Practical Manual

for

ILWIS Open - Image Processing Software
&

QGIS - GIS Analysis Software

Compiled and designed by

Gopal Krishna

PhD - Geoinformatics and Remote Sensing




CONTENTS

S. No. Topic Page No.
ILWIS Open
1. | Introduction 1
2. ILWIS Open Image Processing Software - Graphical User Interface 2
3. Import and Display of Raster Image 3
3.1 Opening RGB Colour Composite (FCC) Image 4
4. | Overlaying Vector data (Shapefile) on raster image FCC 5-6
5. | Steps for changing colour of the shape file polygon for better visualization 7
6. | Extracting a SubMap/Subset of image (Area of Interest) 8
7. | Georeferencing 9-12
8. Image Enhancement Tools 13-14
8.1 Contrast Enhancement 13
8.2 Spatial Enhancement 14
9. | Colour Separation using RGB Colour Composite image 15
10. | Image Classification 16-26
10.1 Unsupervised Image classification 16-17
10.2 Supervised Image classification 18-26
11. | Classification Accuracy Assessment 27-28
QGIS
1. Introduction 30
2. | Quantum GIS - Graphical user interface 31
3. | Creating and Editing Spatial Data 32-36
3.1 Open Raster data 32




3.2 Create a new Shapefile 32-33
3.3 Changing style (Symbology) of the Shapefile before digitization 34
3.4 Digitization 35
3.5 Snapping for subsequent polygon digitization 36
3.6 Tracing of shared boundary 36
Updation of Attributes of the Vector Data in Shapefile 37-41
41 Updation of Attributes by Manual Entry 37
4.2 Updation of Attributes using Microsoft Excel 38-40
4.3 Edit Names of the Fields in a Shapefile 41
Labeling of Vector Data 42
Creation of Thematic Maps 43-45
6.1 Using Categorized Colours Symbology 43
6.2 Using Graduated Colours Symbology 44
6.3 Pie Chart Diagrams with Symbology 44-45
Extraction of Basic Statistics for Numeric Fields 46
Performing Spatial Queries 47-48
Map Composition 49-52

References

53







ILWIS open

IASRI, Library Avenue, New Delhi-110012

1. Introduction

Integrated Land and Water Information System (ILWIS) is a geographic information system
(GIS) and remote sensing software for both vector and raster processing. The ILWIS software
was made commercial with ITC establishing a worldwide distributors network. Since July 1,
2007, ILWIS has been distributed as open source software under GPL license (FOSS4G,
2007). Now the developer of the ILWIS is 52°North ILWIS Community.

ILWIS combines remotes sensing and GIS capabilities, enabling us to create geospatial data,
extract the most information and update our existing GIS data. ILWIS allows processing
images and extracting the information. ILWIS simplifies classification, orthorectification,
mosaicking, reprojection and image interpretation, while maintaining the integrity of the
geospatial data for updating our GIS in multiple formats.

Key features of ILWIS open are-

e Integrated raster and vector design
e Import and export of widely used data formats
e On-screen digitizing
e Comprehensive set of image processing tools
e Orthophoto, image georeferencing, transformation and mosaicing
e Advanced modeling and spatial data analysis
e 3D visualization
e Animation framework (with optional 3D)
e Auto resampling of different spatial geometries
e Extensive tool set for visual analysis
e Rich projection and coordinate system library
e Geo-statisitical analyses, with Kriging for improved interpolation
e Production and visualization of stereo image pairs
e Spatial Multiple Criteria Evaluation
e Web Mapping Service (WMS)
e Web Processing Service (WPS)
e Hydrological modelling
e Surface Energy Balances
(Source: 52 North community and ITC, The Netherlands)

This manual extends image processing and interpretation operations like import of raster
data, false colour composite creation, image enhancement techniques, georeferencing, vector
layer overlaying on raster, submap/subet creation and image classification.




2. ILWIS Open Image Processing Software -

Graphical User Interface
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3. Import and Display of Raster Image
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Steps:
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Import a file from another package into ILWIS
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Query : None

.grf — Georefence information file

.mpr — Raster Map (for image band visualization)
.his — Histogram file (for histogram information)

Click on import option given in File drop down menu
In the Import window, click on + button before ILWIS
Then click on + button before raster and
Then select Tagged Image File Format (TIF)

Click on the Input button and choose the band of image you want to import
Click ok.

This will import an imagery band in catalog. The imported band into catalog shows four files-

.csy — Coordinate system file (Projection, Datum, Ellipsoid information)

Now click on Raster map button. This is a .mpr file that has been imported in native format
of ILWIS. Right click on this file and choose properties. Here the information about this
image band is given. The information contains projection information, number of lines &
columns, pixel size and four extreme coordinate values.

Repeat above process for importing Band 4, Band 3, Band 2 and Band 1 of the Landsat data.
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3.1 Opening RGB colour composite (FCC) image-

Follow the steps given below-
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4, Overlaying Vector data (Shapefile) on raster image FCC
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Steps:
1. Go to Import option of File drop down list.

2. In the import window click + button in front of Geospatial Data Abstraction Library
(GDAL)

3. Click + button before vector.

4. Select ESRI Shapefile.

5. In front of Input a button is given. Click on that and choose Mumbai_Land_area.shp file.
6. click on Ok.

Above process will import shapefile in ILWIS catalog. The imported shapefile into catalog
shows three files-

.csy - Coordinate system file (Datum & Ellipsoid information)
.mpa — Polygon map
bt — Attribute table

In the ILWIS cataolog window, Identify the Mumbai_Land_area fie having |E| icon and
selection of this file will show “Mumbai_Land area’.mpa written in command line.
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Simply drag “Mumbai_Land_area.mpa” file into the window in which colour composite
image “Mumbai432” is already opened.
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Imported Shape file in ILWIS catalog.

Now shape file has .mpa extension (see command line) ( ssisins,_ 2z 1S IGUITN TSI




5. Steps for changing colour of the shape file polygon for
better visualization
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1- Click the + sign near Mumbai_Land_area

2- Click the + sign near Display Tools

3- Under Display Tools, Click the + sign of Boundaries. This will open Line style option.
4- Double click on Line style and

5- Choose a colour from drop down menu.

6- Click Apply.




6. Extracting a SubMap/Subset of image (Area of Interest)
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7. Georeferencing

Before starting the georeferencing of a toposheet, we have to reach the folder through
Navigator of ILWIS where our toposheet named as “ne-43-01bombay_north_1954.bmp” is
located.

(i) Importing Toposheet (.bmp file) in ILWIS environment-
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Steps:

1. Go to File option in Main menu.

Click on Import option

In the Import window, click + sign near ILWIS.

Click + sign near raster and

Select Windows Bitmap .BMP

Click on the button given in front of Input in right pane and choose the ‘“ne-43-

Olbombay north 1954.bmp” file. In the Output option same name with .mpr

extension will be automatically populated as shown in image above.

7. Click Ok to import the toposheet BMP
file into ILWIS environment.

o gk wn

Operation Progress Complet... | Info

Aftel‘ execution Of above Shown StepS, Importing from Windows Bit... I . 789 Converting...
adjacent progress manager will be appeared-
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Now double click to open the file “ne-43-01bombay north_1954.mpr” from catalogue
window

(if) Add Tie points using the Create GeoReference tool

A-Define Coordinate System-

Steps:

}) ne-43-01bombay_north_1954: Map ne;43-01bombay_north_1954 - ILWIS
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Click on File option in main menu of the window having non georeferenced toposheet
init.

Hover mouse on Create option

Click on GeoReference option. It will open a Create Georeference dialogue box as
shown in image above.

In Create Georeference dialogue box provide Georeference Name as
“Mumbai_Toposheet”

Choose Coordinate System as “LatLongWGS84” from the drop down menu.

Click Ok.

B- Add tie points on appropriate places

Steps:

Click on Zoom in tool and zoom into one of the corner of images where coordinates
are written on toposheet.

Click on Normal pointer (see screenshot displayed below) and

Click on the toposheet at first corner as shown in image below. A new dialogue box
named as “Add Tie Point” will be opened. This dialogue box will be populated




i3 GeoReference Editor: Mumbai_Toposheet. = | s |
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File Edit La Opti
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Zoom into first corner as shown in image

¥ Add Tie Point
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2°0
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Pointwindow

Row Col |Active | DRow DCol -

Toposheet 1s not Georeferenced
that’'s why “No Coordinates
Calculated” 1s written

4 : »
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V

with Row and Column numbers because it has taken row and column of the place
where you have clicked using Normal pointer

Now fill in Latitude value as 20 (as shown in toposheet)

Fill in Longitude value as 72 (as shown in toposheet)

Click Ok after filling up the Lat Long values.

A new tie point showing X, Y, Row, Col, Active, etc will be added in the table given
in the bottom pane of the GeoReference Editor window.

Follow steps 1 to 6 to add all four Tie points shown in four corners of the toposheet
by filling up the Lat Long value of that place. After fourth coordinate onwards, the
Add Tie Point window will automatically show approximate coordinate value that has
been calculated based on previous three coordinate values.

After that try to put more tie points if the error in accuracy of georeferencing is
higher.
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Tote;l Number of Tie Points added

Fig: Georeference editor showing location and number of tie points added with error
of accuracy in georeferencing.

(iii) Checking the toposheet in ILWIS catalogue

Now close the GeoReference Editor window and go to the catalogue of ILWIS where
the toposheet was located. You will see that a new file has been added named as
“Mumbai_Toposheet”. This is a .grf file having georeference information of the
toposheet. Double clicking on this file will open it. Now the coordinates have been
calculated. Therefore, you will see some coordinates at the place where “No
Coordinates Calculated” was written earlier.




8. Image Enhancement Tools

8.1 Contrast Enhancement

Contrast enhancement can be done using Histogram Equalization and Linear Stretching.

Steps:

Find Stretch tool under the Image Processing option of Operations in main menu-

Operations -2 Image Processing - Stretch.

Stretching using Linear Stretching and Histogram equalization techniques-
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I ]
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8.2 Spatial Enhancement

Image Filtering-

Low pass filters like Average, Median, Standard Deviation etc as well as High pass filters
like Linear, Majority etc can be applied for spatial enhancement of the imagery. The domain
value for any imagery band should be IMAGE only while applying filters.

Filter dialogue box can be found under Image Processing option of Operation in main menu

Operations = Image Processing = Filter.

Low Pass filtering

HighPassfiltering

r r
@ Filtering T Filtering =)
Raster Map | ER Mumbai432_Blue ~| Raster Map [ ER Mumbai432_Blue ~|
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d |
Show | Define | Cancel I Help Show | Define I Cancel ] Help |
)

|

As shown in screenshot above, filters can be applied on an imagery band.




9. Colour Separation using RGB Colour Composite image

(ol o) )
- |[&] %
= D By DEM hydro-processing |
[ ' E Image Processing 2 » Classify & fn E ClE
lﬁ import/Expol » Cluster ,:I
= lati 3 | i
P 1 ]ntérpo at:onr Color Compo#lte b32788JC00_83 G NAME 21
OpeaionTree Mg Peint Operations ' D oo ss @ a3
top Backup21-07-1 Polygon Operations 3 olor from Representation 08278BJC00_B3 (M NAME_3
2 Raster Operations » Epipolar Stereo Pair ;g;g:g$_23 @ NAME_§_1
. 4 NAM 1
DISK"Sh":'IASRI Rasterize » Filtegs w - -
hape files Color Separation
[ARDO-2017 SEBS Tools ’ Isod ™ [ s ME_3
bstract-Ankur Sir Segment Operations 4 Par. ME_3
CRS-Conference-2 Spatial Reference Operations » Sanf — = _l :E 2 :
gricultural_Hort_ef G N gic| | BasterMap ) Mumbaid32_Subset i AKe
groforestry Repory Table Operations » S & Red " Green " Blue I RKS_3
groforestry-Repor| i z = = = RKS 3 1
miity-PhD :f“"lf'“‘ ' | ¢ Yelow  Magenta ¢ Cyan AKS_3_1
MU-data peints isualization ¢ i . E
nnual report 2016]  script N " Hue " Saturation € Intensity E
rea Estimation usingory PE™ ' Gray t_Mum200
SRB-NET-Env Sci @EENGTYPE_3_1 - t_Mum200
appa-Papers (2¥ ENGTYPE_3__1 Output Raster Map | [Mumbai-432_Red ] I t_Mumbaiz
isa 3 Geo_Mumbai t_Mumbaiz
ISA-Analysis EDHASC_3 Description: K]
PO HASC_3 | ] |3
RDE EHASC_3_1 131
arbon Sequestration B HASC_3_1 = |31
o @50 7 Defie | Cancel | Hep || fmsiem
ity Mapping level wise-PMS ; :gg 1 S Ez—g
oastal-Env ¥150_1 @ MumbaLand_area_1 @VALIDFR_3_1
e} S [l | I_area__ I_J__
4 LC814804720175041LGN00 5> Landsat_Bands EDNAME_0 E¥VALIDFR_3_1
H LMLL330471573081 AAAD4 ) Landsat_classes @Y NAME_0 @VALIDTO_3
[ LTS148047199006815P00 (2% Landsat_classes ENAME_0_1 E¥VALIDTO_3
M LT514804720082788)C00 @ LT514804720082768C00_B1 E¥NAME_D_1 EHVALIDTO_3_1
1 Maps and JPG 73 L T514804720032788JC00_B1 EDNAME_1 E¥VALIDTO_3_1
1 Paper [ LT514804720092788.C00_B1 ¥ NAME_1 EDVARNAME _3
1 Python Learning [ L T514804720082768.C00_B1 EDNAME_1_1 (¥ VARNAME_3
L] Research-Papers @ LT514804720082788.C00_B2 E¥NAME_1_1 EDVARNAME_3_1
0 SEGMENT 72 LT514804720082788JC00_B2 @ NAME_2 (X VARNAME_3_ 1
I Thane creek Measurement LT51480472008278BJC00_B2 ¥ NAME_2 .
1] Toposheet - || EEALT51480472008278B.C00_B2 @NAME_2_1 ] C1_DEM_16B_2

< | m »

< [ 1 »

Query : None

Extract one band from a color or picture map

Using Colour Separation option of image processing, the red, blue, green and gray bands can
be extracted from the RGB color composite image or we can use the bands that we have
imported earlier.

Steps:

1. Click on operations in main menu.

2. Hover mouse over Image Processing to open image processing operations right side
3. Click on Colour Separation.

4. In the Colour Separation dialogue box choose raster map as Mumbai432_Subset.

5. Click the radio button in front of Red.

6. Give output raster name and

7. Finally click on Show.

Repeat above steps for colour separation of Blue, Green and Grey bands.

Using this colour separation option, we can extract submap bands that also have linear
stretching enhancement in them, which we have performed during colour composite

creation.



10. Image Classification

10.1 Unsupervised Image classification:

Clustering, or unsupervised classification, is a rather quick process in which image data is
grouped into spectral clusters based on the statistical properties of all pixel values. It is an
automated classification approach with a maximum of 4 input bands.
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Perform automatic classification of values from multiple maps into clusters |Query : None plecul Y
Steps:

. Click on Operations in main menu.

. Hover mouse over Image Processing to open image processing operations right side
. Click on Cluster.

. In the clustering dialogue box, choose Number of Input Maps as 4.

. Choose one by one four different raster bands from drop down menu.

. Put Number of Clusters as 6.

. Give Output raster map name as Mumbai_Clustering _6classes.

. Check output table option and

. Provide name of table as Clustering _Mumé6classes.

10. Finally click on Show to generate a cluster map.
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The Unsupervised classified raster map is given below after legend colour modification-
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To see legend of unsupervised cluster map, click on + button in front of-
Mumbai clustering 6 classes - Display tools - Portrayal = Representation.
It will show the legend or classes of the cluster map.

To identify the cluster classes in map, add raster map (Mumbai432_Subset.mpr) in the
same window having cluster map (Mumbai_Clustering _6classes.mpr) and follow
steps given below by clicking on + button in front of -

Mumbai clustering 6 classes - Display tools = Transparency

Double click on Transparency and move the bar to increase-decrease transparency.
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10.2 Supervised Image classification:

The process is divided into two phases: a training phase, where the user ’trains’ the computer,
by assigning for a limited number of pixels to what classes they belong in this particular
image, followed by the decision making phase, where the computer assigns a class label to all
(other) image pixels, by looking for each pixel to which of the trained classes this pixel is
most similar (ILWIS user Guide).

The main steps for supervised classification using ILWIS Open software are-

1- Create a New Map List (Three or maximum four bands on which sample pixels will be
selected)

2- Create a New Sample Set (Sample pixels)

3- Create a New Domain (Land Use & Land Cover (LULC) categories)

4- Define colours for Representation classes

5- Select Pixels for training set/Sample set using imagery in Sample Set Editor.
6- Choose an appropriate classification algorithm.

Steps in detail for executing a supervised image classification are given below-

(i) Create a New Map List
SR il i el ————

[ File | Edit Operations View Window Help

aCreate 4 Point Map...
Open... Segment Map...

B @B m# [

Open As Table Raster Map... —LI
Open Pixel Information Table...
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e ———

Map Re{ E2 Create Maplist —

Import
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12
1210

5L

o‘ 0K ICance|| Help |

e
& New Map List
DEM hydro-processing

anl
Il

Steps:

e From the ILWIS Open GUI main menu go to-
File > Create > Map List (Step 1 to 3 as shown in above figure).




In the Create MapL.ist Dialogue box-

e Write “Landsat-Bands” in Map List (Step-4)

e Under Description select Green, Blue, Grey and Red Bands (Step-5)

e Click button having > symbol (Step-6)

e Check that you have properly selected above mentioned four bands (Step-7)
e Finally click Ok (Step-8)

Visualisation of new Map List in ILWIS Catalogue-

e Figure shows how to see
the newly created Map
List in ILWIS Catalogue.

e The new Map List named
“Landsat-Bands” can be
double clicked to check
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Click this icon to see your newly created Map List
in ILWIS Catalouge
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To create a new sample set, step are given below-

1- Click on File option in main menu.

2- Hover mouse on Create.

3- Choose Sample Set option from the given options.

4- In the Create Sample Set dialogue box, write down Sample Set Name as “LULC_Mumbai-
LS”.

5- In the text box of Description type “Training set of LULC classification of Mumbai”.
6- Click the yellow button given in front of Domain.

A new Dialogue box will be opened to create a new Domain as shown in figure below-

@ crese Domai B =S| 7 |n the Create Domain dialogue box, Type
“LULC-Classes” in the text box of Domain

Domain Nam ILULE-CIassed I

Type Name

@ Class [~ Group

wah  [15_ ] 8- Click Ok.
Description:

J By clicking ok, a new dialogue box will be

| OMM’ opened.

(iii) Create a New Domain (LULC categories)
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11- Give a Code as “b”.
12- Click Ok.
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e This will add a new LULC class in the Domain

. Agricultural area a

class dialogue box. Follow the steps 9 to 12 )
again to add all six LULC classes as given in the Forest/Dense Vegetation f
table- Hilly area h
Vegetation %
Water w




r@ Domain Class "LULC-Classes" - ILWIS
File Edit View Help

‘: Description lDomain Class "LULC-Classes’"
@@ Bme|sioe)s
Class Name ¥ l Code Description

Agricultural Area

Builtup Area
Forest/Dense Vegetation
Hilly Area
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13- After creating all the classes, click on Representations icon as shown in above image.

(iv) Define colours for Representation classes

Step 13 will open a new dialogue box named as Representation Class, shown in figure below.
Here, by clicking on colours shown, one can choose the desired colour for already defined

classes.

(3 Representation Class "LULC-Classes” - ILWIS | [E=NEEE

File Edit View Help
| Description IHepresenlalinn Class "LULC-Classes"

B E

>| ER Raster l Polygon | B Segment | E2) Point |

Agricultural Area ‘ Hilly &rea

= Builtup Area Yegetation

Forest/Dense Vegel ‘Water

Close Representation class & Domain class dialogue boxes and return on the Create Sample
Set dialogue box. You will see that in the Domain option “LULC-Classes” domain has been

filled that you have created recently.

14- In the drop down menu given against Map List, Choose the Map List you have created
during the Create the New Map List instructions, named as Landsat-Bands.

15- Finally click Ok to finish creating a new Sample Set.

@)




The details filled in Create Sample Set window will look like the figure given below-

T &

[%.) Create Sample SeE
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Description:
[Training set for LULC classification of Mumbai |
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(iv) Select Pixels for training set/Sample set from imagery, in Sample Set
Editor

Just after step 15, a new dialogue box named as “Display option — Map List as ColorComp’
will be opened as shown in figure below-

b
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16- Choose Red, Green and Blue bands from drop down menu of Display Options and
17- Click Ok.

This will open a colour composite image in new window that will look like screenshot below-
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18- Now zoom in to an appropriate area from where you want to select the pixels of a
particular class.

. Zoomed in Areato select pixels of agriculture LULC class
e See the inset view for zoom area location

| ®To choose pixels, drag the right
click button of mouse on the
pixels you think are appropriate
RredigTotala for a particular class.

e Just after selection of pixels, you
will see some statistics in Sample
Statistics Window under current

selection heading.

1
2:
3:
4

19- Now choose Normal tool as shown in above figure and to choose pixels, drag the right click
button of mouse on the pixels you think are appropriate for a particular class.

Feature Space... Class Name I I | Ta Agiicultural Area | l
Clear Class...
Merge Class... " -_I | |

Open Representation




20- After selecting the pixels, right click and choose Edit option, as shown in above image.

21- An Edit window will be opened, click on the drop down menu given against class hame
in Edit window.

22- Choose the class for which you have selected the pixels and
23- Click Ok.

Now you can see that some statistics showing mean, std dev etc has been populated just
above Current Selection heading. That shows your selection of pixels has been updated with
selected class.

Follow steps 18 to 23 again for rest five LULC classes by selection of appropriate pixels from
the imagery. Once pixel selection is completed for all the classes, close the Sample Set Editor
window. Now you have successfully created a new Sample Set consisting of 6 LULC classes.

(vi) Choose an appropriate classification algorithm
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Classification using Maximum Likelihood Classification Method-

Steps:

1-

Click on Operations given in main menu

Hover mouse on Image Processing option

Choose Classify

In the Classification window, provide sample set that has been created in previous
exercise named as “LULC_Mumbai-LS”

Click radio button near Maximum likelihood classification method

Provide output Raster Map name as Test MLC.

Finally click on Show, to show the classified Landsat image having six LULC classes
as shown below-

(B8 Test MLC: MapClassify (LULC_Mumbai Lmpr ClassifierMaxLikelihoodQ) - WIS ‘ ‘ [E= S|
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Classification using Spectral Angle Mapper Classification Method-

Steps:

1- Click on Operations given in main
menu

2- Hover mouse on Image Processing
option

3- Choose Classify
(As shown in above instructions)

4- In the Classification window, provide
sample set that has been created in
previous  exercise named as
“LULC_Mumbai-LS”

5- Click radio button near Spectral Angle
classification method

6- Provide output Raster Map name as
Test_ SAM.

7- Finally click on Show. To show the
classified Landsat Image having Six
LULC classes as shown below-
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Fig: Classified Landsat Scene using Spectral Angle Mapper Classifier




11. Classification Accuracy Assessment
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1- Click Operations option given in main menu

2- Hover mouse on Raster Operations

3- Click on Cross option

4- A new Cross window will be opened as shown in above image. In this window,
Choose 1% map from drop down menu whose accuracy is to be checked.

5- Choose 2" map from drop down menu that should be created by classification using
ground truth training classes.

6- Provide a name for Output Table as “Accuracy”.

7- Check the box near Output Map and

8- Provide Output Map’s name as Accuracy_Map.

9- Click Show.

Above process will open a Dependent Table showing all possible combinations of LULC
classes with Number of Pixels (NPix) classified and Area of the category.
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e To get the Confusion Matrix of the classification, follow steps given below-
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Builtup Area 1348200 252768600 15300| 100800 127387800|17372700|
Dense Vegetat 1800| 0| 35520300/ 195230700| ol 0|
HillyArea 22500| ol 485100/ 90984600| 0| o|
12249000/ 10154700| 144000]| 1377900| 43947000 ol
114300 15735600] 0| 0| 473400/42318090]
0.97| 0.91] 0.98| 0.22| 0.12| 0.96|

Steps
1- Click on View option in main menu of Dependent Table.
2- Click on Confusion Matrix option.
3-
against Frequency.
4-

In the Confusion Matrix window, choose “Area” from the drop down menu given

Click Ok to get the confusion matrix table as shown in figure above.
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QGIS 2.18

IASRI, Library Avenue, New Delhi-110012

1. Introduction

The QGIS (Quantum GIS) is free and open source GIS (Geographic Information System)
software. QGIS offers many common GIS functionalities provided by core features and plug-
ins. We can visualize, create, edit, manage and export geo-spatial data using QGIS. By
exploration of GIS data many types of analysis can be performed. Further many types of very
useful maps can be created.

QGIS was first developed by Gary Sherman in early 2002 using C++ language. Later it
became an incubator project of the Open Source Geospatial Foundation in 2007
(OSGeo Annual Report). Version 1.0 was released in January 2009 (Sutton et al, 2009).
QGIS supports both raster and vetcor data. QGIS supports shapefiles, coverages, personal
geodatabases, dxf, Maplinfo, PostGIS, and other formats and multiple formats of raster
images area supported.

QGIS integrates with other open-source GIS packages, including PostGIS, GRASS GIS, and
MapServer. Plugins written in Python or C++ extend QGIS's capabilities. Plugins can
geocode using the Google Geocoding API, perform geoprocessing functions, which are
similar to the standard tools found in ArcGIS, and interface with PostgreSQL/PostGIS,
SpatiaLite and MySQL databases (wiki QGIS).

The QGIS also have QGIS browser and QGIS Server applications. Both of them use same
code for data access but come with different front-end interfaces. The QGIS browser is
designed to manage geospatial data sets.




2. Quantum GIS - Graphical user interface
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3. Creating and Editing Spatial Data

3.1 Open Raster data-

To create vector data in a shape file, we require a georeferenced raster image. Therefore first
step is to open a raster data into QGIS environment.

Steps:

1-
2-

Click on Add Raster Layer button.

In the Add Raster Layer dialogue box click on Browse button and go to directory -
QGIS Practicals / Class-1 Creating and editing spatial data and choose
“Sikkim_District Map.tif”

/Y QGIS 2.18

=) = & 2 P RO D Q 0 (0] /~ = v &
0 BELXR {’_’)c-,»,t),, BAPPDLRALAEDN S @ W€
y = W P [ e (W abj| (abc| (abgl ‘abgl ‘@
4 "% % @ >¢ “VEH%E%%% 480
3t i *] R\ L &\ >
. . v 1 | (AN
“ Click to open o v I fie il fe & ¢ @ @it
Brifh 8 X
T REX
o A
Favourites
v ;; - Go to this directory
‘ E:/ 7 " ¥
Fi/ ./ Open a GDAL Supported Raster Data Source VM
: g z:QL QQ [ «i QGIS-Practicals » Class-1 Creating and Editing Spatial Data C G g 4_' ,0‘
x “vuyerstel _] Organize v New folder = B @&
v & ® X Favorites = Name . Date modified Type
&) Sikj 8 Downloads ___ Sikkim_Dist_Shp.cpg 11/17/2017 14:10 CPG File
= Recent Places L 5| Sikkim_Dist_Shp.dbf 11/17/2017 14:23 DBF File
Bl Desktop (=] Sikkim_Dist_Shp.prj 11/17/2017 14:10 PRJ File
| Sikkim_Dist_Shp.qpj 11/17/2017 14:10 QPJ File
Bl Desktop || Sikkim_Dist_Shp.shp 11/17/20171423  SHP File :““‘ Bite
= . 0 preview
4 Libraries Sikkim_Dist_Shp.shx 11/17/2017 14:23 SHX File
b +| Documents o ] Sikkim_District_map.tif 11/17/2017 13:59 TIF File
Coor:hamCapi == - ‘
. JW Music \ ‘
&) Pictures Select this file
B videos
A Adminictrator  ~ ¢ Ui b ||
@ File name: « [aufiles )¢ -
° Open Cancel j
- —

3.2 Create a new Shapefile-

Click on New Shapefile Layer button

In the New Shapefile layer dialogue box, click on radio button of Type of shape file as
Polygon.

To add a new field, write down the name of the New field as “Dist Name”. Leave
other option as default.

Click Add to fields list button as shown in image below

Click Ok. This will redirect you to Save layer as dialogue box.

Type the name as “Sikkim_Dist_Shp” in the File Name text box and

@



7- Click on Save button.

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

0 b 8 BLRR i e ©
N/ BRG B[ e & ¢

nevte | - i .
S o Selected CRS (EPSG:4326MiGS B8, @)
AR New field g Type here
| 7a | v ) cy :
Q.| 3o ‘ Name | Dist_Name |
8, Bey Type [Textdata z)
@ M ;;/2 | length 89 2 Predsion ﬁ‘lﬁ
[ . - Add to fields lis!
gv[ P wssqu Click Here T LAk 0 fekeke ]
Layers Panel |  Fields list
% «awve -3 e Type Length Predision
l'ﬁ @] g id Integer 10 I

,_;2 Save layer as...

v 1. « QGIS-Practicals blass-lreating and Editing Spatial Data v | 9 [l Search Class-1 Creating and E... O

Organize v New folder =~ @ ‘

-~

A Favorites Name Date modified Type Size
8 Downloads B
2| Recent Places

Ml Desktop

Bl Desktop

Type here

4 Libraries
@ Docume v | i i . . J »
File name:| Sikkim_Dist_Shp =
Save as type: | ESRI Shapefile [OGR] (*shp *.SHP) v

4 Hide Folders

A new shape file with “Sikkim_Dist Shp” name will be added in layers panel.
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3.3 Changing style (Symbology) of the Shapefile before digitization-

When a new Shapefile is created it

comes with filled in /solid polygons style that has to be

change before digitisation. To change the style of the Shapefile, step are given below-

'md—mqmmwmmmmwmmwmmmum

@ Actions

Rename

C 7 v el [ - =N Oefin O-fh ey . guanep=; ~ — == e —
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Jf/ /4 [_,} = ~ 4 -y [=Snd-esymbol ,J
Browser Panel
v{; q o Y % (i ) €01 Labels
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voury o F
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L Rendering |
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Shapefile name in

Fil &
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[l R Variables mmewldnl 1.00 io [Ni'neher '] @ -
L q Legend w Layer rendering
§ Layer transparency 0 0
Si -
P Layer blending mode (Normal -]
i Feature blending mode (Normal |
[7] Draw effects
s ;
J W [7] Control feature rendering order 39
s ; shie + |on||c=wﬂl[wv][H=bJ
Filter.
Cop Show Feature Count

st Benge

“oordinate 87.843,27.756

¥ Scale 1:521,798 v @@ Jeonifier 100% %

totatior 0.0 {2 @ Render DeEPsG:4326 @

1- Right click on Shapefile name in Layer Panel

2- Click on Properties option to open Layer Properties dialogue box

3- Inthe Style option given in left pane of the window, select Simple fill.
4- 1In the Fill Style select ‘“No Brush’ option

5- In the Outline option drop down menu, choose ‘yellow’ colour box, out of given

colours.
6- Set Outline Width as 1.00°.
7- Click Ok.




3.4 Digitization-
Steps:

1- Set Scale of the view as 1:225,000 and zoom to the west Sikkim district shown in
image given below-

7 Qais2186
Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help

GRAVPLPLANPPRAASABIRS QG- KN-&-5,5 -~ B

Do BRT<GE " QEANEDS% [ AB8O
b RQARNVANPLRETEC [k L
v, Browser Panel & x f ’
O OET7THTO ]
3] > 44 Home & :
Favourites |
4’ > & Cf ‘F_

. D:f

Select
Shapefile
Start digitization
by creating a new
Coordinate Capture & X

polygon

Setscale as

Stopns 225,000\

:| VIRender @DEPSG:4326 @

cordinat 88.1793,27.6661 W Scale 122497 <~ @ ifie 100%

2- Select Shapefile in Layer Panel.

3- Start editing of Shapefile by Toggle editing Button.

4- Click Add Feature button.

5- Start digitization as shown in above image by putting nodes at appropriate places
using left click of mouse.
After digitizing current polygon, to finish, press right click of mouse, give some
number in Id field and press Ok.

©



3.5 Snapping for subsequent polygon digitization-

e After completing the digitization of West Sikkim district, start Snapping Option
before digitization of subsequent polygon because each polygon shares boundary

with at least one polygon. Go to —

Settings 2 Snapping Option - Snap to Vertex = Tolerance 10.0 = Pixels = Ok

-
/" Snapping options

Layer selection |Currentlayer v

Snap to [To vertex A4 ]

Tolerance 10,0000 4 [pixis |

[] Enable topological editing [] Enable snapping on intersection

T

o Come ) o ]

Fig. Snapping settings option window

3.6 Tracing of shared boundary

v Each polygon has at least one shared
boundary  with  another  polygon.
Therefore, to avoid gaps between two
polygon boundaries, click to enable
tracing tool given in ‘Advanced
digitizing toolbar’ as shown in adjacent

image. ‘

v’ After finishing the digitization of all
polygons (Sikkim Districts), click on
Toggle editing tool, it will ask you to
save the changes in Shapefile. Press
Save button.

v" Digitized Shapefile of Sikkim Districts
is shown in adjacent screenshot.
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4. Updation of attributes of the vector data in Shapefile

4.1 Updation of Attributes by Manual Entry-
Steps:

1- Select shape file that you have digitized in previous exercise.

2- Click on Toggle editing button, to make shape file editable.

3- Click with right mouse button on shape file’s name and choose ‘Open Attribute
Table’ option.

4- In the attribute table, select serial no. of rows as shown in screenshot below. This will
highlight the polygon attached with that row.

5- Now fill the name into District_N column by seeing raster map.
Fill the name of all the districts one by one.
Click on toggle editing button again and save your data.
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4.2 Updation of Attributes using Microsoft Excel —

The table given below is provided to you as Microsoft -Excel file (without Map column)

in

the fo

llowing directory-

named as “Sikkim_ Pop2011.xIsx”
QGIS-Practicals\Class-3 Attribute attachment using MS Excel.
I Population . Density
District | Headquarters (2011) Area (km?) (IKm2) Map
Code
ES East Sikkim Gangtok 2,81,293 954 257 @
North
NS Sikkim Mangan 43,354 4,226 10 @
South .
SS Sikkim Namchi 1,46,742 750 175 @
West .
WS Sikkim Geyzing 1,36,299 1,166 106 ‘

Open the folder containing
excel file and follow the steps

given below-

Steps:

e Drag the excel file into
‘Layer Panel’ of QGIS
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https://en.wikipedia.org/wiki/File:SikkimEast.png
https://en.wikipedia.org/wiki/File:SikkimNorth.png
https://en.wikipedia.org/wiki/File:SikkimSouth.png
https://en.wikipedia.org/wiki/File:SikkimWest.png

e Right click on name of Shapefile and open its attribute table. Right click on name of
excel file and open its attribute table.
You will see that there is a common filed in both the tables (As shown in screenshot
below). This common field is required for joining of two tables. You can close both

the tables.

Shapefile Attribute Table

Excel file Attribute Table

/. sikkim_Dist Shp = Features totak 4, ﬁltered:J /. Sikkim_Pop2011 Sheet1 None : Features total: 4, fitered: 4, u@ =[O0
EEIELE s Y|/ CIELIE 2 V& % § FIE
Id District_ N Code District Headquarters  Population (2011) Area (km3) Density (km?)
1 1| West Sikkim 1 jES East Sikkim Gangtok 281293 954 257
2 4 |East Sikkim 2 NS North Sikkim Mangan 43354 4226 10
3 2 |South Sikkim 3ss South Sikkim Namchi 146742 750 175
4 3 |North Sikkim 4 WS West Sikkim Geyzing 136299 1166 106
CJmmon Field in both the tabls
1- Right click on Shapefile’s name in Layer Panel of QGIS.
2- Choose Properties option.
I' ,U Layers Panel g X ‘U
B « BeTVE-FAO q?# f
| =N
VO | == ¢
V] Z to Layer i
Show in Overview
[l Remove
L] Duplicate
Set Layer Scale Visibility
“ Set Layer CRS
Set Project CRS from Layer
Coordinate Capture Shies Z ’
Open Attribute Table .
J  Toggle Editing
Save As...
Save As Layer Definition File...
@ Filter...
Show Feature Count
- Properties
Copy to dif 2 ?
3- Click on “Joins” in left pane of Layer Properties dialogue box as shown in
screenshot below.
4- Locate the + symbol in bottom of the Layer Properties dialogue box. This will
open “Add vector join” window.
5- Make sure that “Sikkim Pop2011” is selected against Join Layer text.
6- Select “District” field of the excel file in Join field option.




7- Select “District_N” field of the Shapefile in the Target field option.
8- Click Ok in Add vector join dialogue box.
9- Click Ok in Layer Properties dialogue box.

r
./ Layer Properties - Sikkim_Dist_Shp | Joins

B A%

2 r
Joinlayer (0 agq vector join

Join layer

Join field

abc WF

Target field

[¥] Cache join layer in virtual memory
Create attribute index on join field
» [} Choose which fields are joined
» [] custom field name prefix

' &=z

Style ~

|\ — ——

Check the joined data in Shapefile attribute table-

Now in the Layers Panel of QGIS, by Right clicking on Shapefile’s name, open
the attribute table. You can see that the fields of the excel file have been attached
in the attribute table of Shapefile as shown in image below-

(W] Sikckim Dist_Shp & FomtRes Totak 4, Mot 4, selectert _ &l_@lg
J 2B m & Lt YT ESD g
Id District_N 2011 Sheet1h 11 Sheethone_} 1Sheet1 None_Poj )11 Sheetl None 1 SheetlNone_
1 I:’ South Sikkim 5SS Namchi 146742 750 175
2 3 North Sikkim INS Mangan 43354 4226 10
3 1 West Sikkim (ws Geyzing 136299 1166 106
| 4 4 East Sikkim [ES Gangtok 281293 954 257
e ]
New field from the excel file have been attached

Save the Shapefile-

In the Layer Panel, select Shapefile and right click on it. From the options choose
Save as option. Save this Shapefile (provide name as “Sikkim_Dist_Shp_attributed”)
in the class-1 folder where you have created a Shapefile in previous exercise.

To save the joined shapefile as a new Shapefile, is important because once the session
is closed, the joined data will be removed from the attribute table.

Remove the Shapefile “Sikkim Dist Shp”.




4.3 Edit Names of the Fields in a Shapefile -

The new field which has been joined from excel do not have appropriate names in the
Shapefile. To recognise new fields by their proper names for further exercises, it is necessary
to change the name of the fields.

Steps:
= Make the Shapefile editable by selecting the Shapefile and clicking on toggle editing
button.
= In the Layer Panel of QGIS, Right click on the Shapefile and choose properties
option.

1- In the layer properties dialogue box, select Field option given in left pane (as shown
in screenshot below).

/! Layer Properties - Sikkim_Dist_Shp_attributed | Fields
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Double click on the text given in
Name field. Change the name of
the text given in each row under
column ‘Name’ (marked in the red
box). L
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2- Under the column “Name”, change the name of columns as given in screenshot above.
New fields name under column “Name” will be -
Id, District_N, Code, Hdg, P02011, Area kmsq, Dense /kmsq.

3- Click Ok.




5. Labelling of Vector data
Right click on Shapefile’s name - Properties.

In the layer properties window
Labels = Show labels for this layer = Label using ‘District_ N’ - Ok.

SN o 2 | (9 Show labels for this layer v]l
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6.1 Using Categorized Colours Symbology-

Steps:

6. Creation of Thematic Maps

Right click on Shapefile’s name > Properties.

1- Select Style option from left pane of Layer Properties wimdow.
2- Choose ‘categorized’ option from the drop down list.
3- In the column field, choose ‘District N’ that is one of the Shapefile attribute

4-

6-

table’s column name.
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In the Color ramp option, choose a
color ramp from the drop down
menu. See the screenshot given
above.

Click on Classify button. This will
populate the area above classify
button with names of districts and
different colours against them.
Click Ok.
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6.2 Using Graduated Colours Symbology-
Steps:
Right click on Shapefile’s name 2 Properties.
In the ‘Layer Properties’ window-

Style -2 Graduated -2 Column — P02011 - choose a Color ramp - Classify =2 Ok.
! Layer Properties - Sikkig@jst_Shp_attributed | Style el | “ [

= Graduated v |

Column qm Po2011 ~ [€)

Symbol ( [l change... ]
Legend Format %1 - %2 Precision 0 ] [C] Trim
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1
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6.3 Pie chart diagrams with symbology-
Steps:
Right click on Shapefile’s name =2 Properties.
In the ‘Layer Properties’ window-

Select Diagrams = Choose Pie chart - Select Attributes - Select last two attributes
- press + 2> Ok

(Refer Screenshot below)
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By clicking ok, Pie chart will be overlaid on the respective polygons as shown in screenshot

below-
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7. Extraction of basic statistics for numeric fields

From the main menu of QGIS, choose-

Vector - Analysis Tools = Basic statistics for numeric fields = Select shapefile’s name and
a numeric field = Run.

-
,?: Basic statistics for numeric fields

Parameters | Log ‘ Run as batch process...| Basic statistics for numeric
Input vector layer fields
[t Dot atvouied ezl =B 1o T
‘I Field to caloulate statistics on a vector layer.
| [A!ea kmsg - ] Statistics are generated as an HTML file,
Statistics
[Save to temporary file] [:]
|
N m | b

Using this option, one can compute the basic statistics like min value, max value, median,
mean, sum, etc for a numeric field given in a Shapefile. One example of the field “Area
kmsq” of the Shapefile “Sikkim_Dist Shp attributed” has been given in the screenshot
below-

',/ Results T e W WE we—— D3 \
. -
Statistics for text Analyzed layer: Sikkim_Dist_Shp_attributed
Statistics
f Analyzed field: Ar
Statistics yze eakmsq
@ Statistics Count: 4
@ Statistics Unique values: 4
Statistics B
[l Statistics Minimum value: 750.0
I' Maximum value: 4226.0
Range: 3476.0
| Sum: 7096.0

Mean value: 1774.0

Median value: 1060.0

Standard deviation: 1423.28352762
Coefficient of Variation: 0.802301875773 h
Minority (rarest occurring value): 750.0

Majority (most frequently occurring value): 750.0
First quartile: 852.0 |
Third quartile: 2696.0
NULL (missing) values: 0

Interquartile Range (IQR): 1844.0




Steps:

8. Performing spatial queries

In QGIS, spatial queries can be performed using SQL like expressions. For many GIS
analysis, the spatial queries are very much essential to be performed. In a huge set of vector
data queries provide a very specific and desired results.

Right click on Shapefile name

Expression” button (as shown in screenshot below).

./ QGIS 2.18.6 - CreationEditingPol

Project Edit View Layer Settings Plugins Vector Raster Database

Double click on “District N”

Click on “=" (equal to) sign

Now finally click on ‘Select’ option.

Click on “all unique” button in front of Load values text.

Select “open attribute table” option. Attribute table of the Shapefile will be opened.

In this table, a toolbar is given in top of the window. Click on “Select Feature using

In the Select by Expression dialogue box, click on “Fields and Values” drop down list

Double click on any district name. For example ‘South Sikkim’ is shown here.
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Similarly, using Select by Expression dialogue box, spatial queries can be executed by typing

an

appropriate  SQL  syntax. Few other SQL syntax for  querying

“Sikkim_Dist Shp_attributed” Shapefile are given below-

1)
2)
3)

4)

5)

Note:

Select districts having population greater than or equal to 130000-

"P02011" >= 130000

Syntax fulfilling to conditions-

"P02011" >= 136299 AND "District N'* = 'South Sikkim’

Select districts having area (km?) greater than 1000

"Area kmsq™ > 1000

Select districts having area greater than 1000 km? and having density greater than 100
ka.

"Area kmsqg"™ > 1000 AND "Dense /lkms™ > 100

The expression satisfying three conditions-

"Area kmsq™ <1000 AND "Dense /kms™ > 100 AND "Code™ LIKE 'SS".

A simple ‘Query Builder’ dialogue box can also be opened from-

Right click on Shapefile’s name > Properties - General - Query Builder (Bottom
of the window)

r = = N
{/_Layer Properties - Sikkim Dist_Shp_attributed | General L [

w Layerinfo -

Layer name  Siddm_Dist_Shp_attributed displayed as  Sikkim_Dist_Shp_attributed
Layer source ASRI/QGIS-ILWIS Tutorial /QGIS-Practicals/Class-1 Creating and Editing Spatial Data/Sikkim_Dist_Shp_attributed.shp

ot sosce v

w Coordinate reference system
[selected crs (EPsG:4326, Was 89) @)

[Create spatial index| (Update extents|

w [ | Scale dependent visibility

Minimum (exdusive) Maximum (indusive)

nm

»— | 1:100,000,000

|II Diagrams w Provider feature filter

fi Metadata

Variables

Legend

Query Builder

Stye [oc J[ concel ][ ooy Hep




9. Map Composition

/' QGIS 2.18.6 - CreationEditingPoly
j »Edt View Layer Settings Plugins

V] louth ...
- @H VestS... . ’

/. Composer titleye m

3 reate unique print composer title
Rtitle generated if left emp

REPS

New Ctrl+N
Open... Ctrl+0
New From Template » I
Open Recent »
B save ctrl+s o
£ saveas.. Ctrl+5hift+S
B9y Save asImage...
DXF Export...
DWG/DXF Import...
/) Project Properties... Ctrl+Shift+P
| New Print Composer | Ctrl+P
+ Composer Manager..
Print Composers 4
@) Eexitqacrs ctrl+Q

To compose a map in QGIS, follow steps
given below-

Steps:

In the

main menu of QGIS, Go to-

Click on Project in main menu
Click New Print Composer

Type “Sikkim Map” title as a
composer title.

Click Ok.

Click on Layout in Map composer
window.

Click on Add Map option.

Draw a rectangle in the Map
composer page (as shown in
screenshot on next page)

After drawing a rectangle (using Add
Map option), the vector data will be
shown inside it.
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8- Click on Layout option of Map composer menu and

9- Click on Move content option, to adjust the map contents.

10- Again Click on Layout option and

11- Click on Add Scalebar option and place scale bar in the bottom of the map composer
window.
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To add legend on the map-

12- Again Click on Layout option and

13- Choose Add Legend option.

14- In the right pane, Click on
Properties

15- Double click on the name as shown
above. A new dialogue box prompting

Item

you to provide name will be opened.
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Item properties
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Atlas generation |
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16- Type “Districts name” in the dialogue box.
17- Click Ok. This will change the Subheading of the Legends

18- To add north arrow in the map, we have to choose an image having north arrow from the
system directory.

Click on the Layout option.
19- Choose Add Image option and draw a rectangle on upper left corner of map.

20- In the Item Properties, under Image Source text, a button is provided, Click on this button
and

21- Choose image named as ‘North Arrow.Jpg’ from the Class-4 folder in the same directory.

22- Click Open (See image above). It will populate the image in the North arrow rectangle
that you have drawn in the step-19.

By following above steps, a map will be created as shown in screenshot below.
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e This map can be exported as a PDF file, using the option given in main menu of Map
Composer window.
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