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Without projection info (GCPs only)
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Motivation
Georeferencing a small-scale map with an unknown projection



Motivation
Georeferencing a small-scale map with an unknown projection

Take the projection into account (if it is present)
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Already existing tools

MapAnalyst1 detectproj2

1 Jenny Bernhard, Hurni Lorenz (2011). “Studying cartographic heritage: Analysis and visualization of geometric distortions”. In: Computers & Graphics 35.2, pp. 402–411.

http://mapanalyst.org
2 Tomáš Bayer (2014). “Estimation of an unknown cartographic projection and its parameters from the map”. In: Geoinformatica 18.3, pp. 621–669.
https://web.natur.cuni.cz/~bayertom/detectproj/
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• Input
• list of GCPs on both…

• The unknown map

• A reference map

• built-in list of possible projections

• Algorithm (outline)
• Transform reference map GCPs into all of the possible

projections

• Compare resulting point set with GCPs on the unknown map

• Quantify goodness of fit (calculate transformation
parameters between the two point sets)

• Minimize errors and choose the best fit as the result

Already existing tools
(MapAnalyst & Detectproj)
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Our Approach

• Analysis of Cartographic Projections
by György Érdi-Krausz1

• Primary method: observing different properties of the
graticule (the geographical grid)
Formulated as a decision tree

• Reserch goal: develop an application for a non-
professional audience based on this system

1 Érdi-Krausz Gy. (1958). „Vetületanalízis. (Analysis of Cartographic Projections)” Térképtudományi tanulmányok (Studia Cartologica). 1:194-270.
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Graticule bounds

Curve fitting
Representation of poles

Closedness

Intersection points



Input Curve fitting
Computation
of secondary

properties

Display of 
results
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Our Approach
Algorithm

• Manual digitizing of graticule lines by the user

• Result: a set of points

• Drawing tools are provided on a web-based UI

• Also pole points (N/S)
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Our Approach
Algorithm

• Based on iterative optimization
• For conic sections (ellipses, parabolas, hyperbolas):

• Levenberg-Marquardt method
• For straight lines

• A form of least-squares fitting (QR-
decomposition)

• Choose the best fit as the solution
• Fast convergence -> short processing time (5 to 10s)
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Our Approach
Algorithm

• Closedness of curves

• Intersection points
• Also the spacing of intersection points along lines

• Graticule bounds
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Our Approach
Algorithm
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Twitter Bootstrap Leaflet.js

jQuery Backbone.js

express.js

node.js

node-julia

Julia

(Geo)JSON 
via HTTP

Software environment
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• Provide tools for tracing graticule 

lines and interacting with the

backend

• Display the results of the fitting

algorithms

• Curve fitting, computation of 

secondary properties

• Curve plotting

• Generation/loading/saving of test 
data

Tasks

Our Approach
Software stack



• Cylindrical
• Equirectangular
• Mercator
• Stereographic
• Gnomic (polar/normal aspect)
• Lambert Cylindrical Equal-area

• Pseudocylindrical
• Apian’s 1/2 (Ortelius)
• Sinusoidal
• Mollweide
• van der Grinten’s 3
• Eckert 3-6
• Kavrayskiy 1-2, 6-7

• Conic
• Equidistant Conic
• Lambert Equal-area Conic
• Albers Equal-area Conic
• Lambert Conformal Conic

• Azimuthal
• Lambert Azimuthal Equal-area
• Azimuthal Equidistant
• Gnomic

• Other
• Hammer (+ Equal-area)
• Aitoff
• Pseudoconic
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Results
Recognizable projections



• Computation of projection parameters
• Emitting ready-to-use georeferencing information

• Automatic tracing of graticule lines using
computer vision techniques

Outlook
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http://omaps.elte.hu:8000/

Demonstration
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http://omaps.elte.hu:8000/

