
Digitizing & 
georeferencing 

GEOG 358: 
Introduction 
to Geographic
Information
Systems



• Vector data

• Aerial and 
satellite imagery

• Paper maps

• Field survey

• There’s a lot of 
data out there but 
it was all created 
by someone!



Existing data

• Vector and raster



Paper maps
• Insurance maps

• Plat maps

• Historic 
documents



Paper maps
• Insurance maps

• Plat maps

• Historic 
documents



Historic documents

• Insurance maps

• Plat maps

• Historic 
documents

Egbert, S., & Smith, P. (2017). Great Frauds and Grievous Wrongs”: Mapping the Loss 
of Kickapoo Allotment Lands. In Native American Symposium, Representations and 
Realities; Southeastern Oklahoma State University: Durant, OK, USA.



Historic documents

https://dsl.richmond.edu/panorama/redlining/#loc=5/39.1/-94.58


Historic documents

https://www.nytimes.com/interactive/2020/08/24/climate/racism-redlining-cities-global-warming.html


Historic remote sensing



• Spy satellite with high spatial resolution

Historic remote sensing



Field Survey



•Creating digital geographical features
• Convert analogue features to digital features 

• Paper maps
• Identify and record features 

• From images or recorded field data
• Two approaches

• Digitizing tablets
• On-screen digitization

Digitizing



Digitizing with a tablet



Digitizing onscreen



Common Errors in Manual Digitizing



•Some errors could be automatically detected - topography
• Missing intersections
• Pseudo nodes
• Dangle lines (lines shorter than a specified dangle distance)

•Interactive editing 
• Line and point locations are adjusted on computer screen  

•Snapping function helps reduce some errors
• Points which fall within a specified distance (snap distance) 

of each other are snapped together
• During digitizing or in editing

Editing—Removing Errors



Snapping



Layer and Sketch Snapping Properties



• Densify
• Too few vertices
• A spline is a set of polynomial functions that join smoothly

• Thin or generalize
• Too many vertices

Line Densify and Thin
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Coordinate Transformation
Transform tablet coordinates to map 

coordinates



Coordinate Transformation



Coordinate 
Transformation



•Convert tablet or image coordinates to map coordinate 
systems

•When do you need it?
• Digitizing maps on a tablet (inches)
• Digitizing scanned images on screen (pixels)

•Transformation is typically done before digitizing starts
• Transform the source (usually images) then digitize

•Also called image registration, rectification, or 
georeferencing when transform images

Coordinate Transformation



•The relationship between 
the coordinate systems is 
established using data 
fitting techniques
• Similar to the least 

square method for linear 
regression on two 
variables

•Model parameters are 
obtained through a 
mathematical model and a 
set of points (control 
points) with known 
coordinates in both systems

•Should not be used to 
transform map projections 
or datums

Coordinate Transformation



• Affine method is commonly used to transform digitized maps 
(paper maps or images) to a map coordinate system.
• Rotation, shift (translation) in x and y, skew, scale in x and y
• E  = a0 + a1x + a2y 
• N = b0 + b1x + b2y

• Coefficients are obtained by control points through the least-square 
process.

• A minimum number of 3 control points are needed to solve for the 6 
unknown parameters



Coordinate transformations



Control Points



Control Points



Collect Control Points from Existing Digital Data



• There is always 
some lack-of-fit in 
the process

• Reasons
• Pointing error
• Blunders
• Math model

• How to evaluate 
(quantify) the 
error? 

Transformation Errors



• Each control point has an actual and estimated x and y in map 
coordinates system

• Error (residual) for a control point
• Xa—actual; Xe--estimated

• RMSE--average error of the transformation

• Possible reasons having a high RMSE
• inaccurate control points
• inappropriate math model 

Root Mean Square Error (RMSE)
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Georeferencing--an Iteration Process



Resampling (Creating a new image)



Bilinear 
Interpolation



Upscaling


