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Orbit Determination

A two-body orbit is fully determined by its Keplerian orbital elements, or a simulta-
neous measurement of the orbiting body’s position and velocity with respect to the
central body. However, such a measurement is often non-trivial and it is frequently
difficult or impossible to accurately establish the distances to distant objects. On the
other hand, measuring angles on the sky (which can then be converted to unit vectors
of positions and velocities) is much easier, and so there exist multiple methods for
using multiple position vectors (or unit vectors) to estimate an orbit’s parameters.



Gauss’s Method
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Recall The Series Solutions to f and g Functions
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Back to Gauss’s Method
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Gibbs Method
Co (I‘1 X 1“2) =C3 (1‘3 X 1'1) (Z Cm) Ce—0
(0 r) + ol — o) + c5(f — 73)

¢ (ry X r9) = c3(ry X r3)

ZCZ'I'Z' =0
‘ Cq (1'3 X I'l) = Co (I‘Q X I'3)

é({‘l X T9+T9 XT3+TI3X I'£) = 7“3(1‘1 X 1'2) + 7“1(1‘2 X 1'3) + 7"2(1‘3 X I'l)

=d 2n=1/ud
nxe= E[Srg —r3)ry + (r3 —ry)re + (11 — 7“2)1'3;]
A
=
1l Il
d|

nfd|h slg e=
I




Orbit Boundary Value Problem

Unlike the previous two methods, Lambert’s problem, which is a boundary value
problem between two points in space and time, does not yield a unique solution.
Rather, it allows us to explore all of the possible two-body orbits about a central
body that connect these points in space. As such, Lambert solvers (codes to solve
arbitrary Lambert problems) are an incredibly important aspect of trajectory design.

Lambert’s Problem
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Assuming a Keplerian orbit between P; and
P, with central body at F', there must exist
a vacant focus at F™*

Central Body of )
Transfer Trajectory

If the transfer between P; and P; is an ellipse, we know ' + r = 2a so:
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Lambert’s Problem: Location of the Vacant Focus
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Lambert’s Problem: Transfer Orbit Eccentrlclty

Selecting one of the two possible -T T =
vacant foci sets the transfer orbit L g
eccentricity: ’
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Lambert’s Problem: Closed Transfer Orblts

There are four possible transfer paths
for each semi-major axis: 2 vacant -~

foci, and 2 directions of travel for each,
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Lambert’s Problem: Minimum Energy Transfer
There is always a unique
elliptical orbit minimizing
energy, where the vacant , ¢
focus lies on the chord P, FPss
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Lambert’s Problem: Location of Vacant Focus

Location of the vacant focus is P
given by the hyperbola:
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NB: This is not a transfer
orbit itself.

Based on Kaplan (1976)

Lambert’s Problem: All Possible Transfers




Lambert’s Time of Flight Theorem
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Based on Kaplan (1976)



Recall Universal Variables
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Lambert’s Problem: Universal Variables
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