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4. Numerical investigation 

In this section, the effectiveness of the lowest minima and improved segmentation techniques are compared based on two typical 
signals that have multiple modes, denoted by fSig1(t) and fSig2(t). Decomposition accuracy of the proposed EFD method is compared 
with those of the EWT [20], FDM [25], VMD [16] and EMD [7] methods for two typical non-stationary time-domain signals fSig3(t) and 
fSig4(t), and two stationary time-domain signals fSig5(t) and fSig6(t), with closely-spaced modes. For the EFD, EWT and VMD, the 
numbers of decomposed components are listed in Table 1. 

4.1. Comparison of segmentation techniques 

The signals fSig1(t) and fSig2(t) are expressed by 

fSig1(t) = 6t+ cos(24πt)+ cos(50πt) + δ(t) (32)  

and 

fSig2(t) = cos(20πt)+ cos(24πt) + cos(50πt) + δ(t) (33)  

where δ(t) is a random white-noise such that fSig1(t) and fSig2(t) have signal-to-noise-ratios of 10 dB. Segmentation results of fSig1(t) by 
the lowest minima and improved segmentation techniques are shown in Fig. 6: the first two segments by the two techniques are the 

Fig. 5. Flowchart of the EFD.  

Table 1 
Numbers of components to be decomposed for.  

Signal Decomposition method 

EFD EWT VMD 

fSig1(t) 3 3 – 
fSig2(t) 3 4 – 
fSig3(t) 2 2 2 
fSig4(t) 3 3 3 
fSig5(t) 3 4 3 
fSig6(t) 2 3 2  
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Fig. 6. Segmentation results of fSig1(t) by (a) the lowest minima technique and (b) the improved segmentation technique.  

Fig. 7. Segmentation results of fSig2(t) by (a) the lowest minima technique and (b) the improved segmentation technique.  

Fig. 8. (a) Modes fSig3C1, (b) fSig3C2 and (c) the non-stationary signal fSig3(t) that consists of the two modes in (a) and (b) as expressed in Eq. (34).  
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Fig. 12. (a) Modes fSig5C1, (b) fSig5C2, (c) fSig5C3 and (d) fSig5(t) that consists of the three modes in (a), (b) and (c) which are expressed in Eq. (37).  

Fig. 13. Comparisons between the analytical components of fSig5(t) (dashed lines) in Eq. (37) and decomposition results of fSig5(t) (solid line) by the 
(a) EFD, (b) EWT, (c) FDM-LTH, (d) FDM-HTL, (e) VMD, and (f) EMD. 
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