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From where to start?

* Time
* Phase
* Movement

* Frequency
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Fourier transforms? Not yet. f(t) = / F(v)e*™dy

—



William Playfair

(September 22, 1759 - February 11, 1823)
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More Playfair

Eaports and Impores o oand from DENMARK S NORWAY lon goe 1o o
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Charles Joseph Minard

March 27, 1781 1in Dijon — October 24, 1870 in Bordeaux
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W, Z bosons

ffsi meson

Key:

q quark

g gluon
€ electron
Mhuon t cau

N neutrino

i) @ ® baryon

&% ion

(@ atom

N\ photon
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black
hole

Particle Data Group, LBNL, © 2000.
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Now they are faster



Two planets




Two planets again




The river flows from left to right through time

Colored currents flowing with the river narrow
or widen to depict the strength of individual

topics
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Figure 3: AP data from July - August 1990. A wide current in the river indicates heavy use of a topic,
while changes in color distribution correlate to changes in themes.
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Analog computing of phases
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Tachyscope
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Phase
computing

Peltoscope



Spirals
(not galaxies)

serromaRl

History of ltalian post office A. Gabaglio, 1888



Old 1dea, new data

Figure 1:Two visualizations of sunshine Intensity using about the same screen real estate and the
same color coding scheme. In the spiral visualization it is much easier to compare days, to spot
cloudy time periods, or to see events like sunrise and sunset.




Figure 3:Visualizations of the same data with continously changing cycle length. The period in the data
can be found visually, i.e. the visual system is used to detect periodic patterns in the data ex-
ploiting the spatial layout on the spiral. In this example, the visual system detects a significant
structure in the middle image, which unveils the corresponding periodicity in the data.

op(t) =tP~ 1 — Int(tP™1) = Frac(tP™!)



Figure 5:A possible way to add informative scales to the parametric dimensions of a spiral.




Figure 6:Using a helix in 3D to support intuitive
browsing through a large data set.



Scanning

ThemeScan

ThemeScan visualization of changes between time slices
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Space and time

Life circle of Japanese Beetles

February

March
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L. Newman, Man and Insects, 1965
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Color coding
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Time and frequency







Natural time series

Lost Colony Jhmeslow

Diought Drought:
1587-1589 16061612




Undersampling

o DOSBox 0.71. Cpu Cycles: 3000, Frameskip 0. Program: 15DA

Tl move & zoom ccept efresh ave egin ag ntag hange rint =scape
T1 = 0.0 TN = 370.13320000004 MIN = 5.927999973 MAX = 6.285999775
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L DOSBox 0.71, Cpu Cycles: 3000, Frameskip 0, Program: I5DA !IEI

Tl+« move & zoom ccept efresh ave egin rint =scape
T1 = 0.0 TN = 370.13320000004 MIN = 5.927999973 MaAX = 6.285999775

+
+

i

1
-

% + +H
+ 4 Fut F HH

R P, —

T omp T w
L

+

+
+ P+
++

. ¥
|| | (NI

2441314 .81487142874 © 2441340.36178571445 ¥: 1971.991984 2 1972.062593
Display F Limits




tos DOSBox 0.71, Cpu Cycles:

3000, Frameskip 0. Program:

ISDA

Tl+« move & zoom ccept efresh ave egin rint

775=  3£3.198171428607 TN =

348 .745085714324 MIN =

5.927999973 MAX = 6.285999

|

sCcape

e
. T
+
+ +
+

o

+ + ++

+ + & -

L
+

++

+

+

PR B

++

+* *
+

+ +

+
+

i

+

+

+
+

+

2441325 .14845473532 :
Display F Limits

2441328 . 22392595752 ¥

1972 .020941

1972 .029361




ISDA

tos DOSBox 0.71, Cpu Cycles:

0=

333.531754735189 TN =

3000, Frameskip 0, Program:
Tl++« move & zoom ccept efresh ave egin

336.607225957386 MIN =

rint =cape
5.927999973 MaX

6.285999

+*

+

+ +

+

+

+

11 1

+

[T

2441326 . 62942001085 :

Display F Limits

2441326 .90093031137 ¥:

1972 .024996

1972 .025739




tor DOSBox 0.71, Cpu Cycles: 3000, Frameskip 0, Program: ISDA

Tl+« move & zoom ccept efresh ave egin rint =scape
755= 335.012720010725 TH = 335.28423031124 MIN = 5.927999973 MAX = 6.2859997

+

+
+

2441326 .62942001085 © Z2441326.90093031137 ¥Y: 1972.024996  1972.025739
Display F Limits




3 3
| a. Analog frequency = 0.0 (i.e., DC) | | b. Analog frequency = 0.09 of sampling rate
! a8
] —
= =
2 2
3 01 =
£ E
< <
-1 -
3
-3 -3
Time (or sample number) Time (or sample mumber)
3 3
| ¢. Analog frequency = 0.31 of sampling rate | [d. Analog frequency = 0.95 of sampling rate ]

[3¥]
1
L]
|

n r“

Amplitude
= -
i 1
n

U
—
1

Amplitude
[=]
&
— -
_.

|
[
|
ot
|

f- }ilhi (V1

Time {or sample number) Time (or sample number)

]
o)
e

FIGURE 3-3

Illustration of proper and improper sampling. A continuous signal is sampled properly if the samples contain all the
informarion needed to recreate the original waveform. Figures (a). (b), and (c) illustrate proper sampling of three
sinmsoidal waves. This is certainly not obvious, since the samples in (c) do not even appear to capmre the shape of the
waveform. Nevertheless. each of these continuous signals forms a unique one-to-one pair with its pattern of samples.
This guarantees that reconstruction can take place. In (d), the frequency of the analog sine wave is greater than the
Nyquist frequency (one-half of the sampling rate). This results in aliasing, where the frequency of the sampled data iz

different from the frequency of the continuous signal. Since aliasing has corrupted the information. the original signal
cannot be reconstructed from the samples.






Data transformations
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Fig. 2. A butterly diagram showing latitude 6 vs time (1853-1996).
The cycles are separated by clearly defined gaps.
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Fig. 7. Yearly mean Wolf numbers compared to the yearly running
counts curve for the transtormed data. Wolf numbers are depicted with
thin line, scaled by 0.3 running counts are depicted by thick line. It can
be clearly seen that the minima of the transformed data are much more
clearly distinguished and that the cycles show more regular modulation.
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