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GRDSS: Journey in 2003



GRDSS in 2004
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Development
• FOSS website

• Band extraction modules in GRDSS – LISS III and PAN

• Image fusion modules – HIS, Brovey, High Pass Filter, g , y, g ,
High Pass Modulation, Principal Component Analysis, 
Fourier Transform, Atrous, MRAIM, Gram Schmidt, CN 
Spectral Luminance ChrominanceSpectral, Luminance Chrominance

• Forest fragmentation module – Patch, Transitional, Edge, g , , g ,
Perforated, Interior

• Urban fragmentation module – Developed, Non-developed, 
Water, Infill, Expansion, Outlying growth



GRDSS: LISS III and PAN band extraction







GRDSS: Image Fusion



RGB-HIS Fusion



RGB-HIS Fusion



RGB-HIS Fusion



Brovey Fusion



Brovey Fusion



High Pass Filter Fusion



High Pass Modulation Fusion



PCA Fusion



Fourier Transformation Fusion



Correspondence Analysis Fusion



Gram Schmidt Fusion



CN Spectral Fusion

7.



Luminance Chrominance Fusion



GRDSS Map calculator



Results of different fusion techniques



Results of different fusion techniques



Validation

CC        Closeness        Similarity



GRDSS: Interface with R

• The R/GRASS interface substantially improves the geospatial analysis 
capabilities of GRASScapabilities 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.tar.gz

• For more details see: 
OPEN SOURCE GISOPEN SOURCE GIS 
A GRASS GIS Approach
Third Edition
Markus Neteler & Helena MitasovaMarkus Neteler & Helena Mitasova
Springer



GRDSS: Interface with R



Forest fragmentation
F t f t ti i th h b l ti f f t iF t f t ti i th h b l ti f f t i•• Forest fragmentation is the process whereby a large, continuous area of forest is Forest fragmentation is the process whereby a large, continuous area of forest is 
both reduced in area and divided into two or more fragments both reduced in area and divided into two or more fragments (K. J. Ritters et al., (K. J. Ritters et al., 
2000)2000). . 

F l l ti f t f t ti d it dj t i l fi dF l l ti f t f t ti d it dj t i l fi d•• For calculating forest fragmentation and its occurrence as adjacent pixels, fixedFor calculating forest fragmentation and its occurrence as adjacent pixels, fixed--
area windows surrounding each forest pixel is used.area windows surrounding each forest pixel is used.

Pf equals 6/9=0 67Pf equals 6/9=0.67

Total number of adjacent pixel pairs is 12, and of these, 11 pairs include 
at least one forested pixel. Five of those 11 pairs are forest-forest pairs. 
Pff equals 5/11 = 0 45Pff equals 5/11 = 0.45

K. J. Riitters, R. O' Neill. Wickham, B. Jones, and E. Smith, “Global-scale patterns 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)(1) Interior (Pf  1.0) 
(2) Patch (Pf < 0.4)  
(3) Transtitional (0.4 < Pf < 0.6) 
(4) Edge (Pf > 0.6 and Pf – Pff > 0) 
(5) P f t d (Pf 0 6 d Pf Pff 0) d(5) Perforated (Pf > 0.6 and Pf – Pff < 0) and 
(6) Undetermined (Pf > 0.6 and Pf = Pff) 



Forest fragmentation



Forest fragmentation



Forest fragmentation 1973 - 2006



Forest fragmentation
Forest 1973 1992 1999 2000 2006Forest 

Fragmentation
Categories

1973 1992 1999 2000 2006
Ha % Ha % Ha % Ha % Ha %

Patch 1120 2.45 1950 6.34 1788.6 5.91 1944 6.47 1810 9.57

Transitional 3789 8.28 4259 13.84 3816 12.62 3999 13.31 3956 20.92

Edge 14717 32.16 10709 34.81 9516 31.46 10593 35.25 6050 31.99

Perforated 1453 3.18 1447 4.70 1410 4.66 1219 4.06 1859 9.83

Interior 24675 53.93 12401 40.31 13715 45.35 12291 40.91 5236 27.69

Total 45756 100 30766 100 30244 100 30047 100 18909 100

Total forest proportion and forest continuityTotal forest proportion and forest continuity

State of forest 
fragmentation index   

1973 1992 1999 2000 2006

TFP 0.71 0.48 0.47 0.46 0.29

FC 0.45 0.30 0.34 0.30 0.19



Urban fragmentation

• The urban growth model (D. L. Civco et al., 2002) uses multi-The urban growth model (D. L. Civco et al., 2002) uses multi
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 % of pixels in a 3 x 3
window are non-developed. 

• Patch - <  60 % of pixels in a 3 x 3 window are non-
developed.  

D. L. Civco, J. D. Hurd, E. H. Wilson, C. L. Arnold, and M. P. Prisioe, “Quantifying 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 GrowthSignificant Change Classes Type of Growth

Patch to Developed Infill Growth

Perforated to Developed Expansion Growth

Interior to Developed Outlying Growth:   te o to e e oped Out y g G o t
Isolated, Linear Branching, 
Clustered Branching Growth

Infill – development surrounded by existing developed land.Infill development surrounded by existing developed land.

Expansion - spreading out of urban LC from existing developed land.

O tl i th i t i i l th t h t d l dOutlying growth - interior pixel that changes to developed.

An isolated growth - new, small area of construction surrounded by 
non-urban land and some distance from other developed areas. p
A linear branching growth - is a road, corridor, or linear development. 
A clustered branching - new, large and dense development in a 
previously undeveloped area.



Urban fragmentation



Urban fragmentation

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



Urban fragmentation

Changes in urban growth types from 1973 to 2006

Urban 
Growth Type

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

Ha % Ha % Ha % Ha %

Developed 6889 1.01 3818 5.60 2876 4.22 32380 4.74
Non-developed 48529 71.3 44034 64.6 42610 62.5 37922 55.54
Water 905 1.33 692 1.01 1434 2.10 952 1.39
Infill 720 1.06 2146 3.15 3088 4.53 4232 6.20
Expansion 5720 8.40 10078 14.8 13110 19.2 16412 24.04
Outlying 11520 16.9 7453 10.9 5054 7.41 5526 8.09
Total 68082 100 68220 100 68172 100 68282 100



Urban fragmentation

Types of urban outlying growth highlighted in box –

(A) isolated growth(A) isolated growth, 
(B) linear branching (road/corridor), 
(C) clustered growth.



Urban fragmentation

F t f t ti d l h th t I t i• 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. ( )

• Urban growth characterised by developed, infill, 
expansion and outlying types evidently illustrateexpansion and outlying types evidently illustrate 
the phenomenon of urbanising Greater 
Bangalore.



Landscape analysis with r.li

Landscape analysis is the study of the variation in landscapeLandscape analysis is the study of the variation in landscape 
over multiple spatial and temporal scales (IALE, 1998).

Th li i GRASS i itt f l d l iThe r.li program in GRASS is written for landscape analysis 
(Baker, 1992; Baker, 2001).

IALE, 1998. IALE mission statement. IALE Bulletin 16(1), 1.

Baker, W.L., Cai, Y., 1992. The r.le programs for multiscale analysis of landscape structure using the GRASS geographicalBaker, W.L., Cai, Y., 1992. The r.le programs for multiscale analysis of landscape structure using the GRASS geographical 
information system. Landscape Ecology 7, 291–302.

Baker, W.L., 2001. The r.le programs: a set of GRASS programs for the quantitative analysis of landscape structure. 
Department of Geography. University of Wyoming.



Landscape analysis with r.li



Landscape analysis with r.li



Landscape analysis with r.li



Conclusions

Additi f b d t ti i f i f t/ b f t ti• Addition of band extraction, image fusion, forest/urban fragmentation 
modules and landscape analysis tool

• We advocate more wide publicity and use of FOSS GIS.

• We recommend that FOSS community considers directing their efforts 
towards a common software development effort within FOS GIS, and 
establish specific user and developer forums.

• We suggest to have some ideal location or repository for such developmental 
activities with links to special interest groups who could concentrate on 
specific research related plug-ins. 

• If such unified software development and research efforts could be initiated 
then we expect great potential to accelerate FOSS4G research in India.



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 processingModules for SAR image processing
• Addition of advanced pattern recognition techniques
• Inclusion of OBIA techniques




