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Abstract—We present a simple sensor based on chaotic 

dynamics for measurements water quality. This paper is a 

summary of results reported by author in previous papers. 

Index Terms—Chaotic sensor, measurement, conductivity 

titration, chaotic dynamics 

I. INTRODUCTION  

Contamination of the environment factors can be conducted 

with or without human intervention resulting in changes in the 

physicochemical or biological properties thereof. When these 

changes exceed a certain threshold and remain for a long time, 

environmental monitoring sensors are used in different 

conditions to determine pollution phenomenon [1]. Sensors 

(transducers) are devices (circuits) that detect changes in a 

parameter of the system by issuing an appropriate signal 

dependent on the size of the parameter measured. These 

circuits are designed to transform the parameters of the system 

in other sizes [2, 3]. 

For a more effective monitoring, it is desirable that these 

sensors are small GSM network, Bluetooth, or Wi-Fi. These 

sensors must have temperature stability. Considering all said 

above, the author of this paper proposes a new class of sensors 

based on nonlinear dynamics (chaos) [4-7]. 

In the early years of using the concept of deterministic 

chaos in the literature, the behaviour of chaotic systems was 

considered an exotic phenomenon being of interest only to 

mathematicians, leaving aside practical applications. Over 

time, chaotic dynamics has been increasingly applied in a large 

number of different systems from mechanics, physics, and 

laser communication systems based on chaos [8-10]. 

An important category of applications is based on the use 

of the concept of chaos to describe the uncertainty of the 

behavior of dynamic systems. Description of the chaotic 

uncertainty in comparison with other methods (stochastic, 

fuzzy, etc.) provides a specific tool to describe the uncertainty 

of the oscillation parameters (frequency, phase, amplitude) 

using a small number of parameters and by applying to a wide 

range of systems, namely nonlinear differential equations. 

Routing methods under uncertainty chaos began to develop 

quite recently [11-13]. This paper is only a summary of the 

research reported in author's previous papers. 

 

II. CIRCUIT 

The literature presents a wide range of chaotic circuits [14-

16]. A new class of chaotic circuit has been proposed in [17]. 

The circuit shown in Fig. 1 consists of two inverting 

operational amplifiers (LF 357) included in the loop. One 

amplifier has a nonlinear amplifier as a load resistance. In 

previous versions, the nonlinear element used was an 

electrolytic capacitor [18-19]. In our measurements, solutions 

composed of three salts—NaCl, CrCl2, and MgCl2—were used 

as a nonlinear element. 

The sensor is based on a change in dynamics produced in a 

nonlinear dynamic circuit, which has a circuit element 

composed of the measured saline solution and electrodes. In 

the current implementation, the sensing element consists of two 

Fe/Zn electrodes immersed in a recipient (bath) containing the 

measured solution. The electrodes and the solution compose an 

electrolytic cell. The level of impurities affects the chaotic 

behavior of the sensor. The investigated signal is captured in 

points P 0 and P 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  Circuit schematic. 

III. EXPERIMENT 

In previous research, the authors have experimented with 

different salts, the research being reported in [20, 22]. The 

electrical conductivity measurement method was used. 

Measurement of electrical conductivity of the solution is 

widely used in titrimetric analysis for the determination of 

equivalence (conductometric titration). 
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Maintaining proper water quality is a goal of the utmost 

importance to prevent any outbreak of infection. Systems for 

on-line water quality monitoring and early warning are a 

necessity for water distribution systems (WDS). The authors 

of [23-25] describe a set of sensors and pH-based 

conductometric interdigitated electrodes (the form of combs) 

for on-line water monitoring. Tests show that the sensors can 

perform accurately even at a high rate of water flow of 30 

ml/min. The authors compare these sensors and industrial 

sensors; the former are cheaper. 

An efficient and highly accurate method is titration. Until 

recently, a disadvantage of this method has been used only in 

laboratories given that the method uses liquid titrant. The 

authors of [26-28] use the methods and the equipment that 

allows very fast accurate acid-base measurements with a probe 

based on a solid material. Two titration methods with a probe 

based on a solid material are described: Coulometric titration 

and The Orion FLASH. 

 The results are explained with the images of the nonlinear 

dynamics of the measuring cell immersed in a solution for 

three different salts. The samples were prepared of 12 ml of 

H2O with a salt solution. The solution concentration ranged 

from 0.2 to 1.8 ml. The solution was made of 0.5 g of the used 

salt per liter of H2O with steps of 0.2 ml. 

 

 
Fig. 2.  Solution of 12 ml of H2O + 0.2 ml of NaCl ground 0.5 g per liter of 

H2O, t = 20°. 

Figure 2 shows signals X (P0), Y (P1) and FFT of the NaCl 

sample. The chaotic signal was measured using a Tektronix 

TDS 3012B oscilloscope. 

 

 
Fig. 3.  Solution of 12ml of H2O + 0.2 ml of MgCl2 ground 0.5 g per liter of 

H2O, t = 20°. 

Figure 4 shows signals X (P0), Y (P1) and FFT for these 

signals. Analysis of the signals reveals that the visualized 

signals are non-periodic and FTT spectrum has a similar noise 

"colour", which indicates a well defined chaotic behaviour. 

 

 
Fig. 4.  Solution of 12 ml of H2O + 0.2 ml of CrCl2 ground 0.5 g per liter of 

H2O, t = 20°. 

Figure 2 shows signals X (P0), Y (P1) and FFT for the CrCl 

sample. Comparison of the results of measurements at two 

different temperatures does not reveal changes in the chaotic 

signal. Comparison of the signals obtained with the CrCl2 

solution to the signals obtained with the NaCl and MgCl2 

solutions shows the difference. Signals may vary due to 

changes in the electric strength of the chemical potentials 

Fig. 5.  Design sensor. 

Figure 5 shows the sensor used for measurements. It is 

made of available materials, is compact, and has sizes of 100 

mm x 19 mm. The sensor must be completely submerged in the 

solution. Signals generated by the nonlinear circuit are sent for 

processing in a computer. 

 

IV. CONCLUSIONS 

The use of the conductometric method for measurements in 

diverse areas of the environment shows that this method is 

effective and has good prospects for the future. This type of 

sensor can be used in the near future as the basis for a 

biosensor to be implanted in different biological tissues for 

monitoring salt levels in the blood. 
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