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Abstract:  With Toolboxes for Complex Systems we pro-
vide a compilation of innovative methods for modern 
nonlinear data analysis and modelling. These methods 
were developed during scientific research in the Interdis-
ciplinary Center for Dynamics of Complex Systems Pots-
dam, the Humboldt-Universität zu Berlin and the Pots-
dam Institute for Climate Impact Research (PIK). It pro-
vides analysis tools for recurrence quantification analy-
sis, nonlinear regression analysis, innovative filtering and 
processing of physiological data, coupling direction esti-
mations, wavelet spectrum and coherence analysis, time 
series graph estimation and more. 
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Introduction 
The methods provided in TOCSY (TOolboxes for Com-
plex Systems) were developed during scientific research 
in the Interdisciplinary Center for Dynamics of Complex 
Systems Potsdam, the Humboldt-Universität zu Berlin 
and the Potsdam Institute for Climate Impact Research 
(PIK). The content is purely scientific and support may be 
provided by the respective authors. We ask you to cite the 
corresponding publication and the web site if you make 
use of our offer. 
 
Methods 
ACE – Nonlinear Regression Analysis 
Voss H, Kurths J: Reconstruction of nonlinear time delay 
models from data by the use of optimal transformations, 
Phys. Lett. A, 234, 1997, 336-344. 
 
Adaptive Filtering Procedure 
Wessel N, Voss A, Malberg H, et al.: Nonlinear analysis 
of complex phenomena in cardiological data, Herzschr. 
Elektrophys., 11(3), 2000, 159-173. 
 
COPRA – Constructing Proxy Records From Age 
Models  
Breitenbach SFM, Rehfeld K, Goswami B, et al.: COn-
structing Proxy Records from Age models (COPRA), 
Climate of the Past Discussion, 8, 2012, 2369-2408. 
 
Commandline Recurrence Plots  
Marwan N, Romano MC, Thiel M, Kurths J: Recurrence 
Plots for the Analysis of Complex Systems, Physics Re-
ports, 438(5-6), 2007, 237-329. 
 
 

Cross Recurrence Plot Toolbox  
Marwan N, Wessel N, Meyerfeldt U, et al.: Recurrence 
Plot Based Measures of Complexity and its Application to 
Heart Rate Variability Data, Phys. Rev. E, 66(2), 2002, 
026702. 
Marwan N, Romano MC, Thiel M, et al.: Recurrence 
Plots for the Analysis of Complex Systems, Physics Re-
ports, 438(5-6), 2007, 237-329. 
 
Identification of Coupling Direction 
Rosenblum MG, Cimponeriu L, Bezerianos A, et al.: 
Identification of coupling direction: Application to car-
diorespiratory interaction, Phys. Rev. E, 65, 2002, 
041909. 
 
K2 - Dynamical Invariants by Recurrence Plots 
Thiel M, Romano MC, Kurths J: Analytical Description 
of Recurrence Plots of white noise and chaotic processes, 
Applied Nonlinear Dynamics, 11(3), 2003, 20-30. 
 
NEXCF - Cross-correlation estimates for non-
equidistantly sampled time series 
Rehfeld K, Marwan N, Heitzig J, et al.: Comparison of 
correlation analysis techniques for irregularly sampled 
time series, Nonlin. Proc. Geophys., 18(3), 389-404, 
2011. 
 
DS Prolog 
Hübner S: Wissensbasierte Modellierung von Klassifika-
toren für Zeit-Frequenz-Muster in PCM-Daten, Logos 
Verlag, Berlin, ISBN 978-3-8325-1596-6, 2007. 
 
System Identification Tool  
Sitz A, Schwarz U, Kurths , et al.: Estimation of parame-
ters and unobserved components for nonlinear systems 
from noisy time series, Phys. Rev. E, 66, 2002, 016210. 
 
TIGRAMITE - Time Series Graph and Momentary 
Information Transfer Estimation 
Runge J, Heitzig J, Petoukhov V, et al.: Escaping the 
Curse of Dimensionality in Estimating Multivariate 
Transfer Entropy, Physical Review Letters, 108, 2012, 
258701. 
 
SOWAS – Wavelet Spectral and Coherence Analysis 
Maraun D, Kurths J: Cross Wavelet Analysis. Signifi-
cance Testing and Pitfalls, Nonlin. Proc. Geoph., 11, 
2004, 505-514. 
 
http://tocsy.pik-potsdam.de/index.php 
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