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Abstract: This paper describes a design of embedded wireless water detection system based on WinCE, the
software design of the system including the design of method of automatic detection system; detection result and
data transportation based on data transmission module; controlling of automatic sampling system; detection of
arsenic from sub-differential pulse stripping voltammetry; wavelet analysis and de-noising of detection data of
arsenic; calculation of the peak area and concentration of arsenic. Software interface of arsenic/fluorine
automatic detection system for drinking water is friendly, the operation of it is relatively simple, and we can set
the important test parameters to know the real-time operation status of the instrument. Reasonable design of
automatic detection method can avoid too much human interference on instrument and make the instrument

realize the automatic measurement. Copyright © 2013 IFSA.
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1. Introduction

Arsenic is one of the most harmful ions in a
variety of harmful ions in water. Many authoritative
institutions such as the American Institute of
Environmental = Health  Sciences, the U.S.
Environmental Protection Agency, the World Health
Organization (WHO) and others finds that arsenic
can enter the body through contacting with
respiratory, skin and gastrointestinal tract and induce
many systems metabolic dysfunction [1, 2]. Since the
1970s, there have endemic fluorosis phenomenon in
many places of China. Studies have shown that the
prevalence of endemic fluorosis is not entirely due to
the high fluoride content in drinking water, when the
content of fluorine is too low in water are often also
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cause disease [8, 9]. For mature adults, ranging from
excessive consumption of fluoride can cause dental
fluorosis, fluoride bone disease and even cause
cancer. For young children, it needs a certain amount
of fluorine intake, too little intake of fluoride can
cause Caries [3]. Thus, real-time monitoring of the
concentration of heavy metals in drinking water has a
very important significance for the ecological
environment testing, clinical, food as well as human
health for survival.

For requirement of real-time and on-spot
monitoring of toxic and harmful elements in drinking
water, we have developed arsenic/fluorine automatic
detection and analysis system for drinking water
based on the principle of electrochemical detection,
the instrument has many advantages such as simple,

521



Sensors & Transducers, Vol. 160, Issue 12, December 2013, pp. 521-526

low-cost, targeted, high precision and high degree of
automation, so that makes it possible to monitor
arsenic/fluoride and other elements in drinking water
in real-time and on spot rapidly [4, 5]. Real-time
monitoring of the content of harmful ions in drinking
water 1is extremely significant in ecological
environment testing, clinical, food as well as the
health of people's lives. Test data is first stored in the
hard drive in the test equipment on spot, then the data
and results are sent to a central server by wireless
data transmission module. In the laboratory
environment, testers can effectively download test
data for further analysis [6-8].

2. Circuit Design of Wireless Control
Automatically Detects System
2.1. Potentiostat Circuit for Measurements

Field work electrode can be prevented from
interfering spurious signal, thereby increasing the
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current and the voltage stability and accuracy in the
circuit. Thus, a constant electric potential can keep a
constant fixed potential value on condition of
ensuring no current flows through the reference
electrode. The reference potential is applied to the
inverting terminal of the control amplifier (CA),
Adding controlling potential in the non-inverting
input terminal of the CA control voltage is applied as
a reference potential, and connecting Auxiliary
electrode with output terminal of the Control
amplifier to form closed-loop negative feedback
control system. The potential at the inverting input
changes along with the input potential terminal, so
that when a reference potential terminal is constant
and the current in the electrode changes, any slight
change in the reference potential with respect to the
working electrode potential, will both be corrected by
negative feedback voltage of circuit to achieve the
purpose of automatic constant potential. Fig. 1 is a
schematic diagram of the potentiostat circuit.
Constant potential output in the -5V ~ +5 V within
the error range less than 3 mV.
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Fig. 1. Potentiostat circuit schematics.

2.2. Circuit Design of Wince-based
Embedded Wireless Control System

Water pollution problems in the world become
more and more important, long drink substandard
water can cause a variety of diseases. The rapid
development of wireless communication provides a
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good development platform for the detection of
harmful ions in drinking water. Wince-based
embedded wireless control system can achieve a
really on-line and unattended monitoring. After a
number of experiments, Wince-based embedded
wireless control system can still achieve a stable
remote boot and data transfer in the case of a poor
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communication signal. Data transfer diagram shown
in Fig. 2. It is a connection diagram of circuit system
of arsenic/fluorine automatic detection system for
drinking water. Take National Instruments (National
Instrument: NI) produced USB-6212 data acquisition

USB-6212

 Stepper motor drives —»  Working electrode changer —)
4~ AD conversion

4 Data acquisition card 4[> DA conversion

card as the core of the system, and design a constant
potential instrument, weak signal detection current —
voltage conversion circuit and auto-sampler control
circuit based on three-electrode system.

¢ Current-voltage conversiong—
circuit

1199 9po1oI[d
-90I1]) OTUASIY

- Potentiostat circuit -»

4—A voltage follower circuit ¢———

I
Solenoid valve and motor |

Q - control circuits |
Z |
= s .
& — Serial ports 3 — Peristaltic pump Solenoid |
Syringe Pump valves and:
Digestion device motors
ial ports 2 ¢ I
& Serial ports Temperature |
Control Module |

w)ISAS
Iordwres-ony

> Serial ports 1 4 Data transmission module

Fig. 2. Connection diagram of circuit system
of arsenic/fluorine automatic detection system

for drinking water.
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3. Auto-sampler System Design
in Wireless Control System

Heavy metal detection process needs to add liquid
to be tested as well as a variety of reaction solution,
and the majority of the liquid added manually or
using ordinary peristaltic pump timing, with the
reducing volume of added liquid, the error will be
larger, there are many defects on the accuracy and
repeatability in the injection process. The automatic
detection system for arsenic ion detection process.
The testing process in system requires several
microliters of standard solution and adding the exact
standard solution is a prerequisite for accurate
analysis. Furthermore, a peristaltic fluid pump
controlling a liquid is inefficient and the control
process is cumbersome. A reasonable separation
apparatus of pipes can improve the efficiency and
accuracy of the test as well as the analysis results. In
order to solve the above problems, the automatic
detection system provides an efficient, less cross-
contamination and reproducibility auto-sampler
systems. It includes injection pump for adding trace
precise standard solution, a peristaltic pump to
extract large amounts of liquid, Manifold board and
Solenoid valve for controlling pipes on and off.
Liquid injection control system in comprised of the
peristaltic pump, Manifold board and Solenoid valve
achieves the accurate extraction of large amounts of
liquid, effectively reducing the number of peristaltic
pumps, while avoiding cross-contamination.

According arsenic/fluoride automatic detection
system instrument functions settings and types of
required auto-sampler reagents, auto-sampler system
pipes include water sampling system, auto-sampler
fluoride detection system and auto-sampler arsenic
detection system. It’s piping connections shown
in Fig. 3.
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Fig. 3. Schematic water sampling device.

Water sampling system consists of common
solenoid valve (1), watery storage tank (1) and
pumping fluid motor (2). Fluoride detection auto-
sampler system consists of common solenoid valve
(4), peristaltic pump (1), and four into one Manifold
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board (1), fluorine reaction tank (1) and drain the
motor (1). Arsenic detection auto-sampler system
consists of the injection pump (1), peristaltic pump
(3), four into one Manifold board (1), and two into
one Manifold board (1), common solenoid valve (5),
the high-pressure solenoid valve (3), digestion tank
(1), arsenic reaction tank (1) and drain the motor (1).
Water sampling device structure schematic
is shown below.

4. Software Design of Automatic
Sampling System and a Data
Transmission Module

The automatic control system with software
components to form a complete control system.

Drinking water of arsenic/fluorine automatic
detection system has software design includes:
software design of automatic sampling control
system; module of wireless communication and data
transmission; testing software design for fluoride ion;
detection software design of differential pulse
stripping voltammeter based on arsenic ion; used in
differential pulse stripping Volta metric wavelet
analysis data processing and its software realization;
calculation method of peak area and the
concentration of arsenic ions. The program design of
the research based on LabVIEW software
development  platform, which is  graphical
programming language software driven with a
programming interface, is required for measurement
applications create the device VI, function
etc...Drinking water arsenic and fluorine automatic
detection system software display panel as shown in
Fig. 4.

Corvelation coafficient
0. 0000000

Fig. 4. Drinking water arsenic and fluorine automatic detection system.

The front panel is placed in a waveform,
waveform display data for arsenic ion detection; two
string display window, one for the prompt
communication module state of on the instrument and
server communication, a used to indicate the
operating state of the instrument, is mainly the
display of the operation steps; four numerical display
window, respectively. For the purification of display
of fluoride concentration test value in water, display
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of fluoride concentration test value in water, show
that arsenic ions test value in water purification,
arsenic ion concentration test value show of well;
eight addition method for standard numerical display
window, four for the display of arsenic ion
concentration test sample of arsenic ion and the
concentration of standard solution, four for peak area
for standard solution in arsenic ion and dissolved
arsenic ion test sample; a Express XY diagram, used
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to display the numerical peak area fitting points,
curve fitting and correlation of dissolved arsenic.

5. Data Acquisition and Signal Processing

In this study, the differential pulse voltammeter
can effectively improve the sensitivity and accuracy,
but in the measurement of ion concentration, the
stripping peak shape is irregular, it is difficult to
accurately and give a peak current. Using wavelet
demising analysis can be effectively separated signals
from noise, improve the detection limit. In this paper,
extracting the differential pulse voltammograms of
arsenic stripping peak by using DOG wavelet
function.

If the functions satisfy w(x) the admissibility
condition:

c, = L\ A1//(0)) Plol|" do < o (D

Called w(x) an admissible wavelet, the chemical
signal f(x) with continuous wavelet transform as the
base w(x) for the

W, f(a,b) = w%'jf(x)w[x i

(f e 2(R).(a.b) e R.a % 0) ©)

The symbol v.,(¥) is defined as

y (X)=ll//(x_bj
a,b \/m a

(a,b eRa+ 0) 3)

v.,(x) called by the parent function ¥ generated
depends on the parameter a, continuous wavelet
transform based a, b. a is called the scale factor, b is
called a translation factor. The continuous wavelet
transform W,/f(b) is a function of F(x) in the
projection functions of v.,(® . It will be a one-
dimensional function f(x) is transformed into a two-
dimensional function.

In order to make the wavelet transform has good
local character in the time domain and frequency
domain, hope window width of v..(*) andv..« as
small as possible. Wavelet transform window width
is variable, it uses the narrow window at high
frequency, and the use of wide window at low
frequencies, which fully embodies the constant
relative bandwidth frequency analysis and adaptive
multiresolution analysis idea. In practical application,
in order to practice the application of wavelet
transform in signal analysis, must be discredited to
transform parameters. By using the properties of
discrete wavelet transform, meanwhile considering
the differential pulse voltammeter standard data for

the Gauss signal, select the DOG (Difference of
Gaussian) wavelet function, which follows the time
formula is the difference of Gauss function of the two
scales one times, expression:

Wx)=e ? - e_?/Z )

The frequency formula

W (@) = —— [wege ™ dx=e 2-e*" (5
R

J2r

Select a certain time interval T, Dog continuous
wavelet function can be divided into:

W(a,iT) = T\/%Zn:y/[(n_ai)T]f(”T ) (6)

(a) DOG/]Nif b 2 S5 22

6 4 2 0 2 4 6
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Fig. 5. Shows the time domain and frequency domain
waveform of the DOG wavelet function.

6. Conclusions

The arsenic / fluorine automatic detection system
for drinking water applied an electrochemical method
into arsenic / fluoride concentration detection online
to solve the automatic extraction of Water samples
and reagents, detection of weak current signal, online
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remove of organic matter in Complex body of water
and other problems, and achieve fast and accurate
testing of arsenic/fluoride concentration for a
complex body of water. Real-time monitoring of the
content of harmful ions in drinking water is
extremely significant for ecological significance
testing, clinical, food as well as the health of people's
lives. Test data is first stored in the hard drive in the
test equipment on spot, then the data and results is
sent to a central server by wireless data transmission
module, In the laboratory environment, testers can
effectively download test data for further analysis.
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