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Abstract—To suppress the noise effect on the performance of 
local mean decomposition (LMD) in signal processing, a new 
method combined with singular value decomposition (SVD) 
denosing was proposed in this work.  SVD is applied to denoise 
the observed signal, and then the signal decompose to series 
product functions (PF) by LMD, meanwhile, SVD is applied to 
denoise the PF and sum the PF to LMD again. This method 
can suppress the noise effect to attain high precision PF for 
time-frequency analysis. Simulation signal and telemetry 
vibration signal processing results show the effectiveness of the 
method. 

Keywords-local mean decomposition; SVD; telemetry; 
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I.  INTRODUCTION 

Non-stationary signal widely exists in a variety of 
engineering applications, such as fault detection [1], medical 
signal processing and speech signal processing, and so on. 
LMD is similar to experiment mode decomposition (EMD), 
its essence is decompose the signal to series PFs, based on 
this, we can attain instantaneous frequency and instantaneous 
energy. So far, LMD method has achieved more applications 
in engineering. In the actual, acquisition signals are 
inevitably subjected to noise interference, so signal envelope 
extraction would be inaccurate, thus affecting the signal for 
further time frequency processing. Based on this point, this 
paper combines SVD and LMD method, using SVD to signal 
denoising process, then use LMD for decomposition, to 
further protect the LMD extraction of envelope precision and 
accuracy of pure FM signal, the PFs denoise by SVD and 
sum to LMD again, then we can obtain more accurate signal 
envelope and pure FM signal for further time frequency 
analysis. Simulation signal and telemetry vibration signal 
processing results show the effectiveness of this method.  

II. PRINCIPLE OF LMD 

Unlike Fourier transform and wavelet transform, LMD 
does not need a fixed basis function for signal decomposition, 
and then it is an adaptive signal decomposition method. The 
target of LMD is decomposing a signal to a series of PF, 
every PF corresponding to a product of an envelope signal 
and a pure FM signal. similar to EMD [2], in order to obtain 
the good time frequency distribution results, meanwhile, let 
the corresponding instantaneous frequency reflect the actual 
meaning, for multi-component signal, decompose it into 

single component signal can obtain more accurate 
instantaneous frequency and instantaneous energy results. 
The implement step of LMD can be summarized as follows 
[3] 

Step1: Determine all the local extreme points of the 
signal ( )x t , including the maxima and minima 11( )ln k  

( 1,2, ,l M=  ), and local amplitude function 11( )m t  and 

local mean function 11( )a t  can compute by Eq.1 and Eq.2. 
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where 1 2 1, , ,l Mk k k k −=  , [ ]1,l lt k k +∈ . 

Step2: Adopt the sliding average for all the local mean 
function and local amplitude function for smoothing. Then 
subtract the smoothing local mean function 11( )m t  from the 

original signal ( )x t , and we get the separation signal 11( )h t , 

normalize 11( )h t  by smooth local amplitude function 11( )a t  
as Eq.4. 

11 11( ) ( ) ( )h t x t m t= −                               (3) 
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                                    (4) 

Step3: If 11( )s t is not a pure FM signal in [-1, 1], take 

11( )s t  as the original signal and repeat step1 to step2 till the 
separation signal meet the condition. Instantaneous phase 
and instantaneous frequency can be determined by Eq.5 and 
Eq.6 respectively. 

1 11( ) arccos( ( ))φ t s t=                              (5) 

1
1

( )
( )

2

dφ t
f t

πdt
=                                        (6) 

Step4: Use all the local amplitude function product to 
obtain instantaneous amplitude expressed as Eq.7. 
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And the first PF can be computed by Eq.8. 

1 1 1( ) ( ) ( )nPF t a t s t=                             (8) 

Step5: Here separate the first PF from the original signal 
as Eq.9.  

1 1( ) ( ) ( )u t x t PF t= −                           (9) 

Then we let 1( )u t  as a new original signal and repeat step1 

to step4 till all ( )ku t  meet the monotone function condition. 
Thus, the original signal can be expressed as the sum of PF 
components and a monotonic component [4]. 

1

( ) ( ) ( )
k

p k
p

x t PF t u t
=

= +                    (10) 

Under the noise interference condition, the amplitude of 
envelope signal extracted by LMD is uncertain in the range.  

III. SVD DENOISING 

In all kinds of denoising methods, SVD is a robust 
method in many cases [5]. SVD is a matrix decomposition 
method, let A is a matrix with dimension N M× . The target 

of SVD is to find two unitary matrixes 
N NU R ×∈  and 

M MV R ×∈  which meet the conditions 
TUU I=  and 

TVV I=  to decompose A . Let  

1 2[ { , , , }]pdiag λ λ λΛ =                             (11) 

where min( , )p N M= . Thus SVD can be expressed as 
Eq.12. 

TA U V= Λ                                        (12) 

where U and V are orthogonal matrix with dimension 
N N×  and M M× respectively. The diagonal elements in 
Λ  is singular value and array according to degressive order. 
For Λ is a diagonal matrix, SVD can decompose a 
N M× dimension matrix with rank K to sum of K  
N M× dimension sub-matrix with rank 1, where each sub-
matrix can be obtained by two eigenvectors product by a 
weight as Eq.13. 

1 1

K K
T T

i i i i i
i i

A U V u v Aλ λ
= =

= Λ = =            (13) 

where iu  and  iv  is the vector of i-th column of U and 
V respectively. iλ  is the i-th singular value under degressive 
order. Thus, matrix can decomposition by SVD to a series 

sub-matrix iA product by the corresponding iλ .  
Using SVD to a vector need phase space reconstruction 

to obtain a matrix [6]. A one-dimensional signal can be 
constructed many kinds of matrix, such as Topeliz matrix, 
Cycle matrix and Hankel matrix. The matrix construct form 
influences the performance of SVD in the signal processing. 
Practice has proved that Hankel matrix can attain better 
performance for denoising. Let the observation signal as a 

vector [ (1), (2), , ( )]X x x x N=  , then the Hankel matrix for 
X can be expressed as follow. 

(1) (2) ( )

(2) (3) ( 1)

( 1) ( 2) ( )

x x x n

x x x n
A

x N n x N n x N

 
 + =
 
 − + − + 




   


      (14) 

Sometimes A is called reconstruction phase space [7], 
where 1 n N< < . Let 1m N n= − + , then m nA R ×∈ . If the 
observation signal in the presence of noise or mutation 
information, then A  can be written as Eq.15. 

mA A W= +                                     (15) 

where W corresponds to the noise in the signal and 
W can be regarded as a perturbation in the matrix, mA  
corresponds to the smoothing signal portion in the 
reconstructed phase space trajectory of a matrix. Under the 

condition of A  is known, mA  and W are unknown, we can 
use the singular value to get the characterize, and further to 

obtain the approximated mA  eliminatingW , the implement 
the target of denoising. Research shows that, the smooth 
signal corresponding to the phase space attractor matrix is 
singular, noise or fault signaling mutation information 
constitutes the path matrix W must be full rank matrix. Let 

the rank of mA  is k ( k n< ), then keep the first former 
k singular value and set the others to 0. 

Another question of using SVD denoising is how to 
choose the singular value [8]; here we choose the increment 
of singular entropy criterion for singular value.  At first, 
define singular spectrum is  

1

log ( )i
i n

i
j

i n
λσ

λ
=

 
 
 = ≤
 
 
 


                        (16) 
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Then ( 1, 2, , )i i nσ =   is the singular spectrum of A  by 
SVD. To get the signal information content with singular 
spectrum order changes, further define singular entropy as 
Eq.17. 

1

( )
k

k i
i

E E k n
=

= Δ ≤                             (17) 

where k  is the rank of singular entropy and iEΔ  is the 
increment at the i -th, then the increment of singular entropy 
can be computed according to Eq.18. 

1 1
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k n n

i i
j j

E
λ λ

λ λ
= =

 
 
 = −
 
 
 

 
                          (18) 

Due to the noise effect on the signal decomposition 
performance of LMD, before do LMD for the signal, we use 
SVD to the signal to suppress the noise. The increment of 
singular entropy choose conservative strategy, then LMD 
decomposition add to signal to get PFs, and SVD denoising 
do again for PFs, after denoising the PFs sum to a new signal 
and do LMD again. Repeat above process until the 
decomposition of PF instantaneous amplitude and 
instantaneous frequency components to meet the high 
precision requirement of the time frequency analysis.  

IV. SIMULATION AND TEST DATA PROCESS 

To verify the validity of the proposed method in this 
paper, using simulation signal and telemetry vibration signal 
in a test are processed to verify. Simulation signal using the 
sum of three different center frequencies of sinusoidal signal, 
at the same time adds Gauss white noise and SNR=3.5dB. 

The sample frequency is 500 Hz , where 1 10f Hz= , 

2 30f Hz= , 3 80f Hz= . 

1 2 3( ) sin(2 ) sin(2 ) sin(2 ) ( )x t πf t πf t πf t n t= + + +      (19) 

The waveform of simulation signal can be shown as 
Fig.2. The result of LMD directly can be shown as  Fig.3, 
and the decomposition result of LMD combined SVD 
denoising is shown as Fig.4. We can see that the proposed in 
this work has better performance. 
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Figure 1.  Waveform of simulation signal. 

 
Figure 2.  PFs of LMD. 
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Figure 3.  PFs of LMD combined with SVD 

Test data of telemetry vibration signal sample frequency 
is 5 kHz  and waveform is shown as Fig.4. The result of 
LMD directly can be shown as  Fig.3, and the decomposition 
result of LMD combined SVD denoising is shown as Fig.4. 
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Figure 4.  Waveform of test signal. 
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Figure 5.  PFs of LMD. 

V. CONCLUSION 

LMD as a non-stationary signal analysis technology is a 
new method in the practical engineering, it has potential 
application value engineering, according to the actual 
acquisition signal with noise interference, SVD and LMD 
methods are combined, the original signal using SVD 
denoising, and the SVD denoising also embedded into the 
LMD decomposition process, effective suppress the noise on 
the LMD decomposition component instantaneous amplitude 
and instantaneous frequency effects, under the condition of 
low SNR still can obtain good performance of 
decomposition, so the method proposed in this work has 
certain project application value. 
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Figure 6.  PFs of LMD combined with SVD 
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