GRASS GIS 7:
A theoretical and practical course

Session 1 - Intro: image processing

Markus Neteler

NINA 2016, Oslo, Norway

mundialis GmbH & Co. KG
http://www.mundialis.de

K

mundialis


http://www.mundialis.de/

©2016 Markus Neteler

Session Objectives

 Introduction to remote sensing

« A few concepts

« Remote sensing with GRASS GIS

Exercise — Exploring multispectral data

Exercise - Visualizing RGB composites

Color table optimization of a Landsat scene

Exercise — NDVI Vegetation Index

Exercise — Map algebra in image processing



Introduction to remote sensing WV

~ Aerial photos: unrectified and orthophotos
(resolution: 25cm - 1m)

~Nowadays even UAV (octocopter etc).

[

~ Satellite data: usually multi-channel data (res.: 30m /15m/
2.8m [/ 70cm)
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Remote sensing: multispectral data
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Remote sensing: multispectral data
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Available data - Landsat example

Note: e.g entire Landsat archive is freely available at
http://earthexplorer.usgs.gov/

W GRASS GIS Mz ay: 1 - Location: utm33_etna <2= & @ &
® h o2 IR g e o LY ORI SR @ 2D view

o o A g

513775.99; 4170749.78 |[ Coordinates v | | | Render



http://earthexplorer.usgs.gov/
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Remote sensing with GRASS GIS
Features

.~ Geocoding of unreferenced (even scanned historical) aerial and
satellite imagery

.~ Reprojection of georeferenced imagery

~ Radiometric enhancement (correction of atmospheric effects, of
illumination effects due to rugged terrain = “flattening” etc.)

~ Image Fusion (merge of high-res PAN channel with color channels)

~ PCA, Fourier Transform, ...

.~ Classification (unsupervised and supervised)

.~ Supported satellites: AVHRR, MODIS, Landsat, Sentinel-2, Aster, Quickbird,

Geoeye, Worldview, ...

See also:
http://grasswiki.osgeo.org/wiki/lmage_processing


http://grasswiki.osgeo.org/wiki/Image_processing
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Exercise - Starting GRASS GIS for the session

GRASS GIS 7.0.2s5vn startup (r65855)

orass g

Bringing advanced geospatial technologies to the world

1. Select GRASS GIS database directory

fhome/netelerfgrassdata|

l Browse

2. Select GRASS Location

demolocation New
ecads_grassdata_ll

nc_spm_08_grass? Rename
spearfish70 Delete

All data in one Location is in the same
coordinate reference systemn (projection).
One Location can be one project. Location

contains Mapsets.

Start GRASS session

GRASS GIS database directory contains Locations.

3. Select GRASS Mapset
FPERMAMEMNT e

userl

Fename

Delete

Mapset contains GIS data related to one
project, task within one project, subregion or

usear.

BQuit Help
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File Settings Raster ‘“ector I

Load all LANDSAT 7 2002
(o (B 060 Le ][5 bands into the Layer Manager

DIk s s

Add multiple raster or vect
PES |F L@ | e

f=ry “olumes

Database Help

¥ |sat7_2002_10
¥ [sat7_2002_20
¥ [sat7_2002_30

<

lsat7_2002_40

<

lsat7 2002 50
List of maps: ¥ |sat7 2002 61
w |Sat?_2DD2_62
W |sat?_2DD2_?D
W |Sat?_2CIC12_8D

B Isat7 2002 rgh

& Use fully-qualified map names

!)Cancel

Map type: raster v ¥ Select toggle
Mapset: FERMAMEMT
Pattern: lsat7

</ mpply

ok

« Select map type (here: raster)
v« Select PERMANENT mapset
« Convenient search tool

- Select bands 1-8

1

- Omit the RGB composite

Now look at the individual bands
and observe the differences




Exercise - Exploring multispectral data

Now explore the various channels and their differences
(if needed, re-order the image stack first in the layer tree)

GRASS GIS 7.0.0svn Layer Manager
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File Settings Raster “ector Imagery Velumes Database Temporal Help H & — e o A :
. . : ® [y & ) Gy Wye = 2D view v
) i : )
: [ & & [s %% N Ob 0o O | O | [
Display 1 TP X
B L lsat7_2002_80@PERMAMNENT PAN, 14.25m . : -
¥ |sat7_2002_70@PERMANENT MIR, 28.50m :
¥ |sat7_2002_62@PERMANENT TIR, 60.00m
¥ |sat7_2002_61@PERMANENT TIR, 60.00m :
¥ |sat7_2002_S0@PERMANENT MIR, 28.50m ; o
¥ |sat7_2002_40@PERMANENT NIR, 28.50m =l
_. lsat7_2002_30@PERMANENT R, 28.50m — :
¥ |sat7_2002_20@PERMANENT G, 28.50m ;
¥ |sat7_2002_10@PERMANENT B, 28.50m
Map layers| Command conscle (...) Search modules | Python shell
d.rast map=Isat7_2002_S0@PERMANENT 627893.74; 226847.72 Coordinates v ¥ Render

LANDSAT7

PAN = panchromatic, 14.25mres
TIR = thermal infrared, 60.00m res
MIR = mid infrared, 28.50m res
NIR = near infrared, 28.50m res
RGB = red, green, blue, 28.50m res
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Exercise - Getting the region right

Set first computational region to e.g. TM band 3 (red)

or use g.region ...
(@  cRassGiSlayerManager  + _ox [

File Settings Raster ‘“ector Imagery ‘olumes Database Help H
: & [ # ||W

DR s NN ® (G
/B2 nlEHEaD @O

--------- 7 ¥, Isat7_2002_80@PERMANENT
--------- 7 ¥ Isat7_2002_70@PERMANENT
--------- 7| ¥ Isat7_2002_62@PERMANENT
--------- 7 ¥, Isat7_2002_6 L@PERMANENT
--------- 7 ¥ Isat7_2002_S0@PERMANENT
--------- )| ¥ Isat7_2002_40@PERMANENT

L |EL EL EL EL EL EL

G ki lsat7_2002_30@PERMANRS
--------- ~) ¥ Isat7_2002_20@PERMANI
--------- 7 ¥ 1sat7_2002_10@PERMANI

Remowve

Rename

Change opacity level

Properties

Zoom to selected mapl(s)
Set computational region from selected map(s)
Zoom to selected mapls) (ignore MULLS)

Set computational region from selected map(s) (ignore MULLs)

Export

Set color table -

Map layers| Command conscle

LANDSAT7

PAN = panchromatic, 14.25m res
TIR = thermal infrared, 60.00m res
MIR = mid infrared, 28.50m res
NIR = near infrared, 28.50m res
RGB = red, green, blue, 28.50m res
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Exercise - Visualizing RGB composites

RGB view of LANDSAT ETM:

; GRASS GIS 7.0.0svn Layer Ma'.ager
File Settings Raster ‘“ector Imagery Volglees Database Temporal Help

NN L i
l::‘; E_jJ f!} Q‘i':a @ I—E] I-GL!Add 30 raster map layer LE

/ Bkl s R D

M Add HIS map layer

Display 1 X

M L. lsat7_2002_80@PERMANENT [ I #; Add shaded relief map layer -
)|, Isat7_2002_7O@PERMANENT g |&, Add raster flow arrows d.rgb [display, graphics, raster, RGBI
T W lsat7_2002_62@PERMAMNENT /B Add raster cell numbers Displays three user-specified raster maps as red, green, and blue
- owverlays in the active graphics frame,
| |sat7_2002_61@PERMANENT 3
Required | MNull cells Optional Manual 1 F
GRASS GIS 7.0.0svn Map Display: 1 -Location: nc spm | Name of raster map to be used for 'red" (red=name)
lsat7_2002_30@PERMANENT v
Mame of raster map to be used for 'green’; (green=name)
lsat7 2002 20@PERMANENT v
R= 30 § Name of raster map to be used for 'blue’; (blue=name)
G=20 [Isat?_Qooz_lo@PERMANENﬂ v

Fok Help

</ Apply

3¢ close




TR gePLRNARIEl! TR eePoRas |t
R=30 R=70
G=20 G=20
B=10 B=50
“Natural e “False [EEar®
colors” B colors” B
Extra hints

# prettify color tables based on histogram analysis:
i.colors.enhance b=1lsat7 2002 10 g=lsat7 2002 20 \
r=1sat7 2002 30

# to save composites as a map, use r.composite):
r.composite b=lsat7 2002 10 g=lsat7 2002 20 \
r=1sat’7 2002 30 output=lsat’7 2002 rgb
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Color table optimization of a Landsat scene

Another example: Sicily

r -

) 1 L t

File Settings Raster Wector Imagery Volumes Database Help = L = oy &R T - A .

: + al - 5 % (R S '8 & L P X | =g | [y & |[20view
A D O | +| :F' gL

Py = m :l:t r%é% & 'i'

5_'_ L5188034_03419840924 BSO0E@PERMANENT
t.L5188034_03419840924_B70@PERMANENT
t.L5188034_03419840924 B40@PERMANENT
L5188034_03419840924 B20@PERMANENT
t.L5188034_03419840924_B30@PERMANENT
t. L5188034_03419840924 Be0@PERMANENT
t.L5188034_03419840924_Bl0@PERMANENT

r
w
r
r
w
r

Map layers| Command console Search module Python shell

550490.63; 4045249 41 Coordinates v +| Render
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Already nice but too dark...: we need to improve the color tables
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Color table optimization of a Landsat scene

F -

GRASS GIS Layer Manager w13 RASS GIS Map L ay: 1 - Locat tm33_etnz

w

L]
File Settings Raster Vector Imagery WVolumes Database Help P N | © Ly oy &3 o - - A .
: ; _ cn e T ¢ P P Sy o8 W | —p el |20 view
’:‘ i_ﬁ & Develop images and groups >
P = |t co L Manage image colors » Color balance for RGE [ilandsat.rgh]
 y B ius

Ortho photo rectification (requires Xterm) [i.ortho photo] HIS to RGB  [i.his.rgb]

I_/ Display 1 RGB to HIS [i.rgb his]

Rectify image or raster [i.rectify]

_ Histoaram

ilandsat.rgb [raster, imagery, colors] oA X

Performs auto-balancing of colors for LANDSAT images.

'l

\_/'. Required l’ Optional l’ Command output l’ Manual ] 1 kX
LANDSAT red channel: (red=string)
L5188034 03419840924 B30@PERMAMNENT W

LANDSAT green channel: (green=string}
L5128034 03419840924 B20@PERMAMNENT W

LANDSAT blue channel: (blue=string) .
5188034 03419840924 B ID@F’ERMANENTI w

€3 Close Run Copy F? Help

; Run the command (Ctrl+R
ilandsat.rgh red:Ijwuu,-r_u,-ruu-ru,r:_-r_u,u’l@PEHMANENT green=L5188034_0341
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Color table optimization of a Landsat scene

* GRASS GIS Map Display: 1 - Location: utm33_etna &) &

- G AR VY] glz.lm@uwew

Landsat TM5
1984-09-24

I.colors.enhance

|485179_?4; 4161249.20 ‘[ Coordinates v | | | Erj Render

NOTE: For a recent Landsat 8 example, North Carolina, see
http://courses.neteler.org/processing-landsat8-data-in-grass-gis-7/


http://courses.neteler.org/processing-landsat8-data-in-grass-gis-7/
http://grass.osgeo.org/grass70/manuals/i.colors.enhance.html
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Vegetation indices
from LANDSAT
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Exercise - NDVI Vegetation Index

Vegetation index NDVI from LANDSAT ETM:

# set computational region to the red band
g.region raster=lsat’/7 2002 30 -p

# Calculate NDVI (adapt map names to real names + next slide):
r.mapcalc "ndvi = 1.0 * (etm4 - etm3)/(etmd + etm3)"

# Apply predefined NDVI color table
r . C O l O r S map: n dv j_ C O l O r: n dv j_ GRASS GIS Map Display: 1 - Location: nc_spm_o_eurac + _ O x
d.rast.leg ndvi

Documentation of modules:

# HTML manual 0.58
g.manual r.colors 0.0

# text manual
g.manual -m r.colors

o

Ware 5 W 8 iy, ] _ Ao o, “i.dl— g E - 1 Y
630206.90; 228474.47 [coordinates  ~[[  [# Render |
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Exercise - Map algebra in image processing

Vegetation index from LANDSAT ETM: Using Red (3) and NIR (4)

¥ e GRASS GIS Layer Manager «

NDVI = 10 X (NIR _ R)/(NIR + R) r£|le Settings Raster Vector Imagery Vol
(=R [y Y Y

Use the raster map calculator Y Bl EH @

| / Di5P|a Raster Map Calculator
“ I

O GRASS GIS Raster Map Calculator 4+ _ O Xx

Note: since o for new raster map to create
integer channels : ' - L 2002

are used, we / . | Operands

need to enforce - . s I Insert mapcalc function .
a floating point < = | <= || »
calculation with __ = - | lsat7_2002_30@PERMANENT v
1.0 multiplication » - ATV | — ( ) 7 Clear

or float() operator

Expression
1.0* (lsat7_2002_40@PERMAMENT - |sat7_2002_30@PERMANENT) / (lsat7_2002_40@PERMAMENT

+ Isat7_2002_30@PERMANENT)|

Load 4%1 Save Help Run 3 Close

Allow output files to overwrite existing files
v Add created raster map into layer tree
rrnapcale 'ndvi_2002 = 1.0 * (|lsat7_2002_40@PERMAMENT - Isat7_2002_30@PERMAMENT) / (Isat7_2C
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FYI - more Vegetation Indices

i.vi - Calculates different types of vegetation indices.
Uses red and nir bands mostly, and some indices
require additional bands.

arvi: Atmospherically Resistant Vegetation Indices

dvi: Difference Vegetation Index

evi: Enhanced Vegetation Index

evi2: Enhanced Vegetation Index 2

gvi: Green Vegetation Index

gari: Green Atmospherically Resistant Vegetation Index
gemi: Global Environmental Monitoring Index

ipvi: Infrared Percentage Vegetation Index

msavi: Modified Soil Adjusted Vegetation Index
msavi2: second Modified Soil Adjusted Vegetation Index
ndvi: Normalized Difference Vegetation Index

pvi: Perpendicular Vegetation Index

savi: Soil Adjusted Vegetation Index

sr: Simple Ratio

vari: Visible Atmospherically Resistant Index

wdvi: Weighted Difference Vegetation Index
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