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Abstract: In this paper,  the authors  mentioned to the effects of parameters of Gaussian low pass filter on the final result of some ocean 
color index, and point out  a  parts of low frequencies and high its frequencies are useful and efficiency for extraction of  ocean color 
parameters .   The results of ocean color parameter extraction, that based on the regression coefficients  computed  by  field surveyed 
data and spectral images, are strongly depended on the quality of original remote sensing imagery.  When the best suitable filter 
parameters are selected, we can use the corresponded regression coefficients to calculate for different images in different time. The 
results will support us in  monitoring the dynamic changes of ocean color parameters.     
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1. Introduction 

The evolving capabilities of satellite sensors and data processing techniques provide a promising tool towards 
the development of fish forecasting and management techniques. The parameters of  chlorophyll-a, turbidity and sea 
surface temperature are commonly used by oceanography as important index of marine environment. 

The remote sensing technology has been applied widely in the developed countries in relation to fish 
productivity (Mansor et.al, 2001). This technique has been applied in many countries in upgrading the industrial of fishery. 
Due to these, the integration between field sampling and remote sensing technique should be improved in order to 
improve the fishing productivity along the coastal area of Tonkin Gulf. The use of satellite remote sensing to provide 
synoptic measurements of the ocean is becoming increasingly important in investigation of marine environment 
parameters as well as  fishing industry. 

Several works on marine parameters mentioned above can be found in Harding (1998) Mayo and Gitelson 
(2003), Hirawake (2004),  Mansor et.al (2001). However, these models were not for tropical region especially for  waters 
in Vietnam, especially in Gulf of Tonkin. There are many researchers have highlighted the need of operational algorithm 
for estimation of chlorophyll-a concentration, SST and turbidity  as well as  the need of monitoring a dynamic change of 
them in certain sea area are importance also. In this paper, the authors would like to illustrate  and discuss some  
researched results about this issue. 

           This research focused on measuring the marine environmental parameters  from SeaWiFS data. In order to achieve 
this objective, it is essential to determine an empirical relation between the real values of parameters and the radiances 
values recorded by the sensor. Algorithm to estimate these parameters in the Gulf of Tonkin generated by computation 
based on single and multi-bands of SeaWiFS channels in combination with the  field surveyed data. 

2. Study Area 

  The study area is located at the Gulf of Tonkin off the NE coast of Vietnam. The area is limited by longitude  of 
106°E-110°E and latitude of 18°N- 22°N. Base on the agreement  of boundary line between China and Vietnam, both 
countries have responsibility for environment protection  and vulnerability development in the area, that belonged to 



sovereignty of  each country. 

 

 
                                 Fig. 1: Location of the study area lies between 106°E-110°E and 18°N- 22°N 

3. Materials  

a. Field surveyed data 

The real data were selected from several provincial and national projects,  that are already published and stored in the 
Ministry of Science and Technology  and Ministry of Fishery in Vietnam from the period of 2000 - 2004. 

The real data are selected and  applied to obtain the correlation between parameters of chlorophyll-a concentration, 
SST,  turbidity and the radiance in  channels of SeaWiFS images. The big  mount of field surveyed data and radiance 
values in images has been computed. We have selected the best suitable regression values for each environmental 
parameter.  

b. Satellite image data  

For SeaWiFS data, are uses in this study are Level 1A (LAC) data dated from the year of 2000 to  2004. Only apart of 
image without cloud and have acquisition time closest to the times of field surveyed data  will be used in furthered 
analysis.  

Table 1 : Main characters of SeaWiFS sensor 

Band number Central position of 

spectral chanel (nm) 

Chanel width (nm) Saturated radiance Ratio of 

signal to noise 

 
1 
2 
3 
4 
5 
6 
7 
8 

 
412 
443 
490 
510 
555 
670 
765 
865 

 
20 
20 
20 
20 
20 
20 
40 
40 

 
13.63 
13.25 
10.50 
9.08 
7.44 
4.20 

3 
2.13 

 
499 
674 
667 
640 
596 
442 
455 
467 

 
4.  Filtering for RS signal  
    a.  Remote Sensed Signature and its Frequencies 

A remote sensed signatures generally are mixed signatures [1,3,4,7,9,10] . We assume that the  ground objects, existing 
in the certain area of corresponding IFOV, are GR1、GR2、…、GRk. The spectral mixed signature  reach to sensor 

is combination of separate signature members of each ground objects. Let ， 。。。，  are spectral signatures of 

those ground objects, respectively. The total mixed signature can be simply expressed by linear mixture of different 
members as ： 
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where  is the number of spectral band and k  stands for the kth  class of ground object.  t



In frequency domain, using Fourier transformation , expression (1) can be written as follows: 
)(ωF = + + … +         （2） )(1 ωF )(2 ωF )(ωnF

Suppose that )(ωF  has valid range of frequency from 0ω  to nω , so (2) can be expressed by different frequencies 
as:  
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The expression (4) is basis for our further considerations.  Those are:  
1、 Mixed signature  is comprised of different ranges of frequencies, and the information of each frequency range 

consists of the signatures of different class of ground object.  
)(tf

2、 Ability of filtering methods to analyze mixed signature in different ranges of frequencies, thereby can have more 
advantages to understand the frequencies related to different ground objects.  

 
b. Frequency Analysis                                                                                                                                                                        
      1)  Filtering analysis 

Here we use Gaussian filter )(ωH , that is applied to original signature, to get lower frequencies. 

In simple case, we suppose that cut frequencies of chosen low pass filters are 1cω  and 2cω  (in condition of 1cω > 2cω )，
filtered results are represented as follows: 

1、Component of low frequencies in accordance with suggested cut frequencies are： 
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2、The corresponding high frequencies can be obtained as： 
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      2) Choosing filter parameters 
Mode of continuous low pass filtering  is chosen. In accordance with property of low pass Gaussian filter, a 

convolution result of Gaussian function (standard deviation is 1σ ) with Gaussian function ( 2σ ) is Gaussian function 

( 3σ ), that satisfies the condition: （Kenneth） 2
2
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So, with the mode of continuous low pass filtering，if the standard deviation of Gaussian function is constant σ , 
after every time of filtering the variance of  is increased by amount of 。The general formula of continuous 

filtering for original signature  and filter operator can be expressed as: 
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5. Image Processing for Extracting Ocean Color Parameters 

  This study can segregated into two parts, firstly, computing  and analyzing a linear regression coefficients. 
Secondly, applying the different filtering parameters for each thematic characteristic of ocean color, accuracy assessment  
and  illustrating them in different graphic types.  

 Image processing for SeaWiFS data in this study, we use ERDAS software in combination with some image 
processing modules developed by our researched group. The main operation in this study can be categorized onto five 
processing steps. They are:  geometric correction; radiometric correction; filtering with different parameter; ocean color 
parameter extraction; accuracy assessment; and finally mapping them as a different graphics. 

a. Model of chlorophyll-a concentration extraction 
The values of  chlorophyll-a concentration (Ca) are calculated from 3 bands of  B2 (445nm), B3 (490nm) and B5 

(555nm), as follows: 



                       Ca= a1 * B5 + b1*(B5 / B2) +b2*(B5/B3) + c1   (Chen Zhao Lin et al., 2004)   (6) 
Among them:  a1,  b1, b2, c1 are regression coefficients 

       Based on the 14 control points in the studied area, the regression coefficients were found out  are: a1=0.29563, 
b1=0.05238, b2=-0.11975, c1=1.53277. 

b. Model of turbidity extraction 
The field of  turbidity are extracted  by using 3 bands of  B3 (490nm), B5 (555nm) and B7 (765nm), as follows: 

                     Tb= a1 * B7 + b1*(B7 / B5) +b2*(B7/B3) + c1        (Zhu Qing et al., 2004)        (7) 
Among them:  a1,  b1, b2, c1 are regression coefficients. 

      Based on the 14 control points in the studied area, the regression coefficients were found out  are:        a1=0.36523, 
b1=0.10972, b2=0.11326, c1=-2.43257. 

c. Model of sea surface temperature extraction 
The temperature field Ts can be calculated from temperature brightness in bands of  B7 (765nm ) and B8 

(865nm), as follows      
                Ts = a1 + b1 * B8 + c1*(B8 – B7)  (for day time)            (John Smit et al., 2001)      (8) 

Among them  a1, b1,  c1,  regression coefficients 
        For day time, regression coefficients are: a1= 3.13245, b1=0.40254, c1=-3.12589.       

6. Experimental Results, Accuracy Assessment and Conclusion  

a. Experimental results 

Based on regression analysis,  the relationship between water parameters and spectral radiances were established 
for each kind of ocean color parameter. The experimental results are based on these regression coefficients and images 
resulted from  filtering with different low pass filtered parameters as  1,    1.25,   1.5,   1.75, 2.00,  2.25, 2.50,  2.75, 
3.00, 3.25, 3.50,3.75  

=σ

b. Accuracy assessment 

 In the whole studied area, the total of control points are 25. We base on  14 points for determining regression 
coefficients, other 11 points are used for accuracy assessment.  In accordance with  the variance of low pass filter 
parameters (σ ,Gaussian filter), the  low frequencies are used for calculating ocean color parameters.  The correlation 
coefficients  at 11 con troll points are calculated and considered as the accuracy assessment for all results. The 
experimental results show  the correlation coefficients are in the range from 0.71 to 0.92, but not have equally distributed  
in all position of studied area, and depend on the changes of σ in Gaussian filter. 

Table 2: The relationship between  the changes of σ and correlation coefficients 

Gaussian filter (σ )               Chlorophyll-a                        Turbidity                           SST 

1 0.802 0.918 0.803 

1.25 0.859 0.911 0.825 

1.50 0.915 0.886 0.837 

1.75 0.921 0.881 0.854 

2.00 0.893 0.831 0.871 

2.25 0.874 0.815 0.895 

2.50 0.865 0.809 0.915 

2.75 0.861 0.796 0.897 

3.00 0.859 0.785 0.908 

3.25 0.845 0.734 0.934 

3.50 0.832 0.727 0.922 

3.75 0.805 0.719 0.914 

 



c. Conclusions 

• The regression coefficients are varied from time to time and have closely relationship with field surveyed data 
and spectral images.  

• The results of ocean color parameter extraction are strongly depended on the quality of original remote sensing 
imagery. 

• The parts of low frequencies and high its frequencies are useful and efficiency for extraction of  ocean color 
parameters . 

• When the best suitable filter parameters are selected, we can use the corresponded regression coefficients to 
calculate for different images in different time. The results will support us in  monitoring the dynamic changes 
of ocean color parameters. 

• Based on the experiences from this research, the regression coefficients are varied in different areas. So in the 
large area, it is  better to analyze in separated small sub-areas.     

In our researched results, the big mount of temporary data are established. There are more than 200 original spectral 
images, and about 600 temporary data has been processed. Because of  the limitation length of  paper, we cannot print all 
temporary and final results in here.  We hope to have more contribution opinions of other scientific researchers. 
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