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PE3IOME
JlaHa oLleHKa KauyecTBa AOCTYMHBIX Ha CErONHSIIHMM J€Hb BUPTYasbHBIX JIAOOpaTOpUH MO
¢muke. IlpuBemena cBomHas Tabnuma, coiepkamias — KiIacCM(PUKALMIO  PacCMOTPEHHBIX
nadopaTopHbIX PabOT MO TaKMM MPHU3HAKAM KaK PEKUM JOCTyNa, cpela HWCIOJIHEHHs, CTerNeHb
WMHTEPAKTUBHOCTH U HaJIMUHME MPernoJaBaTelbCKOro Haa30pa 3a pe3ysibTaTaMH BBIOJTHEHUS paboThl.

RESUME
The estimation of the quality of the currently available virtual laboratories for physics is given.
A summary table is presented, which includes the classification of the laboratory works examined
according to such characteristics as the access mode, the execution environment, the degree of
interactivity and the availability of teaching supervision over the results of the work.
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ROBOTIC PLANT WATERING SYSTEM BASED ON THE ARDUINO
MICROCONTROLLER

AHHOTANUA
The article summarizes the experience of creating and programming a robotic device on the
Arduino Uno platform. The research was carried out on the basis of the Scientific Research Institute of
the «Zhangir Khan West Kazakhstan Agrarian Technical University». The main task of creating this
device was to exclude the forgetfulness or inattention of users and prevent damage to the plant due to
lack or excessive watering. The created device includes a soil moisture sensor that acts as a sensing
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element in an automated system. Watering depends of type plant and environmental parameters and is
carried out only when it is necessary the plant, herewith the exact (minimum) amount of water is used.
The resulting robotic system is aimed at reducing user time for watering plants, as well as minimizing
water losses.

Knroueesvie cnosa: Arduino Microcontroller, Soil moisture sensor, water pump motor, Plant
watering, Robotic watering system.

1. Introduction

Home plants liven up any space by adding a sense of airiness and life. But plants are not only
decoration the offices and the apartments. They release oxygen into the external environment,
eliminate the dust of the environment, and neutralize toxic impurities in the air.

Plant owners enjoy the plants, their benefits and the feelings associated with caring about them.

Watering is the most important cultural practice and one of the labor intensive tasks in daily
life. Watering systems ease the burden of getting water to plants when they need it. The major aspect
of watering process is knowledge about the period when water is needed to irrigate the home plants.

However, it is difficult to do everything all right, people can forget to irrigate the plant or
exceed the volume of water needed by it. This leads to different plant diseases.

Using a soil sensor, and an Arduino controlled water pump, we created a system that will never
forget to do it. Instead of remembering to watering plants when the soil goes dry, people have to remember
to once and a while refill the water reservoir. This prototype monitors the amount of soil moisture.

The predefined range of soil moisture is set for the defined plant type, and can be varied with
soil type or crop type. In case the moisture of the soil deviates from the specified range, the watering
system is turned on/off. In case of dry soil it will activate the irrigation system, pumping water for
watering the plants. Wet soil stops irrigation.

The block diagram of smart irrigation system is represented on the Figure 1. It consists of a
microcontroller which is the brain of the system. The moisture is connected to the input pins of the
controller. The water pump and the pump motor are coupled with the output pins. If the sensors depart
from the predefined range, the controller turns on the pump [1, 2].

Figure 1 — Connecting devices in the robotic system

2. Components used

Arduino Microcontroller

Arduino is a hardware platform that contains a simple input-output interface and supports a
development environment that implements the open programming language. Arduino Uno (Figure 2)
can serve as the basis for stand-alone devices or can run under the control of software installed on the
computer. Under the trademark Arduino, several boards with a microcontroller and expansion cards
("Shields") are manufactured. Arduino-compatible boards are designed in such a way that they can be
expanded if necessary, adding new components to the device [3, 4].

156



A!‘ﬂaQaTI'bI!‘ I(OHE KOMMYHUKIUNAIIbIK TEXHOJ/IOrnsasiap

Microcontrollers for Arduino are distinguished by the presence of a boot loader preloaded into
them, with which the program is loaded into the microcontroller without the use of separate hardware
programmers. The I/O ports of the microcontrollers are designed in the form of pin rulers [5].
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Figure 2 — Arduino Uno ATmega328

Soil moisture Sensor

The soil moisture sensors measure the moisture level (water content) of the different plants. If
the moisture level is found to be below the desired level, the moisture sensor sends the signal to the
Arduino board which triggers the Water Pump to turn ON and supply the water to respective plant
using the pumper. When the desired moisture level is reached, the system (Figure 3) halts on its own
and the Water Pump is turned OFF [6].

Figure 3 — YL-38 moisture sensor
Relay
The relay (Figure 4) is an electrically operated switch. Many relays use an electromagnet to
mechanically operate a switch, but other operating principles are also used, such as solid-state relays.
Relays are used where it is necessary to control a circuit by a low-power signal (with complete
electrical isolation between control and controlled circuits), or where several circuits must be
controlled by one signal [5, 6].

Figure 4 — Mono channel relay
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Water Pump

The water pump (Figure 5) is used to artificially supply water for a particular task. It can be
electronically controlled by interfacing it to a microcontroller. It can be triggered ON/OFF by sending
signals as required. The process of artificially supplying water is known as pumping [6].

Figure 5 — Water pumper

Other details

Connecting leads are required to connect all components, pipe to transfer water, 12 v battery
and USB charger for charging Arduino microcontroller and for pumper, breadboard for connecting
circuits and pump water motor and plastic bottle used as reservoir (Figure 6).

Figure 6 — Consumables robotic plant watering system

3. Connection and software

To create a device for automatic watering system for plants, take Arduino Uno and described
above. Firstly, connected on the breadboard with wires moisture sensor into Al pin, it is input, and
output is water pumper which connected into A0Q pin. After connection relay to battery 12v and water
pump into relay (Figure 1). Then the system is programming as shown below (Figure 7).
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void setup() -
pinMode (A0, OTTPIT)

pinMode (AL, INPUT];
}
vold loopi) |
figicalifcice (AD, LOW) »
it {digitalRead (AL} ==HIGH) {
delay(10) : Code panel

LtEfdigicalilesad (AL) ==sHIGH) {
whale (L) {
fitgicaliicy ce (AQ, HIGH) 2
de lay (2000} »
break >

Figure 7 — Code implementation

Automatic watering system for plants has been developed by integrated features of all the
hardware components used. Presence of every module has been reasoned out and placed carefully,
thus contributing to the best working of the unit (Figure 8).
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Figure 8 — System has connection with plant

The moisture sensors measure the moisture level (water content) of the different plants. If the
moisture level is found to be below the desired level, the moisture sensor sends the signal to the
Arduino board which triggers the Water Pump to turn ON and supply the water to respective plant
using the water pump. When the desired moisture level is reached, the system halts on its own and the
water pump is turned OFF.
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The «Automated plant irrigation system based on Arduino Microcontroller» has been designed
and was successfully tested from 20.06 to 30.08 2017 year in automatic mode on the basis of the
Scientific Research Institute of the «Zhangir Khan West Kazakhstan Agrarian Technical University»

(Figure 9).
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Figure 9 — Plant before and after testing from 20.06 to 30.08 2017 year

The studies revealed the shortcomings of the obtained robotic system:
— Mildew appeared on the humidity sensor and on the inside of the lid;
— The plastic bottle for water changes shape during the water supply for irrigation (Figure 10).

Figure 10 — Robotic plant watering system in the box
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4. Conclusion
Thus, the Arduino Based Automatic Plant Watering System has been designed and tested
successfully. The system has been tested to function automatically. The moisture sensors measure the
moisture level (water content) of the different plants. If the moisture level is found to be below the
desired level, the moisture sensor sends the signal to the Arduino board which triggers the Water
Pump to turn ON and supply the water to respective plant using the water pump. When the desired
moisture level is reached, the system halts on its own and the water pump is turned OFF. Thus, the
functionality of the entire system has been tested thoroughly and it is said to function successfully.
The studies revealed the advantages of the Arduino humidity sensor, programmed for data
reception. Determined the advantages of the robotic system obtained:
— the system can work autonomously for two weeks (without the participation of a human);
— simple to use for end user;
— efficient, economical in terms of electricity and water;
— low cost, good position in the interior.
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TYWUIH

Makanana «Arduino Uno» mnnardopmacbiHIarbl poOOT KYPBUIFBICBIH JKacay JKoHe
Oarnapnamanay OolibiHIIa Taxipubeci >xuHakTanraH. Kypbuirbl JKoHrip xaH atbiHgarbl batbic
Kazakcran arpapiiblk TeXHHUKAIBIK YHUBEPCHUTETiHIH TBIIBIMHU-3epTTeY MHCTUTYTHIHBIH Oa3zachiHIa
20.06-gen 30.08-re neliiH coTTi chiHaKTaH ©TTi. byl KypbuiFbIHBI KypyablH OacTbl MakcaTbl -
naiganaHybuiapablH YMBITBI KETYiH HEMece eCKepTyiH 0oJabIpMay JKoHe 3aybITThIH 3aKbIMIaHYbIH
OonaplpMay Hemece apThIK cyapy Oonmaybl. KypbimFaH KypbeUTFbl aBTOMAaTTaHIBIPBUIFAH Kyiene
ce3iMTall JJIEMEHT peTiHAe OPEeKeT €TeTiH TOMBIPAKTBIH BUIFAJIBIIBIK CEHCOPbIH KaMTHabl. Cyapy
KOHIBIPFBIHBIH TYpiHE YKOHE KOpIUAaFraH OpTaHbIH NapaMmeTpiiepiHe OaiaaHbICThl KoHE CYIbIH a1 (€H
a3) MeJIlepiH naiinanaHy Ke3iHlIe FaHa OpHATy YLIiH KakeT OosFaHfa JKy3ere achblpbliaibl. AJIbIHFAH
poOOTOTEXHUKAJIBIK JKYHe cyapy KOHIBIPFbUIAPBIH MaiilalaHyIIbUIapAblH YaKbITBIH KBICKapTYyFa,
COHJIali-aK Cy/IbIH KOFaTybIH OapbIHIIA a3aiiTyra OarbITTalIFaH.

PE3IOME

B craTtbe 06001maercst onbIT co3AaHks ¥ MPOrpaMMHUPOBaHHS POOOTH3MPOBAHHOTO YCTPOMCTBA
Ha tuiatdpopme Arduino Uno. MccnenoBanust nmpoBoauivick Ha 0aze HayuHo-mcciienoBaTenbckoro
MHCTUTYTa 3anaaHo-KazaxcTaHCKOro arpapHO-TEXHUUECKOro yHUBepcuTeTa MMeHd JKaHrup xaHa.
OcHoBHasl 3a7aya CO3JaHWs JaHHOTO YCTPOKMCTBAa 3aKiioyajack B TOM, YTOOBI HWCKITFOUUTH
3a0bIBUMBOCTD WJIM HEBHUMATEJIBHOCTb TOJIb30BaTeeld M TMPENOTBPATUTh MOBPEKIACHHUS pacTeHUS,
CBSI3aHHbIE C HEJOCTATKOM WIIM Ype3MepHbIM ero nonuBoM. Co3gaHHOE YCTPOHCTBO BKJIIOUAET B ceOs
JaTYMK  BJI&KHOCTM  TOYBBI, KOTOpBId  JeHCTBYeT Kak  UyBCTBUTEJIbHBIA  JJeMEHT B
aBTOMAaTU3UPOBAaHHOU cucteme. IlosMB 3aBUCUT OT THIA pacTEeHUsT U MapaMeTpPOB OKpyXKarollen
cpenbl M OCYLIECTBIISICTCS TOJNBKO TOTAA, KOTZAa 3TO HEOOXOIMMO pPAcTeHMIO, TIPH 3TOM TpPaTHUTCS
TOYHOe (MHUHUMaJIbHOE) KONM4ecTBO Boibl. [lodydeHHas cucTemMa HampaBiieHa Ha COKpalleHHe
BpPEMEHH M0JIb30BaTelIs Ha MOJIMB PACTEeHUH, a Takoke MUHUMM3ALIMIO TIOTEPhb BOABI.
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