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Agenda

Geographic Information System (GIS)
GIS Software

Download and Installing QGIS Software — Open Source and Free
Map Services

Imagery Map and Georeferencing

Create a Road Network on Top of GIS

Import a Road Network from OpenStreetMap into SUMO




Introducing GIS

Reference:
https://desktop.arcgis.com/en/arcmap/latest/map/projections/what-are-map-projections.htm

Roads

Land Use

Boundaries

Water

Elevation

Imagery



Example: Network Modelling Study

Figure 2.1: SUMO model of the simulated network including three intersections.

Schrader, M., & Bittle, J. (2024). A Global Sensitivity Analysis of Traffic Microsimulation Input Parameters on Performance Metrics. IEEE Transactions on Intelligent
Transportation Systems.



GIS Software

‘ﬁ}m Google Earth Pro

@ ArcGIlS Pro ‘ ; QGISs

Open Source and Free



Installing OGIS

QGUIS Project Community Resources & Download _a

1. OGIS.ORG and Download
2. Skip It and Go to Download

3. Long Term Version for Windows
((Free and open source )

Spatial without
Compromise

One-Time Monthly

| €2000 | [ €5000

\ €100.00 | | € 250.00 \

Offline (Standalone) installers:

Latest Version for Windows (3.42)

Long Term Version for Windows (3.40 LTR)

: . . :
_ ‘ Latest Version for Windows (3.42) with Qt6 (experimental) ‘

?ther methods. more Info CUR v ‘ Long Term Version for Windows (3.40) with Qt6 (experimental) ‘




Map Services

1. Menu bar - Plugins - Manage and Install Plugins
2.Not installed - on Search Bar - QuickMapServices -
Install Plugin

3. Main Manu =2 QuickMapServices = ESRI - ESRI Satelite

Database BWUEN Mesh Processing Help
MetaSearch N |
] + QuickMapServices (‘| |_Ellg-lis(lﬂ?a o » @] i D9 i @\;S Iﬁ%
M AutoNavi » Q
b Bing »
8 ESRI Artificial Sky Brightness

) GeoQ » | g ESRIBoundariesPlaces
5 Google » | gl ESRI Gray (dark)
< Here WeGo » | g ESRI Gray (light)
() Mapbox » | @ ESRI JerseyBase
& NAsA » | g ESRI National Geegraphic

# CartoDB » | g ESRI Ocean

« BasemapAT » | g ESRI Physical
4y Stamen » | g ESRI Reference Overlay
H uscs | ™ ESRI Satellite
&) Waze » | g ESRI Shaded Relief

9 Yandex » | g ESRI Standard
» 05Mm » | g ESRI Terrain
€0} Search QMS i ESRI Topo
[{:- Add to Search | ESRI Transportation
@) Set proper scale
@ Settings
{3 About QMS

(2} *Untitled Project — QGIS
Project  Edit

DB B kXl

View Layer Settings

Wector

Raster Database

%+ Manage and Install Plugins...

Web Mesh Processing Help

3 &

. Python Console

Ctrl+Alt+P

rily W 4 P e L FEOTE OAOFY

(2 Plugins | Not installed (1471)

. quickmapservices

& MapTiler
JuickMapServices

Upgradeable

Imvalid
Install from ZIP

Settings

QuickMapServices

Easy to add basemaps and

geoservices

Easy to use list of services and search for finding datasets
and basemaps. Please contribute new services via
https://gms.nextgis.com. Developed by NextGIS. Any
feedback is welcome at https://nextgis.com/contact

V77777077 1999 rating vote(s), 7919695 downloads

Tags

More info

Author

Available version (stable)

1

Upgrade All

wfs, wms, openstreetmap,
osm, service, tms, geojson,
internet, gms, basemap

homepage bug tracker
code repository

NextGIS

0.21.1 updated at 2025-03-

04 5:34 AM Eastern Standard
Time

I Install Plugin I

Cloze Help




Imagery Map and Georeferencing

4. Zoom In to an Intersection With High Resolution Imagery by ESRI
5. Alternatively, Find an Intersection in Google Map - Right Click - Copy and Paste the
Coordinate into QGIS Status Bar 2> Type to Locate = Press “Enter”, It shows a Red Dot on Top

of Map = Zoom In

43.80954, -79.12925

Share this location

| Directions from here

~ Directions to here

| What's here?

Search nearby

= N Pprint
s

| Add a missing place

Add your business

Report a data problem Zapr™

Measure distance




Imagery Map and Georeferencing

4. Select the Box and Press Enter to Reappear the Red Dot

b [ C\Users\ahmad\Downloads\PRISM_ppt_stable_dki
»+ |7 spatial Bookmarks

¥ [&] Home A :
» [7 CA (Windows) g o %
» [ DA (Data) gE 5 3

@ GeoPackage 7

£ Spatialite & S

W@ PostgresaL
il SAP HANA

¥ 0 ravontes (S o F
b [ C\Users\ahmad\Downloads " ‘ _ W . i =
™ 3 B > R
sl Ly - \
v . W i

5y STAC
B M5 50L Server
@ Oracle
o R .
4 »
Layers @=
v G®ET-FRD
~ v " ESRI Satellite

I QU 64634, -79.12924949624175 € | I Coordinate | 65088564, 54358617 | ¥ Scale | 1:995




Imagery Map and Georeferencing

5. Try Different Map Provider like Google Map, Bing

ESRI Google Map




Imagery Map and Georeferencing

4. On The Right Side - Processing Toolbox - 5. Select Arrow = Click the Arrow - Select “Draw

Convert Map To Raster on Map Canvas”

Processing Toolbox I (]
¥ A (0 = &,
{, Search

» (L) Recently used

b ) 3D Tiles

r 3 Cartography Q Raster Tools - Convert Map to Raster it

b () Database

b '[:'} File toals Parameters Log ' c‘:nvert map tg raster

b G GPS B N

¥ (2 Interpolation Minimum extent to render This algorithm rasterizes map canvas content,

» (2 Layertools h\—JT & map theme can be selected to render a

b G Mesh Buffer around tiles in map units [optional] Calculate from Layer » -':Eals_lt]ﬂ: for

¥ ) Network analysis Calculate f L M < map
0.000000 alculate from Layou a *

r @ Plots y P ers in the

b () Point cloud conversion Tile size Calculate from Bookmark ¥

» Q Point cloud data management 1024 F: Use Current Map Canvas Extent lly be

b ) Point cloud extraction

¥ () Raster analysis

¥ () Raster creation 100.000000

b () Raster terrain analysis
| > () Rastertools I

4% Align rasters

l o Convert map to raster | [Not selected] s
E Fill NoData cells Layers to render [optional]
4t Generate XYZ tiles (Directory)
3 Generate XYZ tiles (MEBTiles)
Vector analysis Output layer

Vector coverage [Save to temporary file]

Map units per pixel [optional]

Make backaround transparent

Map theme to render [optional]

0 input(s) selected

::E:z: ;:::rzr v | Open output file after running algaorithm
Vector geometry
Vector overlay
Vector selection | 0% Cancel
Vector table
Vector tiles
GDAL

b GRASS

ChuickO5M

Advanced = | |Run as Batch Process... Run | Close Help

_o¥o¥o¥ololofofolo

- |
|



Imagery Map and Georeferencing

6. Change “Map units per pixel” from 100 to something small:
0.25 (* 25 cm/pixel, nice aerial detail)

0.5 (50 cm/pixel)

1.0 (1 m/pixel, lighter file)

Q Raster Tools - Convert Map to Raster x
b
Parameters | Log Convert map to raster
Minimum extent to render = This algorithm rasterizes map canvas content.
B08820.7623,-8808409.0717,5435867.2077,5436160.6779 [EPSG:3857] | | B |~ A map theme can be selected to render a
sl round s map s Fpona
N : R i -
0000000 @ [2]] | [l Set o the wabe ayers nthe set et be
Tile size rendered.
1024 e The minimum extent entered will internally be extended
to a multiple of the file size.
Map units per pixel [optional]
||-0.25b090 € |5
Make background transparent
Map theme to render [optional]
[MNot selected] -
Layers to render [optional]
0 input(s) selected
Qutput layer
[Save to temporary file] =
v Open output file after running algorithm
-
0% Cancel
Advanced ™ | | Run as Batch Process... Run Close Help




Imagery Map and Georeferencing

7. In the “Raster Tools” window 8. In the “Layers” panel

d You should see output similar to the screenshot on U You should see the resulting layers as shown on

the left. the right.

Layers |
() Raster Tools - Convert Map to Raster et 4 T T I
< L . 3 -
* W 2 QOutput layer [
Parameters | Log Convert map to raster B ond | (Red)
GI5 version: 3.40.4-Bratislava
EGIE EE&:ﬁ.‘;._.isiDn‘: _Héftiigggg This algorithm rasterizes map canvas content, = :ﬁﬂj ; E:lreejﬂ:l
wermimme © 16 17 an ue
S_Eﬂ'.zllfl.c.;fciJE:I.T.J';1 175 A map theme can be selected to render a = 7 " ESRISatellite
CDAL "F_;rciuz-n' - ‘l'l.l 2' predetermined set of layers with a defined style for "
GEOS '.'EI'::iI:-I'll' o 1;' 0-CAPI-1.12.0 each layer. alternatively, a set of layers can be
PRO;"'EI';iC'l'I" F‘i;al ‘,';',: ] Declemllz-:al' ist. 9024 selected if no map theme is set. If neither map
PDAL version: 2.8, 3 (git-version: 56e405) th?metru:u; l.‘?.m.‘llleg IS_SEE E!" ;he visile layers in the
Algorithm started at: 2025-03-17T13:31:59 sEbestent il be rendsred.
ihlgc;:rrthm E:"‘f"ert map to raster starting... The minimum extent entered will internally be
{np':':,;':rf;"fl s extended to a multiple of the tile size,

'-2208851 . €96200000, —-22023408 035555555 5435255 _10235000
00,543€170_.671200000 [EPS(:3857]", "EXTENT BUFFER’

0, "LAYERS' : Hone, 'MAKE BACEGROUND TEANSDRRENT'
False, 'MAD THEME' : None, "MAD UNITS DER DIXEL"

0.25, "OUTPUT' : 'TEMPORRRY OUTPUT', 'TILE SIZE"

1024 }

Execution completed in 0,06 seconds
Results:

OUTPUT: C:/Users/ahmad/bpplata,/Local /Temp/
processing ZGsAUh/abc4le8ce7454c2e80bdbs7cfed0balef
OUTPUT . tif

Loading resulting layers
Algorithm 'Convert map to raster’ finished

CEE

Complete Cancel

Advanced = | |Run as Batch Process.. Change Parameters | | Close | Help



Imagery Map and Georeferencing

9. In the “Layers” panel

4 Right Click on “Output Layer” - Export =

Save AsS

&) Zoom to Layer(s)
‘:'?, Show in Owvernview
Copy Layer
Rename Layer
;ﬁ:_f? Zoom to Mative Resolution (100%)
Stretch Using Current Extent
3 Load Raster Attribute Table from VAT.DEF
] Duplicate Layer
[l Remove Layer...
Move to Bottom
Change Data Source...
Set Layer Scale Visibility...
Layer CRS

Styles
Add Layer Motes...
Properties...

10. Save Raster Layers as

1 Click Three Dots

 Pick a File Name and a Directory - Save

Output mode '@ Raw data

Rendered image

b Mest
b ) Netw
[ (2 Plots

2 Doin:

(@ Save Layer As *
y

Format GeoTIFF - Create VRT
File name

Layer name

CRS EPSG:3857 - WGS 84 / Pseudo-Mercator b

w Extent (current: layer)

West |-5308851.6962

North |5436170.6712
East |-8808339.0962

South |5435658.6712

Calculate from Layer = || LayoutMap * || Bookmark =

Current Layer Extent Map Canvas Extent

w Resolution (current: layer)

® Horizontal |0,25 Vertical |0.25 Layer Resolution
Columns 20438 Rows |2048 Layer Size
v Create Options
Profile | Default
MName Value
v | Add saved file to map OK Cancel Help

=
3|
e

|I 4 & » ThisPC » Downloads v 0 Search Downloads yel
Organize « MNew folder SEEERY
) Mame Date mcdifi\éd Type
s
d Today (4)
|_ Yesterday (1)
£ Last week (2)

Last month (1)

Along time ago (5)

W M
I File name: ﬁ I W
Save as type: | GeoTIFF (".tif *tiff) v

A Hide Folders Cancel




Imagery Map and Georeferencing

8. In the “Layers” panel 9. Your Study Areal is Just an Image Now ©

d Deselect Output layer and ESRI Satellite Zoom Out a Bit

rowser 2@ ‘ VW Laver Exported: Successfully saved raster layer to C:\Users\shmad Downloads \Stucvarea 1. 6F

IgvTHe

¢ Favorites
» [0 C\Users\zshmad\Downloads

+ [ C:\Userstahmad\Downloads\PRISM_ppt_stable_2k:
¥ Spatial Bookmarks

[g] Home

3 A\ (Windows)

[ D\ (Data)

& GeoPackage

£ Spatialite

W@ postgresaL

il SAP HANA

G STAC

I ms QL Server

Layers (3] i i

aAwTOL-FEL e

r V| B StudyAreal

- | F StudyAreal M Eand 1 Rea)
B Band 1 (Red) , E” ;
. Band 2 (Green) =§f§£§2§) -
B Gand 3 (Blue) O e

- D ¥ Output layer ]
B Band 1 (Red)
. Band 2 (Green)
B cand 3 (Blug)

- D W ESRI Satellite




Imagery Map and Georeferencing

4. Main Menu - Select “Measure”

() ~Untitled Project — QGIS

Project Edit Wiew Layer Settings Plugins Vector
DEE QR

RV AZAwEPER
b e i ue =3

Erowser
LRTH®HO
¥ 5.7 Favorites
b [ C\Users\ahmad\Downloads
v By C\Users\ahmad'\Downloads'\PRISM_ppt_stable_dkr
» " Spatial Bookmarks
b [é] Home
» [ CA (Windows)
b [ DA (Data)
‘;‘,‘ GeoPackage
/ Spatialite
PostgreSQL
SAP HANA
STAC
I M5 SQL Server
@ Oracle

B A ac na AT

4 3

Layers
“RwT
~ |V " StudyAreal
M Band 1 (Red)
. Band 2 (Green)
M Band 3 (Blug)
- ¥ Output layer
M Band 1 (Red)
. Band 2 (Green)

M Band 3 (Blug)
= [ W ESRI Satellite

- Bb B Ol

| O 164694, -79.12924949624175 €3 |

Raster

Li N

Ve ppHPPPR/NEatNOR &

Database Web Mesh Processing Help

®EZ [=
R @

D @

O Measure Width and Height of Image by Clicking on @ @ © - Record these measurements in a text file.

= x

‘ V Layer Exported: Successfully

r layer to C:\Users\shmad\Downloads\StudyAreal. if

a ‘ Processing Toolbox =]

Measure
=]

4 [n y Segments [meters]
-2208851.318 5436170.211 z
-8208330.766 5436170.737 Wldth — 360746
-8808339.240 5435660.238 i _’ 367.705

- |-8808339.240 5435660.238 Helght 0.000
Total | 737.451m | meters
_ Cartesian l Ellipscidal
p Info
! New | \ Configuration | ‘ Copy \ |

Coordinate | -8808339.2, 5435660.2 |  Scale | 1:1980

~ | & Magnifier 100%

L IUHCH-NE AEN

Search.

(L) Recently used
3D Tiles
Cartography
Database

File tools

GPS
Interpolation
Layer tools

Mesh

Metwork analysis
Plots

Point cloud conversion

Fol

Point cloud data management
Point cloud extraction

Raster analysis

Raster creation

Raster terrain analysis

Raster tools

'ﬁ' Align rasters

'ﬁ Convert map to raster

B Fill NoData cells

'ﬁ- Generate XVZ tiles (Directory)
'ﬁ- Generate XYZ tiles (MBTiles)
Wector analysis

Wector coverage

Wector creation

T

Wector general
Wector geometry
Vector overlay
Wector selection
Vector table
Vector tiles
GDAL

GRASS
QuickOSM

Search OMS

iSearch string...

|Filter by extent | | Al -

Download geodata for your project

V| Render 4 EPSG:3857

Rotation |0.0®



SUMO Road on Top of GIS

test.netecfg - netedit 1.21.0 — O ><

JJ File Modes Edit Lock Processing Locate TJTools Window Language Help HJ_ ﬂ[}emand | -_Data |D||

| = #|| s || X Al @ D|®|[antoms | @ @[5 o[ %

&> =B VELT EIE B4R RET S %

5 o




Import a Network from OpenStreetMap into SUMO

OpenStreetMap

—SE@ Klnig'su:k s
2 4131 i
% 33

)
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