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1

Introduction

This lab will provide an introduction and overview of some of the basic functionality of
GRASS GIS inside QGIS for working with raw image data to add and view image data sets.
Students are encouraged to become familiar with working with and finding information
on GRASS GIS help topics.

This lab includes the following tasks:

Task 1 — Learn Basics of GRASS GIS inside QGIS
Task 2 — Image Composite

Task 3 —Image Mosaic

Task 4 — Image Subset

Task 5 — Calculate NDVI

Task 6 — Challenge: Image Subset with r.patch
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2 Objective: Overview of Basic GRASS GIS Raster Functionality inside
QGIS

While QGIS has a lot of functionality, it only goes so far before its limits are reached. To
extend the functionality of QGIS, the capabilities of GRASS GIS (or simply GRASS), have
been made available through the ‘GRASS’ toolbar in QGIS. GRASS is a free and open
source GIS software package containing over 350 modules to display, analyze, and
manipulate vector and raster data. While GRASS is a separate, stand-alone GIS software
package, in this lab series, we will only interact with GRASS through QGIS.

Most students will be already be familiar with the vector-based GIS functions found
within QGIS. This lab introduces the student to the raster analysis functions in GRASS
and creating some simple multi-band image composites from existing remotely sensed
imagery, creating subsets (clipping) of rasters, and creating a mosaic.

3 How to Best Use Video Walkthrough with this Lab

To aid in your completion of this lab, each lab task has an associated video that
demonstrates how to complete the task. The intent of these videos is to help you move
forward if you become stuck on a step in a task, or you wish to see every step required
to complete the tasks.

We recommend that you do not watch the videos before you attempt the tasks. The
reasoning for this is that while you are learning the software and searching for buttons,
menus, etc., you will better remember where these items are and, perhaps, discover
other features along the way. With that being said, please use the videos in the way
that will best facilitate your learning and successful completion of this lab.

4 Lab Tasks

This lab includes the following tasks:
* Task 1 — Learn Basics of GRASS GIS inside QGIS
* Task 2 — Image Composite
* Task 3 —Image Mosaic
* Task 4 —Image Subset
* Task 5 — Calculate NDVI
* Task 6 — Challenge: Image Subset with r.patch

4.1 Learn Basics of GRASS GIS inside QGIS
Task 1 Video

GRASS GIS is installed by default when you install QGIS Desktop. While GRASS is a
completely stand-alone GIS software package, its capabilities are made available via a
toolbar inside of QGIS. This task will teach you the basic terminology and concepts of
how GRASS manages data, as well as what each button the GRASS Toolbar does.
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First, we should start with some terminology and concepts. Working with GRASS data is
different than how you may be used to working with data using QGIS or other GIS
software packages. Since the storage paradigm is significantly different than what you
have seen in prior courses, we will first discuss how GRASS stores data. Refer to the
figure below during the following explaination for a graphic representation of the
storage concepts.

In order for GRASS to start a project, it must first connect to a Database (also called a
GISDBase). The Database is simply a folder on your computer that has special sub
directories. Once GRASS connects to a Database, it then needs to access a Location.

A Location is a child directory of the Database and stores the coordinate system or map
projection that all enclosed Mapsets will use; think of a Location as a common container
for a project.

A Mapset is a child directory of a Location that represents a geographical subset of its
parent Location. Mapsets contain geographic data in their directories. There are two
types of mapsets: Permanent and owner.

* A Permanent mapset usually contains read-only geographic data that can be
used by anyone. The Permanent mapset also may contain other information
about the Location that is not stored anywhere else, therefore, the Permanent
mapset must exist in every Location.

* Owner mapsets are user-created and represent specific areas or study sites
within the Location. Think of a mapset as a collection of geographic data that is
project or user specific. Owner mapsets can be named whatever logical name is
desired. Examples of mapset names are ‘userl’ and ‘Nueces County’, where
‘userl’ represents a mapset created by, or created for a user on the system, and
‘Nueces County’ represents a project dealing with Nueces County, Texas.

Last, there is the concept of a Region. A Region is a subset of a Location defined by a
rectangular bounding box. The Region is important for raster operations as it bounds
the area (region) that will participate in any raster operations executed in GRASS. A
Region is an operating parameter set when working in GRASS.

If all of the above explanation was a little confusing, do not worry, with practice in these
labs, it will start to make more sense.
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|‘ grassdata | Database

It Lab3Datal Location
PERMANENT Mapset

. userl Mapset

user2 Mapset

P ., NuecesCounty| Location
. CayoDelOso Mapset

CorpusChristi Mapset
pERMANENT |  Mapset

Now let’s talk about how you can access the data and functionality of GRASS inside QGIS.
Inside QGIS, there is a GRASS Toolbar that can be enabled (shown in figure below).

08 0% (E| oK % % M % B B

The GRASS Toolbar is separated in two sections. The left section contains three buttons
that manage the Mapsets. Let’s discuss these three buttons first.

* Open Mapset U& - Opens the ‘Select GRASS Mapset’ dialog (shown in figure
below) and allows you to set the Database (a.k.a. Gisdbase), Location, and
Mapset for the current project. When a Mapset is selected, all buttons on the
GRASS Toolbar will be enabled.

r ™
/' Select GRASS Mapset L2 [l
Gisdbase unthrough'\grassdata Browse...
Location Lab3Data v
Mapset  userl v
PERMANENT
userl
user2
A
LW

* New Mapset ““.. - Opens the ‘New Mapset’ wizard and walks you through the
process of creating a new Mapset.

* Close Mapset \M - Closes the current Mapset. Disables some buttons on the
GRASS Toolbar.

The second section of the GRASS Toolbar allows for adding, creating, and editing
geographic data, as well as accessing GRASS tools, and viewing and setting the Region.
Let’s discuss each of these buttons in more detail.
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* Add GRASS Vector Layer \/g - Opens the ‘Select GRASS Vector Layer’dialog and
allows for adding a GRASS vector layer to the QGIS map canvas. This button is
enabled even if a Mapset is not currently opened.

* Add GRASS Raster Layer ! % - Opens the ‘Select GRASS Raster Layer’ dialog and
allows for adding a GRASS raster layer to the QGIS map canvas. This button is
enabled even if a Mapset is not currently opened.

Vi
* Create new Grass Vector ! 3 - Allows for creating of a new GRASS Vector layer
then opens a GRASS Edit session.

il
* Edit Grass Vector Layer ! 3. With a GRASS vector layer selected in the QGIS
Layers List, opens the ‘GRASS Edit’ dialog and allows for editing of the vector
layer.

* Open GRASS Tools % - Opens the ‘GRASS Tools’ dialog box (shown in figures
below). This dialog box allows access to GRASS’s powerful tools (via Modules
Tree and Modules List tabs) and a hierarchical view of the current Mapset (via
Browser tab).

s ~
/' GRASS Tools: Lab3Data/userl 2 |

Modules Tree Modules List Browser

[=]- GRASS MODULES
BT} shell - GRASS shell

[*} Create new GRASS location and transfer data into it
[*)- File management

[#}- Region settings

[*)- Projection management
[#}- Raster

[*)- Viector

[+ Imagery

[+ Database

[#} 3d Visualization

[*)- Convert coordinates
[ Help

Close

GRASS Tools Dialog
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i
Vi GRASS Tools: Lab3Data/userl L2 [

Modules Tree Modules List Browser

XN DR QO

. PERMANENT
) userl
=l ) raster
NDVI
tm_sacsub1
tm_sacsub2
tm_sacsub3
tm_sacsub4
tm_sacsub5
tm_sacsub7
- ) vector
=l 1L user2
- 1) raster

m

Close

Mapset Browser Dialog

* Display Current Map Region H] - Displays the currently set map region as a
rectangle on the map canvas.

* Edit Current Grass Region Hjhj - Opens the 'GRASS Region Settings' dialog
(shown in Figure 4) that allows for manual or interactive setting of the Region’s
extent. Also allows for setting of analysis cell resolution and symbol properties of
map region rectangle (shown when 'Display Current Map Region' button is
selected).
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r |
/' GRASS Region Settings ? I&I

Extent

Select the extent by dragging on canvas
or change the following values

North | 4622220

West |-6476350 East 6337740

South  -616728

Resolution

® Cell width 12814.1 Cell height  12840.6
Columns | 1000 | Rows  [408

Border

Color (NN  width 0 3

GRASS Region Settings

This task provided a brief overview of how GRASS can be used within QGIS. This, and the
subsetquent labs in this lab series, will only use a small subset of GRASS’s capabilities. To

learn more about GRASS GIS, visit the official webpage at http://grass.osgeo.org/
4.2 Image Composite

Task 2 Video

An image composite is taking individual bands and putting them together into a single
multi-band image data set. In many cases, image data downloaded is provided this way

where the end-user will need the ability to put imagery together.

1. Start QGIS and enable the ‘GRASS’ toolbar.

2. On the GRASS toolbar, click Open Mapset button ! é
3. Set the following options on the ‘Select GRASS Mapset’ dialog then click OK:
a. Gisdbase: GST 105\Lab 3\Lab 3 Data
b. Location: Lab3Data
c. Mapset: userl

4. Load the following image bands frqm the Lab3Data Location into QGIS by clicking

‘Add GRASS raster layer’ button ! % on the GRASS toolbar then selecting the
individual images you wish to add (see figure below):
* tm_sacsubl.tif
* tm_sacsub?2.tif
* tm_sacsub3.tif
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* tm_sacsub4.tif
* tm_sacsubb.tif
* tm_sacsub7.tif

7~ y
/! Select GRASS Raster Layer l ? I&J
Gisdbase nthrough\Lab 3 Data Browse...
Location | Lab3Data v
Mapset userl v
Map name | tm_sacsub1 v
tm_sacsub2
tm_sacsub3
tm_sacsub4
Sy IM_sacsub5
tm_sacsub7

The six bands are from a Landsat TM satellite subset. These will show up in the QGIS
Layers list. Note the wavelengths for these bands. Refer to the lecture material or
search the Internet on the Landsat sensor.

5. Open GRASS Tools by clicking ‘Open GRASS Tools’ % button on the GRASS
toolbar.
6. Select ‘Modules Tree’ tab.
7. Expand the tree to find r.composite tool.
a. GRASS Modules
i. Raster
1. Manage map colors
a. r.composite
8. Click on r.composite tool to open it.
9. Set the following options. Refer to the figure below.
a. Name of raster map to be used for : tm_sacsuub3

i. Click ‘Use region of this map’ button

Name of raster map to be used for : tm_sacsuub2

Name of raster map to be used for : tm_sacsuub1l

(1-256): 32 -- represents number of values for red

(1-256): 32 -- represents number of values for green

(1-256): 32-- represents number of values for blue

g. Name for output raster map: Composite_32 TM_123

10. Click ‘Run’ button to run the tool. The dialog will switch to the Output tab to
show the results of the tool. If it does not say ‘Successfully finished’, re-check
that you entered the options correctly, and run again.

S
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Module: r.composite

Options Output Manual

Name of raster map to be used for <red>

tm_sacsub3 ( tm_sacsub3@user1) v

10

Name of raster map to be used for <green>

|

tm_sacsub2 ( tm_sacsub2@user1) v

Name of raster map to be used for <blue>

m|

tm_sacsub1 ( tm_sacsub1@user1) v
(1-256)
32

(1-256)

32

(1-256)

32

Name for output raster map

D

Compsite_32_TM_123

| 4

11. On the Output tab, with the r.composite tool successfully run, click View output
button to add the composite raster to the QGIS Layers list. You should now see a
true color 3-band raster.

We can investigate this new raster a little more by viewing details about it in the GRASS
Tools Browser.

12. Open GRASS Tools and select the ‘Browser’ tab.
13. Expand the userl | raster branches to see all of the raster files in the mapset.
a. If you do not see the newly created compsite raster

(Composite_32_TM _123), click the Refresh button O
14. Select Composite_32_TM_123 in the browser tree. A list of properties describing
the selected raster will display.

What are the Properties for the following?

* Rows

* Columns

* N-S Resolution

* E-W Resolution
* Format

* Data description

15. Using the same procedure as above, create a new composite raster using bands
4,5, and 7. Use the following band assignments:
* Red:tm_sacsub4

- [ ISR B N
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* Blue: tm_sacsub?7

Your output composite should look like the figure below.

Layess (&)X

What sensor wavelengths are assigned to the following output image bands in the
image just created (refer to lecture notes)?

e Band4-=
e Band5=
e Band7=

Why are these colors displayed versus showing a true color type display? Explain.
Create new composites to answer the following three questions.

1. Change the display to show a true color band combination (Red Display = Band 3,
Green Display =Band 2, and Blue Display = Band 1). Describe what you see and
the colors of the features. Based on the information from the lecture explain
why the features appear as these colors in the color display.

2. Change the band combination to (Red Display = Band 4, Green Display to Band 3,
and the Blue Display to Band 2). Describe what you see and the colors of the
features. Based on the information from the lecture explain why the features
appear as these colors in the color display.

3. Change the band combination to (Red Display = Band 4, Green Display to Band 5,
and the Blue Display to Band 3). Describe what you see and the colors of the
features. Based on the information from the lecture explain why the features
appear as these colors in the color display.

4.3 Image Mosaic

Task 3 Video

This task will walk through the steps to generate a simple image mosaic to merge
adjacent images from the same sensor with the same number of bands.
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1. Start QGIS and enable the ‘GRASS’ toolbar. If QGIS is already open, create a new,
empty project.

2. On the GRASS toolbar, click Open Mapset button é
3. Set the following options on the ‘Select GRASS Mapset’ dialog then click OK:
a. Gisdbase: GST 105\Lab 3\Lab 3 Data
b. Location: Lab3Data
c. Mapset: user2
4. Lload the following image bands from the Lab3Data Location into QGIS by clicking

‘Open GRASS Tools’ button “# on the GRASS toolbar then selecting the ‘Browser’
tab.

5. Expand user2 | raster.

6. Select the following rasters then press ‘Add selected map to canvas’ button .

*  subsetl
*  subset2
*  subset3
* subsetd

7. Close GRASS Tools.
8. Zoom to full extents on the map canvas.

Note that the four rasters are adjacent and represent one larger square area. Before we
mosaic the rasters together, we first need to define the region that our newly
mosaicked raster will fill. A region can be thought of as a working window for raster
processing.

9. Open GRASS Tools.
10. Click ‘Modules List’ tab.
11. In the Filter input box, enter ‘region’.
12. Click on the g.region.multiple.raster tool to open it.
13. Set the following options for the g.region.multiple.raster tool (refer to the figure
below):
a. Type in map names separated by a comma:
subsetl,subset2,subset3,subset4 Note: Type the names in.

Module: g.region.multiple.raster

Options Qutput Manual

Type in map names separated by a comma

subset1,subset2,subset3,subset4

14. Click ‘Run’ button to execute the tool. Close GRASS Tools.
15. Zoom to full extent on the map canvas.

Notice that there is now a red outline surrounding the extents of the four subset rasters.
This red outline represents the current raster processing region. The figure below
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illustrates what the region extent should look like (note that subset4 has been turned
off to better illustrate the red outline).

Now that the region has been set, we will now mosaic the rasters together in to a single,

new raster. To do this, we will utilize the r.patch tool. The r.patch tool sets the current

region’s cell values with the values of the specified rasters. Therefore, since the current
region is filled by our four rasters, the values from each of the four rasters will transfer
to the new, moasiced, raster which has the same size as the current region.

16. Open GRASS Tools.
17. Click ‘Modules List’ tab.
18. In the Filter input box, enter ‘patch’ to quickly find the r.patch tool.
19. Click on the r.patch tool to open it.
20. Set the following options for the r.patch tool (refer to figure below):
a. Name of raster maps to be patched together: subsetl
b. Name of raster maps to be patched together:
subsetl,subset2,subset3,subset4 Note: Type the names in.
c. Name for resultant raster map: mosaic
21. Click ‘Run’ button to execute the patch tool.



QGIS LAB SERIES — Lab 3 — Image Composite, Mosaic, Subset

Module: r.patch

Options Qutput Manual

Name of raster maps to be patched together

subset1 ( subseti@user2) v

||

Use zero (0) for transparency instead of NULL

Name of raster maps to be patched together

subset1,subset2,subset3,subset4

Name for resultant raster map

| Mosaic

Add the newly created mosaic to the QGIS canvas to view the newly created mosaic.
Turn off the visibility of the subset rasters to verify that the mosaic is complete.

4.4 Image Subset
Task 4 Video
This task will walk through the steps to generate an Image Subset.

1. Start QGIS and enable the ‘GRASS’ toolbar. If QGIS is already open, create a new,
empty project.

2. On the GRASS toolbar, click Open Mapset button é

3. Set the following options on the ‘Select GRASS Mapset’ dialog then click OK:
a. Gisdbase: GST 105\Lab 3\Lab 3 Data
b. Location: Lab3Data
c. Mapset: user2

4. Load the ‘mosaic’ raster from Task 3 on the map canvas.

+ R
5. On the GRASS Toolbar, click ‘Edit Current GRASS Region’ button x, . This will
open the GRASS Region Settings dialog box.

The current region can be set in two ways using this dialog box. The first way is to
manually enter the four extent values. The second way is to drag a box on the map
canvas to set the four extent values. We will use the second option and drag a box.

6. Move the GRASS Region Settings dialog to the side of the screen, then drag a box
inside the mosaic that is smaller than the mosaic. See figure below for an
example.
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When you finish drawing the box, the GRASS Region Settings dialog reappears. The
extent values are updated to match the extent of the drawn box.

The Resolution setting determines what cell size will be used in the region. As we wish
to stay at the same cell size, we will set the Cell width and Cell height to 30.

7. On the GRASS Region Settings dialog, set the following:
a. Cell width: 30
b. Cell height: 30
i. Note that the sizes may change slightly when you move between
input boxes; this is normal.
8. Click OK to set the new region.
9. Open GRASS Tools.
10. Find and open the r.resample tool.
11. Click on the 'Manual' tab of the tool and read the manual. Every GRASS tool has
a manual and are worth referencing when discovering their functionality.
12. Click the 'Options' tab of the tool and set the following options:
a. Name of an input layer: mosaic
b. Name of an output layer: smaller_mosaic
13. Click Run to execute the tool.
14. Verify that the smaller_mosaic was successfully created.
4.5 Calculate NDVI
Task 5 Video

This task will teach you how to calculate NDVI.



QGIS LAB SERIES - Lab 3 — Image Composite, Mosaic, Subset

1. Start QGIS and enable the ‘GRASS’ toolbar. If QGIS is already open, create a new,
empty project.

2. On the GRASS toolbar, click Open Mapset button l@
3. Set the following options on the ‘Select GRASS Mapset’ dialog then click OK:
a. Gisdbase: GST 105\Lab 3\Lab 3 Data
b. Location: Lab3Data
c. Mapset: userl
4. Load the following image bands from the Lab3Data Location into QGIS by clicking

‘Add GRASS raster layer’ button @ on the GRASS toolbar then selecting the
individual images you wish to add.
* tm_sacsub3 - represents the red band
* tm_sacsub4 — represents the near infrared band
5. Find and open r.mapcalculator tool. Set the following options:
a. A:tm_sacsub3
b. Use region of this map : selected
c. B:tm_sacsub4
d. Formula: float(B-A)/float(B+A)
e. Name for output raster map: NDVI
6. Run the tool and add the output to the map canvas.

At this point, you should have a black and white image that looks like the figure below.
While this is the calculated NDVI, it can be more visually appealing to assist the map
reader in understanding where the healthy vegetation is located. To do this, we will
apply a color table to the NDVI raster.

7. In GRASS Tools, find and open r.colors.table. Set the following options:
a. Name of input raster map: NDVI
b. Type of color table: Normalized Difference Vegetation Index colors
8. Run the tool. The raster will now look like the figure below. If it does not, remove
and re-add the NDVI raster to the map canvas.
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4.6 Challenge: Image Subset with r.patch (optional)

Now that you know how to create an image subset with r.resample, determine how you
would create an image subset with r.patch.

5 Conclusion

In this lab, you have learned the basics of using GRASS Tools inside of QGIS to complete
a composite, mosaic, subset, and NDVI. This lab just scratches the surface in terms of
GRASS’s capabilities. Future labs will delve deeper in to GRASS.

6 Discussion Questions

1. Answer the questions from Task 2 (copied below).
—  Create new composites to answer the following three questions.

1. Change the display to show a true color band combination (Red
Display = Band 3, Green Display =Band 2, and Blue Display = Band 1).
Describe what you see and the colors of the features. Based on the
information from the lecture explain why the features appear as
these colors in the color display.

2. Change the band combination to (Red Display = Band 4, Green
Display to Band 3, and the Blue Display to Band 2). Describe what
you see and the colors of the features. Based on the information
from the lecture explain why the features appear as these colors in
the color display.

3. Change the band combination to (Red Display = Band 4, Green
Display to Band 5, and the Blue Display to Band 3). Describe what
you see and the colors of the features. Based on the information
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from the lecture explain why the features appear as these colors in
the color display.



