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ABSTRACT 

 
The article presents the results of determining the informative parameter when processing the 

recorded quasideterministic signal of capacitive transducers of various physical quantities. This parameter is 
characterized by the independence of measurements from the beginning of the transition process, automatic 
compensation of the error from the zero offset of the measuring channel. These advantages speak about its 
efficiency and prospects when measuring various non-electric quantities by capacitive transducers. 
Keywords: informative parameter, converters, transients. 
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INTRODUCTION 
 

In the general case, the problem of measuring capacitance at a direct current is solved by organizing a 
transient process in an measuring RC circuit when it is connected to a constant voltage source with zero initial 
conditions, as shown in Figure 1. 
 

 
 

Figure 1: The equivalent circuit of the measuring circuit 
 

RESULTS AND DISCUSSION 
 

In this case, the desired value Cx is the capacity of the measuring transducer; the value of R0 is known 
and is part of the measuring circuit. The voltage uСх (t) will change according to the law of aperiodic capacitor 
charge: 

 

 𝑢𝐶𝑥(𝑡) = 𝐸0(1 − exp (−
𝑡

𝜏
)),                                                                  (1) 

 
where: Е0 – Emf energy source; 
t – current time; 
τ – time constant. 
𝜏 = 𝑅0 ∙ 𝐶𝑥.                                                                                               (2) 
 
Obviously, it is the value of τ that contains information about the measured value of Cx, i.e.: 
 
 𝐶𝑥 = 𝜏/𝑅0,                                                                                              (3) 
 
Thus, it is the time constant that is the decisive informative parameter of the recorded 

quasideterministic signal, on which the accuracy and speed of the processing result largely depends. 
 
Analysis of expression (1) shows that τ can be determined by the following known dynamic 

measurement methods (DI): 
 
1. By logarithm of the exponent, which is part of expression (2.2) at a certain point in time: 
 

 Е0 ∙ exp (−
𝑡

𝜏
) = 𝐸0 − 𝑢𝐶𝑥(𝑡),                                                                 (4) 

 

  ln (exp (−
𝑡

𝜏
)) = ln(

 (𝐸0−𝑢𝐶𝑥(𝑡))

Е0
),                                                          (5) 

 

  𝜏 = −
𝑡

ln(
 (𝐸0−𝑢𝐶𝑥(𝑡))

Е0
)
.                                                                                (6) 

 
2. Using the value of the function of the voltage on the capacitor and the rate of its change at a 

certain point in time, namely: 
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  𝑢′𝐶𝑥(𝑡)= −𝐸0  (−
1

𝜏
) exp (−

𝑡

𝜏
) =

𝐸0

𝜏
exp (−

𝑡

𝜏
),                                     (7) 

 

  𝜏 ∙ 𝑢′𝐶𝑥(𝑡)= 𝐸0 ∙ exp (−
𝑡

𝜏
).                                                                     (8) 

 
Substituting (1.18) into (1.11) we get: 
 
 𝑢𝐶𝑥(𝑡)= 𝐸0 − 𝜏 ∙ 𝑢′𝐶𝑥(𝑡)

 ,                                                                        (9) 
 
from where: 
 

 𝜏 =
𝐸0−𝑢𝐶𝑥(𝑡)

𝑢′𝐶𝑥(𝑡)
.                                                                                         (10) 

 
3. Using the ratio of the first and second derivatives of the voltage function on the capacitance Cx at a 

certain point in time. 
 
Really, 
 

  𝑢′′𝐶𝑥(𝑡)=−
𝐸0

𝜏2
exp (−

𝑡

𝜏
).                                                                       (11)   

 
Dividing (1.17) by (1.21) we get: 
 

  
𝑢′𝐶𝑥(𝑡)

𝑢′′𝐶𝑥(𝑡)
 =

𝐸0
𝜏
exp(−

𝑡

𝜏
)

−
𝐸0
𝜏2
exp(−

𝑡

𝜏
)
= −𝜏,                                                                     (12) 

 
or 
 

 𝜏 = −
𝑢′𝐶𝑥(𝑡)

𝑢′′𝐶𝑥(𝑡)
.                                                                                         (13) 

 
The reasoning presented in the author's works [1, 2, 3]. 
 
Methods for determining the informative parameters of the recorded signals, when the type of model 

can be predicted with high accuracy based on a priori information, and the random variables of the monitored 
variables are due only to induced interference, are often distinguished into separate approaches, called 
measurement-modeling. 

 
At the same time, for solving problems of describing non-random signals, in which the value of one or 

several parameters is not known a priori and are considered random variables, approximation hikes are used 
with a small random component. The essence of the approach is as follows. In case the recorded signal x (t) is 
approximated by a model xМ(t, φ1, … φm), then, after measuring the m values of the signal for various arbitrary 
values of the argument t, we can make a system of m equations: 

 

{
𝑥М(𝑡, 𝜑1, … 𝜑𝑚) = 𝑥(𝑡1)

…
𝑥М(𝑡𝑚, 𝜑1, … 𝜑𝑚) = 𝑥(𝑡𝑚)

                                                                 (14) 

 
For cases where the model 𝑥М(𝑡, 𝜑1, … 𝜑𝑚) is non-linear with respect to parameters 𝜑1, … 𝜑𝑚 

function and values 𝑡1, … 𝑡𝑚  chosen arbitrarily, system (14) may be difficult for an analytical or explicit 
numerical solution. In this case, the solution of the system can be simplified by selecting the values 𝑡1, … 𝑡𝑚. 
Based on this, the use of a priori information to predict the shape of the recorded signal allows replacing the 
integral transforms with arithmetic operations with point estimates. 

 
Of particular interest in the study of methods for determining informative parameters (in particular 

the time constant) of the recorded signal is an approach based on the use of instantaneous voltage values 
during a developing transient process. 
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The main advantage of this approach, namely the use of instantaneous values, is to reduce the time 
for determining the time constant, due to the appropriate choice 𝑡1, … 𝑡𝑚. Those, eliminating the need to wait 
for the end of the transition process or the moment of determining the controlled variable. 

 
The main parameters of the considered circuit are: voltage U0, тcurrent time t and time constant τ. 
 
For our research, of particular interest is the approach [4], which is related to determining the 

parameters of electrical circuits from instantaneous transients, not related to the moment when the voltage is 
connected to the measuring RC circuit for the case when the measurement time is less τ [2, 5, 6]. 

 
The instantaneous values of the voltage on the capacitor in accordance with (14) are determined by: 
 

{
 
 

 
 𝑢𝐶(𝑡1) = 𝐸0 (1 − exp (−

𝑡1

𝜏
))

𝑢𝐶(𝑡2) = 𝐸0 (1 − exp (−
𝑡2

𝜏
))

𝑢𝐶(𝑡3) = 𝐸0 (1 − exp (−
𝑡3

𝜏
))

                                                            (15) 

 
To simplify the solution of the system, the choice of the time points t1, t2, t3 should not be arbitrary. 

Therefore, the instantaneous values at the midpoint are taken at the same time intervals ∆t, after the 
arbitrarily taken first moment t1. 

 

{
 
 

 
 𝑢𝐶(𝑡1) = 𝐸0 (1 − exp (−

𝑡1

𝜏
))

𝑢𝐶(𝑡2) = 𝐸0 (1 − exp (−
𝑡1+∆𝑡

𝜏
))

𝑢𝐶(𝑡3) = 𝐸0 (1 − exp (−
𝑡1+2∆𝑡

𝜏
))

                                                      (16) 

 
The timing diagram of the voltage is shown in Figure 2. 

 

 
Figure 2: Timing diagram of the voltage at the middle point of the measuring RC circuit (capacitor Cx) 

 
Using (16) at equidistant moments of time, an estimate of the time constant is given by (6): 
 

𝑢𝐶(𝑡3)−𝑢𝐶(𝑡2)

𝑢𝐶(𝑡2)−𝑢𝐶(𝑡1)
=

exp(−
𝑡1
𝜏
)∙exp(−

∆𝑡

𝜏
)∙(1−exp(−

∆𝑡

𝜏
))

exp(−
𝑡1
𝜏
)∙(1−exp(−

∆𝑡

𝜏
))

= exp (−
∆𝑡

𝜏
).                   (17) 

 
Where do we get: 
 

𝜏̃ = −
∆𝑡

ln
𝑢(𝑡3)−𝑢(𝑡2)

𝑢(𝑡2)−𝑢(𝑡1)

 ,                                                                                  (18) 
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where: 𝑢(𝑡1), 𝑢(𝑡2), 𝑢(𝑡3) - value of the voltages at the midpoint of the measuring RC circuit at time 
t1, t2, t3, respectively. 

 
∆t is the time between adjacent samples. 

 
CONCLUSION 

 
Such an approach to the determination of the informative parameter when processing the recorded 

quasideterministic signal of capacitive transducers of various physical quantities has the following advantages: 
 
- independence of measurements from the beginning of the transition process, which expands its 

scope; 
- automatic compensation of the error from the zero offset of the measuring channel. 
 
The indicated advantages of the method undoubtedly indicate its efficiency and prospects for 

measuring various non-electric quantities by capacitive transducers [5, 6]. 
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