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@ PennState

OVERVIEW

SPATIAL DATA MODELLING

Data collected across both space and time
& describe a phenomenon

Spatial Query Execution

|

Retrieving a data subset from map layer
by working directly with map features.




GEOSPATIAL
APPLICATIONS...

+ Identifying the source information
 Picking the data points that need to be analysed
+ Extracting the relevant information from the data

+» Identifying the key values from the extracted data set
¢ Learning techniques

N

¢ Interpreting and reporting the results

Penwai FAIR - Findable, Accessible, Interoperable and Reusable ®



“Spatial”: Power of WHERE
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Spatial Data Modeling

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

N\ ..
R s i ><
» Transportation
» Weather prediction
» City Planning

» Wild life migration patterns

» Insurance risk considering location risk profiles

» Emergency response determining quickest route to victim
» Mobile phone companies tracking phone usage

 Need a structural representation of spatial data sets - easy to share,
access and analyze!
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Whatis .shp/.geom?

A shapefile is an Esri vector data
storage format for storing the
location, shape, and attributes of
geographic features.

It is stored as a set of related files
and contains one feature class.

Legend
+ Well
2 River
3 Lake

Distance(geometry, geometry) : number

Equals(geometry, geometry) : boolean

Disjoint(geometry, geometry) : boolean

Intersects(geometry, geometry) : boolean

Touches(geometry, geometry) : boolean
Crosses(geometry, geometry) : boolean
Overlaps(geometry, geometry) : boolean
Contains(geometry, geometry) : boolean
Length(geometry) : number
Area(geometry) : number

Centroid(geometry) : geometry

SK Ghosh, S Ghosh



Spatial Database and Tools

PN E

PostgreSQL

https://www.postgresql.org/download/

https://postgis.net/install/

https://www.pgadmin.org/download/

https://qgis.org/en/site/forusers/download.html
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Configuration Steps
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6 SCHEMA public
0 7 VERSION "3.0.2";
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Sessions Lo I:
PID  Database User  Application Client Backand start State Wit event Blocking P
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& Stack Builder 4.2.0 X

Welcome to Stack Builder!

This wizard will help you install additional software to complement your PostgreSQL
or EnterpriseDB Postgres Plus installation.

To begin, please select the installation you are installing software for from the list
below. Your computer must be connected to the Internet before proceeding.

v

<remote server >
PostgreSQL 12 (x64) on port 5432

& Stack Builder 4.2.0 X

Please select the applications you would like to install,

@ =|- = Categories
(- Add-ons, tools and utilities

[+ Database Drivers

[+ Database Server

[+ Registration-required and trial products
[+ Replication Solutions

(=|-m= Spatial Extensions

= 2l PostGIS 3.0 Bundle for PostgreSQL 12 (64 bit) v3.0.2 (installed)

[+ \Web Development

PostGIS 3.0.2 bundle indudes PostGIS 3.0.2 w GDAL 2.4.4 (SQLite 3.30.1, A
OpenJPEG 2.3.1, Expat 2.2.9, FreeXL 1.0.5) , GEOS 3.8.0, Proj 5.2.0,
pgRouting 3.1.0, osm2pgrouting 2.3.6, ogr_fdw 1.0. 12 spatial foreign data v

< Back Cancel




@ rgAdmin 4 X +
& 2> C  ©® 127.00.1:60420/browser/ 2 Yr

s:)JAdmin Filev Objectv Toolsv Helpv

Browser S E Y Q Dashboard Properties SQL Statistics Dependencies Dependents x

v = Servers (2) I
> (P PostgresqL 12
> EXPostgresqL 12

Welcome

PgAdmin
Management Tools for PostgreSQL
Feature rich | Maximises PostgreSQL | Open Source

pgAdmin is an Open Source administration and management tool for the PostgreSQL database. It includes a graphical administration interface, an SQL
query tool, a procedural code debugger and much more. The tool is designed to answer the needs of developers, DBAs and system administrators alike.

Quick Links
| m— 0 |
— O‘n'
—m <3
Add New Server Configure pgAdmin
Getting Started

© & -

PostgreSQL Documentation pgAdmin Website Planet PostgreSQL Community Support



& > ¢ @ 127.00.1:59479/browser/ P % < © % 0O e :

EAdmin Filev Objectv Toolsv Helpv

Browser & B Y Q Dashboard Properties SQL Statistics Dependencies Dependents X
v S Servers (2)

Database sessions Transactions per second
v PostgresqL 12 P
v = Databases (6) 1.00 7.0
y = Wildiife Il Total 6.0 M Transactions
e ; 080w Active 50 ™ Comnits
» SdemoRuey 00 MIde 1o MRolbacis
> = drone_details :
> = postgis._test 0.40 40
2.0
> = postgres 0.20 10
v = wildlife-demo '
0.00 0.0
» [&F|Casts
» % Catalogs Tuples in Tuples out Block I/0
5 [ Event Triggers 100 25000 2000
v ) Extensions (2) I Inserts 30000 M Fetched [ Reads
ZJ plpasql 80 Updates 25000 Returned 1500 Hits
) postgis 6o M Deletes 20000 1000
b g Foreign Data Wrappers 10 15000
> & Languages 10000 500
20
v % Schemas (1) 5000
v @ public 0 0 E— 0 S —
A .
¥ g Collations .
st Server activity
» f Domains
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Q PostGIS Shapefile Import/Export Manager — X
-PostGIS Connection
oy . o o )
View connection details... | e PostGIS connection = O X
-PostGIS Connection |
Import - Export Username: postgres
Import List Password:
'Shapefile Schema Table Geo Column SRID Mode Rm I Server Host: | localhost :5432 Tl
C:\Users\demo\Dropbox\Presentation\demo\lionpath.shp public lionpath geog 0 Create O i Database: | wildlife-demo

Add File

. — |
JE—

Connecting: host=localhost port=3432 user=postgres dbname=wildlife-demo client_encoding=UTF8
Connection succeeded.

-Log Window

Importing with configuration: liondata, public, geog, C:\Users\demo\Dropbox\Presentat|
dump=1, simple=1, geography=1, index=1, shape=1, srid=0

Shapefile type: Point

PostGIS type: POINT[2]

Importing with configuration: lionpath, public, geog, C:\Users\demo\Dropbox\Presentation\demo\lionpath.shp, mode=c,
dump=1, simple=1, geography=1, index=1, shape=1, srid=0

Shapefile type: Arc

PostGIS type: LINESTRING[2]

Shapefile import completed.

Shapefile import completed.

Connection succeeded.

______________________________ Saved to this PC

Connecting: host=localhost port=5432 user=postgres dbname=wildlife-demo client_encoding=UTF8

Connecting: host=localhost port=5432 user=postgres dbname=wildlife-demo client_encoding=UTF8




Spatial Data Modeling?
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Spatial Data Modeling

0 Logical Data Modeling
U Logical Data Model to XMI and XSD

U Logical Data Model to Database Schema

U 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.

U A logical data model includes
*sentities (tables)
ssattributes (columns/fields) and
ssrelationships (keys)
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Spatial Data Modeling

O Logical Data Modeling
U Logical Data Model to XMI and XSD

U Logical Data Model to Database Schema

A logical data model (class diagram)
includes

Logical data model of a ROI

= entities (tables)
= attributes (columns/fields) and

lulc_kolkata

population_kolkata

» relationships (keys)

id [primary-key]: varchar
lulc_code: varchar
shape_leng: number
shape_area: number
shape: geom

id [primary-key]: varchar
density: varchar
edu_density: varchar
child_density: varchar

find_lulc(lulc_code)

find_maxDen ()

SK Ghosh, S Ghosh




Logical Data Model (Class Diagram) of Spatial Data Repositories

@ Kharagpur_Spatial - EA - 30 Day Trial

Q& € v /4 » Model » Class Model »

FILE EDIT WIEW PROJECT PACKAGE DIAGRAM

ELEMENT TOOLS AMALYZER  EXTEMSIOMS WINDOW  HELP

%» @8  Class Diagram: "Class Model”

@ start Page | T3 Class Model  x

A A% - - g 1 3 ¥ 7 | Default Style

Soil_kgp =

soolumns
“FH FID: HUMBER(E)
SO_CODE: NUMBER{S)
SO_MERGE: MUMBER(E)
CLASS: NUMBER{E)
DEFPTH: NUMBER(S)
TEXTURE: NUMBER(E]
ERCSION: NUMBER(S)
SLOPE: NUMBER(E)
SCODE: NUMBER(S)
Map_symbol: VARCHAR{10)
Soil_depth: CHAR(SD)
Drainage: CHAR{Z20)
Texture_1: CHAR{20)
WHC: CHAR{20)
Landform: CHAR{SD)
Erasion_1: CHAR(20)
Watertable: CHAR{Z0)
salinity: CHAR{20)
Assoc_dept: CHAR{20)
ssso_drain: CHAR{50)
Asso_tex: CHAR(20)
asso_eros: CHAR{Z0)
Soil_taxon: CHAR{S0)
_order: CHAR({20)
_Tax_1: CHAR{50)
_ord_1: CHAR{20)
Area: NUMBER{14,7)
Shape: SDO_GEOMETRY

=Pk
+  PK_Soil_kgp{NUMBER)

Class Diagram del: created: 01-06

S EENRTFE TR BB X
River_poly S| e e =]
=crlunay seslumnas
LaEEEE L S EER “PK FID: NUMBER{E)
R OBJECTID: NUMBER{S)
RIVNAME: CHAR(20) ATTRIBUTE. CHAR(50}
SHAPE_Leng: NUMBER{10,5) e s
BB TR R Shape_Leng: NUMBER{10.5)
Shape_lLe_1: NUMBER{12.6) St AT
Shape_Area: NUMBER{14,7) e s
Shape: S00_GEOMETRY
«Phn
SR +  PK_Lulc kgp{MUMBER)
+  PH_River_poly{NUMBER)
Dvainage. cedes =]
HealthReport_GeoSMS =
soolumns
“FK FID: NUMBER(E) soolumns
RILCODE: NUMBER(E) “FK senderbumber NUMBER{10)
RIVNAME: CHAR{20) senderdge: NUMBER(S)
ORDSH: NUMBER(Z) senderGender: CHAR(1)
Shape_Leng: NUMBER{10.5) time: CHAR{Z0)
Shape: SD0_GECMETRY disease: CHAR[ZO)
severity: CHAR{S)
«PHa Ioeation: SD0_GEOMETRY
+  PK_Drainage_order{NUMBER)
2Pk
+  PK_HeslthReport GeoSMSNUMBER)

Kharagpur-Spatial Data Repository

Find Package
Project Browser
BEEmEE e B-E- %
= g Model

= |54 Class Model
@3 Class Model

B «table» Drainage_order

B «tables HealthReport GeoSMS
B =table= Lulc_kgp

B «tablex River_poly

Bl «table= Soil_kgp

Eﬁ Project Browser % Resources

Properties :

(& Properties | [ notes




Class Diagram of Spatial Data Repositories

@) Bhuvan_ISRO - EA - 30 Day Trial

FILE EDIT VIEW PROJECT PACKAGE DIAGRAM ELEMEMNT TOOLS AMNALYZER  EXTEMSIOMS WINDOW  HELP

° 2 v /v Model » Class Model » Find Package

% F§  Class Diagram: "Class Model"

r - x Project Browser -
q‘éclasshﬂodel b4 4 P ‘&l% Eﬁ @" ?&
A A - dn - g 1 2 ¥ Default Style - B |Srg TE OAE TR B -E X T .| B & Model
- = [E) Class Model
3 Class Model
B «table= RIVER_250K
Bl «table= WE_GMS0K
RIVER_250K = WE_VILL_CENO1 = B =tables= WE_VILL_CENOL
wcolumns J— [ «table- WB_WS

*PK FID: HUMBER(S}
OBJECTID: NUMBER(Z)
NAME: CHAR{Z0)
SHAPE_LENG: NUMBER{S}
GEOMETRY: SDO_GEOMETRY “PKn

+  PK_WE_VILL_CEMO1{NUMBER}
wPK»
+  PK_RIVER_250K[NUMBER}

*PK FID: NUMBER(2)
POPULATION: NUMBER(8)
GEOMETRY: SDO_GEOMETRY

EE Project Browser %Resources

we ws = WB_GM50K = Properties 3 =
R wcolumny
. y
“PK AISLUC_CODE: NUMBER{S) K EE?L“R'TE-:-%#.UCMHE:\%)
GEOMETRY: SDO_GEOMETRY GEOMETRY- SD0 GEOMETRY
«PKa» P
+  PK_WEB_WS{NUMBER)

Ko
+  PK_WE_GMSOKINUMBER)

Bhuvan-ISRO Data Repository

- | B Properties | [# notes

Class Diagram:Class Model




Spatial Data Modeling

U Logical Data Modeling

0O Logical Data Model to XMI and XSD
U Logical Data Model to Database Schema

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

L 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

L XSD 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

LIt 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

@ Kharagpur_Spatial - EA - 30 Day Trial

© © » / » Model » Class Model »

FILE EDIT WIEW PROJECT PACKAGE DIAGRAM

ELEMENT TOOLS AMALYZER  EXTEMSIONS WINDOW  HELP

Find Package

b %g Class Diagram: "Class Model”

T3 Class Model X
A AN

- 57 12 =% Default style

Soil_kgp =

woolumna
“FK FID: NUMBER{S]}
SO_CODE: NUMBER(E)
S0_MERGE: NUMBER{E)
CLASS: NUMBER{E)
DEFTH: NUMBER{2}
TEXTURE: NUMEBER{8}
ERCSION: NUMBER{S)
SLOFPE: NUMBER(S)
CODE: NUMBER{S)
Map_symbol: VARCHAR{10)
Soil_depth: CHAR{SD)
Drainage: CHAR{20)
Texture_1: CHAR{20)
WHC: CHAR{20)
Landform: CHAR{50)
Erosion_1: CHAR{Z0)
‘Watertable: CHAR{2D)
salinity: CHAR{20)
Assoc_dept: CHAR{20)
asso_drain: CHAR{S0)
Asso_tex: CHAR{20)
asso_eros: CHAR{20)
Soil_taxon: CHAR{S0)
Soil_order: CHAR{20)
Soil_Tax_1: CHAR{SD)
Soil_ord_1: CHAR{20)
Area: NUMBER({14,7)
Shape: SDO_GEOMETRY

wP ko
+  PK_Soil_kgp(MUMBER)

Package:Class Model

2 Y]l Froject Browser
4 B
oE 4 o E
- EE T TR BB X T .|LE_G Model
-
=
Riwver_poly =] Lule_kap = E
E
woolumns T E
“PK FID: NUMBER(2) “FK FID: NUMBER{E)
RIPCODE: NUMBER(E) OBJECTID: NUMBER{S) 3
phtjepint = 5 AL ATTRIBUTE: CHAR{50)
SHAPE_Leng: NUMBER{10,5) LU_CODE: NUMBER{S)
KED: NUMBER(E) Shape_Leng: NUMBER{10 5}
Shape_Le_1: NUMBER{12,8) Shape_Area: NUMBER{14.7)
Shape._Ares: NUMBERTSA Shape: SDO_GECMETRY
Shape: SDO_GEOMETRY =
P
P +  PK_Lulc_kgp{NUMEER)
FH_River_poly(MUMBER)
g Project E
Drainage_order = IEMEES
HealthReport_GeoSMS =
woolumn
*FK FID: MUMBER(E) «columna -« Packag
RILCODE: NUMBER{2) *PK. senderMumber: NUMBER{10} MName
RIVNAME: CHAR(20) senderfge: MUMBER(E) o
ORDSH: NUMBER(Z) senderGender CHAR[) P
Shape_Leng: NUMBER{10,5) time: CHAR{20) Type
Shape: SD0_GEOMETRY dissase: CHAR{ZO) Stereotyr
severity: CHAR(S) Alias
aPhn location: SDO_GEOMETRY —
PK_Drainage_order{NUMBER) Complexd
«FHa Version
+  PK_HeslthReport GeoSMS{NUMBER) Phase
Languag
Filename
Import package from XMI file... Ctrl=Alt=I
Export package to XMI file... Ctrl=Alt=E

S ARECEBmot Export package to XMI file...

mEE % B-E- S

I,

Extensions

Properties...
Properties Page
Linked Document...

Advanced

Specification Manager
View as List
View as Gantt

Relationship Matrix

Add a Model using Wizard...
Add a Package...

Add Diagram...

Add Element...

Package Control

Copy / Paste
Mowe up
Move down
Contents

Find in all Diagrams...

Documentation
Code Engineering
Execution Analyzer
Import/Export

Set View Icon...

Crl+ AR+E §cc prodel’

Export currently selected package [and

children} to an XMI file

+ | [BfiProperties [ notes

Ctri+Alt=D

Cirl+Shift+X

Ctri=5hift+M

Ctri+u

3




XMI of logical data model of Kharagpur-Spatial Data Repository

This XML file does not appear to have any style information associated with 1t. The document tree 15 shown below.

¥ <XMI xmlns:UML="omg.org/UMLL.3" xmi.version="1.1" timestamp="2815-86-12 21:33:08">
¥ <XMIL.header>
¥ <XMIL.documentation>
<XMI.exporter:Enterprise Architect</XMI.exporter:>
<XMI.exporterVersion>2.5¢</XMI.exporterVersion>
</¥MI.documentation>
</XMI.header>
¥ {XML.content>
¥ <UML:Model name="EA Model" wxmi.id="M¥_EAID_E3DSCCE6_DFES_4f%e B2@6_ 3CSC57D3A0G4":
¥ <UML:MNamespace.ownedElement>
<UML:Class name="EARocotClass” xmi.id="EAID 11111111 5487 4888 A7F4_41526CBRAARE" isRoot="true" isleaf="false™ isAbstract="false"/>
¥<UML:Package name="Class Model" xmi.id="EAPK_E3D8CCES_DFES_4f9e_B286_3C5C57D2A064" isRoot="false" isleaf="false" isAbstract="false" wisibility="public":
¥ <UML:ModelElement. taggedvalues
<UML:Taggedvalue tag="parent"” value="EAPK_AB7FE0E7_DFDC_4820 BE34 E45448AB2458" />
<UML:Taggedvalue tag="ea_package_id" value="2"/>
<UML:Taggedvalue tag="created” value="2815-06-81 12:57:14"/>
<UML:Taggedvalue tag="modified” value="2815-86-81 12:57:14" />
<UML:TaggedValue tag="iscontrolled” value="FALSE"/>
<UML:TaggedValue tag="isnamespace” walue="1"/>
<UML:TaggedValue tag="lastloaddate" walue="2015-86-81 12:57:14"/>
<UML:Taggedvalue tag="lastsavedate" value="2@15-86-@1 12:57:14"/>
<UML:Taggedvalue tag="isprotected” wvalue="FALSE"/>
<UML:Taggedvalue tag="usedtd" value="FALSE"/>
<UML:TaggedValue tag="logxml" wvalue="FALSE"/:>
<UML:TaggedValue tag="tpos" value="6"/>
<UML:Taggedvalue tag="packageFlags" value="isModel=1;VICON=3;CRC=0;"/>
<UML:Taggedvalue tag="batchsave" value="8"/>
<UML:Taggedvalue tag="batchload" value="8"/>
<UML:Taggedvalue tag="phase"” value="1.8"/>
<UML:TaggedValue tag="status" value="Proposed"/>
<UML:TaggedValue tag="complexity" value="1"/>
<UML:TaggedValue tag="ea_stype" value="Public
<UML:TaggedValue tag="tpos" wvalue="&"/>
<UML: Taggedvalue tag="genfile" walue="C:\Users\Moni\Desktop\Kharagpur_Spatial.sql"/>
</UML:ModelElement . taggedvalues
¥ <UML:Mamespace.ownedElement>
¥<UML:Class name="Lulc_kgp" xmi.id="EAID_2F20EFB5_E6AF_4b51_8D84_3FAA367@CEE" visibility="public" namespace="EAPK_E3DS8CCE6_DFES_4f%e_B2@6_3C5C57D9A864" isRoot="falses"
isleaf="false" isAbstract="false" isActive="false">

U MAAdATET nmand  ctonnndimas SK GhOSh, S Ghosh
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XMI of logical data model of Bhuvan-ISRO Spatial Data Repository

This XML file does not appear to have any style information associated with 1t. The document tree 15 shown below.

¥<XMI xmlns:UML="omg.org/UML1.3" xmi.version="1.1" timestamp="2015-86-12 21:34:18">
¥ <XMI.header>
¥ <XMI.documentation>
<XMI.exporter»Enterprise Architect</XMI.exporter>
<XMI.exporterVersion»>2.5</XMI.exporterVersion>
</XMI.documentations
</XMI.header>
¥ <XMI.content>
¥ <UML:Model name="EA Model™ xmi.id="MxX_EAID @&28C96A0_ 4321 4feb_9SE1D 9454ATSRAEI2Z">
¥ <UML:Namespace.ownedElement>
<UML:Class name="EARootClass” xmi.id="EAID_11111111_5487_4082_A7F4_41526CERAARE" isRoot="trus" isleaf="false" isfbstract="false"/>
¥ <UML:Package name="Class Model" xmi.id="EAPK_@2@C96AB 4321 4feb_9E1D 9454AVE@AEDI2" isRoot="false" isleaf="false" isAbstract="false" wisibility="public":
¥ <UML:ModelElement. taggedvalue>
<UML:TaggedValue tag="parent"” value="EAPK_93A749A0_ 6EB1A_4b34 BBB2_ GA2ZEEGEG4F47"/>
<UML:Taggedvalue tag="ea_packags_id" value="2"/>
<UML:Taggedvalue tag="created” walue="2815-85-29 14:89:56"/>
<UML:TaggedValue tag="modified" value="2815-@5-29 14:89:56"/>
<UML:TaggedValue tag="iscontrolled” value="FALSE"/>
<UML:Taggedvalue tag="isnamespace” wvalue="1"/>
<UML:Taggedvalue tag="lastloaddate" wvalue="2815-£5-29 14:89:56"/>
<UML:TaggedValue tag="lastsavedate” value="2@15-85-29 14:89:56"/>
<UML:Taggedvalue tag="isprotected” walue="FALSE"/>
<UML:Taggedvalue tag="usedtd" value="FALSE"/»
<UML:Taggedvalue tag="logxml" value="FALSE"/>
<UML:TaggedvValue tag="tpos™ value="8&"/>
<UML:Taggedvalue tag="packageFlags" value="isModel=1;VICON=3;CRC=0;"/>
<UML:Taggedvalue tag="batchsave" values="8"/>
<UML:TaggedValue tag="batchload" value="8"/>
<UML:Taggedvalue tag="phase” value="1.0"/>
<UML:TaggedValue tag="status" value="Proposed”/>
<UML:Taggedvalue tag="complexity" value="1"/>
<UML:Taggedvalue tag="ea_stype" value="Public
<UML:Taggedvalue tag="tpos" value="8&"/>
<UML:Taggedvalue tag="genfile" walue="C:\Users\Moni‘\Desktop\Bhuvan_ISRO.sql"/>
</UML:ModelElement . taggedValues
¥ <UML:Namespace.ownedElemsnt>
¥<UML:Class name="RIVER_25@K" xmi.id="EAID 3EAA1SEC_ES78_4a29 A838 ACBS34DEDG17" wisibility="public" namespace="EAPK_B20C9RA® 4321 4fob OE1D 9454A7B@AES2" isRoot="false”
isleaf="false" isAbstract="false" isActive="false">
o I 2 MAAdATET fmvmmd s imn
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Exporting Logical Data Model to XSD

@ Kharagpur_Spatial - EA - 30 Day Trial

© £ » / » Model » Class Model »

FILE EDIT VIEW PROJECT PACKAGE DIAGRAM

ELEMENT TOOLS AMNALYZER  EWTEMNSIONS WINDOW  HELP

> '13 Class Diagram: "Class Model"

%gclass Model x

- - BT BB X

“FK FID: NUMBER{S}
SO_CODE: NUMBER{8)
S0_MERGE: NUMBER({E)
CLASS: NUMBER{S])
DEPTH: NUMBER{2}
TEXTURE: NUMBER{8)
EROSION: NUMBER{S)
SLOPE: NUMBER{8}
SCODE: NUMBER({2}
Map_symbol: VARCHAR{10)
Soil_depth: CHAR{50)
Drainage: CHAR(20)
Texture_1: CHAR({20)
WHC: CHAR{20)
Landform: CHAR{S0)
Erosion_1: CHAR{20)
Watertable: GHAR{20)
salinity: CHAR{20)
Assoc_dept: CHAR{20)
asso_drain: CHAR{S0)
Asso_tex: CHAR{Z0)
asso_eros: CHAR{20)
Soil_taxen: CHAR{SD)
Soil_order: CHAR(20)
Soil_Tax_1: CHAR{50)
Soil_ord_1: CHAR{20})
Area: NUMBER{14,7)
Shape: SDO_GEOMETRY

River_poly =

A AY R g 1 % ¥ ®  Default Style
Soil_kgp =
wcolumne

scalumns
P FID: NUMBER(E)
RIFCODE: NUMBER(S)
RIVMAME: CHAR(20)
SHAPE_L=ng: MUMBER{10,5)
KE0: MUMBER(E)
Shape_Le 1: NUMBER{12.6)
Shape_Area: MUMBER{14,7}
Shape: SDO_GECMETRY

P
+  PK_River_poly(NUMEBER)

Lulc_kgp %

woolumn:
“FK FID: NUMBER{S})

OBJECTID: NUMBER({S)
ATTRIBUTE: CHAR{50}
LU_CODE: MNUMBER(E)
Shape_Leng: NUMBER({10,5)
Shape_Area: NUMBER(14,7)
Shape: SD0_GEOMETRY

Pk
+  PK_Lulc kgp{MUMBER)

Drainage_order =

xoolumns
“PK FID: NUMBER(E)
RILCODE: MUMBER(E)
RIVMAME: CHAR(Z0)
SROSH: NUMBER(E)
Shape_Leng: NUMBER{10.5)
Shape: SDO_GEOMETRY

HealthReport_GeoSMS

P
+  PH_Soil_kgp{MUMBER)

P
+  PK_Drainage_srder(NUMBER)

woolumns

“PK senderNumber: NUMBER{10})
senderAge: NUMBER{S)
senderGender: CHAR{1)
time: CHAR{20)
disease: CHAR{20)
severity: CHAR(S)
location: SDO_GEOMETRY

lass Model

w P

+  PH_HealthReport_GeoSMS{NUMBER)

= [ 4
Find Package E
2 -~ x L& ct Browser - 0 x
4 i % W 2-E- 4
= @ Model
L
-
Extensions 3
& Properties...
& Properties Page »
[
Linked Document... Ctrl=AR=D
Generate Source Code .., Ctri+Alt=K Advanced 3
Import Source Directory ... Ctri=5hift+U
Specification Manager Ctrl=Shift+X
Import from source file(s} 3
View as List
Import Binary Module...
View as Gantt
Import Resource Script
Relationship Matrix »
Synchronize Package with Code ... Chrl=Alt=M
Add a Model using Wizard... Ctrl=5hift=M
Generate DDL ...
Add a Package...
Import DB schema from ODBC ...
Add Diagram...
Generate XML Schema... Add Element...
Import XML SENer Generate XML Schema... Package Cantrol >
Generate WSDL... Generate XS0 from current package
Copy / Paste »
Import W5DL...
Move up
Reset Options for this Package ... Move down
Reset DBMS Options... Contents 3
Clear Namespace Root Find in all Diagrams... Ctri=U
5 a e Documentation 3
Live Code Generation Code Engineering 3
rarnguag .
Hlename Execution Analyzer
I Project Import/Export 3
I Adwvanc
Set View Icon...
Delete 'Class Model'
Help...
+ | [BffProperties  [@ nates




XSD of logical data model of Kharagpur-Spatial Data Repository

[ Getting Started [ Imported From Firef... 7 Other bookmarks

This XML file does not appear to have any style information associated with it. The document tree 1s shown below.

¥<xs:schema xmlns:xs="http://www.w3.org/2801/XMLScChema™ >
<xs:element name="Soil_kgp™ type="Soil kgp"/>
v<xs:complexType name="Soil kgp">
¥ (x5:sequence’
<xs:element name="FID" type="xs:string"” minOccurs="1" maxOccurs="1"/»
<xs:element name="50_CODE™ type="xs:string" minOccurs="1" maxQccurs="1"/>
<xs:element name="50_MERGE" type="wxs:string" minOccurs="1" maxOccurs="1"/>
<xs:element name="CLASS" type="xs:string" minOccurs="1" maxOccurs="1"/>
<xs:element name="DEPTH" type="xs:string" minOccurs="1" maxOccurs="1"/>
<xs:element name="TEXTURE™ type="xs:string” minOccurs="1" maxQccurs="1"/>
<xs:element name="EROSION™ type="xs:string" minOccurs="1" maxOccurs="1"/>
<xs:element name="SLOPE" type="xs:string" minOccurs="1" maxOccurs="1"/>
<xs:element name="SCODE" type="xs:string" minOccurs="1" maxOccurs="1"/>
<xs:element fap_symbol" type="xs:string” minOccurs="1" maxOccurs="1"/>
<xs:element name="50il depth" type="xs:string” minOccurs="1" maxOccurs="1"/>
<xs:element name="Drainage” type="xs:string” minOccurs="1" maxOccurs="1"/>
<xs:element name="Texture_1" type="xsistring" minOccurs="1" maxOccurs="1"/>
<xs:element name="WHC" type="xs:string" minOccurs="1" maxOccurs="1"/>
<xs:element name="Landform” type="xs:string” minOccurs="1" maxOccurs="1"/>
<xs:element name="Erosion_1" type="xs:string" minOccurs="1" maxOccurs="1"/>
<xs:element name="Watertable" type="xs:string” minOccurs="1" maxOccurs="1"/>
<xs:element name="salinity” type="xs:string" minOccurs="1" maxOccurs="1"/>
<xs:element name="Assoc_dept" type="xs:string" minOccurs="1" maxOccurs="1"/>
<xs:element name="asso_drain” type="xs:string” minOccurs="1" maxOccurs="1"/>
<xs:element name="Asso_tex" type="xs:string" minOccurs="1" maxOccurs="1"/>
<xs:element name="asso_sros" type="xs:string" minOccurs="1" maxOccurs="1"/>
<xs:element name="Soil_taxon" type="xs:string" minOccurs maxOccurs="1"/>
<xs:element name="Soil order" type="xs:string" minOccurs maxOccurs="1"/>
<xs:element name="Soil_Tax_1" type="xs:string" minOccurs maxOccurs="1"/>
<xs:element name="Soil_ord_1" type="xs:string" minOccurs= maxOccurs="1"/>
<xs:element name="Area" type="xs:string” minDccurs="1" maxOccurs="1"/>
<xs:element name="Shape" type="xs:string" minOccurs="1" maxOccurs="1"/>
</xs:isequence
</xs:complexType>
<xs:element name="River_peoly" type="River poly"/>
¥<xs:complexType name="River_poly™:
¥ (X5iSequence>
<xs:element name="FID" type="xs:string” minOccurs="1" maxOccurs="1"/>
<xs:element name="RIPCODE™ type="xs:string" minOccurs="1" maxOccurs="1"/> SK Ghosh, S Ghosh
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XSD of logical data model of Bhuvan-ISRO Spatial Data Repository

This XML file does not appear to have any style information associated with it. The document tree is shown below.

¥axs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" >
<xs:element name="RIVER_258K" type="RIVER_258K"/>
voxs:complexType name="RIVER_250K™>
¥ <xsisequence
<xs:element name="FID" type="xs:string" minOccurs="1" maxOccurs="1"/>
¢xs:element name="O0BJECTID" type="xs:string" minOccurs="1" maxOccurs="1"/>
¢xs:element name="NAME" type="xs:string"” minOccurs="1" maxOccurs="1"/>
¢xs:element name="SHAPE_LENG" type="xs:string” minOccurs="1" maxOccurs="1"/>
¢<xs:element name="GEOMETRY" type="xs:string" minOccurs="1" maxOccurs="1"/>
</xs:sequence>
</xs:complexType:
<xs:element name="WB_VILL_CEN®1" type="WB_VILL_ CEN@1"/>
¥<xs:complexType name="WE_VILL_CENE1":
¥ <xsisequence
¢xs:element name="FID" type="xs:string" minOccurs="1" maxOccurs="1"/%
¢xs:element name="POPULATION" type="xs:string” minOccurs="1" maxOccurs="1"/>
¢<xs:element name="GEOMETRY" type="xs:string" minOccurs="1" maxOccurs="1"/>
</xs:sequence>
</xs:complexType:
<xs:element name="WB_WS" type="WB_WS"/>
¥oxs:icomplexType name="LB_WS">
¥ <xsisequence
<xs:element name="AISLUC_CODE" type="xs:string” minOccurs="1" maxOccurs="1"/:
¢xs:element name="GEOMETRY" type="xs:string" minOccurs="1" maxOccurs="1"/>
</xs:sequence>
</xs:complexType>
<xs:element name="WB_GM5@K" type="WB_GM5@K"/:>
¥oxsicomplexType name="LB_GMS@K">
¥ <X5iSequencer
¢xs:element name="FEATUREID" type="xs:string” minOccurs="1" maxOccurs="1"/>
¢xs:element name="DESCRIPTION" type="xs:string" minOccurs="1" maxOccurs="1"/:
¢xs:element name="GEOMETRY" type="xs:string" minOccurs="1" maxOccurs="1"/>
</xs:sequence’
¢/xs:complexType>
</xs:schema>
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Spatial Data Modeling

U Logical Data Modeling
U Logical Data Model to XMI and XSD

O Logical Data Model to Database Schema

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

O 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)

O 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

@ Kharagpur_Spatial - EA - 30 Day Trial

FILE EDIT WVIEW PROJECT PACKAGE DIAGRAM

©@ ) » / » Model » Class Model »

ELEMENT TOOLS AMALYZER  EXTEMSIONS WINDOW  HELP

Find Package

» ‘tg Class Diagram: "Class Model”

nga;; Model

N e 1 % <% | Default style

Soil_kap =

- TR A X

woolumns

“FPK FID: MUMBER(S)
S0O_CODE: NUMBER(E)
SO_MERGE: NUMBER{S)
CLASS: NUMBER{E)
DEFPTH: NUMBER(E}
TEXTURE: NUMBER(S])
ERCSION: NUMBER{E)
SLOPE: NUMBER{2)

CODE: NUMBER{E)

Map_symbeol: VARCHAR{10)
Soil_depth: CHAR{S0)
Drainage: CHAR(20)
Texture_1: CHAR{20}
WHC: CHAR{20)
Landform: CHAR{S0)
Erosion_1: CHAR{20)
Watertable: CHAR{20)
salinity: CHAR{20)
Assoc_dept: CHAR({Z0)
asso_drain: CTHAR{SO)
Asso_tex: CHAR{20})

eros: CHAR{20)

taxon: CHAR{S0)

order: CHAR{20)

Tax_1: CHAR{5D)

ord_1: CHAR{20})

Area: NUMBER{14,7)

Shape: SD0_GEOMETRY

River_poly =

«columns

“PHK FID: NUMBER{E}
RIPCODE: NUMBER{E)
RIWVNAME: CHAR{20}
SHAFE_Leng: NUMBER{10,5)
KED: NUMBER{E)
Shape_Le_1: NUMBER{12.8)
Shape_Area: NUMBER{14,7}
Shape: SD0_GEOMETRY

&P
+  PK_River_poly(NUMEER)

Lule_kgp %

sealumns

“Pi FID: NUMBER(S)
CBJECTID: NUMBER(E)
ATTRIBUTE: CHAR(S0)
LU_CODE: NUMBER{E)
Shape_Leng: NUMBER{10,5)
Shape_Area: NUMBER{14.7}
Shape: SDO_GEOMETRY

aPka
+  PH_Lulc_kgp{NUMBER})

Drainage_order =|

soolumns
P FID: NUMBER(E)
RILCODE: NUMBER(E)
RIVNAME: CHAR(20)
CRDSH: MUMBER(S)
Shaps_Leng: NUMBER{10,5)
Shape: SDO_GEOMETRY

HealthReport_GeoSMS

aFHn
+  PK_Soil_kgp(NUMBER)

P
+  PK_Drainage_order(NUMBER)

woolumne

“PK senderNumber: NUMBER{10)
senderAge: NUMBER{S)
senderGender: CHAR{1)
time: CHAR{20})
disease: CHAR{20)
severity: CHAR(S)
lecation: SDO_GECOMETRY

wP ko

+  PK_HeslthRepor_GeoSMS(HUMBER)

'S 1 B8
= @i Model
E
=)
e
=
Generate Source Code ... Ctri=Alt+K
Import Source Directory ... Ctrl=Shift+U
Import from source file(s) 3
Import Binary Module...
Import Resource Script
Synchronize Package with Code ... Ctrl=Alt+M

Generate DDL ...

Import DE schema fro 58 Generate DDL ...

Generate XML Schems for the current data model

Generate data definition code [DDL)

W E-E- TS

Extensions

Properties...
Properties Page
Linked Document...

Advanced

Specification Manager
View as List
View as Gantt

Relationship Matrix

Add a Model using Wizard...
Add a Package...
d Diagram...

d Element...

Import XML Schema...

Generate WSDL...
Import WSDL...

Reset Options for this Package ...
Reset DBEMS Options...

Clear Namespace Root

Live Code Generation

Languagi
Filename
- Project
I Advanc

Package Control

Copy / Paste
Mowve up
Move down
Contents

Find in all Diagrams...

Documentation
Code Engineering
Execution Analyzer
Import/Export

Set View Icon...
Delete "Class Model

Help...

— @Proper‘ties BNotes

Ctrl=Alk=D

Ctrl+Shift+X

Ctrl+Shift=M

Chrl+ U




DDL of Kharagpur-Spatial Data Repository

File Edit Search View Encoding Language Settings Macro Run  Plugins File Edit Search View Enceding Language Settings Macro Run  Plugins  File Edit Search View Enceding Language Settings Macro Ry
cHEHB 3 aldmEklocakl tx|BE| cHHBR A sHh et BE|I: HEHEB A4 Mkl |mial 4 s
= Intearated_#Mlxmi &4 =] Kharagpur_Spatial sql E:!| = Intearsted_¥Mlzmi &3 = Kharagpur_Spatial sql E!| = Intearsted_¥Mlxmi £ = Kharagpur_Spatial sql E!|

1 e 1 e A a3 5CODE NUMBER {2} ,

z - EFenerated by Enterprise Rrchitect Version 11.0.110& 2 -= Generated by Enterprise Architect Versiom 11.0.110& ed Map symbol

3 - Created On Thursday, 11 June, 2015 3 -= Created On : Thursday, 11 June, 2015 &5 Scil depth

4 - DEMS Oracle 4 -= DEMS : Dracle 1 Drainage

5 - T T 5 - T a7 Texture 1

& —— Drop Tebles, Stored Procedures and Views & —— Drop Tabkles, Stored Procedures and Views &8 WHC

7 DROP TABLE Drainage order CASCADE CONSTRAINTS: 7 DROP TABLE Drainage order CASCADE CONSTRAINTS; &3 Landform

=] DROP TABLE HealthReport GeoSMS CASCADE CONSTRAINTS: a DROP TABLE HezlthReport GecSMS CASCADE CONSTRATINTS: 70 Erosion 1

5 DROP TAELE Lulc_kgp CASCADE COMSTRAINTS: 3 DROP TABLE Lulc_kgp CASCADE CONSTRAINTS; T1 Watertable

10 DROP TABLE River poly CASCADE CONSTRATIHNTS: 10 DROP TABLE Riwver poly CASCADE CONSTRAINTS; T2 salinitcy

11 DROP TAELE Scil_ kgp CASCADE COMSTRAINTS: 11 DROP TABLE Scil_ kgp CASCADE CONSTRAINTS: T3 Rssoc dept

z -— Creste Tsbles 1z -—- Create Tables T4 asso drain

13 CREATE TABLE Drainage order 13 CREATE TABLE Drainage order 75 Asso_tex

14 =Nt 14 =Kt Te asso_eros

5 FID HUMBER (=) NOT NULL, 15 FID HUMBER (=) HOT WULL, 77 Scil taxon

& RILCODE HUMBER (2} , 1a REILCODE T8 Scil order

17 RIVHNAME CHAR (20} , 17 RIVHAME = Soil Tax 1
1& CRDSH HUMBER (2} , 18 ORDSH 80 Soil ord 1
13 Shape Leng NUMBER(10,5), 15 Shape Leng 81 REres NUMBER({14,7),
20 Shape SDO_GEOMETRY Z0 Shape SDO_GECMETRY &2 Shape SDO_GECMETRY
21 e I Z1 e 83 I
22 CREATE TABLE HealthReport GeoSM3 2z CREATE TABLE HealthReport GeoSMS a4 —— (Create Primary Eey Constraints
2z Ht zz  [Ht 85 ALTER TABLE Drainage_order ADD CONSTRAINT FPE Draid
24 senderNumber HNUMBER(1D) HNOT HULL, 24 senderNumber NUMBER(10) HOT NULL, =143 PRIMARY EEY (FID)
25 senderige HUMBER (Z) |, 25 senderhge NUMBER (E) , a7 USING INDEX
P senderFender CHAR(1), Ze senderfender CHAR(1}, 88 ALTER TABLE HeslthReport GeoSMS5S ADD CONSTRATNT PE|
27 time CHAR (20} , 27 time CHRR({Z0} , 859 PRIMARY KEY (senderNumber)
28 disease CHAR (20} , 2B disease CHRR({Z0} , 50 USING INDEX
25 severity CHAR () , 25 severity CHRR(Z) , 51 ALTER TABLE Lulec_kgp ADD COMSTRAINT PE Lulc_kgp
30 location SDO_GEOMETRY 30 location SDO_GECMETRY a2 PRIMARY KEY (FID)
31 e I 31 e 33 USING INDEX -

z CREATE TABLE Lulc kgp 2 CREATE TABLE Lulc_kgp 94 ALTER TABLE River poly ADD CONSTRATINT PE Riwver po
23 Hit 2z Hi 35 PRIMARY KEY (FID)
34 FID HUMBER (=) NOT NULL, 34 FID HUMBER (=) HOT WULL, 36 USING INDEX -

5 CBJECTID HUMBER (2} , 35 OBJECTID HUMBER{Z) , a7 ALTER TABLE Scil kgp ADD CONSTRAINT PE Scil kgp

& ATTRIBUTE 36 ATTRIBUTE CHAR({S0) , a8 PRIMARY KEY (FID)
37 LU _CODE 37 LU CODE HUMBER{Z) , 35 USING INDEX j;
38 Shape Leng 38 Shape Leng NUMBER(10,5}.
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DDL of Bhuvan-ISRO Spatial Data Repository

File Edit Search View Encoding Language Settings Macro Run  Plugins
cHEHB s E&|l smk|loe| iyl 2t x| BE

=l Integrated_XMlxmi t3 =] Bhuvan_ISRO =ql ﬂl

Window 7

1 ([EE| @D

B EBRGE| sk bl k|3

File Edit Search View Encoding Language Settings Macro Run  Plugins

=

1]

=l Intearsted_XMixmi &3 [=] Bhuvan_ISRO =gl I':‘ll

Window ?

S TED BB E| &

1 e 16 HAME CHAR (20} ,

z —-= Fenerated by Enterprise Architect Version 11.0.110& 17 SHAPE LENG NUMBER(:Z),

3 --= Created On Thursday, 11 June, 2015 18 GECMETRY SDO GECMETRY

4 -= DBMS Oracle 13 Sy

5 e 20 CREATE TAELE WB GMSOE

(1 —— Drop Tabkles, Stored Procedures and Views 21 =h

7 OROP TABLE RIVER Z50FK CASCADE CONSTRAINTS: 22 FEATUREID HUMBER (=} HOT NULL,

] DROP TABLE WE_GMSO0E CASCADE CONSTRAINTS: 23 DESCRIPTION CHAR({Z(D),

b DOROP TABLE WB_VILL CENO1l CASCADE CONSTRAINTS; 24 GEOMETRY SD0_GECMETRY

10 DROP TABLE WB_WS CASCADE CONSTRAINTS; 25 =i

11 —-- Create Tables 28 CEREATE TAELE WEB VILL CENO1

12 CREATE TABLE RIVER_ZS0K 27 =i

13 =1 28 FID NUMBER (=) NOT HULL,

14 FID NUMBER (=) NOT NULL, 23 BOEULATION NUMBER(E) ,

15 OBJECTID 30 GEOMETRY SDO_GEOMETRY

16 NAME 21 e I

17 SHAPE LENG NUMBER(Z), b CREATE TAELE WB_WS

ia GECMETRY SD0_GECMETRY 3z [Hi«

1% =) 34 RISLUC CODE NUMBEER (5) NOT NULL,

20 CREATE TABLE WEB GMS0E 35 GECHMETRY SDO_CECMETIRY

z1 Hit 36 S

2z FEATUREID NUMBER {=) NOT NULL, a7 -— Create Primsry Eey Constrsaints

Z3 DESCRIFTION CHAR({Z0), 38 ALTER TAELE RIVER Z50E ADD CONSTRAINT PE RIVER Z50E
24 GECHMETRY SD0 GECMETIRY 35 PRIMARY KEY (FID)

25 mt 40 USING INDEX

26 CREATE TABLE WB VILL CENO1l 41

27 =K Z ALTER TAELE WB GMS0E ADD CONSTRAINT PE_WE GMSOE
4} FID WUMBER (=} WOT NULL, 43 PRIMARY EEY (FERTUREIL}

29 POPULATION NUMBER(Z), 44 USING INDEX

30 GECMETRY S5D0_GECMETRY 45

31 =) 4@ ALTER TAELE WB VILL CENO1 ADD CONSTRAINT EE WB_WVILL CENOL1
22 CREATE TABLE WEB WS 47 PRIMARY KEY (FID)

22 [Hit ag USING INDEX

34 AISLUC CODE NUMEER({:) NOT NULL, 43

35 GECMETRY SDO GECMETRY 50 ALTER TAELE WB_WS ADD CONSTRAINT EE WB_WS
36 I 51 PRIMARY EEY (AISLUC CODE)

a7 —-- (Create Primary Key Constraints 52 USINCG INDEX ;|

38 ALTER TABLE RIVER Z50E ADD CONSTRAINT PE RIVER Z50E SK Ghd<h S Ghach




Demo | (Synthetic Dataset)

O Road [gid, road_name, road_km, road_type, geom]
O Rail [gid, track_type, track_km, geom]
L Hospital [gid, hospital_name, hospital_type, geom] Road —_—
O School [gid, school_name, school_type, geom] P s
O District [gid, dist_name, dist_perimeter, dist_area, 7 Rail
geom] River

O River [gid, river_name, river_km, geom]

School

Hocs)pital

District
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Sample SQL Queries Extract data from tables

SELECT * FROM hospital;

Data Output  Explain  Messages Notifications ~ Geometry Viewer Data Output  Explain  Messages Notifications ~ Geometry Viewer
gid hospital_n ., hospital_t geom

4 [PK]integer character varying (2) s character varying (16) 4 geometry E '|'

1 1 SH State 010100000000000... -

2 2 CH Central 010100000000000.. ™

3 3 PV Private 010100000000000..

SELECT * FROM district;

Data Output  Explain Messages Notifications Geometry Viewer

gid | dist_name . . dist_pgri . dist_afrea . geom a
4 [PK]integer character varying (6) smallint smallint geometry
1 1 DIST_1 [null] [null]  010600000001000...
2 2 DIST.2 [null] [null] 010600000001000...
3 3 DIST_3 [null] [null] 010600000001000...
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Spatial Query : Buffer

* Point Buffer Query
SELECT hospital_n, ST_Buffer(hospital.geom, 4)

FROM hospital;

* Polyline Buffer Query
SELECT river_name, geom, ST_Buffer(river.geom, 0.5)

FROM river;

Data Output  Explain Messages Notifications Geometry Viewer

river_name g geom a st_buffer a
4 character varying (2) geometry geometry

1 Ri 010500000001000... 01030000000100...
2 R2 010500000001000... 01030000000100...
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Spatial Query : Cross and Touch Operation

* Cross Operation
SELECT road.road_name, rail.track_type
FROM road, rail
WHERE ST_Crosses(road.geom, rail.geom);

* Touch Operation
SELECT b.dist_name
FROM district a, district b
WHERE ST_Touches(a.geom, b.geom)
AND a.dist_name = DIST_1;
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Spatial Query : Intersect Operation and Area—Perimeter Calculation

* Intersect Operation
SELECT d.dist_name, r.road_name
FROM district d, road r
WHERE ST_Intersects(d.geom, r.geom)
ORDER BY (dist_name);

 Area and Perimeter calculation of districts

SELECT dist_name, ST_Area(geom) AS Area,
ST_PERIMETER(district.geom) AS Perimeter

FROM district
ORDER BY ST_Area(geom) DESC;
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Spatial Query : Nearest Neighbor

* Nearest Neighbor Query

SELECT school.gid, school.school nam,
ST_Distance(school.geom, hospital.geom) AS distance

FROM school, hospital
WHERE hospital.hospital n ="'SH’
ORDER BY ST_Distance(school.geom, hospital.geom) ASC;
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Demo Il (IT KGP Dataset)

gid P r_name & start_pnt end_pnt P const_type
4 [PK]integer character varying (50) character varying (50) character varying (50) character varying (50)
1 110 NIT Main Road Puri Gate Prembazzar Pakka
2 226 IIT Main Road Puri Gate Prembazzar Pakka
3 375 IIT Main Road Puri Gate Prembazzar Pakka
4 383 Nursery Road Dreamland Super Duper Pakka
5 386 Nursery Road Dreamland Super Duper Pakka
no_of_lane type speed_lim direction geom
. . . ' . 4 a g
smallint character varying (50) smallint character varying (50) geometry
2 [nul 30 N-S 010500000001000...
2 [nul 30 N-S 010500000001000...
2 [nul 30 N-S 010500000001000...
2 [nul 30 EW 010500000001000...
2 [null 30 EW 010500000001000...

Data Output  Explain  Messages Notifications Geometry Viewer
gid _ & osm_id _ name _ amenity _ g 9eom a
4 [PK] integer character varying (254) character varying (254) character varying (254) geometry

1 6 [null] Indian Institute of Technology ... university 010600000001000...
2 3 7255545 TSG Lake Lake/Pool 010600000001000...
3 7 [null] New Wagon Shop Shop 010600000001000...
4 13 [null] Police Quarters [null] 010600000001000...
5 14 [null] Jubilee Park [null] 010600000001000...
6 22 _Inull VIKRAMSHIILA SCHOOL OF M. Tnull] (010600000001000..

road_network

kgp_poi




Spatial Query : Nearest Neighbor

* Nearest Neighbor Query

SELECT school.gid, school.school nam,
ST_Distance(school.geom, hospital.geom) AS distance

FROM school, hospital
WHERE hospital.hospital n ="'SH’
ORDER BY ST_Distance(school.geom, hospital.geom) ASC;
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Spatial Query : Areas of the Halls

Select name,geom, st_area(geom) as area from kgp_poi where

amenity="Hall of Residence' order by area;

Data Output  Explain  Messages Notifications Geometry Viewer

name . a 9geom a = area N a
4 character varying (254) geometry double precision Bﬂﬁ

1 Sister Nivedita Hall of Residen.. 010600000001000..  1793.7335926305623

2 Indira Gandhi Hall of Residence 010600000001000..  2570.7360038824245 & »

3 Mother Terese Hall of Residen... 010600000001000... 5195.289427014087

4 SAM 010600000001000... 7054.38867677244

5  Lal Bahadur Shastri Hall Of Re... 010600000001000... 9494.568795897754 =
6  Gokhale 010600000001000... 9540.358845181045

7 H.IR Hall of Residence 010600000NNTNNN 1N764 103362758730
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Spatial Query : Find the road segments within SOmeter of
Takshila [st_intersects and st_buffer]

select r.r_name,r.geom,kgp.geom from road_NETWORK r, kgp_poi
kgp where st_intersects(r.geom, st_buffer(kgp.geom,50)) and
kgp.name="Takshila Complex'

Data Output  Explain  Messages  Notifications  Geometry Viewer /K”/

r_name geom geom
| : Jo| Jo|
4 character varying (50) geometry geometry
1 [null 0105000020110F0.. 0106000020110FO..
2 [null 0105000020110F0... 0106000020110FO..
3 Ardeshir Dalal Avenue 0105000020110F0... 0106000020110FO..
4 Ardeshir Dalal Avenue 0105000020110F0.. 0106000020110FO..
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Spatial Query : Find the distance between CSE and student halls
[st_distance]

SELECT B.name, A.name, st_distance(B.geom, A.geom) dis

FROM kgp_poi B, kgp_poi A WHERE B.name='DEPT OF COMPUTER
SCIENCE AND ENGINEERING' and A.amenity='Hall of Residence'

order by dis; Data Output  Explain  Messages Notifications Geometry Viewer
name name dis
4 character varying (254) character varying (254) double precision

1 DEPT OF COMPUTER SCIENC... Indira Gandhi Hall of Residence 167.1834011325025

2 DEPT OF COMPUTER SCIENC.. Mother Terese Hall of Residen...  244.47008446460518
3 DEPT OF COMPUTER SCIENC... Bidhan Chandra Roy Hall of R... 255.22709207325013
4  DEPT OF COMPUTER SCIENC... SAM 294.1172468864576
5 DEPT OF COMPUTER SCIENC... Sister Nivedita Hall of Residen... 324.7456225175039
6 DEPT OF COMPUTER SCIENC... Gokhale 364.56701643152473

7 DEPT OF COMPYTFRSEIENT. . Raiendra Prasad Hall of Resid. . 385.08003716094558




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]

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
Qorking population (20-50yrs) greater shemn, 100k j




ETAL_ROAD| |

NONMETAL_ROAD | |

DRAINAGE O
acolumn»
*pfK dr_id: INTEGER
dr_name: VARCHAR(50)
shape: LINESTRING
ADMIN BLOCKS G
aFK»
+ FK_DRAINAGE_VILLAGE(INTEGER) «column»
«PK» *PK admin_id: INTEGER
block_name: VARCHAR(50)
PK_DRAINAGE(INTEGER -
. ind - | &) shape: POLYGON
windexn» : 2
admin_state: VARCHAR(50
+ IXFK_DRAINAGE _VILLAGE(INTEGEH) admin-dishictUARCHA{R{;ﬂ}

+FK_DRAINAGE_VILLAGE No. -

+

«PK»
PK_ADMIN BLOCKS(INTEGER

{dr_idi I "
VIl EK » maintains
+PK_VILLAGE) 1. 1 :
Fa
VILLAGE D
wcolumns

*PK vill_id: INTEGER

vill_name: VARCHAR (5(
shape: POINT 1

+

aPK»
PK_VILLAGE(INTEGER

SK Ghosh, S Ghosh

ROAD

=

acolumn»

*PK road_id: INTEGER

Shape: GEOMETRY

road_name: VARCHAR(50

road_type: SET
road_matenal: SET

+

aPK»
PK_ROAD(INTEGER)

ConnectedBy

+FK_CITIZEN_VILLAGE
+PK_VILLAGE3!dental
pe—"

Vi“_i.t‘-‘F K»

1 -

CITIZEN

*PK

FK
1

acolumns

citizen_id: INTEGER
age: INTEGER

edu: SET

gender. SET

occu: SET
mam_status: SET
residential: INTEGER

-

+

+

aFK»

«PKa»

aindexs

FK_CITIZEN_VILLAGE(INTEGER)

PEK_CITIZEN(INTEGER)

IXF K,,_CIT&ZEN_VILLAGEHNTEGEFT




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 i1d, V.vill _name FROM VILLAGE V, DRAINAGE D
WHERE OVERLAP(V.shape, BUFFER(D.shape,1000))=1
AND D.dr_name=*“R1”’;

SK Ghosh, S Ghosh



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 (20-50yrs)
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))==




EXAMPLE WITH REAL DATA

A

B

event-id visible

1442760
1442761
1442762
1442763
1442764
1442765
1442766
1442767
1442768
1442769
1442770
1442771
1442772
1442773
1442774

9
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TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE

- U

[

r

&

H

J N L I

timestamp location-Iclocation-lecomments ecbs:isensor-tygindividual-taxon-canonical-name tag-local-irindividual study-name

04:00.0 38.87065
03:00.0 38.92993
03:00.0 38.92914
03:00.0 38.93245
03:00.0 38.93511
04:00.0 38.93576
03:00.0 38.93766
03:00.0 38.94172
03:00.0 38.94081
03:00.0 38.92703
04:00.0 38.96854
03:00.0 38.9685
03:00.0 38.96831
02:00.0 38.96401
04:00.0 38.94022

-3.78818
-3.80081
-3.80073
-3.80076
-3.80006
-3.79968
-3.79954
-3.79895

-3.7843
-3.80612
-3.83329
-3.83394
-3.83457
-3.83185
-3.78442

24.06
32.25
35.56
32.25
30.69
36.13
29.56
29.56
34.13
31.56
33.75
34.69

33.5
33.69
32.31

gps
gps
gps
gps
gps
gps
gps
gps
gps
gps
gps
gps
gps
gps
Egps

Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo
Panthera leo

Lion trajectory data (source: MOVEBANK)

Latitude

#346658 Romeo  Tsavo Lion Study
#346658 Romeo  Tsavo Lion Study
#346658 Romeo  Tsavo Lion Study
#346658 Romeo  Tsavo Lion Study
#346658 Romeo  Tsavo Lion Study
#346658 Romeo  Tsavo Lion Study
#346658 Romeo  Tsavo Lion Study
#346658 Romeo  Tsavo Lion Study
#346658 Romeo  Tsavo Lion Study

Tsavo Lion Study

4.0%39

4178

2002-04-27 23:04:00

0 km Skm  10km

38.6°E

387°E 38.8°E 38.9°E 39.0°E
Longitude
Trajectory data: MOVEBANK | Projection: Geographic, WGS84

Names

N Romeo
Diana

B Kiboche



SPATIAL DATA -> DATABASE

* Method 1: Create UML - DDL - Execute (pgadming) = Tables/
schema create = Insert into ... (data source)
O ALTER TABLE your table ADD COLUMN geom geometry(Point, 4326);
O UPDATE your table SET geom = ST SetSRID(ST MakePoint(longitude,
latitude), 4326);

* Method 2: .shp file (PostGIS shape file import/ export manager) =
PostGIS [You can also connect PostGIS from QGIS portal]

D
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m QGIS for Peace

]

message of peace from the mmunity: We, the developers, contributors and community members of the roject view the

9 A f from the QGIS Col ity: We, the devel tribut d ity bers of the QGIS Project view th

E ongoing world events in Ukraine and other conflict areas around the world with great sadness. Our aim in developing QGIS has always
(% been to provide a powerful tool to support the creation of a just and humane society. We want to enable a world where every person has a
@ voice, the ability to express, and be secure in, their tenure in their homes, villages, towns, cities and countries. We hape tools like QGIS
: are used to the benefit of all citizens on earth, to support a sustainable environment, an orderly society and, in particular, to establish and
‘D - preserve sovereign dignity, security and freedom from oppression.
@ > We ask the leaders of the world to resolve their disputes peacefully, through negotiation and compromise, humility and deference to the
% citizens who are placed in your care. To the members of the QGIS Community that are caught up in this conflict, our thoughts and support
iz are with you, and we hope that you and your families are safe and that this conflict comes to a speedy end.
&~
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Project Templates
Layers ®
o i ®%T o v@d AL New Empty Project

EPSG:4326 - WGS 84
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CONNECT POSTGIS FROM QGIS

(2 Untitled Project - QGIS — o X

PennState

Project Edit View [EWEM Settings Plugins Vector Raster Database Web Mesh Processing Help

=N Eh Data Source Manager
O R g
‘_! @ \C ; WM Create Layer

& ) 0 F« Embed Layers and Groups...
Vov Overview Add from Layer Definition File...
'D Copy Style
Eg Paste Style
,Q Copy Layer
{% Paste Layer/Group
@ Open Attribute Table
‘Q - Toggle Editing
@&~ Save Layer Edits
=) Current Edits
(Va X Save As...

\C N Save As Layer Definition File...

["1 Remove Layer/Group
e Duplicate Layer(s)
« 3 % T Set Scale Visibility of Layer(s)
Set CRS of Layer(s)

Set Project CRS from Layer
Layer Properties...

Filter...

Labeling

Show in Overview

o0 Show All in Overview

Z Hide All from Overview

T| »

Ctrl+L ~ I:b {% T mvy
i’ sl (el — BN )
\J; Add Vector Layer... Ctrl+Shift+V
'a Add Raster Layer... Ctrl+Shift+R
ER Add Mesh Layer...
9, Add Delimited Text Layer... Ctrl+Shift+T
+ Add PostGIS Layers... Ctrl+Shift+D

/4 Add Spatialite Layer... Cirl+Shift+L
R Add MSSQL Spatial Layer...

F6 [T, Add DB2 Spatial Layer... Ctrl+Shift+2
@, Add Oracle Spatial Layer... Ctrl+Shift+O
[} Add/Edit Virtual Layer...
@ Add WMS/WMTS Layer... Ctrl+Shift+W
@ Add ArcGIS MapServer Layer...
€23 Add WCS Layer...

Ctrl+D % Add WFS Layer...
%7} Add ArcGIS FeatureServer Layer...

Ctrl+Shift+C

Ctrl+F

A Type to locate (Ctrl+K)

Coordinate -478237,4728683 % Scale 1:418697 ~

& Magnifier 100%

= ) Ym

Processing To... @&
Heaoa »
L Search...
(9 Recently u...
@ Cartograp...
(2 Database
(2 File tools
Q@ Graphics
@ Interpolat...
Q@ Layer tools
(2 Network ...
Q Raster an...
Q Raster ter...
(2 Raster toals
Q Vector an...
(2 Vector cre...
Q Vector ge...
Q Vector ge...
(@ Vector ov...
(@ Vector sel...
(2 Vector table
o GDAL
& GRASS
& PostGIS G...
- qgis2web
» & SAGA

v Y ¥ Y ¥ Y Y ¥ Y VY VY Y Y VYT VYT VY VY VY VY ww

%V Render @ EPSG4326 @

2:48 AM
9/2/2022




=] | ] A <
D LT EJ l‘. I L Q Create a New PostGIS Connection X T
- | | - O
(! @ V’c ﬁ rﬁ Fo Connection Information } m - T
& b DR 4l [ rowser Connections Name  demokgp |
Overview . 4 Vector - — | Genvice Processing To... B®
voc | postgis 8 Bwa o= =
. . Host localhost i
m CHEEE Connect || New Edt || ré "o OEhOS B
- P N | port 5432 \ Search...
¢ Mesh | I T
ﬁ% Schema ~ Table b ildlife-d fi > O Recently u...
% & Delimited Text B | DalabaseSwildlife-demo - » @ Cartograp...
VA % GeoPackage =tk bl h » Q Database
@ o Authentication » @ File tools
I‘ e s Configurations Basi ’ Q Gtaptiics
asic
Qu h @ PostgreSQL » @ Interpolat...
@ - W, MssaL Choose or create an authentication configuration r @ Layer tools
@ No authentication b b G Network ...
= “ Orade r @
(\,{3 - Configurations store encrypted credentials in the QGIS + Raster an...
v Da@,, DB2 authentication database. » @ Raster ter...
ol -
i m Virtual Layer » @ Raster tools
&2 WMs/WMTS r G Vector an...
layers " SLAE | Test Connection ‘ r ( Vector cre...
o 0l &% T 6w _:e‘;—' WCS Only show layers in the layer registries » @ Vector ge...
’ C
g WFS Don't resolve type of unrestricted columns (GEOMETRY) Q Vector ge-..
AIGIS M Only look in the 'public’ sch - i
= Arc ap ——
ga - s nly look in the 'public' schema b @ Vector sel..
SRIvar Also list tables with no geometry » @ Vector table
ArcGIS Feature q | Use estimated table metadata » ;‘ﬁ GDAL
S | .
=l Also list tables with no geometry Allow saving/loading QGIS projects in the database ’ @ GRASS
L4
# GeoNode Search options ‘ b & PostGIS G...
i » 3% ggis2web
| 4 SAGA
| oK Cancel Help ,‘ @
™ N £
2 Type to locate (Ctrl+K) j Coordinate| -480526,4734296 | Scele|1:418697 ~ (@ Magnifier 100% | %/ Rotation [0.0° 3|V Render @ EPSG:a326 @

2:50 AM
Clear . ¢ . ‘ . . \ 9/2/2022
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Q Intitled Project - QGIS

N RS A2l aP

\! @ v ﬁ L (3 Data Source Manager | PostgreSQL
] e
@ 8 O PX W Browser Connections
Overview \va ;

v - ¢ Vector demokgp

- _ le
= « Raster Connect | New Edit || Remove
] :‘!: Mesh

[#] a
°  Delimited Text Schema Table ‘Comment

+} 2 ¥ public
/ﬁ’; S# GeoPackage public lion-data
4] f‘; Spatialite public liondata

ublic lionpath

(T ':: PostgreSQL " .

@R~ ), MSsQL

(’\_fav

@

“4 Oracle

08 pB2

m Virtual Layer
&3 wmswmts
£ wes

4 WFS

Layers

o @l % T 4«

ArcGIS Map
* Server

-, ArcGIS Feature
¥ Sarver
Also list tables with no geometry

# GeoNode Search options

Column
geog

geog
geny

Set Filter

> =P M.

x B

b4
Load Save
Data Type Spati
Geometry s
Geometry 2
Geometry S
»
Close Add Help

Q Type to locate (Ctrl+K) | Table retrieval finished.

BHE,
Clear

Coordinate -480526,4734296 | 8% Scale 1:418697

L]
€

& Magnifier| 100%

< Rotation 0.0°

Processing To... @&
a0 = »

170}
8
=

—

(~) Recently u...
Cartograp...
Database
File tools
Graphics

Interpolat...

DOV

! Layer tools
Network ...
Raster an...
Raster ter...

DO

b
3

»

b

b

»

3

3

b

»

4 Raster tools
» (2 Vector an...
4 G Vector cre...
» (& Vector ge...
¥ (@ Vector ge...
4 G Vector ov...
¥ (Q Vector sal...
» (X Vector table
» 3 GDAL

b & GRASS

» & PostGIS G...
(-3 qgis2web
r & SAGA

% V| Render & EPSG4326 @

2:50 AM
9/2/2022
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£2 3] & mport Layer/File... [E Export to File...

Providers Info | Table Preview
» 8 GeoPackage . ' & Import vector layer X
» @ Orade Spatial pl.l blic
+ @ postals
_ . Input hd
~ & demokgp Schema details
+ @ public Import only selected features Update options
Owner: postgres
geography_columns | comment:  standard public schema
geometry_columns Output table
lion-data ivi
=, inleges Schema | public v
liondata -
= User has privileges:
lionpath Table v
ial ref = create new objects
- e5) spatial ref_sys * access objects )
» 5 postgis Options
r 5 view q :
Primary key id
v/ Spatialite
N v* Virtual Layers Geometry column |geom
Source SRID EPSG:4326 - WGS &
Target SRID EPSG:4326 - WGS 8
Encoding UTF-8

Replace destination table (if exists)
Do not promote to multi-part
Convert field names to lowercase
Create spatial index

Comment

oK Cancel

2:52 AM
Clear 9/2/2022

13°C -y | : 2 ) *i}




E DB Manager
Database Schema Table

’;: a Import Layer/File... a Export to File...

Providers
4 @ GeoPackage
» @ Oracle Spatial
« @ rostais
~ E demokgp
v & public
geography_columns
geometry_columns
lion-data
liondata
lionpath
spatial_ref_sys
» B postgis
r B view
v/ Spatialite
4 V_ﬂ Virtual Layers

BHE,
Clear

Info Table

lionpath

General info

Relation type:
Owner:

Pages:

Rows (estimation):
Rows (counted):

Privileges:
Fields

# Name

1 gid

2 tag-local-

3 begin

4  end

5 geog
Constraints

Name

lionpath_pkey

Indexes

Name
lionpath_geog_idx

Preview

Table

postgres

2

3

3

select, insert, update, delete

Type Length  Null
int4 4 N
varchar (254) Y
varchar (254) Y
varchar (254) Y
geography (LineString,4326) Y

Type Column(s)

Primary key  gid

Default Comment
{FUNCEXPR :funcid 480 :funcresulttype 23 :funcretset false :funcvariadic false :funcformat 2 :funccollid 0 :inputcollid 0 :args

({FUNCEXPR :funcid 1574 :funcresulttype 20 :funcretset false :funcvariadic false :funcformat 0 :funccollid 0 :inputcollid 0 :args

({CONST :consttype 2205 :consttypmod -1 :constcollid 0 :constlen 4 :constbyval true :constisnull false :location -1 :constvalue 4 [

93810000001}) :location -1}) :location -1}

select * from etoshaelephant where gid="1";

Column(s)
geog

select st_buffer(etoshaelephant.geog, 40) from etoshaelephant

where gid="1";

2:54 AM
9/2/2022
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Estimate Accurate Traffic Status:

Identify pickpocket suspects! Intelligent Path Recommender

Forecasting City Crowd Travel Demand Prediction:
Behaviour ! Optimized Resource
f Allocation
o0
@ S Optimized Traffic ' =
S ‘&b . Transferring Mobility
S = Planning :
= S Knowledge to another Region:
:5 o ‘ Better Urban planning
72 :
25 Personah.zed Travel-Planner/ Smart-City Planning Effective Land-Use Planning /
- > Security enhancement .
= o Business Settlement
St
s 9 .g Location Based Services
=D Automated Vehicle (nearest Restaurants/ Petrol Stations/ Wildlife migration --
Routing Emergency centers) Sustainability

—

— v¢
v

e S e

@ Urban Sensing thru’ data acquisition
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SPATIAL INFORMATICS - FROM DATA PERSPECTIVE

v'The first law of geography

v'Coordinate System

v'Uncertainty

v'Modifiable Areal Unit Problem



SPATIAL INFORMATICS - FROM DATA PERSPECTIVE
v'The first law of geography (Waldo R. Tobler, 1970)

Everything is related to everything else, but near things are more
related than distant things

Q: whether or not features with similar values are clustered, randomly distributed or
dispersed

¢ Features were
random|y distributed ..

popu\aﬂon
densﬁry maSP
of the U
would look

Spatial autocorrelation can be defined as like +his

the measure of the degree to which one
object is similar to other nearby objects.

. elevation map
of the US
would look.

like this

9
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SPATIAL INFORMATICS — FROM DATA PERSPECTIVE

Coordinate System




SPATIAL INFORMATICS - FROM DATA PERSPECTIVE
v’Uncertainty

[ Spatial data are based on measurements
[ Spatial data are inherently prone to error

0 Spatial data analytics is stochastic, i.e., probabilistic

Bank Account
S 5000

Deterministic

N Trajectory

9
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SPATIAL INFORMATICS - FROM DATA PERSPECTIVE

v’Uncertainty

The red region is flooded at the precipitation rate of

’ 1 inch/hour for 3 hours

The red region is expected to be flooded at the
precipitation rate of 1 inch/hour for 3 hours at the
confidence level of 95%

PennState .



SPATIAL INFORMATICS - FROM DATA PERSPECTIVE
v'Modifiable Areal Unit Problem

Same basic data yield different results when aggregated in different ways

= Scale Effect: Analytic difference depending on the size of units used

= Zoning Effect: Analytic difference depending on the way of
aggregation

D
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SPATIAL BIG DATA

1 Spatial Big Data exceeds the capacity of commonly used spatial
computing systems
due to volume, variety and velocity

 Spatial Big Data comes from many different sources

satellites, drones, vehicles, geosocial networking services, mobile devices,
cameras

[ A significant portion of big data is in fact spatial big data

&, 3 V’s: Volume, Velocity and Variety

PennState



TYPES OF SPATIAL BIG DATA

e Taxi, truck — vehicle trajectory

* Public transportation card transac
* LBSN check-in (twitter, facebook...:
* Geo-tagged photos

* Weather data

* Earth observing satellite images

8 PhotoVideo El Photo/Video Album

i g®

PennState .



IMPORTANCE
OF SPATIAL

BIG DATA

Accessibility Analysis to Emergency Room

Accessibility Index
W 100%~50%
. 90%~80%
B 50%~70%
3 70%~60%
[ 60%~50%
] 50%~20%
[0 40%~30%
B 30%-~20%
I 20%~10%
W 10%-0%

037575

150 25 300

Accessibility Index
I 100%-90%
B 50%-80%
I 80%~T0%
D 70%~60%
[J60%-50%
CO50%-40%
[ £0%-30%
§ 30%-20%
. 20%-10%
. 10%-0%




Spatial Big Data

N
/* Spatia tha aeéds he capac:ty of monly usedspatial
computing systems die to velgci -
2 " i .
. Source*' "‘s' o) R =

¢

al efficiencyy® .,,h
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Tracking endangered species... Wildlife analytics

)/Iovebank a free online database of animal tracking data

o nﬂ‘ L S




African elephanis in Etosha National Park

Wildlife data analysis e

- (Rl’nwe ide
' traj s

o P ol

( classify wildlife category from input
at afé‘ efmost eontributin and how

| Y

'y

do the

10N

-

s LY
[oMidO we capture co

Trag@ciory catar MOVERANS | Projection Geographic, WGSa4

2005-03-20 16:03 14

1 Research Quest

1iona

Y 2 - . -

" . ? - '.'. ; \_\‘\ : p . - 48.00°H
b . J "~ 3 & 4 . 46.02°N
= K P 7 | .-;.i,‘"", . 4 01
WV 1 ge Cap ] ¢ -:-\“‘ g"!.}. ) 46.01°H

| mining and A ¥
|li1 ; 5. "o, i B ﬁ

[ o : r
t 53 distance metric toM i

EuroDeer_ Roe deer in Italy Study

okm Tkm . Zkm

Narmes

-
-
-

-7

- s
LAt
w2
=LA -
-
- AL B

LATE

- a3
-y
-y

Names

- agosting MO 3
Danigla FO3.

EE Aessandra F10.

W= Sandro MOS

W Deame M10.

” Computat

L3

" . . 1
o | 1 _ r—
: X - N . W06E  MO0E  10FE 106°E 1

4 ,
y 1.4E 108
- g . ! - ' v ’ Longilude
s { - . N Tragectory oata. MOVEBANK | Brojection Geographic, WGSES
t: Lio fos - : | : a s o
r L ! ; a = 8
- [ 3 : ' a
A e i e . ' s Y L
/ . ¥, Sed ;
. b '
.
- -
\ .

PennState

11108




S
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ECO-ROUTING

Nex SCLICLALT IS SECI ' eco; ,i ndly routing on your Googlel\é

PP

OgIe.com/ maps/answer /114702372
L]
A58
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Alvis Miguel Valeno
Terremoto de 8 7 ¢

DETECTING
EXTREME
EVENTS

,

PennState

H Terremoto &1

marisol rodrigquez
Terremoto en Chile

e Earthquakes

e Wildfires

e Flooding

e Other calamities

How to detect

e Built-in motion detectors in mobile phones
e Using unstructured data sets can be used such as tweets

(.9, deria Se 1S

unan
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Big data system?

Map

k-

Shuffla

Reduce

— il

L MapReduce consists of two
distinct tasks — Map and Reduce

O First is the map job, where a
block of data is read and
processed to produce key-value
pairs as intermediate outputs.

O The output of a Mapper or map
job (key-value pairs) is input to
the Reducer.

U The reducer receives the key-
value pair from multiple map
jobs.

O Then, the reducer aggregates
those intermediate data tuples
(intermediate key-value pair)
into a smaller set of tuples or
key-value pairs which is the final




How to start?? o~




Average of a set of integers

ﬂﬂ,z f ,:],0}5 0] Assume, we are tal‘ﬁ;lg 3 mapper nodes and 1 reducer node
L . .

(]

Mapping

Shuffle and Sort

5 ~
‘\? 1 “l‘v.

‘. as 1 gt
! 1.,
- » 4 T
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Average of a set of integers

N
ﬂo,z f
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Assume, we are taki?lg 3 m&pper nodes and 1 reducer node

.f--

15%2 + 35%2 + 50*1 =150
= 242+1=5
150/5=30
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15%2 +35*2 + 50*1 =150
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TAXI TRAJECTORY ANALYSIS FOR FINDING PICK-
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TAXI TRAJECTORY ANALYSIS FOR FINDING PICK-UP HOTSPQOTS

map(0bje &y & alue & C =
String(] str a ng() .split(
(str. Check format on each record
@ lLat = ¢.valuelf(str[108]
double lng = Double.valuedf(str(®)): _ _
status er.value str(&]
at > 37.42 &6 lat < 3 214
&6 Ing > 126.76448 &6 1ng < 127.18386
56 ALl = L_{
context.write| Te mykey) 2 alue
b - - i S N
System ntln + value
' catch (Excantion e) { N
Y sl e Check the conditions before
2y L &N el L L L% QeLNYSS At | |

implement map tasks with
} key CarlD

© O
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TAXI TRAJECTORY ANALYSIS FOR FINDING PICK-
UP HOTSPOTS

Reduce Class
public static class ReduceClass extends Reducer<Text, Text, Text, Text> {

public void reduce(Text key, Iterable<Text> values, Context context)
throws IOException, InterruptedException {

try (Conpection myCommecticn =gel spSgllomoc i 4 — — — — — — — — -
for/(Text val : values) {

|
| double lat = Double.valueldfi{str[18]);

|
IString[] str = val.toString() .split(","); I
I
I
| double lng = Double.valuelf(str(9]); |

I

$tring rs = find RoadMatching(myConnection, 1ng, lat); -,
context.write(null, new Text(val + .  + rsid:
}
} fﬂ;‘“tfi“fﬂf'ﬂﬂr;n:{‘i{{ﬂ_' Implement Map-Matching
} TR - and write the result to HDFS
}
}

@
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USE-CASES:

LOCATION BASED
SERVICES/ MOBILITY
ANALYTICS
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|  geographically dispersed region?
N 3. When and how to compare these regton—of-mterest?

= - I : i “..--l B e =
User Category Precision Recall Precision
Undergrad Student 0.75 0.75 0.78

Grad Students 0.846 0.95 0.9 0.82

Crad Students (Research 0.6315 0.545 NA NA
Scholars)

Employees/ Professors 0.555 0.625 0.62 0.56

Non-Residential Students 0714

0.714
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_ Information
" Retrieval

v Lecture-hall
F/ 1\

r
¥

e m . POI |
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[ / * staysat visit <t> visit <t> I visit <t>
boundingBox | \ / : “
| \ Y

£ | connectedBy User
[ Polygon P 7 h l

e visit <t> Trip-purpose
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Edge- POl - ! AN/ [\ ‘
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isA i Hangout A
hasVariation . : W S\

-t e 2 ~J LN Opening/closing e \ ; F/1\Y
o - ' o ¥ \
Flexible - . : ;

1

GPS

) { ) ( Student/ Faculty/ - )
o B ; footprint
Schema - ; (T 2} W )
- - - — — Features of POls in a ROI

Individual Users' movement patterns
— GPS footprint — Varies with temporal span and contexts
— Semantic labels — Extracts mobility-based semantics
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Label: Return at
Residential Place

Label: Commuting to
Workplace

Label: Commuting to
Sports Complex

(a) An Example Scenario

Commuting to
Workplace

|

Discard the output at each time-step

of trajectory

I

(b) Adaptation of basic Encoder-Decoder structure

At Starting pomt

Return at Residential

Commurting to
Sports Complex

At end point off
trigeciory

Commuting to
Commercial Area

Commuting; t
Workplace
Commuting to
Sports Complex
Commuting to
Commercial Area
Return at
Residential Place

Teacher Forcing Strategyis Adopted




-
D,: Road Network Available Available
Structure
G: Individuals’ GPS trace Available Few Available
(without semantics)
D3: Labelled GPS Trace Awvailable Not Available
Dy: Aggregated Movement Available Available

Flow

Learning Target - Identification of POIs

and Semantic labels
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150000 | | Lis: Travellin.g—outstation “W 03| |
Li4 Commuting to restaurant |
| | Li15: Commuting to cafeteria 1 0.2 E
Lis: Chat with peers |
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Academic Building

Hospital

Student Hall

ATM

Residence (Staff)

Bank

Student Canteen

Guest House

Auditorium

Library

Department

Sports Complex

Restaurant

Medical Store/ Center
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Rule Id Rule template

Mobility event M, is followed by mobility event M,
MAR, timeVal(t) A POI(p) = travelD(c,p,t) :

The travel demand of a region largely depends on the timestamp value and the place type information
MAR, travelD(c;,r;, t;) = footPrint(c;,r;, t;) A travelD(cy, 1. &)

Travel demand in a particular region impacts footprint density and generate travel demand in other regions
MAR, locTraversal(dis, S, D) = context A timeVal(t) :

Location specific information of a taxi trip effects the context information, such as fare amount and trip time

o i o
i

by

_ STsupp(¢(ry, t;) A y(1;, 1))
- STsupp(¢p;(r;, t;))




Time-buckets each of 15 mins for 24 hours
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Placeld Frequency Timeslot

Frequency Timeslot

08.10-08.20

Timeslot

Trajcectoryld

08-08.15

08.20-08.25

Trajgz, Trajyo,,
Trajs,,

Frequency Timeslot

10-10.15

8 10.20-10.30
Trajy,, Trajs,,

Traje,,, Trajy.y 10.15-10.20

Frequency Timeslot

1t level Hash table /‘
Multiple levels of Hash-tables to store the

sequences of moves

Frequency Timeslot

274 level Hash table:
Sorted based on Spatial Locality
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— || Spatial: Road network
| || structure and POI placement

/| Spatio-temporal: Direction of

|| road-segments (One-way/ bi-
|| directional based on temporal
|| slot)

| L on mobility events

( Construction of graph based

| Spatio-temporal: Variation of

travel-demand / mobility
events

| Nodes: Mobility events

Edges: Temporal value

— | Spatio-temporal: Movement
~ 7 | dynamics

Nodes: Mobility events and
entites

Edges: Mobility association
rule




HR+ tree I
SET]
TrajStore EEEE
R2-p2 C—
MARIO NN

Execution Time (s)

Range Query (1000) T-Query (1000)

Number of query




ST-ANN

DeepST
ST-ResNet 0
MARIO C—

ROME
Taxi Data Set




MR, : TimeStamp(T, A T;) A Weekday = travelDemand(High, R, ) 028  0.867

(
MR,: TimeStamp(T, A T,) A Weekday = travelDemand(High, R,) 021  0.785
MR,: TimeStamp(T; A T,) A Weekday = travelDemand(High,R,) 0.182 0.843
MR : TimeStamp(T, A T, A T;) A Weekday = travelDemand(High, Rs) 0.145 0.874
MR;: TimeStamp(T, A T, A T;) A Weekend = travelDemand(High, R, ) 0.128  0.902
MR : Trip — duration(small) A TimeStamp(T,toT,) = noOfTrips(high) A Region(R, ,R,,R:) 023  0.821
MR, Trip — duration(small) A TimeStamp(T, A T,) = noOfTrips(high) A Region(R,) 024  0.876
MRg: Trip — duration(large) A TimeStamp(Ty A T,) = noOfTrips(small) A Region(Rs, Ry) 0.206 0.743
MRy: Trip — duration(large) A TimeStamp(T, A T3) = noOfTrips(small) A Amount(High) A Region(Rg A Ry) 032  0.870

MR,,: Trip — duration(small) A TimeStamp(T,toT,) = noOfTrips(large) A Amount(Medium) A Region(R, A R, A R;)




USE-CASES:

SPATIAL BIG DATASYSTEM - CLOUD-EDGE-FOG
ARCHITECTURE
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Trajectory data pre-processing Trajectory data Modelling

Trajectory Trace =
e
e

Building Spatio- I Trajectory Trace
temporal Index Geotaggin

P

Input trace o
. Tm]-ClDUd Trajectory Trace Processing

Traffic Information e Trajectory Information
j— retrieval
e ——— | Traj-Cloud Services r
| v |
thru’ data acquisition TS,: Trajectory Trace Indexing Service Spatio-temporal Range
TS2: Trajectory Map-matching Service Que Processing
L4

TS53: Trajectory Query processing Service
Trajectory-based Query
Processing

Interface to Traj-Cloud on GCP

Google Cloud
Platform({GCPF
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' Cloud servers

—

_ﬁ_-e._\

‘ ToT device

within the coverage of RSU (V) RSU sends result. to

e : — the device
3.1.1 RSU sends result to (( D )) (i) |
Small scale processing the device Sends request to

3.1.2
[oieeeitesessesseccccococoocooooooooo pearest RSU
( ))) —_— RSU processes — Device not present within
IoT device sends ! data | the coverage of RSU ll’”)

data

High end processing 3.1.2.1 ‘

; Ci‘ 3.2 RSU forwards request
N 2.2 Cloud processes : rwards :
: (( data l
ig
1 ;r-__{_—-\-?\ 7777777777777777777777777777777 l(m)
4.1.2 a | i

Movement pattern : Cloud sends
RSU sends result to Cloud stores the | Analysis result to RSU
the device result l :
51 ; | o
Device not oresene s ' indate : Movement behaviour ; O Signaling and
i e‘l’llce rift present . RSU sends feedback |“F 5 modelling : actuating for
! — !
| within the coverage o ‘ to Cloud 5 : i emergency
predLCted RSU | ' l
\ ! 1| U Context-aware
Location sequence | Recommendation
FER ) 4.2\ Cloud sends result to — pred.icti?)n :
predlcted RSU 4 : O Resource
T o * Movement analysis . management
! computation over Cloud Applications




USE-CASES:

LOCATION AWARE INTERNET OF HEALTH THINGS (IOHT)



:| NHAI |[SRO I
| National Agencies ',M_S(L’

Health-care |
Personnel

SDI Deployment
on Fog nodes )))

= >)) ‘\G ) e i)

Manages information dai
(health-data, cases, pal:lenl = ta
hospital-data) of the region

-
i

Health-care Services
Personalized Health checkup
Information Store

Fog Layer

Data and Health
Service Providers

Real-time
Feedback

Data Collection/ Sensing Processing,

a..

- Metadata/ Catalog

Health Data

Nearby Fog device-s-- Provide Data and Service Mobility
store metadata Publish Cloud Servers store | - ]j;)

information data and analyze

Edge Layer

Retail & Recreation (%) == Grocery & Pharmacy Stores (%)
0 — —Residential (%) == Transit Stations (%) L
e PATKS (%) —\\Orkplaces (%)

Percentage of change of mobility

-100
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(March 25) (May 04) (June 08) (Aug 01)




SPATIAL DATA INFRASTRUCTURE

U Search and discovery of spatio-temporal o
E andardization of
services and information efficiently and with Distributed and | DRl
L. . Hierarchical Data Mining m“““
minimal manual inference

O Reducing data duplication among the national
agencies (government) and eliminating false
information by capturing and sharing reliable
data

Efficient Data
Retrieval

SYSTEM
ARCHITECTURE

U Heterogeneous data sharing in seamless

manner
Mobility and | ' User Data |
i i i i ¢ Contextual | i UserData |
[ Data integrity and privacy conservation ;m.‘i'iiiiﬁ‘;i'-m - Security at |

{ Edgeand !
i Cloud Level |

Validation/ Training and Testing H
Accuracy

STOPPAGE: Spatio-temporal data driven cloud-fog-edge computing framework for pandemic
[a monitoring and management Shreya Ghosh, Anwesha Mukherjee, Soumya K. Ghosh, and
Rajkumar Buyya. Software: Practice and Experience (2022) ‘

PennState



STRUCTURAL MODEL OF INTEGRATED GEOSPATIAL INFORMATION

FRAMEWORK INTHE CONTEXT OF COVID-19 PANDEMIC

Governance

Risk Governance and Strategy and
Crisis Management Measures

Financial Aids
P to Citizen

Mobility+Context+COVID-19

(__,l suonearddy H $3DIAIRG I[edH |

Technology
i Acquisition and TEt'l'lllOngiCal Heter:ngjnelnr
Management Advances | Interoperability
. X i
;:::'_::'_::___._.: VGI L,-.....______:_:;::_._..:_:_______::::_...______________::'_:__............::::..............:::::‘

: Capacity and Communication
LRI And Engagement
i ity Training and User Engagement

Community
- Awareness

Participation
_——

I User-assistance in COVID Emergency I I Easy Access to Information and Resources I

Socio-economical Revival Strategy post-COVID era

UOREIUP]
jodsioy

Ghosh, S., & Mukherjee, A. (2022). STROVE: spatial data infrastructure enabled cloud—fog—edge computing framework for combating
'a COVID-19 pandemic. Innovations in Systems and Software Engineering, 1-17. '

PennState
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