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  yearly...)
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  view
‣ Find	
  connecIons	
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daily,	
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  monthly	
  &	
  day-­‐paYern
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ing the user to perceive and track changes by morphing be-
tween views, resulting in an improved interaction and under-
standing, and being a natural way to represent changes and
cause-effect relationships. This was demonstrated by Heer
et al. [HR07], with the excellent application DynaVis. An-
other application for the analysis of household power con-
sumption of different appliances using animated transitions
between different types of views –clocks, flows, calendars– ,
was recently developed by General Electrics [Gen11]. How-
ever in these works, intermediate states do not have a specific
meaning and serve mainly to provide a connection between
views and provide perception of changes. The idea behind
animated transitions is powerful and can be further exploited
if intermediate states are crafted to serve as analysis tools
by themselves. In this paper we propose a design study that
exploits the core idea of animated transitions among basic
views consisting of specialized scatter plots. Blending scat-
ter plots with structures recognizable by the user –such as
calendar or clock like encodings–, results in interpretable
and intuitive intermediate states, allowing to combine dif-
ferent time granularities in a single view (e.g. a "clock of
clocks" showing the yearly demand for each weekday) or
showing up "clustered clouds of 24-hour clocks" organized
by similarity of the daily demand pattern.

2. Visual encoding

Rationales for spatial encodings. Data are represented
as dynamic 2D scatterplots p(i), with spatial coordinates
px(i, t), py(i, t) at sample i, to encode time or similarity
between day patterns and using color and size to encode
the attribute values. We used circular –“clock”– encodings
to reflect the periodic nature of daily and weekly time
granularities and specific calendar grids to account for so-
cial granularities. Clock and calendar encodings –see also
[OPP∗94,GJ05,SM08,VWVS99]– are widely accepted con-
ventions for time representation and provide a natural way
to aggregate periodic events complying with the congruence
principle [TMB02].

Clock-like encoding. Let’s consider a set of N = 8760 sam-
ples of the electric demand for a whole year, obtained in
an hourly basis. Let h(i) and d(i) denote integer numbers
with the absolute hour and day of the i-th sample since the
beginning (consider i = 0 midnight). We considered daily,
weekly and yearly scatterplots, pD,pW ,pY , containing 2D
points distributed in a circular way –“clocks" on Fig. 1– with
a period of one day, one week and one year, respectively:

pD(i) =
�
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�
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24

�
,sin

�
2π h(i)

24

��
(1)

pW (i) =
�

cos
�

2π d(i)
7

�
,sin

�
2π d(i)

7

��
(2)

pY (i) =
�

cos
�

2π h(i)
365 · 24

�
,sin

�
2π h(i)

365 · 24

��
(3)

Note that the daily pD and weekly pW basic views yield only

24 and 7 different locations, respectively. Each of the 24 lo-
cations of pD will contain all samples of a given day hour;
similarly the 7 locations of pW contain all samples of a given
weekday. Later, it will be seen that the user can immedi-
ately remove this ambiguity by blending with other views.
For instance, a blend p = λpD + (1− λ)pW of both views,
will give a “clock of clocks” with 7×24 points, each with a
specific combination of day hour and weekday. Such inter-
mediate states can be obtained “on the fly" and unlike other
animated transition approaches –such as [HR07]– are mean-
ingful themselves, showing data organized by two criteria.

Calendar and 365x24 encodings. A specific calendar 2D
point set pC(i) was built by assigning to each sample its po-
sition on a classical calendar according to its day –see Fig. 1.
We also included a matrix-shaped encoding p365×24(i) com-
posed of 365 rows and 24 columns, that represent the hourly
demand profile for all the days of the year. Both kinds of
encodings specifically highlight different kinds of calendar
regularities in the daily demand profile.

Encoding the similarity of day patterns. Let x(i) be the
power demand at sample i, for i = 0, · · · ,N − 1. The k−th
day pattern can be defined as the 24-dim vector contain-
ing the demand of a whole day, x(k) = [x(24 · k),x(24 · k +
1), · · · ,x(24 ·k+23)]T . To provide the user with a method to
identify groups of similar day patterns of demand, we used
the tSNE manifold learning algorithm [vdMH08] to project
x(k) on a 2D space, resulting in a new 2D point set ptSNE(i).
The tSNE algorithm is able to retain the local structure of
the demand profiles in the 24-dim space, as well as to reveal
its global structure –such as clusters at multiple scales. The
rationale for this encoding is to get days grouped by similar-
ity, exploiting the strong association between proximity and
similarity.

Encoding of attributes. Color and size encodings were cho-
sen to describe the values of the attributes –hourly active and
reactive power demand. A multihue –blue/white/red– diver-
gent colorblind-safe and perceptually uniform color scale
was selected using the ColorBrewer tool [BHU11] to em-
phasize differences between low/high demands. The ratio-
nale for this choice is to favor good pop-out features for
quick detection of changes and large demands. To increase
the perception of change, size is encoded as an exponential
function of the attributes. Accurate numerical information of
attributes can be obtained from barcharts with a mouse right
click, as seen later. Manually tunable transparency allows to
display points that share a same location providing an aggre-
gate view, useful when the user is only interested in global
hourly or weekly distribution of data. Different sized trans-
parent points naturally result in glyphs composed of concen-
tric circles with different combinations of radii and colors,
allowing to distinguish between points with different over-
lapping data. For instance, the basic tSNE view results in
365 glyphs, each composed of 24 concentric circles, where

c� The Eurographics Association 2012.
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mediate states can be obtained “on the fly" and unlike other
animated transition approaches –such as [HR07]– are mean-
ingful themselves, showing data organized by two criteria.

Calendar and 365x24 encodings. A specific calendar 2D
point set pC(i) was built by assigning to each sample its po-
sition on a classical calendar according to its day –see Fig. 1.
We also included a matrix-shaped encoding p365×24(i) com-
posed of 365 rows and 24 columns, that represent the hourly
demand profile for all the days of the year. Both kinds of
encodings specifically highlight different kinds of calendar
regularities in the daily demand profile.

Encoding the similarity of day patterns. Let x(i) be the
power demand at sample i, for i = 0, · · · ,N − 1. The k−th
day pattern can be defined as the 24-dim vector contain-
ing the demand of a whole day, x(k) = [x(24 · k),x(24 · k +
1), · · · ,x(24 ·k+23)]T . To provide the user with a method to
identify groups of similar day patterns of demand, we used
the tSNE manifold learning algorithm [vdMH08] to project
x(k) on a 2D space, resulting in a new 2D point set ptSNE(i).
The tSNE algorithm is able to retain the local structure of
the demand profiles in the 24-dim space, as well as to reveal
its global structure –such as clusters at multiple scales. The
rationale for this encoding is to get days grouped by similar-
ity, exploiting the strong association between proximity and
similarity.

Encoding of attributes. Color and size encodings were cho-
sen to describe the values of the attributes –hourly active and
reactive power demand. A multihue –blue/white/red– diver-
gent colorblind-safe and perceptually uniform color scale
was selected using the ColorBrewer tool [BHU11] to em-
phasize differences between low/high demands. The ratio-
nale for this choice is to favor good pop-out features for
quick detection of changes and large demands. To increase
the perception of change, size is encoded as an exponential
function of the attributes. Accurate numerical information of
attributes can be obtained from barcharts with a mouse right
click, as seen later. Manually tunable transparency allows to
display points that share a same location providing an aggre-
gate view, useful when the user is only interested in global
hourly or weekly distribution of data. Different sized trans-
parent points naturally result in glyphs composed of concen-
tric circles with different combinations of radii and colors,
allowing to distinguish between points with different over-
lapping data. For instance, the basic tSNE view results in
365 glyphs, each composed of 24 concentric circles, where

c� The Eurographics Association 2012.
−10−50510

−10

−8

−6

−4

−2

0

2

4

6

8

10

−10 −5 0 5 10
−10

−8

−6

−4

−2

0

2

4

6

8

10

−10 −5 0 5 10
−10

−8

−6

−4

−2

0

2

4

6

8

10

Daily Weekly Yearly

1	
  jan

Ra-onales:	
  
• clocks	
  are	
  widely	
  accepted	
  conven?ons
• congruence:	
  periodical	
  nature	
  of	
  hours,	
  weekdays	
  and	
  years

10

0h

1h

2h

23h

12h

6h

21h fri

sat

sun

mon

tue

wed

thu



Universidad	
  de	
  Oviedo

Ignacio	
  Díaz	
  et	
  al.	
  “MorphingProjec-ons:	
  Interac-ve	
  Visualiza-on	
  of	
  Electric	
  Power	
  Demand	
  Time	
  Series” Eurovis	
  2012,	
  Wien

Calendar	
  encodings
seasonal	
  and	
  social	
  -me	
  granulari-es

365x24

36
5	
  
da
ys

24	
  hours

−10 −5 0 5 10
−10

−8

−6

−4

−2

0

2

4

6

8

10

Calendar

mar apr may jun

jul ago sep oct

nov dec jan feb

Ra-onales:	
  
• seasonal	
  periodiciIes
• relaIve	
  posiIon	
  in	
  the	
  year

Ra-onales:	
  
• social	
  Ime	
  granulariIes
• common	
  mental	
  models	
  for	
  Ime

11



Universidad	
  de	
  Oviedo

Ignacio	
  Díaz	
  et	
  al.	
  “MorphingProjec-ons:	
  Interac-ve	
  Visualiza-on	
  of	
  Electric	
  Power	
  Demand	
  Time	
  Series” Eurovis	
  2012,	
  Wien

Dimensionality	
  reduc-on
describing	
  similarity

high	
  dimensional	
  space	
  of
Day	
  paOerns	
  R24

2D	
  space
for	
  visualiza-on

ith	
  day	
  paYern
(24-­‐dim	
  vector)

DR	
  mapping px(i), py(i)

12



Universidad	
  de	
  Oviedo

Ignacio	
  Díaz	
  et	
  al.	
  “MorphingProjec-ons:	
  Interac-ve	
  Visualiza-on	
  of	
  Electric	
  Power	
  Demand	
  Time	
  Series” Eurovis	
  2012,	
  Wien

Dimensionality	
  reduc-on
describing	
  similarity

−10 −5 0 5 10
−10

−8

−6

−4

−2

0

2

4

6

8

10

t-­‐SNE	
  projec-on

Close	
  points	
  describe
similar	
  day	
  pa=erns

Ra-onales:	
  
• associate	
  spa?al	
  proximity	
  to	
  similarity
• clusters	
  reveal	
  days	
  with	
  similar	
  demand	
  pa=erns

13



Universidad	
  de	
  Oviedo

Ignacio	
  Díaz	
  et	
  al.	
  “MorphingProjec-ons:	
  Interac-ve	
  Visualiza-on	
  of	
  Electric	
  Power	
  Demand	
  Time	
  Series” Eurovis	
  2012,	
  Wien

Color	
  and	
  size	
  encodings
describing	
  aOributes

Color
‣ Scale	
  ColorBrewer	
  2.0	
  tool
‣ MulIhue	
  blue/white/red
‣ divergent
‣ colorblind	
  safe

Size
‣ ExponenIal	
  w.r.t.	
  aYribute	
  value
‣ Highlight	
  peaks	
  of	
  demand

Transparency
‣ conveys	
  aggregaIon	
  info
‣ concentric	
  circles	
  reveal	
  paYerns

−
1
0

−
5

0
5

1
0

−
1
0

−
8

−
6

−
4

−
202468

1
0

 

 

00
.
1

0
.
2

0
.
3

0
.
4

0
.
5

0
.
6

0
.
7

0
.
8

0
.
9

1

14



Universidad	
  de	
  Oviedo

Ignacio	
  Díaz	
  et	
  al.	
  “MorphingProjec-ons:	
  Interac-ve	
  Visualiza-on	
  of	
  Electric	
  Power	
  Demand	
  Time	
  Series” Eurovis	
  2012,	
  Wien

Morphing
basic	
  concept

z(i) = λp(i) + (1− λ)q(i)

p(i), i = {1, 2, · · · , N} q(i), i = {1, 2, · · · , N}

−300 −200 −100 0 100 200 300

−100

−50

0

50

100

−300 −200 −100 0 100 200 300

−100

−50

0

50

100

−300 −200 −100 0 100 200 300

−100

−50

0

50

100

15



−200 −180 −160 −140 −120 −100 −80 −60 −40 −20 0

−80

−60

−40

−20

0

20

40

60

80 Universidad	
  de	
  Oviedo

Ignacio	
  Díaz	
  et	
  al.	
  “MorphingProjec-ons:	
  Interac-ve	
  Visualiza-on	
  of	
  Electric	
  Power	
  Demand	
  Time	
  Series” Eurovis	
  2012,	
  Wien

Morphing
meaningful	
  transi-on	
  views

−300 −200 −100 0 100 200 300

−200

−150

−100

−50

0

50

100

150

200

−300 −200 −100 0 100 200 300

−200

−150

−100

−50

0

50

100

150

200

z(i) = λp(i) + (1− λ)q(i)

meaningful meaningful
λ = 1 λ = 0.8 λ = 0.6 λ = 0.4 λ = 0.0λ = 0.07

16

weekday day	
  hour



Universidad	
  de	
  Oviedo

Ignacio	
  Díaz	
  et	
  al.	
  “MorphingProjec-ons:	
  Interac-ve	
  Visualiza-on	
  of	
  Electric	
  Power	
  Demand	
  Time	
  Series” Eurovis	
  2012,	
  Wien

Morphing
meaningful	
  transi-on	
  views

−200 −180 −160 −140 −120 −100 −80 −60 −40 −20 0

−80

−60

−40

−20

0

20

40

60

80

“daily	
  evolving
of	
  the	
  demand
for	
  each	
  weekday”

λ = 0.8

17

sat

sun

mon

wed

tue

fri

thu

0h

21h

7	
  days,	
  24	
  hours	
  each



Universidad	
  de	
  Oviedo

Ignacio	
  Díaz	
  et	
  al.	
  “MorphingProjec-ons:	
  Interac-ve	
  Visualiza-on	
  of	
  Electric	
  Power	
  Demand	
  Time	
  Series” Eurovis	
  2012,	
  Wien

Morphing
meaningful	
  transi-on	
  views

−200 −180 −160 −140 −120 −100 −80 −60 −40 −20 0

−80

−60

−40

−20

0

20

40

60

80

24	
  hours,	
  7	
  days	
  each

weekly	
  distribuIon
of	
  the	
  demand
for	
  every	
  day	
  hour

λ = 0.07

18

0h

1h

2h



p(i, t) = a(t)pA(i) + b(t)pB(i) + c(t)pC(i)

a(t) + b(t) + c(t) = 1
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Conclusions
• Spa-al	
  encodings

‣ clocks	
  →	
  regular	
  periodiciIes
‣ calendars	
  →	
  social	
  Ime	
  granulariIes
‣ dimension	
  reducIon	
  →	
  group	
  by	
  similarity	
  →	
  interacIve	
  clustering

• Morphing
‣ advantages	
  of	
  animated	
  transiIons	
  →	
  global	
  view
‣ meaningful	
  results	
  →	
  combined	
  views

• Interac-on	
  mechanisms
‣ ternary	
  plot,	
  mulIple	
  selecIon,	
  brushing,

zoom	
  and	
  pan,	
  context	
  informaIon	
  retrieval

• Future	
  research
‣ user	
  study
‣ morphing:	
  quite	
  general	
  idea
‣ spaIo-­‐temporal	
  analysis	
  (geo-­‐encodings)
‣ MulIway	
  analysis
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