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Abstract: Remotely sensed imageries of high (very high) spatial resolution not only have been applied in the 
survey to establish and update topographic maps but also used in many other applications if we exploit the full 
potential of their radiance properties, as monitoring air and surface water quality etc. over the industrial zones and 
urban areas. Therefore, this article presents the first results of monitoring the state of surface water quality in the 
area of Dam Vac, Vinh Phuc province that is waste water basin from industrial zones by using SPOT-5 imageries. 
Three maps of polluted surface water components such as BOD5, COD, TSS have been established on ArcGIS 
after running especially radiometric processing on ENVI system of a scene SPOT-5. The results presented in this 
paper are a part of report belonging into the project nr 977/QĐ-BTNMT signed by Minister of MORE, Vietnam.  
 

1. INTRODUCTION  
 
Using satellite image data in monitoring water environment has been developed for many years. From the 70th – 
80th of the 20th century in U.S, LANDSAT satellite image data has been employed to appreciate water quality of 
Michigan Lake, or Fox River. In Europe, in order to supervise from satellite image data, the river – lake – lagoon 
system substances such as Montocchio Lake (Italy), Mazury Lake (Poland) have divided into ecological areas 
depended upon geomorphology, vegetation cover, climate conditions that related to water quality parameters like 
cholorophyll concentration, cloudiness, suspended. With the boom of China economy in recent years, the 
environmental problems include water environment have been noticed and taken the remote sensing technology in 
monitoring water environment quality. Kwangtung (China) is one of the provinces has the high economical growth 
index; simultaneously involved the environmental pollution. With the help of remote sensing technology, some 
water pollutants like BOD5, COD were supervised in Shenzhen reservoir by using Landsat satellite image. 
Combining with field measurement data, remote sensing technology possibly oversees in the large systems of river 
– lake – lagoon, in industrial zones or in cities. Therefore, periodical monitoring data allows authorities and leaders 
making decisions suitable for the current condition and future to protect environment. 
The results of SPOT5 satellite image process for Vinh Phuc industrial areas presented in this article authorize to 
expand remote sensing technology in Vietnam. 
 

2. METHODS AND EQUATION 
 

Technological Processing 
 

The technological process can be generalized as in Figure 1. The above diagram has 2 major parts:    
- Creating “real reflectance” images for objects in the ground through BRDF function. 
- Creating “combination” images or building the transformation model to form the images for each pollutant. 
  

Image Correction 
 

The sun rays carry energy with five different routes, finally going on the satellite’s sensor. Figure 2 illustrates the 
paths of the sun's rays with the characteristic quantities back to sensor (Jesen, 1996). Figure 2 clearly shows the 
DN values (Digital Number) of the scene with signal L which were  recorded by sensor will be the sum of "real" 
signal, Ls (direct reflection  from objects on ground surface to sensor) and the "noise" signal, Lp (the reflection, 
scattering by the surrounding environment). 
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L = Ls  + Lp   (Equation 1) 
The nature of the problem of radiometric correction of  satellite image is removing the noise signal Lp. Assuming 
that the topography surface is Lambert surface (is the smooth surface, height difference is not significant), the 
radiometric correction should be done involved: 
- Correction of spectrum sensor based on its calibrated parameters; 
- Atmosphere correction. 
 

 

 

 

 

 

 

 

       

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Figure 1: Technological process to create image – map of surface water pollutants 

Relationship between radiance spectrum of the four image positions in the space of the same area is described in 
Figure 3. Four image positions are shown as follows: 
- Image No.1 is the original (raw) image with pixel DN values (past-sensor image). 
- Image No.2 is the result of sensor’s spectrum correction; actually converting DN image (past-sensor image) into 
the radiance image L (at-sensor image). 

L = DN*a + b (Equation 2) 
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where:  a and b are the gain and offset values. Each spectral band has different gain and offset values.  
The radiance value L given by such the Equation 2 has units Watts per square meter per steradiance per 
micron (Wm-2sr-1µm-1). 
 

 
Figure 2: The paths of  sun's rays on the sensor 

 
- Image No.3 is the conversion result of radiance image R to reflected image at the top of atmosphere, (denote ρTOA 
image). 
- Image No.4 is the result of a continuing conversion from ρTOA image to the reflected image at the surface (denote 
ρSUR image). 

( )
( )0 . .

p
sur

v Z d

L L

T E Cos T E

π
ρ

θ

−
=

+
 (Equation 3) 

where:  L: radiance value; Lp: path radiance, 
Tv: atmospheric transmittance  from Earth to Sensor; Tz: atmospheric transmittance from Sun to ground,  
Eo : Solar irradiance; Ed: downewelling diffuse irradiance, 
θ: sun zenith angle (or 900 – sun elevation angle), 
 

 

Figure 3: The process of transformation  from DN image → R → TOAρ  → surρ  



3. EXPERIMENT 

Supervised Area 

There are four operating industrial zones in Vinh Phuc, included 3 zones having waste water treatment centre: Khai 
Quang, Kim Hoa and Ba Thien industrial zones. Besides, a waste water treatment factory has been built in Binh 
Xuyen industrial zone.    

Image and Map Data 

Image Data 

SPOT5 satellite image scene number 269-307, processing level 1A obtained on 02/11/2010 in Vietnam National 
Center for Remote Sensing. The experimental area included industrial zones are located by black boundary (in the 
right bottom of the scene) after georeferenced to the coordinate system VN-2000 (Figure 4). Dam Vac lagoon is 
specified as the waste water zone and need to be accessed the pollution level.  

 

 

 

 

 

 

Figure 4: SPOT5269-307  
(02/11/2010) –  

Georeferenced to VN2000 

 

Table 1: SPOT5 scene 269-307 parameters (02/11/2010) 

 

 

 Base Map Data 
 

The maps in scale 1:25000 numbered FA67Bd, FA68Ac, FA68Ad, FA68Bc, FA68Cb had been revised in Vietnam 
National Center for Remote Sensing in 2004.  
 

Field Measurement Data  
 

Spectral Measurement Data  for Surface Water 
  
The field surveying group carried out to measure reflectance spectrum at 15 surface water sample points for 3 
spectral bands Green–Red–Near Infrared distributed in the 3 industrial zones. The reflectance spectrum range for 
surface water objects measured in field corresponding to each SPOT5 spectral band Green–Red–Near Infrared in 
turn: 0.0077–0.2193 (G), 0.0060-0.2374 (R), 0.0043–0.0909 (NIR). The spectrometer used in field is FieldSpec 
®3, (www.asdi.com).   
 

Surface Water Pollution Components   
 

After measured the reflectance spectrum, the field surveying group carried out to obtain water component 
concentration at 15 points that got spectrum values before (this work was undertaken by Institute of Environmental 
Technology belongs to Vietnam Academy of Science and Technology). Furthermore, the concentration of surface 
water components was specified after analyzed in laboratory. For applying satellite image data in monitoring water 
quality, we specially made some notes about pollution concentration of surface water components which exceed 
Vietnam Normatives 2009 (QCVN24-2009) such as: BOD5, COD, TSS (mg/l) (Table 2).    
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Table 2: The pollution concentration of surface water components 
 after analyzed sample water in field (include BOD5, COD, TSS)  

 
4. RESULTS 

 
Creating reflectance image 
 

SPOT5 satellite image scene No. 269-307 obtained on 02/11/2010 at an altitude of 800km from the ground. The 
noise spectral signals (in form of Digital Number – DN) were caused by atmospheric environment following the 
geometric mechanism Sun – Earth – Sensor. The first important step is transform the image at an altitude of 800km 
to the image in the ground through spectrum calibration. That step means to get the “real” reflectance value of 
objects, in this case, is the reflectance spectrum in the ground. To execute this task, we used Bi-directional 
Reflected Distribution Function (BRDF).   
The transformation results DN raw image to reflectance image at the surface (the ρsur  image ) represented in 
(Figure 5 and Figure 6).   
 

  
Figure 5: SPOT5 - DN image (band XS1) Figure 6: SPOT5 - ρsur image (band XS1) 

To show more obviously the displayed difference, the spatial pixel value tables corresponding to each processing 
level are presented below  (Table 3 and Table 4). 



   
Table 3: SPOT5 269-307 spatial pixels  

of XS1 raw image 
Table 4: SPOT5 269-307 spatial pixels 

of  XS1 ρsur image 

 

 
Table 5: Estimating the accuracy of ρsur image values 

 
For evaluating the quality of ρsur image, we used field spectral measurement data at 15 sample points (Table 5). The 
result shows there was only 1 point exceeding RMS of bias value and was removed (The authorized limited error in 
a specific case is 1.5 times RMSE. In theory, the limited error can be 2 or 3 times RMSE). Therefore, we could 
have a conclusion that the applied correction models ensure the requirement and giving the high accuracy. 
 

Creating Images for Surface Water Pollution Components 
 
To create the images for a number of surface water pollution components, the process is shown below:   

- Using the analyzed results of the surface water pollution components, namely: BOD5, COD, TSS.  
- Forming image combinations or image transformation models.  
- Evaluating to select the optimal model.   

The analyzed sample water will provide the concentrations of pollution components. According to QCVN24-2009, 
we only paid attention to the concentration of components exceeding the threshold to form the images.    
In the case of SPOT5 having 3 visible spectral bands (Red – Green – Near Infrared), we constructed the image 
combinations from the low to higher level for creating images of water pollution components such as: BOD5, COD, 
TSS.  In the results we derived: 

 Ln(BOD5) = 0.533717*F1 + 0.466283*F2; 
 Ln(COD) = 0.531286*F3 + 0.468714*F4; 
 Ln(TSS) = 0.545459*F5 + 0.454542*F6. 

 
Where: F1 to F6 are the images in higher level combined from surface reflectance images XSi (i = G, R, NIR). 



After exporting images of water pollution components to ArcGIS, we only remained the surface water pollution 
objects and conducted to classify pollution concentration (measured in mg/l). The last step is displaying and 
editting following map regulations (Figure 7, Figure 8 and Figure 9).   
Another major step after obtaining images of some pollutants is assessing the quality of those. To carry out this 
work, we measured concentration of pollutants in images at 15 sample points. The results of limited error values 
were worked out as follow:  

- The limited error for BOD5 pollutant concentration is: 26 (mg/l). 
- The limited error for COD pollutant concentration is: 31 (mg/l). 
- The limited error for TSS pollutant concentration is: 28 (mg/l). 

 
5. CONCLUSIONS & RECOMMENDATIONS 

 
Based on SPOT5 image and the analyzed results of pollutant, our research group created the products comprised of 
images and maps in the scale 1:25000 and a number of evaluating normatives. The products have the approved 
accuration compared with the field measurement and can attain those results completely by a secure processing. 
The outcome confirmed that with the current condition possibly to apply remote sensing and GIS technology for 
detecting and monitoring water environment quality in city – industrial zones. Concurrently, the requirement 
demands the association between inter-disciplinary organization in order to gain the high quality products. 
 

 
Figure 7: The map of BOD5 from SPOT5 image (02/11/2010) for Dam Vac lagoon, Vinh Phuc, scale 1:25000 

 
 

 
Figure 8 The map of COD from SPOT5 image (02/11/2010) for Dam Vac lagoon, Vinh Phuc, scale 1:25000 



 
Figure 9: The map of TSS from SPOT5 image (02/11/2010) for Dam Vac lagoon, Vinh Phuc, scale 1:25000 
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