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Abstract. The spectral characteristics of agriculture water can reflect the water
quality indirectly. How to observe the spectrum quickly and accurately is basis
of evaluating aquaculture water quality by remote sensing technology. Many
investigations indicate that the spectrum of several specific bands can reflect
some water quality conditions. In this article, a real-time and automatic spectrum
observation system is built based on high-precision optical sensor, flash storage
technology, GPRS and RS485 wireless data transmission technology to observe
the spectrum of specific bands. Through continuous observation of 5 ponds, the
data is compared with data measured by ASD spectrometer in bands 680 nm,
700 nm and 769 nm. The data measured by ASD spectrometer is set as the
standard value. The accuracy of the data measured by this system is above 98%.
The result shows that, this system could take the place of spectrometer to
measure the spectrum of specific bands. It can realize remote, real-time data
observation.
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1 Introduction

In recent years, the research of water has become more and more important. How to get
the water information quickly and accurately is the basic research content of water
environment remote sensing [1, 2]. Usually, the portable spectrometer is used to
observe the spectrum on the surface of the water [3, 4]. Compared with satellite remote
sensing or aerial remote sensing, the observation is more mobile and the operation of
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data is also easier. But the space scale of this way is lower. The observation program is
cumbersome and the real time is poor otherwise [5, 6]. However, the spectroscopic
observation on the surface of the water is the basis of water remote sensing on large-
scale water. For small and medium-sized water, it is also an effective method [7, 8].

The area of aquaculture pond is usually small or medium-sized. Daily maintenance
is convenient and the aquaculture water is less affected by natural conditions. At the
same time, spectrum of some specific bands in the visible light and near infrared range
could reflect the water quality condition indirectly and objectively [9, 10]. There is no
need to observe spectrum of a continuous band [11]. Considering the environment
characteristic of the aquaculture pond and the preliminary research foundation, a real-
time and automatic spectrum of specific bands observation system is built based on
high-precision optical sensor, flash storage technology, GPRS and RS485 wireless data
transmission technology [12, 13]. The system is unattended and easy to maintain. The
data observed by this system is highly accurate and convenient to process and analyze.
The system could replace artificial spectral observation effectively and provide a
technical basis for the daily water quality monitoring of the aquaculture pond [14, 15].

2 Materials and Methods

2.1 Basic Principle of the Water Spectrum Observation

In the study of the water spectral characteristics, the physical quantities observed
should compute the water-leaving radiance ðLwÞ, normalized water-leaving radiance
ðLwnÞ, remote sensing reflectance ðRrsÞ. There are two methods for the water spectrum
observation. The first one is profiling method. The other one is above-water method.
The profiling method is to calculate the optical signal of the water surface by measuring
the optical properties of the water with different depths. However, this method is time-
consuming and arduous. This method requires the depth of the measured water must be
more than 10 m and needs a high requirement of equipment. This method is usually
used in the I-water. The above-water method is to measure the reflection signal of the
water surface, the sky light and incident signal above the water by using appropriate
observation geometry. Because of its convenient operation and high accuracy, this
method plays an increasingly important role in the spectrum observation of the II-
water. When measuring the reflection spectrum, the radiance of the target could be
measured directly. However, the incident radiance of the target surface should be get by
measuring the radiance of the standard reference plate.

When measuring the water spectrum outside, the signal received by the spec-
trometer Lsw shows as below.

Lsw ¼ Lw þ r � Lsky þLg ð1Þ

Lw is the signal of the water. Lsky is the signal of the sky light. Lg is the direct
reflection of the sun. r is the surface reflectance of the water vapor.
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When adopting appropriate observation geometry, the signal received by the
spectrometer can be approximate as below.

Lsw ¼ Lw þ r � Lsky ð2Þ

Taking the observation geometry in the analysis of the water spectrum as an
example (Fig. 1), the observation direction turns 90–135° angle from the incident
direction of the sun light, and the fiver probe turns 30–40° angle from the normal lines
of the water surface. This way can avoid the direct reflection of the sun light. Lg is
approximately 0 at the time. When there is a direct sun light on a sunny day, Lsky is
approximately 0. At this time, the signals that the spectrometer receives could be seem
as the reflection signal of the water.

Lsw ¼ Lw ð3Þ

The water reflectivity is calculated as follows.

Rrs ¼ p � Lw

Ed
¼ p � Lsw

Ed
ð4Þ

Lsw is the radiance of the water surface. Ed is the incident radiation illumination that
reaches the water surface.

2.2 System Composition

In the study of the water remote sensing, the reflectivity of water could be calculated by
the spectrum observed. The water quality parameters such as chlorophyll-a, total
phosphorus (TP), total nitrogen (TN) could be calculated further. It is very important to
observe the spectrum conveniently and reliably. In this article, a water spectrum

Fig. 1. Signal composition of the water surface
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observation system is designed and implemented which is composed of the spectrum
gathering terminal, the data forwarding unit and the data receiving terminal (Fig. 2).

2.2.1 Spectrum Gathering Terminal
The spectrum Gathering Terminal consists of three sets of configurable high-precision
optical sensor modules and a flash memory. When gathering the spectrum, data is
backed up in the flash memory to ensure its security. The storage capacity of the
memory can be configured according to the need. The data is usually held 30 days
based on the system clock. The flash memory is connected with the data forwarding
unit through a data line. For reducing the power consumption and improving the
efficiency of the data gathering, a system sleeping function is designed. A remote
instruction could be sent by the data receiving terminal to dormancy or awaken the
spectrum gathering terminal. According to the characteristics of the water spectrum
observation, the system acquiesced between 18 pm to 6 am. The spectrum gathering
terminal and the data forwarding unit share a set of power supply module. The system
not only could be powered by 220 V power but also be powered by a solar battery.
This way ensures the reliability of the system work continuously.

The different water quality parameters are associated with the spectrum of different
wavelengths. For adjusting the band of spectrum observed conveniently, a removable
optical sensor module is designed. Different observation bands can be configured
according to the different applications. However, the optical sensor needs to be cali-
brated after reconfiguration each time. The spectrum gathering terminal is linked with
the optical sensor through serial. There are three optical sensor extension interfaces
including JP7, JP8 and JP9. Every interface is linked with a group of high-precision
optical sensor module.

According the principle of water reflectivity observation, two kinds of sensor node
are designed for multi-channel reflection observation system including the node for the
sun downward radiation and the node for the water reflection radiation. The band
configuration and electronic structure of these two kinds of node are exactly the same.
The only difference between them is that there is an angle limiting device in the node
for water reflection radiation which only allows the reflection of specific angle into the

Fig. 2. Composition of the system
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viewing angle. This way will minimize the interference of the reflection from the
ambient light. The main function of these two kinds of node is to load the optical sensor
based on I2C bus. They gather the brightness data, the observation time and the
remaining power of the solar battery. At the same time, they sent these data to the data
forwarding unit together. The composition of them mainly includes sensor part, real-
time clock part, serial communication part, power supply part, instrument working
condition monitoring part and communication/microprocessor part (Fig. 3).

In the system test, the two kinds of node are adopted with the optical sensors of
680 nm, 700 nm and 769 nm. The view angle of the water reflection radiation node is
set as 25°.

2.2.2 Data Forwarding Unit
The forwarding unit is linked with the spectrum gathering terminal through the serial
communication. It transmits the real-time spectrum and other data from the flash
memory of the spectrum gathering terminal to the remote data receiving terminal
through GPRS and RS485 wireless protocol. Two kinds of data forwarding method are
designed for the need of both field and remote data processing (Fig. 4).

There is a RS485 data sending module with a long-distance antenna integrated in
the communication unit. The Operator can check the spectrum in real-time within
100 m of the spectrum gathering terminal through a computer equipped with a RS485
receiving module. Then the data could be dealt with and analyzed. The adjusting plan
of the water quality could be made at site. In some isolated and the GRPS coverage not
perfect aquaculture ponds, this data forwarding way is more reliable and the real-time
performance of the spectrum observation is also stronger.

Fig. 3. Composition of the spectrum gathering terminal
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The GPRS unit goes into the mobile communication network through a SIM card.
Then it forwards the spectrum and other data to the remote data server through the
mobile communication network. The operator could visit the data server through the
client software on any computer on the web. Then the data could be dealt with and
analyzed in order to help the people at site to make a adjusting plan of the water
quality. This kind of data forwarding mode is mainly faced with the manager or
supervision departments outside the production line. There is also a flash data memory
unit to cache part of data from the spectrum gathering terminal when the GPRS module
works unusually. This way could ensure the integrity of the data while the spectrum
could not be forwarded to the remote server in time.

2.2.3 Data Receiving Terminal
The data receiving terminal includes the remote data sever and the data analyzing
software client. The system uses the Microsoft Windows Server and the SQL Server
platform. The storage structure of the spectrum is shown in the Table 1.

The client software can receive data through two ways. When the data is received at
site, the RS485 data receiving module is converted into RS232 serial communication
by the conversion mode. At the same time, the client software is set as the serial
communication mode and the spectrum could be read in through the serial port directly.
When the data is received remotely, the client software is set as the server visiting

Fig. 4. Composition of the data forwarding unit

Table 1. Data structure

ID Pond code Observation time Band 1 Band 2 Band 3
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mode. The data could be read in from the database by visiting the remote data server.
The real-time and historical data can all be checked through this client software, and the
water reflectivity could be computed based on the formula 4. In the data analyzing
module, the chlorophyll-a, TN and TP could be estimated. At present, this module only
reserves the program interface. These applications can be developed and integrated
according to the business needs. The Structure of the client software is shown as the
Fig. 5.

The client software uses the VC2010 development platform, and the interface is
easy to operate (Fig. 6).

Fig. 5. Structure of the client software

Fig. 6. Interface of the client software
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3 Results and Analysis

In order to test the performance of the system and evaluate the reliability of the system
to observe the water spectrum quantitatively, 5 aquaculture ponds for sturgeon in
Beijing are selected as the water observation samples. In sunny and partly-cloudy
condition, the FieldSpec HH spectrometer of ASD company is used to observe the
spectrum of this 5 samples in synchronism.

3.1 Working Performance of the system

The optical channel of the three groups of sensor is tested, and the observation data is
analyzed to check the data consistency among different channels. At the same time, the
responsiveness of the high-precision optical sensor is verified under the changeable
condition of solar illumination in one day.

Through the analysis of the data scatter diagram (Figs. 7, 8), the data consistency
among different channels is very good. The decision coefficient is 0.9995 and the slope
of different data regression straight line is very close to 1. The result shows that there is
nearly no deviation between the measurements by these three different sensors.

In order to test whether the data transmission of the sensors is stable, the change
curve of these three channels of the sensors in one day is made (Fig. 9). An analysis is
taken to find that whether the change of the observation data is consistent with the solar
illumination curve, which can determine whether the data is unstable.

Usually, under the clear air condition, the change of radiation value from the sun to
the earth is related to the cosine function of the sun’s vertical angle, which means that
the data will be lowest in the morning and evening, but it will be highest in the noon.

Fig. 7. Data consistency between channel 1 and channel 2
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There is a similar cosine curve showed in the Fig. 9. Data is very stable in the rest time
of one day except a slightly different in the morning. The curve is smooth and with no
data missing, and the rate of the date reception reaches 100%. It indicates that the data
transmission of the system is stable and the system could be used for continuous
observation in time series.

Fig. 8. Data consistency between channel 1 and channel 3

Fig. 9. Time-variation analysis of the light intensity measurement
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3.2 Spectrum Observation of the Water

The center wavelength of the sensor filter is set as 680 nm, 700 nm and 769 nm
separately. The bandwidth of the filter is 3 nm. The FieldSpec HH measures the
continuous spectrum from 350 nm to 1050 nm, and its spectral resolution is also 3 nm.
The view angle of the reflection radiation observation node is 25° which is as the same
as the spectrometer. This way ensures the reliability of the data alignment.

The time series observation is taken for the NO. 1 ponds. The system observes
spectrum at intervals of one hour from 10 am to 14 pm. The observation by the
spectrometer is taken synchronously. 50 groups of data are gathered to check the
reliability of the data for the same observation sample under different lighting
conditions.

The radiation angle and intensity of the solar will change as the time changes. The
Fig. 10 shows that the observation results of the system and the spectrometer both
accord with the same law. The result describes a linear relationship and the imitation
between them is good enough. The fit coefficient reaches to 0.9882. The result verifies
the reliability of the system in the time series spectrum observation.

Synchronous observation is taken at five different aquaculture ponds. There are
several different observation positions of the five ponds, including the filter tank, the
feeding platform, the water outlet, the intake and the oxygen pump. The water quality
of these positions is usually different. Five spectrum gathering terminals are activated at
10.30 am and observe 10 groups of spectrum separately. Synchronous observation is
taken at these positions by spectrometer at the same time. 50 groups of data are
gathered to check the reliability of the data for the different observation sample under
the same lighting conditions.

For different aquaculture ponds, the water quality of these areas is usually different
due to the observation points set in the different functional areas. The Fig. 11 shows
that there are also some data differences in the spectral performance. But the difference
change has a highly linear relationship between the system and the spectrometer. And
the imitation between them is good enough. The fit coefficient reaches to 0.9876. The
result verifies the reliability of the system in the different object spectrum observation.

Fig. 10. Reliability analysis of the time series observation data
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4 Conclusions

In conclusion, a real-time spectrum of specific band observation system for aquaculture
pond water is designed and implemented in this article. The observation data achieves
the effect of the data by spectrometer. At the same time, the system helps to get rid of
the locked artificial observation program and the fault that spectrometer cannot take the
real-time observation continuously. The using cost of the system is much low and the
multi-point networked synchronous observation could be realized in the aquaculture
area. The continuous accurate real-time observation data of the water spectrum pro-
vides the basis for the data analysis and the quality parameters evaluation of the
aquaculture pond. The system could customize the spectral band for the main water
quality parameters based on the analysis and modeling of remote sensing observation
data on ground. Then the system could achieve a timely and accurate quantitative
assessment for the water quality parameters of the aquaculture pond which will be of
great significance to warn and control the change of water quality in aquaculture
production.
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