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Abstract: An intelligent conductivity meter based on MSP430F149 microcontroller was 

proposed in this paper. The intelligent conductive meter was composed by 

MSP430F149 microcontroller and its peripheral circuits, bipolar pulse 

excitation circuit and waveform transform circuit. The MSP430F149 was 

chosen to control the generation of bipolar pulse excitation signal and take 

temperature compensation. It adopted bipolar pulse excitation signal to avoid 

the electrode polarization effects. The measurement error generated by the 

solution temperature fluctuation could be amended by the temperature 

compensation. It could self- compensation and self-tuning to fit variance 

solution. 
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1. INTRODUCTION  

In recent years, water quality had become a hot issue in the fields of clean 

drinking water, distilled water, medicinal and biological water, power boilers, 

aquaculture and other areas [1,2]. Aquaculture was a fast-expanding mode of 

food production in the world. Global production of farmed fish and shellfish 

has more than doubled in the last 10 years. Ninety percent of the world’s 

aquacultures undertaken in Asia, with China producing two thirds of the 
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world total while Europe, North America and Japan, which produce only 

10 %, consume the bulk of the seafood traded internationally. Fish will be 

the main farmed aquaculture species, but production of more extensive 

species like stichopus japonicas, bivalves and seaweeds would increase. In 

the aquaculture, water quality was the key influencing factors. The water 

quality problem was associated with both physical and chemical factors such 

as high or low dissolved oxygen, high concentration of nitrogenous 

compounds (ammonia-N and nitrate-N) and high levels of Electrical 

conductivity (EC). The water quality in aquaculture fishponds was 

controlled by a complex interplay of many factors. Air-water Environmental 

problems have resulted from the conversion of wetland habitats to 

aquaculture ponds. These include nutrient, sediment and organic waste 

accumulation leading to deterioration of water quality, one of the important 

factors that determine the viability of fish farming. The water quality 

problem was associated with both physical and chemical problems such as 

too high or too low Electrical conductivity (EC). Electrical conductivity was 

the measure of total concentration of dissolved salts in water. When salts 

dissolved in water, they give off electrically charged ions that conduct 

electricity. The more ions in the water, the greater the electrical conductivity 

it had. Because there were almost no ions in distilled water, it had almost no 

electrical conductivity. Hard water contained more salts, and therefore more 

ions, had a high electrical conductivity. Electrical conductivity was the 

criterion to measure the conductivity of the solution[3]. It was inherit 

physical and chemical properties of the solution, and it was the main 

influencing factors to the water quality. 

The researchers had taken great attention on the electrical properties of 

the solution and lots of methods to measure EC of the solution had been 

proposed in the last years. The commonly used measurements of EC were 

electrode conductivity, electromagnetic conductivity and ultrasonic 

measurements[4,5]. Restricted by the measurement mechanism, the last two 

methods were usually been used to measure the high-conductivity solution. 

The electrode conductivity measurement method was based on the principle 

of electrolytic conductivity. It had the features of simple electrode structure 

and wide range of measurement which promoted it to be widely used in the 

measurement of solution EC. 

2.  MEASUREMENT PRINCIPLE OF 

CONDUCTIVITY ELECTRODE 

The conductance pool could be equivalent to the parallel resistor and 

capacitor circuit which has been shown at figure 1 (A). There, RLl, RL2 was 

the electrode lead resistance;  Rl, R2  was the polarization resistance resulted 
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in chemical polarization and concentration polarization, also known as 

Faraday resistance. CP was the lead capacitor. The simple circuit of the 

conductance pool was shown at figure 1 (B). There Rx was the resistance of 

the conductance pool, Cx was the capacitance of the conductance pool. 

 

 

 

 

 

 

 

 

 

 

 

Many conductivity electrode measurement methods had been proposed 

at home and abroad. But there were many shortcomings about the methods 

to measurement the EC through conductivity electrode. Firstly, the 

measurement results were inevitable influenced by the polarization 

resistance Rl, R2  , especially in the measurement of high concentrations of 

solution. Secondly, as shown in figure 1(A), the value of Cx was also 

influenced the measurement result. Thirdly, the temperature of the solution 

could influence the ionization, solubility, ion migration rate, solution 

viscosity and expansion of the solution, which could also take effects on the 

accuracy of the EC measurements
[6]

. When the temperature increased, the 

solution viscosity become lower, the ion movement accelerated under the 

electric field, the conductivity changed. It could be concluded that the EC 

measurement based on conductivity electrode should avoid the influence of 

polarization effect, capacitance effect and temperature effect.  

 
To solve these problems, we designed the voltage bipolar pulse method 

which pulse width could be easily adjusted to measure EC. As shown in 

figure 2, the excitation signal was bipolar pulse voltage source, which has 

same amplitude, opposite polarity. The pulse excitation and sampling 

diagram was shown in figure3. In one measurement circle, the system 

Figure2 Bipolar Pulse Signal 

(A)Equivalent circuit of 

Conductance pool 

Figure1 Conductance pool and its Equivalent circuit 

 

(B)Simplified model of 

 Conductance pool 
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sampled the output voltage twice at T moment. It selected the average of the 

twice sample value as the measured value to eliminate the low-frequency 

noise which could be generated by the DC excitation system. T moment was 

at the moment of positive or negative half-cycle which output the 80% of 

output voltage. It could be considered that the output voltage has reach to 

stable when the average of the two sampling was less than some value. 

 
If the sampling time T was far less than product of Rx and Cx , then the 

voltage of the Cx should be small enough. At that time, there was no current 

flowing through Cp because the charging of Cp has finished. At T sampling 

moment, the relation between the measured transient voltage and solution 

resistance was shown following: 

                   
0
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R
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                                     (1) 

It could be concluded from equation (1) that the Rx  has no relation with Cx, 

Cp. That was to say, the measurement method had eliminated the effects of 

the capacitance. The effects of polarization resistance was related with the 

voltage between the two electrodes, voltage duration time and composition 

of the solution. Therefore, polarization resistance calculation was very 

difficult, even impossible. Research had found that there would not appear 

polarization when the voltage was less than a certain value.  

3. DESIGN OF MEASUREMENT CIRCUIT 

As shown in figure 4, the structure of EC measurement circuit was 

composed by MSP430F149 control circuit and its peripheral circuits, bipolar 

pulse excitation circuit, range switching and amplifier circuit, waveform 

transformation circuit and temperature measurement circuit. The function of 

the circuit was to generate bipolar pulse signal, range switching, converted 

the measurement signal into digital signal, temperature compensation, data 

storage and transmission. We adopted the MSP430F149 to capture analog 

signals of conductivity electrode, convert them to digital values, process 

measurement data and transmit the data to a host system. The MSP430F149 

Figure3 EC Measurement based on Bipolar Pulse Excitation 
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was microcontroller configurations with two built-in 16-bittimers, a fast 12-

bit A/D converter, two universal serial synchronous/asynchronous 

communication interfaces (USART), and 48 I/O pins. The timers make the 

configurations ideal for industrial control applications such as ripple 

counters, digital motor control, EE-meters, hand-held meters, etc. The 

hardware multiplier enhances the performance and offers a broad code and 

hardware-compatible family solution.  

 

 
 

The traditional electrical conductivity measurement system adopted 

sinusoidal excitation signal to avoid electrode polarization. It should to add 

the complex filter circuit for signal processing. The system has been 

proposed in this paper adopted the bipolar pulse voltage source as the 

excitation source. It was equivalent to add a DC power source to the 

electrode when electrode received excitation. There were no filter circuit and 

capacitance compensation section which could simplify the structure.  

For certain solution, there was no polarization effect when the 

excitation voltage value less than some special value. The polarization could 

be negligible when the voltage time was very small. The pulse width was not 

only restricted to the capacitor charging and discharging time, but also 

restricted to the polarization time. So the pulse width should be as small as 

possible to eliminate the polarization. Meanwhile, it should enhance the 

signal strength in order to separate the signal from noise. The circuit to 

generate bipolar pulse excitation signal was shown as figure 5.It adopted 

78L05, 79L05 series of integrated three terminal voltage regulators as the 

incentive signal generator. 78L05 was the positive voltage regulator and 

79L05 was the negative voltage regulator. The devices had the features of 

overheating and over-current protection circuit, few external components, 

Positive/Negative 

Incentive switch  

Bipolar   Voltage 

source  
Electrode 

Reverse 

amplifier 

Waveform 

Transform 

Channel selection   

Limiter  

 

MSP430F149 A/D   

Temperature 

Sensor    

Peripheral Circuit   

Figure.4 Structure of the Intelligence Electrode Conductivity Meter 
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small size and low cost. The switch of the bipolar pulse source was 

controlled by the SPDT Analog Switches MAX303. The switch closure time 

was less than 150ns, its disconnect time was less than ns, the resistance less 

than 22Ω. 

 

 
As shown in figure6, the pulse control signal was produced by the I/O port 

of MSP430F169. To ensure the drive capability of the signal, the global 

weak pull-ups was set to inhibit. The output of the port P1.0, P1.1 was set to 

push-pull mode. The frequency of Control signal was controlled by the 

internal Timer_A of MSP430F169. It chose appropriate feedback resistor to 

ensure the measurement accuracy at different measurement range. The range 

switch was divided into four stalls and adopted feedback resistor of 390Ω, 

3900Ω, 39000Ω, 390000Ω separately. It adopted the internal voltage 

reference of MSP430F139 as its A/D converter voltage reference. The 

Figure6 Range Switching and Amplifier Circuit 

Figure5 Bipolar pulse excitation circuit 
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conversion range was 0V~2.5V. It adopted MAX313 as the gating control 

device to choose the feedback resistor. Maxim’s MAX313 analog switches 

feature low on-resistance (10Ω max) and 1.5Ω  on-resistance matching 

between channels. These switches conduct equally well in either direction. 

They offer low leakage over temperature (2.5nA at +85°C). The MAX313 

was quad, single pole/single-throw (SPST) analog switches. The control 

signal was generated by the MSP430F149. The I/O ports were configured as 

push-pull mode and weak pull-global ban on.  

 
The waveform transformation circuit was shown at figure7. Because the 

input signal of A/D in MSP430F149 was the positive polarity signal, so it 

should transform the AC signal into DC signal. It adopted two operational 

amplifiers and one CD4053 analog switch to construct the waveform 

conversion circuit. In order to ensure non-waveform distortion, it chose 

LF356 as operational amplifier. The LF356 had the features of high-speed, 

high input impedance and low input bias current. The control signal was 

generated by the MSP430F149. The I/O ports were configured as push-pull 

mode and Weak pull-global ban on. The frequency of waveform transform 

control signal and pulse excitation pulse control signal were synchronization. 

The two amplifiers amplify the positive and negative signal at positive and 

negative phase respectively and output the positive DC signal. 

4. TEMPERATURE COMPENSATION 

The temperature of the solution would influence the ionization degree, 

solubility, ionic migration ratio, viscosity and dilatability of the electrolyte. 

So the changing of the temperature would affect the accuracy of the EC 

value. Therefore, temperature compensation of conductivity measurements 

Figure7 Waveform Transformation Circuit 
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had become particularly important, and took temperature compensation 

could reduce the error and increase the accuracy of the measurement. 

Research has found that when the temperature was deviate from 25℃, the 

error of the EC was become larger. To reduce the error and increase the 

accuracy, it divided the temperature between 1℃ to 30℃ into five intervals. 

Every temperature interval was set different correction factor by the 

experiments results. The correction equation was shown as follows: 
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Where, Ks was the Electrode Conductivity value of the solution at 25℃, 

Kt was the Electrode Conductivity value of the solution at t℃, t was the 

solution temperature. 

5. CONCLUSION 

A new seawater electrical conductivity measurement system has been 

proposed in this paper. It adopted conductivity electrode as the sensor to 

measure the resistance of the solution. It adopted bipolar pulse excitation 

signal to avoid effects of electrode polarization. When being powered by the 

bipolar pulse which excited by the MSP430F149 microcontroller, the circuit 

generated voltage signal which corresponded to the resistance of the solution. 

The analog output signal was amplified by the range switching and amplifier 

circuit. Then it changed the waveform through the waveform transformation 

circuit and sent the signal to the A/D of MSP430F149. The temperature 

signal was also being measured to take temperature compensation. The 

system which has been proposed in this paper had the characteristics of easy 

to realization, self-compensation and self -tuning.  
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