PROGRESSIVE HORIZON GRAPHS

Improving Small Multiples Visualization of Time Series
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Construction of a HG with 3 bands and a baseline at the half of the y axis

(@) A, (a) From a simple line chart, values are colored according to
Despite being the simplest way to represent time series, line charts fall short The two split-space techniques we rely on are: ' _.| their position relative to the baseline: blue below and red
P s . . . . . . . . .« . . N Ak above.
Frédéric Vernier when it come§ to Vlsuallzmg m.ultlp}e time series because the limited vertical e RLC: Reduced Line Charts: Small Multiples for time series. o N | |
CNRS-LIMSI screen resolution can result in high visual clutter. , , (®) Mg, | (0) The chart is vertically split into 3 uniformly-sized bands (3
frederic.vernier@limsi.fr e HG: Horizon Graphs, developed by S. Few (Panopticon) use 2 ‘ reds and 3 blues). The color inside each band encodes the
Split-space techniques (each time series occupies its own reduced space) are parameters: the number of bands and the value of the baseline w distance to the baseline: the further the value, the darker it is.
. more adapted to large numbers of time series than shared-space techniques separating vertically the chart in positive and negative values. © b | (c) Values below the baseline are mirrored. The chart height is
J ean'D anlel FekEte . : W SR | /2 * h, hbeing the height of the original line chart.
(where all the time series share the same space). ‘ al
INRIA-AVIZ @ ol . | (d) The bands are wrapped. The chart heightis 1/6 * h.
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Progressive Horizon Graphs technique Progressive Horizon Graphs in action

Basic task: find a maximum (@)

The difficulty to determine which one of the two
time series has the highest value at point ¢ (marked
by a vertical black line) is different for each visual-
1zation technique.

Progressive Horizon Graphs (PHG)

PHG are the unification of RLC and HG by introducing interactive techniques, allowing HG to be effective for larger numbers of
time series. The 2 parameters of HG are controlled using a variant of Pan & Zoom along the y axis: the pan sets the value of the
baseline yp separating blue and red values and the zoom factor z is applied to values and controls the number of bands.
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(a) Using RLC, it is very difficult to compare v, and v,. (b )Using HG with standard baseline at half the y axis and with two bands, we can barely see that v, >v.:

both values at this point being blue (i. e., under the baseline), the highest value is the lowest blue one. (c) Using PHG, setting the baseline at 28% of the
range of values and a zoom factor of 6, it is clear that v, >v,: only v, is shown in red, i. e., above the baseline.
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Need of interactivity |©

Four views of the same time series

Baseline panning

e continuous translation of the baseline along the y axis which does not change

the height of the chart.
e All the multiple charts baselines are changed simultaneously by one user

interaction. Since the baseline is always at the bottom of the chart, the
perceived translation offsets the chart values inside its frame and changes the
coloring of the charts.

e Overcomes a limitation of the fixed baseline supported by HG: because the

pre-attentive color perception is only efficient for values around this baseline,
we provide a way to interactively set this baseline.
e Changing the baseline value becomes particularly valuable if one is interested

in visualizing the time series around a specific value, baseline panning
highlighting the variations around a value of interest.

illustrating the importance of the
interactive settings of yp and z.

(a) Yo=Ym 2=1.0

(®) yy=0.5"(Yy-Ym), 2=2.0

RLC, HG and PHG performing "Discriminate" with 32 time series

"Find which time series among 32 has the highest value at its marked time point."

Reduced Line Charts

(c) v, =0.08*(Vy - V), 2= 2.0

(d) yb=0.08*(Vy - V), 2= 8.5.
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p— Accomplishing the task using RLC is high-
ly difficult because the visual clutter in-
volved by large numbers of time series is

very high.
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= We can eliminate wrong answers but it is o~ Progressive Horizon Graphs

The bottom charts represent the view of the time series using PHG for 4 values of y} overlaying the original linechart for a constant zoom factor z = 2. Dragging upwards the mouse with the right ' — difficult to determine which one 1s the — gggﬁ‘;gf{mhéharts
button pressed increases the value of yp (sequence from left toright) and values going under yp become blue. The original line chart is presented above each step for better understanding. goo d an swer, even when searchin g for a
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Value zooming

e Allows users to specify the zoom factor for values using a continuous

interaction.
e Does not change the scale of the x axis, unlike reqular zooming would, and

does not change the height of the chart either: values wrap around the lower
border of the chart. The chart can be seen as a if drawn on a tallsheet of paper
which is wrapped around its baseline according to the zoom factor z: when the
shape of the chart reaches the top of the y axis, it is cut and appears at the
bottom of the y axis, with a more saturated hue.

e HG use a discrete number of bands, so changing from 2 to 3 bands triggers a

sudden transition. Value zooming prevents this abrupt change, resulting in a
smooth and continuous zoom.
e The appropriate zoom factor depends on the scale of the variations to analyse:

observing small or large variations will result in a high or low value for the
zoom, respectively.
e While standard zooming techniques consist of focusing on a specific area and

losing the context information, our zooming implementation preserves both the
visibility of the context and the details on small variations around the baseline.
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(a) From a standard mirrored line chart, the zoom value z is progressively increased by dragging upwards the mouse with the left button pressed (for a constant baseline yp = (ym-
ym)/2): (b) z=1:0, (c) z=1:35, (d) z= 1:70. Values reaching the top of the y axis appear at the bottom of the chart, with a more saturated hue. The original chart (deformed according

to z) overlays for each step the views of the time series using PHG for better understanding.
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Horizon Graphs

Using HG with standard parameters (2
bands, yp = (yM - ym)/2) make easier the
discrimination between values: we can
discard the blue values and the maximum
is the highest of the most red values.

Still, we have to visually browse all the
charts and can miss the right answer be-
cause the baseline separating the red and
blue values is at its standard value.

long time.
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Progressive Horizon Graphs

Using PHG, we can interactively set the
value of the baseline to separate in red

and blue the values around a more per-
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tinent value of interest, and set the zoom
factor to an appropriate value to increase
the differences in magnitude.

The answer is now clear because only one
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e The differences between RLC, HG and
PHG increase with the number of charts.

e HG perform better than RLC when the num-

ber of charts increase.
e PHG perform better than both RLC and HG

when the number of charts increase, and
particularly for the hardest task (discrimi-
nate) and with the highest number of time
series we tested (32), where:

o PHG are 2.4 times more correct than RLC.

o PHG are 1.2 times more correct than HG.

o PHG have 7.5 times less error than RLC.

o PHG have 2.7 times less error than RLC.

o There is no significant difference in Time
while PHG are slower than RLC and HG for
low numbers of time series.

chart is colored red at its marked time
point, meaning has the highest value.
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From left to right, (a) Pan sequence, (b) Zoom sequence.

e Subjects always ranked PHG first for all
tasks and all numbers of time series.
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