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o.1.

From spatial database
systems to MOD engines




\I\/\OD Systems

® From traditional DBMS to Moving Object Database (MOD)
engines

m Objective: spatial and temporal dimensions to be considered as
first-class citizens.

m Current MOD solutions:

m Spatial DBMS simulated to work as MODs (e.g. PostGIS) vs.
m State-of-the-art MODs (Secondo, Hermes, etc.)

m A quick note on the PostGlIS solution:

of 3D points)

m PostGIS supports 2D/3D/4D geometry data types
®m Hence, a trajectory can be simulated by a 3D path (= sequence

Py



\I\/\OD Systems

m Prototype MOD engines for archival (frajectory) data
s SECONDO (2002-) by Guting et. al. @ Uni. Hagen
= HERMES (2006-) by Pelekis et. al. @ Uni. Piraeus

m Both are based on the ‘sliced’ representation of frajectories*

1N/ / A
4l

* Recall Chap. 3

e
y/ /

tt’

N
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SECONDO Yo

m Data model: from (stafic) spatial to moving object data
types
inside[point region] — bool
inside[mpoint region] — mbool

®m Query optimizer: includes optimization of conjunctive queries,
selectivity estimation, and implementation of an SQL-like
query language

GUI Command Manager

Py \ 4 o
Query Frocessor &

atalog
Optimizer
Op 1 Op 2 Opn
‘kernel ‘ Storage & Manager
Tools




ermes

m A palette of moving object data types ...

O
100

)

m .. access methods and indexes (3D R-tree, TB-tree)

m ... on top of an extensible DBMS (2 variations)
m Oracle Spatial
m PostgreSQL

g Client tier

Application Tier
h Java
ttp request WS
— JSp
jm|

ml

I JDBC Preprocessor

ORDBMS Tier

PL/SQL Interface

I

Oracle Storage
Temporal

TB-Tree Index
Trajectories tbl

L]
spatial data
Network Data Model

network data
Analysis Services

5] [
VAN




Hermes architecture

Client tier Application Tier
b ¢ Java
ttp reques WS P —
JSP
response
—
I JDBC Preprocessor
— ORDBMS Tier R
X _//
PL/SQL Interface Oracle Storage
Spatial Temporal TB-Tree Index
I Trajectories tbl
v
Hermes MDC < /T
TB-tree operands < |
<
spatial data network data
Network D-ata Model
Analysis Services U \ \ /




Indexing trajectories in Hermes oo
» [ndexing support : | L
o 7Pp o
m 3D R-trees (in PostgreSQL .
implementation) ) )
= TB-trees (in Oracle ; s e AT B
implementation) . TTT 111
m Options for indexing a P-”
trajectory: single vs. T
several MBBs 1<) 7
\’ 3
_—
t = (X Vir 1) ‘>/L' a [o]e]e|lul[s]w]z] [8]wo]tofui]n2
(X5 ¥ 1)
(X, Yoo 1) 1
M
& Y15 t)




5.2.

A data type model for
trajectory databases




Temporal and Spatial data types

m Temporal data types: TimeStamp, Period, etc.
= ODMG model

m Spatial data types: Point, Line, Rectangle, etc.
m OGIS model (Open Geospatial Consortium)

Geometry SpatialReferenceSystem
Poi Curve Surfac: GeometryCollection
1+ | 2+ A
—
1 LineSt Pol MultiSurface MultiCurve MultiPoint
1+ <>
L LinearRing MultiPolygon MultiLineString
1+

11



OGIS data model

Geometry [®

A

SpatialReferenceSystem

Point

1+

Curve

2+

e

————®|
1+

LineString

A

Line

Surface

JAN

GeometryCollection

/

L~
LinearRing

Polygon MultiSurface MultiCurve MultiPoint
[
1+ <>
MultiPolygon MultiLineString

]




ITrczljec:’rory data types

® Hermes@Oracle
implementation

Moving Point

1__*

Unit Moving Point

tbTreeldx

0”*

tbTreeElement

tbTreeNode

1..2

Unit Function

)

1

D_Period Sec

1”*

tbTreeNodeEntry

+linked
tbTreeLeaf
0..2
1.:1
| R
O\_ tbTreeLeafEntry
=
to_tbTreelLeafEntry
O

to_Unit_Moving_Point

1..1

tbMBB

1..1
2.2

tbPoint

13




5.3.

Extending the trajectory data
type model with object
methods and operators




IMOD methods and operators o=

-
A~
—t et

m Useful methods in support of the previous data types include

m predicates: fopological etc. relationships (intersection, within
distance, etc.) over a trajectory

= projection methods: operations that restrict a trajectory with
respect to spatial and/or temporal constraints

= numeric operations: functions that calculate a numeric value
over a trajectory (e.g. speed)

m distance functions: functions that calculate distance
(dissimilarity) between two trajectories

m query operators: popular (timeslice, range, NN, etc.) queries over
sets of trajectories

15



Predicates and projection methods .=

= Unit_Moving_Point unit_type (TimePoint t)

m Geometry at_instant (TimePoint t)

o
DD

.....

O, o
5 o
H !
t o
'''
b o

m Geometry f_initial ()
= Moving_Point at_period (TimePeriod df)
m Geometry route ()

= TimePoint f_enter (Geometry r)

-----

= MultiPoint get_enter_leave_points (Geometry r)
= Moving_Point f_intersection (Geometry r)

= boolean f_within_distance (number d, Moving_Point mp2,
TimePoint 1)

al ?e’r)Ov\oving_Poin’r) re_sample(set {(Moving_Point) mps, set {TimePoint)
oy

16



Numeric operations & Distance functions Tz

= number f_length (TimePoint 1)
= number f_speed (TimePoint 1)

m number f_direction (Moving_Point mp2, TimePoinft 1)

m boolean f_west(), boolean f_east(), boolean f_north(), boolean
f south()

m boolean f_left(), boolean f_right(), boolean f_above(), boolean
f behind()

= number GenlIP (Moving_Point mp2)
= number GenSTLIP (Moving_Point mp2)
= number number_of_times_close(Moving_Point mp2, number d,

number tolerance)

17



\Query operators

m set {Moving_Point) Range (Geometry r, TimePeriod dt):

m set {number, Unit_Moving_Point) IncrPointNN (Geometry p,
TimePeriod dt, number k):

m set {number, Unit_Moving_Point) IncrTrajectoryNN (number
id, number k):

= set {number) Topological (Geometry r, TimePeriod dt, String
mask):

m mask: “Enter”, “Leave”, "Cross’, etc.

P.t 1
m Query operators are .
processed using the )\
. t3
TB-free index _—"
<<' il |t11\t2f|t3||t4|t5| 67| [w]o]|[ofat]az
~

Tolc?

18



5.4,

On mobillity dato
provenance




The need for data provenance .

™~
™
Nt et

m “Scientific research is considered of good provenance
when it is documented in detail sufficient to allow
reproducibility” Il

m From fraditional data provenance ...
m Workflows to perform scientific experiments and simulation

= ... fo mobility data provenance, e.g. ChoroChronos.org

ChoroChron®s.orRG Home  Algorithms Donate Algorithm or Dataset  Aboutus
Home » Datasess Search
Datasets
= Chorochronos.org p—— i o
Other Transportation GPS 4 User Login

m includes donated datasets
and algorithms

m supports experimental workflows
and MOD queries

#ea. | Thursday, June 14, e | - R User Menu
g4 Other Other GPS 8

20



ChoroChronos.org inferface TN

@)
1o

Home Algorithms Datasets Donate Algorithm or Dataset About us
ChoroChron®s.orRG | | i

Search
Datasets | |
- Total
Dataset Name  Graphic Import Date Task Area Datatype viou m
R DANA cruize Thursday, June 14, ) N .
erack 2013- :.'e'.;'{g Other Transportation GPS 4 User L ogin
e Username *
N Jen, N S -
PR A | admin |
_ - o ult s« (| Thursday, june 14, = = - ~-
Schoolbuses rp%er v N 2013 - 055 Other Other GPS i1
G N 2012-0556 Password *
Imis2days Other Transportation AIS 2 ¢ Create new account
¢ FReguest new password
o Thursday., June 14 Log in
AIS Brest, France| . <2 2013 .gf!: ' Other Transportation AIS 3 °9
W wgh o 2012-0833
4 #. | Thursday, june 1 _ User Menu
Trucks revised sl Other Other GPS 8

2012 - 0656

e Advanced Search

2]



9.9.

Summary




\Summcrizing

®m Models, algorithms and access methods have been
materialized in Moving Object Database (MOD) engines

m SECONDO, Hermes, eftc.

® |n this chapter, we presented:
m the trajectory-oriented data types
® the architecture of selected MOD engines

m the essential functionality
(operators and methods) of
such an engine

m g few ideas on mobility data
provenance

S
Management Lab
-
No_c
=
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End of chapter



