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Abstract: Water quality monitoring and evaluation are important practices for water resources manage-
ment. And the major concerns are remote and low-cost information transmission technology and accu-
rate water quality evaluation strategy. Taking these concerns into consideration, a remote monitoring and
evaluation system based on wireless sensor networks (WSN) and LS-SVM method was designed in this
paper. The ZigBee-WSN was used to transmit the water quality status information including dissolved
oxygen, permanganate index, BODS5, ammonia nitrogen, total phosphorus and total nitrogen And the
LS-SVM is selected as water quality level evaluation method. The test results show that the system has
many advantages, such as economic, practical, with high communication reliability, fast and accurate

evaluation accuracy.
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1 Introduction

As water quality perturbations related to escalating
human population growth and industry pressure continue
to increase (National Research Council, 2000; World
Resources Institute, 2003), effective water quality moni-
toring and evaluation has become critical for water re-
sources management programs (H.B.Glasgow et al.,
2004). Three kinds of technical conditions are included in
water-quality determination and evaluation: (1) accurately
collecting the water quality status, (2) long-term and
low-cost signal transmission technology; (3) accurate
water quality evaluation strategy.

For decades, water quality monitoring and evalua-
tion have depended on costly, time- and labor-intensive
on-site sampling and data collection, and transport to
laboratories for evaluation (Glasgow et al., 2004). While
these research and monitoring efforts are episodically
intensive, they generally have been limited on temporal
and spatial scales. In recent years, in order to solve these
problems, advanced in-situ sensors and remote acquisi-
tion technologies have been researched. In water-quality
determination study field, many index such as dissolved
oxygen, permanganate index, BODs, ammonia nitrogen,
total phosphorus and total nitrogen, can be quickly de-
tected (Kevin G. et al., 2006; Glasgow et al., 2004). In the
remote data remote study field, GPRS-based technology
has been used widely (Cao Jian et al., 2009), while the
communication cost is high. At the same time, it is hard to
build precise mathematical model based on multi-sensor
information coming from all kinds of water quality sensor,
so water quality evaluation method based multi-sensor
data fusion is still full of ambiguity and inaccuracy.
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The objective of this study was to use wireless sensor
networks (WSN) and Least squares-support vector ma-
chine (LS-SVM) method to design a economical and
accurate water quality monitoring and evaluation system,
and the structure, work principle and data-analysis algo-
rithm were introduced in this paper.

2 System General Design

As shown in Figure 1, the system consists of moni-
toring area, base station, remote monitor center, data server,
and transmission network. ZigBee-technology-based net-
work was used in information transmission system, and
the nodes in ZigBee network included sensor node, con-
troller node and coordinator node. And ad hoc network
was selected in the ZigBee network, which has advan-
tages for water monitoring applications, because the mo-
bility and self-configuration are more suitable for a dis-
tributed network compared with a wireless local area
network (WLAN) (Yunseop Kim et al., 2008).

Water quality detectors and sensor nodes are dis-
tributed in the monitoring area. The water quality infor-
mation, including dissolved oxygen, permanganate index,
BODs, ammonia nitrogen, total phosphorus and total
nitrogen, are converged upon to router nodes through ad
hoc style. Then, the converged information is transmitted
to computer connected with coordinator node in base
station through ad hoc network. Then the base station
computer analyzes the sensor information, calculates
water quality level and draw water quality evaluation
results. All the information can be displayed in base sta-
tion computer, shared with remote monitor center and data



Proceedings of Annual Conference of China Institute of Communications

Monitoring area

Sl Gl

-------- [A]

I ™~ _ — 1\[[‘* ))
Data server — I .

I . Remote monitor

center Base station

© Sensornode A Router node M Coordinator node

Figure 1. Schematic plan of WSN system
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Figure 2. Block diagram of WSN node

server through Internet or GPRS network.

3. Design of WSN Node

The key problem of system hardware is the design of
WSN node, which is a kind of miniature embedded sys-
tem integrating information-processing and communica-
tion function (Zhang Wei et al., 2009). In this system, the
node was characterized by modularized design consisting
of core module and different expansion modules. As il-
lustrated in shaded areas of Fig. 2, the core module was
based on JN5139 microprocessor, which was a kind of
wireless network processor from Jennic Corporation, and
can help wusers build WSN system based on
IEEE802.15.4/ZigBee protocol with saving time and cost
(Zhang Wei et al., 2009).

Sensor node consisted of core module and different
water quality detectors. The router node and coordinator
node consisted of core module and data processing mod-
ule which was based on PIC18F4620 SCM and used to
process more complex data. The power supply unit was
divided into three selectable types: commercial power,
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battery, and solar. i.e., if one kind of water quality detector
use commercial power, then the connected sensor node
can also use commercial power, while the router node
used solar power under normal circumstances.

4. Water Quality Evaluation M odel
Based on LS-SVM

Least squares-support vector machine (LS-SVM) is a
state-of-the-art learning algorithm and capable of dealing
with linear and nonlinear multivariate analysis in a rela-
tively fast way. Moreover, SVM is capable of learning in
high-dimensional feature space with fewer training data.
The model of SVM is shown in Fig. 3, and the standard
LS-SVM algorithm was introduced as follows (J. A. K.
Suykens et al., 2002; Di Wu, Yong He et al., 2008).

Ko 1,w1th

Assume the training set is given as{ Xe» yk}
the input X, T R" and the output Yy, 1 R. The follow-
ing regression model is constructed using non-linear
mapping function] (¥, which maps the input data to the

higher dimensional feature space:
y(x) =wj (x)+b

where WI R" is the weight vector and b is the
bias. The new optimization problem is formulated in the
case of SRM
. 1. 1.8,
min J(W,€) =—wW W+—-dQq €&
2 275G
subject to the constraints

=w'j (x)+b+e, k=1,...,N
where [ is the regularization parameter which balances

the model’s training errors and complexity, and € is the

random errors. And then, Lagrange function is adopted to
solve the following optimization problem

Lwb.ea)=J(we)- g a{wj (x)+b+e - y]

where @, is Lagrange multipliers named support value.

The solution of the above equation can be obtained by
partially differentiating method with respect to each
variable.
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If the variable W and €is removed, the equation
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can be rewritten as the llinear function group
1" Uébu_é&0n

Figure 3. Model of support vector machines

If the variable W and €is removed, the equation
can be rewritten as the lin?ar function group
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with
1Y = [V Va]
ir
i 1=[L...1]
‘a=[a,..a,
Tw={w, kI =1,...N}
and W, =j (%)] (%) =K(X,%),
k,I=1,.,N,

where K(x,x;) is the kernel function, and should

follow Mercer’s theory. The common examples of kernel
function conclude linear, polynomial, radial basis func-
tion (RBF) kernel, multi-layer perceptron (MLP) and so
on. In the water quality evaluation system, RBF kernel
was selected as the kernel function as

K(x%) = exp(-lIx-%clF/6%)
The LS-SVM model can be obtained as

N
yx)=g aK(xx)+b
k=1

When using LS-SVM, the determination of the op-
timal input feature subset, proper kernel function, and the
best kernel parameters are three crucial problems need to
be solved. In this paper, RBF kernel was used as the
kernel function of LS-SVM, considering that it was a
nonlinear function and a more compact supported kernel,
and could reduce the computational complexity of the
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training procedure while giving good performance under
general smoothness assumptions (Cao Jian et al., 2009).
According to the Environmental quality standards for
surface water (GB 3838-2002), the input feature subset
contains six variables including dissolved oxygen, per-
manganate index, BODs, ammonia nitrogen, total phos-
phorus and total nitrogen. And the water quality level
(I,ILILIV and V) is selected as out variable. In addi-
tion, proper parameter setting plays a crucial role in
building a good LS-SVM classification model with high
prediction accuracy and stability. In this paper, we em-
ployed Grid-search Technique to find out the optimal
parameter values such as regularization parameter gam (y)
and the RBF kernel function parameter Sig2 (6°) which is
the bandwidth in the case of the RBF kernel.

5. Results and Discussion

First, the WSN network including eighteen sensor
nodes and related water quality index detectors, three
router nodes, one coordinator node, is distributed in sur-
face wastewater monitoring region which is about 0.15
square kilometer. The reliability in communication is
tested and verified; the result showed that the bit error rate
is smaller than 2%.

Second, one hundred water samples were collected
from five kinds of region, including municipal wastewater,
industry wastewater, mixed domestic and industrial
wastewater, reclaimed water and well water region. The
samples were randomly separated into training set (80
samples) and validation set (20 samples), and LS-SVM
classification algorithm was used to build training model,
then the model was employed for the prediction of the
validation set samples. The result shows that 19 prediction
values are right, namely, the accuracy rate is 95%. And the
only exception is that showed as follows:

Table 1. The only wrong prediction sample

Dissolved oxygen 3.65
Permanganate index 4.82
BODs 4.72
Ammonia nitrogen 0.70
Total phosphorus 0.284
Total nitrogen 1.02
Actual water quality level Y
Prediction water quality level \Y

6. Conclusions

1) A water quality monitoring and evaluation system
based on WSN/ZigBee and LS-SVM method was de-
signed. The system is economic and practical, and can
reach real-time water quality index detecting and auto-
matic water quality evaluation.

2) The WSN/ZigBee node design was introduced in
this paper. The test results, coming from a wastewater
surface water monitoring experiment, show that the
ZigBee-based remote monitoring network had sufficient
reliability in communication.
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3) The LS-SVM method was introduced in detail, and
the test results show that the LS-SVM-based quality
evaluation method has high prediction and classification
accuracy.
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