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Tracking services of moving objects

o Web-based tracking of moving objects

Moving Objects Databases(1/3)

Modeling S atiak—témporal c
query language |

Uncertainty

[Figure 1] Research area of Moving Objects DB
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Moving Objects Databases (2/3)

o Location Modeling
— Modeling of continuously moving locations
— Modeling approaches
* Points in 3 dimensional space

* line segment in 3 dimensional space
» dynamic attribute with time function

Moving Objects Databases (3/3)

o Indexing

— Indexing of movement of continuously
changing location
— Requirements
* Frequent updates of locations
* Finding out the past/current/future location

— example
» Current/future
— TPR-tree
» Past
— 3DR-tree, STR-tree, TB-tree,
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Moving objects DB2| 2 2

o LBS2| & =& moving objects DB [t X

2
~ Scalability
* moving objects2| It =& ~ DO Z F)}
* moving objects trajectories 2| =1 J| = moving objects == x

XN 210 8%

o Characteristics of moving objects DB

— Frequent and continuous updates of location
+ [H& 2] Moving ObjectsOil LHEH S Al Lt 2 2 M5t=
update transaction
~ index & GIOIEA0l CHSF & Al2¢ update &
- Queries on trajectories, current positions, and
future positions
+ 3D indexing and dynamic attributes

Spatial Access Methods (SAM)

o Spatial Access Methods (SAM)

—~ Space-driven structures
« 2 dimensional plane0l| Al objects? E X 2= f
25t A 2D spaceE & If XL AIRRXZ B8
6t0d indexing
~ Grid file, Quad-tree
— Data-driven structures

* object group il CH &t MBR(Minimum Bounding
Rectangle)2 £ search space2 = &!'6l= index
.? X

— R-tree, R*-tree, R+-tree
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Spatial Access Methods (SAM)

0 moving objects index 2 & 0l A 2| SAMs

— Space-driven structures: 12| & I+
* moving objects2| FEE = HIZS EX
- X M NE2 E2 objectdt BEELCL.
— Space-driven index2 &5 X &t
* moving objects2] E X &= Al2H0| Xl ek HE &Y
- 82 index ?XQ EHRA
+ Al2tdomain2 Al2t0] X =5 A &3] =2 0l moving

objects index0ll Al = space-driven structuresJt 5 = 8 6t LCt.

— Data-driven structures: R-tree
* object ZLE ESLOZ 2E6tE index 27X
s SHOZ QUECE3Dindex 2EZ ME

SAM : R*-tree (1/2)

o R*-tree [Beck90] = R-tree 2} S 26t index #=
o R-tree2 2 M &

- node& MBRE AlOI2| Overlap S M2 8M 4501 X
o R*-tree2| objectives

— the overlap between directory rectangles should be minimized.

— Storage Utilization should be maximized.
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SAM : R*-tree (2/2)

o ChooseSubtree 11213

— Choose Best Leaf Node
+ determine the minimum overlap enlargement

— Choose Best Non-Leaf Node
» determine the minimum area enlargement

t ] t !
new entry \
MBB2 MBB2
mBB1 MB81 MBB1
Xy Xy Xy
(a) M22 entryd] <) {b) Minimum Area Enlargement (c) Minimum Overlap Enlargement
(R-tree) (R*-tree)

[O& 3] R-tree? Rx—tree2 ChooseSubtree2| Xi0|
1-11

J| 2= spatial index2| 2 XM & (1/2)

o moving objects®| Ol S& & EHAGIAl 28
- &2 £ 2 E F#M5t= moving objects®| 0|2 = MBB &
AH

— ¥ Xl object, Z2 &2 =2 0| SotE= object, BHIH XSOl A Ol
& oli= object

]
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(a) S242 oIS (b) ANIZF SOHIIE Deist 0IsH
[O& 4] moving objects2l 0l £2
1-12

- 126 -



J| = spatial index2 =X & (2/2)

o 0| S trajectoriesS] & S olst
bt AN
2O

~ Al2}, spatial &2 = MBB Enlargement

t
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SHE"

MBB1

» XV
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(a) line2Jt MBB20H ’.;,“E-;}El“ B (b) line2Jt MBB1OI & &

[2& 5] Rx—tree2 ChooseSubtreel SXM &
1-13

232

%l 2 moving objects index J| =

o trajectories & 2| index(TB-tree)
o & I ? Xl index(Hash-based)
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trajectories 2 2| index(TB-tree)(1/3)

o TB-Tree(Trajectory Bundle Tree) [PJT00]
— modeling
* moving objects 2| trajectories: Line segment2| & &
— moving objects 2] trajectories 2=0 E&

« =& object? trajectories2 22 nodelff X &
XF &
- o o

» =% moving objects2| trajectory query 85 %
ChH A

—_
* moving objects2) spatial® €4 1N2i5tX) 23S
— &2 node?t overlapO| &I1610H 2 2O 50| 2

- Q) HLES 218 FindNode()2 HIE BI1E & 4501 LIS

[2& 6]moving
objects8 0|1t
trajectories

trajectories & 2| index(TB-tree)(2/3)

o index &
— ©2 nodelil 5tLt2| trajectories2t M &
— Trajectory Preservation

.2

2 moving objects 2| trajectories 2 Linked ListZ H&

5,

NN
e i g

[D&7]Leaf Nodedt ¥ZE TB-Treel X

1-16
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trajectories & 2| index(TB-tree)(3/3)
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1-17

& M 2 Xl index(Hash-based)(1/4)

ool I8+ index * X
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& T 2 XI index(Hash-based)(2/4)

o B4l 218te) index R EUA S R BH&A
- A LHMA2 0l
» index XA HE 2 RICH
- UEd=z20ls
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o [SR01]2 Quad-TreeE index2 £ AIE

_ &
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moving objects index2] ME2 & 2

o moving objects index2 S &

— node?t 2| overlapO| Al GtCh.

— node 2| dead spaceJt AL},

- A2t 2 & F 6= time domaing ¢4 ol OF StCY.
o Solution

— The Forced Merging Policy

— The clipping policy

— The Unbalanced Splitting policy
o Unified Indexing®| 2 24

~ moving objects index0ll 2 & J[E index 2= &I X

HH RAXNE 250 index 7T Aot
— Current Position time-based R-Tree
+ moving objects®] M H L M AKX HMH2 X

1-21

The Forced Merging Policy

o To reduce the overlap between nodes
— HOR (Highly Overlapping Rate)
- HOMbb (Highly Overlapped MBBs)
— The cascading of HOMbb

t A t A t A
now AMBB(E,) now AMBB(E,) now MBB(E,.)
MBB(E; [BB{E;)
MBB(EW MBB(EL MBB(E) MBB(E)) MBB(E;
r X)" XB"
(a) Segt ZA g4 (h) B+ 22 HOMbbY A4 (¢) A7 222 HOMbbe 94

[2&h2] 2 H g8 o
1-22
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The Unbalanced Splitting policy

o The Unbalanced Splitting Policy along time axis
— Toincrease the storage utilization

UC line (Until Changed line)

UC MBB (UC minimum bounding box)

— Fixed MBB
A A
t new line t new line

now B ,

ve o ue vc | ucaBB

/ K
4
Fixed MBB
» XY » X¥
(@) 22 29 dYdez ovERe B4 (b) A3t Fe) MFF 23
[2&13] HiZz2s 22 o

1-23

The clipping policy

o To reduce the dead space of nodes
— The big line segment should be defined by related
size of splitting nodes

" MBB1"
4 1BB1 t4 high_lineset.MBB

noy MBB2’ ~

/ big line
\ K 5 XV \ $3%

»
—> L d
[=]

(a) 212 28" MBBEO0l HOMbbYl 2L  (b) 222 A2 HU5IH &

low_lineset.NIBB

[O&14] Big line segment?| clipping 0l
1-24
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Performance Studies (1/2)

o Datasets

— is generated using CitySimulator V2.0
o The storage Utilization

— TB-tree is best, because same trajectories is
sequentially stored in leaf

LT T —

500 1000

—+TR-tree -#-TB-tree -»R-tree!

. o S

2000

O|ZH| &

4000

(a) Ol SH =2 Botof we Z7t gET

{ —~—TR-tree ~#TB-tree —+R-tree |

500 1000 2000
olssel 21 i

4000

(b) olE# 218o Foto e 37 BT
5

Performance Studies (2/2)

o Range Query

range

— 3DR-tree is good in small

— TB-tree is good in large range
— TR-tree is best in all case
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Current Position time-based R-Tree2 &2

o moving objects2| & I <l Xl
_ 2 DAIZHO W(Gap)2 @ 015t HEsH B

Olilg ot _J'\_ O-IQ
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Current Position time-based R-Tree2] &2

=& (2/2

o index &t 2| moving objects ®I X & &H
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Current Position time-based R-Tree2] X}

2%

o &M Xl ZMZ <& Point MBR
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Summary and Open issues (1/3)

o moving objects DB2| modeling and
indexing
— MOST(Moving Objects Spatial Temporal)
* Dynamic attributes
— Spatio—-Temporal Data Model
» Trajectories indexing
o Effects of existing works on indexing of
moving objects databases
— TPR-tree : search current & future location

— STR-tree, TB-tree : search trajectories of
moving object

— HR-tree, MV3R-tree : perform time—slice query
efficiently

— 3DR-tree : perform range query efficiently

Summary and Open issues(2/3)

o Open issues and problems
— Unified indexing on trajectories and current
positions
« Should be able to process Now or Until Changed

« Attempt to combine trajectories index with
current position index

~ Need to overcome the problems of R-tree
based indexing
* Reduce Dead space and overlapped MBR
+ Attempt to develop a new version of 3D R*-tree
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Summary and Open issues (3/3)

o Open issues and problems

— Unified indexing on main—memory OB and disk—
based DB for storing the movement of moving

objects '
Unified Index
merge
CNEE] 5
Y EE oS
Mol =
i T

B XTI 0lE R —— [2&18] Unified
HAEool &t :
Mol el _ index structure

1-33
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