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Abstract

Aim at monitoring water pollution, especially the aquatic vegetation, the multilayer dielectric
model based on incoherent method is established to analysis the brightness temperature of aqua-
tic vegetation. A 3 mm radiometer is used to measure the radiant characteristics of water pollu-
tion. Compared to 3 layer dielectric model, the simulation result of multilayer dielectric model is
in better accordance with the experimental data, which shows that the multilayer dielectric model
can model aquatic vegetation’s radiant characteristics more precisely. This result shows that wa-
ter has millimeter wave radiant characteristics of low brightness temperature, cold target com-
pared to aquatic vegetation. Based on the study of water’s brightness temperatures and aquatic
vegetation’s radiant characteristics, the radiant characteristics can be used to monitor aquatic
vegetation.
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1. Introduction

Along with the economic development, water pollution is becoming one of the most serious environmental
problems. At present, most of the detection methods of water pollution are staying in visible light and infrared
model, these ways are usually affected by environment or weather. Compared with the light and infrared model,
the millimeter wave has the advantages of all-weather, high detection accuracy and good invisibility [1]. These
characteristics make it widely used in agriculture, geology, environment, surveying and mapping, military and
other fields.

Aiming at the water pollution, Qulin Tan use multi-source remotely sensed data (Landsat TM/ETM, Radarsat
SAR and Terra Modis etc.) related documents and geographical data, statistical data of water level and area
through many years to identify and monitor the environment of PoYang Lake [2]. Ganlin Wang analysis the
combine of Modis and SAR (synthetic aperture radar) to monitor algal blooms in Taihu Lake, which meet ac-
quirement of accuracy and timeliness in remote sensing field.

There are many types of water pollution, such as white pollution, vegetation pollution, factory pollution, etc,
this paper will focus on aquatic vegetation pollution, cause the aquatic vegetation is not only a kind of pollutants,
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can also provide a way to control water pollution sometimes.

For water pollution such as oil, aquatic vegetation, the most commonly used to model is 3 layers model [3].
Considering there are gaps between aquatic vegetation, 3 layers model is not suitable to be used for aquatic ve-
getation. This paper applies the multilayer dielectric model to analysis the radiation characteristics of aquatic
vegetation, the multilayer dielectric model is based on incoherent method. Compared with common water pollu-
tants, water has low bright temperature, cold target radiation characteristics, water pollutions and water can be
distinguished through these features.

2. Multilayer Dielectric Model and Simulation

Pollution of aquatic vegetation has characteristics of stacking with each other, air layer exists between aquatic
vegetation, based on this, in order to study the millimeter wave radiation characteristics of aquatic vegetation
pollutants, a multilayer microwave transmission model for aquatic should be established.

2.1. Multilayer Dielectric Model

Generally, the classical model for pollutions is 3 layers, as for aquatic vegetation, because the aquatic vegetation
had air gap, the multi-layer model can be applied to analyze the bright temperature, multilayer dielectric model
is discussed in [4], Wang extended Ulaby incoherent method to N (N > 3) layers [5]. The emission of each layer
can be calculated by Rayleigh-Jeans approximation, the model is shown in Figure 1.

Ty is the total radiation temperature of the aquatic vegetation pollutant which is observed by the radiometer,
its value is equivalent to the radiation temperature of the first layer of the aquatic vegetation and the temperature
of the radiation of all the medium layers:

Te (6, P) = Ta (6, P) + T4 (61, P) @

where 4, is the electromagnetic wave incident angle of the first layer of aquatic vegetation, p is the polariza-
tion of electromagnetic wave, T, is the second layer of the medium layer below the radiation temperature of
all the media. Tg, is the first layer of aquatic vegetation radiation brightness temperature,
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Figure 1. Multilayer dielectric model based on incoherent method.
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where T,, and T,, are electromagnetic waves radiated from the vegetation, I', is the reflectivity of first
layer and the second layer, T, is the reflectivity of second layer and third layer medium, L, is defined as the
second layer medium power loss factor, T, is the second layer medium total spontaneous radiation.

Ta i, is the r radiation temperature of layer i and all of the following dielectric layer radiation temperature

reach the boundary
1-T, T, 1
T, = 14+ T +=T,.
H.,i-1 1_1—‘i711—‘i /le |:( L' j si L H,l (3)

where T is the total spontaneous radiation of layer i.
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where a; =k /k,; , is single-scattering albedo of the layer i, k
coefficient.

Assumed the water is infinite, T, is radiation temperature of the water body, which is at the upper part of
the interface between the layer N — 1 and the layer N,

TH,N—l = (l_FN—l)TN (5)

is its extinction coefficient, kg is scattering

ei

2.2. Simulation

According to the established aquatic vegetation multilayer dielectric model, taking the angle of incidence of 45°,
because each overlap a leaf will also add a layer of air gap layer, so the N layers of simulation were taken for 3,
5, 7. Figure 2 shows the simulation of emissivity and reflectivity of aquatic vegetation change along with the
thickness variation of aquatic vegetation,

From the simulation, we can know that the emissivity increases with the increase of thickness. The reflectivity
decreases with the increase of the thickness, as the thickness increases, the emissivity and reflectivity gradually
become stable.

3. Experiments and Analysis

In order to verify the correctness of the multilayer dielectric model of the aquatic vegetation, the radiation cha-
racteristics of aquatic vegetation and water surface were measured by using the 3 mm radiometer. The experi-
ment was carried out in Taihu Lake.
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Figure 2. Emissivity and reflectivity based on multilayer dielectric model.
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3.1. Experiments

Figure 3 shows the experiment environment, experiment conditions: the temperature is 34°C, the humidity is
44%, the incidence angle is 50°, 55°, 45°, 60° and 65°, respectively. When incidence angle beyond the range, the
data would be influenced by the antenna and surrounding environment, the data have no practical significance,
Table 1 shows the measurement results.

3.2. Analysis

According to the multilayer dielectric model established above, when N is 3, 5, 7, respectively ,the simulation
data of the relationship between the brightness temperature of the aquatic vegetation and the incident angle is
shown in Figure 4, for the convenience of comparative analysis, the experimental data is also given in Figure 4.
The experimental results are found to be in good agreement with the simulated results.

The results are evaluated in the independent checking samples. Table 2 gives the RMSE (root mean square
error) of the simulation data. When N is equal to 7, the RMSE is the smallest, but at the same time, the computa-
tional complexity is higher. Compared to the 3 layers model, when N is equal to 5, the accuracy has been greatly
improved, in the case of requirements of accuracy is not strict, choose 5 layer model to simulate is more suitable.

Figure 3. Experiment environment.
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Figure 4. Experimental data and simulation of multilayer dielectric model.
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Table 1. Radiation temperature of 3 mm radiometer.

Incidence Angle (%) 45 50 55 60 65
Radiation temperature (K) 271.9 279.9 286.2 292.8 299.7

Table 2. Root mean square error of experimental data.

Layers 3 layers 5 layers 7 layers
RMSE (K) 22.3 11.8 5.1

4. Conclusions

In this paper, a microwave multilayer dielectric model is analyzed, and is used to study the radiation characteris-
tics of aquatic vegetation. The model divides aquatic vegetation, air and water into different layers with different
dielectric constants and physical temperatures. The integration is carried out by summing up each layer’s emis-
sions and attenuations, while considering multi-reflection of the up and down boundaries. Based on the experi-
mental data, the multilayer dielectric model aquatic vegetation’s radiant characteristics more precisely compared
with 3 layers model.

On the basis of these results, we conclude that water has low bright temperature, cold target radiation charac-
teristics, compared with common water pollutants. For practical applications, water pollutions and water can be
distinguished through these features.
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