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Abstract.  

A model which includes wavelet analysis and windows Fourier transform has 
been designed to resolve huge time series and interferential data in big data. In 
the model, the mass data firstly has been clustered as static or dynamic data. The 
static data has been processed by windows Fourier transform, and the dynamic 
data has been processed by wavelet analysis. After testing and simulation, the 
computing speed and denoising effect have been improved. 
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The time series in big data 

The big data, also called as large or huge data, refers to be so much that it can’t 

be obtained, managed, processed and integrated in reasonable time into useful 

message which would help enterprises to make some marketing or business 

decision. When the big data has been known by us, four characters which include 

Volume, Velocity, Variety and Veracity are called 4V for short. 

Generally speaking, time series refers to a related data set which has been 

arranged by time in big data time. Time series is a kind of complicated data 

object, and it exists as one data form in all kinds of databases from business 
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system, medical treatment, building works and social science. Time series has an 

great effect on each field of our life such as share price, foreign exchange rate, 

merchandise sales, service, weather data and so on. Large time series could 

truthfully record all information happened at each time.If there is a modified and 

efficient data process method to find relation of time series, it will increase 

widely awareness and understand in order to forecast and control effectively to 

improve our present condition. How do we could do this? Time series data 

mining supply us new method. TSDM refers that some useful information should 

be extracted from large time series to guide people’s activities. TSDM has a great 

significance on human society, development of technology and economy. 

Processing the noise in time series 

Usually, the time series obtained directly is useless, and we need to get rid of 
useless and noise part. The normal way to optimize time series has usually been 
adopted as picture 1. Althoughthe processing model in figure 1 contains data 
pretreatment, the noise in data has not been get rid of as we expect.  

 
figure1. TSDM 

The normal way of denoising is windows Fourier transform or wavelet analysis, 

as is shown in figure 1. However, the normal way has some disadvantages. For 

example, it is difficult for Fourier transform to separate low and high frequency 

signals, and it is more worse that the high frequency signal would be filtered 

with noise together. In figure 2, the sample, which fluctuates in [0,2], has been 

mixed into 6.5 noise, and then the signal would has much distortion, especially 
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the high-frequency signal. In figure 3, to the signal whose frequency is 

[0,2],SNR is 6.5, more noise has been retained in low-frequency, when the same 

threshold has been adopted to process signals with different layering. It happens 

even if the way of wavelet analysis could avoid the problem the Fourier 

transform causes. 

 
Figure 2. Fourier transform 

 
Figure 3. wavelet analysis

 

A new model has been given as shown in figure 6 according to big data. In the 

new model, k-means algorithm has been adopted to classify large data because it 

is difficult to forecast time series and it is easy to process large data fast for 

k-means algorithm. According to clustering algorithm in the model, the samples 

in dataset X given has d attributes which include A1,A2…Ad, and data samples 

xi=(xi1,xi2,…xid), xj=(xj1,xj2,…xjd).Furthermore, xi1,xi2,…xid and 

xj1,xj2,…xjdare the values of xiand xj‘s attributes A1,A2…Ad.If the distance 

d(xi,xj) between xi and xjis shorter,the sample xi and xj will be more similar. On 

the contrary, the distance is bigger, and samples are more different. The distance 

formula 1 as follows. 

d�𝑥𝑥𝑖𝑖 , 𝑥𝑥𝑗𝑗� = �∑ (𝑥𝑥𝑖𝑖𝑖𝑖 − 𝑥𝑥𝑗𝑗𝑗𝑗)2𝑑𝑑
𝑘𝑘=1 （1） 
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Error variance and rule function has been adopted to evaluate computing results, 

dataset X, including described attributes not class attributes. Supposed dataset X 

had k clustering subsets x1,x2,…xK.Each clustering subset’s number of samples 

is n1，n2,…,nk. Each clustering subset’s mean value representative point is m1，

m2,…,mk.Error square and function variance shown as formula 2. 
E = ∑ ∑ ||𝑃𝑃 −𝑚𝑚𝑖𝑖||2𝑃𝑃∈𝑋𝑋𝐼𝐼

𝐾𝐾
𝐼𝐼=1 （2） 

 
Figure 4.k-means 

 

 
Figure 5. aftermodifying 

 

After clustering data by k-means algorithm, the test result is shown as figure 4. 

After modifying the algorithm, by the evaluation result, we could use formula 2 

to get result shown as figure 5. By comparison, the k classes could be divided as 

we expect, and other parts of process will not be introduced.  
In short, if we firstly divide data into dynamic part and static part by analyzing 
Fourier transform and wavelet analysis, much calculated amount will be reduced 
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and it will have better effect on denoising.The dividing grade is vitality of data 
on the time axis. The high vitality has been seen as dynamic part, and the low 
vitality has been seen as static part.The parameter K is important. If there is no 
clustering, Fourier transform will take the high-frequency part. Otherwise, 
windows Fourier transform is generally fit for concentrated energy and 
low-frequency signals, in another words, once the size of Fourier windows has 
been chosen, it will not be changed and only suited to handle static 
data.Although wavelet analysis has good adaptability, it is better for wavelet 
analysis to process high-frequency part, dynamic data. The intention is to 
denoise in the low-frequency signals. 

 
Figure 6.Mixed denoising model 
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there is finite extreme points in a period, and it is absolutely integrable. The 

formula 3 is Fourier transform. 
F(ω) = ℉[f(t)] = ∫ 𝑓𝑓(𝑡𝑡)𝑒𝑒−𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑∞

−∞ （3） 

For testing data in computer, function must be defined on discrete points not 

continuous region and the condition of finiteness and periodicity must be met. In 

that condition , the discrete Fourier transform of series {𝑥𝑥𝑛𝑛}𝑁𝑁=𝑁𝑁−1is formula 4. 

X[K] = ∑ 𝑥𝑥𝑛𝑛𝑒𝑒−𝑖𝑖2𝜋𝜋𝜋𝜋𝜋𝜋/𝑁𝑁N−1
𝑛𝑛=0 （4） 

The computational complexity defined by DFT is O(N2), and it will be O(nlogn) 

by Fourier transform. Otherwise, Fourier transform could do frequency analysis 

at the same time by doing quadrature between smooth function and signal f(t). 

The algorithm Mallet has been adopted to do decomposition and reconstruction 

to high-frequency data. Although the method of wavelet analysis could do 

decomposition to signals, we just need high-frequency part which is classified by 

algorithm k-means. So windows Fourier transform has been adopted to process 

[0,200] data, and the signals beyond 200Hz will be decomposed to the forth layer, 

which uses sym4 after getting threshold. 

In the model shown as figure 6, the preprocessing of time series data includes 

wavelet analysis for high-frequency part and Fourier transform for 

low-frequency part.Compared with original time series signals. There is three 

features after preprocessing. First, whole variant trend is not changed too much, 

and it is avoided to lost much data. Second, the loss of high-frequency data get 

less because this part filtered by wavelet analysis not Fourier transform. Third, 

reduce more noise, and enhance each signal.In the figure 7, it is the signal with 

noise, and new signal has been obtained after being processed by model shown 

in figure 6. The figure 8 show us the signal after preprocessing with wavelet 

analysis and Fourier transform. 
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Figure 7.Before denoising 

 
Figure 8.After denoising

 
According to results, SNR has been adopted to evaluate our model. Supported 
𝑠𝑠𝜕𝜕 is effective signal, and 𝑠𝑠0 is noise,ε is the D-value between effective signal 
and denoising signal. So we could get SNR by formula 5 and 6. 

SNR = 20log10
𝑠𝑠𝜕𝜕

||𝑠𝑠𝜕𝜕−𝑠𝑠0||
（5） 

∂ = �𝜀𝜀12+𝜀𝜀22+⋯+𝜀𝜀𝑛𝑛2

𝑛𝑛
（6） 

Though analyzing figure 7 and figure 8, we could find the difference of SNR in 
table 1. To high-frequency data, the wavelet analysis is much faster than Fourier 
transform in processing data independently. Wavelet analysis will not lose 
high-frequency, but the result of the third layer is very close to the forth. The 
D-value is less 10−4. Secondly, in processing the low-frequency, the loss of 
windows Fourier transform is 63% of wavelet analysis, but efficiency of 
denoising of low-frequency is 1.204 times of wavelet analysis. So in SNR view, 
wavelet analysis is better than Fourier transform, but the mixed model is better 
than wavelet analysis. 

Table1 mixed denoising algorithm SNR compared 
 Original 

data 
Fourier 
transform 

Wavelet 
analysis 

Mixed 
method 

SNR（db） -8.3021 -3.2902 -2.4430 -2.0373 
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