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Abstract. Tidal harmonic constants are necessary data for the evaluation of tidal model, tidal prediction 

and chart datum. Compared with the wavelet multi-scale analysis model, a new method is put forward to 

detect and locate tidal discrete and continuous gross error. Based on the properties of the wavelets, the 

wavelet suitable for detecting the gross error of tidal is selected. And taking db6 wavelet as an example, the 

feasibility and effectiveness of this method are proved by experiments. The results show that the method 

can not only simultaneously detect and locate discrete gross error and continuous gross based on high 

frequency information, and can detect and locate the systematic deviation caused by the zero drift according 

to the low frequency information. Experimental result shows that the method is more simple, the efficiency 

and accuracy of detecting and locating gross error are improved.  

1 Introduction  

The application of wavelet analysis is very extensive, 

and wavelet analysis mainly uses the self-similarity, 

multi-resolution analysis of wavelet function and the 

function of mathematical microscope to process non-

stationary signals [1][2]. The wavelet transform is used 

to detect and analyze the singularity of ECG signals [3]; 

the fault detection and diagnosis of machinery are 
performed; the image is compressed, merged, denoised 

and watermarked [4][5]. The wavelet is used to monitor 

the deformation date, forecast earthquakes, monitor GPS 

satellite faults and filter disturbances in aeronautical 

gravity measurements [6-9]. 

In this paper, using wavelet to study the tides and 

tidals. Like other artificial signals (signals in radar and 

sonar systems), most natural signals are non-stationary 

signals, such as hydrological data, meteorological data, 

and so on. The most striking feature of non-stationary 

signals is that the statistical properties of the signal 
change over time. The observed tides level of the tide 

station is changed with time. It is generally written as a 

function of time )(tf . )(tf  is a non-periodic function 

and the statistical characteristics change with time, so the 

tide level signal is also a non-stationary signal. 

2 Wavelet multiscale analysis 

2.1 Principle of analysis 

Multiscale analysis was proposed by S. Mallat and Y. 

Meyer. On this basis, S.Mallat introduced a fast 

algorithm for calculating discrete raster wavelet 

transform, namely Mallat algorithm, which made a 

breakthrough in wavelet theory. The algorithm 

decomposes the signal into different frequency domain 

spaces through the high-pass filter G(w) and the low-

pass filter H(w): the high frequency subspace W and the 

low frequency subspace V. The low-frequency subspace 

obtained for each decomposition can be repeatedly and 
repeatedly decomposed using a similar process. The 

specific process of wavelet multi-scale decomposition is 

shown in Figure 1. 

 
Fig. 1 The process of wavelet multi-scale decomposition 

Assuming that the total frequency band occupied by 

the original function f(t) is 0~π and the space is V0, the 

frequency distribution of each high and low frequency 

subspace is shown in Figure 2. 

 
Fig. 2 Frequency space distribution map 

During the decomposition process, the low pass filter 

H(w) of each stage is the same as the high pass filter 

G(w). After the first stage decomposition, V0 is divided 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/). 

E3S Web of Conferences 131, 01036 (2019) https://doi.org/10.1051/e3sconf/201913101036
ChinaBiofilms 2019



into two subspaces: the low frequency subspace 1V  of 

0~π/2 and the high frequency subspace 1W  of π/2~π. 

After the first-stage decomposition, 1V  is decomposed 

into the low-frequency subspace 2V  of 4~0   and the 

high-frequency subspace 2W  of 2~4  , and so on 

into the low-frequency subspace jV  and high frequency. 

Subspace jW . The low frequency subspace reflects the 

overview and trend of the signal, and the high frequency 

subspace reflects the details of the signal. The 

relationship between each subspace and 0V  is: 

）（121221110 jj VWWWVWWVWV ====   

2.2 Decomposition recursive model 

The signal obtains the low frequency coefficient 

jCa and the high frequency coefficient jCd in the 

decomposition process. Each coefficient is reconstructed 

by a single layer to obtain low-frequency information 

ja and high-frequency information ）（ jjd j ,,2,1 =  

of the same physical quantity as the original signal. Let 

the tidal sequence )(0 nfCa j = , then the decomposition 

recursive model for solving the high frequency 
coefficient and low frequency coefficient algorithm is 

[10]: 
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In the formula, h  is a low-pass filter, g  is a high-

pass filter, n  is the number of data in the tidal sequence, 

and j  is the number of layers to be decomposed. 

According to the decomposition process of the signal, 

among the high-frequency information jdd ~1 , 1d  has 

the highest frequency range relative to other high-
frequency information, mainly composed of noise, and 

the mutation information is most obvious in 1d . Among 

the low-frequency information jaa ~1 , ja has the 

lowest frequency range relative to other low-frequency 

information, and the trend information is most obvious 

in ja . Therefore, when multi-scale analysis of tidal level 

signals, it is best to select high-frequency information 1d  

to identify and locate the catastrophic points, and select 

low-frequency information ja  to understand the trend of 

tidal level[11]. 

3 Based on wavelet detection and 
positioning gross error 

The diversity of wavelet functions determines the 

effectiveness and efficiency of wavelet analysis. Using 

different wavelet functions to analyze the same problem 
will produce different results [12]. Combined with the 

analysis of the properties of wavelet function, the 

vanishing moment order of db6 wavelet is 6, which can 

effectively divide the tidal level data and ensure the tight 

support and time resolution of the wavelet function, 

which is beneficial to the mutation point. The detection 

ensures the efficiency of the operation. Selecting db6 as 

the wavelet function, and performing six-layer 

decomposition on the tidal level signal, and detecting 

and locating the discrete gross error and continuous 

gross error that may occur during the tidal water level 
observation process. 

3.1 Detection and localization of discrete gross 
errors 

Taking db6 as a wavelet function, the tidal level signal is 

decomposed into six layers. The signal is decomposed 

by multi-scale to obtain low-frequency information and 

high-frequency information. 

3.2 Detection and localization of Continuous 
gross error 

It mainly detects and locates the continuous gross error 

that may occur during the tidal water level observation 

process. The continuous error may be caused by random 

vibration of the instrument under the influence of severe 

factors such as strong waves. There is a trend change in 

systematic bias, and the low frequency information 

obtained by wavelet decomposition can reflect the trend 

change of water level. 

3.3 Detection and localization of systematic 
deviations 

In the tidal level data, in addition to the gross errors, 
there may be systematic deviation caused by zero drift. 

There is a trend change in systematic deviations and the 

low-frequency information obtained by wavelet 

decomposition can reflect the trend change of water level. 

Therefore, while using high-frequency information to 

detect and locate the rough points, the application of 

wavelets can be extended to the detection and 

localization of systematic deviations so that the 

advantages of wavelet multi-scale analysis 

characteristics can be fully utilized. 

4 Experiment and analysis 

A total of 720 tidal height original tidal data were used, 

and the data were normal values, no gross error, and the 

sampling interval was Δt= 1h. It is subjected to wavelet 

multi-scale analysis. The low-frequency information 

(a1~a6) is shown in Figure 3, and the high-frequency 

information (d1~d6) is shown in Figure 4, and the high-

frequency information (d1) is shown in Figure 5. 
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Fig. 3 a1~a6 low-frequency information map 

 
Fig. 4 d1~d6 high-frequency information map 

 
Fig. 5 d1 high-frequency information map 

When the data does not contain gross errors, 720 data 

in the high-frequency information d1 are distributed in 

the range of -5 cm to 5 cm, and there is no mutation 

value. On the basis of the original data, gross errors were 

artificially added to conduct experiments and analyze the 

detection and localization effect of db6 wavelet. 

4.1 Experiment of discrete gross errors 

In the 114th, 250th, 266th, 492th, and 650th data of the 

tidal level signal, the gross error is added, which is 20cm, 

-15cm, -15cm, 20cm, and 15cm in order. The 6-layer 

decomposition is performed on the tidal level signal after 

the gross error is added. The low-frequency information 

a6 obtained by the decomposition is shown in Figure 6, 

and the high-frequency information d1 obtained by the 

decomposition is shown in Figure 7. 

 
Fig. 6 a6 low-frequency information map 

 
Fig. 7 d1 high-frequency information map 

In Figure 6, the trend of the water level in the month 

can be seen from the curve. In Fig. 7, the values of the 

five mutations can be found intuitively, quickly, and 

accurately based on the high frequency information d1 

(Five mutations are indicated by arrows). 

For further judgment, 3  is used as the criterion and 

  is the standard deviation which obtained from the 720 

data in d1. If the absolute value of the mutation value in 

d1 exceeds 3 , the original data has a gross error at that 

position; if it is less than 3 , the original data is a 

normal value at that position. It was calculated 

that cm2.2= . Comparing each value in d1 with 3 , 

the result is that there are only 5 values greater than 3 . 

These 5 values are exactly the 5 mutation values and 

their specific positions are consistent with the position 

where the artifical gross error is added.  The detection 

results are shown in Table 1. 

Table 1. Discrete gross error detection result. 

Numbers of values greater than three 
standard deviations 

5 

Point 
number 

Mutation (cm) 3  
 

Conclusion 

114 13.9 3
 Y 

250 12.6 3
 Y 

266 12.3 3
 Y 

492 13.4 3
 Y 

650 9.9 3
 Y 

 

The point numbers of the five mutation values are 

114, 250, 266, 492, and 650, corresponding to the point 

number that was previously added to the gross error, and 
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their absolute value is greater than 3 . According to the 

judgment criterion, the five measured tidal points 

corresponding to the mutation values contain gross 

errors. Therefore, in this example, after the tidal level 
signal is decomposed by 6 layers using the db6 wavelet, 

5 coarse errors can be quickly and accurately detected 

based on the high frequency information d1.  

4.2 Experiment of Continuous gross error 
In order to study the detection and location of wavelet on 

continuous gross error, adding 24 continuous gross 

errors to the original data for experimental analysis. The 

gross errors are 10cm, -10cm, 10cm, -10cm, 10cm, -

10cm, 10cm, -10cm, 10cm, -10cm, 10cm, -10cm, 10cm, 

-10cm, 10cm, -10cm, 10cm, -10cm, 10cm, -10cm, 10cm, 
-10cm, 10cm, -10cm. The tidal level signal was 

decomposed into 6 layers, the high frequency 

information d1 is obtained as shown in Figure 8, and the 

low frequency information a1~a6 is shown in Figure 9. 

 
Fig. 8 d1 high-frequency information map of strong jitter 

 
Fig. 9 a1~a6 low-frequency information map of strong 

jitter 

From the high-frequency information d1, it can be 

clearly found that the value in a section is abrupt, and the 

value of the mutation is much larger than other normal 

values. Therefore, the segment where the continuous 
gross error occurs can be accurately located according to 

the high frequency information d1, thereby providing a 

reliable guarantee for the later data processing. 

4.3 Experiment of systematic deviations 
In tidal data, there are not only gross errors, but also 

systematic deviations caused by zero drift. There is a 

trend change in systematic deviation, and the low 

frequency information obtained by wavelet 

decomposition can reflect the trend change of water level. 

Therefore, while using high-frequency information to 

detect and locate the gross error, the application of 

wavelets can be extended to the detection and 

localization of systematic deviations, and the advantages 

of wavelet multi-scale analysis characteristics can be 

fully utilized. 

4.3.1 Wavelet decomposition 

Using the monthly data of a long-term tidal station A, a 

systematic deviation of 10cm-80cm is added within 5 

days to simulate the temporary tidal station B where the 

zero drift occurs. Using the db6 wavelet to perform 7-

layer decomposition of the monthly data of the 

temporary tidal station B, the low-frequency information 

a1~a7 can be obtained.  Using the median method to get 

the hourly average sea surface 0MB ,  a3~a7 and 0MB  

were selected for comparison. The curves of 0MB , a7, 

and a6 are shown in Figure 10, and the curves of 0MB , 

a5, and a4 are as shown in Figure 11, and the curves of 

0MB  and a3 are as shown in Figure 12. 

 
Fig. 10 The curves of 0MB , a7, and a6 

 
Fig. 11 The curves of 0MB , a5, and a4 

 
Fig. 12 The curves of 0MB , a3 
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4.3.2 Wavelet selection 

In Figure 15-17, the low-frequency information a4~a7 is 

extremely similar to the daily average sea surface, the 
similarity of a3 is poor, but it can also reflect the general 

trend of the water level. Calculating the correlation 

coefficient between the low frequency information 

a3~a7 and 0MB . The correlation coefficient is shown in 

Table 2. 

Table 2. Correlation coefficient table of a3~a7 and MB 

low-

frequency 

information 

a3 a4 a5 a6 a7 

Correlation 

coefficient 
0.777 0.951 0.975 0.979 0.966 

 

From Table 2, the similarity between a6 and MB0 is 

the highest, and the correlation coefficient between a4, 

a5, a7 and MB is also above 0.95, and a3 and MB have 

the lowest similarity. Therefore, the four layers of low 

frequency information a4, a5, a6, and a7 can be used to 

detect and locate the zero drift. 

4.3.3 Wavelet detection 

The zero drift is detected by using the low frequency 

information a6 with the highest correlation coefficient. 

Firstly, the low-frequency information Ba6 of the 

temporary tide station B is obtained; then the low 

frequency information Aa6 of the synchronous 

observation period adjacent to the long-term tidal station 
A is obtained; finally, the mutual difference Δa6 of the 

two low-frequency information a6 is obtained. The three 

curves are shown in Figure 13. 

 
Fig. 13 The curves of 6,6,6 aaa BA   

Since the low-frequency information a6A and a6B 

are at a much higher water level than the Δa6 water level, 

the curve is "compressed" to some extent. In order to 

more easily observe the change of Δa6, the two curves of 

a6 and a6B are shifted downward by a constant, as 

shown in Figure 14. 

 
Fig. 14 The curves of BABA aaaa 66,6,6 −  

According to the curve of the 6a , it can be judged 

that there is a significant zero drift phenomenon in 

station B. It may be that the submarine foundation of the 

tidal gauge is permanently settled or the location is 

affected by strong tide. Therefore, the zero drift can be 

detected by the tidal low-frequency information a6. 

5 Conclusion 

This paper studies the characteristics of tidal level data 

and the principle of wavelet multi-scale analysis. The 

method of wavelet multi-scale analysis is used to detect 

and locate the gross error of tidal. Through experimental 

analysis, the method does not rely on the tidal model, 

only the wavelet decomposition of the original tidal level 

data is needed; the characteristic of the gross errror of 

tidal is the mutability, and the wavelet is good at 

detecting and locating the mutational point. The validity 
and feasibility of the wavelet multi-scale analysis 

method for gross error detection and location are verified, 

and it can be extended to the effective detection of zero 

drift. 
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