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Abstract: the residual error of the left and right ping data in the multi beam sounding is obvious, and it 
is not easy to be extracted. In this paper, we use the least square curve fitting and wavelet transform to 
analyze the residual error, verify it's feasibility by the method of doing experiments. 

Introduction 
Ocean survey is conducted under the condition of sea water movement. Multi beam swath 

bathymeter is composed of multi sensor integrated sounding system, except by its own measurement 
error, but also affected by the velocity, attitude, draft, with stitching error of angle and installation, and 
a band edge error (showing the "bulge" or "sag" was the main source of residual error. In this paper, we 
study the principle of least squares curve fitting and wavelet transform theory, and weaken the residual 
error, and get the real seabed terrain data. 

Curve fitting and wavelet transform theory 

curve fitting theory. According to curve fitting theory, we conduct center beam to curve fitting and 
weaken “heave”and “hollow” of edge beam to approach real topography of Ping section, and then 
finding the optimal appraisement according to least squares method. 

Normally, on the basis of complexity of real topography in ping section undersea we select the order 
of polynomial trend curve, general type of polynomial curve function is: 
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In formula (2.1.1), ia ( )ni L,2,1=  is coefficient of polynomial curve, it is also unknown parameter, 
( ),n i iP x z  is coordinate of ping section. 

The total deviation square is : 
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wavelet transform theory. Multiple-beam sounding data is belong to unstable data. Therefore, we use 
wavelet transform derived by Fourier transform to process data, then accurate positioning high 
frequency signal and collecting or removing it. 
Dispersing parameters a and b in function )(, xbaψ in wavelet function, making ,, 00 qabaa pp ==  then we 
can get wavelet function: 

 - /2 - /2
, ( ) 0 0( )p q

p q xy a y a x q= −  (2.2.1) 

If ，)( xNf ∆  ( x∆ is data sampling interval, nN K，，32,1∈ ), we can get )(xf  discrete wavelet 
transform: 
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Residual error data is changed gently, we choose gentle wavelet function processing, after 
experimental analysis we use Db4 wavelet function: 

Making )(ϕH  function as： 
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Establishing double scale equation to push out Db4 wavelet function: 
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Taking formula (2.2.4) into formula (2.2.2) we can get wavelet transform model, and using this 
method to scale up signal of edge strip data, setting threshold value can automatic withdrawal usable 
data, adopting: 
 0Z Z Z∆ = −  (2.2.5) 

 0Z Z Z ′′ = ∆ +  (2.2.6)   

Adding the signal into curve fitting data, it can approach real submarine topography accurately, 
weakening residual error in edge strip more. 

Experimental analysis of curve fitting and wavelet transform 
Research method process:                                       

 
Fig. 1 Research method process 

Experimental analysis of least square curve fitting. In sea water, the sound velocity, attitude, draft, 
installation error, temperature, salinity, static pressure and the edge of the residual error caused by the 
residual error, resulting in the existence of the data in the presence of the edge of the adjacent band of 
the regular "uplift" or "depression"". In this paper, we study "uplift" as an example. As shown in Figure 
2: 

 
Fig. 2 Raw data 
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Compared with marginal beam, the data error of central beam is small, and the fitting curve of the 
two central beam is obtained by using the least square principle. The experimental order of this 
experiment is 2, 3 and 4. As shown in Figure 3: 

 
Fig. 3 Central beam curve fitting 

In Figure 3, the fitting number of red (lower), black (middle) and yellow (up) curves is 2, 4 and 3 
times, and the curve change trend is obvious. That 3 times fitting curve can effectively weakening edge 
banding of residual error, and good retention of the original marine data information. So, for the same 
region ,the selection of the order is particularly important, the experimental selection of the order of the 
3 fitting curve. 

Wavelet transform to extract weak signals experimental analysis 
The selection of wavelet function is the key to extract the high frequency signal in the process of 

extracting the edge beam. Therefore, the MATLAB, Db4 and Sym4 wavelet functions are used to 
analyze the data of the edge strip, and the experimental results are compared and analyzed.As shown in 
table 1: 

Table 1:Comparative analysis of statistical parameters of wavelet function 

Statistical 
parameters Mean Median Standard 

Deviation 
Median 
Deviation 

Mean 
Deviation 

Bior3.9 -0.00114 -0.3836 2.54 1.745 2.076 
Db4 0.001057 -0.3283 2.226 1.602 1.863 
Sym4 -0.00849 -0.3264 2.615 1.798 2.149 

The statistical parameters of Bior3.9, Db4 and Sym4 show that the statistical parameters of Db4 
wavelet function are smaller than those of the other two wavelet functions. Therefore, the Db4 wavelet 
function is the most accurate and effective, and then the high frequency signal is added to the fitting 
curve. 

Combined curve fitting and wavelet transform data processing analysis 
After curve fitting and wavelet transform data processing before and after comparison, the effect is 

shown in Figure 4: 
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Fig. 4 Processed marginal beam 

Through figure 4, it can be seen that after data processing, the two parts of the "raised" with a 
marked weakening, the edge of the beam is no longer a big "bulge", a relatively flat, two with a close 
agreement with the coverage. The results of this study are consistent with the real terrain of the sea 
floor, and the conclusion is drawn based on curve fitting and wavelet transform to weaken the 
feasibility of multi - beam sounding data. 

Assessment of effect  
Based on above methods, we use principle of least squares to realize curve fitting of center beam, 

then use wavelet transform to extract high frequency signal in public edge strip beam and add the signal 
to fitting curve to weaken sounding residual error in both left and right sides, finally we conduct 
experimental analysis and accuracy evaluation and verify the superiority of this method. 
Curve fitting evaluation of center beam. Comparing with the maximum、the minimum of before 

and after manipulation、coefficient of determination and variance, we can assess effect of curve fitting. 
If variance MSE is equal to 0 (or very close to 0) and the more coefficient of determination in close to 
1(R- square ≤ 1), the better effect of center beam data curve fitting.  

Center beam data is collection ( )iin yxP ,  , the corresponding center beam data point collection is 
( )iin yxB ~~

,  , and it will be: 
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Assessing R-square（coefficient of determination）： 

   *1 n M S ER s q u a re
S S T

− = −  (4.1.2) 

Table 2 curve fitting evaluation of center beam 
Statistical 
parameter MSE R-square 

Before 
manipulation 17.06817     0.855 

After 
manipulation 

16.20064 0.891 
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From table 2 we can see,that the effect of center beam curve fitting is good, coefficient of 
determination R-square is close to 1, curve correlation is high, but fitting effect shown by variance 
MSE is not obvious, data accuracy is low. 
data evaluation after wavelet transform. Using wavelet transform to obtain high frequency signal 
and process evaluation of residual error weakening effect, we can conduct evaluation of consistency in 
overlapping region in virtue of adjacent strip beam sounding data. There exists a pair of sounding data 
parameters to evaluate in left and right beams in overlapping region. 
Table 3 consistency evaluation parameters of adjacent strip sounding data in overlapping region before 

and after wavelet transform 

From table 3 we can know, the maximum、the minimum and standard deviation are obviously 
reduced, standard deviation is close to 0, R-square (coefficient of determination) is close to 1, it fully 
proves after correction the weakening effect of data is obviously enhanced. After evaluation of 
manipulation we can conclude that wavelet transform can effectively weaken edge beam residual error. 

Conclusion  
Comparing before with after manipulation of edge beam data in virtue of least squares curve fitting 

and wavelet transform method, apply of wavelet transform solves the difficulty of extracting weak 
signal in residual error, multiple-beam sounding data after manipulation is match with theory effect of 
data image, it is approach to real submarine topography. 

In addition, in other manipulation methods, such as similar triangles proportion method, we needs 
aplenty of experiments to confirm the optimal proportionality coefficient, and the process it complex. 
The method based on curve fitting and wavelet transform to weaken multiple-beam sounding residual 
error in this article is convenient of programming realization, effect is remarkable. Experiment research 
shows that using textual research method to manipulate data is closest to real submarine topography, it 
concludes that this method is feasible in multiple-beam data processing. 
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Statistical parameter Maximum 
deviation/m 

Minnimum 
deviation/m 

standard 
deviation/m 

R-square after 
transformation 

Before  wavelet 
transfoem 

6.5 0.1 ±2.432   0.891 

After  wavelet 
transform 

1.9 0.1 ±0.678 0.941 
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