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elimination from processing that changes feature 
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- “ScaleMaster” exercise, with grads
- Related research by others
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ScaleMaster Exercise:
Work with Grad Students
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a.k.a. do the impossible
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Multiple map scales 
1:10K to 1:5M

Multiple databases: 
Three USGS sources 

One map purpose and media: 
topographic, on screen

Iterative redesign and selection/elimination
Goal was acceptable map at any scale
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ScaleMaster with grad studentsScaleMaster with grad students

Diagram form
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ScaleMaster map at 1:15,000ScaleMaster map at 1:15,000
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ScaleMaster map at 1:90,000ScaleMaster map at 1:90,000
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ScaleMaster map at 1:300,000ScaleMaster map at 1:300,000
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ScaleMaster with grad studentsScaleMaster with grad students

Make a map at 1:65K
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Decisions for high-quality products balanced against
data processing workloads for:
- on-demand and on-the-fly multi-scale mapping for 

the Web (Torun et al. 2000; Cecconi and Gallanda 2002; 
Cecconi at al. 2002)

- mobile devices (Harrie et al. 2002; Hampe et al. 2004)

- in-car navigation (Li and Ho 2004; Ulugtekin et al. 2004)

- adaptive zooming (Cecconi and Gallanda; Harrie et al.; 
Hampe et al.)
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In past decade, generalization work has formalized:
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- context-sensitive algorithms (Jones et al. 1995; 
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- software agents (Galanda and Weibel 2003; Regnauld, 
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- online progressive vector transmission 
(Buttenfield 1999; Paiva et al. 2004; Zhou et al. 2004)
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Now, European national mapping agencies 
producing databases containing linked multiple 
representations of detailed, high-resolution objects:
- Multi-resolution or multi-representation databases

(MRDB) (Kilpelainen 1997; Spaccapietra et al. 2000)

- Updates autonomously propagate to all 
resolutions, reducing work of updating maps 
(Dunkars 2004; Haunert and Sester 2004; Stoter et al. 
2004; Bobzien et al. 2005)
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Symbolization set at beginningSymbolization set at beginning

Cecconi et al. 2002
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…or throughout mapmaking…or throughout mapmaking

Arnold and Wright, 2005
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Select database used at each scaleSelect database used at each scale

Cecconi et al. 2002
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Cecconi et al. model of workload Cecconi et al. model of workload 

Cecconi et al. 2002
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Balancing Workloads Balancing Workloads 
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Workloads for single solutionsWorkloads for single solutions

Workload includes processing complexity, time, 
skill level, tool sophistication…all increase cost
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Workloads for single solutionsWorkloads for single solutions

Schematized, hypothetical…what should shapes be?
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Display vs. geometry changeDisplay vs. geometry change

Modifications to feature display may include:
- Changing to colors over which type is readable
- Increasing spacing in boundary dash to reveal 

underlying roads
- Changing marker symbol size, shape, hue, and 

lightness to not obstruct adjacent features
- Adding line casings to place labels inside roads
- Removing polygon outlines so lines do not obscure 

polygon fills
- Replacing features with labels 
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Modifications to feature geometry may include:
- Resampling geometry 

(e.g., DEM resampling for smoother relief shading)
- Interpolating new isolines from a DEM 

(e.g., changing from a 3m to 20m contour interval)
- Changing dimensionality 

(e.g., collapsing building footprints to point features)
- Simplifying lines 

(e.g., reducing coordinates along an intricate coastline)
- Summarizing many small features with larger one

(e.g., aggregating many small ponds to ‘wetland area’)
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Sum less than a single approachSum less than a single approach
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Reduce workload using LoDsReduce workload using LoDs

LoD: Level of Detail, preprocessed database
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Potential…

- Formalize cartographers’ decisions about changing 
map scale 

- Maintain consistency among multi-scale design 
outcomes

- Guide organizations lacking a staff cartographer 
on design and data selection
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