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KMLLSTOK BA CYB XYXANUIMMHW SNEKTPIALUTUPUL BA ABTOMATIIALLTUPULL

UDC: 644.612: 622.235.432.54: 681.32

PWB BOARD TOPOLOGY FOR ATMEGA 2560
MICROCONTROLLER IN THE IMPLEMENTATION OF
THE AUTOMATIC WATER PURIFICATION SYSTEM FOR
IRRIGATION

R.T. Gazieva - c.ts., professor, E.Ozodov - PhD student
Tashkent Institute of Irrigation and Agricultural Mechanization Engineers
Abstract

The article discusses the issue of creating a single board for connecting the components of an automatic system for
controlling the process of water purification of drainage water for irrigation. The article shows the topology of connecting modules
of measuring instruments and control devices in a single package. The article presents a schematic diagram and a 3D model of
the control board. The board created according to the technical design features for water purification and the technical justification
for the advantage of this topology. Mass-producing circuits with PCBs is cheaper and faster than with other wiring methods,
as components are mounted and wired in one operation. Large numbers of PCBs can be fabricated at the same time, and the
layout only has to be done once. PCBs can also be made manually in small quantities, with reduced benefits and using of these
methods in agriculture give new possibilities to development automation control systems in this sphere.

Key words: automation, irrigation, water salinity, water treatment, programming, electronics.

TOononornda PWB NMiATbl Ansd bA3bl MUKPOKOHTPOJIJIEPA
ATMEGA 2560 B PEAJTM3ALNN ABTOMATUYECKOW
CUCTEMbI OYUCTKWM BO bl AJ1A NMOJINBA

PT.rasueea - Km.H., npogeccop, 3.0300086 - 00KmopaHm
TawKeHmCKUL UHCMUMym UHXeHepos uppuaayuL U MexaHu3ayuu ceflbCcKo2o xo3sticmea
AHHoTaUus

B crarbe paccmarpruBaeTcs BOMPOC CO3[AHNS €AUHON NMaThl COEAUHEHNA KOMMOHEHTOB aBTOMATUYECKON CUCTEMBI YMpaB-
FIEHUS NMPOLIECCOM BOJOOUNCTKN APEHAKHBIX BOA ANS OPOLLEHNS. B cTarbe npuBegeHa TONonorus CoeguHeHns Mogynei name-
pUTEnbHBLIX MPUGOPOB U NPUBOPOB YNPaBMeHUs B AUHYI KOMMMEKTALMI0. B cTarbe NpefocTasneHsl MpUHLUNMarsHble cxembl
1 3D mogenb nnarbl yNpaeneHus NpoLeccoM BOAOOUNUCTKN. MnaTa cosgaHa no TEXHUYECKUM 0COBEHHOCTAM KOHCTPYRLMM ANS
OUMCTKN BOALI 1 NPUBEAEHO TEXHUYECKOe 0BOCHOBaHWE NPEUMYLLECTBA AaHHO Tononorun. CepuiiHoe NMPoU3BOACTBO CXEM C
NeYaTHLIMU Naramu geluesne u BuicTpee, YeM C APYrMMU METOAaMU NOAKITIOUYEHNS, MOCKOMBKY KOMMOHEHTLI MOHTUPYIOTCS 1
NOAKIIOHAKTCA 3a OfHY onepaLuio. OHOBPEMEHHO MOXHO U3rOTaBMNUBATH BOMBLIOE KOMUUYECTBO NEYATHBIX MIAT, @ KOMMOHOBKY
HY)KHO BBINOMHSATE TOMLKO OAUH pas. MeyaTHble Nrarbl Takke MOXHO W3rOTABMNUBATL BPYUYHYIO B HEBOMBLLMX KOMUUYECTBax, ¢
MEHBLUMMU MPENMYLLECTBAMM, U UCTIONB30BAHUE STUX METOZOB B CENbCKOM XO3SANCTBE OTKPLIBAET HOBbIE BO3MOXHOCTU AMSt
paspaboTkn CUCTEM aBTOMAaTU3aLNY YNpaBNeHUs.

KntoyeBble CNoBa: aBTOMAaTUKa, UPpUTaLns, CONEcofepaHue Bogbl, BOROOUNCTKA, MPOrPaMMUPOBaHUE, AMEKTPOHINKA.

CYFOPMULL XXAPAEHU Y4YH ABTOMATUK TUSUMUOATU
NBB MIATAHUHI ATMETA 2560 MMUKPOKAHTPOJIEPU
YYYH TOMNOJNOIMMACKU

P.T. Fa3uesa - m.¢h.H., npogheccop, 3.030008 - masgHy QoKmopaHm
TouwKeHm uppu2ayus 8a KULIIOK Xy KanuauHU MexaHu3ayusna MyxaHoucaapu uHcmumymu
AHHoTauusa

Makonaga cyfopull XapaéHuaa [peHax CyBWHM Kynnall yuyyH Tosanall XapaéHu amanra owupuliga Kynnasunuuwin
MyMKWH BynraH asTomaTuk BoLiKapys TUSUMUHUHT TapKUOWA KUCMMapUHK yrall yuyH aroHa Bollkapys nnaracuaa Xamnail
mMacanacu kypub unkunrad. Makonaga ynyaw socuTanapu Ba Bollkapull MOAYNapUHW AroHa Tynnamza Xamnall UMKOHWHW
Bepysun nnara Tononoruacu Gepunrad. Makonaga nnataHuHr 3[] Mogenu Ba npuHUMNUan cxemack Kermupunrad 6ynub cys
TO3anall YCKYHaCUHUHT TY3YruLL XycycusTrnapuHu nHobarra onraH xonga aparunrad. by Typaaru nnata karTa Mukgopnapaa
vwnab ynkapuw UMKOHWATNapuHKN Bepagu. MNnarara kepak 6ynraH kKoMnaHeHTnap Gup BaKTHUHT Y3naa ynaHuwnm MymKuH 6y
3Ca ULIOHUMUNUKHK olnpagmn. by yernyBHUHT KWLWINOK XyXanuri coxanapura KNpUTUIULLIK, Wy coxagarn nwnab ynkapui xa-
PaéHNapUHNHI aBTOMaTKK GoLLKapyB TH3MMMNAPMHN CaMaPaCHHK OLUMPWULL YUYH KaTTa XMCca KYLUMLLM MYMKUH.
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ntroduction. High water salinity negatively affects soil Soil salinization in agriculture is a major process of soil
fertility up to crop loss. In regions with high water salinity, degradation, especially in arid regions. Salinization of soils

unorthodox methods and devices used to reduce the level of  threatens the natural ecosystem and crops, which are usually
mineralization. sensitive to increased salinity [1].
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Soil salinization is widespread: saline and soda soils
cover 932.2 million hectares globally, and are one of the main
threats to soil degradation worldwide, with ineffective irrigation
management affecting 34.19 million hectares or more than
10% from the total area of irrigated land [2].

In Uzbekistan, the economic and demographic pressure
on land, especially for agricultural purposes, is increasing
from year to year. Of the 17.8 million hectares representing all
agricultural land in the republic, only 25% is arable land. Over
the past 15 years, the area of agricultural land has decreased
by more than 5%, and per capita - by 22% [3]. Over the past
30 years, the area of irrigated land per capita has decreased
by about 25%, that is, from 0.23 ha to 0.16 hectares [4].

Considering the above factors, a decrease in the level
of water mineralization is very important in the production of
agricultural products; in addition, a decrease in the level of
soil salinity contributes to an increase in yield. At the moment,
the most relevant and developing method of water purification
is mechanical or membrane purification, this method is much
more effective and much more intensively purifies water than
other existing methods [5].

The membrane purification method has its drawbacks -
this is the period of operation of the filter, which was indicated
in the works of such scientists as |. Khaled "Experimental
and numerical optimization of reverse osmosis desalination
plant" in which aspects of optimization of the operating period
of a reverse osmosis desalination plant are considered [6].
Similar data drawbacks highlighted. Methods in the work of C.
Ezedike "Analysis and design of a water purification system
for the West African area of operation” [7].

The filter breaks down very quickly, given that, a large
volume of water use in agriculture, and the use of this method
is economically impractical. To eliminate the above problems,
special designs developing taking into account the load and
the selective selection of the flow of transferring water for
irrigation. A structure of this type could be intensively use with
an existing automatic system; without an automatic system, the
implementation of this structure is technically impossible. [8].

The control algorithms of the automatic system
implementing based on the logic loaded into the controller
then receive accounting data about the ongoing technological
process using measurement modules and sensors.

The technical side of the implementation of an automatic
system based on the integration of modules, sensors,
actuators, and a programmable logic controller [9].

The design that use for water treatment has its own
specific character and requires an individual approach to the
development of an automatic control system. An automatic
technical system cannot realized without a printed circuit
board and integration connection. In addition, the PWB type
printed circuit board increases the signal exchange rate and
can be mass-produced [9].

This article discusses the development of a printed
circuit board for the process design of selective selection of
the volume of water for filtration. Similar issues of creating
a topology for printed circuit board technological processes
were discussed in the works of such scientists as Senpinar A.,
K. Amold, P. Srihari, J. Dilella.

Research method. In creating the board topology, the
modeling method used taking into account the technical
requirements, the connection of the necessary elements of
radio electronics, and modules of measuring devices [10].

Object of research. The object of research is construction
for the selective choice of purification or direct supply of water
to the mixing capsule.

The basic principle of operation of the proposed design is to
create the required concentration of water with an acceptable
salt content inside the tank and then transfer it for irrigation.

The device consists of 5 parts; 1- conduct metric sensor
that will be installed in the water source to determine the salt
content in the source, 2- centrifugal pump for water transfer,
3-on-off solenoid valves for water distribution, 4-reverse
osmosis to lower the salt level in the water, 5- capsules for
collecting water (see Figure 1) [11].

Vi
1-conductometric sensor; 2-pump unit; 3-two position valve; 4-reverse
osmosis; 5-diffused capsule.

Fig. 1. Diffusion mixing design

The principle of operation of the design is that the
electromagnetic control valve V1 distributes water for cleaning
using reverse osmosis, valve V2 is use to supply purified
water to the capsule, valve V3 is use 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 depends on the salinity of the water source. The data
that is transmitted from the 1st sensor goes to the controller
and then 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 reverse
osmosis by creating an individual regime depending on the
degree of salinity of the water [12].

The mixing capsule is equipped with a level sensor and a
conductometric sensor to monitor the quality and volume of
water inside the capsule.

The technical execution of the liquid circulation of this
design is carry out using relays that act on the control valve.
The control circuit is carry out using this circuit diagram.

Algorithm and control method

Algorithm of work this system based on the equation-1
composition of the source water from the first sensor, and the
required final concentration of irrigation water to will obtained.
Itis 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.

_Gr-cn 1)

Cc-G,

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 [13].

Switching on and off two-position valves is described based
on scheme number two. Confirming the level of the content
above or below the specified norm the water components

v

8

Special number. 2020. Journal "Irrigatsiya va melioratsiya'



KULLNOK BA CYB XYXANUIMHWU SNEKTPIALITUPULL BA ABTOMATIALLTUPULL

transfers it for filtration or directly in diffusion, mixing capsules
(see figure 2).

TDS sensor
RELAY-1 RELAY2 RELAYS
L N no*

Power VALVE
source

Pump
motor

i j

Fig.2. Schematic diagram of diffusion mixing control

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 uploaded to the ATmega
2560 microprocessor because of which the microprocessor
solution will 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)[14].

START

READ DATA
FROM

COMPARE SENSORS VALUES(SV) AND
REFERANS VALUES(RY)

TURN OFF VALVES AND
PUMP MOTOR

YES
TURN ON VALVES AND
PUMP MOTOR

GSM NOTIFICATION OF
WORK STATUS AND pH
LEVEL

Fig.3. Block diagram of the control system algorithm

This microcircuit used to control the automatic system of
the experimental stand. The comparison logic program and
automatic process control made on the Arduino IDE platform.
To control the technological process of using the Arduino Mega
microcontroller based on the ATmega 2560 microprocessor.

To measure water quality used a pH sensor with a v 1.1
interface for the Arduino platform with a BNC connector.

For the operation of the on / off valves, four single channel
low voltage 5 V relay modules are used. For remote control,
the GSM module SIM 800 is used. For local monitoring of the
unit operation, a digital display is used (see Figure 4) [15].

Fig. 4. Automatic control circuit of the device

Results of research. Based on the above data, a batch-
mixing prototype created in Figure-3. The mixing capsule
volume is 300 ml. The TDS sensor is use to determine the salt
content of the source and mixing capsule. Considering the fact
that the water concentration based on the volume and operating
time of the valves, an electrode-type water level sensor was
installed in the inside of the capsule. (see Figure 5) [16].

The process control panel design according to the
architecture shown in Fig. 3. When the device is working, it
shows that there are 0.98 grams of salt in the liquid, which is
optimal for irrigation [17].

P

Fig. 5. The architecture of the control circuit of the

experimental bench
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o Based on the obtained optimal indicators, a full-fledged
topography of the technological process control board created.

In contrast to the experimental stand, the topology takes
into account the general group of relays for performing the
technological process and the microcontroller completely
merges with the remaining modules of measuring
instruments without external wires [18]. The scheme takes
into account the connection of CAM ports for connection
© and there are no connection wires at all, which increases

= 3 ~ -+ g
(- o Lf u @ W O@O W ® | the reliability of signal exchange [19, 20].
Fig. 6. The topology of the design process control board Conclusion.

When creating the topology, the following advantages and
disadvantages identified;

1.This topology of the printed circuit board makes it
possible to use the technological process in a fully integrated
form and makes it possible to make a serial production.

2.The control board connects the modules of measuring
devices and relays without additional wires, which increases
the reliability of the system.

3. Due to the fact that the microcontroller fully integrated
with the board, it is more compact in production.

4. Modules of measuring devices and microcontroller

Fig. 7. 3D topology model of the construction process processor, directly connected to each other, which increases
control board the signal exchange rate and noise immunity.
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