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Abstract. A comparative analysis of the existing inter-harmonic detection methods are carried out 
for the small content, non-linear and volatility of characteristic. Based on HHT transform theory, a 
new inter-harmonic detection method based EEMD is presented by combining of the empirical 
mode decomposition and the ensemble empirical mode decomposition algorithm. The signal is 
decomposed into a single-component signal by EEMD, and then the frequency and amplitude of 
each component is accurately calculate through HHT transform, and the accuracy of this method is 
verified through simulation and measurement. Compared with the EMD algorithm, the proposed 
method can eliminate the false components and mode mixing and be suitable for the detection of 
inter-harmonic signal. 

Introduction 
With the nonlinear element of power electronic devices are widely used in the power grid, the 

grid, in addition to produce integer multiples of the fundamental frequency of harmonic frequencies, 
but also the fundamental frequency harmonics may arise between non-integer frequencies. Even 
low harmonic amplitude, in addition to such as electrical equipment, such as overheating and 
reducing the life of the typical problems being caused, some new problems are brought to power, 
summarized as follows synchronous oscillations, voltage fluctuations and flicker [1-3]. 

From the time domain or frequency-domain to time frequency domain combination detection 
method, approach based on FFT and DFT is the major means of harmonic detection. However, only 
a global Fourier transform is exist, or completely in the time domain, or completely in the frequency 
domain , so it requires the system to be linear, and the data must be strictly periodic or stationary 
[4].This determines limitations about the inter-harmonic detection methods. Based on this, 
harmonic and inter-harmonic detection methods based on the empirical mode decomposition 
(Empirical Mode Decomposition, EMD) are proposed in the literature [5] and [6]. This method 
draws on the advantages of multi-resolution wavelet transform, while difficulty of the need to select 
the wavelet transform wavelets is overcome, from the signal scale features starting signal 
decomposition, and the characteristics of the signal can be analyzed as soon as possible, with good 
local adaptation [7]. However, some shortcomings exist in the EMD decomposition process, which 
can affect inter-harmonics test results. The more serious problem is prone to false component and 
modal aliasing [8], in particular in: 1) containing a separate IMF disparate scales; 2) the same scale 
in various IMF. 

For some of the shortcomings of EMD, a new method is proposed by this article for harmonic 
detection based on the overall average empirical mode decomposition (Ensemble Empirical Mode 
Decomposition, EEMD).EEMD and Hilbert-Huang transform (Hilbert-Huang Transform, HHT) are 
combined by this method, first signal EEMD decomposed to get intrinsic mode function, and then 
making Hilbert transform, so inter-harmonic signal amplitude value and frequency are found. The 
accuracy and validity of the proposed method is verified through simulation. 
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EEMD and HHT principles 
EMD Principle 
Signal can be decomposed into a set of empirical mode function by EMD method, and 

specifically the decomposition process is as follows [9]. 
First calculated upper envelope )(1 tv  and lower envelope )(2 tv  according to the local 

maximum points and minimum points on the signal )(tx , and then calculated the mean envelope to 

the mean curve
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, and then find the difference recorded as )(1 th between 
)(tx  and )(1 tm that 
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)(1 th  is treated as  new )(tx to repeat the above operation, get 

                            )()()( 1.11.11 thtmth =−                             (2) 
k is second screening continues until )(,1 th k  IMF condition is met, remember 

                                )()( ,11 thtc k=                                (3) 
)(1 tc is considered as the first IMF. 

Find the original signal and )(tx  difference of )(1 tc  
                               )()()( 111 trtctx =−                             (4) 

)(1 tr is considered new )(tx  , the above procedure is repeated sequentially to obtain a second 

IMF, )(2 tc , third IMF, )(3 tc  to n IMF )(tcn , until )(trn substantially monotonic trend or )(trn  
is small that can be considered as the measurement error  when to stop. So by the above 
decomposition process the original signal is decomposed into n IMF and a residual component and 
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In order to ensure the IMF screened out enough physical significance in the amplitude and 

frequency,   the size of i standard deviation of two consecutive processing results before and after 
as the criterion of intrinsic mode functions: 
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SD  value is ranged from 0.2 to 0.3. 
EEMD Principle 
In order to eliminate spurious components and modal aliasing in EMD, EEMD algorithm is 

proposed [10]. The white noise is added to the desired signal decomposition to add some missing 
scales, the use of white noise with a uniform distribution of the statistical characteristics of the 
frequency mode to eliminate aliasing effects, the algorithm steps are as follows. 

(1) Adding )(tω  group to the original white noise signal )(tx to obtain in the overall 
signal )(tX ; 

                              )()()( ttxtX ω+=                               (7) 
(2) )(tX carried on EMD decomposition, each IMF component;                                                        
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(3) The original signal )(tx  adding different white noise )(tiω , repeat the above steps, the 
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decomposition of each IMF component group; 
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(4) The corresponding mean of the IMF as the final decomposition result. 
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Frequency of Adding white noise obeys statistical regularities: 
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n
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Where, N is a whole number; ε adding white noise amplitude; nε  is the error signal to 
reconstruct the original signal with a resolution IMF was obtained. By the formula (11) shows that 
the amplitude of the noise is constant, the larger N  the closer the final decomposition true value; 
the noise amplitude values should be appropriate. 

HHT Principle 
For either a continuous-time signal )(tx , )(ˆ tx  which Hilbert transform is defined as 
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Its inverse transform is: 
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The )(tx and )(ˆ tx consisting of analytic signal  
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Instantaneous amplitude of the signal )(ta  
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The instantaneous phase )(cos tφ is  
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Instantaneous frequency )(tf is 
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Inter-harmonic detection and analysis 
EEMD signal is obtained containing a series of inter-harmonic of the IMF, IMF each stationary 

single-frequency signal, by means the Hilbert transform  further to get the signal spectrum on the 
basis , therefore, the real physical processes is reflected by results based on the component of the 
Hilbert IMF special transformed   in order to achieve inter-harmonic detection. The specific steps 
are: 

(1) Using EEMD to decompose the original signal containing harmonics decomposition, get a 
group of IMF; 

(2) For an IMF component of the Hilbert transform to obtain analytical expressions; 
(3) Using formula (15) to (17) to obtain the instantaneous amplitude and instantaneous 

frequency of each mode component. 

Simulation 
To verify EEMD application effect in the harmonic detection, to simulate the signal, the 
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inter-harmonic detection between EEMD and EMD harmonic detection results were compared to 
verify the accuracy of the algorithm. 

    
Fig. 1 The original signal and results by EMD 

Let the simulated signal is  
tttttu ππππ 400sin170sin100sin50sin)( +++=  

Signal contains the fundamental signal and frequency of 25 Hz, 85 Hz inter-harmonics and 
harmonics of the 200 Hz signal. By EMD signal the decomposition results are shown in Figure 1. 
Figure 1 shows that, after the original signal is decomposed by EMD, given 6 single-frequency 

components of 1c  to 6c  IMF and the remaining components r .  
Hilbert transform to each component, the amplitude and frequency of each component of the 

IMF obtained are shown in Figure 2. 

      
(a) Amplitude                           (b) Frequency 

Fig. 2 The amplitudes and frequencies of IMFs by EMD 
The amplitude and frequency of each component of the IMF obtained by HHT and EEMD 

algorithm for the same signal are shown in Figure 3 and 4. 

 
Fig. 3 The original signal and results by EEMD 

Further, in Figure 1 obtained the second of IMF by EMD component appears obvious aliasing 
mode, comparison, Figure 3 by EEMD decomposition the second components of IMF clearly a 
sinusoidal component, the elimination modal aliasing. 

By comparing Figures 2 and 4 amplitude and frequency IMF component obtained by the two 
algorithms, apparently the use of inter-harmonic detection EEMD algorithm, the accuracy is better 
than EMD algorithm. 
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(a) Amplitude                         (b) Frequency 

Fig. 4 The amplitudes and frequencies of IMFs by EEMD 

Conclusion 
The new method is proposed for inter-harmonic detection combining EMD and EEMD 

algorithm, then using HHT algorithm to detect inter-harmonics. Simulation results show that: 
Compared with the EMD algorithm, by EEMD algorithm for inter-harmonic detection, false and 
modal component aliasing appearing in the former decomposition process can be eliminated, and 
the result is more accurate; Experimental results show that the algorithm is accurate and feasible. 
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