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raster 
data

gridded values

point, line, and polygon 
are not different models

not relationally 
displayed

sort of easy to spatially 
process - e.g., how does 

the computer know 
whether two pixels in a 

grid touch?

vector 
data

computed geometries

point, line, and polygon 
are different models

relationally displayed

quite complex to spatially 
process - e.g., how does 
the computer know 
whether two polygons 
touch?



rasters are
big grids
made of
pixels



pixels are the 
fundamental 
building block of 
the raster data 
model





“a mosaic of selenium cells”

“a great number of small parts, 
thousands of little squares”

“a succession of little areas of 
varying brilliance”





pixel = “picture 
element”



bit depth describes 
the range of 
values that a 
raster file can 
store



e.g., each pixel in 
an 8-bit raster can 
have 256 values, 
from 0-255



these values refer 
to the brightness
of a color



for screens… red

blue green



for print… red

blue green

yellow

cyan

magenta



bit depth ranges 
from 1-bit to 
64-bit



Bit depth Range of values that each cell can contain

1 bit 0 to 1

2 bit 0 to 3

4 bit 0 to 15

Unsigned 8 bit 0 to 255

Signed 8 bit -128 to 127

Unsigned 16 bit 0 to 65535

Signed 16 bit -32768 to 32767

Unsigned 32 bit 0 to 4294967295

Signed 32 bit -2147483648 to 2147483647

Floating-point 32 bit -3.402823466e+38 to 3.402823466e+38

Unsigned 64 bit 0 to 18446744073709551616

small
file
size

big
file
size



Bit depth Range of values that each cell can contain

1 bit 0 to 1

2 bit 0 to 3

4 bit 0 to 15

Unsigned 8 bit 0 to 255

Signed 8 bit -128 to 127

Unsigned 16 bit 0 to 65535

Signed 16 bit -32768 to 32767

Unsigned 32 bit 0 to 4294967295

Signed 32 bit -2147483648 to 2147483647

Floating-point 32 bit -3.402823466e+38 to 3.402823466e+38

Unsigned 64 bit 0 to 18446744073709551616

small
file
size

big
file
size

you’ll commonly 
encounter 8-bit rasters



Bit depth Range of values that each cell can contain

1 bit 0 to 1

2 bit 0 to 3

4 bit 0 to 15

Unsigned 8 bit 0 to 255

Signed 8 bit -128 to 127

Unsigned 16 bit 0 to 65535

Signed 16 bit -32768 to 32767

Unsigned 32 bit 0 to 4294967295

Signed 32 bit -2147483648 to 2147483647

Floating-point 32 bit -3.402823466e+38 to 3.402823466e+38

Unsigned 64 bit 0 to 18446744073709551616

small
file
size

big
file
size

you will not commonly 
encounter 64-bit rasters



but pixels are 
more than just 
value ranges





r/place, 2017



r/place, 2022



r/place, 2023







pixel as
internet real 
estate?

pixel as 
commodity?



pixel as… 
poison??

https://www.smithsonianmag.com/smart-news/this-tool-uses-poison-to-help-artists-protect-their-work-from-ai-scraping-180983183/
https://www.smithsonianmag.com/smart-news/this-tool-uses-poison-to-help-artists-protect-their-work-from-ai-scraping-180983183/


??? ???

million
dollar

homepage
r/place
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million
dollar

homepage
r/place

million
dollar

homepage
r/place



in gis, pixels have 
two properties



geometric
and
radiometric



the placement of a pixel represents its geometric  
(e.g., spatial) property

the value of a pixel represents its radiometric (e.g., 
brightness) property



what’s an 
example of raster 
data?



https://www.leventhalmap.org/digital-exhibitions/processing-place/catalogue/06-pixelating-places/6.2/


https://www.leventhalmap.org/digital-exhibitions/processing-place/catalogue/06-pixelating-places/6.2/


photons emit 
from the sun and 
are either 
reflected, absorbed, 
or transmitted by 
the surfaces 
they strike



“remote 
sensing” 
technology (e.g., 
satellites) 
capture the 
residual 
irradiance, or 
reflectance

https://www.e-education.psu.edu/geog160/node/1958


which is what we 
capture, encode,
and process as
raster data

https://www.e-education.psu.edu/geog160/node/1958


https://earth.gsfc.nasa.gov/climate/projects/solar-irradiance/science


in geospatial 
analysis, pixel size 
corresponds to 
geographic area





“raster = faster, vector = correcter”



similar to vector data,
raster data can be
sorted into two kinds



discrete and continuous 



what you see what computer sees

1 1 1 2 1

1 1 2 1 1

1 2 1 1 3

2 1 1 3 3

2 1 3 3 3

discrete 
rasters



discrete rasters are 
processed, single-band 
images in which the value 
of each cell (or pixel) 
corresponds to a category 
or type

this is similar to categorical 
or qualitative data in 
vectors

discrete rasters

in the “raster” to the left, imagine:

1 = grass
2 = concrete
3 = water

the computer doesn’t know that 1 
= grass… we have to tell it

1 1 1 2 1

1 1 2 1 1

1 2 1 1 3

2 1 1 3 3

2 1 3 3 3



discrete rasters are 
processed, single-band 
images in which the value 
of each cell (or pixel) 
corresponds to a category 
or type

this is similar to categorical 
or qualitative data in 
vectors

1 1 1 2 1

1 1 2 1 1

1 2 1 1 3

2 1 1 3 3

2 1 3 3 3

discrete rasters

using a gis, you could use 
symbology to classify these 
appropriately

you want to use a categorical 
scheme

1 1 1 2 1

1 1 2 1 1

1 2 1 1 3

2 1 1 3 3

2 1 3 3 3



discrete rasters are 
processed, single-band 
images in which the value 
of each cell (or pixel) 
corresponds to a category 
or type

this is similar to categorical 
or qualitative data in 
vectors

1 1 1 2 1

1 1 2 1 1

1 2 1 1 3

2 1 1 3 3

2 1 3 3 3

discrete rasters

examples of discrete rasters 
include

- measurements of land use
- vegetation and soil types
- suitability analysis (e.g., 

“most suitable for x,” “least 
suitable for x”)

1 1 1 2 1

1 1 2 1 1

1 2 1 1 3

2 1 1 3 3

2 1 3 3 3



discrete rasters
here’s an example of 

a land use raster, 
stretched across a 
single-band color 

scheme

not ideal for 
understanding the 
discrete categories



discrete rasters
the Multi-Resolution 
Land Characteristics 
Consortium created 

the data and 
identified these 

discrete categories

https://www.mrlc.gov/data/legends/national-land-cover-database-class-legend-and-description


discrete rasters
reclassifying it with a 

meaningful color 
ramp makes it much 

easier to interpret

because the 
different color hues 

correspond to 
discrete categories

https://www.mrlc.gov/data/legends/national-land-cover-database-class-legend-and-description


what you see what computer sees

0 0 1 2 1

0 1 2 1 2

1 2 1 3 3

2 2 3 3 4

3 3 4 4 5

continuous rasters



0 0 1 2 1

0 1 2 1 2

1 2 1 3 3

2 2 3 3 4

3 3 4 4 5

continuous rasters are 
remotely sensed values 
from an emitted source 

e.g., from transmittance of 
light or lasers

this is similar to numerical 
or quantitative vector data

continuous rasters

in the “raster” to the left:
- 0 = zero feet elevation
- 1 = one feet elevation
- 2 = two feet elevation
- 3 = three feet elevation
- 4 = four feet elevation
- 5 = five feet elevation



0 0 1 2 1

0 1 2 1 2

1 2 1 3 3

2 2 3 3 4

3 3 4 4 5

continuous rasters are 
remotely sensed values 
from an emitted source 

e.g., from transmittance of 
light or lasers

this is similar to numerical 
or quantitative vector data

continuous rasters

0 0 1 2 1

0 1 2 1 2

1 2 1 3 3

2 2 3 3 4

3 3 4 4 5

these digital elevation models - or 
DEMs - are ideal at high bit depth

they can be produced in a couple 
of different ways

← this is purple but usually DEMs 
are displayed in grayscale or a 
photorealistic color ramp



another 
important kind of 
raster data:
scanned maps











how do we go from the one on the left
to the one on the right?



georeferencing
the process of adding spatial data to 
scanned maps so they can be overlaid on 
real-world geographies



step 1: download raster layer
step 2: add raster layer
step 3: create control points
step 4: check for errors
step 5: save result



control points are 
key



good control points:
- street corners
- political boundaries
- old buildings (still here)
- well distributed



bad control points:
- water bodies
- non-intersections
- clustered in one place



Zero-order polynomial Minimum of one control point required

First-order polynomial Minimum of three control points required

Adjust Minimum of three control points required

Projective transformation Minimum of four control points required

Second-order polynomial Minimum of six control points required

Third-order polynomial Minimum of ten control points required

Spline transformation Minimum of ten control points required

transformation types



Zero-order polynomial Minimum of one control point required

First-order polynomial Minimum of three control points required

Adjust Minimum of three control points required

Projective transformation Minimum of four control points required

Second-order polynomial Minimum of six control points required

Third-order polynomial Minimum of ten control points required

Spline transformation Minimum of ten control points required

transformation types



let’s do some georeferencing
in sketch 02

https://fundamentalgeo.itspangler.com/coursework/sketches/sketch-02/

