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Abstract—The pollution of aquatic vegetation has become 
more and more serious in China. Based on the multi-layer 
medium model of aquatic vegetation and the growth 
characteristics of the aquatic vegetation, the radiant temperature 
of the aquatic vegetation is simulated as a function of the angle of 
incidence and as a function of time. Subsequently, in order to 
verify advantages of the millimeter wave radiometer in 
monitoring the growth of aquatic vegetation, measurement of the 
radiant temperature of aquatic vegetation by means of 
radiometer with vertical polarization, horizontal polarization 
and fixed angle of incidence sweeping. Based on modeling and 
simulation, we did experiments and found through experiments 
that the radiant temperature of aquatic vegetation is higher than 
the radiant temperature of the water surface. It shows that the 
radiometer can effectively distinguish between water surface and 
aquatic vegetation. The experimental data is consistent with the 
trend of the simulation results, indicating that the growth of 
aquatic vegetation can be monitored using the millimeter wave 
radiometer accurately.  
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I. INTRODUCTION  

With the development of economy and industry, our living 
environment is facing many problems. Water pollution is the 
most significant one, and the massive reproduction of aquatic 
vegetation is one of the causes of water pollution. The 
millimeter wave radiometer has the characteristics of strong 
detection capability, strong anti-interference ability, high 
detection accuracy and no weather influence[1]. At present, the 
research on millimeter wave radiation at home and abroad 
mainly focuses on soil, ocean and moon soil [2-4], and there 
are relatively few studies on the monitoring of pollution and 
growth of surface plants, and lack of relevant data. At present, 
in the aspect of water pollution and surface plant monitoring, 
Cloete[5] used smart sensors to monitor water pollution in real 
time, Francesco Fornai[6] designed an automatic water 
pollution monitoring and sampling system for sensorized 
autonomous vehicles (ASVs), Guo Chenhua[7] proposed an 
accurate method for extracting potential risk source data from 
water pollution environment in view of the inaccurate results 
of risk source data classification and the long time used for 
data extraction in current risk source data extraction methods. 

Based on the analysis of the radiant characteristics of the 
water surface and the characteristics of the water surface plants, 
the radiation temperature of the aquatic vegetation was 
simulated as a function of the incident angle and the curve with 
time, and the relevant experimental tests were carried out using 
an 8 mm band radiometer. 

II. FUNDAMENTAL THEORIES 

A. Brightness Temperature  Model of The Water Surface  

The brightness temperature of the smooth water surface is: 
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In (1),  is the angle of incidence, T0 is the physical 

temperature of the water,  ; p  is the specular reflection 
coefficient and it’s a function of the incident angle , the 
polarization mode p and the complex permittivity of water. 
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Among them, h  represents horizontal polarization and v  
represents vertical polarization. 

B. Dick Radiometer  

The block diagram of the Dick radiometer [8, 9]is shown in 
Figure 1. 
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FIGURE I.  BLOCK DIAGRAM OF  DICK RADIOMETER 

The switch turns the receiver on to the reference load and 
the antenna at the frequency of fs, so that in one cycle, the 
receiver receives thermal noise from the reference load for one 
half cycle, and the other half of the receiver receives thermal 
noise from the antenna, which shows that the receiver's input 
signal is modulated by the switch [10]. Therefore the output 
voltage of the antenna and the reference load is as follows, 
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In (4), k is the Boltzmann constant, B is the system 
equivalent noise bandwidth before detection, REFT  is the noise 

temperature of the reference load, s is a switching cycle, '

A
T  

is the temperature of antenna, '

REC
T  is the temperature of 

equivalent input noise and Gs is the gain. So, the DC 
component of the output voltage after filtering noise is, 

    ' ' '1

2
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The AC component in the output voltage outV  after 
filtering out noise is roughly composed of three parts, as shown 
below, 

(1)  Uncertainty caused by the gain fluctuation of the 
system itself 

(2)  Inaccuracy caused by the noise signal input from the 
radiometer when the reference load is switched on  

(3)  The uncertainty caused by the noise input from the 
radiometer when the antenna is switched on.  

III. GROWTH CHARACTERISTICS SIMULATION  

The excessive growth of aquatic vegetation caused by the 
eutrophication of water bodies has caused pollution of aquatic 
vegetation. Water plants generally include water hyacinth, 
cyanobacteria, green algae, water lily, leeks, water hyacinth, 

and so on. Aquatic vegetation like water hyacinth and 
cyanobacteria have strong vitality and rapid reproduction, and 
are prone to large-scale outbreaks. Therefore, it must be 
prevented in advance. For example, a water hyacinth can be 
propagated to 10-40 strains only in 30 days [11]. Now taking 
cyanobacteria as an example, the growth of cyanobacteria can 
have three stages. Take 30 days as an example, 1-10 days is the 
growth period, 11-20 days is the peak period of growth, and 
21-30 days is the decline period of growth [12]. The growth 
curve of the simulated cyanobacteria is shown in Figure 2. 

 
FIGURE II.  CYANOBACTERIA GROWTH CURVE  

As can be seen from Figure 2, when the cyanobacteria grow 
to the tenth day, mass reproduction begins and the growth rate 
begins to accelerate. Growth peaked on the twentieth day and 
growth slowed after twenty days .According to the Multi-layer 

media model based on aquatic vegetation [13]. 
B

T  is the 

brightness temperature of the surface plants observed by the 
radiometer. The first layer of the aquatic vegetation, which is 
the total brightness temperature of the vegetation layer, can be 
expressed by (6). 
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In (6), p  is the polarization of electromagnetic waves and 

1
 is the angle at which electromagnetic waves are incident on 

the first layer of vegetation. 
1B

T  is the radiant brightness 

temperature of the first layer of vegetation, that is, the second 

layer of dielectric layer. 
1L

T  is the superposition of the radiant 

temperatures of all the dielectric layers below the first layer of 

vegetation. i  is the reflectivity of the i-th layer medium and 

the (i+1)th layer medium at their interface. 
2S

T  is the amount 

of spontaneous radiation of the second dielectric layer of the 
surface plant. , 1H iT   is composed of the i-th layer medium and 

all of the following dielectric layer radiation temperatures 
reaching the remaining values above the interface of the (i-1)th 
layer and the i-th layer. 

Recursively, when i=N-1 and the Nth layer is the 
lowermost water body, assuming that the water body is 
infinitely deep, the radiation temperature emitted by the water 
body to the interface between the N-1 layer medium and the 
Nth layer water body is, 

 , 1 1(1 )H N N NT T          (7)

IV. RESULTS AND ANALYSIS  

Based on the study of the growth characteristics of aquatic 
vegetation and the multi-layer medium model, the radiant 
temperature curve of the cyanobacteria was simulated Figure 3 
is a radiant temperature diagram of cyanobacteria as a function 
of incident angle, and Figure 4 is a radiant temperature diagram 
of cyanobacteria as a function of time. In order to verify the 
advantages of millimeter-wave radiometers in aquatic 
vegetation pollution monitoring, experiments on the outdoor 8 
mm band aquatic vegetation radiation characteristics were 
carried out in Zixia Lake. Comparing the experimental data 
with the simulated radiant temperature, the advantages of the 
millimeter wave radiometer in aquatic vegetation pollution 
monitoring were verified. Test location is Zixia Lake on 
campus. Environment temperature is 35.7 ° C and humidity is 
44%. This experiment uses the overall calibration method for 
calibration. The test environment is shown in Figure 5.  

 
FIGURE III.  BRIGHTNESS AND TEMPERATURE CURVE OF  

CYANOBACTERIA WITH INCIDENT ANGLE 

 

FIGURE IV.  BRIGHTNESS AND TEMPERATURE CURVE OF 
CYANOBACTERIA OVER TIME 

 
FIGURE V.  LAB ENVIRONMENT 

The experimental procedure is as follows: the 8 mm 
radiometer is placed at a height of 1.3 m from the ground, and 
the aquatic vegetation -water lily is used as the detection target. 
The angle between the main beam of the receiving antenna of 
the millimeter wave radiometer and the ground perpendicular is 
changed every ten degrees. And record the voltage value on the 
radiometer to get the radiation data of the water lily. Because of 
the limitations of the measurement environment, only the 
radiation temperature of the water lily with a pitch angle 
between 15 ° and 60 ° was measured. The radiant temperature 
curve of water lily is shown in Figure 6. 
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FIGURE VI.  RADIANT TEMPERATURE CURVE OF WATER LILY 

Through data analysis, we can find that, 

(1)  In the 8 mm band, the polarization of the water lily is 
not very obvious; 

(2)  The radiant temperature of the surface of the water lily 
gradually decreases with the gradual increase of temperature 

between 15° and 60°. This is because the distribution of water 
lily is relatively sparsely affected by the water surface 
background at 60°. Comparing Fig. 4 with Fig. 6, it can be seen 
that the radiant temperature changes of water lily and 
cyanobacteria are about the same. However, it may be affected 
by human factors and environmental constraints. The simulated 
radiant temperature curve of cyanobacteria is smoother than 
that of the water lily. In the experiment of measuring the 
radiation characteristics of water lily, an 8 mm radiometer was 
set up on the side of Zixia Lake in the school, and then the 
antenna handle was shaken to make the radiometer take an 
incident angle of 60°. Because of the limitation of the detection 
environment, the water lily can only be horizontally swept in 
the range of 0°-60°, and the corresponding radiation 
temperature is obtained. The specific measurement data 
obtained is shown in Table 1. 

It can be seen from Table 1 that the radiometer antenna 
does not illuminate the water lily at 0°, the measured value of 0° 
should be the radiant temperature of the water surface. So it can 
be concluded that the radiant temperature of aquatic vegetation 
is higher than the radiant temperature of the water surface. 

TABLE I.  THE RADIATION TEMPERATURE CHANGES WITH THE HORIZONTAL SWEEP ANGLE WHEN THE INCIDENT ANGLE IS 60° 

Angle(°) 0 10 20 30 40 50 60 
Radiation   temperature (K) 226.0 245.6 245.6 249.1 249.1 267.6 284.9 

 

V. CONCLUSION   

In this paper, the radiation characteristics of aquatic 
vegetation were studied by using 8 mm band radiometer. 
According to the growth characteristics and radiation 
characteristics of aquatic vegetation, the curve of radiant 
temperature of cyanobacteria or water lily with incident angle 
and the curve of brightness temperature of cyanobacteria or 
water lily with time were simulated and experiments were 
conducted on campus. The experimental and simulation results 
show that the 8 mm radiometer can effectively distinguish the 
water surface and the aquatic vegetation. We can draw a 
conclusion that the millimeter wave radiometer has advantages 
in the monitoring the growth and pollution of aquatic 
vegetation. But, due to the fact that the effects of spoiled 
cyanobacteria in the water were not considered in the 
simulation process, it is intended to be the focus of the research, 
and the research on the radiant temperature of aquatic 
vegetation with time is further studied and analyzed. 
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