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Abstract





�
The paper devoted to the problems of measurement of the ratio of two frequencies (periods), its absolute and relative differences by hardware, hardware-software and program-oriented methods of dependent count (MDC). The algorithms of the methods and their distinctive features are described. The mathematical formulas circumscribing the accuracy and speed as well as  new technical feasibilities of  measuring  instruments for frequency-time parameters of signals on its basis are adduced in the Paper.








Introduction





Among the  known methods [1-3] the methods of dependent count (Pat.883776, 892410 1679393, 1797714, USSR) have the highest metrological, dynamic and technical possibilities at rather simple circuitry. The new offered methods can be effectively used for creation of virtual instruments, measuring and  telemeasuring systems.


The practice of modern measurements requires further improving of the  technical and operating performances of measuring devices both absolute values of frequency - time parameters of signals and ratio of two frequencies, their absolute and relative differences. In this case, as a rule, the following tasks are set: 


to increase a metrological reliability; 


to expand a range of measurand frequencies from infralow up to high;


3)   to automatize all measuring procedures.


The complex solution of such contradictory tasks will allow to achieve the high reliability of results at simultaneous lowering of hardware, cost, decrease of weight, dimensions and power consumption [4,5]. It is a reason why despite of a lot of methods of measurement,  the creation of new one and its detailed research remains of the urgent problem.








2. Algorithms of methods for measurement of the frequency ratios





The measuring algorithms for measurement of the ratio of two unknown frequencies fx1 and fx2 can be realised without the usage of the reference frequency f0 (first method) or with it use (second method). In the  first  method  the  ratio  of frequencies fx1/fx2 is determined as  in the conventional methods with the usage of the frequency f0 of period of the less frequency as the reference or time interval multiple to it.


In the second method the ratio of frequencies fx1/fx2 is determined after the simultaneous measurement of absolute frequencies  fx1  and  fx2. As the cases, when fx1 ( fx2 and when fx1 ( fx2 are equiprobable, we accept the denotation F for the greater, and f for the less of two compared frequencies for the formula derivation.








The first method of measurement





The measurement of the ratio f/F (i.e. fx1/fx2 or fx2/fx1) is executed in two steps (Figure 1).
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Fig. 1 Time diagram of the method for frequency ratio measurements





The first step is intended for definition of the greater of two unknown frequencies. In this case the following procedures will be realised: 


calculation of the number N1 = 1/(1 according to the program-specified relative error (1 of determination of the greater frequency; 


separate count; 


summarisation of impulses, normalised on the duration, with periods Tx1=1/fx1 and Тх2= 1/fx2; 


comparison of the obtained sums before reaching of equality to the number N1. 


At the moment  of this equality the impulse count of both frequencies is stopped, and the information about the greater of frequencies is entered into the microcontroller.


The second step is used for the measurement of ratio of the frequencies fx1/fx2, if fx1 ( fx2, or fx2/fx1 if fx1 ( fx2. For this, the number N( = 1/( is calculated according to the program-specified relative error ( of the measurement of ratio and the impulses of both frequencies are calculated. Then each of the accumulated sums is compared period-by-period with the number N( according to the absolute method of dependent  count. The integer number  n of periods ( is accumulated in the counter of the less frequency f (fx1 or fx2). The impulse count of frequencies fx1 and fx2 is stopped after arrival into the counter of frequency F (fx1 or fx2) the number (N( + (N) of periods Т. After reading  of the numbers n and (N the result of measurement is calculated according to the formula
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and displayed in the given units of measurements (relative, %, 0/00, etc.). With allowance for the result of determination of the greater of two frequencies, the calculations will be carried out as:





�EMBED Equation.3����



(2)�
�



The relative error of measurement of the ratio of frequencies will not exceed the program-specified (. If necessary, it is possible to receive the results of  measurement, reciprocal to the calculated (2). They will correspond to the integer number of periods (, contained in the time interval T.








The second method of measurement





The second method is more complex. Its realization requires the addition generator of the reference frequency f0, third counter of impulses for the frequency f0 and more complex software for the microcontroller.


Due to exception of the procedure for determination  of the greater frequency (Fig.1), the ratio f/F is measured by one step. The measurements of frequencies f and F are executed simultaneously according to the method of dependent count for absolute values (Pat. 788018, USSR), but with some features. In this case the following procedures are executed: 


separate and simultaneous count of normalised  impulses  of frequencies F, f and f0; 


forming of the reference time intervals Tq1 and Tq2 equal to the sum of the integer of periods Т and (; 


their simultaneous and independent quantization by duration of the period Т0. 


The number of last one is accumulated and continuously compared with the beforehand given N(=1/(. The accumulation of the number N( in the counter of frequency f0 is necessary, but insufficient condition for the count termination and summation of the durations of periods ( and Т. The  impulse count of the greater frequency F is terminated by first at the moment of appearance of the impulse  followed by its period Т. Due to this the equality Tq1 = Nx1T is true. Simultaneously the result of frequency F to code conversion (the numbers Nx1 and (N1) are read out. Then the impulse count of the less frequency f is stopped. It happens at the moment of appearance of the impulse followed by its period (. The last fact ensures the equality Tq2 = Nx2. After that the count of  periods Т0 with simultaneous reading of the numbers Nx2 and (N2, and determination of the greater of two frequencies fx1 or fx2 is stopped. The  analog-to-digital conversion is supplemented by the calculations:  
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where (N1 and (N2 are the complementary numbers up to the number N(. They are read out from the counter of the reference frequency f0 after the first and second interrupts. The ratio of periods Tx1 and Tx2 can be determined from the equations (3). Besides it is possible to determine the absolute and relative differences of two frequencies or periods; absolute and relative deviations of the value of controlled parameters from one or several program-specified values.





3. Example of realisation of the MDC for frequency ratio





The circuitry of the first and second methods is rather simple. It does not require a lot of hardware and accepts their margin and program choice of one of them. The example of  such universal ADC for the ratio of two frequencies constructed with the usage of the  “most complex” hardware  is shown in  Figure 2. The realisation of the program-oriented  MDC is  easier. In this case the ADC for measurement of the ratios according to the first or second method, contains two input devices and microcontroller of  MCS-51 (Intel) or MSP430 (Texas Instruments) families, having 2 (3 16-bit timers/counters.
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Fig. 2  ADC for frequency ratio fx1/fx2








The microcontroller allows to expand the possibilities of such ADC and to realise the functions of transmission of the results of measurement of frequency deviation by pulse-width or code-impulse signals. It is necessary for realisation of digital intelligent distributed sensor  systems, multichannel ADC, etc. The hardware-software MDC of the ratios expands the range of measurand frequencies up to high, due to the usage of the hardware and virtual counters, realized inside  the microcontroller. Therefore the range of measurand frequencies practically is unlimited even in the low frequencies.


The  realization of wide-range ADC will require two addition hardware counter-dividers of input frequency, some triggers and digital logical circuits.


For both methods of measurement the time of quantization Tq is non-redundant, in the all range of measurand frequencies and can be varied in the limits:
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The absolute error of the methods is:





�EMBED Equation.3����



(5)�
�



The relative quantization error:
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Conclusions





The offered methods of measurement for the ratio of frequencies, their absolute and relative differences favourably differ from all known methods by the advantages and possibilities. Due to this the new ways for creation  of novel competitive  measuring instruments including virtual and intelligent sensors of various non-electrical values for  different areas of science and industry are opened.
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