DAMOCO Toolbox
Brief illustration to the theory

Protophase-to-phase transtormation:

why is it important?

Michael Rosenblum

Bjoern Kralemann Arkady Pikovsky

Institute of Physics and Astronomy
Potsdam University, Germany

Sunday, 8, June, 2014



From time series to phase in two steps

1. From an oscillatory signal a protophase can be obtained, e.g.,
via the Hilbert transform, complex wavelet transform, etc

2. Phase 1s obtained from the protophase by means of the
transformation § — (0)
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Example: Hindmarsh-Rose neuronal oscillator
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Why is the transformation 0 — ¢ important?

Example: synchronization index

Data from two nonidentical and uncoupled Hindmarsh-Rose neurons
with Iy =5, = 5.1

Synchronization index from protophases Y = |(ei(el_92>)| ~ 0.13

Synchronization index from phases Y = '(ei(¢1_¢2))' ~ 0.02
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Phase equations for two coupled oscillators

d901,2
dt

= Wwi,2 + h1,2(901,29 902,1)

® (Can be reconstructed either from phases or from protophases
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Why is the transformation 6 — ¢ important?

dyr
dt

True equation in terms of phases = w1 + q1 (1, P2)

Equation in terms of protophases small term

l

— = w1 + f(0) + G1(61, 62)

dt T

1. Generally not small
2. Has no physical meaning

3. Masks the term we need!

Sunday, 8, June, 2014



Why is the transformation 6 — ¢ important?

Simple, but 1llustrative example
¢$1 = w1 + €1 8in(¢P2 — ¢1 — P1)
G2 = w2 + e28in(@P1 — P2 — B2)

Protophases are distorted phases, this imitates nonlinearity

in measurements: 01 2 = ¢ 2 sin(¢1,2) cos(2¢1,2)
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Why is the transformation 6 — ¢ important?
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