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Abstract

Introduction

Over the past decade, the development and applications of chemical sensors and biosensors have grown rapidly. Among all sensors, pH sensors have received the most attention because of the importance of pH measurement in various scientific research and practical applications. China's water quality online automatic monitoring technology is laggard; a lot of monitoring methods are still traditional, testing data lags behind seriously. Monitoring instrument water quality auto-monitoring system mainly use 2-wire transducers, exist amount of problem, such as poor stability of signal, high cost, single function, can't connect with field bus control system(Xu hao, 2007).

Intelligent of water quality monitoring instrument is important to improve the level and production mode of aquiculture, as a result, amount of intelligent monitoring instruments were developed, more perfectly water quality monitoring instrument were sold by America, Japan, Italy, and so on (Fan Xiang-guo, 2005); at present, In this paper, an intelligent PH sensor was developed according to IEEE145 standard, read sensor data and set actuator parameter by using Transducers Electronic Data Sheets (TEDS) so as to achieved "Plug and play" function [START_REF] Miroslav | Integrated Smart Sensor Networking Framework for Sensor-based Appliances[END_REF]. Water temperature and pH can be measured on-line by the intelligent pH sensor. Conversion of the current and amplification of the voltage is achieved by using three high impedance, low drift operational amplifiers TLC27L4; two of them make up differential amplifier, and its input resistance up to 3×1012ohm, to ensure the input signal not affected by resistance change. Moreover, differential circuit have high CMRR, can adapt to complex Industry-environment.

Hardware of the sensor

In order to meet the market demand, and meet the requirement of remote transmission and networking, the sensor uses RS-485 field bus to make connection and achieve the communication between CPU and Remote I/O by using a SN75LBC184 RS-232/RS-485 convertor. Two resistors (20ohm in this work), R1 and R5, were series connected to the output terminal of SN75LBC184, avoid network failures of a single hardware device affect network. The electric circuit used to drive the sensor and to treat the signal is shown in Fig. 2. 

Experiment

The sensor probe used in this work is based on composite glass electrode HG990 manufactured by Shanghai leici instrument Inc.

The effect caused by temperature was measured by using PH standard buffer solutions at pH 4.00, 7.00 and 9.00 manufactured by American HACH Company under the range of 0~40℃.

Calibration experiment did by using PH standard buffer solutions at pH 4.00, 6.93 and 9.41 manufactured by American HACH Company. Experiments were carried out at room temperature, and the measured temperature of standard buffer solution at (26.7±0.1)℃.Six measurements at 5min intervals were recorded for each standard solution to test reproducibility of the sensor probe by immersing the probe in the solution and lasts 5 min, and then took the probe out after the sensor put out stable signal.

Results and discussion

Fig. 5 shows the results of temperature effect. As can be seen, no significant temperature effect in the three PH standard buffer solutions. 

Conclusion

The intelligent PH sensor based on IEEE1451standard combined traditional sensor, microcontroller and TEDS technology, thus, the sensor was more intelligent. Concrete representations as following:

(1) Transmit data by applying all-digital bus, easy to apply in monitoring network;

(2) Intelligent sensor interface module based on IEEE1451 standard achieved plug and play functionality;

(3) Simplified the hardware structures by combining MCU and electrochemistry test technology, expanded measurement function, reduced the cost, improved reliability and measurement precision;

(4) Achieved low power consumption by using low power cost MCU (msp430).

  water quality monitoring instrument have rapid development in China, various PH monitoring instruments developed by Tsinghua University (Fu Xiao-shi et al., 2004; Gong Yuan-ming et al., 2003), Southeast University (Chen Ming-wei et al., 2005), Jiangsu University (Liu Xing-qiao et al., 2006), and so on. The above water quality PH monitoring instrument bases on MCU generally, monitor single or multiple water quality parameters, achieved electrode calibration and Temperature compensation by using software, but it is difficult to connect with field bus control system (Yang Su-ying et al., 2004). Some instruments can connect with field bus control system, but the problem of the interface and incompatibility are generally exist between multi-sensor and actuator (L.Camara, 2004; Institute of Electrical, 1997; Guangming Song et al., 2005; Antonio Pardo, 2006).
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 1 Hardware structureThe sensor mainly contained signal conditioning model, A/D circuit, power source model, microprocessor and Transducers Electronic Data Sheets (TEDS), Hardware structure of the pH sensor is shown in Fig.1
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