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Multiple Representations
vector data model

 raster data model

real world



• Compute a new value 
for each cell on the 
output raster layer as 
a function of one or 
more existing cell 
values at the same 
location/cell on the 
input raster layer(s)


• Example


• Square root or 
divide by 2 

Local Operations





• Raster operations are grouped as local, focal, and zonal according 
to the spatial scope of the operations

Map Algebra / Cartographic Modeling







•Compute an output value 
for each cell as a function 
of the cells that are within 
its neighborhood


•Widely used in image 
processing with different 
names

•Convolution, filtering, 

kernel or moving 
window


•Focal operations are spatial 
(beyond the cell) in nature

Focal Operations

FocalSum



• Iterate through each cell (focus cell)

• Values within its neighborhood are extracted and 

manipulated

• Result is saved at the focus cell on the output raster

• Neighborhoods may overlap with each other


• Cells may share their neighborhoods

• Boundary cells

Performing a Focal Operation





Focal Statistical Operations
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Focal Mean Operation  
(remove data noise)







Focal Majority Operation  
(remove “noise” for nominal data)





Weighted 
Neighborhood

• Operation = weighted 
summation



• Focal operations with zone as the neighborhood

Zonal Operations







Vector-to-Raster Conversion
• Vector data can be 

converted to raster 
for use with the map 
algebra operations


• A raster layer 
usually represents 
one attribute of the 
features


• The meaning of the 
raster layer depends 
on the chosen 
attribute


• Multiple raster 
layers can be created 
from one vector 
layer



Point-to-Raster Data Conversion
• Assign the value (any 

attributes) of the point to the 
cell in which the point falls


• What to do if more than one 
points fall in a cell? 


• Decrease cell size to make 
sure that each point is 
represented


• What is the max. cell size that 
can represent every point?

• Cell size <= the shortest 

distance between two 
points/sqrt(2)




• Assign each cell the value of the polygon in which the 
cell falls


• Partially inside

• A cell is inside the polygon if the cell’s center is within  

the polygon (ArcGIS).

• Other rules:


•A cell is inside the polygon if the cell’s major part is 
occupied by the polygon.

Polygon-to-Raster Conversion



Polygon-to-Raster Conversion





•Features are first 
converted to raster cells 
implicitly

• Also called source cells 

in ArcGIS

•Distance to the nearest 

source cell is calculated at 
each cell 


•Distance is calculated 
using the Pythagorean 
theorem 


•Input & output

• Raster or vector layer 

representing features 

• Distance raster layer

Euclidean Distance Calculation



• Buffers are generated differently in the vector and 
raster data model


• Two steps in Raster model

• Euclidean distance calculation

• Selection (distance <= buffer distance)

Creating Buffer in the Raster Data Model



• Distance is one type of cost

• Cost could also be measured as time, energy, or money 

spent

• Movement in space may have cost

• Cost may vary in space

• Least cost and least-cost-path to source cells


•Cost Distance function

Non-Euclidean Distance (Cost Distance)



Raster Analysis



•mytextgrid.txt

•ncols 	 3

•nrows	 3

•xllcorner	 1234.5

•yllcorner	 6789.0

•cellsize		 30

•NODATA_value	 -9999

•1 2 3

•4 5 6

•7 8 9

Import and Export ESRI GRID 
(ASCII GRID files)



•A simple data structure

• Data maps directly to memory array and screens

• Easy to locate, read and write cells

• Simple spatial relationships among cells


•Consistent representation

• Good at representing continuous field surface

• Could also represent discrete features (points, lines, and 

polygons)

•Availability of raster data from satellite, aircraft, and scanned 

document

•Spatial analysis through map algebra (cartographic modeling) 

operations

Advantages of Raster Data Model



•Less accurate location 

•Large data volume, even with compressing technologies

•Only cells no features


• Relationships at feature-level are lost

•Polygon adjacency

•Line connectivity

Disadvantages of Raster Data Model


