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Abstract: The electronic tongue has better stability and repeatability than sensory evaluation and it also has the advantages
of easy-operated and faster detection speed relative to traditional equipments. At present, the research of electronic tongue
is mainly focused on sensor development, and the research on system integration and automation is rare. Thus, a
voltammetric electronic tongue was designed, which can automatically adjust the temperature of sample, feed into sample,
clean the electrode and detect sample. It included the upper computer, control module, electrode, signal acquisition
module, automatic sampling module, thermostatic bath module and display module, etc. The control interface was based on
LabVIEW. The upper computer sent commands to control module to drive the automatic sampling module, thermostatic bath
module and other modules through the serial port. Signal acquisition module connected the upper computer through USB
cable. It contained a three electrodes system, and the signal curve of the sample was obtained by pulse voltammetry. The
test results showed that all the modules were stable and reliable and the temperature control accuracy of the sample was
(25 £1)°C. The area between the signal curve and the X axis was used as the signal characteristic value. The drift of
signal characteristic values of 20 d was below 5.6% . The characteristic value was affected significantly by the sample
temperature. When the sample temperature departure was +5°C , the error of the characteristic value was 36% . Under the
control of temperature bath (25 = 1)°C, the error of the characteristic value was 5.8% , which indicated that the
temperature control can effectively improve the accuracy of electronic tongue detection result. In the detection application,
the electronic tongue can distinguish among four different kinds of beer, milk, water and different grades of tea with the
principal component analysis (PCA).
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detection methods, the electronic tongue has

0 Introduction ) ) )
advantages of simple operation, fast detection speed

The electronic tongue (ET) is composed of series of
low selective and interactive sensor arrays, which
processes the signal by mathematical method, and is
able to complete either the qualitative or quantitative

{1t is different from the traditional detection

analysis
equipment, whose sensors focus on pursuing high
selectivity and specificity. By contrast, ET sensors
have low selectivity and interactive sensing, which are
important features'”>™*/.

Compared with traditional sensory evaluation, ET
has better stability and repeatability, is less susceptible
to subjective feelings, and has a good ability to
distinguish and lower detection limit. Compared with

chemical analysis, gas chromatography and other
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and no complicated pretreatment.
Electronic tongue is highly versatile. It can not only
identify the sample with different treatments, but also

can accurately predict the content of related

[5-7]

components in the sample with the multivariate

data analysis. Due to the promising application

prospects of electronic tongue, it has been applied in

9]

many fields, such as food and beverage™ ™',

o [10-12]
monitoring ,

, security detection'"* | etc.

environmental biological

.. [13-15
medicine' J

At present, the researches of electronic tongue is
mainly focused on the development of sensor 7 *''. On

the contrary, the studies, such as automatic

processing, sampling and system integration are less
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published. Furthermore, most of the existing electronic
tongues need manual feed, cleaned electrodes and
sample temperature control. The manual feed process
is complex, and the workload of personnel is large.
Now only a few of business electronic tongues, such as
the French MOS INSENT company’s ASTREE and
Japan’s TS = 50007 company’s Alpha, have automatic
But,
neither of them has the ability to control the sample

sampling and automatic detection function.

temperature. In addition, those business ETs are
expensive, the sensor life is short, and the single
detection time is long.

Therefore, this paper developed a voltammetric
electronic tongue. It’s easy to operate, low price, with
the automatically adjusting temperature unit, feeding
unit, cleaning electrode unit and detection sample

function.

1 Hardware design

As shown in Fig. 1, the electronic tongue system
designed in this paper is composed of the electrode and
signal acquisition module, control module, automatic
sampling module, thermostat module, keyboard &
display module and the upper computer.

1.1 Upper computer and control module

The upper computer is a PC which installs LabVIEW

software and LabVIEW DAQ software. It

operation and display terminal of system. The core of

is the

control module is STC12 - microcontroller, which is
used to control electrical equipments.

The upper computer communicates with control
module through the serial cable, and communicates
with signal acquisition module through the USB cable.

The upper computer sends command string through
the serial port to control module to drive sampling,
cleaning and thermostat temperature control operation.

The control module operates 1/0 ports to control the

Fig. 1
1,2. Acrylic cover

Schematic diagram of electronic tongue

3. Semiconductor refrigerating and heating
components 4. Y direction stepper motor sliding 5. Switching power
supply 6. Stepper motor drive control module 7. Control module

8. OLED display, Keyboard 9. Water
10. Aluminum alloy shell

circulating  pump
11. X direction stepper motor sliding
13. Electrode  14. Constant

16. The frame

12. Z direction stepper motor sliding

temperature tank 15. The signal acquisition module

of the device

corresponding electrical or scans /O ports to obtain
information after receiving the instruction. The upper
computer drives the data acquisition card to generate a
trigger signal and get working electrode loop signal in
real-time when sample detecting.
1.2 Electrode and signal acquisition module

The

conditioning circuit and NI data acquisition card. The

module are composed of electrodes,
detection part, which is a three electrodes system, is
crucial. It includes working electrodes (WE) , counter

electrode ( CE ),

conditioning circuit. The electrode part includes Au,

reference electrode ( RE ) and

Rh, Ag, Pt working electrodes, 1 Pt counter electrode
and 1 Ag/AgCl reference electrode.

Its working principle is as follows: when the voltage
between the working electrode and the reference
electrode is applied, the electric double layer and
redox reaction is formed between the electrode surface
and the solution. The working circuit flows through the
non redox current and the redox current. The relevant
characteristics of the solution can be obtained by
The

electrode is used for conducting the current.

counter

The

analyzing the superposition current.

Upper computer I
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Fig.2  Electrical structure diagram of electronic tongue
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counter electrode and the working electrode form a
current loop. Reference electrode provides a stable
reference potential to determine the working electrode
potential.

As shown in Fig. 3, the conditioning circuit mainly
includes signal excitation circuit and signal acquisition
circuit. P2 —6 in the signal excitation circuit connects
to reference electrode, P4 — 8 connects to the signal
output of the signal acquisition card, P2 —5 connects
to one of working electrdoes. Signal excitation circuit
from left to right is divided into three parts: 1: 1
following circuit, voltage comparison circuit and the
same direction amplifier circuit. The 1: 1 following
circuit is mainly used for impedance transformation,

which provides the suitable input for the next part,

P1-1
R2
O e
—6RI1 A el
P2-6 :[ —i—Ru _
P1-3 =
P1-2
R4 IRS
Ll uie [—
P4-8 R3 :Ll_/ RO
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voltage comparison circuit. The role of the voltage
comparison circuit is to amplify the difference. The
role of the same amplifier circuit is to adjust the output
amplification.

P2 -1 in signal acquisition circuit connects to the
counter electrode, and P4 — 2 connects to the NI
acquisition card signal acquisition port. The circuit is
circuit for converting current into voltage. Because of
the difficulty in measuring the current through the
working electrode circuit, the current on the measuring
circuit is replaced by the voltage. The voltage signal is
collected by the NI - 6009 acquisition card and
transmitted to the upper computer display and stored.

The other three signal excitation circuits and signal

acquisition circuits have similar structure, as in Fig. 3.

Fig.3  Schematic diagram of circuit

The working process of the module is as follows; the
upper computer controlsthe excitation signal of the NI
acquisition card, and the voltage between the working
electrode and the reference electrode is changed under
the action of the conditioning circuit.

The potential between the working electrode and the
solution is changed with the excitation signal. Because
the potential of the reference electrode is always
constant. The signals on the working electrode and the
auxiliary electrode loop signal can be measured,
displayed and saved in real time when the excitation
signal is applied.

1.3 Automatic sampling module

According to Fig.1, sampling mechanism is
rectangular coordinate system structure with three
degrees of freedom. The structure includes 100, 300
and 400 mm of step motor slides, which can realize the
movement of Z, X, Y directions. Z direction slide is
used to move the electrode up and down. Z direction

slide is installed on the X direction slide. Furthermore,

Z direction slide is driven by the X direction slide from
the left or right. Thermostat bath module is installed on
top of Y direction slide and driven by it.

Open loop control is applied in step motor slide.
When single chip output a pulse signal, the slide
moves a certain distance. The slide is equipped with a
limit switch which is used to determine the zero point
and eliminate the error caused by overstepping. The
calculation formula of moving speed and moving
distance of the slide is as follows.

S=nP/N (1)

V=fP/N (2)
where  S—the moving distance of the slide, mm
V—the moving speed of the slide, mm/s
n—the number of pulses send fromsingle chip
P—pitch, mm
N—micro-step number of step motor driver
J—the frequency of the input pulse fromsingle

chip, Hz

There is a process of acceleration and deceleration
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The slide is

driven by trapezoidal curve output signal. It reduces

when stepper motor starts and stops.

the impact and noise, prolongs the service life of slide
at the starting and stopping movement stageizz*m,
1.4 Constant temperature bath module
Temperature changes will cause difference of the
physical and chemical characteristics of the solution,
resulting in the operation of the electrical signal drift.
The thermostatic bath module can control sample
temperature automatically, which reduces the signal
deviation fluctuation

caused by the temperature

effectively. The module includes a relay, a
semiconductor refrigerating and heating components, a
circulating water pump, temperature sensor s and a

tank (as shown in Fig.4).

Fig.4 Schematic diagram of thermostatic bath module

1. Water-in pipe 2. Water-out pipe 3. Circulating water pump

4. Semiconductor refrigerating and heating components, Relay

5. Connecting pipe 6. Tank

The 4 x5 left holes place sample cups. The 4 x 1
right holes place electrode cleaning cups. Tank is filled
with water as working medium. The water pipes with
holes set at the bottom of tank. Water is pumped from
the tank out of the water-out pipe into semiconductor
refrigerating and heating components to adjust the
temperature. Then, water is pumped from the water-
out pipe into the tank to regulate temperature of water
in tank.

Semiconductor refrigerating and heating components
effect of semiconductor

is based on the Peltier

materials'>* .

The heating,
kinds

semiconductor components are controlled by the relay.

cooling and stopping

operation of three of working states of

The temperature sensor is DS18B20 ( temperature
- 55C to 125°C,

There are four

range from
+0.5%C).

arranged in the device. The first one is installed in

the error range
temperature sensors
water tank to measure water temperature. One is

installed on electrode to measure sample temperature.

One 1is installed in device shell to measure air

temperature. The last is installed in semiconductor
component to monitor device status.

The temperature of water in the tank is detected
every 10 s after the thermostatic bath is started. When
the temperature of the water temperature is 0. 5°C lower
than the semiconductor

preset temperature, the

component will heat. If the temperature is 0.5C
higher than the preset temperature, it will refrigerate.
The component will stop working in the range of
+0.5%C. At that time, temperature sensor started to
detect sample temperature. The component and sensor

will work until the sample temperature close to the

preset temperature.
2 Software design

2.1 Upper computer program

The upper computer program is written in LabVIEW
graphical language. On the left side of program
interface are the waveform display which shows signals
of four working electrodes and a excitation signal. On
the right side of interface are options for changing
waveforms, waveform cycle times and so on. The

below part of the right side of the interface is for

manual and automatic control mode.
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Fig.5 Upper computer interface

The main function of the upper computer program
includes the following parts; sending instructions to
control module and receiving feedback signal to control
the device according to the procedure or the keyboard
operation; controlling signal acquisition card NI -
6009’ s analog voltage port to generate multi frequency
pulse; collecting and saving data and display in the
interface. Its’ work processes is shown in Fig. 6.

2.2 Lower computer program

The lower computer program is written in KEIL and

The control module

burn into the control module.

receives the keyboard input or PC commands to control
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Fig.6  Flow chart of upper computer program

sampling module, display module, thermostat bath,
etc. It feedbacks information to the upper computer at

the same time. The flow diagram is shown in Fig. 7.

3 Test of main modules of electronic
tongue

3.1 Automatic sampling module test

The three groups of stepper motor slides reset
automatically before the electronic tongue starting.
Then the thermostat bath moves out and waits for
placing sample cups and cleaning cups. Then it begins

to detect samples automatically one by one.
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Fig.7 Flow chart of lower machine program

The electrode moves to the top of the sample cup and
then inserts into the sample cup. It moves to the top of
the cleaning cup inserts into the cleaning cup which
contains pure water after finishing the detection.
Stepper motor slide drives thermostat bath moving back
and forth to accelerate to clean the electrode. Electrode
moves to the next after cleaning and repeats the
detection work until completing all tests.

The device ran automatically sampling process 10
times every day, running a total of 200 times.
Automatic sampling module work flow is accurate. It
can complete the specified sampling and cleaning
accurately. At the same time, there are no any
collision between electrode and the sample cups or the
cleaning cups in the whole process.

3.2 The thermostat module test

Fig. 8 is the thermostat temperature curve in two
cases. Fig. 8a is a heating temperature curve when
environment temperature, working medium and the
sample temperature were 15°C . The sample temperature
reached (25 £ 0.5)°C after 11 min. Fig. 8b is a
cooling curve when external temperature is 30°C. The
sample temperature reached (25 % 0.5)%C after

17 min. The temperature sensor error range is +0.5%C ,



6 TRANSACTIONS OF THE CHINESE SOCIETY FOR AGRICULTURAL MACHINERY 2016

so the actual sample temperature is (25 +1) C.

Working medium temperature on the left side
Sample temperature on the left side

Working medium temperature in central
Sample temperature in central

Working medium temperature on the right side
Sample temperature on the right side
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Fig.8 Temperature adjustment curves under thermostat control

3.3 Electrode and signal acquisition module test
3.3.1 The time drift of signal characteristic value
The Nongfu spring mineral water is selected as the
test object. Fig. 9 is a single signal excitation and
acquisition curve at 25°C. The detection time is 7 s for
a sample. The excitation waveform is comprised of a
group of 1, 10, 100 Hz waves. There are four response

curves obtained.

3tk Au
Rh
| =

Pt w . -
- Excitation signal

Fig.9 Single signal acquisition curves

Ten samples were detected every day under the same
sample temperature (25°C ). The absolute value of the
surrounding area of the response curve and the X axis
is used as the signal characteristic value. The average
value of these ten value is calculated and the test was
carried out for 20 days As shown in Fig. 10, the drift of
the four working electrode in 20 d is small. Further
analysis of the data of 20 d, including the maximum
deviation of the signal characteristic value of the signal
collected by each electrode, is no more than 5.6%
which is acceptable.

3.3.2 Influence of sample temperature on signal
characteristic value

AA grade Longjing tea in six kinds temperature
(20°C, 25C, 30C, 35C, 40C, 45C) were
detected. As shown in Fig. 11, the signal characteristic
values are gradually increasing with the increasing of

the sample temperature.
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Fig. 10 Drift of the characteristic value with time
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Fig. 11  Effect of temperature on signal

The maximum deviation of the characteristic value
was calculated when the sample temperature deviate
from 25°C. The maximum deviations were 5.8% ,
12.2% , 19.2% , 27. 1% , 36% when the temperature
deviation were + 1°C, +2°C, +3°C, £4°C, +5C. If
the thermostat bath module temperature works and
sample temperature deviation is + 1°C, the maximum
deviation is under 5.8% . By controlling the sample
temperature through the thermostat bath module, the
detection accuracy of electronic tongue can be
improved effectively.

3.3.3 Application of electronic tongue

The electronic tongue distinct four kinds of samples
milk, beer, water and tea. The milk samples were
Yizhiyezi milk (ml) , Jindianyouji milk(m2) , Telunsu
milk (m3) and Mengniuchun milk (m4 ). The beer
samples were Qiandaohu beer ( bl ), Tsingtao beer

( b2 ), ( b3 ) and
Xuehuayongchuangtianya beer ( b4 ). Water samples

Xuehuadanshuang  beer

were Binglu mineral water (wl ), Nongfuspring water
(w2) and Wahaha pure water (w3 ) and tap water
(w4). Tea samples were the same batch purchased
from Hangzhou tea company. There are some grades of
Longjing tea ( AAA, AA, A, B). The proportion of
tea and water is 50 mL/g. Tea brew 5 min with 100°C
deionized water. Then filter out tea leaves to get tea
soup.

All the tea samples were detected in (25 £1)C.
The absolute value of the surrounding area of the

response curve and the X axis is used as the signal
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characteristic value. The four response curves were
used to obtain 4 features, and the data were analyzed
by principal component analysis (PCA).

As shown in Fig. 12, the output of the four kinds of
samples were analyzed by PCA. The cumulative
contribution rate of the first two principles of the four
kinds of samples is more than 89% , which meant that
it contained most of the information of the original
data. Fig. 12 of the same sample data points together
between different sample data points without overlap.
Electronic tongue can be used to distinguish different
kinds of milk, beer, water and different grades of tea.
The data points of the same sample are gathered
together, and there is no overlap between the data
points of different kinds of samples. Electronic tongue
can be used to distinguish different kinds of milk,

beer, water and different grades of tea.
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Fig. 12 PCA discrimination diagrams for four kinds of samples

4 Conclusion

(1) A voltammetric electronic tongue detection
system is designed using modular design, including
electrode and the signal acquisition module, automatic
feed module, thermostat bath module, keyboard and
display module, control module and the upper
computer. It has automatic temperature control,
sample injection, cleaning electrode and automatic
detection functions.

(2) The test shows that the automatic sampling
module is accurate and reliable, and the temperature
control range of the thermostatic bath module is (25 +
1)°C. The drift of signal characteristic value of the
electronic tongue in 20 d is less than 5. 6% , and it has

good stability. The signal characteristic value is

affected by the
significantly. The error is as high as 36% when the

sample temperature changing

sample temperature deviation is = 5°C. Under the
control of the constant temperature bath, the sample
temperature is kept in (25 x 1)C and signal
characteristic value of the sample temperature deviation
is less than 5. 8% . The use of thermostatic bath
temperature control can improve the accuracy of
electronic tongue effectively.

(3) Different kinds of milks, beers, waters and
different grades of tea were detected by this electronic
tongue. The detecting data used PCA to analyse.
Results shows that different kinds of sample data points

were separated clearly and same sample data point

gather together. The electronic tongue has good

detection efficiency.
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Electronic Tongue Detection System with Automatic Sampling and
Constant Temperature Control

Ren Qifeng Wang Jun
(School of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China)

Abstract; The electronic tongue has better stability and repeatability than sensory evaluation and it also
has the advantages of easy-operated and faster detection speed relative to traditional equipments. At
present, the research of electronic tongue is mainly focused on sensor development, and the research on
system integration and automation is rare. Thus, a voltammetric electronic tongue was designed, which
can automatically adjust the temperature of sample, feed into sample, clean the electrode and detect
sample. It included the upper computer, control module, electrode, signal acquisition module, automatic
sampling module, thermostatic bath module and display module, etc. The control interface was based on
LabVIEW. The upper computer sent commands to control module to drive the automatic sampling
module, thermostatic bath module and other modules through the serial port. Signal acquisition module
connected the upper computer through USB cable. It contained a three electrodes system, and the signal
curve of the sample was obtained by pulse voltammetry. The test results showed that all the modules were
stable and reliable and the temperature control accuracy of the sample was (25 £1)°C. The area between
the signal curve and the X axis was used as the signal characteristic value. The drift of signal
characteristic values of 20 d was below 5. 6% . The characteristic value was affected significantly by the
sample temperature. When the sample temperature departure was 5%, the error of the characteristic

value was 36% . Under the control of temperature bath (25 +1)°C, the error of the characteristic value
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was 5. 8% , which indicated that the temperature control can effectively improve the accuracy of electronic

tongue detection result. In the detection application, the electronic tongue can distinguish among four

different kinds of beer, milk, water and different grades of tea with the principal component analysis

(PCA).

Key words: electronic tongue; automatic feeding; thermostatic bath; detection system
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