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Trajectory Indexing for Efficient Processing of Range Queries
Chang-Il Cha" - Sang-Wook Kim" - Jung-Im Won™"

ABSTRACT

This paper addresses an indexing scheme capable of efficiently processing range queries in a large-scale trajectory database, After
cliscussing the drawbacks of previous indexing schemes, we propose a new scheme that divides the temporal dimension into multiple time
intervals and then, by this interval, builds an index for the line segments. Additionally, a supplementary index is built for the line
segments within each time interval. This scheme can make a dramatic improvement in the performance of insert and search operations
using a main memory index, particularly for the time interval consisting of the segments taken by those objects which are currently
moving or have just completed their movements, as contrast fo the previous schemes that store the index totally on the disk. Each time
interval index is built as follows: First, the extent of the spatial dimension is divided onto multiple spatial cells to which the line
segments are assigned evenly, We use a ZD-tree to maintain information on those cells. Then, for each cell, an additional 3D R -tree is
created on the spatio-temporal space (X, v, t). Such a multi-level indexing strategy can cure the shortcomings of the legacy schemes.
Performance results obtained from intensive experiments show that our scheme enhances the performance of retrieve operations by 3~10
times, with much less storage space.

Keywords : Moving Object. Trajectory Data, Spatiotemporal Index, Range Query
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23k o) fris AlZF HEe] 71 AlaWET}L Abgld o A
HWEZ} ZAAA Yie o232 g9 Qldaz Jox ¢
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& Hdl A7 AEE FAEH7] AF olF A9 2@}l M
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Algorithm 1! InsertSegment

Input: Segment Info sep=(td, (X, Yo bon), (Ko Yo Lnd)), K
Output: prev-index, current-index, 2D-tree, time index table [T

I.n=1L1IT = NULL: numSeg = 1.
2. createlEmpryIndex(current-index ).
3. iftnumSeg < k)

4, iftnumSeg == 1) CurrentMinTime = tuwe CurrentMaxTime = Lus
5 else(tay >= CurrentMaxTime) CurrentMaxTime = tend;

6. insert Talndex(current-index, seg):

7 numSeg + +:

8. else

9 iftn >= 2)

10. create2DIndex (2D -tree[n- 1]

11. write ToDisk(prev-index, 2D-treeln-11%

12, add2DIndex(IT, PrevMinTime, PrevMaxTime, 2D-tree[n-1])

13. prev-index = current-index:
I4. PrevMinTime = CurrentMinTime:

15 PrevMaxTime = CurrentMaxTime:
16. current-index = NULL:

17. n=n+L numSeg = 1.

18 createEmptyIndex(crrent-index):

19, inset Tolndex(current -index, seg):
20, return;
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EgHE EE Ao diFte o] #FL wE FHFoEY
10~11).

Algorithm 2! RangeSearch

Inpuit: prev-index, current-index, disk-index, 2D-tree, time index table IT,
Query QU(Xstan, Yoty teunt), (Xety Yendy L))
Output: Set of answers A

LA={XK
2. N = searchIT(T, Qtan, taa))
3. fori = 0i i < NI i++) do

4, iftN[i]lMinTime > PrevMinTime)

5. WIN[]MinTime > CurrentMinTime)

6. S = searchindex(current-index, QUXam. Voer, tour), (Xew,
Vends temt)))'

7. else

8. S = searchindex(prev-index, QUXstr, Ve, L), (Xend.
Verte tent)) )2

9, else

10. whilelcid = getOverlappingCell(2D-tree[N[i[])) do

11. S = searchindex(disk-indexNllllcid], Q(Xeme, Vi, tan).
(Xerdy Yeruts L))

12, end if

13.  addAnswer(A, S(sld, dd));

14. return A:
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