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Spatial analysis in raster and vector mode I
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e Image vs ‘line drawings’
e raster vs vector







* Vector mode (reminder)
— vector data : points, lines, polygons

— Geographic data :
e vector object alphanumerical attributes (=semantic)

— At least one attribute, to join external databases : identifier

e Spatial Analysis
— Phenomenon Analysis (feature proximity, intersecting features,...)
whose location (X,y,z) and extent (xb,yb,zb) poundary are known

— In practical terms ... Data analysis involving both semantic and
spatial operators



Arithmétic operators
+1 “y *

Logical operators
>! <! =y ﬂy-'-

Many
objects

Spatial
relationships

Attribute
Information

Metric operators
(direction,surface...)

Topological operators
Inclusion, adjacency

Statistic operators
Thematic mapping

Stochastic operators
Auto-correlation
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SPATIAL SELECTION & conversely ATTRIBUTE SELECTION
<—
From map from attribute table
<—
<
< |

Automatic
| selection on map

Automatic
selection in

attribute table _
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o Definition (remind)
— Manage connectivity and contiguity rules between features

— Features creation in topological mode is longer and more complex
than for non- or pseudo-topological data

— Geoprocessing (layer crossing) is faster and more reliable than for
non- or pseudo-topological data
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According to
option «merge

limits »

® Ex : Define different zones to protect harnessing

water resource
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o
o. ° . =) ® o Cross.ing two layer (one in black, the
o other in blue) :
® point + point  point
line + line  line
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Out-layer
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- NETWORK DISTANCE: managing continuity
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o Calculating based on semantic information linked

to geographic features (only numeric attributes
average, minimum value ...)

e Histogram
o Statistic recapitulation (all types of attributes)

e Thematic mapping: according to the distribution and
the objectives, different methods
— Natural breaks
— guantile
— equal interval
— Standard deviation



Data set given per geographic
sector

Mapping the distributions

ler trim. [2° trim. | 3% trim. |4° trim.
Est |204 274 |90 20,4
Ouest [30,6 38,6  [346  |316
Nord 45,9 46,9 45 43,9




Spatial relationships between features (or

locations):

to explain / model the spatial distribution of variabl es in
a probabilistic mode

Discrete spatial units (segment, polygon):
spatial autocorrelation index (Moran, Geary) = degree
of similarity between values of a variable according to
the neighbourhood of spatial units

Application: spatial structures modeling

Continuous information / point observations:
different values of a variable according to distance
between data points.

Application: estimating or completing missing data
(kriging), simulating probable dataset, cartography
based on spatial sampling plane

&4






* Raster mode (reminder) %567& 0

— Grid: matrix
» Origin (top left corner)
 Number of lines
 Number of columns

» Pixel size: resolution
— To suit the resolution to the studied phenomenon

» A specific value for cells with unknown value (optiongl)

« Attribute table: > g
— The pixel value: integer or real number

Sometimes, need for coding
— If necessary, other columns (any type)

— Transformation : image coordinates to map coordinates

7A
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Points

Lines

Polygones

&

+




A ‘continued’ distribution : a variable matching a value in each
pixel



« Derived information: \

— From a DEM: delimitation of watersheds, calculation of
hillshading, delineation of isolines, visibility analysis, etc.

— Classification of images
— Calculation of distance from road network

 |dentify spatial relationships

— Explore the relationships between several layers through
weighted crossing and combinations :

e Look out for suitable locations

— By combining grids, search suitable areas with regards to
defined criteria

o Calculate ‘route costs’
— Generate a cost surface to identify the optimal route

_/
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» Defining the cellsize of the result grid
— Depending on the input layers resolution
— Adapted to the phenomenon under study
— Depending on the processing time

... and taking into account hardware limitations (disk size,
processor)

* Defining the study area

— Rectangular extent

— Itmay be possible to reduce temporarly the extent of
treatments, when testing an algorithm

e Sometimes, defining a mask
— all shapes can be used

—



o Classified in 4 main functions:
— local
— focal
— incremental
— zonal

« Application on one or several grids
simultaneously

e NB: Some complex functions group together several
operators listed above, in a transparent way for the user:
the result is obtained by one treatement, while in fact, t he
GIS software performed different operators (local and foca )
simultaneously



Definition:
— Processes each cell separetely.
— No influence of neighborhood on the result

Single grid operators:
— reclassification

— mathematical functions (log, sin, abs...) = <)
e Multi grid operators: = < *
— arithmetic functions (+,-,*,/) v &
— statistic functions (min, max ...) = < +
— Booleans (and, or...) n &
— all multi-variable functions <

Design of algorithm
— combination of local functions



IN ouT
1 1
2 1
3 1
4 1
5 2
=
7 2
8 2
9 2
10 2
11 2
12 2
13 2




Extracting areas of interest

Combining varied information



=4>

Segmentation of a layer:
— Differentiated processing
— re-agreggation after processing v

Use for conditional processing:
— Calculate layers on conditions
— Classifications on conditions ¢



o Definition:
— Calculation on one cell
— Tacking into account the values of nearby cells

e A structuring unit:
— A contiguous area, generally a square
— Delimits the central pixel neighbourhood
— Minimal size of the window 3x3

= <
* Operators: filter function applied within the window
— Differential (gradients, slope...)
— Statistic parameters (min, max, average, etc.)
— Descriptive statistics (variety, occurrences, etc.)
— Booleans (and, or, etc.)

16
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Number of
different values
counted

Focal variety
analysis

———
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o Definition
— process on the whole image. Grid’s
exploration based on given points

— Each pixel value of the output grid is
calculated from a starting point, in function
of ‘coming accross’ points

— Creation of a new grid

e Operators <)
— Calculation of euclidean distance

— Calculation of cost (weighted distance)
— Calculation of cost accumulation
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o Definition
— Extraction of information from a grid through a grid (or a vector layer)
which delimits zones of interest (cells or features with same values)

— Creation of an output table
e Mainly statistic operators

« Qutput Table can be associated to the inLayer
(zoning plan), to map the obtained result
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* Determining the parcels mean slope in an area
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e Determining animals migration way
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A

Zonal functions
Extracting data from grid to vector feature

Vector/raster conversion
— Grid created in this way: a different information
— Difference depending on the grid resolution

— Difference can be softened by performing generalization functions
too

Creation of isolines: polylines that connect adjacent pixels
with the same value

4

+







o (Calculating densities:
— Creation of a grid from a point vector layer

— Pixels’ value = number of geographical features in a given
radius, divided by the considered area

* Interpolating to raster:
Creation of a grid from a sample of limited measurements
(points), according to different methods:
* Inverse distance weighted
« Spline <
» Kiriging



