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Abstract

Histograms are a very useful tool for data analysis, because they show the distribution of values over a data
dimension. Many data sets in engineering (like computational fluid dynamics, CFD), however, are time-dependent.
While standard histograms can certainly show such data sets, they do not account for the special role time plays
in physical processes and our perception of the world.

We present TimeHistograms, which are an extension to standard histograms that take time into account. In several
2D and 3D views, the data is presented in different ways that allow the user to understand different aspects of the
temporal development of a dimension. A number of interaction techniques are also provided to make best use of
the display, and to allow the user to brush in the histograms.

1. Introduction 1.1. Histograms and Time

While time is just another dimension in many data sets in A histogram is a bar chart, where the number of bars is
terms of data organization, the way we perceive itand also its usually selected by the user. Each bar correspondsio, a
influence on physical phenomena is quite unique. Therefore, which is a value range on the selected axis. All values in the
special methods are needed for time-dependent data. data set are compared to the bin boundaries, the values that
Getting an overview of data — the major trends and the fall into each bin are counted. The height of each bar then
outliers — is very important in trying to understand the data. "ePresents the number of values in each bin (Figure 1).

This is even more important for data that changes over time. e distinguish two types of dimension in the discussion
One very popular method for getting such an overview are of time-dependent histograms: the data dimension and the
histograms. Standard histograms, however, provide little in- gisplay dimension (Figure 1). The traditional histogram is
teraction and are also of little use for time-varying data. one-dimensional in its data (the bins are defined along one

The context of this work is computational fluid dynamics ~dimension) and drawn in two dimensions. Itis of course also
(CFD). Typical data sets in our experience are usually in the possible to draw a standard histogram using 3D graphics.
order of magnitude of about 100,000 cells for 100 time steps, But the more interesting case is that of two data dimensions,
or 1,000,000 cells for 10 time steps. Each cell has about 15 one of which is the time. Such a two-dimensional histogram
to 20 data attributes for each time step. (in terms of data) can be quite easily understood if drawn
in 3D, because the user can imagine it being made up of
a number of one-data-dimension histograms, one for each
time step. Such a two-dimensional histogram can also be
drawn in 2D, however, by projecting it into the plane along
the count axis (Sections 4.2 and 4.3).

For dealing with such amounts of data, SimVis [2] was
developed (see also Section 5). SimVis provides a number
of different views, most of which use methods that are tradi-
tionally used in information visualization (InfoVis). Exam-
ples for such methods are scatterplots, parallel coordinates,
and histograms. These views not only show the data, they Time is handled in SimVis by means of time steps, which
also provide the user with the means to interact with the data do not have to be equally spaced. Data for each point is only
and specify interesting features by means of brushing (i.e., available for these time steps — therefore, they can be con-
selecting parts of the data and showing the selection in all sideredevent timgmeaning that the time axis is shaped by
views, thus making it possible to see connections). the occuring data, not in a continuous way). A time-related
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Figure 1: 2D and 3D visualizations of 1D and 2D histograms.
currenttimestat: (38, 74 o . user needs to be able to look at static images to get a better
= 2 impression of what is going on. This is also important for
- timesad i« documentation, where static images are needed.
Ti>me e Retain the easy readability of the standard histogram.

Make the additional information as easy to read as possi-

Figure 2: A time slab. The sliders define a time slab from  ble, and always provide the user with simpler information

time step 58 to 74 (both are included in the slab). within the same image to fall back on.
e Support linking and brushing. Besides view-related inter-

action, the histogram also has to show brushed data, and

. . ) e also allow brushing in both 2D and 3D views.
concept that plays a big role in SimVis is the definition of a

time range, called &me slab(Figure 2). The current time

slab can include one or more time steps, and is important 1.3. Data Set

becaus_?. actuinz such SS é)rlfJ_shlgg apply_only t(i _these tlm‘TThe data set used in the illustrations in this paper comes from

s_teps. ime slabs can be defined as any mte_rva In the total y)o simulation of gas flow through a T-junction section join-

time range of thg (_jata set, therg IS ”9 hlerarhlgal time struc- ing two pipes. There is cold air flowing through the junction

ture (e.g., _comb_lnlng seconds !nto mlnutgs). Time slabs are from one pipe, when a stream of hot air starts to enter from

always defined in terms of full time steps in the data set. the other. The two air streams mix until an equilibrium state
is reached. The data set consists of about 33,000 cells with

1.2. Motivation for Improvements, Goals 16 dimensions at 100 time steps.

For the data described above, standard histograms were of
little use. While it was possible to change the time step dis- 2. Related Work
played by the standard histogram, the static image always
only showed one time step. This proved to be too little infor-
mation to be useful in practice.

Histograms are used in both information and scientific vi-
sualization applications. This section gives a brief overview
over a few uses of histograms that provide some interactiv-

At the same time, the standard histogram provided a good ity (other than the selection of the axis). While there are
basis to start from because of its visual simplicity, but also certainly many more examples of histograms implemented
because of its familiarity and ubiquity. in different applications, very little seems to get published
about them — at least in the visualization and information

TimeHistograms are an extension of standard histograms _. T
visualization literature.

which take time into account. Our goals in the design of

TimeHistograms were the following: The influence explorer [10] allows the user to explore de-
pendencies in situations where input as well as output values
are multi-dimensional. It uses histograms for both the speci-
fication of input variables and the display of the results. The
user can change the input value ranges on one set of his-
tograms to see the results displayed on the other.

e Give an overview over complex, time-varying data. His-
tograms are very useful for looking at all the data at once,
but doing this in a way that is abstract enough not to over-
whelm the user with details.

e Show temporal information in static images. While inter-
action is a very important part of TimeHistograms, the In a similar way, histograms can be brushed to answer
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questions in a geographical data application [6], where the
histograms act purely as a visualization of input data, which
can be brushed to see the output on a map.

Parallel bargrams [11] are histograms with bars rotated by
90 degrees, and put end to end. This way, bargrams show the
distribution of values on axes with few different values, and
allow the user to select values by simply clicking on them.

A different kind of histogram are adjacency matrices that
are used for the display of telecom call information [1]. Each
cell in such a matrix is colored by the number of items in
it, thus effectively creating a 2D histogram. Similar 2D his-

tograms can be found in fields such as sound processing ) History Bars — different time steps per histogram bar are
(time-frequency charts). encoded as the length of the line. Proximity, however, is a
stronger cue, so curved lines appear that do not represent
real data.

Histograms are not restricted to information visualization,
however, but are also used for transfer function specification
in volume rendering [4]. They show first and second deriva-
tives of the data, and this way allow the user to directly select
boundaries between materials — which usually are the most
interesting features.

3. Early Approaches to TimeHistograms

Designing good histograms proved to be much more difficult
than initially anticipated. This section describes two early at-
tempts that did not lead to useful time-dependent histograms.

One of the developed techniques was to simply exchange
the normal bars with History Bars [8], which is shown in Fig- | |
ure 3a. There is an outline of the current histogram and for a1 ”I I I

each bin, multiple lines are drawn at various heights. These W

lines represent bars at different time steps and they are dis- N .
b) Inner History — the sub-charts cannot be separated easily,

criminated by their width, opacity and color. - )
therefore the bars blend into one confusing plot.
History Bars had good user feedback when used in pro-

cess visualization, but proved to be problematic in our con- )

text. Due to the visual similarity and proximity of the bars, Figure 3: Early unsuccessful, abandoned approaches.
it is very easy to perceive bars from different bins and time

steps as one unit (appearing as slightly curved lines in Fig-

ure 3a). However, this impression of trends is totally wrong.

fthat th h df h hati dard histogram as much as possible (Section 1.2). The tradi-
Because of that there was the need for a shape that is MOT€ional histogram is still visible in all the views, and is dis-

self-contained and that forms a better contrast to the rect- tinguished visually from the additional information. So the

anlg;ulqr hlsto?r_am. I;I’he r:esult_lng mode Wh'c.h is described user can always look at the simple histogram of the currently
below in detail is called the Point Mode (Section 4.3.2). selected time step and ignore all other information.

Another unsuccessful idea was to display the next and the
previous time step in a normal histogram fashion, but as a
smaller “sub-chart” (Figure 3b). Visually separating the two
levels proved to be impossible, however, and when moving
the time slider, it was impossible to understand the changes
The line mode (Section 4.3.3) is a better solution following
a similar idea.

The discussion in this section is structured by the display
dimensionality, not the dimensionality of the data (see the
discussion in Section 1.1). The 3D histogram is described
first, because it provides a good basis for the 2D histograms
"that are explained later. The 2D time context also is practi-
cally a projection of the 3D histogram (Figure 4).

4. TimeHistograms 4.1. TimeHistograms in 3D

One of the goals in the development of TimeHistograms was While a 3D depiction is generally more complicated and re-
to retain the simplicity and ease of understanding of the stan- quires more interaction, we have found it to be easier to un-
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a) TimeHistogram in 3D, showing the development of pres- b) 2D time context, showing the same data. This is a pro-

sure over time. One can see where the values change a lotjection of the 3D histogram onto the background of the 2D

and where a stable condition is reached. histogram. The green frame marks the current time step on
the time axis of the time context display (right).

Figure 4: TimeHistograms in 3D and 2D time context.

derstand for time-dependent histograms, and also to provide 4.2. Projected 3D Histograms as 2D Context

a better overview than the 2D views. In addition to the standard histogram, a time context display

The concept of the 3D Timehistogram is quite simple: C€an be putonto the background of the histogram (Figure 4b).
draw the histogram for each time step as a row of cuboids This context overview is conceptually a projection of the 3D

rather than rectangles, and arrange them one behind the othefistogram along the height dimension: its value axis is par-

along the time dimension (Figures 1, 4, and 7). allel to the value axis of the histogram, and the time axis is
parallel to the height axis of the 2D histogram.

The 3D display is made up of shaded cuboids that give a

very good 3D impression. The user can very easily navigate b TEe hei%ht values of (';he SE histogramfprojectioln in the
around the histogram. Rotation is done in an object-centered ackground are mapped to the opacity of rectangles repre-

way, and restricted to two axes: a vertical one for rotating ts)entl][;g the zlztoghram blns_. ghls_malppllr_mg IS l";]'f:'ar: ar:\d can
the histogram to see it from different sides, and a horizon- he |n|uencef hyt e usgrwﬂ h§15|mpeﬁ| er,which ¢ elmge.?
tal one to change the height of the virtual camera over the the slope of the mapping. This way, the user can select i

ground plane. When the height is changed, the axis labels he or she wants t(_) see more details in the small ormn the
are rotated so that they face the user as much as possible. ngrge values. Providing more parameters (e'g" which map-
see the direction of the axes, a simple indication is added to ping, an offset) was c9n5|dered but not done in order not to
the labels that shows in which direction the values get larger overwhelm the user with too many degrees of freedom.
(they follow the direction indicated by the-’ signs). The goal of the 2D context display is not to show exact
values, but trends. It is possible to see if the values increase
or decrease over time, or if they stay (approximately) con-
stant. This view shows this information without the need for
interaction and without any occlusion.

The described interaction is very powerful, yet easy o On the time axis (which is displayed on the right of the
learn for the user. In addition, this view also implements the display, see Figure 4b), the current time step or time slab is
common interactions described in Section 4.4. marked with a green rectangle. This connects the time slider
with the depiction and also allows the user to compare his-
togram bar heights with shades of blue, and thus makes it
possible to tell which approximate heights bars have that
are represented only in the overview (from other time steps).
Additionally, the user can select the time step or slab to be
displayed directly by clicking on this time axis. This pro-
vides a more direct means for navigating to interesting time
steps than using the standard time control (Figure 2) would.

Itis also possible to zoom in and out (this is done using the
mouse wheel), and to pan the display (by grabbing the his-
togram with the right mouse button and moving it around).

Another important interaction method is the control of the
global height of the histogram bars. This control is simply a
magpnification of the height dimension, and can be changed
in a rather large range. This is important in 2D as well as
3D displays, because there is no way for the program to tell
which information the user is interested in. If the user is in-
terested in the large bars, their height might lead to smaller
bars not being visible anymore due to the dynamic range of
the data. The 2D overview is not a mode of the display, but rather
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additional information that can be combined with any of the &
other 2D modes. It is most useful with standard and point ¢
mode, however.

The data dimension shown in Figure 4b is the relative
pressure, which shows an interesting pattern. After a rela-
tively steady increase, it very quickly settles down into an
almost constant pattern after about half of the total time. An
interesting “overshooting” can also be seen right before the
settling down begins.

4.3. TimeHistograms in 2D "

........ 2f® ll acacacacacacacacarana
et et

S oacaea
Another way of showing changes over time in a standard o
histogram is the integration of the time axis into the normal
2D histogram. Here the screen space limits the possibilities
of displaying the temporal data distribution.

a) Point Mode. The colored disks/points represent the past
and future of each bar (see below).

All extensions presented in this section are based on the
standard histogram display. The user can always look at the
display and see the original histogram for the current time
step. The remaining time steps are then visualized according
to the used mode. Each mode augments the visualization in
a different way and provides different kinds of information.

4.3.1. Standard Mode

In addition to simply displaying the histogram for an axis,
the user can move the currently displayed time step, and this
way see the differences. It is also possible to switch on ad-
ditional context, which is the sum of all histograms in the
current time slab. This provides information about a range b) Line Mode. Every line chart shows the temporal devel-
of time steps and is comparable to the arithmetic mean, be- gpment of the counts in one bin. The white bars show the
cause the height of the bars can be scaled arbitrarily and re-current histogram, their tips point to the current values in
mains proportional (i.e., the display acts as if the sum was the graphs.
then divided by a number close to the number of time steps

in the time slab).

Getting information about the temporal aspects of the his-
togram requires interaction in this mode. With a slider, the
user can move the time slab or time step and this way tra-
verse all time steps. If the differences between two succes-
sive displays are too big, this traditional histogram will not b
provide enough temporal context to make it possible for the
user to envision the temporal data distribution — which is

where the other modes come in. c) Details of point and line mode. Left: The larger the point,
the closer it is to the current time step. Blue points represent
the past, yellow points the future. Right: The grey box con-
tains the whole graph, therefore a vertical offset of the box
tells the user that the count in this bin is never zero.

One very simple but quite important feature of the 2D
view in TimeHistograms is that the zero on the value axis is
marked with a turquoise line (e.g., Figure 4b and Figure 5c,
right). This provides very important context to the engineer
that is also much easier to read than the numbers giving the  Figure 5: The different modes of 2D TimeHistograms.
limits on the value scale.

4.3.2. Point Mode

In addition to the bars showing the histogram, this mode
shows the immediate temporal neighborhood for each bar
using small disks or “points” (Figure 5a). The points are
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drawn next to each bar, and represent past and future val-4.3.3. Line Mode

ues for a small number of time steps. Points representing theA different 2D representation of the time-dependent his-
past are colored blue and appear to the left of the bar, points
showing future values are yellow and are drawn to the right
of the bar (consistent with the time axis on the time slider).
Their size also differs as a function of their distance from the
current time step. The closest points are the largest, and they
get smaller the farther back or ahead in time they are.

togram uses a more familiar metaphor. A simple line graph
is drawn inside each box, showing the temporal development
for that bin (Figure 5b). Inside the box, the time axis is par-
allel to the value axis of the histogram (this is similar to the
idea of dimensional stacking [5]). A small ‘pointer’ is drawn
on top of each bar of the histogram which points to the cur-
Because it is not easy to compare sizes of points that are rent position on the graph.

far away from each other, small triangles are drawn into the  The whole line graph for each bar is contained in a gray
points if they are farther than two diameters away from each pox. This box shows the user the minimum and maximum
other. They point to the next point, telling the user where yajues for each of the bars. If the value count in the bin is
to look for the next point, while retaining a smoother image npever zero, the user will notice this because the box will not

when the points are close to each other (the sizes are thenigych the base line in this case.

easy to compare and the sequence quite obvious). In addi-
tion, the points representing the time steps immediately pre-
ceding and following the current one, respectively, are also
drawn with a purple outline, so that the user can find them
quickly. What sounds complicated in the textual description
is visually quite simple and relatively easy to follow. Usu-
ally, the size change (which is immediately visible) is also
sufficient to see the temporal development — the additional
information is only there for very complex cases.

The design for this mode built on the lessons learned from
the failed attempt (Section 3) to make use of an idea from
process visualization of real-time data [8], where values are
displayed so that they leave a ‘trail’ that shows their history.
The round points form a nice contrast to the rectangular bars,
and are therefore easy to distinguish. It is also possible to
‘switch’ between looking at the bars or looking at the points
easily.

In order to directly compare histograms from two differ-
ent time steps, the user can activatéoaltip mode (Fig-
ure 6d). In this mode, if the user hits a point with the mouse,
a polyline is drawn for the histogram of the time step that this
point belongs to. This display is more effective to compare
entire histograms, while the points are sufficient for telling
the direction for a single bar or a small number of bars.

When using the F+C distortion (Section 4.4.1) to zoom
into parts of the histogram, bars are drawn for the immediate
temporal neighborhood, and points are then drawn for some
more time steps ahead and back (Figure 6c). This adds to
the information present in the display, without using much
more space. At the same time, the points and bars’ heights
are visually so similar, that there is almost no discontinuity
between them, and it is very easy to tell the shape of the bars
that are scrolled in when moving the time slider from the
points.

The same dimension (relative pressure) is used in Fig-
ure 5a as in the description of the 2D overview (Section 4.2).
The little overshooting can also be told in this mode, even
though it is not that obvious. The histogram for the current
time step can be read much more precisely, though.

Since there is usually not enough screen space to prop-
erly see the time line, Focus+Context distortion (Section 4.4)
makes it possible to see a small set of bars in detail.

But even without interaction, this mode provides two lev-
els of information. When looking at the global structure
(white on dark), one sees the histogram for the current time
step. When looking at the details (black on grey), one can
read the development of each bar over time.

4.4. Common Interactions

Independently of the view, there are a few interactions that
are always possible. They are implemented in slightly differ-
ent ways, but are conceptually the same.

Perhaps the most important one is the zooming into the
data. The user can specify ranges, in both the value and the
time dimensions (the time slab). In the 2D views, only the
data within these regions are displayed. Time is treated a
bit differently here, because the user can not only change
the upper and lower limit of the time slab to be displayed,
but can also move the complete slab. This has proved to be
useful in the other SimVis views, and seems to be a rather
natural way of working with time for complex data.

4.4.1. Focus+Context (F+C)

In the 2D views, a classical focus+context method is imple-
mented that is similar to the perspective wall [7]. The user
selects a region that can then be enlarged, while the rest of
the display is compressed (Figure 6c). This distortion is not
binary like the TableLens [9], but changes from the center
of interest to the outer parts. The same distortion is applied
to a whole bin, however. The distortion is not only visible in
the bars and the background, but there are also two scales at
the bottom of the display: one shows the undistorted scale,
and one the distorted one. This provides the user not only
with the possibility to get more space for the display, but
also different information can be displayed in the additional
space (e.g., in point mode, bars are shown for the immedi-
ate temporal neighborhood). The enlarged region can also be
moved, to explore the data with the current settings.
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a) Brushing in 2D —the user has selected the values betweenb) Brushing in 3D — all bins whose counts lie between the
the two vertical green lines. Brushed bins are now drawn in two horizontal planes are brushed (displayed in red).
red. The turquoise line shows where zero is on the value axis.

c) Table Iens-llke Focus+Context (F+C) — parts of the dis- d) Tooltip mode — a tooltip is shown that gives the user in-

play can be zoomed in to show more information, like more formation about the bin (current time step, data point count,

time-steps as a bar chart. value range) as well as a second histogram (in red) for the
point the mouse is currently pointing at. Differences (right)
as well as similarities (left) are visible.

Figure 6: Interaction in TimeHistograms.

In 3D, the F+C display is different. The bars represent- bin, partially brushing bins does not appear to be sensible. In
ing the values are not only pushed out of the cube repre- the temporal dimension, only the points in the current time
senting the current value range, but their footprint is also slab are brushed.
made smaller, and they are drawn translucently. This pro-
vides a very clear metaphor for the F+C display (the user
can see what happens while moving the sliders), and also
makes it possible to see through large occluding structures
(Figure 7). Such large structures are often found at the bor-
der of the value range, because they represent values from
start or boundary conditions.

In 3D, brushing works in a different dimension than in
2D, namely in terms of the value count in the bins. The user
can drag two horizontal planes inside the box of the 3D his-
togram in the height direction, so that the planes intersect
with some or all of the cuboids. Each of the planes repre-
sents a certain count value. All data values are selected that
belong to bins which have a height in the range defined by
4.4.2. Brushing the two selection planes (Figure 6b). This selection only ap-
plies to the bins in the focus, i.e., those that have not been

Brushing in the histogram is done in terms of bins, both in pushed out into the context region.

the 2D and 3D views. When the user makes a selection in
2D (Figure 6a), all bins that are touched by the selection are  Arguably, brushing by bin count rather than by bin could
completely selected (and the selection is expanded). Becausework in a very similar way in 2D, but has not yet been im-
the user does not know the distribution of values inside the plemented. This is planned for the future, though.
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Figure 7: Getting rid of large occluders near the borders. The occluder at the far end of the leftimage would block the view from
the other side. Pushing a few rows of the histogram into the context allows the user to see the data from another perspective,
and even to get an idea of the context data.

4.4.3. Scaling application domain, we have found it to not be very critical.
The data is relatively smoothly distributed, and the values
are never precisely the same, so they tend to “leak” to neigh-
bouring bins. The histograms at different resolutions there-
fore look very similar and hold few surprises for the user.

The program also provides the possibility to automatically
scale the value and the height axis. The user can request
each of the axes separately to be either scaled to the cur-
rent time slab or the complete data set. Scaling the value
range such that empty bins at the lower and upper end of  The tooltip, while available in all modes, is especially use-
the scale are left out can cause problems with understandingful in point context mode. For each bar, the tooltip shows the
change. When the time slab is moved and the data mostly time step, the number of values in the bin, and the precise
moves along the value axis, the user must keep track of the bin boundaries. The time step is interesting because in point
numeric values that give the locations of the boundaries. But context mode, the tooltip can also display an alternative his-
for quickly zooming into the currently relevant values, this togram in addition to the current one (Section 4.3.2).

mode is very useful.

Scaling in the height dimension, as mundane as it may 4.4.5. Using A Different Second Dimension

sound, is a very important interaction in TimeHistograms. Instead of time, a different dimension can be selected as the
Automatic scaling of this axis is very difficult, because of second dimension (Figure 8). The resulting histogram shows
the extreme dynamic range of the values (one bar might rep- the distribution of values into bins defined by the two dimen-
resent 200,000 data items, while another might only have a sions. There is a very simple duality between this display and
count of 50). Therefore, the user must be able to change the a scatterplot: Seen from above, the histogram looks like a
scaling to change the focus to large or small bars. In the 2D scatterplot (if a sufficient number of bins is selected). This is
view, if a bar gets taller than can be displayed in the window, similar to the 2D overview (Section 4.2). But the scatterplot
a small arrow is drawn onto it, showing the user that the bar does not show how many values were plotted onto the same
actually extends beyond that border. In 3D, this is not neces- pixel — this information can only be seen in the histogram.
sary, because the user better understands that he/she is only
looking through a “window” at the data, and it is also easier
to see the full extent of the bar (by changing the viewpoint). S
SimVis (described briefly in the introduction) is a frame-
4.4.4. Number of Bins, Tooltip work for interactive specification of features in simulation
data. The definition of such features is modeled as a tree of
brushes, which are selections of data. These selections can
be combined using logical operations to define more com-
plex features (e.g., regions where the flow is slow, the tem-
perature is high, and where the rate of change was small in a
certain time period).

Integration in SimVis

Another very simple interaction is the definition of the num-
ber of bins. At the moment, the user can select between 16,
32, 64, 128, 256, 512, and 1024 bins. The reason for using
powers of two is an implementation detail (calculations for
display distortions are easier this way), but it would be very
easy to change this to allow arbitrary numbers. From our
experience, the numbers 32 and 64 are the most common The framework makes use of multiple, linked views from
choices, and there seems to be no need for an intermediateinformation as well as scientific visualization. The result of
number of bins. Choosing the right bin size is usually con- the feature specification is linked to all views and can be seen
sidered a very important question for histograms, but for this in various views. The TimeHistogram is one of these views.
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Figure 8: Using the TimeHistogram to plot two dimensions against each other — both plots show the same dimensions. In
contrast to the scatterplot, the histogram shows the extreme clustering of a lot of values around very distinct structures.

TimeHistograms can both show brushed data and allow a Diesel exhaust system [3], where they mainly served to
the user to brush directly in the histogram. In SimVis, two tell when the chemical processes (burning of the soot) had
different levels of brushing are distinguished: brushes that settled down. To do this, one needs to look at the histogram
were done in the current view, and the globally defined brush and to tell when the changes between time steps become so
(which is the combination of all the brushes, so the points in small that they can be ignored. The TimeHistogram proved
this brush might not contain any of the points brushed in to be very valuable for this purpose.

a particular view). The color of the bars changes gradually
from white to red (or yellow) the more brushed data points
they contain.

When implementing a 2D and a 3D view of essentially the
same data, the question of which performs better comes to
mind. While we found that 3D provided a much better intro-

All modes of TimeHistograms run at interactive frame duction to time-dependent histograms for the novice users,
rates for the data sets described in the introduction. we also found some problems with it. One is certainly oc-
clusion, which is a problem inherent in 3D. It is much easier
to miss a feature in the 3D histogram than when using the
2D overview, for example (Figure 9). But the 2D modes also
TimeHistograms have not been the subject of a formal user bear the possibility of temporal occlusiontt, due to the lim-
study yet, but they have been presented to CFD experts whoited amount of time steps they can display at once.
are working with the SimVis application. The results of this
rather informal evaluation are described here, along with
a few examples of how interaction works in practice with
TimeHistograms.

6. Discussion and Experiences

Concluding, the combination of both 2D and 3D views on
the same data offers a lot of ways to gain insight into the data
by depicting its different aspects.

We found to our surprise that the 3D display is much more
intuitive and accessible than the 2D modes. Users could
relate to it better and also understand the meaning of the TimeHistograms are an extension of the well-known his-
graphical display more easily. The occlusion problems that tograms for time-dependent data. They are a useful addition
we normally associate (occlusion, difficult navigation, etc.) that provides additional insight, particularly for large and
were no real issue. complex data sets. The presented techniques provide differ-
ent views on the data in 2D and 3D, which require interac-
tion, but also provide a lot of additional information.

7. Conclusions

At this point, we also found a problem in the initial point
mode design, which did not have the marks for the first time
step and the small arrows pointing to the next or previous  While the 3D view was originally anticipated to be prob-
time step. We found that we needed this additional informa- lematic due to the usual perception problems, we found it to
tion so that users would not overlook points or not be able to be very useful and easy to understand for our audience, and
tell which came first (the size difference can be hard to see even to serve as an introduction to the more demanding 2D
when the points are far apart). views.

TimeHistograms were also used in a recent case study on  TimeHistograms were demonstrated with scientific data
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Figure 9: Working around occlusion using interaction: Seeing the small interesting detail marked in the left image requires
quite some interaction to be clearly visible in the 3D view on the right. In such a case, the 2D view reveals details at one glance

that could have easily been missed in 3D.

in this paper, but they are certainly also useful for time-
varying data that is not bound to a physical object.

Future work includes more in-depth evaluation of the

technique with users, as well as more work on the 3D view.
Brushing in that view should be made more flexible, and
also the separation of different time steps and labeling of
histograms in 3D requires some more work. More flexible
brushing in both 2D and 3D modes will also be another in-
teresting topic to work on.
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