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Abstract. This paper strictly defines a simple A/D conversion and simple signal processing 

within the stochastic digital measurement method (SDMM). It is shown that their synergy and 

completeness optimizes the measurement instrument or a measurement system as a whole. As 

a result, the instrument or system then has: 1) extremely simple, robust and reliable hardware, 

2) extreme accuracy, 3) extreme wide frequency range, 4) the ability to perform extremely 

simple parallel measurements and processing. 

1. Introduction 

In [1, 2] a substantially different paradigm of digital measurements from the standard sampling 

method (SSM) was proposed. It is generally described in [3], and a few years later it is called the 

stochastic digital measurement method (SDMM). The essential difference between SSM and SDMM 

is that the latter does not presuppose a negligible quantization error. In the SDMM, a quantization 

error may be even 100 % of full scale [1], but the final result is still precise and accurate. This is 

impossible to achieve by using SSM. The key consequence of this fact is that the SDMM uses an 

extremely low resolution A/D converter - one-bit and two-bit resolution. Such A/D converters (flash 

A/D converters) have extremely simple hardware and, consequently, a small number of systemic error 

sources (which can be easily identified and eliminated [4]). As a result, instruments using one-bit or 

two-bit SDMM are extremely accurate. This is the most important advantage of SDMM over SSM. 

The processing of one-bit or two-bit data is performed extremely fast and accurate, because it uses 

integer arithmetic of short word lengths. This has been demonstrated in the first paper in which 

SDMM was applied [1]. Extremely fast and accurate stochastic A/D conversion allows very accurate 

measurements of the mean values of the signal and their parameters, primarily signal power and signal 

harmonics or signal spectrum. A similar approach, in terms of A/D conversion, can be seen in sigma-

delta A/D converters. In their case, however, the stochastic occurs in analogue modulator that operates 

at multi-GHz frequencies. Besides this, measurement samples are taken at lower rates (in the order of 

MHz), have high resolution (16 bits or more) and moderate accuracy. For this reason, sigma-delta A/D 

converters use floating-point arithmetic or are based on oversampling sigma-delta modulators and 

digital decimation filters [5]. In the case of SDMM, the processing speed is identical to the speed of 

A/D conversion, i.e. it is two orders of magnitude greater than that of the sigma-delta A/D converters. 
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The only limiting factors are correlational characteristics of the random number generator, as well as 

resolution and accuracy of the applied D/A convertor.  

On the other hand, there is the issue of reconstructing a signal which is digitized with a low-

resolution A/D converter. Recently, this issue became important in measuring of the probing voltage 

of high-voltage isolation materials. In [6] it is shown how a signal that is previously measured with a 

two-bit SDMM can be reconstructed. In this way, the topic related to the measurement and 

reconstruction of a signal using a low-resolution SDMM is completely rounded off. 

All the above mentioned indicates that there is a synergy between simple A/D conversion and 

simple processing, and their completeness in SDMM. The final results are extremely simple, accurate, 

fast, robust and reliable instruments that are used in laboratories and industry. In this paper they are 

strictly defined and elaborated. 
 

2. Basic Definitions and Schemes 

2.1. Simple A/D conversion 

This section provides strict definitions of simple A/D conversion and simple processing within a 

simple SDMM, as well as appropriate hardware schemes. 

One-bit A/D conversion. The basic condition is that the measured signal is non-negative. The input 

signal is an analog sum of the measured analog signal (AI) and an analog uniform random noise (h). 

The average value of h is zero, whereas its absolute value is less than or equal to half of the quantum 

2g. The quantum, on the other hand, is equal to the range of one-bit A/D converter. As a result, the 

circuit generates two signals (Figure 1a): digital output signal (DO1) and overflow bit signal (OF). 

 

                                                   (a)                                                           (b) 

Figure 1. Simple A/D conversion: (a) one-bit and (b) two-bit. 

Two-bit A/D conversion. In the case of a two-bit A/D conversion, the input signal is again an analog 

sum of the measured signal AI and an analog uniform random noise h. Both these signals must satisfy 

the same conditions as in the previous case (Figure 1b). The only difference is that, in this case, the 

quantum 2g is equal to the half of the range of a two-bit A/D converter, i.e. ± 2g.     

2.2. Simple signal processing 

Simple signal processing is one-bit or two-bit processing. The basic processing operations are 

multiplications and accumulations. They are performed by the multiply and accumulate (MAC) block. 

Time domain. In the time domain, both MAC operands are the samples of the input signals. 

One-bit MAC scheme: As the digital outputs of an A/D converter are 0 or 1, their product is also 0 or 

1. Hence, in this case, the multiplier is an ordinary AND-gate, while the accumulator is an ordinary 

binary counter. The basic scheme of one-bit time domain MAC block is given in figure 2a. 



Joint IMEKO TC1-TC7-TC13-TC18 Symposium 2019

Journal of Physics: Conference Series 1379 (2019) 012064

IOP Publishing

doi:10.1088/1742-6596/1379/1/012064

3

 

 

 

 

 

 

 

                         a)                                                                                                 b) 

Figure 2. MAC scheme in time domain: (a) one-bit and (b) two-bit. 

Two-bit MAC scheme: In this case, the digital outputs of an A/D converter are - 1, 0 or 1. As a 

result, their product is also - 1, 0 or 1. So, in this case, the multiplier consists of four AND-gates and 

two OR-gates, whereas the accumulator is a binary up/down counter (Figure 2b). 

Transformation domain. In the transformation domain, one MAC operand is the sample of the 

input signal, while the other is the sample of a dithered base function (DBF) from an orthogonal 

normed function set (the most often from the Fourier set). 

One-bit MAC scheme: The digital output of an A/D converter is 0 or 1, while the sample of a DBF 

may have values - 1, 0 or 1. Hence, in this case, the multiplier consists of one AND-gate, while the 

accumulator is a binary up/down counter. The basic scheme of one-bit transformation domain MAC 

block is given in figure 3a, [2], [7]. 

Two-bit MAC scheme: In this case, both the digital output of an A/D converter and the sample of a  

DBF may have values - 1, 0 or 1. Hence, their product is also - 1, 0 or 1. So, in this case, the 

multiplier consists of four AND-gates and two OR-gates, while the accumulator is a binary up/down 

counter as it is shown in figure 3b and [7]. 

 

                    a)                                                                                                 b) 

Figure 3. MAC scheme in transformation domain: (a) one-bit and (b) two-bit. 

3. Current Application of Simple SDMM 

In the last 20 years, simple SDMM is intensively applied in the area of measurements in a power grid. 

The following quantities are measured by simple SDMM-based instruments: voltage RMS, current 

RMS, power grid frequency, active power, and reactive power (Budeanu's, Fryze's and that 

recommended by IEEE Std. 1459-2010). Very difficult conditions in the substations were the best test 

for the reliability and robustness of all SDMM-based instruments. One of them is the quadruple three-

phase power analyzer called MM4 (Figure 4). It can measure electric power and energy according to 

IEEE Std. 1459-2010. The heart of this instrument is two-bit MAC scheme in time domain (Figure 2b) 

and two-bit MAC scheme in transformation domain (Figure. 3b). The main processing block is a two-
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bit stochastic digital DFT processor [7], which is realized by employing several two-bit MAC schemes 

in parallel. Despite being extremely simple, this instrument has an accuracy of 0.2 % of full scale. In 

the following areas, the authors and associates have also applied a simple SDMM: measurement of 

biomedical signals, temperature measurement, dose measurement, wind energy measurement, and 

measurement on the graphene. 

 

 

Figure 4. Two-bit quadruple three-phase power analyzer (MM4).

4. Discussion - Synergy and Completeness  

The usual way of considering A/D conversion and signal processing is their complete mutual 

independence. This approach leads to the optimal design of each of them. However, is the instrument 

or measuring system, based on these, also optimal? The answer is no! This is indicated by the 

statement of the famous Pontryagin theorem: "The optimum of the system never corresponds to the 

optimum of any of its subsystems." [8]. Practical generalization of this theorem is as follows: 

“Optimizing the outcome of a subsystem will in general not optimize the outcome of the system as a 

whole” [9]. This means that the instrument or measuring system optimization has no alternative, and it 

is a central problem in the science of measurements. Because of this, a simple SDMM treats at the 

same time both A/D conversion and signal processing. The outcome is impressive: 1) extremely 

simple, robust and reliable hardware, 2) extreme accuracy, 3) extremely wide frequency range, 4) 

extremely simple parallel measurements, 5) extremely simple parallel processing and 6) extremely 

simple ASIC design verification. In other words, the application of a simple SDMM leads to optimal 

performance, i.e. to the optimization of the instrument as a whole. This has been confirmed in the 

previous research and implementation of a simple SDMM [1-4, 7]. This completes the implementation 

of a simple SDMM in the instrumentation. In addition, it confirms the synergy and completeness 

between simple A/D conversion and simple signal processing. The most recent and most complete 

evidence of all these claims is given in detail in recently published paper [7]. 

5. Conclusion 

This short essay presents the synergy and completeness of simple A/D conversion and simple signal 

processing within the simple stochastic digital measurement method. It was shown that the application 

of this method allows multiple optimization of the measuring instrument or measuring system as a 

whole. Specifically, the instrument or measuring system then has: 1) extremely simple, robust and 

reliable hardware, 2) extreme accuracy, 3) extreme wide frequency range, 4) the ability to perform 

extremely simple parallel measurements and processing. These features have been confirmed in all our 

studies, especially in the most recent ones. 
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