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Abstract: This article discusses ultrasonic sensors for level monitoring and measurement, 

with unified 4 ... 20 mA output current signals, with two-wire digital industrial 

communication interfaces such as HART, PROFIBUSSPA and Foundation Fieldbus. [1.10] 

The most widely used ultrasonic sensors of the LUC4 and LUC-T series and methods for 

installing and connecting ultrasonic sensors of the LUC-T series are presented. The principle 

of the implementation of the ultrasonic method for determining the water level is also 

presented here. This measurement method guarantees reliable operation of ultrasonic sensors 

in various conditions. [2.5.11]    

The advantages and disadvantages of the ultrasonic measurement method are shown. To 

implement the method, it does not impose high requirements on the wear resistance and 

strength of the equipment and is independent of the density of the controlled medium. [3.12] 

The sensor has a built-in compensation system from the influence of temperature fluctuations 

on the measurement result. [4.13] Sensors of the LUC4, LUC-T series are specially designed 

and operate on a non-contact measurement method and measure the level of water and 

various liquids. [5.20] 

Keywords: ultrasonic sensors, water level, ultrasonic measurement method, non-contact 

method. 

 

I. INTRODUCTION 

The management of technological processes in the water sector is related to the measurement 

of water level. Modern automation systems require statistical and informational data to 

optimize process control,increase water efficiency. This constantly increasing demand for 

information leads to the need to use in the monitoring systems not simple signaling devices, 

but means providing continuous measurement. [6] For this, new measuring instruments based 

on ultrasonic, electromagnetic and other methods of monitoring and measuring the level of 

liquids were developed and experimentally tested. 

In the presented article, the main goal is to control and measure the level in water systems 

using ultrasonic sensors and the level measurement method. [1.7] 
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II. METHODOLOGY 

Devices for continuous monitoring of liquid levels are created using various physical 

principles and measurement methods. The considered level gauges work with unified 4 ... 20 

mA current output signals, with two-wire digital industrial communication interfaces, such as 

HART, PROFIBUSSPA and Foundation Fieldbus, their modifications for installation in 

hazardous areas of class 0, as well as complete solutions based on measuring instruments, 

controllers, means for interfacing with a control device and additional equipment [1]  

To determine the water level in water management systems, we consider the principle of 

operation of ultrasonic sensors and methods for measuring the level. In the simplest and most 

common case, when the ultrasonic sensor is located at the upper point of the tank, the 

medium level is calculated as the difference between the height of the tank and the distance 

between the sensor and the surface of the medium (in the general case, a correction should be 

made that takes into account the difference between the actual height of the sensor and the 

height of the tank) .[5.8] This distance is calculated by the measured time, which is necessary 

for the ultrasonic pulse to travel from the sensor to the surface of the controlled water and 

vice versa (Figure 1). 

 

  –  1/  2 tot sh h v t=  

 

 Here “vs” is the propagation velocity of an ultrasonic signal in a given medium. 

 
 

Fig. 1. The principle of implementation of the ultrasonic method for determining the level. 

 

The chemical and physical properties of liquids do not affect the measurement result obtained 

by the ultrasonic testing method, so the level of both water and various liquids can be 

measured without problems. However, it must be remembered that the speed of propagation 

of ultrasound is influenced by air temperature in the medium of its propagation. [9] In 

addition, being strongly dependent on temperature, the speed of ultrasound depends on air 

pressure: it increases with increasing pressure. Relative changes in the speed of sound 

associated with changes in pressure in a normal atmosphere are approximately 5%. The speed 

of ultrasound also depends on the 
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composition of the air, for example, on the percentage of CO2 and humidity. [10] 

The influence of relative humidity on the speed of ultrasound is less than the effect exerted by 

temperature and pressure: the additional difference in speed in dry and moisture-saturated air 

is about 2%. [11] The main advantages of the ultrasonic testing method: 

 + non-contact; 

+ applicable to contaminated liquids; 

 + the implementation of the method does not place high demands on the wear resistance and 

strength of the equipment; 

 + independence on the density of the controlled environment. 

 The disadvantages of the ultrasound method are: 

- large divergence of the radiation cone; 

- reflections from non-stationary obstacles (for example, agitators) can cause measurement 

errors; 

 - applicable only in tanks with normal atmospheric pressure; 

- The signal is influenced by dust, steam, gas mixtures and foam.  

 

 
 

Fig. 2. Appearance of ultrasonic sensors LUC4T, LUC-T. 

 

The most widely used ultrasonic sensors are the LUC4 series of ultrasonic sensors of the 

LUC4 series are specially designed for measuring the level of liquids. The Teflon coating of 

the sensor housing allows the use of a sensor with corrosive liquids. Masking of stationary 

objects makes it possible to install the sensor in places where supports or other elements of 

the internal structure of the tank fall into the measurement zone. [5.12] Figure 3 shows the 

sensor installation diagram.  

In the tank there is a bracket that forms a spurious echo signal (Fig. 3). Without suppression, 

the measurement results will be inaccurate. The following algorithm is recommended: 

1)calibration of the sensor outside the tank with simulated empty tank,2)suppression of the 

echo signal from a stationary object in the working position, 3) calibration of the sensor in the 

working position when the tank is full. 

Suppression of a spurious signal reduces the power of the useful signal, and in some cases it 

is necessary to evaluate this decrease so as not to lose the useful signal. The sensor is also  
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equipped with means to compensate for the effects of temperature changes. [13.14] In 

addition, it is possible to install external probes that monitor the temperature of the measured 

surface regardless of the conditions at the sensor installation site, which minimizes errors 

caused by temperature fluctuations. 

 

 
 

Fig. 3. Suppression of an echo - signal from a stationary object in the tank. 

 

Ultrasonic sensors of the LUC-T series are also used. The compact ultrasonic sensors of the 

LUC-T series are also designed for non-contact level measurement of liquids. The LUC-T 

series includes three types of sensors with different types of electrical outputs (2 or 4 wire 

connection) and ranges for measuring the distance to the interface level starting from 0.25 m. 

LUC-T xxxx 5: in case of 4 wire connection with when measuring with dimensions of the 

structural components of the material from 4 mm, the guaranteed measurement range is up to 

2 m, while measuring the level of liquids - up to 5 m (2 wire connection with power through 

the information channel - up to 4 m). [5.15] LUC-Txxxx6: in the case of a 4-wire connection 

when measuring the level of bulk materials with sizes of structural components of the 

material from 4 mm, the guaranteed measuring range is up to 3.5 m, when measuring the 

level of liquids - up to 8 m (2 wire connection with food through the information channel - up 

to 7 m). LUC-T30 (4-wire connection only): the guaranteed measurement range when 

determining the level of bulk materials with sizes of structural components of the material 

from 4 mm is up to 7 m, when measuring the level of liquids - up to 15 m. All sensors have a 

built-in system to compensate for the influence of temperature fluctuations on measurement 

results. [16.17] 
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Fig. 4. Installation and connection methods for ultrasonic sensors of the LUC-T series. 

 

III. RESULTS 

 

 An important advantage of these sensors is non-contact measurement of the level of liquids. 

It can also be used to measure the level of contaminated liquids. To implement the method, it 

does not impose high requirements on the wear resistance and strength of the equipment and 

is independent of the density of the controlled medium. 

From the influence of temperature fluctuations on the measurement result, the sensor has a 

built-in compensation system.[3.18] 

 

IV. DISCUSSIONS 

 

The ultrasonic sensors of the LUC4 and LUC-T series presented in this article are used to 

monitor and measure the level of liquids in various environments. The method of ultrasonic 

level measurement is considered. Shows how to install and connect ultrasonic sensors. 

Compared to other measurement methods, there are advantages and disadvantages. This has 

been mentioned above. [5.19] 

 

V. CONCLUSIONS 

 

 The method of measuring the water level considered by the ultrasonic testing company 

guarantees long-term operation of ultrasonic sensors in various climatic conditions. The main 

features of these LUC-T sensors are. An optimized set of fastening methods: threaded 

connection type G 1/2 "or 11/2" NPT. Q Possibility to read the status of the sensor via LED 

indicators. Various versions of the outputs of the glue (optional). The sensors are compatible 

with HART and PROFIBUSSPA network protocols and can be configured using Pepperl + 
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Fuchs PACT ware (Process Automation Configuration Tool) software. [1.5.20] 

 

VI. REFERENCES 

 

[1] Gazieva R.T., Abdullaeva D.A. Automation technology and digital automation. T. 2014. 

[2] Gazieva R.T. Fundamentals of automation and automation of production. T. 2018. 

[3] Voxidov A.X., Abdullaeva D.A. Automation technology. T. 2011. 

[4] Gazieva R.T. Automation and process control water management. T. 2011 

[5] Jackson R.G. The latest sensors. M. 2007. 

[6] Belov M.P. Technical means of automation and control. St. Petersburg. 2006. 

[7] Halikov A.A., Mukhamedova D.V.Fundamentals of automation and pulse technology. T. 

2014. 

[8] Kabildjanov A.S., Bozorov E.O. Mathematical modeling of the process of electropulse 

treatment of plants.Article. Modern scientific research: current issues, achievements and 

innovations: a collection of articles of the VII International Scientific and Practical 

Conference. - Penza: International Center for Scientific Cooperation «Science and 

Education». - 2019. - p. 64-68. 

[9] Abdjabborov A.A., OkhunboboevCh.Z. Algorithmization of the parametric optimization 

problem under conditions of goal uncertainty.Traditional XV - Young Scientists, Masters 

and Talented Students' Scientifically-Practical Conference Collection on «Modern 

Problems of Rural and Water Industry». Section II.TIMI. Tashkent. 2016.- pp. 192-195. 

[10] Kabildjanov A.S., Okhunboboeva Ch.Z., Avazbaev A.A. Methods of choosing the 

optimal values of the parameters of land-reclamation technology in a multi-criteria 

environment. - Journal «Bulletin of Agrarian Science of Uzbekistan», Tashkent, No. 4, 

2017. P. 98-105. 

[11] ShcherbinaYu.A. Technical means of automation and control. M. 2002. 

[12] Stegmueller  W.Level  Technology.Introduction  to  the  productlines  and their  

physical  principles. Peppperl+FuchsKolleg GmbH, Mannheim, 1998. 16. Handbook  for  

the  training  pack  SENSORIC  SP1.  Pepperl+FuchsKolleg GmbH, Mannheim, 1995. 

[13] A.S.Kabildjanov, Ch.Z.Okhunboboeva Synthesis of optimization models of 

multidemensionalobjectsin conditions of inhomogeneity of statistics experimental data. 

Scientific an technical journal. Sustainable Agreculture. №1.(1).2018. 

[14] I.X.Siddikov, D.B.Yadgarova, Ch.Z.Okhunboboyeva. Adaptive identification of a 

neuronet system for controlling nonlinear dynamic objects. International Scientific and 

Practical Conference on "Problems of Increasing Energy Efficiency in Agro Industrial 

Complexes". 2018 November 28. 3rd affiliate. 641-646 pp. 

[15] Ch.Z.Okhunboboeva. Definition of a fuzzy set.International Scientific and Practical 

Conference on "Problems of Increasing Energy Efficiency in Agro Industrial 

Complexes". 2018 November 28. 3rd affiliate. 793-797pp. 

[16] Ch.Okhunboboyeva, G.U.Muzaffarova. Scheme of automation of water distribution in 

irrigation canals. Traditional XVII - Young scientists, masters and gifted students' 

scientific-practical conference on "Modern Problems of Agriculture and Water 

Management". 2018 April 12-13. 165-167 pp. 



Solid State Technology 
Volume: 63  Issue: 5 

Publication Year: 2020 

  
 
 

5
5
9
7

 

Archives Available @ www.solidstatetechnology.us 

 

[17] Ch.Okhunboboyeva, G.U.Muzaffarova. Mathematical modeling and optimization of 

the problem of identification of objects in automatic objects management. Traditional 

XVII - Young scientists, masters and gifted students' scientific-practical conference on 

"Modern Problems of Agriculture and Water Management". 2018 April 12-13. 167-170 

pp. 

 


