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Abstract. Turbidity sensor for water treatment applications are based on
scattered light measurement. The electrooptical characteristic of light emitter
and detector has a close relationship with the environmental temperature.
Fluctuations in water temperature can potentially affect electronic components
and cause output signal errors in turbidity sensor. Decrease or eliminate
temperature error is necessary. With this background we have taken the
temperature experiment of turbidity sensor developed by us. 11 different
concentrations were measured, ranging from 0 to 100NTU. Each solution was
cooled to 1°C, and then gradually heated to 40°C. The output signal of sensor
increased according to the rise of temperature found from the experiment. In
order to compensate the temperature errors, we developed a novel method to
take temperature compensation by using software. The method carried by MCU
which is used to compensate the measurement errors by soft programming is
simple and effective; it can improve the error compensation precision on
sensors greatly.
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1. Introduction

Along with the development of society, the effect of water is strengthening in
people’s live and industrial production day after day. Turbidity is regard as a key
technical parameter in the water quality measurement. As an instrument measuring
turbidity, turbidity sensor is widely used in water analysis and treatment processes
(e.g., Gong Dian-ting et al., 2008; Brasington, J. et al., 2000; Gippel, C.J., 1995; Jack
Lewis, 1996). Turbidity sensor for water treatment applications are based on scattered
light measurement. When a light beam from the light emitter (for example, light
emitting diodes(LED)) passed through a water sample, particles in the light path
change the direction of the light and scatter it, scattered light received by the detector
(for example, photodiode, phototriode and photoresistance ). But the electrooptical
characteristic of light emitter and detector has a close relationship with the
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temperature. Fluctuations in water temperature can potentially affect electronic
components and cause output signal errors in turbidity sensor (Lawler and Brown,
1992).

In the practical work, due to the sensor’s environment temperature changed greatly,
more heat output caused by variation in temperature can bring about a big
measurement error, static characteristic of the sensor will also be influenced.
Consequently, temperature compensation must be adopted. Temperature
compensation technologies include (1) parallel temperature compensation; (2) zero
point temperature compensation; (3) temperature compensation based on software
(Du Yong-ping and He Xiao-ying, 2009; J.A. Siqueira Dias et al., 2008). In theory it
can be compensated completely by using parallel temperature compensation, but in
practical it is only proximate compensation; zero point temperature compensation
have high accuracy, but it is difficult to find the material; it is a simple, effective
method to take temperature compensation by using software, and an approach
to increase the accuracy of sensor measurement (Xu Jun, 2002; Matej Mozek et al.,
2008). As long as the mathematical model of measuring temperature error is
established accurately, temperature compensation of sensor can realize well.

In this work, the ambient-temperature influence on a turbidity sensor, which was
maintained with a constant temperature difference from that of the solution, was
analyzed and a simple temperature compensation method proposed.

2. Temperature effect mechanism

The sensor is consist of many parts, electronic components (such as resistor, capacitor)
of signal conditioning circuit are not effected by temperature change. But the
electrooptical characteristic of light emitter and detector has a close relationship with
the temperature.

2.1 Temperature influence on LED

LED will suffer high power dissipation and self-heating at work, and its luminous
intensity has a close relationship with the environmental temperature. Along with the
increase in environmental temperature, there is a decrease in radiation intensity of
LED, and the peak wavelength shifts to longer wavelength (B.P.J. de Lacy Costello et
al., 2008). Radiation intensity was proportional to the logarithm of environmental
temperature. Compared with the environmental temperature at 25°C, When the
environmental temperature at 40°C, relative light output will decreased to 70%~80%,
the accuracy of turbidity sensor will be influenced directly (Sheng Qiang and He
Xiao-gang, 2007).

Under the constant input current, output optical power of LED decreased according to
the rise of temperature, as Fig. 1 shows. Fig. 2 shows the peak wavelength shifts and
relative light output of each color LED according to the rise of temperature shown in
Fig. 3.
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Fig. 3. Relative light output of LED according to temperature change



2.2 Temperature influence on silicon photoelectric generator

Take the silicon photoelectric generator as detector. Along with the increase in
environmental temperature, there is a rapid decrease in open-circuit voltage, and an
increase in short-circuit current. Moreover, open-circuit voltage and short-circuit
current both have a linear relation with temperature(Zhang Wei, et al., 2009). Fig.4
shows the temperature characteristic of silicon photoelectric generator.
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Fig. 4. Temperature characteristic of silicon photoelectric generator

3. Materials and methods

3.1 Chemical and equipment

All solutions were prepared with filtered water and analytical grade chemicals. A
400NTU Formazin stock suspension was prepared by mixing equal volumes of
100mg/mL hexamethylenetetramine; (CH,)sN; and 10mg/mL hydrazine sulfate
solution N,H,H,SO,, after that, the mixture was let to stand for 24 h at 25+2Cin a
topaz bottle before the measurements. Filtered water was used as a carrier.

In this work, measuring cylinder and Bunsen beaker were used to dilute Formazin
standard solutions, and prepared the water samples. A fridge to cool the water
samples, and a constant water bath was used to change the temperature of water
samples.

3.2 Turbidity sensor

The turbidity sensor used in this work was developed by us. The sensor mainly
contained signal conditioning model, power source model, optical measurement
system, constant-current source, temperature sensor, RS485 field bus, microprocessor
and Transducers Electronic Data Sheets (TEDS), Hardware structure of the
turbidimeter is shown in Fig. 5.
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Fig. 5. Hardware structure of the turbidimeter

The sensor is based on a high-power infrared light emitting diode (LED). The reason
for select IR LED as following: (1) Turbidity measurement affected by organic
substance in water samples, the light wavelength below 500nm can be absorbed
seriously; (2) According to ISO 7027 using light with A >800 nm can minimize
interferences caused by the presence of dissolved light-absorbing substances(Dag
Hongve and Gunvor Akesson, 1998); (3) Water samples colour absorbs light of
certain wavelength, and affect measurement precision, near infrared light can
minimize interferences caused by water samples colour. Consequently, the LED used
in this work is designed for maximum emittance at 940 nm.

The detector is a matching, high sensitivity Silicon Photoelectric Generator with peak
sensitivity also at 940 nm. Both the emitter and detector provide a narrow and closely
matched spectrum.

The electric circuit used to drive the sensor and to treat the signal is shown in Fig. 6.
Conversion of the Silicon Photoelectric Generator current and amplification of the
voltage is achieved by using one wide range of input offset, low offset voltage drift,
high input impedance, extremely low power, and high gain quad operational
amplifiers (TLC27L4). Power requirements for the sensor are +3.3V for the
operational amplifiers.
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Fig. 6. Electric circuit for the Turbidity sensor signal treatment.



3.3 Methods

To measure the response of the sensor to different temperature, Turbidity standard
solutions of Formazin were adjusted with filtered water into water samples of
0-100NTU. 11 different concentrations were measured, ranging from 0 to 100NTU.
Take Bunsen beaker filled with Formazin standard solution and cooling to 1°C, then
immerse the sensor in the solution. The Bunsen beaker and sensor were then placed in
a water bath at room temperature. Solution in the Bunsen beaker was gradually heated
to 40°Cand the output recorded at 5s intervals.

4. Results and discussion

4.1 Calibration of sensor

Tab.l shows the relationship between the turbidity of water samples prepared by
diluting turbidity standard solutions of Formazin and the values measured by the
sensor under environment temperature 20°C. As can be seen, the solutions measured
gave nearly linear relations between the concentration of the standard solutions and
the measured turbidity. Calibration equation of the sensor fitted according to the
principle of least square isy =1.0003x —0.0181, and the correlation coefficient

isR” =0.9993.

Tab.1. Relationship of measured turbidity and concentration of turbidity standard

Water samples ~ measured correlation
/NTU values /NTU cc;efﬁcient
R

5 5.50 0.9993

10 10.55

20 19.42

30 29.39

40 39.37

50 49.35

60 59.88

70 71.52

80 80.38

90 90.92

100 98.68
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4.2 Temperature effect

Fig. 7 shows the relationship between temperature and the output signal of sensor. As
the figure shows, the experimental curves seem to be similar in shape to each other,
but had larger values as solution concentrations increased. The output signal of sensor
increased according to the rise of temperature found from the experiment. But the
output signal of sensor decreased according to the rise of temperature found from the
experiment at initial stage, this result probably arose from the temperature between
the sensor and solution failed to come up to equilibrium, the temperature of sensor
is higher then solution.
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Fig. 7. Relationship of temperature and output signal of sensor

5. Temperature compensation

As Fig. 7 shows, when the temperature was in the range of 1~40°C, the relationship
between the output signal of sensor and temperature can be given by

y=mx’+nx+p @)

Where Y, is the output signal of turbidimeter, X is temperature, M. Nand P is
coefficient. Consequently, a general curve can be obtained as Fig. 8 shows.
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Fig. 8. General curve of the relationship between temperature and output signal of sensor

Three points A(X,,Y,) » B(X;,Yy;)and C(X,,y,)on the curve in Fig.8 can be used to
solve the quadratic equation (1). But it is difficult to solve the quadratic equation (1)
directly. Another form of the quadratic equation (1) as follow can be used.

y=a(X—X,)(X—x)+b(x—x,)+¢C 2)

Where @, b andCis coefficient.

Substitute the quantitative data of A(X,,Y,) - B(X;,y;) and C(X,,y,) into
equation (2), the three coefficients can be obtained, and the results as follow:
y2_y0_y1_y0 yz_yo_b

X2=% X=X — X2 =%

a=
X, =% X, =X
b= Yi—= Yo
X =%
Y1 = Yo

CZYO"'(Xz_Xo) =y0+(x2—x0)b

When the temperature is 20°C, output signal of sensor is given by

y=a(20—x,)(20—x,)+b(20—-x,) +cC 3)

Then substitute the equation (3) into calibration equation of the sensor which obtained
at temperature of 20°C. Reference value of the solution can be acquired finally.

The above-mentioned method is designed to program, and be carried by MCU which
is used to compensate the measurement errors by soft programming.
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6. Conclusion

In the detection system, the high measurement accuracy is required, and decrease or
eliminate temperature error is very important. By the experiment, the following
results were obtained:

(1) The output signal of sensor increased according to the rise of temperature found
from the experiment, and a quadratic equation give the best fit.

(2) The method carried by MCU which is used to compensate the measurement
errors by soft programming is simple and effective; it can improve the error
compensation precision on sensors greatly.
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