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Abstract  With the proliferation of mobile sensor devices, an increasing amount of position data
is being collected, and the scale of trajectory data also grows rapidly. It has always been a challenge
to find the top-% trajectories most similar to a given query trajectory from massive spatial-temporal
data. Existing trajectory-query methods comprises three main stages: (1) offline trajectory indexing
on a massive dataset, (2) searching for candidate trajectories similar to the query trajectory based
on the indexed structure, and (3) computing the precise similarity between the query trajectory
and candidate trajectories, and returning the top-¢ most similar trajectories. However, most
existing methods fail to effectively exploit the temporal and spatial information during trajectory

clustering indexing, Trajectories with low temporal similarity are mistakenly partitioned into the
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same index, degrading query accuracy and efficiency. Furthermore, existing spatial-temporal
trajectory similarity-calculation methods involve numerous unnecessary operations, resulting in
low query efficiency. To address these issues, this paper proposes a novel secondary trajectory
index structure. Firstly, a trajectory is divided into sub-trajectories by a sliding time window.
Then, sub-trajectories are clustered for first-level indexing based on their time slots. Then, sub-
trajectories within the same time slot are grouped into second-level spatial clusters. Sub-trajectories
with continuous identical locations are partitioned into the same spatial-temporal bucket by a hash
algorithm., Compared to existing indexing methods, this approach provides better distinction
between different trajectories during indexing, resulting in more strict filtering conditions in the
query process, reducing the size of the candidate trajectory set. To tackle the computational
efficiency problem of existing trajectory similarity calculation methods, we propose a trajectory
similarity calculation method based on the constraints of time difference, eliminating many unnec-
essary location comparisons and thus reducing the computational complexity of trajectory similarity
calculation. Additionally, we devise a new variant of the similarity calculation approach based on
upper and lower bound filtering. This scheme further reduces unnecessary computations during the
search of accompanying trajectories. Finally, we conduct experiments to evaluate the effectiveness
of the proposed method based on four large-scale real trajectory datasets. The experimental
results demonstrate that the proposed method achieves 9 to 20 times faster trajectory retrieval
efficiency than state-of-the-art approaches, confirming the effectiveness of the algorithms.
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Background

The topic of this paper is about efficient query of accom-
panying trajectories. Due to its essential application in various
fields such as traffic planning, service recommendation,
epidemic prevention and control, cross-website user identifi-
cation, and public security management, there have been
many relevant studies on this problem.

This paper presents a novel secondary trajectory indexing
structure. Trajectories are first divided into sub-tracks based
on the time of a sliding window. Then, sub-tracks within the
same time slot are indexed based on the spatial information.
Sub-tracks with the same position sequences are clustered
into the same bucket with a hashing algorithm. Our indexing
method has better distinction of different trajectories in the
indexing stage and significantly reduces the number of trajec-

tories in the candidate set for similar trajectory searching. To

solve the problem of low computational efficiency of trajectory
similarity, this paper proposes a new trajectory similarity
computation scheme based on the constraints of time difference.
The method has a linear computational complexity. Experimental
results based on three real-world datasets show that the efficiency
of the proposed method is 9~20 times higher than that of the
state-of-the-art approaches, verifying the effectiveness of the
proposed method.
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