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Abstract. According to the water quality monitoring need of Three Gorges Drawdown Areas on
automation, systematization, we design the overall framework and develop the water quality online
monitoring software [1] for water quality online monitoring system based on the Internet of things
(TOT) and ArgGIS. The online monitoring is divided into three parts: data perception layer, network
data transmission layer, data application service layer. This paper researches how to integrate the
water quality automatic monitoring equipment to achieve water data automatic collection, designs the
function of the water quality online monitoring software, predicts the water quality with the big data
prediction algorithm. The results show that the system is effective.

1. Introduction

At present, the monitoring method of Three Gorges drawdown areas is traditional, such as
analyzed after manual sampling by people. This method not only wastes a lot of manpower and
material resources, but also has a low efficiency of data transmission and processing. It can not solve
the environmental incidents happened suddenly. And people needs the monitoring is more efficient
and more accurate because of the importance and complexity of the Three Gorges Project. Limited to
the current level of construction, the traditional monitoring facilities and monitoring methods can not
process and analysis the data quickly to reach the goal of rapid response. So we need to introduce and
study new monitoring technology and method to build a complete online monitoring system [2]. We
can use this system to real-time monitor the water quality continuously. In this paper, we integrate a
set of automatic water quality monitoring system based on the Internet of things, and introduce the
overall framework of system and the functions of the online monitoring software in detail.

2. Overall framework of system

Water quality monitoring system collects the data from the sensor that is placed under the water
and then transfers the data to the online monitoring software for storing, processing, analyzing, and
displaying though 2G or 3G wireless network. We also can observe the whole Three Gorges from the
ArgGIS. The system is divided into data perception layer, network data transmission layer and data
application service layer. The overall framework is shown in figure 1.
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Fig. 1 overall framework
Data perception layer: Installing the water quality monitoring equipment in the Three Gorges
drawdown areas for collecting pH, turbidity, dissolved oxygen, electrical conductivity etc. It can
provide the basic data of the water quality.
Network data transmission layer: mainly responsible for data transmission from senor to the data
application layer. Due to the real-time and safety, we select GPRS as the transmission mode [3].

Data application service layer: responsible for the water data storage, processed, statistical,
analysis, graphics displayed, online queried and shared [4].

3. Hardware integration of automatic monitoring equipment

In order to adapt the harsh environment of the Three Gorges drawdown areas [5], water quality
automatic monitoring equipment must have the characteristics of low power consumption,
self-cleaning, solar power supply, storage capacity and so on. The equipment consists of multi
parameter water quality sensor [6] which is name as AP7000 developed by Aquaread, data collector

name as CR200X, wireless data transmission module name as MD-609G and solar power supply
system.

a. AP7000 water quality sensor is shown in Figure 2. It is including water temperature probe,

pH probe, turbidity probe, dissolved oxygen probe, electrical conductivity probe to collect the water
environment parameters. The biggest advantage of AP7000 is that a double brush cleaning system is
installed to clean all the probes and avoid the probes covered by the algae and water impurities.
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Fig. 2 AP7000

b. CR2000X is the lowest cost and smallest data collector produced by Campbell Scientific
company. Single input channel is the best for a sensor and it can save 12800 data at a time of a second
scanning frequency. It includes a built-in calibration and can be programmed to adjust the frequency
and other parameters of the collector. The details are shown in figure 3.
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Fig. 3 CR200X

c. MD-609G can transfer data information to a host through wireless network which is
connected to the module. It can be widely used in water quality monitoring, meteorological
information collection, environmental data collection industry. This module is compatible with a
variety of data center software, and low power consumption makes it suitable for mobile portable data

transmission and field data monitoring.
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Fig. 4 MD-609G

d.  The biggest difficulty of field monitoring is power supply, but solar power supply system can
solve this problem. It consists of solar panels, battery and power controllers. The working voltage of
AP7000 is 12V, so the output voltage 12V of the battery is chosen for power supply. The battery is
charged by the power supply controller and can continuously support the monitoring equipment
working normally for a week. The power supply system is shown in figure 5.
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Fig.5(b) solar panels Fig.5(c) battery

4. Water quality online monitoring software

This software is mainly responsible for the water quality data storage and provides real-time
monitoring results to the administrative department. The software is build by .NET application
framework, database is developed by Sql Sever2008 and the GIS function is based on the ArcGIS.
The interface of software is shown in figure 6.

I MR — &=
Serzond | ENGHEW  EESW SRR GIEEN  ZWRBAR  REEDy

JF LA il

ES - R ARIT)
1 - BB
£ ! A FREARmoL)
§ ) i FREREL)
=

; (=, U AV W U e
Ll e ] T
e o I —— —
2 ’04[||| 20044010 ’GHF 0 A .\-9 2014 NIWB ’01|"|" 0141107 2041 LS

= L il R 44 1
=
W [&E - me [zm MR R = ws s
et e
o3
2L en ex BN -
w5
. - EE TR LT LN 2411 201002 LT i
s im L) filt eS| L EET 2a2h1feT ELTET 1411 It 20054245 2o
b HSEEA1IE .. 8] L "E 1005 =
2015706811E . A L] 4 207 AR5y
0154 05A1LE .. BiEL i um (51T I l
___ll.-I .lll. .lll lllllll
1 e £ »n | 1] e 8 2
o 1 I S S - B ‘? sl 36 wal, . 5_ -.I E | S: | é = &l -.J.l o ~2.08 ~2.18
- et T

Fig. 6(a) main interface

82



g or =i R = =R
[l | Zugpcrssiig SRETESRET EF EEN Ll BEERS A F S o

ShaEfshe FIAEEN HETRE RNRE KR EERE HEME

2 Bl SFE  SRELA OWE  CRELE offse  WHE.LE  E0E  GWELR R
= E . = 5 o 1 15 5 HER
7 &7 BnaER) 0 1 0 1 sun
& R i 0 1 15 5 hEs
7 BTN 0 1 1 15 hEs
P 4 i 0 L e
P BT BT - c zi ; i i 1: ﬁi
7 FEhAHEE) ST 5 = ; 5 =
Pt A = : B 'B 2 4 15 5 hEE
L = &7 - 4 10 15 5 RER
2 =0 I N 27 4 10 1 15 BER
$7 4 10 i} 1 FER
He 4 10 1.5 5 hER
1T S EE ==
£l
A.
Fig. 6(b) real-time online monitoring interface
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Fig. 6(c) water quality evaluation interface

Water quality online monitoring software includes five main functions: storage management,
real-time monitoring, prediction, GIS function, water quality evaluation.

Storage management: Responsible for collecting data, storing data, preprocessing data from
monitoring equipment. Water quality data, environment basic data and monitoring parameters can be
management in this modular.

Real-time monitoring: Display the water quality data on the interface in real-time, update the
sampled data every ten minutes to provide uninterrupted water quality information throughout the
day.

Prediction: According to the water quality data, it can predict water quality change over time by
using a method combined with periodic water quality and then provide alarm to the management
when the water quality index exceeds the threshold [7].

GIS function: Based on the development of ArcGIS, we can observe the whole Three Gorges by
using 3D height data. It also can display the geographic location of the monitoring point. You can
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move, zoom in and out the GIS map to achieve the correspondence between the spatial position and
water quality data.

Water quality evaluation [8]: According to the evaluation objective, select the water quality
parameters, standards and evaluation methods to evaluate the water quality and then mark the
relevant indicators.

5. Equipment working

The water quality online monitoring equipment is installed at the Han Feng Lake in Kaixian, a
Chongging County and it is integrated and installed successfully after seven days. The installation
diagram is as follows.

ig. 7 installation

The solar power supply voltage will fluctuate within a certain range because the intensity of sun is
different but we found the voltage is around the 12V within normal range. The following figure
shows the voltage.
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Fig. 8 voltage fluctuation

We set the sampling frequency is 10 minutes [9]. From figure 9, we can see the online monitoring
equipment is running well and can monitor and transmit the data according to the requirement.
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TIMES TAMP | Temp C | pH | Cond25_uS | DO_ma | TURB_MTU | MH4 mq |
2014-04-01 10:10:00.000 187 7O 1144 1535 555 0.94
2014-04-01 10:20:00.000 187 704 1142 889 513 0.95
2014-04-01 10:30:00.000 187 704 1142 1876 54 0.95
2014-04-01 10:40:00.000 188 797 1141 66 246 0.98
2014-04-01 10:50:00.000 189 73 142 1643 675 0.97
2014-04-01 11:00:00.000 191 72 144 .91 441 0.99
2014-04-01 11:10:00.000 191 7.23 1145 191 55 0.98
2014-04-01 11:20:00.000  19.2 719 13 1369 45 0.99
2014-04-01 11:30:00.000  19.2 718 1138 1029 654 0.98
2014-04-01 11:40:00.000 193 701 1141 1624 313 1.01
2014-04-01 11:50:00.000 195 716 1143 1283 582 1.01
2014-04-01 1200:00.000 195 716 1139 3259 459 1.02
2014-04-01 1210:00.000 196 72 M7 1445 553 1.01
2014-04-01 12:20:00.000  19.8 739 M3 938 77 1

Fig. 9 water quality data

6.Summary

According to the water quality monitoring need of Three Gorges Drawdown Areas on automation,
systematization, we integrate the water quality automatic monitoring system which has the
advantages of real-time monitoring, alarm, spatial visualization etc. The system can monitor the
Three Gorges continuously to achieve the goal of real-time monitoring. It can provide the data and
support to the management. The system is running well now and the technology has reached the
advanced level.
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