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The system often encounters various kinds of complex environments during
operation. The prediction and estimation of the system trend under various
complex backgrounds have been always the research focuses and the difficult
problems. One satellite would change its orbit with the disturbance which comes
from remote outer space. Another intractable instance is to predict the weather
changing situation after human adjustment. The third one is to estimate movements
of buildings and mountains corrupted by high speed trains. For these complex
backgrounds the linear detection and estimation methods are unsuccessful owing
to some theory reason or computational validity, so nonlinear system estimation
and nonlinear signal processing methods should be introduced.

The main innovative results of this dissertation include.

(1) A self-adaptive parameter and trajectories continuation algorithm
is developed. The estimating method and feature of local manifold have been
introduced. It is the first time that the trajectory extension is used instead of
the loop extension. By making use of the maximum distance of the adjacent
trajectories, the trajectory originating angle from the local manifold is
constrained. The whole algorithm will finish the computing process by setting
distance threshold and total steps. Interpolation errors are greatly reduced when
using trajectory extension. Another advantage is that trajectories can better reflect
the geometry features of global manifold.

(2) A fast computing method to distinguished hyperbolic trajectory ( DHT )
for non—autonomous system is introduced. By combining grid subdivision method
with trajectory convergence algorithm, the local manifold for non—autonomous
system can be quickly estimated. The first point of DHT can be decided by grid
subdivision firstly, then the DHT is analysed to see if it is stable or not. The

DHT is extended from the first point depending on its stable condition. Different



with some methods ignoring the stable condition of DHT, this method offer new
means to solve such kind problems.

(3) Foliation is redefined as extending foliation condition. By using vertical
planes of each trajectory instead of hyperplane of the loop, the extending
foliation condition enables the computing process simple while keeping computing
accuracy. It uses the project length on the vertical plane to constraint trajectories
extending speed, which can make the trajectories in different directions
incresasing uniformly.

(4) The problems of sample degeneration and weight degeneracy have been
solved by the deep improved particle filtering ( DIPF ) . The DIPF chooses samples
by the weights’ increasing trend and their value together. A deep improved particle
filtering equation also introduced in the paper, which can adjust the improved
level. This method also offers a good way to solve the trajectory estimation

problems at homoclinic intersection points.

Keywords : space reconstruct, embedded dimension, bifurcation, chaos,
hyperbolic saddle point, particle filter, global manifold, local

manifold
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