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PREFACE

This book serves as open educational material for both undergraduate and postgraduate degree
programs, offering a step-by-step guide to analyzing building density utilizing GIS technology.
Designed to equip readers with not only theoretical but also practical skills, this guide provides
sequential instructions for conducting building density analysis for beginners and advanced users

alike.

This Offers in-depth guidance on data collection employing an open street map, utilizing the qgis
software for data preparation and data analysis, and interpreting the data to understand the building
density category of the city as well as use it as one layer to analyze the urbanity level of the city.
This book serves as an invaluable resource for students, researchers, and professionals seeking to

understand and analyze building density within urban environments using GIS technologies.

Whether you are a student aiming to study the building density of the built environment or measure
the urbanity level of a town area, a teacher looking for robust educational tools, or a practitioner in
need of refining your technical expertise, this book offers invaluable guidance and support. It ensures
that users at all levels gain proficiency in leveraging modern level technologies to explore the

building density category of the city and study the spatial dynamics of its environment effectively.
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1. INTRODUCTION

SPACE MATRIX MAP
Dambulla Municipal Council Area

80.620

Legend

1 Boundary
Density

B Low rise point
I Low rise strip

2_| [ Low rise block

~ | [ Medium rise point
[ High rise point
[ High rise strip
[0 Medium rise strip
8 Medium rise block
B High rise block

|

T T
80.620 80.650 B0.680
Figure 1: Space Matrix Map

The space matrix map assesses the building density of the selected area by categorizing the
built environment into 9 density categories based on the number of floors of the building and the
building’s form. There, the buildings are divided into low-rise, mid-rise, and high-rise based on
the number of floors while it separates different building types as point, strip, and block based
on the building’s form. In this map, each color indicates a different type of building density as
the dark green color indicates the lowest building density while the red color indicates the highest
building density. This space matrix map can be used to understand the building density of the

selected area as well as to analyze the urbanity level of the particular area as one of the layers.
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2. PROCESS

Building Layer of
thestudyarea

~ Add newfields and updatethe
attributetable

MNumber offloors

Density
type

Building height

Building type

l

Updated Building Convert polygon layer to
Layer point layer
® Centroids

4

~ Assignacodeto .' fl
— PointL
the point layer ointLayer

Reclassifiedin to 9
densitycategories

¢ Reclassity by 1able

Coded point
Layer

Interpolated

IDWinterpolation
density Layer

&1 10w interpolation

Clipthe reclassified density
layer to the boundary layer of RE!CLE_lSSIfIEd
the studyarea DensityLayer

W Ciip raster by mask layer

Space Matrix Map

Figure 2: Process.
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3. REQUIRED TOOLS / SOFTWARE AND EQUIPMENT

QGIS Software

Open-source GIS software
Use to analyze and visualize the building density.
Internet connection- required for the work with “quickmapservices” tool.

Open Street Map

Free open geographic database
Use to prepare the dataset of your building layer
An Internet connection is required.

Google Maps

Web mapping platform
Use to collect data about the number of floors.
An Internet connection is required.

Table 1 -Required tools for the study.




4. SPACE MATRIX METHOD

The space matrix method contributes to assessing the building density as well as some other variables such as built intensity, compactness, non-built
space, and building height. In this space matrix method, the built environment is categorized into 9 density categories based on the number of floors of the
building and the building’s form. The correct method of space matrix needs the Plot coverage data (GSI), FAR data (FSI), and Building Height Data with a
zoning layer to assess the building density of your study area. If you follow the correct method of space matrix using these data, you can get the following

chart as the final output and you can categorize your study area into the following 9 density categories. From that, you can find out what density category
your city belongs to.

13 12 11 10 9 7
ri : ° .

G: high-rise point type  H: high-rise strip type I: high-rise block type
D: mid-rise point type E: mid-rise strip type F: mid-rise block type
A: low-rise point type B: low-rise strip type C: low-rise block type e

Figure 3: The FSI-GSI chart of Space Matrix (Left) and examples of density types (Right)

Alternative Method for Space Matrix

For this case study, we used the following alternative method to do the space matrix due to the limitations of the data. This analysis was done without using

plot coverage data and FAR data. Here we used the building height data and Building types of data to categorize the building density.

4 | Page



5. STEPS

5.1 Data Preparation

Here you need to prepare a dataset of a building layer by updating its attribute table. For that, you can follow the steps given below.

5.1.1. Preparation of the building layer
You can prepare the building layer for your study area in two ways as follows.

= Download the building layer of your case study area from Quick OSM and update it with a base map.
= Take a building layer for your study area from a relevant agency like UDA, DS office, etc., and update the remaining data with a base map.

Download the building layer of your case study area from “OpenStreetMap” and update it with a base map.
Step 1

Open the Google Chrome browser and search “OpenStreetMap” as follows. There you can click on the following mentioned name and open it.

OpenStreetMap

Figure 4 — OpenStreetMap

Then the following page will appear.
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Step 2
Search your study area as follows.

There, type the name of your study area and click on the “Go” icon to search it.

# OpenStreetMap

dambulla

Search Results ”
Results from OpenStreetMap g
Nominatim

Town Dambulla, Matale District, Central Province,
21000, 5ri Lanka

Dehippewa

Harangaswewa

Granegama

Dewahuwa

Bulanawewa

| 1 km

Figure 5 — Open Street Map
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Step 3
Select your study area extent and download the data.

1. Click on the “Export” icon.
2. Click on the following phrase named “Manually select a different area” to select your area extent.

v u Export | OpenStreetMap

&« ; 25 openstreetma

2 OpenStreetMap GPS Trace er Diaries Communitie: yright He bout | Login | Sign

& AA009 5
2earch 13
x Pelwehera
Export
o AADDE "' andalama Kumb
7.9147 ),‘
RN/ Habarattawala 5
80.5809 80.7845 Mirisgoniyawa
7.7999 va )
Jikawatawana
IMaI,“E y select a different area l 2 Dambulla I
Licence
Giranegama Pahalawewa 3
OpenStreetMap data is licensed under the Open Bambaragaleyaya
Data Commans Open Database License (ODbL). : Yakkurugala
pohoranwewayaya P Rieniya
Pohotdnweva
Rathmalgaha
Dandubendiruppa ela Erawula
If the above export fails, please consider using Yapagama

one of the sources listed below:

Overpass APl ‘ %
Download this bounding box from a mirror &
of the OpenStreetMap database j Thithawelagolla
Planet OSM f
Regularly updated copies of the complete f
OpenstreetMap database & Moragoliewa
Talakiriyagama Kologahaela

Geofabrik Downloads

1 km “
Regularly-updated extracts of continents, M—L‘ = /
} e i ) T Kalundey & OpenStreetMap contributors  Mak n. Website and AP| term

Figure 6 -Export

Then a box will appear as follows.
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3. There, click and drag the corners of the appeared box to adjust your area extent as you need.
Here, you have to select a smaller area extent as the data that can be downloaded is limited.

4. Click on the “Export” icon to download the data.

P8 Export | OpenStreetMap

‘Q OpenStreetMap - | History | Export | GPS Traces User Diaries Communities Copyright Help About :WJ
Search Where is this? n “
Export * B
7.9120
806153 80,6867
7.8062
Licence

OpenStreetMap data is licensed under the Open

Diata Commons Open Database LicepsalQDbL).
Export I

If the above export fails, please consider using
one of the sources listed below:

Overpass APl

Download this bounding box from a mirror
of the OpenStreetMap database

Planet OSM

Regularly updated copies of the complete
OpenStreetMap database

Geofabrik Downloads

Regularly-updated extracts of continents,

countries, and selected cities -
e © OpenStreetMap contributors ¥ Make a Donation. Website and AP| terms.

Figure 7 - Download the data.

Error

There can be occurred an error after clicking on the “Export” icon, due to exceeding the size of the data limit that can be downloaded.
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If this error occurs you must select a smaller area than it and click on the “export” icon again to download it.

The data will be downloaded in the following format.

Note

The downloaded data file has not only the building layer but also some other data. You have to select the relevant

data when you add it to the project and delete the other unwanted layers from your attribute table.

map.osm

Figure 8 -Map.OSM
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Step 4
Open a new project in QGIS.

1. Double-click on this Icon to open the QGIS.

2. Double-click on here to open a new project.

(@ Untitied Progect — LIS x
Project EOR Yew Lajer SMQS AUQINS VEWr BASter LStaDase WeD Lesh Pmgesing Help
De@nEss [Geprn Aoatroe u- & EHI E =0
F = P
LL AT A1 N - ® 20
oF's
“Y”{ S0 “ A Phugin quidk_map_serdoes: Thiz plusin & dssbisd baseuse § sremauzh traches Q0. Enabie Fuan || moor: | amemae 3 ‘_’:“:‘“‘5“"“"’“ =
Y ART 1 | “
project_manual_density -
LMt proeetlpriect_manua_densky. e 3 = b Tl et
LS 525, LA L2 - s 58] + @ Camogropny
5 b @ Datebiese
+ @ Fistonls
r Qcrs
+ @ imemoiation
b G Loy tools
v @ Hen
b G Network analysis
MC_map + Q@ o
D2 Fousth Semester aning Shuda . mepqge = -
EFS A28 [EPSG- 4126 - WG 54)
_ v @ memerereanon
. » b G Master terain analysis
N * G Rasteroals
Project Templates b G velon nelysis
* @ vertor reation
¥ G eclor general
[ ——
Pro '@
[ = P Q
i -]
v a
b g GDAL
» T3] Cuick0sm
N Pro
Prna et nJ DUOMFOUNTN Semester\Quarmtive O ASSOMENE_CUSte”
3 FISC RS (RS RAET AL 24 | A Wraere =ii4 D
o (15 vorskon awaable: Vit 11/ ool ool )t 6k eur copy of wrson 336.5
i i Kt [£3011 Fendy Coatirate & sl e v g Wagatfier 1004, 2 momson wov 2V Rendar S @

Figure 10 - New project in QGIS.
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Step 5
Add the downloaded data to the project.

Step 5.1- Go to Layer>>>Add Layer>>>Add Vector Layer.

(3 Untitled Project — QGIS
Project  Edit Wiew Settings Plugins Veclgr Raster Database Web Mesh Progessing Help
j B @ }“d | ¥ Dats Source Manager Ctri+L [d & % Iy ,:'D z - - I_'@- kb q’z

|aeVv 2 Create Layer v

Add Layer \ 1or Layer.

- - Embed Layers and Groups... ¥, ndd Raster Layer... Cirl+Shift+R
3 Add from Layer Definition File... B Add Mesh Layer
5“,-{'“ aMs Copy Style 9., Add Delimited Taxt Layer... Crrl+Shift+T
Seorch string... Paste Style B, Add PostGIS Layers... Ctrl+ShiftsD
E A% Add Spatialite Laye Crrl+Shift+L
Last used: B Add MSSQL Spatial Layer..
7 Google satelic= iy Open Attribute Table Féi &, Add Oracle Spatial Layer. Cirl+5hift+0
W TMS detalls, TEPOFLE  Fijter Attribute Table , B, Add SAP HANA Spatial Layer...
i Gl Mans Toggle Editing [ AddEdit Virtual Layer..
Frosh geodatl | 53Ve Layer Edits 48y Add WMS/WMTS Layer.. Curl+5hift+W
Current Edits » wip Add XYZ Layer...
‘Z“Z % ¥ o vq Savehs. &) Add WCS Layer..
- Save As Layer Definition File... ¥ Add WFS Layer..
[ Remove Layer/Group CirlaD & Add ArGIS REST Server Layer..
Duplicate Lay ) ﬁ, Add Vector Tile Layer...
Set Scale Visibility of Layer(s) $4 Add Point Cloud Layer..
Set CRS of Ctrl+Shift+C
Set Project CRS from Layer
Layer Praperties...
Filter.. Ctrl+F

Labeling

Show in Overvi

@0 Show All in Overview
=2 Hide All from Overview

Figure 11 - Add the downloaded data
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Step 5.2 - Click on the following icon to find your downloaded data file.

Q Data Source Manager | Vector X
[ o = SourceType
Vectg[ ® File () Directory [ | Database Protocol: HTTP(S), cloud, etc.

% Raster Encoding Automatic v

X/
* Mesh Source

+ Point Vector Dataset(s)
# Cloud

Delimite
* Text

e
d GeoPac

U GPS

Close Add Help

Figure 12 -Find your downloaded data file

Step 5.3 - After finding it you can click on the “Add” icon to add it to the project.

Q Data Source Manager | Vector X [
Seetyne
\I Vector ®) File Diractory Database Protocol: HTTP(S), cloud, etc.
s Raster Encoding Automatic -
X/
= # Mesh Source
- Point Vector Dataset(s) |C:\Users\S N Dharmakeerthi\Downloads\map.osm a
¥ Cloud
DPEINE v Options
¥ Text
Consult OSM driver help page for detailed on options
SO
IRSEEER  conric_Fuie
USE_CUSTOM_INDEXING | <Default> -
COMPRESS_NODES <Default> -

MAX_TMPFILE_SIZE

INTERLEAVED_READING | <Default> v

Close Add Help

Figure 13 -Add
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Step 5.4 - Then a Box will appear as follows. As you need to add only the building layer, you can choose its format, Polygon. Therefore, you can select the

“MultiPolygon” and click on “Add Layers”.

() Select Items to Add | map X

| C:\Users\S M Dharmakeerthi\Downloads\map.osm

Search...

| Item Description

Y/ lines LineString (Uncounted)
TAUTOTNESrngs MUTLmesrng (Uncountea)

P* multipolygons MultiPolygon (Uncounted)

/- other_relations GeometryCollection (Uncounted

;" points Point (Uncounted)
|

| | selectAll | Deselect All
Add layers to a group
Show system and internal tables

! Add Layers Cancel

Figure 14 - Add building layer

Step 5.5 - The data will be added to the project as follows.

o EWEE-=-s
AQ@G® A B

Figure 15: The downloaded polygon layer from the open street map
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Step 6

Export the data as a shapefile.

As the downloaded layer is an OSM file you cannot edit it. Therefore, you have to save it as a shapefile. For that,

Step 6.1- Right-click on the downloaded layer. Go to Export>>>Save features as...

G “Untitied Project — QGIS

Project Eait Miew Layer 3EUngs Flugins  Veclgr

DeBRRs O+psn
LL A AN ]
Search QMS aE
Filter by extent | All -
Last used: —
Google Satelite Hybrid
m'ms »  Add
e il Manc o
Erash geodats for your project
Layers BE
LR AN N g
L= 1 zoom 1o Layer(s)
Zoom 10 Selection

Y2 Show in Qverview
Show Feature Count

= Show Labels
Copy Layer
Rename Layer

L Duplicate Layer

1 Bemove Layer.

% Open Attribute Table
Filter._.

Change Data Source
Set Layer Scale Visibility...
Layer CRS

Styles
Add Layer Notes...
Properties..

Q, Type 1o locate (ch

Baster Database Web Mesh Progessing Help

HAAillatllOoR

i

Save as Layer Definition File...
Save as QGIS Layer Style File

Then the following box will appear.

14 | Page

H-8--5

CERIB-=-, -

. Aga® = R

-

Coordinate| B0.5567,7.6019 |95 Seale 1:80014 = | (@ Mognfier 100%

Rotation | 1.0 ®

Processing Toolbox a8

L L0 .
earch

» (L) Recently used

@ Cartography

@ Database

@ File tools

@ 6ps

@ Interpolation

G Layer tools

G Mesh

(2 Network analysis

Q Piots

G Raster analysis

G Raster creation

G} Raster terrain analysis

@ Raster tools

@ Vector analysis

@ Vector creation

() Vector genera

@ Vector geometry

@ vector overlay

@ Vector selection

@ Vector table

Q vector tiles

v i GDAL

You can add more algorithms to the toalbox,
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Step 6.2 - Fill the box as follows.

1. Give the Format as “Esri Shapefile”.

2. Click on the following icon to give a location and a name to your shapefile of the building layer. Here | save the layer as “Buildings”.

3. Give the “Polygon” as the Geometry Type. (As the buildings belong to polygon geometry type.)
4. Click OK

(= Save Vector Layer as... X

Format I ESRI Shapefile (%
File name  D:\Manual_density\Buildings.shp I—
Layer name

CRS EPSG:4326 - WG5S 84 - _';‘

Encoding UTF-8 - Note
Save only selected features

b Select fiekds to export and their export options Note that, you can’t have spaces when you give a name to a

v Persist layer metadata

shapefile. There, you can use “_"as space.
v Geometry

Geometry type (3 Polygon v Eg bU|Id|ng Layer
Force multi-type

Include z-dimension

b Extent (current: none)

w Layer Options
RESIZE | NO v

SHPFT v

B Custom Onbions i
/| Add saved file to oK Cancel Help

Figure 17: Save the layer as a shapefile
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Now you can edit the following saved shapefile layer (Buildings).

G ommieg Frapro) — GRah - [-] o
Figginl L Pow Lapy Jibgm Megies Wiy Mt Delalese Bel Moh Sosceg Hoe
TEEGERE BerARPR A - BEfLE0O0 B-G-G-% o@WIR-&-;

KRev.ZaR @ +~/ =4 %= 49ttt AQEa A B
L]
| gy [ 2] ' (Bt g Trssibrm rw
SfAnTL-E20 BWADE BN
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Step 7
Clip the building layer to the boundary layer of your study area.

You need a shapefile for the boundary of your study area.
Step 7.1 - Add the shapefile of the boundary to the project.

e Go to Layer>>>Add Layer>>>Add Vector Layer

I3 *Untitied Project
Projset Edit Miew

Om @R

aGis - o 2
[P senino: Plugins Vector Raster Database Web Mesh Pragessing Help

8 Data Source Manager Crrol g LD H-5- B~ O, e EETE-=-, .

Create Layer
W V.~ p— AQ@QR ~ H
b - Embed Layers and Groups... '.. Add Raster Layer Carl+ShifteR
4 r-i] rx Aad trom Layer Definibon File... n. Add Mesn Layer..
= 5 . Add Delimited Text 1+ Shift+T
Layers Capy Styla 2 Add Delimited Text Layer corlesn o~ + Processing Toalnax L
o { % T fwH | Pestestie W Add PostGIS Layers... Cirl+Shifte D . e
u v "
vl & Copy Layer A% Add Spatialite Layer.. Crl+5hiftel .- ), Searet
aste Layer/tirou T cicd MSSEL Spatial Layer " » (0 Recentlyused
£ Open Atiribute Table B &, Add Oracke Spatial Layer. Cirl+ShifteQ F ‘ + @ Cartography
Fllzer Attributs Table + B Add 5AP HANA Spatial Layer.. “ g g nl)aranalsc
- L e took
# Togge Editing [ AddyEdit virual Layer. b ' @ GIPS
%ave Laver Edits. R A WAS/WMTS Layer Cirl+ShifteW ¢ @ Interpolation
Curent Edits o L Add XVZ Layer.. . v G Layer tools
Al . Mash
Add WCS Layer.. R ' Q@
SV RS ? N . L “ b G} Metwark anaks
Save A5 Layer Demnition File... g Add WFS Lager. t = v @ Pios
1 Remeve Layer/Groug CileD ;E Add ArcGIs REST Server Layer... L " : g ————
] . Acd Vector Tile Layer.,. Raster creation
L ouplicate Layerts) . Add Point Coud L ¢ (G) Raster temain anakysis
Set Scale Visibility of Layer(s) 1 [T e ’ ¢ G Raster toals
Set CRS of Layer(s) el +Shilt+ . + @ Vector analysis
Sot Progect CRS from Layer v + (G Vector creation
v G Vector gerersl
Layer Propert es... ¢+ (G Vector grometry
Filler... Ciil+f + € Vector verlay
= Lapeling ¢+ (G Vector selection
5 Show in Overview + G Vector table
Search OMS v G Vector tiles
= Show All in Overdew v SDAL
carch string... !
5 Hide All from Cverview v 18] cuickossm
Ty SR T
Last wsed; -
mwwmw o
TMS desails, report 8 prablem
ol Goughe Mag - aall™

Penveningd geodels for yoer project

P& 1o locata (]

Coordingly B0E0I15,7.80515 ) Scwo 1:330m)

& Mepniber 1005

5 o Rontor dEPSCieNS

* Bglsban | 0.0°

@

The following box will appear.
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e There you can give the location of your shapefile of the boundary by clicking on the following icon. Here, the shapefile of the boundary is
“Boundary_MC_84”
e Click on “Add”

@ Data Source Manager | Vector X
“ Source T

B Browse ype

v Vector i® File () Directory | ) Database ( ) Protocol: HTTP(S), cloud, etc.

. Raster Encoding Automatic -

P

/Y.
+ Mesh Source

- Point Vector Dataset[s}|D:\ManuaI_densit‘,r\Eoundary_MC_M.shp & |I
# Cloud

Close Add Help
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Step 7.2 - Clip the building layer with your boundary layer.

clip / Clipped Building Layer

Boundary Layer of your
study area
“Boundary MC_84”

Figure 21: Flow chart for clipping the building layer with the boundary layer

1. Go to Vector>>>Geoprocessing tool>>>Clip

@ *pro—QGIS -
Project Edit \iew Layer Semings Plugins [BS Rester Database Web Mesh Progessing Help

(h BRR @ -] 8] QuickosM

LL ALY N

, @ EEEE-=-0 0
AGe® ~ B

Geametry Tools

| Analysi Tools @ Convex Hull.

Ol Besearch Tools

& Difference.

ata M it Tool Dissalve...
Layers [T Daia Management Tools # Dissole Processing Taalbox
P 10 # Intersection.. . a0
ol | & Symmetiical Difference. o
| [[] building_Layer P Union... + (D) Recently used
WP Eliminate Selected Polygons... @ Cartography
@ Database
@ File tools
QGrs

@ Interpalation
@ Layer tools

&t Q@ Mesh
G Network analysis
f“ Q Plots
. s G Raster analysis
e

@ Raster creation
@ Raster terrain analysis
G} Raster tools

@ Vector analysis

@ Vector creation

@ Vector general

Q Vector geametry

G Vector overlay

@ Vector selection

a
A
&

g

. @ Vector table
@ Vector tles
Search Qv B®
ing i GDAL
T8l quickosm
Fiter by extent | All -
Last useds <
W Google Satelite Hybrid o [Add
YAT TS details, repart » probleen
ol Google Maps P wwalid

@

Download geciata for your project ou can add more algorthms to the 90lbax,

Q Type to lacate (Ctrl+k) Coordinate| 80.6313,7.9513 | Scale 1:135008 ~ | [ Megnifier | 100% %! Rotetion |00 ° 3| o Render @epsciean @
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Then the following box will appear. There,

ok wn

Click on “Run”

@ cip

Parameters Log

Input layer

Give your building layer as the input layer
Give your boundary layer of the study area as the overlay layer.
Click on the drop-down icon and then click on “Save to File” to give a location to save the clipped layer.

(9 Buildings [EPSG:4326]

Selected features only

Owerlay layer

= Boundary_MC_84 [EPSG:4326]

Selected features only
Clipped
[Create temporary layer]

+/| Open output file after running algorithm

Run as Batch Process...

0%

Clip

This algorithm
clips a vector
layer using the
features of an
additional
polygon layer.
Only the parts
of the features
in the Input
layer that fall
within the

polygons of the

Overlay layer

Create Tempora

Run

Save to GeoPackage...

Save to Database Table...

Change File Encoding (System)...

Now you have a shapefile of a building layer for your study area named “building_Layer”
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Step 8
Delete the other unwanted data layers from your building layer.

The layer has not only the buildings but also some other layers such as natural water bodies, Rock, etc. As you need only the
you can delete other layers from your attribute table as follows.

Step 8.1 - Right-click on your layer and open the attribute table.

I3 *Untitled Project — QGIS = [=] x
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

DEBRRY U*L2LRIPrFrRLALEHe tlOR K-8--5 GEHIBE-&-° ¢ -

aevcswB @ L/ i - = AQ@R 2

s i
Layers =]
A ETH-ERO

building Layer —

+ Zoom 1o Layer(s)
Zoom to Selection Q
2 Show in Overview N CS

Processing Toolbox ol
B0 TN

Q, search

W Layer Exported: Successfully saved vector layer to D:

v (L) Recently used
» () Cartography
» @ Database

Show Feature Count » X File tools
r & GPS
@il Show Labels Q
» @ Interpolation
Copy Layer

» (@ Layertools

» @ Mesh

» ) Network analysis

r @ Plots

!/ » @ Raster analysis

» (2 Raster creation

» @ Raster terrain analysis
» (@ Raster tools

Rename Layer
& Update 5QL Layer.
L Duplicate Layer
L] Remove Layer...

B Open Attribute Table @

4/ Togagle Editing

0 e » @ Vector analysis

Eitter... 4% ¥ () Vector creation
Change Data Source... e » @ Vector general

g »
Set Layer Scale Visibility... . Gt Vector geomelry
" v ) Vectar averlay

Layer CRS » I » @ Vector selection
Export ¥ v () Vector table

Search QMS » @ Vectortiles
Syl »

ch string, tles D » & GDAL
Add Layer Notes... 8 o
Filter by extent R ' QuickDSM

Properties...

Last used:

ol Google Satelite Hybrid o ‘ﬂ

“a° TMS details, report 3 problem

gy CocsleMaps e lau|- :

N L S S Ty — Foncdinata A0 51987 a007 @K craalvazaan w | O dascisec] 1ono. 2| Botation (OO 4| mander @ppesams OB

Step 8.2 - Click on the “Toggle editing mode” tool as follows to ‘On’ the editor mode of the relevant layer.

21| Page

building layer for this analysis



Step 8.3 - Click on the “select features using an expression” tool to select the unwanted features.

Q building_Layer — Features Total: 3167, Filtered: 3167, Selected: 0 — a X

I:s’f | & [& L TESD ERPEE & @@

abc g » |=| £ | |abe ¥ || Update All || Update Selected
amenity admin_lev barrier boundary building craft geological

2 Ll NULL MU MNULL yes NULL NULL

3 gle editing Mode Select features using an expression

4 ULL ULL ULL ULL ULL ULL ULL

5 NULL NULL NULL NULL yes NULL NULL

6 NULL NULL NULL NULL NULL NULL NULL

7 uLL ULL ULL ULL UL ULL ULL

o

Figure 25 - Select features using an expression

Then the following box will appear. The features that are not buildings have been given as “NULL” in the “building” field of the attribute table. Therefore, you
can select them here as follows.for that,

Click on “Fields and Values”
Double-click on the “building” field.
Click on “All Unique”

Type “is”

Double-click on “NULL”

Click on “Select features”

ok wh=
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Q Buildings — Select by Expression

Expression Function Editor
T
= kailuka
"building™| is NULL
4
L=l = A o
Feature b b
Preview: 1
Help

Q Searc... | |Show Values| |group field

b Agaregates “ | | Double-click to add field name to expression string.

> Arrays Right-Click on field name to open context menu sample
b} Color value loading options.

b Conditionals Notes

» i . -

, Conversmn_s Loading field values from WFS layers isn't supported,

before the layer is actually inserted, ie. when building
~ Fields and Values{ 1 ) queries.
NULL

abc osm id values | O Search...
abc gsm_way... I All Unigue 3 10 Samples
abc name
abe type [INuLL INULLY 4 =
b apartments S
:h: aerow_ray commercial
amenity Dambulla CTB Deport
abe admin_leve HALL
abc parrier hospital

abe boundary hotel
[ abe building (:amuse
abc rraft industrial b

@ & Select Features |~

Close

Figure 26: Select the features that are not buildings

Step 8.4 - Click on the “Delete” icon to delete the selected features.

Step 8.5 - Click on the “toggle editing mode” tool to Save the edits.
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e — N — S —

(=) Buildings — Features Total: 3167, Filtered: 3167, Selected: 130 — O X
VA - HE@fes o &€ | G TES D BR®?2E

abc ®m_id | = ¥ || Update All || Update Selected
B | [

1
3|

-

admin_leve barrier building craft geological

historic

NULL NULL NULL NULL NULL NULL
I

Figure 27: Selection of the features that are not buildings

Then a box will appear as follows. There, click on the “Save” icon to save the edits.

() stop Editing x|

o Do you want to save the changes to layer building_Layer?

‘ Save || Discard || Cancel

Figure 28 -Stop Editing

Now you have a layer with only the buildings as follows.
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Figure 29: The shape of the building layer
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Step 9
Add the relevant buildings and update your building layer.

Step 9.1 - Add a base map to the project.
Here you have to use “QuickMapServices” plugin to add the Base map. For that, install the “QuickMapServices” plugin as follows.

e (o to Plugin>>>Manage and Install Plugins

(& “vntited Project — QGIS 5 x
Project Edit View Layer Sefiing Weolge  Raster Databace Web Mesh Frogissing Help

IBBRRE G 10 EFe-n-% o EMEE-=-00-

= - n Console Ciri+ARsP i

eV AaPl Lo =g = AQee ~ H
5“’""“:5 L W Layer Exported: Sucsesshily seved veetor laper e )00 ) ecsner prosed Dondosd bl drg Lipe a0 0 Prooessing Toolbox E@
geogin tatelitn 2N

-l
Fltw by astart. A o]

) Recently used
G Cartography
G Darabase
Q) File bools
G ors
G Wnterpolation
G Layer toois
G Mesh
G} Metwork analysis
G Pross
G} Racter anatysic

v
=7 ool Satelte "
v
v
v
v
v
v
v
v
v
v G Raster creation
v
N
v
v
v
v
v
v
v
v
v

£1 a5, cosasts cupert 3 problen ol
G Satobie Fybid

Ly THS ey caperi d grolem. @ 7N

Fnesh gesrions for your praject
G Raster temain anatysis
G} Raster wols

G Vector analysss

G Vector creation

G Wector general

Lapers nw
LR R RS B g
¥ | bwilding Layer

Q) Vector geometry
G Vector overlay
G} Vector selection
Gl Vector table

G Wector tiles

& 50w

wis

Q Treeto coommnate 0.7107.7.9009 B scke 190esr = | @ megeter 100% S hoeon 0.0 : W mender s @
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Then the following box will appear. There,

1. Type “quickmapsevices” on the search bar.
2. Click on the relevant name to open it.
3. Click on “Install Plugin” to install that plugin.

() Plugins | All (1212) X
“ All I ), quickma @ &

BB installed — a- uickMapServices ©

Mot installed

Easy to add basemaps and geoservices

Easy to use list of services and search for finding datasets and

2% Upgradeable basemaps. Please contribute new services via
https://gms.nextgis.com. Developed by NextGIS. Any feedback is
f New welcome at https://nextgis.com/contact
! vl Tririririy 1261 rating vote(s), 6136667 downloads
-
o Install from Tags wfs, wms, openstreetmap, osm, service,
. ZIP tms, geojson, internet, gms, basema
geo] q p
- More info homepage bug tracker code
* Settings repository

Author NextGIS

Available version (stable) 0.19.34 updated at Thu Nov 23
16:43:38 2023 GMT

Upgrade All | Install Plugin (9

Close Help

Figure 31: Install QuickMapServices plugin

After installing that plugin, you can follow the steps for adding a base map as given below.
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e Go to Web>>>QuickMapServices>>>Search QMS or you can open it by clicking on the following icon in the red color box.

@ *Untitled Project — QGIS = ] x
Project Edit View Layer Semings Plugins Vecior Raster Database mﬁ Mesh Progessing Help
s = e T — ~ ~ =10 = = — O -
DoEREK U822 RPP W [ Measad EEE RS GEREIE-=-
= Qgis2threejs i .
REeViZawmEBBR A7)0 R o Alge® &
"5"%1%)%9%'?%98?@ .}‘f'n s @AutoNavi »
> Bing »
=T B esw [ !
Layers 2E VW Layer Exported: Suscessfully saved vector layer to D:UOM\Vacatior| -, Geott , e Processing Toolbax ; BE
o 8w TE-F AN | & Gea QuickMapS . L LRI AN
~
M building Layer 3 Google ' uic apoervices Q, search..
@ NasA 4 b (L) Recently used
# CartoDB » v @ Cartography
—= BasemapAT » v @ Database
St » + @ File tools
& Stamen v @ GPs
d B uses ’ v @ Interpolation
& waze v o v G Layer tools
9 Yandex » » @ Mesh
b @ Network analysis
2 o OSM ! - v Q@ Plots
: IS N v (2} Raster analysis
..+ @) Add to Search b (G} Raster creation
o i& + (G Raster terrain analysis
Set proper scale » » G Raster tools
@ settings :; v (G} Vector analysis
. w2 @ About OMS ] b (G} Vector creation
o T Vs & b () Vector general
. - b ; v (&)} Vector geometry
P B i-’g--,‘ . - v (G} Vector overlay
o i
e - a? e .- [4 b (& Vector selection
ﬁ. %ﬂ o o "'...k" ﬁ, b () Vector table
W, ¥ * 'f‘; * v ) vector tiles
- - . v & GDAL
4 o
¥
9
. win
QU Type to locate (Ctrl+K) Coordinate | 80.6889,7.9356 | Scole 1:80807  * g Magniier| 100% S Rotation |0.0° +| V| Render @epsgazs &

Figure 32 - QuickMapServices

e It will appear as follows. You can search the “Google satellite hybrid” map here. There, you can search the “Google Satellite hybrid” map. If you prefer
to use the “Google Maps” as your base map you can add that as your base map.
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e Click on the “Add” icon to add the relevant map.

NOTE

Make sure that your internet connection is “On” to display the base map.

G *Untitled Project — QGIS = o X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

NEBRERY V222 RIPrFrLEaLlOR Bile-a-% B E-=- ¢ -
w@QV.AMBR g - =@ = : AQG@R -

IS‘B""" Q’“:'S Ll ‘ W Layer Exported: Successfully saved vactor layer to D:\U project\Downloadibuilding Laver.shg (x| bmmE=nEElier aE
[ - | "0 T A
i il ~ | Q search..

+ (L) Recently used
@ Cartography

@ Database

@ File tools

Q@ GPs

@ Interpolation
@ Layer tools

Q@ Mesh

@ Network analysis
Q@ Plots

(3 Raster analysis
Q@ Raster creation
(3 Raster terrain analysis
@ Raster tools

) Vector analysis
@ Vector creation
@ Vector general
@ Vector geometry
@ Vector overlay
@ Vector selection
@ Vector table

@ Vector tiles

& GDAL

mj Google Satelite
TMS getails, report a problem

2§ Google Satelie Hybrid
“ TMs details, report a problam

® | Add

Fresh geodata for your project

Layers B
¢ A e T -BAL

v || building Layer

e

LN
v

T
e

-

ou can add more aigorithms to the toolbox,

Q Type o locate (Ciri+k) 1 lagend antry removed. Coordinate B0.76987.8505 R Seale 1:80897  ~ | g Magnifier| 100% + Rotation |0.0° +| ¥ Render @epscuzze @

Figure 33: Add the "Google Satelite Hybrid" map

e The Base map layer appears as follows.
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Figure 34 - Base map layer
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Step 9.2 - Click on the “Toggle editing mode” tool to “On” the editor mode of your building layer.

@ *Untitled Project — QIS - a] x
Project Edit View Layer 3Settings Plugins Vectgr Raster Database Web Mesh Progessing Help

DEERERY WL HPPrFRLEe tlOR Bfe- -0 BB B -=-76-
ROV AMBB A/ABRR-ZT <0 [ o = 4 o= Ag@ae
B RBOAT AR 7 -

Eﬁl ‘ W Layer Exported: Successfully saved vector layer to D:\UOM\Wacztion projectiD Layer.shg

G v

+

Search QM5

Search sring...

o Processing Toolbox FE
BADE T %

Filter by extent | All - | Q s
Last used: =

P‘.wamw Arm

reh..

Y Recently used
(@ Cartography
Q) Database

@ File tools

Q@ GpPs

@ Interpolation
@ Layer tools
Q@ Mesh

@ Metwork analysis
Q@ Plots

@ Raster analysis

v
»
»
3
e »
b
v
b
»
»
»
» () Raster creation
v
v
»
+
»
v
»
»
3
»
»

i Gooake Mans =
Fresh geodata for your project o
Layers B
o @l ®TEE AL
v [ building Layer

) Raster terrain analysis
@ Raster tools

G} Vector analysis
2 Vector creation
@ Vector general
2} Vector geometry
@ Vector overlay
@ Vector selection
2 Vector table

() Vector tiles

& GDAL

‘ . You can add more algorithms to the toolbox,

-

Q Type to locate (Ciri+K) Coordinate 80.5503,7.0003 9 scale 1:60897 ~ | @ wagnifier|100% [T Rotamon 0.0° % Render epscuize @

Figure 35 - Toggle editing mode
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Step 9.3 - Zoom in to a relevant location.

e Click on the “Zoom In” tool.
e Draw a rectangle by clicking on the relevant location that needs to zoom in. The rectangle shown in blue color as follows.

Q *pro—QGIS + - o X
Project Edit Yiew Layer Settings HW Processing  Help
NeBRRY OPRMIPP A . GeLIOR H-B-G-% AEMIE-=-F&-

REViZRB B 271 %/~ —, T T ARaee ~ B

"B VROARRIr® KRN
LOF 4
P Processing Toolbox 28
v AT E~-BR0 oAl
[ building Layer -

= ¥ ¥ Google Satellive Hybrid Recently used
@ Cartography
(& Database
G} File tools
Q crs
@ Interpolation
@ Layer tools
G} Mesh
@ Network analysis
Q Piots

G} Raster analysis

G Raster creation

G} Raster terrain analysis
G} Raster tools

& Vector analysis

@ vector creation

@ Vector general

@ Vector geometry

@ Vector overlay

G Vector selection

@ Vector table
@ Vector tiles

Search QMS & GDAL
F&l Quickosm

Fiter by axtent | AN

Last used:

Fd Google Satelite Hybrid A

. TMS detosls, regort 8 oroblem

B Sy e

Download geodats for your project

Coordinate 80.66077,7.09110 R sScale 1:43¢ v | [ Magnfier 100% < Rotation 0.0° + W Render @erscan @

Figure 36: Zoom in to a location

Then it will Zoom in as follows.
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Step 9.4 - Click on the “Add Polygon Feature” tool to create polygons.

(@ *pro—QGis = a X
Project Edit Miew Layer Settings Plugins Vectgr Raster Database Web Mesh Pr
I PERRYE OePLHLR-—aT e , QCEMIE-=-7 8-
R@QV.ZmE @ 47| L2d%- AQRQQ@ -
s @ & Eap @
M - B-BUOARTARCS  H R
Layers [r=]]: Processing Toolbox r:] - ]
o A wTE~F RO BedE ] by
v Q. search
= |V ¥ Google Satellite Hybrid » () Recently used
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() Database
Q@ File tools
@ Gprs
QX Interpolation
@ Layer tools
@ Mesh
(& Network analysis
@ Plots
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Figure 38 - Add Polygon Feature

34 | Page



Step 9.5 - Click on the corners of the building to draw the shapes and you can stop drawing a building with a right click.

E-2-R-0, O E- = 8-
n= ARQ® A B

Figure 39: Drawing a Building

After right click, there will appear a box as follows.

building_Layer - Feature Attributes E

osm_id NULL |

osm_way_id | NULL

name N
0K Cancel

Figure 40 -Building Layer

There’s no need to fill this. Therefore, you can click on “OK”.

You can draw all the relevant buildings following that process. Now you have a completed building layer for your study area. (“building_Layer”)

35| Page



OR

In case you take the building layer from an agency,
You need to follow these steps.
1. Clip the building layer to your shapefile of the study area boundary in QGIS. Refer the step 7 on page 25.

2. Update or edit the building layer in QGIS as you need. Refer the step 9 on page 34.

5.1.2. Update the attribute table of the building layer.

Here, you have to add and update the fields of your building layer for the number of floors, building height, building type, and density type.
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Step 1

Add a new field to update the number of Floors.

Step 1.1 - Right-click on the building layer to open the attribute table.

@ *pro—AQGIS

Project Edit View Layer Setmings Plugins Vector Raster Database Web Mesh Proessing Help

DERRRY QAR PHR!

ROV ARmB @R 2L/ -

Layers ar

& Y TR W

Eabtiog

building Layer
£ Zoom to Layer(s)
W Boundary MC { # Z ayel

Zoom to Selection
©2 Show in Qverview
Show Feature Count
&1 Show Labels
Copy Layer
Rename Layer
[ Update SQL Layer..
L Duplicate Layer
[2 Remove Layer...

Move to Bottom

S

Toggle Editing
Filter..

Change Data Source...

Layer CRS »
Search QMS Faport )
Search string..

Styles »

Piter!  Add Layer Notes...

Last used: Properties...
7§ Goose Satelite Hybrid T
el TMS details, repart a problem
Google Maps P rorralhd

Download geodata for your project

Q, Type to locate (Cir Toggles the editing state of the current layer

Figure 41- Building layer
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Step 1.2 - Click on toggle editing mode and then click on new field to add a new field.

(3 building_Layer — Features Total: 14401, Filtered: 14401, Selected: 0

7 3 I RE LY
b

L 13

ongitude area_in_me confidence full_plus_
1 85625609000..., 80.6518868099... 314.041400000000010 0.7359 6MV2VM42+GQ27
2 7.8%650735000... 80.6518897100... 1935.519700000000057 09323 6MV2VM42+)Q27
3 7 Toggle editing mode Jo0.. | New Field 018 0.8963 6MV2VM42+MHGX
4 7.85643214000... 80.6516089400... 862.879299999999944 0.8323 6MV2VM42+HIHT

Figure 42 - Toggle editing

Step 1.3 - Fill the following box and click on OK

You can give a name and length as you need. As the floors will give in numbers the type should be given as “Whole number(integer)”.

() Add Field X
Name Floors

Comment

Type Whole number (integer) v

Provider type integer

Length 10

4

| 0K | Cancel

Figure 43: Add a new field for several floors
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Step 2
Assign the values to the “Floors” field

You can use the street view of Google Maps to identify the number of floors of each building one by one and assign the values to the “Floors” field.

Step 2.1 - Open “Google Maps” in a Google Chrome browser.

There you can go to your study area by searching it.

1! Restaurants =~ M Hotels = (2] Thingstodo = i} Museums = @ Transit Pharmacies == =~ ATMs = e

Sampath Road

Dambulla Rock Arch

s Dambulla K
Dambu Mostly cloudy - 26°C
9:49PM
° (o @ <) e
Diections  Save  Nearby S

Dambulla is a town situated in the north of Matale District,
in 8ri Lanka's Central Province. It is the second largest
populated and urbanised centre ... More

S Supreme Dambulla i 3.\
Q }é Filling Statior

Dabulla

lconic Dambulla

§ Dambulla Royal Cave
Temple-and Gol.™

45 % (10938)

€ Layers
Minneriya National

Figure 44: Google Maps

« Gotale]

Maodata©2024 Srilanka Tems Privacy  SendProduct Fesdback 100m—
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Step 2.2 - Add a base map to the project.
Refer the step 9.1

Here you can add “Google Maps” as the base map.

Q@ *pro—QGIS E o x
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

NeEGRRYE VP 2LHNPR YL/ Bat0OR Efa-K-5 @ HEZE
ARGV AP B 4/ r =g wa : AQ@g -

O} 4

~mm Ty

Layers Processing Toolbox E
vARTHL-BAOL RA0B B AN
+ [ building Layer Q Search

W Boundary MC 84 woRTH
* v = Google Maps

» (1) Recently used

a2 » (2 Cartography
i » (@ Database
1) » @ File tools
% » @ GPS
» @ Interpolation
3 iy » @ Layer tools
Search QMS B® - fe » (@ Mesh
Ibbankatuwa L} » (@ Network analysis
) T T i % * Q Plots
0 e » 3 Raster analysis
7 Google Satelite ybrid PR + G Raster creation
“’ TMS details, report a problem - » (@ Raster terrain analysis
» (2 Raster tools
Al e ieags ® | Add SalhuluDuualhae » (@ Vector analysis
W TMS detalls, report a problem -
» (3 Vector creation
Rangiri: Dambulla - » Vector general
Mapbox Satelfite Streets vo International Cricket * Dambulla Roya Q o
2] TMS details, r ® jpial #ve Temple and » @ Vector geometry
report a problem
4 5 » (@ Vector overlay
- »
‘ ESRI Gray (Fght) o o 9 G" GalQ . g Vector selection
TMS details, report a problem Ttk . Sigiriys Vector table
=k Gate Hatel Kanda ,,.;‘,0 » @ Vector tiles
OpenStrectiap — ) 0 o » J GDAL
o Add
TMS defills » 18] Quickosm
Oakland Education
Anna
WA 15 getnie, reportaprobiem @ L2040 Academy
EOX::Maps - Sentinel-2
doudless o | add
TMS daraile ranrt 3 arahlam =
! t lbbankaluwae

| Rotation 000°¢ |2 /| Render epsgiazzs €

te (Ctri+k)

Figure 45 - Google Maps
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Step 2.3 - Click on the “Select features by area” tool and click on a building to select it.

@ *pro—QGlS = =] x
Project Edit View Layer Setiings Plugins Vecigr Raster [Database Web Mesh Progessing Help
DeBRRY J2r,RPP " A -BabtloR Ee-o-» eu@ze-=-7 -
REVZRB R 1./ = 5 -q RS Hemw
b [ - 4B~ - Select features by area.
. B
layers am =8 st =
AN RO ] Re0E B A
W Boundary MC 84 » (L) Recently used
= « ¥ Google Maps + (@ Cartography
+ Q) Database
* @ File tools
r @GS
+ @ Interpolation
| * G Layer tools
ae » G Mesh
| koo Cabing » @ Network analysis
» Q) Plots
Fiter by extent | | Al '! » (G Raster analysis
| ’ > / * (@ Raster creation
TMS gdetnils, repon a prodlem ® |.add| . + G Raster temain analysis
| + (3 Raster tools
9 Google Maps oy » G Vector analysis
& o o, opost s oot @ Add } + (@ Vector creation
» @ Vector general
Maphox Satelite Streets vo
Add » @ Vector geometry
ommmmm = . e . » @ Vector overlay
| = Y » @ Vector selection
[ 2 Sy alt) o ao + G Vector table
| TMS details, repor @ problem = - ' + @ Vector tiles

- » GDAL
[ ] |+ 18] quickosm

Asiri car sale
Home gosds siore

(7 Openstreetap ‘urrice Dam*
TMS details, report @ problem
o

@ Anna ate - Dambulla
| TMS delails, report 2 prodlem

ﬁrann Rest House .
- You can add mare aigorithms to the toolbos,

A Downiged gecdats for your project — B -_l

Q Type to locate (Ctrl+K) Coordinste| 80.653538,7.870180 W Scale|1:2109  ~ | [ Magnfier| 100% % Rotation 0.0 % 3| v mender @epscazs @

| . EOX:Maps - Sentinel-2

| T} cloudiess. o a4

TME Astails ranas 3 memblam

Figure 46: Select a building
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Step 2.4 - Go to “Google Maps” and check the number of floors of that building.

e Go to “Google Maps” and identify that building.

Figure 47 - Google Maps

e (o to Street View and check the number of floors of that building.

Figure 48: Street view of Google Maps

Here, you can see 2 floors in that building. Therefore, you can assign that value in QGIS.
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Step 2.5 - Assign the values to the relevant buildings in the “Floors” field in the QGIS.

e Right-click on the building layer and open the attribute table

@ po—aais - o x
Project Edit View Layer Settngs Plugns Vector faster Dambase Web Mesn Progessing felp

OREARRE OLAPLAPPFRALBELIOR BEe-%-5% GBI B-=-4

LLATAN I : 8 =-q e AQaeae ~ B

. BK

lzva( ax ] Procesing Toolbax an
1 tharBAg s " a > A

a L —
e i ), : S

- v Google Maps 2 Zoomto Selection e e
% Show in Qverview s [ ] . -— + Q Dotabese
Show Feanure Count " ' a Arcn

@ Show Labels To \ | l ’ Q ..1= polation
P ' Qs
H HI Homeslay ‘

ConyLayer

Search OMS. Reoome Laver

search g 6 Upoate saL Layer,
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[ .
T gstais, raport 3 pradiem Move to Bottom o nkand g

» Q@ Mesn

[ Y Mgl ;G

Q nm«mlm
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]
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Maphox Satolo stroets v per..
2} — o - b + @ Vector geometry
Y » Q@ Vector oveday
e J ook e ' g: e
TS getals, (990t 3 problem Layer CRS . or table
Export m » @ Vector ties
7 dpenstresustan . L - + % GOAL
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Figure 49: Open the attribute table

e Click on the “toggle editing Mode” tool.

Q building_Layer — Features Total: 14401, Filtered: 14401, Selected: 1 = [m] X
IAE & BT e B & EaTESD BREE & 8
- = |=|§| |12 ~ || upcate Al || update Selected
latitude en full_plus_ Floors =
1 7.35619114000.‘.| 80. Toggle edltlng MOde 14 6MV2VM44+F2... NULL
2 7.85206145000... 80.6558336100... 36.7824999999... 0.6816 6MV2VM24+R8... NULL
3— 7.85110933000... 80.6540884599... 32.8729999999... 0.6997 6MV2VM23+Cl... NULL

Figure 50 - Toggle editing Mode

e Click on the “Move selection to top” tool.
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You can move the selected features to the top of the list as follows.

{ Q building_Layer — Features Total: 14401, Filtered: 14401, Selected: 1 = a X
7282 m@ >0 08 & % P EREE = 8 &

| 1.2 Iatitude v |=|E|[12 Move selection to top Update Selected
| latitude = longitude area in_me confidence Tull plus Floors =
1 7.87197490000...| 80.6513983100... : 6MVEVMCZ+C!...

12 1] 0 0 0 NULL NULL

:3 7.79692023000..., 80.66642303999...| 20.6091000000... 0.6518 6MV2OMWE+Q... NULL

_|4 7.79694509000... 80.6662508299... 90.0948000000... 0.8676 6MV2OMWSE+Q... NULL

Figure 51: Move the selection to the top

e Give the identified value of the relevant building to the “Floors” field.

Q building_Layer — Features Total: 14401, Filtered: 14401, Selected: 1 = O X

Ak A =@ <08 & L TESP BERRE & @&

1.2 [atitude v = £ 12 ¥ || Update All || Update Selected
latitude = longitude area_in_me confidence full_plus_ = |

1 80.6513983100...| 582.031799999... |

2 0 0 0 0| NULL

3 7.79692023000... 80.6664303999.. 20.6091000000... 0.6518 6MV2OMWS+Q... NULL

4 7.79694509000... 80.6662508299... 90.0948000000... 0.8676 6MV2QMW8+Q... NULL

5 7.79696759000... 80.6667317099.. 100.777299999... 0.8408 6MV2OMWE+Q... NULL

6 7.79746882000... 80.6685865000.. 227.209599999... 0.8468 6MV2OMWS+X... NULL

Figure 52: Assign the floor number

e Give the floor numbers to all the buildings following that method. (Repeat the Step 2.3, Step 2.4 and Step 2.5)
e You can save the edits by clicking on “Toggle editing Mode”
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Q building_Layer — Features Total: 14401, Filtered: 14401, Selected: 0

g a V|E& D 2EE &8
5 lonoituda o area o ge confidence full_plus_
| 74900000000 | T099le editing Mode 0 0/ NULL
) 7.87172049000... 80.6215645000... 12.9603000000... 0.6569 6MV2VICC+MIPR
3 7.87456956000... 80.6218569400... 56.8903000000... 0.6611 6MV2VIFC+RPHM
} 7.87464604000... 80.6224785400... 234.814899999.. 0.8386 6MV2VIFC+VX5V

Figure 53 - Toggle editing Mode

e Then click on “Save” to save the edits as follows.
(3} Stop Editing X

o Do you want to save the changes to layer building_Layer? ]

. |
Save Discard Cancel l

Figure 54 - Save
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Step 3
Add a new field as “Height” and calculate the building height.

Step 3.1 - Click on the “toggle editing mode” tool as follows.

Q building_Layer — Features Total: 14401, Filtered: 14401, Selected: 0 — a
&  TI[ES D ¥ E = & &
L L il - = confidence full_plus_ Floors
| 74900000000 €| T099gle editing Mode 0 0| nuLL
) 7.87172049000... 80.6215645000... 12.9603000000... 0.6569 6MV2VICC+MIPR
} 7.87456956000... 80.6218569400... 56.8903000000... 0.6611 6MV2VIFC+RPHM
! 7.87464604000... 80.6224785400.. 234.814899999.. 0.8386 6MV2VIFC+VX5V

Figure 55 - Calculate the building height.

Step 3.2 - Click on the “New field” tool as follows.

Q building_Layer — Features Total: 14401, Filtered: 14401, Selected: 0 — a X

/& > B g L TESRRREZE 2 & @

1.2 |atitude v =|E |12 ¥ || Update All || Update Selected
latitude New Field area_in_me confidence full_plus_ Floors =

1 74900000000 0 0|NULL 1

2 7.87172049000... 80.6215645000... 12.9603000000... 0.6569 6MV2VICC+MIPR 1

3 7.87456956000..., 80.6218569400.. 56.8903000000... 0.6611 6MV2VIFC+RPHM 2

4 7.87464604000... 80.6224785400.. 234.814899999... 0.8386 BMV2VIFC+VX5V 1

Figure 56 -Building Layer

Fill in the following box.
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e As the building height is a value the Type should be given as “Whole number(integer)”
e You can give a name and Length as you need.

e Click “OK”
() Add Field X
Name Height]
Comment
Type Whole number (integer) hd

Provider type integer

A

Length 10

0K Cancel

Figure 57: Add a new field for building height

Step 3.3 - Click on the “Open field Calculator.”

(- building_Layer — Features Total: 14401, Filtered: 14401, Selected: 0 — [m] X
7 B = Bl & L T|ES D = & &

1.2 |atitude v (=€ |12 ¥ || Update All | Update Selected
latitude longitude =~ 2 = us_ Floaors Height =

1 74300000000 0 Open field Calculator 1 NULL

2 7.87172049000... 80.6215645000... 129005000000... U.e508 oMVVICC+MIPR 1 NULL

3 7.87456956000... 80.6218569400... 56.8903000000... 0.6611 6MV2VIFC+RPHM 2 NULL

4 7.87464604000... 80.6224785400... 234.814899999... 0.8386 6MV2VIFC+VX5V 1 NULL

Figure 58: Open the “Open field Calculator”

It will appear as follows.
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Step 3.4 - Fill the following box and give an expression.

Here we assumed that the height of one floor is 3m. Therefore, you can calculate the “Height” by multiplying the “Floors” field by 3 as follows. For that,

1. Tick on update existing field
2. Click on the dropdown and select your field for Height. Here, it is the “Height” field.

To give the expression,

3. Click on Fields and Values
4. Double click on “Floors”

5. Click on the * icon.

6. Type“3”

7. Click “OK”

(-2 building_Layer — Field Calculator X

Only update 0 selected features
Create a new field I v | Update existing ﬁeldl

Create virtual field

Output field name I
T Hegnt 2 =
Output field type | Whole number (integer)

Output field length | 10 Precision |3

"Floors" * 3‘ » Date and Time uble-click to add field name to expression string.
~ Fields and Values t-Click on field name to open context menu sample
NULL e loading options

-
D 1.2 |atitude
1.2 |ongitude Values | (. Search..
_’
acajn.me All Unique 10 Samples

1.2 confidence

=+ |- JLf 1 \n'
L abe Land_Use
Feature v B abc Name
Preview: 3 dliionr
@ 0K Cancel Help

Figure 59: Calculate and assign the building height
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Step 3.5 - Click on the “toggle editing mode” tool to save the edits.

Q building Layer — Features Total: 14401, Filtered: 14401, Selected: 0 - (] X
2 e L YTE*P BR2ZE = D6
= € |1 v || Update All || Update Selectec
latitude Togg|e editing Mode nce full_plus_ Floors Height s
1 ‘E] a | 0| NULL 1 3
2 7.87172049000... 80.6215645000... 12.9603000000... 0.6569 6MV2VICC+MIPR 1 3
3 7.87456956000... 80.6218569400... 56.8903000000... 0.6611 6MV2VIFC+RPHM 2 6
4 7.87464604000... 80.6224785400... 234.814899999.. 0.8386 6MV2VIFC+VX5V 1 3
5 7.87462592000... 80.6225668499... 226.668100000... 0.7773 6MV2VIFF+\/242 1 3
6 7.88337858000... 80.6226120700... 30.0063000000... 0.7822 6MV2VIMF+9254 1 3

Figure 60 - Toggle editing Mode

Click on “Save” in the following box.

() stop Editing X |

o Do you want to save the changes to layer building_Layer? J
[ |
Save Discard Cancel

Figure 61 -Save
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Step 4

Add a new field as “Type” and update the field with the building type.
Here, you have to add a field to update the building type of each building. Point, Strip, and Block are the building types based on their form.

Step 4.1 - Click on the “toggle editing mode” tool to on the editor mode.

| (-2 building_Layer — Features Total: 14401, Filtered: 14401, Selected: 0 — (] X
= B % 2 TE>P ERPE = @@
> |=|E |2 ¥ || Update All | Update Sel
latitude Toggle edltlng MOde full_plus_ Floors Height

1 @ NULL 1 3
2 7.87172049000... 80.6215645000.. 12.9603000000... 0.6569 6MV2VICC+MIPR 1 3
3 7.87456956000... 80.6218569400... 56.8903000000... 0.6611 6MV2VIFC+RPHM 2 6
4 7.87464604000... 80.6224785400... 234.814899999... 0.8386 6MV2VIFC+VX5V 1 3
5 7.87462592000... 80.6225668499.. 226.668100000... 0.7773 6MV2VIFF+V242 1 3
6 7.88337858000... 80.6226120700.. 30.0063000000... 0.7822 6MV2VIMF+9254 1 2
Figure 62 - Toggle editing mode
Step 4.2: Click on “New Field” to add a field.

(_! building_Layer — Features Total: 14401, Filtered: 14401, Selected: 0 — (m] X

Z & & = 2TESD BREpERE = @@
1.2 |atitude > |=|E |[12 ¥ || Update All || Update Selectec
il . e area_in_me confidence full_plus_ Flaors Height

1 [ New Field 0 0 0 NULL 1 3

2 781 0. 12.9603000000... 0.6569 6MV2VICC+MIPR 1 3

3 7.87456956000.. 80.6218569400... 56.8903000000... 0.6611 6MV2VIFC+RPHM 2 6

4 7.87464604000... 80.6224785400... 234.814899999.. 0.8386 6MV2VIFC+VX5V 1 3

5 7.87462592000... 80.6225668499.. 226.5668100000... 0.7773 6MV2VIFF+V242 1 3

6 7.88337858000... 80.6226120700... 30.0063000000... 0.7822 6MV2VIMF+9254 1 3

Figure 63 -New Field
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Fill in the following box.

8. Give a name and length appropriately
9. As the building type is text you have to select the “Text (String)” for the Type

10. Click “OK”
() Add Field X
Name Type
Comment
Type abe Text (string) -

Provider type string
Length 10

4p

| oK Cancel

Figure 64: Add a new field to update the building type

Step 4.3 - Identify the building type and update the “Type” field.

There are three building types as follows.

1. Point type

Point-type buildings are individual buildings with a small footprint.
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2. Strip type

These are elongated building structures with a long and narrow footprint. It may commonly be found along transportation routes.

3. Block type

Block-type buildings often occupy large building blocks with a significant portion. Those are commonly found in urban

environments and contribute to the density and urban fabric of a city.

Identify the building type of the building and assign the building type in the “Type” field one by one. To identify the building type, you can use the building layer
in the QGIS and the Google satellite map. Refer to the following “Example 1” to assign the building types.
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1. If the “toggle editing mode” is not ‘On’ you should click on it to ‘On’ the editor Mode.

= [m] X

o building_Layer — Features Total: 14401, Filtered: 14401, Selected: 0

G & ELTESD BREE & 846

- “ Update All \ Update Selecte

|atitude Floors Height Type
Toggle editing Mode 1 3wt
2 7.87172049000... 80.62158 TTICT oY 1 3|NULL
7.87456956000... 80.6218569400... 56.8903000000... 0.6611 6MV2VIFC+RPHM 2 6|NULL
7.87464604000... 80.6224785400.. 234.814899999... 0.8386 6MV2VIFC+VX5V 1 3|NULL

Figure 68 - Toggle editing Mode
2. Click on the “Select features by area” tool and click on a building to select a building

Q pro—agis - o x
Project [dit View Layer Semings Pugins Vector faster Database Web Mesh Progessing Help
NEBRERE OeALPRPPL R EBabLPOR WS O E@E - &
ReV.ZwB @B L/B2/-ZW=<DB 6 — Agee ~ B
" B-VRELARRARP S HF RN

- e h Select features by area
:’ei LT -3 20 - '
- B ! d MC 84 | -

» @ Canography
ake ‘ » @ Database
LA ! Qrreron
‘ » @aps
‘ + @ Interpolation
’ » @ Layer tools
* Q@ Mesh
L) e —
» @ Piots
+ Q@ Raster analysis
* @ Raster creation
. » (@ Raster terain analysis
\ * Q@ Raster tools

» Q Vector general
* @ Vector geometry
Lilly Voya

The Travel People » @ Vector overlay

T Sujatha Tourist Rest + @ Vector selection
" B dfuh » @ Vector table
Search QMS 8 , » @ Vector liks
Search sing

& coAL

» 18] Quickosm
Fiter by estent | A1

Last used: =] . Sanemro Vi
asm

79 Googte satele Hybrid P

B ii View Homestay ’
4 . MEGA SUPPLY
9 Google Maps  [aaa) 7| peiaghote . | b

Diwrload geodsia for your project ~.

Vo i s lgasal £ W tasli,
Gamagedara Resort o

e 10 locate (Cir

Coordinate| 80.650007.7.876947 @ Semie| 12109~ | @b Mogrifier| 100% % Rototion 0.0° T mender @epscais @

Figure 69 - Select features by area

3. Refer to the following “Example 1” to identify the building type.
4. Right-click on your building layer and open the attribute table.
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Figure 70 - Building layer
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5. Click on the “Move selection to top” tool.

You can move the selected features to the top of the list as follows.

@ building_Layer — Features Total: 14401, Filtered: 14401, Selected: 1

/%8B BB <06 & fm-

1.2 |atitude v = E||n2

T O STETTTE ToTTETTE TP TTO0Ts e Ty
2 E a ] 0 0| NULL 1 3| NULL
3 7.79692023000... 80.6664303999... 20.6091000000... 0.6518 6MV2QMWE+Q... 1
4 7.79694509000... 80.6662508299... 90.0948000000... 0.8676 6MV2QMWS+Q... 1
5 7.79696759000... 80.6667317099... 100.777299999... 0.8408 6MV2QMWE+Q... 1
6 7.79746882000... 80.6685865000... 227.209599999... 0.8468 6MV2QOMWI+X... 1
7 7.79758341000... 80.66642088399... 38.9198000000... 0.7346 6MV2QMX8+2... 1

Figure 71 - Move the selection to the top
6. Give the relevant building type of the building as follows.

Q building_Layer — Features Total: 14401, Filtered: 14401, Selected: 1
AE A S S v rTES PP ERPE 2 8

1.2 Iatitude v |=| € |[12

latitude = longitude area_in_me confidence full_plus_
1 7.87628647000...| 80.6499751199...| 191.858100000... 0.8852
2 0 0 0 0| NULL
3 7.79692023000... 80.6664303999... 20.6091000000... 0.6518 6MV2OMWE+Q...
4 7.79694509000... 80.6662508299... 90.0948000000... 0.8676 6MV2ZOMWSE+Q...

Figure 72: Assign the building type

Floors

1

-

Height

Following that process, you can assign the building type of all the buildings individually.
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7. Click on the “toggle editing mode” tool to save the edits.

fi hluilding_Layer— Features Total: 14401, Filtered: 14401, Selected: 7

R ® B8 A T2 P

[ a L it

BE = &

idence full_plus_

| « | Toggle editing Mode

2 7.79692023000... 80.6664303999... 20.6091000000...
3 7.79694509000... 80.6662508299... 90.0948000000...
4 7.79696759000... 80.6667317099... 100.777299999...

Figure 73 - Toggle editing Mode

Click on “Save”

(- stop Editing

o Do you want to save the changes to layer building_Layer? I

Save

Figure 74 -Save
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0| NULL

06518 6MV2OMWSE+Q...
0.8676 6MV2OMWSE+Q...

0.8408 6MV2OMWE+Q...

Discard Cancel

Floors

x|

- a
Height Type
NULL Block
NULL Point
NULL | Point
NULL Point

-



Example 1
Point Type

Google Satellite Map

Building layer in QGIS

@ building_Layer — Features Total: 14401, Filtered: 14401, Selected: 1

Given the building type for that building in the attribute table

o3

FAEL N5 &N 2 TE*P BREE = 868
. |12 atite v |= € |12 * || Update All | Update Selected
atitude - ongitude area_in_me confidence ull_plus_ oors eight e
=3 ™) latitud longitud i fid full_pl Fi Heigh T £
En W mi 1 7.86821035000...| 80.6496594000...| 227.704700000... 0.8376|6MV2VJ9X+ TVMC

i g “ ot 2 0 0 0 0| NULL 1 3 NULL
o e® g,
- Y 3 7.79692023000... 80.6664303999... 20.6091000000... 0.6518 EMV2QMWE+Q)... 1 3 NULL

Strip Type

Q building_Layer — Features Total: 14401, Filtered: 14401, Selected: 1

- (m] X

LR BRI TE*»P BEBRRE = &

|12 latitude  ~ [=| € | |12 ~ | Update All || Update Selected
latitude -~ longitude area_in_me confidence full_plus_ Floors Height Type =

1 7.87246876000..., 80.6522303400...| 1797.97109999... 0.9157 | 6MV2VMC2+XV...

2 0 0 0 0 NULL 1 3| NULL

3 7.79692023000... 80.6664303999... 20.6091000000... 0.6518 6MV2ZOMWSE+Q... 1 3 NULL

Q building_Layer — Features Total: 14401, Filtered: 14401, Selected: 1 = (m] X

ezw - 2& =2 0 & 2TE*PD BERRE & @&

12 atude v |=| £ [[12 ~ || Update All | Update Selected
latitude ~ longitude area_in_me confidence full_plus_ Floors Height Type 2

I

1 7.86612658000...| 80.6516741899...| 16884.7328000... 0.9689 | 6MV2VMB2 +FM...

2 0 0 0 0 NULL 1 3|NULL

3 7.79692023000... 80.6664303999.. 20.6091000000... 0.6518 6MV2OMW38+Q... 1 3|NULL

4 7.79694509000... 80.6662508299... 90.0948000000... 0.8676 6MV2QMWS8+Q... 1 3|NULL



Add a new field and update the Density type.

Here, you have to assign the Density type considering the number of floors and the building type.

Refer to the following table for that.

Density Type Number of floors Building Type
Low rise Point 1 Point

Low rise Strip 1 Strip

Low rise Block 1 Block
Mid-rise Point 2-3 Point
Mid-rise Strip 2-3 Strip

Mid-rise Block 2-3 Block

High rise Point 4 and 4< Point

High rise Strip 4 and 4< Strip

High rise Block 4 and 4< Block

Table 2 -Categorization of the Density Type

NOTE

As Dambulla has no high-rise or sky-scraping buildings the buildings are categorized according to the following values. But note that correctly, buildings are

not classified according to these values of floors.
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Step 5.1 - Refer to step 4.1 and step 4.2
There, fill in the box as given below.

You can give the name and length as you need. As we give a text to the column of the “Density” the type should be given as “Text(string)”

(- Add Field X
MName Density

Comment

Type abe Text (string) v

Provider type string
Length 20

4

OK Cancel

Figure 75: Add a new field to assign the density type

Click “OK”
Step 5.2 - Select the features.

1. Click on the “toggle editing mode” tool.
2. Click on the “Select features using an expression” tool.

(= building_Layer — Features Total: 14401, Filtered: 14401, Selected: 0 — ] X
Es” = L TESD BREERE 8 @ @
1.2 |a%tude * = € ||1.2 dadaiomidly  |Ipdate Selected
P—— — - Select features using an expression = y
1 Toggle editing Mode 0 0 0| NULL 1 3 Block
2 T.79692025000... o0600a303999...  20.6091000000... 0.6518 6MV2AMWE+Q... 1 3 |Point

Figure 76 - Select features using an expression
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The following box will appear.
Consider you are going to select the “Low rise Point” Density type.

Refer to the above “Table 2” and give an expression to select the density type as follows.

NGO R®ON =

Now you have the selection for the “Low rise Point” density type as follows
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Click on "Fields and Values” and then double-click on “Floors”
Click on “=” icon.

Click on “All Unique” and double-click on “1”

Type “ and” on your keyboard.

Double-click on “Type”

Click on “="icon.

Click on “All Unique” and double-click on “Point”

After giving that expression, click on the “Select features” tool.

Expression

Feature

Preview: 1

Help

(2 building_Layer — Select by Expression

Q
A

nType"

»
»
»
L3
3
L3

Searc... | |Show Values

Aggregates -
Arrays

Color

Conditionals
Conversions

Date and Time

~ hields and Values

»

NO

1.2 |atitude
1.2 |ongitude
1.2 area_in_me
1.2 confidence
abe full_plus_
abe |and_Use

Double-click to add field name to expression string.
Right-Click on field name to open context menu sample
value loading options

Loading field values from WFS layers isn't supported,
before the layer is actually inserted, ie. when building
queries.

Values | O Search...

All Unique 10 Samples

Block

123 Flog
abc Height
abe |2

abc

abc Density
Files and Paths -

Strip

& Select Features |} Close




Q building_Layer — Features Total: 14401, Filtered: 14401, Selected: 8432 — ] *

2B m@ >0 0 & A2 TESD BRREE & @&

1.2 latitude - |:|E| |1-2 - || Update All || Update Selected
latitude - longitude area_in_me onfidenc full_plus_ Floors Height Type Density =

1 E & ‘ 1] 1] 0| NULL 1 3 Block NULL

2 7.79692023000...
3 7.79694509000...
4 7.79696759000...
5 7.79746882000...

6 7.79758341000...

7 7.79762837000... 80.6683432899.. 82.6025999999.. 0.7595 6MV2OMX9+38... 1 3 Strip NULL

Figure 78: The Selection of the "Low rise point" buildings

Step 5.3 - Assign the density Type to the Selected buildings.
Assign the relevant density type to the selected buildings using the Open Field Calculator as given below. There,

Tick on the “update existing field”.

Select the relevant field that is to be updated. Here it is “Density”.
Type the selected Density type in the quotation mark as follows.
Click OK.

Pobn =

61| Page



=

Q building_Layer — Field Calculator

/| Only update 8432 selected features

Create a new field
Create virtual field
Output field name
Qutput field type
Output field length | 10

V| update existing field

abe Density
Integer (32 bit)

(2

Precision |3

Expression Function Editor

row_number

Feature

Preview: 'Low rise Point'

Aggregates
Arrays

Color
Conditionals
Conversions
Date and Time
Fields and Values
Files and Paths
Fuzzy Matching

Q, search... Show Help

-

-

Figure 79: Assign the selected buildings as "Low Rise Point"

OK

Cancel

Following that process assign the 9 density types to all the buildings.

Step 5.4 - Click on the “toggle editing mode” tool to save the changes.

0 building_Layer — Features Total: 14401, Filtered: 14401, Selected: 0

=

atitude -
1 Y
2 7.79692023000...
3 7.79694509000...

L w7 ERD B E =

longitude area_in_me onfidenc full_plus_

Toggle editing Mode

80.64

& &

Floors

Q...

80.6662508299... 90.0948000000.. 0.8676 6MV2OMWE+Q...

Figure 80 - Toggle editing mode

Click on Save
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1

Height

Type
3 Block

3 Point

3 Point
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Low Rise Block
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() Stop Editing X |

o Do you want to save the changes to layer building_Layer? J

S |

Save Discard Cancel
—_—— |
Figure 81 -Save

The updated building layer is completed through the above process and you can use this building layer for the data analysis part in the space matrix.

(“building_Layer”)
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5.2 Data Analysis

You can use the same building layer from the above process for the data analysis. Here it is “building_Layer” and used for the data analysis by renaming it as

“Buildings_Updated_MC_New”. Consider the “building_Layer” and “Buildings_Updated_MC_New” layers as the same layer.
Step 01
Convert the building layer to a point layer.

To run the IDW interpolation tool, you need a point layer. For that, you can use the centroid tool to convert your building layer (Polygon type) into a point layer

as follows.

Centroids tool

Polygon Layer
“Buildings_Updated_MC_ Conve ';;:t:m" to | — PointLayer
New™

Figure 82: The flow chart for converting the building layer into a point layer
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e Go to Vector>>>Geometry Tools>>>Centroids

(2 *Untitled Project — QGIS
Project Edit View Layer Settings Plugins Raster Database Web

DEELRR (M @ B aicowm
ﬂ @ V; /% ﬁ % @ y f Geoprocessing Tools

Geometry Tools

-

- N Analysis Tools
' | O] E;{ Research Tools
: = Data Management Tools
Search QMS B® = 9
Search string...
Filter by extent | | Al -
FY
P9 Google Maps ® | Add

“@. TMS details, report a problem

Mapbox Satellite Streets v9
(0] ® | Add

TMS details, report a problem -

Fresh geodata for your project

Layers @&
o 0 & F 5 - D
' [] Buildings Updated MC NEW

Figure 83 - Centroids
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Mesh Processing Help

Lo UR% B-G-0 QEHIZIBE-&-!

&» Centroids...

27 Collect Geometries...
Densify by Count...
" Extract Vertices...

5 Multipart to Singleparts...
¢~ Polygons to Lines...
L Simplify...

+/ Check Validity...

e Delaunay Triangulation...
mm Add Geometry Attributes...
P Lines to Polygons...
- Voronoi Polygons...

AQ@R ¢



After clicking on the above centroids tool the following box will appear.
There,

1. Give your updated building layer as the input layer. Here it is “Buildings_Updated_MC_New”
2. Click on “Save to File” to give a location to save the centroids layer.
3. Click on “Run”

! Centroids
(X Centroid X
r -
Parameters Log Centroids
Input layer This algorithm
(2 Buildings_Updated_MC_NEW [EPSG:4326] - Ry Lo | [ e with
yer, w
eerm— 1 P gt
Create centroid for each part @, centroid .Df t.hE
geometries in an
Centroids input layer.
[Create temporary layer] < | [JThe attributes
N ]
+/| Open output file after running algorithm g !

Save to Database Table...

Append to Layer...
0%

Change File Encoding (System)...

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

Figure 84: Run the Centroids @
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Error

There’s an error as following figure which can occur after run this tool. It has occured due to an invalid

(2 Centroids X
4 .
FParameters Log Centr("ds
B = IR
Qt version: 5.15.3 = |this algorithm creates a new point layer,
Python version: 3.9.5 with points representing the centroid of
GDAL version: 3.4.3 the geometries in an input layer.
GEOS version: 2.10.2-CAP-1.16.0
PROJ version: Rel. 9.0.0, March 1st, 2022 The attributes associated to each point in NOTE
PDAL version: 2.3.0 (git-version: OaGefs) the output layer are the same ones
Algorithm started at: 2024-04-19T10:13:55 associzted to the original features.
Algorithm 'Centroids’ starting... . ) . . .
Input parameters: If you need to, you can find the invalid geometry by using the check validity tool
{ 'ALL PARTS' : False, 'INPUT' : 'D:\\UOM\
\Wacation projecti\Buildings updated HMCh before running the fix geometries tool. You can find this tool by searching on the

\Eiuildings_Updat.ed_MC_NEW. shp', 'CUTPUT' :
'"TEMPORARY OUTEUT' } . . . . .

- processing toolbox. Use of this tool is not necessary. You can fix the geometries
Feature (7612) from “Buildings_Updated_MC_NEW" has invalid
geometry. Please fix the geometry or change the Processing without checking invalid geometries.
setting to the “Ignore invalid input features” option.
Execution failed after 0.18 seconds

Loading resulting layers

Algorithm 'Centroids' finished -
LY
B Y
0% Cancel
Run as Batch Process... Change Parameters Close Help

If this error occurs you can follow the process given below.
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Step 01

Open the processing toolbox as here. For that,

Go to Processing>>>Toolbox

Q *pro—0aGs
Project [t Uew Layer Setings Pugins Vecpr famer Dembase Web Mesh
NeEREY G2l P0P00 4 -t;"i5 E%IB-=-, .

Graphical Modeler . CrieameG
wcev..eR R +/ > D tmon. o |2 AGER 4 B

- - 7 Fesulty Weewe Cirl=Al=R

Layers aE
A EL-2T0
+
B Bsundary MC 84

¥ Edit Features. In-Place

Filler by eaterit | A1 -
Last uasd
B“mm -
e e, repoit a problem
g gl Mape = lam "
A DemiGed gecdam i wur progedt

mln.mq.u.ﬂ‘ Scale 1AM = by Magnifier| 100% + Folskon 0.8 ¢ * ¥ Rander Berscaax @

Figure 86 - Processing
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Step 02 — Search the “Fix Geometries” tool and double-click on the tool to open it.

@ *pro—QGIS

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

CeEm@Es Q2L RPP

eev.AawB B L/

O’
Layers =1Ed
PEE S RS- 3 3ot

v [ Buildings Updated MC NEW
M soundary MC 84

Search QMS B®E

Search sring... ‘

Filter by extent | All ~ |

Last used: =
w ‘Google Satellite Hybrid add

" TMS detils, report 2 problem  ®

@ Google Maps PRYTilhd

Download gendata fer your project

Q Type to locate (Ctri+)

Figure 87 - Fix Geometries
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Processing Toolbox @
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& Magnifier| 100%

-

Rotation 0.0 °
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The following box will appear. Here,

e Give your updated building layer as the input layer.

Here it is “Buildings_Updated_MC_New”.

e Click on “Run”

. ']
() Fix Geometries *
‘ - -
Parameters Log Fix genmetnes
Input lzyer This algonthm atbempts to create a vahd
= =) representation of a given invalid geometry
) Buildings_Updated_MC_NEW [EPSG:4 = | 50 % | .- P Y
_ Lidings_pdated ML L ﬂ # = without losing any of the input vertices.
Selocted feaiures ani Already-valid geometries are returnaed
! without further intervention. Always
Fixed geomelries outputs multi-geometry layer.
[Create temporary layer] == NOTE: M values will be dropped from the
output.
v | Open output file after running algorithm
¢
I
]
:1
% Cancel it
f
Run as Batch Process... Run Closa Help i
i o T W RESWRID WY i, ETT g . TIRSTES N o ITR g e e, AT ...

Figure 88: Run the fix geometries

(Using this tool, the invalid geometry can be fixed without losing any features.)
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Step 02
Run the Centroids tool again using the fixed building layer

e Refer to the process of step 1 on page 77 to Run this tool again.
e Give the “Fixed Geometries” layer instead of your updated building layer(“Buildings_Updated_MC_New”) as the Input Layer.
e Click on “Run”

Q Centroids bt
4 -
Parameters Log Centroids
Input layer This algorithm
G Fi = tes a new
(9 Fixed tries [EPSG:4326 - 2, L= crea
L~ Fixed geometries [ ] ng ~| | point layer, with
Selected features only points
representing the
Create centroid for each part EL centroid of the
geometries in an
Centroids input layer.
[Create temporary layer] o] The attributes
O Y 154
/| Open output file after running algorithm | Create Temporary Laver

Save to GeoPackage...

Save to Database Table...

Append to Layer...
0%

Change File Encoding (System)...

Run as Batch Process... Run | Close Help

Figure 89 - Run the Centroids
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After running the Centroid tool, you can see the following output.

Progect g Yiew Layer Zettings Pegie Veoipr Master [utabase Web Meth Progesing  Help

NeARRY BeA,APP R BGRtPOR B-2-%-% OEMIE-=-7 0-

LL A A Y N - =4 §E 5 AQes ~ B

o o

Layers aE Processing Tooibo

o A EL-0 20 BADE T 5
+ & Bulldings polnt | L W pematrie
B Beitdings Updeted MC NEW v (%) Racetly ued
B Esumdary MO 84 = 5} Vector geometry

£ Ein geometnes

Search OMS L1

Filter by sdeat M »
Lasl imack —
. =]
o Google Maps o e ]™
& pineslund uoit ar vour project

Q

Figure 90: The point layer
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Step 3
Give a Code to the point layer.

A value field needs to run the IDW Interpolation tool. Therefore, you need to add a new field and assign values to the 9 density categories.

Refer to the following table to assign the values.

Density Type Code

Low rise point

Low rise strip

Low rise block

Medium rise point

High rise point

High rise strip

Medium rise strip

O N| O O | W N| =~

Medium rise block

High rise block 9

Table 3 -Code for the Density Type
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Step 3.1 - Add a new field named “Code”.

e Right-click on the point layer and open the attribute table.

G *pro— QG
Froject Edit Wiew Layer Feflings Flugim Yecor Rasier Deiabase Web Mesh Progessing Help

CeBRRY D220 Pra.BebtlOoR H-8-5-0 4 QWIBE-=-0-
Aqae -~ B

L LA AT Ny

=X
Layers o |
fANTE-TR0

Buildings, Upduted 7 Zoom 1o Layeris
Boumdary, MC 84 Toocm 1 Selection
"F Show in Dversew
Show Festure Count
i Show Labes
Copy Layer
Begame Lager
& Update S0 Layer..
L Duplicate Layer

& Toggle Editing
e
Change Data Sowde. .
Set Layer Scale Wmibivgy..

| Layer (35
Sesrch OM5 | Expent

[Soaren st F i
E— (FEREYES Ao Layer Mo,
LS Broptriies
E““m & M

| B THG ot pape o prostem

o g s oozl
A Dosmisad et for per prajent

Ol Ty o locsta (0L

Figure 91 - Add a new field
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Refer the Step 1 on page 45 to add the field.
A box will appear as follows.

e Give a name and length as you need. Here the name is given as “Code”
e As the code is a number the Type should be given as “Whole number” and Click OK.

(=} Add Field X
Name Code

Comment

Type Whole number (integer 64 bit) +

Provider type integert4

4P

Length 10

0K Cancel

Step 3.2 - Select the features.

1. Click on the “Select features using an expression” tool.

2 Buildings_point — Features Togal, 14401, Filtered: 14401, Selected: 0 = a X

/% B - L TESD BERE2EE = 8 &
1.2 [atitude v [=|E |12

latitude  longitude area_in_me onfidencill plu: FIf Select features USing an eXpreSSion.
1 91140000000 55505... 136.3840.. 0.8504 6M...

Sl llndoie Al L odoes oot

2 7.8520614... 80.65583.. 36.78249.. 0.6816 6M... 113 Block Low Rise Block

3 7.8511093... 80.65408.. 32.87299.. 0.6997 6M... 13 Block Low Rise Block

Figure 93 - Select features using an expression

75| Page



The following box will appear. There,

Click on “Fields and Values”
Double-click on “Density”

Click on “="icon.

Click on “All unique”
Double-click on “Low rise Point”
Click on “Select Features”

oAM=

Q Buildings_point — Select by Expression

Expression Function Editor

+'J""II()’\H’

Feature v P

Preview: 1

Help

~_Fields and Values

Q, searc... | | Show Values

+ Conditionals
»  Conversions
» Date and Time

MNULL

1.2 |atitude
1.2 |ongitude
1.2 area_in_me
1.2 confidence
abe full_plus_
abe Land_Use
abc Name
123 Floors
abc Height
abc |2

abe Func_Mix
abc Type
abe Density
123 Code

* Files and Paths

s

group field

Double-click to add field name to expression string.
ight-Click on field name to open context menu sample

e loading options.

tes

Loading field values from WFS layers isn't supported,
before the layer is actually inserted, ie. when building

queries.

Values | O, Search...

All Unique ( 4 0 Samples

. Low Rise Point

High Rise Block
High Rise Point
High Rise Strip

Low Rise Strip

Medium Rise Block
Medium Rise Point
Medium Rise Strip

£ select Features

b d

*|

The selection of the “Low rise Point” is given below.
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Q Buildings_point — Features Total: 14401, Filtered: 14401, Selected: 8432 — (] X

/& B B0 <0 0 & : TELSD BER2E B &2 &

1.2 |gtitude v (=& [[1.2 * || Update All || Update Selected
|atitude longitude area_in_me onfidencill_plu; Floors = Height Type Density Code 1

2 7.8520614... 80.65583.. 36.78249.. 0.6816 6M.. Block Low Rise Block NuLL

3 7.8511093.. 80.65408.. 32.87299.. 0.6997 6M.. Block Low Rise Block NULL

Figure 95: The selection of the rise point buildings
The selected features are the buildings that belong to the “Low rise Point” density category. According to Table 2, assign the code for that selection as 1 in the

next step.
Step 4.3 - Assign the relevant value to the “Code” field using the open field calculator.

Refer to Table 3 on page 82 to assign the relevant value.

Open Field Calculator

1. Click on “Open Field Calculator” as fol

Q- Buildings_point — Features Total: 14401, Filtered: 14401, Selected: 8432 - o X

/&8 S <0 B & R TESP BB ® &

12 fatitude v =€ 12 Open field calculator (Ctrl+|)iA" UpdotaiSelactad
. latitude longitude  area_in_me onfidencill_plu; Floors = Height Type Density Code =

2 7.8520614... 80.65583.. 36.78249.. 0.6816 6M... 1|3 Block Low Rise Block NULL

3 7.8511093.. 80.65408.. 32.87299.. 0.6997 6M... Block Low Rise Block NULL

Figure 96 - Open Field Calculator
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It will appear as follows.There,

PoON=

Tick on update existing field.

Give your field that is to be updated. Here it is “Code”.

Type 1
Click “OK”

Q Buildings_point — Field Calculator

v Only update 8432 selected features

Create a new field

Create virtual field

Output field name

Figure 97 -Field Calculator
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V| Update existing field @

OF

123 Code
Output field type | Whole number (integer)
Output field length | 10 Precision |3
Expression Function Editor
T
N8 K Q .| | show el
1 row_number *
» Aggregates
b Arrays
» Color
»  Conditionals
» Conversions
- Sh =l el e » Date and Ti...
» Fields and V...
Feature v > » Filesand Pat.. _
Preview: 1 «J

=

Cancel

Help




Step 4.4 - Give codes to all the density types by following the above process (Step 4.2 and Step 4.3 accordingly).
Step 4.5 - Click on the “toggle editing mode” tool and Save the changes

e Click on the “toggle editing mode” tool.

(2 Buildings_point — Features Total: 14401, Filtered: 14401, Selected: D = O X
g LY E @D PE E @8
~ame b - £d ll_plus Floors | Height Type Density Code 5

Toggle editing mode

1 91140000000 BM... 13 Point Low Rise Point 1
2 7.8520614... 80.65583.. 36.78249.. 0.6816 6M... 1|3 Block Low Rise Block 3
3 7.8511093... 80.65408.. 32.87299.. 0.6997 6M... 13 Block Low Rise Block 3
4 7.8508554... 80.65508.. 147.8663.. 0.861 6M.. 1(3 Point Low Rise Point 1
5 7.8533917... 80.65461.. 130.1507.. 0.683 6M... 13 Block Low Rise Block 3
6 7.8550378... 80.65517.. 53.10029.. 0.7191 6M... 1(3 Point Low Rise Point 1
Figure 98 - Toggle editing mode
o C(Click on “Save”
(3 Stop Editing X |

o Do you want to save the changes to layer building_Layer? J

|

Save Discard Cancel
— |

Figure 99 -Save
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Step 5
Run the IDW interpolation tool

Step 5.1 - Search the “IDW interpolation” tool on the processing toolbox and open it.

e Search the “IDW interpolation” tool.
e After the search, the tool will appear.
e  Double-click on the IDW interpolation to open it.

@ *pro—QGIs = o X
Project Edit View layer Settings Plugins Vector Raster Database Web Mesh Processing Help

DeERRE 2L RPR L BetOR -

ST O BT B

5
LL A ALY N > 1 AGQ@R 2
rsl i
Layers 0]
8% EG-B AL
v © Buildings point
M Buitdings Updated MC_NEW @ ETE Ty |
W BoundaryMC 84 B 10w interpolation
Search QMS
Search string.
Fiter by extent || Al
Last used:
Google Satelite Hybrid
CAd ™S derals, repota groblem @AM
o Google Maps - lada
e You can add more algorithms 10 the toolbax,
Q Type to locote (Ctrik Coordinate| 80.71033,7.62102 P Scale(1:33733 ¥ | @@ Magnifier| 100% + Rotation |0.0° +| v Render @epscianzs @

Figure 100 - IDW interpolation tool

The following box will appear.
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Step 5.2 - Fill the following box according to the steps given below.

1. Give your point layer as the vector layer. Here it is “Buildings_Point”
2. Give your “Code” field as the Interpolation attribute
3. Click on the plus mark
4. Give your boundary layer of the study area as the extent. Here, it is “Boundary_MC_84"
5. Give the relevant pixel size. Here it is “0.000258”
() IDW Interpolation X I;;L::I
, QU iaw Note
Parameters | Log IDW - Q
Input layer(s) terpolati

1

. e § \ If you do this analysis only for Building Density you can
ector layer ulldings _poin *

erates an . . . . . .
Iterpolation ampe 123 Coge = @Zﬂ?ﬁﬁ@f give the pixel size as you need. But if you do this analysis

-coord £ lati olation of a . . .
e e R a : {vector loyer to use for the urbanity as well, the pixel size should be
_ Sample points are
Type

e e, given the same as the Landuse mix layer and the
Buildings_p... Code Foints - that the influence o .
T e Accessibility layer since these three layers have to overlay
declines with

d?sialziz frgm the

Distance coefficient P unknowin point you In the Urbanlty anaIySIS

want to create.

Vector layer Attribute

2.000000

Extent

Output raster size

Calculate from | aver » | P Boundarv MC 84

=~ Use Map Canvas Extent (= Buildings_Updated_MC_NEW
=571 459 Columns 246

Draw on Canvas ° Buildings_point

5 )Di Ll L0028, amad Pixel Size Y | 0.000258

Interpolated
[Save to temporary file]

+/| Open output file after running algorithm

‘ 0% Cancel

Run as Batch Process... Run Close Help

Figure 101: The IDW Interpolation

6. Click on “Save to File” to give a location to save the file as follows.
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7.

Click on Run

Q IDW Interpolation

Parameters ‘ Log

Input layer(s)

Vector layer | ,’° Buildings_point b |
Interpolation attribute | 123 Code b |
Use Z-coordinate for interpolation
[ [=]
Vector layer Attribute Type
Buildings_p.. Code | Points - |
Distance coefficient P
| 2.000000 s
Extent

| 80.620946935,80.685412415,7.796581086,7.915437296 [EPSG:4326]

e

Output raster size

|462 | Columns

Rows

| 251 & |

Pixel size X | 0.000258 % | pixel size ¥ | 0.000258 & |

Interpolated

|[Save to temporary file]

| Open output file after running algorithm

(/6 \fllil

IDW
interpolati
on

Generates an
Inverse Distance
Weighted (IDW)
interpolation of a
point vector layer.

Sample points are
weighted during
interpolation such
that the influence
of one point
relative to another
declines with
distance from the
unknown point you
want to create.

\__/

w /0

|Run as Batch Process... ‘

The Output Layer is given below.
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Figure 103: The Interpolated Density layer
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Step 6
Change the Properties and classify the layer into 9 categories.

Step 6.1 - Open the properties

Right-click on the layer and open the properties as given below.

@ *pro —QGIS

Project  Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
BRR& ORAL,RPPP L LOOR 25 @ ) =y
RQV.Z=sE D 5 = Qeee -~
L.

Styles .

Add Layer Notes..

Search OMS 28

Filter by eaent | | All

Last usead: 3
[ Goople Sateiita Hybrid e

oY TMS datnis, raport o problem ¥ |

@ Google Maps Py i

Do gaodats for your praject

Coordinate | 80.5530,78618 W Sesle 1:75206

Figure 104 - Change the Properties and classify the layer

It will appear as follows.
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= | @ Magrifier| 100%

+ | Rotason

o x
Processing Toolbox aE
- A
dur Intarpalation
v (L) Recenty used
= @ Interpolation
Bl 10w imerpotation
enakle
oddiioral providers.  [close]
D %+ o Ronder @epscoze @@



@ Layer Properties — interpolaed_density1 — Symbology X
QL ¥ Band Rendering -
."’i" Information Render type |Sing|eband gray - |
Gray band Band 1 (Gra -
‘{‘_\} Source Y | (Gray) |
Color gradient |Black to White d |
.’ Symbology
Min | 1.00005 | Max 8.75454 |
L& Transparency
—_— - = Contrast | Stretch to MinMax - |
enhancement
Histogram P Min / Max Value Settings
4 Rendering Legend Settings...|
u Temporal v Layer Rendering
@R Pyramids Blending mode | Mormal e | |‘h Reset |
a‘ Metadata Brightness — ] | || Contrast — | ] | |
Gamma - | 1.00 || Saturation E— | =
Invert colors I Grayscale |Df’f |
(NP Calavian | CHeannath | | | 1nnoc |
| Style v| | (o] 4 | | Cancel | | Apply | | Help

Figure 105: Layer Properties
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Step 6.2 - Change the properties as given below.

1. Give the render type as “Singleband pseudocolor”
2. Change the Mode to “Equal interval”
3. Give the classes as “9”
4. Give the values that you have given to the “Code” field (1 to 9) and give the relevant label as well.
5. Click OK
i @ Layer Properties — Density_interpolated — Symbology X
a | v Band Renderi -
ft' Information Render type | Singleband pseudocolor
J@ ST Band Band 1 v
Min 4 1 Max 9
Symbol
« ) P Min / Max Value S
l.‘_z Transparency Interpolation Linear -
Histogram Color ramp [ s -

& « Rendering Label unit suffix
v o
a Temporal Label precision 4 a
Ula
X Value Color Label
& Pyramids

a‘ Metadata

3 3
4 4
2\3 Mode | Equal Interval + @ Casses 9 43 |3

Classify C{F}J = f{* E Legend Settings...

; -
Style 0K Cancel Apply Help

Figure 106: Change the layer properties

e Click on “Legend settings” to give a legend.
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[ (& Layer Properties — Density_interpolated — Symbology X

e o -

@ information Render type | Singleband pseudocolor ~ |
J\:\‘ S Band | Band 1 - |
Min 11 Max 9 |

‘ Symbology
» Min / Max Value Settings

L& Transparency

Interpolation | Linear

Histogram Color ramp | ]

Label unit suffix | |

& Rendering

@ Temporal Label precision (4 al
Value Color Label

B8 Pyramids

a‘ Metadata

Legend

Classes 9 €1

| Legend settings...|

| syle v ok || cancel || appy || mep |

Figure 107 - Legend settings

The following box will appear. There, tick off the “use continuous legend” and Click OK. & |egend settings

se continuous legend

Labels

Prefix ‘

Suffix ‘

Minimum ‘Default

Maximum ‘Default

Number format Customize

Text format Font

(Appiies to print layout legends only)

Layout

Orientation Vertical bt

The Output layer is given below. Dl UL O LD e

oK H Cancel H Help
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¥ *pro —QGIS

- a X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
DEBRRY V8B RAPPRPLRANEaEINOR - 0-B-0 &I & 6-
LAY NI h | = = : AQQR 2
-~ -
LN o
Layers Processing Toalbox 6
AT -FAO %208 *
CL i iterpolaton
Band 1 » (9 Recently used
m = (@ Interpolation
2 . IDW interpolation
3
4
5
6
7
| ]
| E

@ Buildings_point
. Buildings_Updated MC_NEW
Ml Boundary_McC_84

Search QMS @
‘Search string... ‘
|F\\ter byextent‘ ‘A\I - ‘
Last used: =
” Google Satellite Hybrid ‘m‘
Ya! TMS details, report a problem  ® 299
@ Soogle Maps a [aaa ™

‘ /. Download geodata for your project ‘

| Q Type to locate (Cirl+k) |

Figure 109: The Categorized Density layer
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~ | @ Magnifier 100%

You can add more algorithms to the toolbox,
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Step 7
Reclassify the interpolated raster layer.
Step 7.1 - Search the “Reclassify by table” tool in the processing toolbox.

Step 7.2 - Double-click on the tool and open it.

@ *pro—Qgls _
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

DEEARRY 2P/ ELPPPRI LR LNOR H-0-B-0 &EEI =-2 -
BV A wEB @ L - = & ; AQER 2

1PN
Layers EQ Processing Toolbox
o 0 KT -HAD e - ~
v v [ Density interpolated | O reclassify by table I
Band 1 ~ (1) Recently us
m o
u: -
3 4% Reclassify by table
4
5
6
7
|_El
|_El

@ Buildings_point
. Buildings Updated MC NEW
B Boundary MC 84

Search QMS a®
|search string... |
| Filter by extent | | All - |
Last used: =
79 Google Satelite Hybrid @ [dd]
A TMS details, report a problem —
@@ Google Maps o [aaal™
Download geadata for your project You can add mare algorithms to the toolbox,
| QU Type to locate (Ciri+) | Coordinate| 80.5583,7.0047 | Scale|1:83182 v | (@ Magnifier| 100% || Rotation [0.0° |+ /| Render

Figure 110 - Reclassify the interpolated raster layer

The following box will appear.
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Step 7.3 - Give your interpolated layer as the raster layer

(- Reclassify by Table

Parameters Log

X

' Reclassify

T hy table

=" Density_interpolated [EPS5G:4326] Thigalgorithm
recldssifies a

Band number raster band by
Band 1 assigning new

Reclassification table

Fixed table (0x3)

b Advanced Parameters
Reclassified raster

[Save to temporary file]

v Open output file after running algorithm

| 0%

Run as Batch Process... Run

Figure 111 -Reclassify by table

class values based
on the ranges
specified in a fixed
table.

Cancel

Help

Step 7.4 - Fill the reclassification table as given below.

Click on the following icon to open it.

() Reclassify by Table

Parameters | Log
Raster layer
:-' Density_interpolated [EPSG:4326]
Band number
Band 1
Redlassification table
Fixed table (0x3)
P Advanced Parameters
Redlassified raster
[Save to temporary file]

+/| Open output file after running algorithm

| 0%

Run as Batch Process...

It will appear as follows. There,

1. Click on “Add the row” and add 9 rows to the table one by one. (As the density has 9 categories, you can add 9 rows to the table. )
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Run DC\USE Help

X

L4 .
Reclassify

by table

This algorithm
reclassifies a
raster band by
assigning new
dass values based
on the ranges
specified in a fixed
table.

Cancel

. Here it is “Density_interpolated”.

Figure 112 - Fill the reclassification



(&) Reclassify by Table

Parameters ‘ Log |

X

|?| Reclassification table

Reclassify
by table

This algorithm

Minimum Maximum Value |‘m Add Row l reclassifies a
raster band by
1 |Remove RDW{5)| assigning new
I —_— class values based
= | Remove All | . | on the ranges
- " | specified in a fixed
R | 4 | oK | table.
m | Cancel |
. s
5 ]
|| -
[4]
[ l Cancel
Run | | Close | | Help

|Run as Batch Process...

Figure 113 - Add the row
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2. Fill the table according to the values in the “code” field of your layer and give the relevant number of the density category as the ‘Value’ as follows.
3. Click OK.

() Reclassify by Table X
» -
Parameters | Log Reclassify
4| Redlassification table by table
This algorithm
Minimum Maximum Value Add Row reclassifies a
raster band by
1/1.0 1.9 1 Remove Row(s) assigning new
class values based
2/2.0 2.9 2 Remove All on the ranges
specified in a fixed
330 39 3 OK table.
Cancel
4 4.0 49 4
5/5.0 5.9 5
6/6.0 6.9 6
7/7.0 7.9 7
8/8.0 8.9 8
-
0% Cancel
Run as Batch Process... Run Close Help

Figure 114: Reclassification table
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Step 7.5 - Click on “Save to File” to give a location to save the file and click on “Run”.

(&) Reclassify by Table X
» -
Parameters | Log Reclassrfy
Raster layer by table
| :l' Density_interpolated [EPSG:4326] hd | |_‘ This algorithm
reclassifies a
Band number raster band by
|Eand o - ‘ assigning new
class values based
Reclassification table on the ranges
— specified in a fixed
|F\><ed table (9:3) ‘ |_‘ table.

P Advanced Parameters

Reclassified raster

|[Sa\fe to temporary file] ‘ |_v‘

/| Open output file after running algorithm

| 0% | Cancel

|Run as Batch Process...| Run ‘ | Close | | Help

Figure 115 - Save to File
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The output layer is given below.

G pro— = [= ] 4
Project  Ldit w  Layer Settings Pluging Vecior [Radter Database Web Mesh Progesiing |elp

BREy @epaprniopmpa L, e M # L ”
ROV, Z WP @ n = :

i Frocessing Tonlhox
: 3= | A
. radassfy
- Recently used
1C_NE Reclassity by table
* 5} Raster analysic
V' ° Density Feclassified (L
Band 1 {Gray) w tahle
4 = G Vector table
Ad unigue value inde...
I 1
Saarch OMS e
Filter by &xtent Al =
Last L -
Guoyhe Salelie Hybrid -
B o tas, toel b vy ® |0
ol Guwghe Maps: a | add 1™

Doanlsd geadata for your project

Ceordiate 007255705 B Sk 17506 ¢ @ Meorffier 100% Z otation |01 2V Reeder SEFscoazie G

Figure 116: The Reclassified density layer
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Step 8

Clip the reclassified layer with your boundary.

Step 8.1 - Search the “Clip raster by mask layer” tool to clip the raster layer.

Double-click on the “Clip raster by mask layer” tool to open it.

(2 *pro — QGIS

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

0 BRY QUL2LRAPPR R

a@v.2el @

] i
Layers B
i %% 310

» = Density interpolated

® Buildings_point

D Buildings_Updated MC_NEW

W Boundary_Mc_84
v v/ & Density Reclassified

Band 1 (Gray)

9

I1

Search QMS B8
Fiter by extent| | Al ~

Last used -

9 Google Satelite Hybrid por

%l TMS detolls, report o problem  ®

@9 Soogle Maps vlig

Download geodata for your project

Figure 117 - Clip the reclassified layer

The following box will appear.
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& |Magrifier| 100%

Processing Toolbox
e @

clip raster

W Clip raster by mask layer
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I LA Clip raster by mask layer
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Step 8.2 - Fill that box as follows.

1. Give your reclassified layer as the input layer.
2. Give your boundary layer for your study area as the Mask layer. Here it is “Boundary_ MC_84"

3. Click on “Save to File” to give a location to save the file.
4. Click on Run.

Q Clip Raster by Mask Layer

Parameters Log

Input layer -
l =" Density_Reclassified [EPSG:4326] ( 1

ask layer
(=) Boundary_MC_84 [EPSG:4326] ( 2 )@)ﬁ] ==

laciad fact L

Source CRS [optional]

Target CRS [optional]

Assign a specified nodata value to output bands [optional]
Not set
Create an output alpha band
V| Match the extent of the clipped raster to the extent of the mask layer
Keep resolution of input raster
Set output file resolution
X Resolution to output bands [optional]
Not set
¥ Resolution to output bands [optional]
Not set
P Advanced Parameters
Clipped (mask)

[Save to temporary file] o]

| 0%

Run as Batch Process...

Run | Close 3

Figure 118: Clip the reclassified den@er with the Boundary layer

The output layer is given below.
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(X *pro— QGIS

- a X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
o 84 @ @ @B DDm Q | g —_

0 ERY e RDDR Q LI -0 @ | X i ~

BEVAME - = - ®
Layers [E]e3) Processing Toolbox 2®
« 3 % W% 3 ) A N

3 = Density_interpolated clip raster

® Buildings point

D Buildings_Updated MC_NEW
. Boundary_MC_84

Densit
Band 1 (Gray)

9

Il

3 #* Density Reclassified

Search QMS BE
Filter by extent | | All v

Last used: =

m Google Sateliite Hybrid o | Add

“&. TMS details, report a problem

@® Google Maps - (2aall™

Download geadata for your project

Figure 119: The Reclassified density layer of the study area
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Step 8.3 - Change the properties of the clipped raster layer.

Refer the step 6.2

The final layer for the building density is given below.

(@ #pro —QGIS = (=) X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

DEERRY Ue2LPRIPRPLRASNEELENOR N-0-H-0 & E#E & 60 G-

LA ALY N > - = ; AQEQR - 2

1O
Layers Processing Toolbox
0l & ¥ o -HAD wa oD 5
» ¥* Density_interpolated | Q0 dip raster a
® Buildings point

. Buildings Updated MC_NEW
B Boundary MC_84
» ¥ Density Reclassified
Density Clipped
Band 1 (Gray)

hd @ Recently used
L Clip raster by mask layer
~ & GDAL
~ Raster extraction
= Clip raster by extent

= Clip raster by mask layer
m
m:
3
4
5
6
7
Ws
| E
Search QMS @®
| search string... |
| Filter by extent | | All ~ |
Last used: <

¢ Google Satelite Hybrid
“al TMS

details, report a problem @ | Add |

@@ Google Maps

alsda Y

Download geodata for your project

YYou can add more algarithms to the toolbox,

| Q Type to locate (ctrl+) | Coordinate| 80.7506,7.8245 | Scale 1:75807  ~ | f@ Magnifier| 100% ‘:\ Rotation | 0.0 ° ‘:\ V| Render @epsG:azzs @

Figure 120: The final Building density layer of the study area
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6. MAP OUTPUT

Space Matrix Map

SPACE MATRIX MAP
Dambuilla Municipal Coundll Area

1 ! I

Legend
[ Boundary
Density
W Low rise point
W Low rise strip
2| I Low rise block
L Medium rise point
High rise point
[ High rise strip
I Medium rise strip
B Medium rise block
I High rise block
F T T ‘I

Figure 121: Space Matrix Map
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7. PREPARATION OF MAPS

Use Suitable Colors & Symbols
Show adjacent administration boundaries.
Maximum utilization of map space
Show the Graticule Network with appropriate grid size.
Show the basic elements in the map.
Transportation Networks
Water Bodies
Prepare a descriptive map.
Label notable features.
Major Road Types
Major Rivers

GN Boundaries
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Examples

Water Bodies & Wetlands In Colomba Metro
Region & Pheripheral Zone.

A Ciombemene M 1717135 A
region B 1950 - 210
W sireams [ l2983-2415

2415. 2048

2,548- 2,881 ’,ﬁf
079080 005 300 009420 000250 — =
e — — s 2

Legend .
I stk N Check the units of the scale bar.
Maximum utilization of map space
Wetlands in Colombe Metro Region
ASDO N €3 B N0 D S AL D D, AINBO BB YOE
ool b by Ll o Al Sl N Hach 2 o LU ALLEY o
ble OF Conterts: ax 15 5 \7 18 ]
48 S8 j
15 Layers o
¥ = M psbs
in the e - 1
(=] 4
01,258,500 5:000 Unknown Units
; h L. <' Legend
[ | Moratuwa2
Map 123|’C} .M‘.I. Vlfetland in Study area [ psoti
K : Check the text given in the legend.
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AFTERWORD

Building density is a critical indicator of urban form and function, influencing everything from urban planning to quality of life. This manual provides readers

with the knowledge and related tools to analyze building density effectively using accessible GIS technologies and open-source data.

By integrating both theoretical foundations and hands-on guidance, we hope this resource supports deeper understanding of urban spatial structures and

encourages informed, data-driven planning. May it serve as a catalyst for continued learning, research, and innovation in the field of urban analysis.
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