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Fig. 6 Briggs logarithm of globle error proportional at different £ when calculating circular orbit while using k step
Adams-Cowell method (50 steps per loop). The sudden change in the figure indicates that the boundary of the stability zone has

been crossed, so that the step count per loop dependence of the sudden change point can be used for the stability zone

determination for different k.
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Fig. 7 Feasibility test for the error estimation method. Estimate the position error of 12 step Adams-Cowell method at loop

1000 method by using the information of 10 and 11 step Adams-Cowell method at loop 100. The upper and lower curves show

the boundary of the estimated 99.6% confidence interval, and curve in the middle is the measured values of global errors. The

result shows that our method is quite reliable.
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Table 1 Variation of standard deviation of rounding error distribution and total truncation error in

Cartesian coordinates

Condition

Velocity error  Position error

with same stepsize R"

rounding errors (o)

at the same epoch t

with same stepsize h

truncation errors

1 3
x t2 ox t2
o h2 x h™2
xt o« t2

oo o0
at the same epoch ¢ Zajth Z bjhP It
=0 =0

" see Refs. [17-19)].

- a, b are undetermined coefficients to be estimated.
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The Long-term Error Estimation Method for the Numerical
Integrations of Celestial Orbits

SONG Hao-ran ~ HUANG Wei-dong

(Department of Environmental Science and Engineering, University of Science and Technology of China, Hefei 230026)

Asstract Numerical methods have become a very important type of tool for celestial mechanics,
especially in the study of planetary ephemerides. The errors generated during the computation are hard
to know beforehand when applying a certain numerical integrator to solve a certain orbit. In that case,
it is not easy to design a certain integrator for a certain celestial case when the requirement of accuracy
were extremely high or the time-span of the integration were extremely large. Especially when a fixed-
step method is applied, the caution and effort it takes would always be tremendous in finding a suitable
time-step, because it is about whether the accuracy and time-cost of the final result are acceptable. Thus,
finding the best balance between efficiency and accuracy with the least time cost appeared to be a major
obstruction in the face of both numerical integrator designers and their users. To solve this problem, we
investigate the variation pattern of truncation errors and the pattern of rounding error distributions with
time-step and time-span of the integration. According to those patterns, we promote an error estimation
method that could predict the distribution of rounding errors and the total truncation errors with any
time-step at any time-spot with little experimental cost, and test it with the Adams-Cowell method in
the calculation of circular periodic orbits. This error estimation method is expected to be applied to the
comparison of the performance of different numerical integrators, and also it can be of great help for
finding the best solution to certain cases of complex celestial orbits calculations.

Key words celestial mechanics, ephemerides, methods: numerical, methods: statistical
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