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同中有異，異中存同



Which one is healthy?*

*Madalena Costa, Ary L. Goldberger and C.-K. Peng, 2005



Order vs. Disorder

*Madalena Costa, Ary L. Goldberger and C.-K. Peng, 2005
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Congestive 
Heart Failure
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Complexity (health value) vs. 
Entropy

complexity

Entropy (irregularity)



How to define complexity?

• Surface roughness of the Moon results in smooth look 
from the Earth. => Irregularity will be smoothed out 
through distant (scaled) perception.

• The irregular shape (fractal or self-similarity structure) of 
a tree remains the same in spite of distant or close look.

• Multi-Scale perception distinguishes the promethean 
system from irregularity.



Complexity: Multi-Scale Entropy*

*Madalena Costa, Ary L. Goldberger and C.-K. Peng, 2005



Sample Entropy: Measurement of 
self-similarity* 

SE: the probability of which matching of two consecutive points suggests
matching of three consecutive points.

*Madalena Costa, Ary L. Goldberger and C.-K. Peng, 2005



Order vs. disordered
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Mixed signal increases complexity

Viewer3
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White Noise vs. Pink (1/f) Noise

• Pink noise
- Correlated signal
- Low frequency with 
high amplitude

• White noise
– Uncorrelated
– Amplitude the same 

whatever the 
frequency is

Pink Noise
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MSE: white vs. pink

Noise- MSE
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Center of Pressure Sway



COP Sway of the Young and the elderly 
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MSE Analysis of COP Sway

young
old

2 4 6 8 10 12 14 16 18 20
scale

1

1.2

1.4

1.6

1.8

2

2.2

2.4

en
tro

py



Increase of complexity in brain wave 
signal after days of meditation
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Bb1 vs b1

bb1
Selection

0 50 100 150 200 250 300 350 400 450 500
time ( sec )

0

50

Selection_Diff-EnMorlet

0 50 100 150 200 250 300 350 400 450 500
time ( sec )

0

20

40

60

80

100

120

fre
qu

en
cy

 ( 
H

z 
)

b1
Selection

0 50 100 150 200 250 300 350 400 450 500
time ( sec )

-50

50

Selection_Diff-EnMorlet

0 50 100 150 200 250 300 350 400 450 500
time ( sec )

0

20

40

60

80

100

120

fre
qu

en
cy

 ( 
H

z 
)



Complexity (MSE)
Before and After Meditation

Viewer3
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b17
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bb17
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Complexity (MSE)
Before and After Meditation

Viewer3
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• d21 • dd21
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differential
• d21 • dd21

Math

0 50 100 150 200 250 300 350 400 450 500
time ( sec )

0

50

Math_Diff-STFT

0 50 100 150 200 250 300 350 400 450 500
time ( sec )

0

20

40

60

80

100

120

fre
qu

en
cy

 ( 
H

z )

Math

0 50 100 150 200 250 300 350 400 450 500
time ( sec )

-50

0

50

Math_Diff-STFT

0 50 100 150 200 250 300 350 400 450 500
time ( sec )

0

20

40

60

80

100

120

fre
qu

en
cy

 ( 
H

z )



Complexity (MSE)
Before and After Meditation

Viewer3
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Thank you!


