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Obiective

* Intelegerea arhitecturii sistemelor GIS
* Intelegerea metodelor de modelare a datelor geospatiale
* |dentificarea functionalitatilor comune in sistemele GIS
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* Introducere in GIS

e Arhitectura unui sistem GIS

D

* Concepte geografice fundamentale

r

.I * Modelarea datelor geospatiale
* Platforme GIS — ArcGIS, Open GIS

gg e Studiu de caz — QGIS

2

* Analiza datelor geospatiale
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Ce este GIS?

GIS - Sistem Informational Geografic, este o colectie de
componente hardware si software, destinata achizitiei, stocarii,
actualizarii, prelucrarii, analizei si afisarii informatiilor geografice,
cu implicarea factorului uman

Rezolvarea
—>» problemelor
concrete

Vizualizare pe
harta

Bazadedate ——>
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Scurt istoric

1854 John Snow a realizat prima reprezentare pe harta a unui fenomen —
epidemia de holera din Londra

1854 — 1960 Dezvoltarile ulterioare sunt inca limitate de tehnologie

1960 - 1975 Au fost puse bazele domeniului, dar aplicatiile erau disponibile doar
pentru companii si universitati si necesitau echipamente scumpe

1975-1990 Jack Dangermond, Co-Fondatorul Esri a dezvoltat primul sistem GIS
pentru uz comercial

1990 -2010 Sistemele GIS au fost adoptate la nivel guvernamental, oferind servicii
publice orientate catre cetateni

2010-2018 Dezvoltarea sistemelor GIS online, si a programelor GIS open-source
Prezent Sistemele GIS devin omniprezente prin tehnologii si aplicatii mobile
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De ce GIS?

* GIS este un domeniu R
interdisciplinar

Remote " mDatabase

sensing I I anagement

Computer-aided
design

* Sistemele GIS presupun o gama
larga de integrari: baze de date,
servicii software, sisteme
hardware, interfete grafice
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Arhitectura T
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Arhitectura sistemelor GIS

Arhitectura GIS pe 5 niveluri
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Arhitectura sistemelor GIS
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Arhitectura sistemelor GIS

* Domenii de aplicabilitate rrr—————— .
* Sisteme de suport decizional
* Analiza mediului inconjurator

* Dezvoltarea planurilor
urbanistice

e Agricultura si silvicultura
* Resurse naturale

* Transport

Demografie
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Arhitectura sistemelor GIS

* Organizarea unui proiect GIS
* Proiectare harta
e Gestionare baze de date
* Programare aplicatii
* Analiza geospatiala

e Surse de date GIS

 Masuratori de teren, tabele, foi de
calcul

Digitizarea hartilor tiparite
(scanare, vectorizare)

Fotogrametrie (fotografii aeriene)

Imagini satelitare, aeriene
(clasificare)

GPS (coordonate geografice)
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Arhitectura sistemelor GIS

Data source Data layers
Street data R

-~
v
Builgings data

v

Veggta‘tion data

v

Integrated data

Source: GAO.
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Concepte generale
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Concepte generale

* Date geospatiale: date geografice-spatiale

* Georeferentiere: corespondenta dintre un punct reprezentat pe harta
si coordonatele geografice reale

* Topologie: ramura a matematicii utilizata pentru a defini relatiile
spatiale dintre obiecte, pe baza proprietatilor de adiacenta si

conectivitate

Fully Con

......‘(»’;w
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Concepte generale — date geospatiale

» Date geospatiale: date geografice-spatiale
» Date geografice/spatiale — localizarea obiectelor
* Date descriptive — caracterizarea obiectelor

 Metadate — caracterizarea datelor geospatiale: titlu, rezumat, autor, zona
geografica, proiectie cartografica, etc.

(Re)utilizare date
locale

Accesare date
publice

Cautare date —>» M S

e

» Integrare date

Colectare /
achizitie de date
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Concepte generale — georeferentiere

* Locatie, directie, distanta
* Geocoding: maparea locatiei specificata prin adresa
* GPS (Global Positioning System)

cuskaomners
| HAME ADDRESS CITY S
¥ | Ace Market 1171 PEDMONT AVEMNE | ATLANTA |G
J Andresw's Gasoling | 1670 PEACHTREE 5T ME | ATLAMNTA
J AP Supermat] ket 4505 BEWERLY RD ME Gy
J Atlanta Market 241 16TH ST My ATLAMNTA |Gy

4

Address —»
Locator &

7 visible satellites
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Concepte generale — georeferentiere

* Sisteme de coordonate
* Coordonate geografice
e Coordonate carteziene
* Coordonate proiectate

* Proiectii cartografice - clasificare
e Conforme — pastreaza nedeformate unghiurile
* Echivalente — pastreaza nedeformate suprafetele
* Echidistante — nu deformeaza distantele
* Azimutale — harta mentine directii precise

45°

Latitude Longitude

(North/South) (West/East)
90°N

=

0°

45°

j Equator [EY

90°s
Latitude varies from 0° Longitude varies
at the equator to 90° from 0° at

North and South at the Greenwich to 180°

poles East and West

17/ 42



Concepte generale — georeferentiere

* Punctele, liniile si poligoanele indica pozitia si forma
obiectelor geografice
» Sistem geografic de coordonate
» suprafata sferica 3D — pamantul
e punct: latitudine (paralele), longitudine (meridiane)
* Sistem proiectat de coordonate

e 2D — harta — punct (x, y)
e 3D — spatiu virtual — punct (x, vy, z)

A\ (ly)

Latitude
(North/South)
90°N
=
0° Equator
45n j

90°S
Latitude varies from 0°
at the equator to 90°
North and South at the
poles

Longitude
(West/East)

Longitude varies
from 0° at
Greenwich to 180°
East and West

9aR |
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Concepte generale — georeferentiere

* Proiectii cartografice — Mercator

* Proiectie conforma — mentinerea
proprietatilor unghiulare (estul va fi situat
intotdeauna la 90 de grade fata de nord)

* Paralele, meridiane

* Lungimea unui minut de latitudine este Ik k
echivalenta cu o mila marina: buna pentru dRSARERENEY -
navigatie ' & NERRE _

* Distorsioneaza formele si dimensiunile, in & b Lasbatet| .
special spre poli (e.g., Africa pare a fi la fel ,\_r“"““f /
de mare ca Groenlanda — este in realitate T
de 14 ori mai mare)
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Concepte generale — georeferentiere

* Cum se calculeaza distanta dintre 2 pozitii geografice
reprezentate pe harta? — Formula Haversine (distanta
pe suprafata sferica — suprafata pamantului)

getHaversineDistance(xA, xB) { A

earthRadius = 6371;

phiA = xA.lat * Math.PI / 180; " \
phiB = xB.lat * Math.PI / 180;

deltaPhi = (xB.lat - xA.lat) * Math.PI / 189;
deltalLambda = (xB.lng - xA.lng) * Math.PI / 180;

. . 0
arc = Math.sin(deltaPhi / 2) ** 2 + haver5|ne(e) = Sln2 (—)
Math.cos(phiA) * Math.cos(phiB) * 2

Math.sin(deltalambda / 2) ** 2; . - . 2 Agp—A4
2t sindettatanbda /:2) a = sin? (M) + cos(¢,) * cos(¢p) * sin? 24
line = 2 * Math.atan2(Math.sqrt(arc), Math.sqrt(1 - arc)); 2 V[_ 2

c =2 * arctan
Vi—-a

distance = 6371 * line;
return distance;

} d=R*c
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Concepte generale — topologie

* Topologia descrie spatiul din perspectiva conectiv

* Exemplu: harta de metrou din Londra
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Concepte generale — reprezentare pe harta

Titlu
Legenda: reprezentarea simbolurilor folosite
Sageata nordului: orientarea hartii

Scara de reprezentare

a) (1 centimeter represents 250 meters)

w 1: 25 000

0 1000 2000 3000 4000 meters

| _____ B I

c)

Acreditare: informatii despre autor, data
Graticule / Grid: paralele, meridiane

Denumirea proiectiei cartografice

Title. Common map elements

0.01 degree

1
North arrow /
/

Scale bar

.
S ""\.- LT N
Map border  _——""Tal T

Acknowlegment

-32.09| Data

Rivers
Ri

—=== Other Access
........... Track Footpath
Spotheigts

Source: GIS for Educators

oads

-32.10|

-32.11
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Modelarea datelor geospatiale
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Modelarea datelor geospatiale

e Date geospatiale

» Date geografice-spatiale - pozitia si forma
obiectelor (puncte, linii, poligoane)

.o i .. . Cunostiinte
» Date descriptive - informatii despre obiecte (context)
(atribute, valori) 9
* Operatori specifici K Informatii

. o . (semnificatia datelor)
* Operatii de baza cu date geospatiale

* Vecinatate, intersectie, distanta

i

Date
(observatii directe)
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Modelarea datelor geospatiale

Reprezentarea raster Reprezentarea vectoriala
R v
Lumea reala
H R
R 8
R |R
R H yal
R T|T ?ﬁ
R T|T
poligon
R

*"4'9 https://customer.precisely.com/s/article/Raster-and-Vector-Data-What-s-the-Difference?language=en US
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https://customer.precisely.com/s/article/Raster-and-Vector-Data-What-s-the-Difference?language=en_US
https://customer.precisely.com/s/article/Raster-and-Vector-Data-What-s-the-Difference?language=en_US

Modelarea datelor geospatiale

* Modelul de date geo-relational

Caracteristica\Model

Reprezentare

Acuratete

Procesare
Stocare

Colectare

Raster

Spatiul este reprezentat prin celule
rectangulare uniforme, fiecare
celula avand o valoare asignata
(obiectul situat in acea pozitie)

Forma obiectelor depinde de
rezolutia celulei (nivelul de zoom)

Calcule simple — Map Algebra

Spatiu mare de stocare — pixeli

Senzori (imagini aeriene, satelitare,
harti scanate)

Vectorial

Obiectele sunt reprezentate avand
o delimitare bine definita in spatiu
(puncte, arce / linii, poligoane)

Forma obiectelor este bine definita
indiferent de nivelul de zoom

Calcule mai complexe —analiza
grafurilor

Spatiu mic de stocare — obiecte

GPS (coordonate geografice)
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Modelarea datelor geospatiale

* Reprezentarea datelor geospatiale
 Straturi (layers) — delimitarea contextului

» Geocodificare (geocoding) — identificarea
unei locatii pe baza unei caracteristici (de
ex. adresa)

* Care dintre straturile din imagine sunt
cel mai bine reprezentate in format
raster / vectorial?
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Modelarea datelor geospatiale

* Reprezentarea datelor in format raster

Caracteristici\Reprezentare Discret Continuu Boolean
Valori :
Reprezentare . . Valori reale 0/1
intregi
Unitati Temperaturi .
e e o . . Inundatii
Utilizari posibile admin. Umiditate .
o . Incendii
teritoriale Elevatie
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Modelarea datelor geospatiale 9

aNp.
e Reprezentarea datelor in format vectorial

 Forma unei entitati este reprezentata de o geometrie: unul sau mai multe
noduri interconectate

/ Vector Point Feature \

/ Vector Polyline Feature \ / Vector Polygon Feature \
<

(

sixe-A
-
>
1
\h]
=,
w
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Modelarea datelor geospatiale ’g

P\

* Reprezentarea datelor in format
vectorial

* Transpunerea entitatilor geografice in
format vectorial
* Puncte (copaci)
* Poli-linii (rauri, drumuri)
* Poligoane (case, terenuri)
* Este important sa tinem cont de scara
atunci cand alegem formele geometrice?
* Putem reprezenta un oras ca un punct?
e Dar o cladire?

>\




Modelarea datelor geospatiale ’9

A o

* Reprezentarea datelor in format vectorial — procesul de digitizare
* Este importanta scara in procesul de digitizare?

¢ - QuantumGIS - 1.0.0-Kore EasternCapeScaleDifferences v oA x # * Quantum GIS - 1.0.0-Kore EasternCapeScaleDifferences

File Edit View Layer Settings Plugins Tools Help HleSEdicE View it ayer§ Seltings)Piugins3ionis ¥ Help
T REd oRRPLP P S LR &®Q T REHdoRRPRP S wRw®Q

ZLL008ACd RO PPD W - ZLLO0ACERROPAE DN -
BaalRaae’ro PRXE=29KRK 2 » 9 FRaXaea’o PRE2=292RK 2 » 9
Legend B T ; 5 Lege é Bx

"
kK
N

B,
18.0525,-33.1349 | Scale |['1:50000

i te avail le“ “x Render ‘ A

18.1248,-33.1445 ‘ Scale H 1:50000

ot ]| @ rerce i),

- Digitizing in ArcMap
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https://www.youtube.com/watch?v=HktRckn2hRc&ab_channel=GeoDeltaLabs

Modelarea datelor geospatiale ’9

PN
* Reprezentarea datelor in format vectorial — procesul de digitizare

Ce putem face cu aceste date?
* Analiza spatiala
e Cate terenuri se afla in
vecinatatea drumului principal?

e Care este lungimea drumului ce
trece prin padure?

e Care este nivelul de impadurire
a zonei traversate de drumul
principal?
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Modelarea datelor geospatiale

e Reprezentarea datelor in format vectorial
e CSV (.csv)
* GeoJSON (.geoJSON)
 KML — Keyhole Markup Language (.kml)
Shapefile (.shp)
Esri Layer File (.lyr)
e Geography Markup Language (.gml)

P
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Modelarea datelor geospatiale

* Reprezentarea datelor in format vectorial — CSV

* Format tabelar
e Coloane (atribute)

* Randuri (elemente)

Groups Content

Created: Mey 5,2014  Updated: Dec 23,2014 Numbser of Downloads: 93,502

AutoSave alex predescu (AP
Fle  Home Insert  Pagelayout  Formulas  Data  Review  View  Help £ search 1% Share 2 Comments
[jj X Calibri Jn YA A b General | | [E Conditional Formatting~ | &8 Insert ~ 3 v e g
. @~ « $~% 9 | EEromatasTablev &% Delete ~ v PO~ by

aste - jeas

) B I U~ i+~ - Eo o8 0 [ Cell Styles ~ [ElFormat~ | &~
Clippoard 15 Font 1) Alignment ~ Number ~ Styles Cells. Editing Ideas ~

(7) osstsiepaTa L0ss Some features might be lost if you save this workbook in the comma-delimited (.csv) format. To Dot show again = x

preserve these features, save it in an Excel file format.

ALl M £ | OBIECTID <
A 8 [ D 3 F G H J K L M N o [~

1 [oBiecTiD]NAME  ADDRESS CITY STATE  ZIP PHONE

2 1 Hilo High {556 Waiar Hilo HI 96720 (208) 574-4021

3 2 Holualoa | 76-5957 M Holualoa HI 96725 (808) 322-4800

4 3 Honaunau 83-5360 M Captain C¢HI 96704 (808) 328-2727

5 4 Hookena 86-4355 M Captain C(HI 96704 (808) 328-2710

6 5 Kau High£96-3150 PiPahala  HI 96777 (808) 313-4100

7 6 Kaumana 1710 Kaun Hilo HI 96720 (808) 974-4190

8 7 Kohala Ele 54-3609 Al Kapaau  HI 96755 (308) 889-7100

9 8 Waiakeaw 2420 Kilau Hilo HI 96720 (308) 981-7200

10 9 Hilo Inter1 587 Waiar Hilo HI 96720 (808) 974-4955

n 10 Keaau Mic16-565 KeiKeaau  HI 96749 (808) 982-4200

12 11 Pahoa Hig15-3038 PtPahoa  HI 96778 (808) 965-2150 -

EmergencyShelters 28229 @ ] v
Ready i W = 1 + 100%

ided by the
public schools,
E Public Schools
mergency
fpwaii, Office of
idated using the

by | New :

4

@@ https://www.ietf.org/rfc/rfc4180.txt

bekkyzy  commented 7 manthe ago

Thats fantastic

Alaxandru Predescu
slexpredescu

Overview

Details

Size: 2Kk8

* ¥k

Owner
@ Learn_AncGIS

Tags

Credits (Attribution)

Office of Planning,

Honolulu, Hi. 96804

# Edit

te of Hawaii, PO Box 2359,
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https://www.ietf.org/rfc/rfc4180.txt

Modelarea datelor geospatiale

{

* Reprezentarea datelor in format vectorial - IFZ{Z?J}"ei?it”rec"”e"“"”"'
GeolJSON e Featre
o "type":"Point",

* Are la baza formatul JSON }"tcyopordmate;":uoz-o. 05]

 Contine tipuri de reprezentare definite ca P orop0 et
Feature sau FeatureCollection ?}

* Contine tipuri predefinite pentru pe Feature’
reprezentarea entitatilor geografice: puncte it
(Point), linii (LineString), poligoane (Polygon), 1030, 10]

.e . . . [104.0, 0.0],
colectii geometrice (MultiPoint, (050,10
MultiLineString, MultiPolygon, ) ertos
GeometryCollection) IOPO" Ve

}

}
]

@9 https://www.rfc-editor.org/rfc/rfc7946 }
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https://www.rfc-editor.org/rfc/rfc7946

Modelarea datelor geospatiale

e Reprezentarea datelor in format vectorial

— KML (Keyhole Markup Language)

* Are la baza formatul XML

* Este utilizat in Google Earth

* Contine tag-uri specifice: name, description,
coordinates

» Utilizeaza tipuri predefinite pentru
reprezentarea entitatilor geografice: Point,
LineString, Polygon

e Contine grupuri de reprezentare diferite:
Placemark, GroundOverlay

@9 https://developers.google.com/kml/documentation/kml tut

<kml xmIns="http://www.opengis.net/kml/2.2">
<Placemark>
<name>Simple placemark</name>
<description>Attached to the ground. Intelligently places itself
at the height of the underlying terrain.</description>
<Point>
<coordinates>-
122.0822035425683,37.42228990140251,0</coordinates>
</Point>
</Placemark>
</kml>
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https://developers.google.com/kml/documentation/kml_tut

Modelarea datelor geospatiale

@ Google Earth x BEE

<« > C @ earth.google.com/web/@41.73624277,17.81708794,-463.42513157a,2467

Reprezentarea datelor in format vectorial
— KML (Keyhole Markup Language)

© Google Esrth x  + v - & x

€>C B h. @44.4358788: 5089505,89.027682622,820.049053424.35y.42.00073216h,54.49813037L.-Or 2 %« M a0 #
i : _ Bourg .
,/&\""(A-’Kadswre

1 Suasbourg 4

Metrou
Spre laborator

EG403

Spre cantina POLITEANICA”
Cantina UPB - - \ din Bucuresty

Make a new project

Create beautiful presentations by marking places
on the globe.

"‘+ Create project in Google Drive

larseille

Create KML file

N "
Automaticaky

N

~Girona.

lona

o™ 10d ISI Dema.kml

https://earth.google.com/web/
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https://earth.google.com/web/

Modelarea datelor geospatiale

Value Shape
* Reprezentarea datelor in format vectorial — 0 Null
Shapefile 1 Point
* Format binar dezvoltat de Esri 3 Polyline
* Contine mai multe tipuri de fisiere: > Polygon
. .Shp (geometrie) 8 MultiPoint
* .shx (indexare)
o .dbf (atribute)
Context Header Record header & Record data
Description | Filecode | Unused | Fielength | Version | Shapetype | 078 | LS | RS | ERE | RS | shapetype | 000
Bytes 4 20 4 4 4 32 16 16 4 4 4 N

@{9 https://www.esri.com/content/dam/esrisites/sitecore-archive/Files/Pdfs/library/whitepapers/pdfs/shapefile.pdf
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https://www.esri.com/content/dam/esrisites/sitecore-archive/Files/Pdfs/library/whitepapers/pdfs/shapefile.pdf

Modelarea datelor geospatiale

* Baze de date
geospatiale

e SGBD capabil sa
gestioneze date
geospatiale

* Reprezentare
* Interogare

* https://gistbok.ucgis.or
g/bok-slide/spatial-
gueries

n Performing a spatial query in QGIS

point © line polygon .
point Equal * Touch _ & ° *—¢ | Touch )
(o]
Disjoint , Disjoint _ ~* Contain (o) Disjoint [ ©
S Equal% intersect ®‘\i @\.
o g Touch, Intersect .—Sl.
g | line - contain e—s—s-e
]
& '\' o n contained by e—e—ee Touch \Q
8 Disjoint _ et
= (o] ouc —9
-] f
E Disioi ’ o Disjoint =" \‘/5
= joint ‘ '\.
m <]
Equal Q]
Touch § | Intersect [ o}, @’@ Overlap [ (] Adjacent :D
olygon
i Contained by Touch [ -® Contained by @
L1 | Disjoint ] e | Contained by [+, Contain [[]")
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https://www.youtube.com/watch?v=WfMvc-4jERM&ab_channel=CWUGeography

Modelarea datelor geospatiale

* Formatul de stocare a datelor geospatiale — ARC/INFO (Esri)
* Model vectorial pentru reprezentarea informatiilor geospatiale
* Model relational al bazelor de date pentru reprezentarea atributelor

* Topologie ARC — NOD: arcele sunt determinate prin noduri, poligoanele sunt
construite prin arce

* Conectivitate (liste de perechi de coordonate X, Y + liste de triplete ARC, FROM-NODE,
TO-NODE)

» Definirea ariei (relatia POLIGON-ARC, liste de arce ce definesc frontierele)
* Sens (relatia STANGA-DREAPTA, directia fiecarui arc)

40/ 42




Intrebari?

(D
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Bibliografie

* The history of Geographic Information Systems (GIS)
* The Remarkable History of GIS

* An Overview of GIS History

* Essentials of Geographic Information Systems

* Essentials of Geographic Information Systems: Geographic Concepts

e Curs aplicat privind utilizarea aplicatiei informatice QGIS in silvicultura

e GIS and Environmental Monitoring

* Geographic Information Systems (GIS) for Disaster Management

* Introduction to Geographic Information Systems (GIS) Software: An Open Source Lecture #GIS #Maps

* What is Geographic Information Systems (GIS)?

e Vector vs Raster: What’s the Difference Between GIS Spatial Data Types?
* @IS File Formats

e The Components of GIS Evolve

* About geocoding a table of addresses
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https://www.bcs.org/articles-opinion-and-research/the-history-of-geographic-information-systems-gis/
https://gisgeography.com/history-of-gis/
https://nobelsystemsblog.com/an-overview-of-gis-history/
https://saylordotorg.github.io/text_essentials-of-geographic-information-systems/index.html
https://saylordotorg.github.io/text_essentials-of-geographic-information-systems/s05-02-geographic-concepts.html
Curs aplicat privind utilizarea aplicației informatice QGIS în silvicultură
https://link.springer.com/book/10.1007/978-3-319-53086-4
http://gisfordisastermanagement.com/#datasets
https://www.youtube.com/watch?v=jgbTosOPU-U&ab_channel=GIScience
https://gisgeography.com/what-gis-geographic-information-systems/
https://gisgeography.com/spatial-data-types-vector-raster/
https://library.carleton.ca/guides/help/gis-file-formats
https://www.gislounge.com/the-components-of-gis-evolve/
https://desktop.arcgis.com/en/arcmap/latest/manage-data/geocoding/geocoding-a-table-of-addresses-about.htm
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