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Fig. 11. A hybrid-image visualization containing different representa-
tions at each scale. From a distance, viewers see bar charts showing
the average temperature shift by month between 1990 and 2012 for 32
major cities in Europe. From close by, they can inspect and compare the
individual temperature measurements by day for each of the 22 years.

the near and far gridlines effectively disappear when viewed from the
other distance. The technique of dual-scale grids corresponds to Oliva
et al.’s recommendation of aligning edges (see also Fig. 8).
Navigation aids and summaries:The representation for the far view-
ing distance can be chosen such that it provides entry points to the data,
such as regional summaries, data aggregations, or highlights. Adding
overlays with summary information on top of existing visualizations
can also provide information that would be difficult to mentally inte-
grate (e.g. accurate mean values).

Unobtrusive Labeling Sometimes labels and other textual annota-
tions can interfere with important visual variables. For example, la-
bels on a scatterplot can give a misleading impression of high data
density, since they may be much bigger than the points they annotate.
In a hybrid-image visualization, details like labels can be effectively
hidden by placing them in the near image. This prevents them from
interfering with other visual variables when viewed from afar, but still
permits them to be easily accessed by approaching the display.
Progressive RevealVisualizations such as TreeMaps that are already
multi-scale lend themselves well to large-viewing environments. How-
ever, features like the labels and boundaries of high-level nodes, which
are necessary for navigation from a distance, may actually occlude
smaller features that are relevant when close to the display. Splitting
the data to show low-resolution data [26] in the far image and high-
resolution in the near image can mitigate occlusion problems.

Mixing Multiple Visualizations: In some cases, overview and detail
views of a dataset may call for different representations to be blended.
Frequencies and colors present in both representations need to have
minimal overlap so that both can be perceived effectively. Visual map-
pings that contain mostly fine-grained details (thin lines, small points,
and glyphs) and use less color are typically more appropriate for the
near image, while those with large features make for better far images.

6 TooLSs FOR AUTHORING HYBRID-IMAGE VISUALIZATIONS

As illustrated by the examples above, designing visualizations that
work well at multiple scales requires considerable care. In addition
to controlling the frequency content of the near and far images, design-
ers must also tailor the color, type, size, marks, and other aspects of
the visualization to ensure that it serves the intended task. This work
requires strong intuition about what information will and will not be

|

Fig. 12. Interactive preview tools for reviewing and refining hybrid-image
visualizations. Designers can preview the image as seen from different
distances (a) and can use the control panel (b) and power spectrum
visualizer (c) to refine their visualizations and tune how images are pro-
cessed and blended composited.

visible at various distances. However, building that intuition can be
difficult, especially because design and development often take place
on small displays rather than in large viewing environments.

As aresult, visualization designers must carefully balance the trade-
offs between different representations and may need to iteratively tune
the parameters of the visualizations and the compositing process. To
address this need, we have built a set of tools to support the construc-
tion of hybrid-image visualizations. These include (1) a hybrid-image
visualization rendering framework, (2) a set of interactive profiling
tools for tuning visualizations, and (3) libraries for dynamically sizing
common visualization elements like labels text and gridlines.

6.1 Hybrid-Image Rendering Framework

We provide a Java-based framework that handles the bulk of the work
required to create hybrid visualizations and that we plan to release as
an open-source package. It is compatible with a range of existing Java-
based visualization toolkits. To generate a visualization, designers ex-
tend the base HybridlmageRenderer class and implement two draw-
ing methods—one to render the near visualization (seen from close to
the display) and one to render the far visualization (seen from further
away). When rendering the visualization, the framework performs a
low-pass filter on the far image to remove high-frequency information
and a high-pass filter on the near image to remove low-frequency infor-
mation. The framework then composites the two layers together and
adjusts their contrast to produce a final visualization.

The tool provides an interactive preview of the final image
(Fig. 12a), along with a slider for simulating a range of viewing dis-
tances. Designers working on smaller displays can dynamically adjust
the simulated viewing distance to understand how the visualization
will appear on a large-scale display. Designers can also use an interac-
tive control panel (Fig. 12b) to dynamically tune the parameters of the
high- and low-pass filters and adjust the contrast of the composited im-
age. Once the final parameters have been chosen, designers can export
the visualization for viewing on a large-scale display.

6.2 Interactive Profiling

To help designers tune hybrid-image parameters and make adjustments
to their visualizations, we also provide interactive profiling tools. A
power spectrum visualizer (Fig. 12¢) shows the range of frequencies
present in the near and far images, as well as in the final image.

To generate this view, we examine the frequency content of the near
and far images before and after they are filtered. In each case, con-
vert the image from the spatial into the frequency domain with a Fast-
Fourier Transform. We then radially bin the frequencies to produce a
1-D distribution of the frequencies present in the image, regardless of
orientation. The power spectrum visualizer displays the log-scaled dis-
tribution of frequencies in each image, with low frequencies at the left
of the chart and high frequencies at the right. The power spectrum of
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Fig. 13. Clicking on the power spectrum visualizer highlights correspond-
ing frequencies in the visualization preview. Designers can use this to
inspect a hybrid-image visualization (top) and identify components that
contribute high-frequency (middle) or low-frequency detail (bottom).

the far image is shown in light blue (before low-pass filtering) and dark
blue (after), while the near image is shown in light red (before high-
pass filtering) and dark red (after). The power spectrum of the final,
composited image is shown in black. These allow designers to better
understand the impact of high and low-pass filtering on the frequency
content of the image. Power spectra are also overlaid with plots show-
ing the theoretical contrast-sensitivity response of the human eye at
various viewing distances (as described in Section 4.3.1). Using these
curves as a reference, designers can interactively refine the high- and
low-pass filters, as well as the parameters of their visualizations, in
order to make them more or less visible from a given distance.

Often, designers need to adjust aspects of the visualizations
themselves—changing the weights of lines and glyphs or altering pat-
terns in order to tailor them to a particular viewing distance. However,
determining which components of a visualization contain high- and
low-frequency detail is often unintuitive. For example, blocks of text
may contain many different frequencies, corresponding to the sizes of
individual strokes, words, and even paragraphs rather than just the size
of individual letters. This can make it difficult for a designer to deter-
mine which aspects of a visualization should be changed in order to
alter its frequency distribution. To help designers identify the parts
of the image that contain a particular frequency, we also provide a
frequency-highlight mode (Fig. 13). In this mode, designers can inter-
actively click on the power spectrum visualizer to highlight a range of
frequencies. The system then applies a band-pass filter to the image, re-
moving information from all frequencies outside of the selected range.
A designer can use the resulting image to quickly identify which pieces
of the visualization might need to be adjusted.

6.3 Libraries for Common Visualization Components

A fully automated hybrid-image visualization method is impossible be-
cause CSFs and other perceptual models only capture the visibility of
spatial frequencies, not the legibility of the features that are important
for a given task. We can, however provide tools that predict the legi-
bility of well-known and stable features like text and grids and adjust
them with minimal designer input.

6.3.1

Through experimentation with hybrid-image visualizations, we discov-
ered that the ratio between blur radius and letter width (specifically the
average advance of all lower-case letters of a font) was an excellent
predictor of text legibility. Although lower-case letter height is occa-
sionally used as a measure of font legibility [33], we found letter width
to be a much better predictor across different typefaces.

More specifically, a ratio between blur radius and letter width above
0.25 produces illegible text. A ratio between 0.10 to 0.15 produces text
that can be comfortably read. A ratio below 0.10 increases sharpness

Text Legibility

but does not yield much difference. Based on this, we implemented
a library that allows designers to compute the optimum font size for
a given font, blur radius and target legibility (typically between 0.10
or 0.15). It also allows designers to compute the optimum blur radius
for a given font, font size and target legibility, and can dynamically
derive hybrid-image settings for visualizations like word clouds where
the minimum font size is not known in advance.

6.3.2 Dual-Scale Grids

Even more so than text, reference structures like grids contain pre-
dictable ranges of frequencies and tend to support the same basic tasks.
Good settings for the grid alpha and contrast to produce usable and un-
obtrusive grids are also well-established [5]. Thus, when viewing dis-
tances and the parameters of the high- and low-pass filters are known,
we can use a CSF to dynamically adjust the size and weight of the grid
and ensure that appropriate grids will be visible from each distance.
Based on this observation, we provide a library for generating aligned
dual-scale grids and labels. Designers specify grid boundaries, the de-
sired density of gridlines, and formatting of the axes. The library then
handles grid rendering for both the near and far images.

7 CONCLUSION

While the phenomenon of hybrid images has been known for quite
some time, this work presents new practical applications of the
technique for information visualization. In large-viewing environ-
ments where physical locomotion is common, hybrid-image visualiza-
tions represent a solution for providing viewing distance dependent
overview+detail views in a single image. As such, they support collab-
oration on a single visualization and leverage implicit, physical interac-
tion through locomotion to change views, without requiring technical
equipment such as motion capturing systems.

That said, there are also some limitations to the technique. Depend-
ing on the chosen image size as well as filter implementation and filter
settings, one view can take considerable time to compute. For our
131 million pixel display, each visualization can take up to 10 min-
utes to compute using a current desktop or laptop computer. To sup-
port more rapid design cycles, we provide tools that simulate viewing
distances and let designers tune parameters quickly. Employing hard-
ware acceleration should make it easier to render such images in real-
time, but for now slow render times make these images best-suited
for static viewing scenarios. In addition, as with many other visual-
ization techniques, there is no one-size-fits all solution for creating
effective hybrid-image visualizations. That means, in domains where
data representations need to change quickly based on incoming data
or due to changing data characteristics, the use of hybrid-image visual-
izations would likely be less appropriate and other detail-and-context
techniques should be examined.

Our work provides a perceptual background for using hybrid-
images to visualize data and provides a detailed rationale to aid others
in designing them. Our set of example visualizations also highlights
the technique’s wide range of applications. Many of the techniques we
describe can be used to enhance existing wall-size display visualiza-
tion without interfering with existing context, for example by adding
reference structures for far viewing. More generally, the techniques
are also applicable to non-digital, non-collaborative, and non-work en-
vironments. For example, hybrid-image visualizations can be used on
posters or billboards in public places where the progressive reveal of
content could entice passers-by to examine the display more closely
and spend more time with it than they would have otherwise. We hope
our work has laid the foundation for a range of future applications.
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