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Abstract. The high salinity of water negatively affects soil fertility up to yield loss. In regions 

with high salinity, unorthodox methods and devices are used to lower the level of 

mineralization. This article discusses the use of an automatic decision-making system for a 

device to lower the level of mineralization by diffusion mixing. Construction able to filter 

water to irrigation rates up to 3 grams per liter and extent the operating period of reverse 

osmosis. The article provides a detailed description algorithm of a program for automatic 

control of the water purification process based on the Atmega 328 processor. 

   

 

1. Introduction  

The primary aim of irrigation is to provide a crop with adequate and timely amounts of water, thus 

avoiding yield loss caused by extended periods of water stress during stages of crop growth that are 

sensitive to water shortages. However, during repeated irrigations, the salts in the irrigation water can 

accumulate in the soil, reducing water available to the crop and hastening the onset of a water 

shortage. Understanding how this occurs will help suggest ways to counter the effect and reduce the 

probability of a loss in yield [1].  

Desalinated water is being used for irrigation purposes in many places around the world, where the 

available water source is too saline to be used. Such water sources may include groundwater, sea water 

and sometimes surface water from lakes [2]. Water salinity is a major problem for agriculture. Saline 

water contains high concentrations of salts, which crops might not tolerate. The source of the salts in 

water is the surrounding rocks, e.g. the mineralogy of the aquifer. Therefore, surface water is usually 

less salty than groundwater, which is surrounded by rocks. Oceans are salty because when water 

evaporates, the salts remain and accumulate [3]. 

Groundwater may contain high concentrations of ions such as sodium, chlorides, sulphate, 

bicarbonates, calcium, and magnesium. It may also contain trace elements such as boron, iron, 

manganese and fluoride, which may be present at relatively low concentrations, but might become 

toxic to the plant if their concentrations exceed certain thresholds (such thresholds are usually crop-

specific) [4]. 
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Soil salinity is a term that includes saline, sodium and alkaline soils, respectively defined as (a) high 

salt concentration, (b) high sodium cation (Na +) concentration, and (c) high pH often due to high 

CO3(2-) concentration  - in the soil. Salinization of soils leads to a change or even disruption of the 

natural biological, biochemical, hydrological and erosion Cycles of the Earth. Thus, high levels of 

salinity can lead to the loss of emerging soil resources, goods and services that affect agricultural 

production and environmental health, which will eventually develop into a sociocultural and human 

health problem that impedes economic and general well-being [5]. 

Desalination is a water treatment process in which salts are removed from water. There are various 

methods of desalination, of which, the main method used today is Reverse Osmosis. 

In reverse osmosis, water is pushed through semi-permeable membranes, using pressure. The salts do 

not pass through the membrane, while water molecules do. 

In Uzbekistan, the economic and demographic burden on land, especially for agricultural purposes, is 

increasing from year to year. Of the 17.8 million hectares representing the total agricultural land in the 

republic, only 25% is arable land [6]. Over the past 15 years, the area of agricultural land has 

decreased by more than 5%, and per capita - by 22% [7]. 

Over the past 30 years, the area of irrigated land per capita has decreased by about 25%, i.e. from 0.23 

ha to 0.16 ha. Naturally, the above data indicate that farmers are reduced to flat out for work, and 

thereby their incomes are also mourned. The process of anthropogenic desertification, that is, 

associated with human activity. Soil erosion and soil salinization processes are continuing. Over 3 

million hectares of land suffer from wind and water erosion - for the season the average loss of the 

fertile layer, for this reason, reaches 80 tons per hectare [8].  

To eliminate this kind of problem, different methods and devices are used to reduce the salt content of 

water, one of which is diffusion mixing devices. This type of lowering the salinity of the water is 

interesting in that it is portable. 

But it is worth noting that it requires local management, which does not make it possible to use it for 

large areas of land with small working personnel.    

 

2. Materials and Methods  

2.1 Object of research  

Depending on the type of plant, a high concentration of salt can cause loss of yield and they are quality 

agricultural products. 

Depending on the type of crop, there are some types of water purification for irrigating the plant. 

The most effective option for lowering the level of water mineralization is the installation of reverse 

osmosis. This device is a mechanical cleaning using a membrane; at high pressure, the membrane 

purifies water from various salts. It is worth noting that this device is very high quality purified water 

and is used for water treatment in pharmaceuticals and food industries. 

For agriculture, this device can be used in two methods for economic reasons. 

1. Plain water can be mixed with untreated water. 

2. Continuous connection of the filter for irrigation [9].  

We focus on construction for mixing for system which has two operating modes, the upper mode 

is a mode in which only reverse osmosis is activated and is used to reduce salinity to drinking water 

standards. 

The lower mode is the diffusion mixing mode. A tank is installed in this part of the structure, where 

the pipes are connected from the source, from where salted water comes from and from reverse 

osmosis, from where filtered water comes from. The proportions of the water in the tank are measured 

using a conductivity sensor. 

The conductometric sensor determines the operation of switching valves and thereby makes it possible 

to control the salt level inside the tank. With a certain amount of water in the tanks, the lower valve 

automatically activates, which delivers this water to the irrigated place. The ratio of salt and filtered 
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water is compiled according to a given sketch of the microcontroller of the system.  Consists of 

determining the level of salt and on the basis of this indicator the volume of work is established as the 

proportion of salt and drinking water. The signal of the conductometric sensor installed on the source 

is compared with the specified parameters of the controller and the volume range is determined by the 

specified value (see Figure 1) [10]. 

The principle of operation of the construction is that the electromagnetic control valve V`1 distributes 

water for cleaning using reverse osmosis, valve V`2 is used to supply purified water to the capsule, 

valve V`3 is used to supply mixed water for irrigation. The valve operating time and the volume of 

water flow distribution for cleaning and for direct transfer to the capsule depending on the salinity of 

the water source. The data that is transmitted from the 1st sensor goes to the controller, and after that 

the controller, based on the built-in algorithm, sets the operating time of the on-off valves. The level of 

reverse osmosis load depends on the salinity of the water source and thus it is possible to extend the 

level of operation of the reverse osmosis by creating an individual regime depending on the degree of 

salinity of the water. 

 

 
Figure 1. Scheme of construction of diffusion mixing system: 1-conductivity sensor; 2-pump unit; 3-

 two position solenoid valve; 4- reverse osmosis; 5- tank of diffusion mixer 

 

The main work of liquid separation is carried out by means of distribution by a two-position valve in a 

certain time interval. The interval and duration of the valves depends on the performance of the source 

sensors and the capsule of the diffusion mixing [10]. 

 

2.2 Algorithm and method of control   

All this work will control by automation system which make set autonomy work. All work will base 

on decisions making system on base of program for Atmega 328 microprocessor.      

Algorithm of work this system base on the equation-1 composition of the source water from the first 

sensor is known, and the required final concentration of irrigation water to be obtained is known. It is 

required to obtain it by adding pure water from a filter to the initial saltwater containing the required 

substance. According to the formula below, we can get the amount of pure water needed for the initial 

part. 

 

2

111
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CVVC
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                                                               (1) 
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In (1), the concentration of the substance in the first component of the mixture C1, the volume of the 

first component of the mixture V1, the concentration of the substance in the second component of the 

mixture C2, the final, the required concentration of the substance C [11].  

Switching on and off of two-position valves is described on the basis of scheme number two. 

Confirming the level of the content above or below the specified norm the water components transfers 

it for filtration or directly in diffusion mixing capsules (see Figure 2). 

The algorithm of the technological process, and its automation is carried out in this way, at the 

beginning of the process, the initial data from the sensors is taken initially, and then they are compared 

using equation 1, if the water level exceeds this standard for irrigation, which is 3 g per liter, then the 

water is sent for cleaning (to say that the total volume in the distribution of water is precisely the 

proportion inside the capsule based on the salt content inside the source). The main logic of the system 

is to bring the content inside the capsule up to 3 grams, regardless of the volume of salt content inside 

the source, if the salt content inside the source is high, then the operating time of reverse osmosis 

increases significantly and the distribution valve mainly operates in the purification mode. 

To implement the work of the equation and the block diagram will be using a circuit architecture 

based on the Arduino line. The logic equation will be uploaded to the ATmega 328 microprocessor as 

a result of which the microprocessor solution will be transmitted to the executive body in the form of a 

relay module. Relay modules will transmit voltage to the two-position solenoid valve (see Figure 3) 

[12]. 

 

 
Figure 2. Block scheme of decision making system 

 

To use the remote control, a GSM SIM900D module was added to the design. During local operation, 

an LED display is used to determine the level of content in the capsule. A TDS sensor is used as a 

measuring device [13]. The GSM module is used to notify about the state of the water inside the 

capsule, the interval is 13 seconds from the activation of second TDS sensor. 
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Figure 3. Circuit board of the automatic control system 

 

3. Results and Discussions  

Based on the above data, a batch mixing prototype was constructed (see Figure 3). The volume of the 

capsule for mixing is 300 ml. TDS sensor is used to determine the salt content of the source and the 

mixing capsule. Considering the fact that the water concentration is based on the volume and operating 

time of the valves, an electrode type water level sensor was installed in the inner part of the capsule, 

can been (see Figure 4). 

 
Figure 4. Experemental prototype    

 

This experimental construction was created on the basis of the aforementioned schematic diagram of 

Figure 1. 

Solenoid manifolds DN10 SM88632 are used to control the water flow. The volume of water for 

filtration depends on the salinity of the water, the opening and closing times of the valve are 

determined according to salinity of water in source. 

During the experiment, the ratio of the valve operation time for filtration with the volume of salt in 

water was determined, which are presented in Table 1. 
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Table 1. Parameters of work solenoid manifolds according to salt value   

 

Water classification   Total dissolved 

solids 
Opening time of 

valve v`1 to filter   

  

Brackish water: 10,000 mg/L 25 seconds  

Saline water:   35,000 mg/L 45 seconds  

Hypersaline 45,000 mg/L 

 

60 seconds  

 

A process control board has been designed on the architecture which shown on Figure 3. When the 

device is working, it shows that 0.98 grams of salt are in the liquid, which is the normative indicator 

for irrigation [14]. 

To determine the automatic operation of solenoid headers and valves based on time limits with the 

ratio of the salinity of water, a control board was created based on Figure 3. 

To implement this architecture, elements similar to the scheme were used in the control board which 

presented in Figure 5.   

 

 
Figure 5. The architecture of the scheme of control: 1-Register for the input module 74hc165, 2- 

ATmega 328U microprocessor, 3- GSM module THINK IOT-G6,  4-Inverter amplifier ULN 2003 A, 

5- power supply( 24 V), 6 -Intermediate relay SONGLE SRD-05VDC, 7-Relay module /AVR 
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4. Conclusions 

1. To carry out the cleaning process in this structure, the place of water accumulation must be 

predetermined. Valve run times are based on the total tank volume and the salinity of the water.If the 

salinity of the water is more than 45 grams per liter, then the operation of the system will be 100% 

based only on the work of reverse osmosis.  

2. As feedback, a second TDS sensor inside the capsule used for notifies about the quality of the 

mixed water using the terminated GSM module. This variation of the feedback makes it possible to 

make monitoring remotely if it was illuminated to select the appropriate operation for the device to 

work. 

3. The construction gives the possibility to the exploitation efficiency of the reverse osmosis filter 

increases by 13%, which allows farmers to use this technology longer. 

4. The volume of untreated water is directly related to the level of salinity of the water. 
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