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Trajectory Tracking and Recognition Using Bi-Directional Nonlinear Learning

HU Zhao-Hua"”'® FAN Xin” LIANG De-Qun®” SONG Yao-Liang"”
2 (School of Information Engineering , Dalian Maritime University , Dalian, Liaoning 116026)

Abstract  Object trajectory is one of the most important cues for tracking and behavior recogni-
tion and can be widely applied to numerous such as visual surveillance and guidance. However, it
is a difficult problem to directly model spatio-temporal variations of trajectories due to their high
dimensionality and nonlinearity. This paper proposes a novel trajectory tracking and recognition
algorithm by combining a bi-directional deep neural network called "autoencoder" into a particle
filter. First, the "autoencoder" network embeds the high-dimensional trajectories in a two-dimen-
sional plane based on a peculiar training rule and learns a trajectory generative model by the in-
verse mapping. Then a series of plausible trajectories are generated by the trajectory generative
model. In the tracking process, the generated samples from the plausible trajectory set are weigh-
ted by the color likelihood and are resampled so as to obtain target state estimation at each time
step. Finally the tracking trajectory is recognized by min-distance classification method in the

two-dimensional plane. In particular, the "autoencoder" provides such a bi-directional mapping
between the high-dimensional trajectory space and the low-dimensional space and is therefore able
to overcome the inherited deficiency of most nonlinear dimensionality reduction methods (e. g.

LLE and ISOMAP) that do not have an inverse mapping. The experiments on tracking and recog-
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nizing handwritten digits show that the proposed algorithm can robustly track and exactly recog-

nize in background clutter.
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al embedded space. To realize the mapping, these nonlinear
dimensionality reduction methods have to resort to additional
complicated techniques such as RBF (radial basis function) and
GPLVM (Gaussian Process Latent Variable Models).
Considering above deficiencies, the authors introduce the
"autoencoder" network which can convert high-dimensional
data to low-dimensional codes by training a neural network
with with multiple hidden layers. The " autoencoder" pro-
vides such a bi-directional mapping between the high-dimen-
sional trajectory space and low-dimensional latent space and
is therefore able to overcome the inherited deficiency of most
nonlinear dimensionality reduction methods. Moreover, the
trained network implies a generative model for plausible traj-
ectories which can be readily combined into a Bayesian frame-
work for tracking and recognition. In this work, the authors
develop the target tracking and recognition system by in-
tegrating the "autoencoder" and the particle filter. First, the
"autoencoder" network embeds the high-dimensional trajecto-
ries in a two-dimensional plane based on a peculiar training
rule and learns a trajectory generative model by the inverse
mapping. Then a series of plausible trajectories are generated
by the trajectory generative model. In the tracking process,
the generated samples from the plausible trajectory set are
weighted by the color likelihood and are resampled so as to
obtain target state estimation at each time step. Finally the
tracking trajectory is recognized by min-distance classification

method in the two-dimensional plane.



