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dynamics of power conversion

1
Pyt = §Cp()‘) P u%uind - A

time = 1 sec
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iInput
{forces, noise ..}
——p

we want to know:

e model

e characterization
* prediction

dx = DW(x,t) dt + \/D(2)(X, t)dW
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W stochastic processes - ideal tool for experimentalist

W time dependent complexity

VW scale dependent complexity
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Complex systems driven by noise and nonlinearity

he
o]

U in mmfs
Q

|
h
o

0 =0

time/h

c

open question - what is the corresponding dynamics
X =17

xX(t+7) =77
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Langevin- and Kolmogorov (Fokker-Planck) Equation

for stochastic description:

- Markow properties (process without memory - or delta correlated noise))

P(Xato)

" 2—’; - D(x.1) + DP (1) - T(1)

2

9 et = [—aD“)(x,t) . %Dm(x,z)
X

X,
ot 0x plx.1)

D" (x,t) = ——1lim,,__, [ (¥ = x) p(%,t + At | x,1)d5

n!-At
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test of Markow property
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New Journal of Physics 16,053037 (2014)
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Einstein Markow length

A. Einstein Ann. Phys. 17,549 (1905)

5. Uber die von der molekularkinetischen Theorie
der Wdrme geforderte Bewegung von in ruhenden
Fliisstgkeiten suspendierten Teilchen;
von A. Einstein.

§ 4. Uber die ungeordnete Bewegung von in einer Fliissigkeit
suspendierten Teilchen und deren Beziehung zur Diffusion.

Wir gehen nun dazu iiber, die ungeordneten Bewegungen for Suff|C|ent Iarge

genauer zu untersuchen, welche, von der Molekularbewegung ]
der Wirme hervorgerufen, AnlaB zu der im letzten Para- t|me StepS the
graphen untersuchten Diffusion geben.

Es muf offenbar angenommen werden, dab jedes einzelne pI’OCeSS may beCOme

Teilchen eine Bewegung ausfithre, welche unabhéngig ist von .

der Bewegung aller anderen Teilchen; es werden auch die MarkOW|an
Bewegungen eines und desselben Teilchens in verschiedenen

Zeitintervallen als voneinander unabhingige Vorginge aufzu-

fassen sein, solange wir diese Zeitintervalle nicht zu klein ge- _ " Tal
sl S 8 Einstein-Markow length

Wir fithren ein Zeitintervall ¢ in die Betrachtung ein,
welches sehr klein sei gegen die beobachtbaren Zeitintervalle,
aber doch so groBl, daB die in zwei aufeinanderfolgenden Zeit-
intervallen = von einem Teilchen ausgefithrten Bewegungen als
voneinander unabhingige Ereignisse aufzufassen sind.
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Einstein Markow length - example: earthquakes
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schweren Ercbeben in der italienischen
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Einstein Markow length

W Einstein Markow length for Italy
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M.R.R. Tabar, et.al. Lecture Notes in Physics , Vol. 705, (Springer, 2006) 281-301.
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Langevin- and Kolmogorov (Fokker-Planck) Equation

for stochastic description:

- Markow properties (process without memory - or delta correlated noise))

- Reduction to Kol. equation (Pawula Theorem - D™ = 0 or Gaussian noise)

p(x,t1x, ty)

P(Xato)

" 2—’; - D(x.1) + DP (1) - T(1)

J J 0" o
_p(-xat)= -—D (x,t)'l_ P 2D (xat) p(xat)
X

Jt 0x

D" (x,t) = ——1lim,,__, [ (¥ = x) p(%,t + At | x,1)d5

n!-At
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W example for D1 estimation

DWW (x) = lim l<X(t +7) — X>’

T—0 T X(t)=x

1
D™ (x) = lim (2 —x)" p(x,t + 7|z, t)dx
r—0n!.T1
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Figure 2. Evolution of the conditional moments of data5 within small » values for (a), (c) u=8+0.25 m/s (superposed zoom of figure 1)
and (b), (d) 10+0.25 m/s. The black line depicts the linear fit of the 10 Hz data in the range of r,, € [0.3s, 0.8s], respectively.
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first paper

S. Siegert, R. Friedrich, and J. Peinke :

Analysis of Data of Stochastic Systems reconstructed drift and diffusion
Phys. Lett. A 243,275 (1998)
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further applications - chaotic dynamics

Shinriki Oszillator

nonhnear elememt

IR 8k \ oscillating
NEgItiv resistorn [ ! circut
» '
d '
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chaotic attractors with

and without noise

Europhys. Lett. 61,466 (2003)
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Balance

analysis of the dynamics of balance
with and without task

(cooperation with V. Lippens
Physics Letters A 373, 811 (2009))

drift coefficient (D1)
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input: turbulent Wind . o
dynamic power curve conversion dynamlcs given b)’

Ay . aerodynamics and control

é
wind speed —

u(t)
=>

system

........
Y poss

power - dynamic response
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stochastic motion in a potential
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summary - time dependent systems

typical problem arising for experimental data:

dx = DW(x,t) dt + \/D(2>(X, t)dW

e noise - delta correlated?
- Markow properties  p(xq,t1|xe, to...;Tn, tn) = p(x1,t1]22,t2)

« what are the function of D) ?
- Kramers-Moyal coefficient

1
(") (x) = 1
DO =

/(53 —x)" p(@,t+ 7|2, t)dT
e |imit small steps

lim
T—0
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W stochastic processes - ideal tool for experimentalist
W time dependent complexity

W scale dependent complexity
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¥ comprehensive description by n-point statistics
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http://dict.leo.org/ende?lp=ende&p=DOKJAA&search=comprehensive&trestr=0x8004

¥ comprehensive description by n-point statistics - ,_ﬁf‘t \
plu(x1),...,u(xpi1))

using velocity increments:

Ur, = u(x +1;) — ulx;)
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http://dict.leo.org/ende?lp=ende&p=DOKJAA&search=comprehensive&trestr=0x8004

n-point statistics

pu(x1), ., u(xpa1)) = p(Up,, ..,y ,u(z))
= P(Urys o Ur, Julz1)) - plulz1))

< Bayes theorem - joint pdf by cond. pdf

= P(Upy |eey U W(X1))P(Ugy | ooy Uy, w(21)).o. - p(u(21))

can be simplified -exp evidence v
is Markow in scale r
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n-point statistics

p(u($1)7 °°°7u(xn+1))
= p(Upy [Ury, w(T1)) - P(Ur, U, u(1)) - P(U(1))

\ 7

L — r — 7

new view of cascade process:

three point closure

local in the cascade means nho memory
or Markow process in r
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n-point statistics

p(u($1)7 °°°7u(xn+1))
= p(Upy [Ury, w(T1)) - P(Ur, U, u(1)) - P(U(1))

\ 7

L — r — 7

Markow prop & cascade with Fokker-Planck Equ.

0 0 0?
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application rogue wave
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¥ measured data

Surface elevation [m]
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¥ measured data

Surface elevation [m]

stoch process
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¥ some literature

* R. Friedrich, J. Peinke, M. Sahimi and M. Reza Rahimi Tabar : Approaching Complexity by
Stochastic Processes: From Biological Systems to Turbulence, Phys. Report, 506, 87-162

(2011)
* researchgate Peinke
* homepage - Twist http://www.uni-oldenburg.de/twist/
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