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Abstract—Using EMD signal decomposition method to 
decompose the data of material test and comparing the 
difference of Hilbert spectrum in signal components on the 
different stages in the paper,the amplitude and frequency 
variation in the test process is calculted so as to determine 
the strength and reliability of the material as well as from 
the obtained experience to judge the health of the material 
used. It innovatively applies the segment data to make 
comparisons, accurately locates the specific data segment 
with structural damage and provides the simutaneous 
monitoring scheme while reducing the amount of 
calculation. 

Index Terms—HHT, EMD, Hilbert spectrum, Aimf, Fimf 

I. INTRODUCTION 
People can reliably learn whether the health condition 

of the material is good or not and obtain features of its 
structure behavior by excavating and analyzing the data 
achieved in daily monitoring. Using parameters of 
structural vibration response and systematic dynamic 
behavior to detect structural damage is a hot topic of 
domestic and foreign researches; and a number of research 
methods have also been proposed [1]. 

Hilbert Huang Transform (HHT) is an internationally 
novel method of digital signal processing, whose data 
handling capacity remedies the shortages of traditional 
data processing methods like Fourier transform and 
wavelet analysis. We can describe the health condition of 
the structure more accurately and more clearly by 
applying the HHT method to analyze data about system 
monitoring. 

According to basic thoughts of HHT, all collected data 
are composed of basic signals, i.e., intrinsic mode function 
(IMF), the mutual superposition of IMFs forms composite 
signals and the IMF of data signals, which is obtained by 
the decomposition method of empirical mode is the ‘base’ 
generated by self-adaption. In accordance with the ‘base’ 
decomposed and obtained by the HHT method, original 
data about the monitoring of the research material can be 
applied to parameter identification of dynamic property, 
signal decomposition and reconstruction, damage 
identification, signal denoising and analysis of long-period 
tendency etc. 

This thesis uses the HHT method to analyze a group of 
data about structural tests, utilizes the concept of degree of 
nonlinearity, gives results of structural damage tests in 
monitoring data and proposes guidance and suggestions 
for structural health monitoring in practical use. 

 

II. BASIC THINKING ON THE APPLICATION OF THE 
HHT METHOD TO THE DATA ANALYSIS OF TESTS 

HHT (Hilbert-Huang Transform) proposed by 
American Chinese N. E. Huang et al. in 1998 is a new 
method of data analysis. 

HHT can handle non-linear and non-stationary signals. 
N. E. Huang et al. deem any signal is composed of basic 
signals, i.e., intrinsic mode signal or intrinsic mode 
function (IMF), and the mutual superposition of IMFs 
forms composite signals. 

Compared with traditional signal or data processing 
methods, such as Fourier transform, short-time Fourier 
transform and Wavelet Transform(WT), HHT are featured 
by the following aspects. 

 (1)HHT can analyze non-linear and non-stationary 
signals. 

 (2)HHT holds complete self-adaptation. 
 (3)HHT is not restricted by Heisenberg uncertainty 

principle. 
 (4)The instantaneous frequency of HHT is obtained by 

derivation. 
With all IMF components obtained by using the HHT 

method to carry out EMD decomposition for signals based 
on the foregoing features, the information about the 
instantaneous state of the function can be achieved. 

The amplitude function : 
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(5) 
As tests have been repeated many times, the frequency 

of the intrinsic mode function (Fimf) and the amplitude of 
the intrinsic mode function (Aimf), which are 
corresponding to the data at the initial stage can be 
obtained by selecting a group of data at the initial stage of 
the experiment for EMD decomposition. Compare them 
with the Fimf and Aimf of the data with the same length at 
the later stage of the experiment. If obvious changes 
appear, it will state that the structure gives different 
feedback to the same motivation, structural damage has 
existed and we can find how many times the experiment 
has been carried out when the structural damage begins to 
occur by limited-time screening. This is of great value for 
the analysis of experimental results. 

To learn the change in the two values visually, we can 
use relative variables to measure them. 
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Define the health interval of dFimf and dAimf 
according to practical experience. When the calculated 
dFimf and dAimf stays in the interval (0, )! , it indicates 
the structure is still healthy. If dFimf and dAimf stays in 
[ , )M! , it will suggest that the structure has had damage. 

III. ANALYSIS OF EXAMPLES ABOUT TEST DATA 
The experiment records 3 million test loading data and 

a part of them are selected and shown in the following 
figure. 

 
Fig. 1. Part of the data dapture. 

Select the data at the initial stage as a reference 
standard of healthy structure to calculate the value of Fimf 
and Aimf. 

The selected reference data are from the 50001st to the 
60000th. 

Carry out EMD decomposition, whose results are 
shown in the following figure. 

 
Fig. 2. IMFS1-6 

 
Fig. 3. IMFS7-10 

The image of the marginal spectrum is shown in the 
following figure. 

 
Fig. 4. Initial marginal spectrum. 

The values of Fimf and Aimf are 24.98Hz and 
0.225m/s2. 

Then, select data to compare with the data of the 
healthy structure. The selected reference data is from the 
1050001st to the 1060000th. 

Carry out EMD decomposition, whose results are 
shown in the following figure. 
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Fig. 5. IMFS1-6 

 
Fig. 6. IMFS7-10 

The marginal spectrum is shown in the following figure. 

 
Fig. 7. The end marginal spectrum. 

The values of Fimf and Aimf are 22.95Hz and 
0.205m/s2. 
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Then, select ending data to compare with the data of the 
healthy structure. The selected reference data is from the 
2950001st to the 2960000th. 

Similarly, carry out EMD decomposition. 
The marginal spectrum is shown in the following figure. 

 
Fig. 8. Terminal marginal spectrum. 

The values of Fimf and Aimf are 17.05Hz and 
0.165m/s2. 
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If define the health interval of 
0

0

Aimf Aimf
dAimf

Aimf
!

=
 is 

(0,0.3) , it will be found that the 2610000th data just stays 
in the interval by the test. In another word, the material 
has no damage in 2610000 fatigue tests. 

IV. CONCLUSION 
Using the processing capacity of EMD for non-

stationary and non-linear process data and adopting the 
concept of Fimf and Aimf can not only analyze the data 
obtained in fatigue tests effectively but also quantize the 
health degree of the structure by relative values dFimf and 
dAimf. According to practical experience, we can define 
the range of the health degree to help engineers give 
valuable judgment in practical monitoring of structural 
health. 
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