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(57) ABSTRACT 

A method and corresponding apparatus and system for 
determining the position of a satellite at any instant of time 

betWeen tWo sampling instants, based on information in at 
least one ephemeris message provided by the satellite, the 
information alloWing the computation of the satellite posi 
tions at the tWo sampling instants. The method includes the 
steps of: computing the satellite positions at tWo sampling 
instants using parameters provided in one or more ephemeris 
messages With suitable times of ephemeris; and for each of 
the three dimensions of motion, constructing a polynomial 
of at least third degree by choosing the coefficients of the 
polynomial so that it interpolates the satellite position at 
each of the tWo sampling instants. Typically, the method also 
calls for computing the satellite velocities at each of the 
sampling instants, and choosing the coefficients of the 
polynomial for each of the three dimensions of motion so as 
to provide a polynomial that not only interpolates the 
satellite position at the tWo sampling instants, but has a ?rst 
derivative that interpolates the satellite velocity at the tWo 
sampling instants. The polynomial and its derivative can 
then be evaluated at any desired time betWeen the sampling 
instants to determine the spacecraft position and velocity, 
respectively, at the desired time. The method also provides 
for determining at least a ?fth degree polynomial by using 
values of the spacecraft acceleration, at each of the sampling 
instants, calculated from the ephemeris information. The 
polynomial is typically a Hermite interpolating polynomial. 

Set a sampling interval. 

Set a first sampling instant and compute 
the satellite position and velocity at the 
first sampling instant using parameters 
provided in an ephemeris message with 

a suitable time of ephemeris. 

vFor each of the three dimensions of motion, 
construct a polynomial of at least third order 

and choose the coef?oients of the 
l polynomial so as to satisfy the Hermite 

interpolation conditions providing the unique 
polynomial that interpolates the satellite 
position at each of the sampling instants, 
and differentiate the position-interpolating 
polynomial to provide a polynomial that 

interpolates spacecraft velocity. 

l l 
Set a next sampling instant one 

~—> sampling interval away from the first 
Sampling instant. 

l 

is the time at which the satellite position is 

sampling instant? 

Calculate the satellite position and 

to be determined later than the second N0 

‘ 7 Use the 
Yes No polynomial so 

velocity at the second sampling instant 
again using the parameters provided in ——e 
an ephemeris message with a suitable 

time of ephemeris 

, constructed to 

Set the first sampling instant values (i.e. the determme 
time, the position, the velocity, and, 
depending on the application, the 

acceleration) to the corresponding values 
of the second sampling instant. 

satellite position 
and velocity, and 
depending on the 

application, 
acceleration. 
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METHOD AND APPARATUS FOR SATELLITE 
ORBIT INTERPOLATION USING PIECEWISE 
HERMITE INTERPOLATING POLYNOMIALS 

FIELD OF THE INVENTION 

[0001] The present invention relates to the ?eld of satel 
lite-based positioning, and more particularly to approximat 
ing satellite motion. 

BACKGROUND OF THE INVENTION 

[0002] Typically, a Global Positioning System (GPS) 
receiver determines its position based on measuring relative 
times-of-arrival (TOA) of signals synchronously transmitted 
from satellites. Such signals include a timestamp indicating 
When they Were transmitted by the satellites. The satellite 
positions can be calculated as a function of time based on 16 
parameters transmitted in each satellite’s ephemeris mes 
sage, siX of the parameters being equivalent to so-called 
Keplerian elements, and the other nine parameters being 
perturbation corrections to the Keplerian elements. The 
parameters are all time dependent, and the values provided 
in an ephemeris message are valid only for approximately 
four hours from the time of ephemeris, also included in the 
ephemeris message. 

[0003] In a conventional computation of satellite position, 
the parameters of the ephemeris message of a satellite and 
current GPS time are substituted into a number of equations 
so as to solve for the satellite position. Usually, Earth 
centered Earth-?xed (ECEF) coordinates are used. Often, in 
addition to the position of each satellite, the velocity of each 
satellite is also used in determining the GPS receiver posi 
tion and/or the GPS receiver velocity. One Way to calculate 
the satellite velocity is to form the derivatives of the equa 
tions used to determine the satellite position. 

[0004] The conventional computation of satellite position 
and velocity based on the ephemeris parameters is compu 
tationally burdensome. Nearly 20 equations must be solved, 
involving complicated operations, such as evaluating trigo 
nometric functions and square roots. One of the equations to 
be solved is transcendental, and so must be solved itera 
tively. Often the ephemeris data from several satellites, 
usually from 4 to 12 satellites, are used (simultaneously) to 
triangulate to determine the GPS receiver position. In some 
GPS receiver applications, it is necessary to compute the 
positions and velocities of a number of satellites repeatedly, 
as often as once every second; even after solving the nearly 
20 equations for a satellite position and velocity at one time, 
for each additional time at Which the satellite position is to 
be determined, the nearly 20 equations must be solved again. 
With current processing capability, such computations of the 
satellite positions and velocities places a signi?cant load on 
a typical processor of a GPS receiver. 

[0005] What is needed is a Way to solve for a satellite 
position and velocity that is suf?ciently accurate for GPS 
applications, and yet reduces the computational burden 
compared to that of the conventional computation of satellite 
position and velocity. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, the present invention provides, a 
method and corresponding apparatus and system for deter 
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mining the position of a satellite at any instant of time 
betWeen tWo sampling instants, based on information in at 
least one ephemeris message, or other suitable navigation 
message originating from the satellite, provided by the 
satellite, the information alloWing the computation of the 
satellite positions at the tWo sampling instants, the method 
including the steps of: setting the ?rst sampling instant; 
computing the satellite position at the ?rst sampling instant 
using parameters provided in an ephemeris message, or 
suitable other navigation message originating from the sat 
ellite, With a suitable time of ephemeris or other time 
reference indicating a time of validity of the message; 
setting a neXt sampling instant later than the ?rst sampling 
instant; computing the satellite position at the second sam 
pling instant again using parameters provided in an ephem 
eris message, or other suitable navigation message originat 
ing from the satellite, With a suitable time of ephemeris or 
other time reference indicating a time of validity of the 
message; and for each of the three dimensions of motion, 
constructing a polynomial of at least third degree by choos 
ing the coef?cients of the polynomial so that the polynomial 
interpolates the satellite position at each of the sampling 
instants. 

[0007] In a further aspect of the invention, the method also 
includes the steps of: computing the satellites velocities at 
each of the sampling instants based on the same parameters 
as Were used in computing the satellite positions at the 
sampling instant; and choosing the coef?cients of the poly 
nomial for each of the three dimensions of motion so as to 
provide a polynomial that not only interpolates the satellite 
position at each of the sampling instants, but is such that its 
?rst derivative interpolates the satellite velocity at each of 
the sampling instants. 

[0008] In another, further aspect of the invention, the 
polynomial is a Hermite interpolating polynomial. 

[0009] According to the invention, to obtain an approxi 
mate spacecraft position at a desired instant of time betWeen 
the tWo sampling instants, the polynomial so determined is 
evaluated at the desired instant of time. 

[0010] Further according to the invention, the derivative 
of the polynomial is evaluated at an instant of time betWeen 
the tWo sampling instants so as to determine the spacecraft 
velocity at the instant of time. 

[0011] In a still further aspect of the invention, the poly 
nomial is of at least ?fth degree, and the method of the 
invention includes the further steps of: calculating the sat 
ellite acceleration at each of the sampling instants based on 
the same parameters as Were used in computing the satellite 
positions at the sampling instant; and choosing the coef? 
cients of the polynomial for each of the three dimensions of 
motion so as to provide a polynomial corresponding to the 
tWo sampling instants that interpolates the satellite position 
at the tWo sampling instants, and further is such that its ?rst 
derivative interpolates the satellite velocity at the tWo sam 
pling instants and its second derivative interpolates the 
satellite acceleration at the tWo sampling instants. In an 
application according to this further aspect of the invention, 
the second derivative of the polynomial is evaluated at an 
instant of time betWeen the tWo sampling instants so as to 
determine the spacecraft acceleration at the instant of time. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The above and other objects, features and advan 
tages of the invention Will become apparent from a consid 
eration of the subsequent detailed description presented in 
connection With accompanying drawings, in Which: 

[0013] FIG. 1 is a set of curves illustrative of curves that 
are the solutions to the equations used in a conventional 
calculation of a satellite position and velocity (in Earth 
centered, Earth-?xed coordinates), and are representative of 
the curves to be interpolated according to the present inven 
tion; and 

[0014] FIG. 2 is a ?oWchart indicating the method of 
interpolating betWeen points on a curve (i.e. at different 
times) for spacecraft position or velocity, so as to provide 
values for spacecraft position and velocity betWeen the 
interpolated points Without having to perform a conventional 
ephemeris calculation. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0015] A rigorous computation of a satellite position at a 
particular time (i.e. according to a conventional ephemeris 
calculation) is, for many applications including many global 
positioning system (GPS) receiver applications, unnecessary 
since the orbits trace out smooth curves of simple shape, as 
indicated in FIG. 1, Which shoWs typical curves for the 
position of a satellite, in terms of X, y and Z Earth-centered 
Earth-?xed coordinates labeled s1, s2, and s3, and typical 
corresponding curves for the satellite velocity, labeled v1, v2, 
and v3. Because the curves are smooth, satellite positions or 
velocities betWeen points (called here sample points) on a 
curve representing a satellite position or velocity on orbit are 
advantageously approximated by interpolation. The time 
interval (sampling interval) betWeen sample points is deter 
mined for a particular application so as to provide a tradeoff 
betWeen accuracy and computational burden acceptable for 
the application. Thus, the position and velocity of a satellite 
are determined at each of the sample points, separated by the 
predetermined orbit interval (sampling interval), using a 
conventional ephemeris calculation for the period of validity 
of the orbit parameters provided by an ephemeris message 
(or, in other embodiments besides the best mode, any other 
suitable navigation message originating from the satellite), 
and the position and velocity of the satellite at intermediate 
points (i.e. at intermediate times) are determined using 
polynomial interpolation, a polynomial being determined to 
give spacecraft position at intermediate points by ?tting the 
position and velocity data at the sampling points, and the 
position polynomial then differentiated to provide another 
interpolation polynomial, the velocity polynomial, to ?t the 
spacecraft velocity on orbit. 

[0016] In the preferred embodiment of the present inven 
tion, each of the three dimensions of a satellite orbit is 
calculated separately, alloWing the use of one-dimensional 
curve-?tting techniques. HoWever, care must be taken in the 
Way that the interpolation is carried out, because for many 
applications, including many GPS receiver applications, the 
alloWed relative error is small. For example, in tWo hours a 
satellite moves nearly 30 thousand kilometers, but even an 
error of one meter in the satellite position causes a signi? 
cant error in the navigation solution, i.e. in determining the 
position of the GPS receiver. 
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[0017] In ?tting interpolating polynomials to curves rep 
resenting satellite orbits, it is preferable to use polynomials 
of rather loW degree, typically less than 5th degree. Polyno 
mials of high degree introduce unWanted oscillations 
betWeen sampled orbital points, and so are not usable. On 
the other hand, to keep the relative error sufficiently small, 
a loW degree polynomial is suf?ciently accurate only for a 
short length of orbit. Therefore, according to the present 
invention, an orbit is represented by a pieceWise interpola 
tion polynomial using a loW degree polynomial for each 
piece of orbit. 

[0018] The requirements for an orbit interpolation method 
include continuity, loW computational complexity, and suf 
?cient precision. The requirement of continuity prevents 
jumpy (discontinuous) satellite position approximations, 
Which Would cause navigation solutions to be correspond 
ingly jumpy. The requirement of precision guarantees that 
the interpolating curve is a close ?t to the orbit calculated 
from ephemeris; an interpolation error of at most approxi 
mately +/—10 cm in each dimension is acceptable for typical 
GPS applications. 

[0019] More precise polynomial ?ts are achieved if not 
only satellite position values at the sampling points are used, 
but also ?rst and possibly second derivatives of the satellite 
position at the sampling points, i.e. velocities and accelera 
tions. One method Where derivatives (With respect to time) 
at sampling points are used is knoWn as Hermite interpola 
tion. See, eg D. Kincaid, D. and W. Cheney, Numerical 
Analysis, Second Edition. Paci?c Grove, Calif., available 
from Brooks/Cole Publishing Company, copyright 1996, pp. 
363-372. According to the present invention, a pieceWise 
Hermite interpolating polynomial, using a loW-degree poly 
nomial, is used to ?t the sample values (satellite coordi 
nates). 
[0020] For satellite orbit approximations, there are tWo 
very suitable Hermite polynomial interpolation methods. In 
the ?rst method, a cubic (of degree three) polynomial is 
?tted betWeen tWo consecutive sampling points based on the 
satellite position and velocity determined by plugging the 
ephemeris parameters into a conventional ephemeris com 
putation at each sample point. The second alternative is 
similar, but the polynomial used is of 5th degree, i.e. a quintic 
polynomial, and in addition to ?tting the polynomial based 
on position and velocity of the satellite at each sample point, 
acceleration of the satellite at each sample point is also used. 
The satellite acceleration is also computed using a conven 
tional ephemeris computation (by differentiating the equa 
tions used to solve for velocity). The quintic method is 
computationally more burdensome, but also highly precise. 
The cubic method, hoWever, may be more useful for many 
applications, because of the precision it provides for the 
computational burden it imposes. 

[0021] As mentioned above, according to the present 
invention, the problem of ?tting a polynomial to satellite 
position data is decomposed from a three-dimensional prob 
lem to three one-dimensional problems. In the preferred 
embodiment, the three-dimensional problem is decomposed 
into three one-dimensional problems by projecting the three 
dimensional motion onto three orthogonal planes, corre 
sponding to three basis vectors, an x basis vector, a y basis 
vector, and a Z basis vector, the three basis vectors spanning 
an Earth-centered Earth-?xed (ECEF) coordinate system. 
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[0022] Detail of Method Using Only Position and Velocity 
of a Satellite (Cubic Hermite Interpolation) 

[0023] According to the present invention, cubic Hermite 
interpolation, based on computed satellite positions and 
velocities, is used to determine points on a satellite orbit 
betWeen sampling points, When a tradeoff betWeen high 
precision and computational burden is advantageous (such 
as in many GPS applications). Such a cubic Hermite inter 
polation is performed as folloWs. 

[0024] a) Set the sampling interval d (e.g. three 
minutes) 

[0025] b) Set the ?rst sampling instant t0 and compute 
the satellite position so and velocity vO at the sam 
pling instant to using a conventional ephemeris cal 
culation (using the parameters provided in an ephem 
eris message With a suitable time of ephemeris). 

[0026] c) Set the neXt sampling instant one sampling 
interval aWay from to, ie at t1=tO+d. 

[0027] d) Calculate the satellite position s1 and veloc 
ity v1 at time t=t1 (again using a conventional ephem 
eris calculation). 

[0028] e) For each of the three dimensions of motion, 
indicated by the indeX i=1, . . . , 3, construct a cubic 

polynomial pi(t) satisfying the Hermite interpolation 
conditions, ie construct a cubic polynomial, 

[0029] for each dimension i, and choose the coefficients 
coi, cli, czi, and c3i such that the Hermite interpolation 
conditions, 

[0030] 
[0031] f) While tétl, use the polynomials pi(t) and 

their ?rst derivatives (With respect to time) p1‘(t), to 
compute the satellite position and velocity, respec 
tively. 

are satis?ed. 

[0032] g) When t>t1, set tO=t1, sO=s1, vO=v1, and 
return to step c). 

[0033] Detail of Method Using Position, Velocity, and 
Acceleration of a Satellite (Quintic Hermite Interpolation) 

[0034] According to the present invention, quintic Her 
mite interpolation, based on computed satellite positions, 
velocities, and accelerations, is used to determine the posi 
tion and velocity of a satellite in betWeen sample points 
When high precision is needed and computational burden is 
a lesser consideration. Such a quintic Hermite interpolation 
is performed in the same Way as explained above for a cubic 
Hermite interpolation, eXcept that at each of the tWo sam 
pling instants t0 and t1=tO+d, not only are the position soi, s1i 
and velocity voi, v1i computed using the ephemeris message 
parameters, but also the acceleration (XOi, 0L1i for each dimen 
sion i, and instead of a cubic Hermite interpolating polyno 
mial, a quintic Hermite interpolating polynomial is used. 
Thus, according to the present invention, in applications 
Where greater precision is required than can be provided by 
using a pieceWise cubic Hermite interpolating polynomial, a 
pieceWise quintic Hermite interpolation polynomial is used 
according to the folloWing procedure, 
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[0035] a) Set the sampling interval d (e.g. three 
minutes) 

[0036] b) Set the ?rst sampling instant t0 and compute 
the satellite position so, velocity v0, and acceleration 
(x0 at the sampling instant tO using a conventional 
ephemeris calculation (using the parameters pro 
vided in an ephemeris message With a suitable time 
of ephemeris). 

[0037] c) Set the neXt sampling instant one sampling 
interval aWay from to, ie at t1=tO+d. 

[0038] d) Calculate the satellite position s1, velocity 
v1, and acceleration al at time t=t1 (again using a 
conventional ephemeris calculation). 

[0039] e) For each of the three dimensions of motion, 
indicated by the indeX i=1, . . . , 3, construct a quintic 

polynomial pi(t) satisfying the Hermite interpolation 
conditions, ie construct a quintic polynomial, 

Pi(l)=C0i+C1ixi'l'czixiz'l'caixi3+c4ixi4+csixis 
[0040] for each dimension i, and choose the coef?cients 
coi, cli, czi, c3i, c4i and c5i such that the Hermite interpolation 
conditions. 

[0041] 
[0042] f) While tétl, use the polynomials pi(t), their 

?rst derivatives pi‘(t), and their second derivatives 
pi“(t) to compute the satellite position, velocity, and 
acceleration, respectively. 

are satis?ed. 

[0043] g) When t>t1, set tO=t1, sO=s1, vO=v1, and 
(XO=(X1, and then return to step c). 

[0044] The Method of the Invention in General 

[0045] Referring noW to FIG. 2, a ?oWchart is shoWn of 
the method of the invention at a level of generality suf?cient 
to comprehend using either a cubic Hermite interpolating 
polynomial, or a quintic Hermite interpolating polynomial. 

[0046] Scope of the Invention 

[0047] It is to be understood that the above-described 
arrangements are only illustrative of the application of the 
principles of the present invention. In particular, some of the 
computation required by an apparatus, such as a GPS 
receiver, according to the present invention can be per 
formed outside of the apparatus. For eXample, a GPS 
receiver according to the present invention can communicate 
data needed by the method of the invention to a netWork 
connected to computing facilities that Would determine the 
satellite position and velocity at the sampling points and 
possibly also determine the interpolating polynomials 
according to the invention, and communicate the results 
through the netWork back to the GPS receiver (via a Wireless 
transmission). In addition, although the invention in the best 
mode has been described as relying on receiving an ephem 
eris message from the satellite Whose motion is being 
determined, the present invention is intended to comprehend 
using other possible communications from a satellite, 
besides a standard ephemeris message, so long as the 
communication contains information suf?cient to deduce at 
least the spacecraft position at the sample points. Numerous 
other modi?cations and alternative arrangements may be 
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devised by those skilled in the art Without departing from the 
spirit and scope of the present invention, and the appended 
claims are intended to cover such modi?cations and arrange 
ments. 

What is claimed is: 
1. A method for determining the position of a satellite at 

any instant of time betWeen tWo sampling instants, based on 
information in at least one navigation message provided by 
the satellite, the information alloWing the computation of the 
satellite positions at the tWo sampling instants, the method 
comprising the steps of: 

a) setting the ?rst sampling instant; 

b) computing the satellite position at the ?rst sampling 
instant using parameters provided in a navigation mes 
sage With a suitable time of validity; 

c) setting a neXt sampling instant later than the ?rst 
sampling instant; 

d) computing the satellite position at the second sampling 
instant again using parameters provided in a navigation 
message With a suitable time of validity; and 

e) for each of the three dimensions of motion, construct 
ing a polynomial of at least third degree by choosing 
the coef?cients of the polynomial so that the polyno 
mial interpolates the satellite position at each of the 
sampling instants. 

2. The method of claim 1, further comprising the steps of: 

a) computing the satellites velocities at each of the 
sampling instants based on the same parameters as 
Were used in computing the satellite positions at the 
sampling instant; and 

b) choosing the coef?cients of the polynomial for each of 
the three dimensions of motion so as to provide a 
polynomial that not only interpolates the satellite posi 
tion at each of the sampling instants, but is such that its 
?rst derivative interpolates the satellite velocity at each 
of the sampling instants. 

3. The method of claim 2, Wherein the polynomial is a 
Hermite interpolating polynomial. 

4. The method of claim 2, Wherein, to obtain an approXi 
mate spacecraft position at a desired instant of time betWeen 
the tWo sampling instants, the polynomial is evaluated at the 
desired instant of time. 

5. The method of claim 4, Wherein the derivative of the 
polynomial is evaluated at an instant of time betWeen the 
tWo sampling instants so as to determine the spacecraft 
velocity at the instant of time. 

6. The method of claim 2, Wherein the polynomial is of at 
least ?fth degree, and further comprising the steps of: 

a) calculating the satellite acceleration at each of the 
sampling instants based on the same parameters as 
Were used in computing the satellite positions at the 
sampling instant; and 

b) choosing the coef?cients of the polynomial for each of 
the three dimensions of motion so as to provide a 
polynomial corresponding to the tWo sampling instants 
that interpolates the satellite position at the tWo sam 
pling instants, and further is such that its ?rst derivative 
interpolates the satellite velocity at the tWo sampling 
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instants and its second derivative interpolates the sat 
ellite acceleration at the tWo sampling instants. 

7. The method of claim 6, Wherein the second derivative 
of the polynomial is evaluated at an instant of time betWeen 
the tWo sampling instants so as to determine the spacecraft 
acceleration at the instant of time. 

8. An apparatus for determining the position of a satellite 
at any instant of time betWeen tWo sampling instants, based 
on information in at least one navigation message provided 
by the satellite, the information alloWing the computation of 
the satellite positions at the tWo sampling instants, the 
method comprising the steps of: 

a) means for setting the ?rst sampling instant; 

b) means for computing the satellite position at the ?rst 
sampling instant using parameters provided in a navi 
gation message With a suitable time of validity; 

c) means for setting a neXt sampling instant later than the 
?rst sampling instant; 

d) means for computing the satellite position at the second 
sampling instant again using parameters provided in a 
navigation message With a suitable time of validity; and 

e) means, for each of the three dimensions of motion, for 
constructing a polynomial of at least third degree by 
choosing the coef?cients of the polynomial so that the 
polynomial interpolates the satellite position at each of 
the sampling instants. 

9. The apparatus of claim 8, further comprising: 

a) means for computing the satellites velocities at each of 
the sampling instants based on the same parameters as 
Were used in computing the satellite positions at the 
sampling instant; and 

b) means for choosing the coef?cients of the polynomial 
for each of the three dimensions of motion so as to 
provide a polynomial that not only interpolates the 
satellite position at each of the sampling instants, but is 
such that its ?rst derivative interpolates the satellite 
velocity at each of the sampling instants. 

10. The apparatus of claim 9, Wherein the polynomial is 
a Hermite interpolating polynomial. 

11. The apparatus of claim 9, further comprising means 
for evaluating the polynomial at a desired instant of time 
betWeen the tWo sampling instants. 

12. The apparatus of claim 9, further comprising means 
for evaluating the ?rst derivative of the polynomial at an 
instant of time betWeen the tWo sampling instants so as to 
enable determining the spacecraft velocity at the instant of 
time. 

13. The apparatus of claim 9, Wherein the polynomial is 
of at least ?fth degree, and further comprising: 

a) means for calculating the satellite acceleration at each 
of the sampling instants based on the same parameters 
as Were used in computing the satellite positions at the 
sampling instant; and 

b) means for choosing the coef?cients of the polynomial 
for each of the three dimensions of motion so as to 
provide a polynomial corresponding to the tWo sam 
pling instants that interpolates the satellite position at 
the tWo sampling instants, and further is such that its 
?rst derivative interpolates the satellite velocity at the 
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tWo sampling instants and its second derivative inter 
polates the satellite acceleration at the tWo sampling 
instants. 

14. The apparatus of claim 13, further comprising means 
for evaluating the second derivative of the polynomial at an 
instant of time betWeen the tWo sampling instants so as to 
determine the spacecraft acceleration at the instant of time. 

15. A system for determining the position of a satellite at 
any instant of time betWeen tWo sampling instants, based on 
information in at least one navigation message provided by 
the satellite, the information alloWing the computation of the 
satellite positions at the tWo sampling instants, the method 
comprising the steps of: 

a) the satellite, for providing the ephemeris message; 

b) a receiver, for receiving the ephemeris message; 

c) means for setting the ?rst sampling instant; 

d) means for computing the satellite position at the ?rst 
sampling instant using parameters provided in a navi 
gation message With a suitable time of validity; 

e) means for setting a neXt sampling instant later than the 
?rst sampling instant; 

f) means for computing the satellite position at the second 
sampling instant again using parameters provided in a 
navigation message With a suitable time of validity; and 

g) means, for each of the three dimensions of motion, for 
constructing a polynomial of at least third degree by 
choosing the coef?cients of the polynomial so that the 
polynomial interpolates the satellite position at each of 
the sampling instants. 

16. The system of claim 15, further comprising: 

a) means for computing the satellites velocities at each of 
the sampling instants based on the same parameters as 
Were used in computing the satellite positions at the 
sampling instant; and 

b) means for choosing the coefficients of the polynomial 
for each of the three dimensions of motion so as to 
provide a polynomial that not only interpolates the 
satellite position at each of the sampling instants, but is 
such that its ?rst derivative interpolates the satellite 
velocity at each of the sampling instants. 

17. The system of claim 16, Wherein the polynomial is a 
Hermite interpolating polynomial. 
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18. The system of claim 16, further comprising means for 
evaluating the polynomial at a desired instant of time 
betWeen the tWo sampling instants. 

19. The system of claim 16, further comprising means for 
evaluating the ?rst derivative of the polynomial at an instant 
of time betWeen the tWo sampling instants so as to enable 
determining the spacecraft velocity at the instant of time. 

20. The system of claim 16, Wherein the polynomial is of 
at least ?fth degree, and further comprising: 

c) means for calculating the satellite acceleration at each 
of the sampling instants based on the same parameters 
as Were use d in computing the satellite positions at the 
sampling instant; and 

d) means for choosing the coef?cients of the polynomial 
for each of the three dimensions of motion so as to 
provide a polynomial corresponding to the tWo sam 
pling instants that interpolates the satellite position at 
the tWo sampling instants, and further is such that its 
?rst derivative interpolates the satellite velocity at the 
tWo sampling instants and its second derivative inter 
polates the satellite acceleration at the tWo sampling 
instants. 

21. The system of claim 20, further comprising means for 
evaluating the second derivative of the polynomial at an 
instant of time betWeen the tWo sampling instants so as to 
determine the spacecraft acceleration at the instant of time. 

22. The system of claim 15, Wherein at least some of 
means for computing the satellite position at a sampling 
instant are located in a facility external to the receiver, a 
facility that is in Wireless communication With the receiver. 

23. The system of claim 15, Wherein at least some of the 
means for constructing, for each of the three dimensions of 
motion, a polynomial of at least third degree are located in 
a facility external to the receiver, a facility that is in Wireless 
communication With the receiver. 

24. The method of claim 1, Wherein any navigation 
message is an ephemeris message, and further Wherein any 
time of validity is a time of ephemeris. 

25. The apparatus of claim 8, Wherein any navigation 
message is an ephemeris message, and further Wherein any 
time of validity is a time of ephemeris. 

26. The system of claim 15, Wherein any navigation 
message is an ephemeris message, and further Wherein any 
time of validity is a time of ephemeris. 

* * * * * 


