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Abstract 
 Plants in specific regions of the world especially Africa are adversely affected by 

prevailing drought. Presently, the major concerns in the agricultural sector are; 

water and labor management. This work considers the design analysis of a low-

cost microcontroller-based irrigation controller capable of managing irrigation 

for a small area of land-based on real-time values of soil moisture. The method 

employed is to continuously monitor the soil moisture level to decide whether 

irrigation is required. In particular, the microcontroller-based circuit device acts 

as an irrigation management controller through continuous monitoring of 

moisture content of the soil using FC 28 rain sensor, and comparing the values 

with two set reference threshold values; the upper limit, and lower limit, then 

induces the corresponding action required. When the soil moisture content goes 

below the lower-limit value set by the user, the system observes this and begins 

irrigation action. Results obtained show that this design is cost-effective, and 

guarantees efficient water supply and effective labor management. Also, 

irrigation test results show that the duration of spray largely depends on the soil 

texture, grass identity, and moisture content. In particular, the sprinkler irrigation 

method in loamy soil took longer than in sandy soil, while clay soil irrigation took 

the longest time. 

 

Keywords: Draught, Microcontroller, Threshold, Irrigation, Moisture 

 

 

Introduction 
Irrigation is an artificial supply of water 

to the root of a plant. It has been utilized 

to help with crop production, landscape 

management, and re-vegetation of 

disturbed soils in arid climates as well as 

during dry spells. Irrigation aids in crop 
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production by shielding plants against frost, thwarting weed growth, and minimizing 

dust. Watering cans, mechanically operated water channels, and backpack sprinklers 

all seem to be popular irrigation methods in the past. A tremendous amount of water 

is lost in this situation. 

The conventional or traditional forms of irrigation need to be improved. To maximize 

the use of water for crops, an integrated model must be created. An efficient irrigation 

system must should have part that can independently monitor and regulate the amount 

of water supplied to the plants without error or assistance from a human. 

Field irrigation can be carried out by an integrated system without the need for human 

interference. It can be achieved with the aid of electronic appliances and detectors like 

computers, timers, sensors, and other mechanical equipment.  

In this research, an automated irrigation system was designed to minimize water input 

and human intervention, while satisfying the plants.  

The following tasks were carried out by the system: 

i. To constantly keeping track of the amount of soil water that plants have 

access to. 

ii. To use the data collected from the sensing device, and decide if the 

plant need to be hydrated. 

iii. To provide the plants with the appropriate amount of water they need. 

iv. To stop providing water once the plants have received the required amount. 

Because there is a finite amount of water accessible for the irrigation system, 

it is essential to have this functionality. 

 

Related work 

Mahir Dursun et al. presented an efficient method for reducing water use by installing 

a solar-powered drip irrigation system in an orchard. They used Artificial Neural 

Networks (ANN) to assess the soil moisture content and administer water evenly over 

the required area. The technique reduces water use by stopping unnecessary irrigation. 

This method reduces daily energy and water use by approximately 38%. (Dursun, 

2011) 

For a field of hyperacidity, Farid et al. presented a workable solution built on an 

intelligent and efficient system. The system comprises of a Zigbee-GPRS remote 

monitoring and database platform and a feedback FLC that logs important field metrics 

using certain sensors. Without making any physical modifications, the system is 

installed in already-existing drip irrigation systems. To determine the proper timing 

and duration for irrigation, FLC collects data from various sensors and applies fuzzy 

rules. (Farid, 2010) 

In his presentation, Singh et al. offer a fuzzy logic-based solution for an irrigation 

controller used in the growth of vegetable plants. In this system, the amount of water 
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provided to the plants is determined by their size and the soil's capacity to retain 

moisture, both of which are influenced by environmental factors such as temperature, 

wind speed, and water budget. Using a controlled and effective method, the system 

provides water to plants. The pump controller is supplied with power using solar 

energy conversion technology. (S. Singh, 2012.) 

Xin et al. described an autonomous precision irrigation system that combined a center 

pivot irrigation system with wireless subterranean sensor networks and a hydraulic 

drive. By monitoring the soil conditions in real-time with wireless underground 

sensors, the wireless underground sensor-aided center pivot system was able to 

manage irrigation on its own. (Xin, 2013 ) 

Robertet al, promoted commercial wireless sensing and control networks using valve 

control hardware and software. The valve actuation system included the development 

of custom node firmware, actuator hardware and firmware, an internet gateway with 

control, and communication and web interface software. The system uses a single hop 

radio range using a mesh network with 34 valve actuators for controlling the valves 

and water meters. (Robert, 2013) 

Awati et al. created a wireless sensor network-based automatic irrigation control 

system. In order to establish and assess the calibration functions for the system's 

integrated sensors, sensors were integrated into a wireless monitoring network. The 

system compares the two sensor types' measuring ranges and response times in a layer 

of drying soil. Data were delivered via Internet access after being transmitted over a 

distance of several kilometers. (J.S., 2012) 

In order to compare the measuring range and response times of both sensor types in a 

soil layer during drying, Nolz et al. connected the sensors into a wireless monitoring 

network. The sensors' integration into the telemetry network was successful. Data were 

sent over many kilometers and made accessible through Internet connection. 

(Bhandari, 2013) 

According to Christos et al., autonomous closed-loop zone-specific irrigation can be 

implemented by designing an adaptable decision support system and integrating it with 

a wireless sensor/actuator network. When developing application logic, ontologies 

place an emphasis on the system's adaptability and flexibility and facilitate the use of 

automatic inferential and validation procedures. By using a machine learning 

technique to analyze logged datasets to extract new information and expand the system 

ontology to handle the situation, new rules are created. (Christos, 2014) 

 

Materials 

i. Arduino  

The Atmega328p microcontroller was utilized in this study to manage and coordinate 

all of the system's components. It features 32KB of flash memory, an 8-bit data bus, 
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and runs between voltage ranges of 3 to 5.5 volts. In some situations, it uses less power.  

(Rahman, 2017) 

 
Figure 1: Atmega328p microcontroller (Rahman, 2017) 

 

ii. Moisture Sensor 

Using some soil characteristics, such as electrical resistance, dielectric constant, or 

interaction with a neutron as a proxy for the moisture content, the FC-28 sensor 

moisture module was utilized to quantify the volumetric water content indirectly. The 

module features a potentiometer to regulate the level of sensitivity and requires an 

operating voltage between 3.3V and 5V. (Vani & Rao, 2016) 

 
Figure 2: Structure of an FC-28Soil Moisture Sensor (Danita, 2018) 

 

iii. Water Pump 

In this study, water was moved through the system at usable working pressures 

from a reservoir to the field using a DC pump that runs on 12 volts. This type of 

DC pump is a centrifugal pump that disperses fluid using an impeller. 

 
Figure 3: Structure of a 6 Volt to 12 Volt dc Water Pump  

iv. Liquid Crystal Display (LCD) 
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Due to its low cost, ease of programming, and ability to show a variety of characters 

and animations, a 16x2 Liquid Crystal Display (LCD) was chosen. Command and Data 

registers are present in this LCD. Data that will be displayed by the LCD is stored in 

the Data register, while command instructions are stored in the Command register.

 
Figure 4: Structure of a liquid crystal display (LCD) 

 

Methodology 

The system has three major parts; the sensing unit, the control unit, and the output unit 

which were achieved using sensors, controller, and actuator respectively as shown in 

Figure 5.  

 
Figure 5: Block Diagram of an Irrigation System 

a) System units 

i. Power supply 

A 12V/1.5A step-down transformer was used to create a portable power source, as 

depicted in Figure 6. The LM 7812 and LM 7805 regulators were utilized to generate 

a 12 volt and 5 volt output respectively.  

 
Figure 6: Circuit diagram of the system's power unit 
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ii. Sensing unit 

The amount of moisture around the plant was measured using an FC-28 moisture 

sensor which is powered by a 5 volt DC. The sensor transmits voltage to the 

microcontroller for processing and further action at a level proportional to the moisture 

level reading. Figure 7 illustrates how its output pin was attached to pin 53 on the 

microcontroller.  

 
Figure 7: Circuit Diagram of the sensing unit of the monitoring system 

iii. Control unit 

iv. Actuation unit 

The actuator's principal duty is to normalize the field's moisture content. For this 

device, a 12V DC water pump that could control the farm's moisture level was 

integrated into the system. The actuator's connection to the microcontroller is depicted 

in Figure 9. It was linked to pin 14 of the microcontroller via a 10kW resistor, and it 

was driven by a 12V relay switch.  

 
Figure 8: Circuit Diagram of the actuation unit of the monitoring system 

b) Principle of operation  
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The flowchart in Figure 10 explains the basic workings of the system's control 

device. First, the system's moisture threshold values were defined and uploaded into 

the sensing and response unit for comparison with the acquired value. 

 
Figure 9: System Flow Chart 

 

An initialization procedure is carried out by the system when it is switched ON, and 

this sequence was shown on the LCD. The controller measures the field's moisture 

content, and the sensing device reads it. The system then compares the field's current 

moisture level to the threshold values uploaded. The system activates the actuator to 

maintain the required moisture level if the moisture is below the threshold value; 

otherwise, it will keep track of the moisture level until it is below the threshold value. 

For as long as it is plugged into a power source, the system will keep an eye on this 

parameter. 

1) Result and discussion  

A. Simulation results 

This section presents simulation results that were achieved during the design of the 

control circuit of the monitoring device. After safe system booting, the system 
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undergoes some series of initialization which will be displayed on the LCD as shown 

in Figure 8.  

 
Figure 10: System welcoming note 

Additionally, as seen in figures 9 and 10, it shows the present moisture content of the 

field and the condition of the actuator (pump). 

 

 
Figure 11: Farm status (favorable) 

 

 
Figure 12: Farm status (Unfavorable) 

B. Moisture variation 

On the LCD, the field's moisture level's immediate variations were shown. Figure 

11 depicts the fluctuations in the field's moisture level over the course of four weeks, 
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as measured at three regular intervals each day—morning, noon, and early evening.

 
Figure 13: 4 weeks field moisture variation 

The soil used in this research is sandy-loam soil and by setting the threshold value for 

moisture as 15%, the result obtained showed that the maximum, minimum, and 

average moisture content recorded during the 4 weeks experimentation was 55%, 18%, 

and 32.6% respectively. Based on the data collected, the level of moisture content of 

the field increases after 2-3 days. 

 

Conclusion 

This work presents the design and implementation of a low-cost microcontroller-based 

irrigation controller capable of managing irrigation for a small area of land-based on 

real-time values of soil moisture. An Atmega328p microcontroller, Fc 28 moisture 

module, and 12 dc pump were used to continuously monitor the soil moisture level of 

a field and then decide whether irrigation is required. When the soil moisture content 

goes below the lower-limit value set by the user, the system observes this and begins 

irrigation action. Results obtained show that by setting the threshold value for moisture 

as 15%, the result obtained showed that the maximum, minimum, and average 

moisture content recorded was 55%, 18%, and 32.6% respectively. Based on the data 

collected, the level of moisture content of the field increases after 2-3 days. This design 

is cost-effective and guarantees efficient water supply and effective labor 

management.  
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