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Spatial Data Modeling

] Spatial data is comprised of objects in multi-dimensional space

Vector Data Model

Raster Data Model
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] Need a structural representation of spatial data sets - easy to
share, access and analyze!
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Spatial Data Modeling?

I Logical Data Modeling J

\ 4

I Logical Data Model to XMI and '
XSD

\ 4

I Logical Data Model to Database J
Schema




Alogical data model (class diagram)

Logical Data Modeling

A logical data model or logical schema is a data model of a specific problem domain expressed
independently of a particular database management product or storage technology (physical data model)
but in terms of data structures such as relational tables and columns, object-oriented classes, or XML tags.

Logical data model of a ROI

includes

= entities (tables) lulc_kolkata population_kolkata

= attributes (columns/fields) and

= relationships (keys) id [primary-key]: varchar id [primary-key]: varchar
lulc_code: varchar density: varchar
shape_leng: number edu_density: varchar
shape_area: number child_density: varchar

shape: geom

find_maxDen ()

find_lulc(lulc_code)




Logical Data Model (Class Diagram) of Spatial Data Repositories
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Consider 4 independent repositories of a region P, namely, ROAD (R),
DRAINAGE (D), VILLAGE (V) and ADMIN BLOCKS (A).
[Road: Polyline; Drainage: Polyline; Village: Point; Admin: Polygon/

7

_;j; Spatial Query 1: Find the villages which are likely to be affected during flood.

-~ [Flood: Areas within 1km of a drainage network are inundated|]

Spatial Query 2: Find the Roads likely to be affected if River R1 is flooded?

Spatial Query 3: To setup a new industry the requirement is: It should be in Admin
Blocks A2 or A7, 2km from NH, no Drainage within 1km, within Skmof villages with
20, \working population (20-50yrs) greater than 100

J




Consider 4 independent repositories of a region P, namely, ROAD (R), DRAINAGE (D), VILLAGE (V) and ADMIN
BLOCKS (A). [Road: Polyline; Drainage: Polyline; Village: Point; Admin: Polygon]

Spatial Query 1: Find the villages which are likely to be affected during flood.
[Flood: Areas within 1km of a drainage network are inundated]

SELECT V.vill id, V.vill name FROM VILLAGE V, DRAINAGE D
WHERE OVERLAP (V.shape, BUFFER (D.shape,1000))=1;

Spatial Query 2: Find the Roads likely to be affected if River R1 is flooded?

SELECT R.road id, V.vill name FROM VILLAGE V, DRAINAGE D
WHERE OVERLAP (V.shape, BUFFER(D.shape,1000))=1
AND D.dr_name=“R1 ",




Consider 4 independent repositories of a region P, namely, ROAD (R), DRAINAGE (D), VILLAGE (V) and ADMIN
BLOCKS (A). [Road: Polyline; Drainage: Polyline; Village: Point; Admin: Polygon]

Spatial Query 3: To setup a new industry the requirement is: It should be in Admin Blocks A2 or
A7, 2km from NH, no Drainage within 1km, within Skmof villages with working population (20-350yrs)
greater than 100

Create VIEW REG AS (
SELECT INTERSECT (V.shape,A.shape) AS REG_SHAPE FROM ROAD R, DRAINAGE D, VILLAGE V,
CITIZEN C WHERE
OVERLAP (V.shape, BUFFER (D.shape,1000))=0 AND
OVERLAP (V.shape, BUFFER(R.shape,2000))=1 AND COUNT (C.citizen id)>=100 WHERE
C.age>20 AND C.age<50 AND C.residential==V.vill id)

SELECT INTERSECT (REG SHAPE,A.shape) FROM REG, ADMIN BLOCKS A
WHERE
A.block _name IN (“A2”,”A7”) AND
OVERLAP (A.shape, BUFFER (REG SHAPE,5000))==




Logical Data Model to XMI and XSD

UXML is a markup language that defines a set of rules for encoding documents in a format that is both
human-readable and machine-readable

Main purposes behind the proposal of XMI were as follows:

¢+ To help programmers, using the Unified Modeling Language (UML), with different languages and
development tools to exchange their data models with each other

**To facilitate in exchanging information about data warehouses

LXSD is an XML schema definition language which can be used to express a set of rules to which an XML
document must conform in order to be considered ‘valid’ according to that schema

Ut is designed with the intent that determination of a document's validity would produce a collection of
information, adhering to specific data types




Exporting Logical Data Model to XMI

20-12-2018 Spatial Data Science lab, IIT Kharagpur 12



Exporting Logical Data Model to XSD
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Logical Data Model to Database Schema

0 A database schema of a database system is its structure described in a formal language supported by
the database management system (DBMS)

L It refers to the organization of data as a blueprint of how a database is constructed (divided into
database tables in case of Relational Databases)

U In the context of Oracle databases, a schema object is a logical data storage structure

U In general, the language by which the database schema is described is called Data Definition language
(DDL)




Exporting Logical Data Model to DDL
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Integration of Data Models?

» Every organization has own data repository of geo-databases

» Data repositories are isolated because of no sharing mechanism

» The formats of data in repositories are varying among organizations
* Meaning of another organization’s data difficult to interpret

» Sharing of data will be very effective if data repositories are integrated



Integration of Data Models?

Geo-Ref Geo-Ref Geo-Ref

(10.4.1.751)‘

Lv'

BNK_METAL_ROAD
BNK_CANAL

Application

20-12-2018 Spatial Data Science lab, IIT Kharagpur



Integration of Data Models
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Integration of Data Models

Data Model 1:
Class Diagram

~

XMl 1
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Data Model 2:
Class Diagram
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Integrated XMI Generation: GUI Design

l Browse:XMI 1 |

O Effective if organizations model their own database in UML
O Exchange of XMI support for all type of UML tools

0 Useful data can be extracted from others XMI

O Integrate individual data into a single XMI

== \ —

| BrowsexXmi4 | | Generate New XMl |

| Remove |

| BrowseXMI5 |

| BrowseXXMI6 |

| BrowseXMI7 |

| BrowseXMI8 |




Integrated XMI Generation: GUI Design
Browse XMI Models

= = ==
== =< :
Browse:XMI 1 Browse:XMI 5
_ — =
(2] open =]

— Look In: Lmﬁlntegration 3 L[ﬁ | & ]| ) ) LiEl] Bl << ||

4 Bankura_VM1.xmi

|| Bankura_VM2.xmi

Browse: XM 2 Browse XMl 6
= File Name: L S ,| ‘
Files of Type: | All Files v

Browse:XMI 3 | L Epes J [ Cancel J Browse:XMI 7

| Generate New XMI |

Browse:XMI 4 - Browse:XMI 8
Remove
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Integrated XMI Generation: GUI Design
Retrieve Classes

<>
Class2 A |
Class1
BNK_CANAL
=% ==
BNK_METAL_ROAD L—J
Class2

Class3
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Integrated XMI Generation: GUI Design

Retrieve Classes

<>
Class2 [a Class2
Class1 Class1
BNK_CAMNAL BNK_RIVER
_— == =< o
BNK_METAL_ROAD F‘l ]—J BNK_NONMETAL_RCAD
Class2 Class2
Class3 v Class3
Browse:XMI 1
== ] =<
Browse: XMl 2
== . . -_=
Browse:XMI 3
== b | ==

| Generate New Xmi |

Remove
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Browse:XMI 8 |
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Integrated XMI Generation: GUI Design

Specific Class Selection

L) =0 SR <)
Class2 [a] [ xMmI1:BNK_METAL_ROAD [ class2 [a]
Class1 Class1 ‘
BNK_CANAL E — BNK_RIVER

L= enk_onmeTaL_ROAD
Class2 Class2
Class3 | | Class3
=2 = _1 %} L 1Y
Browse:XMI 1 Browse:XMI 5
== ==
Browse: XMl 2 Browse:XMI 6
== . =<
Browse:XMI 3 Browse:XMI 7
= G =< G
Browse: XMl 4 i) Browse:XMI 8
Remove
20-12-2018 Spatial Data Science lab, IIT Kharagpur

24




Integrated XMI Generation: GUI Design

Specific Class Selection (contd.)

= = <
[ class2 [a] | XMI1:BNK_METAL_ROAD | [ class2 [a]
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= == =< 5 —
BNK_METAL_ROAD froizion) == BNK_NONMETAL_ROAD
Class2 Class2 \

Class3

Class3

p 3 ]

BrowseXMI 1

v
=

Browse:XMI 5

>>V 7<<

Browse: XMl 2 Browse:XMI 6

Browse:XMI 3 Browse:XMI 7

Browse: XMl 4 L Eenaralat] S J Browse: XMl 8
Remove

20-12-2018 Spatial Data Science lab, IIT Kharagpur 25



XMI of Integrated Classes

Find: metal Previcous MNext & Options = | 4 matches
= /UL BEnavioralFeature. pararmeter
=/UML:Operation= ~

= fUML:Classifier.feature>
</UML:Class>
- =UML:Class xmi.id="EAID_E7DC84CC_BDF2_4847_8854_3F8FCF1682CC" name="BNK_NONIIS7 1! ROAD" isRoot="false" isLeaf="false" isAbstract="false"
visibility="public" namespace="EAPK_DF53147C7_E389_451f_9C58_2CFB61476C08" isactive="false">
- <UML:ModelElement.stereotype=>=
<UML: Stereotype name="table"/>
</UML:ModelElement.stereotype>
- =UML:ModelElement.taggedvalue>
=UML:TaggedValue value="false" tag sSpecification"/ >
=UML:TaggedValue value="Class" tag="ea_stype"/>
<UML:Taggedvalue value="0" tag="ea_ntype"/>
=UML:Taggedvalue value="1.0" tag="wversion"/>
=UML:TaggedValue value="EAPK_DF5147C7_E3289_ 451f 9C58 2CFB61476C038" tag="package"/>
=UML:TaggedValue value="2017-08-09 17:22:38" tag="date_created"/>
=UML:Taggedvalue value="2017-08-16 14:07:06" tag="date_modified"/=>
=UML:Taggedvalue value="0racle" tag="gentype"/>
=UML:Taggedvalue value="0" tag="tagged"/>
=UML:Taggedvalue value="Class Model" tag="package_ name"/>
=UML:Taggedvalue value="1.0" tag="phase"/>
=UML:TaggedValue value="grl" tag="author"/>
=UML:TaggedVWalue value="1" tag="complexity"/=
=<UML:Taggedvalue value="0racle" tag="product_name"/>
=UML:Taggedvalue value="Proposed" tag="status"/>
=UML:Taggedvalue value="table" tag="stereotype"/>
=UML:TaggedValue value="0" tag="tpos"/>
=UML:TaggedValue value="16" tag="ea_localid"/=>
=UML:Taggedvalue value="element" tag="ea_eleType"/>
=UML:Taggedvalue value="BackColor=-1;BorderColor=-1;Borderwidth=-1;FontColor=-1;¥vSwimLanes=1;HSwimLanes=1;BorderStyle=0;" tag="style"/=>
<UML:Taggedvalue value="$XREFPROP=$XID={3EF32DE2-DE45-4302-BB19-8E2325D6D7ECO}$XID;$NAM=StereotypesSNAM;$STYP=element
propertyS$TYP; $VIS=Public$VIS;$PAR=0%PAR;SDES=@STEREO;Name=table;GUID={5D710EGE-676E-47e2-894B-
Z0FODOASFCDS};@ENDSTEREO;$DES;$CLT={E7DC84CC-BDF2-4847-8854-2F8FCF1682CC}5CLT;$SUP=<none>$SUP;$ENDXREF;"
tag="%ea_xref_property"/=
=/UML:ModelElement.taggedvalue>
- =UML:Classifier.feature:=
- <UML:Attribute name="FNODE_" visibility="public" targetScope="instance" ownerScope="instance" changeable="none">=
- =UML:Attribute.initialvalue=>
<UML:Expression/>
< /UML:Attribute.initialvalue=
- <UML:StructuralFeature.type>
<UML:Classifier xmi.idref="eaxmiid0"/=
< /UML:StructuralFeature.type>
- <UML:ModelElement.stereotype=
<UML:Stereotype name="column"/>
</UML:ModelElement.stereotype> "
- <UML:ModelElement.taggedvalue=

g g Ew T ¥ -
=UML:Taggedvalue value="1.0" tag="wversion"/>
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Generating Integrated UML

ETT
Integrated_DataModel2 - EA - 30 Day Trial - =2 =
'@ - Start Dresign Layout Publish Configure Construct Code Simulate Execute Extend ) Find Command...
V| = — |—_| Gloszary ~ e D r
= Z y & 5P S = > ] (@ (@] [@&] | [@&] @&
- e
@ ;Z ABE spelling ~ o ] = % % % % % %
Window Cocument Document  Web Reusable Publish Package Export Import Publish Publish Import ArcGls Archibate aDmM GML MNIEM MNIEM
- - Templates - Assets As. Control =  XMI~ XM - - - - - - - - 3.0~
Show Documentation Model Exchange Technology Technologies
» S » Model » Find Package §=“ =
; [}
Project Browser - 3 x Start Page <] e
=
4
= Model B .

A o5 Model
- [E§ Class Model

E@ Project Browser @Resources

Properties - B ox

E %l - éff" o e
General Settings
MName
Scope
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Sterectype
Alias
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Wersion
Phase

Filename
Project
Advanced

BEfProperties | [ notes
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Importing Integrated XMI

ETT
Integrated_DataModel2 - EA - 30 Day Trial - =2} =
@' Start Dresign Layout Fublish Configure Construct Code Simulate Execute Extend i} Find Command...
= - Glossary ~ i
Y EE E= = e €R, B Ed & B - & B @ @B @ =
=l BEE spelling ~ o> E
Window Document Document  Web Reusable Publish Package Export |Import Publish Publish Import Arcizls ArchiMate [adn] 8] GMIL MNIEM MNIEM
- - Templates - Assets As.. Control = XMI~ MBI~ - - - - - - - - 3.0
Show Documentation Model Exchange Import Model XMl... Technologies
S » Model » Batch Import Controlled Packages... Find Pack ,O §=“ =
Project Browser - 2 ox - =
=
il
= Muodel - 4 B
4 &5 Model

I [E4 Class Model

EE Project Browser @Resources

Properties - 2 ox

Filename
Project
Advanced

B Properties | [# notes

PR

Import a model from file based | content
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Integrated UML Class Diagram

- Start Design Layout Publish Configure Construct Code Simulate Execute Extend & Find Command...
=) ;
/@l %E '__ ) 1 Model Views == [ My Kanban = O‘Acthre Diagrams | [ Motes M Document E EI EIE] s Visual Style % Home Page
A 9 Element Browser 1 My Gantt O‘Acthre Elements 1 Summary 1 Relationships = A Full Screen % Libraries -
Window = Browser Mavigator Search Mail Calendar Reviews Manage Perspectives WViews Help
- - 1 Resources 1 My Work Sets - O‘Active Tasks 1 Properties  [] Tagged Values - - - as Preferences - - % Register
Show Explore Today Windows Workspace Help
e » ¢/ » Model » Clazs Model » Find Package 2 §="
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q I
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4 {8 Model
- Class hModel
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B ] System
B[] Framewoarks
E Class1
E Class2
[ [ «tables BRE_METAL_ROAL
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I:@Prcu_ie-:t Browser %Resources scolumis £ ColUmfs
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LEMGTH: MUMBER{33,31)
ROAD: MUMBERI9)

P ROAD_ID: MUMBER9)
ROAD_TYPE: YARCHARZ{Z54)
GEOM: SDO_GEOMETRY

«PKx
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Geo-Cloud Application

~Build. Store. Analyze:

; - -
> - i
— =

e —
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NEER

SOFTWARE AS A SERVICE

amazon
webservices™

EC2

Google Compute Engine

Windows Azure

Google Prediction

IBM Watson
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Machine i-eariing®
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Geo-Cloud Computing paradigm?

(JOn-demand self service

J Ubiquitous Network Access
] Resource Pooling

] Location Independence

J Rapid Elasticity

J Measured Services

 Virtualization

20-12-2018

»Private and public organization wants to share their
spatial data

» Provision of Geo-spatial services

» Geo spatial computations
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Use Case 1: Traj-Cloud

Traj-Cloud is a SaaS cloud which provides three major mobility services,
namely,

Utrajectory-indexing to efficiently handle huge real-time trajectory updates;

Lgeo-tagging, map-matching services in a distributed computing platform
(i.e., Google Compute Engine) and

trajectory-processing to resolve mobility based spatio-temporal queries to
improve efficiency and reduce response time



Traj-Cloud
R

GPS Traces

Trajectory data pre-processing Trajectory data Modelling

Trajectory Trace I ] I
Segrnentatnon Map-matching |

- &
Blllldlng Spatio- Trajectory Trace
temporal Index Geotaggin

: » / Trajectory Storage |

Input trace -
> - Tra]-Cloud Trajectory Trace Processing
Traffic Information e — Trajectory Information I
j- i retrieval
Urb P—— J Traj-Cloud Services
thru’ data acquisition TS,: Trajectory Trace Indexing Service Spatio-temporal Range I
TS:: Trajectory Map-matching Service Query Processing
TS;3: Trajectory Query processing Service &
S . Trajectory-based Query I
Processing

Interface to Traj-Cloud on GCP

r Cloud DataShore

&-------------- —— — — — o — ——— ———— ——— ————— . —— ———————— i — ———— ———————— ———

34
Traj-Cloud: A Trajectory Cloud for enabling Efficient Mobility Services, Shreya Ghosh, Soumya K Ghosh, ITS COMSNETS 2019 (to appear)
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Traj-Cloud Service: Trajectory Query Processing

 Find all the petrol stations within 500m distance of a vehicle’s trajectory

Select poi Id from POI P, Traj T
where P.id="petrol st" and
overlap (P.shape,Buffer (T.shape,500))=1 ;

1 Find find trajectory segments passing through the residential area of a city

Select traj Id from Traj T, Region R
where R.id="residential zone" and
cross (T.shape,R.shape)=1 ;



Efficiency of Traj-Cloud

Fad L 1 W i e | [£x]
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Average execution time (sec)

[=

i Centralized system

R Traj-Cloud

1 50 100 150

# of input trajectory traces

Type of Linear Scan | Linear Scan | Indexing Indexing + MapReduce
Query (Standalone) | (BigQuery) | (BigQuery) | (BigQuery + CloudSQL + Dataproc)
Point (10) 18.8 s 14.7 s 10.65 6.2s
Range (10) 40.3 s 32.85 8 24.1s 13s
Point (100) 200.6 s 180s s 1045 83.88
Range (100) 800.2s 450.1s 180s 1425
Point (300) 1780s 1000s 630.7s 4328
Range (500) 2540s 1860s 1020s 780s
Spatidal Data Science [ab, T Knaragpur
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Use case 2: Integration of Data Models

25 Geo-Ref Geo-Ref Geo-Ref

Spatial Data
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Integrated UML Class Diagram

Design
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Service Integration for Query in Cloud

® 10.4.1.74:8080/geoserver/cite/wms?service=WMS&version

{ Click to go back, hold to see history f

=2
=

Scale = 1 : 545K
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in Cloud

Service Integration for Query

Local Roads

Merged Road Network

40
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ervice Integration for Query in Cloud
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Service Integration for Query in Clou
|
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Contact us:

Spatial Data Science Lab
sdsl.iitkgp@gmail.com

|
Than
Department of Computer Science and Ih “ I

Engineering

IIT Kharagpur
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