2)=7Z(2)

R(B3)=2Z3)

RMAG = (R(1)**2+R(2)**2+R(3)**2)** §

ENDIF
10 1l =r(1)**2 + r(2)**2

ZOD = (1. - R(3)**2/RMAG**2)

P2 =3*Z0OD

P2X = 6. *R(1)*R(3)**2/RMAG**4
P2Y = 6. *R(2)*R(3)**2/RMAG**4
P2Z = -6 *R(3)/RMAG**2 * ZOD
AN = ATAN2(R(2).R(1))

DYDT(1) = Y(2)

DYDT(Q2) = (U/RMAG**S)*(Y(1)*(3.*R(1)**2-RMAG**2)+Y(3)*3.*R(1)*R(2)
C + Y(5)*3*R(1)*R(3) + RMARS**2* 645497224*((3.¥R(1)*P2
c - RMAG**2*P2X)*COS(2.*AN) - 2 ¥P2*R(2)*(rmag**2/r1)

c *SIN(2*ANY)))

DYDT(3)=Y®) v
DYDT4) = (U/RMAG**S)*(Y(3)*(3.*R(2)**2-RMAG**2)+Y(S)*3.*R(2)*R(3)
C + Y()*3*R(1)*R(2) + RMARS**2*.645497224*((3.*R(2)*P2
c - RMAG**2*P2Y)*COS(2.*AN) + 2.*¥P2*R(1)*(rmag**2/r1)

c *SIN(2*AN)))

DYDT(5) = Y(6)

DYDT(6) = (U/RMAG**5)*(Y (5)*(3.*R(3)**2-RMAG**2)+Y(1)*3.*R(1)*R(3)
C + Y(3)*3*R(2*R(3) + RMARS**2*.645497224*((3.*R(3)*P2
c - RMAG**2*P2Z)*COS(2.*AN) ))

RETURN
END



SUBROUTINE DYC33(N,T,Y,DYDT)
common/orbit/a(6),z(6),bn,tp,e0,u,rmars
DIMENSION Y(6),DYDT(6),R(3),V(3)

IF (T.GT.0.) THEN

CALL KEPLER(Z,A,T,Eo,U,TP,BN,R,V,RMAG)
GOTO 10
ELSE
R(1)=Z(1)
R(2)=Z(2)
R(3)=2Z@3)
RMAG = (R(1)**24R(2)**2+R(3)**2)** 5
ENDIF
10 rl =r(1)**2 + r(2)**2
ZOD = (1. - R(3)**2/RMAG**2)
P3 = 15.%¥Z0OD**1.5
P3X =45 *R(1)*R(B)**2/RMAG**4 * ZOD** §
P3Y = 45.*%R(2)*R(3)**2/RMAG**4 * ZOD** 5
P3Z = -45.*R(3)/RMAG**2 * ZOD**1 .5
AN = ATAN2(R(2),R(1))

DYDT(1)=Y(2)

DYDT(2) = (U/RMAG**5)*(Y( 1)*(3.*R(l)**2-RMAG**2)+Y(3)*3.*R(l)*R(Z)
C + Y(5)*3*R(1)*R(3) + (RMARS**3/RMAG**1)*.139443338%*
c ((4.*R(1)*P3 - RMAG**2*P3X)*COS(3.*AN) - 3 *P3*R(2)*

c SIN(3*AN)*(rmag**2/r1)))

DYDT(3)=Y(®4)

DYDT@4) = (U/RMAG**S)*(Y(3)*(3.*R(2)**2-RMAG**2)+Y(5)*3.*R(2)*R(3)
C + Y(1)*3*R(1)*R() + (RMARS**3/RMAG**1)*.139443338*
c (@4.*R(2)*P3 - RMAG**2*P3Y)*COS(3.*AN) + 3*P3*R(1)

c *SIN(3*AN)*(rmag**2/r1)))

DYDT(5) = Y(6)

DYDT(6) = (U/RMAG**5)*(Y (5)*(3.*R(3)**2-RMAG**2)+Y(1)*3.*R(1)*R(3)
C + Y(3)*3*R(2*R(3) + (RMARS**3/RMAG**1)*.139443338*
c (4.*R(3)*P3 - RMAG**2*P3Z)*COS(3.*AN)))

RETURN
END



SUBROUTINE DYC44(N JL.YDYDT)
common/orbit/a(6),z(6),bn,tp,eo,u rmars
DIMENSION Y(6),DYDT(6),R(3),V(3)
IF (T.GT.0.) THEN

CALL KEPLER(Z,A,T.Eo,U,TP,BN,R,V,RMAG)

GOTO 10

ELSE

R =Z()

R(2)=2Z(2)

R(3)=2Z@3)

RMAG = (R(1)**2+R(2)**2+R(3)**2)** 5

ENDIF
10 1l =r(1)**2 + 1(2)**2

ZOD = (1. - R(3)**2/RMAG**2)

P4 = 105.*ZOD**2.

P4X = 620.*R(1)*R(3)**2/RMAG**4 * ZOD
P4Y = 620.*R(2)*R(3)**2/RMAG**4 * ZOD
P4Z = -620.*R(3)/RMAG**2 * ZOD**2.

AN = ATAN2(R(2),R(1))

DYDT(1) = Y(2)

DYDT(2) = (U/RMAG**S)*(Y(I)*(3.*R(1)**2-RMAG**2)+Y(3)*3.*R(1)*R(2)
C + Y(5)*3*R(1)*R3) + (RMARS**4/RMAG**2)* 021128856*
c ((5.*R(1)*P4 - RMAG**2*P4X)*COS(4.*AN) - 4. *P4*R(2)*

c SIN(4*AN)*(rmag**2/r1)))

DYDT(3) = Y(4)

DYDT4) = (U/RMAG**5)*(Y(3)*(3.*R(2)**2-RMAG**2)+Y(5)*3.*R(2)*R(3)
C + Y(1)*3*R(1)*R(2) + (RMARS**4/RMAG**2)* 021128856*
c ((5.*R(2)*P4 - RMAG**2*P4Y)*COS(4.*AN) + 4 ¥P4*R(1)*

c SIN(4*AN)*(rmag**2/r1)))

DYDT(5) = Y(6)

DYDT(6) = (U/RMAG**5)*(Y (5)*(3.*R(3)**2-RMAG**2)+Y(1)*3.*R(1)*R(3)
C + Y(3)*3.*R(2)*R(3) + RMARS**4/RMAG**2)* (021128856*
c ((5.*R(3)*P4 - RMAG**2*P4Z)*COS(4.* AN)))

RETURN
END



SUBROUTINE DYC55(N,T,Y,DYDT)

commonyorbit/a(6),z(6),bn,tp,eo,u,rmars

DIMENSION Y(6),.DYDT(6),R(3),V(3)

IF (T.GT.0.) THEN

CALL KEPLER(Z,A, T Eo,U,TP,BN ,R,V.RMAG)
GOTO 10
ELSE
R(1) =Z(1)
R(2)=Z(2)
R(3)=2Z7)
RMAG = (R(1)**2+R(2)**2+R(3)**2)** 5
ENDIF
10 1l =r(1)**2 + r(2)**2
Z0D = (1. - R(3)**2/RMAG**2)
P5 =945.*Z0OD**2.5
P5X = 4725 *R(1)*R(3)**2/RMAG**4 * ZOD
P5Y = 4725 *R(2)*R(3)**2/RMAG**4 * ZOD
P5Z = -4725 *R(3)/RMAG**2 * ZOD**2
AN = ATAN2(R(2),R(1))

DYDT(1)=Y(2)

DYDTQ2) = (U/RMAG**S)*(Y(1)*(3.*R(l)**2-RMAG**2)+Y(3)*3.*R(l)*R(2)
C + Y(5)*3*R(D*R(3) + (RMARS**S/RMAG**3)* 00246223 7*
c ((6.*R(1)*PS5 - RMAG**2*P5X)*COS(5.*AN) - S5¥PS*R(2)*

c SIN(5*AN)*(rmag**2/r1)))

DYDT(3)=Y4)

DYDT@4) = (U/RMAG**5)*(Y(3)*(3.*R(2)**2-RMAG**2)+Y(5)*3.*R(2)*R(3)
C + Y(D)*3*R(1)*R(2) + (RMARS**5/RMAG**3)*,002462237*
c ((6.*R(2)*PS5 - RMAG**2*P5Y)*COS(5.*AN) + 5.*P5S*R(1)*

c SII\I(S*AN)*(nnag**2/_r1)))

DYDT(S) = Y(6)

DYDT(6) = (URMAG**5)*(Y (5)*(3.*R(3)**2-RMAG**2)+Y(1)*3.*R(1)*R(3)
C +Y(@3)*3*R(2*R(3) + (RMARS**5/RMAG**3)* 00246223 7*
c ((6.*R(3)*PS - RMAG**2¥P5Z)*COS(5 FAN))

RETURN

END



SUBROUTINE DYS22(N ,L,Y,.DYDT)

common/orbit/a(6),z(6),bn,tp,eo,u,rmars

DIMENSION Y(6),DYDT(6),R(3),V(3)

IF (T.GT.0.) THEN

CALL KEPLER(Z,A,T,Eo,U,TP,BN R,V.RMAG)
GOTO 10
ELSE
R(1)=2Z(1)
R(2)=2Z(2)
R(3)=Z33)
RMAG = (R(1)**2+R(2)**2+R(3)**2)** 5
ENDIF
10 11 =r(1)**2 + r(2)**2
ZOD = (1. - R(3)**2/RMAG**2)
P2 =3*Z0D
P2X = 6.*R(1)*R(3)**2/RMAG**4
P2Y = 6. *R(2)*R(3)**2/RMAG**4
P2Z = -6.*R(3)/RMAG**2 * ZOD
AN = ATAN2(R(2),R(1))

DYDT(1) = Y(2)

DYDT(Q2) = (U/RMAG**S)*(Y(1)*(3.*R(1)**2-RMAG**2)+Y(3)*3.*R(1)*R(2)
C +Y(S)*3*R(1*R(3) + (RMARS**2/1.)*.645497224*((3.*
c R(1)*P2 - RMAG**2*P2X)*SIN(2.*AN) + 2.%P2*R(2)*

c COS(2* AN)*(rmag**2/r1)))

DYDTQ3)=Y(®4)

DYDT@) = (U/RMAG**S)*(Y(3)*(3.*R(2)**2-RMAG**2)+Y(5)*3.*R(2)*R(3)
C + Y(D*3*R(1)*R(2) + (RMARS**2/1.y* .645497224%((3.*
c R(2)*P2 - RMAG**2*P2Y)*SIN(2.*AN) - 2.*¥P2*R(1)*

c COS(2* AN)*(rmag**2/r1)))

DYDT(5) = Y(6)

DYDT(6) = (U/RMAG**5)*(Y (5)*(3.*R(3)**2-RMAG**2)+Y(1)*3.*R(l)*R(3)
C +Y(3)*3*R(2*R(3) + (RMARS**2/1.)*.645497224*((3.*
c R3)*P2 - RMAG**2*P2Z)*SIN(2.*AN)))

RETURN

END



SUBROUTINE DYS33(N,T,Y,DYDT)

common/orbit/a(6),z(6),bn,tp,eo0,u,rmars

DIMENSION Y(6),DYDT(6),R(3),V(3)

IF (T.GT.0.) THEN '

CALL KEPLER(Z,A,TEo,U,TP,BN,R,V,RMAG)
GOTO 10
ELSE
R(1) =2Z(1)
R(2)=Z(2)
R(3) =Z(3)
RMAG = (R(1)**2+R(2)**2+R(3)**2)** 5
ENDIF
10 rl =r(1)**2 + r(2)**2
ZOD = (1. - R(3)**2/RMAG**2)
P3 = 15.¥ZOD**1.5
P3X = 45.#R(1)*R(3)**2/RMAG**4 * ZOD** 5
P3Y =45 *R(2)*R(3)**2/RMAG**4 * ZOD** 5§
P3Z = 45 *R(3)/RMAG**2 * ZOD**1 .5
AN = ATAN2(R(2),R(1))

DYDT(1) = Y(2)

DYDT(2) = (U/RMAG**5)*(Y(1)*(3.*R( **2-RMAG**2)+Y(3)*3.*R(1)*R(2)
C + Y(5)*3.*R(1)*R(3) + RMARS**3/RMAG**1)*.139443338*
c ((4.*R(1)*P3 - RMAG**2*P3X)*SIN(3.*AN) + 3*P3*RQ2)*

c COS(3*AN)*(rmag**2/r1)))

DYDT(3)=Y(4)

DYDT@) = (U/RMAG**S)*(Y(3)*(3.*R(2)**2-RMAG**2)+Y(5)*3.*R(2)*R(3)
C + Y(1)*3*R(1)*R(2) + (RMARS**3/RMAG**1)*.139443338*
c ((4.*R(2)*P3 - RMAG**2*P3Y)*SIN(3.*AN) - 3. ¥P3*R(1)*

c COS(3*AN)*(rmag**2/r1)))

DYDT(5) = Y(6)

DYDT(6) = (U/RMAG**5)*(Y (5Y*(3-*R(3)**2-RMAG**2)+Y(1)*3.*R(1)*R(3)
C + Y(3)*3.*R(2)*R(3) + (RMARS**3/RMAG**1)*.139443338*
c ((4.*R(3)*P3 - RMAG**2*P3Z)*SIN(3.*AN)))

RETURN
END



SUBROUTINE DYS44(N ,L,Y,.DYDT)
common/orbit/a(6),z(6),bn,tp,eo,u,rmars
DIMENSION Y(6),DYDT(6),R(3),V(3)

IF (T.GT.0.) THEN

CALL KEPLER(Z,A,T Eo,U,TP,BN,R,V,RMAG)
GOTO 10
ELSE
R(1) =Z(1)
R(2)=Z(22)
R(3)=Z@3)
RMAG = (R(1)**2+R(2)**2+R(3)**2)** 5§
ENDIF
10 1l =r(1)**2 + r(2)**2
ZOD = (1. - R(3)**2/RMAG**2)
P4 = 105.*ZQD**2
P4X = 620.*R(1)*R(3)**2/RMAG**4 * ZOD
P4Y = 620.*R(2)*R(3)**2/RMAG**4 * ZOD
PAZ = -620.*R(3)/RMAG**2 * ZOD**2
AN = ATAN2(R(2).R(1))

DYDT(1) = Y(2)

DYDT(2) = (U/RMAG**S)*(Y(I)*(3.*R(1)**2-RMAG**2)+Y(3)*3.*R(l)*R(2)
C + Y(5)*3.*R(1)*R(3) + (RMARS**4/RMAG**2)* 021128856*
c ((5.*R(1)*P4 - RMAG**2*P4X)*SIN(4.*AN) + 4 *P4*R(2)*

c COS(4* AN)*(rmag**2/r1)))

DYDT(3)=Y4)

DYDT(4) = (URMAG**5)*(Y (3)*(3.*R(2)**2-RMAG**2)+Y(5)*3.*R(2)*R(3)
C + Y(1)*3*R(1)*R(2) + (RMARS**4/RMAG**2)*.021128856*
c ((5.*R(2)*P4 - RMAG**2*P4Y)*SIN(4.*AN) - 4 *P4*R(1)*

c COS(4* AN)*(rmag**2/r1)))

DYDT(5) = Y(6)

DYDT(6) = (U/RMAG**S)*(Y(S)*(3.*R(3)**2-RMAG**2)+Y(1)*3.*R(1)*R(3)
C +Y(3)*3*R(2)*RAB) + (RMARS**4/RMAG**2)* 021128856*
c ((5.*R(3)*P4 - RMAG**2*P4Z)*SIN(4.*AN)))

RETURN
END



SUBROUTINE DYS55(N,T,Y,DYDT)
common/orbit/a(6),z(6),bn,tp,eo,u,rmars
DIMENSION Y(6),DYDT(6),R(3),V(3)
IF (T.GT.0.) THEN
CALL KEPLER(Z,A,T,Eo,U, TP,BN R,V.RMAG)
GOTO 10
ELSE
R(1)=2Z(1)
R(2) =Z(2)
R(3)=Z@3)
RMAG = (R(1)**2+R(2)**2+R(3)**2)** §
ENDIF
10 1l =1(1)**2 + p(2)**2
ZOD = (1. - R(3)**2/RMAG**2)
P5 =945 *Z0OD**2.5
P5X = 4725 *R(1)*R(3)**2/RMAG**4 * ZOD**1.5
PSY = 4725 *R(2)*R(3)**2/RMAG**4 * ZOD**1.5
P5Z = -4725 *R(3)/RMAG**2 * ZOD**2.5
AN = ATAN2(R(2).R(1))
DYDT(1)=Y(2)

DYDT(2) = (U/RMAG**S)*(Y(1)*(3.*R(l)**2-RMAG**2)+Y(3)*3.*R(l)*R(2)
C +Y(5)*3*R(1)*R(3) + RMARS**5/RMAG**3)* 00246223 7*
c ((6.*R(1)*P5S - RMAG**2*P5X)*SIN(5.*AN) + 5*P5*R(2)*
c COS(5*ANy*(rmag**2/r1)))
DYDT(3)=Y(4)
DYDT(4) = (U/RMAG**S)*(Y(3)*(3.*R(2)**2-RMAG**2)+Y(5)*3.*R(2)*R(3)
C + Y(I)*3.*R(1)*R(2) + (RMARS**5/RMAG**3)* 00246223 7*
c ((6.*R(2)*P5 - RMAG**2*P5Y)*SIN(5.*AN) - 5.*P5*R(1)*
c COS(5* ANy*(rmag**2/r1)))
DYDT(5) = Y(6)
DYDT(6) = (U/RMAG**5)*(Y. (5Y*(3.*R(3)**2-RMAG**2)+Y(1)*3.*R( 1)*R(3)
C + Y(3)*3.*R(2)*R(3) + (RMARS**5/RMAG**3)* 00246223 7*
c ((6.*R(3)*P5 - RMAG**2*P5Z)*SIN(5.*AN)))
RETURN
END



SUBROUTINE KEPLER(Z,A,T,Eo,U,TP,N .R,V.RMAG)

IMPLICIT REAL(A-H,J-Z)

DIMENSION A(6),Z(6),RO(3),VO(3),R(3),V(3),R1(3),V1(3),R2(3),V2(3)
CCCceceeceeccececceccce
CCCcceceeececececceeceececce

THIS SUBROUTINE DOES A PREDICTION OF R AND V AT A LATER TIME T
WHEN GIVEN AN INITIAL Ro and Vo, AND A TIME OF FLIGHT T-To.

IT USES THE UNIVERSAL VARIABLE FORMULATION AND ASSUMES EITHER
CIRCULAR OR ELLIPTICAL ORBITS.

oNoNoNeoNoNe)

CCCCCCCCCCCCCCCCCCCCCCe
CCCCcceceeceeceeceeccece
RO(1) =Z(1)
RO@2) =Z(2)
RO@B)=2Z(3)
VO(1) = Z@4)
VO(@2) =Z(5)
VO(@3) = Z(6)
ROMAG = A(1)*(1.-A(2)*COS(Eo))
T1 = (-1)*AMOD(T,TP)
En=Eo
M =N*T1
10 Mn = En -A(2)*SIN(En)
En=En+ (M - Mn)/(1. - A(2)*COS(En))
IF (ABS(M-Mn).GT..00000000001) THEN
GOTO 10
ELSE
ENDIF
RMAG = A(1)*(1. - A(2)*COS(En))
F=1. - (A(1/ROMAG)*(1.-COS(En))
FDOT = -((U*A( 1))**.5*SIN(En)/(ROMAG*RMAG)
G =T1 - (1./N)*(En - SIN(En))
GDOT = 1. - (A(1)/RMAG)*(1. - COS(En))
CALL MUL(F,RO,R1)
CALL MUL(G,VO,V1)
CALL ADD(R1,V1,R)
CALL MUL(FDOT,RO,R2)
CALL MUL(GDOT,VO,V2)
CALL ADD(R2,V2,V)
RETURN
END



This subroutine converts rectangular coordinates to orbital elements.

SUBROUTINE XTOORB(R,A,U)
IMPLICIT REAL(A-H,J-Z)
DIMENSION A(6).R(6).RO(3),VO(3),H(3),
C K(3).N(3),R1(3),V1(3),EVEC(3)
RO(1)=R(1)
RO(2)=R(2)
RO@3)=R(@3)
VO(1)=R4)
VO(2)=R(5)
VO(3)=R(6)
CALL MAG(RO,ROMAG)
CALL MAG(VO,VOMAG)
ENERGY = (VOMAG**2/2.)-(U/ROMAG)
A(1) = -U/(2*ENERGY)
CALL CROSS(RO,VO,H)
CALL MAG(H,HMAG)
P=HMAG**2 /U
A(2) = (1.-P/A(1))**.5
X = VOMAG**2./U-1/ROMAG
CALL MUL(X,RO,R1)
CALL DOT(RO,VO,RV)
RV = -(1./JU)*RV
CALL MULRV,VO,V1)
CALL ADD(R1,V1,EVEQC)
A(3) = ACOS(H(3)/HMAG)
N(1) =-H(2)
N@)=HQ)
N@) =0.
CALL MAG(NNMAG)
A@) = ACOS(N(1)/NMAG)
CALL DOT(N,EVEC,NE)
IF (A(2).LT..000001) THEN
A(5)=0.
GOTO 2
ELSE
ENDIF
ZOD = NE/(NMAG*A(2))
IF (ZOD.GT.1.) THEN
ZOD =1.
ELSE
ENDIF
A(5) = ACOS(ZOD)
2 IF (A(2).LT..000001) THEN
A(6) = ACOS(RO(1)/ROMAG)



GOTO 3
ELSE
ENDIF
CALL DOT(EVEC,RO,ER)
Z0D1 = ER/(A(2)*ROMAG)
IF (ZOD1.GT.1.) THEN
ZO0D1 =1,
ELSE
ENDIF
A(6) = ACOS(ZOD1)
3 RETURN
END



SUBROUTINE MEPOS(D,N,JD RV EPS,I,0M)

IMPLICIT REAL(A-M,0-7)

DIMENSION R(4,3),V(4,3),D(4,6 4),RV(6)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe

THIS PROGRAM/SUBROUTINE DETERMINES THE POSITION AND VELOCITY OF A PLANET
IN THE VERNAL EQUINOX OF 1900 COORDINATE SYSTEM (J.D. 2415020.0).

INPUTS:
JD = TIME IN JULIAN DAYS
N =PLANET NUMBER
D = EPHEMERIS DATA
OUTPUTS:
R(N) = PLANET POSITION IN KM
V(N) = PLANET VELOCITY IN KM/S
OTHER: 3 2
U =GRAVITATIONAL PARAMETER FOR THE SUN (KM/SEC)
I =INCLINATION
OM = LONGITUDE OF THE ASCENDING NODE OF THE ORBIT
W = ARGUMENT OF PERIAPSES
A =SEMI-MAJOR AXIS IN KM
E =ECCENTRICITY
M =MEAN ANOMALY
TRUE = TRUE ANOMALY
T =TIME INTERVAL FROM EPOCH IN JULIAN CENTURIES
DIJK)= D(PLANET ELEMENT,TERM)

SNoNoNoNoNoNoNoNeNoNoRoReNoRoRoRoNo o No NoNo NG

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeee
U =1.3271544E11
PI =3.14159265359
D1=JD - 2415020.0
T =D1/36525.
D2 = D1/10000.
CHIBHHHHREHH R S
C DEFINING THE ORBITAL ELEMENTS FROM EPHEMERIS DATA
CHIBHHHHEREHH R
[=D(N,L1) + ( D(N,1,2)*T + DN, 1,3)*T**2)*PI/6.48E5
OM =D(N,2,1) + (D(N,2,2)*T + D(N,2,3)*T**2 + D(N,2,4)*T**3)
C *PI/6.48ES
W =D(N,3,1) + (D(N,3,2)*T + D(N,3,3)*T**2 + D(N,3,4)*T**3)
C *PI/6.48E5
A =D(N4,1)*1.4959965E8
E =D(N,5,1) + DIN,5,2)*T + D(N,5,3)*T**2 + D(N,5,4)*T**3
M =(DNN,6,1) + DIN,6,2)*D1 + D(N,6,3)*D2**2 + D(N,6,4)*



C D2%*3)
EPS = (23.452294-.0035626*D2-.000000123*D2%*2+ 00000001 03*
C  D2**3)*PI/180.
M1 = M/360.
M2 = M-FLOAT(INT(M1))*360.
W = W-OM
CHHHH R
C CONVERTING MEAN ANOMALY TO TRUE, THEN DEFINING THE POSITION AND
VELOCITY
C OF THE PLANET IN THE 1900 COORDINATE SYSTEM. IF THE PLANET NUMBER IS 3
C (EARTH), THEN ONLY A PERIFOCAL TYPE SYSTEM IS USED TO DEFINE POSITION AND
C VELOCITY, SINCE THE PRIMARY PLANE IS THE ECLIPTIC.
CH R
CALL CONVERT(M2,E, TRUE)
= A*(1.-E**2)
RMAG = P/(1. + E*COS(TRUE))
R(N,1) = RMAG*COS(TRUE)
R(N,2) = RMAG*SIN(TRUE)
R(N,3)=0.
V(N,1) = ((U/P)**.5)*(-1.)*SIN(TRUE)
V(N,2) = ((U/Py** 5)*(E+COS(TRUE))
V(N,3) = 0.
IF (N.EQ.3) THEN
W = (281.220833+.0000470684* D1+.0000339*D2**2.+ 00000007*
C  D2**3-180.)*PI/180.
ENDIF
R1=R(N,1)*( COS(OM)*COS(W) - SIN(OM)*SIN(W)*COS(I))
C +RAN.D¥((-1)*COS(OMY*SIN(W) - SIN(OM)*COS (W)
C  *COS(D)+ R(N,3)*(SINOM)*SIN())
R2 = R(N,1)*( SIN(OM)*COS (W) + COS(OM)*SIN(W)*COS(I))
C  +RMN,2)*((-1./*SIN(OM)*SIN(W) + COS(OM)*COS(W)
C  *COS(M)+ RNN,3)*((-1.)*COS(OM)*SIN(I))
R3 = RN, 1)*SIN(OM)*SIN(I) + + R(N.2)*COS(OM*SIN()
C  +RN3)*COS()
R(N,1) =R1
R(N,2) =R2
R(N,3) =R3
V1 = V(N,1)*( COS(OM)*COS(W) - SIN(OM)*SIN(W)*COS(I))
C  +VEN.2)*((-1.)*COS(OM)*SIN(W) - SIN(OM)*COS(W)
C  *COS(D)+ V(N,3)*(SIN(OM)*SIN(D))
V2 = V(N,1)*( SIN(OM)*COS (W) + COS(OM)*SIN(W)*COS(I))
C  + VIN2)*((-Ly*SIN(OM)*SIN(W) + COS(OM)*COS(W)
C  *COS(D)+ V(N,3)*((-1.)*COS(OM)*SIN())
V3= VIN,1)*SIN(OM)*SIN(I) + V(N,2)*COS(OM)*SIN(T)
C  + VIN3)*COS(®D)
VIN,1) = V1



VIN,2)=V2
V(N,3)=V3
RV(1) =R(N,1)
RV(2) = V(N,1)
RV(3)=R(N,2)
RV(4) = V(N,2)
RV(5) = R(N,3)
RV(6) = V(N,3)
RETURN

END



SUBROUTINE CONVERT (M,E, TRUE)
IMPLICIT REAL(A-Z)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCee
C
C THIS SUBROUTINE TAKES AN INPUT OF MEAN ANOMALY, CONVERTS IT TO ECCENTRIC

ANOMALY WHICH IS THEN CONVERTED TO TRUE ANOMALY FOR USE IN THE MAIN
POSITIONING PROGRAM.

C
C
C
C E = ECCENTRICITY
C EL,E2 = ECCENTRIC ANOMALY
C TRUE = TRUE ANOMALY
C MMI1 = MEAN ANOMALY
C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
PI=3.14159265359
El=M
10 M1 =E1 - E * SIND (El)
E2=E1+(M-M1)/(l.- E* COSD (El))
El=E2
A = ABS(M-M1)
IF (A.GT.(.000000000001)) THEN
GOTO 10
ELSE
ENDIF
El = E1*PI/180.
T5=((E-COS(EL))/(E * COSE]) - 1.))
T6 = (1.-E**2)** 5*(SIN(E1)/(1.-E*COS(E1)))
TRUE = ATAN2(T6,T5)
RETURN
END

e



SUBROUTINE SUBDAT(D)

IMPLICIT REAL(A-Z)

DIMENSION D(4,6,4)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCT
C
C THIS SUBROUTINE PROVIDES THE DATA TO ACHIEVE THE EPHEMERIS INFORMATION
C FOR THE MINOR PLANETS ( ORBITAL ELEMENTS --> POSITION AND VELOCITY).
C .
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
CCCCCCCCCCCCCC
C MERCURY
CCCCCCCCCCCCCC

D(1,1,1) = .12222332277874

D(1,1.2) = 6.699

D(1,13) = -.066

D(1,1,4) = 0.

D(1,2,1) = .8228519950802

D(1,2,2) = 4266.75

D(1,2,3) = 626

D(1,2,4) = 0.

D(1,3,1) = 1.3246996177995

D(1,3,2) = 5599.76

D(1,3,3) = 1.061

D(1,34)=0.

D(1.4,1) = 3870986

D(1,4,2) = 0.

D(1,4,3) = 0.

D(1,4.4) = 0.

D(1,5,1) = 20561421

D(1,5,2) = .00002046

D(1,5,3) = -.000000030

D(1,54) =0.

D(1,6,1) = 102.279381

D(1,6,2) = 40923344364

D(1,6,3) = .00000050

D(1,6,4) = 0.
CCCCCCCCCCCCC
C VENUS
CCCCCCCCCCCCe

D(2,1,1) = 05923002680

D(2,1,2) =3.621

D(2,1,3) = .0035

D(2,1,4) =0.

D(2,2,1) = 1.322604350



D(2,2,2) = 3239.46

D22.2,3) = 1.476

D@2,24) = 0.

D(2.3,1) = 2.271787458

D(2,3,2) = 5068.93

D(2,3,3)=3.515

D(2,34) =0.

D(2.4,1) = .7233316

D(2,4.2) = 0.

D(2,4,3) = 0.

D(2,4.4) = 0.

D(2,5,1) = .00682069

D(2,5,2) = -.00004774

D(2,5,3) = .000000091

D(2,5,4) = 0.

D(2,6,1) = 212.603219

D(2,6,2) = 16021301540

D(2,6,3) = .000096400

D(2,6,4) = 0.
CCCCCCCCCCCCCCCC
C EARTH
CCCCCCCCCCCCCCCe

D@3,1,1) = 0.

D(3,1,2) = 0.

D(3,1,3) = 0.

D(3,1,4) = 0.

D(3,2,1) = 0.

D(3,2,2) = 0.

D(3,2,3)=0.

D(3,2,4) = 0.

D(3,3,1) = 0.

D(3,3,2) = 0.

D(@3,3,3)=0.

D(3,3.4) = 0.

D(34,1)=1.

D(3.4,2)=0.

D(3,4,3)=0.

D(3,4.4) = 0.

D(3,5,1) = 01675104

D(3,5,2) = -.00004180

D(3,5,3) = -.000000126

D@3,54) =0.

D(3,6,1) = 358.475845 °

D(3,6.2) = 9856002670

D(3,6,3) = -.0000112

D(3,6,4) = -.00000007



CCCCCCCCCCCCCCCCC

C MARS

CCCCCCCCCCCCCCCCe
D(4,1,1) = .03229440892
D(4,1,2) = -2.430
D(@,13) = .0454
D@,14)=0.
D(,2,1) = 8514840375
D(4,22) = 2775.57
D(@,2,3) = -.005
D(,2,4) = -0192
D(,3,1) = 5.833208059
D(4,3,2) = 6626.73
D(,3.3) = 4675
D(4,3,4) = -.0043
D(4,4,1) = 1.5236915
D@,4.2)=0.
D@,43)=0.
D@,4.4)=0.
D@,5,1) = .09331290
D(,5.2) = .000092064
D(@,5,3) = .000000077
D(4,54)=0.
D(4.,6,1) = 319.529425
D(4,6,2) = .5240207666
D®,6,3) = .000013553
D(4,6,4) = .000000025
RETURN
END



SUBROUTINE PLANID(TJD,TJD,LAT,LONG,LAN ,YIx,YLy,Ylz)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
C
C
C THIS PROGRAM PRODUCES THE PARTIAL DERIVATIVES OF THE LANDER’S STATE
VECTOR
C WITH RESPECT TO ITS INITIAL STATE VECTOR.

OMEGAL1 = MEAN DAILY MOTION IN RADIANS PER DAY

OMEGA = MOTION IN RADIANS PER SECOND

THETAO = ANGLE OF THE ZERO MERIDIAN TO THE EARTH VERNAL EQUINOX
AT].D. 2418322,

THETA1 = ANGLE OF THE ZERO MERIDIAN TO THE EARTH VERNAL EQUINOX
AT ANY TIME.

oNoNeNoNoNoReoNe!

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeee
IMPLICIT REAL(A-L,0-Z)
DIMENSION YIx(6),Y1y(6), Y1z(6),LAN(6)
PI =3.141596265359
RMARS =3397.2
Ro = rmars
T0 =JD-2418322.
omegal = 6.124220056
omega = .000070882

¢ OMEGALI = 350.891962*P1/180.

OMEGA = OMEGA1/86400.
THETAO = 344.41*P1/180.
A1=RMARS * COS(LAT)

THETAI = OMEGA*(-T) + THETAO + OMEGA1*T0 + LONG
S = SIN(THETALI)

C =COS(THETA1)

ss = sin(theta0 + OMEGA1*T0 + long)
cc = cos(thetal0 + OMEGA1*TO + long)
tt = tan(thetal)

s1 = sin(lat)

¢l = cos(lat)

tl = tan(lat)

Xo=al*cc

Yo =al*ss

Zo = rmars * sin(lat)

Xodot = -omega*al*ss

Yodot = omega*al*cc

Zodot = 0.

rl = (Xo**2 + Yo**2)** 5

x=al*c

xdot = -omega*al*s



y=al*s

ydot = omega*al*c

z=2o0

zdot = Zodot

lan(1) =x

lan(2) = xdot

lan(3) =y

lan(4) = ydot

lan(S) =z

lan(6) = zdot

rx = Xo/Ro

ry = Yo/Ro

1z =Zo/Ro

Ix = -(Zo*X0)/(r1**3+Zo**2*r1)
ly =1x*Yo/Xo

Iz = r1/Ro**2

px=-Yo/r1**2

py = Xofr1**2

pz=0.

Yix(1) = x*(rx/Ro-tl*Ix-tt*px)
Yly(1) = x*(ry/Ro-ti*ly-tt*py)
Ylz(1) = x*(rz/Ro-tl*lz-tt*pz)
YIx(3) = y*(mx/Ro-tI*Ix+px/tt)
Yly(3) = y*(ry/Ro-tI*ly+py/tt)
Y1z(3) = y*(rz/Ro-tI*1z+pz/it)
YIx(5) = z*(rx/Ro+lx/tl)
Yly(5) = z*(ry/Ro+ly/tl)
Y1z(5) = z*(rz/Ro+lz/tl)
YIx(2) = -omega*ylx(3)
Yly(2) = -omega*yly(3)
Ylz(2) = -omega*ylz(3)
YIx(4) = omega*ylx(1)
Yly(4) = omega*yly(1)
Ylz(4) = omega*ylz(1)

YIx(6) = 0.

Yly(6) = 0.

Yiz(6) = 0.
return

END



SUBROUTINE RADEC(JD,EPS EARTH2,MARS,I,OM,EARTH1)

IMPLICIT REAL(A-H,J-Z)

REAL LI2

DIMENSION EARTH2(6),MARS(6),EARTHI (6),WK(6)
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C
C THIS SUBROUTINE, WHEN GIVEN TIME IN JULIAN DATE, RETURNS THE RIGHT
C ASCENSION AND THE DECLINATION OF THE NORTH POLE OF THE PLANET MARS.
C :
C T =TIME IN YEARS PAST 1950,
C RA = RIGHT ASCENSION OF THE POLE OF MARS
C DEC = DECLINATION OF THE POLE OF MARS
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
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PI = 3.141592654
T =JD - 2433282,
T =1/365.25 :
RA = (317.7934166 + .0065208*T)*P1/180.
DEC = (54.6575 + .0035*T)*PI/180.
DO 10 11=1,6
WK(I1) = EARTH2(I1)-MARS(I1)
10 CONTINUE
Al = SIN(EPS)*COS(RA)
A2 = -COS(EPS)*COS(OM)*COS(RA)-SIN(OM)*SIN(RA)
X = ATAN2(A1,A2)
A3 = SIN(X)*(COS(EPS)*SIN(OM)*COS(RA)-COS (OM)*SIN(RA))
Z = ATAN2(AL,A3)
Al = SIN(EPS)*SIN(OM)
A2 = COS(EPS)*SIN(OM)*SIN(RA)+COS(OM)*COS(RA)
Y = ATAN2(A1,A2)
Al = SIN(Z)*COS(Y-DEC)
A2 = SIN(X-T)*SIN(Y-DEC)-COS(X-I*COS(Y-DEC)*COS(Z)
OMM= ATAN2(A1,A2)
A3 = SIN(OMM)*(COS(X-)*SIN(Y-DEC)+SIN(X-I)*COS(Y-DEC)
C *COS(Z)
I2 = ATAN2(A1,A3)
CALL ROTZ(WK,OM,EARTHI)
CALL ROTX(EARTHI,LEARTH2)
CALL ROTZ(EARTH2,0MM,WK)
CALL ROTX(WK,I2,EARTH1)
RETURN
END



Converts the Orbital elements to position and velocity coordinates.

SUBROUTINE ORBTOX(Z,A,U)

IMPLICIT REAL(A-H,0-Z,X,N,I)

DIMENSION A(6),Z(6).R(3).V(3)
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C
¢ ORBITAL ELEMENTS (A) TO POSITION AND VELOCITY (Z)
c PROGRAM
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

P = A(1)*(1.-A(2)**2)

RMAG = P/(1. + A(2)*COS(A(6)))

R(1) = RMAG*COS(A(6))

R(2) = RMAG*SIN(A(6))

R(3) =0.

V(1) = ((U/P)**.5)*(-1.)*SIN(A(6))

V(2) = (UP)**.5)*(A(2)+COS(A(6)))

V(3) =0.

Z(1)= R(1)*( COS(A(4))*COS(A(5)) - SIN(A(4))*SIN(A(5))

C  *COSA(3))

C  +R()*((-1)*COS(A(4))*SIN(A(5)) - SIN(A(4))*COS(A(5))

C  *COS(A(3))) + RB3)*(SIN(A(4))*SIN(A(3)))

Z(2)= R(1)*( SIN(A(4))*COS(A(5)) + COS(A(4))*SIN(A(5))

C  *COS(AQ))

C  +R@)*((-1./*SIN(A(4))*SIN(A(5)) + COS(A(4))*COS(A(5))
C  *COS(A(3)) + RB)*((-LY*COS(A(4))*SIN(A(3)))

Z(3)= R(1)*SIN(A(S))*SIN(A(3)) + R(2)*COS(A(5))*SIN(A(3))
C  +R(3)*COS(AQ3))

Z(4)= V(1)*( COS(A(4))*COS(A(S)) - SIN(A(4))*SIN(A(5))
C  *COS(A(3))
C  + V(Q)*(-1.*COS(A@))*SIN(A(5)) - SIN(A(4))*COS(A(S))
C  *COS(AQ3))) + V(3)*(SIN(A(4))*SIN(A(3)))

Z(S)= V(1)*( SIN(A@4))*COS(A(5)) + COS(A(4))*SIN(A(5))
C  *COS(AQ3)))
C  + V(2)*((-1)*SIN(A@4))*SIN(A(5)) + COS(A(4))*COS(A(5))
C  *COS(A(3))) + V(3)*((-1./*COS(A(4))*SIN(A(3)))

Z(6)= V(1)*SIN(A(5))*SIN(A(3)) + V(2)*COS(A(5))*SIN(A(3))
C  +V3)*COS(A(3))

END



Performs a rotation of a vector about the x-axis.

SUBROUTINE ROTX(A,B,C)
IMPLICIT REAL(A-H,0-Z)
DIMENSION A(6),C(6)

C(1) = A(1)

C(2) = A(2)

C(3) = A(3)*COS(B) + A(5)*SIN(B)
C(4) = A(4)*COS(B) + A(6)*SIN(B)
C(5) = -A(3)*SIN(B) + A(5)*COS(B)
C(6) = -A(4)*SIN(B) + A(6)*COS(B)
RETURN

END

Performs a rotation of a vector about the z-axis.

SUBROUTINE ROTZ(A,B,C)
IMPLICIT REAL(A-H,0-Z)
DIMENSION A(6),C(6)

C(1) = A(1)*COS(B) + A(3)*SIN(B)
C(2) = A(2)*COS(B) + A(4)*SIN(B)
C(3) = -A(1)*SIN(B) + A(3)*COS(B) .
C(4) = -A(2)*SIN(B) + A(4)*COS(B)
C(5) = A(5)

C(6) = A(6)

RETURN

END



Performs a cross product between two vectors.

SUBROUTINE CROSS(A,B,C)
IMPLICIT REAL(A-H,0-7)
DIMENSION A(3),B(3),C(3)
C(1)= AR)*B(3)-A3)*B(2)
C(2) = A(3)*B(1)-A(1)*B(3)
C(3) = A(1)*B(2)-A(2)*B(1)
RETURN

END

Calculates the magnitude of a vector.

SUBROUTINE MAG(A,AMAG)
IMPLICIT REAL(A-H,J-Z)

DIMENSION A(3)

AMAG = (A(1)**2+A(2)**2+A(3)**2)** 5
RETURN

END

Performs the dot product between two vectors.

SUBROUTINE DOT(A,B,C)
IMPLICIT REAL(A-H,J-Z)
DIMENSION A(3),B(3)
C=A()*B(1)+A(2)*B(2)+A(3)*B(3)
RETURN

END



Performs the multiplication between a scalar and a vector.

SUBROUTINE MUL(A,B,C)
IMPLICIT REAL(A-H,J-Z)
DIMENSION B(3),C(3)
DO 101=1,3
C(@) = A*B(I)
10 CONTINUE
RETURN
END

Performs the addition of two vectors.

SUBROUTINE ADD(A,B,C)
IMPLICIT REAL(A-H.J-Z)
DIMENSION A(3),B(3).C(3)
DO 101=1,3
C@M = AD+BD)

10 CONTINUE
RETURN
END





