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Indexing of Uncertain Moving Objects with Frequent Updates
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Abstract  The rapid advances in mobile data collecting and processing technology has proposed
the researchers new challenges: how to monitor the current and future positions of uncertain
moving objects under frequent and high extent updates. TPU-tree is currently a popular indexing
method for the current and future positions of uncertain moving objects. It can speed up the prob-
abilistic range query efficiency, but the traditional top-down update method of TPU-tree has
made its frequent updates performance very low. In this paper, we propose the TPU*M-tree for
moving objects with frequent updates, which is based on TPU-tree, supplemented by a memory-
based update-memo structure recording the state of uncertain moving objects. Furthermore, a
modified memo-based update/insert algorithm is developed for TPU? M-tree. Cost analyses and
experimental evaluations demonstrate that the TPU? M-tree outperforms significantly any other
indexing method including TPU-tree and AB*-tree with frequent updates, while yielding similar
probabilistic query performance. TPU?M-tree has more practical values and comprehensive appli-

cation foreground than other indexing methods.

Keywords uncertain moving objects; index structure; memo-based update; TPU-tree; probabi-

listic query
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8
9
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fentry.time-stam p < time-stam p
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11. end if
End
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Output: cleaned TPU? M-tree

Begin

1. for each entry e in N

2. search e.oid in UM;

3. fentry<—-entry found in UM;

4. if e.time-stamp = = fentry.time-stamp

5. then ec ++; //ec counts the latest entry
6. else

7. delete ¢ from N

8. fentry.Ntotal — — ;

9. il fentry.Ntotal= =0

10. then delete fentry from UM;

11. end if
12. end if
13. end for
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tions, the problem of frequently updating the position infor-
mation for kinds of uncertain moving objects is becoming in-

creasing important. TPU-tree is currently one of the most

popular indexing methods for such kinds of uncertain moving
objects, but the adopted traditional top-down update method
has made their frequent updates performance very low. In
this paper, we proposed the TPU? M-tree for uncertain mov-
ing objects with frequent updates, which is based on TPU-
tree, supplemented by a memory-based update-memo struc-
ture recording the state of uncertain moving objects. Also a
modified memo-based update/insert algorithm is developed
for TPU* M-tree. Extensive experiments have been conduc-
ted to verify the effectiveness of our proposed update/insert

algorithm for frequently updated uncertain moving objects.



