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Abstract
The Empirical Mode Decomposition (EMD) is a self-adaptive and data-
driven method for additively separating multi-component, non-linear, non-
stationary signals into Intrinsic Mode Functions (IMFs) (see [Hua+98]).
The separation process, called sifting, is based on the estimation of lower
and upper envelopes. The established B-Spline-based method proposed in
[Che+06] has the disadvantage that the estimated envelopes can intersect
with the original signal (which violates the envelope-property).

There have been numerous approaches to improve the mathematical
formulation and estimation of envelopes (see for example [HPH12], [HK13]
and [Niu+21]) with their own downsides in regard to precision and effi-
ciency.

This talk presents a new iterative method for envelope estimation that
solves the intersection-problem and has interesting properties in regard to
the EMD algorithm itself.

Bibliography

[Che+06] Qiuhui Chen, Norden E. Huang, Sherman Riemenschneider and Yuesheng Xu.
‘A B-Spline Approach for Empirical Mode Decompositions’. In: Advances in
Computational Mathematics 24 (Jan. 2006), pp. 171–195. doi: 10.1007/s10444-
004-7614-3.

[HK13] Boqiang Huang and Angela Kunoth. ‘An optimization based empirical mode
decomposition scheme’. In: Journal of Computational and Applied Mathematics
240 (Mar. 2013), pp. 174–183. doi: 10.1016/j.cam.2012.07.012.

[HPH12] Xiyuan Hu, Silong Peng and Wen-Liang Hwang. ‘EMD Revisited: A New Un-
derstanding of the Envelope and Resolving the Mode-Mixing Problem in AM-
FM Signals’. In: IEEE Transactions on Signal Processing 60.3 (Mar. 2012),
pp. 1075–1086. doi: 10.1109/TSP.2011.2179650.

[Hua+98] Norden E. Huang, Zheng Shen, Steven R. Long, Manli C. Wu, Hsing H. Shih,
Quanan Zheng, Yen Nai-Chyuan, Chi Chao Tung and Henry H. Liu. ‘The em-
pirical mode decomposition and the Hilbert spectrum for nonlinear and non-
stationary time series analysis’. In: Proceedings of the Royal Society A. Vol. 454.
1971. Mar. 1998, pp. 903–995. doi: 10.1098/rspa.1998.0193.

[Hun] Laslo Hunhold. In preparation. PhD thesis. University of Cologne.
[Niu+21] Xiao-dong Niu, Jian Wang, Xing-cheng Han, Xuan Li and Li-ming Wang. ‘An

Improved Empirical Mode Decomposition Based on Local Integral Mean and Its
Application in Signal Processing’. In: Mathematical Problems in Engineering
2021 (Feb. 2021). doi: 10.1155/2021/8891217.

mailto:hunhold@math.uni-koeln.de
https://doi.org/10.1007/s10444-004-7614-3
https://doi.org/10.1007/s10444-004-7614-3
https://doi.org/10.1016/j.cam.2012.07.012
https://doi.org/10.1109/TSP.2011.2179650
https://doi.org/10.1098/rspa.1998.0193
https://doi.org/10.1155/2021/8891217

