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What is a pattern?

Why patterns?

24402 x 25428 cells
and 10 terrain classes
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J. Jasiewicz and T.F Stepinski (2013) Geomorphons -a pattern recognition approach to classification and mapping of lanforms. Geomorphology 182, pp. 147-15



When patterns are important?

Patterns in remotely sensed RGB images

Patterns in Landcover maps

Patterns take into account not only asssamblage of categories but also its spatial arrangement



How to do GIS with Patterns?

How to describe?

(Present in a form available for further processing)

How to attribute?

(Locate pattern's signature in geographical space)

How to process?

(Include patterns into geoprocessing routines)

Do we have appropriate software? (YES!)

Does it really good for anything? (Examples!)



Pattern description. What is a signature?
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Signatures are rotationally invariant !



How we put signatures into geographical space?
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Signatures are calculated for scenes. Scene is our basic data structure



similarity/distance measures
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Data processing: raster, scene, process, results

scene definition measures
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p.sig.points

signatures

\(p.sim.distmatrix B
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p.sim.search

p.sim.compare

p.sig.polygons

kp.sim.:-;egment

grid of
signatures

input layers ——— transformation — signatures — processing —— output products

p.sig.grid

If signature is an attribute - similarity measure becomes essential for the query!



The software

p.sim.segment [similarity, segmentation, information retrieval]

4. segments grid of histograms using available similarity measures and create
layer of unique regions

Required | EMD | Optional Command output | £*Manual

Input file containing grid histograms: (grid=name)

[ ] | Browse |

or enter values interactively
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data
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The world's leading Free GIS software [ Close dialog on finish

e \p.sim.segment grid=<required> nulls=0.5 measure=shannon threshold=0.8 min:



Searching (Query)

Query-By-Visual-Example (Computer Vision)




Fuzzy search
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Comparison: differences between two models
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bigger search radius



Comparison: continental scale change detection

r DataEye - USA
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94 Data layers 0.0%
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pattern change between NLCD 2001 and NLCD 2006

author: Pawel Netzel

P. Netzel and T.F. Stepinski (2014) Pattern-based assessment of land cover change on continental scale with application to NLCD 2001-2006. IEEE TGRS



p.sig.grid

p.sig.points

Supervised and unsupervised classifications
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Segmentation-based unsupervised classification
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Supervised classification - fuzzy search and class overlay

Flats plains

0ld morainic plains

0ld morainic plateaus and hills
Young morainic plateaus and plains
Inland dunes

Young morainic hills

Highlands and low mountains

Low mountains

Medium mountains

J. Jasiewicz. P. Netzel. T.F. Stepinski (2014) Landscape similaritv. retrieval. and machine mappina of phvsiographic units. Geomorphology 221 pp.104-112



Segmentation of entire US

164000 x 104000 (30 m) US land-cover segmented into 15362 areas with similarity threshold at 0.65



Unsupervised classification

DISTANCE
MATRIX
HISTOGRAMS >
FOR SEGMENTS
INTERPRETATION
TN

(Size of the tree is reduced)

15362 segments...

L ¥ APPLICATION



Unsupervised classification: result

[ Hay/'forest mosaic
I Dec./mixed forest/hay mosaic
B Dec/mixed forest mosaic

[ Dec. forest/hay matrix

[ Dec./mixed forest'urtban mosaic
[ Grass'crops mosaic

[ Grass-dominated complex mosaic

I Eerg.fores/shrub mosaic
Bl Eerg.forest/shrub matrix
B Eerg. forest/grass matrix

[ BEerg.fored/wetland mosaic

B Shnyeverg. forest matrix Bl Urbantypel [0 GrassDec. forest dominated complex mosaic
[ Shrib/grass'forest mosaic Bl Urbantypell ] Grass'shrub- dominated complex mosaic
B shib B Urban type |l 8 Grass'shrub mosaic
[ ub-desert B Agricultture’hay mat rix I Inland waten forest [ Grass'crops matrix
B Dt B Agricutture/grass mosaic B Inland water
[ Water-dominated complex mosaic B Agriculturefshrub matrix Bl Openwater _

[ Crops'hayforest mosaic [E Wetland forest maosaic .

[ Hay/crops mosaic [ wetland/cropsmatrix

[ Hay/dec. forest/crops mossic [ wetland/forest matrix

[ Hay/shrub mosaic

... reduced to 38 most popular landscapes
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First attempt to segmentation of HR remotely sensed
images (AVIRIS)

30000 x 40000 pixels RGB image 5000 x 3750 scenes classified into 15 classes



AVIRIS-Z00M IN




Performance and conclusions

Raster (40000x3000) to P-GRID (AVIRIS) ~ 40 min classification + 1 min HGRID

P-GRID to SEGMENTS (10000x7500) (AVIRIS)  ~ 2 min 36 sec.

SEARCHING (NLCD) ~ 1 sec.

A new software which can work transparently with patterns in GIS routines
Software can work Fast with huge datasets (“Big Data")

We can extract information unavailable using standard GIS routines
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