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Abstract – In this paper is presented the data acquisition module based on sigma-delta analog to digital converter (ADC) and MCS-51 compatible microcontroller with dynamic remote reprogramming. The main feature of presented module is in integral nonlinearity of ADC correction. The error of proposed correction is considered in this paper.
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I. Introduction

The analysis of the disadvantages of existed DAQ modules based on precision sigma-delta analogue to digital converters (ADC), particularly 24-bit ADC AD77xx chips of Analog Devices, is presented in this paper. There is showed two typical groups of such DAQ modules: (i) low-cost modules which provide low precision and low noise immunity (I-7018 of ICP is typical module of this group [1]); (ii) high-cost modules which provide high precision (NetDAQ of Fluke is typical module of this group [5]). The disadvantages of these modules are presented, particularly the low noise immunity of I-7018 [3], it allows us to form the target of this article and ways of improvement of such low-cost modules.

The main target of this paper is in development of precision DAQ module based on sigma-delta ADC which will provide technical characteristics, which look like high cost modules (and it will exceed it in the linearity and opportunity of data processing) and will have the structure and cost,which look like low cost group. The target was obtained using technological way (multiplexer based on hermetically sealed relays with additional thermo-shunts [7] and shielded transformer) and structural-algorithmic way (additive, multiplicative and nonlinear errors of ADC correction, temperature error of reference source correction and remote reprogramming). The DAQ module with remote reprogramming based on AD7712 chip [6] was chosen as basic for development. 

II. DAQ module development

The structure of proposed DAQ module is presented on fig. 1. It consists of 8 hermetically sealed relays of multiplexer, sigma-delta ADC AD7712 [2], reference voltage source AD780 [10], microcontroller AT89C52, address register 74ALS573, RAM 62256, decoder 74LS145, optical isolation amplifier AOT128 and output transistor cascade. The cascade allows using three wire traditional RS232 and its two wire modification which allow LAN development without network adapters [8]. 
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Fig.1 General structure of the developed DAQ module
The proposed structure of DAQ module allows remote sawing of the operating program of microcontroller via serial interface after power on and during operation of DAQ module [9]. In this case drivers of multiplexer, ADC and result processing program are saved in the RAM. In the same RAM there is situated the data segment of operating program therefore software developer should separate it during software compilation. Each DAQ module in the network executes its own program which could be changed by user according to the request. 

III. Error evaluation

In this DAQ module structural-algorithmic ways of accuracy improvement are implemented, which provide correction of different components of the error. The additive error is corrected using results of shorted channel measurement. The multiplicative error is corrected using results of calibration by reference voltage source. The high precision of conversion in wide temperature range is provided by correction of temperature error of reference voltage source using measurement of temperature of AD780 chip by internal sensor [10]. Its voltage temperature coefficient is defined by calibration of chip in two different temperatures. This value and real value of voltage is stored in ROM of module. The conversion result is calculated by equation (1), 
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where: UX – input voltage; UREF – voltage of reference source REF; ΔUREF – temperature correction factor; NX – result of conversion of input voltage UX; N0 – result of conversion of null setting channel; NREF - result of conversion of reference voltage UREF . 

Let evaluate the error of the proposed DAQ module. The additive component of the ADC’s error could be defined as:

· Multiplexer error 
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· ADC noise 
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· ADC quantization error 
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There is no correlation between listed components of error therefore they could be summed as following
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The multiplicative component of the error in the condition of calibration has following components:

· Multiplexer error 
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· ADC noise 
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· ADC quantization error 
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· Error of temperature correction of reference source REF
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· Drift of reference source REF 
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· Initial error of reference source calibration, sum of errors of Weston standard cell Х488 [12] 
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 and voltage comparator R3003 
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There is no correlation between listed components of error therefore they could be summed as following
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Therefore the error of DAQ module will be as following (taking into consideration the non-linearity of ADC - 0,0015% [2])

The listed above actions allow providing the following error of DAQ module in operation condition: (i) not more than 
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 for the range 2,5 VDC; (ii) not more than 
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 for the range 20 mV. This error could be obtained when we use starting calibration by comparator R3003 with error 0,0005 [11] and Weston standard cell X-488 with error 0,001 [12]. The obtained error of developed DAQ module is enough for most generator sensors but it could not meet the requirements of some application with parametric sensors. The DAQ modules based on sigma-delta ADCs are often used for precision temperature measurement using RTD [4]. The replacement method is often used in this case [13]. The error of replacement method with ADC could be evaluated by integral and differential nonlinearity of used ADC. The differential nonlinearity of sigma-delta ADC is of very small value. For example, the AD7712 provides the no missing code for 22 bit [2] and it corresponds to the error 25*10-6%. This value is an infinitesimal quantity. The integral nonlinearity is not more than 0,0015%. This value does not allow highlighting the advantages of replacement method [13]. Besides the working conditions of obtaining of this value of nonlinearity error are not indicated in technical documentation [2]. Therefore it is logical to make nonlinearity correction of this ADC.

IV. Nonlinearity correction

There is proposed to use additional divider of reference voltage UREF which consists of two identical resistors - R1 and R2. It is presented on fig 2. It is proposed to use contraposition of resistors of divider for removing the influence of resistance error of resistors on evaluated value of nonlinearity error. The voltages of resistors R1 and R2 are measured by separate channels of DAQ module. The fig. 3 of the main part of the article presents dependence of output code of ADC of voltage of the resistors R1 and R2. Let us consider that additive and multiplicative error are corrected according (1). 


[image: image17.wmf]DAQ module

IN0

./

./

./

IN4

IN5

IN6

IN7

R1

R2

REF

U

T

U

REF

GND


Fig. 2. Connection of voltage divider for non-linearity correction 

For any resistance of resistors R1 and R2 the equation 
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 is true. According to fig. 3 we can write equation (4) 
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Fig. 3. Graphical interpretation of non-linearity correction
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where: 
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If we substitute 
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 into (4), than current value of nonlinearity error could be find according to equation (5). 
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If we make correction of additive and multiplecative errors before correction of nonlinear error than we can make its correction using second order polynomial without absolute term according to (7), 
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where: 
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 – coefficients of the polynomial which could be found by solving of the equation system (8), which are constructed for the following conditions 
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. The coefficients A and B will be founded after solving of this equation system. The nonlinearity error correction of current measurement results is done according (9). 
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But such correction of nonlinearity error brings to appearance of the methodology error. The source of this error is graphically presented on fig.4. The assumption (5) brings to the fact that calculated according (6) current value of nonlinearity error 
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Fig.4. Graphical interpretation of methodology error source for the proposed method of non-linearity correction
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where: 
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 – nonlinearity error in the appropriate points. If we substitute into (10) the coefficients A and B according to (8), we will get equation (11). 
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For the conditions: RS = (R1 + R2) / 2; R1 = RS + (R; R2 = RS – (R, we can write NR1 = NRS + N(R; NR2 = NRS – N(R. After substitution of accepted assumption into (11) and processing we will have equation (12). 
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Taking into account that 
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Because of 
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As it could be seen from (14) even for resistors with error 5…10% the methodology error is small value and it allows 400…1000 times decreasing of nonlinearity error. Therefore the square component of nonlinearity error is negligible quantity and real error of ADC will be defined by the following components: (i) higher order components of nonlinearity error (the level of these components is significantly less); (ii) random error of ADC which is defined by internal and external noise. The experimental researches of the developed DAQ module show that its nonlinearirty error is not more 0,0003%. Therefore the linearity of this module corresponds to 19 bit accuracy. The obtained value of residual nonlinearity corresponds to the reference devices of experimental researches. 

V. Conclusions

The developed precision DAQ module is based on sigma-delta ADC and it could be widely implemented in distributive precision sensor-based information measurement systems. The universality of the developed module is provided by its remote reprogramming. This reprogramming provides full replacement of data processing program during exploitation. Correction of temperature error of reference voltage source allows providing the measurement error 0,01% in exploitation conditions. The nonlinear error correction allows 5…10 times decreasing of nonlinearity by correction using second order polynomial. It allow using the developed DAQ module in precision systems with parametric sensors of low sensitivity.
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