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Abstract  With the widespread application of modern mobile devices and the vigorous development
of location acquisition technologies, numerous moving objects have been relaying their locations
continuously. Such the location information involves the geographic coordinates, speed, direction,
as well as timestamps, etc. They are collected in real time and the amount of data continues to
increase, and hence a tremendous amount of distributed trajectory data streams are generated.
This necessitates to conduct the analysis task like clustering upon the distributed trajectory data
streams timely and effectively to gain insights about the common moving trends of the moving
objects. Due to the massive volume, high velocity, skewness distribution, time-varying evolution

property of the streaming trajectories, the existing trajectory clustering techniques on the static
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trajectory data set cannot be directly applied to the distributed trajectory data streams. In
addition, the key issue also comes from the strict space- and time-complexities of processing the
continuously arrived trajectory data, combined with the concept drift that emerged in the streaming
cases. Therefore, the study of clustering upon the distributed trajectory streams have faced the
huge challenges, which makes this topic is still in its early stage of exploration. To address the
above mentioned issues, it is imperative to develop the efficient parallel clustering analysis tasks,
and exploit the effective communication mechanisms that minimize the transmission overhead to
meet the real-time clustering requirement with low processing latency in processing the trajectory
streams that collected in geographically dispersed manner. In this paper, we firstly present a novel
distributed synopsis structure to extract the clustering characteristic of the trajectory cluster and
further keep the track of the evolving distributed trajectory data streams. On the basis of that,
with the aim of reducing the communication overhead and improving the clustering performance
upon the distributed trajectory data streams, we develop an incremental algorithm for online
clustering upon the distributed trajectory streams (called OCluDTS). OCIuDTS algorithm leverages
the sliding window model and consists of two phases. At the first phase (called as the local clustering
phase) , the most recent arrived sets of trajectories at each time instant in current window for all the
remote site are conducted clustering in parallel to obtain the local clustering results. At the second
phase (called as the local clustering results merging phase) ., the local clustering results of all the
remote sites are transferred to the coordinator to participate in the re-clustering process to derive the
final clustering results. This two-phase clustering mechanism could guarantee achieving the same
high clustering precision as the centralized solution. Moreover, the pruning mechanism of similarity
calculation, and the optimization strategy that testing first and transferring later enable OCIuDTS
algorithm to further boost the efficiency. Finally, we conduct extensive experiments on the real data
set to evaluate the effectiveness and efficiency of OCluDTS through comparing it with the centralized
algorithm. Theoretical analysis and experimental results show that OCluDTS can achieve the superior
performance in clustering on the massive amounts of streaming trajectories.

Keywords  distributed trajectory streams; clustering; sliding window model; distributed temporal

trajectory cluster feature; concept drift
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Subsequently, after the coordinate site receives the local
clustering results of all the remote sites, it will merge them
using a certain cluster method to obtain the global clustering
result, that is, a set of DF.

Since OCluDTS approach clusters new arrived trajectories
while eliminating the obsolete records. it supports continuously
clustering massive amounts of trajectory data collected by
geographical disperse sites. We conduct comprehensive
experiments on the real taxi trajectory dataset. The experi-
mental results show that our proposal not only attains the
same accuracy as the centralized trajectory stream clustering
method, but also has good scalability and efficiency.

This paper offers an extensive view on clustering distributed
streaming trajectories, and also provides a new perspective
that will be helpful to the future researches in this field.
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