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[Munzner (ill. Maguire), 2014]
D. Koop, CSCI 627/490, Fall 2024
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[Correll et al., 2018]
D. Koop, CSCI 627/490, Fall 2024



Geographic Data: 3D to 2D: Projection
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[USGS Map Projections]
D. Koop, CSCI 627/490, Fall 2024

http://www.apple.com


map, this circle transforms into an ellipse, known as the
Tissot indicatrix, with semi-axes with lengths a and b. If a 5
b for all locations, then angles between lines on the globe
are maintained after projection: The projection is con-
formal. The classic example is the Mercator projection.
Locally, conformality preserves shapes, but for larger areas
distortions occur. For example, in the Mercator projection
shapes near the poles are strongly distorted.

If ab 5 C for all locations on the map, then the
projection has the equal-area property: Areas are preserved
after projection. Examples are the sinusoidal, Lambert’s
cylindrical equal area and the Gall–Peters projection.

The problem is that for a double curved surface no
projection is possible that is both conformal and equal-area.
Along a curve on the surface, such as the equator, both
conditions can be met; however, at increasing distance from
such a curve the distortion accumulates. Therefore,
depending on the purpose of the map, one of these
properties or a compromise between them has to be
chosen. Concerning distortion, uniform distances are
another aspect to be optimised. Unfortunately, no map
projections are possible such that distances between any
two positions are depicted on a similar scale, but one can
aim at small variations overall or at proper depiction along
certain lines.

Besides these constraints from differential geometry, map
projection also has to cope with a topological issue. A
sphere is a surface without a boundary, whereas a finite flat
area has to be bounded. Hence, a cartographer has to
decide where to cut the globe and to which curve this cut
has to be mapped. Many choices are possible. One option,
used for azimuthal projections, is to cut the surface of the
globe at a single point, and to project this to a circle,
leading to very strong distortions at the boundary. The
most popular choice is to cut the globular surface along a
meridian, and to project the two edges of this cut to an
ellipse, a flattened ellipse or a rectangle, where in the last
two cases the point-shaped poles are projected to curves.

The use of interrupts reduces distortion. For the
production of globes, minimal distortion is vital for
production purposes; hence gore maps are used, where
the world is divided in for instance twelve gores. Goode’s
homolosine projection (1923) is an equal-area projection,
composed from twelve regions to form six interrupted
lobes, with interrupts through the oceans. The projection
of the earth on unfolded polyhedra instead of rectangles or
ellipses is an old idea, going back to Da Vinci and Dürer. All
regular polyhedra have been proposed as suitable candi-
dates. Some examples are Cahill’s Butterfly Map (1909,
octahedron) and the Dymaxion Map of Buckminster Fuller,
who used a cuboctahedron (1946) and an icosahedron
(1954). Steve Waterman has developed an appealing
polyhedral map, based on sphere packing.

Figure 1 visualises the trade-off to be made when dealing
with distortion in map projection. An ideal projection
should be equal-area, conformal, and have no interrupts;
however, at most, two of these can be satisfied simulta-
neously. Such projections are shown here at the corners of a
triangle, whereas edges denote solutions where one of the
requirements is satisfied. Existing solutions can be posi-
tioned in this solution space. Examples are given for some

cylindrical projections, with linear parallels and meridians.
Most of the existing solutions, using no interrupts, are
located at the bottom of the triangle. In this article, we
explore the top of the triangle, which is still terra incognita,
using geographic terminology. Or, in other words, we
discuss projections that are both (almost) equal area and
conformal, but do have a very large number of interrupts.

Related issues have been studied intensively in the fields
of computer graphics and geometric modelling, for
applications such as texture mapping, finite-element surface
meshing, and generation of clothing patterns. The problem
of earth mapping is a particular case of the general surface
parameterisation problem. A survey is given by Floater and
Hormann (2005). Finding strips on meshes has been
studied in the context of mesh compression and mesh
rendering, for instance by Karni et al. (2002). Bounded-
distortion flattening of curved surfaces via cuts was studied
by Sorkine et al. (2002). The work presented here has a
different scope and ambition as this related work. The
geometry to be handled is just a sphere. The aim is to
obtain zero distortion, and we accept a large number of
cuts. Finally, we aim at providing an integrated framework,
offering fine control over the results, and explore the effect
of different choices for the depiction of the surface of the
earth.

METHOD

We project the globe on a polyhedral mesh, label edges as
cuts or folds, and unfold the mesh. We assume that the
faces of the mesh are small compared with the radius of the
globe, such that area and angular distortion are almost
negligible. We first discuss the labelling problem. A mesh
can be considered as a (planar) graph G 5 (V, E), consisting
of a set of vertices V and undirected edges E that connect
vertices. Consider the dual graph H 5 (V’, E’), where each
vertex denotes a face of the mesh, and each edge
corresponds to an edge of the original graph, but now

Figure 1. Distortion in map projection

Unfolding the Earth: Myriahedral Projections 33Projection Classification
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[J. van Wijk, 2008]
D. Koop, CSCI 627/490, Fall 2024

Angle-preserving

https://www.win.tue.nl/~vanwijk/myriahedral/CAJ103.pdf


Project Proposal
• Two Possibilities: 
- Create an interactive visualization 
- Work on a research project 

• Dataset Choices 
- US Food Safety Data 
- Illinois Hospital Report Card 
- NFL Data 
- US Register of Introduced and Invasive Species 
- Others? 

• Proposal Due Wednesday

6D. Koop, CSCI 627/490, Fall 2024

https://faculty.cs.niu.edu/~dakoop/cs627-2024fa/project.html#proposal


Assignment 4
• To be announced soon

7D. Koop, CSCI 627/490, Fall 2024



Choropleth (Two Hues)
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[M. Ericson, New York Times]
D. Koop, CSCI 627/490, Fall 2024



Problem?
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[M. Ericson, New York Times]
D. Koop, CSCI 627/490, Fall 2024
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Problem?
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[M. Ericson, New York Times]
D. Koop, CSCI 627/490, Fall 2024
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Adding Saturation
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[Washington Post, 2018]
D. Koop, CSCI 627/490, Fall 2024

https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/


Area Marks and Color Hue & Saturation
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[popvssoda.com]
D. Koop, CSCI 627/490, Fall 2024

http://www.popvssoda.com/countystats/total-county.html


Aggregation: 2016 Election by Precinct
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[R. Rohla and Washington Post, 2018]
D. Koop, CSCI 627/490, Fall 2024

[Interactive Version, NYTimes]

https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/
https://www.nytimes.com/interactive/2018/upshot/election-2016-voting-precinct-maps.html


Aggregation: 2016 Election by State
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[Washington Post, 2018]
D. Koop, CSCI 627/490, Fall 2024

https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/


Aggregation: 2016 Election by Country
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[Washington Post, 2018]
D. Koop, CSCI 627/490, Fall 2024

https://www.washingtonpost.com/news/politics/wp/2018/07/30/presenting-the-least-misleading-map-of-the-2016-election/


Maps: What trends do you see?
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[Desaturated by D. Koop, M. Ericson, New York Times]
D. Koop, CSCI 627/490, Fall 2024

Number of Votes Cast



Don't Just Create Population Maps!
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[xkcd]
D. Koop, CSCI 627/490, Fall 2024

https://xkcd.com/1138/


Size Encoding
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[M. Ericson, New York Times]
D. Koop, CSCI 627/490, Fall 2024



Dasymetric Dot Density
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[K. Field]
D. Koop, CSCI 627/490, Fall 2024

http://carto.maps.arcgis.com/apps/webappviewer/index.html?id=8732c91ba7a14d818cd26b776250d2c3


Glyphs: xkcd's Map
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[xkcd]
D. Koop, CSCI 627/490, Fall 2024

https://xkcd.com/1939/


Cartograms
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[B. Hennig]
D. Koop, CSCI 627/490, Fall 2024

http://www.viewsoftheworld.net/?p=5003


Cartograms
• Data: geographic geometry data & two 

quantitative attributes (one part-of-whole) 
• Derived data: new geometry derived from the 

part-of-whole attribute 
• Tasks: trends, comparisons, part-of-whole 
• How: area marks from derived geometry, 

color hue/saturation/luminance 
• Scalability: thousands of regions 
• Design choices: 
- Colormap 
- Geometric deformation

21

[New York Times]
D. Koop, CSCI 627/490, Fall 2024

http://www.apple.com
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[FiveThirtyEight, 2018]
D. Koop, CSCI 627/490, Fall 2024

https://projects.fivethirtyeight.com/2018-midterm-election-forecast/house/


Non-Contiguous Cartogram
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[M. Bostock, 2012]
D. Koop, CSCI 627/490, Fall 2024

http://bl.ocks.org/mbostock/4055908


World Cartograms
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[M. Newman, 2009]
D. Koop, CSCI 627/490, Fall 2024

http://bl.ocks.org/mbostock/4055908


World Population
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[M. Newman, 2009]
D. Koop, CSCI 627/490, Fall 2024

http://bl.ocks.org/mbostock/4055908


World Energy Consumption
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[M. Newman, 2009]
D. Koop, CSCI 627/490, Fall 2024

http://bl.ocks.org/mbostock/4055908


House Race Ratings by the Cook Political Report

193 current Democratic seats 235 current Republican seats
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House Races: Map?
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[New York Times, 2018]
D. Koop, CSCI 627/490, Fall 2024

https://www.nytimes.com/interactive/2018/us/elections/house-race-ratings.html
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[FiveThirtyEight, 2018]
D. Koop, CSCI 627/490, Fall 2024

https://projects.fivethirtyeight.com/2018-midterm-election-forecast/house/
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[FiveThirtyEight, 2020]
D. Koop, CSCI 627/490, Fall 2024

https://projects.fivethirtyeight.com/2020-election-forecast/house/


12 Lean Democratic

 AZ-02 Open (McSally)

 CA-49 Open (Issa)

 CO-06 Coffman

 IA-01 Blum

 KS-03 Yoder

 MI-11 Open (Trott)

 MN-02 Lewis

 MN-03 Paulsen

 NV-03 Open (Rosen)

 NJ-11 Open (Frelinghuysen)

 PA-07 Vacant (formerly Dent)

 VA-10 Comstock

31 Tossups

 CA-10 Denham

 CA-25 Knight

 CA-39 Open (Royce)

 CA-45 Walters

 CA-48 Rohrabacher

 FL-26 Curbelo

 FL-27 Open (Ros-Lehtinen)

 IL-06 Roskam

 IL-12 Bost

 IA-03 Young

 KS-02 Open (Jenkins)

 KY-06 Barr

 ME-02 Poliquin

 MI-08 Bishop

 MN-01 Open (Walz)

 MN-08 Open (Nolan)

 NJ-03 MacArthur

 NJ-07 Lance

 NM-02 Open (Pearce)

 NY-19 Faso

 NY-22 Tenney

 NC-09 Open (Pittenger)

 NC-13 Budd

 OH-01 Chabot

 PA-01 Fitzpatrick

 TX-07 Culberson

 TX-32 Sessions

 UT-04 Love

 VA-02 Taylor

 VA-07 Brat

 WA-08 Open (Reichert)

25 Lean Republican

 AR-02 Hill

 CA-50 Hunter

 FL-15 Open (Ross)

 FL-16 Buchanan

 GA-06 Handel

 GA-07 Woodall

 IL-13 Davis

 IL-14 Hultgren

 MO-02 Wagner

 MT-AL Gianforte

 NE-02 Bacon

 NY-24 Katko

 NY-27 Collins

 NC-02 Holding

 OH-12 Balderson

 PA-10 Perry

 PA-16 Kelly

 SC-01 Open (Sanford)

 TX-23 Hurd

 TX-31 Carter

 VA-05 Open (Garrett)

 WA-03 Herrera Beutler

 WA-05 McMorris Rodgers

 WV-03 Vacant (formerly Jenkins)

 WI-01 Open (Ryan)

Maps Aren't Always Best: Close House Races
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[New York Times, 2018]
D. Koop, CSCI 627/490, Fall 2024

https://www.nytimes.com/interactive/2018/us/elections/house-race-ratings.html
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[NYTimes]
D. Koop, CSCI 627/490, Fall 2024

http://www.nytimes.com/interactive/2011/09/30/us/politics/keys-to-victory.html
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D3 Map Examples

D. Koop, CSCI 627/490, Fall 2024

https://observablehq.com/d/417154b4ebb77101


Networks
• Why not graphs? 
- Bar graph 
- Graphing functions in mathematics 

• Network: nodes and edges connecting the nodes 
• Formally, G = (V,E) is a set of nodes V and a set of edges E where each edge 

connects two nodes. 
• Nodes == items, edges connect items 
• Both nodes and edges may have attributes

33D. Koop, CSCI 627/490, Fall 2024



Arrange Networks and Trees

Node–Link Diagrams

Enclosure

Adjacency Matrix

TREESNETWORKS

Connection Marks

TREESNETWORKS

Derived Table

TREESNETWORKS

Containment Marks

Arrange Networks and Trees
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[Munzner (ill. Maguire), 2014]
D. Koop, CSCI 627/490, Fall 2024
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35D. Koop, CSCI 627/490, Fall 2024

•Nodes may have attributes  
(e.g. element)
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•Nodes may have attributes  
(e.g. element)

•Edges may have attributes 
(e.g. number of bonds)



Web Sites as Graphs (amazon.com)
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[M. Salathe, 2006]
D. Koop, CSCI 627/490, Fall 2024



Social Networks
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[P. Butler, 2010]
D. Koop, CSCI 627/490, Fall 2024



Networks as Data

38D. Koop, CSCI 627/490, Fall 2024

ID Atom Electrons Protons
0 N 7 7
1 C 6 6
2 S 16 16
3 C 6 6
4 N 7 7

ID1 ID2 Bonds
0 1 1
1 2 1
1 3 2
3 4 1
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Node-Link Diagrams
• Data: nodes and edges 
• Task: understand connectivity, paths, 

structure (topology) 
• Encoding: nodes as point marks, 

connections as line marks 
• Scalability: hundreds 

• …but high density of links can be 
problematic! 

• Issue with the encoding?
39D. Koop, CSCI 627/490, Fall 2024



Arc Diagram
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[D. Eppstein, 2013]
D. Koop, CSCI 627/490, Fall 2024



Network Layout
• Need to use spatial position when designing network visualizations 
• Otherwise, nodes can occlude each other, links hard to distinguish 
• How? 
- With bar charts, we could order using an attribute… 
- With networks, we want to be able to see connectivity and topology (not in 

the data usually) 
• Possible metrics: 
- Edge crossings 
- Node overlaps 
- Total area

41D. Koop, CSCI 627/490, Fall 2024


