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You are at an official GRASS site (other mitror sites)
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Screenshots
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Geographic Resources Analysis Support System

Commonly referred to as GRASS, this is free Geographic Information System (GIS) software used for geospatial data management and analysis, image
processing, graphics/maps production, spatial modeling, and visualization. GRASS is currently used in academic and commercial settings around the

wiorld, as well as by many governmental agencies and environmental consulting companies. GRASS is an official project of the Open Source Geospatial
Foundation.

Moclule of the day:
v.support Updates vector map metadata.

Latest News! [ECD

18 Sep 2009 GRASS 6.4.0 module synopsis published - A list of all modules with GUI menu locations

11 dun 2009 GRASS 6.4.0 RCE released - Fifth release candidate of stable release 6 4 0 which includes the new graphical user interface, native
MS-Windows support news functionality and bugfixes

03 Jun 2009 New WinGrass 6.4.0RCsvn stand-alone package - Flease help testl

29 Apr 2009 08Geo welcomes 20 Google Summer of Code students - Including 3 GRASS projects

Upcoming GRASSIFOSS4G related events:

Geoinformatics FCE CTU 2008 - Free and Open Source Software in Geoinformatics - 17-18 Sep 2009, Prague, Crech Republic
e FOSSAG 2009 in Svdnev - Free and Onen Sanurce Software for Gensnatial - 70-73 Oict 2009 Swdnew Alstralia
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GRDSS: Journey In 2003




GRDSS in 2004

File Display

A GRD5S GLUI: Geographic Resources Decision Support System Graphical User Intertace - Location: kolar_disg2
Image Processing Raster Vector Point Model

Datahases Help

GRASS Mirror site:

hitp:#fw gbis.ces.iisc.ernet.infgrass
http:#144.16.93.203/grass

email: grass(@ ces.iisc.ernet.in

Beta version - GRDSER3.1

Geographic Resonrces Decision Support System

Developed at:

Energy and Wetlands Research Group,
Centre for Ecological Sciences,

Indian Instibite of Science,

Bangalore - 560012, India.
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Welcome to Free & Open Source Software (FOSS) at CES, [ISc, Bangalore, India

Home Home E-miil

GHASS Mirror site in India

R Zeographic Resources Analysis Support System ]
R Geographic Resources Decision Support System .

Geovisualisation

What is FOS5 ?

Fhoe GEOVISUALISATION OF CHERUYANNUR VILLAGE PANCHAYAT, KOZHIKODE, ﬂ

Scripting Language KERALA: INDIA

Open Web Server

Open Source Database Open Source GIS in India, Discussion Meeting, 16th November 2009, CISTUP,

Open Content Management System IISc m

Open Source Libraries

Statistical Softwares

GIS Softwares

Uzeful Softwares

List of Free Software

Free Operating Systems

Linux Command Help

FOSS by 05Geo-India

FOSS Foundation

FOSS Group

Contact Us

Energy Research Group

Centre for Ecological Sciences

Indian Institute of Science N 7 . - :
ey — ; kYL
Free and Open Source Software (FOS5)
Energy Research Group,
Visitors: 21265 Centre for Ecological Sciences,
Indian Institute of Science,
Bangalore. India.
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Good Evening! The time is 7:07 pm (I5T). Thursday, 12 November, 2009.
Best viewed under Browsers: Firefox 2.0+, IE ¥ at 800 % 600 and above.
Weh designed by Uttam, Energy Research Group, CES, lISc.




Development

FOSS website

Band extraction modules in GRDSS — LISS Ill and PAN

Image fusion modules — HIS, Brovey, High Pass Filter,
High Pass Modulation, Principal Component Analysis,
Fourier Transform, Atrous, MRAIM, Gram Schmidy, CN
Spectral, Luminance Chrominance -

Forest fragmentation module — Patch, T/ran (ti
Perforated, Interior

Urban fragmentation module — D/ev{ped, Non-developed,
Water, Infill, Expansion, Outlyjrjg/gfowth




GRDSS: LISS Ill and PAN band extraction

: Geographic Resources Decision Support System (GRASS GUI) - Location: Kolar

File Display Image Processing Raster Yector Point kModel Databases Help
Explore maps
Explore maps using expressions
< Band Extract) -
DEMIGTED - ARCI/NFO Binary Grid coverages (.adf)
EHdr {(ESRI HDR) (.hdr)
Import " Image formats ~ ERDAS Imagine {.img)
Export “ Raster GIS formats - ERDASILAN (.lan)
Save displayed file to image i [ e - ESRI formats -
Save As Sites (point) formats - ETOPD-5
RERENS Grid3D file - GLOME DEM 30
Dz GTOPO30

Delete maps using expressions GMT binary array

Gﬁﬂgl:'aphil: Reson HIMADTED

Band File Import
ESRI ARCIMNF O ASCI-GRID (.asc)

Quit

TIFF 8bit [ .tif)
TIFF 24bit (.tif)
GRASS MMirror site: PPI 24bit {.ppm. .pbm}
http:/fw ghis. ces.iisc.ernet.inf/grass HDE =arch Group,

LCES,

http:#144.16,93.203/grass

: - . Binary file {GTOPO30 format) in a lat-lon region
email: grass{@ ces.iisc.ernet.in

Binary file {GTOPO30 format) in a UTKM region
GRIDATE

Beta version - GRDSS3.1 ASCI POLYGOM/LIME data files

ASCI

ELAS

TAMG

UThA

T filet MIADS output ASCII to GRASS ~
- -
[o|Shell Import Various formats .
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MAsR (Makiomal Renobe Semsing Ryency)

M5 (Makional Rewobe Sensing hyency) sk Hydersbad iz a Deparbnent of Space sponszered
eryanisakion, that is angaged in earrping euk sabellite and  sirborne reneke  sensing
ackivities inclwding aerial pheboegraphy, digital phetegranmetry, and nicrowsve renete
sensing,etc.The wain objective of MRSh ir the scquizition,precessing snd dizsenination
of Renobe Sensing daba.

Indian henobe sensing fakellites

Indizn Renete Fensing sabellifes (IRs-1R, IRF-1F, IRF-1C 3nd IRG-1D) has strengthenzd
the zcope of Renote Fensing capabilities of India. IRF-IC and IRF-1D daba ir recedved
at the earth station of HRFR, Hyderabad and then supplied to wrers on request. IRS-1C
hxs three caneras: (1) » Panchronatic canera

{20 » linear Inaging Self-scanning Senser - ITI {LI55-III)

4% 2 Wide Pield Sensor (Wifs)

DATR REYVEST FROM MRGR

Dxta  frem Inbegrated Inforwakien Aanagenent systen (IIME) 3f MRGA Daxba Conbre (MDE)
provide services to the users of the satellite inages. NRFR daba Tequest can be nade
in thres ways:

1. Digital browse facility - LIFS-III and FPRH inages are generabed and  conpressed
after acquisition amd transferred to MDE (MRSR Daka Cankre) in  optical jukebox.
Bazed on user inpub,the Tequested daba is Tebriewed from bhe jukebox,desempressed
and displayed with the Digikal brewsing facility.

. Referencing schene wapz- Reference schewe waps are generaked with path/row and zcene
cenkre warked on a baseline nap to assist wsers in idenkifying the ares of inberest.
The: referencing sehame nap for IRS-IC iz providszd fo wzers in three diffzrent types:

1.} for Indix and neighbouwring cowntries on 1 : B, 000,000 scale,

2.} six zones of India, vwiz. Centzal, Herth, Fowkh, East, West and Andaman and Micobar
o 1 : &, 500,000 =cale and

3.) the entire coverage of Hpderabad earth stakion.

orbital calendar - orbital balendar, giving the datails of paths covered on different
days, is usefnl to wsers to plan their procurensnt of sabellite daba preducts. It is
possible to know, on which day the requized dats have been collected a0 are going o
be collacted.

Typisal IRE-1E erbital calender

Indian wsers send their requesk debails like area of inberesk, dabefperiod of dinkerest
3nd zensor. The raquests are sbwdied and prieritized, depending upen the warisus factors.
ML (MRFR Daba Cenkre) then sends the sequizikion plan to spacecrafk conbrel cenkzaiscr),
whers the necessary plans  are wozked out and affer 2 swecessiul acquisition of a pass,
a scene is processed according to the wser's requirenents and deliversd to the wser.

For neTe information log on to:  hbbp:/fwww.nrsa. gow.in
Fostal address: Hakiomal Renote Sensing hyency,
(Dept. of spacel, Govb. of Indial,
Balanagar, Hyderabad-500037.
India.

'm" " NRSAinformation Help ZEX
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Lok ws beke snebher exanple,
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. . .. Thi Hodul t tx the band file {that iz th tput of
Input [ File Mame Of The File Containing PAN Data] : band exbrackion mofule) from PAN data inbe &nDss 613.

ﬁle 6uidelines For Wse 0f Abowe Hodule

Input [File Name Of The Leader File ] :

file
} In imagery Tow, type the file name which contain the
Output [ File Mame For Output [)ata] o bands datn with conplete path.  Generally  noame of the
file is CIMAGERY.L-37 under the PFRODULTI direckory of
MRsR DRATR GD.
raster

In Leader Tow, type the file nane for Leader file with
| conplete pabh. Generally nane of the £ils iz SLERDER.L-3°

Run wnder the FRODUCTL directory of MPRFR DRTR CD . Thisz File
contain all the details sbout the daka .

#1. In oubpub file nane type the nane of the file, you wont to
assign te the PR inage.

Rlso see the woaual page of PAN dabn extract fnsn pandataeskracts

g
GRAFE :~ an pandabnestraet)

rin.LISS3.sh Data Import Help

LI55 III IHFORT HELF

. . .. This wnedule extract all the four bands from LISS III daba

Input [ File Name Of The File Containing All The 4 Bands Data ] : Tt saues ench bands sz a individusl file snd alss gemerste

The 4 & file pondi 0 each band file which

ﬁle contain the detail infomakion asbouk the daka. Such that;
M. of colwan, Me. 0f Tows, band Mo., daka bpye ebe.

Input [File Mame Of The Leader File ] : The wodule subemabically takes the name of docunent file

from the band file nane and 334 an extension <. doe>

file For example :  If user give the
file nane for first band of dabs cxyzd , the nedule will

Qutput [ File MName For Band 1 Data] : wubonatically generste » fils hauilg mane sxyz. decs as a
docunentary file for first band.

raster Guidelines Por Uze of Rbove Module

Output [ File Name For Band 2 Data ] :
raster

i . In imagery Tew, type the file mnane which conbain all the
Qutput [ File Name For Band 3 Data] : four bands daks with conplebe path. gemerally name of the

£ile iz CIMRGERY.L-37 under the PRODVET] directery of MRGR
raster DATR [T,

; . In Lender Tow, type the file mane for Leader file with
Qutput [ File Name For Band 4 Data ] : conplete path. Generally nane of the file is CLEADER.L-9%

wnder the PRODUVCTL direckory of MRGR DATR CD . This File
raster sontrin 21l the detanils sbout the dabn .

Only Extract [Default: extract and convert to GRASS]. > o e, ey {ama Hilo anma of (e Hilla, gom mah Go (s

| Run . In Band? Tow, type the name of the file, give
£or zecond band of  daba

. In Bandd Tow, type the name of the file, yive
£or third band of  daba.

#5. In Bandd row, type the none of the file, you wont o give
£or fourth band of daba

Rlso see the nanwal page of LIs5 3 band extract (nan
lissibandextrack;

e
GRREE:~ wan lissibandextrack

o




GRDSS: Image Fusion

L4l GRDS5: Geographic Resources Decision Support System (GRASS GUI) - Location: Kolar
File Display Image Processing | Raster Yector Point kdodel Databases Help

Createfedit imagery group
Assign RGE to bands

Create raster from RGB bands
Imagery composite

Display histogram

Target imagery group

Rectification -
Image Enhancement -
< Fusion > -
Vegetation Indices -
Image transformation -

ces Decision Support System
Classification (Supervised) -

Classification (Unsupervised) -

GRASS Mirror site: Developed at:

htip:/fw ghis.ces.iisc.ernet.in/grass Energy and Wetlands Eesearch Gronp,
hitp:#144.16.93.203/grass Cenire for Ecological Sciences,

email: grass{@ ces.jisc.ernet.in Indian Institute of Science,

Bangalore - 560012, India,

Beta version - GREDSS3.1




RGB-HIS Fusion

= RGB bands are transformed to HIS (carper et al., 1990)

(hue — dominant or average wavelength of light contributing to a colour,

intensity — total brightness of the colour,
saturation — purity of colour relative to gray)

where DN'ys;, DNlys, DN'yssare the low resolution’ 2
V,, V, are the intermediate van'ables./

Carper, W. J., Lillesand, T. M., and Kieffer, R. W., 1890, Thp use of Intensity-Hue-Saturation transformations
for merging SPOT Panchromatic and multispectral image Whotogmnwmmc Engineering and Remote
Sensing, 56, 459-467.




RGB-HIS Fusion

= | s replaced with high spatial resolution image — DN" o, (contrast
stretched to |) which is to be integrated. /

S (DN old /uold ) T /uf"‘ff

new image

where DNy o, DNPys, DNPysgarethe fusedﬁgﬁ resolution multispectral bands.




RGB-HIS Fusion

‘O irgb.his  [—|O)x]]

[RGB to HIS raster map color transformation fur

Input raster map representing RED:

raster
Input raster map representing GREEN:

raster
Input raster map representing BLUE:

raster
Output raster map representing HUE:

raster
Output raster map representing INTEMSITY:

raster
Output raster map representing SATURATION:

raster

frgbhis ] pun

(= i.his.rgb

-/[o][x]
[HIS to RGE raster map color transformation

Input raster map representing HUE:

raster
Input raster map representing INTENSITY:

raster
Input raster map representing SATURATION:

raster
Qutput raster map representing RED:

raster
Output raster map representing GREEN:

raster
Output raster map representing BLUE:

raster

fhisegb ] pun

/
/

/




B rovey FUSiOn (Pohl, 1886)

! spectral bands

/,

” '
Pohl, C., 1888, Geometric aspects of multisensorimage fusion Mmphic map updating in the humid Tropics. /TC
publication No. 39 (Enschede: ITC), ISBN 80 6164 121 7.




Brovey Fusion

—-

i.fusion.brovey
hig chirarm

n: tm2 | ghird ] string, required)
s tmd | ghird_nir | spot g, required)

s tmS | ghird_red | g, reguired)

etmpan | ghird_pan | : g, reguired)

{output g, required)




High Pass Filter Fusion

i"-;! _— ] ri . rik _ 7 i
DNjgs = DN, +(DNpyy — DNpy,
where DNpp; = DN% 50 * hy and hy is a LP filter (average
or smoothing filter).

’:|'E||?| I3 Tow_pass_filter (~/Filters) - gedit

File Edit View Search Tools Documents Help

B e .d &

New Open Save Print... Paste

r.mfilter

Find Replace

Input multispectral raster band1:

low_pass_filter =
TITLE 5x5 Low Pass

Input raster map:

raster MATRIX 5

Output raster map:

Input multispectral raster band2:

raster ASCII filter file:

Input multispectral raster band3:

raster Number of times the filter is applied [1]:

Input multispectral raster band4:

Title of the output raster map:
raster

Input multispectral raster bands: -
I Run quietly.

_| Apply filter only to zero data values.

raster

Input multispectral raster bands:

raster

Input multispectral raster band?:

raster

Input high resolution map:

raster
Output fused raster map:

raster

PEEEEEEEE

ASCIl low pass filter file:

file
Mumber of times the filter is applied [1]:

-1 Run quietly.




High Pass Modulation Fusion

where DN'p; = DN% 40 * hy and by 1s the same LP filter as
used 1in the HPF method.

. i DN,
= DN, +(DN} . —
' - DNp

DN

M5

— DN, ,..)

r.hpm

H
i

Input multispectral raster band1:

| raster
Input multispectral raster band2:

| raster
& low_pass_filter (~/Filters) - gedit ' s
File Edit View Search Tools

e &2 . d & 0D 8 ™

New Open Save | Print... Paste | Find Replace

Input multispectral raster band3:

Documents Help

| raster
Input multispectral raster band4:

| raster

[} low_pass_filter x}
TITLE 5x5 Low Pass

Input multispectral raster bands:

| raster
Input multispectral raster bandég:

| raster
Input multispectral raster band7:

| raster
Input high resolution map:

| raster
Qutput fused raster map:

EEEEEEEEER

| raster
ASCII low pass filter file:

= =

=
o

Mumber of times the filter is applied [1]:

I Run quietly. Ln 1, Col 1

Run

:




PCA Fusion

= (=)[@[x]

[Principal components analysis (pea) prog]

Input raster maps {name[,name,...]):
raster
Qutput raster map:
raster
Rescaling range output {min,max) [1,255]:

S

Input PC raster maps (name[.name....]):

raster
Input high resolution raster map:

raster
QOutput fused raster map:

raster

[ireversepea} 1 puq




Fourier Transformation Fusion

MS? = FT{LPF{FT(MS")}+ HPF{FT(PAN)}}

[ R

|

Input raster map on which the FFT is run:

raster

Output real part arrays stored as raster map:
raster

Output imaginary part arrays stored as raster map:

raxterl

Range of values used during FFT:

T

Input raster map for IFFT, real part:

Input raster map for IFFT, imaginary part:

raster

Qutput raster after IFFT:

raster




Correspondence Analysis Fusion

™

a EE=
Raster fie matrixfiter________

Input multispectral raster handi:

raster
Input multispectral raster hand2:

raster
Input multispectral raster hand3:

raster
Input multispectral raster band4:

raster
Input multispectral raster hands:

raster
Input multispectral raster hands:

raster
Input multispectral raster hand?:

raster
Input high resolution map:

raster|f

Output fused raster map:

Run quietly.

T




Gram Schmidt Fusion

]

=
Input multispectral raster bandl:

| raster
Enter current wavelength value (average) for band1:
|
Input multispectral raster band2:
| raster
Enter current wavelength value {average) for band2: - ()5
| OT,(A)*SR5(A) * (4)d
Input multispectral raster bands: ? OTB /J"" ‘SYRE‘ ’1 SRPA‘-"?" ’1 A
| raster 04
Enter current wavelength value (average) for band3: - Gﬁ
' (A)* SR (A)* (4)
Input multispectral raster band4: I D - OTG /1 LgRG 'i SRP:!.-"\? 'i d}"'
| raster v U
Enter current wavelength value (average) for band4: 7

— # S d}
| _ R =1 OT.(A)*SR,(A)*SR,,, (A)dA
Input multispectral raster bands: Wi 06 R s PAN
I raster )
Enter current wavelength value (average) for band5: - 0.3 " " -
! NIR,, = J OTqz(A) * SRy (A1) * SRp 1 (A)dA
Input multispectral raster bands: ! 0.7 : : }
| raster

O N T CY e T where OT 1s the optical transmittance, SR 1s the spectral
| response and /4 1s the wavelength.

all

:

:

:

:

;

Input multispectral raster band7:

| raster
Enter current wavelength value (average) for band7:
Input high resolution PAN band:

| raster
Enter current wavelength value (average) for PAN:
Cutput fused raster map:

| raster
I Run quietly.

;

:

:

| Run |
- 1.~




CN Spectral Fusion

0 S

Input multispectral raster hand1:

Input multispectral raster band2:

4(MS’)-PAN
(O MSH)+4
where MS;” are the fused images, MSF are the LR MS

bands. PAN 1s a HR panchromatic band. and 1 = band 1 to
band 7.

MS;] =

Input multispectral raster band3:

Input multispectral raster band4:

raster
Input multispectral raster bands:

raster
Input multispectral raster bandé:

raster
Input multispectral raster band?:

raster
Input high resolution PAMN band:

raster
Output fused raster map:

raster
| Run quietly.

PR EEEEEEEE

Y

|




Luminance Chrominance Fusion

|- rlc N
Raster file matrixfilter. |

Input multispectral raster band1:

raster
Input multispectral raster hand2:

raster
Input multispectral raster hand3:

11.000 —1.106 ) | raster
' Input high resolution PAN band:

raster
Qutput fused raster map:

Run guietly.

fe ] mun




GRDSS Map calculator

mapcalculator.sh  [-|0//x] mapcalculator.sh (- |0)x] rmapcalc

ter expressions, "end” when done,
- poalc?

_| Show short help

_| Show short help _I Help: man r.mapcale

Expert mode
_I Help: man r.mapcalc M Expert mode

_| Expert mode : ——

raster
raster

raster

raster

raster

raster raster

raster

raster Formula: outfile = (e.g.: A-B or A*C+B

raster Resulting output map {required):

raster
_| Don't overwrite existing raster map

= | fl Stopl

Formula: outfile = (e.g.: A-B or A"C+B)

Resulting output map (required):

raster

_I Don't overwrite existing raster map

n,..l Run |




esults of different f

Fizure 2.

original LE ] (G-R-NIR.)
on through THS HPF (6)




esults of different fusion technigques

Figure 1. (A) Ornigi (B) Original low reselution
image (G-R-NIR) resampled at 1 m p1 1ze, fusion results from
ATW. (D) MRAIM. (E) GS, (F) CNS )




Validation

UIQI MEASUREMENTS OF THE SIMILARITY BETWEEN ORIGINAL AND THE
FUSED IMAGES OETAINED BY VARIOUS METHODS

Uy 20,0
Oy0g MHy+Hp 0,405

Blue
0.83

Red
0.95

NIR
0.99

Green
0.92

Closeness

Similarity

TasLe 1. UIQI OF FUSED AWD ORIGIMAL IMAGE

0.31

0.89

0.91

0.93

0.49

0.44

0.46

0.43

0.12

0.29

0.43

0.43

0.12

0.92

0.61

Blue

Green

EFed

NIK

0.93

0.94

0.93

0.94

HIs

n 1T
L

027

BT

0.8%

097

[N IS

HFPF

0.94

0.96

HIPM

0.94

0.97

TABLE

IL

CORRELATION EETWEEN THE IKONOS HR. PAN IMAGE AND THE
CORRESPONDING LR PAN IMAGE BY DIFFERENT METHODS

PCA

0.63

0.63

| el &

ATW

MEAIM

GS

CNS

LC

FT

') B
I\J'-l

0.73

L= =1 — — = L=

]

0.85

0.80

0.65

0.71

CA

-0.01

0.06

"
g.—nmr.u-:a-pl-

P

p value for all CC = 2.2e-16

LC 1s limited to three bands (G-R-NIE. combination).
PAN :mage was used in CNS without any transtormation.

TABLE IIL
EVAIUATION OF ORIGINAL AND FUSED NIR BAND BY DIFFERENT

Tas1E 2. CORRELATION BETWEEN [EOMNOS HE. PAN AavD
CORRESPONMDING LE. PAN DJMAGE S FROM DIFFERENT METHODS

THS BT

HPF

HPAI

PCA

FT CA METHODS

0.32

.32

095

0.95

0.32

Dﬁﬂ
- s

p vahue for all CC

=22

Both IHS and BT are limited to 3 bands (G, R and NIR).
IHS and BT use the same low resolution PAN image.

HPF and HPM use the same low resolution PAN image.
There 15 no generation of low resolution PAN 1n FT_

UIQI

CC

Min

Max

Original NIR

]

1

195

811

Fused NIR (ATW)

0.99

125

867

Fused NIR (HPF)

0.94

152

650




GRDSS: Interface with R

The R/IGRASS interface substantially improves the geospatial analysis
capabilities of GRASS.

For the integration of R with GRASS, you need to run R from the
GRASS shell environment.

The interface dynamically loads compiled GIS library functions/into the R
environment.

GRASS>R> R CMD INSTALL spgrass6_0.3-7.tay/

OPEN SOURCE GIS
A GRASS GIS Approach 2

Third Edition g
Markus Neteler & HeleWasova

Springer

For more details see: /

.




GRDSS: Interface with R

Terminal =
File Edit View Terminal Tabs Help
GRASS:~ = R

R version 2.6.1 (2007-11-26)
Copyright (C) 2007 The R Foundation for Statistical Computing
| ISBN 3-900051-07-0

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

> cor.test[]




Forest fragmentation

 Forest fragmentation iStAe Process whereby a large, continuous area of forest is
both reduced in area and divided into two or more fragments (K. J. Ritters et al.,

2000).

For calculating forest fragmentation and its occurrence as adjacent pixels, fixed-
area windows surrounding each forest pixel is used.

Pf equals 6/9=0.67

Total number of adjacent pixel pairs is 12, and offrt’hé , 11 pairs include
at least one forested pixel. Five of those 11 pairs afre forest-forest pairs.

Pff equals 5/11 = 0.45

>

K. J. Riitters, R. O" Neill. Wickham, B. Jones, and E. Smith, “Glo'b_‘a%atterns of forest fragmentation,” Conservation
Ecology, vol. 4, no. 2-3, 2000.




Forest fragmentation

The six fragmentation model that identifies six categories are:

(1) Interior (Pf=1.0)

(2) Patch (Pf<0.4)

(3) Transtitional (0.4 < Pf<0.6)

(4) Edge (Pt > 0.6 and Pf— Pff > 0)

(5) Perforated (Pf > 0.6 and Pf — Pff < 0) and
(6) Undetermined (Pf > 0.6 and Pf = Pff)

total forest area

TEP =
tetal non — water ar<a

_ welghted forest area , area of largest interfor forest pateh
~ total forest areq total forest area

WEFA = (1.0 = interior) + (0.8 # (perfcrated + edge + undertermined) 4 (0.5
+ transitiojnal) + (0.2 = patch)




Forest fragmentation

narks  Help file Edit Yiew Search Tools Documents Help

3.0 B

New Open  Save  Print

Paste | Find Replace

rednt x

1= 1 Patch
2 = 2 Transitional
,,a;‘,,m e fragindex (~/Fragstat/For_Bangalore) - gedit
5251 :
6=6 u:;:x;,men File Edit View Search Tools Documents Help
2 .Wd| &
New Open Save | Print... Paste = Find Replace
# fragindex x
#!/bin/sh
MODULE : r.forestfrag
AUTHOR(S) : Emmanuel Sambale (Original code)

esambale@ahoo. com emmanuel.sambale@gmail.com

Modified by  Uttam Kumar, (Original code changed on 26 July, 2008)
CES, Indian Institute of Science, Bangalore - 560012.

PURPOSE: Creates forest fragmentation index map from a raster vegetation file
The index map was based on Riitters, K., J. Wickham, R. 0'Neill, B. Jones,
and E. Smith. 2000. Global-scale patterns of forest fragmentation.
Conservation Ecology 4(2): 3. [online] Fagindex (S/EFagctaUFor Bangal
URL: http://www.consecol.org/vold/iss2/art3/

File Edit Yiew Search Tools Documents Help

COPYLEFT:  (C) 2808 by the GRASS Development Team B .0 & 0O 68 Y
New  Open Save  Print... Paste | Find Replace

This program is free software under the GNU General Public o fragindex x
License (>=v2). Read the file COPYING that comes with GRASS i =
for details. z i

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

oIS to run this program

#%Module

#% description: creates forest fragmentation index from a GRASS raster map
#%End

#%flag unset LC_ALL

#% key: r export LC_NUMERIC=C

#% descrlptlon: remove temporary maps #s5et to current !I'ipl]l mdp region
#%END g.region rast=$GIS_OFT_input -p
#%option

#% key: input # get map

)" 1 ; then
in/g.parser "$8" "i@

#% type: string r.mapcalc inputmap=$GIS OPT input
#% gisprompt: old,cell,raster # set null value
#% description: Name of vegetation map r.mapcalc “map_with
#% required : yes r.null map=map wlthoutuatu setnul
# Make those values NULL which shuulcl not be taken in processing

#%End
#%option
#% key: window #recode data where nonforest = 8 & rorc't =1

#% type: integer r.mapcale "A={if(map_withouts +{if{map_withoutwater 1| |map_withoutwater 4,8))"
#% description: window size default is 3

echo ”
# count
r.mapcalc "B=1f(ma

loresl pixels \rnLue 1
Jithoutwater 1 |

1thoutwater 2| |map_withoutwater

C number of forest pixels in a 3x3 window
D number of non-forest pixels in a 3x3 window

—

.neighbors input=A output=C method=sum 5ize
.neighbors 1input=B output=D method=sum s1z¢

2

count number of forest pixels value=]

=

this one is better create pf map
.mapcalc =< EOF

= 1 A+ c

m -



Forest fragmentation

Terminal
File Edit View Terminal Tabs Help
Welcome to GRASS 5.0.3 (October 2003)

Geographic Resources Analysis Support System (GRASS) is Copyright,
1999-2002 by the GRASS Development Team, and licensed under terms of the
GNU General Public License (GPL).

This GRASS 5.0.3 release is coordinated and produced by the

GRASS Development Team headquartered at ITC-irst (Trento, Italy) with
worldwide support and further development sites located at Baylor
University and the University of Illinois (U.S.A.).

This program is distributed in the hope that it will be useful, but
WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU
General Public License for more details.

This version running thru the Bash Shell (/bin/bash)

Help is available with the command: g.help

See the licence terms with: g.version -c

If required, restart the graphical user interface with: tcltkgrass&
When ready to quit enter: exit

GRASS:~ >

GRASS:~ >

GRASS:~ > ./fragindex Mandhala -r input=MSS classify final window=3[]




Forest fragmentation 1973 - 2006

. Patch

. Transitional

D Edge

. Perforated

- | Interior




Forest fragmentation

Forest
Fragmentation
Categories

Paich 1120 , . . . 1944 6.47 1810
Transitional 3789 8.28 4259 . . 3999 o 3956 20.92

Edge 14717 3216 10709 . . 10bgd Shoh 6050 7 31.99
/

:
Perforated 1453 3.18 1447 - - 1219 4.06 1859 983

Interior 24675 | 53.93 | 12401 40, . 12291 /40,91 / 5236 WI
Total 45756 100 30766 30// /o/ 18909 )~ 100

Total forest proportion and forest continuity

State of forest 1973 1992 1999 2000 2006
fragmentation index

0.71 048/047 046 0.29
45//0/30 034 030 019




Urban fragmentation

The urban growth model (. L. Civco et al., 2002) uses muilti-
dates urban (developed) and non-urban (non-developed)
classes.

Interior - all pixels in a 3 x 3 window are non-developed.

Perforated - when > 60 % and < 100 %y/pix sinadXx3

window are non-developed.

Patch - < 60 % of pixelsina 3x 3 Winé are non-
developed. 4

>

v
”~

D. L. Civco, J. D. Hurd, E. H. Wilson, C. L. Arnold, and M. P. Prisi'dre, “Buantifying and Describing Urbanizing landscape in
the Northeast United States,” Photogrammetry Engineering and Remote Sensing, vol. 68, no. 10, pp. 1083 - 1090, 2002.




Urban fragmentation

Significant Change Classes Type of Growth

Infill Growth

Interior to Devezl Outlying Growth.

Isolated. Linear Branching/'s

Clustered Branching Gro

Infill — develop nr Tu rrundef by existing developed laT )H( /

Outlying growth - interior pixel that changes to developed
An isolat dg owth - new, small area of constru fOn’surrounded by
non-urb d and some distance frop¥other developed areas.

A linear branching growth - is a road, Coffidor; or linear development.

A clustered branching - new, large,,eﬁdense de velpment In a
previously undeveloped area.




Urban fragmentation

8 100% & [viewas |
ELL

5 @ Y
Puite Find Repiace

urbanindex_Bangalore (~/Fragstat/For_Bangalore_Urbangrowth) - gedit

File Edit View Search Tools Documents Help

g =T .4 &

New Open Save | Print... Paste | Find Replace

# urbanindex_Bangalore x ‘

Consefvéfiéﬁ'EcologyidiZ}; 3. f&niiﬁéir
URL: http://www.consecol.org/vold4/iss2/art3/

3k

COPYLEFT: (C) 2008 by the GRASS Development Team

This program is free software under the GNU General Public
License (>=v2). Read the file COPYING that comes with GRASS
for details.

#
#
#
#
#
#
#

#%Module
#% description: creates forest fragmentation index from a GRASS raster map

#% description: remove temporary maps
#%END

#%option

#% Key: input

#% type: string

#% gisprompt: old,cell, raster

#% description: MName of vegetation map
#% requlred : yes

[ -z "$GISBASE" ] ; then
echo "You must be in GRASS GIS to run this program.”
exit 1

fi

if [ "$1" '= "@ARGS_PARSED@" ] ; then
exec $GISBASE/bin/g.parser "$0" "$@"
fi

unmeat+ LC_ALL




Urban fragmentation

Developed

- Non-developed
- Water
B il growth

Expansion growth

- Outlying growth

Urban growth map (A) 1973 to 1992,(B) 1992 to 1999,
(C) 1999.t6 2000, (D) 2000 to 2006.




Urban fragmentation

—-

Changes in urban growth types from 1973 to 2006

Urban 1973 - 1992 1992 - 1999 1999 - 2000 2000 - 2006
------




Urban fragmentation




Urban fragmentation

e Forest fragmentation model shows that Interior
forest which was present in the city up to 54 %
(in 1973) has come down to 28 % in 2006.

e Urban growth characterised by developed, infill,
expansion and outlying types evidently illustrate
the phenomenon of urbanising Greater
Bangalore.
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Landscape analysis with r.li

bl GRDS5: Geographic Resources Decision Support System (GRASS GUI) - Location: Kolar

File Display Image Processing Raster Yector Point hModel | Datahases Help
Wetland -
Watershed -
Wildfire -
Erosion -
Terrain tools -

Creographic Resources Decision Support System

GEASS Mirror site: Developed at:

htip:/fw ghis.ces.iisc.ernet.infgrass Energy and Wetlands REesearch Group,
htip:/144.16.93.203grass Centre for Ecological Sciences,

email: grass{@ ces.iisc.ernet.in Indian Institnte of Science,

Bangalore - 560012, India.

Beta version - GRDSS3.1

—



Landscape analysis wi

rle.setup [ | r.le.pixel [=)=](x]
|

FTION  Raster map to use to setup sampling
kewimap
equiredsVES Input raster map to be analyzed:

raster

nter raster map name: -
nter ‘list' for a list of existing raster files Sampling method=whole map [default]

nter 'list -f' for a list with titles g li (edl=ani
it RETURM to cancel request ampling method=units
1 Sampling method=moving window

Sampling method=regions

Mame of regions map (only used with regions sampling):
raster

lMeasure mean pixel attribute
Measure st. dev. pixel attribute
teasure minimum pixel attribute
Measure maxium pixel attribute

Diversity measure: richness
Diversity measure: Shannon
Diversity measure: dominance
Diversity measure: inverse Simpson
Texture method=2M-H **QR™
Texture method=2M-45 **0OR™
Texture method=2N-V **0OR™*
Texture method=2M-135 **0OR™*
Texture method=4N-HY **OR™*
Texture method=4aN-DIAG **0OR**
Texture method=8M

Texture measure=contagion

Texture measure=anyg. sec. mom
Texture measure=iny. diff. mom
Texture measure=entropy
Texture measure=contrast

Measure mean juxtaposition {wt. file in r.le.para needed)
Measure standard deviation of juxtaposition (wt. file in r.le.para needed)

Measure sum of edges
ieasure sum of edges by type (edge file in r.le.para needed)

Output map 'edge’ of edges given a "1"in r.le.parafedge file
Output maps "units_x" with sampling units for each scale x

Output map 'zscores’ with standardized scores




O

Landscape analysis with

r.le.patch

BN
1

Input raster map to be analvzed:

raster

Sampling method (w=whole map [default], u=units. m=moving window, r=region)

Mame of reqgions map (only used with regions sampling):

raster
Measure mean pixel attribute
Measure st. dev. pixel attribute
Measure mean patch attribute
Measure st. dev. patch attribute
Measure cover by ap
Measure density by qp
Measure total density
Measure effective mesh number
Measure mean patch size
Measure st. dev. patch size
Measure mean patch size by qp
Measure st. dev. patch size by ap
Measure no. by size class
Measure no. by size class by qp
Measure effective mesh size

Edge width in pixels {integer) for use with core size measures

Measure mean core size
Measure st. dev. core size
Measure mean edqe size
Measure st. dev. edge size
Measure mean core size by ap
Measure st. dev. core slze by ap
Measure mean edqge size by qp
Measure st. dev. edge size by gp
Measure no. by size class
Measure no. by size class by ap

Method for shape measures {m1=perim.farea, m2=core perim.farea, m3=rel. circum.circle)

Measure mean patch shape
Measure st. dev. patch shape
Measure mean patch shape by ap
Measure st. dev. patch shape by ap
Measure no. by shape class
Measure no. by shape class by ap
Measure mean twist number
Measure st. dev twist number
Measure mean omega index
Measure st. dev. omega index
Measure sum of perimeters
Measure mean perimeters.
Measure st. dev. perimeters
Measure sum of perimeters by ap
Measure mean perimeters by gp
Measure st. dev. perimeters by ap

Name of output file for patch measures

Output map ‘interior’ with patch cores for core measures
Output map 'num’ with patch numbers
Include sampling area boundary as perimeter

ll=s 4 neinhhar tracinn instaad of & neinhhar

r.le.trace

Input raster map to be analyzed:
raster
Output file to store patch data:
file
Output map 'num’ with patch numbers
sampling
Use 4 neighbor tracing instead of 8 neighbor

l Run

I.1l




Conclusions




Future directions: Road map to FOSS4G

Integration of GRDSS with QGIS

Modules for Hyperspectral Image Processing

Easy interface of GRASS with R

Modules for SAR image processing

Addition of advanced pattern recognition techniques

Inclusion of OBIA technigues _







